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Application of Finite Element Numerical Technique to Nuclear Reactor Geometries
Neffati M. Rouai
Nuclear Engineering Department
G
Faculty of Engineering Al-Fateh University, Tripoli - Libya

Abstract
Determination of the temperature distribution in nuclear reactor elements is of utmost importance to ensure that the temperature stays within safe limits during reactor operation. This paper discusses the use of
Finite Element numerical technique (FE) for the solution of the two
dimensional heat conduction equation in geometries related to nuclear
reactor cores. The FE solution starts with variational calculus which considers transforming the heat conduction equation into an integral equation I@) and seeks a function that minimizes this integral and hence
gives the solution to the heat conduction equation.
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In this paper FE theory as applied to heat conduction is briefly
outlined and a 2-D program is used to apply the theory to simple shapes
and to two gas cooled reactor fuel elements. Good results are obtained
for both cases with reasonable number of elements.

1. Introduction:
Numerical techniques are used frequently for the solution of the
general heat conduction equation especially in cases where the equation
is non-linear or involves more than one space variable. Finite difference
techniques are straight forward in simple geometries where coarse nodal
spacing gives reasonable results. However, when the geometry is not
simple and has irregular shape finite difference will prove combersome
and requires special treatment. In such cases Finite Element (FE)
numerical techniques are superior and can handle any geometrical
shape provided that the boundary conditions are known.
This paper discusses the use of Finite Element numerical technique
(FE) for the solution of the two-dimensional heat conduction equation
in geometries related to nuclear reactor cores.
The transient heat conduction equation in 2-D with internal heat
generation is given by [ 11

symbols are defined in the nomenclature
The solution of this equation subject to the boundary conditions
prevailing at the boundaries determines the temperature distribution in
the region of interest.

2. Theory of Finite Elements :
Due to space limitations only a brief outline of FE theory will be
given here. More details can be found in the cited references [2,3,4].

2.1 Finite Element Formulation
The application of the Finite Element (FE) method to Eq. 1,
considers the variational formulation of the heat-conduction problem.
The analysis begins by considering the function I@) given by
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-+ k(-)2aT

aY

- 2G"' T +- PC,

ae

--/ghh(2TmT-T2)d~-JBqq"
1
Tds
2

Where the integrals are carried out over the region of interest, Fig.
1 . The double integral over A is over the entire region. The single
integral over Bh is carried out only along that portion of the boundary
where there is a convective boundary. The integral over Bq is along that
portion of the boundary where a heat flux input has been specified. The
values of k, q"', p Cp,

A = area o f I n t e r e s t

X

Figure 1 : General Two-Dimensional Region
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h, Tm and qn" in Eq. 1 may be functions of position but not of
temperature or time. The value of the integral I(0) depends upon the
temperature distribution within the region, T(x,y,B). In general, I(B) will
have a different value for each temperature distribution that is
substituted into Eq. I . We are interested in a particular temperature
distribution that minimizes I(@)at every time 8. It is proven [ I ] that this
particular temperature distribution is also the solution to the two
dimensional conduction problem (Eq. 1 ).
The analysis considers a trial function T'(x,y,B) that satisfies all
specified temperature boundary conditions but does not necessarily
minimize I(e). This trial function can be written as

where T(x,y,B) is the desired (but yet unknown) solution that
minimizes I(B). The function n ( x , y ) is an arbitrary function except that
n = O along all specified temperature boundaries. The product E n ( x , y )
is called a variation of T(x,y,B) and the search for the solution is part of
the subject of calculus of variations hence the name variational
formulation.
Since n(x,y) is an arbitrary function, the trial function expressed in
Eq.(3) includes all possible temperature distributions at time 0 which
satisfy all specified temperature boundary conditions. The trial function
T'(x,y,B) will equal the desired function T(x,y,B) only when the
parameter E is equal to 0.
substituting the trial function Eq. 3 into Eq. 1 gives

+ k(-)2aT 2

aY

--I2
I

",( 2TmT -T ')ds

-1

Bq

- 2G"'

q' n T ds

T +pC, G l d x d y

ae

(4)

where I is also a function of the parameter E . In order to have I be a
minimum value for every time 8 the derivative of I with respect to E
must be zero. This must occur when E = O since this is when T'=T.
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Actually this relation will only ensure that I(8)will be an extreme
value (maximum or minimum). For I(8) to be a minimum the second
derivative must be positive. Manipulations and rearrangements [ I ] and
the application of Greens theorem lead to

=

a(
a
-IjAn[z
kT, ) + -(

aY

kT, ) + G' ' ' -pC,

de

Further manipulations and rearrangements [ 1,2,3] we give

Since n =n( x, y ) is completely arbitrary (except that n = 8 along
Bt), the only way we can guarantee that the double integral will be 8 is if
the term in brackets is identically zero for all x and y. Thus T(x,y,B)
must satisfy

a

-(/IT.,)
ax

a
dT
+ -(kT,.)
+ G " = pCp3,)

.

ae

(7)

observe that this is the heat conduction equation in two dimensions
(Eq. 1). Therefore, we see that the function T(x,y,B) that extremizes I
also satisfies the heat conduction equation. This extreme value of I is
indeed a minimum which can be verified by considering the second
derivative [ I ] . It can now be seen that our task of obtaining an
approximate solution to the two dimensional heat conduction equation
will require the approximation of integrals.

2.2 Application of Finite Element Theory:
A brief outline of the application of the finite element theory to a
sample problem will be illustrated next.

2.2.1 Discretizing the Spatial Problem:
The finite element method for solving the heat conduction equation
approximates and minimizes the integral I(8) given by Eq. (2). I(8)
contains an integral over the area of interest and two integrals along the
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boundary. We will approximate these integrals by choosing a set of
nodal points that may be placed at any convenient locations on the 2D region and its boundaries. Each node is given a number and the
nodal points are connected to form a network of triangular finite
elements as shown in Fig. 2. Each element is also assigned a number
(1,2,3, ....................
70 in this example).
The function I(e) may now be approximated as a sum of integrals
over each triangular element and sums along each boundary segment.
That is we may approximate Eq. (2) as

kTX2-t- kTy2- 2G"' T -t- pC,

ae

Where E is the total number of elements , Bh is the number of
convective boundary segments, and Bq is the number of specified nonzero heat-flux boundary segments. The only approximation in this
expression is due to the fact that the boundary line segments are only an
approximation to the true boundary.

Figure 2 : Fe Discretization of 2-D Region
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A 2-D finite element computer program is used to perform the
necessary approximation and minimization. This FE program is
implemented on a personal computer for this study and it handles
steady state or transient problems in any 2-D geometry. The program
was tested for simple rectangular geometries where the exact solutions
are available for comparisons and good agreement is obtained with
reasonable number of nodal points and elements [4].
Fig. 3 shows a comparison between the exact analytical solution and
the solution obtained by present program for a simple 2-D square
problem with internal heat generation. It can be seen that the FE
solution approaches the exact solution as the number of nodes is
increased and that a reasonable number of 15 nodes gives acceptable
results.

0.3 5
0.9
0.25

0.2
0.15
0.1
0.05

0

0

0.2

0.4

0.6

0.0

1

X/L
Figure 3 : Comparison of FE Solution with Analytical Solution for a
Simple Square 2 - D Region

3. Application of FE to REA Reactor Fuel Elements :
The FE program is applied to determine the temperature
distribution in several nuclear reactor fuel elements [4]. Due to space
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limitations only two cases will be presented in this paper. The first is the
fuel element of an early MAGNOX type gas cooled research reactor,
EDF-I, and the second is the fuel element of a High Temperature Gas
Cooled Reactor (HTGR). In both cases the input data was taken from
the available literature [5,6].

3.1 EDF-1 Fuel Element.
The core of the French research reactor EDF-1 is cylindrical with
8.3 m diameter, 9.0 m height and is divided into two zones. Zone A is
square with I .8 m side and Zone B is peripheral with 4.15 m radius. The
core lattice is square with pitchs of 19.6 cm in zone A and 22.4 cm in
zone B. The reactor uses natural uranium as the fuel, MAGNOX as the
cladding, graphite as the moderator and C02 as the coolant [SI.The
fuel element is a hollow cylinder with 14 mm inside diameter and 35
mm outside diameter and the cladding thickness is 1.8 mm. Fig. 4
shows the finite element grid used for the thermal analysis of the unit
cell chosen from geometrical symmetry. The cell is discretized into 34
finite triangular elements using 27 Nodes. The convective heat transfer
coefficient between the cladding surface and C02 coolant is calculated
from the data available [SI.Fig. 5 gives the temperature distribution in
the fuel and cladding as obtained from the present FE program. No data
is available for the exact temperature distribution and comparison is
made for the maximum fuel temperature. The value from the present
analysis is 940°F compared with the quoted value of 1020°F [5] with a
difference of about 8%.

3.2 (HTGR) Fuel Element:
Next we apply FE to the determination of the temperature
distribution in the fuel element of a 3000 MWt High Temperature Gas
cooled nuclear Reactor (HTGR) [6]. The fuel is a mixture of enriched
Uranuim and Thorium in the form of carbide or oxide individually clad
with multilayer ceramic coatings. Helium is the coolant and Graphite
doubles as the moderator and core structural material. The fuel and
coolant hole configuration is shown in Fig. 6 which also shows the
triangular u n i t cell used for the present analysis. The heat transfer
coefficient is calculated from the operating conditions of the fuel
element. The temperature distribution in the fuel and moderator is
compared in Fig. 7 with the 1-D solution given in reference 161. It can
be seen that the present 2-D temperature distribution lies lower than the

I -D solution with similar shape. This is expected since the 1 -D solution
assumes that heat is conducted in one direction only. The Value of the
maximum fuel temperature from the two solutions is within about 7%.

FIGURE 4: F E CELL

EDF-1

Figure 5 : Temperature Distribution in EDF-1 Fuel element
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Figur-e 6 : HTGR Fuel and Coolant Hole Confi guration
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Conclusion
From the results of this study we can conclude that using a 2-D
finite element technique gives good accuracy for the temperature
distribution in reactor fuel elements with reasonable number of nodal
points and elements.
Acknowledgement
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Nomenclature

A. Area
B. Boundary
Bh. convective boundary
heat flux boundary
Bt. constant temperature boundary
CP. specific heat
G"' Volumetric heat generation
heat transfer coefficient
11.
k . thermal conductivity
q". heat f l u x
T. Temperature
Tx.derivatives with respect to x
T,. derivative with respect to y
T, fluid temperature
Greek:

0. time
E . Eq. 3
n . Eq. 3
f . Density
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Extended Reactivity Trace Curves for Nuclear
Power Control with No Power Shooting
Wajdi M. Ratemi and Mohamed S. El-Buni
Faculty of Engineering, A1 fateh University
P.O.Box 13292, Tripoli, Libya

Abstract
This Paper introduces a new concept of Reactivity Trace Curve (RTC)
for nuclear power control with no power shooting. The concept is based
on recent work of Bernard et al. on the dynamic period of nuclear reactors. RTC-method is simulated for both a static effective decay constant
corresponding to a one-group delayed neutrons model, and a dynamic
effective decay constant corresponding to a six-group delayed neutrons
model. A fitting to the RTC of a six- group reactor model resulted in a
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closed form formula for the RTC that couples the effect of both static
and dynamic decay constants. Hence, introducing two "fingerprints" for
the reactor in concern to identify a closed form RTC formula capable of
controlling the reactor power. Integration of the RTC with control rod
integral curves results in the p-z-t diagram. This diagram relates the
amount of recommended reactivity (RTC), the position of control rod,
and the time required for power control.

1. Introduction :
In nuclear power plants, the power shooting is reduced by achieving
certain percent of required power first, then the excess reactivity is
gradually changed until the power levels off without any shooting. The
over shooting phenomena (in power increase) indicates that the rate of
power change is a function of both the existing reactivity and its rate of
change. This is concluded because at the peak of overshooting, the rate
of change of power achieves zero value corresponding to an infinite
period, meanwhile a positive reactivity with a decreasing rate is existing.
This phenomena is due to the effect of delayed neutrons on the reactor
dynamics. It occurs because, the production of the delayed neutron
precursors is in equilibrium with the transient reactor power, while for
given finite precursors life time, they are not in equilibrium with their
decay. Therefore, for power increase, the precursor concentration will
always be less than what its equilibrium value would be at the transient
power. Accordingly, the delayed neutrons will always be less than what
it would be if the precursors were at equilibrium and the prompt
neutron contribution will therefore be larger. Hence, whenever the
reactor is not at steady state, the non equilibrium condition of delayed
neutrons will cause a delayed time response that must be recognized and
balanced Bernard et al.[l] have shown that as a result of discrepancy
between the equilibrium and the actual precursors concentrations that
exists during power change, the reactor power can only be kept constant
by a time dependent adjustment of reactivity. This is presented
mathematically by equation (1):

where, p(t) is the reactivity, n(t) is reactor power, r is the neutron
generation time, h is the decay constant of the i-th group of delayed
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neutron precursors, C,!' (t), and Ci (t) are the equilibrium and instant
precursors concentrations of type i, respectively. Moreover, Bernard et
a1.[2] introduced the dynamic period concept and derived a
mathematical expression for such period which is given by:

where, z ( t ) is the dynamic period, p is time rate of change of
reactivity, h,(t) and
are the effective time dependent ( dynamic)
decay constant and its derivative respectively. From such expression
Bernard et al. [3] proposed the reactivity constraint technique (bounded
reactivity control) for digital control of power with reduction and
possible elimination of power shooting. one of the constraints is named
absolute reactivity constraint and is given by:

h,

and, the other is the sufficient reactivity constraint which is given by:

where, lpl is the maximum available rate of change of reactivity that
could be obtained at given rod height where the selected control rod to
be moved, Pf is the desired power, P is the present power, and z is either
the observed reactor period or the asymptotic period that corresponds to
the net reactivity.
' In our approach, we propose achieving, exactly, the required power

and then keeping it constant thereafter with absolute elimination of
power shooting. This is done by trying to identify a Reactivity Trace
Curve (RTC) that makes the reactor period infinite and hence sustaining
the reactor power steady at the desired power level. Such RTC approach
represents a priori knowledge which should be important to the
operators of nuclear reactors, as well as its high potential for automatic
power control application.

2. Reactivity Trace Curve Concept
A sufficient condition for terminating the power transient and
keeping the power constant is by setting the sum of all the terms
involved in the denominator o f f l i t . reactor period equation, Eq.(2),
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,

equals to zero which is equivalent to the solution of the following
differential equation:

subject to the safety constraint p < P . The solution of Eq.(5)
identifies a Reactivity Trace Curve which, when it is followed, makes the
reactor period infinite and hence sustaining the power at a constant
level.

3. RTC For Static and Dynamic Effective Decay constants
Bernard et a1.[41 defined the dynamic effective decay constant
corresponding to multi group delayed neutrons as:

meanwhile, the static effective decay constant corresponding to one
group of delayed neutrons valid for p < p is given by [ 5 ] :

We, next, demonstrate the concept of RTC technique based on the
dynamic period for both the static and dynamic effective decay
constant.

3.1

Simulation
Application

of

One

Group

Model

With

RTC

Delayed neutrons are commonly grouped into six groups, but one
can effectively group them into one group provided that proper
weighing is done for the calculation of the effective static decay
constant h , given by Eq.(7). The one group point kinetic model,
representing ;I nuclear reactor with ramp insertion of reactivity is given
by:

(in / (it = t z ( p- p)r + A,C

(8)

dC / dt = Qn / I?- h,C

(9)

and
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where, a is in units of reactivity per second. For such reactor model,
with static decay constant, the condition for infinite dynamic period can
be deduced from Eq.(5) to be:
dp / dt = - h e p ( t )

( 1 1)

Equations (8-10) were simulated for positive ram reactivity insertion
(a=Smp/sec) for 20 sec, Then we replaced Eq.(lO) by Eq.(l 1 ) to keep
the power constant thereafter with absolute elimination of power
shooting. Fig. I demonstrates our results. Similar results were obtained
for a negative ram insertion of reactivity and this is depicted in Fig.2 .
The RTC can be identified by a closed form formula which is the
solution of Eq.(l 1 ) and is given by [6]:

where, p, is the end point of ramp reactivity and t is the time just after
initiating the power control.

Time (Sec)

Fig. 1 One Group-RTC for Power Increase Case
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Fig.2 One Group-RTC for Power Decrease Case

3.2 p-z-t Diagrams
The recommended p(t) to keep the power steady at desired power
which is suggested by the newly developed RTC can be achieved
through the movement of control rods according to their reactivity
worth integral curves. Fig.(3) and Fig.(4) represent the p-z-t diagrams
for power increase and power decrease, respectively.

"I

In

t

Fig.3 p-z-t Diagram for Power Increase Case
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In

Fig.4 p-z-t Diagram for Power Decrease Case

Such diagrams relate the amount of recommended system reactivity
(RTC) responsible for keeping constant power, the corresponding
position of control rods, and the time required for control. The crossing
lines between the reactivity trace curves and the rod integral worth
curves make correspondence between the absolute value of
recommended reactivity for control, and the reactivity worth of control
rod. The sequence of intersections of the crossing lines with the rod
integral curve, starting from RTC initiating point, defines the with
drawals or insertions of the control rod accordingly. For example, in the
power decrease case, Fig.(4), the sequence of intersections implies that
the control rod is being withdrawn from the reactor in order to keep the
power steady at a lower value. When a single control rod is not enough
for the control of the power, another control rod is used and a new p-z-t
diagram is applied, provided that one continues on the next point on the
RTC and make correspondence to the rod worth of the new control rod
which is put into operation.

3.3 Simulation of Six Group Model With RTC Application
The six group point kinetic model, representing a nuclear reactor
with ramp insertion of reactivity is given by:
dn / dt = n(p - p) /

6

r izhiCi
i=l

dCi / dt = P i n /

r - hiCi,

i = 1,2... 6

and
dp/dt = a
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(14)

where, a is in units of reactivity per second. For such reactor model
the condition for infinite dynamic period is represented by the
following RTC-differential equation:

(a,
/ dt)(p - p(t)) / h , = 0

dp / c Z ~+ h,(t)p(t)-t

( I 6)

with the dynamic effective decay constant h,(t) is given by Eq.(b)
and its rate of change is given by:

(17)

Equations ( 13- 15) were simulated for positive ram reactivity
insertion (a = 5mp/sec) for 20 sec, Then we replaced Eq.(15) by
Eq.( 16),with its supporting equations, to keep the power constant
thereafter with absolute elimination of power shooting. Fig.5
demonstrates our result. A negative ramp insertion for power decrease
case is presented in Fig. 6 . one, clearly, sees the absolute elimination of
powershooting by following the RTC.

3.4 Reactor Fingerprints For Closed Form RTC-Formula
The logarithm of reactivity of RTC for six group reactor model and
that for one group reactor model are plotted on Fig.7. The close
investigation of the figure shows that the six group RTC can be
represented by two slopes (fingerprints), one slope represents the onegroup RTC static decay constant he and the other represents another
constant y,The resultant RTC can then be represented by the following
equation:
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Fig.5 Six Group RTC for Power Increase Case
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Fig.6 Six Group RTC for Power Decrease Case
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Equations ( 13- 15) were simulated for positive ram reactivity
insertion (a = Smp/sec) for 20 sec. To control the power after that time,
Eq.( 15) is replaced with the following equation:

Fig.8 demonstrates our results. It can be seen that there is a slight
over shoot in the power, this is because a better fitting should be found
to replace h, at early stage of RTC application. Nevertheless, one
concludes that at the initiation of RTC control, only static decay
constant h, fingerprint plays its major role, whereas, after some time the
dynamic decay constant h,(t) comes in to effect throught the y,
fingerprint. Further studies to select appropriate fingerprints for
minimum overshoot is under investigation.
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Fig. 7 Logarithmic RTC's For Fingerprints

36

'

-2

1

1

1

7ime (Sec.)

Fig.8 Six Group Fitted RTC with fingerprints for Power Increase Case

4. Conclusion
In this paper a new concept has been introduced for reactor power
control with absolute elimination of power shooting. The concept is
based on defining a Reactivity Trace Curve (RTC) which when followed
during either power increase or power decrease assures infinite period
and hence keeping power at a constant level. For low power reactors
(research reactors) where no presence of temperature feedback our
simulation studies encourages us to apply the technique experimentally.
For high power reactors, one has to justify the approach with the
inclusion of feedback effects. This later study is being under
investigation by the authors.
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Abstract

The reactivity of a coupled core is controlled by a set of control
rods distributed in the central reflector region. The reactor contains two
compact cores cooled and moderated by light water. Each core in
coupled system is in subcritical conditions without any sbsorber then
each core is needed to the other core to fulfil nuclear chain reaction and
to approach the criticality. The excess reactivity and the shutdown margin are calculated for some of reflector materials. Using graphite as
coupling region gives sufficient area for control with reasonable cost.
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Introduction
The location of the neutron absorber in the reflector region of a
nuclear reactor has a great interest. For coupled core keaching and
research reactor ( l ) , the response of a reactor to moving neutron
absorber-thorium was performed using a vibrator located in the central
graphite region. In a thorium critical assembly the safety and regulating
rods are located at the reflector adjacent to the fuel region (2). Also
some calculations were performed for Benchmark problem including
reflector plus control rod region (3). Analysis of neutrons is important
in reflected reactors with coupled cores because neutrons reflected from
one core to another can cause change in the behavior of the entire
system (4). A diffusion model was developed to study Iowa state
University UTR- 10 coupled core Argonuant type research reactor ( 5 ) .
In the present work the coupled core calculations determine the
effective multiplication factor and the excess reactivity (6). Noise
analysis technique is used to calculate the reactivity disturbance (7). The
finite difference technique is used to determine the two groups neutron
flux distributions (8).

1. Coupled Core Model
The model calculates criticality and flux profile for a coupled core
system, which consists of two subcritical clean cores (L, J) in addition to
finite central coupling region containing a set of control rods as shown
in Fig(1).

d
0

b
a
Y

h
9

Fig. 1. Coupled Core System
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Each clean core contains identical square fuel assemblies, i.e,
without cutcorners. Facilities for neutron irradiations by a steady
neptron flux can be installed in both clean cores and reflector. These
irradiation positions are faraway from the main source of disturbance
which is caused by movement of control rods during reactor operation
for compensation due to temperature effect, fuel burnup, and poison
accumulation. The cell calculations were performed using transport
theory with collision probabilities. Two group diffusion equations in
Cartesian coordinates for core calculations are performed in the nuclear
model. The values of Keff for different thickness of central coupling
region are shown in Fig(2) and Table I for fuel enrichment (ENR)
22.5%, 19% respectively.

Table I : Keff For Coupled Clean Core (Enr = 19%)

1.os
p.rc

Q)

x

1.02
1.01

1.00

--

0150.

H20
(Enru22.5 Two of core L)

Thkk-8

of coupled mglon, cm

Fig. 2 Keff of coupled Core
The multiplication factor for different fuel enrichment are shown in
Tables 11 and I11 without and with control rods respectively.

Table 11: Keff & With Graphite Reflector And Different fuel
Enrichment
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Table 111: Keff For Coupled Core With Control Rods
In Central Region
ENR-22.5 %

Conceptual Design
The coupled system consists of two assemblies coupled together in
the sense that in each of the assemblies some of the neutrons causing
fissions were born in the other. These fissions must be important
towards the maintenance of the chain reaction in system. It is therefore
necessary that there be appreciable coupling from one core to the other
until enough reactivity is added to core J to bring the coupled system to
criticality. Analogously to the effective multiplication factor- Keff for
the coupled system one can define KL,KJ for cores L, J respectively
such as :
6 L z l - U & .6J-l-KJ
(1)
PJL is the average number of next generation fission neutrons in
core L resulting from a single fission neutron in assembly J. 6 L.

6 J are measures of the subcriticality of cores L, J respectively, PLJ
and PJ L are measures of the coupling between the two assemblies. In
terms of these parameters some of the properties of the coupled system
may be simply stated. The relative number of fission neutrons SL ,SJ
divides among the two cores according to:[4]
s L / SJ = P J L / 6 L = 6 J /PLJ

(2)

since SL and SJ can be written as :

SL = KL SL =-I PJL SJ &
SJ = KJ SJ -I-PLJ SL (3)
The criticality condition is thus:
PLJ PLJ = 6 L 6 J
(4)
The iterative techniques strategy of solution to the reactor equations
permits the direct evaluation of these parameters .For certain value of
SJISL and subcriticality KL for core L, the value of SL PJL can be
calculated . Then search is performed to approach system criticality by
proper fuel inventory in core J i.e to get Keff =1, Then the calculation is
performed for core J to determine the subcriticality Kj and hence the
value of 6 J PLJ.coupled core parameters are shown in Table IV.
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Table IV: Critical Parameters Of Coupled Cores

2. COUPLING REGION SHUTDOWN MARGIN
The excess reactivity of coupled core is the reactivity with all
control rods withdrawn [lo]. The criticality is controlled by M control
rods which are used for manual (ppl&pp2) automatic(ap3) and safety
functions1 (Az4) with sufficient shutdown margin.
Total control rod worths = summation for all control groups
=ppl

+ pp2 + ap3 -t- Az4

(5)
Substituting in eq.(5) for the value of worth for each group leads to:
Total control rod worths = 2.312 + 3.200 + 0.406 -t- 4.022= 9.930
% It is convenient to simulate the control rods by control poison of
macroscopic cross section. C cr ( t) which must be varied in such a way
at all times ( I 1 )
C CR (t) = [(N q -1) vfm X a f (t) - 6 X a M - E a p (t)] 4 CR vcm (6).
ZCR(t) is proportional to the excess reactivity of the recactor
compensated at any time by control rods. As time goes Ca F (t)
decreases while Cap (t) increases with the result that CCR(t) steadily drops
to zero at the end of core life as shown in Fig.(3)
-Reactivity P %
6

4

2
-2
-4

-6

:

-8

-10

-Excess reactivity with shim rods PP1 & PP2
- - Excess reactivjty with shim rods.PP1 only
- . - Required nominal shutdown macgin
----- Actual nominal shutdown margin
888Nominal shutdown margin

Fig.3 Coupled Core Reactivity %

The excess reactivity varies during reactor operation, since it
depends on the cores loading and burnup. Excess reactivity is defined
as the reactivity present in the core when all control elements are in the
maximum reactivity condition. From Fig.(4) the excess reactivity Pex
can be written as the summation for the partially inserted control rod
wort hs.

'

u

PPI PP2

AP3

\Coupling region

Fig. 4. Control Rods Inserted In Coupling Region
P e x = C 6 K i = CWi

- C6Ko

(7)

C Wi = ppl -t pp2+ap3
(8)
where , C 6 KO = 6 KO ppl 6 KO pp2 -t 6 KO Ap3
C6 Ki = control rods worths due to the inserted parts of the rods
C6 KO =control rods worths due to withdrawn parts of the rods
E6 Wi =control rods worths due to all control rods exept safety
Substituating in eqs.(5,8) gives: C Wi = 5.906
C6 KO =1.12+1.34+.17=2.63 % & Substituating in eq.(7) leads to:
-I=

Excess reactivity =5.906-2.63=3.276%
The shutdown margin refers to the difference in reactivity between
criticality and the minimum reactivity state. The shutdown margin
determines the rate at which the power level is reduced on scram. The
shutdown margin is a function of time and temperature. Typically
shutdown margins are chosen such that the effective multiplication
factor is below critical (Keff = 0.99). If (PT (t) is the theoretical
minimum level to which the flux (PT (0)can drop after scram,the flux
ratio can be written as : ( 1 1)

X= @T ( t) / (PT (0)= p (1-P) /

(p - P )

where P =negative reactivity insertion,
from eq.(9) P can be written as

P = (1-x)/ (x-p) for x = 118

(9)

p =delayed neutron fraction.

P =( 1-1/8)/(1/x-p) =: -7%
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General Considerations
According to the nuclear safety regulation after all the automatic
control rods,shim rods,and safety rods are dropped the negative
reactivity (the required shutdown margin) must be less than 5% The
actual shutdown margin (ASTD) can be calculated by averaging the
normal NSTD and the required RSTD shutdown margins (12) This is
shown in Fig.(3)
NSTD =Total control rods worth -Excess reactivity
(10).
ASTD=(NSTD+RSTD)/2
Substituting by the values in eqs.( 10,ll) leads to:
NSTD=9.930-3.276=6.654%

(1 1)

& ASTD=(6.654+5)/2=5 327%

3. Coupling Region Reactivity Noise
The reactivity noise induced from M vibrating control rods can be
written as (9)
6 P (t) = p (t)- Po
(12)
or 6 P (t) = - G C M C CR(t).Wn &n(t)Dn. 2 a a n
(1 3)
n=O

Where an=radius of control rod n & Dn= V @ =constant
The power spectral density (PSD) of the reactivity can be written
PSD- G2 ZM [CCR(t) Wn DnI2 Smn(f)

(14)

n20

where. Smn(f)=PSD of rod deflection and it can be written as:
Smn ( f ) = B(f) / [

(f2 - fmn )2+

r2mn f4mn]

(15)
B(f)=.White noise function of coolant flow & rmn=damping factor
fmn = natural frequency for control rod n with dominate mode m

The amplitude of disturbance in reactivity induced from control
rods located in the central coupling region is smaller than that induced
from control rods located in the core due to the relatively small values
of neutron flux @, displacement E(t) and worth Wn of control rod.

Results And Conclusion
The calculations were performed for coupled core with different
materials in the central reflector region. Control rods in coupling region
have reactivity worths sufficient to start, control and shutdown the
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coupled core as shown in Table 111. The actual shutdown margin is
calculated to be -5.827% as shown in Fig. (3), while -6.654% - 5% for
normal and required shutdown margins respectively. Each core in
coupled system is clean in subcritical conditions without any absorber
and with multiplication factors KL = 0.9751, KJ = 0.92 for cores L & J
respectively, then each core is needed to the other clean core to fulfil
nuclear chain reaction and to approach the criticality. For dividing
fission neutron ratio between the two cores SL / SJ = 2, in this case the
coupled system is critical (Keff = I ) with coupling between the two
assemblies (L,J) PLJ = 0.0392 & PJL = 0.0498 as shown in Table IV.
Using graphite in coupling region and reflector gives relatively high
excess reactivity than beryllium oxide, or light water as shown in Table
(I). The design of the excess reactivity inventory can be achieved by the
proper choice of the thickness and material of central reflector region,
fuel to moderator volume ratio and fuel enrichment as shown in Table
11. The thermal neutron flux is illustrated in Fig. ( 5 ) . PSD for reactivity
fluctuation due to vibration of control rods in the central reflector
region and reactor core are displayed in Fig. (6).
The control rods in the central reflector region induce less
amplitude disturbance in reactivity than that corresponding to the
reactor core due to small span deflection of vibration E(t), attenuation of
neutron flux and relatively less effective control rod worth. Finally the
study is considered as basis for investigation of coupling between
thermal and fast cores or between fast and fast ones.
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Fig. ( 5 ) Thermal f l u x distribution
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Fig. (6) PSD of reactivity
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Abstract
This paper describes the in-service program and the rehabilitation
plan of the control, measuring instrumentation and radiation monitoring
equipment as well as the computerized safety logic and signaling
systems. The in-service program includes reactors core and pressure
vessels. Spent fuel tank and primary coaling circuit have been inspected.
Current problems and future plan for improving the safety systems are
discussed.

Introduction
Egypt has successfully carried out a program of rehabilitation to
Inshass reactor, ET-RR- 1, Through IAEA technical assistance projects as
follows :
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- Modernization of radiation monitoring equipments, E G Y /
09/15/1987.
- Modernization of process measuring system, EGY/04/28/ 1989 [ 1 ]
- Installation of Computerized Safety Logic and signaling systems,
EGY/09/25/ 1993.

The equipments of these projects were supplied from Hungary.
Modernization of nuclear devices, safety and control instruments were
carried out in 1984. The equipments were supplied from Germany, [2).
In-Service Inspection Program was arranged through the IAEA
technical assistance project EGY/09/024/1989 to verify the state of
reactor components particularly those which have influence on safety.
The work was bounded by the equipments of the primary cooling
system inside the pump room.
The major inspection was carried out in December 1992 in
collaboration with Petersburg Nuclear Physics Institute (PNPI). The
work included reactor core, vessels, horizontal channels and spent fuel
storage tank. Results revealed from this inspection are very important in
deciding on the possibility of raising the power of the reactor.

In-Service Inspection of ET-RR-1 Reactor
The ET-RR- 1 reactor was designed and constructed basically with
materials and components from Russia. By the time of design and
construction there had been no sufficient experience to give reliable
prediction on expected life time of the mechanical system of the reactor
(tanks, valves, pumps, cooling system, etc ...) In the meantime, during the
life time of the reactor aggressive environments and operating below
their initial specifications.
This conformed what may be called the current reactor problems
which are mainly associated with, [3], [4]:
- Pitting and crack corrosion near the weld joints of the ion
exchange vessel, Fig. I .

- Obsolescent valves of the drainage system.
- Obsolescent internal structure of the cooling tower.
- Limited capacity of the spent fuel storage tank. etc ...

An In-Service Inspection (ISI) of the reactor internal mechanical
parts was therefore necessary to be carried out for speculation on these
current problems.
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The IS1 Program was carried out on two stages, the first one was in
collaboration with the IAEA in December 1989, Figs. 2-5 and the
second one was the major inspection carried out in collaboration with
Petersburg Nuclear Physics Institute (PNPI), in September, 1992, Figs.
6-9, [ 5 ] .
The main Objectives of the IS1 Program were:
To verify the state of reactor components. This verification reveals
and identifies the character of imperfections-manufacture or inservice imperfections: determines the form, localization, orientation,
distribution and the individual or accumulated dimensions of the relevant imperfections.
b - To evaluate the defects revealed on the basis of existing standards.
- To assess the significance of the existing defects for further
operation of the reactor.
- To evaluate the IS1 results as a first step towards postulation of
acceptance criteria and suggestion of a program for further IS1
activities.
a

-

The program of the IS1 of ET-RR- I reactor comprises the following:
Plan of the IS1 Program
The program comprises the following investigations:
- In-Core Inspection as well as central and shield vessels surfaces.
- Horizontal Channels Inspection
- Inspection of the Spent Fuel Storage Tank.

Inspection of the Primary Cooling System Components.
b - Inspection Techniques
-

The inspection reactor components was done using non-destructive
methods. The inspection techniques are as follows:

Visual method
In this method the following equipments were used:
- Under water video camera system type TBO-1 for internal surfaces
and welds inspection.
- Magnification optical device for horizontal channels and in-core
inspect ion.
- Special Optical Rods for under water inspection.
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Thickness measurements
Ultrasonic devices calibrated with standard specimens of reactor
materials were used. Defects shape and thickness were determined by
replica method.

Fluorescent Liquid Penetrant method For Welds examination.
Water Chemical Analysis

Results of IS1
The results of IS1 can be summarized as follows:
- Visual inspection of Reactor Vessels is by the under water video
camera showed that Central and Shield Tanks as well as welds and core
barrel are in good condition.

No changes seemed to happen in thickness measurements of
reactor components by the ultrasonic devices referring to the original
metal thickness.
-

Welds examination by fluorescent liquid Penetrant method showed
satisfactory results .
-

- Spent fuel storage tank statues is not satisfactory. There is no
system for water purification or agitation. the thak has limited capacity
and difficulties to open its drainage valve.

- The life-time of the ion exchange vessel cannot be guaranteed
even the corrosion areas have been repaired.
- Reconstruction of the internal structure of the cooling tower is
necessary.
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Fig. 1 : Pitting Corrosion

Fig. 2 : Circumpherential and Longitudanal Welding Identifications
in Reactor Primary Cooling System
Line B 101 Circumpherential Welding (Pressure Side)
Line C 37 Circumpherential Welding
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Fig. 3 : Circumpherential length 55, measuring points (line B),
8 measuring points (line C)

Fig. 4 : Thickness measurements, 39 measuring points on Line B,
9 measuring points on Line C
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Fig. 5 : Liquid Penetrant Measuring Points, 5 Measuring points
r
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Fig. 6 : Pit on the separator shell hcf*d.:e and after conditioning the surface
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Fig. 7 : Plane Projection the Surface of the Separator
- --.I

.
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- - - __ - .

-- -

Fig. 8 : Weld between reactor tank and bottom (upper figure). Weld
between separator and tank bottom.
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Fig. 9 : Surface of metal in storage.

Renewal of Instrumentation and Control of ET-RR-1
Due to the aging of the Instrumentation and Control Systems (I&C)
of the reactor and the lack of spare parts supply. It was decided at the
end of the seventies to renew the whole I&C Systems. The renewal
process was made in steps as follows:
Nuclear Instrumentation

Through bilateral agreement with KFA Julich new nuclear
instrumentation system was jointly designed in 1984. This system
consists of :

3 Safety Channels.
3 Logarithmic Channels with period meter.

I Multirange Channel to measure the power in 8 decades.
This channel is connected to a three-point step controller for the
automatic control system of the reactor.
Radiation Monitoring System

Through an IAEA technical assistance project No. EGY/09/15, a
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system was supplied and installed by the Technical University of
Budapest - Hungary. This system consists of 25 channels. The Silicon
semiconductor detectors cover different ranges of radiation exposure
from 0-3x104 uSv/h in five steps. Another five channels utilize
Geiger-Muller detectors as gamma indicators for measuring the activity
concentration in the sampled air. Each channel has an alarm output
(Sound and Light) with adjustable levels. Installation of this system was
finished in March 1989, [6].

Process Instrumentation
In Dec. 1989 a system for process instrumentation was installed. It
was supplied from Hungary (Gamma Werk) through the IAEA technical
assistance project No. EGY/04/28.
The system consists of 30 channels to measure the process
parameters, table 1 . Based on the signal coming from the water level in
the reactor central tank a replensher system was designed and
introduced into the feed water supply system to open its valves
automatically, to supply the reator with deminiralized water if the level
decreases below 580 cm. The charging system is useful to compensate
water level between 600 cm and 580 cm. The system can also be
manually operated.

Computerized Safety & Logic System (CSLS)
The CSLS was supplied from Hungary (KFKI) through the IAEA
technical assistance project No. EGY/09/025/1993. The new safety
system is based on Programmable Logic Controllers (PLC) from
EBERLE.
Free contacts from the different instrumentation and control system
are connected to 3 identical PLC's through optocouplers. The shutdown
and interlock signals from the 3 PLC's are connected in 5 out of 3 logic
votors. A fourth PLC was used to generate signals or combination of
signals to test the hardware and software of the 3 PLC. A display shows
the status of the input and output signals to the operator with first alarm
signal display and safety rod drop time.

58

Table 1 : Technical Specification of the Upgrading Measuring System
of Inchas Reactor

No. LOOD No. Measuring circuits & func
1)

Level Measurements
Deminralized water tanks
Reactor central tank
Reactor shield tank
Spent fuel storage tank
Level in deaerator

0-200 cm
0-700 cm
0-700 cm
0-500 cm
0-200 cm

LIA041/2 Liquid wast storage tanks
Pressure Measurements

0-800 cm

PIA007

0-3

bar

-1+1

0-25
0-7

mbar
mbar
m bar
mbar
mbar
mbar
mbar
bar

0-20

uS/cm

---

0- 16
0-250
0-400

L80
L315

0-1000

m”/h
m3/h
m3/h
m3/h

0- 160

m3/h

LI002
LIA002
LIA003
LIA005
LIA006

2)

3)

4)

Pressure in primary circuit

Depression in deaerator
PIA008
Depression above reactor
PIA009
Depression under reactor
PIAO10
Depression in pump room
PIAOI I
Depression in spent fuel tank
PIAOI 2
Depression in hot cells
PIAO13
Depression before ventilators
FIOl8
PIA043
Pressure in secondary circuit
Conductivity Measurements
QIO16
Conductivity in primary circuit
Flow Measurements
Flow in ion exchange filter
FIO I 7
HA019
Flow in deaerator
FIRA020 Flow in secondary circuit
FIRA021 Flow in primary circuit
FIA022

5)

Measuring range Signal

Air folw in deaerator

-1+1
-1.5+1.5

-1.5+1.5
-1.5+1.5
-1.5+1.5

Temperature Measurements
TI023
Deaerator outlet temperature
0-60
TI024
Pump room air-temperature
local
TIM025 Reactor outlet temperature
0-60
TI026
Temp. in secondary circuit
0-40
TDIRA027 Temp. diff. in primary circuit 0-10
TDIRA 028 Temp. diff. in secondary circuit 0-20
0-40
TI029
Temp. in cooling tower
TI030
Air temp. in corridor
local
TR031
Pump bearing temp. ( I O points) 0-100
L : Warning signal at low level LL: Emergency signal
H : Warning signal at high level
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---

L500
L500
L300
Lloo
H120
H700

c
C

L 2.2
LL2
L-0.6
L-0.7
L- I .o
L-0.7
L-0.0

L-0.7
---

L5.O

___
L810
LL720
L70
---

H40

c

---

C
C

H2.4
H7.4

c
c

---

---

Signaling System

Through further cooperation with the Hungarian KFKI a signaling
system was purchased to replace the old system. Installation of this
system will take place in Dec. 1993. The signaling system is based on
the same PLC type used for the CLCS. It has 80 free contact input to
PLC's and displays the warning and shutdown signals. Eighty relays are
installed to duplicate the input signals to the data acquisition system.
Two different tones are used; one for warning signals and the other for
shutdown condition.
Camera Monitoring system

In 1991 closed loop system consisting of 6 Cameras were installed
in the important places in reactor hall, control room and entrances to
check personnel inside these areas. The operation can change the
scanning time or fix one camera or bypass another one.
New Operator Console

New Operator Console Fig. 10 was installed to simplify the
man-machine interface. The middle part of the new console is the main
part. It contains all the necessary keys and push buttons to move the
control rods. The important parameters from the nuclear and process
instrumentations are duplicated on this part. The CSLS are located to the
right of the operator with all its push buttons and display lamps. The
signaling system control push buttons and 30 important signals are
located to the left of the operator. The monitor and control of the
camera monitoring system occupies another part to the right of the
operator.
This part contains also 20 lines telephone communication system.
The last part is reserved for the data acquisition system. It will contain
14 inch colored monitor with the keyboard.
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Fig. 10 : Proposed Arrangement of the Instruments (TYP C)

Future Plan of I&C Modernization
The following systems will be introduced into the reactor system to
increase its safety and reliability of operation.
1- Data Acquisition System
A system with 48 analog and 128 digital inputs is designed to

provide the data acquisition of every important measured and displayed
analog and digital signal. The main tasks of this system are:
-

-

Data Collection
Calculation of some parameters from the collected data
Creation of Records and Log Book
Archivation and store of the input signals for future analysis
purposes
Operator aid through schematic diagrams. Charts and graphs.

2- Fission Chamber Assembly
It is foreseen to buy and install n fiqqion chamber assembly to be
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added to the nuclear instrumentation. This will provide good monitoring
of the reactor in the pre-strat up to the power range.

3- Digital Reactivity Meter
A software program was developed to calculate the reactivity from
the power signal of the multirange DC channel. Based on this program a
digital reactivity meter is now under construction. It will be installed in
the next year to help the operator to get the reactivity directly and
automate the control rod calibration procedures.
4- Compact Simulator
Although a PC based simulator was developed for training
operators[7], it is hoped to build a hardware compact simulator for
ET-RR-1 reactor to be used for more training capabilities and dynamic
performance studies.
It is worth mentioning here that within the frame of developmental
projects planned at the reactor a new storage for the spent fuel is
foreseen. The accumulation of spent fuel from the reactor requires the
preparation of additional storage area at the reactor facility. A dry
storage for the EK-10 type spent fuel elements which has been stored
for a long time in the present wet storage is one of the projects foreseen
in the ET-RR-I reactor. There could also be another additional storage
area for spent fuel to be built in the part of the pump room of primary
coolant where the present ion exchange filter exists.

Conclusions
Successful rehabilitation processes have been carried out at the
ET-RR- 1 reactor. an in-service inspection was another project fulfilled at
the reactor facility. The main objectives of these projects are to secure a
safe and reliable operation of the reactor. It can be concluded that these
processes and specially the positive results obtained from the in-service
inspection program are quite satisfactory to make the raising of reactor
power feasible.
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Calculation of the Thermal Utilization Factor in a
Heterogeneous Slab Cell Scattering Neutrons
Anisotropically
A.M. Abdallah, E.M. El-Sherbiny and M. Sobhy
Reactor Departement, Nuclear Research Centre, Inshaas, Egypt

The P,-spatial expansion method has been used for calculating the one
speed transport utilization factor in heterogeneous slab cells in which
neutrons may scatter anisotropically. By considering the P I approximation with a two-term scattering kernel in both the fuel and
moderator regions, an analytical expression for the disadvantage factor
has been derived. The numerical results obtained have been shown to be
much better than those calculated by the usual P I - and P3- approximations and comparable with those obtained by some exact methods.

Introduction
The concept of the disadvantage factor is given in standard textbooks
[ 1-31 where a simple diffusion theory has been used., Also, this factor
has been calculated by the following methods; the asymptotic diffusion
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theory has been used. Also, this factor has been calculated by the
following methods; the asymptotic diffusion theory (e.g. Pomraning
and Clark [4] and Calame [ 5 ] ) , the ABH integral transport theory
(Amouyal, Benoist and Horowitz [6] and Theys [7]), the Ritz-Galerkin
variational method (Weiss [SI), the method of boundary sources
(Beauwens and Devooght [9]) and Cases normal expansion method
[10,11] ( Ferziger and Robinson [12]). Very recently [13] an analytic
expression for a slab cell disadvantage factor was derived by applying
the PN spatial expansion method proposed by Pomraning and Clark
[ 141. All the above authors have considered only the case of isotropic
scattering.
The effect of a linearly anisotropic scattering in the moderating
material on the disadvantage factor has been studied by Bond and
Siewert [15] by utilizing Cases method. The technique of Bond and
Siewert has been extended by Eccleston and McCormick [16] who used
a general anisotropic scattering kernel in both the fuel and moderator
regions. Laletin et a1 [ 171 have used the GN approximation with a fourterm scattering kernel like Eccelston and McCormik.In all methods,
without exception, the results obtained were based on the assumption
that the scattering of neutrons in the fuel region is always isotropic.
Recently reactor cell flux and disadvantage factor are calculated by
using diffusion theory in the moderator and integral transport in the
fuel [ 181. It is found that the results agree well with Monte Carlo, P5 ,
and ABH methods. This method was used before by Nanneh and
Williams [ 191.
In the present study the thermal utilization will be calculated by
applying the method of spacial expansion [14] for solving the onespeed transport equation in plane geometry. Some improvements have
been made by taking into account the scattering anisotropy in the fuel
material. This effect is important since most advanced fuel elements
contain light materials (e.g. fuel oxides, carbides, and nitrides)which
may scatter neutrons in an anisotropic manner.

Mathematical Formulation
Consider a slab cell consisting of a moderator region of width 2b
and a central fuel lump of width 2a . Let the subscript 1 refers to the
fuel, and 2 refers to the moderator. The one-speed neutron transport
equations for fuel and moderator ; I r.c><;pectively:
I.(-
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-1

-I

and

-1

L

-1

(Z,p)= angular neutron flux
C = total cross section
C = mean number of neutrons produced per collision
f == three times the average cosine of the scattering angle
q = neutron source (assumed uniform and isotropic).
It is desired to solve Eqs. (1) and (2) under the following boundary
conditions

where

(6

(i) Symmetry of angular flux at the fuel lump centre:
(0,cl) = 01 (0, -I4
(34
( i i ) Continuity of angular flux at the interface between the two
media
(61

(w)= (62 (a, P)

(3b)
(61 (a, -PI = (62 (a, -p)
(3c)
(iii) Symmetry of angular flux at the centre of the moderator
region between two fuel lumps
(61

(62 (b, PI = (62 (b, -PI

(3d)

Analysis
Following Pomraning and Clark [I41 we can write the solution of
Eqs. ( 1 ) and (2) as

L n=O

Since the Legendre polynomial is orthogonal in the interval (-l,l),
it is preferable to introduce the transformations.
22
X“-1,
O < z < a
a
22-a-b
Y’
a < z < b
b-a
Consequently Eqs. (4) and ( 5 ) become
1 - 1<x< 1
(6)
@l(X,P)= - C ( 2 n + 1) @I,(P)P,(X),
2 n=O
9

02 (y, p) =

’

z ( 2 n + 1) ~ 2 (p)pn
n
(y),
2 n=O
and the boundary conditions (3) are then
01 (-1, p) = @ I

-l<y<l

(7)

(-1, -p>

p) = 82 (1, p)
01 ( 1 , -PI = 02 ( - 1 , -p)
81 ( 1 ,

(8b)
(8c)
0 2 ( 1 , p) = 02
-p)
(W
Now, inserting Eqs. ( 6 ) and (7) into (1) and (2) respectively,
multiplying the first by P m (x) and the second by P m (y), and
integrating over all values of x and y, using churchills results [20] for
expanding the derivatives of Legendre polynomial, we obtain for n =
0,1,2..., the following systems
( 1 9

m

a,p x ( 4 m I- 2n I- 3)

<D1,2m + n

+ I (p) + a I n ( p ) =

m=O

and
m =O

-I

L

where

a,=-, 2
=la

a2=

2
C2(b- a) ’

-I

S = -2q
=2
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Now, for developing the PI-apprdiimation, let <PI,=

= 0 for n

> 2, so that

L

a20

L

c 2

(p)=:-

AZO

-t--

CL

L

@21

(p)=-c

B20

- 3 a2p<Pz1(p)i-S

L

2

2

f2C2

AZI

+-CLf2c2Bz1i- S
2

with
Amn =

@mn(p)

dp

-I

and
Amn

m = 1,2&n = 0,l

p

I-

@mn(p)

dp

-1

The thermal utilization is defined by the equation

where Ca, V, and 5 are respectively the absorption cross section,
volume, and disadvantage factor. In plan geometry, the latter is defined
by
I

5 = a]
il

b

I

d z l ~ , ( z , p ) d ~ / ( b - a ) ~ d z l a , ( z ,dp
p)
-I

a

-I

or using Eqs. (6), (7) and (15)

6 = A2O/ A10
Thus, our problem now is to calculate the quantity Azo/ Ala. The
boundary conditions (8), in the PI-approximation, can be written as
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Inserting Eqs. (1 1 ) and (13) into (17a) and ( 1 7d) and solving for
01
I (-p) and 0 2 1 (-p)results in
@l I(+)

-- (

1+a,I.1

P flClB10

1-a, P

3(1 -a, p)

)@I 1(p)+

7

P>O

(18)

Next, inserting Eqs. ( 1 1) and (13) into (17b) and (17c) and solving
for 01
I (p) and a21 (p), using Eqs. ( 1 8) and ( 1 9), it follows that
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Next, multiply the same two equations by p and integrate again it
follows that
I

B 10 (1 - fIC1 13) = -3a1j[P2@,,I(P>w2@],(-P)1
dP

(24)

0

B20 (1 - f2C2 1 3)

-3a2j[)L2@21(p)+P2@,,(-P)I d p

(25)

0

Inserting Eqs. (18) to (21) into Eqs. (22) to (25) we obtain, after some
algebra, the following
A10 (Cl - 1) = a ] FG
A20 ( 1

- C2) = a2 FG

+2S

Blo=FG
B20 = BlO

where

and
1
G = I - - tan-'P

P

Solving Eqs. (26) to (30) for the ratio A20/A10 using (16) we obtain the
following expression for the disadvantage factor

with

and

p2 =ala2=

4

C1 C, a ( b - a )
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The effect of scattering anisotropy of the alloying material in the fuel
regron can be shown by rewriting Eq. (31) in the form

where Go is the cell disadvantage factor when the scattering of neutrons
is isotropic in the fuel region and anisotropic in the moderator region, viz

It is clear from Eq. (32) that anisotropic scattering in the fuel region
may be important and must be considered for cells having large fuel
dimensions .

Numerical Results
The results obtained by the PI-spacial expansion approximation with a
linear anisotropic scattering in the moderator and isotropic scattering in the
fuel are listed in Table I. The table contains also some results obtained from
various calculational methods. The present methods is much better than the
usual P I - and P3-approximations. The agreement with Bond and Siewerts
results [15] is very good for all values of the moderator anisotropy
coefficient for all cells except those having large dimensions where the
maximum error is about 3%. When comparing with the results of Eccleston
and McCormic [16] and Laletin et a1 [17], it is found that the deviation is
less than 4%. The effect of scattering anisotropy on the disadvantage factor
of admixing elements in the fuel is recorded in Table 11. It can be seen that
although this effect is small, however it is preferable to take it into
consideration in the design calculations. Finally the results for the case of
isotropic scattering in both the fuel and moderator regions are reported in
Table 111. Again the agreement is very good as compared with the other
approximate and exact methods. Based on the above results it is
recommended to design fuel cells in small sizes and use moderators having
highly scattering anisotropy.

TABLE I : Disadvantage Factor of Slab Cells With f1 = 0, and f2 > 0

cell

c*

3211

w

a=0.3 Cm 1=0.4Cm
D = 1.35 Cm I = 1.8 Cm
1.2530
1.4077
1.3870

1.4470
1.6284
1.5742

1.2450
1.4001
1.3812

1.4330
1.6151
1.5638

1.2300
1.3849
1.3695

1.4070
1.5885
1.5431

1.2070
1.3621
1.3521

1.3660
1.5485
1.5121

1.1840
1.3392
1.3346

1,3260
1.5083
1.4810
1.3599
1.3599
1.31 14
1.3672

*

= 0.717/ C m ,
c2'2.33

/Cm,

C1 = 0.5537
C 2 = 0.9916
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TABLE I1 : Variation of Disadvantage Factor With Anisotropy
Coefficients

TABLE 111 : Disadvantage Factor of Slab Cells With f1 = f2 = 0
Model used

PI-Theory [ 1 51

Asymptotic diffusion theory [4]
Modified ABH method [7]
S8-method [7]
Generalized ABH method (8)
BSA4 [9*]
BS4 [9*]
Cases method (exact) [ 141
Cases method [ 151
G I I-approx. [ 171
P3-theory [ 171
PI-spacialapprox.

c

311 A

311B

Jell

1.028
1.06
1.08
1.09
1.097
1.094
1.0946
1.099
I .0978

1 . 1 13

1.253
I .34
1.36
1.43
1.380
1.410
1.4 107
1.422
1.4077

1 . I033

1.18
1.20
1.23
1.215
1.23 1
1.2317
1.239
1.2317
1.23 14
1.1798
1.231 1

1.3870

Jell D
1.447
1.56
1.58
1.64
1.601
1.6365
1.6372
1.650
1.6284
I .6284
1.5801
I .5742

* Same values except C1 = 0.999957, BSA4 and BS4 stand for boundary

source

method of 4 order approximation with and without asymptotic solution respectively.
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Abstract
The total average neutron multiplicity of the fission fragments produced
by the spontaneous fission of 248Cm has been measured. This measurement has been done by using a new experimental technique. This technique mainly depends on y - y coincidence using a very high resolution
high purity germanium (HPGe) detector.

Introduction.
Nuclear fission reactions are the most suitable nuclear reactions to produce neutron rich nuclei. The fissioning nuclei are, usually, neutron-rich
compared to stable medium weight nuclei, so the fission fragments produced as a result of the fission process are neutron rich lying somewhere
away from the line of P-stability. The amount of neutron excess in the
fission fragment is different from reaction to reaction, but it always related to the atomic number of the fragment and the atomic number and
weight of the fissioning nucleus.
Since the nuclear fission reaction is the best way to produce neutronrich nuclei, then the neutron emission is one of the most dominant process takes place within the fission process. The emitted neutrons carry
away most of the energy in the fission process which does not appear as
kinetic energy of the fission fragments. the number of neutrons being
emitted are a direct subsequence of the amount of energy stored in the
nascent fragment at scission.
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Advances in experimental techniques have made it possible to study the
fission products spectroscopically. It is possible to study the fission
fragments through the prompt y-rays in a similar way to that in which the
evaporation residues produced by heavy-ion reactions are studied. This
comes from the similarity between the decay of the primary fission
fragments and the decay of the compound nucleus formed by heavy-ion
react ions.
Several studies [1,2,3] using different techniques have been done to
measure the neutron multiplicity of the fission fragments. None of these
studies were able to give an accurate measurement of the neutron
multiplicity of the fission fragments as given by this work.
In this study we concentrated only in even-even fission fragments. Odd
fragments have been avoided because of the presence of isomeric state in
most of them which make it difficult to observe their y-rays by this
technique which is mainly designed to observe prompt y-rays .

Experimental Technique and Data Analysis
This experiment was carried out at Argonne-Notre Dam y-ray facility.
Prompt y-rays from the fission fragments produced from the spontaneous
fission of 248Cm were observed. Ten bismuth-germinate suppressed Ge
detectors, two low-energy photon spectrometers (LEPS,s) and an array of
fifty bismuth -germinate scintillators used as a multiplicity filter have been
used. Data were recorded when any two of the Ge or LEPS detectors fired
along with at least three elements of the filter. This multiplicity requirement
effectively selected prompt fission events, which have an average y-ray
multiplicity of -10.
The source was a pellet of 1 1 mm diameter containing 5 mg of 248Cm
( 6 . 5 ~ 1 0fission
~
per second), made by mixing Curium Oxide with 150 mg of
Potassium Chloride. The curium was chemically purified (separated from
fission products) two days before the experiment started.
A total projection of y-ycoincidence was collected. The double y-y
coincidence technique is very useful to investigate the y-rays from the
fission fragments. Since many fission fragments are produced in each
fission events, it is very difficult to relate y-rays to a certain fission fragment
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unless we use the y-y coincidence technique. In this technique if we gate in
a certain y-ray belonging to a certain fission fragment, y-rays belong to the
this fragment and to its complementary one will only appear in the gated
spectrum. This technique was used successfully in measuring the average yrays multiplicity and the average spins of the primary fission fragments
[4,5,6 71 and many complications have been resolved. Windowing in more
than on transitions of the same fission fragments clears out any doubt about
the relation of a certain y-ray to a certain fission fragment.
Windows on 2+ --> O*, 4+ --> 2+, and 6+ --> 4+ of the nuclei
investigated in this work have been chosen and used in measurement of the
neutron multiplicity ( u). However, 2'---> 0' transition of all investigated
nuclei are known before. This helped in assigning the y-rays of the
complementary fragments. all y-rays intensities were corrected according to
the Ge detectors efficiency and then used in measuring the average mass of
the complementary fission fragments. For example, when we gate on (2+
--> Of transition of 102Zr,we see y-rays from I4OBa, and 144Ba nuclei. By
measuring the relative intensity of these y-rays, it is possible to obtain the
average mass of Ba isotope which is associated with Io2Zr. By reversing the
process, we gate on 144Ba,2+ ---> O+ transition, y-rays from Zr isotopes will
appear in the spectrum and the intensity of these y-rays can be measured
and used to obtain the average mass of the Zr isotope that is associated with
144Ba fragment.

Results and Discussion:
Figure (1,a) shows a spectrum observed by gating on 2+--> Of transition
in 144Bafragment. In this spectrum y-rays that belong to Zr fragments are
seen. Some of these y-rays are not known and they might belong to other
fragments which are not under investigation in this work. By comparing the
intensity of the y-rays of the Zr fragments in the window of the Ba fragment
, the average value of the Zr fragment mass associated with this transition
can easily be deduced. The same procedure has been followed for other
transition in Ba isotopes and the same measurements have been done. The
average mass of the Ba isotopes against Zr masses and the average mass of
Zr isotopes against Ba isotopes were plotted in figure (2,a) and figure
(2,b) respectively. Smooth trends were obtained. By adding the average Zr
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fragment mass to the mass of the complementary Ba fragment and
subtracting the total from 248 (the mass of 248Cm), the number of
neutrons emitted in the spontaneous fission process could be determined.
The same measurements were carried out for other fission fragment pairs
such as Xe and Mo. Similar results were obtained. Figure (1,b) shows a
spectrum of y-rays in coincidence with I4OXe 2' --> 0' transition. Figure
(2,c) and figure (2,d) show the average mass of Xe isotopes plotted against
the masses of Mo isotopes and the average Mo isotopes plotted against Xe
isotopes , respectivety. Again smooth trends were obtained. The neutron
multiplicity also can be deduced by adding the average mass of Xe isotopes
with the complementary fragment of Mo isotopes and vice versa and
subtracting this sum from 248. However this procedure could repeated for
many fission fragment pairs and similar results would be obtained.
From these results, the individual neutron multiplicity associated
with each fission fragment pairs could be obtained. Also the total average

-

neutron multiplicity (u) of the neutron emitted during the fission process
could be obtained with high accuracy by averaging over all the individual
values of each fission fragment pairs. The neutron multiplicity of the
spontaneous fission of 248Cm has been determined in this work to be
3.2(0.2). The credibility of this values is high over all other values obtained
by other workers [1,2,3] . This credibility comes from the use of a highly
accurate and advanced technique.
In conclusion, this technique can be used to measure the neutron
multiplicity of any fission reactions. It can also be used as mentioned
above for studying the structure of the fission fragment such as observing
new y-rays and building up partial decay schemes.
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Fig.1: Examples of data obtained from fission of 248Cm. (a) part of a spectrum in
coincidence with the 144Ba 2+----> O+ transition y-rays from the complementary Zr
isotopes are shown. (b) partof a spectrum in coincidence with the I4OXe 2+---> O+
transitions; y-rays belong to the complementary Mo isotopes are shown.
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Abstract
The reactor computer code MULTIKENO-2 is developed in Japan from
the original Monte Carlo code KENO-IV. By applications of this code
on some real problems, fatal errors were detected. These errors are related to the restart option in the code. The restart option is essential for
solving time-consuming problems on mini-computer like VAX-6320.
These errors were corrected and other modifications were carried out in
the code. Because of these modifications new input data description was
written for the code. Thus a new VAWVMS version for the program
was developed which is also adaptable for mini-mainframes. This new
developed program, called MULTIKENO-VAX is accepted in the
NEA-IAEA data bank and is added to its international computer codes
1i brary .

Introduction
Monte Carlo criticality program KENO-4 [ l ] is developed 1975 in
ORNL in USA. It is an advanced computer code, that can easily represent three dimensional configurations. The geometry representation of
the reactor core is based in this program on the concept of boxes, where
each box is composed of a number of space regions of any geometrical

85

shape. The two restrictions on the geometry representation in this code
are:
(i) All regions inside a box have to be so described that each region
must enclose all the regions described before it.

Also the spheres or semi-spheres must have their centers located at
the system coordinate origin, and cylinders or half-cylinders with
their center lines on one of the system coordinate axes.
In the reflector, if exists, the first region must enclose the reactor
core and each region, following the first one, have to enclose all
regions previous to it.
(ii) Common faces of neighbouring boxes have to be of the same size.
This means no intersecting regions or faces should exist in a given
box or reflector.

Also the outer surfaces of the boxes and of the whole system must
be plane surfaces of a cube or a cuboid.
Because of the above-mentioned two restrictions, it is difficult to
represent some geometrical configurations in KENO-4 without
introducing some approximations in the geometry. For this reason the
two codes MULTI-KENO in 1983 [2] and MULTlKENO-2 in 1985 [3]
were developed in JAERI in Japan to overcome to a great extent these
two restrictions. These two codes introduced the concept of superboxes
that in turn can be divided into boxes. By this way the adjacent faces of
adjacent boxes cannot necessary be of the same size, if they are
contained each in a different superbox. Also by applying the concept of
superboxes the condition that each region should contain all the
previous regions became less restrictive. This extension increased the
availability of the code.
MULTlKEN0-2 was extended over MULTI-KENO by introducing
the possibility that core boundaries may intersect the adjacent reflector
regions. Such an advantage is needed in fuel transport cask calculations.
Moreover, two additional improvements were achieved in MULTIKENO and MULTIKENO-2, namely: [ l ] option to output graphical
view of a system for examining geometrical input data, and [2] the
possibility to solve fixed source problems.
MULTIKENO-2 is written for IBM or IBM compatible computers
like FACOM-M200 and CDC-6600 mainframes.
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MULTIKENO-VAX [4] is the VAXNMS version of MULTlKENO2. It was developed in our center, without changing any of the program
features, to be available for VAX-6320 or other mini-computers. This
new developed program, MULTlKENO-VAX, vyas approved in the
NEA-IAEA data bank and has been added to its international computer
codes library.

Discovered Errors in the Code MULTIKENO-2 and their
Corrections
The version of the code MULTIKENO-2 as supplied by NEA-IAEA
data bank to our center has some errors. These errors appear only in
case one use this version for a fixed source problem in a restart option.
Such a case is not included in the sample problems solved by the code
and written in the code manual. An input for the code that would
manifest these errors is given in the following:
PU-SOURCE INSIDE AN IRON SPHERE OF RADIUS 12 CM
100. 100 10000 0 16 6 3R2 5 0 3Rl 2 2 R 0
3R0
2030 0 8 - I 1 2R0 2
I -94200
2.93E-2
2 26100
7.87
SUPERBOX
5R1
BOXTYPE 1
CYLINDER 1 2.0 2.0 -2.0
16R.5
SPHERE
2 14.
16R.5
CUBE 0 14. -14.
I6R.5
0 14. -14.
14. -14. 14. -14.
16R.5
CELL BDY
CUBOID
0 14. -14.
14.
-14. 14. -14.
16R.5
1 0.225
0.347
0.161
0.170 0.084 0.013 10RO.O 0
100. 0. 0. 0.
-I
END KENO

Now it is supposed that for any reason the job is not run to its end
and is stopped after N times restart data have been written on the unit
specified for restart data writing. To restart the problem the following
input should be given:
PU-SOURCE INSIDE AN IRON SPHERE OF RADIUS I2 CM
100. 100 100000 16 6 3R2 5 0 3Rl 2 2 R 0
20300-N-1 12RO23RO
END KENO

87

N is here to be replaced by the number of times restart data have
been written on the restart unit for writing. Also the restart data on the
unit of writing should be copied on the unit of restart data reading.
In the following are the errors and their corrections as they have
been done in the MULTKENO-VAX code:

NTYPST. GT.0

I

I

I

CALL SOCINP(..)

I

These corrections done in MULTIKENO-2 were recognized by the
NEA-data bank.
Usually restart option is not,needed if a large computer is available.
Because our computer is a mini-computer (VAX-6320), we needed
the restart option almost in all the problems solved by the code. Thus
these errors were not discovered by the code authors, while they were
detected by us.

3. Modifications Carried out in the Code
New version of the program differs from the previous version in the
following features:

1. New version of the program allows the same concepts and structure as
MULTIKENO-2 (NEA 0933/02), but it is adapted for VAXcomputers and other mini-computers.
2. Restart option is revised because of its importance by solving of timeconsuming problems on mini-mainframes.
3. In order to get this new version, the following subroutines have been
revised: MAIN, KENO, PICTUR, RESTRT, SOClNP, START,
XXMOD, AREAD, KENOG, FINALE.
4. As well as a new function ESMATl has been added.

5. Following subroutines were dummied out: PLOTS, PLOT, SYMBOL,
NUMBER.
6. All changes introduced in the program are indicated by comment
statements.
7. AI1 test cases mentioned in the code manual of MULTI-KENO [2]
and MULTIKENO-2 can also be solved by the new code
MULTlKENO-VAX without any change in the input data.
8. The two manuals for the old versions of the program are still valid,
except the input data description.
9. New input data description was written and was added to the program.

4. Sample Problem
We present one sample problem to demonstrate that the modified
code MULTIKENO-VAX gives the same results as the original code
MULTl KENO-2.
The chosen sample problem,' which is stated in the code manual of
MULTI-KENO [2], is for a point source at the center of a thorium
sphere of radius 100 cm. The calculations were carried out with 26
energy groups and with PO-cross sections. We intentionally selected this
problem from the code manual of MULTI-KENO, because the input
data of it as stated in the manual has some errors. We corrected these
errors. Without these corrections the job of this sample problem would
not run on the computer.
In the following table the results for the total neutron flux as
obtained by the two codes MULTIKENO-2 and MULTIKENO-VAX are
presented:

5. Conclusion
A modified version of the reactor computer code MULTIKENO-2
has been developed in our center. This new version is added to the
international computer codes library in the NEA-IAEA data bank. This
allows the use of our version in different nuclear research centers in
many countries.
By the modifications introduced in this advanced code to make it
adaptable for mini-computers the availability of the code is increased.
Beside that the new version is a VAX-version.

Distance from
1 .o
10.0

20.0
30.0

40.0
50.0

60.0
80.0

99.0
100.0

Total neutron flux (in arbitrary units)
as calcL
vl U LTI KEN 0-2
VIULTIKENO-VAX
2.90 10-1
2.90 10-1
1.32
1.32 lo-*
5.01 10-3
5.00 10-3
1.84 10-3
1.85 10-3
6.31
6.32
2.73 10-4
2.74 10-4
9.64 10-5
9.62 10-5
2.39
2.40 10-5
2.57
2.61
2.14 lo-'
2.10 10-7

Figure ( 1 ) illustrates the attenuation of the total neutron flux as
calculated by the two codes.
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Abstract
Thermal neutron flux distributions that were measured earlier at the
ET-RR-I reactor are compared with those calculated by the three
dimensional diffusion code TRITON. This comparison was made for the
horizontal and vertical flux distributions.
The horizontal thermal flux distributions considered in this
comparison were along the core diagonals at two planes of different
height from core bottom, where one at a level passing through the
control rod at core center and the other at a level below this control rod.
In the meantime all the other control rods were taken into consideration.
The effect of the existence of a water cavity inside the core as well as
the influence of the control rods on the thermal flux are illustrated in
this work.
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The vertical thermal flux distributions considered in the comparison
were at two positions in the core namely; one along the core height
inside a fuel basket and the other along the core height inside the water
cavity.
The axial reactor power distribution along the core height and the
horizontal reactor power distribution along 'the core diagonal as
calculated by the code TRlTON are also given in this work.

Introduction
The first Egyptian research reactor ET-RR- 1 had reached criticality
on 1961 . Since that time a lot of experimental work was done on this
reactor. Due to the lack of advanced reactor computer codes the
experimental data obtained from these measurements were not
supported by comparable calculations. At the present time we completed
our reactor computer codes library with international codes obtained
from the NEA-IAEA data bank. In our work here we selected the
measurements done in 1966 for the thermal neutron flux distribution in
the ET-RR-1 core (1) to reproduce their experimental data by
calculations. The reactor computer code we used in these calculations is
the three dimensional diffusion code TRlTON[2], which was
successfully applied on the same reactor in a previous work [3].

Geometrical and Nuclear Data
The ET-RR-1 is a research reactor of type WWR-C and thermal
power 2 MW. The reactor core is constructed to have 51 grid positions
for fuel baskets. Each fuel basket is made of 16 fuel rods made of 10%
enriched fuel type EK-IO. More descriptions about the reactor are given
in [4].
The core configuration chosen for the thermal neutron flux
measurements as given in [ I ] is a core loading of 39 fuel baskets, where
the positions numbered (fig.(l)) 29, 36, 37, 41, 42, 43, 44, 45, 46, 47,
51, and 52 were with no fuel present in them, Le. filled with water. Fig.
( I ) shows the X-Y plane of the geometry of the whole reactor system
composed of active core, water reflector, and graphite thermal column.
The nine control rods are illustrated in this figure. These control rods
were as stated in [ I ] half inserted into the core.

Since the reactor power is low and the fuel enrichment is also low
besides most of the fuel in this core loading was used as fresh fuel, we
made our calculations with fresh fuel and neglected thereby the fuel
burn-up in the core.
To let a space for the control rods to be inserted into the core
between the fuel baskets,some fuel baskets are either of one, two, or
three cut corners according to their closeness to the control rods. Thus
there will be four types of fuel baskets each with a different volume. In
the meantime each fuel basket has 16 fuel rods of the same type EK-IO.
By homogenizing every fuel basket this will lead from nuclear viewpoint
to four types of fuel. Table (1) gives the atom densities for these four
types of fuel together with the other material compositions present in the
reactor system under consideration.
Experimentally, the thermal neutron flux was measured along the two
core diagonals AB and CD (fig.( 1)) and on different core heights [ 11.
To obtain this thermal neutron flux by calculations, the three
dimensional diffusion code TRlTON[2] was used. In these calculations
the 16 energy group cross sections of Hansen-Roach were used, which
were proved to be quite adequate for the ET-RR-1 reactor [3].

Horizontal Thermal Flux Distribution
Fig.(2) shows the thermal neutron flux along the diagonal AB from
fuel basket No. 49 to 39 passing through fuel baskets No. 29, 22, 15, 8,
and the water hole under the control rod in the core center and at a
plane of height 5 cm from core bottom. In this figure the agreement
between calculations by TRITON code and experimental measurements
are good in the fuel baskets that are away from the water cavity, while in
the water cavity and in the two baskets arround the cavity experimental
data are much below the calculated ones. No measurements were made
for the neutron flux in the water hole under the control rod, which was
calculated by the computer code.
Fig.(3) shows the thermal neutron flux along the core diagonal CD
from the fuel basket No. 40 to 48 passing through fuel baskets No. 1 1 ,
16, 2 1 , 26, and the water hole under the control rod in the core center
and at a plane of height 5 cm from core bottom. In this figure the
agreement between calculations by TRlTON code and experimental
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measurements are good except near the core center.
Fig.(4) shows the thermal neutron flux along the core diagonal AB
from the fuel basket No. 49 to 39 passing through fuel baskets No. 29,
22, 15, 8, and the core center, where the absorber of the control rod is
inserted, and at a plane of height 45 cm from core bottom. The
agreement between the calculated and the measured thermal neutron
flux is good except in the water cavity and in the fuel baskets arround it,
where the measured flux values are below the calculated ones. While it is
not possible to measure the flux in the absorber of the control rod, this
flux is calculated by the computer code.
Fig.(S) shows the thermal neutron flux along the core diagonal CD
from the fuel basket No. 40 to 48 passing through fuel baskets No. 1 1 ,
16, 21, 26, and the core center, where the absorber of the control rod is
inserted, and at a plane of height 45 cm from core bottom. Here the
agreement between the calculated and the measured thermal neutron
flux is very good.

Effect of the Existence of a Water Cavity Inside the Core
The existence of a water cavity inside the core near the center is a
trap for the thermal neutron flux. As seen in fig.(2) and (4), there is a
peak in the thermal flux at the position of the water cavity, which even as
in fig.(2) exceeds the peak at the core center. Because of the high
neutron flux at this position, this water cavity is used for sample
irradiation in core.

Influence of the Control Rods on Thermal Flux
The comparison between the thermal neutron flux at a level passing
through the control rod as given in fig.(4) and ( 5 ) with that at a level
below the control rod as given in fig.(2) and (3) illustrates that the
thermal neutron flux is higher below the control rod than that through
it. Thus, the control rods depress the thermal neutron flux along the
reac tor core.
On the other hand the unperturbed thermal neutron flux distribution
along the diagonal CD as given in fig.(3) is by far closer to a cosine
distribution. This distribution is distorted by the insertion of the control
rod as given in fig.(5), where a great flux depression is occurred in the
absorber.
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Vertical Thermal Flux Distribution
Fig.(6) shows the thermal neutron flux along the core height at
center of the water cavity at position No. 29 in core. The agreement
between the experimental measurements and the calculated flux by the
code TRITON is very good except in the reflector above the core, where
the measured flux values are below the calculated ones.
Fig(7) shows the thermal neutron flux along the core height in the
fuel basket No. 1 I in the core. TRITON code reproduced the same flux
distribution as measured experimentally. Again only in the reflector
above the core the measured flux is below the calculated one.
In both figures (6) and (7) we see that the vertical flux peak is not at
the core center, but about 4.5 cm below it. This effect is due to the
insertion of the control rods to half of the core height.
As expected the vertical flux along the core height in water cavity is
much higher than in the fuel.

Reactor Power Distribution
The vertical power distribution along the core height in the fuel
basket No. 1 I is shown in fig.(7). This power distribution has the same
shape as the thermal flux distribution. The horizontal power distribution
along the core diagonal CD at a plane of height 45 cm from core
bottom is shown in fig.@). Also here this power distribution is similar in
its shape to the thermal neutron flux.
Both the vertical and the horizontal power distributions were
calculated by the code TRITON. No power distributions were measured
in this core loading .

Conclusion
A great amount of measurements for the thermal neutron flux of the
ET-RR-I reactor was made in an earlier work [ I ] . In the present work
the experimental data obtained earlier were reproduced by calculations
using the three dimensional diffusion code TRlTON. The agreement
between the calculated and the measured flux values was very good
everywhere in the core except in the water cavity, in the reflector just
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above the core, and in the water hole under the control rod. In these
positions the measured flux values were below the calculated ones.
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TABLE (1):
Atom Densities (n/cm3x 1024) for the Isotopes Present in Material
Compositions of ET-RR- 1 Reactor

In the table fuel-4 stands for the normal fuel basket, while fuel-3, fuel-2, and
fuel- 1 represent the one, two, and three cut corners fuel baskets respectively.
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Fig. (1) : System geometry in X-Y plane.
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Fig. (2) : Thermal flux along core diagonal AB 5 cm from core
bottom.
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Fig. (3) : Thermal flux along core diagonal CD at a plane of height 5
cm from core bottom.
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Fig. (4) : Thermal flux along core diagonal AB at a plane of height
45cm from core bottom.
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Fig. (6) : Thermal flux along the core height at center of the water
cavity at position 29 in core.
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Abstract
In this paper, we present a basic mathematical model derived from physical principles to suit the simulation of PWR-components such as pressurizer, intact steam generator, ruptured steam generator, and the reactor
component of a BWR-plant. In our development, we produced an
NMMS-package for nuclear modular modelling simulation. Such pacakge is installed on a personal computer and it is designed to be userfriendly through color graphics windows interfacing. The package
works under three environments, namely, pre-processor, simulation, and
post-processor. Our analysis of results using cross graphing technique
for Steam Generator Tube Rupture (SGTR) accident, yielded a new proposal for on-line monitoring of control strategy of SGTR-accident for
nuclear or conventional power plant.
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1. Introduction
Modelling and simulation is a subject that is crucial for system
understanding and design. A physical system to be understood, is
transfered into mathematical model, such mathematical model is then
solved with appropriate tools and the results are then analyzed leading
to better understanding of the system in hand. For power plants there
are basically three types of modelling techniques,i.e; Fixed Volume
Junction (FVJ) modelling, Variable Volume Junction (VVJ)modelling,
and Modular Modelling (MM). In FVJ modelling, energy, mass, and
momentum balances are made on fixed volumes and junctions
specifying the plant in concern, DYNOD-P [ l ] is an example of such
approach and it is applicable to certain Westinghouse owned power
plants . In VVJ modelling, energy, mass, and momentum equations are
applied to a user selected volume and junctions, such modelling can be
applied to any type of power plant, an example for such approach is
RELAP [2] and RETRAN codes. However, such codes have the
disadvantage of requiring long man hours for data preparation. Another
approach is the modular modelling, which is based on developing a
library of plant's components with different order of modelling that
range from simple to complicated components, MMS and DSNP are
examples of such approach. We adopt the modular modelling approach,
hence developing our own library modules. In this paper, we present
our nucleous components, through the development of low order
modules of variety of nuclear components. Such low order modules are
complicated enough to simulate a quite range of physical phenomena.
A selected Steam generator Tube Rupture accident case is used for the
verification of our modelling. The different modules that are established
are all basically developed from a general mathematical model which is
derived from physical principles and includes all of the possible
manipulators. Our component simulation of a SGTR accident agrees
well with the corresponding more rigorous codes such as RELAP,
RETRAN and also with plant data [3]. In this study, our simulation of
the developed modules is PC-based, and the package developed is
intended to be user-friendly interactive through color graphics windows
interfacing. The cross graphing of the simulated results which is done in
one of the modes of our NMMS-developed package, helped us to
suggest a method for on line monitoring of the control strategy of a
SGTR-accident for nuclear or conventional power plant.
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2. A Generalized Mathematical Model for Nuclear Plant Components
Performing mass and energy balances on a generalized control
volume Vk, shown in fig.1 which is assumed to contain a saturated
mixture of liquid and vapor, one gets the following equations: .

Mkdhk/ d t = ( v k/ J ) d P k/ d t + Q k -l-xW[i(h[i-hk)-zW/Ok(hjOk- h k ) ( 2 )
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Fig. 1 Generalized Control Volume

where M, h, P, W, represent total mass, enthalpy,pressure,and mass
flow rate, respectively. n, and o are superscripts for input and output. i, j,
and k are subscripits idexing number of inputs, number of outputs, and
type of component, respectively. h, and J represent specific enthalpy,
and conversion factor, respectively.
The above represents a system of equations in Mk,and h k state
variables. One can transform into other state pressure P, by using the
variables,i.e; quality X, and saturated property of the mixture through
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the specific volume 2)k' z)k(x,P) and specific enthalpy hk=hk(X,P),
where both are given explicitly as:

with the subscripts f, and g stand for saturated liquid and saturated
vapor, respectively. After considerable mathematical manipulations, the
resulting equations are given by :

i

i

with Table I representing the explicit expressions for the A' s and
B' s .
The collapsed water level in volume Vk with cross section Sk can be
calculated from the following expression:
Lk

= ( I -xk)(vjk

uk)vk

k'

(7)

k-1 pressurizer, k=2 intact steam generator, k=3 ruptured steam
generator, k=4 BWR
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3. NMMS-Computer Package
The generalized mathematical model mentioned in the previous
section has been applied to three components of a PWR-plant, namely;
the pressurizer, the intact steam generator, and the ruptured steam
generator. also the model has been applied to the reactor component of
a BWR-plant. Fig.2 represents schematically the four components of
our concern. For pressurizer module (k =l), W;,,W2nl,Wp, and Q1
represent surge flow, spray flow, relief valve flow, and heater input
respectively. For Intact Steam Generator ISG-module (k =2), Wy2,Wy2
and 42 represent feedwater flow, steam flow, and primary to secondary
heat flow, respectively. For Ruptured Steam Generator RSG-module (k
=3), WF3,W2"3,W i 3 ,and Q3 represent feedwater flow, ruptured tube flow,
steam flow, and primary to secondary heat flow, respectively. For BWRmodule (k =4), W,'4,W2"4,W,(!4, and Q4 represent feedwater flow,
emergency core cooling system flow, steam flow, and heat input from
core( simulated by point kinetics model) respectively. One can
effectively simulate the above mentioned four nuclear modules via the
Nuclear Modular Modelling and Simulation (NMMS) package. Such
package is installed on a personal computer and it is designed to be user
friendly through color graphics windows interfacing. The package
works under three basic environments, namely; pre-processor,
simulation, and post-processor. In the pre-processor phase, the user
enters all required data and options, such data include component
specifications, initial conditions, boundary conditions, and control data.
In the simulation phase, a faster than real time simulation is performed
with on line display of digital and graphical values of state variables.

105

n

'YT

Isp

n
W
1%

Fig.:! Schematics of Four Modules

Fig.3 represents a screen display during simulation mode for
pressurizer module simulation of a SGTR-accident. The boundary
conditions required by the module have been obtained from RELAP
code simulation of the same accident [4]. In the Post-Processor
environment the user can interact with all state variables, manipulators,
and boundary conditions through tabulating, displaying, and cross
graphing of desired variables. This phase proved to be very effective for
data analysis as it will be discussed in the following section of this paper.

I
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I

Fig.3 NMMS Screen Display for Pressurizer Module

4. On Line Monitoring of Control Strategy for SGTRAccident
The post processor phase of the NMMS- package proved to be
effective for the analysis of the results obtained after simulation. One of
the options in the post-processor environment is the cross graphing of
variables. In this option, one can plot two variables versus each other.
Two important variables worth of studing for a steam genenerator tube
rupture accident are the primary pressure corresponding to the
pressurizer pressure, Pp, and the secondary pressure, P,, of the Ruptured
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Steam Generator (RSG). After component simulation of both of the
pressurizer and the ruptured steam generator for an SGTR-accident, the
cross graphing technique has been applied to both of these variables.
From the resulted graph, one can easily define the trajectory of the
operating point (Pp , Ps ). Such trajectory when compared to the straight
line P,
Ps , provides an effective tool for monitoring the control
strategy performed during a steam generator tube rupture accident. This
is because the main goal of controlling such accident is to depressurize
the primary until1 its pressure equates with that of the secondary
pressure of the RSG so to stop contamination of secondary with
radioisotopes. This implies that the operating point follows some
trajectory and ultimately it will settle on the line of equal pressures . On
line monitoring of such trajectory helps the operator to justify the
control strategy being adopted. Deviation from the line of equal
pressures, implies longer contamination of the secondary with
radioisotopes for nuclear power plant case, meanwhile prompt approach
to the line, could harm the system integrity, hence there should be some
optimum strategy to be followed, and this is under investigation . Fig.4
demonstrates the display of the operating point trajectory for the
st.praire SGTR-accident which defines a strategy rout for that accident.
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2

6. Conclusion
In this study, a general mathematical model is developed for the
simulation of multi-modules which were compiled in one computer
NMMS package. Such modules can be used separately with the help of
predetermined boundary conditions to serve component-wise
simulation, or can be integrated with other modules to simulate a whole
power plant. The latter is to be achieved with the development of a
library of plant modules such as pump, condensor, turbine, ...etc. The PP plot is proposed for on line monitoring of the control strategy during
a steam generator tube rupture accident whether it occurs in a nuclear
power plant or in a conventional one.
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A Problem of Optimization for the Specific Cost
of Installed Electric Power in Nuclear Plants
M.A. Sultan and M.S. Khattab
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Cairo, Egypt

Abstract
The optimization problem analyzed in this paper is related to the
thermal cycle parameters in nuclear power stations having steam generators. The optimization maximizes the electric power generation and
hence minimizes the specific cost of installed power with respect to the
average operating saturation temperature in the station thermal cycle.
The analysis considers the maximum fuel cladding temperature as a limiting factor in the optimization process as it is related to the safe operation of the reactor.

Introduction :
The cost of installed power is an important economic indication by
which we can compare nuclear with fossil fuel power plants. In nuclear
power plants the capital investment can be put as the sum of two components :
a - A component which is a function of installed electric power Pe,
such as the reactor building, reactor, steam generator, turbine, alternator,
etc. This component can be denoted by A (Pe).
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b - A component which is independent of the installed power, such as
service buildings, workshops, auxiliary power systems, etc. this component
can be denoted by B.
The capital investment K can therofere, be put as :

K = A (P,) I-B

(1)

The specific cost x o f installed electrical power is given by :

B

+-

(2)

P,
It can be seen from equation (2) that the optimization of P, with repsect
to the thermodynamic operating conditions in the nuclear plant impiles an
optimization of the specific cost of installed electrical power in the nuclear
station. Therefore, in this paper analysis is made to maximize the electric
power Pe with respect to the average operating saturation temperature as the
optimizing parameter in the steam cycle.

Optimization Analysis of Electric Power in the Nuclear
Station
Fig.1 shows the different components in the nuclear power plant.

Fig. 1 : Schematic diagram and distribution
the nuclear power plant
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temperature
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The nuclear reactor which may be pressurized light water, pressurized
heavy water, or gas cooled, generates thermal energy by which steam is
generated in the steam generator. It is clear that a cascade of efficiencies
promotes the thermal power generated in the reactor fuel until it appears as
a net electrical power available at the transmission lines. Therefore, we have :

Where : Pt = Thermal power carried by the reactor coolant.

P, = Thermal power generated in the reactor fuel.
qr = Thermal efficiency of reactor.
qsg = Efficiency of steam generator
qt = Efficiency of thermal cycle.
q m = Mechanical efficiency of turbo-generator set.
q g = Efficiency of electric generator.
Fig.1: Illustrates also the distribution of temperature in the nuclear
power station. In the steam cycle part the Temperature-Entropy (T-S)
diagram is shown. Steam is generated having enthalpy it and specific
entropy St. The water at the condenser outlet is heated in the feedwater
heater up to a temperature T3"K. It is assumed that reversible regeneration
of feedwater heating takes place so that the temperautre T2 corresponding
to the condenser pressure justifies a Carnot cycle process in the steam cycle.
The pressurized coolant is heated in the reactor up to an average
temperature T,. Fig1 shows also the distribution of the coolant and fuel
clad temperature with its maxium value Tr.max along the fuel lenght.
In order to carry out the optimization analysis it is required to express
the electric power P, in terms of some thermal paramters such as the average
operating saturation temperature, maximum temperature of fuel clad, and
the temperature corresponding to back pressure in the steam cycle. This
analysis can be pursued as follows :
The thermal cycle efficiency based on the above mentioned assumption
is given by :

T
?&=l-&

(4)

T,
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Where : T2 = Temperature in degrees Kelvin corresponding to pressure in
condenser, and

T, = Average operating saturation temperature in degrees Kelvin in the
thermal cycle. This temperature is given by :

Where : s I , s3 are the specific entropies indicated in Fig.1.
i , , i3 are the corresponding enthalpies

The heat balance in the reactor can be expressed as follows :

The heat balance in the steam generator can be given by :

Where : a,= Heat transfer coefficient from fuel surface to coolant.
asp= Heat transfert coefficient in steam generator.
A, = Surface area of reactor fuel.
A,, = Surface area of steam generator.
- A t r = (T, - T,), represents the average temperature drop in the
reactor as indicated in Fig.1.
- Atsg = (T, - T , ) , represents the average temperature drop in
the steam generator as indicated in Fig. 1.
F, = Mass flow of reactor coolant.
C == Average specific heat of coolant.
ATc = Increase of coolant temperature in reactor.
From (6) we have :
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8 can be considered constant assuming that; the primary coolant flow F,
is constant, and the average specific heat of coolant C does not change with
temperature.

From (7) we have:

y can also be considered constant assuming that a,, asgdo not change
with temperature.

Therefore, from (9) we have :

In case of a cosine function distribution of the heat generated along the
fuel element, the relation between the maximum temperature of fuel clad
T,,,,, and the average coolant temperature
is given by [3].

T

- ATc
X c F, - ATc
71:
sec tan-' T,,",,, - Tc = -sec tan-'--2
a,*,
2
0

From which :

Therefore, from equations (8) and (1 1) we have :

From equations (IO), ( I2), and knowing that A? =

where : p =

I

From equations (6) and (1 3) we have :

I: = w,A , (T,,,,

-TI
From equations (3), (4), (15) we have
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(T,- Tc),we have :

m

Putting :

e=-r

A

p

,

(17)

Where :

r = ParA r q s g V m q g
we have from equations (1 6, ( I 7), (1 8):

/
Now maximizing Pe as given by equation (19) with respect to T [, we
/
havefordP,/d T l = O :

Substituting the optimum parameter
the following expression for PeSopt:

T lopt given

by (20) in (19), we get

From equation (21) it can be seen that the higher the allowable value of
T,,,,,, the higher will be the value of Peaopt and hence the lower will be the
specific cost K of the installed electric power in the nuclear station.
However, the optimization process must consider the limitation on the
maximum fuel cladding temperature which is highly associated with the safe
operation of the nuclear reactor.
From equations (4) and (20) we have the following expression for the
thermal cycle efficiency under optimum operating conditions:

and from equations (21) and (22) we have:
2

/

Pe.opt

=

T,.max

q0,,,

(23)

Table I gives the optimum average operating saturation temperature in
the thermal cycle Tloptas given by equation (20), for different values of
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/

T2 and Tr.m,x. Table I1 gives Pe.opt as given by equation (21), for different

values of T2 and T,.,,,.
Table I11 gives the optimum thermal cycle
efficiency qt.optas given by equation (22), also for different values of T2
and Tr,,ax. The optimum parameters t lopt (OC),/Pe.opt, q t . o p t are depicted
in the curves of Fig. 2.
/,
Fig. 3 shows the contours of constant Pe as given by equation (19) for
t2 = 32 O C . It can be seen from Fig. 3 that the t l o p t dotted line intersects the
(Pe = constant) contours at a minimal value of tr. max.
At these points of intersection the optimum condition of operation
given by equation (20) is justified.
An example is given to illustrate the application of the optimizing
process analyzed in this paper.
/

Fig. 2 : Optimum average saturation temperature ( i I.opt ):
Optimum thermal efficiency ( qt,opt),
Optimum electric power (Pe,opt)
depicted as function of maximum fuel clad temperature (tr. max)
#
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/

Fig. 3 : Contours of Pe = constant.

Fig. 4 : Depicted relations required in the given example
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Table I : Optimum Average Operating Saturation Temperature of Steam
Cycle
723.2OK

(193.5)

469.8

474.2
(201.2)
/

Table I1 :Values of Peeopt
Under Optimum Operating Conditions
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Table I11 : Steam Cycle Efficiency qtSoptUnder Optimum Operating
Conditions
723.2OK
(450 “C)

0.3546
0.2727
0.2703
0.2679
0.2655
0.2631

1

I
I
I
I

0.3025
0.3002
0.2979
0.2956
0.2933

1

I
I
I
I

0.3289

0.3525

0.3267

0.3507

0.3245

0.3482

0.3228

0.346 I

0.32

0.344

Example:
In a nuclear power station having pressurized light water reactor the
following data is given:
Gross generated electric power.
= 922 MWe
Maximum temperature of fuel clad.
= 348OC
Temperature in condenser
corresponding to back pressure
0.05 kg/cm2
= 32.5OC
= 4.62x107cm2
Surface area of reactor fuel.
Heat transfer coefficient from
= 3 Watt / cm2 oc
fuel surface to coolant
Mass flow of reactor coolant
I= 56300 Ton/ hour
Average specific heat of coolant
=I 5.016 Joules/gm. O C
‘lsg ‘lm ‘lg = 0.91
It is required to find out the following relation satisfying the operating
conditions for optimum specific cost of installed electric power in the
nuclear station:
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AT,, ATc,

T,

T,

,

A is, as function of the average fuel clad temperature

(OK).

Solution
= 348 + 273.2 = 621.2 O K
= 32.5 + 273.2 = 305.2 O K
From equation (20) we have:

T,.,,,
7-2

Jm
= 4621.2~3057= 435.77"K

-

T,,opt=

-

,

162.57 'C
From equations (17) and (21) we have the following expression for

t

lop

= 435.77 - 273.2

installed electric power satisfying the required optimum specific cost.

Substituting the above given data in (24) we have:

r

= = 1.66~10'

Substituting then in equation ( 1 8) we have:
p = 0.1332
From equation (8) we have:
Q = (a,A,)/(C Fc) = ( 3 ~ 4 . 6 2 ~ 1 0 ~ ~ 3 6/ 0(5.016~5.63
0)
x 1010)=1.767
Substituting the values of p and 0 in (14) we get:
y = 0.1489
The required relations can therefore, be obtained:
From equations (10) and (20) we have:

A

< = y(Tr-.JT2T,,,,) = 0.1489 T,

From (8) we have:
AT, = e ~ i= 0.263
,

-

T, = 0.851 1

T, -

I 14.63,

T,-t- 64.88
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- 64.88

From equation (9) we have:

Hence : A Tsg = 0.851 ‘T, - 370.85
The required relations satisfying the operating conditions for optimum
specific cost of installed electric power are depicted in the curves of Fig. 4.
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Abstract
The present work treats the criticality safety of the fuel storage pool of
Egypt First Test and Research Reactor ET-RR- I . Conservative calculations using fresh fuel and burned fuel has been performed. EURLIB IS/
5 cross section library was used in addition to cross section generated
using WIMSD4. ANISN and DIXY2 codes were used to calculate Keff.
The critical separation for fresh and burned fuel have been determined.
Methods for extending the pool capacity, namely, by decreasing spaces
between stored fuel cells, or introducing boron absorber have been studied. In each case the effect on the criticality have been determined.

1

-

Introduction

The spent fuel storage problem is worldwide recognized as an important
step within the nuclear fuel cycle [1,2]. The Egypt Research reactor EhpRR-I is now over 30 years of operation. The discharge fuel batches
from the reactor, especially the early ones, have stayed considerable time
in the spent pool. The ET-RR-1 reactor is still in operation and is expected to operate for another period of time due to the recent overall
maintenance operation and itpdatinr.
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The long storage period of ET-RR-1 spent fuel represents challenge to
the fuel integrity. Moreover, with new discharged spent fuel batches, the
storage capacity may not be enough in the future. Accidental criticality may
occur as a result of the presence of residual fissionable uranium and
plutonium and the presence of water moderator if proper spacing were not
maintained. For the above reasons and in order that the spent fuel storage
problem would not cause hindrance to reactor operation, and /or cause
health hazard, the problem of overall safety of the spent fuel storage of ETRR-1 has to be investigated.
The overall safety evaluation of the ET-RR-1 spent fuel requires
comprehensive study of the following areas:
* The engineering requirements.
* Environmental impacts.
* Radioactive emission to the environment.
* Occupational radiation doses.
* Nuclear safety.
The former areas were subjected to studies underway by different
authors[3,4]. The nuclear safety is to be addressed in the present paper. The
key elements affecting nuclear safety of the pool are: the fuel type; the fuel
irradiation history; storage medium (water -air- or gas) and temperature of
the storage pool. These elements are to be investigated in the present study.
A safety analysis report SAR for ET-RR-I has been recently completed and
was presented in a recent workshop sponsored by Arab Atomic Energy
Agency AAEA and Atomic Energy Authority AEA of Egypt in december
1993. The present study is to be a part of the above effort.

2-ET-RR-1 Spent Fuel Storage Description
The spent fuel storage pool of ET-RR-1[5] is located in the corner of
the reactor hall, at a level of 5 m depth from the ground level (hall floor). It
has an internal dimension of 2.9x1.0x9.25 m, with walls of heavy concrete
of 1.lm thickness and specific weight of 3.2 t/m3. It consists of two tanks
one within the other: a receiver, and block of cells. Fig 1 and Fig 2 shows
vertical view and plan of the wet storage tank. The inner tank is made of
aluminum alloy and is filled with a distillate water of 10 m3 for cooling fuel
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baskets, diminution of radiation hazards. The outer tank is made of stainless
steel.

I- Fuel-element graveyard (storage tank)
2- Dump chut tor spent-fuel as sem bfie s
3,. Opticat viewing equipment
4 Manipds ting devr'ccs

-

FIG.l CROSS SECTION THROUGH THE REACTOR AT THE DEPTH
OF THE FUEL - ELEMENT DUMP CHUTE
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A slopping spout leads technological sections from the reactor tank to
storage pool. They are sunk through this spout into the receiver set at the
bottom of the inner tank. To maintain a constant level of the distillate water
in the storage tank of 390 cm, an overflow pipe with a hydraulic seal is
fastened to the inner wall of the tank. The block of cells is placed at the
bottom of the tank, there are 60 equally spaced cells in the block, one
technological section may be placed in each cell.It should be noted that the
full capacity of the core is 51 fuel baskets. The storage tank top is covered
by a cast iron shield of 30 cm thickness. An air rarefaction of 7 mm water
is created.

3-Criticality Assessment Calculations
3-1 Calculation Models
In a recent report [6] different methods for criticality of spent fuel
criticality safety have been described. The method of calculation used in the
present report is similar, although the computer codes used are not the
same. As it is reported in the above reference and elsewhere[7], the first step
in the calculation methodology is the preparation of the group cross
sections suitable to the ET-RR-I reactor fuel.
The ET-RR-1 fuel is U 0 2 enriched 10% i n U-235 and dispersed in
magnesium, the fuel is of rod type. The different assemblies of ET-RR-1
fuel types are shown in Fig.3. The one, two, or three cut corner assemblies
are designed to allow for the control rods. As it is shown from Fig.3 the
number of rods in each assembly is the same=l6 rods arranged as shown in
the mentioned Fig. Though the moderator to fuel ratio differs from
assembly type to another.
For the cross section generation typical to ET-RR-I, the computer code
WIMSD4 [S] is used in the pin cell option. The pin cell geometry together
with Wigner Sitez representation is shown in Fig.4. The WIMSD4 code is
used to generate cross section homogemd over the cell for different U-235
concentration (burnup) and for all materials, that to be used either in
DIXY 2 diffusion calculation or suitable to discrete ordinate transport code
ANISN [9].
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For criticality calculation one and two dimensional models are used in
the calculations. The one dimension model is used in the parametric studies.
The code ANISN-W is used. The code version was installed and adopted
to the VAX6000 computer. The code version validation studies were
reported in [IO]. Either the WIMSD4 cross section and/or EURLIB 15/5
group cross section are used. The EURLIB 1515 cross section ,although, is
not typical for ET-RR-I, however because of the relatively large number of
groups, fifteen energy groups, that covers the energy range from 14 mev to
0.0 ev, it is expected to give good results for ET-RR- I .
The ANISN calculation was performed in PO S6 and P3 S6 approximations i n cylindrical geometry. The rectangular pool was modeled in
equivalent cylinder with conserving the volumes and fuel to water ratio. The
pool was also modeled in two dimensions for the two dimensional diffusion
code DIXY2[ I I ] . The DIXY2 code is a member of the NC-NSRC code
packages. The WIMSD4 four group cross section were used in DIXY2
calculation. In each of ANISN, DIXY2 or WIMSD4 calculation the
following cases have been studied:- The criticality of the present pool geometry filled with fresh fuel.
- The effect of assembly separation on the pool criticality ,
-The effect of different burn up level on the pool criticality
-The effect of the presence of absorber on the pool criticality.

4-Results and Discussions
Case I examines the criticality safety of the pool filled with fresh fuel
baskets Fig.5 The fresh fuel rod of Ek-IO type composition is given in table
I . The atomic density of a homogenized cell with dimension shown in Fig
4, is given in table 2. EURLIB 15/5 cross section library was utilized for 15
group structure in ANISN criticality calculation with P3 S6 approximation.
An equivalent cylinder of diameter 79.9cm was obtained for the rectangular
pool geometry ,keeping the volume ratios constants.
The results show that for critical pool ,Keff =l.OO and the fuel assembly
spacing Xc =4mm. The variation of pool criticality ,Keff, with assembly
spacing is shown in Fig.6. It is declared from the figure that Keff decreases
rapidly and then slowly with increasing Xc. This is explained as a result of
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increasing of the moderator/cell ( V d V c ) volume ratio with decreasing of
fuelkell volume ratio (Vf/Vc).

Table 1 ET-HR-1 F u e l Element Campasition
E 1w e n t
8.05

73856

13.63
12.2
22

Table 2 htoraic Density of Storage c e l l
AtoWcc(cel1)

x10E24

H
0

rn

04593

c11

02613
01125

fls

002261

U235
U238

000i46

8

001287
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Fig 5 . Schematic Diagram of ET-RR-I Fuel Storage
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Table 3

Volume Ratios of Storage cell

Fue I/ce I 1

C 1a d h e 1 1

.18006

H20/ce I 1

6868

1.05

0.95

0.85

0.75

Keff
0.65

0.55

0.45

0.35
0

2
-_

4

6

a

10

12

Fuel Assembly Spacing Xc(cm)

Fig. 6 Criticality dependence on Fuel Spacing ( Fflsh:
- ..

131

Case 2 investigates insertion of boron absorber of different concentrations on the critical pool (keff =1.00) with fresh fuel. WIMSD4 was used to
generate boron cross sections of 15 group structures applicable to ANISN.
PO S6 approximation was used, the results gives that Keff drops from 1.00 to
0.92923 when inserted boron with concentration 0.123g/cm3.The reason is
refer to the poisoning effect of boron which tends the pool to be subcritical
i.e criticality safe.
Case 3 examines the criticality of the pool filled with depleted fuel
baskets with different burnup values ranging from SOMWD/T to
300MWD/T. WIMSD4 was used to generate the suitable cross section for
ANISN for the different burnups. The variation of Keff with burnup for
Xc=13.0cm (Designed value) is shown in Fig.7.
Case 4 investigates the possibility of increasing pool capacity for spent
fuel of 100MWD/T (Fig.8) The results indicate that the pool capacity may
increase up to 400% which corresponds to keff << 0.80, Criticality was
determined using DIXY2 code for fresh fuel, the result has an error=0.05
compared with ANISN.

5 -Conclusions
From the discussions and the given figures it is concluded that:
1-The assemblies spacing has an important contribution on the
criticality of the pool (critical separation =4mm for fresh fuel).
2-Introducing absorber like boron reduces criticality of the pool which
in turn causes pool to be subcritical (criticality safe).
3-The criticality of the pool reduces byincreasing the burnup level
which increases permissible capacity of the pool.
4-WIMSD4 is adequate for generation group cross sections for different
depletion values.
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Abstract
A plan for decommissioning of ET-RR-1 reactor should include estimation of radioactivity in structural materials. The inventory will help in assessing the radiological consequences of decommissioning.
Conservative calculations have been made to evaluate the activity of the
long lived isotopes which can be produced by neutron activation. The
materials which are present in significant quantities in the reactor structural materials are aluminum, cast iron, graphite, ordinary and iron shot
concrete. The radioactivity of each component is dependent not only
upon the major elements, but also on the concentration of the trace elements. The main radioactive inventory are expected to be from CO-60
and Fe-55 which are present in aluminium as trace elements and in
larger quantities in other construction materials.
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1

- Introduction

Decommissioning as is used in nuclear industry means the actions
taken at the end of a facility’s useful life to retire the facility from
service in a manner that provides adequate protection for the health and
safety of the decommissioning workers, the general public and the
environment.
The IAEA [ I ] recommends the provisions of a preliminary
decommissioning plan during the design phase of the facility so as to be
of guidance to the designers and to provide necessary information to
the Regulatory body which is responsible for issuing licenses. This led
many countries to the requirements that the data submitted in support of
an application for a nuclear operating license shall include a statement
on the end of life decommissioning intention and means of
accomplishing it [2-8).

For those reactors ,e.g ET-RR-1,who have been built without
decommissioning in mind, IAEA and several international bodies
recommended development of such decommissioning Plan, This will
allow sufficient time to build the necessary experience and to establish
the required detailed program.
The accomplishment of any decommissioning program is
dependant on complete and accurate knowledge of the radioactive
inventory within the nuclear facility including its composition,
location and distributions .
This paper presents the first attempt to evaluate the radioactive
inventory in the ET-RR-I reactor.

2.Reactor Structure, and Materials
The ET-RR- 1 reactor is a 2 Mw 10% enriched uranium, tank type
water moderated and cooled.
The reactor core barrel is placed i n a core cylinder which is
surrounded by the reflector cylinder and the shielding cylinder. The
three cylinders are welded to a common spherical bottom to form the
reactor tanks.The tanks are made of aluminum type CAB-L-CTY-368.
Several vertical aluminum channels are distributed in the reactor
cy I inders.
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Fig. 1 ET-RR- 1 VERTICAL SECTION

A rotating cast iron cover with operating mechanisms is designed to
provide additional shield and working area. A thermal shield of 20 cm

thick cast iron rings are surrounding the lower 2.5 m and the upper one
meter of the shielding tank Fig. 1.
The lower 2.5 meters of the concrete shield is made of heavy
concrete of density 3.2 T/m while the under part is made of ordinary
concrete. Nine horizontal channels and one thermal column are
penetrating the biological shield and the shielding tank.
Several radionuclides stand out as being particularly important with
respect to their impact on the radiological dose to personnel, their
disposal requirements, and their potential impact on the public safety
during the decommissioning of the ET-RR-I reactor; These are : Cobalt
and Fe in cast iron contributing to the production of CoG0, and Fe55,
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zinc in aluminum alloys, producing Z d 5 . In addition significant
quantities of CI4 are produced in the graphite thermal column. CI4
contributes little to the external dose rate since it is a weak beta emitter.
Table I. presents the elemental composition of interest in the
structural materials.

TABLE. I: ELEMENT WEIGHT FRACTIONS AND NEUTRONIC
REACTIONS ESTIMATED IN THE ET-RR-1 REACTOR
STRUCTURE MATERIALS
Element weight fraction in
mater Is %
Cast iron

Graphite
therm.C

AI. tank

Concrete
shield

2

100

-

0.18

Neutronic
Reaction

C'3 (n, y) ~ 1 4

NI4 (n,p) CI4

15PPm
-

-

97.5

(n, y) A128

98

0.08

1.05

Fe54 (n, p) Fe55

.oo 1

.oo1
.oo1

.12pprn

.o 1

.oo1

.02pprn

Mns3 (n, 2n) Mn54

.005

25PPm

10 PPm

2 1 1 6(n,
~ y) 21165

Ni62 (n, y) Ni59

CoS9 (n, y) Co59

3. Estimation of Radioactive Inventory
Methods and Calculation :
Generally, the radionuclide inventory in nuclear reactors is obtained
by calculating the concentration of the radionuclides formed by
neutron activation during plant operation. Such calculations require
data on the size, weight and composition of the irradiated components,
including data on trace elements and impurities and on the operation
history of the reactor and the integrated neutron flux in the
components. These calculations are usually performed using computer
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codes that have the capability to solve complex multiple energy group
equations.
The material compositions are either done by analysis provided by
the supplier or estimated from material specifications and reported data.
Specific nuclides may be chosen for analysis because of their half lives,
cross-sections and/or abundances. In the absence of the analysis, trace
elements in materials may be conservatively estimated by utilising
techniques which maximize individual elements.
The material densities (isotope compositions) in the homogenised
exposed core zones and activated components are calculated using the
computer code ORIGEN-JR [8]. The ORIGEN-JR code has been
installed and adapted to the VAX 6000 computer .
The code has four cross section libraries for different reactor types.
The LWR library has been used in the present calculations.
The distribution of the neutron flux within the core and in the
surrounding activated components are calculated using the computer
code ANISN 193 as shown in Fig. 2.

Distance from core center in cm

Fig. 2 Neutron flux distribution inside the ET-RR-1 Reactor
zone arrangements as calculated by ANISN
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The ANISN code has been adapted to the VAX600 computer. The
isotopic compositions generated by the ORIGEN-JR code for the
different ET-RR-1 regions are used in the VAX6000 version of the cell
calculation code WIMSD4 [ 101, which generates the region cross
sections required by the ANISN code.
The neutron flux values at the components of interest are used in
the ORIGEN-JR production-depletion calculations to obtain the
radionuclide inventories in the various reactor components.

4,Results and Discussion:
Like most of research reactors, the ET-RR-1 operation was
intermittent. In the last eight years the reactor operation was
considerably minimized because of major replacement, maintenance
and inspection.
For this it is reasonable to assume that the elements to the
decommissioning process were estimated.
The masses of the components are calculated based on dimensional
diagrams and specific data concerning their composition. In some
components e.g reflector tanks ,different portions are differently
affected by significant changes in the flux zones with distance from the
core .In these cases the total exposure for a component is calculated by
summing each of the portions exposed to an average flux in a specific
zone.
The results of these calculations are given in tables 11,111 and
1V.These tables give the activities of (Co60 ,2n66 and C14 in aluminum,
cast iron and concrete after shut down and 10 years after shut down.
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TABLE. 11: ACTIVATED ALUMINUM INVENTORY

luminum

Volume

M3

MASS
Mg

Activity at shut
Activity 10 years
after hut dc in Ci
own C
Total C0-6(1 Fe-55 Total C0-6(1 Fe-55

P

P

Core Cylinder I 2.808-2 7.83E-2

cz
Refl. Cyl. t
part in cz
near core barrel
away core barre
Shielding Cyl.
Disc facing
Horiz side of t
ther. Column
Core grid plate:
vertical
channels insid
core
inside shield
Horiz chann.

1.33E-2 3.59E-2
1.89E-I 5.1 IE-l

1.688-4 2.29E-5 7.5 I E-5

5.98E-6 3.42E-6 2.698-9

I .77E-2 4.78E-2 I .48E- I 2.0 I E-2 6.7OE-5 5.38E-3 3.05E-3 2.02E-6
1.778-2 4.78E-2 9.01E-2 I .23E-2 4.01 E-2 3.19E-3 I .82E-3 1.2 I E-6
6.46E- I I.74E00
4.58E-3 1.248-2 7.628-4 1.03E-4 3.408-4 2.70E:S 1.54E-5 I .04E-8
3.06E- 1 8.27E-2
2.248-3 1.288-3 8.67E-7
1 . 1 1E-l 3.00E-2 0.0629 8.55 E-3 0.028 I

0.1 I I
4.328-3 I . l7E-2 0.819
7.728-3 2.068-2 3.228-4 4.388-5
7.438-2 2.01E-1 3.498-3 4.758-4

L

_
l
p
_

I___.

0.0349 1.998-2 I .32E-5
0.439
1.45E-4 I . I4E-5 6.52E-6 4.238-9
I .56E-3

1.241E4 7.07E-5 4.728-8

P

TABLE. 111: CAST IRON INVENTORY IN THE ET-RR-1
REACTOR
~~~~

MASS
OMOPENT

~

~

ACTIVITY AT SHUT ACTIVITY 10 YEARS
IFTER SHUT DOWN Ci
DOWN ( i
Fe-55 Total

Side shield
lower part

op shield

39.99

4.8OE-5 2.808-5

1.14E+1

1.38E-5 8.08E-6

3.99E+ 1

1.82E-8 1.070E-8

141

TABLE. IV: ACTIVATED CARBON INVENTORY
ACTIVITY OF C-14

CARBON COMPONENT

5.Summary and Conclusion :
The computer code packages available in the NCNSRC were used
together with the estimated engineering data for the different significant
portions of the ET-RR-1 reactor vicinity to calculate the inventory of
radioactive nuclides in the different structure and shielding materials of
the ET-RR- 1 reactor as a requirement for any decommissioning activity.
The estimated radioactivity shows that most radioactivity is in the
core barrel. The parts of the reflector tank adjacent to the core and the
core grid. This radioactivity is far below 10 Ci. This comes mostly from
Co impurities which can be classified as low level radioactivity. This will
not necessitate the development of any new arrangements or equipments
for the decommissioning process . Features included in the reactor to
permit easy maintenance and replacement together with the available
conventional experience in civil decommessioning could be used
effeciently in the ET-RR- 1 decommissioning.
The presented effort is a very important step i n the
decommissioning process. The major sources of uncertainties in the
obtained estimations are the engineering data and the isotopic
composition. In addition the one dimensional modeling of the reactor
to obtain the neutron fluxes may be other sources of uncertainty.
However accurate modeling in three dimensional for the ET-RR-1 using
3D codes such as TRITON could be performed. Before actual
decommissioning it is required to perform radioactive measurements to
evaluate the working conditions and the decontamination and the
decommissioning activities and waste disposal arrangements.
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Pressure Behaviour in Nuclear Reactor Containment
Following a Loss of Coolant Accident
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Reactors Department, Nuclear Research Center, Atomic Energy
Authority, Cairo, Egypt

Abstract
The scenarios of pressure variation following a loss of coolant
accident (LOCA) inside the containment of pressurized water reactor
(PWR) have been investigated. Critical mass flow rushing out from high
pressure leg through pipe break is used to calculate the rate of coolant.
The energy added to the containment atmosphere is determined to
specify the rate of growth of pressure and temperature. The senarios of
small, medium and large LOCA at 2%, 15%, and 25% flow released are
investigated. Safety water spray system is initiated as the pressure
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reaches the containment design safety limit at about 3 bar to
depressurise and to cooldown the system and thereby to reduce the
concentration of radioactivity release in the containment atomosphere.
The pressure response before and after operation of safety spray system
is predicted in each size of LOCA using a typical design of
Westinghouse PWR system. The heat removal from the containment
environment is rejected into the sump by drop-wise condensation
mechanism. The effect of initial droplets diameters injected from the
nozzles of the spray system is investigated. The results show that the
droplet diameter of 3 mm gives best performance.

Introduction
The safety systems of a nuclear power plant are designed to protect
the system i n case of abnormal occurrences and to minimize
radioactivity release particulary in case of an accident. Therefore, it has
become nearly universal practice that the primary coolant system
boundary is enclosed in a cantainment structure. This containment is a
leak-tight barrier designed to trap the radioactive materials, ( I ) . The
pressure in the containment at normal operation is less than the
atmospheric pressure to prevent any leakage of radioactive gases, (2,3).
Power reactors are operated at high pressures. If the primary system
boundary is breached and a substantial loss of coolant incurred, this is
called loss-of-coolant accident (LOCA). The initial phase of the
accidents is subcooled blowdown during that time, the primary cooling
system pressure drops from greater than 2000 psi to the saturation
pressure of about 1000 psi. For a large break, the subcooled blowdown
lasts less than 0.1 second and is dominated by sonic decompression
waves that propagate through the primary system. These waves can
create large transient pressure diffrentials across the fuel elements, core
barrel and other structural components. In such case, the high pressure
and temperature coolant flashes to steam during the blowdown (43).
The containment is subjected to different stresses as the pressure and
temperature increase rapidly. In the design of a containment system, it is
essential to determine the safety limits of the structure. The response of
the safety systems acts at these limits to keep the system in safe
condition. A safety water spray system is initiated to reduce the pressure,
to cooldown the system and thereby to decrease the release of
radioactivity in the containment atmosphere. Heat and mass transfer in a
containment following a LOCA still represent the subject of interest to
many research workers. Small pipe break leads to loss of coolant
accident and takes high probabilitv of occurrences. The containment
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integrity was investigated through the probability of its failure during
the accident. (6- IO).
In the present work, the pressure and temperature variations in the
containment atmosphere following a LOCA are investigated. The cases
of small, medium and large LOCA at 2%, 15% and 25% flow released as
a loss of coolant are investigated. Effect of safety injection systems are
studied.

Scenario of the proposed model
A thermodynamic model is developed to describe physically the
scenarios of pressure variations inside the containment atmosphere due
to loss of coolant accident. In the first stage, the containment pressure
increases rapidly due to coolant release rushing from the high pressure
leg pipe break at a very high speed and flashes vigorously to steam. The
reactor vessel is instantaneously reflooded by passive system followed
by the Emergency Core Cooling System (ECCS) within 15 seconds. In
The second stage, the safety injection water spray system and air
recirculation fans start operation at the design safety limit of the
containment system causing decrease in pressure up to its initial value
approximately. Fig (1) shows the Engineering Safety Features (ESF) of
PWR and containment systems.

Pressure build-up stage
The containment pressure is calculated as it varies with time taking
into consideration the original pressure of the noncondensable gases-air
inside the containment. The resulting total pressure Pt is the sum of the
steam pressure, Ps, and the air pressure, Pa.
Pt -* Ps + Pa
(1)
The flow of hot fluid through the break is simulated as discharge of
two-phase mixture through a nozzle. The critical mass flow rate for
two-phase flow in short channels is determined by Burnell (13) as :
where Psat (1 - c) is the pressure at exit from the nozzle, (14)
The two-phase mixture will convert to wet steam in the containment
atmosphere. The energy balance is written as :
W [h

-t

Cp, (Th - Tm)] + M Cpa (Ta - Tm) =
(W

+ M) x (Cps -t Cpa) / 2 x (T,
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- Ta)

(3)
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Figure (1) : Engineering Safety Features of PWR and Containment
System

Model Assumptions
1 - The flashed steam is considered at dry saturated condition as a first
iteration at time t = o
2 - Coolant mass flow rate through the pipe break nozzle is unchanged
due to the reflooding process of the incore safety injection system
within 10 seconds.
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3 - Pressure in the pipe break nozzle is unchanged during the period of
containment pressure build-up.
4 - The containment spray safety system is automatically injected as the
pressure reaches the design safety limit of 3 bar.
The
rate of water injection by spray system is unchanged dyring the
5period of containment depressurization due to the infinite source of
condensate water sump in the containment which replace the spray
system intake at a certain preset height.
6 - The water enthalpy in the pipe break is unchanged during the period
of blowdown.
7 - Ideal throttling process is considered through the pipe break nozzle.
8 - Two dimensional components of water velocity at break nozzle exit,
one, is in the direction of the hot leg (ul) and the other is
perpendicular to it (u2), where
0

ul=

[

2 g (Pn - Pa)

m

u2=

*PP

P,

u=[

]

0.5

(4)

The kinetic energy of water is calculated from equations (4). The
kinetic energy of steam is calculated from the steam mass flow rate W x
X, The steam velocity equals :

Both water and steam entering the containment has kinetic energy
and enthalpy. Therefore, equation (3) is rewritten as follows :
W (I-X) [ (K.E.)w + hw

+ Cpw (Th- Tc)] +

W.X [(K.E.) -th +Cp (Th-T ] + M C p (T -T )
s

s

s

a

C

a

c

Equation ( 6 ) gives the new containment temperature Tc after one
second from which the new pressure is determined assuming constant
properties of air and steam during the time step of 0.1 second .
The scenario of containment pressure build-up following a loss of
coolant accident is shown in Fig. (2). The temperature Tf after certain
time is calcuted and hence the pressure in the containment is predicted,
Fig. (3).
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Containment Depressurization Stages:
The heat is removed from the containment environment during the
depressurization period by drop-wise condensation mechanism until the
containment pressure approaches its initial condition approximately.
The energy balance is derived by :

The process of containment depressurization is shown in Fig. (4).
To investigate the effect of spray droplets diameter, initial values of
spray droplet diameters are varied from 1 to 3mm and the pressure
behaviour is calculated in each case.

Input Data :
A typical design of PWR by Westinghouse Elec. Crop. (USA) is used
in the calculations of the proposed model. The design has the following
specifications :
Initial Conditions of high pressure leg pipe
Inner diameter
Initial pressure of water
Initial temperature of water
Volumetric flow rate of water
Initial water volume
Containment Initial conditions
Pressure
Temperature
Steam dryness fraction at beginning of LOCA
Spray system water temperature
Boundary Conditions :
Spray system injection pressure
Rate of water injections
Volume of containment building
L

0.736
154
310
6
140

0.5
30
1
20

m
bar
"C
mV sec
m3
bar
"C
"C

38
Psig
300
gdsec
m3
43 178.3

Calculation Procedures :
From the energy added to the containment each time step after the
accident, the containment temperature T, is recalculated. The
containment pressure , steam quality, enthalpy of water and steam added
to the system are determined from the thermodynamic charts . The
containment pressure build-up stage terminates at the boundary
condition of spray system injection at which the depressurization stage
starts up till reaching its initial pressure approximately, Fig.(2) . The
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procedure followed to calculate the pressure in this stage is almost
opposite to that in the pressure build-up stage .

Results and Discussion :
Fig. (3) shows pressure traces in a containment following a loss of
coolant accident . The pressure increases rapidly to about 6 times its
initial value within 15 seconds where the ECCS starts injecting water
inside the reactor core leading to decelerating the rate of pressure
growth . Meanwhile , as the pressure reaches the containment design
safety limit at about 38 psig within 20 seconds , the containment safety
features include water spray injection system and air recirculation fans
start operation causing considerable pressure drop and steam air mixing
until the pressure decreases to its initial condition within 15 minutes
approximately, Fig.(4). The results of large LOCA showed good
agreement with Westinghouse calculations of the same design . The heat
removal from the containment environment is rejected into the sump by
drop-wise condensation mechanism . The water pool of the containment
sump can be recirculated to cooldown through heat exchangers and
then pumped to the spray system again , Fig.(l). The pressure behaviour
at different sizes of LOCA , namely , small , medium and large LOCA at
2% , 15% and 25% flow released from the pressurized leg break are
investigated. The time through which the containment pressure reaches
its maximum value at about 38 psig for different cases of LOCA and the
depressurization period are shown in Fig. ( 5 ) , and given by :

pressure build-up ,sec

Medium (15%)

The response of the Engineering Safety Features (ESF) of PWR
system to mitigate loss of coolant accidents are summarized i n the
following table :
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Engineering Safety Features
(ESF)

Injection Timc
after LOCA, sec

Effectiveness

1 - Passive Systems
a - Boron Injection Tank

0.1

Dilute Care debris

b - Accumulator

10.0

Refloodlng

15.0

Re wetting

20.0

Coollng .

i- Spray Water System

20.0

Dropwise Condensation

ii- Air Recirculation Fans

15.0

2 - Active Systems
a - Core Cooling Systems

i- High Pressure Injection
System (ECCS)
ii- Residual Heat Removal

System (RHRS)
b - Containment Systems

The effect of initial droplets diameter injected from the nozzles of
the safety spray system is investigated . Three diameters of 2, 3 and 4
mm are used in the program of contaiument depressurization . The
results show that the droplets diameter 3 mm gives best performance ,
Fig.(6) .
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Fig. (2) : Calculations Procedures Flow-Chart.
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Fig. (3) : The Containment Pressure Behaviour Following a Small,
Medium and Large LOCA in PWR

Fig. (4) : The Effect of Safety Systems Operation on the Containment
Pressure Following a Large LOCA in PWR
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Fig. (5) : The Containment Pressure Response to the Operation of
Safety Systems for different cases of LOCA

0

Fig. (6) : The Effect of Spray Droplets Initial Diameter on The
Containment Pressure Response Following a Large LOCA
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Conclusions :
The scenarios of presure build-up in containment during loss of
coolant accidents are investigated . The time of pressure build-up and
depressurization periods are determined depending on the type of
LOCA .The pressure increases rapidly about 6 times its initial value
within 15 seconds for large LOCA , where the pressure reaches the
containment design limit at about 40 psig ,thereby the spray system
starts injection causing considerable pressure drop . The effect of initial
droplets diameters injected from the nozzles of the spray system is
investigated . The results of 3 mm droplet diameter give satisfactory
performance
Heat removal from containment volume is absorbed by dropwise
condensation mechanism .

Nomenclature
A
C
CP
G
g
h
K.E.
M
m
P
Psat

T
AT
t
U
V

w
P

cross sectional area,
empirical coefficient,
specific heat at constant pressure,
mass flow rate of spray system
gravitational acceleration,
enthalpy,
kinetic energy,
total mass of gases in the conta nment,
mass flow rate of coolant,
pressure,
saturation pressure of coolant,
temperature,
temperature difference,
time increment,
water velocity,
vapor velocity,
mass flow through nozzle (in time increment ),
water density ,

Subscripts
a
c
f
h

air.
containment
final value .
hot leg .
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m*
kJ/kg. OC
m3/ sec.
m /sed
kJ/kg
kJ/kg
kg
kg/sec.
kg/m*
kg/m2
O K

O K

sec .
m / sec.
m / sec.
kg
kg/mm3

m

n
p
s
w

mixture .
at nozzle exit
at pressure P .
steam .
water of spray system
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Abstract
this work a computational program, based on the Boltzman
transport integrodifferential equation, is applied. The scattering kernel is
represented by the synthetic scattering model.
The behaviour of thermal neutrons in hydrogeneous materials, which
can be used as biological shields, are studied. These materials are water,
pol yt hy lene, Oak-Ridge concrete, ordinary concrete and manganous
concrete.
The data obtained are presented in tables. The results are analysed
and compared with similar experimental values. Safety evaluation and
environmental impact are discussed.
I17
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Introduction
The detection and calculation of thermal neutrons are straight
forward. Many theoretical and experimental techniques are used. Most
methods were developed for reactor physics and radiation shielding
design.
The study of the behaviour of thermal neutrons through
hydrogeneous shielding materials, which can be used as biological
shields, is very important. It has many applications in medicine and
nuclear safety.
The case of an infinite homogeneous shielding system will be studied
as function of energy. The Boltzmann transport equation is written as,
(172)
A

A

L0=S0
A

h

where the operators H, and S are defined as :
A

L 0 = ( CU+ D B 2 ) 0
=

S

(2)

( E + E ) 0 ( E ) d E ' - ~ , ( E ) @ ( E ) (3)

Were :
0 is the neutron spectrum as function energy,
Ca is the macroscopic absorption cross-section,
C, is the macroscopic scattering cross-section,
D2 is the diffusion coefficient,
B is the geometric buckling, and
S z p -+E P ( E 1 (E') dE' is the scattering kernel.
The effect of the hydrogen content in the shielding materials is taken
into consideration ( 3 ) , it is essential for reactor safety. The materials
studied, are frequently used in nuclear reactors. The number densities of
the constituents depend upon the geographical location.

The Calculational Equations
Introducing the slowing-down density to equations ( 1 ) :
-- dE
i-e

;a

(4)

A

L0=-&I

(5)

dE
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After some mathematical manipulations, the transport equation and
the differentional operator in the synthetic model has the form:

whre x =
M(x) is the Maxwellian spectrum.
j (x) and k (x) are two energy function depending on molecular
characteristics of the medium.

cI

Where
(x) is given in the associated Laguerre polynomials. A
computer program is done on VAX 6000 to calculate the mathematical
equations (6), (7) and (8) .

Inputdata
The hydrogeneous shielding materials are mixtures of various
elements of different atomic densities, the composition of these materials
varies widely. The number density of the constituents are taken from
ORNL -4938.
The energy dependent cross- sections are taken from references (4) ,
( 5 ) and (6). The number of the group energy is 40 groups. It has the
range from 0.0228 to 36.44 in KT units.

Results and Discussions
The results are presented in tables (1) and (2).The materials are
tabulated and arranged as the hydrogen atomic density decreases. The
large percent of hydrogen is in the composition of water and
polyethylene. It is approximately the same. But the effect of the small
difference is clear due to the value of the average energy in
polyethylene and water. We can say that as the hydrogen percent,or as
the number density decreases,the average energy of the thermal neutron
spectrum increases.
From table ( 1 ) , the effect of sodium density, in addition to the
hydrogen content, gives less value of the average energy.The reason for
this is that Na has a resonance absorption near the upper end of the
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thermal energy range. So, one can say that the addition of sodium, with
suitable amounts, makes the shielding material more safe. (It is to be
noted that Na is already a constituent of the shielding used concrete)
Table (2) presents the effect of hydrogen percent and the total
macroscopic cross-section on the average neutron spectrum through the
hydrogeneous shielding materials considered. It is clear that, as the
hydrogen percent decreases, the average thermal neutron spectrum
decreases. This is because the hydrogen atom is a weak absorber. The
total cross section is proportional with the average thermal neutron
spectrum. This cross- section can be considered as the scattering crosssect ion.

Conclusion
The results of the present calculational model reveal the neutronic
properties of different shielding materials. This computational method
could be used successfully in evaluating the biological shields of nuclear
and radiation facilities for safety analysis review, in their licensing.
Moreover, this method may be applied to estimate the projected
exposure doses from the operating facility and to identify the
requirements, if any, to reinforce shielding.
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Table (1)
Material

Pol yethy lene
Water
Ordinary Con.
Oak-Ridge Con.
Manganous Conc.

Hydrogen
at. / b. cm

Sodium
at. / b. cm

Av. Energy in

0.07943
0.06674
0.0 1487
0.0085
0.00424

-----

2.0287
2.0959
2.0083
2.0103
2.0088

0.000304
0.0000 16
0.000079

KT units

Table ( I ) : The effect of hydrogen density and sodium density on the
average neutron energy through hydrogeneous shield.

Table (2)

Hydrogen

Water
Ordinary Con.
Oak-Ridge Con.
Maganous Conc.

Av. Total Macr, Av. Spectrum

%

cr. sec.

(arbitrary units)

66.67
66.44
18.67
10.67
5.74

1.414
1.182
0.4 16
0.468
0.332

0.00 193
0.0 17
0.000 15
0.000 16
0.000 144

Table (2) : The effects of hydrogen percent and the total macroscopic
cross-section on the average neutron spectrum through the
hydrogeneous shield.
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Abstract
This papaer presents concepts behind thinking and planning of uranium
exploration programs to prove reserves necessary for the peaceful application on nuclear energy. This will stem from the extensive data available on uranium deposits and the great progress in the methdology of its
exploration, as well as the Egyptian experience. Thinking of finding
uranium deposits could occur in the area under exploration ? and the
second is : how these uranium deposits could be located ? So, uranium
exploration programs should stem from the scientific and technological
base incorporating the answers to these questions : where ? and How ?
The better the answers, particularly to the first question, are, the more sucessful the exploration process will be. The answer to the first question
needs the compilation and the itegration of all the available information
on uranium and its deposits, as well as the geologic environments in
which these deposits occur. The geologic setting of uranium deposits
given by the IAEA in the Red Book and their characteristics may be
used as a frame for such compilation and integration. In the same time
the geologic setting of the area of exploration must be well understood.
From the integration of these two lines of information, target areas with
priorites can be selected for the execution of the exploration programs.
This means that the answer for the first question is concerned with scientific research in the geological sciences, and the answer to the second
question is concerned with the methodology of mineral exploration in
general and uranium exploration in particular. This paper also presents
examples of the execution of such a policy in a general way in some
Arab Countries, and concludes with a genral framework for the successive phases of uranium exploration plans.
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Abstract
It has been proved that the uranium dissolution from El-Sebaiya phosphate ore is possible by using 10 kg of KC104 during the preparation of
high strength phosphoric acid using the hemihydrate process.
In the present work, effective extraction of uranium (about 90%) from
the high strength phosphoric acid using a new synergistic solvent mixture of 0.75M D2EHPNO.l M TOHPO has been successed. Stripping of
uranium from the organic phase was possible by 10 M phosphoric acid
while the direct precipitation of uranium concentrate from the latter was
feasible by using NH4F in presence o f acetone.
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Introduction:
Uranium dissolution during the acidulation process of phosphate
rocks depends primarily upon the nature of the produced phosphate
material. If the latter is in the form of mono calcium phosphate Ca
(H2PO4)2 about 113 of the uranium content of Egyptian phosphate will
be transferred to the phosphate product after dissolution. However, if
the product is the phosphoric acid (30% P2 O5), almost all of the
uranium content will be transferred to the phosphoric acid. On the other
hand, if the phosphoric acid is produced by the hemihydrate process
(50% P2 O5), uranium could be dissolved, however, it would be most
probably associated with the calcium sulfate by-product. It is practically
possible to keep uranium in the concentrated phosphoric acid during
the acidulation process by using an oxidant ( 1 ) .
In fact, uranium could be recovered from the wet process
phosphoric acid using many methods, namely solvent extraction, ion
exchange, solvent impregnated resins, precipitation, and more recently
the liquid membrane process.
Indeed, three organic solvents have been industrially applied for
uranium recovery from 30% wet process phosphoric acid. This includes
octyl pyrophosphoric acid (OPPA), di (2-ethyl hexyl) phosphoric acid
(D2EHPA) with tri-octyl phosphine oxide(TOPO), as synergisitc
mixture as well as octyl phenyl acid phosphate (OPAP) (mono and di).
Di (2-ethyl hexyl) phosphoric acid (D2EHPA) is now considered as
the most versatile of all the extractants commercially available today (5).
It has been used at the phosphoric acid plants in Huelva, Spain, Natron,
Westing House and Prayon, however the latter is the only one still
working . This is due to its chemical stability, good extraction kinetics,
good loading and stripping characteristics beside its low solubility in the
aqueous phase and ability for extraction of many metals, and finally its
commercial production. The chemistry of D2EHPA solvent extraction is
considered to occur as indicated by the following equation:-

Indeed, D2EHPA can be mixed with many other organic solvents,
however tri-octyl phosphine oxide (TOPO) is the best . The mixture of
D2EHPA and TOPO is stable and exhibits a remarkable syngeristic
effect. Since it extracts uranium in the hexavalent state, uranium is
generally stripped from the WI ('111
ammonium carbonate solution,

178

then precipitated as ammonium uranyl tricarbonate (AUC). In practice,
the recovery of uranium from wet process phosphoric acid (30% P2O5)
is firstly performed after dissolving D2EHPA/TOPO in an organic
diluent such as n- dodecane and Amsco oderless 450. The uranium
extraction is essentialy conducted in two cycles, and extraction is
performed under oxidizing conditions (emf=350mv). In the first cycle,
the D2EHPAlTOPO ratio is 4:l while in the second cycle it is 2.5:1. In
the former cycle, uranium is reductively stripped from the organic
extractant with concentrated H3P04 strip solution containing ferrous
iron as a reducing agent. However, in the second extraction cycle,
uranium is stripped from the organic phase with an ammonium
carbonate solution and precipitated as ( AUC) (3).
The other alternative for uranium precipitation is to be precipitated
as uranyl peroxide.
Recovery of uranium, vanadium, yttrium and rare earths from
phosphoric acid by precipitation method was studied by Weterings and
Janssen (4). By applying the precipitation method using NH4F (0.06
kg/kg P2O5), uranium can be precipitated from both low and high
concentrated phosphoric acids after the addition of a dispersing agent
such as acetone (0.6 kg/kg P2O5). Variation of all the interesting
parameters such as uranium valency, phosphoric acid concentration,
type as well as quantity of both the dispersion and the precipitation
agents have been also studied on a laboratory scale.

Experimental :
As previously mentioned, it is very difficult to extract uranium from
the concentrated phosphoric acid by the known organic solvents. A
successful contact has been made with Merck Co. Germany, to get some
organic solvents that might prove effective in uranium extraction from
concentrated phosphoric acid. A derivative of Tri-octyl-phosphine
oxide (TOPO) which is tri-octyl-hexylphosphine oxide (TOHPO) was
supplied to be tested as a mixture with di-2ethyl hexyl phosphoric acid
(D2EHPA).
Uranium extraction experiments by D2EHPA/TOHPO were thus
performed at room temperature by contacting a volume of concentrated
green phosphoric acid assaying 90 ppm uranium (25ml) with a volume
of D2EHPNTOHPO mixture in a small glass bottle (100 ml ) which is
shaken by a thermostated mechanical shaker (400 r.p.m.) for a certain
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time ( 5 minutes) . A trial to predict the number of counter current
stages required for the studied uranium extraction system was
accomplished by the use of the McCabe-Thiele diagram ( 5 ) .
On the other hand, from preliminary experiments, it was found that
the stripping proccess from the loaded D2EHPA/ TOHPO organic phase
(assaying 143ppm uranium) by a relatively concentrated phosphoric
acid can be successfully achieved at room temperature when applying
an aqueous: organic ratio of 1:5 for 10 minutes contacting time . So,
only the effect of the phosphoric acid molarity will be investigated in
this study.
In order to study the feasibility of direct uranium precipitation from
the prepared concentrated phosphoric acid, the procedure of Weterings
et a1 (4), was tried. The uranium content in 100 gm of the high strength
phosphoric acid (- 52.7% P2O5) was reduced from U6+ to U4+ by
mixing with 0.15 gm of iron powder for 15 min., at ambient
temperature. At the end of the agitation time 3 1 .2 gm acetone was
added as a dispersion agent to the phosphoric acid followed by the
addition of 3.162 gm NH4F as precipitating agent. The mixing was
continued for two extra minutes. Then, the precipitate containing U was
filtered washed with water and acetone and analysed for its uranium
content.

Results and Discussion :
Preliminary tests have proven that uranium recovery from the
hemihydrate phosphoric acid is feasible using D2EHPAROHPO solvent
mixture, so it was necessary to study in detail the different factors
controlling such a process. First of all the potentiality of each organic
solvent to recover uranium from the phosphoric acid was separately
investigated.

I. Results of 50% P2O5 phosphoric acid pretreatment:
Acid pretreatment aims at overcome two essential problems; namely
the presence of solids and organic matter in the acid which greatly
affect the efficiency of the solvent extraction process. Accordingly,
experiments conducted in this work include the following series:
i-Determination of the cooling temperature convenient for the
solvent extraction process of the prepared phosphoric acid. In this
respect, it was decided to cool the acid received from the hemihydrate
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process to about 25-30 C in order to achieve additional solids
precipitation from the phosphoric acid as well as to minimize possible
diluent evaporation from the organic phase.
ii.Purification of the concentrated phosphoric acid by activated
carbon columns to overcome the organic matter problem. This step was
performed using a glass column of 2 cm diameter and 30 cm height
packed with activated carbon. From the results of the preliminary
experiments, it was possible to attain the conditions necessary to obtain
sufficiently a pure concentrated phosphoric acid as well as to obtain the
so-called green acid which has a low affinity for curde forming
problems. These conditions involve the application of granular activated
carbon (mesh size 1mm)with an acid flow rate of ml/min to achieve the
best retention time. Uranium adsorption by this type activated carbon
was negligible (6) .
iii. Complete oxidation of the tetravalent uranium to the hexavalent
state which is very important to the D2EHPN TOHPO organic solvent
systems. Although the hemihydrate phosphoric acid process was
performed under oxidizing conditions, it was found necessary to add
0.075 gm H202 (34%) to I kg of the green phosphoric acid to be sure
that all uranium content is in the hexavalent state as well as to oxidize
any remaining organic matter.

11. Results of uranium recovery from high strength
phosphoric acid.
I - The extraction of uranium from the prepared hemihydrate
phosphoric acid solution assaying 90ppm U, has been investigated at
room temperature, while the D2EHPA concentration was varied from
0.01 M to 1 S M for a contact time of S min, and an aqueous / organic
ratio of 1/1 . The obtained results are presented in fig, (1). These results
show that the best D2EHPA concentration obtained was 0.75M where a
reasonable distribution coefficient was achieved (2.2). However, the
efficiency of D2EHPA for uranium recovery from phosphoric acid is
decreased above 0.75 M. From this result, It is concluded that D2EHPA
alone is not sufficient to extract uranium efficiently from the
hemihydrate phosphoric acid (7).
2- The effedt of initial TOHPO concentration on uranium recovery
were performed by shaking the hemihydrate phosphoric acid with
TOHPO having concentration ranging from 0.06 M to 1.2M in an
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aqueous / organic ratio of 111 for 5 minutes at room temperature (25 C ) .
The obtained results are presented in fig. (2). These results indicate that
the distribution coefficient increases with increasing TOHPO
concentration up to 0.6M where a maximum distribution coefficient of
only 2.6 was obtained. By further increasing of TOHPO concentration
the distribution coefficient decreases. Thus TOHPO is also non efficient
by itself to extract uranium from the hemihydrate phosphoric acid (7).
3- The effect of synergistic mixture from D2EH: PA/TOHPO on
uranium recovery were performed by shaking the hemi-hydrate
phosphoric acid with D2EHPA (0.75M) and different concentrations
from TOHPO at aqueous /organic ratio of l / I for 5 mins. shaking time
at room temperature.The obtained results are presented in fig.(3).These
results indicate that the distribution coefficient increases with increasing
TOHPO concentration up to 0.1 M. By further increasing TOHPO
concentrations ,distribution coefficient decreases. Thus, the more
efficient s y nerg i s m i s D2EHPA/TOHPO with concentrations 0.75 M/O.
IM respectivly.
4- The extraction of uranium from the hemihydrate phosphoric
acid, at different temperatures, was investigated. The extraction
experiments were carried out by contacting the hemihydrate phosphoric
acid with a D2EHPA/TOHPO mixture (0.75/ O.IM respectively) in
kerosene for 5 minutes while the O/A ratio was fixed at 1/1 but the
temperature was varied between 20 and 45°C. The results are presented
in fig,(4). From the obtained data, it can be noticed that uranium
recovery from the concentrated hemihydrate phosphoric acid (52%
P2O5) can be performed in the range from 2530°C. It is worthy to
mention there i n that the uranium recovery from the dihydrate
phosphoric acid (- 30% P2O5) is performed by two cycle of extraction.
In the 1st cycle the temperature of the dihydrate phosphoric acid should
cooled to 35°C which is higher than that used for the one cycle uranium
extraction from the hemihydrate phosphoric acid.

5 - The effect of contact time on uranium extraction from the
hemihydrate phosphoric acid has been investigated using D2EHPA /
TOHPO mixture (0.75/ 0.1 M respectively )in kerosene at O/A ratio of
1/1 at 25°C while the contact time ranged from 30 sec to 5.0 minutes.
The results are presented in fig ( 5 ) .From these results, it is found that
the optimum contact time for loading uranium on the D2EHPA /
TOHPO organic solvent mixture was 3 minutes.
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6- Diluents do significantly affect both uranium extraction and
phase separation characteristics. Accordingly, different diluents have
been studied such as kerosene, benzene, n-hexane, xylene and diethyl
ether. The used experimental conditions involved a D2EHPN TOHPO
ratio of 0.75 M/0.1 M,respectively, O/A phases ratio of 1/1, a contact time
of 3 minutes while the temperature was fixed at 25 C. From the obtained
results represented in table ( I ) , it is found that ordinary kerosene with a
relatively high number of aliphatic carbons is much more convenient
than aromatic diluents for uranium extraction from the study
concentrated phosphoric acid (D= 7.6).

7- The effect of the aqueous / organic phase ratio on uranium
recovery from the study concentrated phosphoric acid was investigated
at an A/O ratio varying from 0.5 up to 5. All experiments were
performed using D2EPA/TOHPO (0.75MIO. 1 M, respectively) in
kerosene for a contact time of 3 minutes at 25"C.From the obtained
results, it is clear that by increasing the A/O ratio above 2/1 (which gives
a distribution coefficient of 8) uranium extraction coefficient was
decreased.
8- On the other hand the obtained data were used to construct the
Mc- Cabe. Thiele diagram. From fig . (6), it can be concluded that in a
continuous extraction system, four ixtraction stages are sufficient to
recover 97.3% of the uranium content from the concentrated
phosphoric acid. This diagram has been constructed using an operating
line of a slope of 3.5.Accordingly 7, an A/O ratio of 3.5 would realize
the mentioned extraction efficiency using the previously determined
conditions. From all obtained results of studying the extraction relevent
factors, it is clear that uranium recovery from high concentrated
phosphoric acid (52.6% P2O5) is feasible after proper acid pretreatment
and oxidation of uranium to its hexavalent state. Thus uranium recovery
can be achieved in 4 counter current stages using 0.75 M D2EHPNO.1
M TOHPO mixture in kerosene as a diluent in a 3 5 1 of aqueousorganic ratio and a contact time 3 minutes at 25C
9- The effect of phosphoric acid concentration as a suitable
stripping solution onre-extraction of the reduced uranium from the
loaded organic phase the previously mentioned experimental conditions
with the addition of 0. 15 gm ferrous iron /1 was briefly investigated.
The obtained data are presented in fig. (7) where it is quite clear that the
stripping coefficient is primarily dependent on H3P04 concentration.
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Thus, the uranium stripping was found to be very efficient when the
phosphoric acid concentration attained 10 M which agrees with that
found by Hurst ( 5 ) .

111. Results of uranium precipitation from hemihydrate
phosphoric acid:
I-ranium has been precipitated from the obtained phosphoric acid
strip solution assaying 1300 ppm by NH4F (Weterings) (4) at ambient
tmperature. According to this author, X- ray diffraction analysis
showed the presence of much (AI, Fe) NH4HF2P04 (S- Akyama) and
churovite (Ca4 SO4 AlF6 SiF6 OH. 12H20) and smaller quantities of
(N€=I4)2 SiF6, (NH4)2 SiF6 NH4F, MgSiF6 and C a s 0 4 2H20 in the
preciptate beside amorphous CaF2. It is clear also that the fluoride
which was specially added, is precipitated along with the other
substances . In this study the obtained precipitate weighed about 10
grams (100 g/kg hemihydrate phosphoric acid) while the uranium
content assayed 0.585% . This result means that by applying Weterings
precipitation method, it was possible to recover about 84.4% of the
uranium in the strip solution which is very close to that obatained by
this author. In an attempt to improve the process economics additional
investigetion should be performed on the recovery of the yttrium and
REE. The latter can be recovered as > 90% and 80% respectively
(Weterings) (4).
Summing up,

I - The possible application of one uranium extraction cycle instead
of two cycles reported for the dihydrate phosphoric acid.

2- The direct precipitation of uranium from the strip phosphoric
acid solution leads to 84.4% recovery of the uranium content.
3- The direct uranium precipitate can further be refined to obtain
REE,V, and Y as by products which would add more benefits
to the direct precipitation method.

Conclusion :
From the obtained data, it was possible to show that 97.3%of the
uranium content of the ore was rendered soluble in the concentrated
phosphoric acid prepared by the hemihydrate process. In addition, it
was possible to extract about 90% of the uranium content in the
concentrated phosphoric acid I14iiiP I he solvent mixture of D2EHPA-
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Fig. (8) : Proposed flowsheets for uranium recovery from
concentrated phosphoric acid produced by the hemi hydrate
process by solvent extraction.
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TOHPO as a new synergistic mixture in kerosene .The relevant factors
indicate that uranium extraction increased with increasing solvent
concentration up to 0.75 M D2EHPA- 0. I TOHPO at 25°C using three
minutes contact time and an N O ratio of 3.31.
Uranium has been stripped in this study by contacting the loaded
organic phase with 10 molar phosphoric acid as an aqueous solution.
This was followed by direct precipitation of uranium using NH4F and
adding accetone as a dispersing medium. The obtained data showed that
the obtained precipitant contained 84.4% of the uranium content in the
phosphoric acid. The obtained low grade uranium precipitate can
furthermore be refined by solvent extraction or ion exchange to obtain
conventional uranium concentrates (yellow cake) beside REE, V and Y
as by- products; a matter which would add to the recovery of direct
precipitation process.
On the other hand, the obtained data was utilized to construct a
proposed Flowsheet (fig. 8) for uranium recovery from the phosphate
ore using the hime hydrate process
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Abstract
Extensive black sands placer deposits are discontinuously distributed
along the northern Mediterranean coastal plain of the Nile Delta as well
as Sinai Peninsula i.e. in the coastal stretch between Abu Qir town to the
west and Rafah city on the eastern Egyptian Frontiers. These sediments
contain strategic and economic heavy minerals which are required for
the industrial exploitation whether for nuclear industry or other metallurgical and engineering industries. The mentioned deposits comprise
huge reserves of the six heavy economic minerals which include monazite, zircon, rutile, ilmenite, magnetite, and garnet.
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The first three economic minerals namely monazite, zircon, and
rutile contain uranium, thorium, zirconium, hafnium, titanium as well as
rare earth elements. thus monazite, which is a rare earths-thorium
anhydrous orthophosphate assays 0.48% U 3 0 8 , 6.04% Th 0 2 , and
61.31% RE2O3. Egyptian beach zircon which is a zirconium silicate
mineral contain 67.06% (ZraHf) 0 2 . Traces of uranium assays from
0.04% to 0.1 1%. U3O8, while its thorium content varies from 0.02% to
1.19% Th 0 2 . The beach rutile is almost a puretitanium dioxide
assaying up to 98.64% Ti02. Therefore, the geological reserves of the
nuclear materials were estimated to reveal enormous reserves.
In the light of these data, the Nuclear Materials Authority has
established a plant for the exploitation of the Egyptian placer deposits at
Rosetta area to produce monazite, zircon, and rutile concentrates. The
monazite concentrate will be processed for the production of uranium,
thorium, and rare earth oxides cakes, while zirconium, hafnium,
uranium, and thorium oxides could be extracted from the zircon
concentrate. Titanium dioxide for nuclear industry and paints could be
produced from the rutile concentrate. In the mean time zircon as a
mineral would be used in ceramic industry whereas rutile as a mineral
would be used in welding rods industry. Besides, the rare earth oxides
cake could be used in ferro-silicon alloys.

1- Introduction
The Egyptian black sands placer deposits on the Mediterranean
Coastal Plain contain many mineral species as they have been derived
from igneous and metamorphic rocks [ I ] . Many studies were carried
out dealing with the mineralogical composition, grain size distribution,
origin of the sediments as well as their economic considerations [ l to
251. The mineral constituents include six heavy economic minerals;
namely magnetite, ilmenite, monazite, zircon, rutile and garnet.
Monazite, zircon and rutile minerals do contain a number of elements
necessary for the nuclear industry e,g. uranium, thorium, zirconium,
hafnium, titanium and rare earths elements. Thus, the evaluation of these
raw materials in the Egyptian blacksands placerdeposits would be
calculated on the basis of the reserves of monazite, zircon and rutile
mineral content in four localities along the Mediterranean Coastal Plain;
namely Rosetta, Baltim, Damietta and north Sinai.
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2- Geology
Since the Late Miocene [26] and before the completion of the High
Dam in May 1964, the River Nile was discharging huge quantities of
sediments during the annual flood seasons in the Mediterranean Sea.
These sediments were the final products of the disintegrated materials
from the two main drainage areas of the Nile Basin which cover an area
of about 3,000,000 km2 i.e. The Equatorial Plateau (igneous rocks) and
the Ethiopian Plateau (metamorphic rocks).
The River Nile poured its load in the Mediterranean Sea either by
the to-day Rosetta and Damietta distributaries (Fig. 1 ) or through the
seven old extinct Nile Branches.
Ball [27] described the courses and the outpourings of the seven old
extinct Nile Distributaries and stated that the outpourings were located
in the coastal plain area that extend between Idku openning and El
Farama east of Port Said (Fig.2). In other words, the black sands
deposits are distributed along the Mediterranean Coastal Plain in the
sector extending between Abu Qir town to the west and Rafah city on
the Eastern Egyptian frontiers (Fig. l).These sediments are now present
either as beach deposits or in the form of coastal plain sand dunes. The
high grade black sands are associated with the outpourings of the Nile
Distributaries whether the present or the extinct ones. The reserve
estimation of monazite, zircon and rutile
minerals will be carried out at the two locality related to the to-day
Rosetta and Damietta promontories and two other locality related to the
extinct Sebbenytic and Pelusaic estuaries. The study will include both
beach sediments as well as coastal plain sand dune$.

3- Reserves Estimation
The four chosen localities for geological reserve evaluation for
monazite, zircon and rutile are considered to be the principal black
sands deposits. The first locality is on both sides of Rosetta promontory.
It extends from Idku Lake outlet to El Burrullus Lake openning. This
stretch is about 70 km long and its width varies from about 200 m to
about 5000 m with an average width of about 800 m. The area is
characterized mainly by beach deposits except west Rosetta outpouring
sector which has coastal plain sand dunes. The depth of the black sands
in this area reaches about 9m. Beyond this depth, the sand fraction
decreases to be less than 40% while the clay fraction constitutes the
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major percentage. Above the mentioned depth, the sand fraction
generally exceeds 60% of the sediments.
The second locality is the coastal plain sand dune belt in which the
heavy minerals content reaches up to about 35% and covers the area
from Burg El Burrullus village eastward to El Gharbia Main Drainage, a
stretch of about 15 km long and average width of about 800m. The
height of the sand dunes in this area reaches up to 15m, however, an
average height of Sm will be considered. Assuming that the beach
sediments under the sand dunes reach about 10m depth, the thickness of
the deposit in this area will be considered as 1 5m.
The third locality is the north western part of El Manzalla Lake and
the beach area just east of Damietta outpouring. The depth of this
deposit will be 10 m and the area is about 30 km2. This area is
characterized by a series of parallel sand bars called "Barr" trending
generally northwest and are separated by longitudinal lagoons called
"Tawal". The mechanism of formation of these parallel sand bars was
attributed by Said [28] and Hamama [29] to be the result of the
accretion of the bottom sediments of the continental shelf by the wave
action and the continuous accumulation of these sands till the sand bar
became exposed on the surface of the sea water leaving a longitudinal
lagoon behind it.
The last locality is the north Sinai coastal plain sector which extends
between the eastern openning of El Bardawiel Lake at El Zaraniq in the
west and El Arish town in the east. This stretch is about 20 km in length
and about 500 m width It is characterized by beach deposits lined from
the south by north Sinai sand dune belt 1301. The depth of the deposit
in this area is about 10 m.

I n order to estimate the reserves of the black sands in the four
localities and consequently the monazite, zircon and rutile mineral
content, the apparent specific gravity of the dry sand used in the
calculations must be 1.7 g/cm3 [31]. Also, the average frequencies of
each of the monazite, zircon, and rutile minerals in the Egyptian black
sands will be considered as 0.02%, 0.22% and 0.12% respectively.
Due to the fact that Egyptian beach monazite almost belongs to one
variety, its uranium and thorium contents do not vary greatly. on the
otherhand, the uranium and thorium contents of zircon show great
variation due to the presence of several varieties of beach zircon. The
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existence of uranium and thorium in zircon is either due to defects in
zircon structure or to inclusions of radioactive minerals like
uranothorite. The coloured, cloudy, zoned (inclusions) and metamict
zircon varieties contain more uranium and thorium than the colorless
water-clear zircon varieties [32, 33, 34, 35 & 361. Therefore, the
different varieties of the Egyptian beach zircons were separated on the
basis of their mass magnetic susceptibility. The obtained fractions were
analyzed for their uranium and thorium contents. The U3O8, Th 0 2 and
the frequency of each fraction were calculated and tabulated in table
( I ) . From these values the average content was found to be 0.06% U30g
and 0.04% Th 0 2 .

TABLE.1: FREQUENCIES OF MAGNETIC ZIRCON FRACTIONS
AND THEIR U3Os AND Th 0 2 CONTENTS.

The uranium, thorium, titanium, and rare earths elements contents in
the Egyptian beach monazite were taken from the chemical assay given
by Hammoud [ 1 I ]on 99.9% monazite concentrate. The adopted
percentages of the nuclear elements in monazite, zircon and rutile used
in the reserve calculations are shown in table (2). Accordingly, the
tonnages of the oxides of each of the uranium, thorium, zirconium plus
hafnium, titanium, and rare earths elements and the estimated reserves of
the monazite, zircon and rutile are calculated and tabulated in table (3).
The obtained reserve estimates of the black sands, monazite, zircon and
rutile in the four studied localities are also shown in table (3).
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TABLE 11: AVERAGE CONTENTS OF THE NUCLEAR RAW
MATERIALS IN MONAZITE, ZIRCON AND RUTILE.

*

El Shazly et al. [ 191 - **Hammoud [ 111

TABLE 111: ESTIMATED RESERVES OF THE BLACK SANDS,
MONAZITE, ZIRCON, AND RUTILE AS WELL AS THE
NUCLEAR ELEMENTS IN THE FOUR STUDIED
LOCALITIES.

SINAI
20,000
500
10
100 x 106
170 x IO6
34,000
374,000
204,000
388
2,203
250,804
20 1,470
20,958

m
A
L
135,000

1 0 7 4 . 0 1~O6
1825.8~10~
365, I60
4,O 16,760
2,190,960
4, I 6 4
23,663
2,693,639
2,163,800
225,086

4- Discussion
The extensive Egyptian black sands placer deposits exhibit vast
reserves of monazite, zircon and rutile beside magnetite, ilmenite and
garnet minerals. The former three minerals have nuclear importance
due to their content of nuclear raw materials. Monazite which is a rare
earths-thorium anhydrous orthoyhohphate contains uranium, thorium,
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titanium and rare earth elements. Zircon is mainly a zirconium silicate
mineral with uranium, thorium, hafnium, titanium, and rare earth
elements in minor quantities. Rutile mineral is essentially a titanium
dioxide assaying up to 98.64% Ti02 but some rutile varieties contain
Nb and/or Ta due to similarities of their ionic radii [37]. Therefore, their
reserves in the black sands were calculated and were found to be
enermous quantities.
Different previous studies have dealt with the reserves of the heavy
economic minerals in Rosetta and Damietta localities either in the top
meter, in 12m depth or 20m depth. El Shazly [38] estimated the
economic mineral reserves, the monazite reserves and both the U3O8
and Th 0 2 reserves in east Damietta locality as well as east Rosetta
locality to a depth of 20m. (Table4). About 707 million ton of heavy
economic minerals were estimated in 1.6 km2 in Abu Khashaba beach
to a depth of 12m [39]. Another estimate in an area of 8.25 km2 to
20m depth in the same locality exhibit 30.5 million ton of heavy
economic minerals containing 1 13,000 ton monazite, 354,000 ton
zircon and 220,000 ton rutile [40].Moreover,EBASCO [4 1J estimated
37,200,000 ton heavy economic minerals in 12 km2 to 20m depth in
east Rosetta beach and 5,400,000 ton heavy economic minerals in about
5 km2 at west Rosetta locality to a depth of about 20m.

TABLE

I V : R E S E R V E S OF E C O N O M I C M I N E R A L S ,
M O N A Z I T E , U 3 0 8 and Th 0 2 E S T I M A T E D B Y E L
SHAZLY [38].

All the previous reserve estimates exceed the present reserve
estimates owing to the excess depth. Besides, previous studies revealed
that the upper five meters contain nearly two thirds of the total
economic mineraly in the upper 12 meter depth [39]. This mean that
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the upper crust of 10 meter thickness is more convincing in reserve
estimation than the 12 or 20 meter depth.
The presently evaluated four localities have a length of only about
135 k m from the total length of the concerned coastal plain which
extends for about 500 km. The intervening localities do have also
monazite, zircon and rutile but with low concentrations. In addition, the
indurated sand dunes bordering the northern Sinai beach east of El
Arish to Rafah have also heavy economic minerals including also
monazite, zircon and rutile minerals. This means that the estimated
reserves of the black sands as well as the interesting minerals monazite,
zircon and rutile would increase if the whole area is taken in
consideration.
The four studied localities revealed about 1800 million tons of the
black sands which would be adequate for a profitable industrial
exploitation for about 130 years using a plant capacity of 1000 cubic
meter of dry sand per hour. In this case, the expected produced
quantities from Rosetta locality will give about 168,000 ton monazite,
1,848,000 ton zircon and 1,009,000 ton rutile. Baltim area would yield
about 61,000 ton monazite, 673,000 ton zircon and 367,000 ton rutile.
Damietta area has about 102,000 ton monazite, 1,122,000 ton zircon
and 612,000 ton rutile. El Arish beach area contains about 34,000 ton
monazite, 374,000 ton zircon and 201,000 ton rutile. Therefore, the
four localities would yield about 365,000 ton monazite, 4,O 17,000 ton
zircon and 2,191,000 ton rutile.
on the other hand, the total estimated reserves in the four studied
localities attain about 4,000 ton U3O8, 24,000 ton Th 0 2 , 2,694,000 ton
(Zr+Hf) 0 2 , 2,164,000 ton Ti 0 2 and 225,000 ton RE2O3.

5- Industrial Exploitation
The industrial exploitation of these deposits will now be discussed
on the basis of three alternatives of production capacities. Proposed
capacities include 10 m3/h, 100m3/h, and 1000 m3/h of dry sands. At
the same time, the daily working hours could be 8, 16 or 24. In case of
8 working hours per day, the used tonnages of raw black sands in a year
and consequently the produced tonnages of monazite, zircon and rutile
concentrates as well as the calculated quantities of nuclear elements are
shown in table V. If the working hours per day were doubled or tripled
i.e. 16 or 24 hour per day the maximum exploited raw black sands in a

year the produced monazite, zircon and rutile and the expected nuclear
raw materials will be two or three times as the given figures in table V
re specti vel y .
Besides the nuclear applications of the black sands minerals in the
nuclear industry, other metallurgical and engineering application of
some of these minerals could be mentioned. Zircon mineral could be
used in ceramic industry as the glazing material specially the colourless
water clear zircon variety which constitute about 82,28% of the beach
zircon and contain the lowest values of uranium and thorium (0.046%
& 0.020% respectively). The other zircon varieties represent about
17.72% of the total zircon and contain more uranium and thorium
(Table 3). Therefore, the colourless water clear zircon is used in the
ceramic industry while the other zircon varieties are suitable for
extraction of the nuclear raw materials. Rutile, on the other hand, beside
its nuclear industry uses is used in welding rods industry as well as in the
production of the titanium dioxide pigment. The obtained rare earths
elements from monazite processing can be used in ferrosilicon alloy
industry.

TABLE

THE TONNAGES OF RAW BLACK SANDS,
MONAZITE,
ZIRCON,
RUTILE
AND
THE
CORRESPONDING NUCLEAR ELEMENTS PER YEAR
(8 WORKING HOURS DAILY)
V:
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W E D I T E H R A N L A N

FIG. 1 . Map Showing Thc Location of The Four Studied Areas .

FIG. 2. Map Showing The Seven Old Extinct
Nil Branches ( After Ball, 1942 )
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Abstract
This work represents an attempt to delineate potential uranium
provinces in some Arabian countries using various related recognition
criteria. Definition of these provinces is based on the available geologic
and tectonic setting beside geochronological sequence and some
geochemical charactirestics. This trial would be of a great help for
interchanging the ideas and necessary data for the development in the
fields of uranium exploration and production. As a result of this study, a
number of promising potential uranium provinces are recommended in
some Arabian countries.

1. Introduction
The present study contains three main parts. The first one includes
an introduction about the various types of uranium deposits and their
favourable geologic environments, and uranium exploration techniques.
The second part includes a summary of some recognition criteria for the
identification of uranium provinces especially i n granitoids and
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sandstone formation. The third part represents the potential uranium
provinces in some Arabian countries; namely: Egypt, Libya, Saudi
Arabia and Sudan.

1-1. Principal Uranium Deposits
The first and fundamental step in any uranium exploration
programme is the development of an integrated geologic and
geochemical analysis and understanding of the genesis of the potential
uranium accumulations under investigation. The bulk of the world's
uranium, has been produced historically from( I ) I ower Proterozoic
uraninite placer deposits in quartz-pebble conglomerates, (2) epigenetic
uranium deposits in sandstones located in many cases(1 1 at, or near,
groundwater oxidation-reduction interfaces and (3) hydrothermal vein
uranium deposits. Exploration for economic uranium deposits has
expanded to many geologic environments that have been generally
overlooked in the past. Most notable among these are ( I ) granitic
uranium deposits. (2) alkalic igneous-hydrothermal uranium deposits.
(3) altered acidic or alkalic volcanic ash, ash flow or volcaniclastic
uranium deposits. (4) unconformity-related uranium deposits and ( 5 )
calcrete uranium deposits in desert groundwater environments.

1-2. Uranium Exploration Techniques
Exploration techniques are generally reviewed or tabulated
according to discipline. They start from reconnaissance programmes to
more local or detailed programmes 121.

1-2-1. Reconnaissance exploration techniques
Exploration techniques of widespread use in reconnaissance
uranium exploration programmes include ( I ) geologic mapping, basin
analysis and search for favourable geologic environments, (2)
remote-sensing data analysis and synthesis. (3) gamma ray spectrometry
(airborne and ground) and (4) hydro- geochemical and lake sediment
sampling. Depending on the nature and scope of the exploration
programme,the above-described reconnaissance steps are often
conducted simultaneously i n a first phase of exploration and their
results are integrated and analysed to select local favourable areas for
more detailed exploration techniques in a second phase of exploration.

1-2-2. Detailed exploration techniques
Detailed exploration technique5 are applied generally on favourable

target areas that have been delineated by the reconnaissance or more
regional exploration techniques. Exploration techniques used
commonly in various combinations in local or detailed programmes
include( 1 ) detailed geologic and alteration mapping,(2) detailed
hydrogeochemical surveys,(3) detailed radiometric surveys,(4) radon
and helium soil-gas surveys,(5) soil and rockgeochemical surveys,(b)
subsurface stratigraphic analysis,(7) non-radiometric geophysical
surveys,( 8) geobotany and biogeochemistry (9) exploration drilling and
logging and exploratory tunneling.
The geology of the area of detailed exploration and the nature of
the potentially favourable geologic environments determine the relative
utility and sequence of use of these and other detailed exploration
techniques.

2. Recognition Criteria for Uranium Provinces
The recognition criteria for identification of uranium provinces
depends upon the characteristics of the host rocks and the associated
type of uranium deposits. The present work will concentrate upon the
recognition criteria for granitoids and sandstones uranium provinces.
These criteria will be utilized for recommending potential uranium
provinces in some Arabian countries.
The recognition criteria for identification of uranium provinces in
granitoides mainly include uranium contents, formation ages and
lithology. The average uranium contents in various types of granitoids
should be thourally determined. This is rather important to deferentiate
between the uranium enriched and normal granites. In Brazil, the
average uranium content in normal granites is about 3 to 7 ppm, they
considered the 12 ppm uranium as a limit between uranium-enriched
and normal granites[3]. It is found that uranium contents are 5 to 10
ppm and thorium contents are of 15 to 25 ppm in samples from one
enriched granite pluton of Pan-African Shield, thus yielding Th/U
ratios of 2 to 2.5141. The low Th/U ratios of granites are interesting
in view of the fact that most highly differentiated granites have Th/U
ratios greater than 4. Such low ratios could either result from thorium
loss from the granites, which is geochemically unlikely, or uranium
addition to the plutons. The low ratios also make it unlikely that
uranium in the wall rocks around the mineralized plutons could have
formed from hydrothermal fluids obtained from the plutons themselves,
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a process that should have increased the Th/U ratios in the remaining
(source) granite to high values.

The relation between uranium enriched granitoids and geologicaltime- bound is of remarkable importance, because it is known that some
uranium enriched granitoids are restricted to certain ages. For example,
it is found that uranium enriched granitoids are strongly related to
1800- 1300 Ma time interval. However, some high frequences for
uranium enriched granitoids are noticed at the time interval of
2600-2000 Ma, 2200-1800 Ma and 900-500 Ma [3].
It is evident that the uranium contents distribution are related to
different granitic lithological groups. The granitoids with granitic
compositions and the alkaline granites present higher uranium
concentrations. In general the U-enriched alkaline granitoids are mainly
composed of syenites and quartz-syenites and the granites are
constituted by biotite-hornblende granites. Also, the granite related
uranium veins occur inside or outside late magmatically or
metamorphically altered peraluminous leucogranite [51. The study of
the initial Sr ratios is rather important, where it can be utilized in the
determination of the source of U-enriched granitoids.
The recognition criteria for identification of uranium provinces in
sandstones varies according to the type of the deposit [ 5 ] . Uranium as
disseminations in domenantly continental fluvial arkosic sandstone,
commonly interbedded with argillaceous horizons, and almost flat lying
(< 5 O ) unless post-oretilted; frequently associated with tuffaceous
sediments. A distinction is made between (a) Phanerozoic (Post
Devorian) deposits associated with terrestrial plant derived organics and
(b) Proterozoic deposits associated with algae derived volcanics [4].
In the roll front, two classes are present, continental basin and coast
plain. In the continental basin U as disseminations at redox boundary in
arkosic and subarkosic sandstones deposited in intracratonic or
intermontane basins, spatial proximity to rocks containing anomalous U
concentrations such as tuffs or granites essential. Most deposits occur
within interbedded sequences of fluvial sandstones and volcanic rich
sediments without major time or erosional breaks.

3. Potential Uranium Provinces:
3-1 .Egypt:
Egypt is covered with various rock exposures which include

Precambrian basement and thick sedimentary cover. The Precambrian
basement rocks cover about 100,000 sq. km in south Sinai, Eastern
Desert and limited exposures in the south Western Desert. The basement
rocks are grouped into; Pre-Pan-African rocks, comprising higher grade
metamorphic rocks and Pan-African rock assemblage, comprising
ophiolites and the island arc association, a tectogenetic rock association
and Phanerozoic alkaline rocks 161.
’

The thick sedimentary sequence includes various rock types
ranging in age from Paleozoic to recent. The lower part of this sequence
is mainly composed of continental clastics with some marine ossilations
and then grading upward to carbonate and fine clastic association. The
upper part is mainly composed of clastics with some evaporites and
some marine ossilations.
Uranium exploration started in Egypt since 1956. This was
performed by applying integrated airborne and ground radiometric
prospection. These activities led to the discovery of several radiometric
anomalies and uranium occurrences in various geologic environments.
The most promising uranium occurrences are localized in the younger
postorogenic granites, and Paleozoic clastic sediments. By reviewing the
various criteria recognized in the different uranium occurrences in
Egypt, the following potential uranium provinces are of remarkable
importance.
3-1.1 Granitoid Uranium Provinces:

Many of the post tectonic younger granites in the Egyptian region
are of the uraniferous type, where normal uranium content ranges from
10 to 35ppm[7],[8] and [9]. The following granite plutons can be
considered as potential uranium provinces.
Gebel Qattar: In Gebel Qattar (Fig.1) the uranium mineralization is
mainly hosted in younger biotite granite. This granite is essentially
composed of quartz, orthoclase with subordinate oligoclase and biotite.
The accessory minerals are represented by hematite, zircon, sphene and
apatite. The uranium mineralization is associated with fault zones and
small scale fractures which follows NNE, ENE and Wdirections, where
the mineralization is present in a patchy form [lo]. The associated
alteration features are represented by intense hematitization, partial
kaolinization, light carbonitization and deep violet fluorite is frequently
present [ lo]. The identified secondary uranium minerals are:
uranophane, carnotite, clarkeite, kasolite, zippeite, soddyite and primary
uraninite [ 1 I].
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El Missikat: The uranium mineralization is hosted in ENE trending
shear zones within orthoclase granite. It connected with jasperoid silica
I 1 21 and strong alteration represented by silicification, sericitization,
hematitization and kaolinization. The uranium minerals are mainly
uranophane and soddyite with finely disseminated sooty pitchblende.
They are accompanied with sulphide and gangue minerals. Sulphides
are mainly: pyrite, calcopyrite, galena, sphalerite and molybdenite. The
gangues are mainly iron and manganese oxides and fluorite [ 131.

Fig. 1 : Distribution of Precambrian rocks in Egypt and Northern
Sudan rocks of archean age are confirmed in the western desert
only[6]. Potential uranium provinces are shown.
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1= Phanerozoic, 2= Hammamat Clast. & Dokan Volcanics, 3= Foreland Assoc., 4= Late
proterozoic Ophiolites and island arc volcanics & volcaniclastics, 5= Archean and Early
proterozoic rocks, 6= Inferred major shear.
Potential uranium provinces: 7= Um Bogma, 8= Urn Tawat Hammamat, 9= Gebel Qattar
granite, 10= El Missikat and El Erediya. 1 1 = South Wadi El Kareim Hammamat, 12=
Wadi Urn Kharit, 13= Um Ara, 14= G. A I [ ' \ \ ; I \iint.
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El-Erediya: El-Erediya pluton was emplaced during the
post-tectonic episode in Egypt, 603-575 Ma [14]. It is emplaced near
the northern edge of the central tectonic block of the Eastern Desert,
which dominantly exposes rock swith strong oceanic affinity 1151 and
[16]. The granitic rocks of El Erediya pluton are essentially composed
of potash feldspars, plagioclase and quartz, with subordinate biotite.
Zircon, sphene, apatite and magnetite are present as accessory minerals
[ 171. In El-Eradiya-1 uranium occurrence uraninite, uranophane,
B-uranophane, soddyite and renardite are the main uranium minerals
[ 181. The mineralization is associated with red jasper, black and grey
amorphous silica, chalcedony and quartz. Gangue minerals are
represented by quartz, carbonate and fluorite.
Urn Ara-Urn Shilman: Radioactive mineralizations in Um Ara Um Shilman younger granite pluton are restricted to the medium
grained variety which range in composition from albitized to the potash
feldspar-rich granites. Uraninite and/or thorite inclusion in orthoclase,
plagioclase feldspars, quartz and biotite which points out to their
syngenetic origin. Later alteration caused their oxidation to a group of
secondary minerals including uranophane and curite [ 191. These
minerals are associated with deep violet fluorite. The wall rock alteration
comprises silicification, microclinization, albitization and hematitization.
The uranium mineralization of Um Ara are structurally controlled
following WNW and NW trends [20].
It is noteworthy to say that the above mentioned granite plutons are
of high potentiality for identification of workable uranium deposits
which belong to vein type. In spite of the high Clark of uranium values
in these postorogenic PanAfrican granites there is no potentiality for
finding a large concentration of magmatic uranium. This was indicated
from the study of the geochemical behaviour of the REE and some
other trace elements in the analyzed samples from El-Erediya granite
and the associated uranium mineralization [9]. Moreover, Struckless, et
al., [21] found that the low Th/U ratios and high U/K ratios argue against
any concentrating of uranium by magmatic processes in the post
orogenic granites of the Northwestern Arabian Shield. However, there is
a high potentiality for identification of uranium deposits in the
discussed uranium granitoid provinces in the Eastern Desert of Egypt.
The hydrothermal vein type uranium deposits of low to medium scale
could be identified in the marginal zones of these granite plutons. This
prediction is based upon the attained rcsults of the exploration works
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and the presence of various types of uranium occurrences [22]. The
persistance of the secondary uranium mineralization for more than
300m from the surface, increasing of gapping of the shear zones with
depth, existance of strong hematitization, partial silicification and
fluoritization and the presence of a pitchblende in some underground
works are encouraging results.

3-1.2. Hammamat Basins
These intermontane basins include molase-type poorly sorted clastic
sediments, intercalated with minor impure calcareous layers [6]. They
are best developed in the northern part of the central Eastern Desert and
attain substantial development in the north Eastern Desert and Sinai.
From uranium potentiality point of view two Hammamat provinces in
the Eastern Desert could be considered as exploration targets. They are
located south of Wadi El Kareim and Oebel Um Tawat (Fig. I). The
south Wadi El Kareim province is present in the form of an oval shape
basin with an axial trace following ENE to WNW trend. The north
margin is partly dislocated by a thrust fault following ENE [23]. The
importance of this province is concentrated in the presence of a huge
igneous activity within it. This igneous activity is represented by
numerous bostonite dykes, sills, plugs. These bostonites are present in
three generations, two of them include radioactive anomalies and
uranium mineralization [23]. Moreover, this province is nearly
surrounded with numerous post orogenic uraniferous younger granite.
plutons. This environment is rather suitable for the formation of
uranium.
Gebel Um Tawat province is located in the north Eastern Desert to
the west of Hurghada City (Red Sea) by about 50 km. It is represented
by a thick succession of the Hammamat sediments forming an
intermontane basin. These sediments are underlained with post orogenic
younger granites which are occasionally exposed on the surface. The
southern zone of this province is occupied by Gebel Qattar uraniferous
granite. Secondary uranium mineralizations are detected within the
Hammamat sediments at the contact zone with G. Qattar granite. Along
this zone strong hydrothermal alterations are recorded. Hematitization,
kaolinization, carbonitization, silicification, epyseynitization and
6
fluoritization are frequently noticed [22]. Moreover, some secondary
uranium mineralizations are noticed within the epyseynitized granite in
this occurrence. Accordingly, these features often supports uranium
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potentiality in this province. It needs an application of detailed ground
geophysical exploration to delineate the configuration, structural
framework, alteration zones including sulphide bodies of this province.

3-1.3. Paleozoic Provinces
The Paleozoic exposures in Egypt are relatively of limited
distribution. They are outcroped surrounding some Precambrian
basement rocks in the south western Desert, Eastern Desert and Sinai. By
reviewing the available information about uranium distribution in the
Paleozoic rocks of Egypt, the following Paleozoic provinces could be
considered as good targets for uranium exploration.

Gebel A1 Uwaynat Province: The Paleozoic strata in this province
are located between G. A1 Uwaynate and the Abu Ras Plateau west of
Gilf Kebir. There are strata of Ordovician, Silurian, Devonian,
Carboniferous and Permian to Triassic age of combined thickness of up
to lOOOm thickness are present at the eastern edge of AI Kufra Basin
and the south west of Dakhla Basin [24]. In this province, El Aassy [25
and 261 recorded some radioactive anomalies and high uranium
and/orthorium content in some Paleozoic units. It is important to
mention that uranium anomalies were discovered in the Silurian
Tanezzuft, Devonian ouan Kasa, Carboniferous Assedjefar and
Dembaba, and in the Zarzaitine Formations in the western part of
Mursuq basin [27]. These stratigraphic ;nits are almost recognized in G.
A1 Uwaynat province. So, this province has favourable characteristics for
uranium potential. Precambrian rocks with younger granite intrusives
are present on its south east side. Thus, favourable sources and hosts are
present.
Um Kharit Rift Basin Province: This speculative rift system [28] is
located to the southeast of Aswan. It is about 150 km in length and 40
km in width (Fig.1). In this basin a great succession of Paleozoic and
Mesozoic sediments are present and the continental clastics are often
prevailing in the lower parts of the succession. This rift is bounded from
the east, west and south by Precambrian basement rocks which include
post orogenic granites. These granites show great number of radiometric
anomalies, secondary and some primary uranium mineralization [ 191.
The mode of occurrence of this province and the associated geologic
and metalogenic environments increase its potentiality for identification
of uranium deposits.
Urn Bogma Province: The Paleozoic sediments in Um Bogma area
are subdivided into the lower sandstone, the middle dolomite and
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limestone and the upper sandstone. The middle dolomite unit is
composed of brown to grey dolomite, limestone, shale, silt, clay stone
and sandstone. The shale is varicoloured and contains organic matters of
varying concentrations, while sandstone is ferruginated and highly
argillaceous, claystone is ferruginated and contains organic materials.
Green copper minerals were found in silt as filling fissures and cavities.
Siltstone clay and sandstone showed radioactive anomalies incorporated
between the two carbonate horizons. The manganese-iron ore horizon is
found at the base of this unit. The uranium content in sandstone beds
range from 105 ppm to 438 ppm, while in silt beds it ranges from 955
ppm to 5083 ppm [26]. The basement tectonic map [29] shows that Um
Bogma area is an ENE trending tectonically controlled basin-like
structure. In the writter's opinion, Um Bogma province has a good
potentiality for identification of workable uranium deposit. The
basement rocks which represent source areas are nearby, hydrothermal
activity could have some contribution, high iron content and presence of
organic matter in some Paleozoic units often have an important role.
Moreover, the Paleogeography of the area, the high density of faults and
fractures in addition to the presence of oil fields in the nearby area often
have a certain role in deposition and redistribution of uranium in this
province.

Fig. 2 : Basement tectonic map of UM bogma Brovince, Sinai, Egypt
(after El kattan and El A m y , 1992).
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Fig. 3 : Map Showing the potential uranium provinces ( I , 2, 3 and 4) in
southern Libya (tectonic framework after Goudarzi, 1978).

3-2- Libya
Libya, situated on the Mediterranean foreland of the African shield,
extends over a platform of cratonic basins. The Precambrian basements
rocks are mainly exposed in Tibisti Mountains in the southern part of
the country. The rest of the country is covered with sedimentary
sequence ranges in age from Paleozoicto Quaternary. Tertiary volcanic
rocks are widely spreaded in AI Haruj A1 Aswad and G. Nuqay 1301.
The available information about uranium in Libya indicate the presence
of uranium occurrence in Ghat area at the south western part of the
country. It occurs within continental Permo-Triassic sandstone and
siltstone along the flanks of Murzuq basin [31]. The reported uranium
minerals include tyuyammunite, carnotite and betauranophane [321.
The regional geologic and tectonic features of Libya have been
reviewed in the light of recognition criteria for identification of uranium
provinces. Three major basins are considered by the writer as potential
uranium provinces. These basins are: Murzuq basin, Sarir Tibisti trough
and AI Kufra basin. It is noteworthy to mention that the granitoid rocks
in the southern Libya represent a potential uranium province.
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3-2-1. Murzuq Basin
It lies in the southwestern part of Libya (Fig.3) and extends about
700 km with curvilinear axial trend following NE in general and has
about400 km width. The basement is about 3000 m b.s.1. near the
centre of the basin[30].The basin is filled with a thick sequence of
clastic sediments formed mainly of sandstone and shales. These
sediments are mainly continental and belong to Palaeozoic and
Mesozoic ages.
This basin has a good potentiality for the presence of uranium
deposits. It has some uranium occurrences at its western flank in Ghat
area. The most interesting observation is its presence to the north of
Niger and to the east of Hoggar deposits [33]. One of the most
interesting uranium dicoveries in the past decade is that in the Mesozoic
sandstones near Arlit in the Niger where reserves are estimated by the
CEA to be at least 25000 tons U30g [34]. A sandstone type deposits
west of the Air massif in Niger, on the eastern side of the Agades,
production and reserves from carboniferous, Permian and Cretaceous
sandstones, are recognized. Moreover, Lower Paleozoic Ajjer Formation,
Tassili series, Algeria, Sandstone type significant deposits are
recognized, in addition to the presence of vein and stockwork
environment as a significant deposit in Late Proterozoic gneisses in
Hoggar massif to the southwest of this basin [35].The Murzuq basin is
nearby surrounded by the same Carboniferous and Permo-Triassic units
which have proved productive in nearby Niger, and the Dijado plateau
of the Niger portion of the Murzuq basin has been prospected with
some success.
3-2-2. Sarir Tibisti Trough
It lies between Tibisti - AI Haruj uplift at the west, G. Nuqay at the
east and Tibisti Mountains at the south. The depth to basement in this
trough is about 4000 m. Little information is known about the
stratigraphy of this trough, however, some surface exposures of the
Ordovician - Cambrian and Eocene are present. This basin is surrounded
by basement rocks which include Pan-African younger granites in the
form of U shape. Moreover, a huge volcanic activities are noticed in the
eastern and northern parts of this basin (Fig.3). This trough has received
water and sediments from nearby source areas which are probably
uraniferous. The area appears particularly interesting with respect to
uranium potential.
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3 - 2- 3. AI Kufrah Basin
It is located in the southeastern part of Libya with axial trace
following NNE. It is limited from the east by G. AI-Uwaynat uplift, G.
Az Zalamah uplift from the northwest and Tibisti mountains from the
southeast [30]. The basin is covered with a thick sequence of
sedimentary rocks of the Palaeozoic and Mesozoic ages. The Palaeozoic
sediments range in thickness from 1055 to 1850 m, its lower part ( I 300
m) is continental, mainly fluviatile and localy marine. The upper part
(550m) shows ossilation from continental to marine. The Mesozoic
sediments ranges in thickness from 200 m to 735 m and they are mainly
continental [36]. This basin can be consider as a good target for
uranium exploration. This belief is based upon the presence of a thick
succession of Palaeozoic and Mesozoic mainly continental clastic
sediments. Moreover, some radioactive anomalies are recorded in the
basal conglomerate and the Palaeozoic sandstones in Egypt near G.
AI-Uwaynat [ 251.
3-2.4 Granitoids Uranium Province
The Bin Ghanimah batholith and Tibisti massif are formed of
Precambrian basement rocks and include some alkali-rich granites of
Pan-African age [37]. It is evident that major uranium deposits are
associated with igneous activity in at least two PanAfrican belts. The
Rossing deposits of Namibia occurs in pegmatite - alaskite migmatite
bodies in the Damaran belt, and broad areas of uranium mineralization
are associated with emplacement of the younger granites of Egypt [4].
This fact can be utilized as a guide for uranium exploration i n
Pan-African granitoids and the associated igneous rocks in Tibisti
mountains (Fig.3).
3-3. Saudi Arabia
Saudi Arabia is covered with basement and sedimentary rock
groups. The basement rocks are mainly concentrated in the western part
of the country forming a part of Arabian Shield (Fig.4). They are
mainly represented by ophiolitic rocks, volcanic sedimentary sequences,
granitic rocks and some Tertiary - Recent basalts [38].
These basement rocks are flanked from the east and northwest by a
thick sedimentary sequence ranges in age from Palaeozoic to recent
[39]. A scarce information about uranium in Saudi Arabia is
published. All known radioactive anomalies are recognized in granitoid
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rocks (21 and 401. The reviewing of geologic and tectonic features in
the light of uranium favourability in Saudi Arabia indicates the presence
of some potential uranium provinces in the Palaeozoic 'sedimentary
rocks and the Pan-African granitoides.

3-3.1. Palaeozoic Province
The most interesting Palaeozoic exposure is located to the NWof
Saudi Arabia. The stratigraphy and lithology of this exposure need to
be studied to find out the recognition criteria favourable for
identification of sandstone uranium type deposits. It is noteworthy to
mention that some secondary uranium mineralizations are recognized in
Abu Zenama (West Sinai, Egypt) Paleozoic rocks where uranium
minerals are associated with sandstone, siltstone, and conglomerate of
the Lower Carboniferous age (4 I I. Moreover, in Wadi Araba area, North
Eastern Desert, Egypt, an outcrops of late Palaeozoic highly
ferruginated sandstone and siltstone beds are surveyed. Several high
radiometric anomalies associated with relatively high uranium content
were recorded in these beds [42]. Another indication for the Paleozoic
rocks potentiality for uranium is the presence of radioactive anomalies
in the Palaeozoic rocks in G. AI Uwaynat area, southwestern Desert,
Egypt [ 2 5 ] . Accordingly, the Palaeozoic rocks in the northwestern part
of Saudi Arabia can be considered as a good target for uranium
exploration.

3-3.2. Granitoid Rocks
The granitoid rocks are frequently exposed in the north eastern,
southwestern and northwestern parts of the Arabian Shield (Fig.4). By
reviewing the uranium favourablity of the granitoid rocks, it is found
that the younger granites are the most favourable. A wide survey has
been performed on 17 granite plutons in the northwestern Arabian
Shield (211. It is found that these granites are anomalously uraniferous
especially the peralkaline and peraluminous post-orogenic granites
which intruded between 570 to 620 Ma ago. They have low initial Sr
ratios from 0.7029 to 0.7051. These granites are chemically similar to
those have been identified as favourable for the occurrence of magmatic
uranium deposits [21]. The same authors [21] found that low Th/U
ratios and high U/K ratios argue against any concentrating of uranium
by magmatic processes. These ratios suggest also that little if any
uranium has been lost at any point in the history of these granites.
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Moreover, the near equilibrium value of U/Ra eU ratio indicates that
leaching of uranium from peraluminous granites has not occured within
the last thousands years. However, the study of Hql granite in Midyan
region, NWof Saudi Arabia indicated the presence of high U and Th
contents. Uranophane was identified at one of the anomalous localities
[40]. The same authors noticed a wide range of eU/U, Th/U and U/K
ratios and they considered the hydrothermal action was responsible for
the redistribution and enrichment of U and Th.
In the writer's opinion the granitoid rocks in the Arabian Shield at
Saudi Arabia could be considered as potential source for uranium. It is
importantto concentrate the exploration efforts on the peraluniinous,
double mica, Mo, F, Sn rich late to post orogenic granites. Moreover, the
marginal parts of these granites represent good target where the
Egyptian exploration experience proved that most of the localized
uranium mineralizations are restricted to the marginal zones of the
younger granite plutons [22]. So, in these younger granites, small to
moderate scale uranium deposit can be predicted.

Fig. 4 : Map showing major rock types and structure of the Arabian
shield[38], showing the potential paleozoic and granitoids
provinces.
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3-4. Sudan

The exposed rocks in Sudan are represented by Precambrian
basement complex, Mesozoic and Tertiary sedimentary rocks. The
basement complex is composed of granodioritic quartzo-feldspathic
gneisses, migmatites, amphibolite-grade metasediments, gabroic bodies
and syntectonic granites. These rocks have been intruded by a suite of
anorogenic alkali granites and syenites that represent the last major
magmatic event in the area. The surrounding unmetamorphosed
sedimentary units include the Mesozoic Nawa Formation, composed of
mudstone and minor limestone, the Cretaceous Nubian Sandstone
Formation and Tertiary-Quaternary unconsolidated sediments [43] .
A limited infomration about uranium in Sudan is available. one
radiometric anomaly has been located in Uro, Nuba Mountains,
following a zone of tectonic breccia. Maximum levels of A203-35.4%,
P205-26.1%, U-2220ppm, F-7900ppm, Ba- 14000 ppm, V-3080 ppm
and sporadic highs in Cr, Cu and Zn occur in aluminous phosphate
(crandalite). The tectonic breccia is confined to a long, steeply westward
dipping fracture zone which cuts the graphitic slates. The width of the
zone varies from 7 to 40 m and it is 1.5 km long. The rocks occupying
the zone are made up of angular fragments of slate, quartzite, and
marble [43].
Another radioactive anomalies have reported in Miri locality,
Kadugli area in the southern part of Kordofan Province in the Nuba
Mountains. The mineralized veins are hosted in granitic rocks, Th
dominated but do contain anomalous amount of uranium. The U
content ranges from 13 to 300 ppm, while Th content ranges from 5 to
769 ppm. The mineralized veins are rich in Zr=11381, Nb=4017,
Y=1160, Ce=5168 and La=1092 ppm [44].
On the light of the available information about uranium and the
regional geologic and tectonic aspects some geologic environments can
be considered as targets for potential uranium provinces in Sudan.
These are intracratonic rift basins and granitoid rocks.

3- 4.1. Intracratonic Rift Basins
These rift system were developed during Cretaceous tension
tectonics in the southern Sudan. In these basins a thick sequences of
non-marine rocks were accumulated. These rocks are represented by
arkosic sandstones which deposited in a fluvio-lacustrine environment.
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Moreover, the associated shales and claystones deposited in anoxic
environment and contain from 5 to 20% organic matters. These rifts are
represented by Muglad (Abu Gabra), Meult and Blue Nile basins
(Fig.5). Abu Gabra basin joins with central and west African rift system
through the south of Chad rift in the central part of the continent. Most
of the discovered oil field in the southern Sudan are concentrated in
Abu Gabra basin [28].
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.

Paleocene
Neogene

vo~canicr

Fig. 5 : Rift basins in Sudan (28), showing location of some radioactive
anomalies and potential Abu Gabra rift basin.
These rifts especially Abu Gabra can be considered as a potential
uranium province where it has most of the recognition criteria for
identification of sandstone type uranium deposits. In addition to the
presence of thick continental sandstone associated with organic matter
rich-shale beds, the presence of oil can act as reductant factor. Also,
these basins are surrounded with huge terrane of basement rocks that
include some U-rich varieties which act as a good source for uranium.

3- 4.2. Granitoid Rocks
The granitoid rocks in Sudan are represented by batholithic granites
and younger granites. The batholithic granites are of calc-alkaline type.
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The younger granites are post tectonic, epizonal alkali, MgO-poor and
highly silica-saturated [ 37 1. The granitoides especially the younger
granites can be considered as potential uranium provinces. It is note
worthy to mention that some granitic and syenitic rocks in Nuba
Mountains shows high content of uranium and thorium [43 and 441. So,
the post orogenic granites of Sudan could be considered as target
provinces with good potentiality for vein and disseminated type uranium
deposits.

4- Conclusion
The following potential uranium provinces in the studied Arabian
countries can be considered as targets for uranium exploration.
In Egypt, post orogenic granites are of high potentiality to identify
vein type uranium deposits especially at the marginal zones of the
plutons. G. Qattar, El Missikat, El Erediya and Un Ara provinces are the
best examples.
Two intermontane basins include Hammamat molase - type clastic
sediments, one of them is located to the south of wadi El Kareim area
where numerous uraniferous bostonites and post orogenic granites are
present. The other one is represented by G. Um Tawat area where
uranium mineralization and strong hydrothermal activities are found in
its southern contact with G. Qattar post orogenic uraniferous granite.
This environment is rather suitable for the formation of uranium
deposit. The Paleozoic basins with continental clastic sediments in Gebel
AI Uwaynat (SW Egypt), UM Kharit (south Eastern Desert) and Um
Bogma (West Sinai) are located nearby the uranium source areas. These
basins are potential for sandstone and surfacial uranium deposits.
In Libya, Murzuq and AI Kufra basins/ and Sarir Tibisti trough
include a thick clastic continental sequence of Paleozoic and Mesozoic
sediments which can host workable uranium deposits. The Tibisti massif
represents a source area and potential host for uranium, as evidenced by
the productive deposits in both Algeria and Niger. Various types of
uranium deposits are possible in the southern Libya provinces.
In Saudi Arabia, the Paleozoic clastic continental sediments
especially those located to northwestern part of Arabian Shield can be
considered as a good target for uranium exploration. Moreover, the post
orogenic granites which are widely spreaded in the country represent
sources for uranium and can a l w host small to medium scale uranium
deposits.
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In Sudan, the intracratonic rift basins can be considered as excellent
environment for hosting sandstone and surfacial types of Uranium
deposits. The re-interpretation of the gamma-ray logs for the oil wells in
these rifts could contribute valuable information about uranium
exploration. The granitoid rocks surrounding these basins can act as
source and also/host for uranium especially in the Nuba Mountains.
The above recommended potential uranium provinces in Egypt,
Libya, Saudi Arabia and Sudan are rather suitable for starting regional
and detailed exploration for uranium. The characteristics of these
provinccs and their potentiality for hosting workable uranium deposits
could be developed gradually according to the available data in future.
Moreover, these ideas can be applied for other Arabian conutries which
have similar geologic environments.
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Abstract
The present work deals with studying the different processes leading
to the preparation of commercial uranium concentrate (yellow cake)
from El Atshan granitic ore material (0.077% U). After acid leaching of
the latter, the two common extraction techniques of uranium from the
obtained sulphate leach liquor; namely, anion exchange resin and
solvent extraction have been studied. The studied leaching and
extraction conditions-realized upon the lab scale- were applied to
Inchass pilot plant unit (capacity 150 kg ore). An average leaching
efficiency exceeding 88% has been achieved. Using anion exchange
resin, it has been possible to prepare a uranium peroxide concentrate
assaying a uranium content of about 76% U3O8. Only tace amounts of
Ca, Fe, PO4, Cr & Pb have been detected. On the other hand, sodium
uranate, as a uranium precipitate was prepared from the strip solution of
the loaded solvent (di-2-ethylhexyl phosphoric acid IIDEHPA'I). This
concentrate assayed a uranium content of about 77% U3O8 with only
some traces of Ca, K and PO4. Uranium concentrates (yellow cake) thus
prepared from El Atshan ore material would be suitable for further
purification and conversion processes for preparing the nuclear fuel.

1. Introduction
Extensive exploration programs conducted by the Nuclear Materials
Authority for radioactive and nuclear raw materials in Egypt have led to
the discovery of several uranium mineralizations in different locations.
As a matter of fact, the development of uranium occurrences does not
only involve the estimation of their assured reserves, but also the
amenability of their uranium to be extacted economically. Accordingly,
the discovered uranium ore materials should be subjected to several
technological studies on both laboratory and pilot plant scales before
eventual full industry application. The uranium concentrate obtained
from these ores is known as the yellow cake "Y.C." in which uranium
assays more than 65%. This product would be further treated for
purification from undesirable elements before it's being suitable for
manufacture as nuclear fuel.
Uranium extraction is indeed a hydrometallurgical operation in
which uranium is directly leached first by suitable acid or alkaline
reagents [ l , 21. This is essentially due to the fact that uranium minerals
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are not easily amenable to dressing by physical beneficiation methods as
they are either soft or occur in the form of minute disseminated grains,
encrustations, surface coatings, etc. [3]+
El Atshan uranium occurrence (60 Km Southwest of El Qussier
City) represents one of the first major occurrences of uranium ore
materials discovered in the central Eastern Desert. In this occurrence,
uranium is associated with a bostonite rock intruded at the contact of a
pik granite body with metasediments. The ore material is essentially
composed of secondary oxidized minerals represented mainly by
uranophane [CaO 2UO3 2Si02 6H201. At deeper levels, the primary ore
(unoxidized minerals) represented by pitchblende (U02, UO3) and
confinite [U(Si04)1-~
(OH)4x] was reached [4-71.
On the other hand, the Nuclear Materials Authority has already
constructed a pilot plant, for uranium ore processing from conventional
uranium ores, consisting of 4 rubber-lined leaching tanks fitted with the
required impellers beside having procurred a two-columns ion exchange
unit from the Permutite Company LTD. of London and a mixer-settler
from Henkel, USA.
The aim of study is actually concerned with pilot-scale preparation
of proper uranium concentrate form from El Atshan uranium ore
material.

2. Experimental
In the present work, more than two tons of El Atshan uranium ore
averaging 0.077% uranium have been treated at Inchass pilot plant (Fig.
1) through 14 batch pilot experiments. In each batch, 150 kg ore
material ground to -0.25 mm was acid leached by 150 liters of 75 kg
H2SO4/t (50% pulp density) for 6 hr agitation time at ambient
temperature and without any oxidant addition.
During filtration, polyacrylamide (2540-praestol) was added as a
flocculant in the concentration of 100 g/t of slurry and the spent cake
was washed by 200 litres of non-acidified water. In the first three
batches, the two pan filters were applied in a parallel way using the Duck
cloth as a filter medium for both original filtrate and water washings.
However, in order to achieve rapid filtration and efficient washing, and
in order not to dilute the pregnant liquor, one filter was used as a coarse
one using a woven synthetic medium (polypropylene) while the other
filter was used as a polishing filter for slimes using the Duck cloth. In
this way, the wash water was used also for washing the spent cakes
successively.
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Fig. 1 : Inchass Uranium Ore Processing Pilot Plant Flowsheet.
The pregnant leach liquor of each pilot experiment, including 13
batch, was collected (270 1) and after having been adjusted to pH 1.8 by
10% NaOH solution, it was allowed to flow to the feed tank of the ion
exchange unit for more settling of the suspended solids which have
escaped during filtration. The clear pregnant liquor was fed to the first
resin column and through the second of the ion exchange unit [fixed
bed packed with 18 I wet settled resin (w.s.r.) of Permutite-provided
anion exchange resin] at a flow rate of 100 Uhr. Systematic sampling
of the effluent was made every 270 1 volume throughput from the first
column for uranium analysis. Complete saturation of the resin (first
column) has been achieved after passing about 3.5 m3 and before
elution, it was flushed with 50 1 of acidified water (pH 1.8) at the same
flow rate used for adsorption. Elution was then performed for this
column using a mixture of 1 M NaCl and 0.15 N H2SO4 at a flow rate
of 35 Vhr. Systematic sampling of the eluate was made every 18 I
volume throughput for uranium analysis.
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Indeed, the split elution technique has been adopted where
concentrated ilution fractions (U-content > 5 g/l) were precipitated
using a 60% hydrogen peroxide solution. To achieve complete
coagulation of the uranium precipitate, polyacrylamide (2540 praestol) was added in a concentration of 0.01 g/l as a flocculant. The
uranium concentrate was then filtered through a porcelain Buchner
funnel (30 cm dia.) using filter paper and under vacuum of 0.26 atm.
The barren filtrate was analysed for its uranium content to determine the
precipitation efficiency while the dried yellow cake concentrate was
chemically analysed for specification.
On the other hand, the strong leach liquor of pilot experiment No.
14 (about 80 1) was contacted with solvent of Di-2-ethylhexyl
phosphoric acid /Tri-butyl phosphate (DEHPA/TBP) mixture (3% conc.
of each in kerosene as a diluent) at 1800 r.p.m. using a horizontal
mixer-settler (Henkel, USA) (3 extraction and 3 stripping stages)
without intermediate scrubbing stages. Alkaline stripping was then
performed using 1OOg/l Na2 CO3 solution. Uranium precipitation from
the obtained strip solution was performed by destroying the carbonate
content by strong sulphuric acid till pH 3, heating the liquor to 100 O C
for an hour then precipitation with 10% NaOH solution till pH 12. The
produced precipitate was then filtered through a porcelain Buchner
funnel and dried at 110 OC while the barren filtrate was analysed to
determine the precipitation efficiency. The dried yellow cake was
subjected to chemical analysis for specification.
On the other hand, the two yellow cake products from El Atshan ore
processing at Inchass pilot plant were analysed for specification as
follows:
- Uranium content (grade) and unreacted part were determined
gravimetically after dissolution of l g of yellow cake samples in conc.
HNO3 then filtration. Uranium in filtrate was precipitated selectively by
using H 2 0 2 then the precipitate was ignited at 900 OC for 1 hr. and
weighed [8].
- Trace elements were determined for another sample weighing 5g
after its dissolution in conc. HNO3 and separation of the uranium
matrix, to prevent any interference, using 0.2 M Tri-octyl phosphine
oxide "TOPO" solvent in cyclohexane as diluent [9]. Na, K and Ca were
determined by emission spectrometry, Fe, Pb, Cr, Zn, Cu, Cd, Mo, Sr, Ba,
Ag and Mg were determined by atomic adsorption spectrometry,
whereas REE, V, Nb, B and A1 were determined by Induced Couple
Plasma technique (ICP).
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3.

Results and Discussion

In fact, the pilot uranium recovery experiments were conducted to
verify the optimum uranium recovery conditions of El Atshan ore
material that have been determined in the laboratory [ 101 as well as to
investigate problems that might arise during pilot operations before full
scale industrial application. El Atshan ore material processing at Inchass
pilot plant is illustrated in Fig. [2].

3.1

Leaching Stage

It is worthy to mention that through performing 14-leaching
experiments, no external heating was used, the temperature of the leach
slurry reached about 40 O C due to the heat of dilution of sulpuric acid
in the leaching tank itself. This temperature has actually been
maintained during the leaching period of 6 hr because of good tank
insulation. From the obtained results presented in TABLE (I), it is
evident that the average leaching efficiency of uranium obtained
amounts to 88.4% while the average acid consumption attained 41
g H 2 S 0 4 /kg with an average dissolved iron content of 2.14 g / l .
However, better leaching conditions would result by applying the
co-current leaching technique where lower acid consumption and lower
agitation time would be obtained.

3.2

Filtration and Cake Washing Stage

Due to the relative fineness of input ore, filtration rates of the pilot
leaching tests have been found too low for practical application. This
problem was successfully overcome by using a neutral type
polyacrylamide as a flocculant (trade name 2540 - praestol, Sock
Housen production, Switzerland) in a concentration of 100 g/t slurry. In
addition, it was found necessary to run the filtration process in two
stages; namely a coarse stage using a polypropylene tissue and a fine
filtration stage using a Duck cloth for slimy filtrate polishing. In this
case, wash water was firstly used to wash the coarse cake and then
allowed to flow to the second filter to wash the slimy cake. Results of
these trials are tabulated in TABLE (11) where pure, non- acidified,
water was used. For better solid/liquid separation efficiency, however, it
might be recommended in this regard to involve a reasonable size
thickener before the pan filters.
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Fig. 2 : Flow Diagram for Treatment of El Atshan Ore Material on
Inchass Pilot Plant Using either Solvent Extration or Anion
Exchange Resin.
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Fable (I) : Results of Pilot Plant Leaching Experiments of El Atshan
Ore Material
Batch No.

Leach Liquor Uranium
Acid
Iron Conten
Uranium
Leaching
Consump tion,
dl
Content, g/l lfficiency, %
g/kg ore

1
2
3
4
5
6
7
8
9
10
11
12
13
14

0.427
0.686
0.626
0.830
1.1 10
0.350
0.420
1.240
1.530
0.600
0.850
0.585
0.6 14
0.640

86.50
88.80
87.50
89.25
90.10
86.00
86.80
90.20
89.60
88.60
89.50
86.90
88.70
89.40

I

I

Mean Values

I

0.680

88.4

I

42.3
43.9
45.0
44.7
43.0
40.0
37.2
47.8
46.55
45.66
45.00
47.00
47.00
45 .OO

2.93
2.05
1.56
1.12
1.42
2.90
2.30
2.32
2.30
2.65
1.40
2.32
2.15
2.5 1

41.0

2.14

Table (11) : Spent Cake Washing Efficiency of Pilot Plant Batch
ExDeriments (About 200 I of Wash Water for Each Batch)
~~~~

Batch No.

1
2
3
4
5
6

7
8
9
10
11
12
13
14
-

~

~

Mean Value

~

Jranium in cake before washing,
gU/kg dry cake

Uranium in cake
after washing,
gU/ kg dry cake

Washing
efficiency,

0.171
0.320
0.27 1
0.4 15
0.450
0.163
0.168
0.570
0.230
0.220
0.400
0.253
0.246
0.300

0.05 1
0.055
0.040
0.080
0.1 17
0.017
0.024
0.100
0.035
0.028
0.075
0.050
0.045
0.052

70.2
82.8
85.2
80.7
74.0
89.6
85.7
82.5
84.8
87.3
81.3
80.2
81.7
82.7

0.300

0.053

83

%

-
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3.3 Uranium Extraction by Column Ion Exchange System
3.3.1 Loading Stage
Pregnant solutions resulting from leaching and filtration circuits of
thirteen pilot plant experiments (each of about 270 1) have been used to
study uranium recovery by ion exchange unit of Inchass pilot plant.
The free acid, uranium and iron contents of these solutions are
presented in TABLE (111) after pH adjustment to about 1.8 by 10%
NaOH solution. The pH- adjusted pregnant solution was fed to the first
ion exchange column in a down flow manner using a diaphragm pump
fixed at a flow rate of 100 Uhr. To ensure complete adsorption of
uranium from liquors after the breakthrough point of the first column,
the effluent from the first column was fed directly to the second
column. The obtained adsorption data are presented in TABLE (IV)
and illustrated in Fig. (3).

3.3.2

Elution Stage

After complete adsorption, the first column was flushed with 50 1
of acidified water at a rate of 100 l/hr to push the remained pregnant
liquor followed by a backwash with 100 1 acidified water at the same
flow rate to clean the resin beads from any precipitated solids. A 300 1
of 1 M NaCl solution acidified with 0.15 M &SO4 was used as an
eluant and was fed to the saturated resin column (1st column) at a flow
rate of 35 Vhr. The eluate was collected every 18 1 interval and
analysed. The obtained elution data are presented in TABLE (V) and
plotted in Fig. (4).

3.4 Uranium Precipitation from Eluate Solutions Stage
The relatively rich mixed eluate fractions (No. 2 through 13)
assaying about 5g U/1 were subjected to precipitation by hydrogen
peroxide solution (60% conc.) after pH adjustment to 2 by 10% NaOH
solution. A period of four hours was allowed for the precipitation
reaction to be completed. After precipitation, 0.01 g/l of the flocculant
agent (2540-praestol) was added to improve sedimentation and
filteration of the precipitated yellow cake. The thickened cake was
filtered through a Buchner funnel, washed by 5% solution of hydrogen
peroxide and was then dried at 110 OC. The produced lemon yellow
cake (uranium peroxide) weighed 1.472 kg (76.24% U3O8).
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Table (111) : Free Acid, Uranium and Iron Contents in the Pregnant
Feed Solutions to the Pilot Plant I o n Exchange Unit
(After pH Adjustment by 10% NaOH)
Pregnant Solution Batch
No. (Each of
About 270 1)

Free Acids,
g H2S04/1

Uranium
Concentration,
g/l

1

12
13

3.7
4.9
2.9
3.43
3.18
4.4 1
5.63
3.43
3.90
4.4 1
4.16
3.2
4.5

0.2 15
0.365
0.290
0.483
0.650
0.195
0.627
0.288
0.374
0.4 13
0.383
0.325
0.360

1.56')
1.12
0.76
0.68
0.85
1.70
1.40
1.23
1.38
1.57
0.79
1.39
I .47

Mean Values

4.0

0.382

1.22

2
3
4
5
6
7
8
9
10
11

Iron
Concentration,
g/l

Table (IV) : Uranium Breakthrough and Loading of Pregnant
Solutions on Ion Exchange Resin Columns Pilot Plant
(pH 1.8, 0.382 gH/l, 1.22g Feh "as mean values", 100
Uhr)
Volume throughput

First coulmn Effluent Extraction Emcieny,
Uranium Content,

%

PPm

0
9.75
58.2

140.4
322.2

238

100.0
97.5

84.8
63.3
15.6

.F

-

$0

i

.-5 40
60:
E

L.

a
20

-

2

4

8

6

10

12

14 X Z 7 0

Pregnant volume throughput .I

Fig. (3) : Breakthrough Profile for Uranium Extraction from
Pregnant Solutions by Pilot Ion Exchange Columns.
Table (V) : Uranium Concentration in Eluate Fractions Using 1M NaCl,
0.5 N H2SO4 at a Flow Rate of 35 l/hr
Uranium concentration,
g

u/1

0.196
0.975
9.900
11.660

10.130
8.440
5.550

4.900
3.500
3.010
3.170
1.600
0.600
0.180

0.060
0.030

TOTAL = 63901
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2
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8

IO

12

14

Eluant volumc throughputI 1

Fig. (4) : Elution Profile of the Loaded Ion Excnage Column Pilot
Plant.

3.5

Uranium Solvent Extraction Stage

Another uranium recovery experiment using solvent extraction
technique was tried upon El Atshan leach liquor. Thus 80 1 of the strong
pregnant solution resulting from pilot leach exp. No. 14 (1.2 g U/l)
was subjected to extraction using a solvent mixture of DEHPA/TBP (3%
each in kerosene) in a lab - mixer - settler of 8.4 l/hr capacity. The
feed rate of the pregnant solution was fixed at 140 ml/min while that of
organic phase was 35 ml/min. (A/O ratio 4/1). Stripping of the loaded
solvent was conducted by 100 g/l Na2C03 solution using a feed flow
rate of 35 ml/min for the loaded organic phase and 12 ml/min for the
strip solution (O/A ratio 3/1). Firstly, both extraction and stripping were
performed in a continuous counter-current manner, however, an
emulsion was formed in both the extraction and stripping circuits, this is
possibly due to:
(1) The carry over of the loaded organic phase to the stripping circuit
without a prior wash stage (scrubbing).
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(2) Excessive flocculant addition to the leach slurry before filtration.
(3) Recycling of the carbonate-stripped solvent directly to the extraction
circuit where an acid-base reaction with resulting forth formation
has proven to be the main cause of emulsion formation.
By collecting the loaded organic phase in a separate jar-unit until1
completion of the extraction circuit before stripping is allowed, a minor
crud has only been formed during later stripping. In this case, the
yellow loaded solvent was only slightly cloudy indicating that a wash
stage would probably be advisable between extraction and stripping
circuits. After complete stripping, the precipitated iron was filtered and
finally, precipitation of the uranium concentrate was achieved by 10%
NaOH solution. The deep yellow uranium concentrate was dried at
I 10°C for one hour and weighed 55 g yellow cake (77.25% U3Og).

3.6

Yellow Cake Chemical Analysis

The two obtained uranium concentrates produced from El Atshan
ore processing at Inchass pilot plant, were chemically analysed to
confirm specifications consistent with the capability of further refinery
process. Uranium grade and trace elements contents, in the uranium
peroxide and sodium uranate yellow cake concentrates, are presented in
TABLE (VI). From these data, it is clear that the prepared uranium
concentrates have accepted specifications from the chemical point of
view and according to the international limits. This also reflects the
limited further refinery costs due to the low impurities content in these
concentrates.

4. Conclusions
During this work, about 2 tons of El Atshan ore material have been
tested along 14-batch experiments (150 kg ore each). The obtained
results indicated an average leaching effeciency of 88%. The heat of
sulphuric acid dilution has been maintained by virtue of good tank
insulation. The leach slurries were filtered, washed with the tap water to a
final volume of 270 1 resulting in a pregnant liquor assaying 0.38 gU/l.
The uranium content of 13-batch experiments was loaded on the ion
exchange unit of the pilot plant (18 1 w.s.r./ column). The pH of the
pregnant solutions was adjusted to 1.8 and was pumped to the ion
exchange column at a flow rate of 100 Vhr. The obtained capacity of the
Permutite-provided resin for the study pregnant was 66.53 gU/1 w.s.r..
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H2SO4 and a flow rate of 35 I/hr . The efficiency of both loading and
elution has reached about 98% .A 1.47 kg yellow cake sample (76%
U3Og) was precipitated from the eluate solution using H202 after pH
adjustment at 2 . The uranium content of the pregnant liquor of batch
experiment 14 was subjected to a solvent extraction treatment in a lab
mixer-settler using a mixed solvent (DEHPNTBP) diluted in kerosene at
an N O ratio of 4/1. The uranium from the loaded mixed solvent was
later stripped by 100 g Na2C03 /1 solution. Uranium was precipitated
from the strip solution by NaOH at pH 12 after the decomposition of
the carbonate content at pH 3 followed by boiling.

Table (VI) : Refinery Specification for Uranium Concentrates
Produced from El Atshan Ore Processing at Inchass
Pilot Plant vs the World Specification
Constitent

Uranium oxide

Uranium
preoxide
concentrate
9%
PPm
76.24

Sodium
uranate
concetrate
5%
PPm
77.25

USAEC,
%

rk,

- evel,W
<orma
'roDosed level Max.

-Aax.%

.___

75

(u3 0 8 )

vloisture Contenl 9.93
Organic matter 8.63
Unreacted part in 2.6
conc. HNO3
V
Mo
B
F

1
1
2
8
175
108

Ca
Mg

Na
K
Fe
P

zn
Ti
A1
Ag

Ba
Cr

cu
Nb
Pb
REE

8.1
8.2
1.5

0.8

2
8
1
6
0.5

1.12
0.6
0.2
0.1
1.5

80

5.5
10
30

0.146

340
10
0.1 18

1
6
40
1
1
18
1
15
25
13

1.3

6
4
120
2
3
25
6
10
4
30

0. I
0.1
0.00
0.1
1.o
0.02
0.5
0.2
0.15
0.1c

0.7
0.3
0.1
0.3
5.0
0.5
7.5
3.O
1.o
0.3

0.01

1.05 0.26
2.9
0.01
1.03 1
1.008
1.30:
1.072
0.7
3.54

- -__I
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2.5 1
0.5
1.025
0.33
4.72
5.96
10.0
1.9
1.08
14.4

_D.__

Accordingly, the presented work has contributed in defining the
chemical engineering characteristics of El Atshan ore material. In
addition, the preparation of two forms of commercial uranium
concentrates (yellow cake) which proved to be acceptable from the
physical and chemical points of view for further conversion processing
and fuel fabrication adds to the importance of this study.
However, it is recommended to adjust the different unit operations
of Inchass pilot plant for continuous working to optimize the capacity
and working conditions of the various equipment.
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Abstract
Tri n-octyl phosphine oxide (TOPO) has been investigated as a
refinery extractant for crude yellow cake prepared from EL-ATSHAN
ore, Eastern Desert, Egypt. Relevant factors namely; type and
concentration of acid, TOPO concentration, effect of temperature,
residence time and organic / aqueous ratio have been studied and
optimized.
The required number of extraction stages was determined. Further

245

purification could be achieved for the final product by selective
precipitation of uranium peroxide from the stripped solution using
hydrogen peroxide followed by its calcination. Complete chemical
analysis of the final product has proved its nuclear purity.

1. Introduction
Uranium concentrate (yellow cake) production was studied in the
Nuclear Materials Authority from EL-ATSHAN primary uranium ore.
The latter contains coffinite and pitchblende as the principal uranium
minerals. Recovery of uranium from the ore has followed the
conventional ion exchange route using Amberlite IRA 400 resin after
leaching with sulphuric acid[ 13. Uranium concentrate produced by this
way is an ammonium diuranate cake (ADU) assaying about 74% U308.
However, chemical analysis of the product indicated the presence of
many metallic impurities. Most of these are substantially harmful and
may cause serious problems while fabrication and performance of the
nuclear fuel [2]. Therefore, uranium must be refined so as to meet rigid
international standard specifications of nuclear purity.
In this approach, solvent extraction technique is almost exclusively
adopted for uranium refining and purification [3, 41, however, some
refinery mills may follow the dry refining route in preparation of UF6
fuel. Regarding the solvent extraction refining way, Tri butyl phosphate
(TBP) is the most common commercial process applied for uranium
extraction from nitrate solution.
The aim of the present study is to investigate the possibility of using
Tri-n-octyl phosphine oxide (TOPO) to refine EL-ATSHAN yellow
cake. TOPO is a neutral organophosphorous extractant exhibiting
satisfactory extractive properties towards uranium in nitrate and chloride
solutions. It is reported that TOPO has popular applications in
liquid-liquid extraction of uranium for both analysis [5, 61 and recovery
[7, 81. Harrington [9] also pointed out that, due to its high uranium
selectivity, TOPO appears to have many properties required for a
uranium refinery extractant.
In context, trace metallic impurities have been properly determined
throughout the course of this work using Inductively Coupled Plasma
Mass Spectrometer (ICPMS) so as to achieve accurate and presice
results.
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2. Experimental
2.1. Analysis of El-Atshan Crude yellow Cake
Uranium is quantitatively separated from the yellow cake nitrate
solution using 100% TBP [lo], where trace impurities are determined in
raffinate solution using ICP-MS*, while uranium is stripped from TBP
and gravimetrically determined by precipitation with ammonia solution.

2.2. Refining of EL-ATSHAN crude yellow cake
Refining process is conducted according to main features of the
proposed flowsheet illustrated in Fig. 1.

2.2.1.

Dissolution

A well blended representative yellow cake sample is weighed and
wetted with water. Concentrated "03
or HCl is added upon agitation at
room temperature. The feed liquor is filtered to remove the unreacted
part and solid materials. Uranium concentration in the feed liquor is
leveled at 100 g U L , while free acidity is adjusted at 2-3 M.

2.2.2.

Extraction

Uranium is quantitatively extracted from the aqueous feed solution
using 0.4 M TOP0 in kerosene diluent through two extraction stages at
O/A ratio 2/1. After phase disengagement aqueous exhausted solution
(raffinate) is drained for analysis using ICP-MS

2.2.3.

Scrubbing

Loaded organic
ratio 1/1.

2.2.4.

IS

scrubbed using IM "03

or HCl solution at O/A

Stripping

Uranium is re-extracted from the loaded scrubbed solvent by either
direct precipitation with H202 solution, or using 3M (NH4)2 C 0 2
solution through five contacts at O/A ratio 111 obtaining nuclear grade
ammonium uranyl tricarbonate liquor.

* The analysis was made at the laboratories of Merck Co., Germany.
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2.2.5. Precipitation of UO4, 2 H 2 0
The stripped liquor is acidified to pH2. Hydrogen peroxide solution
is added upon agitation to precipitate uranium peroxide U04. 2H20.

The mixture is left for settling then filtered and washed with 3% H202
solution.

2.2.6. Calcination of UO4. 2 H 2 0 .
The obtained uranium peroxide is calcined through two thermal
stages. The first is de-hydration at 300 OC obtaining U04. The second is
de-oxygenation at 450 O C to obtain reactor grade U 0 4 .

3. Results and Discussion
Table I summarizes the concentrations of the harmful trace
impurities which have been encountered in EL-ATSHAN yellow cake. It
is obvious that the comparative concentrations of the latter are very
higher than those of standard specifications illustrated in Table 11.
Performing of the refining process is carried out through the following
discussed cycles.

Table (I): Chemical Analysis of El-Atshan Yellow Cake
Constituent

Concentration
%
PPm*

U
H20
Fe
Mo
K
Ca
Na
Mg
AI
S
As
RE total
:F

168
119
79

40
40
40

40
22
20
18
16
15

Based on uranium content

.
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3.1. Extraction
As a matter of fact, mechanism of extraction with TOPO is similar to
that of TBP obeying the following equilibrium:
UO2(NO3)2 (aq) + 2TOPO (org.) -- UO2(NO3)2. 2TOPO (org.).
TOPO is diluted with kerosene as inert diluent to induce quick and
good phase separation and high extraction performance.

3.1.1. Effect of acid type and free acidity
Figure 2 represents the effect of acid type and free acidity
concentration upon the extraction of uranium from nitrate, chloride and
sulphate solutions. It is clear that higher uranium extraction is achieved
in nitrate and chloride solutions, while the extraction is comparatively
lower in sulphate solution. The high uranium extraction may be
attributed to the formation of neutral uranyl complexes U02 (NO3)2
and U02 C12 in nitrate and chloride solutions, which are suitable for
extraction by TOPO. On the other hand, sulphuric acid forms anionic
uranium complexes, which reluctate to be extracted into TOPO.
Furthermore, emulsification is usually induced by shaking in sulphate
medium.
With respect to the effect of free acid concentration, it is observed
that the extraction is not significantly affected by its variation. This may
be attributed to the high uranium concentration in the aqueous feed and
high extractant efficiency. Regarding to the co-extracted impurities, it is
reported that at 2-3 M free acid concentration Th, Zr, Hf, Zn, Mo and
usually Fe are the only species believed to be co-extracted with uranium
by TOPO [ 121.

3.1.2. Effect of residence time and temperature
Figure 3 shows the effect of the residence time upon uranium
extraction from chloride and nitrate solutions. It can be concluded that
the equilibrium attains within few seconds. Figure 4 shows the effect of
temperature upon the extraction of uranium from nitrate and chloride
solutions. It is clear that the extraction is not affected by temperature
variation from 10 to 60 'C. This significantly reveals the high stability
of the extracted uranium-TOP0 complexes.
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Fig. (1) : Proposed flowsheet of uranium refining from El-Atshan yellow cake using TOP0 / K solvent.

“1

3

0

1

2

3

4
5 .
Free acidity (M)

6

7

8

Fig. (2) : Effect of acid type and Concentration on the recovery of U
from nitrate chloride or sulphate solution; U Concentration
in the feed solution : 100 g/L, solvent : 0.4MTOPO/K, /KO/A
ratio : 1 : 1, temperature 25’C and shaking time 5 min.
nitrate, -43-43chlorid, i3--=* sulphate.
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Fig. (3) : Effect of shaking time on the recovery of U from nitrate
or chloride solution; U Concentration in the feed solution :
100 g/L, solvent : 0.4M TOPO/K, O/A ratio : 1 : I , free acidity :
2-3M and temperature : 25OC.
nitrate,

0

chloride.

HJ

20
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40
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Temperatwe('C)

Fig. (4) : Effect of temperature on the recovery of U from nitrate or
chloride solution; U Concentration in the feed solution : 100
g/L,O/A ratio: 1:I , solvent : 0.4MTOPO/K free acidity : 2-3M
and shaking time : 3 min.
nitrate,

e
chloride.
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Table (2): Analysis of Typical Uranium Refinery Products [ll]
Constituent

(NH4)2
%

U03

u207

PPm*

%

Total U

82.2

uo3

97.0

PPm*

76.0
96.2

UF4

so4
Fe
Ni
Cr
B
Mn
Cd
Mo
Si
Th

*

35
15
10
0.2
5
0.2
1
20
50

Ag

1

P
DY
Gd
Mg
V

10
50
0.1
0.05
40
30

cu

%

UF4
PPm*

45
6
5
0. I
<10

55
35
9
<10

<o. 1

<o.I

<10

<10

18

Based on uranium content .

3.1.3. Effect of TOPO concentration
Figure 5 shows the effect of TOPO concentration upon the
extraction of uranium from nitrate and chloride solutions. It is obvious
that the extraction of uranium increases as the TOPO concentration
increases. A pure uranium product would be expected as TOPO is
loaded with uranium near its theoritical capacity.

3.1.4. Effect of organic / aqueous ratio (O/A)
Figure 6 shows the effect of O/A ratio upon the extraction of
uranium from nitrate and chloride solutions. It is clear that the
extraction from the two solutions i s almost identical. It is also observed
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Fig. ( 5 ) : Effect of TOP0 Concenration on the recovery of U from
nitrate or chloride solution; U Concentration in feed solution
: 100 g/L, O/A ratio : I : I free acidity : 2-3M shaking time : 3
min and temperature : 25OC.
nitrate,
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0.25

chloride.

0.50

1

2

3

O I A mlio

Fig. (6) : Effect of O/A ratio on the recovery of U from nitrate or
chloride solution; U Concentration in the feed solution : 100
g/L, solvent: 0.4M TOPOK free acidity : 2-3M shaking time :
3 min and temperature : 25oC.
nitrate, -€I-chloride.
++
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that the extractions at O/A ratio 211 is markedly higher (about two folds)
than that of 1/1. organic /aqueous ratio 2/1 is preferred due to high
capacity of the solvent at this case which may result in low impurities
coext racti on.

3.1.5. Calculation of number of extraction stages
In practice, it is inconvenient to carry out a large number of
successive batch extractions with fresh solvent but usually a
continuous-current extraction is performed whether in vertical columns
or mixer-settlers. A graphical method is usually used to calculate the
number of required theoritical stages by designing the Mc Cabe Thiele
diagram using the availabe equilibrium data obtained by operating
several organic-aqueous contacts under optimum fixed conditions and
variable O/A ratios. Figure 7 indicates that two extraction stages would
be required for almost complete extraction of uranium from uranyl
nitrate or chloride feed solution of lOOg U/L and2-3 M free acidity at
O/A ratio 2/1.

3.2. Scrubbing and stripping
Scrubbing step is extremely needed for further removal of the
coextracted impurities. Therefore, uranium loaded TOP0 is scrubbed
with either diluted acid or IM ammonium carbonate solution at O/A
ratio 1/1 through single contact. The loss of uranium by this step is
about 2 g L
Several strip solutions have been tried to obtain the optimum
uranium yield. The use of water always leads to emulsification causing
inconvenient phase separation. Trials used diluted WCI or "03
solution gave rise to low uranium yield. This may be attributed to the
strong donating properties of the solvent phosphine group. Stripping of
uranium in the present study was performed by two ways. The first was
carried out using hydrogen peroxide as salting reagent in the solvent
phase allowing a simultaneous uranium stripping precipitation as UO4.
2 H 2 0 complex. The mixture should be kept in a settler for phase
separation.
The organic solvent could be collected through side-taps and
recycled to the extraction circuit after washing. The second alternative
way was made using 3 M ammonium carbonate solution, which
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u

CWC. in aqueous p h a d g l l )

Fig. (7) : Mc Cabe Thiele diagram of uranium extraction from nitrate
or chloride solution with 0.4M TOPO/K at O/A ratio 2:l; U
concentration in the feed uranyl nitrate solution: 100 g/L and
free acidity 2-3M.

Fig. (8) : X-ray fluorescence qualitative analysis signals of uranium in
the purified yellow cake developed by a philips PW 1410 xray fluorescence spectrometer equipped with W tube.
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satisfactorily re-extract almost all uranium from the loaded solvent
through five stripping contacts applying O/A ratio 111. It should be
emphasized that the use of higher concentration of ammonium
carbonate solution may lead to precipitation of uranium.

3.3. Precipitation of uranium peroxide
It has been reported that hydrogen peroxide is very selective
precipitant for uranium from acidic solutions, the fact recommending its
use in analysis and precipitation applications [13]. Hence, it was
reasonable to precipitate uranium as uranium peroxide UO4. 2H20
either directly from the loaded solvent or from the stripped ammonium
uranyl tricarbonate liquor at pH 2. Advantage of such precipitation
came from the great minimization of impurities in the obtained uranium
pricipitate.

3.4. Preparation of reactor grade uranium trioxide
Uranium trioxide of nuclear purity is obtained by calcination of
U O 4 . 2 H 2 0 in suitable controlled furnace. Such calcination is
accomplished by first dehydration at about 3OOOC to produce UO4,
supplemented by thermal de-oxygenation at about 450 OC, obtaining
the orange powder of uranium trioxide UO3. X-ray fluorescence
qualitative chart of U03 product is shown in Fig. 8, while its chemical
analysis is summarized in Table 111, It is clear that the concentration of
the critical impurities in U 0 3 product are coming in a great agreement
with those of nuclear purity specifications.

4. Conclusion
According to the above discussed results, it can be concluded that
EL ATSHAN yellow cake can be successfuly refined to nuclear grade
U O 3 using TOPO in kerosene diluent considering the proposed
flowsheet (Fig. l), which implies the following aspects.
or HCl to produce
Yellow cake is dissolved in either Conc. "03
feed of lOOg U/L and 2-3 M free acidity. Uranium is extracted using
0.4M TOPO at O/A ratio 2/1. Loaded solvent is scrubbed to minimize
the coextracted impurities. Uranium is throughly re-extracted by either
direct precipitation from the solvent using H 2 0 2 solution, or using 3M
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(NH4)2 C 0 3 solution through five contacts at O/A ration 1/1, followed
by precipitation with H202 as uranium peroxide. The latter is thermaly
treated at 450 OC to produce nuclear grade UO3.

Table (111): Chemical Analysis of Impurities in Uranium Trioxide
Product
Impurity

Concentration, ppm

*

Impurity Zoncentration, ppm

Fe

28

Mn

<I

Mg
Na

12

cu

9

Zn

< I
< I

Mo

8

Cd

K

4

Zr

Ca

2

RE total

A1

I

Cr

As

1

Si

Th

I

P

< I
< I

B
Ti

*

*

< I
< I
<I
< I

S

< I
< I
< I

CI

< 1

Based on uranium content .
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Abstract
Uranium tetrafluoride suitable for both uranium metal and hexafluoride
preparations, was prepared by fluorination of u308 with CF2 CL2. It was
found that the octoxide must have certain physical and chemical specifications to satisfy the specifications needed for subsequent operations.
X-ray diffraction analysis, infra red investigations and chemical analysis
confirm that the obtained uranium tetrafluoride contains more than 97%
of UF4 with tap density equals to 3.5 gkc.

Introduction
Uranium tetrafluoride is an important uranium compound. The reason
of this importance is that uranium tetrafluoride is used as an intermediate product in the processes of nuclear fuel production. UF4 that can be
used for metal manufacture is known as "metal-grade", while that for
hexafluoride manufacture is known as "cascade-grade". In both cases
uranium tetrafluoride should be of certain chemical and physical specificiations.
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Uranium tetrafluoride is prepared by either wet or dry methods
[1,2] .Ammonium fluoride and bifluoride have also been used for this
purpose [3]. The dry process involves fluorination of uranium oxides
with expensive anhydrous hydrogen fluoride [41 or cheaper freons [ 5 ] .
The aim of the present investigation was to study the fluorination of
some triuranium octoxides to uranium tetrafluoride using Freon- 12 with
the aim of preparing uranium tetrafluoride suitable for both calcio- or
magnesiothermy and fluorination to uranium hexafluoride.

Experimental
1. Preparation of AU and U3O8 Powders: Ammonium uranate (AU) was
precipitated at 80°C from mixed solution containing 90% of
uranium as uranyl nitrate and 10% as uranyl sulphate using
ammonia liquor t i l l pH 8. The optimum conditions for sample
preparation are summarized in Table I.

2. Fluorination: Uranium oxide layers, 0.6 cm thick, was placed in a
quartz dish and heated while passing Freon- 12 at a rate of 0.3
litre/min for different durations of time.
3. Analyses: The different analyses and determinations used including
chemical, X-ray, IR, surface area, density ...etc. are as described
before [6].

TABLE I: CLASSIFICATION OF SAMPLES
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Results and Discussion
1.Thermal Decomposition of U 0 3 :
AU precipitated from mixed solution of uranyl nitrate and
sulphate contains nitrate and sulphate residual as impurities. The
majority of these impurities can be removed by washing but small
amount seemed to be quite tightly held in the AU and can not be
removed by further washing[7] .
Fig. (1) shows typical data for the decomposition of sample 2.
The TGA curve indicated that the total loss in weight between
350" and 900°C equal to 7%. This decrease in weight cumulated the
multistep departure of the retained ammonia, oxides of nitrogen and
sulphur and oxygen. The DTA curve shows a small endothermic peak at
400°C which is associated with the melting of the retained ammonium
sulphate impurity. This melted sulphate reacts with a part of the U03 to
form uranyl sulphate leading to a peak at about 500°C. The characteristics d-lines of p-UO3 [7] beside those of uranyl sulphate, quoted in
ASTM cards 8-191 and 9-167, are evident for sample 2.
The DTA curve shows also small exothermic peak at 470°C which
corresponds mainly to removal of the retained nitrate impurities as
reported in our previous work [8].
There are two large endothermic peaks. The first one corresponds
to the decomposition of p-UO3 into U3O8, while the second one at
780°C corresponds to the decomposition of the formed uranyl sulphate
to U3O8. It is known that the anhydrous uranyl sulphate is stable to
about 600°C then decomposes to U3O8 at about 800°C [9].

2. Influence of Sulphate Contamination on the Surface
Area of U3O8 Powders:
It has been reported [lo] that AU, precipitated form uranyl
solution with ammonia then calcined at 4OO0C, gave p-UO3 with a five
fold increase in specific surface area as compared to the initial, AU
surface area value.
The decomposition of the uncontaminated p-UO3 to U308 led to
a rapid decrease in surface area presumably to microsintering. The
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values were equal to 3.5, 2.5 and 1.8 m2/g for p-UO3 calcined at 65OoC,
750°C and 850°C respectively [ I l l . From Table I, it is evident that
higher values of surface area were obtained for sample 1, calcined at the
same temperatures, probably due to the evolution of sulphur oxides and
oxygen gases during decomposition of the uranyl sulphate [12] which
causes formation of internal porosity by stress-cracking. This means
that presence of sulphate ions retard sintering process and hence
increase reactivity of powders.

3. Infrared Spectra:
The IR spectra of the three samples 3, 4 and 5, calcined at 650°C
750°C and 85OoC, were recorded in Table 11. On the bases of the IR
spectra shown in Fig. 2, it is possible to deduce the main feature of the
structure:
i- The presence of uranyl group (U02)++ is confirmed in both
samples calcined at 650" and 75OoC, since the symmetric (VI) and
asymmetric ( ~ 2 stretching
)
vibration are present between 850-870cmand 9 15-930 cm-l , respectively.
ii- The absorption bands, attributed to the sulphate ion, appear
more clearly at 1165, 1070, 970, 640, 610 and 580 cm-l indicating the
presence of uranyl sulphate in sample 3 and 4.

iii- On heating at 75OoC, the strong board band at 745 cm-1 of
U3O8 appears, while those for the uranyl sulphate decrease.
iv- The intensity of the characteristic band of U3O8 at 745 cm-l
for samples 4 and 5, obtained by calcination at 750" and 85OoC, is
higher than that of sample 3, calcined at 65OoC, due to the
decomposition of the uranyl to U3O8.

4. Fluorination of U3O8
Fluorination of both U02 and U03 with CF2C12 was studied by
us and published elsewhere [5,17]. The aim of this paper was to study
the fluorination of
with Freon-12, to prepare UF4 suitable for
both fluorination and metal preparation.
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Fig.1. Thermogravimetric Analysis of Sample 2
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TABLE 11. CHARACTERISTIC INFRARED SPECTRA PEAKS OF
SAMPLES 3,4 AND 5
I

Assignement

~

___

Fundamental bending vibration

V3

(SO4)" [ 14,151

The results indicated that the specifications of sample 3, suitable
for fluorination, are as follows:
Particle size is between -4 and +lo mesh, apparent density equals
to 6.2 g/cc and specific surface area is equal to 4m2/g.
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The temperature grading is equal to 5"C/min., between 650"800°C, in order to prevent sintering caused by using higher heating
grades.
It is known that the reaction between pure U3O8 and Freon-12 is
as follows [18] :

U3O8 + 6CF2C12 ---> 3UF4 I- 2C12 + 4COC12 + 2C02 ... (1)
In turn, the COC12 evolved reacts with some U3O8 to form UCl4 as
follows:

U3O8 i8COC12 ---> 3UC14 a8CO2 -t=2C12 .........................

(2)

The conversion of the formed UCl4 to UF4 is as follows:

UC14 + 2CF2C12 ---> UFq+2CC14 ........................................

(3)

The evolution of atomic oxygen due to uranyl sulphate
decomposition led to U02F2 formation as follows:

U 3 0 8 -I3CF2C12 +1/202 ---> 3UO2 F2 -t- 3 CO C12

.........(4)

without passing through equation (2)The U02F2 obtained was easily
converted to UF4, under the fluorination conditions used, as follows:

U02F2 I- CF2C12 ---> UF4 -+ C 0 2 .t C12 ..............................

(5)

The appearance of the characteristic peak of U02F2 [ 191, at 990 cm-l,
and the absence of that of UCl4 confirmed the formation of U02F2 as
intermediate compound during tetrafluoride preparation (Fig.3). This
means that presence of sulphate ions led the reaction to proceed
according to equations 4 and 5 instead of equations 2 and 3.
X-ray diffraction and infrared spectra of the obtained UF4 were
identical with the spectra of UF4, prepared from the reaction of U02
with anhydrous MF, by Haug[20] and Krasser et. a1.[21].
A tap density of 3.5 g/cc, U02F2 of 1.05% and UF4 of 97.3% were
obtained, coinciding with the range of Mautz[22].
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Fig.3. Infrared absorption spectra of Sample 3 fluorinated for 30 min.
(Curve A), Sample 3 fluorinated for 45 min (Curve B)
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Abstract

Gebel Gattar area is situated in the northern Eastern Desert, SW
Hurghada City and is considered as an area of high potentiality for
workable uranium deposits. The field radiometric prospection has
started in May 1984. The geologic, structural and radiometric studies
have resulted in the discovery of four intragranitic U-mineralized
occurrences occupying the northern parts of the pluton and are
controlled by some important structural features; namely NNE-SSW,
ENE-WSW, NW-SE and to a lesser extent the N-S faults.
The uranium content of the fresh granites in the area ranges from
20 to 30 ppm and thus could be considered as uraniferous granites. The
mineralized samples are ranging from 1000 to 5000 ppm, while hand
piked samples could reach as much as 14000 ppm. Detailed
mineralogical studies proved the presence of various types of secondary
uranium minerals represented mainly by molybdates, vanadates, silicates
and sulphates. Exploratory tunneling works during 1990 to 1992
demonstrated that the uranium mineralization is still persistent from
level 900m (asl) to level 660m (asl) which is nearly the wadi level. The
alteration of the rocks especially hematitization, kaolinization and partial
silicification is still well noticed and the gapping of the fault zone is
more open and shows an increasing width. Moreover, secondary
uranium minerals are still present indicating persistence of the oxidizing
conditions.

1. Introduction
The younger pink granite of the Eastern Desert of Egypt has been
recorded among the most radioactive rocks belonging to the basement
complex. It has been also proved that they are hosting uranium
mineralization in several localities [ 1,2 and 31. This work deals with
Gebel (G. ) Qattar uranium prospect discovered in 1984 (Fig.1).
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2. Geological Setting
G. Qattar represent the northern parts of a big pink granite batholith
included . The topography of the batholith is very rugged and it
comprises the following mountain peaks: G. Qattar (1963m), G. Um
Disi (1556m), G. Kehla (1882m), G. Thelma (1733m), G. Abu El
Hassan (1550m), G. Abu El Hassan El Ahmar (1234m) and G. Abu
Samyuk (1750m). The batholith is elongated in shape and extends
30km from north to south and 20 km in width covering an area of
about 455 km2. G. Qattar intrudes various country rock types composed
of metavolcanics, granodiorites and Hammamat sediments and has a
rather sharp contact with them [4and51. The hole batholith is traversed
by numerous dyke swarms mainly directed in the ENE-WSW, NE-SW
and to a rather extent the N-S except G. Qattar - Um Disi pink granites.
They are considered to be relatively the youngest granitic phase in the
batholith where we noticed that acidic and intermediate dykes stop
abruptly when encountering these plutons. Only some basic dykes,
usually trending ENE-WSW, are recorded in the northern parts of the
mass, to be associated with relatively wide shear zones.

3. Structures
The granitic batholith including G. Qattar has been subjected to
various tectonic episodes which left their prints on the rocks. However,
the northern parts of the batholith, including the relatively youngest
granites, are moderately tectonized if compared with the southern parts.
The predominating fault trends in G. Qattar - Um Disi granites are those
striking N-S, NNE-SSW, NE-SW and ENE-WSW. Two parallel wide shear
zones trending ENE-WSW are crossing the batholith. The northern one
is about 60m in width and is intruded by two parallel basaltic dykes [ 5 ] .

4. Petrography of G. Qattar Granites
The pink granites of G. Qattar concerned in this paper are generally
medium grained, hard and of faint rose colour. Petrographically, these
granites are essentially composed of perthite, quartz, orthoclase,
oligoclase in association with minor biotite and a subordinate amount of
microcline and muscovite. The accessory minerals are represented by
zircon, fluorite, apatite, epidote, clinozoisite and opaques.Perthite is
highly sodic, untwinned and shows patchy and flame structure in
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addition to minor orthoclase. Both perthite and antiperthite are
recorded. Quartz occurs as large crystals showing cataclasis effects
exhibited by its cracking and strong undulose extinction. It could
contain tiny inclusions offeldspars, muscovite, apatite, zircon, epidote
and green biotite. Orthoclase is often in association with muscovite. It
appears as fine anhedral crystals, partly altered and stained with very
fine hematitic dust. Plagioclase feldspar is represented by oligoclase
occuring as subhedral to euhedral crystals, weakly altered to sericite,
rarely associated with fine epidote. Intergrowth of oligoclase as finger
like crystals, between the contacts of two antiperthite crystals or between
either plagioclase or orthoclase with antiperthite is sometimes noticed.
Biotite exist in a minor amount as fine bent shreds, partially altered to
chlorite with the elimination of fine reddish iron oxides. It may also be
present as minute inclusions in quartz. Muscovite is subordinate to
biotite. It forms fine flakes or agregates few muscovite plates are often
enclosed in quartz or associated with orthoclase which is most probably
formed by hydrothermal process.
Rasmy [6] studied the opaques in reflected light and found that
they are mainly composed of hematite, magnetite, pyrite, chalcopyrite
and pentlandite. She added that the presence of molybdenite,
wolframite, galena, cerussite, covellite, bornite and fine argentite was
identified through the study of polished section of samples provided
from the old molybdenum mine in G. Qattar.
Many authors discussed the geochemical characteristics and origin
of the Egyptian younger granites to which belong G. Qattar [7,8,9 and
IO]. According to these studies, G. Qattar granites could be considered
as subsolvus granites of calcalkaline type with some alkaline tendency
produced by an eutetic partial melting process that took place in the
upper mantle or lower crust materials.

Fig. 1 : Key Map Showing Gebel Qattar Uranium Prospect
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Fig. 2 : Geologic Map Showing Uranium Occurrences in G . Qattar
Prospect, North Eastern Desert (After Roz, 1994).(4)
Concerning the tectonic setting of G, Qattar granites, the trace
element data demonstrates that its granitic magma evolved within a
within-plate (anorogenic) environment [lo].

5. G. Qattar Uranium Prospect
G. Qattar uranium prospect is located along the northern parts of
this granitic mass. The discovered intragranitic uranium mineralization
is mostly governed by some of the predominating regional structures as
will be demonstrated later. The most important discovered occurrences
are named G-I, G-11, G-111, G-IV and G-V (Fig. 2). A11 these occurrences lie
within the granite itself except G-V which is situated at the contact
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between the granites and the adjacent Hammamat sediments along Wadi
Balih where most of the uranium mineralizations are mainly restricted to
the sediments [ 1 I]. G-I and G-I1 are the main target of this study, while
G-I11 and G-IV are of lesser importance due to their limited
extensions.The surface study of G-I and G-I1 uranium occurrences has
been followed by mining works represented by an underground tunnel
at G-I and an open pit at G-11.
5.1

- G-I U -Occurrence

This mineralized zone extends about 4 km along a fault zone
directed from N12 E to N25OE with an angle of dip varying between
55' and 75' averaging 65' to SE. The width of the alteration zone
following this fault ranges from 50 cm to about 10 m along which the
rocks are intensely hematitized, silicified, partially kaolinized and
fluoritized (Fig.3a). The U-mineralization along the fault zone is of
disconnected nature, occuring as separated lenses (nine lenses), varying
in length from 1 m to 100 m and their width from 0.5 m to 2 m. The
secondary U-mineralization is encountered as thin films covering the
various joints and fissures and is usually accompanied with intense
hematitization, presence of smoky quartz, deep violet fluorite and
manganese dendrites. Secondary silicification and partial kaolinization
are also recorded. The intensity of the mineralization and alteration
features increases at the intersection of the main fault zone directed
NNE-SSW with minor faults and fractures striking NE-SW, NW-SE and
to a lesser extent E-W and N-S.
The ground radioactivity of the normal granites ranges from 150 to
2OOcps while that of the altered and silicified granites reaches 400 to
500 cps (Fig.3b). In the mineralized lenses the radioactivity increases
from 1000 cps to more than 10,000 cps. The U content in ppm of some
of the collected surface mineralized sample varies from 180 ppm to
14000 ppm as shown in table 1.
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Fig. 3 a : Detailed Geological-Structural Map of the Uraniferous Shear
Zone of G-I Occurrences.
Fig. 3 b : Radiometric Contour Map of the Uraniferous Shear Zone of
G-I Occurrences.
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Table 1: Uranium and Thorium Contents of Some Surface Uranium
Mineralized Samples from G-I Occurrence.
_
I

I__LI_

U

Th

F.R.*

PPm

PPm

CPS

22

12

180-200

Fresh granites

1800

65

Sheared silicified granites

1800

25

I80

50

3000
300
5000-8000

2400

60

Remarks

Sheared silicified granites
Granites with smoky quartz

6000- 10000 Shexed hematitized,

fluoritized granites
I80

6000

560
2080
4000
14000

10
1500
I50
10000
25 5000-6000
50 3000- 10000
50
I0000
10000
100
P

Hematitized granites
Sheared hematitized granites
Sheared granites
Fractured, he mati t i zed granites
Fractured, hemat i t i zed granites
Hemat i ti zed sheared granites
with fluorite

*F.R. = Field radioactivity measured by G.R - lOlA scintillometer.
The tunnel at G-I occurrence was excavated at level 662m ( a d )
which is the wadi level in general. It runs N15OE to a length of 425m in
addition to three cross cuts of the lengths about 53m, 41 m and 36m
(Fig. 4). The first cross-cut hit the shear zone with a uranium
mineralized lens located at the surface level of 740m (a.s.1.). There, the
shear zone strikes N15OE to N17'E and dips 68' to the SE. Its width is
about 2.8m.
X-ray diffraction carried out on some samples provided from this
mineralized zone proved the presence of the foIlowing minerals:
Uranophane and B-uranophane in addition to fluorite, zircon, hematite,
ilmenite, allunite, quartz and feldspars.
Radiometric analyses of some mineralized samples provided from
this zone revealed that the average U content i s around 8OOppm.
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5.2- G-11 U-Occurrence
G-I1 occurrence lies to the north of G-I (Fig.2) at the intersection of
two regional faults mainly directed "3' to 20'E and N40' to 50' W.
The granites at this locality are intensely sheared, highly jointed and
fractured, dark reddish brown in colour and medium grained.The
uranium mineralization extends along a highly silicified and hematitized
zone following the NNE-SSW and NW-SE trends. The radioactive
anomalies are present in a patchy form usually associated with visible
uranium mineralization. These mineralized' fractures and joints are
trending NNE-SSW and dips about 70' to the SE direction, while other
are roughly directed E-W with a moderate angle of dip ranging between
30° and 60' to either N or S direction. The uranium mineralization is
usually associated with abundant hematitization and presence of dark
violet fluorite. Table I1 demonstrates the uranium and thorium content
of some surface mineralized samples at G-I1 occurrence.

Fig. 4 : Map of the exploration mining project in G. Qattar - I
occurrence showing the uraniferous lenses.
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Fig. 5 : Geology and Structure of the Pit in Qattar- I1 Uranium
Occurrence..

Table 11: Uranium and Thorium Contents of Some Surface Uranium
Mineralized Samples from G-I1 Occurrence.

G-15
G-16

1800
8000

75
50

4000-5000
7000- 10000

Strongly hematitized granite5
Sheared hematitized granites

A pit of 15m long, 5m width and 5m depth was dug at a chosen part
of this mineralized zone to study the behaviour of the mineralization
and the alteration features with depth (Fig.5). From this study, it is
noticed that the uranium mineralization is still persistant with depth and
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is closely associated with the "E-SSW
silicified shear zone. Its
concentration is mainly increasing at the intersection of the silicified
zone with the E-W fractures especially at the middle and southern parts
of the pit. It is also found that the intensity of alteration features such as
hematitization, fluoritization and abundance of manganese dendrites
and limonite increases with depth. The uranium content of some
mineralized samples from this pit of is given in table 111.

Table 111: Uranium Content in ppm from G-I1 Pit.
Sample
G
G
G
G
G
G

11-1
11-2
11-3
11-4
11-5
11-6

Rock type
Strongly altered & sheared granite
It

II

II

It

II

It

II

It

II

I1

I1

It

II

I1

II

I1

II

I1

II

It

F.R.

U

1000
3000
8000
1000
10000
500

288
154
1076
1326
2171
181

6 . Mineralogy
Mineralogic studies [l 11 have been carried out on some surface
mineralized samples in G-I and G-11. The X-ray diffraction indicated
the presence of a wide variety of uranium minerals mainly oxides,
sulfates, silicates, molybdates and vanadates as shown in table IV

Table IV: Mineralogic Studies By X-Ray Diffraction of Surface U
Mineralized Samples. G. Qattar Area.
Type of Name ol
mineral mineral

Composition

Oxides

Uraninite UO2
BecqueFelrte 7U03.11 H20
MolyMates Umohite U02 MOO4 -4H20
VaIladates Camolite K2 (u%)2 (vo4)2
Silicates Uranophane Ca (UO2)2 (SiO3)2 (OH@ 5H20
Soddyite (U02)3 (sio4)2 (OH). 5H20
I

Oxides C1arkeite
Su 1fates Zippeite
Silicates uranophane
Soddyite
Kasoli te

(Na, K, Ca, Pb)2 U2O7. nH20

2U03.SO3.5H20
Ca (U02)2 (sio3)2 (OH)2. 5H20
(UO2)3 (siO4)2 (OH). 5H20
Pb (U02) (Si02) (OH)2
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7. Origin of Uranium Mineralization
G. Qattar uranium prospect could be considered as a pronounced
model of a vein type intragranitic uranium mineralization. The rocks of
G. Qattar are highly affected by faulting, highly jointed and fractured
due to the active role of the various tectonic movements. The planes of
such structures provided an easy channel for the passage of ascending
(hypogene) hydrothermal solutions carrying uranium. These solutions,
consequently affected the rocks and resulted in their intense alteration.
These alteration features which usually accompany the mineralization
are mainly exhibited by intense hematitization, secondary silicification
of the rocks, partial kaolinization, abundance of deep violet fluorite and
smoky quartz that besides the usual presence of manganese dendrites
and other iron oxides. The deposition of uranium mineralization is
usually observed in the shear zone and some of its intersecting fractures
elucidate the structure control of the mineralization. The presence of
uranium mineralization as disconnected lenses could be attributed to the
role of the hydrothermal fluids in concentrating or distributing the
mineralization.
The abundant presence of iron oxides in the altered rocks in and
around the fault zone could facilitate the precipitation of uranium from
its carrying hydrothermal solutions as these oxides act as strong
adsorbing agent.
The fresh rocks of G. Qattar could be considered as a secondary
potential source of leachable uranium due to their relatively high
chemical background in this element as revealed from the analysis of
some fresh granite samples which contain more than 20 ppm uranium
and could be interpreted as uraniferous granite.
The supergene (descending) mineralizing fluids could have
percolated through the structural network of this uraniferous country
granitic rocks and leached some of their uranium content and
redeposited their load in fractures and joints. The role of the supergene
fluids is of subordinate importance if compared with the essential and
very active role of the hydrothermal solutions.
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Significance of Airborne Gamma-Ray Spectrometric Data of Umm Bisilla Area, Central Eastern Desert Egypt
Said I. Rabie
Nuclear Materials Authority, P.o.Box 530 Maadi, Cairo, Egypt

Abstract
Umm Bisilla area ,located in the Central Eastern Desert of Egypt.
Consist mainly of basement rocks. The present investigation of the airborne spectrometric data is to define the meaningful anomalies from the
raw data by applying the significance factor techniques, and calculating
the significance factor for each radiometric parameter in
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in each rock unit. Significance factor maps (U,Th, K, U/Th, U/K, and
Th/K) were contoured to point out spectrometric anomalies, and throw
light on the significaiit radioactive provinces. Determination of the gross
structural pattern and broad variations in composition of the crystalline
basement, to define the relationship between the tectonic features of the
area as interpreted from aeromagnetic data, with the significant
anomalies revealed from spectrometric data was carried out through the
application of different magnetic techniques. hive significant
uranifereous zones were detected associated with Umm Bisilla granite,
amphibolite, and gray granite. The intersection of the structural
lineaments interpreted from aeromagnetic data illustrated good
correlation with the significant uranium anomalies’ zones interpreted
from spectrometric data, and indicated that the concentration of the
structural control.

1. Introduction
1.1 Location:
Umm Bisilla area is located in the eastern part of the Central Eastern
Desert of Egypt (Figure I ) . It consists mainly of basement rocks crossed
by some wades filled with Quaternary alluvium.

Fig.1. Location Map of the Study Area
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1.2 Scope of the Study:
The present study deals with the analysis of spectrometric data to
detect the radiometric anomalies from the raw data, and to assist in
eliminating, with a minimum statistical error, as much land as possible
from further consideration, by applying the significance factor
technique.
Geological information in any uranium exploration program is of
great importance since it is the basic to the interpretation of all data
collected. High-sensitivity radiometric data when properly applied, are
truly geochemical [l], and the gross chemical make up of the rocks
sampled is especially pertinent[2].

1.3 Statistical method of anomaly detection
As indicated by Koch and Link, [3], two classical statistical methods
exist for delineating geochemical anomalies; differ in philosophy of
approach but under the proper circumstances may yield similar results.
The first of these, include such techniques as trend surface analysis,
moving averages, kriging, and spatial domain filtering, applicable in
cases where sufficient samples have been collected to assume that the
data define a continuum in one or two-dimensions. These are basically
regional smoothing methods that develop anomalies as crests or troughs
in profile or map presentations of the data. The second method, which
deals with the individual data points, involves calculations of the
probabilities that the data differ from the background as defined by the
data itself. In this case, single values or clusters of values which differ
from the background at a certain level of probability (defined as the
threshold), are termed anomalies.

1.4 Geophysical Survey
This part of the Eastern Desert was later surveyed by gamma-ray
spectrometry and magnetometry as part of the contact between the
Egyptian General Petroleum Corporation (EGPC) on behalf of the
Egyptian Geological Survey and Mining Authority (EGSMA) and
Aero- Service Division, Western Geophysical Company of America,
U.S.A., [4].
The survey utilized 50.3 liters of thallium activated sodium iodide
detectors. The digitized pulses are summed to produce counts in the
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following four windows: total count, 0.4-2.81 MeV, Potassium, I .371 3 7 MeV; bismuth-2 14, 1.67-I .87 MeV; and thallium-208, 2.14-2.8 I
MeV.The counts from these windows are recorded on digital tape with
altimeter and navigational data for computer processing. The Varian
(V-85), low sensitivity (0.I nanotesla) airborne magnetometer with
proton precision sensor is mounted in a tail stinger configuration and
installed in atwin-engine Cessna Titan, type 404 aircraft. Surveying
flying was done at 1.0 km line spacing, at a mean terrain clearance of
120m and at a speed of approximately 190 km/h. The traverse flight
lines were oriented in a northeast-southwest direction, while the tie lines
were oriented in a northwest southeast and were flown at 10 km
intervals.The gamma flux in every channel (except total count) was
converted to equivalent concentration of the corresponding radio
element. The data, in the form of contour maps and profiles, were
represented at scale of : 1:50.000.
Seven contour maps were prepared by Aero-Service, [4], for the
different seven variables (total count, eU, eTh, K, eU/eTh, eU/K, and
eTh/K), beside the magnetic intensity map, at scale of 1:50.000 (Figures
2 to 5 ) , represent the drawn maps in a reduced scale.
In order to carry out the methods of analysis of these data, manual
digitization was conducted every 500 m along the flight lines- 2km
apart-for all the eight radiometric, as well as the total intensity magnetic
contour maps.

2. Geological Outline
The distribution of the rocks of the study area is givenon the
geological map (Figure 6) originally mapped by the staff of the
Egyptian Geological Survey and Mineral Research Authority [SI, and
[61.

2.1 Geosynclinal Sediments
They are composed of the schists-mudstone and greywacke series
[SI and [6]., and constitute the oldest rock exposed in the study
area.They are of wide distribution, variable in composition, and have
been subjected too low to moderate-grades metamorphism and folding.
The geosynclinal sediments are represented in the area under study by
major exposures namely, Wadi El Gindi (Figure 6).
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Fig.(2) Total Aeroradioactivity Map (A), and Equivalent Uranium Map (B) of
Umm Bisilla Area, Central Eastern Desert, Egypt.
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Fig.(3) Equivalent Thorium Map(A), And Potassium % Map (B) of Umm Bisilla
Area, Central Eastern Desert, Egypt.
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Fig.(QA) eU/e Th Ratio Map of Umm Bisilla Area, Central
Eastern Desert, Egypt

Fig.(QB)eU/K Ratio Map of Umm Bisilla Area, Central
Eastern Desert, Egypt
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Fig.(SA) e TR/K ratio Map of U m m Bisilla Area, Central Eastern

Fig.(SB) Total intensity Aeromagnetic Map, U m m Bisilla Area,
Central Eastern Desert, Egypt.
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2.2 Geosynclinal Volcanic
These rocks are represented i n the study area by basic
metavolcanics and amphibolites that are widely distributed.These
volcanic are essentially basic in composition and they form thick sheets
interbedded with the geosynclinal sediments, although they may also
occur as dike-like bodies cutting the sediments.

2.3 Synorogenic Plutonites
These plutonites represent a considerable group in the basement
complex of the area under study, they include diorites and epidiorites,
granodiorites and gray granites (Figure 6).

2.4 Postgeosynclinal Sediments
They are represented in the study area by clastic red beds of purple
conglomerates, sandstone and mudstone of arkosic nature; these
sediments may be frequently interbedded with volcanic.

2.5 Late orogenic Plutonites
The late orogenic plutonites, known as younger or pink granites, are
widely represented in the study area as granite massifs of predominantly
pink to red color, rich in potash- feldspar and poor ferromagnesians.
They are represented in the study area by Umm Bisilla younger pink
granite (Figure 6).

2.6 Postorogenic Volcanic
The Postorogenic volcanic are represented in the study area by
postgranite dikes.The basement complex in this area is extensively
traversed by numerous dikes. Trachyte is represented mainly as sheets
and plugs (Figure 6).

3. Interpretation Techniques
To achieve the purpose of this study, the following steps were
conducted :

3.1 Determination of the significant radiometric anomalies
according to Potts technique,[2]
Grouping the data for each radiometric parameter (Le., U, Th, K,
U/Th, U/K,and Th/K) according to like lithology, as obtained from
geological maps, or like "signatures", derived from the combination of
geologic maps and multivariate discriminate analysis.

Fig.(@ Compiled Geological Map of U m m Bisilla Area.

N

Fig.(7) Significance factor contour Map of Uranium Data, with
contour interval 6 ppm, all values have been based upwards to
yield only positive significance factor values.
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Fig.@) Significance Factor Contour Map of thorium Data, With
contour Interval Sppm, all values have been upwards to yield
only positive significance factors values.

N

Fig.(9) Significance factor contour Map of potassium data, with
contour interval 2% all values have been based upwards to
yield only positive significance factor values.

293

Statistically analyzing the frequency distribution of the data within
each radiometric parameter's gr0up.A chi-squared statistical test is used
for comparing the observed data distributions with predicted Gaussian
distributions of the same data. On the basis of this test, the means and
variances for each radiometric parameter in each geologic group are
calculated according to the statistics of the more probable data
distribution type.
Calculating the significance factor for each radiometric parameter
in each rock unit.The significance factor values can then be viewed as
the degree of anomalousness, in positive or negative direction, relative to
other parameters.In the samples have been grouped properly,
any predictable differences or bias in the data introduced by differences
in gross geochemistry of the surface materials will have been removed
by the statistical transformation from elemental concentrations, counting
rates or ratios to significance levels.
The acceptable threshold for distinguishing between normal and
abnormal parameters in this study is two standard deviations above the
mean, that could be termed anomalous.
The principal end products of this procedure include anomaly data
listings, in which significance thresholds are set for each of the
radiometric parameters, and data exceeding these levels are listed, on
which the position and significance factors for the data in the area of
interest are contour maps of significance factors of the radiometric
parameters (Figures 7 to 12).

3.2 Calculation of the power spectrum for interface
determination of magnetic anomalies
The aeromagnetic data were interpreted by means of local power
spectrum suggested by [ 7 ] , but avoiding the restrictions of the
procedure as considered by [SI.
Two main average levels (interfaces) at depth's 0.55 and 0.3 km
below the measuring level were revealed through the application of
power spectra on the aeromagnetic data (Fig. 5 B).

3-3 Filtering Combined
continuation

with

analytical

downward

Filtering of the aeromagnetic data was carried out using the
analytical downward continuation [9] and [IO], at the two assigned
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Fig.(lO) Significance Factor Contour Map of U/Th Ratio data,
with contour interval 0.1, all values have been based upwards
to yields only positive significance factor values.

Fig.(ll) Significance Factor Contour Map of U/K Ratio data,
with contour interval 0.25, all values have been based
upwards to yields only positive significance factor values.
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Fig.(l2) Significance Factor Contour Map of Th/K Ratio data,
with contour interval I .O, all values have been based upwards
t o yields only positive significance factor values.
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interfaces to separate the magnetic effects of the magnetized materials
near ground level, from that of deeply buried magnetized materials. The
resulting two magnetic-component maps were interpreted in terms of
lithology and structure. Four maps were drawn (Figures 13 to 14) two at
each level: one for the residual-and the other for the regional magnetic.

3.4 Normalized horizontal vector (gradient) of the field
intensity
To represent the distribution of the isolines of the magnitude of the
horizontal vector in the area under study, the horizontal magnetic
gradient of magnetic field intensity was calculated at the two interface's
0.55 and 0.3 km [ I l l .

3.5 Horizontal phase angle
The horizontal phase angle was computed at the two assigned levels
in the area under study, to locate the faults, fault zones as well as the
extension of bodies having the same magnetic characteristics [ 111.

4. Discussions

4.1 Spectrometric Maps
Examining both: equivalent uranium and significance factor maps
(Figures 2B and 11) reveal that the enrichment zones of uranium in the
area under study are associated with southern and northeastern parts of
Umm Bisilla granite, especially over the Trachyte sheets intruded in the
granite.
The significance factor map of eTh map (Figure 8) outlined the
high concentration belt of thorium over the granite,and the contact
between Umm Bisilla granite and the otherhost rocks. The highest
concentration thorium is located at the southeastern part of granite
pluton in direct contact with basic metavolcanics (Figure 8), while the
lowest one is associated with amphibolites, east of basic metavolcanics
and Trachyte sheets, while the rest of the area have intermediate thorium
concentration.
The potassium significance factor map (Figure 9) showsthat the
eastern contact between Umm Bisilla ,granite and surrounding rocks
especially the amphibolite and basic metavolcanic rocks have
Kenrichment while the western contact has lower concentration. The
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Fig.( 13) Residual Magnetic Component Map (A), and
Regional magnetic component Map (B), at interface 0.55
Km of Umm Bisilla Area, Central Eastern Desert, Egypt.
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Fig.( 14) Residual Magnetic Component Map (A), and
Regional magnetic component Map (B), at interface 0.3
Km, Umm Bisilla Area, Central Eastern Desert, Egypt.
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isorad map of K and eTh (Figures 3B and3A) show potassium and
thorium concentrations in the Umm Bisilla granites.
Investigation of the statistical significance factor map of eU/eTh
ratio (Figure IO), reveals that the favorable five significance anomalous
zones are: two located in the southern and north western parts of Umm
Bisilla granite, two located in the northeast and northwest portions over
the amphibolite rocks, and the last in the northwest part associated with
grey granite.
The inspection of the significance factor contour map of eU/K ratio
(Fig. 1 1) agrees well and confirm the previously five significance
anomalous zones stated from the eU/eTh significance factor map
(Figure 10).
The significance factor map of eTh/K ratio (Figure 12) shows that
the contact between Umm Bisilla granite and sourrounding rocks is
characterized by high anomalous zones, while the five significant
anomalous zones delineated from significance factor eU/eTh and eU/K
maps (Fig. 10 & l l ) , have low response from significance eTh/K ratio
map (Fig. 12). The significance factors maps constructed for the three
ratcos (eU/eTh, eU/K and eTh/K) are of great value in locating the
radioactive anomalies. Consequently, five uranium significant anomalies
are discovered; two connected with Umm Bisilla granite, two connected
with amphibolite rocks, and the last with Grey granite. All of them are
statistically significant covering large areas, and needs detailed ground
follow-up.
The importance of the application of the significance factor
techniques to the airborne spectrometric data, assists in the discovery of
new anomalies correlated with certain lithologic units not expected to be
found. In our case, the anomalies associated with the amphibolites and
the grey granite were delineated, although, which they have not any
indication be fore statistical treatment of the data. In addition, the
regional effects of the expected geological variations were essentially
removed.

4.2. Aeromagnetic maps
Regional geological structure information may be obtained by
simultaneously collecting airborne magnetometric data along with the
gamma-ray spectrometric data. Experience indicates that such data are
useful in determining the gross structural pattern and broad variations in
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composition of the crystalline basement, and also to correlate the
relationship between the tectonic features of the area with the
significance anomaly zones revealed from spectrometric data.
Qualitative interpretation for various magnetic maps and surface
geological information was performed in order to zone different
magentic patterns. This zonation is mainly based upon the variations in
the character of the different magnetic anomalies. Comparative
investigation of the different magnetic maps (Figures 5B, 14 and 15)
show that the Umm Bisilla area can be divided magnetically into two
zones, of different magnetic characters.
Magnetic zone I (Figure 5B) occupies the central part: is mainly
associated with low magentic relief of low amplitude. Besides, it
coincides essentially with the outcropping Umm Bisilla granitic
batholith, which is mainly composed of biotite and pink granites of very
low magnetic susceptiblity reflecting its acidic nature.
Close examination and comparative inspection of the filtered
regional and residual magnetic component maps at different interfaces
(Figure 4 & 5 ) have shown clearly the good development of the
magnetic characters associated with zone I, even beyond the limits of
Umm Bisilla pluton, as has been originally mapped on geological map
(Figure 6).This may indicate that the granitic rocks of this pluton are
deep-rooted and of relatively wider subsurface areal extent.
Magnetic zone 11, occupying a distinct area around the Umm Bisilla
pluton. This zone is mainly associated with intermediate to high
magnetic anomalies mostly associated with basic metavolcanics and
granodiorites,which are characterized by their basic nature. The
observed relative difference in amplitude of the magnetic anomalies
recorded within zone II may be related: to lateral variation in lithology
(intrabasement effects), or to topographic relief (suprabasement effects)
orto combined effects of both lithology and topography.
Investigation of the magnetic maps (Figures 5B, 13 and 14) led to
outline two steep magnetic gradient, oriented NW-SW. They were
interpreted as two shear zones in the area.
Figures 15A and 15B show the fault and shear zones as interpreted
from the horizontal phase angle at the two determined interfaces. Most
of these fault zones,which were interpreted from horizontal angle, were
proved by field check.It was observed from this check that the
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interpreted fault zones correlate well with the already mapped fault
zones or major wadis (dry valleys).
A good correlation between the significance anomalous zones
interpreted from spectrometric data with the intersection structure
lineaments as interpreted from magnetic data may indicate that the radio
elemenet concentrations are structurally controlled.
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Fig.(lS) Fault Zones as interpreted from both horizontal
magnetic vector and phase angle, at interfaces 0.55
Km(A), and 0.3Km(B), as well as the significance
uranium anomalies interpreted from the spectrometric'data
of Umm Bisilla Area, Central Eastern Desert, Egypt.
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Significance Anomaly

5. Conclusions
The application of the significance factor techniques to the airborne
spectrometric data of Umm Bisilla area, revealed the presence of five
uranium significant anomalous zones; two connected with Umm Bisilla
granite, two with amphibolite rocks, and one with grey granite.
Some significant anomalies were discovered over the amphibolite,
grey granite and granitic rocks. On the other hand some anomalies
disappear or move farther away from their original location before the
data transformation, like that stated from isoradiometric maps over the
northeastern part of Umm Bisilla granite.Besides some anomalies are
confirmed like those over the southern part of the granite.
The regional effects of the expected geological variations are
es sent i a11y removed.
A good correlation between the significant anomalies resulted from
the application of the significance factor techniques to the airborne
spectrometric data, with the intersection magnetic lineaments as
interpreted from aeromagnetic data, indicating that radioelements
concentration is structurally controlled.
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Oxidative Degradation of Low and Intermediate
Level Radioactive Organic Wastes
2: Effect of Acid Carbonization on The Decomposition of Spent Ion - Exchange Resins
N. K Gattas and S. B. Eskander
Radioisotope Dept., Atomic Energy Authority, Egypt.

Abstract
The present work provides a simplified, effective and economic method
for the chemical decomposition of radioactively contaminated solid organic waste, especially spent ion - exchange resins. The goal is to
achieve volume reduction and to avoid technical problems encountered
in processes used for similar purposes (incineration, pyrolysis).
Factors affecting the efficiency and kinetics of the oxidation of the ion
exchange resins in acid medium using hydrogen peroxide as oxidant,
namely, time of treatment and the acid to resin ratio were studied systematically on laboratory scale level. Moreover the percent composition
of the off - gas evolved during the decomposition process was analyzed.
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1. Introduction:
Acid digestion is a potentially attractive technique for volume
reduction of solid hazardous wastes and although its essential
application area is the alpha - bearing waste, yet, the method can be in
principle used to reduce the volume of ion exchange - resins as well [ 11.
The digestion process is a method that traditionally involves the
dehydration of ion - exchange resins and to oxidize the carbon ‘by
means of nitric acid [2-41, or hydrogen peroxide [ 5 , 61. Although this
process has been investigated on laboratory - and bench - scale test
units, yet, it has reached the stage of industrial application in many
nuclear power plants in different countries [7-IO]. In case of using nitric
acid as oxidant, the evolution of nitrogen and nitrogen oxide gases
complicate the off - gas treatment and need an additional system for
nitric acid recovery.
In the work reported hydrogen peroxide was used instead of nitric
acid for oxidative degradation of spent ion - exchange resins to avoid
these problems [7,1 11. The main goal of this study was to evaluate the
role of the concentrated sulphuric acid during the charring and
oxidation of the ion - exchange resins

2. Experimental Approach :
A calculated weight of SlOO KWH cation and M500 KR/OH anion
Lewatit ion exchange resin, mixture (1 : 1 by weight), supplied by
Bayer, and a given volume of technical grade (98%) concentrated
sulphuric acid were charged into one liter three neck digestion flask.
The flask was heated, using a heating mantel, up to 240°C. When the
presumed temperature was reached hydrogen peroxide (35%) was
added beneath the solution surface using metric pump. The system was
equipped with acidic and alkaline traps to hold back the evolved gases
during the reaction stream Fig ( I ) . Samples from the off-gas stream
were collected before the trap every 30 minutes and analyzed using
AREOGRAPH Series 3700- TCD - FID gas Chromatography.
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Fig. (1): Apparatus for the oxidative degradation of ionexchange resins in acid medium (laboratory- scale)
(1) Hydrogen peroxide solution (35%) (feeding below
the solution surface)

(2) Metering pump
(4) Temperature control
(6) Magnetic stirrer
(8) Acid and alkaline traps

(3) Digester, 11 volume
( 5 ) Heating mantel
(7) Off - gas sampling

The elemental analysis and the water content of the cation and
anion resins were represented in table I. Additional information
concerning the characteristics of the resin were mentioned in pervious
publication [ 121.

Table I: Water Content And Elemental Analysis of Ion Exchange
Resins.
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3. Result & Discussion
The work reported is part of a comprehensive research and
development program to study the treatment [ 121 and immobilization
[13-151 processes of ion - exchange resins (IXR). Different factors
affecting both processes have been studied and the data were previously
published [12-151. In the present study oxidative degradation of ion exchange resins (IXR) in sulphuric acid - hydrogen peroxide mixture
was carried out at relatively lower temperature (24OOC) compared with
dry oxidation process (incineration & pyrolysis) [ 161. Heating is
needed to start the oxidation reaction where the net heat input must
exceed the difference between the heat absorbed in the endothermic
reactions e.g. vaporization of the reactant and the heat evolved in the
exothermic reactions e.g. decomposition, oxidation.. [ 171
Heating the organic IXR (C,H,)
in H2SO4 results in its charring
(mC). The chemical reactions expected to take place according to those
given in the literature [I 1, 18, 191 were as follows:

C,H,

+ " / 2 2 S 0 , + n H 2 0+ %SO, -I- mC

Continuous heating of the previous mixture results in subsequent
partial oxidation of the formed carbon to C02:
C 3- 2H2S0, -+2 H 2 0+ 2S0,

-+ CO,

(2)

Increasing the heating time in conc. H2SO4., increases the
oxidation of the formed carbon' which is reflected in the percentage of
carbon oxides in the off- gas, Table 11. It is clear, also, from the data
obtained in table I1 that the average percentage of carbon monoxide
(CO) in the off- gas during the preheating time was in most cases
insignificant compared with that of carbon dioxide (C02)
The addition of H202 to the system leads to more oxidation of
the formed carbon (mC) to CO and C 0 2 according to the following
equations:

C i-W 2 0 2 +H 2 0 + CO

C -I- 2H,02

(3)

+ 2 H 2 0+- CO,
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(4)

Table 11: oxidative Degradation of lon
Medium.

- Exchange Resins In Acid

The effect of pretreatment processes on the variation of off- gas
composition as a function of reaction time.

E

before €3202
addition
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I

F

(1) 20g bead resins (1:l cation to anion by weight) contain 12.64g
carbon.
(2) Reaction temperature: 240°C.
(3) Rate of H202 addition: =J 1.2 ml /min.
A) Start heating and H202 addition at the same time.
B) H202 addition at 240°C directly.
C) heating for 30 min. before H202 addition.
D) heating for 60 min. before H202 addition.
E) heating for 90 min. before H202 addition.
F) heating for 120 min. before H202 addition.
The chemical equations ( I -4) and the data represented in table I1
indicate that C 0 2 in the off - gas was formed through two oxidation
processes namely oxidation of carbon with hot &SO4 and with H202
added while CO was mainly formed through the oxidation with H202.
This explain the higher percentage of C 0 2 in the off - gas compared
with CO %, Table 11. With continuous addition of H202 to the system
the oxidation products, (CO % & C02 %), increased with increasing the
oxygen (02) supply to reach its maximum and then decreased due to
the consumption of the carbon contained in IXR loaded, Fig (2). A
remarkable increase in the 0 2 % in the off-gas at the end of the reaction
indicates that the oxidation process was approaching its end, Table (2).
This was also accompanied by the decrease in the main oxidation
products (CO % & C02 %), Fig (2). The total percentage of the main
oxidation products, (CO% + C02%), for samples where H202 added
directly at 240°C (Le without preheating period) reached its maximum
after 60 minutes Fig (2). The delay in reaching the maximum
percentage of the total oxidation products for the preheated samples
compared with that untreated one may be attributed to the preheating
!
time, Fig (2).
The data obtained in case of simultaneous heating and addition of H202
to the system are given in table 111, where the time required to complete
the oxidation of a given weight of IXR was 220 minutes and the volume
of H202 consumed was 260 ml. Comparing these results with those in
case of addition of H202 after the temperature of the system reached
240°C it is clear that: the oxidation time was reduced to 150 minutes
and the consumed H202 to 180 ml. Preheating IXR in hot acid for
different periods before introducing H202 results in an additional
reduction in the oxidation time by 20% and H202 consumption by
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22.2%. (From 150 minutes to 120 minutes and H202 from 180 ml to
14Oml), Table III.

- 20 g Bead resin (1 :1 cation to anion)
- Temprature : 240°C

- Addition rate of H202 : 1.2 ml/min.
SI

- Heating 120 min.
* . I

9
M

-----

Be

8
.W

'9

+
6u, w

- Heating and addition of
H202 the same time

e:------

9

-I----

w
Reaction time, min.

Fig. (2): Oxidative degradation of Ion-Exchange resin in
acid medium (Labopatory-scale experiments)
The variation of summation of oxidation products
percentages (CO% + C02%) as a function of reaction time at different pretreatment periods.
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Table 111: Oxidative Degradation of lon - Exchange Resins In Acid
Medium
The effect of pretreatment conditions on the oxidation process.
Pretreatment Conditions

Start heating and addition
addition of H202 at 240°C
addition of H202 after heating at 240°C
for 30 min.
addition of H202 after heating at 240°C
for 60 min.
addition of H 2 0 2 after heating at 240°C
for 90 min.
addition of H202 after heating at 240°C
for 120 min.

Oxidation
Time (mini
220
I50

H202

I50

180

I40

170

I35

I50

120

140

260
I80

( I ) 20g bead resin ( 1 : l cation to anion by weight) contain 12.64g
carbon.
(2) Reaction temperature : 240°C
(3) Rate of H202 addition: = I .2 ml /min.

Although the weight of oxidized carbon in gram per minute
(oxidation rate), was increased by increasing the preheating time before
H 2 0 2 addition, yet, the sulphate content in the off - gas was also
increased more than 5 fold Table IV. The sulphate aerosols produced
during the oxidation course could be carried mechanically and
complicated the off- gas treatment rather than their corrosive and
pollution effects.
Therefore, it was concluded that addition of oxidant directly after
raising the temperature of ion-exchange resins/sulphuric mixture to
240°C seems to be more suitable
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Table IV: Oxidative Degradation of Ion Exchange Resins In Acid
Medium
The effect of pretreatment conditions on the sulphate content:

Pretreatment Conditions

Start heating and addition
addition of H 2 0 2 at 240°C
addition of H 2 0 2 after heating at 240°C
for 30 min.
addition of H 2 0 2 after heating at 240°C
for 60 min.
addition of H 2 0 2 after heating at 240°C
for 90 min.
addition of H 2 0 2 after heating at 240°C
for 120 min.

Oxidation
Rate g
(carbon/min)

Sulphate
Content in
off-gas (g/l)

0.070

0.13

0.105

5.22

0.105

24.46

0.1 13

25.60

0.1 17

27.20

0.132

28.80

(1) 20g bead resin (1:1 cation to anion by weight) contain 12.54g
carbon
(2) Reaction temperature : 240°C
(3) Rate of H202 addition: == 1.2 mi /min.
Increasing the amount of IXR added to a given volume of H2SO4
increased the total oxidant consumption and the time required to
complete oxidation, Table V. In fact the result obtained was expected,
since, increasing the amount of IXR feeded to the system increased the
carbon content per unit volume of the reaction mixture and will in turn,
increase the total volume consumed of M202 and the time required for
oxidation. The variation in the volume of H 2 0 2 in ml/g resin and
consequently per gram carbon was not significantly high for an increase
of 150% in the amount of carbon added to the system. This indicates
that the volume of oxidant consumed per gram resin or carbon, (in the
range of the ratios used), was independent on the IXR/H2SO4 ratio. In
the same time, the oxidation rate in gram resin per minute and in gram
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carbon per minute were not highly affected with increasing the amount
of IXR introduced to the system Table V.
The total carbon remaining in both solid and liquid phases at the
end of the reaction increased with increasing the amount of IXR
decomposed Fig (3). Increasing the amount of IXR feeded to the
system from 40 to 60 g/l decreased the total conversion from 99.42% to
99.12%. on the other hand increasing the feeded IXR to 100 g/l
decreased the total conversion to 97.48%. This indicates that a
concentration of IXR lower than 60 leads to a conversion higher than
99 %. Based on the obtained data in table V, it was recommended not to
exceedl: 16.6 (60 g/l) resin / acid ratio.
The amount of unoxidized carbon detected in the liquid phase at
the end of the reaction was always relatively higher than those detected
in the solid residue independent on the IXR / acid ratio Table V
The data so far obtained show that the formed inorganic residue
contains relatively low concentration of organic matter which is
favorable for the subsequent handling and immobilization process of
the residue after the proper pretreatment process (neutralization).
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- Temperature :24OOC
- Addition rate of I3202 : 1.2ml
min

Wt. of resin added, g
Fig. (3): Oxidative degradation of Ion-Exchange resin in acid medium
The variation of total unreactad carbon as a function of the a mount of
resin added.
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Although the weight of residue increased with increasing the amount of
resin digested in a given volume of H2SO4 yet the weight reduction
percentages were higher than 99.8 and the reduction factors were always
higher than SO0 for all the ratios used, Table V. These values for weight
reduction were in favor of the oxidation process of IXR using M202
cornparcd with those using nitric acid [20] or dry oxidation e.g.
incineration [2 I 1 and pyrolysis [ 161
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Investigation on Cement/Polymer Waste Packages
Containing Intermediate Level Waste and organic
Exchange Resins
M.R.El-Sourougy, M. Y.Khalil*, A.A.Zaki and H.F.Aly
Atomic Energy Authority, Hot Laboratory Center, P.O.Box I 3758
Cairo, Egypt.
*Nuclear Engineering 'Department, Alexandria University. Alexandria,
EgY Pt .

Polymers can be added to cements to improve its nuclear waste
immobilization properties. This trend in cementation processes is
attracting attention and requiring thorough investigations. In this work,
polymers of different kinds were added to ordinary portland cement for
the purpose of solidifying intermediate level liquid wastes and organic
ion exhange resins. Epoxy polymer such as Kemapoxy-150 reduced the
leaching rate of cesium compared to cement alone. Latex to cement
ratio less than 4% caused an increase in leaching rate of cesium. When
cesium was absorbed to an organic resin its leachability was improved.

321

Introduction
The disposal of low and intermediate-level radioactive wastes
requires two major preparation processes. First, the treatment of the
waste, and second the solidification or immobilization into a solid
matrix.
The main objective of treatment is to achieve a reasonable volume
reduction factor.This leads to substantial improvements in safety and
economic aspects associated with the further handling, transport, storage
and disposal process [I].
The incorporation of radioactive wastes into cement matrices has
been widely practiced due to the positive charactristics of the resulting
waste forms. Among the advantages of the cementation process are the
simplicity and low cost of the process and raw material, fire resistance,
..etc. However, there are some disadvantages [2,3] associated with the
cementation process. Addition of epoxy resins to cement may improve
leach resistance of the waste forms. The epoxy system may be visulized
as network crosslinked in all three dimensions [4]. Polymer impregnated
cement matrix (PIC) is a new type of solidifying agents characterized
with high mechanical stength, low porosity and their leachability is by
far better than plain cement [5,6].
Poly mer-modi fied cement systems, the relative advantages and
disadvantages of these new immobilizing media have recently been
reviewed[7,8]. Laboratory studies have been carried out [9] to test
various embedding matrices, such as hydraulic binders, bitumen, epoxy,
...etc. Johnson [ 10, I I ] investigated the properties of polymer modified
cements and studied in details the modification of OPC with styrene,
butadiene, bitumen emulsion, epoxide and polyurethane resins.
The aim of the present study, is to modify the Inshas ILW and ILSW
waste packages by adding some new additives to improve both the
compressi ve strength and leachab i I it y .

Experimental
All chemicals used in the present work are Analar Grade Reagents.
The chemical and radioactive recipe of the simulated waste solutions of
Inshas [ 121 intermediate-level liquid waste (ILLW) used in this work is
shown in Table 1.
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Table 1 : Radiochemical Composition of Inshas ILLW
Quantity
Bq/m3
Ci/l

Radionuclide

Total Radioactivity
p and y-emitters including:
Cesium- 137
Cobalt-60
St ron t iu m-90
=t- Yttrium-90
Ruthenium- 106
=tRhodium-106
Europium- 154
Zirconium-95
+ Niobium-95

3.7E9

1E-4

1.85E9
3.7E7

5E-5
1E-6

7.4E8

2E-5

3.7E7
3.7E8

1E-6
1E-5

3.7E8

1 E-5

Organic ion exchange resins were used as an intermediate-level
solid waste (ILSW). They were mixed with OPC and Kemapoxy-150
(epoxy) resin. The properties of organic ion exchange resins are shown
in Table 2.

Table 2: Specifications of the Organic Ion Exchange Resins
Ionic
form

Mesh
size

Product
of

Organic anion exchanger

c1-

14-52

UK

Organic anion exchanger

c1-

16-50

Aldrich

Organic cation exchanger

H+

r00-400 DOW, USP

Type

Organic weakly basic anion OHexchanger

20-50

DOW, USP

Kemapoxy- 150, is an organic polymer, consists of two components,
the resin and the hardner. The kemapoxy-150 (epoxy) was prepared by
self polymerization at room temperature. In this respect, the resin and
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the hardner were obtained from Chemicals for Modern Buildings
Company, Egypt, and mixed according to the ratio 2 1 to produce the
epoxy as a viscous colourless polymer. Specifications of the
kemapoxy- 150 (epoxy) are shown in Table 3 [ 131.

Table 3: Specifications of Kemapoxy-150

Latex, is a natural polymer milk emulsion, of pH 10. It contains
about 60 wt% solid material. It was brought from Alexandria's Chemical
and Medical Industries Company, Egypt [ 141.
Radioactive isotope used in this work was Cs- 137, it was obtained
from Amersham (England) in the solution with a specific activity form
of CsCl aqueous solution with a specific activity of 1-10 mCi/mg Cs. The
half-life of Cs- 137 is known to be 30 years [ 151.
Ordinary Portland Cement (OPC) was used for incorporating Inshas
ILLW, and ion-exchange resin. OPC produced by the National Cement
Company at Helwan, Egypt. The composition of cement materials used
is made according to British Standard Specifications (B.S.S) [ 161.
Samples were prepared starting from the raw materials involved.
Triplictes were prepared and the results given are the average. Details of
sample preparation procedures are given by Zaki [ 171.
Among the properties of materials to be used for the solidification
of radioactive wastes, the leaching of radioactivity is undoubtedly the
most important one. The knowledge of it can estimate the hazards
arising when solidified waste comes into contact with water, under given
conditions during other stages or shipping or even after disposal. The
IAEA recommends that leach test results be reported as a plot of
[(cumulative fraction of the radioactivity leached from the specimen).
(specimen volume to exposed surface ratio)] as a function of total time
of leaching,
[E an/ Ao] [V / S] versus C tn
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where
Can = sum of radioactivity lost during leaching periods
A.

= initial radioactivity

V = volume of specimen in cm3

S = exposed surface area of specimen in cm2
Ctn = sum of all leaching periods in days.
The radioisotope used in long-term leaching studies is Cs-137. The
samples were cured for 28 days before leaching test using distilled
water.
The chemical properties of the final cement grout were studied by
subjecting the different specimens to leach tests. The leachants were then
radiochemically analyzed. Leaching tests were performed according to
the International Atomic Energy Agency (1AEA)'s standard test [ 181.
Cs-I 37 was the radioactive isotope studied in these tests. Cement grout
were prepared as previously described by Zaki [17]. Distilled water was
the leachant used for all samples. The recipe for all samples is shown in
Table 4.
In epoxy/cement samples W/C ratio was kept at 0.25 by weight. For
all the rest samples W/C ratio was kept at 0.35 by weight. The volume of
leachant was 10 times the surface area of the sample (600 zk 20 ml).

Result and Discussion
1. Compressive strength
The compressive strength of the solidified waste packages were
measured after curing for 28 days. the waste packages were cracked
using the Challenger range of compression testing machine (2000 KN)
calibrated at BS 1610 Grade A. The corrected cylinder strength and
estimated cube strength have been calculated from the measured values
using the appropriate correction factor for 30mm right cylinder[ 191.
The effect of epoxy addition to the OPC/ILLW on the compressive
strength is shown in Fig. 1. This figure can be divided into two steps, the
first reveals a direct increase in compressive strength with the increase in
EP/OPC ratio in the range (10-50 wt%); and the second step reveals a
constant value of compressive strength with the increase of EP/ OPC
ratio in the range (50-90 wt%). These results could be attributed to the
addition of epoxy to OPC/ ILLW paste which leads to decrease the

325

W

n
c)

Y

326

porosity of the paste which in turn leads to increase the compressive
strength [201. The constant compressive strength values obtained in the
range (50-99 wt%) of EP/OPC can be attributed to the approximate
closing of the paste pores and therefore the elasticity properties of
epoxy is predominating in this range.
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Fig. 1 : Effect of Epoxy / cement ratio on the compressive strength of
OPC/ILLW waste forms.
Fig. 2 shows the effect of the addition of latex to OPC/ILLW system
on the compressive strength. It is clear from this figure that the
compressive strength of OPC/ILLW decreases with the increase of
LdOPC ratio. This could be attributed to the pH effect of the added
latex, OPC is stable at pH=13 [21]. Addition of relatively lower pH latex
(10.5) may result in final pH value of about 11.5 for the La/OPC/ILLW
system. In spite of the decrease of the absolute value of compressive
strength due to the addition of latex, it is still acceptable from the
practical point of view; the compressive strength of the produced
packages after the addition of latex to OPC is still higher than 125
kgf/cm2.
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Fig. 2 : Effect of Epoxy / cement ratio on the compressive strength of
OPCLLLW waste forms.
Effect of OEX/ (OPC+EP) ratio on the compressive strength of
organic exchanger resin/OPC/Epoxy system is shown in Fig.3. It is clear
from this figure that the compressive strength decreases with the increase
in OEX / (OPCaEP) ratio. Dowex-3 achieved the highest compressive
strength, however, a wide range of OEX / (OPC+EP) loading. Dowex 50/
Epoxy / OPC packages revealed the lowest range of loading ratio for
OEX / (EP+OPC) of about 25 wt%. Permutite/Epoxy/OPC packages gave
the lowest compressive strength; while Dowex-SOW and
Amberlite-IRA-900 lies in between compared to the other three
exchangers under investigation.
The decrease in compressive strength with the increase in the OEX /
(OPCaEP) ratio may be attributed to the decrease of polymedcement
(Epoxy 3- OPC) ratio. The decrease of the conditioned quantity of
Dowex-SOW (OEX / (OPCaEP) -25 wt% may be due to the small
specific density of Dowex-SOW. On the other hand Dowex-3 achieve a
large (EX/ (OPC-tEP) ratio (430 kgf/cm2 at 50 wt% OEW (OPC+EP).
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This may be attributed to the OH- group of Dowex-3 cross - linking
with epoxy compared with that of plain OPC.
0
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Fig. 3 : Effect of organic exchanger on the compressive strength of
OPUEpoxy waste forms at 28 days.

2.Leachability
Among the properties of materials to be used for the solidification
of radioactive wastes, the leachability of radioactivity is undoubtedly the
most important one. The organic polymer latex (La) was mixed with
OPCDLLW with La/ OPC ratio: 1,2,3 and 4 wt%.
The leached cumulative fraction of CS-137 from OPC/ILLW/ La
waste forms is clear from this figure that, the 2 wt% La/OPC waste
packages have a lower cumulative fraction followed by 4 wt% in
comparison with plain OPC, while a high leaching fraction was observed
for 3 wt% and 1 wt%. The low leaching rate of Cs-137 from 2 wt%
La/OPC may be attributed to the formation of epoxy polymer which
coated the constituents of the hardned cement paste retarding cesium
diffusion to the outer surface of the waste package [5,22],
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9 OPCI 3% WlLLW
Q OPCH% LalILLW
x OPCIILLW
8s OPC14%1alll-LW
0 OPCI2%LanLLW
WIC =0.35

Total lime (days)

Fig. 4 : Product of cumulative fraction of Cs-137 leached and the
volume - to - surface ratio plotted against total time of
different OPC/ Latex / ILLW waste samples
The Cs-137 leaching rate of the solidified OEX/OPC/EP waste
packages of different organic exchangers are shown in F i g 5 It is clear
from this figure that all the conditioned resins exhibit higher leaching
rates than that of OPC/EP matrix. The Ieaching rates have the following
order: (OPC/EP ) c (Dowex-3/0PC/EP) c (permutite/ OPC/EP) c
(Dowex-SOW/OPC/EP) < (amberlite-IRA-900/ OPUEP). This sequence
reveals that Dowex-3 achieves the lowest leaching arte, whereas
Amberlite-IRA-900 achieves the highest leaching rate. This sequence
can be attributed to the low porosity (W/C=0.25)and that the epoxy
polymer may close the hardned cement pores decreasing cesium
diffusion for OPC/EP waste package system. The low leaching rate of
the waste packages containing Dowex-3 may be attributed to the
adsorption of cesium on the Dowex-3 ion - exchanger resin; inspite of
its high OEWOPC ratio.
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Fig. 5 : Product of cumulative fraction of Cs-137 leached and the
volume -to- surface ration plotted against total time of
different OPC/ Epoxy/ Organic exchanger waste samples.
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Conclusion
It is possible to condition the organic exchangers Dowex-3 in
OPC/Epoxy matrix up to 35 wt% with a low Cs-137 leach rate. The
compressive strength can be increased by the addition of epoxy
polymer to OPC up to 560 kgfkm2. On the other hand,the addition of
latex to OPC decreased the compressive strength by about 66%
compared to OPC.
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Ion Exchange Characteristics of Cerium(1V) and
Tin(1V) Antimonates and Their Use in Radwaste
Treatment
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Abstract
Cerium(1V) and tin (IV) antimonates cation exchangers have been
synthesized. The products were characterized by powdered X-ray
diffraction, thermal analysis and infrared spectrometry. The data of the
distribution coefficients showed that the selectivity decreased in the
order Eu3+ > Co2+ > Sr2+ > Cs+ for both materials. Besides, the drying
temperature of the matrices have a profound effect on their ion
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exchange capacities. Moreover, the obtained results of the effect of
gamma radiation on the ion exchange behaviour of the samples showed
that a slight decrease of the capacity and the distribution coefficient
values with increasing the absorbed dose.

1. Introduction
The use of inorganic sorbents for treatment of aqueous radioactive
wastes was originally made [1,2] on the basis of their resistance to
radiation, generally better resistance to chemical attack and their
compatibility with likely immobilization matrices such as cement.
A considerable number of synthetic inorganic sorbents have been
identified which have a strong affinity for one or more radionuclides.
These sorbents have been found to be versatile and can be used either in
granular form in a conventional packed-bed or in a finely divided form
in conjunction with an efficient solid-liquid separation such as
cross-flow fi 1t rat i on.

The present work has generated a considerable quantity of
information on the performance of inorganic sorbents for the
decontamination of aqueous radioactive waste streams. The data has
been obtained for preparation, characterization and equilibrium
situation.

2. Experimental
Preparation of cerium(1V) and tin(1V) antimonates (CeSb and
SnSb) were prepared as described previously [2-41; the precipitates
obtained by adding SbC15 and cerium ammonium nitrate or SnC14 with
constant stirring, were kept in the mother solution at 6OoC for one day,
and then washed with cold demineralized water until free from chloride
or nitrate ions. After drying, the products were ground and sieved
(0.12-0.64mm).
The total water content of the samples was determined by
calcination of lg at 85OoC and calculating of the % loss in weight.

Irradiation
y-irradiation of cerium(1V) and tin(1V) antimonates was carried out
by using Egypt Mega I Irradiation Facility (type 3-6300 Atomic Energy
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Canada). The irradiation was conducted for variable time periods in
order to cover a range of absorbed doses varying between zero and 9.88
MGy. The samples were wrapped in polystyrene (0.5 mm) films and the
temperature during irradiation did not exceed 6OoC. Subsequent
experiments were conducted on both CeSb and SnSb samples before
and immediately after irradiation.

Analyses of Matrices
X-ray diffraction patterns and infrared spectra:
Measurements of x-ray diffraction were carried out using a Philips x-ray
diffratometer, model PW 1890, with a nickel filter and a Cu-K
aradiation. For IR spectra measurements of SnSb, FTIR spectrometer
was used, Maltson wos series (Unicorn), whereas the IR spectrometer
used for CeSb using Philips beam type Pp, 706 England. In all cases, the
measurements were carried out using KBr disc method.

Differential Thermal Analysis
Measurements of differential thermal analysis were carried out
using a Shimadzo DTG-40 thermal analyzer obtained from Shimadzo
"Japan".

Apparent Capacity Measurements
The Na+ -and Cs+ -capacities of CeSb and SnSb were measured by
repeated batch equilibrations of the samples with 0.1N NaCl or CsCl
solutions in a shaker thermostat at 25f1°C, until saturation was attained.

Distribution Studies
0.lg of the exchanger was shaken at 25 k l0C with lOml of lO-4M of
each of Cs, Sr, Co and Eu, labelled with 134Cs, 85Sr, 6OCO and
15*+154Eu, respectively. After overnight standing (sufficient to attain
equilibrium) the mixtures were centrifuged and the acidity of the
solutions determined.
Distribution coefficients (Kd) were calculated from the following:

Where,
V = total solution volume (ml)
m = weight of the exchanger (8)
A0 r=; initial counting rate in solution
A00 = final counting rate in solution.

Radiometric Assay
The radioactivity was identified and measured by y - r a y
spectrometry using a TENNELEC Multichannel analyzer coupled with a
high purity Germanium coaxial detector. A NaI(T1) scintillation counter
was used for ordinary gamma counting.

3. Results and Discussion
Structural Features:
X-ray patterns for cerium( IV) antimonate manifested that the
prepared sample dried at 5OoC is poorly crystalline and that the
crystallinity of the materials slightly increases with the heating
temperature of the material in the investigated range, 50-4OO0C. The
X-ray patterns of SnSb is already largely crystalline at drying
temperature 5OoC. However, a rather significant improvement of
crystallinity for CeSb and SnSb occurs at 85OoC.
Thermogravimetric (TG) and differential thermal analysis (DTA)
curves for CeSb manifested that the first weight loss at 106OC,
corresponds to loss of free water. The weight loss continued upto 646OC,
in support of the fact that CeSb has a good thermal stability, compared
with other inorganic ion exchangers [ 5 ] . The small exothermic peak at
334OC, corresponds to crystallization of CeO2. No weight loss occured
in the range of 646-820OC for CeSb sample.
The TG and DTA curves of the SnSb showed that the first weight
loss, corresponds to loss of the water of hydration at 94OC. The very
small endothermic peak accompanied with loss of weight at z53OoC,
may be associated with further condensation of the antimonate groups.
The infrared spectra of CeSb sample showed that the broad band at
~ 2 5 0 0 - 3 6 0 0cm-1 is due to strong inter-and intra-molecular hydrogen
bond. The broad band around 600-900cm-1 may be assigned to M - 0
interaction vibrations. The decrease in water content of the sample, as
demonstrated by the decrease in band intensities of molecular water at
about 3500 and 1640 cm-1 goes parallel to the increase in heating
temperature. It should be noted that the two hands at 1410 and
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1 140cm-1 are also slightly decreased with increasing temperature. The
peak at 1410 cm-1 is due to SbOH deformation vibrations and the peak
at 1 140cm-1, to 6-Sb-OH [ 5 ] .
The IR spectra of tin(1V) antimonate manifested that the absorption
bands at 2500-3600 and 1640cm-1 can be assigned to the stretching and
deformation vibrations of interstitial water with strong hydrogen ion
bonding. These bands are decreased with the heating temperature.
Moisture seems to be sorbed during spectra measurements to different
extents by the samples. Bands at 1050 and 950cm-1 are due to OH
groups, the band at 1390cm-1, due to nitrate impurity, which is present
to different extents. The bands at 750 and 450cm-1, ascribed to Sb-0
stretching vibration[6]. The absorption bands between 1000-1200cm- 1
assigned to 6-Sb-OH.

Apparent Capacity Measurements
The ion-exchange capacities of CeSb and SnSb samples heated at
different temperatures are given in Table 1. The data in the table showed
that the ion exchange capacity for Na and Cs on both materials heated at
2OO0C are slightly decreased and no drastic change occurs in the surface
structure and x-ray diffraction patterns, because of the loss of the free
water. At 4OO0C, it seems that the capacities generally largley increase.
Thus, the increase absorption ability can be explained in terms of the
increasing electrostatic force on the adjacent sites by increasing the
electron density on the field of sites in the heated sample, due to
shrinkage the distance between adjacent sites. on heating at 6OO0C,
strongly bonded water is removed and the capacity simultaneously
decreases. No ion-exchange behaviour can be observed in CeSb and
SnSb heated at 70O0C [7].

Table 1 : Capacity for Na+ and Cs+ Ions on various cerium (IV) and
tin (IV) Antimonate Samples Dried at Different Temperatures.
Samples

CeSb

SnSb

Heating
temperatures, OC

% of water
content, wt

50
200
400
600
50
200
400
600

17.16
13.80
5.1 1
1.23
17.48
12.32
5.6 1
1 28
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Capacity
Na+
0.952
0.91 8
1.09
0.035
1.44
1.39
1.51
0.08

(meq/g)

cs+

0.74
0.7 1
0.87
0.0 12
1.28
1.22
1.35
0.046

Table 1 shows also that the Na+ -capacity is higher than that of the
Cs+ -capacity at all heating temperature, under identical conditions. This
can be attributed to a higher complex ability of Na+ with the surface
sites.
The capacities of unirradiated and irradiated CeSb and SnSb
samples are given in Table 2. From this table, it may be deduced that the
decrease in capacity for Na+ and Cs+ for both samples should be
related to both water of crystallization and that the structural water may
undergo radiolysis, resulting in a loss of exchange capacity or partial
decomposition due to redox reactions [8].
In addition, at all irradiation doses, there are probably a few
relatively a strong acidic sites, their number is decreasing with increasing
the irradiation doses.

Table 2 : Capacity Values for Unirradiated and Irradiated Samples at
25 -t l0C
~~

~

Capacity in meq/g for CeSb
Cation

1

Unirradiated MGy
Na+

cs+

1.261
1.060

1.18
1.01

Capacity in meq/g for SnSb

1.3
4.4
MGy Unirradiated MGy
1.124
0.975

6.4
MGy

9.88
MGy

1.09

1.07

0.997 0.988

0.83

0.77

0.768 0.765

Distribution Studies
Preliminary studies indicated that equilibrium was attained within 24
hr, in a shaker thermostat, for the exchange reaction.
The distribution coefficients of metal ions in demineralized water
are so that one can not decide whether or not CeSb or SnSb is selective
for any cation. In order to investigate its selectivity for metal ions,
distribution coefficients (Kd) were determined, the results are shown in
Figs. 1 and 2 Tables 3 and 4.
The plots of log Kd at infinitesimal exchange vs log [HN03]for
CeSb and SnSb are shown in Figures 1 and 2. A linear relationship with
a slope values approximately equal to the valency of the ion sorbed were
obtained for SnSb (Fig.2), indicating an ideal exchange process on this
ion exchanger. The explanation of this [9,10] is that the
cation-exchange process between H+ and Mn+ in solution is represented
by:
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nH+ 3- M"+ + M"' I- nH+
(where a bar over a character denotes the exchanger phase). Kd
values are defined by:

where [Mn+]and [Mn+] are the molalities, the metal ions in solution
and on the exchanger,respectively. & values are given by the equation:

1% (Kd)X

M , X M -+ 0

Tc

= log -

+

-

log{.+;}
xM

7

- n log [HNO,]

x M --4

where YM and YH are the activity coefficients of the ions in solution,
and Tc is the theoretical capacity. The first two terms on the right of the
equation are approximately constant and therefore, determination of Kd at
very low values o f x M in the ion-exchange process will produce a plot of

-1

1Qo

0

*Y

2

8

-4

6

PH
Fig. 1 : Dist ribution Coefficient Values on CeSb From "03
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Solutions.

Fig. 2 : Distribution Coefficient Values on SNSb From Nitric Acid
Media

Table 3 : Kd Values and Separation Factor (a)of Certain
Radionuclides on CeSb in "03 Medium at 25 k l0C
Y-

1.3 MGL

Unirradiated

doses

PH

-_-

(a)
Cs+ Sr2+

Co2

Eu3+

Cs+

Sr2+

Cot+

1

(a)

(a)
Euh

Cs+ Sr2+ Cot+

1110 4000 1520 201 930 3570 1400 155 775 3139
(4.4) (15.8) (6)
(4.6) (17.8) (7)
(5) (20.3)
(3.6) (1.4)
(3.8) (1.5)
(4.1)
(0.4)
(0.4)
580 1503 4330 3600 498 1270 3800 3300 411 950 3300
2.05
(2.6) (7.5) (6.2)
(2.6) (7.6) (6.6)
(2.3) (8.0)
(2.9) (2.4)
(3) (2.6)
(3.53

1.02

253

Euh

630
(4.1)

(0.8)

(0.2)
1379
(3.4)
(1.5)

2.89

(1.5) (3.5) (6.3)

(1.4) (3.7) (6.9)

(1.2) (3.9) (3.1)

3.97

(0.9) (2.1) (7.3)
(2.2) (7.9)

(0.9) (2.3) ( 8 . 5 )
(2.5) (9.3)

(0.8) (2.6)

4.93

4450 2820 6500 V.H
(0.6) (1.5)
(2.3)

(4)
(3.2) (4.9)

3400 2400 5850 V.H 2880 1500 5300 V.H
(0.7) (1.7)
(0.5) (1.8)
(2.4)
(3.5)
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Table 4 : Kd Values and Separation Factor (a/ of Cs+, Sr2+, C03+
and E d + in "03 Medium on SnSb at Diferent Absorbed
y-Doses at 2 5 O C k l0C.

0.1

IO00 15ooo 220333 >loo00 650 11136 9503 >loo00 569 10104 8828 >loo00 578 9S550 8901 >loo00
(15) (20) (10)
(17) (14.6) (15.4)
(17.8) (155)(17.6)
(16.5) (15.4) (17.3)
(1.3) (0.7)
(0.9) (0.9)
(0.9) ( 1 )
(0.9) ( 1 )
181

0.5

850 11469 1800 99.5 380 360.5 1 1 0 0 110 370 379 1070 103 359.6 361 939.5
(3.4) (3.4) (9.7)
(3.5) (3.5) (9.1)
(3.8) (3.6) (11.1)
(4.7) (6.3) (9.9)
(1.3) (2.1)

I

(2.3) (3)

(2.8)

(1.7) (1.7) (2.7)

(1.8) (1.7) (2.9)

(1.8) (1.8)

3

(0.8) ( 1 ) (0.3)
(1.3) (0.4)

(0.6) (0.6) (0.5)
(1) (0.8)

(0.6) (0.6) (0.4)
(1.1) (0.7)

(0.7) (0.6) (0.3)
(0.9) (0.5)

23

4

15.9 19.5 5 10.1 6.3
6
(0.7) (0.8) (0.2)
(0.6) (0.6)
(1)
(1.2) (0.3)
(0.3)

(3)

3.1 11.3 6
6.1 2.9 10.2 7.39 5.7 3.3
(0.3)
(0.5) (0.5) (0.2)
(0.7) (0.6) (0.3)
(0.5)
0 ) (0.5)
(0.8) ( O ? )
(0.5) '
(0.5)
(0.6)

For CeSb, the data given in Fig.1, representing the variation of Kd
values of Cs+ , Co2+, Sr2+ and Eu3+ with pH, show that Kd increases with
pH and the ion-exchange reaction deviated from the ideality. The
selectivity sequence in the ordre : E d + > Co2+ > Sr*+Cs+ for both SnSb
and CeSb.
The Kd values and separation factors (a)of the metal ions studied
on both samples in nitric acid are summarized in Tables 3 and 4. The
separation factors between neighbouring pair of metal ions are larger on
SnSb than on CeSb.
Separation factors between E d + , Sr2+ and Cs+ have been improved
by y-irradiation of SnSb [Tables 3 and 41. The data given in these tables
showed that the Kd values decrease with increasing the absorbed dose. It
could be also deduced that all investigated elements are highly retained
on both materials with Kd values of the order of 103-1 0 4 at 10-3 M
"03
for CeSb and Kd values > l o 4 mlg-1 at 0.1M "03
for SnSb.
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From these results CeSb and SnSb can be used for recovery radioactive
nuclides from waste streams.
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Abstract
Investigations were done on the interaction of radioactive Cs- 134,
CO-60 and Am-241 with soil and ground water of a proposed shallow
disposal site at Inshas. Different samples representing the succession at
different depths till 27.0 meter were taken from a digging well. These
samples were mineralogically identified. Sorption behaviour of the investigated radionuclides from different aqueous media as well as the
ground water in the site was studied. The percentage uptake of the radionuclides by the different soil samples was found to depend on different
parameters such as, contact time, pW of the aqueous phase, volume to
mqss ratio and the presence of some competing ions in the aqueous
phase. Results showed also that the sorption process depend on the nature of, the radionuclide, the type of soil samples and the state of ions in
solution.
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1.Introduction
The accumulation of low and medium level radioactive wastes from
the use of radioactive isotopes in different activities creates a necessity
for the construction of a disposal facility for the waste packages
produced after suitable immobilization. In Egypt, a site locates at Inshas,
east of the Hot Laboratories and Waste Management Centre was
proposed as shallow land disposal facility.
The distribution of the radionuclides from radwaste, which may
migrate into the geological medium and ground water was studied. The
chosen radionuclides, were, 134Cs 6oCo and 241Am. Different types of
sediments and rocks taken at different depths of the proposed site were
obtained. The sorption behaviour of the radionuclides with the different
soil fractions, from aqueous media of the ground water, in the site was
studied.

2.Experimental
The soil samples were chosen to represent some of the stratigraphic
succession found in the area under study. These samples were taken at
different depths. Table I shows the identification of the different studied
samples including the depths and the description of samples chosen.
The samples obtained from digging well. Most of the samples are
detrital samples except samples no.1 (sandy clay) and 7 (basalt) where
they are core samples. Batch experiment was used to investigate the
sorption behaviour of the sediments and rocks towards the radionuclides
under investigation.
The used aqueous medium was the ground water taken from a well,
about 4 Km far from the studied area. Its pH was 7.8+0.2. The chemical
analysis of the ground water was carried out in the Laboratory of
Chemical Analysis,Nuclear Materials Corporation, and is given in Table
11. The aqueous phase containing the radiotracer was shaken with
known weight of certain fraction of the soil sample until equilibrium
was attained. The pH of the solution was measured before and after
equilibrium. The distribution coefficient, Kd was calculated using the
formula:

Kd = ( A o - A ) / A . V/M [ 1
where
Ao: is the initial activity in the aqueous phase

TABLE I : IDENTIFICATION OF THE DIFFERENT SAMPLES
rickness

Sample No
From

To

0.00
5.60
7.22
14.07

0.30
7.22
9.22
15.39

0.30
1.62
2.00
1.32

15.39

21.24

5.85

Interclation between
Clay and Gravely Sand

23.24

26.09
27.09

4.85
1.oo

Coarse Sand
Basalt

26.09

Sandy Clay
Gravely Sand
Si1t

Interclation between
Clay and Gravely Sand

TABLE 11: ANALYSIS OF THE GROUND WATER
-

Component

Sample Content

~

~

Scheme of International limits

600

3602
1433

400

Nil
156
605

200

137
2075
14
0.02
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200
200

I50

75
30

0.5

0.05

A : is the final activity in the aqueous phase
V : is the volume of the aqueous phase, cm3
and M: is the weight of the soil sample, g,

3.Results and Discpssion
3.1. Effect of contact Time on the % Uptake
The effect of contact time on the uptake of the studied
radionuclides by the different soil samples is given in Table 111.
The equilibrium uptake of 134Cswas attained within 2+0.25 hours
for all soil fractions. This result is similar to that previously reported for
the uptake of cesium from sea water medium [3,4], Clanton [ 5 ] reported
that the sorption of cesium is a slightly time dependent process. The %
uptake of 134Csby the different soil samples shows its highest value by
sample no.3 (silt) and its lowest value by sample no.6 (coarse sand).
This may be attributed to the mineralogical and elemental contents of
each sample as shown in Table IV. It was reported that the % uptake of
cesium on different soil samples takes the sequence; fine silt >clay
>sand >coarse silt [6]. This is parallel to the sequence obtained in the
present work for the similar soil fractions.
The equilibrium uptake of 6oCo was attained within 1.2+0.1 hour
and the maximum uptake by the different soil fractions does not exceed
50%. Longer contact time was tested and the % uptake of 6oCo was
found to reach about 75% after two days contacting time. These results
agree with those reported [7,8]. Benes [8] reported that the uptake of
radiocobalt has two kinetic steps, a rapid initial uptake followed by
slower increase in the amount of sorbed cobalt. This course probably
points to the complicated mechanism of the uptake. The relatively high
uptake of 6oCo was attained by samples no.2 and 6 (gravely sand and
coarse sand). This may be attributed to the composition of these two
samples where they are mainly composed of quartz (Si02), calcite
(CaC03) and dolomite (MgC03) and these minerals represent a good
candidate for the cation exchange between Co++ and both Ca++ and
Mg++ 19,101.
With respect to 241Amit is clear from Table I11 that the equilibrium
uptake reached after 3+0.5 hours. Silt and basalt have the highest
tendency to the uptake of Am. This may be attributed to the interaction
between Am3+ and both Al3+ and Fe3+ ions, which are present at high
percentages in these two soil fractions. In this conceren, A13+ and Fe3+

TABLE 111: EFFECT OF CONTACT TIME ON THE % UPTAKE
OF 134Cs,6oCo AND 241AmAT pH 6 + 0.1 BY THE DIFFERENT
SAMPLES

P P

Radionuclide r i m e , ]

0.5
1 .o
134cs

1.5
2.0
3.O
4.0
6.0
0.5
I .o

1.2
I .5
2.0
4.0
6.0

P

0.5
I .0

241Am

2.0
3.0
3.5
4.0
6.0

1

P

71.8
72.9
74.5
78.4
78.3
78.9
79.1
19.5
24.6
34.9
34.7
35.0
35.9
36.6
76.2
82.6
85.4
91.9
92.0
93. I
92.2

P

__D_

P __c_o_

2

P

68.9
70.3
73.4
75.9
75.7
76.8
77.0
27.3
31.5
47.9
48.2
49.3
48.8
51.0
.___
53.4
65.0
73.2
84.9
84.8
86.1
85.2

P

P

I

3

_.__I

77. I
78.2
80.3
83.4
83.5
83.7
84.1
19.6
24.6
35.2
35.0
35.9
36. I
35.4
76.2
80.3
85.2
91.9
92.1
93.3
94.0

5

4

.____

74.1
76.2
76.8
77.1
77.0
77.9
79.0
21.9
23.0
34.9
35.2
35.7
37.0
36.8
65.0
70.9
77.4
86.9
87.1
89.2
89.0

69.8
71.6
73.4
76.4
76.8
76.8
76.9
27.5
34.6 ,
42.8
42.7
43.5
44.0
42.9
65.9
75.5
81.6
88.3
89.2
89.9
90.2

P

6

____.

58.7
60.6
63.4
65.5
65.2
65.8
66.0
28.6
37.3
47.5
47.4
48.0
47.6
48.3
43.9
56.8
67.3
75.5
75.6
76.3
76.2

71.8
72.9
76.2
78.4
78.5
78.9
78.8
25.3
30.7
39.8
40.5
40.5
41.2
41.4
68.8
87.8
89.0
92.2
92.3
94.0
94.5

P P

P P P

P P

___DI

P P
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-

P P

P I____

TABLE IV: MINERALOGICAL ANALYSIS OF THE DIFFERENT
SAMPLES AS A RESULT OF X-RAY DIFFRACTION.
Major

Kaolintie
Calcite
Kaolinite
Kaolinite
Calcite, Kaolinite
Calcite, Qz.
Anorthite

Minor
Qz., calcite
Qz.
-

Qz.
Dolomite

rrace

Montmorillonite
Montmorillonite
Montmorillonite
Montmorillonite
Montmorillonite
Montmorillonite
Qz. Illite, Calc.

Qz. = quartz; Calc. = calcite.
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TABLE V : EFFECT OF pH OF THE AQUEOUS MEDIUM ON THE %
UPTAKE OF 134CS, 6oC0 AND 241Am BY THE DIFFERENT
SAMPLES.
;ample
JO

PH

%

%

2.16
4.61
6.50
7.46
8.14

uptake
69.9
74.8
78.1
80.0
82.1

4.25
5.12
6.8 1
7/09
9.02

22.9
31.7
44.9
49.1
65.1

3.21
4.52
6.14
7.15
9.48

uptake
70.0
77.2
85.1
88.5
93.5

2.28
3.84
5.73
7.55
8.6 1

67.2
71.0
74.3
77.4
79.5

3.59
4.67
5.9 1
6.88
8.73

26.1
32.7
38.9
42. I
57.0

3.17
4.09
5.11
6.83
8.54

72.1
76.3
81.7
89.3
90.4

2.83
4.0 1
5.75
7.68
8.20

72.7
75.6
79.3
83.5
84.4

4.73
5.52
6.93
7.99
9.62

40.1
48.9
62.1
69.8
77.8

2.62
3.34
5.65
7.58
9.09

78.7
81.1
89.0
90.5
91.7

2.02
3.91
5,89
6.75
7.80

69.8
73.2
77.3
79.3
81.7

4.10
5.0 1
6.2 1
7.OO
8.89

31.9
37.8
43.O
50.1
62.0

3.0 1
4.27
5.88
7.06
8.5 1

70.4
76.3
82.2
86.8
87.7

2.04
3.8 1
5.1 1
6.22
7.89

67.0
72.2
76.3
79.1
81.4

4.13
4.9 I
6.09
6.98
8.92

28.2
34.4
42.1
47.0
58.2

3.17
4.63
5.36
6.99
8.91

68.3
74.0
77.2

2.09
3.11
5.23
6.45
7.77

51.6
55.7
61.1
65.3
69.1

3.48
4.33
5.6 1
6.22
8.43

26.1
32.7
38.9
42.1
57.0

2.9 1
4.23
5.07
6.50
9.52

68.5
74.6
77.5
83.1
84.8

2.65

69.9
74.8
78.1
80/0
82.1

4.53
5.32
6.63
7.74

22.9
31.7
44.9
49.1
65. I

3.2 1
4.1 1
5.09
6.60
8.94

70.0
77.2
85.1
88.5
93.5

PH

3.1 I
4.9 1

6.44
7.62

%

9.1 I
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I

83.1

84.6

4

__b

18.0
3.O
1951
63.7
11.2
236 1
94.2
15.6
3896
92.3
25.2
5806
87.6
21.8
5445
121.8
18.9
6762

33. I
8912

198.6
35.1
13773

97.9
59.5
18370

3 16.8

127.4
224.2
31085

35.4
226 17
I
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TABLE VII: EFFECT OF COMPETING IONS (0.1M) ON THE %
UPTAKE OF Cs, Co AND Am AT pH 6 + 0.1 BY THE
DIFFERENT SAMPLES

Sa

no.
7

P

6
77
3
10
15
18

9
65

___I

10

8

9

15

15
18

22
26

I2
15

7
18

6

23

15
31

18

59

64
56
53
__I
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P

22

10

Blank = ground water

-

11
78
5
13
15
22

P

76
4
8

56
61
51
48

P

3

6

47
51

45
42

_
_
1
_

11

73
75
66
63
P

could act as carriers for Am3+ with subsequent enhancement in the
uptake.

3.2 Effect of pH of the aqueous medium
Table V shows the effect of pH of the aqueous medium on the
uptake of the investigated radionuclides on the different samples. After
equilibrium, it was noticed that a significant increase in the final pH
value was attained. Such increase is mostly related to the consumption
of the H+ ions by the mineral constituents of the samples.
It is noticed from Table V that an increase in the % uptake of the
different radionuclides is obtained with increasing the pH of the
aqueous media. This is expected since in acidic medium, H+ ions
compete with the metal ions at low pH to fix on the solid matrix with
subsequent decrease in the uptake of the radionuclides. This result is in
accordance with those previously reported [7,8].
*

3.3 Effect of volume to mass ratio:
Table VI shows the variation of the distribution coefficient (kd) with
the change in V/m ratio. The value of kd decreased with decreasing V/M
ratio and therefore kd is not suitable for quantitative description of
cation sorption on the sediment. Similar results were reported by other
investigators [4,7]. Many authors have considered kd as independent of
V/M value, when the process is mainly ion exchange.
The change of kd with the change in V/m ratio is indicative for the
non ideal ion exchange behaviour of the uptake . Therefore, it can be
concluded that the uptake process of the different radionuclides is a
result of ion exchange and different sorption processes.

3.4 Effect of competing ions
The effect of the presence of certain competing cations such as Na+

,K+ ,Ca2+, and Fe3+ on the sorption of the investigated radionuclides was
studied. The concentration range of these competing ions reaches O.IM.
While the pH of the aqueous medium was about 6, yet iron was not
precipitated as hydroxide when present up to 0.1M in solution. This can
be explained on the basis of the presence of increased amounts of CIand SO,- ions in ground water which can complex iron in solution.
The data obtained, Table VII, showed that the sequence of the
suppression ability of the competing ions on the sorption of 134Csis:
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K + > Na+ > Ca2+ > Fe3+ . Pickering et al. [ l l ] suggested that the
presence of K ions in solution reduces the exchange between Cs+ and
K+at the edges of the sediment lattice. The effect of the presence of the
competing cations on the adsorption of 6oCo was found to have the
sequence Ca2+> K+ > Na > Fe3+ which is constant for all soil samples,
This finding agrees with previous investigations [ 3,10,1’2]. The
adsorption of 241Am by the different samples was found to be highly
suppressed by the presence of Fe3+ ions.
Generally, the sequence of the effect of the competing ions on the
suppression of the sorption of Am is Fe3+ > Ca2+ > K+ > Na+ . From
these results, it is clear that suppression in the uptake of the different
radionuclides by competing ions is mainly related to the charge. Thus K
and Na suppress the uptake of Cs+ , Ca2+ suppresses the uptake of Co2+
and Fe3+ suppresses the uptake of Am3+.

Conclusion
From the aforementioned results the following are concluded;
-Cs+ and Am3+ showed high tendency sorbed by different soil
fractions of shallow land disposal site.
- The tendency of Co2+ for sorption on the different soil fractions
is rather limited. The sorption increased by decreasing the hydrogen ion
concentration.

-The sorption of Cs+ , Co2+ and Am3+ is not governed only by ion
exchange process but also other sorption processes are involved as
indicated by the change in Kd with the change of V/m.
Presence of K+, Na+, Ca2+ and Fe3+ compete with the sorption of
the radionuclides under study with subsequent decrease of the
radionuclides.
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Abstract
Immobilization of the simulated high-level liquid waste (HLLW)
was performed via the gelation with sodium silicate hydrosol at room
temperature. The simulated waste in this study, was represented by the
electrolytes of Li, Na, K, Cs, Co and Sr at different concentrations. Specific loading of the liquid waste with 0.6M Mg (NO3)2 and tailoring
with AI salts were tried during most of the gelation processes. Mineral
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acids (HCl or "03)
were added during the gelation processes to achieve
the gel point, especially when lower concentrations of the simulated waste
were used. The obtained hydrogels were dried to obtain the solid gel form.
The gelation processes were investigated in terms of the different factors
that affected them, namely: temperature, pH, changes in the concentration
of the intiaf hydrosol and the used electrolytes.
The efficiency of the gelation processes was investigated from the ratio
of the amount of simulated waste reacted (m mole) to the initial silicate used
(m mole), i.e. X value. Lower X values were observed when using
multivalent cations (higher polarizing power). A special effect of increasing
the sorption of metal cations in the silica matrix was observed when Al3+
replaced Si4+ in the three-dimensional network structure of the matrix.

1

- Introduction:

Immobilization of high-level liquid waste (HLLW) is considered as the
first barrier in preventing the hazardous radionuclides to reach the
biosphere [ 11. It must be followed by another two barriers; containment and
geologic barriers. Colloidal solutions (sodium silicate hydrosol) could be
used in the immobilization of the HLLW by gelation. Due to the presence
of four negative charges on*the tetrahedral anion (Si04)4-, it is therefore,
easily coagulated by the addition of positively charged cations (acids,
electrolytes and positively charged soils). Gelation involves a
polymerization reaction linking the micelles into chains through hydrogen
bonding the silanol groups and water molecules [2].

When the concentration of silicate increases, the cross linking increases
forming lower density and lower surface area polymers. The polymerization
of silicic acid H4SiO4 [Si(OH)]4 has been depicted as the reaction between
single charged H3Si0; and uncharged Si(OH)4, a process which is
influenced by temperature, pH and by the presence of electrolytes. It was
found, that the rate of polymerization reaches minimum at pH 2-4 and
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maximum at pH 8-9 then tends to decrease again at higher pH values. This
was explained in terms of the increase of unionized silicic acid Si(OH)4,
since the other silicic acid ions repel each other [3]. Addition of electrolytes
increases the rate of polymerization and direct inter-particle bonding was
proposed as the principal mechanism of coagulation [4].

2. Experimental
2.1. Chemicals and Reagents
All chemicals used were of high purity grade. Commercial sodium
silicate hydrosol : M.F.: Na2 (H2Si04). 9.5 H20, F.W.: 31 1.2, pH 12.0,
was used as the silica matrix in this study. Simulated solutions of alkali
metals (Li, Na, K and Cs) and divalent cations of Mg, Ca and Co in addition
to AI salts were tried in the gelation processes.

-

2.2. Immobilization Procedures
The immobilization of HLLW was carried out according to the
following steps:
i. The hydrosol was placed into 400 mL container on a magnetic stirrer
and stirred at a medium velocity.
ii. The coagulants (electrolytes/mineral acids) were added to the
hydrosol from a burette (dropping rate: 0.3- 0.5 mL/min) to the gel (set)
point at room temperature. The electrolytes were added to the hydrosol in
the sequence: monovalent, divalent and finally the trivalent one. During the
addition of the coagulants, the pH value of the reaction medium was
continuously recorded (the pH meter electrode was permenantly immersed
in the hydrosol).
iii. In case of monovalent cations and at lower concentrations of
electrolytes which did not cause coagulation, a mineral acid (HCl or "03)
was added to achieve the gel point.
iv. The solid gel forms were obtained from the obtained hydrogels by
drying through leaving in open air for one week; or by drying at 120"150°C for 6 hours, followed by sintering at 850-1000°C.

The previous steps could by summarized in Fig.(l).
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Coagulant(s)
HLLW -HYDROSOL
step (1)

Heat (120" - 15OOC)
-H,O

immobilization
step@)

> SOLIDGEL

>HYDROGEL

Sintering

850" - 1000°C

Seal, test, deconta min ate and store

> WASTE FORM

>

step( 5 )

Fig.( 1): Schematic Diagram for the Immobilization of simulated HLLW.
Step (4) was planned for characterization and leach tests of the
immobilization materices [5] .

2.3. Factors Affecting the Gelation Processes
The different factors affecting the gelation reactions were studied in
terms of: temperature, pH, initial concentrations of both the hydrosol and
the electrolytes.

i. Temperature: The effect of temperature on gelation was studied at:
25O, 4 5 O , 65O, and 85°C. The hydrosol was placed into a water bath adjusted
at the appropriate temperature and stirred using a mechanical stirrer (instead
of the magnetic stirrer). 1M HCl was used to achieve the gel point.

ii. Concentration of the initial hydrosol: Different concentrations of the
initial hydrosol have been studied: 0. 32M, 0.64M and 1. 6M.

iii. pH of the reaction medium: The effect of pH on the gelation
processes was studied using a mineral acid (HCl or "03)
point.

to reach the gel

i v . Electrolytes: The effect of added electrolytes (at different
concentrations) on the gelation processes have been determined according
to the following:
- different types of mono-, di-and trivalent electrolytes were used;
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- mixture of the electrolytes with 0.6M Mg(N03)2 or with both 0.6M
Mg(N03)2 and A1 salt were experimented; and
- at low concentration, complete gelation with an acid was achieved by
the addition of HCl or "03.

2.4. Investigation of the Gelation Processes
The gelation processes have been investigated in terms of the ratio
between the amount of coagulant(s) used (m mole) to the initial silica (m
mole). [5]

- amount of coagulant(s) used (m mole)
X=

amount of initial silica used( m mole)

--'reacted
x i

The amount of coagulant(s) used was kept equal one by deviding by
Xreacted in Equation (I), therefore:

X = 1 : n;
where (n =

(2)
Ai
~

reacted

x

Lower
values (Le. higher values of n) indicate higher interaction of
the coagulant(s) with the silica matrix.

2.5. Calculations for the
-

value

X values were calculated according to the following steps:
i. Initial hydrosol: volume V I ,molarity Mi and initial pH = (pH)j :
m mole (SiO2)j = Xi = Vi x Mi
(3)
m mole (OH); = Vi x [OH];

(4)

[OH]; was calculated from (pH)i

ii. Coagulant(s) used: the coagulant(s) used (to the gel point), were
indicated by:
Vcoagulants= v2 + v3 =...............
i+ vn
(5)

where, V2, V3, ......, V, are the volumes of coagulant(s) used with
concentrations M2, M3, ... , Mn.
m mole coagulant(s) used = V2M2 -t= V3M3 + ..... + Vn Mn
(6)
iii- Hydrogel obtained: at the gel point, pH = (pH)g and,
Vg = total volume of hydrosol + coagulant(s) used
= VI -t v2 4-v3 -t
+ Vn
(7)
m mole (OH) = Vg x [OH]
(8)
From equations (4) and (8) :
..e........

S

S

m mole (OH)- consumed = m mole (OH); - m mole (OH),
From equations (6) and (9) :
m mole (x) reacted = m mole coagulant(s) used -m mole
(OH)- consumed
Therefore, from equations (2), (3) and (10) :
X = m mole ( x )reacted - 1 : n
m mole (SiO,), = X i

(9)

(10)

(1 1)

3. Results and Discussion
The results were discussed in terms of the factors affecting the gelation
processes and the determined
values.

x

3.1. Effect of Temperature
The results for the effect of temperature on the gelation of 20 mL
silicate hydrosol (0.32 M) at 25" ,45" , 65" and 85°C with 1M HCI are shown
in Table I.

TABLE I: EFFECT OF TEMPERATURE ON THE GELATION OF 20
mL HYDROSOL (0.32M) WITH 1M HCI.
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The data illustrated in Table I shows that raising temperature of the
initial hydrosol lowers the amount of HCI used (and higher pH values at the
gel point). This result could be explained in terms of the higher interation
of the silicate micelles when raising temperature, Le. due to the kinetic
nature of the gelation process. [6]

3.2. Effect of Initial Concentration of the Hydrosol and pH
Gelation of different concentrations of silicate hydrosol (0.32; 0.64 and
1.6)M with 1M HCl and HNO3 are shown in Fig.(2) and Table 11. From the
data obtained it could be noted that:

i. As the initial concentration of the hydrosol was increased, the amount
of acids needed to cause gelation was increased. In the same time the pH
value at the gel point (pH)g decreased.

x

ii. From the
and n values obtained from table 11, HCI was found
more effective in the gelation processes at all concentrations of the used
silicate. This could be attributed to the stronger polarizing effect of HCl
than "03
in the neutralization of the negative charge on the silicate anion.
According to Plank [ 7 ] , and in view of the greatest sensitivity of the gelation
time to small pH changes, it has been reported that the gelation is ionic in
nature.

x

iii. Higher concentrations of the initial silicate used yielded higher
and n values. This result could be explained due to the higher crosslinking
density of silicic acid to produce a three-dimensional network [ 7 ] .

3.3. Effect of Electrolytes
The effect of electrolytes on the gefition processes was found to be
proportional to their polarizing power,[8] following the sequence

M3+ > M2+ >> M+ electrolytes.

i. Gelation of the hydrosol with a single electrolyte: Gelation of the
hydrosol with alkali metals, divalent and trivalent electrolytes w'as tried
separately, the results are:
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PH
11

11

1C

9

a
6

7
12
(,I1

11

10

9

0

7
0

4

8

12
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20

24

28

32

Volume (mL) of mineral acids added

Figure 2. Variation of pH Value of the Medium with the Volume of
Mineral Acids Added in the Gelation of Different Concentrations
of Sodium Silicate Hydrosol 1.6, 0.64, and 0.32 M with 1 M
Mineral Acids (HCl, "03).
(g = gelation point)
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a- Alkali metal electrolytes:
Different concentrations of alkali metal electrolytes: (5.0, 1.0, 0.5, 0.25
and 0.1)M did not achieve the gel point of the hydrosol, Alkali metal cations
of Li+ , Na+ , K+ and Cs+ posses a single positive charge and larger ionic
radius, and hence have small polarizing power, which seems not to be
sufficient to cause coagulation.

b- Divalent and trivalent electrolytes:
Mg( N03)2, Ca(N03)2, Co(NO3)2, Sr(N03)2, AlCl3, and Al(No3)3 were
used in gelation of the hydrosol. Table 111 illustrates the results obtained.
Due to the higher polarizing power of these electrolytes, instantaneous
turbidity to the hydrosol medium was observed on starting the addition of
the multivalent electrolytes. Except with Sr, Sr(N03)2 retarded gelation and
the pH value was slightly increased by the addition of Sr(N03)2. Sr
possesses higher electropositive character than Mg and Ca and hence it is
more basic due to the formation of Sr(NO3)2 (strong base) which retarded
gelation. On the other hand, the trivalent A1 electrolytes were found to
possess the highest interaction among the different electrolytes, i.e., M3+
> M2+ > M+ . The mechanism of coagulation with multivalent cations could
be principally based on the exchange of the cation of the coagulant with the
silanol surface proton Si-OH. In this case, for every cation adsorbed, the
silica surface looses one silanol site for hydrogen bonding with water
(i .e.dehydrated) rendering the hydrosol more sensitive to coagulation. In
such a case, an indirect interparticle bonding mechanism and acid-base
bonding operate between the existing particles [6].

I

-S i -OH..

I
.........O - S i -

I
I
Xand n values for some multivalent electrolytes are listed in Table IV.
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TABLE 111: GELATION OF 20 mL HYDROSOL (0.32M) WITH
ELECTROLYTES AT DIFFERENT CONCENTRATIONS.

m moles used

2.58
2.49
2.33
2.60
2.05

0.6
0.25
0.10
1 .O
0.5

10.96
10.95
10.84
11.40

11.70

0.25
Co (NO3)2 6H2O

1.o
0.5

0.35

3.05
3.10
3.40

11.01

2.0

10.92
10.65

10.89
10.59

1 .o
0.5
0.25

AlCl3 6H2O

1 .o
0.5

1.85

0.25
1.o
0.5
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TABLE

IV: X
AND n VALUES FOR MULTIVALENT
ELECTROLYTES USED IN GELATIN OF 20 m L
HYDROSOL (0.32M)*

* Initial hydrosol: rn mole =6.4, (pH)i = I 1.80, (OH) i.
=6.3 1 x
and m mole (OH) = 1.26 x IO-'.

From Table IV, it is clear that the highest interaction of electrolytes with
the hydrosol was observed with 0.1M Al(N03)3, where,
=-1:5.4, n =5.4
and a minimum was observed with 0.1M Co(N03)2 where, X = 1 :1.9 and
n =1.9. These results are compatible with the results obtained from Table
111.

x

ii. Gelation of the hydrosol with a mixture (1 :1 v/v) of an electrolyte I0.6M Mg(N03)2: A mixture ( 1 : l v/v) of mono-, di-and trivalent
electrolytes 3- 0.6M Mg(N03)2 was used to study the effect of Mg(N03)2
loading on gelation of the silicate hydrosol as shown in Table V and Fig.
(3). It could be observed that the existence of Mg(N03)2 with the
monovalent cations causes gelation which could not be achieved by the
monovalent cations only. This can be considered as an important result
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because Mg(N03)2 is the major product of liquid waste obtained during the
pretreatment of the nuclear fuel with "03.
It is also clear from Table V that, higher values of (OH)-consumedcould
be attributed to the higher interaction tendency of the electrolyte mixture
with the hydrosol. The results showed that the highest value of interaction
was obtained by a mixture of IM A1 (N03)3 + 0.6M Mg (NO3)2 and a
minumun value for 1M CsCl + 0.6M Mg(N03)2 mixture. The results are in
good agreement with the results obtained in Sec.3.3, regarding the
polarizing power of different cations.

iii. Gelation of the hydrosol with low waste loading: In case of low waste
loading of electrolytes (low concentrations), the gelation must be achieved
by adding an acid ( IM HCl ) to the reaction medium to the gel point. Table
VI illustrates the gelation of low waste loading electrolytes.

TABLE V: GELATION OF 20 mL HYDROSOL (0.32M) WITH A
MIXTURE OF AN ELECTROLYTE AND 0.6M M g ( N 0 3 ) ~1:l
VIV.

PI'
12

It
10
12
PI1

11

10

12

P'l
11
8

10

7

4

6

8

-_

10

12

14

lh

18

.

Volume (mL), mixture added

Figure 3 : Variation of pH Value of the Medium with the Volume of the
Electrolyte Mixutre Added in the Gelation of 2Ocm3 & 0.32 M
Sodium Silicate Hydrosol with a Mixture of I : 1 v/v
0.5 M electrolyte =-I 0.6 M Mg (NO3)2.
(g = gelation point)
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The highest interaction was observed with 0.6 Mg(N03)2 and 1M AlC13
and the lowest values were found with the monovalent cations NaN03 and
CsCl. These results are compatible with the results disussed before.
iv. Gelation by successive addition of electrolytes (at low concentration) to
the hydrosol and a mineral acid (HCl or "03):
The electrolytes were
added in a special sequence following M+ -3 M 2 + -a M3+ . Each
electrolyte was left to react with the hydrosol for 1-2 minutes. After addition
of electrolytes, lM(HC1 or "03)
was added to the mixture to achieve the
gel point. Table VI1 illustrates the results obtained.

Conclusion
The immobilization of liquid waste could be performed by the gelation
of the simulated (HLLW) waste as represented by various types of
electrolytes, with sodium silicate hydrosol, representing- the silicate matrix.
The obtained immobilization materices could be used as acceptable
alternatives of the known waste forms.
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Abstract
In this study, simulated liquid waste and radioactive tracers of Cs-137
and CO-60 were used to represent the high-level liquid waste (HLLW).
Immobilization of the liquid waste was performed by its interaction with
commercial sodium silicate hydrosol to the gel point, at room temperature. The candidate waste forms were fabricated from the obtained hydrogels through several steps including: drying the hydrogel to a solid
gel form, crushing the solid to be in a powder from, pressing the powder
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to the green disk form using a cold pressing technique and finally the
heat treatment of the green disks to the sintered form. Characterization
for the obtained waste forms was carried out using: thermal analysis
(TGA and DTA), X-ray powder diffraction (XRD) techniques and
porosity investigation. The leach tests for the prepared forms were
conducted according to the International Atomic Energy Agency
(IAEA) standard test (static and accelerated). The static test was carried
out for simulated and radioactive waste in distilled, bidistilled and
ground water for 28 days. The accelerated (Soxhlet) test was conducted
for simulated waste in deionized water for 72 hours.

1. Introduction
The hazardous high-level liquid waste (HLLW) arises from the
reprocessing operations of nuclear spent fuel must be treated and
disposed. Immobilization of the radioactive liquid waste is an important
step in waste management for the HLLW. The basic aim is to develop
the immobilization matrices (waste forms) which will strictly limit any
significant entry of the radionuclides to the environment [I]. The
objective of all waste management programs is to contain the
radionuclides inside the immobilization matrices (immobilization
barrier) which must be followed by another two barriers (Le.
containment and geologic barriers). The waste forms must be
constructed from a highly stable material possessing an extremely low
solubility in ground water. The most common waste form used during
the past thirty years is the borosilicate glass. Waste forms are [2]:
Synroc (SYN), Tailored Ceramic (TC), High-Silica Glass Some of the
other known (HSG), FUETAP concrete (FUE), Glass Marbles in lead
Matrix (Pb-M), Coated sol-gel Particles (CP) others. In this study, silica
matrices prepared as possible alternatives for the waste forms.
5

2. Experimental
2.1. Candidate Waste Forms
Two waste forms were used in this study which showed the highest
interaction of the HLLW, with the silicate hydrosol during gelation [3]:

i) Silicate-liquid waste-Mg2+ .
ii) Silicate-liquid waste-Mg2+ -Al3+
1M HCl was used to achieve the gel point during the gelation
processes.
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2.2. Disks Fabrication
The immobilization matrices were performed as disks, as follows:
The obtained hydrogels were dried to the solid gel forms (in air or
in a drying oven) and then crushed to the powder form. The green
disks: d=21 mm, h=7.Omm were prepared from the powder by pressing
(3g for each disk) in a steel mould by a cold-pressing technique at 1.0
M Pa pressure.

2.3. Sintering
The obtained green disks were sintered using a Firing Furnace type
NABER to study the effect of sintering on the leach resistance of the
immobilization matrices. A special heat treatment regime was employed
for the green disks as follows:

i) For Cs containing disks: the rate of heating and cooling was
60"C/h up to 6OO0C, to avoid the undesired volatility of Cs oxides.
ii) For the rest disks: the rate of heating and cooling was 120"C/h up
to 850°C.

2.4 Characterization
Characterization for the prepared waste forms was carried out using
the following techniques:
i) Thermal analysis (TGA and DTA)

Thermal analysis (TGA and DTA) was done using the SHIMADZU
DIG- 40 simultaneous TGA-DTA unit with DT-40 control unit and
C-RGA-data processor with floppy disk drive (FDD-IA).

i i ) X-ray diffraction (XRD):
A Philips X-ray diffractometer, model P.W. 1050/25 equipped with
Norelco X-ray tube and Ross balanced filter Cu K employed in the
investigation.
iii) Porosity for the prepared waste forms were examined according
to the American Standard for Testing Materials (A.S.T.M) [4] and
measured by the water immersion method [5 1.

2.5. Leach Test Conditions
The static and conducted tests were conducted as follows:
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2.5.1. The static test:
The static test was performed at room temperature (20"
28 days according to the following conditions:

+ 5°C) for

i) Leachant:
40 mL of the leachant was poured in a screwcapped polyethylene
bottles containing bidistilled water (for the simulated waste), distilled
and ground water (for the radioactive waste).

ii) Sampling frequency:
The cummulative fraction released during the static test was
estimated for the simulated waste using the Perkin-Elmer 5000
Spectrophotometer. The radioactivity released during the static test was
measured using the Data. Inc. (1024 Channel) Multichannel Analyzer,
the samples were taken and analysed as follows:
a. During the first day: 8 bottles were used and the leached fraction was
taken every 3 hours, from each bottle and measured.

b. During the first week: 6 bottles were used for the rest 6 days (a bottle
for every day after the first day).
c. During the following 3 weeks: 3 bottles were used for the rest 3 weeks
(one bottle was used for every week after the first week).

2.5.2. The accelerated (Soxhlet) test:
The accelerated leach test was conducted in a flask containing 300
mL deionized water and boiled for continuous 72 hours. The released
cations from the waste forms (placed into a perforated cup hanged over
the boiling water) were collected and measured using a Corning 910
Flame Photometer.

3. Results and Discussion
3.1. Characterization Results:
Characterization results for the performed waste forms using
thermal analysis (TGA and DTA), X-ray powder diffraction (XRD)
techniques and porosity investigation are:

3.1.1. Thermal analysis and X-ray diffraction investigations:
Table I, shows the chemical composition of the immobilization
matrices used in the thermal an;il!,\i\.
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TABLE
I:
CHEMICAL
COMPOSITION
IMMOBILIZATION MATRICES USED FOR
ANALYSIS (TGA AND DTA)

OF
THE
THERMAL

Mg (NO3)2

64M Blank

+ 2.4% CoC12 + 4.0% AlC13 -P

i- 4.0%

IM CHI

* 1M HCl was used to achieve the gel (set) point.
The thermolysis curves obtained from TGA-DTA investigation are
shown in Fig.(l). DTA of the blank sodium silicate solid gel shows an
exothermic peak around 130°C followed by a broad endotherm at
309.3"C and finally a sharp exotherm at 807.9"C. The same trend was
observed for matrices [2] and 131
In the XRD investigation, the sintered samples 4,5 and 6 (850°C)
showed crystalline phases (corresponding to the polymorphs of silica)
as shown in Figures 2-4. This result is in good agreement with the
exothermic peak appeared (in the DTA analysis) at' 807.9"C Fig.( 1).
Table 11, illustrates the crystalline phases observed in the XRD
investigation and the chemical composition of the waste forms used.

TABLE 11: CHEMICAL COMPOSITION AND CRYSTALLINE
PHASES OBSERVED FOR SINTERED FORMS

Matrix
No.
4

5

'

Chemical Composition

Crystalline Phases

0.64M Blank + 1.74%Mg(No3)~
+ 2.0% AlCl3 + 1M HCI

S I - Trid + a-cris +
MgSi03 + NaCl

0.64M Blank + 1.74% Mg(No3)2
+ 4.30% Al(N03)3 + 1M "03

Si - Trid + a-cris +
MgSi03 + NaCl

~

6

~

~

~

~

~

~

0.64M Blank + 1.74%Mg(No3)2
+ I .4% AI(N03)3 + IM HNO3
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~

~

~~

S I - Trid + a-cris +
NaNO3

1

...........................................
...................................

Matrix

P

I

. . . . . . . . . . . . . . .
1

I

I

[I

Matrix ( 2 )

(I

Matrix

Fig.1. Thermal Analysis (TG; DTA) for Matrices ( l ) , (2) and (3)
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The broad endotherm observed in the DTA's around 300-350°C
accounts for the amorphous crystalline phase transfer. Since the
crystalline silica phases are normally observed at temperatures higher
than the used sintering
temperature (85OoC),the presence of electrolytes could be
enhanced crystallization (i.e. acted as mineralizing agents), as shwon
from the sharp reflections in Figs. 2-4.

3.1.2.

Porosity

Table 111, illustrates the results of porosity for green and sintered
waste forms and their chemical composition.
TABLE 111: POROSITY RESULTS FOR GREEN AND SINTERED
DISKS AND THEIR CHEMICAL COMPOSITION
Disk
No

Composition

1

2

3
4

* g = g een

, s = sintered

From the previous Table, it could be observed that the porosity of
the sintered samples is lower than that of the green ones (as expected).
The results of porosity may account for lowering the leach rates of the
sintered disks than the green ones due to closing the pores of the
matrix.

3.2. Leach Test Results
3.2.1. Static leach test:
The data obtained for static leach test for simulated and radioactive
wastes are shown in Table IV.

384

From the results obtained from Table IV, it could be concluded
that:
i) Leach rate was decreased in the order: 1 day 7 days and reaches
minimum after 28 days. This result could be explained as follows:
a- At the first day the predominant factor for leaching is the
solubility factor. b- At the later periods of the test (after one week to the
end of the test),the mechanism of leaching could be a diffusion
mechanism which is lower than the solubility factor operated at the first
day.
ii) Heat treatment for the green disks played an important role in
the significant decrease of the leach rate of sintered matrices, as shown
from the leach rate results for sintered disks 2,4,6 and 8. This result
could be attributed to the decrease in porosity of the sintered matrices
due to calcination ,[6] which is in good agreement with the porosity
results [Table (l)].
iii) According to the type of leachant used, it was found that the
leach rate for radioactive waste was decreased in the order: distilled
water then ground water. This result is consistent with the results
obtained by Moore [7] [et all, for the leach behaviour of hydrofracture
grout. Ground water contains higher salt concentration than that in
distilled water, which could supresses the migration of cations from the
matrix to the ground water (salt effect).
i v ) The leach rate of the alkali metal cations Li ,Na , K and Cs
(samples No. 2,4,6 and 10) was higher than that of the divalent transition
metal cation Co2+ (sample No. 16). This result is attributed to the higher
solubility of the alkali metal salts in water than the divalent cation salts.

v) In general, the lowest leach rate was found with the sintered and
aluminium tailored matrix [Silicate - Co2+ - Mg2+ -A13+] in ground
water after 28 days: 0.07 x
g.cm-2 .d-l (Disk no 16). This result
indicated the importance of A1 tailoring in the performed
immobilization matrices, which acts as a building network structure
rather than a modifying one (as in case of Mg2+).[7]
The modified effective diffusivities; De's, in cm2 .s-I for the
simulated and radioactive matrices, are given in Table V.
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TABLE V: MODIFIED EFFECTIVE DIFFUSIVITIES (De's) in
cm2 .s-l FOR THE SIMULATED AND RADIOACTIVE MATRICES
Disk No
Simulated
Matrices
1
2
3
4
5
6
7
8

Disk No

9
10
15
16

10.0
0.25
0.5 I
4.33
6.00
1.70
2.20

De. (cm2. s-1)
xl0-10
Radioactives
Matrices
0.002
0.0005
0.0004
0.0003

0.14

The results of the De's (Table V) are compatible with the leach rate
results obtained from Table IV. Again, The lowest De values were found
with the sintered and aluminium tailored matrices; samples No. 8 and 16
for simulated and radioactive wastes respectively.

3.2.2. Accelerated (Soxhlet) leach test
The accelerated leach test results for simulated waste are shown in
Table VI.
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TABLE VI: ACCELERATED LEACH
RESULTS FOR
SIMULATED WASTE IN DE-IONIZED WATER FOR 72 HOURS.

The results showed higher leach rates than in the static tests. This is
explained by a leach rate of 5.0 x 10-4g.cm-2.d-1 for the static test
(sample No.4, Table IV), compared with 7.2 x 10-2g.cm-2.d-1 in the
accelerated test (sample No.20, Table V). This result could be attributed
to be different in the conditions utilized between the two tests. In the
same sense, the lowest leach rates were found with the sintered and
aluminium tailored matrix (matrix 24) : 3.6 x10-2g.cm-2.d-1.
Comparing the leach rate results obtained for the suggested waste
for other forms, we can conclude the
forms with those published
following:
@y9)

i) The static and accelerated leach rates and the modified effective
diffusivities of the suggested matrices are higher than those of
Borosilicate Glass (BSG), Basalt Glass (BG) and Alumino silicate
Glass (reported) [8,9].
ii) Inspite of this, due to the uncertainity about devitrification of glass
and its effect on leach rate, the suggested matrices are to be
considered, since their leach rates are lower than those of coldpressed and cast hydraulic cements and Synroc [8,9].
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Conclusion
Sodium silicate immobilization matrices could be obtained by the
gelation of the liquid waste with sodium silicate hydrosol at room
temperature. Heat treatment played an important role in promoting the
leach resistance of the performed immobilization matrices (as possible
alternative of waste forms for the radioactive liquid waste).
Characterization results, showed the existance of the crystalline phases
of silca at relatively higher temperatures and, also, lower porosity for the
sintered forms. These results were found in good agreement with the
leach results obtained for sintered forms. Aluminium tailoring in the
silicate matrices lowered also the leach resistance for the performed
matrices (building up the network structure of the silicate matrix).
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TABLE IV: STATIC LEACH TEST RESULTS FOR SIMULATED
AND RADIOACTIVE WASTE FORMS FOR 28 DAYS AT ROOM
TEMPERATURE

distilled
water
II

* G = green, s = sintered
+ d distilled water, G = ground water
I-

p Leaching rate was calculated based on the release of the underlined
cation.
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TABLE IV : CONTINUED
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Abstract
Polyvalent ions are very sensitive to gamma irradiation in aqueous
solutions. The present work is a part of a more comprehensive study
dealing with the stabilization of protection of certain oxidation states of
some polyvalent ions during their gamma irradiation in aqueous
systems. The behaviour of aqueous Fe(I1) solutions during gamma
irradiation, in presence of sulphite ions has been studied in details in
order to understand the prevailing protection mechanism. The
conditions and stabilization limits in the studied case has been found
out.
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1 INTRODUCTION
Polyvalent ions in aqueous solutions are very sensitive to the effect of
gamma radiations. In some practical applications, separation of certain
polyvalent ions depends largely on the availability of a certain oxidation
state of the ionic species. This indicates that the stabilization of certain
oxidation states of certain ions, when present in a strong irradiation field,
is an important problem in applied radiation chemistry.
Protective effects induced by traces of some chemicals against X- or
gamma radiations have been known since a long time(1,2,3,4).In its
broadest sense, the term protection in radiation chemistry has a variety
of meanings dependent on the view point of the observer as well as the
details of the process investigated. For example, if :
M
R-tX
and both R and X react with a second species N and thus modify or
destroy it, an active agent may be added with the objective of
intercepting or scavenging the radicals before they can enter into the
reaction with N. In this way N is protected from checmial action but it is
not protected from decomposition(5). It should be pointed out that
protecti-on on radiolytic systems is a phenomenon that is greatly related
to competitive reations.
Competition depends on the equilibrium constant of the prevailing
reactions and also on the redox potentials of reactions in aqueous
systems particulary when polyvalent ions are involved.
Upon irradiating 1 millimolar ferrous ions solution in 0.08 N H2SO4
with gamman radiations, iron ions were completely oxidised within two
hours when the gamma dose rate was 310 Gy/h. This has been attributed
to the action of radicals resulting from water radiolysis. When sulphite
ions were introduced in such a system the valency of the iron ions was
stabilized for extended periods of time depending on the concentration
of the sulphite ions used.
The present work is part of a more comprehensive study dealing with
the protective effect excerted by some chemicals on some polyvalent
ions solutions under different gamma irradiation conditions. Thus,
Fe(I1) ions in slighytly acidic solutions, which normaly are rapidly
oxidized during gamma irradiation, were irradiated under different
conditions in presence of Na2S03, used as a protective agent for the
ferrous ions. The nature of the valency stabilization processes in the
studied systems have been investigated aiming to throw some light on
the nature of the competitive reations occuring in such systems.

-

2 - EXPERIMENTAL
2.1 -Chemicals
Analytical grade ferrous sulphate (FeS04. 7H20), ferric sulphate (Fez
(SO&. 9H20), Sodium sulphite (Na2S03. 7H20) and Sulphuric acid
(98%) Sp.Gr. 1.84 were used. Double distilled water was used all over the
work.
2.2 - Preparation of solutions
Ferrous sulphate crystals were washed twice with double distilled
water followed by A.R.Acetone and then dried by heating at 5OoC for
few minutes. A stock lO-2N Fe (11) solution in 0.8 N H2SO4 was
prepared by dissolving an accurately weighed amount of ferrous
sulphate in about 400 ml freshly boiled and cooled bidistilled water to
which was added 22 ml Conc. H2SO4. The solution was then completed
double distilled water to the mark in a 1 Litre volumetric flask. The
exact concentration of Fe(I1) in solution was determined
potentiometrically using a standard potassium permanganate solution(6).
A stock IO-2M Fe (111) solution was prepared by dissolving the
necessary amount of A.R. Fe2 (SO& in about 400 ml hot bidistilled
water to which were added 22 ml conc. sulphuric acid. The cold solution
was completed to the mark in a 1 litre volumetric flask. The exact
concentration of Fe(II1) was titrimetrically determined against a standard
EDTA solution using Tiron indicator at 40-5OoC and after adjusting the
pH of the solution at about 2 3 7 ) .
Sodium sulphite solutions, exactly about 0.1 M, were prepared by
dissolving the calculated amount of A.R. Na2S03. 7H20 in freshly
boiled and cooled double distilled water and the solution completed to
the mark in a volumetric flask. The exact concentration of
was
determined titrimetrically after adding a known excess of a standard
iodine solution and determining the excess iodine with a standard
Na2S203 solution using starch indicatodg).

Sq-

2.3 - Preparation of irradiated samples
All irradiated liquid samples were irradiated using 50 ml capacity
irradiation glass tubes, 15 cm in hight, and 2.5 cm in diameter and
provided with a glass stopeered neck 1 cm in diameter.
The irradiated samples were always prepared by adding the
appropriate amounts of standard sodium sulphite solution to a solution
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prepared by adding water to 5 ml of the stock IO-2N Fe (11) or 10-2N
Fe(II1) in 0.8 N H2SO4 and the mixtures were quantitatively transfered
and completed to the mark in 50 ml volumetric flasks. The solutions
were then introduced in the glass stoppered irradiation tubes and
irradiated.
At certain intervals, samples were removed from the irradiation field
and analysed.

2.4 - Irradiation
Samples were irradiated in a Canadian 6OCo Gamma cell-220 which
was caliberated by the Fricke dosimeter,(%
2.5 - Analysis of the irradiated samples
a - Determination of iron ions in irradiated or unirradiated solutions:
Fe(I1) concentration in solution have been determined spectrophotometrically by measuring the absorbance of the orange red complex
formed with I , 10- Phenanthroline. The absorbance of the analysed solution was always measured against a reagent blank at 510 nm. The molar
absorptivity is 1.16 x 104 at h max,(*O).
Fe(II1) concentration in solution have been measured spectrophotometrically within the range 250-360 nm with a maximum absorption at
305nm. The molar absorptivity is 2310 which is in good agreement with
the value cited in literature.
The unknown concentrations of iron samples were determined by
caliberation curves constructed within the concentration range 1 .O x
10-5 - 1.5 x 10-4 M for Fe(I1) solutions and 5 xlO-5 - 4.5 x 10-4 M in
case of Fe(II1) solutions.
b - Determination of sulphite ions :
2-

The concentration of SO, in the stock sulphite solution and in the
irradiated samples was determined titrimetrically by adding a known
excess of a standard iodine solution and determining the excess iodine
by a standard thiosulphate solution using starch as indicator(8).

3. RESULTS AND DISCUSSIONS
In the present work, the possiblity of protecting ferrous ions by
suphite ions was investigated. The standard oxidation potentials of Fe(I1)
and SOiare - 0 . 7 7 ~and - 0.17 v respectively. This could probably
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indicate the possibility of using sulphite ions under strictly specified
conditions to act as a protective agent for Fe(I1) solutions during gamma
radi oly sis .
The stalility of sulphite ions was investigated in neutral and slighly
acidic solutions with sulphuric acid concentrations ranging from 0.05 to
0.4 N. The results obtained are shown graphically in figure 1 . From
these results It could be observed that sulphite ions in neutral solutions
are very unstable in such a way that a 10-2 N solution completely
decomposed in 20 hours. Sulphite solutions showed a much larger
stability in dilute sulphuric acid media within the concentration range
0.05-0.2 N. At more higher acidic concentrations e.g. at 0.4 N H2SO4
the sulphite ions stability markedly degraded. Consequently, in further
experiments sulphite ions were used as a protective agent in 0.08 N
sulphuric acid.
The effect of Fe (11) on the stablity of sulphite ions was also studied.
Thus, the concentration of S02-ions was followed in a series of solutions
3
containing increasing amounts of sulphite ions in 0.08 N.H2 SO4 and
also in another series of solutions containing, in addition, lO-3N Fe(I1)
ions. The results obtained are shown in figure 2. From these results it
could be obseved that in presence of Fe (11) ions sulphite ions degraded
more rapidly. It could be also observed that during the gradual decay of
the sulphite ions Fe (11) concentration remained constant as long as the
sulphite ions were still existing in the medium, after that a steady state
was reached when about 50% of the Fe (11) ions were oxidized to Fe(II1)
ions. On increasing the SO:- ions concentration keeping the Fe(I1)
constant the stability time of the iron ions was consequently increased.
Fe (11) ions are known to be rapidly oxidised in gamma irradiated
acidic solutions. Figure 3 shows that a 10-3 N Fe (11) acidic solution was
completely oxidised in about two hours upon using a gamma dose rate
of 310.2 Gy/h .
The protective effect of sulphite ions exerted on ferrous ions when
both were subjected to gamma irradiation has been studied by adding
increasing amounts of sulphite ions to a certain concentration of Fe (11)
ions (IO-3N) in 0.08 N H2SO4. The concentration of Fe (11) ions was
followed during the continued irradiation of the system. The results
obtained are shown in figure 4. From these results it could be observed
that sulphite ions in the irradiated systems protected the Fe (11) ions
against radiolytic oxidation and the protection time was proportional to
the concentration of the sulphite ion\ used. The protection capacity of
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sulphite ions was revealed by plotting the sulphite ion concentration
against the corresponding protection time. The results are shown in
figure 5; which reveals that the protection time increased linearly with
sulphite concentration used. The behaviour of sulphite ions during the
protection period was studied by following the decay of SO2- ions in
presence and absence of Fe (11) during gamma irradiation of t i e system.
The results obtained are shown in figure 6 which shows that the decay of
Sd-ions in presence and absence of Fe (11) ions occurs at the same rate
3
during radiolysis. From the data given in figures 5 and 6 it could be
noted that the time during which ferrous ions were protected by sulphite
ions was almost equal to the complete decay time of sulphite ions, both
being superimposed in figure 7.
2-

It is therefore evident that SO, ions exerted a protective effect on
Fe(I1) when both ionic species were mutually irradiated.
In order to try to identify the prevailing mechanism it has been
found neccessary to study, the interaction process occuring between Fe
(111) and SO:- ions .
Thus, Fe (111) ions in 0.08 N H2SO4 were kept in contact with a
known excess of
(0.022N Na2S03). The concentrations of both the
Fe (11) formed and residual SO:- were determined at intervals. The
results are represented graphically in Fig. (8) .

Sq-

From these data it could be observed that Fe (111) ions reduction
occurred gradually at a higher rate at first, then the rate of reduction
gradually decreased. Complete reduction of a 10-3 M Fe (111) ions into
2Fe (11) occurred in about 3 hours on using 22 times excess of SO, .
After the complete reduction of Fe (111) within 3 hours, the Fe (11) ions
formed remained stable as long as SO2- were still remaining in the
3 2-

medium. After the complete decay of SO, the Fe(I1) started to decay
until the concentration of Fe(I1) was reduced to about half of the
initially used amounts.
Referring to the normal reduction potentials of S& and Fe (111) the
equilibrium constant of the reduction reaction :
2 Fe(1II) + H2S03 + H2O ----- S& -t- 4H+ + 2Fe (11)
is equal to 2 . 1 9 1020
~ which indicates that the reduction reaction is in
principle feasible but is a rather slow reaction.
This shows that the protectip of Fe (11)ions by &most probably
goes by the interaction of SO3 with the oxidizing species formed in
solution upon radiolysis thus protecting the existing Fe (11) ions.
Moreover, from the previous discussions, it is possible to conclude
398

that the protective effect of sulphite ions starts at the very beginning of
mutual irradiation.
In order to get a more elaborate idea about the mechanism of the
protective effect of
durig y - radiolysis of Fe (11) solutions, the effect of SOi'ions has been studied during irradiation of Fe (111) solutions. The results obtained are represented graphically in Fig. (9).
From these data it could be observed that upon y- irradiation of the
mixture containing Fe (111) and 22 fold excess of S$' ions, Fe (111)
ions were completely reduced within 2-3 hours. The formed Fe (11)
ions remained stable as long as SO:- existed in the medium. Then after
the complete exhaustion of
the Fe (11) ions were rapidly completely oxidized.
Comparing the results in Fig. (9) with those in Fig. (4) for the
Fe(I1) ions behaviour, it is possible again to conclude that the
protection of Fe (11) occurs by the direct interaction of
with the
oxidizing species in the irradiated systems.
Referring to the rate constant of the OH radical reaction with Fe(I1)
(1.3 x lo9 M-1s-1)and that of OH radical reatction with S q - ( 5 . 5 x 109
M-Is-1) or with HSO; (9.5 x 109 M-ls-1)W). It is clear that in presence of excess @-ions the oxidising OH radicals will very probably
3
to a grater extent. This preferential interaction leads
interact with
to the observed protective effect of sulphite on Fe (II).

Sq-
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Abstract
The extraction equilibrium of U(1V) by tributylphosphate (TBP) or
trilaurylamine (TLA) in kerosene from nitric acid media was
investigated. The effect of the different parameters affecting the
extraction was separately studied and compared. The kinetics of
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extraction of U(1V) by TBP or TLA was also investigated using a stirred
Lewis cell. The data showed that the rate of extraction of U(1V) by TBP
is controlled by ch.emica1 reactions at the interface. In the TLA
system,the extraction of U(1V) is controlled by chemical reactions at the
interface and the bulk phase. Rate equations show that the extraction of
U(1V) is first order dependent on TBP concentration while it is of
fractional negative order with respect to TLA. The effect of temperature
on the rate of extraction was also studied and the thermodynamic
functions were evaluated for the two systems.

1. Introduction
Purex process with 30% TBP is used in fuel reprocessing in most
countries and the introduction of 20% TBP in dodecane in another
cycle in this process was studied by Divakar et al.[l]. In the Purex
process of burnt fuel U(V1) is extracted by TBP in kerosene from nitric
acid containing several fission products. The knowledge of the
behaviour of U(1V) with U(V1) as representatives for the fission
products of the lanthanides under the Purex conditions is important.
Therefore, the investigations carried out on other extractants alternative
to TBP for better extraction and separation ability of actinides is of great
interest.In this concern, Crouse et a1 [2] reported that tri (n-hexyl)
phosphate (THP) and tri(2-ethylhexyl) phosphate (TEHP) have
potential process advantages over TBP for reactor fuel reprocessing.
Kolarik at a1 [3] mathematically described the extraction equilibrium of
U(IV,VI), Pu(II1) and nitric acid by 30% TBP in dodecane. The N,N-di
(2-ethyl hexyl) butyramide and N,N-di (2-ethyl hexyl) isobutyramide
when used as alternate extractants to TBP showed sufficient extraction
and partition ability towards actinide (IV) and (VI) without coextrating
fission products [4]. The kinetics of extraction of U(V1) has been
investigated in a previous publication [5]. Horner et a1[6] have reported
that the rate controlling process in the extraction of U(V1) by 30% TBP
in normal hydrocarbon diluent solutions is the chemical reaction at the
interphase. No investigations are reported on the kinetics of extraction
of U(IV) by TBP from nitrate medium. On the other hand, the work so
far reported on the extraction of U(IV) by tertiary amines from nitric
acid media is rather limited. Keder et a1 [7] indicated that the extraction
of tetravalent actinides from nitrate media by tertiary amines take the
sequence, plutonium > neptunium > uranium > thorium. No data are
reported concerning the kinetics o f extraction of U(1V) from nitrate
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media by tertiary amines.

In the present work, the extraction equilibrium of U(1V) by TBP in
kerosene from nitric acid solutions was investigated. The extraction of
U(IV) by TLA as alternate to TBP was also carried out under similar
experimental conditions for comparison. The kinetics of extraction of
U(1V) by TBP or TLA in kerosene was also studied. The effect of
different parameters on the extraction rate were investigated and rate
equations are given.

2. Experimental
Chemicals
All chemicals and reagents used were of AR grade. The uranyl
nitrate was a BDH product.Tri-n-butyl phosphate (TBP) was obtained
from Merck and purified from di-n-butyl phosphate using the Alcock
developed method [8].Trilaurylamine (TLA) was supplied by Aldrich
Co. and used without purification.
The tetravalent uranium used in the present work was prepared by
reducing uranyl nitrate using Jone's reductor method [9]. In this
concern, granular amalgamated zinc'was prepared by adding 2% Hg C12
to granulated zinc metal, shaken for 20 min. and after decantation it was
washed several times with distilled water. This amalgamated zinc was
packed in a column and washed with 1 % H2SO4. Uranyl nitrate solution
in 3M nitric acid, to which sulphamic acid was added, was then passed
through the column. The green eluent of tetravalent uranium was
received in a beaker containing sulphamic acid to stabilize the formed
U( IV).
The UV-visible spectrum of the prepared solution was determined
using a Shimadzu UV-visible recording spectrophotometer type
UV-I60A. Bands at 650, 560, 460 and 430nm characteristic for U(1V)
were detected. The stability of the prepared solution was checked
spectrophotometrically and found to be stable for at least one month in
dark amber bottles kept in the refrigerator.

Procedure
Prior to investigations, the organic phase containing either TBP or
TLA in kerosene was always pre-equilibrated with the nitric acid
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solution to prevent its extraction during the test.When TEA was used as
extractant, 5 % nonanol was added to its kerosene solution to avoid the
formation of a third layer. The effect of hydrogen ion concentration
was investigated by increasing the acid normality while decreasing the
N a N O 3 in the solution to keep the total nitrate concentration at a
constant molarity (SM). Unless otherwise stated,TBP and TLA
concentrations were 0.73M and 0.07 1M, respectively. The uranium
concentration was fixed at 0.046M while the acid normality used in TBP
and TLA investigations was 3 and 2M, respectively.
The kinetic investigations were carried out by carefully transferring
equal volumes (20 mt) of the pre-equilibrated organic solution and
nitric acid containing U(1V)into a double-jacketed Lewis cell adjusted at
25°C. The cell description and the general procedure are given i n a
previous publication [ 5 ] . The reaction begun by starting the stirring
motor at 450 and 400 rpm for TBP and TLA investigations. At different
time intervals equal volumes were withdrawn from the two phases and
the concentration of U(1V) was determined spectrophotometrically
through its maximum at 650 nm in the aqueous nitric phase. The
concentration of U(IV) in the organic phase was consequently
determined by difference between the original concentration and the
aqueous concentration at time t and denoted by A and at equilibrium it
is denoted by Aeq. The plots of In (Aeq -A) vs the time t yielded straight
line relations. The first order reaction rate constant kobs was obtained
from the slope of these lines.

3.Results and Discussion
The reduced U(IV) prepared i n the present work was
spectrophotometrically evidenced by the detection of bands related to
U(1V) and the absence of the characteristic band of U(VI), [IO], Fig.1.
The obtained U(1V) was found to be stable for more than one month as
observed by the constancy in the molar absorbitivity of the characteristic
bands of U(1V).
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Fig.1 (a) UV-spectrum of U(V1) in 3M nitric acid before reduction
(b) UV-spectrum of U(IV) in 3M nitric acid after reduction
Extraction of U(IV) by TBP in kerosene
Experimental results on the extraction of U(IV) in the H N 0 3 - T B P
system at equilibrium have shown that 2 TBP moles are coordinated to
U ( N 0 3 ) 4 in the extracted species. The overall chemical reaction is
represented by

UJ++4N0,+2TBP

-+ U(NO,),

.2TBP

where bars refer to organic phase.
This equilibrium supports previous investigations for the extraction
of tetravalent actinides by TBP [ 1I].
The kinetics of the above reaction was studied using a stirred Lewis
cell. In this technique the simplest criteria used to distinguish between a
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diffusional and a kinetic regime is the dependency of the rate of
extraction on the stirring of the two phases. In diffusion controlled
systems, the rate of extraction increases with the increase in the rate of
stirring while there is nearly no effect on the rate of extraction in
systems governed by chemical reactions (kinetic regime) [ 121. The plot
of kobs vs the stirring speed gave a plateau in the region 400-550 rpm.
As the stirring speed used in all investigations carried out on the kinetics
of U(IV) extraction by TBP lie in this plateau region (450 rpm), it is
reasonable to assume that the extraction process is controlled by
chemical reactions rather than by diffusion.

In order to identify if the chemical reaction controlling the rate of
extraction occur in the bulk phases or at the interface we studied the
effect of interfacial surface area on the reaction rate . The plot of
different values of kobs vs the corresponding specific interfacial area a
(a = interfacial area Q / volume of the phase V) on a log-log scale shows
a linear relationship, Fig.2.
0

-

TBP

-k

TLA

-0.5

Q)

-1.

a
0

x

a
0
_.

L

1.6

-2
-0.4

-0.3

-0.2

-0.1

-1.490E-

log Interfacial surface area@:)

Fig.2 : Effect of Specific Interfacial area (a) on the rate of extraction of
U( IV) by TBP or TLA in Kerosene from nitrate medium.
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The increase in the reaction rate with the increase in the interfacial
area indicates that the rate controlling reaction takes place at the
interface. The effect of [U( IV)], [TBP], [H'] and [NO 1 3 and [HN03]
on the extraction rate of U(1V) was separately investigated. The results
showed that the value of the extraction with the increase in [ TBP] in the
range 0.37-1.10 M. The increase in [U(IV)] from 0.38 - 0.71 M was
found to be of no effect on extraction. The variation in the [H+] from
3-4M almost did not affect the extraction rate; at [H+]<3M the reaction
does not obey the first-order relation. The variation of [NO 51 in the
range 0.5 -2M also did not affect the rate of extraction of U(1V). The
increase in "03
molarity from 2-3.5M was found also to be of no
effect on the extraction rate.
Slope analysis of the experimental results represented as log-log
relations ,Fig.3, shows that the rate of extraction of U(1V) by TBP is first
order dependent on [TBP] while it is of zero order with respect to the
other investigated parameters.
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Fig.3 : Effect of [U( IV)],[TBP],[H+],[NOJ and [HN03] on the rate of
extraction of U( IV) by TRP in kerosene from nitrate medium.
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In acid solutions water can show a great tendency to coordinate
directly around the U4+. On the other hand, TBP is among the neutral
extractants that can undergo chemical reaction at the interface as rate
controlling [ 131. The kinetics of extraction of U(V1) by TBP-dodecane
was found to be governed by chemical reaction at the interphase [6].
Based on the kinetic results and assuming that TBP molecules are
present at the interface with their phosphoryl groups facing the water
phase and polarizing the water hydrogen atoms through hydrogen
bonding, the formation of [U(H20)x-1 TBP];'
species at the interface
could be considered as the rate determining step. Substitution of water
molecules with NO; groups at the interface and the departure of the
transfer of the formed species to the organic phase is expected to
proceed via fast steps. In the organic phase the other TBP mole
substitute another water molecule to form the final extracted species.
The proposed mechanism can be represented by
TBP.

- K
TBP,

>TBP

D.

I

where bars and subscr pt i refer to organic and nterface species,
respectively .
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As step (2) is considered as rate determining, the rate of extraction
is given by,
rate =

-d[ U4+]
=E:

dt

a

Kobs[U4+]= k,[U(H20kI4+[TBP],
- a k [U (H 0) TBPI4,+
-1

2

'

(9)

x - l

Substituting from (1) into (9),it follows that,
rate = a k k [U (H2 0) I4+[TBP]I D

X

.

a k [ U ( H 0) TBPI4+
-1

2

x-1

i

and

Equation (10) shows the dependence of the forward reaction rate
(extraction rate) on [TBP] and on the specific interfacial area which
fulfill the experimental results and justifies the proposed mechanism.
The effect of temperature on the U(1V) by TBP was investigated in
the range 15-4OoC. The calculated values of kobs was found to obey the
Arrhenius equation, kobs = A e-E/RT, where R is the gas constant and T is
the absolute temperature, Fig.4. The activation energy E was calculated
from the slope of this line and found to be 4.10 kJ mol-1. The heat of
activation (AH*) and the entropy of activation (AS*) were found to be
1.60 kJ mol-1 and -286 J K-1 mol-1 ,respectively. These results show that
the variation in temperature has a negligible effect on the rate of
extraction of U (IV) by m P .
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Fig.4 : Effect of Temperature on the rate of extraction of U(1V) by
TBP or TLA in kerosene from nitrate medium.

Extraction of U(1V) by TLA in Kerosene
Preliminary investigations on the extraction of U(1V) by TLA in
kerosene have shown that it is poorly extracted from dilute nitric acid
media while concentrated nitrate solutions of low acidity give better
extraction. Optimium extraction conditions were found to be at 2M
nitric acid and 5M NOconcentration. Therefore, these molarities were
3
fixed during the investigations carried out in this work and varied when
studying the effect of the acid or nitrate concentrations.
Equilibrium investigations have shown that 2 moles of TLA
participate in the final extracted species. Therefore, the equilibrium of
extraction can be represented by,

U4'

=-I

4 NO'

3

+

2

+

U(NOJ4.2TLA
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This equation is in harmony with the extraction of U(1V) by tertiary
amines [7].
The kinetics of extraction of U(IV) by TLA was investigated using
the same Lewis cell used in the TBP kinetic investigations.The effect of
stirring rate on the first-order rate constant kobs gave a constant region
between 350-450 rpm.As previously discussed, in this region the
diffusion effect is minimised and the reaction rate is controlled by
chemical reaction taking place in the bulk phases or at the interface
1121.
The effect of the surface area between the two phases was studied by
using different cells giving variable surface areas in the range 9.8- 19.5
cm2. The plot of log the specific interfacial surface area (a) versus log
the reaction rate constant kobs given in Fig.1. The additional
proportionality of the reaction rate with interfacial surface area is a
stong proof for an interfacial reaction.
The effect of [U( IV)], [TLA], [FIN031 and [NO,] on the extraction
rate of U(1V) by TLA was separately investigated. The results showed
that the reaction rate decreases with the increase in TLA concentration in
the range 0.028-0.085 M. This could be explained by considering that
the investigations are carried out under equilibrium conditions and any
further increase in the uranium concentration leads to the formation of
other unextracted species which retard the extraction of the main
species. On the other hand, the rate of extraction was nearly unaffected
by the increase in [U(IV)] in the range 0.027-0.055M or in "03
molarity between 1.5 to 4M. The increase in nitrate concentration from
1 to 5M while keeping the hydrogen ion concentration at constant value
of 2M nearly did not show any variation in the value kobs.
The log-log relation of the experimental results for the effect of the
different parameters on the reaction rate constant is given in F i g 5
Slope analysis of the linear relations show that the reaction rate is of
zero order with respect to [U(IV)], [HN03] and [NO,] while it is of
fractional negative order with respect to TLA (slope =-0.25).
Based on the above results,the rate of extraction of U(1V) by TLA in
kerosene can be represented by the equation,

-d[U"']
dt

= Ka [TLA]4'25

The effect of temperature on the extraction rate of U(1V) by TLA
was also investigated in the range 15-4OoC. The plot of log kobs vs 1/T
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gave a straight line relation, Fig.3. The thermodynamic functions of the
investigated system were calculated. The energy of activation (E), the
heat of activation (AH*) and the entropy of activation (AS*) were found
to be 6.31 kJ mol-1, 3.81 kJ mol-] and -294 J K-1 mol-1, respectively.
These results show that the effect of temperature on the rate of
extraction is not significant.

Fig.5 : Effect of [U(IV)], [TLA], [NO;] and [HN03] on the rate of
extraction of U(1V) by TLA.

Conclusion
The extraction of U(1V) by TBP and TLA was found to proceed by
similar equilibrium equations.
The extraction of U(1V) by TLA is higher than its extraction by
TBP under similar extraction conditions.However,the low solubility of
TLA in kerosene limits its use in the U(1V) extraction.
The rate of extraction of U(1V) by TBP or TLA was found to be
governed by reaction taking place at the interface.
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The rate equations of the investigated systems show that the rate of
extraction is first order with respect to TBP in the first system while it is
of fractional negative order with respect to TLA in the second system. In
other words, the rate of extraction of U(1V) increases with the increase in
[TBP] while it decreases with the increase in [TLA] under similar
extraction conditions.
The variation in temperature was found to have a small effect on the
rate of extraction of U(1V) by TBP or TLA.
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Abstract
The SZILARD-CHALMERS effect in solid periodic acid was investigated. In order to study the initial distribution of 12* 104 as a function
of neutron flux, samples were irrdiated utilizing both neutron source
(*41 Am- Be), the manual vertical irradiation channel and the thermal
column of ET-RR-1 research reactor in EGYPT. The initial retention
reached a maximum of 40% after 120 minutes at 5 . 5 ~ 1 0n ~s-1 cm-2.
The data was analysed using first order reaction. As a result, the activation energy and the vibration constant were found to be E = 0.95 eV
and ko = 2 . 8 2 ~ 1 0(S-I),
~ ~ respectively. Kinetics comparison of the dehydration and irradiation reactions for this solid showed disorder in the
. crystallographic form. Such disorder may be the result of dehydration
or irradiation reactions, where the loss of water molecule will lead to formation of vacancies which, in turn, are responsible for the distribution
process.
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Extraction of Uranium (VI) Sulphate Complexes
by Adogen Amines
I S . El- Yamani and E.N. Abd El-Messieh
Nuclear Chemistry Department, Hot Laboratories Centre,
Atomic Energy Authority, Cairo, Egypt.

Abstract
The distribution of U(V1) between aqueous H2SO4 solutions and
organic phases of Adogen-368 has been described .The dependence of
extraction on acidity ,diluent type,metal and extractant concentrations
was investigated .The possible extraction mechanism is discussed in the
light of results obtained. The separation of U(V1) from rare earths is
suggested .

1.Introduction
The use of heavy amines as extractants for U(V1) has been reported
by several investigators [ 1-31 and it was inferred, as a general rule, that
the extraction power of alkyl amines increases in the order : primary
e secondary c tertiary amines. The extraction of Zr(1V) from sulphate
medium by the economic Adogen series has been investigated previously [4], and it is deemed desirable to extend the studies to
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U(V1). Preliminary experiments showed that extraction of U(V1) is best
achieved by use of Adogen-368. The present communication was
therefore undertaken to obtain some information on the extraction of
U(V1) by Adogen-368, as a model long chain tertiary amine, from
sulphuric acid solutions and the separation of the metal from associated
elements.

2.Experimental
Isotope Solutions
234Th was milked from uranium through successive extraction from
a solution of uranyl nitrate in 6 M HCl with 30% tributyl phosphate in
xylene [ 5 ] . 234Th remained in the aqueous phase. The isotope solution
was evaporated nearly to dryness ,converted into sulphate form then
diluted to a suitable volume. Other tracers were obtained through (n,y)
reactions or by separation of the initial nuclide from the daughter
product (95Zr) [6].

Reagents
Adogen-368,R3N, where R designates mixed n-octyl ,n-decyl and ndodecyl groups. It is manufactured by the Ashland Chemicals and was
used as received without further purification ; all batches used have the
same composition. Odour- less kerosene (Sun rise) obtained from the
Misr Petroleum Co.,was used as a diluent. Other chemicals were of
reagent grade .

Procedure
The organic phase was prepared by adding the calculated amount
of the extractant to the required diluent. The aqueous stock uranium
(VI) solution (0.01M) was prepared by dissolving uranyl sulphate
trihydrate in the appropriate concentration of H2SO4. The exact U (VI)
content was determined complexometrically by EDTA and xylenol
orange as indicator.[7]
Equal volumes (5 ml) of aqueous phase containing the tracerlabelled species (or the unlabelled material which is aluminium, gallium,
titanium and uranium(V1) ) in H2SO4 of appropriate concentration and
of the organic phase, pre-equilibrated with H2SO4, were shaken
mechanically in glass stoppered tubes for 20 min. at room temperature
(20 k 3"). After centrifugation, aliquots of both phases were placed in
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glass cups, evaporated to dryness, then counted with an end-window
Geiger Muller counter (for 234Th). The y-activities were measured with
a scintillation counter and NaI(T1) crystal . Ga and AI were determined
complexometrically by back -titration with Zn (dithizone as indicator, at
pH 2.8 and 4.6 for Ga and Al, respectively [8,9]. U(V1) (at micro
concentrations) and Ti(IV), were determined spectrophotometrically by
the hydrogen peroxide method.[ lo] Experiments were conducted in
duplicate and the distribution ratio (D) was calculated as the ratio of the
activities of the tracer (or the metal concentration ) in the organic and
aqueous phases. The separation factor ( selectivity,S ) was computed
from S = Du(vr)/ D M ,where M is the metal ion concerned.

Analyses of the Extracted Complexes
The analytical composition of the species extracted was determined
experimentally by saturation of an organic phase consisting of 0.12 M
in xylene,by shaking it for 20 min. each time with eight successive
aqueous feeds of O.1M U(V1) in O.1M H2SO4. The concentration of
U(V1) i n the saturated organic phase was determined complexometrically (as mentioned) after stripping with 1M HNO3 and the
sulphate concentration was determined complexometrically, in
methanolic solution ,using Eriochrome Black T as indicator. [ 111

3. Results and Discussion
Effect of H2SO4 Concentration
The extraction of U(V1) from its aqueous solution, with 0.12 M
Adogen-368 in xylene, was examined at different acidities (0.01-1M);
results are shown in Fig. 1. Higher D values are obtained at lower
acidities (
O.IM),
I
presumably because of formation of uranium amine
sulphate complex whereas the decrease in D at higher acidities may be
due to competition between U(V1) and H2SO4 for association with the
amine and/or to the formation of less readily extractable complexes.
From Fig. I , it may be inferred that extraction is dominated by solvating
and ion-exchange reaction mechanisms at lower ( 5 0.1M) and higher
acidities respectively . This explanation is confirmed when H2SO4 in the
aqueous phase is replaced with various concentrations of Na2S04 and D
of H2SO4 - Na2S04 mixtures were compared with those of similar
extractions from H2SO4 solutions of different acidities (Table 1). D of
the mixture decreases continuously with the total concentration of
sulphate ion analogous to that in the presence of H2SO4 alone. The

gradual decrease in D with rise of sulphate molarity suggests the
formation of inextractable anionic species at higher acidities
presumably UO2(SO4);- and / or UO2(SO4):- since the species U O i + ,
exist in aqueous uranyl
UO2SO4, UO2(SO&
and UO2(SO4 ):sulphate solution containing sulphate ion [ 121. Optimum acidity is thus
recommended at about 0.1M.

10

0

1

0.1

Initial Sulphuric Acid Concn, in Aqueous Phase, M

Fig.1. Effect of Initial Aqueous Sulphuric Acid Concentration on the
Extraction of Uranium (VI) by adogen-368 in Xylene (Numerals
on Curves are Adogen-368 Concentrations, M).
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TABLE I : EXTRACTION OF U(V1) FROM SOLUTIONS
CONTAINING O.1M H2SO4 AND Na2SOq AT VARIOUS
CONCENTRATIONS WITH 0.06M ADOGEN-368 IN XYLENE

F

otal sulphate
oncentration, (M)
0.2
0.3
0.5

0.8
1 .o

Effect of Diluent Type
The extraction of U(V1) from aqueous solutions containing 0.1M
H2SO4 with 0.12M Adogen-368 in various diluents is shown in Table 2.
The extraction efficiency of diluents used in the absence of the
extractant is nearly negligible (D< 0.01). Although no simple
relationship holds between extractability and physical properties of
diluents used, extraction of diluents of lower dielectric constant seems
preferable . Table 2 implies that extractability follows more or less the
sequence : aromatics > cyclic paraffins > straight-chain hydrocarbons.
This order of effectiveness is correlated with either the solvation power
[ 131 and/or the electron-donor properties of the diluents, giving higher
efficiency for donors (aromatic compounds except chlorobenzene ) and
lower fol' inert diluents and acceptors (cyclic and straight-chain
hydrocarbons).[ 141 As far as straight - chain diluents are concerned,
relatively lower values obtained for carbon tetrachloride and chloroform
are presumably due to the polar character arising from the bond C1 =
C' in the former and to the hydrogen bond interaction , certainly
affecting the extracting capacity of the amine compound , in the latter.
There seems to be a relation between extractability and basicity of
aromatic diluents, decreasing in the order: xylene > toluene> benzene.
Lower values of chlorobenzene which does not agree precisely with the
extractability-basicity correlation, may be again explained due to
relatively higher dielectric constant of the diluent. Although benzene
gave the highest D value , the cheaper odourless kerosene, which has a
reasonable extractability and can be used industrially , is economically
preferred.
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TABLE I1 : EXTRACTION OF U(V1) FROM O.1M &SO4 BY
0.12M ADOGEN-368 IN DIFFERENT DILUENTS

I

Diluent
Benzene
Toluene
Xylene
n-Hexane
Cyclohexane
Kerosene
Carbon tetrachloride
Chlorobenzene
Chloroform
A = acceptor,

Xelectric const.nt at 20°, N
2.283
2.387
2.420
1.874
2.052
(2)
2.240

lonor
roperties
11-D
11-D
11-D
I
I
I
I

70.1
53.2
42.8
28.4
21.5
15.6
13.1

5.65
5.05

11-D
A

9.4
6.5

D = donor, I = inert.

t

3-

Xylene

4- n-Mexon,
5 - CyClohcXOW
6 - Kcrovn
7 Corbon IcImcMorde
8 - ChlorobmmC

-

9 - Chtodorrn

ro
Uranium (VI) Conc. in Aqueous Phase, M

Fig.2. Equilibrium Loading Isotherm for the Extraction of Uranium
(VI) from O.lM Sulphuric Acid Solutions by 0.12M Adogen-368
in Various Diluents.
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A

Cyclohexane

v

Curbontdmc

0.01

1

Free Adogen 368 Concn, M

Fig.3. Distribution Ratio for the Extraction of Uranium (VI) from
0.04M Sulphuric Acid Solutions as a Function as Adogen-368
Concentrations in Various Diluents.

Effect of Metal and Extractant Concentrations
The variation of U(V1) concentration in the organic phase as a
function of initial aqueous U(V1) concentration for the extraction of
U(V1) sulphate complex at 0.1M H2SO4 was examind with 0.12M
Adogen-368 in various diluents (Fig. 2). Maximum loading values
varying between 0.028 and 0.032M were obtained for the diluents used,
indicating four amine molecules to be associated with each uranyl ion.
This association is identified by the dependence of D on extractant
concentration when log-log plots of D were drawn vs. free Adogen-368
concentration at 0.04 and 0.8M H2SO4 (Figs.3 and 4). Free Adogen368 is given by: CTot- 4 Cu(vl),where CTot is the total extractant
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concentration and Cu(vl), he uranium (VI) concentration in the organic
phase. From Figs.3 and 4, straight lines with approximate slopes of two
were obtained,indicating a second power dependence of D on extractant
concentration .
'

100

0

1

c-1

0.31

0.1

1

Free Adogen 368 Concn, M

Fig.4. Distribution Ratio for the Extraction of Uranium (VI) from 0.8M
Sulphuric Acid Solutions as a Function of Adogen-368
Concentrations in Various Diluents.

If UO2SO4 is considered to be the neutral species and UOz(SO4);and U02( SO4 );- the anionic species UO2( S 0 4 );- existing
predominantly ,[ 121 and according to the possible formation of
Adogen-368 sulphate at lower acidities (I0.05M) while the bisulphate
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at higher acid concentration, by analogy to that concluded for trioctyl
amine, as a tertiary amine axtractant, [15] the mechanism of extraction,
under the conditions mentioned, may be expressed as follows :

i) at lower acidities (50.02M)

where

(0)and

(a) denote organic and aqueous phases ,respectively.

ii) at higher acidities
The following three equilibrium reactions appear most probable :
UO2(SO4);- + 2(R3NH)2S04
- %
~

(a)

(0)

(R3NH)4U02( SO&
(0)

UO2(SO4);(4

-t

+ SO
(a)

4(R3NH)HS04

-

(2)

(0)

The stoichiometry proposed for the extracted species is also
supported by analyses of the organic extracts. The organic solutions,
saturated with U(VI), gave a molar ratio of amine : UO;': SO:- of
about 4:1:3 , thus confirming the maximum loading and slope analysis
data and also justifying the postulation of trisulphato complex as the
species extracted. The extraction mechanism is presumably independent
on the type of diluent used .

Stripping of Uranium (VI)
U(V1) extracted into the organic phase from 0.1M H2SO4 solutions
by 0.12M Adogen-368 in kerosene may be readily stripped with dil.
nitric acid or sodium carbonate. Shaking the extract for 10 min. with 1M
sodium carbonate, quantitatively strips U(V1).
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Effect of Diverse Ions
Table 3 shows the separation factors for various metal ions from
U(V1). The higher extractability of U(VI), compared to those of rare
earths, Be (11), Zn(II), Ni(II), Co(I1)... etc., affords a useful approach to
separating U (VI) from rare earths, processed from monazite or fission
products. Zr (IV), Hf (IV) and Th (IV) should be separated or masked
before uranium determination. From this study, we suggest the
following method for uranium/rare earth separation and for uranium
determination :

TABLE I11 : SEPARATION FACTORS FOR VARIOUS METAL
IONS (O.OlM)WITH RESPECT TO U(V1) EXTRACTED,
INTO 0.12 M ADOGEN-368 IN KEROSENE FROM 0.1 M
H2S04

Ion
Zr (IV)
Hf (IV)
Th (IV)
Ti (IV)
In (111)
Fe (111)
Cr (111)
Ga (111)
A1 (111)

S
1.8
2.5
78.0
1.6 x
7.8 x
1.5
1.6
3.1
4.0

Ion
Y (111)
Eu (111)
Ce (111)
La (111)
c o (11)
Ni (11)
Zn (11)
Be (11)

lo2
102
103

103
103
103

S
4.3 103
4.9 x 103
5.2 103
7.8 x 103
2.2 104
3.1 104
3.9 104
5.2 104

An aliquot (0.02M uranium containing not more than 0.5 mg/ml
Ce3+ , La, Eu and Y in 0.1M H2SO4) is shaken mechanically for 20 min.
with an equal volume of 0.12M Adogen-368 in kerosene at room
temperature ( ~ 2 0 " .) After centrifugation , the two layers are separated .
The aqueous phase is extracted twice more with fresh organic phase
U(V1) is then stripped from the combined organic phases by shaking
twice with two portions of 1M sodium carbonate solution ( each equal to
the organic phase in volume). U(V1) in the back-extract is then
determined complexometrically with xylenol orange as indicator
(recovery is 99.0 f 1.0 % ). The separation from trivalent Ce, La, Eu
and Y is shown by y-spectrometry to be practically complete .
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Monazite (98%, - 32M) + 50% NaOH (soli&liquid ratio, 1: 1).
3%NaP, 120'C, 2hrs.

Filtration

i
1

Soh.

PPt

Hydrous Oxides (Th, U,RE( ran earths) ..etc)
Dissoluti~nin dil. HN03(50%) + H2

N9m4

4
ppt
Unreactcd monazite

soh.

+ excess NaOH

1Ca(0H)z

ca3 (Po442

'ph, U,RE,Fc..

4 NaOH (pH 5.8)
Ppt.

Soh

Th,U, Fe.. ..etc
Dissolutionin lM H2 SO4

RE

U3O8,0.4; Tho25.2;
, RE203,6.%
Fc303, 0.3 + traceimpurities

F i g 5 Diagrammatic Flowsheet for Production of Pure Uranium (VI)
from Egyptian Monazite.
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Production of Pure U3 Os
Extraction of uranium (VI) from crude uranium(V1) sulphate feed
solution, processed by soda leaching of monazite, was carried out using
0.12M ( 5 % ) Adogen-368 in kerosene , The loaded extractant was
scrubbed with 0.1M H2SO4 while U(V1) from the back washed extract
was stripped with 1M sodium carbonate (as mentioned above). A pure
uranium product (84.8%) with more than 90% recovery was obtained
after precipitation of uranium with sodium hydroxide and calcination
to U3O8 .A diagrammatic flowsheet for the suggested process of
uranium refining is presented in F i g 5
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Extraction of Uranium from Phosphoric Hydrobromic Acid Mixture by N-Lauryl Trialkyl Methylamine
h i l a A. Guirguis and Nadia A. Tardos*
Nuclear Materials Authority, Cairo, Egypt.
* Hot Laboratories Centre, Atomic Energy Authority, Cairo, Egypt.

Abstract
A uranium recovery process from phosphoric acid produced by the dihydrate method was elaborated. Decomposition of phosphate rock containing 0.02% U is carried out with sulphuric acid. Crude phosphoric
acid is filtered off, steam concentrated to 45% P205 (6.27M) and then
clarified with activated clay and carbon. The clear phosphoric acid is introduced to uranium extraction after the addition of 0.88 M hydrobromic acid by 0.134 M Amberlite LA.2 and 5% decanol, as a modifier,
in kerosene.
The effects of several factors on the extraction and stripping processes
has been studied in details. A three stage extraction at a phase ratio 10 :
3A is followed by two stage stripping using 10% ammonium sulphate
solution at a phase ratio lA:50 Over 90% uranium recovery is obtained.

1. Intrdocution
High molecular weight amines have long been used extensively as extractants of different metal ion [l], according to a process whose mecha-
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nism involves formation of anionic metal complexes which are incorporated
into the amine matrix through the ion exhange process. Reports on such
extraction process of uranium by trioctylamine (n and iso), Aliquate 336,
Amberlite LA.1, etc are found in the literature [2-51 but no such studies
were taken up with Amberlite LA-2 in high molarity phosphoric acid
medium. on the other hand Haggag et al. [6] studied the extraction of
uranium by Amberlite LA.2 from solutions containing high molarity
sulphuric acid, and hydrochloric and hydrobromic acids at lower molarities.
The present study reports the extraction of uranium from high concentrated
phosphoric acid with Amberlite LA.2 in kerosene. The procedure can be
applied to the extraction of uranium from industrialy produced high
strength acid (>40 wt% P2O5).

2. Experiments and Results
2.1. Preparation of Phosphoric Acid
The phosphate sample used for the present study is obtained from East
Luxor, Egypt. The chemical analysis of the ore sample in’vestigated gave the
following results (in wt.%): Si02 7.00; Fez03 1.20; P2O5 26.50; CaO 47.00:
C 0 2 12.00; SO3 2.30; F- 2.30, organic matter I .64; uranium 0.02.
Wet process production of phosphoric acid from this sample have been
carried out as follows. The sample is ground until1 65% of it passes 100
mesh, one kg of the phosphate rock is mixed with 390 ml (98% H2SO4
acid) under the reaction temperature of 80-82°C with the addition of 108 g
of H 2 0 . The produced phosphoric acid is about 3.69 M (26.5%
P2Oj).After filteration, water is evaporated from the resulting phosphoric
acid product by steam to increase the acid concentration up to 45% P2O5
(6.27 M).

2.2. Acid Pre-treatment
The concentrated acid filtrate was then treated by varying amounts of
locally produced activated clay to trap most of the soluble humic matter
present in the acid. Subsequent filteration using a flocculating agent at the
rate 0.1 g/L was carried out. The optical density of the obtained filtrate was
measured at a wave length of 405 nm. Effect of clay treatment was studied
between 0.85 and 12.25 g/L acid and the obtained results are given in
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Table 1 . From this data it could be concluded that 6.8 g clay/L acid is quite
adequate where an optical density of only 0.2 has been obtained.

Table 1: Effect of clay addition.

Clay Amount g/L H3P04 Acid

0 . D (4.05 nm)

0.85

0.80

2.00

0.6

3 .00

0.52

4.80

0.2s

6.80

0.20

8.25

0.2

10.50

0.2

12.25

0.2

In order to further removed the insoluble organic material the acid was
allowed to pass through two packed activated carbon columns (each 120 cm
long and 4 cm width). The optical density of the produced acid was
measured at a wave length of 4.05 nm through 0.1 cm glass cell. It is
evident from the obtained results that 4g activated carbon/l phosphoric acid
is an optimum to obtain the green acid of less than 20 ppm solids and of an
optical density lower than 0.1.
2.3. Uranium Extraction
Unless otherwise stated the phosphoric acid aqueous phase (10 ml)
together with 0.88 M hydrobromic acid was equilibrated in a separatory
funnel with 10 ml of 0.134 M Amberlite LA-2 in kerosene and 5% decanol
as a modifier, for five minutes and kept aside for another five minutes. After
the separation of two layers, the uranium ion was stripped back from the
organic phase with 10 ml of 10% ammonium sulphate solution and was
estimated fluorometrically .
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As a preliminary stage of this investigation the extraction of uranium
from concentrated phosphoric acid by 0.153 M LA-2 in non polar diluents;
benzene, toluene, carbon tetrachloride and kerosene were studied. Relatively
high separation results could be obtained by using kerosene as a diluent,
however this separation improves considerably by adding 5% decanol as a
modifier.
Variation of H3P04 acid concentration within the range 1 M to 6.5 M
Fig.1; line A, shows that the relatively low uranium extraction increases with
H3P04 acid concentration on to a low maximum at 4 M then decreases
again upon using LA-2 alone. Upon adding 1 M HBr to the examined
H3P04 acid Fig.1, line B, uranium extraction increases steedly with H3P04
concentration. It is expected that amines produce preferentially salts with
HBr (resulting from the action of H3P04 on HBr), even at this HBr lower
concentration.
Variation of HBr acid concentration within the range of 0.2 M to 1 M .
shows that maximum uranium extraction is achieved at 0.88 M HBr Fig.2.
This behaviour is very simillar to the work of Alin and Sanad [7] for
extraction of antimony by donor solvents.
The effect of HBr is to inhibit hydrogen phosphate competition with
uranyl phosphate for the LA-2 halide.

In Fig.3, the log-log plots of Du versus LA-2 concentration at a
constant aqueous phase composition of 6.27 M H3P04 and 0.88 M HBr is
straight line of slope equal to 4. According to the slope and the herein
results the extraction mechanism could be similar to that suggested by
Haggag et al. [6] for uranium extraction from sulphoric acid whereby
sulphuric acid helps in removing water needed for proton solvation, and this
brings about extraction increase. [7] Then the extraction mechanism can be
represented by the following equation.
2.4. Construction of McCabe Thiele Diagram of Extraction
An equilibrium curve for the studied organic phase with the green 45%
study phosphoric acid and 0.88 M hydrobromicacid has been made using
different O/A phase ratios.
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Fig. 1 : Effect of H3P04 Acid Concentration on Uranium Extraction.
B - Amberlite LA-2 -I- 1M HBr.
A - Amberlite LA-2
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Fig.2 : Effect of Hydrobromic Acid Concentration on DU

450

LA-2, M
Fig. 3 : Effect of LA-2 Concentration on DU at a constant H3P04 of
6.27M in 0.88 M HBr
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U Concentration in aqueous phase

Fig.4. Mc Cabe Thiele Diagram for Uranium Extraction
(A) Equilibrium line
(B) Operating line
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i

I

U Concentration in aqueous phase

F i g 5 Mc Cabe Thiele Diagram for Uranium Stripping

(A) Equilibrium line
(B) Operating line
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fig. 6. Proposed Uranium

phosphoric Acid and Hydrobromic Acld at Low Molarity.
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The obtained uranium concentration in the organicand aqueous phases
at equilibrium was then determined. The next step in the construction of
McCabe-Thiele diagram is to draw an operating line. The slope of the latter
represents indeed the optimum O/A phase ratio (0.33) to be used in the
continuous solvent extraction process..
The theoretical number of stages could then be stepped off upon the
diagram. It is clear from Fig.4, that three theoretical stages are quite
adequate.

2.5. Uranium stripping
The stripping operation would then be performed using 10%
ammonium sulphate solution at an A/O phase ratio (0.2) at room
temperature. From the results illustrated in Fig.5, it is obvious that two
theoretical stages are required for almost complete removal of uranium
from the organic phase.
Finally the obtained data have been used in an overall flowsheet for
uranium extraction from concentrated phosphoric 'acid Fig.6.
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Abstract
A study was made on the extraction of uranium from aqueous solution containing sodium carbonate and sodium hydroxide in the presence of oxidizing agent (H202) by Aliquat-336 dissolved in different
diluents. The effect of different factors affecting the extraction equilibrium was experimented. From the results obtained, the extraction equilibrium was elaborated. From the effect of temperature on the extraction, the thermodynamic constants of the system were determined and
discussed.

1-Introduction
Solvent extraction is an effective method for recovery, separation and
purification of metals and it is used for hydrometallurgical refining of
uranium and reprocessing of the spent nuclear fuel. In recent years, solvent extraction has been attempted for uranium recovery from alkaline
medium.
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Uranium is extracted from its ores either by acidic or alkaline
leachants[ 11. Uranium sorption from carbonate medium by the strongly
basic anion exchanger was studied by IR spectroscopy [2]. The
extraction of transplutonium elements (TPE) using Aliquat-336 and
alkylpyrocatechol from strongly alkaline solution was investigated using
NMR and IR spectroscopy [ 3 ] . Extraction of uranium from ferric
nitrate- nitric acid medium containing fission products into propylene
carbonate followed by carbonate stripping and a final extraction of
uranium by dibenzoylmethane in propylene-carbonate was studied [4].
The concentrated uranium in the aqueous alkaline solution was
separated through fixation as an anionic tricarbonate complex of
uranium in columns of anionic resin [SI. Sorption of uranyl
peroxocarbonato-complexes on anion exchanger systems was also
studied 161. Dowex 2-X8 proved to have a marked selectivity for the
dioxouranium tricarbonato complex [ 7 ] . Dissolution of uranium oxide
i n alkaline carbonate medium containing sodium . hydroxide and
hydrogen peroxide as oxidant was also investigated [8], and it was
extracted from this medium by Aliquat-336 in benzene [8].
This work is extension to a previous work 181 and aimed to
investigate the extraction of uranium from alkaline medium by Aliquat336 dissolved in toluene, xylene, CCl4 and MIBK. The factors affecting
the extraction were investigated. The effect of temperature on the
extraction for all the diluents used was studied and the thermodynamic
parameters were calculated and discussed.

2-Experimental
All chemicals used were of analytical grade reagents and used
without further purification. Toluene was an AR product of
BDH,England. Benzene, xylene, carbon tetrachloride, CCl4 and
methyliso- butylketone, MIBK, were supplied by Adwic Laboratory
Chemicals.
The aqueous medium was an alkaline solution of 40% Na2CO3,
5 0 % NaOH and 10% H202, where uranium oxide was dissolved in this
alkaline solution as previously discribed [8]. Changes in different
parameters were obtained by dilution. The organic phase used was
composed of Aliquat-336 (tricapryl-methylammonium chloride)
dissolved in each of benzene, toluene, xylene, CCl4 or MIBK.

Extraction Procedures:
Disribution experiments for extraction of uranium were performed
in a similar manner as discribed previously [SI.
The uranium concentration in the aqueous alkaline solutions was
determined spectrophotometrically using a Shimadzu UV-Visible
recording spectrophoto-meter,type UV- 160A. The absorbance was
measured at 360-380 nm as previously reported [SI.

3-Results and Discussion
The effect of the different parameters affecting the extraction of
uranium from alkaline solution by Aliquat-336 in benzene were
separately investigated. From alkaline solution containing 20% Na2C03,
25% NaOH and 10% H202, the extraction of uranium was carried out by
Aliquat-336 dissolved in toluene ,xylene, CCl4 and MIBK. The effect of
Aliquat concentration on the extraction was ivestigated. The distribution
ratio was found to increase with increasing Aliquat concentrations and
reached a maximum when the Aliquat concentrations are 4%, 5%, 4%
and 12% for toluene, xylene, CCl4 and MIBK,respectively (it was found
3% for benzene[8]). At higher extractant concentration, the distribution
ratio is constant. The log D vs log % Aliquat concentration in each
diluent,Figure 1, gave a positive slope of 2. This trend is similar to that
previously obtained in case of benzene [SI.
Extraction of uranium from alkaline medium by Aliquat-336 (4%,
5 % , 4% and 12% for toluene, xylene, CCl4 and MIBK respectively) in
the different diluents used is affected by the composition of aqueous
phase. The decrease in Na2C03 concentration in the solution at constant
50% NaOH and 10% H202 concentrations was found to increase the
distribution ratio. Straight lines were obtained, Figure 2 , with a slope
of - 1 .
The variation of NaOH concentration of alkaline solution with
constant 40% Na2CO3 and 10% H202 proved also to affect the
extract ion of uranium.
With the increase of NaOH concentration, the distribution ratio
decreases noticeably. The data is given in Figure 3 as a relation between
log D vs log % NaOH concentration showing straight lines of slopes
equal to = -2 for all the diluents studied.
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Fig.2. Effect of Na2C03 on the Extraction of Uranium from
constant 50% NaOH and 10% H 2 0 2 by Aliquat-336 in
different diluents.
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Fig.3. Effect of NaOH on the Extraction of Uranium from constant
40% Na2C03 and 10% H202 by Aliquate-336 in different
diluents.

The studies on the extraction of uranium from solutions with
different ratios of Na2C03 and NaOH by Aliquat-336 (4%, 5%, 4% and
12% for toluene, xylene, CCl4 and MIBK,respectively) dissolved in
toluene ,xylene, CCl4 and MIBK were carried out. The plots of log D vs
log %Na2C03 or %NaOH concentrations gave straight lines with slopes
of = -3, Figure 4.
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Fig.4. Effect of Na2C03 and NaOH concentrations on the Extraction of
1 mg/ml Uranium by Aliquate-336 in different diluents.
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Investigations of the effect of peroxide concentration on the
extraction of uranium from constant Na2C03 and NaOH concentrations
indicate that H202 has negligible effect on the extraction of uranium by
Aliquat-336 in the different diluents used.
From the above results,it is clear that the effect of the investigated
parameters give similar trend to that previously obtained in benzene
system. The sequence obtained is toluene > xylene > CCLp MIBK.
According to the reported results [9-1 I], uranium is expected to form
tricarbonato soluble complex , [U02(C03)3l4- in alkaline medium.
Therefore the following equation can be proposed to explain the
extraction equilibrium

where R stands for Aliquat-336 and bars to the organic.phase. The
extraction constant of equilibrium is given by
[U02 (CO3)2. 2R] [OH-2 ] [ COi- ]
Kex=------------------------ ------_-[ u o 2 (c03)3l4-

[ROH21

where D, distribution ratio of uranium.
The following relation is obtained from equation 3
log D = log K,,

+2

log[-ROH] - 2 log [ O H ]
- log [ coZ-1

(4)

The extraction constants, Kex, of the extracted complexes as related
to the different diluents investigated were calculated by eq. 3 and found
2.02, 1.09, 0.54, 0.49 and 0.036 for benzene, toluene, xylene, CCl4 and
MIBK respectively. This relation is supported by the experimental
results obtained and the slopes of the log- log relations in Figues (14).Therefore,the extraction equlibrium given by equation 1 is well
verified. Also the results obtained indicated that the diluents used have
no effect on the structure of the cvtracted complexes.
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The effect of temperature on the extraction of uranium from a
solution composed of 20% Na2C03, 50% NaOH and 10% P I 2 0 2 by
Aliquat-336 dissolved in benzene, toluene, xylene, CC14 and MIBK was
studied in the range 5- 65°C.
It was found that the distribution ratio increased with increasing
the temperature.The plots of log K vs 1/T using the data obtained for
all the tfiliients used were found to be linear Figure 5. From the data;
the thermodynamic parameters DG, DH and DS of the extraction were
calculated and are given in Table 1
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3

Fig. 5. Variations of Long K,, for uranium complex in different
di luents with temperature

TABLE I: THERMODYNAMIC VALUES FOR FORMATION
OF URANIUM COMPLEX IN DIFFERENT DILUENTS
diluents
benzene
toluene
xylene
CCl4
MIBK

log K

0.3 1
0.04
-0.27
-0.72
-13.5

DG
-1.74
-0.23
1.54
I .79
8.2
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DH
14.46
12.6 1
17.82
5.46
13.5

DS
54.39
43.07
54.6 I
12.33
17.75

\

,
I

-

1

The data listed in Table 1 show that, for aromatic diluents, DG
.decreases by increase in the diluent dielectric constant where benzene >
toluene > xylene. This sequence is parallel to the dielectric constants of
these diluents (2.28, 2.38 and 2.4 for benzene, toluene and xylene
respectively). Concerning CC14 and MIBK, no systematic trend could be
elucidated for their trend. These results may explain the hydrophobic
character of the extracted species.
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Evaluation of Post-ESWL Renal Sequalae Using
Quantitative Radionuclide Studies
H. MOUSTAFA", SH. EL-HADDAD*, G. ZIADA", A. HEGAZP", K.
FAWZY**, and A. ELTAWIL"
Nuclear Medicine*, and Urology** Departments Faculty of Medicine,
Cairo University

Abstract
45 adult patients with single, unilateral renal stones without backpressure
changes attended to Cairo University Hospital during 1990 and 1991
were treated with ESWL. All cases were subjected to radionuclide renal
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studies using I3 1 I-OIH and 99mTc-DTPA done preimmediate post-, and
3 months post-ESWL. No significant changes of total renal EKPF and
GFR could be detected.
Treated kidneys GFR, GFR%, ERPF, %ERPF and Tmax showed no
significant changes after ESWL except for a transient significant
improvement of their T1/2 (P < 0.04); that occurred immediately after
ESWL. Contralateral kidneys showed only transient statistically
significant improvement of both % GFR and T1/2 (P<0.02 and < 0.004
respectively). Regional evaluation of the stone bearing zones revealed
transient significant deterioration of their regional ERPF (P < 0.03).
We found that shocks c 3500 caused transient significant
improvement of treated side ERPF, whereas > 3500 shocks caused the
reverse (P < 0.05). Moreover, power index (number of shocks X KV)
>SSOOO caused deterioration of their GFR that persisted up to 3 months
(P < 0.03).

Conclusion: ESWL therapy is safe method for treatment of renal
stones with no significant functional changes.

Introduction
Extracorporeal shock wave lithotripsy (ESWL) is a new modality
used for treatment of renal calculi. The principle on which ESWL works
is based on generation of ultrashort shock waves that are directed over
the stone using focusing and positioning systems respectively (1,2)
Although ESWL has been perceived to be safe, numerous recent
reports have presented that ESWL may cause acute effects or induce
chronic complications (3).
The aim of this study is to determine the immediate and 3 months
post-ESWL functional changes on the renal tissue of the treated kidney
as well as their effects on the contralateral kidney using radionuclide
renal studies.

Material and Methods :
Forty five adult patients who underwent ESWL treatment for
unilateral renal stones at Cairo University Hospital during 1990 and
1991. They were selected according to the following criteria :
l.A solitary stone who average size is 1 - 1 .S cm in longest diameter.

2. Intravenous uropgraphy of all of them are either normal or with
minimal backpressue changes of the treated kidney and
normal contralateral one.
3. The stone is either calyceal or renal pelvic one.
The work up of all patients included laboratory, abdominal
sonography and a radionuclide renal studies. 99mTc-DTPA (Gates,
1982) using 3-5 mCi intravenous with rapid dynamic frames every 15
seconds for 6 minutes for calculation of glomerular filtration rate. 131
I-Hippuran using 200-400 uCi intravenous (Tauxe and Dubovsky,
1985) with rapid frames every 15 seconds for 30 minutes for generation
of renogram curve. Also, estimation of effective renal plasma flow was
calculated.
Every patients was treated by Dornier HM4 lithotripter between
800-4500 shock waves over a period of 30 - 120 min. according to
response of the stone. The applied voltage ranged from 17-23 Kv and
power index (KVX number of shocks) ranged from 1 60000 - 86000.
The shattered stone fragments are flushed out in urine over subsequent
days or weeks.
Immediate post-ESWL radionuclide renal studies were repeated
within 48 hours or all patients as well as 3 months later when patient was
stone-free.

RESULTS:
1.Quantitative evaluation of total renal functions:
Neither total ERPF nor total GFR showed any statistical significant
changes immediately post-ESWL (P > 0.05).
Three months post-ESWL, total ERPF and total GFR showed
detectable decrease of their mean values. However, such changes were
statistically insignificant (Table I ).
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TABLE (1):CLINICAL DATA OF 100 PATIENTS TREATED BY
ESWL:

Number of Patients Evaluated

2-A-Quantitative assessment of tubular function of treated kidneys
(131 I-OIH):
No appreciable immediate nor 3 months post-ESWL changes in
tubular functions of the treated kidneys as assessed by ERPF, %ERPF,
and Tmax. The only significant changes was the decrease of immediate
post.ESWL T1/2 that changed from 9.9i-3.8 min. pre.ESWL to 7.8+5.0
min. immediately post.ESWL (P < 0.04). Moreover, this immediate
post.ESWL value prolonged to 8.4i-4.2 min on 3 months follow up.
Such prolongaton was statistically insignificant (table 2).
TABLE (2): PRE-IMMEDIATE, AND 3 MONTHS POSTESWL RADIONUCLIDE TUBULAR FUNCTIONS OF THE
TREATED KIDNEYS IN 45 PATIENTS.
Immediate 3 months
Post-ES WL Post-ES WI

P value

219.3 + 76.3 210.9 + 69.3
> 0.05
49.2 + 10.9 49.2 + 8.7
> 0.05
8.1 + 4.5
8.3 + 5.1
> 0.05
7.8 + 5.0** 8.4 + 4.2*** < 0.01*,**
< 0.05*,**
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2.B-Quantitative Regional evaluation of the tubular functions of the
treated kidneys (131 I-OIH):
A statistically significant and transient reduction of immediate
post.ESWL regional ERPF was detected that returned back to more or
less pre.ESWL level after 3 months.
Also, there was a statistically significant and transient improvement
of regional T1/2 immediately post.ESWL (Table 3).

TABLE (3) : PRE- IMMEDIATE, AND 3.MONTHS POST-ESWL
RADIONUCLIDE REGIONAL TUBULAR FUNCTIONS
OF THE TREATED KIDNEYS IN 45 PATIENTS.

T m k d kicheys
regional "ubular
bction
ERPE
% ERPF

Tmax
T1/2

3.Quantitative assessment of GFR of the treated Kidneys (99mTcDTPA):
Kidneys treated by ESWL showed slight decrease of their immediate
post.ESWL GFR and %GFR (both whole kidney and regional) that
persisted up to 3 months. Such changes were statistically insignificant
(Table 4).
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TABLE (4):PRE- IMMEDIATE, AND 3 MONTHS POST-ESWL
RADIONUCLIDE GLOMERULAR FUNCTIONS OF THE
TOTAL AND REGIONAL TREATED KIDNEYS IN 45
PATIENTS:

Tmted kicheys
Glomerular

Pre-ES WL

Immediate
Post-ESWL

t.iUlCtiOIW3

Total
GFR
% GFR
Regional
GFR
% GFR

40.2
49.6

+ 0.6
+ 9.7

14.3 + 11.5
48.3 + 9.0

39.8
48.6

+ 11.4

+ 10.4

13.0 + 8.1
47.2 + 9.5

+ 14.5
+ 11.0

> 0.05
> 0.05

12.9 + 9.0
47.4 + 15.3

> 0.05
> 0.50

37.5
49.0

4.Contralateral kidneys radionuclide functions:
Contralateral kidneys showed only transient statistically significant
improvement of both %GFR and T1/2 (P < 0.02 and < 0.004
respectively) (Table 5).
Analysis of implication of different parameters on the treated
kidneys functions revealed that power index (P.I.) < 55000 resulted in a
significant transient improvement of their ERPF, whereas higher level of
P.I.(> 55000) resulted in a slightly transient decrease in their mean
value. However, such changes was statistically insignificant.
Similar slight improvement of other renal functions including %
ERPF, Tmax, and T1/2 were also seen in cases treated with P.I. < 55000
compared to the slight decrease of their function in cases receiving
P.I.>55000. However, these changes were statistically in significant
(P>0.05).
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TABLE (5):RADIONUCLIDE RENAL FUNCTIONAL CHANGES
IN RELATION TO POWER INDEX IN 45 PATIENTS
(PRE-, IMMEDIATE, AND 3 MONTHS POST-ESWL)

~

3MONTHS

I

p

T max:

< 55000

45.4+18.9

0.05*,**

LOeo5

Regarding glomerular functions, a decrease in GFR mean value was
detected in patients receiving > 55000 P.1 with significant further
decrease at 3 months post-ESWL evaluation (P< 0.03). Such change was
not seen in patients treated by P.I.< 55000 (Table 5 ) .
There was significant improvement in tubular functions of those
cases treated by < 3500 shocks as measured by ERPF and T1/2
immediately after ESWL (P < 0.05 and < 0.03 respectively), whereas
higher number of shocks, > 3500 resulted in a significant decrease of
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their immediate post ESWL ERPF (P -e 0.05). No appreciable changes
of glomerular functions could be detected in relation to the number of
shocks (Table 6)

TABLE (6): RADIONUCLIDE RENAL FUNCTION CHANGES IN
RELATION TO NUMBER OF SHOCKS IN 45 PATIENTS
(PRE-,IMMEDIATE POST-, A N D
ESWL)

Radonudide

Red
Function

No. of
'at ien ts

ESWL

ERPF:
c 35000
> 35000
%- ERPF:

< 35000
> 35000

T max:
< 35000
> 35000

32

I

7.34.1

I

7.b3.8

32

1

I0.2+3.9*
8.7+3.9

1

8.4+5.2**

39.8+11.4

I

40.8+12.0

r 1/21
c 35000
> 35000

13

CFR:
c: 35000
135000

32

I

6.94.1

% GFR:

c 35000
35000
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3

MONTHS

POST-

Discussion :
Although ESWL has been introduced as a non-invasive and
effective methods for treating renal calculi, it may be associated with
complications that may require further management (3)
The effects on renal function is one of the possible adverse
consequences of ESWL for which radionuclide renal studies before,
immediately after, and 3 months post.ESWL were evaluated in this
study.

(1)Total Renal functions:
The present study revealed that ESWL had no effect on either total
ERPF or total GFR. These agree with results reported by Stoll et al.,
(1987) (6), Daniel and Burn, (1990) (7), and Ilgn et al., (1992) (8).

(2)Treated Kidneys :
2.A .Tubular functions :
ESWL was associated with relief of local obstructive effect of the
stone as evident by the statistically significant transient decrease of TU2
and regional TU2 of ;he treated side.
on the other hand, neither treated kidneys ERPF nor % ERPF were
associated with statistically significant changes after ESWL. These agree
with results reported by Stoll et al. and Daniel and Burn (6,7). on the
contrary, Wiliam et al., (9), reported significant decrease in % ERPF of
the treated side immediately post.ESWL. However, such difference was
attributed to the use of different type of lithotripters with different
methods of generation and focusing of shock waves (8).
Although, power index e 55000 resulted intransient improvement
of treated side ERPF, power index > 55000 resulted in a significant
adverse effect on their GFR that persisted up to 3 months post.ESWL,
whereas, < 3500 shocks were associated with transient improvement of
T1/2 as well as increase of ERPF of the treated kidneys. Transient early
reduction of GFR and ERPF of the treated kidney were detected in cases
receiving > 3500 shocks. Moreover, this study revealed that ERPF was
sensitive to number of shocks >3500 resulted in a significant transient
immediate post.ESWL decrease of the treated side ERPF. Similar results
were reported by Hegazi et al., (1988) (10).
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(3)Untreated side:
ESWL was proved to be associated with functional improvement of
the untreated kidneys, as evident by statistically significant transient
improvement of their immediate post.ESWL %GFR and T1/2. A
possible explanation could be a reflex autonomic response to renal
pelvic stimulation occurring with stone of fragmentation by shock
waves.
To conc1ude:ESWL therapy is a safe method for treatment of renal
stones with no significant functional changes.
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Techniques in Measurement of Glomerular Filtration Rate
G. Ziada, H . Moustafa, SH El-Haddad and KH. Taalab
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Abstract
Fifty patients were referred to nuclear medicine department in NEMROCK center for measurement of glomerular filtration rate (GFR). The
group included 34 males and 16 females with a mean age of 38.3 k
10.7 years. Estimation of GFR was done using 11 1-185mBq of 99mTcDTPA with data collected on 128 x 128 matrix on IDAC computer every 15 seconds with calculation of renal uptake and GFR applying Gates
method). 72 hours later, a dose 3.7 mBq of 51Cr-EDTA with 2 blood
samples taken at 120, 240 minutes with estimation of plasma clearance
using Russel et al., method (1985). The mean clearance of 51Cr-EDTA
was 79.61k22.4 ml/min compared to 84.34k26.3 ml/min. using direct
scintigraphic method with positive correlation using regression analysis
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(r= 0.96). Also, both %r-EDTA and in vivo 99mTc-DTPA were
positively correlated with creatinine clearance (r= 0.87 and 0.91
respectively). A modified regression formulas was used for correction
of the results of 99mTc-DTPA values GFR(99mTc-DTPA) X = 0.81 f
6.4ml/min.

Introduction :
A variety of techniques have been proposed for the routine
measurement of GFR following a single injection of labeled chelate.
Measurement can be made using in vitro Cromium-51 EDTA (1,2) or
in vivo renal uptake using a scintillation camera (3,4).

In the current study, comparison between scintigraphic in vivo
technique using 99mTc-DTPA uptake versus the two plasma simple in
vitro technique using 51Cr-EDTA to evaluate the accuracy for
glomerular filtration rate (GFR) estimation was applied,

Material and Methods:
The study included 50 patients referred for determination of GFR
in the period October 1991 to October 1992. The group is formed of
34 males and 16 males with their mean age & SD (38.3+10.68
years).
The creatinine clearance ranged 17-125 ml.min. In vivo GFR
measurement was done using 111-185 MBq (3-5 mCi) of 99mTcDTPA for estimation of fractional renal accumulation. Dynamic data
was collected on 128 x 128 matrix using IDAC computer connected
to Sopha camera every 15 seconds for 20 minutes. A preinjection and
postinjection count of syringe for one minute which was placed at 30
cm from the center of collimator. A composite image was the study
and processed using 10% Calculation of renal uptake and GFR was
created at the end of background subtraction. done applying Gates
method (1982).

In vitro GFR measurment was performed by injection of 3.7 MBq
(100 uCi) of 51Cr-EDTA followed by taking two blood samples from
contralateral arm at 120, 240 minutes. A preinjection and postinjection
count of syringe was done. The blood samples were centrifuged at 1500
g and plasma samples were counted in scintillation detector with a
relative counting error of 1.0%. Plasma clearance was determined using
technique of Russel et al., (1985).
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Comparison between in vitro and in vivo estimation of GFR was
done using linear regression analysis.

Results :
The mean value for clearance using the final slope of in vitro 5ICrEDTA was 79.61+22.35 ml/min compared to 84.34 +26.32 ml/min.
using in vivo scintigraphic technique with 99mTc-DTPA. There was
excellent positive correlation between both methods using regression
analysis (r=0.96) (Fig.1). Also, kr-EDTA clearance was significantly
positively correlated with creatinine clearance (r= 0.9 1) (Fig.2).
Similarly, 99mTc-DTPA in vivo GFR measurement was positively
correlated with creatinine clearance' (r=0.87) (Fig.3). However,
Cr.EDTA clearance method had higher sensitivity (100%) and
accuracy (96.5%) compared to 87%, 87.8% in 99mTc-DTPA in vivo
measurement. We postulated that modification of the value of GFR
estimated by in vivo scintigraphic technique using regression analysis of
GFR measured in vitro by 51Cr-EDTA may increase the accuracy of this
test (modified GFR=Il+(GFRX0.81) -t 6.4 S.E. The value of GFR using
the above modification was significantly correlated with creatinine
clearance (Fig.4). However, the mean modified GFR was significantly
higher than creatinine clearance with a mean difference of 3.75%.
whereas, the initial mean GFR using In vivo 99mTc-DTPA measurement
showed a higher mean difference of I I % compared to creatinine
clearance (Table 1). Thus, creatinine clearance is better matched with
modified GFR with a wider scale of confidence.

'Fable (1) : Mean Values of GER by The in Vitro (51Cr-EDTA) and
in Vivo (99mTc-DTPA)Techniques and Creatinine Clearance

CREATININE
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Discussion:
For routine clinical use, it may be an advantage to employ
technique which reduce patient and laboratory time. Several
investigators showed that in vivo measurement of GFR using 99mTc
DTPA satisfies this requirements, being single radionuclide injection
which is performed within short time with low radiation dose and no
need for repeated blood samples (3,4).
In this study, in vivo measurement of GFR was done applying Gates
technique (1982) for measurement of kidney uptake for 2-3 minutes
postinjection. We found good correlation between GFR measurement
using 99mTc-DTPA and creatinine clearance (r=0.87). A similar
significant correlation was reported by 6,3.
The second in vitro method for measurement of GFR using k r EDTA have the advantages of stability and lack of external clearance
which make sit more suitable for measurement of plasma clearance. A
high correlation between the two plasma sample method and creatinine
clearance was seen in this study (r=0.91). Similar, results was reported
by 6 & 7. However, the limitation for using this technique are being
relatively expensive and at least 4 hours are needed to perform
exponential analysis of the plasma disappearance curve with minimum
two blood samples required.
On the contrary, the plasma clearance using 51Cr-EDTA for GFR
measurement had high correlation with in vivo scintigraphic method
(r=0.96 with S.E.= 6.4). This in agreement with 4 & 8 with their
correlation (r = 0.96 with SE 8ml/m., r = 0.99 with SE 9.3 mI/m
respec ti vel y ).
Comparison between the clearance rate using 99mTc-DTPA and
51Cr-EDTA showed a slight difference of 4.7%. A nearly similar
difference of 3.7% was reported by 9, whereas 6,8 reported higher
difference of 7.6% between both methods. Such higher difference may
be related to the instability or protein binding of 9 9 m T c - D T P A
preparation used.
In view of high degree of sensitivity and accuracy using in vivo
99mTc-DTPA GFR measurement, we postulated modification formula
using regression analysis to increase the precision of the test. The
modified GFR mean value was significantly positively correlated with
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creatinine clearance. Similar correlation equation have been reported
by 10,6 for correction of high systemic result.

References :
[ I ].Russel,C.D. and Dubovsky, E.V.: Measurement of renal function
with radionuclides. J. Nucl. Med., 30:2053-2057.( 1989)
[2].Summerville,D.A.; Poher,C.S. and Treves,S.T.: The use of
radiopharmaceuticals in the measurement of glomerular filtration
rate: a review in: Freeman,L.M. (ed.).Nuclear Medicine Annual,
1990. Raven, New York, p. 191-221 .(1990)
[ 31.Gates :Estimation from fractional renal accumulation of 99mTcDTPA (stannous). Am. J. Roentgenol., 138565-570.( 1982)
[4].Lee,T.; Constable,A.R.; and Granage,R.W.: A method for GFR
determination without blood samples in routine renal scintigraphy
with 99mTc-DTPA. In radionuclides in nephrology, proceedings of
the 5th international symposium, London, Academic Press. ( I 982)
(SI.Braren,V. ;Versage, P.N. ;Touya,J .J . ;Brill, A.B .; Goddard, J. ;and
Rhamy, R.K.: Radioisotopic determination of GFR. JUBI, 12 I :145I47.( 1979)
[ b).Hilson,A.J.W.; Mistry,R.D.; and Mausy,M.N.: 99mTc-DTPA for the
measurement of glomerular filtration rate. Br.J.Radiol., 49:72426,1976
[7].Chervu,R.L.; Lee,H.B.; Goyal, Q.; and Blaufox, M.D.: Use of 99mTcCu-DTPA complex as the renal function agent. J . NucI. Med.,
I8( 1):62-66. ( 1 977)
[ 8].Fleming, J.S; Wilkinson, J; oliver,R.M; Ackery, D.M.; Blacke, G.M.;
and Waller, DG: Comparison of radionuclide estimation of
glomerular filtration rate using 99mTc DTPA and 51Cr-EDTA. Eur.
J. Nucl. Med., 1 8:39 1-3964 199 1 )
[9].Rehling, M.; Moller, M.I.; Thandrup, B.; Lund,O.; and Trajensen, J.:
Simultaneous measurmenet of renal clearance and plasma
clearance of 99mT~-DTPA,51Cr EDTA and inulin in man. Clin.
Sci., 66:613-619. ( 1 984)
[ 1OJ.Brochner-Morterser,: A simple method for determination of GFR.
Scan. J. Clin. Lab. Invest., 30:271-274. (1972)

481

Figure 1: Correlation between GFR values estimated from direct scintigraphic
technique using 99mTc-TIPA and blood sampling technique using 51Cr-EDTA.
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Figure 2: Correlation between GFR value estimated from direct scintigraphic
technique using
Cr-EDTA and creatinine clearance.
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Figure 3: Correlation between GFR values estimated from direct scintigraphic
technique using 99mTc-DTPA and creatinine clearance
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Abstract
The study was carried out to evaluate endocrinal aspects of the
pancreas in thalassemic children, ages 5 - 10 years maintained under
either regular or irregular iron chelation therapy. A matched control
healthy children, were included for comparison.
As regard of laboratory findings, fasting and post prandial blood
sugar was significantly elevated in thalassemic children than that of
control and serum insulin was significantly lower in the irregular iron
chelation group than both the regular one and the control group.

Most cases of diabetic thalassemic children clinically and
biochemically were of irregular iron chelation and with older age. They
were frequently higher transfused. There is significant rise of serum
ferritin in diabetic group than a diabetic thalassemic children.
In conclusion, pancreatic disfunction can be detected in thalassemic
children, but regular iron chelation can reduce its occurrence.

Introduction
The thalassemias are hereditary haemolytic anaemias characterized
by decreased or absent synthesis of one of the globin subunits of the
haemoglobin molecule. Thalassaemias are named after the specific
globin whose synthesis is depressed. Most cases are of the Alpha or Beta
type (Kendnll, 1983).
In the a - thalassemia decreased synthesis of the a - globin results in
accelerated red cell destruction because of the formation of HbH (B4)
inclusions in mature red cells (Nienhuis, 1984).
In p - thalassemia, either no p chain ( B O ) or small amounts of p
chains (B+) are synthesized (Hoffbrand, 1980). The profound
deficiency of, p - chain production leads of marked hypochromic
microcytic.
The high incidence of diabetes in primary hemochromatosis has
provided circumstantial evidence that excessive circulating iron can
deposit in the pancreas and cause an infiltrative insulin deficiency. The
work of Bolcerzok (1968), however, threw doubt on this concept. They
found that the occurrence of diabetes in families with hemochromatosis
does not correlate with excess iron stores and concluded that the
diabetes is not secondary to iron deposition. Dymock and William
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(1971) supported this motion with family studies that indicated
pathogenesis of involvement of pancreas in children with beta
thalassemia major.
Abnormalities of the endocrine system are well described in patients
with thalassemia major. Pancreatic functions among subject with
thalassemia were investigated to detect evidence of hypofunction
(Pintor C., 1985).
Although these endocrine problems could result from a variety of
factors. Most studies suggest that chronic iron over loading secondary
to hypertransfusion therapy is the major cause of observed
abnormalities (Flymn D.M., 1976). Recently, many centers have
instituted iron - chelation therapy in the hope of preventing or reducing
the complication of iron over load and hemosiderosis. While long term
chelation therapy does appear to reduce the incidence and severity of
myocardial and liver disease in the mean time few studies are available
regarding endocrine function in these patients (Laessman M.N., Gene1
N., Wise J.K, et al., 1974).
Therefore we aimed in this work to study the level of insulin and
glucagon to evaluate endocrinal function of pancreas in children with
beta thalassemia. As well as study of the relationship of this endocrinol
function to iron - chelation therapy aiming to find the accurate way to
decrease side effects of the hypertransfusion on endocrinal glands
especially the pancreas.

Subjects And Methods
This study was carried out at the hematology Oncology Unit of
Pediatric Department, Zagazig University Hospital, through the period
between June 1992 and June 1993 on 50 children with beta thalassemia
major. Beside these 50 patients, another 10 healthy children were
studied to serve as a control group. All the included children were 5
years to 10 years of age, both sexes and residues of Sharkia and the
surrounding area.

Methodology:
All children were subjected to full and complete history and
examination according to history of iron chelaten. The children were
randomized into 2 groups.
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Group I
Who received regular iron chelation (desferal 3 0 mgl/kg/day by
subcutaneous pump daily for S days per week).

Group I1
Who received irregular iron chelation.
All patients were subjected to the following routine investigation:
1- Compete blood picture.

2- Fasting and post prandial blood sugar.
Blood samples are withdrawn and. subjected to:

a- Ferritin level byELISA.
b- Insulin by RIA:
Procedure for quantitative determination of insulin in serum or
plasma samples
: [SORIN BioMedica]

c- Determination of glucagon levels
By RIA kit (Interscience Institute)

Results :
Table (1) : The mean and S.D. of some laborator data in group I, I1
thalassaemic children and control.

- Post

Iron level mg/dl

~ ludagon
~ ~ oe/ml
? u

9.5

31.29

122.4

2.07

[1:.

34.56

192.12

4.85

6.962

;

~

~

'

:9:/

62
::/
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114;

;1:

4.5

11.6

52.4

23.3

Table (2) : The statistical analysis of the mean and S. D. of fasting
and post prandial blood sugar (mg/dl) among group, I I1
thalassemic ch idren and control.

st prandial

B1. Sugar:

t 1 = Group I/Control

12 = Group I/ Group 11

t3 = Group II/Control

= Nonsignificant

*
**

= Significant
= Highly significant

Table (3) : The statistical analysis of the mean and S.D. of serum
ferritin (mg/ml) among group I, I1 thalassaemic children
and control

1 : Control / group I
2 : Group I / group 11
3 : Group I 1 / control

Table (4) The statistical analysis of the mean and S.D. of serum ir‘on
(mg/dl) among group I, I1 thalassaemic children and 10

I : Control / group I
2 : Group I / group I1
3 : Group I1 / control
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Table (5): The statistical analysis of the mean and S.D. of insulin
(mg/ml) among group I, I1 thalassaemic children and 10
healthy control

1 : Control / group 1
2 : Group I / group I1
3 : Group I1 / control
** : Highly significant

Table (6): The statistical analysis of the mean and S.D of glucagon
level (Pg/mI) among group I, I1 thalassaemic children
and 10 healthy control.

1 : Control / group 1
2 : Group I / group 11
3 : Group I1 / control

Table (7) Percentage of biochemical and clinical diabetes among
group I and I1 of thalassemic children
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Table (8): Comparison between diabetic (7) and non diabetic (43)
thalassemic children as regard some clinical points.
Djabetil
No.
1

%

Von diabetic n = 43
No.
%

I
5

14.3%
14.3%
71.4%

17
15
11

39.5%
34.9%
25.6%

0
3
0
4

0%
42.9%
0%
57.1%

6
19
6
12

14%
44. I %
14%
27.9%

1
1

5

14.3%
14.3%
71.4%

12
13
18

27.9%
30.2%
41.9%

2
5

28.6%
7 1.4%

23
20

53.5%
46.5%

Table (9): Statistical analysis of the mean and S.D of some and
laboratory data among splenectomized and non
splenectomized thalassemic children.

k r u m ferritin
erum iron
nsulin levcl

*

= significant
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Table (10): Summary of the results and of the laboratory data for
control (10 healthy children).

Discussion
Beta thalassemia major is the commonest chronic hemolytic anemia
and third commonest type of anemias of children in Sharkia
Governorate (EI-SafyU.R.et al., 1993). Also, thalassemia is the most
common chronic hemolytic anemia in Egypt (84%) (El - Beshlawy et
al., 1993). With prolonged survival of thalassemic children, serious
problem due to haemochromatosis of the liver and pancreas are
developed (Yesilipeck, 1993). Many centers reported endocinal
abnormalities such as diabetes mellitus, impaired growth, lack of sex
maturity and hypothyroidism (Krivokapic, et al. 1993).
In our study the relative marriage was positive in 56%, 64% and 20%
of group I, group I1 and control respectively. This explains the increase
incidence of beta thalassemia in our locality due to increase incidence
of relative marriage (El-Safy, 1993). Positive relative marriage was 70%
and carrier rate of thalassemia was 13.4 % in Egypt (El Beshlawy
( 1 993) reported that diabetes mellitus was observed in 20 of 448 (2.3%)
with thalassemia attending seven Italian Centers I2 patients presented
with an asymptomatic glycosuria, 13 with ketosis and 4 with ketocidosis.
Yesilipeck ( I 993) recorded that diabetes mellitus is the most common
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endocrine abnormalities due to haemochromatosis of the liver and
pancreas.

In our group, diabetic children had serum ferritin level with mean
2128.0. While De Sanctis 1986 reported serum ferritin 5 6 0 0 pg/L in
his diabetic children. The serum ferritin is higher in diabetic patient
than those non diabetic, therefore thalassemic patients developing
clinical diabetes mellitus are at higher risk for other complications and
should be monitored, especially for thyroid impairment (De Sanctis et
al. 1988).
Insulin level in diabetic patients was significantly lower than that of
non diabetic. Parrariella, 1987. recorded that there was impairment of
secretion of insulin either in steady state conditions or after glucose
intake. Merkel, (1988), his data suggested that insulin resistance and
increased insulin secretion develop in older children with thalassemia
treated with long term hypertansfusion therapy before the development
of diabetes.
While glucagon level shows marked increase in diabetic rather than
non diabetic thalassemic children. This is i n agreement with that
recorded by Parrariella, (1987). He reported that there was alpha cell
over activity in thalassemic patients who developed diabetes mellitus.
As regard of serum insulin and glucagon in splenectomized and non
splenectomized thalassemic children. There is no significant difference
between both became iron over load is not affected by splenectomy but
with regular iron chelation therapy (Pippard, 1978).

Conclusionally:
- Impaired of glucose level in thalassemia can be detected especially
those lack regular iron chelation.
- Insulin level is impaired in sera of thalassemic children especially in
group 11.
- Glucagon level is elevated in sera of thalassemic children especially
in group 11.
- Pancreatic dysfunction is one of complication of thalassemia
especially those lacking regular iron chelation therapy.
- Diabetes mellitus can occur in thalassemic children especially for
those lacking regular iron chelation therapy.

Recommendations:
- With blood transfusion therapy, regular iron chelation therapy will
decrease incidence of pancreatic dysfunction in thalassemic children.
- Regular evaluation of pancreatic function is necessary to detect
impairment of glucose tolerance curve or insulin level to prevent
occurrence of irreversible clinical diabetes.
- Replacement therapy with insulin may be needed for thalassemic
patients who developed diabetes mellitus,
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Abstract
Sixty six patients with different chronic liver disease (CLD) were
studied for the prevalence of HBV and/or HDV markers using
radioimmunoassay. The total prevalence of HBV markers (i.e. when any
of the markers is present) for chronic active hepatitis (CAH), post viral
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cirrhosis, chronic persistent hepatitis (CPH),cryptogenic cirrhosis,
primary biliary cirrhosis (PBC), Alcoholic cirrhosis, hepatocellular
carcinoma (HCCA) and methyldopa induced chronic hepatitis was 6/13
(46.2%), 6/6 (loo%), 719 (77.8%), 0/10, 0/2, 10115 (66.7%), 7/10 (70%)
and O/l respectively; whereas the total prevalence of HBV markers for
the control group was 281102 (27.8%). The prevalence of anti-delta
antibody was 0113, 116 (16.7%), 3/9 (33.3%), 0/10, 0/2, 0115, 2/10 (20%)
and 0/1 respectively, while the prevalence of anti-delta antibody for the
control group was 41102 (3.9%). Various patients with CLD, though they
showed various viral markers yet they showed different pattern groups.

Introduction
The relationship of chronic liver disease to hepatitis B virus (HBV)
or hepatitis delta virus (HDV)infection was studied by various authors
[ 1-61. The aim of this study was to determine the seroprevalence of
HBV and / or HDV markers in patients with chronic liver disease and to
detemline the possible patterns of these markers.

Materials and Methods
Patients
Sixty six patients with chronic liver disease were collected from the
l S f Medical Unit at the Medical City Teaching Hospital, Baghdad. There
were 41 males and 25 females. They ranged in age from 13 to 65 years
(mean age = 46.1 + 16.2 years) (TABLE I). The diagnosis of chronic
liver diseasc was made on the basis of clinical assessment and laboratory
investigation including liver biopsy.

Controls
one hundred and two healthy blood donors and healthy relatives of
hospital patients were collected. All had a negative history for liver
disease. There were 68 males and 34 females. They ranged in age from
2 to 60 years (mean age = 21.4 + 13.5 years) (Table I).
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Table (I) : Age and sex of 66 patients with chronic liver disease
Disease

- -SC
No. *
Male Female Mean
____a

A(ye

rs)

?-, SD

Range

5
4

2 2 . 2 8.9
40.7 k 15.7

13 - 35
20 - 60

n= 13

7
6.

2
2

Post viral cirrhosis
n= 6

5
1

3

2
0

48.2 +, 135
70

30 - 61

1

CPH
n= 9

4
3
2

1
2

3

40.3 k 9.9

1

1
1

45.0 +, 8.7
55.0 k 7.0

27 - 50
40 -55
50 -60

Cryptogenic cirrhosis
n= 10

10

5

5

44.9 +, 26.7

13-60

PBC

2

0

2

52.0 f 2.9

50 -54

Alcoholic cirrhosis
n= 15

10
5

10

0
0

52.5 k 6.5
53.5 It 4.4

45 - 60

HCCA
n= 10

5
3
2

3
3
2

2
0

60.0 k 7.1
60.5 k 6.9
55.5 f 0.7

50 - 65
50 - 65
55 - 56

CAH

-----

n=2

Chronic hepatitis
1
66
___.
102

P

Total
Control
43

5

1
41

0
0
25
34

68

---I--

P

-

--_zI__

50

50 - 65

46.1 3- 16.2
21.4+ 13.5

13 - 65
2- 60

CAH= chronic active hepatitis. CPH= chronic persistenthepatitis, PBC= primary
biliary chrrhosis, HCCA= hepatocellularcarcinoma,

* according to presence or absence of HBV and I or HDV markers (see TableIr)
Tests
From each individual in this study, 5-10 ml of blood was aspirated,
sera were separated and then divided into small aliquots and stored at
-2OOC until examination. Each vial of serum was used once to avoid
repeated thawing and freezing. All sera and reagents were allowed to
stand at 2OoC before use in the tests.
The following tests were performed. [ l ] A qualitative third
generation radioimmunoassay (RIA) for the detection of hepatitis B
surface antigen (HBsAg) using AUSRIA 11-125, an RIA for the
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detection of antibody to HBsAg using HBsAg 1251 (human) (subtypes
ad and ay) using AUSAB, an RIA for the qualitative determination of
specific IgM anti-HBC using CORAB-M, an RIA for detection of
hepatitis Be Antigen (HBeAg) and/or antibody to hepatitis BeAg
(anti-HBe), an RIA for the qualitative determination of total antibody to
delta antigen (anti-delta) (Abbott Laboratories, Germany), [2] A solidphase enzyme immunoassay for the detection of HBsAg using the
Hepanostika HBsAg micro ELISA. This test was used to confirm
HBsAg-reactive specimens detected by RIA.

Results
The total prevalence of HBV markers (i.e. when any of the markers
is present) and of anti-delta in patients with chronic liver disease and in
controls is demonstrated in Table 11. The serological patterns of these
markers are shown in Table 111.
Table I1 : Prevalence of HBV and/or WDV markers in 66 patients with
chronic liver disease
Q

No.

HBV markers*

Disease

+

Anti delta Ag

+

7

0

7

0

6

6

0

7

n=13

0

6

Post viral cirrhosis
n=6

5
1

5
1

0
0

0

5

1

0

CPH
n=3

4

4

3
2

3
0

0
0
2

0
3
0

4
0
2

n=10

10

0

10

0

10

PCB
n=2

2

0

2

0

2

10

10
0

0

0
0

10

0
0

5

CAH

Cryptogenic cirhosis

Alcoholic cirhosis

5

5

5

n=15

5

5

0

HCCA

3

0

n=10

2

2

3
0

Chronic hepatitis

1

0

66
102

2

3
0

1

0

1

36

30

6

(33

28

74

4

98

due to drug n-1

Tomi
Cor1crol

-

CAH=chronic aclive hepatitis. CPH=chronic persistent hcpatitis.

*

PCB= primary biIiary chnhosis, HCCA= hepatoccllular carcinoma.
This includes m y of H B V rnarkcrs i.c. HBsAg, anti-HBs, Anti
HBc, HBeAg, and Anti-HBeAg.

Table I11 : Serological patterns of HBV and HDV markers

- -

CiG No. of pa
no.

AdHBsA

tieflts wit

-- his patter

CAH
n= 13*

Post viral cir
rhosis
n= 6

l= 15***

HBeA del@

- - Tota

_
I

9.81

3

t

t

1

t

1

3
1

t
t

I

t

1

t

t
t
t
t

1

3

2
3

2

t
t

+

t

t

t
t

t
t

t

+

t

2
3

1

2
3
4

YCCA

lmnn

2

4

4lcQholicCiF
Shosis

ra

-HkA Anti- Anti

1
2
3

4

CPH
n= 9**

E
t
t
t

t
t

t
t

1

t

t
t
t

t

t

1
1

5
2
2

t

t

t
t

t

t

t

t

1

3
t
t
t
2
t
4t
3
2
t
t
t
$7 , **2, ***5 ,****3 patients showed negative f i'and HDV markers.

]0****

*:

t

2

- -- -

I
L

-t

CAH = chronic active hepatitis, CPH = chronic persisten1 hepatitis,
HCCA = hepatocelldarcarcinoma

Discussion
The pattern of HBV and HDV markers (see Table 111)
A. Serological patterns of HBV and HDV markers in 13 patients with
CAH:
The three patients included in pattern 1 showed high titers of
anti-HBc without anti-HBsAg in the presence of HBsAg which
indicate persistence of viral infection [3]. Thomas, [7] stated that the
majority of persistently infected patients will develop CAH. Patients
with pattern 1 and pattern 3 whose sera were reactive for anti-HBeAg
were at a later stage of CAH; the level of replication of the HBV was
low and the virus could not be detected in the blood in spite of the
continued presence of HBsAg. These patients are considered to be
of lower infectivity [ 7 ] .
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In the sera of two patients with pattern 2, HBeAg marker was
positive. This occurs during the first years of chronic infection; the
virus replicates at a high rate and virus particles can be demonstrated
in both the liver and blood. The sera of such patients are highly
infectious [7].
The incidence of HBsAg in CAH in Iraq using haemagglutination
(HA) was 75% [SI. However, Rassam [9] reported a higher incidence
of 91% using radioimmunoassay (RIA). In the present study the
prevalence of HBsAg was 6/13 (46%) using RIA method also. The
difference in prevalence could be due to the relatively smaller
sample size.

B. The patterns of HBV and HDV markers in six patients with post viral
cirrhosis:
Three patients in pat ern I and one patient in pattern 3 showed active
replication of HBV and are considered highly infectious [7]. The
other patients in the remaining patterns showed low infectivity since
they were antiHBeAg positive while the former patients were HBeAg
positive. One patient with pattern 4 was HBsAg carrier with positive
anti-delta.
C. Serological patterns of HBV and HDV markers in nine patients with
CPH:
This was similar to the findings described by Sherlock [3], who
stated that patients with CPH were usually HBsAg and anti-HBc
positive. Other patients may simply show anti-HBs alone. HBe was
usually negative.
D. Serological patterns of HBV and HDV markers in patients with
alcohol ic cirrhosis:
Patients in pattern I , 2 were HBsAg carriers, while patients in pattern
3 had past infection with HBV, and one patient (pattern 4) was
positive only for HBsAg. The prevalence of HBV markers (all
markers considered) in this study was 10/15 (66.7%) and for HBsAg
only was 8/15 (53.3%), while the prevalence of HBsAg in one study
done by Kassir and Jureidini [6] was 15/69 (22%). The difference in
the prevalence of HBsAg can be explained on the basis that in the
latter study the sample size was larger than the former study.
Hislop et a1 [ 101 stated that markers of past or current hepatitis B
were commoner in patients with alcoholic liver disease than in
general population. However, Orholm et a1 I l l ] stated that there was
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a considerable doubt as th which is the cart and which is the horse
for, when liver biopsies are performed, the underlying changer are
not those of alcoholism, suggesting that hepatitis B or another
aetiological agent is the primary event.
Sherlock [3] stated that there was a strong association between
hepatitis B and cancer developing in an alcoholic. Brechot et a1 1121
also stated that integrated hepatitis B sequences are frequently found
in the livers of alcoholic Patients with primary liver cancer.

E. Serological patterns of HBV and HDV markers in 10 p;ilients with
HCCA:
Sera of patients in pattern I showed similar markers as those found
in HBsAg carrier individuals. Pattern 2 indicates past infection with
HBV and patients in pattern 3 were HBsAg cariers and anti-delta
positive. The prevalence of HBsAg is 5/10 (50%) of patients with
HCCA with CLD, but the prevalence of HBV markers in patients with
HCCA when measured as a whole was 7/10 (70%) while in one study
the prevalence of HBsAg was 65.2% i n patients with HCCA with
CLD and 35.7% in patients with HCCA alone [ 5 ] .
Sherlock et a1 [13], reported a positive association between primary
liver cancer and a positive hepatitis B test. Sherlock [ 141 also stated
that the incidence of HBsAg positivity was higher in HCCA patients
compared with a control population or those with other tumors.
The seroprevalence of all HBV markers in CLD was 28/66 (42.4%)
while the seroprevalence ot all HBV markers in control group was
28/102 (27.5%), which indicates that there is an association between
HBV and various CLD and a high exposure to HBV in the Iraqi
population, while the exposure to HDV is less likely than HBV in CLD
and in controls.
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Role of Immunoscintigraphy Using TC-99m Labelled Monoclonal Anti-CEA Antibodies in the
Detection of Colorectal Carcinoma
G. Ziada, 23. Moustafa, SH. El-Haddad and M, El-Aaser.
Centre of Oncology and Nuclear Medicine of Kasr El-Eini
Hospital, Cairo University, Egypt

Abstract
Twelve patients with colorectal carcinoma confirmed histopathologically
and associated with high serum CEA level and underwent preoperative
immunoscintigraphy (planar and SPECT projections) followed by opera-
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resect ion with postoperative histopathological examination.
Immunoscintigraphy was able to detect the primary tumor in colorectal
region with 100% sensitivity, specificity and accuracy. Immunoscintigraphy
showed sensitivity 85.5%, specificity 60% and accuracy of 66.6% in
detection of para-aortic lymph nodes involved as compared to 0%, 25% and
25% i n abdominal sonography respectively. Concerning the liver
involvement, there was higher sensitivity of 100% and accuracy of 91% of
immunoscintigraphy in comparison to 50% and 66.6% in abdominal
sonography respectively. Imaging procedure at 4 and 24 hours post
injection with planar and SPECT studies were useful for proper localization
of involved sites and to differentiate between malignant and benign lesions.
Immunoscintgraphy is a safe procedure and the preparation of the kit of
monoclonal anti-CEA antibody is rapid with labelling efficiency more than
95% and with no adverse reaction.

Introduction :
Colorectal carcinoma is one of the most frequent carcinomas associated
with morbidity and mortality.
The poor prognosis of recurrent colo-rectal carcinoma may be
improved by a more efficient control of tumor through the earlier detection
with curative resection of colorectal carcinoma. Endoscopy,
ultrasonography and CT scanning are traditional methods for staging work
up. CEA as a tumor marker is essential in follow up of colorectal carcinoma,
however, it has non-specific elevation in chronic smokers and inflammatory
bowel disease. Immunoscintigraphy using radiolabelled monocloncal
antibodies directed against the carcinoembryonic antigen (CEA) was first
described by Mach et al.,(l) for the detection of colorectal carcinomas and
their recurrences. Since, then a large number of monoclonal antibodies
labelled with different radionuclides such as iodine- I3 1, Iodine- 123 or
Indium-1 11 (2). Recently, a new technique for labelling of monoclonal
anti-CEA antibodies with 99mTc has been described by Schwarz (3). This
approach allows an almost quantitative labelling of the antibodies with
99mTc.
This study is aiming to determine the feasibility and accuracy of using
g9mTc labelled monoclonal anti-CEA antibodies in detection of colorectal
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carcinoma and its metastatic spread compared to other methods of
investigation as well as with operative data.

Patients and Methods :
Twelve patients with colorectal carcinoma and high CEA level in the
serum were referred from October 1991 to October 1992 to the Nuclear
Medicine Unit of Kasr El-Eini center of Radiation oncology and Nuclear
Medicine (NEMROCK) were selected for the present study. The study
included ten males and two females. Eleven patients had rectal carcinoma
and one patient had colon carcinoma and all patients were
histopathologically adenocarcinoma with different grades of differentiation.
CEA serum levels of the patients ranged from 12 up to 30 ng/ml (normal
level up to 6 ng/ml). All patients were subjected to full medical history and
examination; laboratory investigations; radiological investigations
(including chest X-ray, Barium enema and abdominal sonography); lower
GIT endoscopy and biopsy. Detection of colorectal carcinoma by
immunoscintigraphy using 600 -1800 MBq of 99mTc labelled with 2mg of
monoclonal anti-CEA antibodies (43 1/26) of mouse origin. Quality control
of the labelling yield using thin layer chromatography (TLC) showed ,
labelling efficiency greater than 95%. The labelled monoclonal anti-CEA
antibodies injected slowly by intravenous route and every patient was
observed for any adverse reaction.
Immunoscintigraphic images over the abdomen; pelvis and the chest
were performed using Siemens Gamma Camera acquired 500-1000 k
counts using low energy high resolution parallel hole all purpose collimator
attached to Microdelta computer. Planar images were done at 10 min. postinjection and both planar and SPECT images were done at 4 and 24 hours
postinjection. All patients were subjected to surgical intervention giving a
full report about the primary lesion, the draining lymph nodes up to the
para-aortic groups and the condition of the liver. Biopsy was taken from
each site for pathologic examination.
Correlation of operative histopathologic data as standard parameter with
immunoscintigraphy in detection of colorectal carcinoma and its metastatic
spread in comparison with other imaging modalities were evaluated.
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Results :
There were no side effects secondary to the infused monoclonal antiCEA antibodies fragment in all patients.
The early images at 10 min. postinjection showed blood pool activity.
Proper localization of site of the tumor involvement was evident at 4 hours
post injection. However, late images at 24 hours postinjection showed better
visualization of primary site as well as metastatic sites. There was no uptake
in thyroid region indicating high radiochemical purity (labelling efficiency
greater than 95%). The scintigraphic tumor contrast was generally good in
analogue films without the need of computer processing. SPECT images
were performed at 4 and 24 hours post-injection which allow better
localization of primary lesion and differentiate between activity in the rectal
region from bladder activity (Fig. l a & b). The primary lesion was detected
in all the patients studied with 100 % sensitivity, specificity and accuracy.
The metastatic spread to lymph nodes was evident in 2 cases in pelvis, 6
cases in para-aortic region and 2 cases in left supra-clavicular region which
was not palpable clinically. At level of para-aortic lymph nodes, 6 out of 8
patients were matched with laparotomy data, whileas the other 2 patients
gave false negative results by immunoscintigraphy. The sensitivity,
specificity and accuracy of in evaluation of para-aortic lymph nodes
immunoscintigraphy in relation to laparotomy was 85.5%, 60% and
66.6% respectively (Table I and 11).

Table (1):Sonography versus immunoscintigraphy in detection of paraaortic L.Ns., and metastatic liver disease compared to operative
data:

'kRIS=Radio-immunoscintigraphy
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Table (1I):Correlation between immunoscintigraphy and laparotomy
data in detection of the primary tumor and its metastatic spread

~

*One false positive case
On evaluation of metastatic spread to liver, 7 out of 12 patients showed
possible metastatic spread (6 patients were matched to laparotomy data,
while one patient showed false positive result. The sensitivity, specificity and
accuracy of immunoscintigraphy for detection of metastatic liver lesions
were 100% in sonography respectively (Table I and 11).
Late images of the liver at 24 hours postinjeciton were very essential to
differentiate between malignant and benign lesions in the liver (Fig. 2a and
b). The antibody uptake in liver metastatases was variable some presenting
as hot spots (Fig. 3a); others as cold lesions (Fig. 3b).

Discussion :
The advent of monoclonal antibodies stimulated a renewed interest in
tumor imaging using radiolabelled antibodies. This technology may
provide a simple single test to study primary site of malignancy and its
metastatic spread for the presence of cancer simultaneously.The release of
carcinoembryonic antigen (CEA) by colorectal carcinoma lead to the early
application of radio- immunoscintigraphy (RIS) in its management. In this
study, injection of radiolabelled monoclonal antibodies was well tolerated
by all the 12 patients studied with no adverse reactions. Similar data was
reported by Baum et a]., and Muxi et al., (43). The tumor uptake of specific
antibodies increases with time during first 24 hours. As early as 10 min.
postinjection, blood pool images showed nonspecific uptake, whereas, late
images at 24 hours post-injection were essential to clarify site of primary
lesion and metastatic spread in pelvis and abdomen. Although some
pathologic lesions were evident at 4 hour postinjection, but correlation with
24 hours post-injection images were essential as benign lesions may
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disappear in late images, similar results reported by Granowska and Britton
(6). SPECT images were essential in evaluation of primary lesion especially
those in the rectum to differentiate from bladder activity.
The sensitivity and accuracy in detection of primary colorectal tumors
were loo%, whereas Muxi et al., reported a global sensitivity and accuracy of
59.7% for detection of primary tumors and pelvic recurrence which may be
related to performing SPECT in only 5 out of 46 of their patients ( 5 ) .
Although the primary lesion was undifferentiated adenocarcinoma in 8
out of 12 patients (66.6% of cases) but immunoscintigraphy was capable of
detecting all lesions inspite of the fact that CEA is a differentiated antigen
poorly produced by undifferentiated tumors (8).
As regards metastatic L.N. spread, immunoscintigraphy showed 85.5%
sensitivity and 66.6% accuracy compared to laparotomy data. However, non
of those cases were evident on sonography; this may be related to operator
dependence. All cases with metastatic liver disease seen on surgical
laparotomy were detected by immunoscintigraphy ; with the addition of
one false positive case. only 50% of positive cases were detected by
sonography; this indicates that immunoscintigraphy is a more sensitive and
accurate technique for detection of metastatic spread in the liver. Late
images at 24 hours were essential to separate benign lesions in the liver of
Egyptian patients with dominance of schistosomiasis associated with hepatic
periportal fibrosis and formation of regenerating nodules.
Such nodules may be seen in early images but disappeared in late
images (Fig. 3a and b). Liver metastasis may appear eight cold or hot
nodules or mixed (4,5). However, the majority of lesions in this study were
cold which may indicate necrotic lesions with less vascularity as there is
usually inverse correlation between tumor mass and uptake depending on
the vascularity (7).
To conclude, radioimmunoscintigraphy is effective diagnostic modality
in diagnosis of colorectal carcinoma in addition to convential radiology and
endoscopy to evaluate the extent of the disease and its metastatic spread. Its
application may be needed in follow up of patients specially those with
Duke C stage with 50% of recurrence rate at one year end, also to identify
site of recurrence in colorectal patients postoperatively with elevated serum
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CEA or those with normal CEA but has abnormal mass detected by CT scan
to differentiate viable tumor from postoperative fibrosis.
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Factors Affecting the Stability and Biodistribution of 99mTc Labelled Sn-Pyrophosphate Freeze
Dried Kits in Normal Mice.
M.T. El-Koluly, A S . El- Watery and E.A. El-Ghany
Radioisotope Production and Labelled Compounds Department,
Hot Lab. Centre, Atomic Energy Authority, Cairo, Egypt

Abstract
The present study has shown that about 5% of Sn (11) in 99mTc labelled
Sn-pyrophosphate (Sn-PYP) freeze dried kit was oxidized during kit
formulation. Also, y - irradiation doses of 25 and 50 KGy led to Sn (11)
losses of about 9.8 and 27.7%, repsectively. In-vitro stability and radiochemical purity were biologically confirmed in mice and a high quality
scan was achieved on waiting for 3 hours after injection.

1. Introduction
Sn-PYP freeze dried kits are similar to 99mTc base kits containing
Sn(I1) as a reducing agent. These kits are subject to variable losses of
Sn(I1) by air oxidation during the preparation, freeze drying and storage. These losses of Sn (11), have been indicated as a major cause of invitro instability and in-vivo behaviour of diognostic kits containing
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Sn(I1) as the reducing agent [ I ] . Clinically the instability manifests itselt
by visualization of the gut and the thyroid indicating the presence of
free 99m TcO, ,. The presence of reduced hydrolyzed technetium-99m
( RH99mTc) or 99mTc-Sn-colloid radiocontaminants is localized in the
liver and spleen [2,3].
Another source of deterioration of Sn(I1) in 99mTc base kits is the
99mTc04 solution used for reconstitution of the kits which may contain
oxidizing radicals formed as a result of irradiation of water in the 99Mogc)mTc generator column [4]. These oxidizing radicals can also be
formed in the 9 9 m T c O j solution or aqueous solutions of 9 9 m T c
radiopharmaceuticals after some time due to radiation induced
decomposition [ 5 ] .
Variable losses of Sn(I1) have been reported [6] in 99mTc base kits
sterilized by y irradiation, without affecting the i n vitro stability or
biological distribution of the irradiated kits.
Various chromatographic techniques have already been proposed
for determining the radiochemical purity and the in vitro stability of
C)9mTcbase kits. However, the results obtained by means of different
analytical procedure are often biased by some artifacts [7,8]. 99mTc-SnPYP is classified as a weak 99mTc complex which can to some degree
dissociate during the chromatographic analysis using paper or instant
thin layer silica gel plates (ITLC-SG. Gelman Science 1nc.)- saline
(0.9% NaCl) chromatographic technique.
This study has been carried out to investigate some factors possibly
affecting the stability and biodistribution of 99mTc labelled Sn-PYP
freeze dried kits.

2. Material And Methods
Sn-PYP freeze dried kits were prepared according to the method
mentioned in ref.9. The Sn(I1) content of the freeze dried kits was
determined by iodometeric titration using standard K I 0 3 solution and
starch as indicator. The amount of Sn(I1) content was determined using
the following relation:
1.0 ml 0.001N K I 0 3 - 59.35 mg Sn(I1)

The g-irradiation of the kits was carried out in the g-irradiation unit
of the Nuclear Physics Department, Nuclear Research Centre, where
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samples are irradiated at the rate of 3.9 Gy/min. An ultraviolet
spectrophotometer (UV- 106A) was used for the spectrophotometric
measurements.

-In vitro stability and radiochemical purity were determined by using
Whatman No. I paper chromatography and/or ITLC-SG. Different
developing solvents were tried. These solvents include methyl ethyl
ketone (MEK), saline solution, saline-PYP and saline-Sn-PYP. The latter
two solvents have pH and PYP or Sn-PYP identical to the prepared kits.

The biological distribution of 99mTc-Sn-PYP was carried out by
injecting 0.1 ml of g9mmTc-Sn-PYP in the tail vein of white albino mice.
A group of three mice sacrificed 2 hours after injection was used for
each determination. The activity in blood, bone and muscle were
calculated by assuming that the blood represents 7%, bone 10% and
muscle 40% of body weight of the mouse [9]. The data presented are
average values of percent injected dose/organ & SD.

3. Results And Discussion
For most 99mTc base freeze dried kits, Sn(1I) is the most commonly
used reducing agent. The losses of reducing capacity of Sn(I1) by air
oxidation during the preparation of Sn(I1)containing 99mTc base kits
has been indicated as a major cause of their i n vitro instability and in
vivo behaviour [ 1,101.
Oxygen oxidizes Sn(1I) to Sn(1V); Thereby making less Sn(I1)
available for the reduction of 99mTcOb ion. oxygen interference
increases as the concentration of Sn(I1) decreases.
The loss of Sn(I1) by air oxidation during the distribution of SnPYP solution over vials for freeze drying was studied. The Sn-PYP
solution with a weight ratio of 1 5 or 1:lO at pH 5.3 was distributed as 1
ml/vial and the vials were left open and exposed to air different time
intervals up to 60 min. The vials were then closed, purged with nitrogen
gas and titrated with standard KI03 for their Sn(I1) content.
A parallel experiment was carried out by using aqueous stannous
chloride dihydrate solution only. The results of this study are shown in

Fig.]. There was a continuous decrease in the amount of Sn(I1) with
time as a result of air oxidation in both Sn-PYP and SnC12.2H20
aqueous solutions. However, the amount of Sn(I1) lost by oxidation
lrom aqueous SnC12.2H20 solution is greater than that lost from Sn-
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PYP solutions. This means that Sn-PYP is more stable towards air
oxidation than SnC12 .2H20 aqueous solution. Increasing the amount of
pyrophosphate would increase the stability of the Sn-PYP complex.
Therefore it is common practice in the preparation of 9 9 m T c radiopharmaceuticals to use high ligand ratio compared to Sn(I1). In
addition to the use of nitrogen atmosphere, freeze drying of the Sn-PYP
aqueous solution will protect the Sn-PYP complex against air oxidation
and,therefore increases its stability.
Fig. 2 shows the results of a comparative study on the deterioration
of Sn-(11) content in freeze dried Sn-PYP kit reconstituted with
nonradioactive saline and with 77.7 MBq or 777 MBq 99mTc eluate,
respectively. From these data it is clear that the decrease in the Sn(I1)
with time is greater in the presence of 99mTc than in the presence of
saline only. The Sn(I1) was determined after the decay of 99mTc. The
amount of Sn(I1) lost in the first case is most probably caused by air
oxidation while in the second case, the loss of sn(I1) is due to the
combined effect of air oxidation and ionizing radiation.

Fig.1. Effect of Tiome on Air
Oxidation of Sn (11) in
SNC12. 2 H 2 0 and Sn (11)
Pyrophosphate Aqueous
Solutions.
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Fig.2. The Decrease in Sn (11)
Content with Time in SnPY P
kits
After
Reconstitution with S a1ine
or Different 99mTc Activity.

The effect of g-irradiation sterilization on the Sn(I1) content of SnPYP kits was studied and the results are shown in TABLE I. The results

TABLE I. EFFECT OF y-IRRADIATION STERILIZATION
THE Sn(I1) CONTENT OF Sn-PYP FREEZE DRIED KITS.

ON

show that there are about 9.8% and 27.7% losses of Sn(I1) content in
the Sn-PYP kits subjected to 25 or 50 KGy g-doses, respectively. This
may be due to the direct effect of g-irradiation or due to oxidizing
radical formed as a results of radiolysis of H 2 0 in the kits (even if it is
as low as 2% or lower). This is in good agreement with the published
data I1I ] . Spectrophotometric analysis of the y-irradiated kits did not
show any chemical changes, compared to the non-irradiated kits as
shown in Fig.3.

Fig 3. U.V. Spectra of y - Irradiated and non-irradiated Sn-PYP Kits.
The i n vitro stability and radiochemical purity were followed by
paper radiochromatography or ITLC-SG developed with either MEK,
saline, saline-PYP or saline-Sn-PYP. The results presented in TABLE I1

clearly show that MEK is useful only for the determination of free
99mTc0, while saline-PYP is useful for the determination of RH Tc or
Tc-Sn-colloid. ITLC-SG-MEK system shows some oxidative breakdown
of 99mTc-Sn-PYP complex during its migration on ITLC-SG strip [ 121.
This leads to an overestimate of the 99mTcOb fraction which is in
complete agreement with the published data [ 13,141. The salinepaper
chromatography on the other hand, gave on overestimate of RH 9 Tc
which may be formed due to the hydrolysis of 99Tc-Sn-PYP complex
as a result of saline dilution during chromatography. These findings are
compatible with the results of many authors [14,15].

TABLE 11: RADIOCHROMATOGRAPHIC
ANALYSIS
DIFFERENT CHROMATOGRAPHIC SYSTEM.

WITH

LC-SG-PYP-Saline
LC-SG-S n-PYP-Sali ne
hatman No. I - MEK
hatman No. 1 - Saline
hatman No. 1 - PYP-Saline

It has been reported by Darte [13] that all quality control systems
affect the sample during the testing procedure, giving rise to artifacts
whose size depends on the chemical stability of the radiopharmaceutical
preparation and the technique used [ 161
It was found from a previous study [ 171 that the reconstituted SnPYP freeze dried kit with 99mTcOk is quite stable for six hours, as
determined radiochromatographically. In the present study, the in vitro
stability has been confirmed by determining the biodistribution of
99mTcOj labelled Sn-PYP freeze dried kit in mice as a function of
incubation time. The data presented in TABLE I11 clearly show that
there is a small variation of the percent injected dose per bone during 5
hours after reconstitution of the kit with 99mTc and incubation at room

520

temperature in a lead pot. There is no abnormal increase in the activity
localized in the GIT or in liver and spleen, which means the absence of
free TcO4 or RH Tc radiocontaminants. These findings indicate a good
correlation between chromatographic and bioassay results.

TABLE 111: EFFECT OF INCUBATION TIME ON THE
BIOLOGICAL DISTRIBUTION OF 99mTc-Sn-PYP FREEZE DRIED
KIT.

0 hr
22.6 ? 0.7

Time A1 :er Reco stitution in Hour
1 hr
2 hr
4 hr
3 hr

9.1 4 0.3 11.3 f 0.2 13.6 f 0.4 0.1 k 0.5
1.7 k 0.2

5 hr

33.5 f 0.4 30.2 f 0.8 32.6 k 0.4 36.0 f 0.4 31.8 +_ 0.3

5.1 k 0.2

2.2 f 0.2

1.4 k 0.1

7.4 f 0.2 11.4 k 0.3
2.7 k 0.2

3.1 f 0.2

9.5 f 0.2 10.1 f 0.5 12.6 f 0.4 0.6 f 0.3 10.1 f 0.5 15.1 f 0.5
0.2 f 0.04 0.4 f 0.0

0.2 k 0.0 0.1 f 0.04 0.2 f 0.01 1.0 f 0.04

0.2 k 0.0 0.4 f 0.04 0.1 f 0.04 0.1 f 0.0 0.4 f 0.04 0.8 k 0.1
1.5 f 0.1

3.6 f 0.2

1.3 f 0.3

1.8 f 0.2

4.7 f 0.4 4.8 f 0.4

0.1 f 0.0

0.4 f 0.0

---

4.6 f 0.1

6.2 +_ 0.3 4.0 f 0.2

5.4 f 0.2

3.4 _+ 0.2 30.5 k 0.2

0.1

0.2 & 0.0 0.2 f 0.0

* 0.0

53.3 k 0.6 30.5 f 0.1 35.0 k 0.4 38.0 3z 0.4 33.3 f 0.5 29.1 k 0.4

The biodistribution of 99mTc-Sn-PYP in normal mice was carried
out for non-irradiated kits and for kits which were g-irradiated at the
doses 25 and 50 KGy. The data presented in TABLE:IV clearly show a
small variation in the biological distribution of both irradiated and nonirradiated kits. This indicates that the Sn-PYP freeze dried kits are not
affected by g-irradiation doses up to 50 KGy and that it is possible to
use the y-irradiation sterilization technique for non sterile kits. These
facts are in good agreement with the published data [IS].
The y-irradiation has no effect on the percent labelling yield and
has a small effect on the biological distribution in mice organs or on the
chemical constituents of the kits, as shown from U.V. spectra of nonirradiated and g-irradiated freeze dried kits as shown in Fig.3.
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TABLE IV: BIOLOGICAL DISTRIBUTION OF y-IRRADIATED
AND NON-IRRADIATED Sn-PYP FREEZE DRIED KITS IN
MICE 2 HOURS AFTER INJECTION.
Organ

%

Non-Irradiated

Bone
Muscle
Blood

Liver
Spleen
2 Lungs
2 Kidneys
GIT

Heart
Collected
urine

35.7 f 0.4
3.9 +_ 0.2
1.4 _+ 1.6
1.9 0.3
0.06 t 0.01

0.2 -t 0.04
1.4 k 0.1
2.4 k 0.2
0.03 f 0.01
45.2 _+ 0.7

njected Dose/ 01 an
25 KGy
30.5 k 0.8
8.1 +, 0.5
2.6 k 0.3
6.0 k 0.2
0.2 f 0.04
0.3 I- 0.0
2.0 5 0.2
3.7 1 0 . 2
0.1 SfI 0.04
40.3 k 1 . 1

25 KGv

31.5 k 0.8
10.1 k 1.9
2.8 t 0.9
12.6 rf 1.5
0.3 k 0.1
0.3 k 0.5

1.6 k 0.3
2.5 & 0.9
0.1 k 0.01

40.7 k 1.5

The optimum waiting time after injecting the 99mTc-Sn-PYP
complex and scanning has been determined in mice. The injected mice
were sacrificed after different time intervals. The data presented in
TABLE: V show that after 3 hours, most of the activity of the soft tissue
is excreted via the kidney in the urine and the activity remaining is
concentrated in the bone. Three hours waiting time after injection were
found necessary to obtain a good quality scan.
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TABLE V: TISSUE DISTRIBUTION ON 99mTc-LABELLED SnPYP FREEZE DRIED KIT IN MICE AT 1,2 AND 3 HOURS
AFTER INJECTION
% Iniected Dose/ Organ

Organ.

Time Af !r Reconstitution in Hour
1 hr
2 hr
3 hr
Bone
Muscle
Blood

Liver
Spleen
2 Lungs
2 Kidneys
GIT
Heart
Col lec t d

31.4 k 0.3
7.7 f 0.2
4.2 Ifr 0.4
9.8 3- 0.3

34.6 k 0.5
6.0 k 0.2
1.6 k 0.1
6.1 k 0.1
0.06 k 0.01
0.2 k 0.04
1.3 k 0.3
5.3 3- 0.2
0.03 k 0.0
45.1 k 0.7

0.3 rfr 0.0
0.4 k 0.0

2.3 k 0.2
3.1 f 0.2
0.1 k 0.4
40.7 t 1.5

Urine
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36.1 +_ 0.1
3.6 If: 0.2
1.3 -I- 0.1
10.4 -t 0.5
0.1 +_ 0.04
0.2 &- 0.04
2.2 3- 0.2
5.0 1: 0.4

0.06 t 0.01
40.8 If: 0.2
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Abstract
A substitution of iodine to the insulin molecule will easily lead to a
decreased hormonal activity. Nevertheless it cannot be concluded
without further investigation that several of the tyrosyl groups are
directly involved in the hormonal reaction. A correlation between the
degree of iodination and the loss has been demonstrated by many
workers. However a monosubstitution of iodine two tyrosyl groups is
possible without loss of biological activity.
The new modification employed in this work includes loading of
chloramin-T on gilter paper disc thus minizing denaturation of the
hormone, the modificalion also involves omitting the step of sodium
metabisulfite & prolongation of iodination time to 7 min thus
overcoming possibly of protein denaturation and adding to the accuracy
of the technique.
In present study, erythrocyters binding capacity for insulin has been
performed for 75 subjects. Including 25 normal control subjects, 25
non-insulin dependent diabetic and 25 insulin dependent diabetic
patients.

Introduction
Insulin influences most metabolic functions of the body. Its best
known action is to lower the blood glucose concentration by increasing
the rate at which glucose is converted to glycogen in lhe liver and
muscles and to fat in adipose tissue, by stimulating the rate of glucose
metabolism and by depressing gluconeogenesis
When iodinating insulin, iodine is readily taken up by the four
tyrosyl groups. In each tyrosyl group iodine may be mono- and di substituted in orthoposition relative to the phenotic hydroxyl group. A
substitution of iodine into the insulin molecule will easily lead to a
decreased hormonal activity. That a correlation between the degree of
iodination and the loss of activity exists has been demonstrated by many
workers (Fraenkel - Conrat and Fraenkel - Contrat 1950 and de Zoenten
and Van strik, 1961).
Insulin receptors form a very small number of the total protein
molecules embedded in the surface membrane of target cells. In tissues
such as liver and fat, which provide major targets for the action of
insulin (Kahn, 1976).
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In the present work we aimed to develop a sensitive accurate
simplified and economic radiolabelling technique for peptide
hormones. Also to investigate the various radiolabelling problems that
encounter.the runing assays procedure.

Reagents
I - Reagent for the determination of insulin radiolabelling

1 . I The radioactive material 1251 provided from Amersham
Radiochemical Center U.K as a carrier free Na 1251 solution
without preservatives or reducing substance containing 5
mci/50 pl.
1.2 Chloromine - T supplied from Cambrian Chemicals Co.
1.3 Sodium metabisulfite is supplied from Mallinckrodi Inc.
1.4 Phosphate buffer 0.5 M (pH 7.4).
1.5 Bovine serum albumin is provided from Sigma Chemical Co.

1.6 Sephadex G-50 is supplied from Pharmacia Fine Chemicals.
1.7 Purified porcine insulin is proyided by Sigma Chemical Co.
2- Reagent needed for erythorocytes preparation for binding studies:
2.1 Physiological saline is prepared (9g NacV L diss. Water)
2.2 Hypaque (33.9%), Ficoll (9%) mixture is supplied from
Gallard Schlesinger Chemical MLg.
2.3 Buffer G, (pH 8.0).
2.4 Dibutyl phthalate is provided from fisher Scienlific Co.
3- Reagents needed for determination of 1251 labeled insulin
concentration in the elute by immunenzymatric assay technique:
These reagents are packaged in a commercial kit provided by
Medgenix Diagnostic Co.

Methods
The modified direct insulin iodination technique is conducted
according to the following steps
1 . A mixture of 5 mg of insulin in 5 p1/ 0.1 M phosphate buffer (pH

7.4) was placed on a very small hole made in a waxy cup (glass
cup filled by wax).
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2. The necessary ml of 1251 solution needed was calculated and
transferred into the same wax Cup hole.
3. on a filter paper disc, with a size just to cover the glass waxy cup,
201.1.1 of cholaramine - T were loaded then the paper disc was
placed on a glass slide.
4. The paper disc was then placed upside down with the slide on the
waxy cup and a 100 gm weight was placed on the top of slide, as
shown in Fig (1).

5. The timer which was previously set for 7 min. was immediately
started.
6 Exactly after 7 min; the reaction was stopped by get out the filter
paper disc from the cup.
7. With a Pasteur pipette, the iodinated insulin was carefully
transferred to the column for the fractionation.
8. By the same pipette the waxy cup was washed using 50 pl 0.05M
phosphate buffer wasting repeated three times, then the buffer in
each time was transferred to the column.
9. The collection was started using glass test tubes precoated with 2-3
drops of bovine serum albumin in 0.05 M phosphate buffer

Fig (1) : Modified chloramin - T method
10. 1 ml fractions were collected per each tube and out of which,
5 0 ~ were
1
thereafter counted in the gamma counter.
1 1 . The elution pattern was plotted using counts / min. against the
fraction volume /ml, as shown in (Fig 2,3). The elution pattern
showed one peak.

528

'i .?
I 'i

rig.

1s)

Xlution pattern of
(cooreotloml

12'l-labellcb

Ln8elin

cnloraain-r wMod1.

;nu
0

Praetion in U .

Fig. (2): Elution pattern of 125I-labelled insulin (conventional
ch loramin-T met hod).

Fig. (3): Elution pattern of 1251-1abelled insulin (modified
chloramin-T method).
12. The fraction tubes corresponding to the one peak were separately
pooled, then subjected to identification using paper
c h romat ograph y .

13. The iodinated insulin pooled fractions were subjected to
quantitation by immunoenzymatic assay technique.
14. Then the fractions corresponding to the peak of iodinated
monomer insulin were stored at-25 OC till used.

Comparison between the two iodination techniques are shown in
table I.
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Table I: Comparison between the direct iodination reaction and
modified one.

l

Parameter

1 Quantities of insulin used

Direct Iodinalion
Modified direct
reaction
lodination reactior

(pg) 5

2. Duration of the reaction (min) 1

3 . Reaction temperature
4. Inorganic salts addition

Cold room
Room temperature
Sod. metabisulfite to
stop reaction

Not needed

5 . Specific activity of labelled 175 Ci/g
insulin

185 Ci/g

6. Final quantities of lablled 4

4.6

insulin (Fg).

7. Percentage of recovery.

-80 %

-92 %

This table shows the advantages of the modified direct iodination
reaction insulin over the non modified one.
As shown from table I1 the labelled insulin provided from the
modified techniques was used in the radioreceptor dudies.
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Table 11: Protocol for the Radioreceptor Assay

-

Tube Buffer
No.

G p1

1251Conc. of
VOl. of
Final ins.
stock insulin ins. st. to Conc. * ins.pl
st. ng pl
be added p ng/ml

_.___

375
75

7

25

0.10
0.10

8
9

25

I .oo

25
25

10
1 mg/mI

10

P1
P

Blank
2
3
4
5
6

-

Cell F i n a l
Suspe V 0 l . p l

25

0
0
0.0 1

65

0.10

SO
35

0.10

0
0

50
10
25
40

0

25

0

0.2

25
25

400
400
400
400
400
400
400
400
400

1
2

5

25
25
25

50
50

8
10
100
I 000

50

100000

25

50

25
25
25

500
500

500
500
500
500

500
500
500
500

s__

3. Discussion
This study is concerned with the evaluation of an optimized
technique for the principle chloramine - T method used for iodination
with some modifications as indicated in material and methods mostly
valid in determination of insulin radioreceptor assay. In order to assess
the advantage of the modified technique over the classical one, the main
characteristics technique clarifies the most important advantages items:
I . In the newly modified iodination methods, chloramine -T is only
loaded on a filter paper disc for the subjection of reacting materials
(Insulin and labelled 1251) content, while in the classical method it is to
be mixed with these reactants, which leads to the noticed denaturation of
the hormone.
2. Omitting the step of sodium metabisulfite which is a strong agent,
this overcoming the possibility of protein denaturation).

3. Time of the reaction is the newly introduced modification is 7 min,
while it is only I min. in the old procedure, thus this advantage allows
more accuracy and better technique.

4. This modified method can be carried out under normal conditions
of room temperature, while classical one necessitates the labelling
procedure to be carried out at 4OC. Which is not available in most
laboratories.
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5 . Also as shown in Fig (2), the classical method gives an elute
pattern with different peaks in contrast to the modified method which
gave one and main peak Fig (3), this could be attributed to the fact
which may be due to the presence of different levels of the active
hormonal in the sample, thus producing a labelled hormone with
varying affinities.
In the present study, erythrocytes - insulin binding capacity has been
performed for 25 insulin - dependent diabetic patients. The insulin
binding curves for both pretreated and treated - dependent diabetic
patients are shown in Fig (6), as well as, a Scatchard analysis of the
binding data for pretreated and post - treated (Fig. 7). The results
showed that the pretreated insulin-dependent diabetic patients had a non
- significant increase in the mean values of 1251- insulin specific bound
percentage at both zero and 2ng/ml of unable insulin concentration
(16.3 3.6 and 1 1.6 2.5%), that reached 6.5% and 12.6% respectively
compared with their normal controls (Gr. I NC) (15.3 k3.5 and 10.3
2.3 %) respectively. Also, all cases of pretreated insulin - dependent
diabetic patient group have non - significant increase in the mean value
for both ID 50 and receptor number per cell (6.6 i3.21 ng/ml and
116.8 -t- 22), that only reached 6.5 % and 2.8% respectively, compared
with the normal control group (6.2 2 3.15 ng/ml and 113.6
32)
respectively. These results are in agreement with those of Fantus et al.
( 1981 ) who reported that, insulin binding capacity in insulin dependent
diabetic patients is normal or somewhat etevated.
While the mean values of 1251- insulin specific bound percentage in
the same patients after insulin treatment, recorded a significant decrease
at both zero and 2 ng/ml of unlabelled insulin concentrations (12.6 f
4.3 and 8.1 &4.5%) that reached 17.6 % and 21.4 % respectively
compared with their normal controls (15.3 3.5 and 10.3 3- 2.3%)
respectively (P< 0.05) with decrease reached 22.7% and 15.5%
compared with their pretreated patients of the same group (16.3 3.6
and 1 1.6 -t- 2.51 %) respectively (P<OOl). As well all treated subjects of
insulin dependent diabetic patients (IDD) have a highly significant
increase in the concentration of unlabelled insulin required to inhibit
tracer binding by 50% (ID50), (8.4 k3.15 ng/ml, p< O.Ol), and a
significant increase that reached 27% when compared with pretreated
patients (6.6 1 3 . 3 1 ng/ml) (P< 0.05) for the receptor number per cell in
treated patients (109.2 -t- 16) a non-significant decrease was noticed
compared with both the normal controls, and pretreated patients group

*

*

*
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(1 13.6

* 32 and 116.8 f22) respectively, while a significant decrease in

both low and high affinity for receptors to bound 1251-Insulin (0.069 x
108 and 0.98 x 108 M-1) (pe 0.05),and also showed a significant
decrease when compared with the normal controls Gr I NC (0.82 x 108
and 1.33 x 108 M-'). (p< 0.05).
Insulin - dependent diabetic patients has a non - significant
correlation between maximum 1251 - Insulin bound and fasting plasma
insulin. These are in harmony with the view of Robert et al. (1981) who
reported that a significant decrease in affinity of receptor to binding
after 10 days of insulin therapy in a group of insulin - dependent
diabetic patients with initially high binding, and stated that the changes
in receptor number may be preceded by changes in receptor affinity.
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Erythrocytes insulin binding capacity has been also performed for
25 non-insulin dependent diabetic patients (Gr IV NIDD 15 males and
10 females). The competition curve of 125I-insulin specifically bound as
well as a Scatchard analysis for the insulin binding data in non - insulin
dependent diabetic group are shown in Fig. 8 and Fig. 9 respectively.
The results showed that in all cases of non - insulin dependent diabetic
patients the mean values of erythrocytes *25I-insulin specific bound
percentage at both 0 and 2 ng/ml of unlabelled insulin concentrations
were (13.4 f 2.6 and 7.6 f 11.2%) with highly significant decrease of
14.4%and 12.6%respectively (P< 0.01) compared with normal control
group ( I 5.3 k 3.6 and 10.3 f2.3%) respectively. Also, non-insulin
dependent diabetic patients have a highly significant decrease in the
mean value of receptor number per cell (93.5 3- 2.0) that reached 18%,
(p< 0.01) compared with their normal controls (113.6 2 32) while
non-insulin dependent diabetic patients have a non-significant change in
the mean value of ID50 (6.1 -I- 2.25 ng/ml) compared with normal
control group (6.2 3.2 ng / ml).

*

These results are in agreement with the view of Mollar, et al., (1980)
who reported that insulin binding on erythrocytes from non insulin
dependent diabetic patients is significantly lower than in normal
subjects. The results are also in harmony with those of Shimada et al.,
(1990), who reported insulin binding in normal subjects was higher than
in non - insulin - dependent diabetic patients and stated that changes are
due to variation in receptor concentration. In the present study, a
significant negative correlation is found between insulin binding and
fasting plasma insulin levels, suggesting that, insulin might also regular
the erythrocyte insulin receptor, and the ability of insulin to modulate its
receptor is based primarily on studies in vitro, as well as situations in
which insulin receptor variations do not appear to be related to
insulinemia. Non-insulin - dependent diabetes mellitus is associated with
a loss of insulin receptors on the erythrocyte membrane.

Conclusion
Reaction between antigen and antibody in radioimmunoassay (RIA),
Immunoradiometric assay (IRMA) and radioreceptor assay (RRA) is
detected by radiation emitted from a radioisotope incorporated into the
antigen or antibody molecule. Ideal19 the radiolabelled molecule has an
immunoreactivity identical to the natural molecule and this behaves in
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the same way as in the assay procedure.
Oxidation of 1251 - iodide gives rise to the 1251 - iodination which at a
mildly alkaline pH (7.5) reacts with the phenolic benzene ring of
tyrosine and tyrosyl residues by a process of electrophilic attack.
This work is concerned with the evaluation of a new optimized
technique for the principle of chloramine - T method used for insulin
iodination by 1251 radioisotope with some modifications. The modified
procedure can be carried out under normal conditions of room
temperature, employed longer reactions times and omitted the addition
of inorganic reducing salts mainting efficient iodination and avoiding
denaturation to obtain labels of exceedingly high specific activity and
small quanlities of insulin for in vitro usage in the investigation of
human erythrocytes 1251 - insuliln binding capacity in normal and some
disease status.
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Abstract
The study included 95 patients having metastatic bone lesions, subjected
to serial quantitative skeletal scintigraphy before and after treatment every 3 months for 6 months.
To study the fate of metastatic bone lesions under the effect of different
treatment modalities, an objective index was used. This index was introduced in 1985 by Israel et al. (I), and was designated TF. A significant
drop in TF ratio was observed 6 months following therapy in the groups
who received combined localized radiotherapy together with systemic
therapy and those who received half body irradiation. In contrast, a
marked increase in TF ratio was observed in the patients who did not receive any specific treatment. The response of metqstatic skeletal lesions
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was nearly similar whatever the site of involvement whether in the spine, flat
or long bones except for an initial response in the long bones with drop of
TF ratio after localized radiotherapy.

Introduction :
In the majority of patients presenting with skeletal secondaries, the
metastatic lesions are usually multifocal. Furthermore, the development of
new lesions on sequential studies is considered to be one of the most
important prognostic factors.
According to previous investigators, changes in intensity of uptake
within bone lesions of less than 40% are not likely to be dectected visually
[2]. In contrast, quantitative measurements allow objective assessment of
serial changes in skeletal lesion uptake [3, 41. In addition, estimation of
lesion to non lesion radioactivity uptake at 4 and 24 hours with calculation
of the TF ratio [24/4 hours ratio] was found to be a useful method to
differentiate between solitary metastatic and degenerative vertebral lesions
[ I , 51.
The aim of this work is to study the fate of metastatic bone lesions
under the effect of different treatment modalities using serial TF ratio
estimations as a quantitative means for assessment of skeletal lesions.

Materials and Methods:
The present study included 95 patients having metastatic bone disease
referred to the Nuclear Medicine Department of NEMROCK center in the
period from July 1990 to July 1991. This group was formed of 76 females
and 19 males, with the mean age of 46.2 -d- 12.6 years. It should be
remembered that some of these patients had multiple lesions, and this made
the number of lesions included in the present study to be 156 lesions.
After obtaining a full clinical history with details of treatment, the
patients were subjected to a thorough clinical examination with special
reference to sites of pain and tenderness. X-rays and bone biopsy were
performed if other diagnostic tests were inadequate.
Following the intravenous injection of 240 - 555 MBq of 99mTc- MDP,
the patients were encouraged to drink plenty of fluids to ensure proper
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hydration. They were also instructed to evacuate the bladder to minimize
the radioactivity in the bladder and establish maximum bone to soft tissue
Imaging was performed using a large field of view gamma camera with
a parallel hole high resolution collimator linked with an IMAC computer.
The acquired data was stored on 128 x 128 matrix.
For quantitative assessment a total count of 600,000 was collected at 4
hours and 150,000 counts at 24 hours post dose for each image. Then, a
region of interest was drawn over the involved site or lesion [L], as well as
over an equal area of normal bone in the same region [cervical, dorsal,
lumbar ... etc] and this was designated as non-lesion [NL]. This enabled
calculation of the ratio of counts in lesion / non-lesion at both 4 and 24
hours. Division of the ratio obtained at 24 hours by that of the 4 hours gave
the TF ratio [ I].

Regarding the distribution of the patients according to the method of
treatment adopted, 39 lesions were subjected to localized radiotherapy
alone, whereas, 34 received localized radiotherapy as well as systemictreatment. A further group of 24 lesions was subjected to half body
irradiation. In addition, systemic treatment was given to 39 lesions. In
contrast, 20 lesions received non-specific treatment [Table I ] .

The study was repeated every 3 months for a period of 6 months in all
patients.
Analysis of the data was done using the standard statistical methods with
TF ratio [24/4 hours ratio] as an index in the follow up of response to
different treatment modalities in metastatic bone lesions.

Results :
The study included 95 patients with histologically proven malignancy
associated with bone metastases as evident in skeletal scintigraphy. Some
patients had multiple sites of involvement and this raised the number of
lesions to 156. The commonest site of involvement was the vertebral column
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[49.3%]. This W ~ followed
S
by flat bones and the long bones, with an
incidence of 37.8% and 12.9% respectively [Table I].
The mean value of TF ratio obtained before treatment for the different
groups investigated amounted to 1.35 + 0.2, 1.25 + 0.16, I .36 i- 0.18, 1.25
+ 0,09 and 1.37 + 0.16 in the groups receiving localized radiotherapy alone,
localized radiotherapy and systemic treatment, half body irradiation,
systemic therapy and non-specific treatment respectively [Table 2, Figure
1 I.
There was no significant change in TF ratio at 3 months after treatment
in all groups except for a slight initial rise in patients receiving systemic
treatment whether alone or with radiotherapy. On the other hand,
statistically significant drop of TF ratio was observed following therapy
among the lesions subjected to combined localized radiotherapy and
systemic therapy and those who received half body irradiation with TF ratio
of 1.19 -t 0.13 and 1.19 + 0.16 in both groups [P < 0.051. Also, there was
marked increase in TF ratio in the patients who did not receive any specific
treatment with TF ratio rising to 1.58 -+ 0.19 1P < 0,011 [Table 2, Figure I].
Vertebral lesions and lesions of flat bones seem to respond to all types
of treatment with drop of TF ratio. However, the lesions receiving combined
localized radiotherapy together with systemic treatment and those receiving
half body irradiation only achieved statistically significant drop of TF ratio
at the end of 6 months after treatment [ P e 0.051 [Table 31.
Similar changes were seen in long bones, but additional initial
significant drop in TF ratio with mean TF ratio of 1.13 a 0.17 was evident
following localized radiotherapy 3 months after treatment.
In contrast, a remarkable rise was observed in TF ratio of vertebrate and
long bones lesions in the patients who received non specific treatment
[Table 31.

Discussion :
Multiple bone lesions are usually the hallmark of metastatic disease,
with the axial skeleton being the commonest site of bone secondaries. Chin
[MIreported 69% of cases with vertebral deposits followed by 41% and
25% in pelvic bones and femori. Similarly, in the present work vertebral

540

lesions represented 49.3% followed by flat bones and long bones in 37.8%
and 12.9% respectively.
Radionuclide skeletal scanning using 99mTc-MDP is essentially a visual
display of skeletal function. The radiopharmaceutical is adsorbed on
metabolically active bone with intact blood supply, thus measurement of
radionuclide accumulation provides a sensitive and objective methods of
quantifying bone metabolism [ 7 1.
Flare phenomenon described by Rossleigh et al. [ 8 1. Which showed
higher radioactivity accumulation in bone lesions following systemic
therapy was explained by osteoblastic response which may occur with bone
metastases healing. Also, Dlrichman et al. [9] documented flare
phenomenon in the first few months after starting systemic therapy. In this
study, slight early rise in TF ratio at 3 months was observed in the patients
who received systemic therapy alone or combined with radiotherapy [Table
2, Figure 11. This observation may be attributed to flare phenomenon.
Quantitative assessment using lesion to non-lesion uptake at 4 hours and
24 hours with calculation of TF ratio was found to be useful in separating
solitary metastatic from degenerative lesions in the spine [ I]. Similar results
were reported by Ziada et al. [ 5 ] with a significant drop in
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Table I : Distribution of treated skeletal lesions
accordingto the different modalities
of treatment.

I

I

Treatment modality
Localized
Radiotherapy
Localized
Radiotherapy &
Systemic therapy

I

I

Systemic

Non specific
treatment

t-I

therapy

Total

Incidence

49.3%

I
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37.8%

I

12.9%

I

100%

Table [21: Serial quantitativehssessment of metastatic skeletal lesions
using TF ratio in relation to different treatment modalities.

* P < 0.05

9 P<O.OS

O
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P<O.Ol

Table [3]: Correlation between treatment modalities and site of disease
involvement'using serial TF ratio.

Treatment
Modality
Localized
Radiotherapy

Localized
Radiotherapy &
SysQemk#er.apy
Half body
irradiation

Systemic
therapy

TF2 1.30 -e 0.2 1
1.38 * 0.14
TF3I 1.13 k 0.19# 1.14 f O.W*

I

TF1 1.30 f 0.14
TF2 1.33 _+ 0.12
TF3 1.24 0.14

1.33 f 0.17
1.34 0.13
1.27 0.14

# P < 0.05

0.01

*

*
*

1.32 2 0.19
1.30 -e 0.13
1.24 0.09

Non specific
treatment

* P < 0.05
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@P

O

P < 0.01

*

Figure [I]: Serial quantitative assessmentof metastatic skeletal lesions
using TF ratio in relation'to differenttreatment modalities.

TF ratio
1.8

1.4
1.2

1
0.8

0.6
0.4
0.2
0
Localized

irradiation

Irradiation k
half body
systemic therapy irradiation

m
T
F
1

m
T
F
2

systemic

therapy

Non-specific
treatment

m T F 3

TF ratio of 1.36 2 0.2 before treatment to 1.14 t- 0.09 following
localized radiotherapy.
In this study, serial quantitative assessment of metastatic skeletal lesions
showed remarkable change after half body irradiation as well as after
combined localized irradiation and systemic therapy [Table 2, Figure I],
whereas, there was a remarkable rise in the group of metastatic patients
receiving non specific treatment for 6 months. This serial quantitative
skeletal scanning is essential for assessment of skeletal lesions to different
modalities of treatment.
The response of metastatic skeletal lesions was nearly similar whatever
the site of involvement in the spine, flat bones or long bones with
siginificant change in the W ratio 6 months after therapy in those who have
received half body irradiation together with systemic therapy [Table 31. In
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addition, an initial response was evident in long bones after 3 months after
localized radiotherapy.

So, quantitative analysis of radionuclide uptake of bone lesions is a
sensitive objective method for the evaluation of the fate of metastatic bone
lesions.
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Abstract
A comparison between diagnostic and post therapeutic radioiodine

imaging methods utilizing in detection of thyroid metastases in 34
patients with well differentiated thyroid cancer were performed. The
study revealed that the differences in detection of neck activity only
between the methods for papillary and follicular thyroid cancer were
35% and 27% respectively. while the overall detection percentages in
both papillary and follicular thyroid cancers cases were 23% in
diagnostic and 76% in post therapy scintigrams and the detection
difference between the two methods was 53% . When all chest and other
leaions throughout the body seen on scintigrams for only follicular
thyroid cancer cases were counted , the detection percentage was
increased upto 54% .It is clear that post therapeutic scans visualize an
additional sites of activity not shown in diagnostic scans. Therefore, post
therapeutic imaging method is far superior to diagnostic imaging
method and highly sensitive in visualization of thyroid metastases. This
method should be adopted in management and follow up of well
differentiated thyroid malignancies .

Introduction
Radioiodine 13 I (I13') has been used widely a treatment of choice
for well differentiated thyroid cancers after surgery (1-11).The diagnostic
dose of 1l3' for scanning administered to the patients with thyroid.
cancers is often in the range of 1-10 mCi (12-17). In hospital, the
diagnostic dose of I'31 is SmCi. The ablation dose of I'31 recommended
for well differentiated thyroid cancers after surgery is between 30 to 100
mCi (2, 5 , 8, 12, 14). Whole body scintigraphy can be done 7to10 days
after
therapy .The purpose of this study is to assess the priority of
post radioiodine therapy imaging over 5 mCi I ' 3 1 diagnostic imaging in
detection of residual thyroid tissues and metastases in well
d ifferren t iated thyroid cancers patients .

Materials and Methods
patients with histopathologically proven papillary or follicular
thyroid were studied. 23 patients had papillary and, 1 1 patients had
follicular cancers.29 patients had had thyroidectomy and 5 patients had
only biopsy. 19 patients were females and 15 patients were males. Their
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ages ranged between 24-63 years (mean range - 41 year). The patients
who were on thyroid hormone replacement were ceased hormone intake
4-6 weeks prior radioiodine study. Serum triiodothyronine (T3),
thyroxin (T4)and thyroid stimulating hormone (TSH)measurement by
radioimmunoassay (R1A)were done.Radioiodine dose was not given
unless the patient was clinically and biochemically in hypothyroid state
except those patients (Spatients) who had only biopsy were not
developed hypothyroidism inspite they were on low dose of thyroid
hormone replacement, probably due to the presence of functionning
thyroid gland. Each patient was given orally a diagnostic dose 5 mCi
II3' and whole body imaging was obtained after 48-72 hours using a
gamma camera equipped with pin hole collimator. Then each patient
was administered a therapeutic dose 50-150 mCi 113' and whole body
scintigraphy was again performed 10 days post therapy. A subjective
comparison of diagnostic and post therapy scintiscans for each patient
using the presence of activity as the basis for comparison was
performed.

Results
Thyroid scintigrams performed after radioiodine adminstration
were used to determine visually the type of operation done.
Accordingly, the patients were divided into three types: Subtotal
thyroidectomy, lobectomy and an almost intact gland. Of 23 patients
with papillary cancers, scintigraphically, 1 1 patients has subtotal
thyroidectomy, 8 patients had lobectomy, and the gland was present in 4
patients (table I). 5 mCi 1 l 3 ' imaging showed that 3 cases who had
subtotal thyroidectomy and one case with lobectomy show activity in the
neck outside the thyroid gland bed on scantigrams.None of those
patients with intact gland showed neck or chest activity on scintigrams
(table I). Post 1 l 3 ' therapy imaging demonstrated that 12 patients had
neck activity (7 subtotal and S lobectomy) and only one patient with
subtotal showed the presence of chest activity (table I).
Fig. 1 . shows the presence of the right lobe and small remnant active
thyroid tissue in the region of the left lobe (A).An additional sites of
extrathyroidal activity i n the neck are seen on post therapeutic
scintigtam which are not seen on diagnostic scintigram (B) In patient
with papillary thyroid cancer. 1 1 patients with histopathologically
proven follicular cancers were classified according to the presence of
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thyroid post radioiodine imaging as follows, 7 subtotal, 3 lobectomy,
and one case showed the presence of the gland. 5 mCi radioiodine scans
revealed the presence of neck activity in 2 cases with subtotal and one
case with lobectomy and only one case with subtotal had chest activity
(table 11). Post radioiodine therapy imaging demonstrated that 6 patients
had neck activity (one lobectomy and 5 subtotal) and 4 patients with
subtotal showed chest activity. Skull and femur activities were noted in
two cases who had subtotal thyroidectomy (table 11) .

Table I : The Type of Operation and the Number of Patients with
Activity in and out of the Thyroid Gland Bed on Diagnostic
and Post-Therapeutic Scintigrams for 23 Patients with
Papillary Thyroid Cancers
Type of
activity on post

Opera tion

Sub total
Lobectomy
Intact gland
I

A . 5 mCi

B. 100 m C i

Fig. 1: Diagnostic and Posttherapeutic Scintigrams for Patient with
Papillary Thyroid Cancer.

552

Table I1 : The Type of Operation and the Number of Patients with
Activity in and out of the Thyroid Gland Bed on Diagnostic
and Post Therapeutic Scintigrams for I1 Patients with
Follicular Thyroid Cancers
Activity in the
thyroid bed on
scan

7
3
1

11

Ext r athy r oidal

Extrathyroidal
activity on post
activity on
theraDeutic Scan
diagnostic scan
Neck Chest Other Neck Chest Other
2

1

1

3 (2%) 1(9%)

5
1

4

2(Bone)

6
(54%)

4

2

54%

A. 5

mci

B* 5 mCi

c.

loo mCi

Fig. 2: Diagnostic and Post therapeutic Scintigrams for Patient with
Follicular Thyroid Cancer.
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Fig. 2. shows remnant active thyroid tissue in the region of thyroid
gland on diagnostic scintiscan (A)and multiple areas of activity in the
chest on post therapeutic scintiscan (C)which are not detected on
diagnostic scintiscan (B)in patient with follicular thyroid carcinoma.

Discussion
Most of expert thyroid surgeons recommend nodulectomy or
hemithyroidectomy for patients with solitary nodule and they did often
subtotal or near total thyroidectomy in cases with highly suspected
thyroid cancer during operation or multinodular in both lobes.
Therefore real total thyroidectomy is not exist in most of cases. This
study revealed that 18 cases had subtotal thyroidectomy which indicated
that the surgeons,probably,can not differentiate benign and malignant
thyroid tumours seen by naked eye during operation .Since the
incidence of the thyroid cancers is rare, the surgeons are often hesitant
to do near total thercidectomy unless they have a high suspicion of
thyroid cancer on clinical and or macroscopical basis during operation.
Moreover ,many authors have shown that the probablity of cancer is
relatively low in patients who having palpable nodules and multiple
hypofunctioning areas on scintigrams ( I8-20).Needle aspiration or
excisional biopsy before thyroidectomy may lead to correct
diagnosis( benign VS .malignant) which ,undou bt I y ,i mproves the surgical
management of thyroid malignancies.Post radioiodine thyroid
scintigrams after surgery showed frequently the residual active thyroid
tissue in the thyroid and can be used to determine visually the type of
operation done. In this occasion, during the last ten years, we did not see
complete thyroid ablation by surgeon on post surgery scintigrams for
more than 400 thyroid cancer patients. De Groot and Reilly have
reported that most of postoperative radioiodine scans show radiotracer
uptake i n the thyroid bed (12). A subjective comparison between
diagnostic and post therapeutic radioiodine scintiscans for detection of
thyroid metastases was made on the basis of positive scintiscans alone.
The study demonstrated that only 17% showed extra thyroidal neck
activity after diagnostic scintigrams papillary thyroid cancer patients,
while this percentage was increased upto 52% on post radioiodine
therapy scans (table I). Therefore, the difference (35%) in detection of
thyroid tissue avidity is obvious and highly significance. Only one
papillary case shows lung metastases on post therapy scintigram. It is
well known that papillary thyroid cancers of'ten metastasize to the
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cervical lymph nodes and rarely to the lung. In follicular thyroid
cancers, the neck activity was noted in 27% using diagnostic I'3' maging
and the percentage became higher (54%) after post radioiodine therapy
imaging. When the chest and other parts of the body scans were
included, the percentages was 9% in diagnostic imaging and was
increased upto 54% in post therapy imaging. The difference is again
clear and significant. All cases (papillary & follicular) with inoperable
glands show no abnormal activity areas outside the thyroid bed in both
scintigrams, probably, most of the dose traps by the gland,this does not
exclude the presence of metastases elsewhere. Many authors have been
demostrated along time that the uptake of 1 l 3 ' malignant thyroid tissue
was less than that of the normal gland (21-24). Bone is also the common
site of metastases in thyroid cancers (25%). But the incidence of bone
metastases is various in literatures between 3 to 28.5 (25-30).However, in
our small number series, only two cases with follicular cancers showed
bone metastases, This does not represent the real incidence of osseous
metastases in our series since the whole body 1 l 3 ' scintiscan may not
frequently visualize the bone metastases of thyroid cancers (30).
However, on basis of this study, we can conclude that post therapy
imaging is better than diagnostic imaging in visualization of residual
thyroid tissues and metastases after thyriodsectomy. Diagnostic
scintiscans are inadequate to detect metastases in all patients. Wsxman et
al have published that a lower dose (2 mCi)I'31 is inadequate in
evaluating remnant thyroid tissues in patients with thyroid cancers ( I 6).
Catz and Nemec et a1 have been also presented that a high dose (40- 100
mCi) I ' 3 ' scintigrams demonstrated abnormal activity areas not shown
on small diagnostic dose ( 1 -2 mCi) 1l3' scintigrams (3 I , 13). No hazard
to give (50-150 mCi) 1l3' a therapeutic dose and scanned the patient 10
days after therapy since residual thyroid tissues are frequently present
after surgery in our cases.Therefore, this method should be adopted in
management and follow up of well differentiated thyroid cancers.
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Abstract
One Hundred and fifty patients with isolated VSD were evaluated by radionuclide MUGA study and Echo-Doppler. Difference between phase
angle of the right and left ventricles as detected by MUGA had been
correlated with the interventricular pressure gradient. Patients had been
divided into main four groups according to pressure gradient between
the two ventricles: Group I (with pressure gradient 530 mmHg and
phase difference 80. IOo+ 34. l), Group I1 (with pressure gradient 550
mmHg and phase differcne 47.57"+26.25), Group I11 (with pressure
gradient > 70 mmHg and phase difference -0.5Ok8.4).
It has been found
that there was a significant difference between the 4 groups as regards
right-to- left ventricular phase difference (P<O.OOO 1 ). There was significant delay in emptying of right ventricle in groups with pressure gradient < 50 mmHg.
Regression analysis revealed inverse correlation between right-to-left
ventricular phase difference with changes in pressure gradient (r=-0.8 1).
Similarly, significant correlation had been found between right-to-left
ventricular phase difference in relation Qp/Qs (rz0.85);
Conclusion: Interventricular phase Difference can be used to evaluate
interventricular pressure gradient in cases of isolated VSD.

Introduction:
Equilibrium multiple-gated blood pool scintigraphy is a well-established
method for accurate and reproducible assessment of ventricular size and
function. Functional images produced by phase analysis are now well
established in the diagnosis and assessment of many cardiac problems,
e.g.: Electrical conduction disturbance, Pericardial effusion, Coronary
artery disease, Cardiomyopathy, and Tricuspid regurgitation ( 1)
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The purpose of this study is to correlate timing of contraction(i.e.
emptying) in patients with isolated VSD to left to right pressure gradient
and magnitude of shunt flow.

Patients and Methods:
150 patients with isolated ventricular septal defect and 25 normal
subjects had been subjected to the following:
(1) Radionuclide angography : Using in vivo technique for
labeling of RBCs with technetium-99m first inject stannous
pyrophosphate, then wait for 20 min. followed by injection of bolus of
99mTc(200 uCi/kg) in the external jugular vein aiming for:(I)First pass
study to detect Qp/Qs (Maltez and Treves, 1973) (2) followed by:
(1I)Gated study (Tamaki et al., 1991) (3)

(2) Cardiac catheterization only for patients, aiming at detection
of Qp/Qs, pressure in each cardiac chamber & pressure gradient between
left and right ventricle (Grossman, 1986) (4).
(3) Echocardiography: To detect Qp/Qs and pressure gradient for
patients and controls.(Craig, 1991)(5)

Results
Normal Subjects:
Normal phase image with mean phase angle 130.1+14.4 for both
ventricles
Pressure gradient as detected by echocardiography is 94.3 -1- 16.8

Patients With Ventricular Septal Defect:
Patients were divided according to pressure gradient into main four
subgroups:

Group I: Patients with pressure gradient I30mmHg comprising 15
cases (i.e. 1O%of cases)
Group 11: including 35/ 150 cases (Le. 23.3%) with pressure gradient
< 50 mmHg.
Group 111: 50/150 (33.3%) of cases with pressure gradient < 70 mmHg.
Group IV: with nearly normal pressure gradient (>70 mmHg) and
including 50/150 cases (Le. 33.3%).
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Table ( 1)shows phase angle of both right ventricle (mainly septal
region) and left ventricle in the different groups where group 4 shows
simulanteous emptying (Le. minimum count) in both regions. on the
other hand, gradual and significant delay in emptying of Rt. ventricle
was noted in the rest of groups to be maximum in group I where the
longest duration for end systole is seen in the Rt. ventricle.
on the other hand, phase difference between Rt. and Lt. ventricle
and between atrium and Rt. ventricle showed highly significant
difference between the four groups (P < 0.01) where there were
maximum Rt.-Lt ventricle phase difference and minimum atrium-Rt.
ventricle phase difference in group 4 (Table 1).
Rate of change in phase difference for each 10 mmHg had been
plotted in figure 1 . The rate started to be significantly noted once the
pressure gradient was below 70 mmHg where it abruptly and
significantly rises for each 10 mmHg drop in pressure gradient till 4 0
mmHg where it gradually but insignificantly rises. on the other hand,
there was at first significant change in atrium-Rt. ventricle difference
with pressure gradient below 60 mmHg followed by gradual and
insignificant drop in the atrium-Rt.ventricle phase difference in the rest
of the curve. Below 20 mmHg pressure gradient significant sudden drop
i n atrium-Rt. ventricle difference took place again.
PHASE DIFFERENCE

"OO

<lo

<20

<30

<40

<SQ

<60

<70

<SO

<90

PRESSURB GRADIENT

Fig.1. Rate of change in phase difference according to pressure
gradient
Regression analysis had been done for correlation between pressure
gradient and both Rt.-Lt. ventricle phase difference and atrium-Rt.
ventricle phase difference with following observation:

Concerning Rt. -Lt. ventricle phase difference and pressure gradient
better correlation was obtained by linear regression where r=-0.8 1, P<
0.0001 and variance =1 10.74 (Fig.2). Accordingly, prediction of either
left to right pressure gradient or Rt.-Lt. ventricle phase difference could
be done if we have the other by the following formulae:
Pressure gradient = 69. 76-(0. 51 X Rt.-Lt. ventricle phase difference) f
11.83.
OR
Rt.-Lt. ventricle phase difference = 97.97-( 1.28 XPressure gradient) &
18. 74.
140

PRESSURE QRADIBNT

120

PHASE DIFFERENCE=
97.97 -( 1.28XPr.Gr.)

100

80
60
40

20
0

- 200

20

40

60

80

100

PHASE DIFFERENCE

Fig.2. Relation between phase difference (Septal-Ventricle) and
pressure gradient (Pr.Gr.)

Relation Between Magnitude of Shunt Flow as Detected
by QP/QS and Phase Difference:
Patients had been divided into 3 groups:
Group 1: with Qp/Qs 2 1.5 (53/1 10 cases i.e.48%)
Group 1I:with Qp/Qs A . 5 and ~ 2 . 5(57/1 10 i e 520/0) and
Group 1II:with Qp/Qs >2.5 including 40/150 cases (22.7%)
Table (2) revealed significant difference in Rt.-Lt. phase difference
between the three groups (1, I1 and 111) .
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TABLE (2)
IMPACT OF Qp/Qs ON PHASE AHGLE DIFFERENCE

ENT

Linear regression had revealed positive correlation between Qp/Qs
and phase difference for the 150 cases with r= 0.4596 and Pc 0.05 with
the following formula (Fig.3):
Rt.-Lt. phase difference = (16.16 X Qp/Qs) - 4.95 1- 28.19.
PHASB DlPPERENCB

80

7@
60

so

. ..

40
30

20
10

0
10

0

0.2 0.4 0.6 0.8

1

1.2 1.4 1.6 1.8

2

2.2 2.4 2.6 2.8

3

QPIQs

Fig.3. Relation Between shunt flow and phase difference
Figure 3 : shows wider scatter at the region of Qp/Qs below 2.5
i.e.group 1.
Accordingly the above correlation had been applied to group I1
alone resulting in high correlation coefficient (r = 0.8513 and P <
0.0001) and the following formula had been obtained (Fig. 4):
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Rt.-Lt. Phase difference = 27.26 -t (5.1 X Qp/Qs) _+ 14.46

PHASE DIFFERENCE
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Fig.4. Relation between shunt flow and phase difference in patients
with Qp/Qs > 2.5

Discussion :
Okino and Spencer (1962) (6) reported that in the first 30 - 40% of
the right ventricular systole, right ventricular pressure exceeds
pulmonary arterial pressure and pulmonary arterial flow is accelerated
after which right ventricular pressure is less than pulmonary arterial
pressure and pulmonary arterial flow decelerates. This early systole was
called ventricular imuplse with time 178650 msec and the ratio of RV
impulse time to right ventricular ejection time was 0.50 I- 0.13(6). When
pulmonary hypertension results, right ventricular and pulmonary
arterial peak pressure occur late in systole with obliteration of the right
ventricular-pulmonary arterial pressure gradient with reduction of
hangout interval (Le. time interval between pressure crossover for the
RV pressure to be less than pulmonary arterial pressure, and pulmonary
valve closure) (normally it is the last 30 -90 ms of RV systole) (7,8&9).
Garham et al., (1976) (10) reported that in moderate-to-large VSD
defects, the interaction of magnitude of left to right shunt and
pulmonary vascular resistance is such that mild to moderate elevation of
pulmonary artely pressure with proportional extrawork being required
by the the right ventricle with longer time to eject blood.

566

This work had been designed to study the correlation of phase
difference to both left to right pressure gradient and magnitude of shunt
flow.

(1) Phase Diffellence and Left-To-Right Pressure Gradient :
We have found similar results of Graham et al., (1976)(10) with
more delay in emptying of the right ventricle with lower pressure
gradient (Table I). It is worthy to note that groups of patients below 30
mmHg pressure gradient show marked delay approaching mean phase
difference 80" (90.50" for those <20 mmHg and 75" for those <30
mmHg). Since each I " equals 2.3 msec, thus those cases represent delay
in emptying equals z0.2sec Le. starts emptying at the end systole of the
restoftheleftventricle (normal systolic duration ranges from 0.33-0.35
sec) (1 2). This is apparent in Figure (1) where Rt.-Lt. ventricular phase
difference increases while atrial-Rt. ventricular phase difference
decreases to be 60.5" at pressure gradient 20 mmHg i.e. 0.14 sec in
contrast to those with pressure gradient > 80 where atrium-Rt.ventricular
phase difference = 0.34 sec. Similar finding of delay in right ventricular
ejection phase using factorial analysis had been reported by Ito et al.,
( 199 I ).( 1 3)
This means that the greater the right ventricular pressure to face the
resultant increased pulmonary vascular resistance, the more the time
needed by right ventricle to empty. This is more evident by the
observed low amplitude i.e. reduced count changes. The latter had been
observed by Bahar et al., (1987)(1) who published the pulmonary
tongue sign in cases of pulmonary hypertension.
On the other hand, the present study revealed strong correlation
coefficient (r=0.8 1 & P< 0.00001) between Rt.-Lt.ventricular phase
difference and pressure gradient with some scatter towards pressure
gradient 4 0 mmHg where some cases tend to show higher phase
difference (toward diastolic period). Accordingly, prediction of left-toright ventricular pressure gradient and consquently rough idea about
pulmonary vascular resistance could be predicted through phase
difference.

(2) Magnitude of Shunt and RT.-LT. Ventricular Phase
Difference :
Ito et ai., ( 1 991)( 13) had found (using factor analysis) significant
difference between cases of VSD with Qp/Qs <2.5(who show similar
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emptying pattern to control) and those with Qp/Qs >2.5. Also, they had
got strong correlation coefficient (r = 0.82 and P< 0.01) between phase
difference and group with high shunt flow (> 2.5). Similar findings has
been obtained in the present study using Fourier transform with the note
that group I show mean phase difference 22.4 5.9 i.e.0.05S sec and
mean Lt.-to-Rt. pressure gradient =55.48, while group I1 show mean
phase difference = 37. I6i.e.0.086 sec.,and mean pressure gradient45.33. Further observations for group I, 15 cases show moderate-tolarge VSD defects (i.e.VSD/Ao >SO %) with pressure gradient (< 30
mmHg) i.e. starting to show early pulmonary vascular resistance. This
could attribute the wide scatter in regression curve of the 150 cases
(Fig.3) with lower correlation coefficient (r = 0.4596) than when used
for group I1 (r= 0.8513). This also could attribute the useless value of
this correlation in small left-to-right shunt as stated by Ito et al.,
( 1991)( 13).

Conclusions :
The use of phase difference is valuable tool to be non-invasive
technique to:
(a) Evaluate left-to-right pressure gradient and hence rough idea
about pu I monary vascular resistance.

(b) Separate group of small shunts into two further subgroups:
1. One with small defects and low pulmonary pressure.
2.Another with large defects and starting high pulmonary pressure,
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Abstract
138 patients proved with V/P scan to have different probabilities of pulmonary embolic event. Serial follow up scanning after 3 days, 2 weeks,
1 month and 3 months was done, with anticoagulant therapy. Out of the
remaining 10 patients, 6 patients died with documented P.E. by P.M.
study and lost follow up recorded in 4 patients. Complete response with
disappearance of all perfusion defects after 2 weeks was detected in 37
patients (49.3%), partial improvement of lesions after 3 months was elicited in 32%. The overall incidence of response was (81.3%) such response was complete in low probability group (loo%), (84.2%) in intermediate group and (79.3%) in high probability group with partial
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response in 45.3%. New lesions was evident in 18.7% of this series. To
conclude that serial follow up V/P scan is mandatory for evaluation of
response to anticoagulant therapy specially in first 3 months.

Introduction :
Serial pulmonary scintigraphy as a diagnostic mean for pulmonary
embolism (PE) with the addition of clinical follow up will increase the value
of its diagnostic certainty. Also, the fact that most consultants strongly
tecommended that immediate therapy with full dose of anticoagulants
should be initiated in patients with strong clinical suspicion of PE unless
contraindicated (Stein and Willis, 1983). However, treatment can be
discontinued if the diagnosis is subsequently disproved.
The strategy for management of patients after V/P pulmonary
scintigraphy published by Clark and Secker-Walker (199 1 ) that patients
with high probability scan of PE. should be anticoagulated, while a low
probability scan for PE should be followed by conventional X-ray to
confirm their non embolic nature. In intermediate probability, the
management will depend upon the prior-clinical probability of PE. If high
the patient should commence anticoagulant therapy with V/P scan should be
performed at end of anticoagulant period to assess the degree of resolution.
If low the patient should perform pulmonary angiography before starting
anticoagulant therapy.
The aim of this study is to elicit the value of clinical probability and
serial follow up V/P scintigraphy in establishing a scheme for management
of patients with pulmonary embolism.

Material and Methods :
The current study included 138 patients with clinical history, symptoms
and signs suggestive of PE. All patients were subjected to recent chest x-ray
within 24 from the time of scanning.
All patients were subjected to ventilation-perfusion (V/P) pulmonary
scintigraphy for diagnosis, as well as, serial follow up scanning afler 3 days,
2 weeks, one month and 3 months to detect the degree of resolution.
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Ventilation Perfusion Scanning
Ventilation lung scan was done using radioaerosol delivery system
(Venticis 11) (Fig.1). Aerosol size in normal conditions has a median
diameter of 0.92um with a geometric standard deviation of 2.5. The patient
is asked to breathe through the mouth piece with clamping his nose. When
the patient is adapted to the procedure, 740-1 100 MBq (20-30 mCi) 99mTcDTPA in a volume of 2-3 ml were injected into the neubulizer through the
external loading port, then the oxygen flow is turned on until 7-10
litedminute. The patient is encouraged to breathe normal tidal breathing for
5-10 minutes oxygen is turned off, nose clips is removed and patient is
given a mouth wash. The patient is taken to gamma camera room for
imaging in 6 projections (anterior, right lateral, left lateral Posterior,
posterior right oblique and posterior left oblique) each for 150 K counts.
Perfusion lung scanning was done four hours later. The patient is
injected in same supine position 111-185 MBq (3-5 mCi) 99mTc-MAA
through a wide caliber butterfly needle taking into consideration not to
withdraw blood into the syringe. During injection, the patient is asked to
take few deep breaths and he then imaged on the same camera in the same
position taking the same projections each to 500 k counts.
Both ventilation and perfusion scans in association with recent x-ray
chest were interpreted by the nuclear medicine team according to Biellio et
al., criteria ( 1979).
The treating doctor was informed immediately by the scan results for
further management. All patients with high and intermediate probability
scan for PE, as well as, low probability scans with high clinical pretest
probability start anticoagulant therapy if there is no contraindication.
Rescanning after 3 days was done, if there is changing perfusion pattern,
continue anticoagulant therapy and follow up until complete resolution is
seen. While with non changing perfusion pattern, therapy was stopped with
strict clinical follow up and rescanning once new symptoms occur.
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Fig (I) : Radioaerosol Delivery System. 1 . Nebulizer, 2./ Air Supply Tubing, 3. External
loadcr, 4 Reservoir bag 5. Valves 6 Mouth piece 7. Filter trap 8. Lead shielded box
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In patients with low probability scans and low clinical pretest
probability, no therapy was instituted and strict clinical follow up for 3
months and rescanning if necessary were done.
Digital subtraction angiography was performed in I7 patients with
intermediate probability scans with non changing perfusion pattern.

Results:
The study included 138 patients with diagnosis of PE according to P/V
scans. The incidence of low, intermediate and high probability scans was
26.8%, 27.5% and 45.7% respectively ('Table 1). Patients were divided
according to pretest clinical probability for PE into 2 main groups. In the
first high pretest clinical probability group, the incidence of high,
intermediate and low probability scans were 37%, 12.3% and 3.6% versus
8.7%, 15.2% and 23.2% for the second low pretest clinical probability
group respectively. These were higher incidence of high probability scan in
those patients with high pretest clinical probability (37%) compared to those
associated with low pretest clinical probability (8.7%) with statistical
significant difference (P<O.Ol), whereas, a higher incidence of low
probability scans in patients with low pretest clinical probability was
observed (23.2%) compared to (3.6%) for those with high clinical pretest
probability with statistical significant difference (P < 0.05) (Table I ) .
Follow up in the group with low probability' VIP scanning, 3 out of 5
patient high pretest clinical probability showed complete response to
anticoagulant therapy, while the other 2 cases proved to be non-embolic and
further therapy was stopped. None of the other 32 patients with low pretest
clinical probability showed any new symptoms suggestive of PE for 3
months follow up period. The raise the incidence of non-embolic PE in low
probability group to 92% (Table 2).
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In the intermediate probability scan group, 17 patients proved to be non
embolic by non changing pattern in follow up scans and digital subtraction
angiography. 13 out of 17 non embolic patients were of low pretest
probability (76%). In the same intermediate probability group, 2 patients
died and proved by postmortem study, 3 patients had new lesions and 16
patients showed complete response to anticoagulant therapy. So, 19 patients
with intermediate probability scans (50%) needed serial follow up scans
(Table 2).
The high probability scan group, 18 patients showed complete response,
24 patients showed partial response, I 1 patients had new lesions which
indicate the need for change of therapy, 6 patients died and proved by
postmortem study and 4 patients lost follow up (Table 2).
Serial follow up V f f scanning following anticoagulant therapy was done
in 75 patients with PE with complete response in 37 patients (49.3%), partial
response in 24 patients (32%) and appearance of new lesions in 14 patients
( 1 8.7%). A higher response rate in low and interrnediate probability groups
i n loo%, 84 2% versus 79.3% in high probability with complete response
in 34% and partial response in 45.3% (Table 3) (Fig.2A,B, and Fig.3A,B).

Table (3):Serial follow up V/P scanning in 75 patients with pulmonary

Appearance of new lesions were seen in 14 patients (18,7%) the need
treatment modification. 11 patients were in high probability group (20,7M)
and 3 patients were in intermediate probability group (18,5%) (Table 3)
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ntermediate probability group ( 1 5 8%) (Table 3)
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(2A): Normal Ventilation lung scan

Discussion :
The new concept of using pretest quantitation of probability by the
referring physician appears to have significant merit. Hull et al., (1985)
included some prior clinical probability estimates of highly likely, possibly
and unlikely in their studies. They found that the incidence of PE of 79%,
38% and 15% in these groups respectively. Actually, the problem is not in
the high and low probability groups as in the intermediate probability
group. In the PlOPED study, (1990) it was stated that in those with
intermediate probability scans with high clinical probability for PE, 68%
had PE, whereas in patients with intermediate scans and low clinical
probability only 16% had PE. This may give the clinician a further method
of deciding on whether or not to use anticoagulant therapy in these patients.
All previous reports concerning value of pretest probability and serial
V/P scanning helped us to put our management scheme. Low probability
scan group without clinical suspicion for PE were followed up clinically and
scan was repeated once new symptom occur. Low probability scans with
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high clinical suspicion and intermediate probability groups started
anticoagulant therapy until complete resolution or stop treatment if non
changing pattern in serial scans. All high probability scan group start
anticoagulant therapy with follow up to assess response.
Lee et al., (1985) in their series of 99 patients with low probability scans
reported no evidence of morbidity or death. In our study, neither death or
severe morbidity could be detected in the 37 patients with low probability
scans. only 3 patients with high pretest clinical probability needed
anticoagulant therapy with complete resolution in the follow up scans. The
other 34 patients were negative for PE during the follow up period of 3
months. Also, 17 out of 38 patients in the intermediate probability scan
group (44.7%) proved to be non embolic by non changing perfusion
pattern and digital subtraction angiography. Similarly, Saengner et al.,
( 1 985) demonstrated that follow up V/P scans changed the management in
23% of their series with 15% had anticoagulant therapy discontinued.
Eight patient died in this study (6 of high probability and 2 with
intermediate probability), all patients were fully heparinized and
postmortem examination proved to be positive for PE in all patients.
Similarly, Bomanji et al., (1992) reported 8 deaths in their series of 206
patients, but none had postmortem study. The development of new lesions
in 14 patients (1 1 with high probability and 3 with intermediate
probability), inspite of full dose. of anticoagulant therapy may indicate the
need to consider more derastic treatment methods such as tying of pelvic
vein, plication of inferior vena cava (IVC) or use of IVC umbrella.
In this work, complete response was seen in the 3 patient with low
probability scan and 79.3% of high probability scans with complete
response in 34%. The overall response rate was 81.3% with complete
response in 49.3%. Similar results was reported by Cullis et al., (1993)
However, the higher incidence of partial response in our series in high
probability group may be related to short period of follow up which
mounted to less than 3 months in majority of the patients, while in Cullis
series follow up scanning was done at least for 3 months. So, serial follow
up lung scanning following anticoagulant therapy for longer period of
follow up is a must in patients with PE not only to detect the rate of
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resolution but also, as a baseline for any other embolic events occurring
later on.
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Abstract
This study was conducted on 200 patients with suspected
pulmonary embolism. Their age ranged 9-74 years with a mean age of
4 1.9+ 14.6 years. The commonest symptoms were dyspnea; chest pain
and haemoptysis in 67.5%, 49.5% and 14.5% respectively, whereas the
main signs were tachycardia in 64.5% followed by rales and oedema of
lower limbs in 28.5% and 14% respectively. Cardiac diseases were
presenting the main risk factor in 47% followed by DVT, surgery,
COLD in 24%, 10% and 9.5% respectively.
Perfusion lung scan was normal in 27.5%, whereas low, intennediate
and high probability scans were seen in 7%, 23.5% and 42%
respectively. The addition of ventilation scan, change probability of
perfusion defects into 18.5%, 19% and 3 1.5% in low, intermediate and
high probability scans respectively. I n addition 3.5% of patient
diagnosed as non-embolic disease. There was significant correlation with
increase number of symptoms and signs in relation to scan probability
in both whole group and high probability group. Also, the incidence of
pulmonary embolism appear to be additive with increase number of risk
factors in the group of high probability scans.

Introduction:
Pulmonary thromboembolism is a common and potentially serious
condition whose clinical diagnosis is rather difficult. It is a leading cause
of morbidity and mortality seen in an emergency situation with
respiratory or cardiac complaints. It is not a disease per se, but it is a
complication of venous thrombosis, right cardiac clots, bone fracture,
pregnancy or malignant tumours. The deep veins of the lower
extremities are dominant source of clinically significant pulmonary
emboli. This fact has an important epidemiologic, diagnostic and
therapeutic value (Touya et al., 1986; and Bomanji et al., 1992).
The introduction of perfusion lung scintigraphy in 1964 made it
possible for the first time to assess objectively pulmonary circulation in

patients with clinically suspected pulmonary embolism. Subsequelltly
with the implementation of ventilation scanning, 1970, the accuracy of
lung scintigraphy is further imporved (Van Beek et al., 1993).
The aim of this study is to assess the value of ventilation / perfusion
scintigraphy in the diagnosis of pulmonary embolism.

Material And Methods:
The study included 200 patients with suspected pulmonary
embolism (PE). All patients were asked about risk factors leading to PE
to elicit the main risk factors in the studied group. Clinical examination
with stress on important clinical signs as heart rate, respiratory rate, lower
limb oedema, rales, crepitus and gallop.
Chest X-ray with 24 hours from the time of scanning is a must.

Ventilation/ Perfusion Scans:
Ventilation lung scan was done using radioaerosol delivery system
(venticis 11) (Fig.1). Aerosol size has a medium diameter of 0.92 um
with a geometric standard deviation of 2.5. A dose of 740-1 110 MBq
(20-30mCi) 99mTc-DTPA in 2-3 ml were injected into the nebulizer
through the external loading port, than the oxygen flow is turned on
until 7-10 liter/min. The patient is asked to breathe through the mouth
piece for 5-10 minutes after clamping his nose. By the end of the
breathing time oxygen is turned off, nose clip is removed and the
patient is given a mouth wash. The patient is taken into the gamma
camera room and imaging was done in 6 projections (anterior, right
lateral, left lateral, posterior, posterior right oblique and posterior left
oblique), each for 150 k counts.
Perfusion lung scanning was done 4 hours later, in the same supine
position using 1 11-185 MBq (3-5 mCi) of 99mTc-MAA through a
wide caliber butterfly needle, taking into considration not to withdraw
blood into the syringe. Duri-Tg injection, the patient is asked to take few
deep breaths. The patient is then imaged on the same camera i n the
same position taking the same projections for 500 K counts.
Both ventilation and perfusion scans in association with recent
chest-x ray were interpreted t v the nuclear medicine team in t h e
department according to the criteria of Biello et al., ( 1979).
Digital subtraction angiography was done within 48 hours following
scanning.
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Fig. 1: Radioaerosol Delivery System I . Nebulizer, 2. Air Supply
Tubing, 3. External loader, 4. Reservoir bag, 5. Valves,
6. Mouth piece, 7. Filter trap, 8. Lead shielded box.

Results :
The 200 patients included in this study have an age ranged from 9
years to 74 years with a mean age of 41.9 -t- 14.6 years.
The commonest first symptom was dyspnea in 67.5%, chest pain in
49.5% and haemoptysis in 14.5%. only SO patients (25%) presented
wit11 one symptom, while the remaining 150 patients have more than
one symptom (75%).
The commonest first sign was tachycardia in 64.5% followed by
rales and oedema of lower limbs in 28.5% and 14% respectiveJy.
Cardiac diseases were presenting the main risk factor in 47%
followed by DVT, surgery and COLD in 24%,10% and 9.5%
respecti vel y .

Perfusion/ Ventilation Lung Scan:
Fifty five patients of our group showed normal perfusion lung scan
17.5%), whereas the remaining 145 patients (27.5%) showed perfusion
defect with low, intermediate and high probability scans in 7%, 23.5%
and42% respectively (Table I).
(

Table (1): The value of combined ventilation/ perfusion scanning
versus perfusion scanning only in diagnosis of
pulmonary embolism
-

~

~

~

Perfusion scans
Nonnal
Low probabi I i ty
Tntennediate

Intennediate
probability
High probability
Non-embolic event

The combined ventilation/perfision sciiitigraphy leadstochangeinthe
scan results in those with perfusion defects with the incidence of low,
intermediate and high probability scans in 18.5961, 19% and 31.5%. The
incidence of normal scan was the same, with diagnosis of nonembolic
pulmonary disorder in 7 patients (3.5%) (Table 1 ) . So, the addition of
ventilation to perfusion scans of pulmonary embolism in 58 patients
(29%), change in diagnosis in 7 patients (3.5%), whereas the remaining
80 patients (40%) have the same diagnostic prrobability as well as the
normal 55 patients (27.5%) (Fig.2A,B).
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Fig.(IIA): Normal Ventilation lung scan
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Fig.(IIB): Multiple bilateral mismatched perfusion defects (high
probability)
Digital subtraction angiography was done in 17 patients with
intermediate or high probability group with concordant results in 1 1
patients, whereas one case was diagnosed as old embolic event and the
other 5 cases were negative for pulmonary embolism (Fig.3A,B,C).
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Fig. (IIIA) : Ventilation scan with multiple bilateral defects suggestive
of chronic obstructive lung disease
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Scan pattern in relation to symptoms:
In the high probability group, higher incidence of main symptoms
of dyspnea, chest pain and haemoptysis was evident in 28.3%, 8.7% and
8.7 % re specti vel y .
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Fig. (IIIB) : Perfusion scan with right apical segmental perfusion
defect.

Fig (IIIC) : Normal digital subtraction angiography
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Also, the incidence of commonest symptoms dyspnea in high,
intermediate and low probability group, were 28.3%, 21.7% and 1 9.5%
with no significant difference between the three groups. However, the
total incidence of positive pulmonary scanning with one symptoms was
16.7% as compared to 83.3% with more than one complaint with
statistical significant difference bet ween both groups (P-eO.001).
Furthermore, an associated increase in the incidence of high probability
scans with more than one complaint in 39.8% versus 5.8% in those with
one complaint with significallt difference between both groups
(P<O.OOI) (Table 2,3).

Table (2): Correlation Between main symptoms, signs and risk factors
with V/P scans:

Main Sign :
Tachycardia
Tachypnea
Cyanosis

Main Risk Factor
Heart disease
DVT
COLD
Surgery

Low
Probability

Intermediate
probality

No.

%

No.

%

27
6
4

19.5
4.4
2.9

30

21.7
2.9
2.9

21
8
5
I

15.3
5.8
3.6
0.7

27
3
8

19.5
2.2

22
3
11

16
2.1
8
0.7

21
7
8
1

15.2
5.I
5.8
0.7

1

4

4

High
Probability

5.8

Scan Pattern in relation to risk factor:

The incidence of positive pulmonary scintigraphy in relation to
commonest risk factors were 52.2%, 21%, 13.8% and 10.9% for heart
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diseases, DVT, COPD and surgery respectively. The majority of surgical
group were in the high probability group, whereas no single case of
COLD was seen in high probability group (Table 2). The incidence of
positive V/P scans for one risk factor 49.1% versus 50.9% in those with
more than on risk factor with no significant difference between both
groups. While in the high probability group, the incidence for one risk
factor was 13% compared to 32.6% for more than one risk factor with
significant difference between both groups (P<O.O5) (Table3).
Table 3 : Correlation between number of complaint, signs and risk
factors with V/P scans
Low
In termedia
Pro ba bili t, probali ty
v

No.
P
I___

One Symptom
More than one
symptom

8
29

-%
__p_

5.8
21
___.I

YO.

%

-

5.1

22.4
P

5
32

3.5
23.3

37

0.7
26.8

One risk factor

32
5

23. I
3.7

18
20

13
14.6

More than one risk
fact or

P<O.OOI

8
55

-

___p

__m
_w

_____r

%
P

5.8*
39.9

-

Total (L)

-No.

%

__I

__c_

8___

_w_1

23 16.7'
I15 g3.8'

2.2*

6.4*
9
3
60 43.5* 129 93.6'

P

Jr-

No.
Y

No or one sign
More than one
sign

1

-

__m_

7
31

Nigh
Probabilit!

-

P

18 1 3 * * 68
45 32.6" 70

49.1
50.1

-

-

_
I

___.1
__I

** PcO.05

Scan Pattern in Relation to Clinical Sign:
In those with high probability scan for PE, the commonest sign was
tachycardia in 34.1% as compared to 19.5 and 15.3% in those with
intermediate and low probability groups, with no significant difference
between the three groups. It was found that with increase number of
clinical signs, the incidence of positive pulmonary scans for PE was
93.6% versus 6.4% in those with no or one clinical signs with significant
difference between both groups (P < 0.0001). Similarly, the incidence
of high probability scans was 43.6% and 2.2% for both groups with P
value < 0.001 (Table 2,3).
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Discussion :
Perfusion lung scanning has been utilized frequently to evaluate
patients with suspected PE, such procedure is simple, safe and sensitive
to define the status of pulmonary flow, but it lacks specificity. In
urokinase/streptokinase PE trail 906 patients with perfusion scans
suggestive of PE and all had angiography and 734 (83%) pulmonary
angiography did not diagnose pulmonary embolism (Bell et al., 1974).
In this study, only 55 patients (27.5%) showed normal perfusion
lung scan, with the incidence of positive perfusion scan as high as
72.5%. To overcome the problem of nonspecificity of perfusion scan,
the addition of ventilation scintigraphy has been suggested. In this work,
the addition of ventilation scan exclude the diagnosis of PE in 3.5% of
patients whereas there was no change in incidence of normal perfusion
scans. Ventilation imaging change the diagnosis of probability in 65
patients (32.5%) with more increase in low probability to 18.5% with
reduction of intermediate and high probability groups to 19% and
3 I .5% respectively. Such figures with highest incidence in high
probability group is similar to these reported by Hull et al., (1985),
whereas PIOPED group (1990) showed an incidence of 14%, 34% and
13% in the normal, low, intermediate and high probability scans. An
other different study reported by Bomanji et al., (1992) with an
incidence of 37%, 27%, 14% and 22% in the same scan groups
respectively. Such divergence in incidence between various groups
reflects differences in patient population, selection criteria and clinical
t hres ho Id for obtaining pu 1monary scintigraphy .
The classic symptoms for PE such as pleuritic chest pain and
haemoptysis were found more frequent with submassive emboli (Hirsh
et al., 1981). Also, the PIOPED study in 1990 demonstrated a
correlation between the size of pulmonary embolism with frequency of
main symptoms including dyspnea, chest pain, cough and haemoptysis
in 79%, 58%, 44% and 16% respectively. Comparable results as regards
symptomatology were found in this work with dyspnea representing the
main symptoms for the whole group with an incidence of 67.5 %, with
lower incidence of chest pain and haemoptysis in 18% and 14.5%
respectively. Also, a statistically significant difference was found
between the number of complaints and scan finding for the whole group
and for those with high probability scans for PE.

592

Similarly, the role of clinical signs was identified in our study by the
statistically significant correlation between the number of signs and the
scan results for the whole group and high probability group, denoting
increased number of clinical signs in association with scan abnormality
and with pulmonary embolic events.
The risk of pulmonary embolism appear to be additive with increase
risk factors (Conn, 1976 and Moser, 1990). This was proved only in high
probability group, in this work with an incidence of 13%, 32.6% for one
risk factor and multiple risk factors with significant difference between
both groups.
It should be accepted that the combined V/P scans are more
sensitive for detection of PE in correlation with clinical symptoms, signs
and risk factors, such prospective study may lead to better diagnostic
and therapeutic strategies.
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Abstract
From the period of 1984 to 1990, the antidouble stranded
deoxyribonucleic acid radioimmunoassay (Anti-ds DNA RIA) were
extensively applied to confirm diagnosis of Systemic Lupus
Erythmatosus (SLE) disease in male patients . 54 patients sera with
definite diagnosis of SLE, 30 patients sera with Rheumatoid Arthritis
(RA), 20 patients sera with other Rheumatic or Collagen vascular
diseases (ORD) , 5 patients sera of non specific arthritis (NSA) and 55
healthy male individual sera were included .
The 54 male SLE patients were diagnosed after screening more than
2000 sera from male patients with various Rheumatic diseases who
overlaping clinical symptoms with SLE .
The results of this study are confirming that the anti-ds DNA RIA is
proved to be simple , :ensitive, specific and useful techniqu among
various assays used for diagnosis purposes .
The results also pointed out that the prevelance of SLE d sease in
males is much lower than in females .

1. Introduction :
SLE is a clinical syndrome characterized by multisystem
involvement and subject to remission and exacerbations in one or more

596

system . Its common presenting feature is arthritis or arthralgia and skin
manifestation "the butter fly rash" . However one-half or two-third of the
patients also have pulmonary, renal, neurological, haematological and
cardiac involvements [I]. The prevelance of SLE varies from country to
another and in Iraq it was considered as the third most common
inflammatory rheumatic disease after rheumatoid arthritis (RA) and
rheumatic fever (RF) [2] . SLE disease predominately affects women,
the female : male ratio is about 9: 1 [3]. SLE can occur at any age and it
affects members of all races [4, 51 .
SLE characterized by the presence of autoantibodies to nuclear
antigens (Antinuclear Antibodies , ANAbs) . Immunofluorescent
techniques (IF) is regarded a classical test for detection of pattern of
reaction , classes and specificities of these ANAbs [6,7,8] . IF test is
considered simple to perform, sensitive and detects a variety of
antibodies to different nuclear antigens , however , the lack of
interlaboratory standardization of this test creates many variables and
affects, its specificity. Although IF test considered as a screening test yet
a positive ANAbs reactions associated with various autoimmune
disorders other than SLE for example rheumatoid arthritis (RA),
Sjogren's syndrome , progressive systemic sclerosis , drugs induced
lupus , liver diseases ,normal and elderly normal subjects [9, 10, 1 I].
Most , but not all , patients with SLE have antinuclear antibodies ,
including antibodies to double stranded DNA (ds DNA) . A negative
ANAbs questions but does not exclude a suspected diagnosis of SLE,
while positive ds DNA antibodies strongly support it . Many methods
were employed for detection of these anti-ds DNA antibodies, among
these are: Fluorometric Immunoassay [ 12]complement fixation [ 131,
Counter immunoelectrophoresis [ 141 gel diffusion [ 151,
haemagglutination 1161, modified IF [I71 and finally
radioimmunoassay[l8]. Each of those methods has intrinsic advantage
and disadvantage , thus , yeilding different sensitivity,specificity and
different relationship of positive finding to disease activity . For many
reasons RIA is considered the quite useful method and increasing used
for routine clinical works , provided that, it should t e handled by
experted hands [171.
The study aimed at evaluate the sensitivity and specificity of the
indirect Immunofluorescent Antinuclear Antibody test (IF-ANA) , the
Anti ds-DNA Abs and quantitation of C3 and C4 complement
Components in the diagnosis of SLE patients .
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Subjects and Sera :
Three groups of individuals were included in this prospective
study:-

Group I : 54 Male patients with definite diagnosis of SLE
according to the 1982 revised criteria for the classification of SLE[ 191
were included . They were 40 inpatients and 14 outpatients attended the
Al-Rasheed Military Teaching Hospitals from May 1984 to June 1990 .
Each patients fulfilled at least four criteria .
Group I1 : Disease control group which includes :
1 ) 30 male patients with RA classical or definite .
2) 20 male patients with other rheumatic or collagin vascular
disease . Among these disorders : progressive systemic sclerosis (PSS,
Scleroderma); sjogren syndrome (SS) , Raynaud's Phenomenon ;
discoid lupus Erythomatosus (DLE) beside 5 cases of undiagnosed
polyarthritis with elevated ESR were included and labelled as non
specific arthritis .
Group I11 : 55 male healthy individuals selected from blood bank
donors with negative history of major illness .
From each individual , 8 ml blood was obtained , the serum of each
sample was divided 0.5 ml aliquots and stored at (-20°C) until used . No
serum sample was freezed and thawed more than once .
1. Radioimmunoassay (RIA) : using Amersham Anti-dsDNA kit
(Cod IM-76, Amersham international PLC) which is based on the highly
sensitive amonium sulphate precipitation assay . Essentially ,
radiolabelled DNA is incubated with patient's serum , then amonium
sulphate is used to precipitate immunoglobulin bond DNA while leaving
unbound DNA insolution . Then level of anti DNA Ab activity in the
serum is expressed as percentage of the total activity present . By using
range of standard sera in the test and the use of radio active precipitation
values of these standards, a standard curve could be constructed and the
values of the unknown are read directly from the standard curve .

2. The indirect Immunofluorescent Test using Baby Hamster
Kidney (BMK) substrate : serum samples were diluted 1 :20 phosphate
buffer saline (PBS) then (25 ul ) of diluted serum , positive and negative
control serum were placed on reaction zones of the slides and incubated
in amoistened chamber for 60 minutes at room temperature. Slides were
then rinsed in PBS using magnctic qtirrer and washed 3 times for IO
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minutes each in coplins jar . Slides were allowed to drain using filter
paper and (20 ul ) of a FITC conjugated antihuman immunoglobulins
was overlayered on each reaction zone , incubated for 30 minutes in
tnoinstured chamber at room temp . Then slides were rinsed with PBS 3
times for 10 minutes each ; again slides were drained and one drop of
buffered glycerol was added to each zone , covered with cover slips and
examined under LEITZE LABORLUX I 2-Fluorescent microscope .
3. Determination of serum C3 and C4 components of the
complement ; using Immuno Kit (bio Merieux. reference 76072,761 02)
single radial immunodiffusion procedure.

Results
On secreening all different study group sera , using by the IFANA
Assay and table I showed that among the 54 male SLE sera , 50
(92.6%) have positive ANA test compared with 33.3% for RA, 40% for
ORD , 20% of NSA and 5.5% of normal sera . Regarding the pattern of
ANA, four different patterns were recognized as shown by table 2 and
these are peripheral , diffused , speckled and nuclear patterns . Some
times a mixed pattern could also be seen . Table 2 also showed the
incidence of positive reactivity , patterns and ANA bs titres in SLE
patients , disease control group and normal group . The 9 sera which
showed mixed type staining were as follows: 6 were peripheral and
diffuse , 3 peripheral and speckled. From the data mentioned in tables I
and 2 , it can be noticed that out of 164 tested sera from different
categories , 72 (43.9%) have positive results 69.5% of those are SLE
group , 13.8% of RA , 1 I . I % of ORD , I .4% of NSA and 4.2%. of
normal .

Table (1) : Positive and negative results of FANA test in different
study groups
Normal
n = 55
3
5.5
52
94.5
1__1_____

SLE : Systemic lupus erythmatosus; RA: Rheumatoid arthrilis
ORD : Other rheumatic diseases' NSA, Non specific arthrilis.
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Table (2) : Patterns of antinuclear antibody in patient with systemic
lupus erythmatosus (SLE), rheumatoid arthritis (RA);
other rheumatic disease (ORD), non specific arthritis
(NSA) and normal control

ORD : Other rheumatic diseases' NSA, Non specific arthrilis.

Meanwhile the distribution of various patterns and titers of IF-ANA
among these different study groups is also shown in tables 1 and 2.
Peripheral pattern with highest titer were sera in SLE group 85.2%. This
pattern was noticed to be associated with active SLE (data to be
published) other patterns , ANAbs titers , were seen among various
patients and normal group sera are well demonstrated in tables 1 and 2.
Using RIA , the results of this study have shown that the mean value
for normal subjects is 9.6 + 6.4 units/ml (table 3) and by adding 2 x 5D
to the mean , a figure of 22.4 units/ /ml would be the accepted upper
normal limit of anti-dsDNA for this population.Meanwhi1e table 3
represents the mean level of these Abs in units /ml in different study
groups statistical difference in level of these Abs in study group is
clearly shown (P < 0.001) (table 3 ! figure 1 ) out of 54 SLE cases , 51
patients (94.4 %) have shown levels higher than 25 units/ml as shown in
figure ( 1 ) which also shown that in some cases levels of more than (170)
have been detected , while neither the disease control than (25) unitdm1 .
The results of serum complement component C3 and C4
quantitation in table 4 which showed that serum complement levels (C3
and C4) SLE patients were found to be much lower than normal and
other disease control groups (P < 0,001 ) .
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Table (3) : Mean level of anti dsDNA (unit/ml) and standard
deviation (SD) in sera of male patients with SLE

P < 0.001
STE: Systemic lupus erythmatosus; RA Rheumatoid arthritis
ORD: Other rheumatic diseases , NSA: Non specific arthritis

0

.

NSA

Fig. 1 : Values of anti-ds DNA antibodies in the sera of SLE patients
and different study groups.

Table (4) : Mean Complement C, and C4 (mg %) +/- (SP) in sera of
patients with systemic lupus erythmatosus (SLE) ,
rheumatoid arthritis (A) other rheumatic disease (ORD),
non specific arthritis and normal controle

P < 0.001

SLE:Systemic lupus erythmatosus; RA Rheumatoid arthritis
ORD: Other rheumatic diseases , NSA: non specific arthritis

Discussion:

SLE is a relatively common disease in Iraq and availability of
more sensitive and specific methods will aid the diagnosis and more
hidden cases will be discovered . There is general agreement that the
incidence of the disease is more common in females than in male
ranging from 7:l [20] up to 10.5:l [21] and in Iraq it was found that
the female : male ratio 8:l [22]. The results had showed clearly that
IF-ANA tests the most sensitive screening method for diagnosis of
various connective tissue diseases in diagnosis particular SLE . It was
found that (92.6%) of SLE sera were positive IFANA test with mean titer
of 1/320 (table 1) . These finding confirm the results of previous study
groups (23, 19, 11) .
Different IF-ANA pattern have been correlated with various diseases
and the results shown in table 2 peripheral patterns is only observed in
sera of SLE patients. 85.2% of SLE ANA positive sera were peripheral
while diffused and speckled pattern were of low incidence (3.7 and
1.85% respectively) . These results are cowisted with other studies
[24,25,26] . The results also indicated that diffused patterns have been
observed in various inflammatory rheumatic diseases , medical cases as
well as normal subjects , yet it was frequently in patients with SLE (table
2). Hence IF ANA test could be considered as a highly sensitive
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screening test for diagnosis of SLE and many other collagen diseases
but the clinicians should be aware of the positive ANA test exhibited by
the sera of about 5% of the normal population (table 1 ) .
The Anti - dsDNA RIA test is considered always a confirmative test
for the diagnosis of SLE. With finding of an increasing incidence of
ANA-negative SLE cases and variable percentage of them having
positive anti-dsDNA test [26, 271.
The data mentioned in figure 1 and table 3 have indicated that the
upper normal limit of anti-dsDNA (22.44 u /ml) which is slightly lower
than results of other workers who used the level of 25 unitslml as the
upper limit of normal [28] . A total of 51 (94.4%) sera out of 54 SLE
sera were found to posses elevated binding of DNA which is in accord
with other worker who observed that only few percentage of sera of
other rheumatic and collagen vascular diseases showed elevated binding
of dsDNA [27, 29) .
The mean levels of anti - ds DNA Antibodies of SLE patients , other
rheumatic disorders and normal subject mentioned in table 3.
statistically significant differences were observed by comparing SLE
sera results with normal subject and other rheumatic disorders (P<O.OOl).
As the complement system is claimed to be involved in the
pathogensis of SLE ; deposition of various complement components in
organs and tissues of these patients and subsequent decreased serum
complement level suggest active utilization and consumption of
complement proteins . The results shown in table 4 were confirm the
above statement , since the mean levels of C3 and C4 in patients with
SLE is much lesser than other study groups and normal subjects ,
however , are slightly decreased than accepted reference values of both
parameters. These finding, are in agreement with other workers [30, 3 1 ,
321 .
In the present study results have shown a significant correlation
between levels of C3 and C4 and anti dsDNA Abs , with disease activity ,
but still anti-dsDNA Abs have got an important diagnostic value in SLE
patients rather than ,just gaiding drug therapy or predicting an
exacerbation as indicated by Lioy ds Schur ( 1 981) .

Conclusion
The Anti dsDNA Abs test was found to be of great value i n
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Al-Rasheed Military Central Hospital since more than two thousand
(2000) sera from male patients with various connective tissue diseases
during the period of 1984 to 1990 were screened . Only fifty four (54)
patients were confirmed to have SLE disease clinicaly and fifty one (51)
of thosc, found to have positive laboratory findings .
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Effects of Gamma Rays on Rat Vascular Smooth
Muscle Fibers
Ghassan Alya
Radio-Biology and Health dept. Syrian Atomic Energy Commission,
SYRIA

Abstract
Modifications of the Vasomotoricity induced by gamma rays have been
investigated. Vascular smooth muscle fibers (VSMF) of rat portal vein
have been used in this study.
Irradiation procedures using a 6oCo source have been carried out as follows:
- Whole body irradiation.
- Irradiation of isolated portal vein and of isolated VSMF.
Our results show that:
1 - irradiation reduces the functional competition between Mg2+ and
Ca2+, thus hypermagnesic Krebs solutions have a negligeable effect on
irradiated VSMF.
2- irradiation activates Ca2+ influx into the VSMF. Thus the effect of
hypocalcemic solutions on irradiated VSMF is minor compared with
control.
3-Hyperpotassic solutions provoke tetanic contractions with high amplitude on the irradiated VSMF compared with control.
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Sensitivity of IF Lymphocytes to Gamma Rays in
Patients with Cervix Tumor
R. OueslatP, M. Maalej?; N . Kochbati**; CH. Kdous*; M.
Chouikha *.
* Lab. Immunology, Hopital Militaire Principal de Tunis, Tunisie
* * Service Radiotherapy, Institut Salah Azeiz, Tunis

Abstract
In this work we studied the effect of radiotherapy on normal cells in patients with cervix tumors treated only by Gamma rays. In our laboratory,
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after lymphocytes separation, we tested the proliferation system of these
cells against the Phytohemagglutinin and the Concanavalin A antigens;
At the same time we tested their sensitivity to lyse the erythroide tumor
cells line K562. In according to the clinical stage of disease the 25
patients studied were divided in two groups; Group I composed of 14
patients at stage I and I1 proximal, received 50 Gy by Cesium 137
source, in intrauterine and in continue treatment during 4 days. The
second group composed of 1 1 patients at stage I1 distal and 111, received
S O Gy by cobalt 60 source in extrauterine, the treatment is fractionned
in 3 to 5 times by week, at each time the patient received 2 to 3 Gy. To
compare with their immunological statuts before treatment, until I
month after total dose received, all of our patients lost transitory their
capacity to prolifere in vitro. Although the capacity to lyse the tumor
cells is diminished in cancer patients, the drop of this activity is observed
principally in the group I. In group I1 in addition to their relative
resistance of NK activity The selective recuperation of T lymphocytes
stimulated by Concanavalin A is also observed.

Introduction
Cervical cancer is presently one of the most common maligency of
the female genital tract in our country (I). The most important
prognostic factors in this tumor are clinical stage of disease, which are
involved in the selection of the appropriate therapy (2). The radiation
constitue one of the key therapy in this cancer (3). In addition cervix
tumor is a lymphophyl tumor and radiotherapy is found to significantly
influence the immune function of treated patients (4). In another hand
there is ample evidence for depression of immune function, especially
cell mediated immune reactions in patients with advanced malignant
disease (5). Some test mainly invitro, with separated mononuclear
peripheral blood cells confirmed the correlation between normal
immune reactivity and good prognosis (6). Methods of radiation
therapy, such as source and field, exposure of hematopoetic tissue, as
well as the total dose delivered within a certain time, may also contribute
to the controversial test results (7). Ultimatly, immunological tests
applied may be of questionable sensitivity for the detection of
alterations of immune function of lymphocytes subpopulations. Hence
in our present work we investigated the immune function of patients
with cervix tumors using lymphocytes blastogenic response test and
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natural killer cytotxicicity assay before and after treatment according to
the gamma ray method applied.

Materials and Methods
Patients
25 patients aged for 30 to SO years, received their treatment at the
service of radiotherapy of Institut. They were divided in two groups;
group I consisted of I4 patients histologically classified with cervix
tumor at stage1 or stage I1 proximal, this group received 50 Gy in
intrauterine from the cesium 137 source, it is delivred in continue
during 4-j days. Group I1 composed of 1 1 patients heaving tumor at
stage I1 distal or stage 111 received an extrauterine gamma ray by cobalt
60 source. 50 Gy is fractionned in 3 to 5 times by week, at each time the
patient received 2 to 3 Gy.

WBC counts
Blood counts from 25 patients and 6 controls women were
performed i n the hematologie service laboratory of our hospital,
Differential counts were obtained from blood smears stained with MayGrunwal-Giemsa stain.

Isolation of perinheral blood lymphocytes
Peripheral blood lymphocytes were obtained by a modification of
the method of Boyum (8). 20 ml of blood collected with heparin were
layered on top of a barrier consisting of 10 ml of 9% Ficoll
(Pharmacia). The test tubes were centrifuged at 860g for 20 minutes.
Cells remaining on top of the barrier were collected carefully and
washed twice i n normal saline. The final cell suspensions were adjusted
in RPMi 1640 medium (Gibco) containing 10% heat inactivated fetal
calf serum (FCS, Gibco), 4 mM glutamine, 50 ug Gentamycine and
Sx 1 (FSM Mercaptoethanol (Sigma, Paris, France).

Proliferative responses
Lymphocytes were plated in 96 well plates-bottom plate (No.3799,
0 ~ in 100 ul of
costar, cambridge, MA). Each well contained 4 ~ 1 cells
medium. Mitogens were added in 100 ul of medium/well at the
following final concentration: Phytohemagglutinin (PHA, Sigma, NY)
10 ug/ml, concanavalin A (ConA, Sigma, NY) 25 ug/m1. Cultures were
set up in triplicate and incubated at 37°C in 5 % atmosphere CO2 for 72
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hrs. 18 hrs before harvested, (3H) thymidine (Dositek, France, specific
activiy, 40uci/mMole) is added at I uci/well. Cells were harvested and
washed on whatman filter (934-AH, Reeve Angel) using a Dynatech
Titertek harvester. Triplicate samples were counted for Imn/sample in a
liquid scintillation counter in counter Beta (type LKB).

K562 cell line
A human erythromyeloid Leukemia cell line K562 is used as a
target of N K activity in a cytotoxicity assay. This line is maintained in
culture in our laboratory.

Cytotoxicity assay
Cytotoxic function of NK is examined by a specific 51cr-release
assay for 4-hrs incubated analysis. The method and formula for
calculating specific cytolysis have been previously described (9). The
target cells were labelled with IOOuci of Na2Croq per I x IO6 cells,
washed and seeded in to 96 round well dishes at 5 x l o 3 cells /well.
Suspensions of effector cells were then added to triplicate wells to give
SO/1 (E/T) ratios in final volume of 200 ul. After 6 hrs of incubation,
100 ul of supernatant is removed from each well and counted in a
gamma counter.
Percentage lysis is determined by the formula:

5% Lysis =

Experimental CPM - Control CPM
x 100
Maximal CPM - Control CPM

The CPM control is obtained from wells receiving target cells and
tnedium only, and CPM maximal is obtained from wells receiving
HCI 4N.
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Res u 1t s

I) Radiotherapy and lymphocytes proliferation
Table I : Repartition of WBC and lymphocytes proliferation in cancer
patients

7800 k 2700

Patients studied were divided in two groups, group I receiving 50
Gy i n intrauterine in continue treatment, and group I1 receiving 50 Gy
in extrauterine fractionned in 3 to 5 times a week at each time the
patient received 2 to 3 Gy. Before study the effect of radiotherapy on
lymphocytes we compared the lymphocytes status between patients and
controls women heaving the compared age. We showed in Table I an
increased number of white lymphocytes in cancer patients essentially in
group 11; however the test of lymphocytes proliferation using PHA
(IOug/ml) and con A (25 ug/ml) in all groups analysed is decreased 2
times with PHA and 3 times with ConA. As shown in Table I1 after
treatment the number of white blood is decreased in cancer patients and
it is accompagned by a drop in response to lectin.

Table 11: The effet of radiation on the WBC number and lymphocytes
proliferation

8 I33 k 5300
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Like shown in figure 1 the negative response is not selective. To
evaluate this response, expressed in relative index of proliferation (RIP)
during 2 months of treatment figure 2 showed an increased response
after 1 month preferencially in group I. This type of response is
confirmed after 2 months. With PHA The RIP is respectivly
corresponded in group I and I1 to 0,25 and 0,2 and for ConA to 0,29
and 0,2; However this response is still lesser to 0,7 normal index value.

Figure 1: Comparaison of proliferation between patients treated with
radiotherapy
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11) Radiotherapy and NK activity
To evaluate at the same time another immune function that may be
influenced by Gamma ray, NK activity expressed in percentage is
determined in 8 patients of each group. At the time of diagnosis as
shown in figure 3 the mean of NK activity is respectivly lower in cancer
patients than control group 14 vs 29% of Iysis. After 7 days of
treatments this activity is diminished in group I, however in groupe I1
heterogenous results were obtained, two patients of eight had a normal
NK activity with 24% of Iysis.

Discussion
The influence of radiation therapy on the immune function of
cancer patients is still controversial. Some studies report a strong and
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Figure 2 : Kinetic of Proliferation after treatment with radiotherapy
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GI1

sustained immuno suppression subsequent to radiotherapy, whereas
others demonstrate an increase in immunological functions ( I 0). In our
present investigations we select two populations with tumors cervix
treated by two differents methods of radiotherapy. Group I received 50
Gy in intrauterine by cesium 137 source and in continue way; Group I1
treated by cobalt 60 in extrauterine and received 50 Gy divided in
fractions. To compare with control women our initial finding noted the
negative response of immune system in our patients influenced by the
malignant disease. In another hand after therapy lymphocytes mitogen
responses is markedly reduced in all patients. This is suggest a negative
influence of Gamma ray on T lymphocytes proliferation independently
of method applied. The sensitivity of T lymphocytes is discussed by
some authors and showed an heterogenous result ( I 1,12). In our work
the drop of blastogenic response was transitory and the increase
proliferation is observed after one month of treatment, this activity
seems more prononciated in patients for group I1 treated by cobalt 60
source i n extrauterine. In addition lymphocytes stimulated by
concanavalin A recuperated more rapidly; Many work indicated that T
suppresseur cells were preferentially stimulated by concanavalin A( 1 2),
this suggest that T suppresseur cells probably recuperated better than
other type of T cells and confirm the radio-heterogenous sensitivity of
T Iymphocytes.
The NK activity is another immune function analysed in our work.
Like some studies this activity tested on K562 line was lower in patients
with tumor cervix(1 3), however when we compared this function before
and after therapy we found diminition of N K activity only in the group
I that treated by cesium 137 in intrauterine. If these finding confirmed
on large group of patients, the relative radioresistance of NK cells
showed in the second group treated locally in extrauterine may be an
interesting result because it is related in part to the method selected for
this work.
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Abstract
The present study represents two main subjects.The first encounters
the effect of radiosterilization of certain pharmaceretical preparations
such as antihistaminics (cimetidine), anticonvulsants (diazepam), Beta
and Calcium channel blackers (propranolol and verapamil) on their
pharmacological activity. Results of this study revealed that the
previously mentioned drugs can be effectively and safetly sterilized by
gamma irradiation without deleterious effect on their pharmacological
activity.
The other subject presented in this study is concerned with chemical
protection against radiation damage which is essentially a
pharmacological subject encountering toxicological problems.Data of
this study demonstrated that chemical radiation protection has been
successfully reported using single drug administration such as
imidazole, and SH- bearing compounds. In the present coork, the
radioprotective effect of irnidazole was demonstrated on the
cardiovascular and respiratory systems. Furthermore, combined drug
administration was found to exert more protective action with less
toxicity and therefore minimize the side effects of the radioprotive
drugs. Thus, combination of imidazole and serotonin showed potential
protective activity against gamma irradiation at 6 Gy in rats. Their
radioprotective effect on blood gases was also reported. In addition,
combination of cysteine and vitamin E afforded a better protection on
adrenocortical function in rats than either agent alone.

Radiation Sterilization
In medicine, it is often essential to sterilize pharmaceuticals,
equipments, devices and bioproducts, to prevent secondary infections of
patients.
Sterilization is defined as complete destruction or removal of all
forms of contaminating microorganisms from the material or product
processed. This is accomplished in various ways depending mainly on
the material to be sterilized. The methods used for sterilization include
dry heat, autoclaving, heating with a bactericide, filtration, use of
ethylene oxide, and ionizing radiation (The British Pharmacopoeia,
1980).
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The beginings of radiosterilization go back to the late 1940s and
early 1950s . The availability of various types of electron accelerators
stimulated significant exploratory research on the applicability of
ionizing radiation to the destruction of some types of microorganisms
and to the sterilization of foods, pharmaceuticals and medical
products.( )
Radiation sterilization involves the application of sufficient ionizing
energy in the form of X-rays, gamma rays or accelerated electron
beams, to render an article free of viable microorganisms.(*) ,
Radiosterilization has many advantages over the conventional
methods of sterilization. It is easy to control by mechanical and physical
methods and gives a high degree of con~istency.(~)
Because of the great
penetrability of gamma rays, pre-packaged, hermetically sealed
products, possibly in their containers, can be conveniently sterilized.
The product remains sterile as long as the latter is unbroken. There is
complete freedom in the choice of packaging materials as radiation
does not rely on heat convection or permeation of moisture or gas. The
temperature rise in the object undergoing irradiation is negligible so
objects sensitive to heat can be safetly sterilized(4) Therefore, the use of
radiation sterilization is steadily replacing other sterilization techniques
on the grounds of convenience, economy and freedom from
crosscontamination(5).

Radiation Sterilization of Some Pharmaceutical Preparations:
Radiation sterilization is a technology which has rapidly come into
the field of pharmaceutics and medicine to provide a suitable mean for
efficient sterilization of pharmaceutical and medicinal products
especially those that are difficult to sterilize by conventional methods.
Although many of the pharmaceutical products show good
resistance to the chemical effects of radiations, yet some of them may
not be stable enough to withstand the effects of these radiations.
The main problem of applying radiation sterilization to
pharmaceuticals lies is establishing the efficacy, safety and stability of
these irradiated pharmaceuticals. Therefore, if an irradiated product
conform to pharmacopoeial standards and is free from any toxicity and
its bioavailability is unaltered, then it may be considered suitable for
radiation sterilization or treatment .
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Several research work has been undertaken to determine the effects
of radiation on several pharmaceutical products as well as the difficulties
associated with radiosterilization of these preparations.
The following is a brief summary of the research work carried out
at the National Center of Radiation Research and technology (NCRRT)
in the field of radiosterilization of pharmaceuticals. Our interst lies not
only to study the chemical and microbiological effects of radiation, but
also its possible influence on the pharmacological as well as
toxicological activities of different drugs.

1- Antihistaminics: H2 - blockers (Cimetidine)(9)
The stability of cimetidine towards gamma - irradiation has been
investigated. The pharmacological activity of cimetidine was screened
by studying the effect of non-irradiated as well as irradiated drug on
basal and histamine - stimulated gastric acid secretion in lumen perfused
rat preparation.
This study revealed that gamma irradiated cimetidine was highly
active inhibitor of basal and histamine stimulated gastric acid secretion.
Assessment of the chemical constitution of the drug before and
after irradiation, using infrared (IR) spectrophotometry, ultraviolet (UV)
spectrophotometry and nuclear magnetic resonance (NMR)
spectroscopy were carried out.
The physicochemical study revealed that irradiation of the drug at a
dose level of 25 kGy has no remarkable effect on the chemical
constitution of cimetidine.
In conclusion, results of the present study showed that cimetidine is
chemically and ,pharmacologically stable when exposed to gamma
irradiation at a dose level of 25 kGy.

Anticonvulsance: Diazepam (lo)
The effect of sterilization by gamma irradiation (25 kGy) of
diazepam on its anticonvulsant action, on normal and depleted cerebral
gamma aminobutyric acid (GABA), on glutamic acid, as well as
electrocorticogram activity (EC,G) was determined in the experimental
animals.
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For the evalution of the anticonvulsant action of either diazepam

(D) or irradiated diazepam (ID), pentylenetetrazole seizure test, was used
and the protective dose 50 (PD50 ) was determined in adult male mice.
GABA, the main central inhibitory transmitter which is implicated in the
mechanism of the anticonvulsant action of D, and its precursor glutamic
acid, were electrophoretically separated and spectrophotometrically
evaluated. Moreover, brain electrical activity was recorded using an
electroencephalograph apparatus. Although the PD50 of ID as well as
the effect on normal brain cerebral GARA and glutamic acids did not
differ significantly from that of D, yet there was certain variabilities.
Thus, the effect of D was about 4 times more potent than the ID on
elevating depleted cerebral GABA. Also, electrocorticogram records
demonstrated that D produced a slight inhibition while ID induced a
decrease in B rythrn with remarkable elevation in the amplitude of
(EC,G) waves. The same pattern of effects were obtained when’D or ID
were used in combination with INH ( 250 mg. kg - I ).
The present study revealed that although irradiation of D at 25 kGy
did not significantly alter its anticonvulsant activity as indicated by non
significant differences of this P D ~ o s ,yet it induced some detectable
changes on the depleted GABA contents as well as on (ECoG) activity.
Probably these variabilities reflect certain chemical and /or physical
changes which need further studies.

3 - Blockers (l!) : B- Adrenergic blocker (Propranolol)
: Calcium Channel blocker (Verapamil)
An experimental model of myocardial infarction has been
reproduced in rats by S.C. injection of isoproterenol (85 mg kg-I ) for
two days. The prophylactic properties of verapamil and propranolol
before and after gamma-irradiation against this model of myocardial
necrosis were investigated. Pretreatment will1 verapamil or irradiated
verapamil significantly reduced the myocardial damage, the enzymes
LDH & CK leakage and the increase in plasma creatinine. However,
verapamil and its irradiated form did not affect isoproterenol - induced
elevation of plasma creatine, FFA as well as cardiac NE content. On the
other hand, injection of propranolol or irrad,iated propranolol prior to
isoproterenol significantly reduced the myocardial necrosis, the
enzymes LDH & CK leakage and the plasma creatinine.Meanwhile, the
elevated levels of plasma FFA and cardiac NE content arising from
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isoproterenol injection were normalized and reduced respectively by
propranolol and irradiated propranolol pretreatment.
The present study revealed that irradiation of verapamil and
propranolol at dose level of 25 kGy did not change their prophylactic
properties against isoproterenol induced myocardial necrosis as
comared to non-irradiated drugs.

Chemical Radiation Protection
In view of steadily increasing applications of radiation technology
in different fields of medicine, biology, agriculture and industry,
problems of occupational radiation exposure for radiation workers as
well as environmental radioactivity for the population suggest increased
efforts to evaluate the radiation tolerance of living organisms to ensure
adequate radiation protection measures. one of the real possibilities of
increasing the radioresistance of an organism is the use of
pharmacological and chemical protectors that substantially reduce the
damaging effect of radiation.
Recent attempts have been carried out to discover chemical
protectors which are active against acute radiation damage.
Unfortunately, most of them proved not to exert their radioprotective
character except close to toxic levels. For this reason, several
investigators have attempted to increase protection against radiation
damage by using mixture of chemical protectors.
The innovation of mixtures of chemical protectors by some
investigators has resulted in tlle demonstration of an increased
protection against radiation- induced acute lethality and decreased the
toxicity of such radioprotector compounds. Therefore, it seemed of
interest to study, the advantages gained by combination treatments with
radiochemical protectors.

Radioprotective Drugs:
Chemical protection against radiation damage is essentially a
pharmacological subject encountring toxicologic problems. Chemical
radiation protection has been successfully reported using a single as well
as combined drug administration. Among which are:

(a) Heterocyclic-nitrogenous compounds:e.g.: imidazole and its
derivative benzimidazole.
(b) Thiols and other sulpher compounds bearing sulfhydryl group

(SH): such as cysteine and cystamine, glutathione, thiourea, thiola
and WR-2721 .
(c) Pharmacologic agents as cholinergic and adrenergic drugs,
autonomic blocking agents, cardiovascular drugs as sodium nitrite,
hormones.
(d) Metabolic Agents as carbohydrates, coenzymes and metabolic
inhibitors, aminoacids .... etc.
The following is a brief summary of the research work carried in this
field:

1 - Protective Action of single drug:
e.g.: limidazole. ( 2,
The radioprotective effect of imidazole on the blood pressure, heart
and respiratory rates was investigated in adult male rats. Whole body
gamma-irradiation at a dose level of 6 Gy exerted a significant
hypotension and tachycardia after one and seven days post gamma
irradiation. There was significant decrease in respiratory rate after one
day of irradiation, but a significant increase after 7 days, post irradiation (Figs 1, 2 & 3).
Administration of imidazole (350 mg. kg-I) did not significantly
affect the blood pressure, but significantly increased heart and
respiratory rates after one and seven days of imidazole administration.
Imidazole (350 mg. kg1) 5-15 minutes before whole body gamma
irradiation at a dose level of 6 Gy significantly antagonised the effect of
gamma- irradiation on blood pressure, heart and respiratory rates.
Meanwhile, imidazole completely abolished the effect of gamma
irradiation on the respiratory rate; but it did not completely abolish the
effect on the blood pressure and heart rate.
The results of the present investigation indicate that imidazole
(350mg/kg) is a good protector against gamma - irradiation induced
changes on blood pressure, heart and respiratory rates.
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Fig. (1) : Effect of imidazoie (350 mg/Kg) on Systolic Blood Pressure
after one and seven from-whole body y irradiation

* Significantly

different from normal control value at P < 0.05

(a) Significantly different from irradiated animals at P < 0.05
(b) Significantly different from the value obtained after one day of exposure at P < 0.05.

Fig. (2) : Effect of imidazoie (350 mg/Kg) on heart Rate in adult male
rats after one and seven from-whole body y irradiation

* Significantly different from normal control value at P < 0.05
(a) Significantly different from irradiated animals at P < 0.05
(b) Significantly different from the value obtained after one day of exposure at P < 0.05.
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Fig. (3) : Effect of imidazoie (350 mg/Kg) on Respiratory rate in adult
male rats after one and seven from-whole body y irradiation

* Significantly

different from normal control value at P < 0.05

(a) Significantly different from irradiated animals at P c 0.05
(b) Significantly different from the value obtained after one day of exposure at P < 0.05.

2 - Protective Action of Combined Administration:
e.g.: (1) Serotonin + Imidazole 8~ 14)

Imidazole combined with serotonin showed potential protective
activity against gamma-irradiation at 6 Gy in rats. The protective effect
was significantly higher than that produced by each agent alone.
The LDso of imidazole alone was 471.31 mg.kg-l while the LD50 of
a mixture containing imidazole and serotonin was 175 mg.kg
imidazole -I-60 mg.kg-l serotonin
The percent survivals of rats irradiated at 6 Gy was 50% on the 1 s t
week post irradiation. The percent survivals and the survival rate was not
significantly increased after treatment with a mixture containing 175 or
100 mg.kg -1 imidazole with serotonin 15 mg.kg-l. In addition, the 50%
survival was achieved on the 4 th and 3 rd weeks of treatment with 50
and 25 mg.kg-l imidazole and with 15 mg.kg-l serotonin respectively.
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Combined administration of 50 mg.kg-' imidazole + 15 mg.kg-1
serotonin induced significant increase in SGPT and SGOT activities.
The increase in SGPT and SGOT was high enough to reflect detectable
changes in liver function.
Combined administration of 50 or 175 mg.kg-l imidazole with 15
mg. kg-I serotonin induced severe congestion of blood vessels, severe
hydropic degeneration, massive areas of necrosis in addition to liver
fatty infiltration.
It could be concluded that combination of 50 or 25 mg.kg-1'
imidazole with 15 mg.kg-l serotonin are the best suitable doses for
radioprotection. However, they may show some toxicity on the liver.
Further studies may be needed to investigate the toxicity of this
combination on other parameters such as the kidney function and the
haematobiotic system.
The role played by the previous mixture in protecting
radiosensitive, #arameters against the lethal effect of ionizing radiation
was also performed . The radiosensitive parameters tested were blood
gases such as Pa02, PaCO2 and total C02 These parameters were
investigated after 1, 3 and 7 days post -exposure at the lethal dose level
of 6 Gy.
The present study reveals that combined administration of
imidazole (175 mg.kg-1') with serotonin (15 or 30 mg.kg-l') exerts a
suppressive effect on the oxidative process. Pre-irradiation treatment
with a mixture of imidazole (25 mg.kg-1) with serotonin (15 mg.kg-1)
induced an initial significant increase in Pa02 in blood 1 and 3days
after treatment, followed by a drop recorded on the 7 th day of
treatment.
It could be concluded that pre-irradiation treatment with a mixture
of imidazole (25 mg.kg-l) and serotonin (15 mgkg -1) succeeded, to
some extent, in amelioration of radiation - induced changes in blood
gases.

(2) Cysteine + Vitamin E.(1s)
Radioprotective effect of cysteine, vitamin E and their combination
'>onadrenocortical function in male rats has been studied 24 hrs and 48
hrs after whole - body gamma - irradiation at a dose level of 7.5 Gy.
For evaluating the adrenocortical function, adrenal cholesterol content

and glucose 6- phosphate dehydrogenase (G6 - PD) activity in addition
to plasma corticosterone were estimated.
Combination of cysteine and vitamin E, has been effectively found
to enhance the survival of irradiated rats than either agent alone (Fig. 1).
Moreover, the results of the adrenocortical function revealed that whole
- body gamma - irradiation caused an initial increase in the level of
plasma corticosterone followed by a marked drop in its level as
compared to normal values 24 hrs and 48 hrs post - irradiation
respectively. Such alteration in plasma corticosterone was accompanied
by a significant increase in adrenal cholesterol with a progressive
decrease in the activity of adrenal G6 - PD (Table 1).
Pretreatment with cysteine or vitamin E gave a significant
’ radioprotection to the above adrenocortical parameters. However,
combination of both agents afforded a better protection, so that all the
measured parameters were restored to the pre-irradiated values. The
greater improvement in the radioprotective action of cysteine by
concurrent administration of vitamine E was explained in the light of
antioxidant properties of vitamin E.

Future Work:
Our object now is to study the following subjects:
( 1 ) Pharmacokinetic Study of Gamma Irradiated Drugs:

1 - Absorption
2- Distribution
3- Biotransformation
4 - Excretion
(2) - Treatment of Radiation Injury:
I - Treatment of Acute Exposure to radiation.
2- Treatment of Chronic Exposure to radiation.
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Fig. (1) : Survival rate of y - irradiated rats pretreated with cysteine ($),
vitamin E (#) and their combination
($) Cysteine was given at a dose level of 300 mg/kg I.P., 15 min before. y-irradiation.

(#) vitamin E was given daily at an oral dose of 400 I.

U. / kg for 5 days before. y-

iradiation.

Table 1 : Radioprotective effects of cysteine($), vitamin(#) E and
their combination on adrenocortical function in male rats at 24 hrs
and 48 hrs following whole-body y -irradiation (7.5 Gy)
Value are means of 8 obr rvations -t S.E.
rtion
G-6-PD
Units I :
adrenel

:ontrol
lradiated
radiated
nd
retreated
{ith:
lysteine

62 l
k 7.31
(a9

35.2 f
3.45

(a b2)
22f11.4
(b’)

4.1 k 2 . 3 S

137f 13.2

I

2.82 k 0.20 177 f 15.2
(b’)
(b’)

(b’)
159

3-

11.9

($yCysteini was given at a dose level of 300 mgkg LP. 15 min before y -irradiation
(#) Vitamin E was given daily at an oral dose of 400 LUkg for 5 days before y -irradiation.
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Investigation of Chromosomal Aberrations in Muman Lymphocytes of Syrian Phosphate Miners
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Abstract
The aim of this study is to investigate the risk of exposure to Uranium
and its radioactive products in Syrian phosphate miners (Khneefees and
AI-sharkia). Chromosomal aberrations have been estimated in peripheral
blood lymphocytes of miners using whole blood cultures "in vitro" for
48 hrs. The control group has been the normal population in Damascus
180 km far from Khneefees and 210 km from AI-sharkia. Our results
have shown a significant difference between the miners and our control
group; However there was no significant difference between the two
miners groups. These results show an accumulative biological effect induced by environmental contamination in the Syrian phosphate mines.
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Impairment of Liver and Kidney Functions in
Gamma Irradiation Rats Suffering Pesticide
Toxicity
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Abstract
The effect of exposure to a single whole body gamma irradiation dose
at 6.5 Gy and/or either oral administration of 50 or 100 mg kelthane/kg
body weight/day for successively 3 days, or daily feeding with 200 mg
kelthane/ kg body weight for 3, 6, & 12 weeks has been studied on relative liver & kidney weights, certain serum and liver enzymes creatinine
and inorganic phosphorous clearance, as well as percentage of tubular
phosphorous reabsorbtion in male animals.
The data obtained revealed that exposure to gamma-irradiation alone or
combined with kelthane treatment caused significant increase in the relative spleen weight besides significant decrease in serum and liver alkaline phosphstase and serum cholinesterase. Exposure to gammairradiation after orally administration of 100 mg or feeding dietary kelthane caused significant decrease in liver glucose-6-phosphatase. Non
significant changes in aspartic and alanine transaminases could be recorded due to gamma-irradiation and/or kelthane treatment.
Endogenous clearance of creatinine and phosphorous as well as tubular
phosphorous reabsorption were determined to assess the glomerular filtration and tubular function. The data obtained revealed that exposure
to gamma-irradiation either alone or after treatment with kelthane
caused significant decrease in creatinine and phosphorous clearance
while phosphorous reabsorption was not appreciably affected.
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Introduction :
The Liver is pre-eminently the central organ of metabolism. It is the
key organ in regulating the blood glucose and responds to change in its
concentration. It is also known to be concerned with lipoprotein
synthesis, phospholipids metabolism, as well as metabolism and
excretion of cholesterol and bile pigments. Changes in liver structure
and damage may be caused due to whole body gamma-irradiation,
chemical compounds and dmgs Allver & Alexander (1978) and Allen
et a1 (1973). In a previous study conducted by the present authors
Abdel-Hamid et a1 (1995),the effect of exposure to gamma irradiation
and/or kelthane has been studied on serum levels of some metabolites.
These showed significant decrease in serum bilirubin and significant
increase in serum glucose, total lipids and total cholesterol indicating
disturbance in the metabolism of bile pigments, carbohydrate and lipids.
Studies of serum enzymes activities have been of great use in the
diagnosis of liver damage. The toxicological use of serum enzymes as a
measure of organ damage is based on the premise that enzymes released
from the injured cells into the extra cellular fluid, find their way into the
blood stream fluid. In the present study the effect of exposure to a
single dose of gamma-irradiation and/or treatment for short & long
terms with a formulated mitrcide "kelthane" has been studied on serum
and liver alkaline phosphatase, aspartic and alanine aminotransferase:
serum pseudo c ho 1i ne ste rase and 1i ver glucose-6-phosp hatase .
Creatinine is excreted in the urine by glomerular filtration and
minute amounts are present in the blood. Uric acid also appears in
glomerular filtration in a concentration approaching that of plasma
urate. The glomerular filtration may either increase or decrease in cases
of inJury. Gerber et a1 (1961) reported that urinary output of creatinine.
creatinine and uric acid may be taken as sensitive parameters indicating
the degree of impaired tissue metabolism due to radiation effect,
Roushdy et a1 (1984 & 1985) noticed that radiation exposure of albino
rats at 780 or 1170 R resulted in a significant increase in uric acid level
in both plasma and urine, as well as increased creatinine in plasma
paralleled with decreased level in urine. Increases in the levels of
creatinine and uric acid have been also reported after exposure to
irradiation and secondary to renal diseases (Abdel Salam et a1 1990).
Many toxic agents are known to influence normal glomerular and
tubular functions (Gieske & Foulkes; 1974).Koschieretal ( 1980)
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observed direct effect of organo-chlorine pesticide (DDA) on nephron
function of rat. They recorded a decrease in the rates of glomerular
filtration and renal clearance. John and Bearkert et a1 ( 1976) suggested
that renal tubular injury is the major early effect of renal function.
Serum inorganic phosphorous increases i n renal dysfunction.
Determination of serum uric acid, creatinine, and inorganic phosphorus
in our previous ytudy (Abdel-Hamid et a1 1995), indicated that exposure
to gamma irradiation either alone or combined with kelthane, caused
increased serum levels of uric acid, creatinine and inorganic
phosphorous. In the present study, endogenous clearance of creatinine
and inorganic phosphorous and present of tubular phosphorous
reabsorption has been studied in view to assess the effect of radiation
exposure and/or kelthane treatment on glomerular filtration and tubular
reabsorption.

Material and Methods
Male albino rats (Rattus norvepicus) weighing from 100-120 gm
were housed in cages under good ventilation condition and adequate
stable diet during all the experimental period.
Kelthane (1, 1 - bis (chlorophenyl) 2,2,2 -trichloroethanol).
It is an emulsifiable concentrate containing 18.5 actin kelthane
technically produced by Rohm & Haas company, Philadelphia, Pa,
USA.
Treatment with kelthane: animals were either orally administered
daily with 50 or 100 mg kelthane in water/ kg body weight for 3
successive days or being fed daily with 200 gm kelthane / kg body
weight for 3, 6, 9, 12 weeks. Kelthane was mixed with food and fed to
the rats either care to ensure total consumption.
Gamma irradiation exposure: untreated rats or rats treated with
kelthane as previously described, were subjected after 24 h of the
desired last dose to whole body gamma-irradiation at 6.5 Gy single dose
using an AECL cesium- 137 gamma-irradiation u n i t belonging to
NCRRT. The dose rate being 0.812 Gv/ minute.
During 3 days after treatment, all animal groups were kept in
metabolic cages for 24 hours periods whereas urine was collected,
thenthe animals were dissected. Kidneys and livers were removed and
weighed. Blood samples were taken and centrifuged to separate the
serum. A1kaline phosphatase activity was assayed according to Belfield
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et a1 (1970) ,and aspartic & alanine transeferases according to Reitman
& Frankel (1957) using kits of BioMerieux Comp. Laboratory reagents
and instruments, Marcyl Etoile France. Serum pseudo cholinesteras was
assayed according to the method of Robbins et a1 1958 and liver
glucose-6-phosphatase was assayed according to Smanson ( 1965).
Creatinine and inorganic phosphorus levels in serum & urine samples
have been evaluated according to Bartels et a1 (1971) & Goldenberg et
a1 (1966) using Bohringer kit, cat No 124192 & kits from BioMerieux,
France Ref 6 1599 respectively. Tubular phosphorus reabsorption (TPR)
was calculated as follows:
TRB = 1

Phosphorous Clearance
x 100
Creatinine Clearance

Results and Discussion
Relative organ Weights
As presented by Table I, Non-significant changes in liver / body
weight ratio were recorded in animals exposed to gamma irradiation
alone while a significant increase could be recorded when the animals
were exposed to gamma irradiation post treatment with kelthane.
Treatment with only kelthane for 3,6 and 12 weeks, caused significant
increase in relative liverweight. Prolonged feeding on kelthane
contaminated food resulted in an increase in relative liver weight. The
normal liver weight could be partially restored (value 4.13 -t 0.28) after
3 weeks of termination of kelthane ingestion. Increased ratio of
livedbody weight in rats and other animal species due to treatment with
organochlorine insecticides was already reported by Kimbrough et a1
(1971). Bhatia et a1 (1973) indicated that increase in liver weight due to
may be attributed to
the organochlorine insecticide "Dieldrin
stimulation of growth or an increase in cell mass since they did not
observe changes in the moisture or the protein content. Mikhail et a1
(1980) reported that the liver cells lost their radial arrangement and
showed large globules of fat inside the liver cells indicating increased fat
content as well as tiny minute droplets of fat due to poisoning with
organochlorine pesticides.Hansen( 1967) reported that the increase of
the livers weight after radiation exposure can be attributed to
accumulation of glycogen in liver post irradiation. The relative kidney /
body weight ratio was not affected in all animal groups; table I. Barness
"
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et a1 (1980) reported no morphological changes in rats's kidney after
exposure to the organochlorine insecticide DDT.

Table I: Effect of whole body gamma irradiation and / or exposure to
kelthane organs / body weight ratio.

V(;') kclthanc

+

I

6 weeks
12 weeks

I

4.37* f 0.20
7.01 k 0.62

I

0.42 f 0.02
0.41 f 0.03

Data presented are mean of 6 animals k standard error
* Significant differences from control at p< 0.05 & 0.01
** Significant differences from control at p<O.OOl

Liver Function Tests:
Table (11) illustrates the response of the tested serum enzymes
activities to exposure to gamma-irradiation and / or kelthane treatment.
The alkaline phosphatase showed significant decrease in animals
subjected to gamma-irradiation and / or kelthane. Assay of liver enzyme
(Table 111) showed as well significant decline in its level possibly
through inhibition in the activity or reduction in its synthesis. Stepan
(1977) and Abady (1988) found significant reduction in serum and
liver alkaline phosphatases and attributed the remarkable fall to hepatic
degenerative changes and necrosis following radiation. Animals treated
only with kelthane for 3,6 &12 weeks7 showed a slight increase in liver
alkaline phosphatase. Serum & liver showed insignificant changes in
both AST and ALT activity levels due to gamma irradiation and / or
kelthane treatment. El-Naggar et a1 (1980) reported that the
insignificant increases in serum transaminases as estimated 7-days of
exposure to gamma-irradiation, may attributed to the short period of

657

+
+

==--I--

I

I

658

659

assaying. As presented by Table (11), a significant decrease in the level
of serum cholinesterase could be estimated due to exposure to gammairradiation either alone or combined with kelthane treatment. Kelthane
treated rats showed nonsignificant decrease in SChE level. this suggests
that the significant decrease of SChE recorded in animals received
double treatment may be correlated to the effect of gamma-irradiation.
This in accordance with Lipshite & Koratiuova (1975) and Skopec
( 1 987). who found that whole bodygamma-irradiation caused a
reduction in blood cholinesterase activity levels. The decrease observed
may be due to disturbances in the protein synthesizing function of the
hepatic parenchyma (Ljubenov & Andreev 1974).
The hydrolysis of glucose-6-phosphate is known to be a key
reaction in gluconeogenesis and the conversion of liver glycogen to
blood glucose in mammals is catalyzed by the enzyme glucose-6phosphatase (G.6.Pase) studies on the effect of gamma-irradiation and /
or kelthane on the liver G.6. Pase undertaken in the coarse of the
present work revealed that exposure to either gamma-irradiation alone
or treating with kelthane for a short term. caused non significant change
in G.6.Pase activity. On the other hand, treatment with kelthane for 3,6
&12 weeks alone or followed by exposure to gamma irradiation, caused
significant decrease (Table 111). The decline in the G.6.Pase activity is in
agreement with Bhata et al (1973 ).

A decrease in liver G.6.Pase activity which was time and dose
dependent was reported by many authors Bernard et al (1980) and
Paulikova et a1 ( I 983).

Kidney Function Tests:
It is well known that the kidney is relatively more resistant to
ionizing radiation (Liu and Querman, 1965) while many toxic agent can
influence the normal glomerular and tubular function, (Gieske and
Fonlkes, 1974).
The endogenous creatinine has been evaluated in the present work
in orderto assess the effect of exposure to gamma irradiation and/or
kelthane on kidney function. The result obtained showed significant
decrease due to exposure to gamma-irradiation either alone or
combined with kelthane, as well as treatment with kelthane alone for 12
weeks, (Table IV). It was also found that creatinine clearance after
feeding dietary kelthane for 9-weeks was 0.28 + 0.023 ml/ min and after

3-weeks of termination of the treatment, was 0.37 -I-0.16ml /min.This
indicates that the effect of kelthane on glomerular function could be
restored to almost the normal value 3 weeks of the termination of the
treatment. Significant decreases were recorded in phosphorus clearance
(Table IV) due to exposure to gamma-irradiation either alone or
combined with kelthane: either orally administered at lO0g level or
being daily fed,

-

Table IV: Effect of Gamma irradiation and /or kelthane
exposure on creatinine and inorganic phosphorous clearance and %
of tubular phosphorus reabsorption (TPR) in rat

Data presented were mean of 6 animals + standard error and % of conlrol
1- 50 mg kelthane / kg b.wt/day for successive 3 days.
2- I00 mg kelthane / kg b.wt/day for successive 3 days.
* Significant difference of control at p < 0.05 & 0.001
** Significant difference of control at p < 0.001 as judged by studenl "t" test.

On the other hand, there were no significant changes in tubular
phosphorus reabsorption in all animal groups. This may be explained in
view that the normal values of tubular phosphorus reabsorption may be
maintained by the decrease in creatinine clearance.
Liu and overman (1965) stated that the kidney seems to be quite
resistant to ionizing radiation since they found non-significant change
in glomerular filtration rate on other kidney function parameters,
Koschier et a1 .( 1980) observeddirect effect of organochlorine (DDH)
on nefron function of rat. This was indicated by a decrease in
glomerular filtrate rate as well as renal clearance and uric flow rate
accompanied by a dramatic reduction in arterial blood pressure. On the
other hand, Barnes et al. (1980) and Klonne & Johnson (1985) reported
non-significant change in renal function of rat treated with
organochlorine (DDT).
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In conclusion, the present findings showed remarkable effects of
gamma irradiation on the tested parameters related to liver function
evaluation. Changes in some of those parameters including SALP and
liver glucose-6-phosphatase, showed to be much aggravated when
radiation exposure was proceeded with pesticide internal contamination.
Tested parameters related to kidney function proved to be relatively
resistant to either gamma irradiation or pesticide ingestion over the
period of the present expire mentation time.
The present findings underlie useful information needed by radio
therapists undertaking planning of radiation treatment of cancer patients
and by radiation protection officers undertaking radiation protection
measures for radiation workers, particularly those mobilized from viva1
areas under the potential risk of environmental contamination by
pesticides applied in the agricultural fields or prepared in agricultural or
industrial premises.
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Abstract
Male albino rats were exposed to gamma irradiation alone or after
either oral daily adminstration of 50 or 100 mg kelthane for 3 successive days; or daily administration of 200 mg kelthane mixed with food
per kg body weight for 3,6 and 12 weeks. Relative spleen weight and
certain hematological values were determined. Significant decrease
could be estimated in relative spleen weight due to exposure only to
gamma irradiation significant increase was recorded due to treatment
with 50 and K)O mg kelthane. The data obtained on hematological levels
revealed insignificant changes in erythrocytic counts and hemoglobin
concentration due to exposure to gamma irradiation and/.or kelthane
treatment. Significant decrease was recorded in hematocrit value either
for successive 30 days or due to exposure to gamma irradiation after
treatment with kelthane for short and long term periods. Leucocytic
counts showed significant decrease for all animals groups.

Introduction
Human beings are exposed to different sources of radiation some of
these are natural as cosmic rays and other result from medical practices,
occupational at atomic energy installations and man - made sources
used in daily life. Human - beings are also exposed through their entire
life to atmospheric contaminates, water pollutants and toxic residues in
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food. Pesticide residues constitute enormous source of contamination to
the food and environment. Changes in relative organ weights are of
interest for toxicological studies (Treon et al., 1955).
Exposure of experimental animals to y-irradiation or
organochlorine pesticide result in reduction of erythrocytic counts, total
leucocytic counts, hemoglobin concentration, hematocrit value and total
cellularity of spleen (Mackova & Brezani, 1998; and Mandal & Lahiri,
1989). The present work deals with the effect of whole body gamma
irradiation of rats for a short or long term, with a commercial
organochlorine miticide "Kelthane" which is used in agricultural pest
control in Egypt. The relative spleen weight and the hematological
values evaluated.

Material and Method
Male albino rats (Rattus Norvegicus) weighing from 100 to 120 g
were used as experimental animals.
Kelthane: commercial emulsifiable concentrate containing 85%
active kelthane technically produced by Rohm and Haes Company,
Philadelphia, Pa, USA. was used.
Seven animals groups were categorized as follows:
Group I: Serves as normal control.

Group 11: The animals were subjected to whole body irradiation at
the dose 6.5 Gy using cesium - 137 Gamma Cell - 40 at dose rate of
0.82 Gy/min.
Group 111: The animals were fasted and then orally administered
with daily dose of 50 or 100 mg kelthane per kg body weight for 3
successive days.
Group IV The animals were treated with a daily dose of 200 mg
kelthane (1/4 LD50) /kg body weight for 3,6 and 12 weeks. The
Kelthane was mixed with food and fed to rats with care to ensure total
consumption.
Group V & VI: The animals were treated with kelthane as in groups
IV & V the subjected to whole body y- irradiation as in group I1 24 hr
after the last dose of kelthane treatment. After 3 days of irradiation the
animals were weighed, dissected and blood samples and weighted.
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Group VII: 12 animals were administered daily 200 mg kelthane
incorporated in food for a time period of 9 weeks then 6 animals were
dissected after 24 hr and the other after 3 weeks of the last dose. Blood
samples were taken and the spleen were removed and weighed. For
hematological picture studies, blood counts, hedoglobin concentration
and haematocrit value were determent according to Dacie and Lewes
(1984).

Results and Discussion
Organ weights provide a measurable index of breakdown and repair
after irradiation (Alexander 1954). Table I illustrates the effect of whole
body gamma-irradiation on the ratio spleen to body weight in rats not
treated or pretreated with kelthane for short and longterm periods.
Exposure to gamma irradiation alone or when proceeded with kelthane
treatment, caused significant decrease in spleen /bodyweight ration, oral
daily administration of 50 mg or 100 mg kelthane / kg body weight for
successive three days caused significant increase in relative weight of
spleen. Daily administration of 200 mg kelthane mixed with food / kg
body weight for 3 weeks showed as well significant increase in relative
spleen weight, while feeding over 6 & 12 weeks on contaminated foods
showed non significant changes. The decrease in spleen/bodyweight
ratio due to radiation agrees with Abdel - Mota1 (1985) who observed a
decrease in the spleen weight after 8 - gy gamma irradiation. The
hematological value for different animal groups are presented in Table
11. Exposure to gamma - irradiation and/or kelthane resulted in non
significant decrease in erythrocytic counts. A significant decrease in
hemoglobin concentration was observed in animal group which was
daily treated with 200mg kelthane for 12 weeks followed by exposure
to gamma irradiation while other groups showed insignificant changes.
Hematocrit values showed insignificant decrease due to exposure either
to gamma irradiation alone, after daily treatment with kelthane alone at
the doses 50 mg for successive three days or after daily feeding with
200 mg for 3, 6, and 12 weeks. orally daily administration with 100 mg
/ day for three successive days showed significant decrease. Combined
exposure to gamma irradiation and kelthane caused significant decrease
in the hematologic values. Expoure to gamma irradiation and /or
kelthane revealed significant decrease in leucocytic counts in all animals
groups. The present finding were in accordance with other authors
(Abdel - Motaal 1985 and Komarova 1976). Asano et a1 (1988)
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reported that hematological changes as decrease in measurements in
erythrocytes and leucoyte counts, hematocrit value, hemoglobin
concentration persisted through our four weeks after radiation doses at
2.5, 5 & IOGy. Insignificant decreases in erythrocytes counts may be
due to longer life span (120days) of the red blood cells as explained by
Roushdy et a1 (1970). Mandal et al., (1989)found reduction in total
erythrocyte counts, hemoglobin and total cellularity of spleen as a
response to oral administration of the organochlorine pesticide
"Chlorodane" to blueroch pigon for one week. Iranov ( I 986) reported
that the combined effect of the organophosphorus insecticide
"trichlorofon" and gamma irradiation was accompained by suppression
of lymphopoieses. The study of prolonged feeding on kelthane
contaminated food (Group VII) revealed non-significant changes in
relative spleen weight, erythrocyte counts, hemoglobin concentration,
and haemotocrit value. Leucocytic counts significantly decreased (2.82
-t 0.11 x lo3/ uL) then increased after 3 weeks of termination of the
treatment (3.42 -I-0.09 x lo3 /uL.

Table I: Effect of whole body gamma irradiation and / or exposure to
kelthane on spleen / body weight ratio.
I with

le for
time

1

Y-

0.3f

I

irradiated
Treated
with
kelthane
treated
with
kelthane
+

treated with kelthane
for long time

0.04+
0.03
0.2 1-t-

0.02"

Y-

irradiation

Data presented are mean of 6 animals + Standard error.
* Significant differences from control at P < 0.05 & 0.001
** Significant differences from control at P < 0.01
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Table 11 : Effect of whole body Gamma Irradiation and/ or Exposure
to kelthane on Hematological Picture

u1

(WgW

I (control)

I1 (irrad.)

Kelthane
treated
W(b)

kelthane
treated

V(4
Kelth+ irr.

36.98 k 3.68 f 0.15
13.37 k
0.48
0.59
14.21 & 0.14 12.70 f
1.36 _+
33.78 -10.38
1.32
0.15"
50 ing/Kg 4.34 k 0.08 13.06f0.46 34.5 f 0.99 2.69 +_
12.63 _+
100 mg/Kg 4. I85 330.5
0.20*
0.16
0.46"
I .06*
2.852
0.12"
3 weeks 4.14 -b 0.15 12.5 k 0.26 35.672 1 . 1 I 3.13+0.14*
6 weeks 4.28 k 0.08 I2.94k0.32 36.171frl.81 3.0410.13"
12 weeks 4.12 I- 0.22 12.31k0.31 3 6.67k0.88 2.35 k
0.19" *
50 mg/kg I 4.205 312.25 -t32.17-b
1.41"" -t
0.94*
0.59
0.1 I
12.13 k
30.57 31.29"" 30.33
1.05*
0.20
1.39"" k
0.10

I

*

I

Data presented are mean of 6 animals Standard error.
1': Significant differences from control at P < 0.05 & 0.001
*:k Significant differences from control at P < 0.01
=I-
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Abstract
The effect of inoculation of soy beans with B. Japonicum and A. brasilense either solely or in mixture, and N fertilizer levels had been studied
in pot experiment Nodulation of soy bean grown in sandy soil was enhanced by inoculation. The highest values of nodules number and fresh
weight were recorded at rate of 20 Kg N ha-’, and decreased with increasing N rate up to 40 Kg N ha-1 . In contrast, the dry weight of the

above ground parts, as well as the N uptake was increased with
increasing N fertilizer level. Similar effect was observed for inoculation
as compared with the uninoculated treatment. Despite the nodulating
and non-nodulating soy beans has almostly the same dry weight, the
nodulating isoline accumulated more N than the non-nodulating.
Percentages of nitrogen derived from air (%Ndfa) was depressed with
increasing N rates from 10 to 40 kg N ha I either estimated by isotope
dilution (ID) or N difference method (DM). Dual inoculation resulted
in high percent of N2-fixed (42.5%) at rate of 10 kg N ha1 . Correlation
between ID and DM methods was found to be dependent on inoculation
treatments. However, nitrogen utilized by nodulating soybean (FUE%)
was enhanced as a function of inoculation with B.japonicum.

Introduction
Great efforts had been spent to minimize environmental pollution,
caused by the intensive use of chemical fertilizers, and reduce the cost
of plant production.
Previous reports indicate that Egyptian soils do not contain
indigenous Bradyrhizobium japonicum [ 131. Therefore, suitable
inoculants of this bacteria is required for efficient BNF and
consequently soybean production. It was reported by many
investigators that plant dry matter, plant growth, total N content and
numbers and weight of nodules and N2-fixation [ I , 171 were increased
by inoculation. Moreover, Bailey [2] stated that the increments in N2fixation and plant growth are attributed to the increase in nodulation of
soy bean. Both the nodulation and N2 fixation were depressed by heavy
application of N fertilizer [22]. on the other hand, the presence of
Azospirillum enhanced the nutrient uptake by soybean plants and
increased nodule formation [3]. Generally, nitrogen uptaken by
nodulated or non-nodulated isolines was increased by increasing
nitrogen rates but nodulating plants tended to accumulate more
nitrogen than the non-nodulating isoline [23].
I5N isotope dilution and N difference methods are of the most
common methods used for estimation of N2 fixation. The use of those
two methods simultaneously enables a double comparison to be made
[201
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The objective of the present study was evaluation of biofertilization
of soy bean with either symbiotic or associative N2-fixers in
combination with different rates of fertilizer N. Effects of biofertilizers
on plant production and minimizing environmental pollution and
current cost of chemical fertilizers, in new reclaimed soils of Egypt were
also discussed.

Material and Methods
Greenhouse experiment was carried out in Agric. Dept. for Soils
and Water Res., Atomic Energy Authority, Egypt, using sandy loam soil
with pH, 7.8, TN 0.07% and O.M. 0.1%. It was packed in plastic pots at
rate of 10 kg soil pot 1. Soybean (Glycine max., D 68), nodulated
(0099) and non-nodulated (0108) isolines, provided by Institute of Field
Crops Res., ARC, Giza, Egypt, were sown at rate of 8 seeds pot 1 ,
thinned to 4 plants pot 1 after 15 days of planting. Seeds were surface
sterilized and inoculated with B japonicum (USDA 110) and
Azospirillum brasilense (Sp 245) either solely or in mixture. Nitrogen
fertilizer was applied as ammonium sulphate with 2% N-15 i.e., at rates
of 10,20 and 40 kg N ha I . Also, the recommended rate of P and K, 50
kg P or K ha 1 , was applied as KH2P04and K2SO4, respectively. The
treatments were replicated three times, and the complete randomized
design was followed. Sixty days after planting (DAP), the shoots of
soybean plants were dried at 70°C for constant weight and the dry
matter yield was recorded. Total-N and N-15 isotope ratio analysis was
carried out according to 141. The percentages of N derived from air
were estimated by isotope dilution (ID) or difference method (DM)
corrected for Ndff as described by [21].

Results and Discussion
Nodulation
Nodules induced by inoculation are shown by Fig.(l), reflected that
inoculation increased the numbers and fresh weight of nodules as
compared with the control. The dual inoculation with B .japonicum plus
Azospirillum was recorded as the best treatment and this is true under
the different levels of nitrogen. Also, the highest values of numbers and
weight of nodules had been obtained with the rate of 20 kg N ha-l than
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those recorded with the other treatments. Similar results was recorded by
[ 5 ] . Marginal effects of fertilizer N on nodulation was monitored by
[14] when 0,25 and 50 kg N ha-* applied to soy bean. Such effects on
soy bean nodulation due to high levels of N was found to be attributed
to inhibition of the formation of infection threads [6].

Fig.1: Numbers and fresh weight of nodules of soy bean as affected by
inoculation and fertilizer levels.

Dry matter yield and N uptake
Inoculation of soy bean with B.japonicum either solely or in
combination with A.brasilense significantly increased shoot dry weights
of nodulated and non-nodulated isolines as compared with the
uninoculated treatment (Table I). The absolute values of dry matter
yield demonstrate that nodulating and non-nodulating soy beans, had
approximately, similar dry weights. Such findings were reported by [7].
Co-inoculation of soybeans with B.japonicum and A.brasilense
significantly increased the dry matter yield of shoots as compared with
B.japonicum alone, but it has a marginal effects when compared with
A.brasilense solely. These findings confirmed the beneficial effect of
A.brasilense as growth-promoting bacteria which produces indole acetic
acid and pectinase and these compounds influence nodulation by
Rhizobium spp. [20], and enhanced the growth and nutrients uptake
[31.
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TABLE I:
PLANT YIELD AND TOTAL U UPTAKE BY
NODULATING (Nod) AND NONNQDULATING (Non-Nod) SOY
BEANS AS AFFECTED BY INOCULATING TREATMENTS AND
DIFFERENT FERTILIZER LEVELS.

Trea tmen

Control

Nitrogen
added
Kg N ha”

10
20
40

Mean
10

Rhizobium
(Rh)
Mean
Azospiril lum
(SP)
Mean
Rh + S p

L. S .D.5%
N rates
Inoculants
N x Inoculants

20
40
10
20
40

10
20
40

dry weight
(g p o t - 9

N uptake
(mg N pot’l)

Nod

Non nod

Nod

Non nod

16.9
23.2
28.2
22.8
22.2
29.4
36.8
29.5
29.9
36.0
38.9
34.9
34.6
36.4
42.8
37.9

15.4
18.1
25.7
19.7
15.3
25.3
32.7
24.4
26.7
32.3
37.1
32.0
33.9
33.7
41 .o
36.2

129.6
224.5
434.1
262.7
276.1
343.2
394.4
337.9
161.3
2 16.6
500.0
292.6
185.4
255.7
423.2
288.1

106.1
182.4
21 1.4
166.6
220.8
240.2
309.5
256.8
142.9
175.4
4 13.2
243.8
159.3
139.6
407.3
268.7

4.7
5.3
6.4

4.8
4.9
8.3

44.2
22.4
55.6

33.2
67.3
69.4

With regard to the effect of nitrogen rates, the obtained results
showed that the, highest values of dry matter was recorded at the heaviest
rate of N (40 kg N ha-l), and this was true for all inoculation treatments,
either with nodulating or non-nodulating isolines. The highest yields of
soy bean dry matter were produced with the heaviest rate of fertilizer
(50 kg N ha- l ) nitrogen [ 141.
Although, nodulating and non nodulating soy beans had similar dry
weights, nodulating isoline accumulated high N (Table I). de Freitas et
al. [7] found that nodulating and non nodulating soybeans grown for
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60 days had similar dry weights, but N uptake was higher for the
nodulated line. However, these results are evident the synergistic effect
of N2-fixed on either N derived from fertilizer or from soil, giving an
increase in total N uptake (Table 11). These results are in agreement with
those obtained by 1161. This was not always the case, whereas the
nodulating isoline takes less soil and fertilizer nitrogen than non
nodulating plants [lo], Where they found that Ndff and Ndfs had
increased by inoculation.

TABLE 11: NITROGEN DERIVED FROM FERTILIZER (Ndff),
SOIL (Ndfs) AND FERTILIZER USE EFFICIENCY (%FUE), AS
AFFECTED BY NITROGEN LEVELS AND INOCULATION.

Treatmen

N

Ndf€

Rate KI
ha"

Control

Azospirillum

(SP)

Non

nod_

nod

39.5

41.9

20
40

45.6

41 .5

48.0

25.4

44.4

36.3

51.6

51.6

52.8

53.5

55.3

43 .O

53.2

56.0

40.4

57.8

42.0

36.9

50.0

51.6

44.1

48.4

46.3

73.4

46.9

56.3

48.2

48.9

10
20
40

I0
20
40

Mean
Rh + S p

% mg pot-1
Non

10

Mean
Rhizobium
(Rh)
Mean

mg port-1

10
20
40

59.5_

Mean

Generally, both Ndff and Ndfs were increased with increasing
nitrogen rates. Similar increase in fertilizer N uptake with increased rate
has been reported for non fixing crops [ 14, 191. observed an increase in
N uptake pattern from soil in response to increase applications of
fertilizer nitrogen. These findings confirmed the results obtained in the
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present study and suggests the effect of added nitrogen interaction
(ANI) or so called "priming effect" of fertilizer N applied on soil
nitrogen [ 161. The fertilizer use efficiency increased with inoculation
treatments with exception of dual inoculation treatment which decreased
as compared with the uninoculated control of nodulating soy bean.
Similar observation were documented [8]. Rennie et al. [23] reported
that the FUE% was inconsistent with increasing rates of fertilizer
nitrogen in inoculated and uninoculated plants.

Nitrogen derived from N2-fixation
The percentages of N2-fixed that were estimated by either isotope
dilution or difference method were significantly reduced with increasing
fertilizer N levels (Table 111). With regard to rates of fertilizer N added,
many research workers pointed out that heavy application of N severely
depressed N2-fixation [ 181. Also, this inhibition of N2-fixation is
related to soybean cultivars [14] , and soy bean Bradyrhizobium
symbiosis [25]. Percentages of N derived from air estimated by either
method were ranged from 15 to 42% of the total N uptake by soy bean.
These percentages are very closed to thoseeobtained by [26], where they
recorded a range from 17 to 35% Ndfa. Yoneyama et al. [27] reported
that the estimated atmosphere derived N ranged from 24 to 48% for soy
beans, depending on the amount of nitrogen fertilizer applied to soil.
Despite the reduction in % Ndfa, with increasing fertilizer N rates, a
reverse direction was detected when absolute values of N2-fixed
concerned.
Comparison of the two methods used to estimate BNF, showed, as in
previous studies [9, 1 1 , 221, that the isotope dilution method gave higher
estimates of BNF than did the difference method. This was true for
A.brasilense either solely or in combination with B-japonicum. Even
after correction of DM for the amount of N derived from fertilizer, it
still gave lower estimates of BNF than ID method. on the other hand, the
estimation of N2-fixed based On both the ID and DM methods were not
statistically different, in case of soy beans inoculated with B-japonicum
alone. This results indicated that both methods estimated the highest and
the lowest proportions of N derived from N2-fixation. Possible reasons
for this discrepancies may due to dissimilarities in soil N uptake between

677

fixing and-non fixing crops [ 131, which can lead to inaccurate estimates
by N difference and I5N enrichement methods.

TABLE 111: ESTIMATES OF THE AMOUNT OF N2'-FIXED AND
% NDFA IN SOY BEAN AS ESTIMATED BY N-DIFFERENCE
METHOD (DM) AND l S N ISOTOPE DILUTION (ID) IN
DIFFERENT TREATMENTS.

Treatment

v
idded
Kg ha-

Amout of N2-fixed
(mg pot-')

-

-

15N (ID)
14.0
10.7
20
31.1
40

Control

92.6
106.0
93.8
97.5
37.7
48.2
77.5
54.5
78.8
74.4
114.6
89.3
5.0
23.7
31.6

5.4
20.4
31.5

15.9

Mean
10

Rhizobium
(Rh)
Mean

20
40

Azospi rill u m
(SP)
Mean

20
40

10

Rh

+ Sp

Mean
LS.D. 5%
N rates
Inoculants
N x Inoculants

IO
20
40

-

v

(DM)
20.0
28.0
126.5
58.2
105.4
105.0
90.1
100.2
25.8
31.4
68.5
41.9
50.4
43.7
62.4
25.5

10

15N (ID)
11.0
4.7
5.3
7.0
38.2
30.6
23.6
30.8
23.1
22.3
15.7
20.4
42.5
28.7
26.9
32.7
4.2
6.4
8.4

N (DM)
15.4
12.5
29. I
19.0
38.2
30.6
22.8
30.5
16.0
14.5
13.7
14.7
27.2
17. I
14.7
19.7
5.4
4.3
12.2

The high correlation (r=0.7 1 ) between the isotope dilution and
difference method for the amount of N fixed was found in case of Abrasilense (Fig.2), and agreement of them was also recorded with Bjaponicum. The differences between the two methods were generally
larger with higher proportions of N derived from N2-fixation. These
results leads us to conclude that the (DM) could be used efficiently for
quantification of N2-fixation under low soil nitrogen conditions.
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N-16 kokpe OHuflon (rng/pof)
140

120
100
80

Nitrogen Difference (mg/pot)
Fig.2: Correlation between isotope dillution and N difference
methods
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on Corn Yield and Nitrogen Budget as Affected
by Organic Matter
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Abstract
As sandy soils of Egypt are poor in their chemical and physical
properties, their fertilization with chemical or biological fertilizer is essential. The reported greenhouse experiment was conducted, using
sandy soil of Egypt to evaluate the impact of urea fertilizer, applied
alone or combined with nitrification inhibitors (DCD) or (N-Serve) on
(corn yield and N-losses) as compared with inoculation with dry matter
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treatment as soil amendement. Total dry matter was recorded, as well as
N-uptake by corn, and N-recovery due to inoculation with Azotobacter
was determined using N- 15 dilution technique. Data obtained indicated
that, application of DCD or N-Serve with urea increased corn dry matter
weight as well as N-15 recovery. Significant increase in N-recovery was
obtained due to nitrification inhibitor application and Azotobacter
inoculation. N-15 losses was reduced to application of DCD and NServe from 45 to 22 and 25%, respectively. Use of biofertilizer and
nitrification inhibitors could play an important role in corn production
in sandy soils, decreasing losses of applied N-fertilizers.

Introduction
organic matter is very important for soil fertility as it improves the
chemical, physical and biological properties of the soil. Egyptian soils
are poor in organic matter content, since the clay soils contains [I-21.
5%. For improving chemical and physical properties of the newely
reclaimed sandy soils, considerable attention was given to application of
soil conditioners [3],and its effect on yield and nutrient uptake.
Application of crop residues specially, wide in C/N ratio to the soil,
increased soil nitrogen by encouraging biological nitrogen fixation and
maintaining dense population of nitrogen fixers [16]. In addition to
organic matter, crops such as wheat, barley and corn inoculated with Nfixers is considered very useful method to increase crop-productivity
and reduce consumpation of chemical fertilizers. Hegazi et al. [12]
reported that corn inoculated with Azospirilla give yields similar to
those of N-fertilizer ones. Combination of both organic matter
application and inoculation with diazatrophs gave higher yield. Hegazi
et al. [14] found amendment of soil with residues of wheat crop
enhanced the development of N-fixers and nitrogenase activities in the
soil.
When urea labelled with N-15 has been in field trials, the quantities
of fertilizer N lost from the plant-soil system varied. Morghan et al. [20]
reported losses of 13 and 21% in the semi arid tropics of India. Abdel
Monem [ 141 found 18% losses in the semi arid of Syria, while Abdel
Monem and Ryan [2] have shown losses of 17% under the arid
condition of Morocco. In the sandy soils of Egypt, the losses of
nitrogen reached more than 50% [21]. The downward movement of
nitrate beyond root zone is considered threat to water quality [ 191. Few
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chemicals were proved to be useful nitrification inhibitor.
Dicyandiamide (DCD) was found to be effective in decreasing N-losses
[3] and [ 5 ] .N-Serve is one of the famous compounds in preserving the
applied N through nitrification inhibitor [4].
The objective of this greenhouse experiment was to :
I-study the effect of organic matter applied as wheat straw on
corn yield fertilized with N-15 labelled urea.

2- compare the effect of chemical N fertilizer (urea) with
inoculation with Azotobacter on corn yield and N-uptake.
3- demonstrate how application nitrification inhibitors (DCD of
N-Serve) may affect nitrogen utilization by corn when fertilized with
urea or inoculated with Azotobacter.

Material and Methods
The soil used in this greenhouse experiment was collected from
Inshas area. Analysis for some of its physical and chemical properties
show that, it contains 93, 4.5 and 2.5% sand, silt and clay, respectively,
with PH 7.9 and organic carbon of 0.1%.
Ten kilograms air-dried soil samples were packed in plastic pots
with a light of 40 cm and a diameter of 30 cm. Soil was incorporated
with I and 2% of wheat straw to be compared with the control without
wheat straw application. A randomized complete blaok design with three
replications was used. Nitrogen was applied as N-15 labeled urea (3
atom % N-15 excess) at two rate a) labeled urea (120 kg N/acre) with
application of 2% DCD or 2% N-Serve or b) labelled urea (60 kg
N/acre) with application of Azotopacter in addition to 2% DCD or 2%
N-Serve. Efficient strain of Azotobacter chrococcum were supplied by
Agric. Research Center at Giza. Cell suspension of Azorobacter
contalnlng a-out lu8 cell ml-1 was used as a standard inoculum. Corn
seeds were immersed in the suspension for 20 minutes.
Inoculated or non-inoculated seven corn seeds (Hagin 10) were
planted in each pot, thinned later to three plants per pot. Sixty days after
planting, corn shoots were harvested just above the soil surface, dried at
7OoC weighed and ground. Both plant and soil samples collected after
harvest, were prepared and analysed for total-N by the kjeldahl method
[17] N-15 was measured by emission spectrometry . The percentage of

N derived from fertilizer in plant (% Ndff) was calculated according to
[22] and
percentage of nitrogen derived from air (% Ndfa) was calculated as
follows:
~115[0 P

yo Ndfa =

p

p

% N atom excess in inoculated
P
1 (____________________-__---__---___--___
)
p x 100
% N15 atom excess in uninoculated
p

Results and Discussion
Dry Matter Yield
As shown in table ( 1 ), dry matter yield of corn was affected by Nfertilization, as well as nitrification inhibitor and organic matter
application. Although, application of urea to corn, has increased its dry
matter significantly, amendment of the sandy soil with residues of wheat
has also its effect on corn dry matter yield. Regardeless, inoculation with
Azotobacter,application of wheat straw has increased dry matter yield I3
and 22% when was applied at rates of 1 and 2% respectively. Hegazi et
al. [ I 11 explained that, amendment the soil with wheat residues
enhanced the development of diazotrophs and nitrogenase activities in
the soil, which could be reflected on corn yield.
The given data presented in table ( I ) show an average increase in
dry matter of 32% due to application of DCD as intrification inhibitors
with the urea. Data of Frye et al. [lo] show an average increase of 35%
in corn yield as affected by DCD application to urea on the sandy soil
of Florida. N-Serve also has significant effect of corn yield, percentage
increase of 47% in dry matter. Frye et al. [lo] explained that yield
response to nitrification inhibitor depends on a number of factory and
their interaction including texture, organic matter and biological activity
of the soil. Abdel Sabour and Addel Monem [4] reported that
effectiveness of DCD and N-Serve was higher in the soil with organic
matter content. Data of table (1) show the effect of organic matter
(wheat straw) on the effectiveness of both DCD and N-Serve on corn
dry matter yield.
Although, nitrogen fertilizer was applied at half dose (60 kg N/
acre), when corn was inoculated with Azotobacter, data of table ( 1 ) show
significant increase in dry matter when compared with uninoculated
treatments which had received full dose.
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Table (1): Dry matter yield of corn (gram/plant) as affected by
organic matter, fertilization and inoculation.

mUrea

Treatment

+

Urea

+

Average

inoculated

L.S.D 0.05
Inhibitor
Organic matter
Inhibitor x 0 . M

Uninoculated
1.83
1.34
2.45

Inoculated
1.91
1.22
2.46

Irrespective of organic matter application, inoculation of corn with
azotobacter resulted in an increase of 78.7% in dry matter yield as
compared with application of urea only. Hence, Azotobacter was proven
to be effective N-fixer in the experimented sandy soils. Ishac et al. [ 171
reported an increase of 46% in wheat dry matter due to inoculation with
Azotobacter. El-Hoseiny and Radie [8] found that bacterization of
maize with Azotobacter tended to stimulate the growth of treated plants
as represented by the increase of root and shoot lengths, fresh and dry
matter weights. Eweda [9] explained that production of thiamin,
nicotinic acid and other compounds of auxin type gives positive effect
on plant growth, in addition to its role in fixing atmospheric nitrogen.
Results of table (1) show that dry matter yield of corn plant was
increased from 3.4 to 10.5 g/plant not only with N-fertilization applied
as urea, but also by better management of the applied fertilizer through
application of nitrification inhibitors (DCD or N-Serve), also by using
Azotobacter as N-fixer in addition to the urea fertilizer.

N-Uptake:
Results of nitrogen uptake by corn, and effect of different
treatments are presented in table (2). Significant increase in N-uptake
was due to organic matter application as wheat straw. While Hegazi et al.
[ 131 reported increase of 149% in total N content due to application of
straw to corn. our results show an average increase of 33.9 and 57.3% as
wheat straw was applied at rate of 1 and 2% to uninoculated corn. For
the inoculated corn, the above mentioned values were 19.4 and 29%,
re spect i vel y .
Although the rates of increase in N-uptake by inoculated corn were
than those of uninoculated, the absolute values were different.
Simultaneous Azotobacter inoculation and straw amendment exerted the
most favourable conditions for higher N content in corn. N-uptake was
increased 124.4% due to inoculation and application organic matter at
rate of 2% when compared with N-uptake by uninoculated corn grown
in soil not treated with organic matter. Hegazi et al. [ 131 explained that,
combination of N-fixers and organic matter resulted in favourable
conditions for N-fixation due to increase in nitrogenase activity leading
to greater biological nitrogen fixation. Ishac et al. [I71 reported that
organic substance of wide C/N ratio favour higher rates of fixation.
Application of both nitrification inhibitors (DCD or N-Serve)
resulted in an average increase of 28 and 10% in N-uptake by corn
respectively. In different study using N-'lS, Abdel Monem et al. [ 3 ]
reported that addition of DCD to urea resulted in significant increase in
N-uptake by corn planted in study soil.
Application of wheat straw as an organic amendment in addition to
inoculation with Azotobacter and use of nitrification inhibitor had
significant effect on nitrogen accumulation in corn plant. As shown in
table (2), N-uptake was increased from 137.1 mg N/plant when fertilizer
with urea alone to maximum of 492 mg N/plant as corn was inoculated
with Azotobacter, fertilized with urea+DCD and amended with 2% wheat
straw.

Nitrogen fixation:
Using of N-15 labelled urea, made it possible to quantify the
amount of atmospheric nitrogen fixed by plants as inoculated with
Azotobacter. Data presented in table (3) show that, nitrogen fixation
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Table (2): Nitrogen uptake (mg N/plant) by corn as affected by
orgnic matter, fertilization and inoculation.

Control Urea

Urea
DCD

83.9
123.0
140.3
115.8

199.0
279.1
338.0
272.0
387.9
471.9
492.0
450.6

Wheat
Straw94
D
1

2

0
1

2

L.S.D 0.05
Inhibitor
Organic matter
Inhibitor x 0 . M

--

137.1
200.5
231.3
189.6
328.3
384.0
412.3
374.9

Uninoculated
41.3
45.6
50.3

+

Urea I- Average
N-Serve
273.0
280.2
324.0
280.5
345.0
388.8
430.3

164.3
220.7
258.4
286.3
341.9
368.7

338.0

Inoculated
54.2
56.2
61.1

contributed significant amount to total nitrogen content of corn, it
ranges between 63 and 132 mg N/plant which represent percentage
between 13 and 20 of the total N in corn plant. Ishac et al. [I83 reported
that inoculating wheat with Azotobacter resulted an average of 10%
nitrogen fixation when estimated using N-15 technique. results of table
(3) indicate that application of organic matter as wheat straw resulted in
higher nitrogen fixation, this may be due to increasing in nitrogenase
activity due to addition of wheat straw [ 131. Inoculating corn with
Azotobacter, not only reduced application of urea fertilizer (half dose),
but also resulted in increase in nitrogen fixation by corn. Application of
organic matter and inhibitors had additional effect on amount of
nitrogen fixation.
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Table (3): Nitrogen fixation (mg Nlplant) by corn as inoculated
by Azotobacter and fertilized with 60 kg N/acre.

Azotobacter
Azotobacter

-t- urea =iDCD

+ urea + Serve

N-15 Recovery by Plant
The rate of nitrogen plant recovery from the applied N-15 labelled
fertilizers is shown in Fig.( 1). Results indicate that, application of
nitrification inhibitors increased nitrogen recovery by plant. When
averaged all organic matter treatments, application of inhibitors caused
plant recovery to increase from 29% when uninoculated corn was
fertilizer with urea to 49 and 45%, as it was treated with urea -I-DCD and
urea+ N-Serve, respectively. Corresponding values for corn inoculated
DCD
with Azotobacter were 52% for urea and 69 and 56% for urea -iand urea + N-Serve, respectively. Although inoculated corn was
fertilized with only half the N-rate, data revealed that, inoculation with
Azotobacter resulted in significant increase in percentage of nitrogen
recovered by corn plants. Ishac et al. (18), using N-15 labelled
ammonium nitrate with wheat planted in sandy soil, obtained similar
results. The high plant recovery due to application of organic matter
and inoculation with Azotobacter and/or application of inhibitors
suggestes the importance of alternative management for nitrogen
fertilization.

N-Losses:
The extensive loss of applied N-15 labelled urea (Fig.2) is the
obvious major cause of the poor recovery of applied nitrogen by corn
plants. Losses from urea was reduced from 45%, as urea was applied
alone to 22 and 25%, when urea+DCD and urea -I-N-Serve were applied,
respectively. Amberger and German-Bauer [ 6 ] reported that, losses due
to nitrate leaching was reduced as much as 50% using urea + DCD.
Although inoculation with Azotobacter increased nitrogen recovery by
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plant, its control on nitrogen losses tends to be low. Results show that
with regard to N-losses, nitrification inhibitors are more effective in
reducing losses from N fertilizers, which has positive environmental and
en vi ron men tal impacts.
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I

Fig.1. Recovery of applied N-15 in corn plant as affected by
organic matter and inoculation with azotobacter

692

References
[ 13 Abdel Monem,M. 1986. Ph.D. Thesis, Dept. of Agronomy,Colorado

State Univ.,Fort Collins, USA.
[2] Abdel Monem,M. and J.Ryan, 1991. 2nd African Soil Sci. SOC.
Conf. 4-10 Nov. Cairo, Egypt.
[3] Abdel Monem,M. S.Soliman, A.M.Gadalla and K.Abbady, 1993.
Egyptian J. Soil Sci. (in press).
[4] Abdel Sabour,M.F. and M.Abde1 Monem, 1991. 2nd African Soil
Sci. SOC.Conf., 4-10 Nov. Cairo, Egypt.
[5] Amberger,A. 1989. Plant Anal. 20: 1993 - 1953.
[6] Amberger, A. and M.P. German-Baur, 1990, Fertilizer Research. 21:
179- 183.
[7] Bremner,J.M. and R.L.Mulvancy, 1982. Total nitrogen. In : A.L.
Page et al. (ed). Methods of soil analysis. Part 11. Agronomy, 9:
595-624.
[8] El-Hoseiny,M.M. and M.R.Rabie, J. Microbiol., 14 (1-2), 45-57.
[9] Eweda,E. 1983. Ph.D. Thesis, Fac. Agric. Ain Shams Univ. Cairo,
EgY Pt*
[ 101 Frye,W.W., D.A. Greatz, S.J.Locascis, D.W. Plant Anal., 20: 19691990.
[ 1 I ] Hegazi,N.A., M.Monib and A.M.Higazi, 1980. Proc. IV. Conf.
Microbiol., Cairo.
[ 121 Hegazi,N.A., M.Monib, H.Amer and E.Shoker, 1982. First-Inter
African Conference on Bio-fertilizer. Cairo, Egypt 22-26 March.
[ 131 Hegazi,N.A., M. Monib, H.A.A. Amer and E. Shoker, 1983. Can.J.
Microbiol. 29: 888-894.
[ 141 Hegazi, N.A., H.M. Khawas, R.S. Farag and M.Monib, 1986. Plant
and Soil, 9: 383-389.
[ 151 Ishac, Y.Z.; A.A.A.Ajam and S.G.Rizk, 1979. Technical Bulletin
No. 138. Inst. for Appl. Res. on Nature Resources.
[ 161 Ishac, Y.Z. and Y. Abdel Malek, 198 1 . Workshop on Nitrogen
cycling in Ecosystem of Latin America and the Caribbean. 16-21
March. ClAT, Cali, Colombia.
[I73 Ishac,Y.Z., Y.Abde1 Malek and M.El Sawy, 1985. Seven
International Conf. on Global Impacts of Applied Microbio., 12- 16
Aug.

693

1181 Ishac,Y.Z., A.M.El Gala, S.Soliman, M.Abde1 Monem, M.Massoud
and I. El-Ghandour, 1993. Sixth Int. Symb. on BNF with NonLegumes. Ismailia, Egypt. 6- 10 Sept.
D.R. 1971. Microbiological aspects of the pollution of
~ 9 Keeney,
1
fresh water with inorganic nutrients. P. 181-200 in G. Sykes and
F.A.Skinner (ed.) Microbiol. aspects of pollution. SOC. Appl.
Bacteriol. Acad. Press, London.
[20] Moraghan, J.T., T.J. Rego and R.J Buresh, 1984. Plant and Soil.
82: 193-203.
[2 I ] Soliman,S., M.Abdel Monem, A.M.Gadalla and KAbbady, 1993,
Isotope and Radiation Res. 25, 1, 59-64.
1221 Yamamuro,S. 1981. Soil Sci. Plant Nutr., 27, 405-419.

694

EG9601686
Second Arab Conference on the Peaceful Uses of Atomic Energy, Cairo 5 - 9 Nov. I994

AAEA

The use of N15 for studying the Mechanism of
Nitrogen Fertilizer Transformation in the Soil
and Plant.
Mohamed Said Al-Chater
King Faisal University - Faculty of Agriculture and Food
Science - Department of Soil and Water
Al-Hassa, Saudi Arabia

Abstract
This research pertains to the study of the mechanism of transformation of added N15 in the soil and plant in an attempt to determine the
competition between microbial biomass and the plant for the use of Nfertilizer in the form of (N15H14)2 S04. Additional amounts of barley
straw were added as a source of energy. The study led to determining
the real utilization coefficient of the canopy and the root system which
amounted to 79% of N l 5 added alone. Whereas it amounted to 66% in
the treatments in which barley straw was added to N15 . Furthermore,
there was a decrease in the amount of organic N15 in the form of 1 amine as compared with other forms of organic N which also decreased
to a lesser degree. The results also indicated that the important role of 1amine N in the immobilization of Nitrogen, as observed in previous field
trials. Nitrogen balance and the contribution of soil N to plant nutrition
were also calculated.
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Flooding and Saturation Circumstances Using N-15
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Abstract
The use of 15N- balance techniques has already identified N-loss as a major problem in lowland rice management. Ammonium sulphate labelled
with 5% N-15 atom ex. as a basal fertilizer was injected through special
column in order to study the effect of flooding and saturation condition
on the potential loss of nitrogen fertilizer. Rice straw at a rate of 1 % was
incorporated with the soil in order to study the role of rice straw (as a
source of organic matter) on N-loss. Results show that the application of
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rice straw under flooding condition resulted in increased biomass. It was
observed that flooding circumstances may reduce the loss of nitrogen.
Since N-recovery under flood and non flood rhizosphere (with plant)
conditions were about 75% and 56%, respectively. The effect of rice
root (rhizosphere) on nitification has been observed. Results of flood
and non flood rhizoshere show that the nitrogen recovery were about
75% and 86%, respectively. Results show an indirect evidence that the
processes of rhizosphere nitrification denitrification resulted in a
significant amount of N-loss. It is evident that deep placement and
flooded condition proved to be an effective means of reducing the
potential of N-loss.

Introduction:
Rice is very responsive to nitrogen fertilization, and the high-yield
potential of modern varieties cannot be realized without adequate N
supply to the plant during the entire growing season. The behaviour of
N in tlooded soils is markedly different from its behaviour in drained
soils that receive atmospheric oxygen. Flooding the soil affects the fate
of added N as well as native soil N, and must be taken into consideration
in the N fertilization of low land rice [ 7 ] . The unique reactions
undergone by N in flooded soils result in considerable loss of applied N
fertilizer. Alternative N fertilizer management practices are needed to
increase productivity and N use efficiency in lowland rice [17].
Nitrogen use efficiency in flooded rice is low. I5N recovery rarely
exceeds 30-40% in low land rice. The causes of low N recovery are
ammonia ("3)
volatilization, denitrification, leaching, immobilization
and ammonium ("4)
fixation [ 14, 16l.Attention has been focused on
the effect of urea management on flood water properties (3) primarily
because it was assumed that NH3 loss was greater from urea than from
NHi-N sources such as ("&SO4
or NH4C1.
Most laboratory and greenhouse studies show NH3 volatilization
to be negligible from (NH4)2S04 amended floodwater [8]. In contrast
(Fillery and De Datta, 1986), show that appreciable NH3 loss can occur
when (NH4)2S04 is applied to flood water 18 to 20 d after transplanting
of rice seedling.
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Subsurface placement of the N fertilizer into the
zone has been proposed as a possible method to
utilization of N fertilizer by the rice [4]. This method
minimize losses due to "3-volatilization
as well
nitrification denitirification reactions [lo].

anaerobic soil
imporove the
is intended to
as losses via

The objective of this study was to:
i) investigate the plant uptake and total recovery in the soil-plant system
of l5N-labelled ("&SO4
injected to flooded and saturated.
ii) assess the maximum potential loss of N where conditions are
favourable for both nitrification and denitrification in the root zone
ot rice.

Material and Methods
The study was performed at the Soils and Water Res. Dept. AEA,
Cairo, Egypt. The characteristic of the studied soil was clay loam with
0.021 1 % total nitrogen, pH 8.10; Ec 1.05 m 5 Cm-1 organic matter
0.58%. Air-dried soil was placed in (PVC) (25cm long and 15cm id)
and sealed at a bottom. Four rubber septa 2 cm had been installed at the
bottom portion of the (pvc) column Fig.(l). column were filled with 4
kg soil, adequate deionized water containing P and k, was added to each
column to obtain saturated soil conditions and a final concent- ration of
40 mg and 50 mg/kg, respectively. Columns were divided into two
treatments, one under flood condition with and without plants
(Rhizosphere and non rhizosphere) and the other was under saturated
circumstances as described before. 1% rice straw was incoroperated with
the soil. In addition, 2% rice straw was mixed throughly with the top
surface as a buffer zone. Twenty one -day-old rice seedlings were
transplanted to each column in equal. Ammonium sulphate labelled
with 5 atom% 15N excess was injected in Rhizosphere and non
rhizosphere (15 cm depth) at a rate of 50 mg N/kg soil. After two
months from transplanting, plants were harvested, shoots and roots were
separated, dried at 6OoC, ground and analyzed for total kjeldahl N [2].
The residual soil-N was analyzed too. A sub soil sample was extracted
with 2M KCl, and the filtrate was analyzed for inorganic N. All plant
samples were analyzed for (TKN). Both plant and soil samples were
subsequently analyzed for
5 N content using emission
spectrophotometry.
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Fig.1. Schematic presentation of the rice rhizosphere (A) and
non-rhizosphere (B) systems used. ( 1 ) Rice plant; (2)
floodwater; (3) reduced soil with 2% rice straw; (4) reduced
soil with 1% rice straw; (5) rubber septa used for I5N
injection; and (6) reduced soil with I5NH04 N.
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Results and Discussion

-

Plant growth and N-uptake

Data in Table.] show that dry matter and N-uptake by rice plant
grown in flood and non flood condition treated with and without rice
straw. It was observed that the application of rice straw at a rate of I % ,
stimulated the biomass of rice plant. Results showed that about 25 and
22 g/column in comparison with about 19 and 15 g/column for flood
and non flood condition in the presence or not of rice straw,
respectively. The phenomenon may be explained by the role of organic
matter particularly in rice field. Flood soils greatly differ from drained
soil in mineralization and immobilization reaction of N. One of the
major differences is the rate of organic matter decomposition. Organic
matter breakdown proceeds at slower rate in submerged soil as
compared with a drained soil. The slower rate of decomposition taking
place flooded soils, might be expected to retard the release of N. The
low requirement of the anaerobic organisms for N causes organically
bound, N to be released to a rice crop earlier in the growing season than
would be the case for an upland crop. This readily release of NH4 from
anaerobically decomposing organic matter is partially responsible for
the good response of rice to added organic matter. One can assume that
the uptake of nitrogen will be much more under flooded condition than
the non flood. Patrick and Delaune, [IO], stated that in flooded soils,
organic-N is mineralized to NH3 from which is only inorganic form
involved to any extent in mineralization-immobilization reactions. They
also stated that NHf-N enters the organic N pool much more readily
than does NO,-N form. Most investigators have found that the
heterotrophic microorganisms responsible for N-immobilization prefer
NH; than NO,-N form. Reddy et al., [16]; Abou Seedg et al. [l],
stated that anaerobic conditions, where no excess flood water was
present, nitrate production proceeded faster and followed zero-order
kinetics as compared with a slower reduction rate and apparent first
order kinetics when the soil was overlyin by 3 cm layer of flood water.
It has been stated that thinly oxidized layer may reduce the loss of
nitrogen. Engler and Patrick, [6], stated that the presence of organic
matter may play an important part for the thickness of aerobic layer,
which is a function of balance between optimum supply and

713

consumption of oxygen, [ I O , 141. Reddy and Patrick, [ 141 stated that
the buffer soil containing a high C/N ratio such as rice straw in soil
resulted in a remarkable decrease in the loss of nitrogen.
The data in Table 2 show that rice plants grown under flooding
soil condition incoroporated with rice straw had more 15N atom excess
value than plants grown under saturated (non flooded) condition with or
without rice straw. The same table gives the % of Ndff and % of Ndfs.
From this Table, it could be seen that about 42 and 38% of the nitrogen
is supplied by the fertilizer (% Ndff) in plants grown under flooding
conditions treated with or without rice straw, while about 58 and 62% by
the soil, respectively. Data showed that under saturation condition, about
35 and 37% of total N-uptaken are derived from fertilizer and about 65
and 63% are derived from soil treated with or without rice straw.

Plant recovery
A total balance of the applied fertilizer nitrogen is given in Table
3. The data refer to the analysis of plant I5N and the soil at that time in
the rhizosphere and non rhizosphere. It can be seen that in rhizosphere
treatments 58.3% of applied N-15, with 8.8 and 49.5% of the added Nrecovered in roots and shoots of rice plants grown under flooding soil
treated with 1% rice straw, respectively. While, plants grown under
saturated condition, recovered about 44.4% of added 15N, with 37.3 and
7.05% for the previous treatments, respectively. Data showed that
without rice straw addition, about 42 and 36% of the added N was
removed by plants grown under flooding and saturation conditions,
respectively. Although fertilizer N was the major pool from which the
rice plant derived its N, the soil provided the remaining N needs of the
plant when the readily available fertilizer was depleted or not available.
These conclusions support results found by other researchers [ 13, 191.
They showed that, with deep placement, all of the fertilizer-N uptake
occurred within 3 to 4 weeks.

Soil recovery
Amounts of fertilizer N recovered from the soil are shown in
Table 3. In the rhizosphere soil column, under both flood and non
flood conditions, data showed a rapid disappearance of applied 4"
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-15N of which about 3 and 2% inorganic and the other form was
detected as inorganic fraction amounted to about 13 and 10%. About
16% of the total nitrogen recovery were detected at the end of the
growth period, under flooded and non flooded conditions i n the
presence of rice straw, respectively. Without rice straw application, the
fractions amounted to about 8 and 2% in flooded soil; 1 1 and 2% in
non flooded soil for inorganic and organic fraction, respectively. This
may be due to that most of the 15N was probably immobilized in the
upper soil zone, which was treated with rice straw. Similar results were
also obtained [ 141.

Total plant and soil recovery
The recovery of the fertilizer '5NH4-N in the total system was
affected by soil condition and amendments (Table 3). In this concern,
data showed that the recovery of fertilizer N in the presence of rice straw
was greater than without rice straw under both flood and non flood
conditions. Results recorded for total N recovery under flood and non
flood rhizosphere, indicated about 75 and 56% in the presence of rice
straw; 51 and 50% of applied N without rice straw respectively. On the
other hand, about 25 and 44%; 49 and 51% of the added N were not
accounted for, for the above mentioned treatments, respectively. Reddy
and Patrick 1151, stated that nitrogen losses due to nitrificationdenitrification reaction can be prevented if;
a) nitrification is prevented, thus maintaining inorganic N in NH;
form,
b) placing the fertilizer in the root zone and
c) increasing the 0 2 demand in the root zone by increasing the
organic matter content of the soil. These are some of the potential
management strategies that can be used to prevent N-losses for
rice field. Fillery et a1.[7] reported that under laboratory and
green house studies, they showed that NH3 volatilization was
greater from urea than from NHi-N sources such as (NH4)2S04
or NH4Cl added to flooded soil. They added that NH3 loss to be
negligible from ("&SO4
amended flood water.
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Nitrogen recovery in the non rhizosphere system
(without plant)
Concerning, the non rhizosphere treatments, data in Table 3
indicate that 64.8 and 55.6% of the added N were still present in the
inorganic IsN fraction, and only 21.4 and 16.8% of the added N were
recovered in the organic fraction for flood and non flood circumstances
In the presence of rice straw addition, respectively. Without rice straw
application, the magnitude was different. I n this respect, the amounts of
ISN recovered were 48.8 and 41.2%; 14.8 and 11.3% for the above
mentioned treatments, respectively. Reddy and Patrick [ I41 concluded
that nitrogen loss due to denitrification in the presence of rice plants was
found to be significant. However, the magnitude of N-loss was lower as
compared with that for systems without plant. They added that although
IS NHI was injected in the lower portion of the soil core, it appears that
some of the added lSNH4-N had diffused into the upper zones where it
was immobilized, thus decreasing loss of N due to nitrificationdenitrification reaction in the upper zones. Data in Table 3 show that
total N recovery i n the non rhizosphere system were 86.2 and 72.5% of
added N in the presence of rice straw, while, it recorded 63.6 and 52.4%
without rice straw, under flood and non flood conditions, respectively.
The extensive loss of applied IsN labelled ( N H 4 ) 2 S 0 4 is the
obvious major cause of the poor recovery of the added N by the soil
without rice straw application. In this concern, losses from (NH4)2S04
was reduced from 36.4% under flooded system without rice straw to
13.8% in the presence of rice straw. While, under non flood condition, it
was reduced from 46.6 to 27.6% of the added N under the previous
treatments, respectively. This is due to the buffer soil containing a high
C/N ratio straw in the upper soil zone which decreased the loss of N,as
indicated by 2 1.4 and 16.8% of the added N recovery in soil organic
fraction under flood and noti flood system, respectively.
From this experiment, it could be noticed that N loss in the
rhizosphere treatment was found to be markedly higher than the non
rhizosphere treatment. Net effect of the rhizosphere in N loss was
calculated [ 141 as follows:
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where NRL = N loss due to rhizosphere only,

N R H = N loss i n the treatment containing plant.
N N R H =N loss in the nonrhizosphere treatment (no plants), where
N loss due to upward movement was minimized.
Estimated N loss due to the rhizosphere effect (NRL) under these
experimental condition was about I 1 and 12% of the added N under
flood condition with and without rice straw application,respectively.
These may explain the N losses encountered by other researchers [ 12,
171 when fertilizer N was placed in the root zone.
Results from this study present an indirect evidence that the
processes of rhizosphere nitrification denitrification were active,
resulting i n a remarkable amount of N loss. It can be concluded that
rice straw incorporation and N injected at 15 cm deep placement could
ISN from the
reduce N loss due to preventing upward diffusion of "4bottom portion of the core to the overlying flood water. Because of the
high C/N ratio of the rice straw, any l s N diffused will be readily
i mmobi 1ized.
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TABLE 1: DRY MATTER A N D NITROGEN UPTAKE'BY RICE
PLANT GROWN IN FLOODED AND NON FLOODED
CONDITIONS AMENDED WITH OR WITHOUT RICE
STRAW.

Shoot
Root
Biornass

Shoot
Root
Bio~nass

16.54

8.78
25.32

12.33
0.67
19.00

led
N-uptake
mg/c ol u m n )
With rice straw
2 10.06
67.61
277.67

Non flooded

Without rice
straw
163.99
54.69
2 18.68

TABLE 2: 15N EXCESS, N-DERIVED FROM BOTH FERTILIZER
(NDFF) A N D SOIL (NDFS) IN DIFFERENT PART OF
RICE
PLANT
GROWN
IN
FLOODED
AND
NONFLOODED CONDITIONS AMENDED WITH OR
WITHOUT RICE STRAW.
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TABLE 3: RECOVERY AND BALANCE OF N-15 LABELLED
(NH4)2SO4 IN SOIL AND RICE PLANT AS AFFECTED
BY RICE STRAW APPLICATION.

Wit rice str;
Plant
Shoot
Root

98.9 1
17.67

49.45
8.84

76.62
14.08

37.3 1
7.04

Soi I
Inorg. N
Organ. N
Total N

5.53
26.84
32.37

2.77
13.42
16.19

3.41
20.63
24.04

1.71
10.32
12.02

Total
Recov
Loss

148.95 74.48
5 I .05

25.53

-----

---

129.50 164.80 1 1 1 1 . 2 55.6
42.76 21.38 33.67
16.8
172.35 86.18 144.00 72.4

112.74 56.37

172.35 86.18

144.90 72.4

87.26

27.65

55.10

27.5

---

---

---

-----

With(

I__________.____._

V

43.63
it

13.82

rice st

Plant
Shoot
Root
Biomass

69.78
13.47
83.25

3 I .35
6.74
41.63

62.68
9.60
72.28

31.34
4.80
36.14

---

Soi I
Inorg. N
Organ. N
rotni N

16.37
3.22
19.s9

8.19
1.61
9.70

22.10
4.66
26.76

11.05
2.33
13.38

96.63 48.82
14.8 I
29.6 1
127.24 63.62

82.3 1
41.1
22.54
11.2
104.85 52.4

---

rotlli
Recov

lO2.65 5 1.32

99.04

49.52

127.64 63.62

104.85 52.4

Loss

97.35

10.96

50.48

72.26

95.15

48.68
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Dinitrogen Fixation Estimates in Vetch-Barley
Swards Using 1sN-Methodology
Fawaz Kurdali and Najem El-Din Sharabi
Atomic Energy Commission, P. 0. Box 609 I , Damascus, SYRIA

Abstract
N2- fixation in vetch (Vicia sativa) grown alone and in mixture with
barley (Hordeum vulgare) in pots was evaluated using l5N isotope dilution method. Two harvests were made over the growing season. The
proporation of the above-ground N, derived from atomspheric N2 (%
Ndfa) in mixed vetch was significantly higher than of vetch in pure culture for the different harvests. However, this increase was not accompanied with the amount of N2-fixation. On the other hand, no significant
differences were observed in N-content or in N-derived from soil between barley grown in mixture and in monoculture, in spite of the difference in the number of plants between the two cropping systems.
These results indicate a high compting capacity of barley for soil nitrogen in mixed culture. Barley grown togather with vetch had lower atom
% 15N excess than barley grown in mono-culture because it may have
recieved some of their N from N-released by the legume in the second
herbage but not in the first. Overall, results obtained from this experiment indicate the importance of mixed crops for forage production.
Based on these results, further investigation must be carried out in the
field.
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% Ndfa = (1 -

atom % ”N excess in vetch

) x 100

atom %I “N excess in barley

% Ndft = ( I -

atom % *’N excess in mixed barley

) x 100

atom 96 15N excess in pure barley

Ndft (m.g) = (% Ndft. Total N in mixed barley) / J1-

a J j Y l Z.+A Li
100
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%
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3.7 b
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Abstract
With development of new cultivars of winter chickpea, it became important to evaluate the potential of these cultivars to fix nitrogen from air,
and the effect of different agronomic factors on this important process.
Greenhouse experiment was conducted to screen five cultivars of chickpea for N2- fixation ability as affected by iron application. These cultivars were Giza 1,2,531 and 88 as compared with L3 which was developed from the genotype NEC 1055 by irradiation. N2- fixation was
estimated using N- 15 technique. Plant materials were collected after 55
days from planting. Plants samples were analysed for total N-15 atom
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excess. Results show that Giza 88 gave the highest dry matter as well as
nitrogen fixation. Nitrogen derived from air (Ndfa) ranged from 27 to 50
% due to varietal difference and iron treatment.

Introduction

:

Chickpea is considered to be an important low input crop in the
cropping system of the semi -arid environment [22], as well as being an
important source of human food and animal feed, it also helps in the
managment of soil fertility particularly in dryland (231. In Egypt, chickpea
occupies an area of 5177 hectars, which is mostly concentrated in upper
Egypt.Its annual production is nearly 8439 tons with an average yield of
1646 kg/ha [9].
The ability of chickpea to fix atmospheric N lessens chichpea's
dependance on soil-N and reinforces its role in the cropping system. (4)
reported that, N2-fixation in chickpea range from 0 to 176 kg/ha-I/ season,
with nitrogen derived from air (Ndfa) ranging from 0 to 82 %, depending
on environmental variables, method of measurernent, cultivars, and presence
of appropriate rhizobia.
Identifying cultivars with high capacity to fix nitrogen is the ultimate
goo1 in any programme aimed to enhancing N2-fixation. Although, several
methods, such as dry matter yield [lo], nodule number or mass, total-N
differences [ 131, acetylene reduction assay,and the N- I5 isotope technique
[8] have been used to assess N2-fixation. [4] used N-15 technique to
evaluate eight chickpea cultivars for their ability to fix nitrogen, and the
interaction between chickpea cultivars and rhizobia1 strain treatments.
Iron deficiency generally decreased nodules formation legheamoglobin
production and nitrogenase activity, leading to low nitrogen concentration
in the shoots in some legumes [24]. [20 and 211 reported that more iron is
required for plants reliant on N2 fixation than for plants supplied with
mineral nitrogen.
Plant species and genotypes differ in their ability to establish the
symbiosis under iron deficiency. [19] reported that iron may affect the
production of nitrogen by chickpea genotypes in three ways. It may act
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directly on the inhibition and development of nodules, it may influence the
efficiency of the host Rhizobium symbiosis or it may play an essential role
in plant metabolism and growth independent of symbiosis. He added that
the genotypes which had formed more nodules and shown higher
nitrogenase activity appeared to have greater ability to absorb iron and
translocate the absorbed iron to nodules.

In the present investigation greenhouse experiment was conducted to
evaluate five chickpea cultivars for their ability to fix atmospheric nitrogen,
as well as effect of iron application on chickpea yield and N-fixation under
sandy soil condition deficient in Fe.

Material and Methods :
A greenhouse experiment was conducted using sandy loam soil at the
Atomic Energy Authority, (AEA).The physical and chemical characteristics
of the soil is shown in table ( I ) . one kilogram (oven dry weight basis) of the
soil was placed in plastic pot. Simultaneous application of P as (KH2P04),
and k as (K2SO4) was made corresponding to 50 kg P,50 kg per feddan (on
pot area basis). Five chickpea cultivars were used. These cultivars were: Giza
I , 2, 88, 53 I and L3. The first 4 cultivars were supplied from the Ministry
of Agric, Giza, Egypt. while the last one (L3) was developed from the
genotype NEC 1055 through a mutation breeding programme by [ 171
using gamma irradiation. Pots were divided into six equal separated
groups,five of them had been cultivated with 4 seeds from the
abovement ioned chickpea cultivars after inoculating with Rhizobia.The last
group was cultivated with 5 seeds of wheat (Sakha 69)to be used as
reference crop. After ten days, chickpea cultivars were thinned to two
plants/pot. Labelled urea ( 5 % N-15 atom excess)were applied at the rates
equivalent to 2$ and 100 kg N/feddan for chickpea cultivar and wheat,
respectively. Iron was applied at the rate of 0 or I O ppm as FeS04.7 W20. A
completely randomized design with three replicates was employed. After 55
days from planting, plants were harvested dried and weighted. Plant and soil
subsamples were ground and analyzed for total-N and N- I5 determination
[7]. Iron was determined using atomic absorption Nitrogen derived from air
(Ndfa) was calculated according to [12] as follow :
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] x 100

Ndff = % Ndff x total N-uptake
% Ndfs = 100 - (% Ndfa

=+

% Ndff)

Ndfs = % Ndfs x Total N-uptake

TABLE ( 1 )

: CI-IEYICAL AND PHYSICAL PROPERTIES O F TIIE TESTED

SOIL.

91.6

6.12

2.28

7.9

0.3

0.1

0.4

0.005

1.85

Results and discussion :
Results in table (2) indicated that, there is significant difference between
the dry matter of the chickpea cultivars. When averaged over the iron
treatment, data show that cultivar 88 yielded the highest dry matter and
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cultivar 531 yielded the lowest. The mutant L3 ranked the fourth in the
order of dry matter yield for the five tested cultivars. Nevertheless, cultivar
88 showed its superiority over the other tested cultivars, whether iron added
or not. on the other hand the mutant L3 significantly responsed to iron
application inspite of its lower rank in the order of the average yield.
However, 141 reported significant cultivar differences in shoot dry matter
among eight cultivar were tested in Syria under rainfed conditions.
As food legume, nitrogen content of chichpea cultivar is an important
factor to select between different cultivars. Nitrogen’ uptake by chickpea
cultivars are presented also in table (2). Results indicate significant
difference between cultivars in their nitrogen content. Data showed that
without soil iron application, low nitrogen uptake by different cultivars was
recorded. In this respect, N uptake ranged between 21 to 51 mg N /pot,
while, iron application lead to increased N uptake by different cultivars. It
was inreased from 32 to 69 mg /pot. Low N concentration and contents due
to iron deficiency have been reported for phaselus vulgaris [14] He
observed that increasing external iron concentration increased the nitrogen
concentration in shoots reliant on symbiotically fixed nitrogen. data also
showed that, when averaged over iron treatment, N-uptake by chickpea
cultivars were in the order 88 > 531 > L3 > G2 > GI. Although our results
show that N-uptake, ranged from 13 to 30 mg N/plant, [4] found that range
to be between 10 and 39 mg N/plant. He explained that, difference is not
only due to cultivars but also to seasonal variation and agronomic practices.
Iron is an essential nutrient for the growth of both host legumes and
nodules bacteria. The most well k n o h function of Fe is in enzyme systems
in which haem or haemin function as prosthetic group [16]. Although data
of table 2 indicate the significant increase in both dry matter and N-uptake
by different chickpea cultivars, the rate of increase is different among the
tested cultivars. Rate of increase in dry matter ranged from 16 to 37.8%
Ibrahim et. al. (1 983) reported that foliar spraying cowpea plants with iron
caused significant increases in the photosynthetic pigments content. i.e.
chlorophyll a, chlorophyll b, and carotenoids. They explained that,the
positive effect of Fe on the photosynthetic pigments content may be due to
its function in the enzymatic system.
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Baser and Saxena (1970) found that iron concentration varies in
legume crops, with higher concentration for cowpea plants around 500
ppm, and low in pea, around 230 ppm. Data of table (3) indicate that iron
concentration varies in chickpea cultivars. without Fe application, iron
concentration ranged between 120 ppm in G1 to 542 ppm in cultivar 88,
while range of iron concentration was between 271 ppm and 626 ppm, as Fe
was added. When Akhtar et. al. (1988) Screened screened one hundred
chickpea varieties for iron deficiency, they reported that 72 lines showed
resistance, while 28 responsed to iron application.
Percentage of nitrogen derived from atmosphere (Ndfa), fertilizer
(Ndff) and soil (Ndfs) in the five chickpea cultivars as influenced by iron
application is shown in Fig (1). when comparing percentages of Ndfa,
results indicate that, without iron application, cultivar G 1 produced the
lowest percentage of Ndfa, which reflects low ability for nitrogen fixation.
In studies with soybean, (22) reported that an Fe-inefficient m soybean
cultivars exhibited its standard lack of Fe stress response when nodules were
not present but when the same cultivar was nodulated. such a response was
evident. Also data showed that cultivar G2 exhibited better with regard to
rl-fixation, followed by L3, 531 and finally cultivar 88. Percentage of Ndfa
ranged from 26 to 42. (22) reported several factors that effect N-fixation by
legumes such as moisture, temperature, legume species and cultivars, and the
agronomic factors wich indirectly effect soil physical, chemical and
biological environment. Planting the abovementioned cultivars in poor
sandy soil may has its negative effect on N-fixation process. While Beck
(1992) found that Ndfa was in the range of 26 to 81%, the presented data
showed that range to be between 26% and 42%.
As chickpea cultivars responsed to iron application, rate of increase in
% Ndfa, Ndff and Ndfs varied according to the cultivar. Iron application

increased Ndfa in cultivar G I from 26 to 35%, with 34.6% as rate of
increase, while in cultivar 531 rate of incrase of Ndfa was only 2.7% as
result of iron addition. With regard to the introduced cultivar (L3), iron
application has caused Ndfa to increase from 31 to 42%. bill (1977)
reported that iron is critical for N fixation due to its role in the activity of
the legheamoglobin and nitrogenase molecules. Also, Bienfait (1989) added
that because Fe is important in photosynthesis, and carbohydrate synthesis,
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it may affected N fixation in which carbohydrates are involved (Atki IS,
1984) Results of Fig. ( 1 ) show that, while % Ndfs varied according to
chickpea cultivars, % Ndff did not vary singificantly between cultivars, a so
iron application seem to have little or no effect on % Ndff. Difference in
growth pattern between cultivars may explain difference in % Ndfs. 11 is
worth mentioning that % Ndff was in the range of 20% in all cultivars, while
that range was lower in case of cowpea (Gadalla and Abdel Monem 1993)
in which % Ndff was around 7%.

Use of the N-15 (A value) technique enabled us to determine N-fixation
efficiency in chickpea cultivars as affected by iron application, which make
it valuable, reliable method to evaluate old and introdued cultivars with
regard to N-fixation and the agronomic and environmental factors that
affect it.

TABLE (2) : DRY MATTER YIELD OF CHICKPEAS AND
NITROGEN UPTAKE AS AFFECTED BY IRON APPLICATION

LSD 5 %

1.97
2.79

Fe =0.17
Cultivars = 0.24
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TABLE (3) : IRON CONCENTRATION IN CHICKPEA CULTIVARS
AS AFFECTED BY IRON APPLICATION.

Conclusion :
Use of the stable N-15 enables us to screen the chickpea cultivars for
their capacity to fix the atmospheric nitrogen. Our study show that, when
comparing among the small cream seeds cultivars (G2 and L3), the data
show the superiority of the new mutant line L3 with regard to nitrogen
uptake. For the large seeds, cultivar 88 showed better nitrogen uptake, when
compared with GI and 531. Percentage of nitrogen derived from air
(Ndfa)% data also show that L3 has higher percentaqe than G2, while
cultivar 88 gave better % Ndff than the other two cultivars in its group. The
same trend was found with regard to iron concentration. Although the
abovementioned data show higher yield, N-uptake, Nfixation and iron
concentration for cultivar 88, [Moustapha and Essa ( 1993)] reported that
cultivar 88 has lower protein score, also its coat seed percentage and
cooking time was more than all the tests cultivars that makes its acceptability
is very low.
For its group, as small seed, mutant line (L3) seems has good potential
to be valuable variety, but more field tests would he necessary for complete
evaluation.
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Abstract
Our research experiments, have been conducted in the experimentation
station of "Oued Souhil" situated under semi-arid climate in Tunisia. We
have studied the reel water consumption of orange trees irrigated by
reused water and compared the results with trees using WATER FROM
WELL. For measuring the different parameters to determinate soil humidity and the soil apparent density, we have used repectively neutron
lead "Neutroprobe" and radiation gamma instruments.
However, the experiements results conducted for 7 years from 1987 to
1993 - allowed the evaluation of the real consumption of orange trees
using reused water and well water and the production quantity.
The effect of using the two different qualities of water with different irrigation systems have been also studied.
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Abstract
Carbon 13 isotope discrimination method and water balance model using neutron probe are the two tools used in this study to rank genotypes
for water use efficiency. It is a three years experiment and the results
presented will be for the last year.
Four Durum wheat cvs were selected and planted in a randomnized
block design with 6 replicates.
Total consumption of water was calculated. Grain and strow yields and
other parameters were recorded. The carbon isotope ratio which illustrates carbon 13 dicrimination is measured for each genotype in grain
and strow. The total and the grain water use efficiency were calculated
and correlated to the A 13C isotope dicrimination to compare genotypes
between them.

The main results presented in this paper revealed that Carbon 13
discrimination technique is an excellent screaning technique for
scrining for water use efficient cultivars in semi-arid conditions.

1-Introduction
Wheat is the main staple food in Tunisia . It is grown under mean
annual rainfull of 400 to 800 mm in the North of the country, whereas
in the Center rainfall amount varies from 250 to 400 mm .
Consequently wheat yield fluctuates drastically following rainfull
pattern in time and space (Mechergui, 1991)[1]
Although there is a significant yield improvement after the sixties
which is explained by the introduction in Tunisia of thechnological
package based on high yielding cvs, use of fertilizers and
mechanization. Nevertheless most of this improvement has accured in
the North part whereas in the Center the impact of this technological
package is very small due to limited rainfall .
The introduction of high yielding cvs in those areas will give good
results only under irrigated conditions . The stock of water in the soil
and the cultivar which is the most efficient are the main factors that can
be used to increase the yield .
Since limited water availability is of major concern for the
cultivation of crop plant and appears to limit the productivity of most if
not all native plants, it is urgently needed to screen for genotypes that
are water use efficient.
Water use efficiency can be looked at from many levels and care is
needed in defining its use.The efficiency of water use as commonly
defined is the ratio of the total above ground dry matter at final harvest
to the total amount of water transpired . Tanner and Sinclair 1983 [2]
term it T-efficiency . Farquhar and Richards 1984 [3] have recently
shown promising correlations between T-efficiency and the ratio of the
carbon isotopes 13C and 12C in a plant . Similar results were also shown
by Condon et a1 1987 [4] . A detailled study was presented recently by
White et 1987 [5] indicating that isotopic discrimination against C02
during photosynthesis in C3 reflects water use efficiency. Similar results
were also shown by Bazza 1991 [6], Mechergui et a1 1991 [7] . Except
the work done by Bazza and by Mechergui, in all the studies done in
this subject, the method used for calculation of water use efficiency is
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the measurement of photosynthesis and the yield . In this study we are
going to use water balance model to get consumptive use and then
knowing yield, water use efficiency will be calculated . In the same time
the carbon 13 isotope discrimination will be mesured and comparaison
will be made.

2-Water Balance Model
In plant water consumption studies, water balance approch is the
simplest method one can use . It describes the main components
involved in estimating plant water requirement . Water balance in the
plant root zone (L) can be described by:
I+P-(D+ET)=

+

AS

(1)

Where I and P, representing irrigation and precipitation can easily
be measured, A S is the change in soil water storage of the plant root
zone which can be measured with the neutron moisture gauge . D and
ET are drainage and evapotranspiration terms respectively .
Drainage water D can be estimated with tensiometer data at rooting
depth, in addition to assessing changes of soil water storage, e.g: De
Boodt et a1 1967 181
Integration of water flux over a given time period, at the lower end
of the plant rooting zone, gives the drainage term in equation ( 1 ) .
Therefore one can write:

where q is the water flux which may either be positive or negative
depending on water loss below the rooting zone or water gain from
ground water table . The flux q can be measured, using Darcy's law .
Under rainfed agricultural systems in arid and semi arid regions
(similar to the case where we worked ) the following assumptions can be
made during certain periods of plant growing season:

1=0

D=O

(3)

In this case, plant water consumption is simply:
ET=P

+AS

(4)

Under irrigated conditions and in clay soils with good monitoring
irrigation the following assumptions can be made during certain periods
of plant growing season:
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D= 0
(5)
Then plant water consumption is simply
ET-I+P +A S

(6)

Using now those water balance models, we can calculate the plant
water consumption, e.g. Hardarson et a1 1989 [9].
Knowing the yield and consumptive use we can calculate the water
use efficiency, which is defined as:
WUE = Y / WC
Where Y is the yield, it can be expressed in various ways depending
on interests of the farmers, and WC is the water consumption .

In some areas, only grain yield may be important, but in others crop
residues can equaly be valuable as animal feed .
The use of water balance model can help to screen for water use
efficient cvs .

3- Carbon 13 Discrimination
Recent theoretical studies have indicated that isotopic discrimination
against 13CO2 during photosynthesis in C3 reflects water use efficiency.The most complete review is presented by White et a1
1987.[5] In this documentation there is demonstration of gas exchange
and water use efficiency, then an introduction of carbon isotope ratio
and finally same observations on 13 C and water use - efficiency .

4- Materials and Methods
The experiment was carried out in the field station of the Institut
National Agronomique de Tunisie which is characterized by a semi arid
mediterranean climate with mean annual rainfall of about 459 mm . The
first experiment consists of screening 18 Durum wheat CVS for water
use efficiency . Four of them were choosen as high medium and low
water use efficient . Deep study was undertaken in the same site . The
results that will be presented are from this experiment .
Four Durum wheat cvs ( Rezzerk, Chili, INRAT 69, and Karim )
have been planted at the rate of 250 grains/ m2 taking inconsideration
the weight of 1000 grains for each cv ., in a randomized block design
with 6 replicates on 4 x 4 m plots . The soil is a vertic xerochrept fine
texture (40% clay) alkaline (pH = 8) with 2% organic mater content.
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*The four cvs were grown under rainfed and irrigated conditions . Care
was taken for not to have interference of the rainfed with the irrigated
plots . However no irrigation water was applied because of the special
high rainy year . Fertilizers were brought as ammonium nitrate 33 and
superphosphate 45 . Phosphate was incorporated into the soil just before
planting at the rate of 150 Kg/ha whereas nitrogen was broadcasted
twice at the rate of 75 Kg / ha at germination and at tillering stages .
Soil moisture was monitored by neutron probe access tubes dug
into the soil at the center of each plot down to a depth of 150 cm . Soil
moisture and rainfall were recorded all over the growing season .
Volumetric water content was calculated using 8 calibrated curves for
our soil. Total consumptive use was calculated using the water balance
model .
Grain and strow yields were recorded in each plot . The total water
use efficiency and grain water use efficiency were also calculated .
Grain and strow samples are analysed for carbon 13 isotope
discrimination .
All data was statistically analysed. The mean was separated
according to the least standard deviation method for a 5 % significance
level

5
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Results and Discussion

5-1 initial and final stock:
The sowing date of the cvs was the 14 th of November . The
maturity stage was respectively for Rezzek, INRAT69, Chili and Karim
May 10 th, May 17th, June 17 th and May 10 th .
The stock of water after 4 months of sowing the cvs, under Rezzek
in all the replicates varies from 434 mm to 466 mm . The mean is equal
to 439 mm .
The same stock under INRAT 69 varies from 425 to 456 . The
mean is equal to 439 mm .
The same stock under Chili varies from 499 to 419 mm . The mean
is equal to 499 .
The same stock under the cv Karim varies from 478 to 432 mm .
The mean is equal to 447 mm .
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For the same time, the spatial variability of the soil water stock is
bigger than the variability under different cvs .
The same conclusion can be drown from the final stock even
though the maturity stage differes between genotypes .
The stock at maturity stage under the plots of Rezzek cv varies
between 320 and 337 mm . The mean is equal to 330 mm .
The same stock under INRAT 69, Chili, and Karim varies
respectively from 310 to 370; from 274 to 354 and from 309 to 359
mm .
The mean for the same order is equal respectively to 332, 314 and
340 mm .
This spatial variability will affect the yield for the plots that have the
same genotype . For this reason an important number of replications is
good;

5-2 Consumptive use:
The consumptive use for each genotype and for each replicate
from the period between first of february and maturity is presented in
Table I .

TABLE I: Consumptive use in mm for the period of
february first to the maturity stage for different cultivars

The mean consumptive use for respectively Rezzek. INRAT 69,
Chili and Karim are 355, 307, 398 and 290 mm . Chili seems to be a big
consummer and IBNRAT 69 and Karim are less consummer of water .
In other way cv Chili got a big profit from the soil water .
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The same result was obtained in the first experiment of screening
Mechergui et a1 1991 . [7]
The mean consumptive use in replicate 5 and 6 for all the
genotypes is less than the mean consumptive use in the rest of replicates
and this is because those replicates are protected by wind break and we
know that under those conditions the evapotranspiration is less under
protected areas (Mechergui et a1 1986 )[ 101

5-3 Grain and Total Yield
Table I1 summurise the grain and total yield .
Those two parameters vary between cvs, similar to the variation
observed in consumptive use between those cultivars
The mean grain yield obtained for respectively Rezzek INRAT 69,
Chili and Karim is 49.4; 50.1; 39.1 and 38 q /ha . Rezzek and INRAT
69 have the same yield with 5 % confidence interval . However Chili and
Karim have the same yield .
The mean Total Yield obtained for the same order sub-mentionned
is equal to 120.7 ; 151.6; 156.3 and 96.8 q / ha . INTRAT 69 and Chili
have the same total yield .
In respect to both yield . INRAT 69 gave high grain yield and total
yield . Rezzek gave high grain yield and low Total yield . Chili gave low
grain yield and high Total Yield . However Karim gave low grain yield
and low Total yield .
Total and grain yield are high for all the CVS in the replicates 5 and
6 and this is for the same reason sub-mentionned before .
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T A B L E 11: Total and grain yield for all cultivars in
quintals per hectar
5-4 Water use- Efficiency
_s___

____I

2vs

QIHA

ZEP 1 REP 2 REP 3 REP 4

MEAN

REZ2EK

GRA Y

46

54.6

39.7

35.1

49.4

TOTY
GRA Y

142.2

128.7

117

92

120.7

58.1

46.2

50.1

TOTY

178.4

154

151.6

~~

~

INR AT69

CHILI
KARIM

P P

P
P

GRA Y

18.7

22

30.8

53.7

m

134.5

126.5

160.5

192.5

167.5

156.3

CRA Y

14.7

48.2

25.2

25.2

43.2

44.2

38

mr Y

115.5

130.7

76.5

67.5

196.5

196.8

14().7

139.2
~~

~

The results are presented in Table III

TABLE 111: Water use efficiency for Rezzek, INRAT69,
Chili and Karim

2vs

REP 2 IEP 3 REP 4 h E P 5 IREP 6

REZZEK

30.3

33.8

27.7

37.8

10.4

11.5

1o.s

121.7

INRAT69 WIJE
IGW”E

66

41 . S

121.5

12.5

40
121.6

32.6
5.7
40.7
15

I : total water use efficiency
2 : Grain water use efficiency

There is no big variation between replicates in total and grain Water
Use-Efficiency except for the replicates 5 and 6 and this is because for
the reason sub-mentionned before . In respect to Total Water UseEfficiency, INRAT 69 is high water use cfficient and comes after
Kezzek and Chili . Karim is the lowest water use efficient .
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In respect to Grain Water Use Efficiency INRAT 69 steel have the
highest value and comes after Rezzek and Karim . However Chili have
the lowest Grain Water Use-Efficiency .

5-6 Carbon 13 isotope Discrimination
There is high correlation between in strow and in grain as schown in
Fig I and Table IV

TABLE IV: A for carbon isotope discrimination for all cultivars and
for replicates

MEAN
17.679

P

2 1.484
17.715
20.427
17.396
20.4 I6
17.429 I

17.55

Fig 1 : relationship between D for carbon isotope discrimination and
D in grain for four cultivars

18.5 T

m

I

D13 in strow

Because we are interested more in grain yield, we are going to use
only A for Carbon isotope discrimination in grain . There is significant
linear correlation as schown in Fig.2 between Grain Water UseEfficiency and A for carbon isotope discrimination in grains . Similar
results were found by Bazza 1991 [6] . INRAT 69 is high Water useefficient and is high Carbon isotope discriminating .

Fig 2 : relationship between D C13 isotope discrimination in grain
and grain water use-efficiency

I

w

5
(3

15

E

H

10.

517,35

17,4

17,43

17,5

17,55

17,6

17,65

17,7

17,75

D13 in grain

Conclusion
For the conditions of 1992/93 the consumptive use of water by the
cultivar INRAT 69 is lowest than the cultivar Chili . INRAT 69 gave the
highest Total and Grain Yield, however . Chili gave high Total yield but
low Grain Yield .
In respect to Grain Water Use-Efficiency, INRAT 69 have the
Highest and Chili the lowest . There is good correlation between Water
Use Efficiency and Carbon Isotope discrimination in all CVS of Durum
Wheat in this study .
Carbon Isotope Discrimination is a good Technique for screening for
water use-efficient cultivars .
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Abstract
Green house experiment was designed using ZnS04 as single
element or in a mixture of "ZnS04 -t- MnS04 -t- FeS04" at rates of 0.5
and 1.0 % of these compounds. Different solution were adjusted at pH
6.0 and Tween-20 at 0.5 % (V/V) was added. The prepared solutions
were labelled with Zn-6S carrier-free. In a complete randomized design
with three replicates orange seedlings two-year old were arranged.
Labelled solution, in small droplets, were added on the upper surface of
certain leaves (middle leaves) of seedlings.
Retained Zn-65 in the treated leaves with ZnS04 alone was
significantly higher than that in leaves sprayed with a mixture of Zn, Mn
and Fe sulphates.
Upward and downward translocation of Zn-65 was highly related to
its absorption through treated leaves and the translocation rate of
upward direction was more pronounced than downward.
Total absorption of Zn-65 was higher with ZnS04 than with the
mixture. Utilization percent of foliar application of Zn was significantly
decreased as the rate of ZnSO4 increased from 0.5 to 1.0 % either alone
or in combinaton with Fe and Mn sulphates. Moreover, it was also
reduced due to the presence of Fe and Mn with Zn in the spraying
solution.
The present findings indicate that spraying with ZnS04 in
paraticular at 0.5 %, caused the highest utilization and was efficient for
supplying orange plants with Zn.

Introduction
Foliar application of Mn-Zn mixtures resulted in lower Mn
concentrations in orange leaves than that in leaves from trees sprayed
with Mn alone. Spring flush leaves which developed 10 months after the
foliar application of Zn to orange trees contained higher Zn and lower
Mn concentration than analogous leaves from trees not sprayed with Zn.
Spraying with Zn-Urea, Zn-Mn or Zn-Mn-Urea mixtures increased Zn
concentration in the leaves as much as in trees sprayed with Zn alone
[ll.
Spraying Valencia orange trees once a year with Zn and Mn alone
or in mixture, increased concentration of Zn and Mn in sprayed leaves
[2]. Four sprays of Zn-EDTA at 0.25 % or ZnS04 at 0.5% on sweet

orange trees increased Zn level in leaves and Zn-EDTA was the more
effective for N, Fe and Zn uptake [3]. Leaf Zn content of sweet orange
was increased in response to soil or foliar application of ZnS04. The
immediate response of 2 or 3 sprays of ZnSO4 at 0.5% was greater than
to soil application of S, 10 or 1s ppm [4]. Foliar application of ZnS04 at
0.5 - 1.0% twice a year on young kinnow mandarin trees increased leaf
Zn content and it was rose with increasing ZnS04 concentration, [5].
When chelated iron, zinc and manganese sprayed on Wastington
Navel orange plants, Leaf analysis showed high values for each element
whether applied alone or in mixtures, and leaf Zn and Mn were
increased as the concentration of each element in the spray solution was
increased. A negative interaction was detected when the three elements
were sprayed together [6]. Foliar application of chelated Zn and/or Mn
combined with ureaon Valencia orange trees, increased leaf content of
Zn and Mn. High Zn and Mn concentration induced more increase in
Zn and Mn leaf content than any other treatment [7]. Foliar absorption
of Zn-65 by olive leaves was increased by increasing pH value from 2
up to 7 and Zn concentration in the spray solution as well as the
presence of surfactant in particular at 0.5 % [8]. Spray solution
containing 0. 1 S and 0.45% of 65ZnS04 in combination with 0.0,
0.0375, 0. 1125 and 0.225% Ca(OH)2 were applied to one-month-old
sweet orange leaves which were detected 96 h r . after treatment.
Increasing rates of Ca (OH)2 lowered 6sZn absorption by the leaves and
this effect decreased with increasing 65ZnS04 [9]. In addition, Zn level
in orange leaves was gradually increased as the Zn concentration
increased and these increases were 2.4, 3.8 and 4.6 ppm for 65Zn
Metalosate at 17.34 and 68 ppm Zn, respectively [lo].
The present work was carried out to estimate foliar absorption,
translocation and utilization of Zn-65 by Balady orange plants in order
to study the possibility of using ZnS04 to correct Zn dificiency in
orange orchards.

Material and Methods
Greenhouse experiment was designed using Zn as single element
(ZnS04) or in a mixture of ZnS04 -t- FeS04 + MnS04 at rates of 0.5
and 1.0 %. Solution adjusted at pH 6.0 and tween-20 at 0.5 % (V/V),
was added [ 1 11. The prepared solution were labelled with 65Zn-carrier
free.

775

In complete randomized design, two-year-old orange seedlings were
arranged and one shoot per seedling was selected. The middle leaf of
each shoot was fixed and treated. Labelled solution volume per leaf just
enough to wet the upper surface without causing run-off, was 0.75 ml.
Thus'? 0.75 ml containing 65Zn to give 240,000 and 480,000 count per
minute (cpm) for 0.5 and 1.0 % ZnS04, respectively, was added in small
droplets using a micro-pipette onto each treated leaf at the end of the
day. The treated seedlings were allowed seven days to the absorbtion
and translocation of Zn-65.
The treated leaves were washed to remove non-absorbed
radionoclides according to Wallace et al- [12]. Activites of 65Zn in leaf
samples were assayed by using a single-channel analyzer "Gamma
Counter" Model P-2000 scintillation.
The obtained data were used to calculate amount of absorbed
element, its translocation and utilization percent as mentioned by
Mohamed I S ] .
Statistical analysis of data was carried out for analysis of variance
according to Snedecor and Cochran [ 131. Means were compared using
the New L.S.D. values at 0.5 96 level according to Waller and Duncan

I 141.
Results and Discussion

;

Data i n table (1) clearly show that foliar absorption and
translocation of Zn-65 in orange seedlings were significantly affected
by Zn concentration and the source of Zn either ZnS04 alone or in a
mixture of Zn, Fe and Mn sulphate. In this concern, leaves sprayed with
ZnS04 singly retained more Zn than those sprayed with the mixture and
increments were about 59 Yu. Moreover when ZnS04 concentration in
the spraying solution raised from 0.5 up to 1.0 %, retained Zn in the
treated leaves was increased by nearly 51 %.
Upward translocation of absorbed Zn was not significantly affected
by the source of Zn, however spraying with the mixture slightly
increased its rate as compared with that of ZnSO4 alone. In addition,
upward translocation rate of Zn was significantly increased by
increasing ZnS04 concentration from 0.5 to 1 .O%. Regarding the
downward translocation of Zn, it was increased by increasing ZnS04
level in the spraying solution. Moreover, its rate was higher with mixture
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at 0.5 c/o than that of ZnSOq alone whereas the difference was slight at
1.0 5%.
Total absorption of the labbelled Zn by orangeleaves either as cpm
of Zn-65 /shoot (Table, I) or as UgZn/shoot (Table, 2) was significantly
affected by source and rate of Zn in the spraying solution. In this
concern, total absorption of Zn was higher with ZnS04 alone than that
of the mixture at both rates of ZnSOq. The total absorption of Zn was
increased by 5 0 % as the concentration of ZnS04 increased from 0.5 to
1.0 96.

It can be noticed that Zn retained in the treated leaves represents
more than 90 % of total absorption. Thus, total absorption and retained
Zn were higher with ZnSO4 than with the mixture which might be
attributed to the antagonestic effect of Fe and Mn on the foliar
absorption of Zn by orange leaves.
Nevertheless, presence of Fe, Mn and Zn together in the sprayed
leaves enhanced mobility of the absorbed Zn which related to the
balance of combined nutrients into the plant tissues. Furthermore,
upward translocation of Zn was higher than its downward. This is
because of the nutrients requirements being more for young leaves and
growing points of the plant. Similar trends were also obtained by
Mohamed 181 and Awad [ I O ] .
Data i n table (3) clearly show that utilization percent of foliar
application of Zn was significantly decreased as the rate of ZnS04
increased from 0.5 to 1.0% either alone or in combination with Fe and
Mn sulphate. Moreover, it was also reduced due to the presence of Fe
and Mn with Zn in the spraying solution at both rates of ZnSOq. In this
concern, average of utilizationwas reduced by 25% as a result of
increasing ZnS04 rate from 0.5 to 1 . 0 5% and reduced by 35% due to
addition of FeS04 and MnSo4 with ZnS04.
Generally, the decrease in utilization percent of Zn when ZnSOq i n
the spraying solution raised from 0.5 to l.O%, could be attributed to that
foliar absorption of Zn was not proportional to the application rate of
Z n S 0 4 . These results agree with those obtained by Mohamed [SI.
Mohamed and Ragab [ 1 I ] and Awad [ IO] .
The previous results indicate that the spraying solution containing
ZnSO4 alone in particular at 0.5%, achieved the highest utilization and
was efficient for supplying orange leaves with Zn. Therefore, it is useful,

from the economical point of view, to use 0.5 96 ZnSO4 for correcting
the deficiency of this element in orange orchards.

TABLE I: FOLIAR ABSORPTION AND TRANSLOCATION OF
ZN-65 IN BALADY ORANGE SEEDLINGS.

Retained Zn-65 (cpdleaf)

N.L.S.D. 5% comn.

1456

conc. 1456

Inter. N.S

Upward Translocation
(cpmhhoot)

535

0.50%
I .OO%
Average
N.L.S.D. 5% comp.

624
N.S

624
conc. 40

Inter. N.S

N.L.S.D. 5% comp.

21

conc. 21

Inter. 30

N.L.S.D. 5% comp.

1448

conc. 1448

Inter. N.S

712
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TABLE 11: TOTAL ABSORPTION OF ZN IN BALADY ORANGE
SEEDLINGS (Ug/SHOOT).

TABLE I11 : UTILIZATION PERCENT OF ZN-65 THROUGH
LEAVES OF BALADY ORANGE SEEDLINGS.

Downward translocation (cpm/shoot)
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Abstract
A two year field experiments 1990, 1991 was conducted over two different locations in order to evaluate the response of cotton seeds exposed
to various doses of gamma radiation 0,5,10 and 20 Gy, to different levels of phosphorous fertilizer, 0,60,100,140 and 1 80 Kg P205/ha. Irradiation doses and P. Fertilizer levels were arranged in split plot design,
where irradiation doses made up the main plots and the P-levels the subplots. Representative soil samples were collected and analyzed before
planting. Soil test for P revealed enough P was available in the top soil.
With a few exceptions, results showed no positive response of cotton
crop to P-fertilizer and gamma rays stimulation.
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Table ( I ) . Some soil selected chemical analysis throughout the soil
profile before planting. Aleppo 1990.

Soil parameters*

Table (11). Some soil selected chemical analysis throughout the soil
profile before planting. Aleppo 1991.
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Table (111). Some soil selected chemical analysis throughout the soil
profile before planting. Der AI Hajar, 1990.

e depth (a

Soil parameters*

40-60
8.6
0.16

0.50
3.1

27 I .2
63.4
12.4

SL

Total N%

I 0.089 I

0.078

40. I

Inorganic-N ppm

* Values are based on the mean o f 7 replicates
** C : Clay L : Loam

0.064

S : Sand
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Abstract
Rice is a very responsive crop to nitrogen fertilizer, but the efficiency of
the applied N-fertilizer is low. Greenhouse experiment conducted to
evaluate several methods to improve fertilizer efficiency and reduce Nlosses in rice fields. N-15 labelled urea was applied to 10 kg soils in pots,
urea was applied alone, with addition of two urease inhibitors (NBPT and
HQ), with addition of nitrification inhibitor (DCD), or with the combination
of both inhibitors. The fertilizers were applied either broadcast on soil
surface or at depth of 8 cm below the surface. At maturity, plants were
separated into grain and straw, dried and weighted. Soil and plant samples
were analyzed for total N and N-15 excess. Both fertilizer placement and
inhibitor application significantly increased straw and grain yield, as well as
N-uptake. Nitrogen derived from fertilizer (% Ndff) was more than
doubled, when urea was applied deep and in combination with inhibitors.
Plant recovery of N- 15 labelled urea ranged from 17% to 75% according to
treatment. Regardless of inhibitors application, plant recovery was increased
from 39% to 65% when urea was applied at depth of 8 cm. Approximately
2/3 of the applied urea (64%) was lost when urea was applied alone. Those
losses were reduced down to 12% with deep placement and inhibitor
application. The two management practices show significant effect on
minimizing N-losses and increasing plant recovery.

Introduction:
Approximately 40% of the world's population depend on rice (Oryza
Stiva L.) as their major caloric source [13]. Rice is unique in that, it is the
only major food crop that is semiaquatic, that grows best in a flooded soil.
This preferred habitat is a major source of difficulty in the maintenance of
nitrogen added as fertilizer. Nitrogen enters a unique system in flooded
soils in which mechanisms of losses vary greatly from those in upland
environment. While losses from N-15 labelled urea applied to upland wheat
was 18% [ I ] and 17% [ 3 ] . Fillery et al.[ 141 showed losses of 40 to 60% of
N-15 labelled urea or ammonium sulfate broadcast to flood water of rice. In
Egypt, Abdel Monem et al.[4] reported losses of 29 to 62% of N-15
labelled urea applied to rice, according to time of fertilization. They
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reported that, the percentage of nitrogen losses is related to climatic factors
and fertilizer management practices.
Several strategies exist for improving N fertilizer efficiency and
reducing losses. Deep placement of applied fertilizer is the closest to farmlevel acceptance. While surface placement resulted in only 23% as N-15
recovery, 63% recovery was obtained as result to deep placement [20]. Also
Khind and Datta 1171 reported increase in N-15 recovery from 50% to 66%
due to deep placement as compared to surface application.
As ammonia volatilization has been highlighted as an important
nitrogen losses mechanism, due to urea hydrolyses in the floodwater,
inhibiting urease enzyme, which hydrolyses urea to ammonium was another
method to reduce losses. Fillery et a1.1141 reported the importance of PPD
as urease inhibitor, as it increased total N-15 recovery between 10% and
14% of the N-15 applied. As large amount of N applied can be transformed
to NO3-N during 4-5 weeks. Brandon and Wells [7] reported that
application of nitrification inhibitors would increase N-recovery and reduce
losses. Wilson et a1.[23] reported increase of 17% in N-recovered by rice
due to application of Dicyandiamid (DCD) as nitrification inhibitor to urea.

Materials and Methods
Greenhouse experiment was conducted in the Atomic Energy Auth. and
designed as randamized complete block with three replicates in plastic pots
(25 cm diameter, 30 cm height ) each containing 10 kg of air dry soil.This
soil was collected from Shebin El Qanater, Kaliobia Governorate, at a depth
of 15 cm from the surface. The soil had the following properties: pH ( I :
2 . 3 , 8.1; EC (1: 5 ) , 1.01 ms/cm at 25OC; clay content 5896, O.M. 0.95%;
total N, 0.0125%. Labelled urea (3 atom % N-15 excess) was applied at rate
of 500 mg/pot alone or in combination with DCD as a nitrification inhibitor;
hydroquinone and NBPT as urease inhibitors in solution either at soil
surface or at a depth of 8 cm below the soil surface. The pots were
transplanted with three 2 1 -day-old seedlings of rice, and kept under
continuous flooding through the growth period. Each pot also was received
a basal application of P and K in the form of superphosphate and potassium
sulphate, respectively. At harvest, the plant parts were separated into grain
and straw and the oven dry weight of each part was recorded. Both plant
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and soil samples were analyzed for total N by the Kjeldahl method [SI. I5N
was measured by emission spectrometry.

Results and Discussion:
1. Straw and Grain Yield:
Irrespective of the inhibitor, deep application of urea resulted i n
significant increase in straw and grain yield (Table 1). As an average, about
25% increase in straw yield and 16% in grain yield is due to deep
placement, as compared to surface application. Flinn et al.[ 151 showed that,
topdreesings of urea raised the pH levels of the water to values at which NH3
volatilization could have occurred, and in turn would have negative effect
on the dry matter yield. Craswell and Vlek[ 101 found that placing fertilizer
deep in the soil greatly reduces losses and increases grain yield.
While, Fillery et al [14] reported increase in grain yield, as result of
application of PPD as urease inhibitor with urea, our data presented in table
(1) show significant increase in straw and grain yield when NBPT or HQ was
applied with urea. Contrary to results obtained by Abdel Monem[3] which
show that NBPT has no significant effect on dry matter yield, when applied
with labelled urea to barly, our data (Table I ) revealed that addition of
NBPT resulted in an average increase of 22 and 18% in straw and grain
yield respectively. Inhibition of urease enzyme, and in turn, response as dry
matter increase, is more effective in flooded system than upland crops, due
to high urea hydrolyses in floodwater than in dry land. Also results of
(Table 1 ) suggest that HQ is less effective as urease inhibitor as reflected on
straw and grain yield. Mulvaney and Bremner[ 191 explained that, inhibition
of urease activity by HQ was inversely related to clay and silt content and
also to CEC of the soil with that respect HQ will be less effective in our soir
(58% clay).
Studies of Wells et a1.[22] indicated that use of DCD delayed
nitrification and tended to result in rice grain yield increase as compared
with urea. Our results presented in table ( I ) show significant increase in
both straw and grain yield due to DCD application. Brandon and Wells[7]
suggested that, with a preplant N application, a large amount of N can be
transformed to NO3 during four to five weeks interval prior to flooding, and
NO3 is subject to losses. Amberger[6] explained that, DCD interferes with

798

the respiration of the Nitrosomonas bacteria, which are responsible for the
first step in nitrifcation.

Table (1): Dry Matter Yield Of Rice As Affected By Fertilization, N-Fertilizer
placement and inhibitors.

Treatment

I

Straw

I

Surface Deep Average

Urea
Urea+NBPT
Urea+HQ

20.0
32.3
30.3

UreafDCD

33.8

Urea+NBPT+DCD
Urea+HQ t DCD

30.1
29.8

[ Average

Grain
Surface Deep Average
pot - - - -

1

I

30.7

LSD 5 %
N-fertilizer
Placement
Fert. x placement

2.2
5.4

5.3
5.9

1.3

4.3

2. N-Uptake by Rice
Nirogen uptake by rice plant as function of fertilizer placement and
inhibitors application is presented in table (2). N-uptake was higher when
N-fertilizer was applied at depth of 8cm as compared with surface
application. An average of 18.5% increase in N-uptake due to deep
placement is shown in data of table (2). Also N-uptake was higher when
urease inhibitors were .included with urea. Application of NBPT resulted in
higher N-uptake than H.Q. Similar to findings by Wilson et a1.[23], our data
(table 2) show that applicatjon of DCD resulted in higher N-uptake by rice.
Possible explanation of increasing N-uptake by rice due to application of
DCD is that, more N accumulated in the soil organic fraction in the presence
of DCD. This accumulation may be related to DCD maintaining more
fertilezer N in NH4 form, which is more readily utilized by microorganisms
~31.
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Table (2): Effect Of Fertilizer Placement And Inhibitors On Total N-Uptake By Rice.
Urea

N
placement

Surface

Urea

Urea

Urea

Urea

Urea

NBPT

HQ

t
Average
DCD NBPTtDCD HQ+DCD
rng N/pot - - - -

+

+

+

+

3. Nitorgen Derived from Fertilizer and Soil :
Nitrogen derived from fertilizer (Ndff) parameter provides a sensitive
criterion by which to assess specific fertilizer practices. In our study, it was
used to evaluate two methods for fertilizer placement and urease aud
nitrification inhibitors. Data of table (2) show that deep placement increase
the Ndff values higher than those for surface application, also addition of
inhibitors to urea resulted in an average of 11.5% increase in Ndff than
urea alone, the effectiveness of the urease inhibitors is higher than the
nitrification inhibitor in both methods of placement that, may due to the
important role of urea hydrolysis and in turn ammonia volatilisation as
mechanism of N-losses in the floodwater. Mikkelsen and De Datta[ 181
showed that, ammonia volatilisation losses are greatest when an ammonical
N source such as urea is placed into irrigation water. Combination of both
inhibitors yielded higher Ndff for the both fertilizer placement. Results of
table (2) showed that percentage of Ndff was more than doubled when urea
applied deep and in combination with both urease and nitrification
inhibitor. Percentage of Ndfs presented in table (2), ranged from about 80%
to 53% according to fertilizer placement and inhibitors application. Wilson
et al.1231 reported that although fertilizer N is the major pool from which
the rice plant derived its N early in the season, the soil provides the
remaining N needed for the plant. As the soil in our study is rich in organic
nitrogen and organic matter in addition to high clay content, it is expected
to supply rice plant with mineral nitrogen through the mineralization
mechanism. With inhibitor application % Ndfs was decreased to its lower
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value when urea was applied deep and treated with both urease and
nitrification inhibitor.

Table (3): Nitrogen Derived h r n Fertilizer (Ndff) And Nitrogen Derived From Soil
(Ndfs) By Rice Ae Affected B y Fertilizer, Placement And Inhihitors.
Treatment

Ndfs
Ndff
Surface Deep Average Surface Deep Average

I

1

I

I

Urea
Urea+NBPT
Urea+HQ

20.3
34.0
32.6

30.8
42.0
38.5

26.2
38.0
35.5

79.7
66.0
67.4

69.2
58.0
61.5

73.7
62.0
64.3

UreatDCD

27.9

36.0

31.9

72.1

64.0

68.1

UreatNBPT+DCD
Urea+HQtDCD

37.0
35.1

47.0
46.9

42.0
41.0

63.0
64.9

53.0
53.1

58.0
59.0

Average

31.2

40.2

68.9

59.8

4. Nitrogen-15 Balance :
Plant recovery of N-15 labelled applied urea showed very wide range
from 16.8% to 74.7%, as shown in Fig. ( I ) . Contrary to data obtained by
[ 161, where plant recovery ranged from 21 % to 3 I %, our data show much
higher recovery. They explained that high percolation rate in their field trial
probably responsible for low recovery. At the same time Craswell et a1.[10]
found plant N-15 recovery ranging from 48 to 75%. When N-15 labelled
urea was applied alone either surface or deep application, Fig. ( 1 ) show that
plant recovery was doubled when urea applied deep in the soil. Regardless
the inhibitors application, plant recovery was increased as an average from
39% to 65% when fertilizer placement changed from surface to deep.
Craswell et a1.[10] reported that deep placement of fertilizer has proved to
be an effective means of reducing ammonia volatilization. Simultaneously,
deep placement of urea decreases the conversion of ammonium to nitrate
and thereby reduces nitrification losses. Regardless of whether ammonia
volatilization or denitrification is responsible for the poor efficiency of urea
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in rice, the efficiency of deep placement has been confirmed both in N-15
experiments [5], and in simple source comparison trials [15].
Application of urease inhibitors resulted i n increasing the plant
recovery of labelled nitrogen applied as urea (Fig. 1). As it was mentioned
above, as urea hydrolysis and ammonia volatilization is the main mechanism
of nitrogen losses, application of urease inhibitors is expected to increase
plant recovery of applied nitrogen. Byrnes et a1.[9] reported that lower
ammonical-N concentrations in floodwater in PPD as urease inhibitor
amended systems reduced NH3 loss and increased N-15 recovery from
labelled urea. Also Fig. ( I ) shows the importance of DCD as nitrification
inhibitor in increasing plant recovery in both surface and deep application.
Although the rate of increase in plant recovery due to DCD application is
lower than that of NBPT or HQ, combined application of DCD with NBPT
or with HQ resulted in even higher plant recovery. Similar results on the
effect of DCD was obtained by [22] and [23].
The extensive losses of applied N-15 from the soil-plant system (Fig.
1) are the obvious major cause for the poor recoveries of applied N by the
rice crop. The losses from urea varied, as affected by method of application
and application of inhibitors, and ranged from 64% to 12%. The high losses
(64%) is comparable to losses from urea reported by Craswell et a1.[12].
Although deep placement of urea resulted in lower losses (58%) as
compared to losses from urea applied at surface (63%) yet it is serious cause
for concern economically and environmentally. High losses of nitrogen
from applied urea as ammonia volatilization would be enhanced by a pH
increase in the water, which usually occurs when C02 in the water is largely
depleted as a result of photosynthesis [21]. This may explain the
importance of urease inhibitors which have the ability to reduce ammonia
volatilization. Data in Fig. (1) presented that application of HQ or NBPT
reduces N-losses down to 35% for surface application and to 22 and 15%
for deep application. Also DCD applied with urea reduces N-losses and
therefore enables more efficient nitrogen utilization by maintaining more of
the fertilizer N and soil N in the NH; form. Combination of urease and
nitrification inhibitors proved to be even better practice for minimizing Nlosses (Fig. 1). Losses were down to 12%, as urea applied in addition to
NBPT and DCD from 5 8 % , when it is applied alone.
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The use of N-15 balance technique has clearly identified N loss as a
major problem in rice management. Considerable reduce in N losses would
be obtained by better N-fertilizer management either by deep placement or
by application of modified nitrogen fertilizer.
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Abstract
The study aims at determining the mechanism of secondary mineralizaSO4 which was transtion of fertilizer N in the form of ("5H14)2
formed to the organic N using soil samples taken after a period of 16
weeks from the series of pot experiments. The development of the microbial biomass was studied using the method of Jenkinson and Powlson
( I 976) which was modified by Bottner et a1 (1984). Nitrogen mineralization was determined using the Stanford and Smith (1 972) method.
The study indicated that the values of mineralization constant varied
from 0.0012 to 0.027 in different treatments. Accordingly, the half-life
of microbial biomass ranged from 6 to 7 months, indicating fast transformation of microbial N as compared with total organic N in the soil
which ranged between 7 to 12 years.
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Abstract
Greenhouse experiment was made to investigate the influence of phosphate fertilizers on nitrogen fixation in soybean. The N-15isotope dilution method was used to quantify N2-fixed. In this concern, seeds of
nodulated and non-nodulated soybean plant bacterized with Bradyrhizobium Japonicum and inoculated without or with mycorrhizae in the
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prcsenct. of super or rock phosphate. Ammonium sulphate labelled
fertilizer ( 5 and 3% N-15 a.e) was applied to IS kg Egyptian sandy soil at
the rate of 20 and 100 kg N/acre.
At pre-flowering stage, the highest amount of N derived from air
(Ndfa) was 566.3 and 470.2 (mg/pot) equivalent to 47.6 and 47.1 of total N
assimilated for inoculated soybean with Rhizobium and fertilized with super
or rock phosphate, respectively. While the contributions from ISN I abelled
fertilizer (Ndff) accounted for 1 I and 10.8, respectively. LJse of
mycorrhizae could increase the amount of N2-fixed in the presence of
rhizobia. There appears to be a strong case for improving N2-fixation in the
presence of mycorrhizae especially in sandy soil .

Introduction:
Legumes have the capacity of derive a considerable proportion of
their N requirements from the atmosphere through symbiosis with
Rhizobium. The propotion derived is dependent upon the host species,
strains of Rhizobium, and environment interactions. Under favourable
conditions, soybean can derive as much as 40-60% of their N requirements
through N2-fixation [17]. Hence, it may be necessary to apply
supplementry N especially to legumes such as soybean to realize maximum
yield [2]. In Egypt, the amounts of atmospheric nitrogen fixed by soybeans
plants,which are newly introduced, have been found to be low.
Phosphorus plays a key role in biological nitrogen fixation (BNF).
For the symbiotic nitrogen fixation, the roots have to interact with
compatible rhizobia in the soil, and factors that affect root growth or the
activity of the host plant would affect nodulation [14]. Nodule formation,
bacterial growth and the BNF activity itself are processes that are dependent
on the energy supplied from the sugars that need to be translocated
downward from the plant shoots [ 151. Phosphorus is the basis for formation
of useful energy which is essential for sugar formation and translocation.
Soybean enters into one type of symbiotic association with the
bacteria of the genus Bradyrhizobium and into another with vesicular
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rtrbuscular mycorrhizal (VAM) fungi that improve nutrition of plants [ 8 J. It
has been shown that a dual inoculation of soybean by VAM fungi and
Rhizobium bacteria under various cmditions improves the growth and yield
of plants more than the inoculation with one of them only. The contribution
of VAM fungi to dual symbiosis is related to high P requirement for
nodulation and N2-fixation [6].
The main goal of this work is to:
I) determine the beneficial of VAM in the presence of P sources and N
levels on growth, nodulation, spore No., root infection, N and P
uptake by inoculated soybean with Rhizobium.
11) to specify the impact of Rhizobium and VAM fungus on N derived
from fertilizer (Ndff) and air (Ndfa) as well as N2-fixation using NIS technique.

2. Material and methods
This experiment was carried out at the greenhouse of Soils & Water
Dept., Nuclear Res. Center, Atomic Energy Auth. Cairo, Egypt. Sandy soil
in texture was collected from the area of the research farm of AEA Inshas.
The preliminary analysis of the soil used showed 0.1% organic matter,
0.0004% total N, 3 ppm available P and pH 7.9. Nodulating soy bean seeds
(Glycine max (L.) Merr. CV Clark) and two levels of 5N labelled
ammonium sulphate fertilizer, 20 mg N.Kg soil of 5% N atom exess and
100 mg N.Kg soil of 3% N at.ex. were used in the presence of 25 mg P
Kg/l soil as super or rock-phosphate. An effective strain of Bradyrhizobium
Japonicum (Rh) strain 110 was obtained from Agric. Microbiol. Sec., Soil
& Water Inst., ARC, Giza, Egypt. A standard inoculum was prepared by
adding manitol broth, and cell suspension are calibrated to give final
concentration of 10" cell ml-I. Seeds were soaked in B. Japonicum for 12 hr
before planting. A none-nodulating soybean isoline (0108) was used as
reference crop for determining N2-fixation. Two hundred grams of
mycorrhizal (VAM) inoculum produced in soy bean pot culture and
consisting of a root soil fungus mixture containing 5000-6000
spores,blended into the central third of the sand soil.
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Pots (35 cm x40 cm) were filled with 15 kg of soil. Six seeds were
planted per pot, and after germination, they were thinned out to four per
pot. Super or rock phosphate was applied before planting. Labelled
fertilizer was applied in solution. Experiment was factorial and arranged in a
randomized complete block design with three replicates. During the
experimental period, pots were kept weed free and watering was done when
necessary.
After 70 days, plants were harvested, Roots were removed to
determine nodule number and dry weight. The colonization of roots by
VAM fungi was measured and the spore number in each treatment was
detected. Shoots dry weight were recorded after drying at 65°C. Total N and
P analysis in ground samples were determined by standard analytical
method and I s N / l 4N ratio measurements using an emission spectrometer.
Proportions and amounts of N derived from atmosphere were calculated by
I SN isotope dilution technique according to [ 161.

Results and Discussion
Dry weight of shoots and nodules
Data presented in Table ( I ) show the effect of inoculation, N-rates
and P sources on shoot growth and nodules dry weight of soybean plant at
pre-flowering (70 days). Shoots dry weight of nodulated and nonnodulated isoline soybean significantly increased with increasing N levels
from 20 to 100 mg N/kg soil in the presence of either super or rock
phosphate. Weber [ 261 reported that yield of nodulating and non
nodulating varieties was practically the same when mineral-N was supplied,
at increasing levels of N.
Concerning, nodules dry weight, results in the same table showed that
significantly increasing N levels, reduced nodules dry weight of soybean
plant. These results are in agreement with those obtained by 111. They
found that application of small quantities of N-fertilizers favoured nodules
formation, while, large quantities of N adversely affected nodulation.
Brvckwel et al. [SI added that with high levels of mineral N,the colonization
of seedling rhizospheres by rhizobia and plant nodulation were diminished.
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The data also show that dry weight of both shoots and nodules were
significantly affected by inoculation with Rhizobium (Rh) and/or
mycorrhizae (VAM) in the presence of either super or rock-P. In this
respect, soy bean infected with Rhizobium and fertilized with super or rockP significantly increased shoot growth by about 26 and 33% over
uninoculated control plants, respectively. Also, data showed that plants
inoculated with VAM and Rhizobium were 12 and 13% greater i n dry
weight than plants inoculated with Rhizobium only and when plants
supplemented with super or rock-P, respectively. This increase was due to a
positive VAM X Rhizobium interaction. The better response of soybean to
Rhizobium inoculation could be attributed to the complete absence of
soybean specific native rhizobia in the sandy soil used. Ross and Harper
[24] recorded 29% increase in yield of soybean grown in fumigated field
plots, due to double inoculation with endomycorrhizae plus Rhizobiumover
single inoculation with only Rhizobium Also, Kawai and Yamomoto 1201,
reported that the increase in dry matter content of legume plants is a result
of dual inoculation with Rhizobium and mycorrhizal due to stimulative
effect on nodulation and N2-fixation.
The present data showed that VAM fungal colonization alone had no
significant effect on both shoots and nodules dry weight.These results are in
accordance with that obtained by [19], who found that there was no effect
of mycorrhizal inoculation on soybean yields under natural field
conditions.
Moreover the present, data showed that higher rates of increase in dry
matter occurred with rock-phosphate supplement rather than with super
phosphate application. This case might indicate an apparent favour for
rock-P upon super-P, which is completely controversial to the absolute
values of dry matter increments, as a function of inoculants whether in the
presence of super or rock-P.
With regard to nodules dry weight, results in Table ( 1 ) indicate that
the application of both super or rock-P significantly improved the weight of
root nodules of soy bean.
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The maximum nodulation was recorded when plants were inoculated
with Rhizobium plus VAM followed by Rhizobium alone under different P
sources. However, the superiority was more pronounced for rock-P than
super-P. Pacovsky and Fuller [23] reported that Nodulation and N2-fixation
are highly dependent on P uptake, and the presence of VAM fungus
increased P acquisition. They added that the effectiveness of VAM fungi is
greatest in soils amended with sparingly soluble P, and concluded that rockP addition greatly enhanced nodulation and nitrogen fixation of the
mycorrhizal plants which were inoculated with the appropriate Rhizobium
strain. Regarding the interaction between N.x.P.x inoculants, the results
showed that increasing N rates had a remarkable increase on dry matter
content. On the other hand, highest dry matter contents were obtained when
plants were inoculated with Rhizobium alone or combined with mycorrhizae
at 20 mg N/Kg-' soil in the presence of super or rock phosphate. In this
respect, the net increments in dry matter content were 33 and 48% of
uninoculated control treatments when plants inoculated with Rhizobium
alone and dual inoculation at 20 mg N1Kg-I in the presence of super-P,
respectively. While, with rock-P application, it amounted to 41 and 67%
over control for respective inoculants.Data presented in Table ( I ) , show that
dual inoculation was more effective for increasing nodules dry weight at 20
mg N/Kg soil in the presence of super or rock-P. In this case, it recorded
689.2 and 722.4 mg/pot for respective treatments. While, at 100 mg N/Kg-l
soil, it reached to 372.2 and 391.2 mg/pot for the previous treatments,
respectively. Mosse [22] explained this synergistic effect between VA
mycorrhizal fungi and rhizobia. She suggested that while the principal
effect of mycorrhizae on nodulation is undoubtedly phosphate mediated,
mycorrhizae may have other secondary effects, possibly of hormonal
n at u re.

Spore number and root infection
Regarding, spore number and root infection, data presented in Table
(2) showed that sporulation was found to be affected favourably with
rhizobia1 inoculation either in the presence of super or rock-P, VAM
infection percent was almost not responded possibly due to the relatively
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low viable efficiency of such existing spores. The increase in sporulation
could be due to an enhancement of root exudates which may affect the
growth of soil flora, particularly when rhizobia are introduced to the plant.
Similar results were observed by [ 181.
The present, data indicated that infection with VA mycorrhizae alone
or in combination with Rhizobium had a great effect on both spore density
and VAM infection percent under fertilization with super or rock-P. This
goes along with the results obtained by 151. They suggested that rhizobia
enhance the mycorrhizal establishment by producing polysacchardes
leading to increase in synthesis of poly galcturonase enzyme at the infection
site. This enzyme being able to facilitate the permeability of root cells to
fungus.
Inoculation with Rhizobium accompanied with VAM appeared to be
more effective at 20 ppm N level regarding sporulation and VAM infection
percentage in the presence of either super or rock-P (Table 2). Gewaily
and Kheder, (1985) [I41 observed that the influence of mineral N
fertilization on VAM is dependent on soil type with relatively high N-level
(200 kg ha-') being depressant in sandy loam soil for VAM infection but
hardly influencing in silty loam one. Louis and Lim [22] added that
combination between rhizobia and mycorrhizae was a promotive factor on
mycorrhizal development and spore population in soil even after addition
of a moderate dose of P to soil.

N and P uptake
The N and P content of the shoot at two N levels are presented in
Table 3. Results showed that nitrogen and phosphorus content of the plants
inoculated with Rhizobium -9- VAM were significantly higher as compared
with uninoculated plants and plants which inoculated only Rhizobium or
VAM in the presence of super or rock-P. In this respect, the percentage rate
of increases were 57 and 69% over control for N; uptake 60 and 77% for p
uptake upon fertilization with super or rock-P after plant inoculation with
VAM + Rhizobium. For, inoculation with Rhizobium or VAM alone, the
rates of increase in N uptake in the presence of super-P were 37 and 23%
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control; 33 and 77% upon fertilization with rock-P for the previous
treatments, respectively. These results are in agreement with these obtained
by 1241. They reported that increased shoot N and P in the tripartite
association can lead to increased levels of photosynthesis that could be
capable of supplying the increased C requirements of the microsymbionts.
The present, data showed that the VA mycorrhizal inoculation was less
favourable for N content as compared with effects obtained with rhizobia.
Effect of mycorrhiza on plant N was generaly clear when mycorrhizal is
associated with nitrogen- fixing plants. This is due to the favourable effect
of VAM on nodulation and nitrogenase activity in nodules [ 171.
Different trend was encountered with phosphorus whose
concentration in infected plants significantly increases as cornpared with
nonmycorrhizal plants. Such responses were explained by [ I 1 J on the basis
of relatively higher activity of VA mycorrhizal hyphae to absorb soil P and
its translocation to the host roots through a specific efficient active
mechanism.
Under conditions of nitrogen fertilization, the association between
rhizobia and mycorrhizae appeared to be significantly favourable for
development on N and P uptake by shoots of soybean plants.

Proportion of plant nitrogen
Nitrogen derived from fertilizer (Ndff).

It is clear from the results obtained in Table 4 that at 20 mg M.Kg
soil, seed inoculation with Rhizobium and/or mycorrhizae resulted

in a remarkable decrease in the proportion of its N derived from
fertilizer as compared with the uninoculated or non nodulated plants. Plants
given 100 mg M. Kg/l soil showed a remarkable higher proportion of
fertilizer N derived than those given only 20 mg N.Kg soil.
In this regard, shoots of soybean plants accumulated about 10 to 18
and 42 to 56% of fertilizer N at 20 and 100 mq N.Kg soil respectively
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under various inoculants in the presence of super or rock-P. These results
are in good agrement with that obtained by [15].
The present data showed as well, that there was no difference in effect
between the two difference P sources on Ndff%.

Percent N derived from air (% Ndfa)
Data presented in Table (4) showed that about 48% of the N in the
nodulated soybean was derived from atmosphere (%Ndfa), when plants were
inoculated with Rhizobium only and fertilized with 20 mg N.Kg soil as
ammonium sulphate in the presence of super or rock-P. Application of 100
mg N.Kg soil reduced nitrogen fixation to about 18% Ndfa. Thus, the
higher levels of N2-fixed were obtained when the %Ndff was low which
suggests that the fertilizer reduced the symbiotically fixed N through.
Results showed that the amounts of N2-fixed by soybean inoculated with
Rhizobium alone gave about 566.3 and 470.2 mg N Kg-I soil at 20 mg N
Kg soil in the presence of either super or rock-P,respectively; While, it was
reduced to 189 and 170 mg N Kg-l soil at 100 ppm N added to soil for the
previous treatments. Data showed that dual inoculation (Rhizobium -tmycorrhizae) gave the highest amount of N2 at 20 mg N Kg-] soil (689.1
mg/pot) when supplemented with super and 643 mg/pot in the presence of
rock-P. Increased N fertilization up to 100 mg N Kg-I soil resulted in a
remarkable decrease in the amount of N2 fixation. This was reduced to 31 1
and 296 mg N Kg upon fertilization with super or rock-P, respectively. The
same trend was also obtained by [lo].
The present results seem to provide experimental support for the
common field practice of supplying a small quantity of N fertilizer as a
starter for the crop to support intial growth before N2-fixation can become
significant. Alaides et a1.[3] added that small amounts of combined-N seem
to have a valuable synerigistic effect in relation to biological N2 -fixation.
Giving too much nitrogenous fertilizer is however self-defeating as it did
not increase the total level of nitrogen in the system, but merely led to
reduced N2-fixation.
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It is also interesting to note that more Ndfa was obtained when
soybean plants were colonized with both VAM fungus and Rhizobium
(Table 4). In this concern, 9hNdfa was markedly increased by about 8 and
12% when plants were colonized with dual inoculation compared with
Rhizobium alone upon fertilizing with super and rock-P at 20 mg N.Kg-l
soil, respectively. These finding imply additive or synergistic relationship
between microorganisms [7]. Results are in accordance with that obtained
by [6]. They reported that the contribution of VAM fungi to dual symbiosis
is related to a high phosphorus requirement for nodulation and N2-fixation.
The present, data showed that, at 100 mg N.Kg-' soil, %Ndfa was reduced to
25 under both super-or rock-P. The lesser amount being associated with
higher proportions of soil and fertilizer N levels.

Amounts of Npfixed
Amount of nitrogen fixed was markedly affected by N rates, P
sources and inoculants (Table 4). VA mycorrhizal fungus could contribute
to the efficiency of such a system, especially in phosphorus-deficient soils,
even though native endophytes may be present. Generally, it could be
noticed that soybean inoculation with Rhizobium alone or in mixture with
mycorrhizae and combined with an activation dose of nitrogen (20 Kg N
fed-' ) in the presence of super or rock-P, always support greater activity as
compared with uninoculated control or application of the higher nitrogen
dose plus inoculants. In this respect, the amounts of N2-fixed were
significantly increased from 566.3 to 689.1 mg Pot-l in the presence of
super P and fertilization with 20 Kg N fed-' when plants, were inoculated
with Rhizobium alone or combined with mycorrhizae. In the presence of
rock-P, it ranged from 470.2 to 642.7 mg N Pot-l for respective treatments.
Moreover, data showed that inoculation along with application of high rate
of nitrogen fertilizer markedly decreased the amounts of N2-fixed. It is
clear that low rate of combined nitrogen may result in increasing plant
growth and symbiotic N2-fixation presumably by giving the plant an early
booster of nitrogen, which makes it healthier to support the N2-fixation
symbiosis [ 121.
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The results may show that rhizobia alone or combined with VA
mycorrhiza and conjugated with the proper amount of mineral nitrogen is
the practice to be adopted in Egyptian agriculture. The cheap rice of
Rhizobium inoculates may represent another reason to support the concept
of inoculation as a common practice especially in new reclaimed sandy soil.
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TABLE 1: EFFECT OF N RATE APPLICATION ON DRY MATTER,
NODULES DRY
WEIGHT OF SOY BEAN PLANTS A S
AFFECTED BY P-SOURCES AND
RHIZOBIUM AND/OR
MY CORRMIZAE
Treatments
oil
Super -P
Un i noc u I ated
(Rh)

N kg-' soil

Rh + VAM
Mean
None nod.

23.73
3 1.52
26.9 I
35.06
29.3 I
24.26

28.23
33.98
29.33
38.2 I
32.44
29.22

25.98
32.75
28.12
36.64

0.76
53 1.62
1.14
689.24
305.69

0.32
31 1.13
0.34
372.24
171.0

26.74

--

--

Rock-P
Un i nocu 1ated
Rh
VAM
Rh + VAM
Mean
Mone nod.

19.18
27.05
23.1 1
32.09
25.36
21.94

26.11
33.22
27.13
36.17
30.65
27.61

22.65
30.14
25.12
34.13

0.6 I
6 16.53
I .21
722.35

3.1 I
35 I .42
3.20
391.41

-

-

335.18

185.79

WfW

Nodules weight
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0.54
42 1.38
0.74
530.74

0.36
483.98
0.7 1
556.88

TABLE 2: EFFECT OF N RATE APPLICATION ON SPORE AND
ROOT INFECTION OF SOY BEAN PLANTS AS AFFECTED
BY
P
SOURCES
AND
RHIZOBIUM
AND/OR
MYCORRHIZAE.
R.1 %

Treat ment s
20

I

100

I Mean

N k g l soil)
Super -P
Un i nocu I ated
(Rh)
WAM)
Rh + VAM
Mean
None nod.
Rock-P
Uninoculated
Rh
VAM
Rh + VAM
Mean
Mone nod.

20

I

100 [Mean

(mg N kg-l soil)

5.2
7.6
10.4
15.5

22.0
22.8
50. I
64.3
39.8
21 .o

22.1
22. I
48.3
62.3
38.7
22.0

22. I
22.5
49.2
63.4

9.8
4.2

5.3
7.2
10.3
15.2
9.5
4.1

8. I
10.2
14.9
18.3
12.9
7.6

7.9
10.0
14.2
18.0
12.5
7.1

3.0

20.5
20.3
63.7
70.5
43.8
19.9

19.3
19. I
61.2
68.8
42. I
19.10

19.9
19.7
62.5
69.7

5.1
7.9
10.5
15.8

10. I

14.6
18.1
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TABLE 3 : EFFECT OF N-RATE APPLICATION ON N AND P
UPTAKE BY SOY BEAN PLANTS AS AFFECTED BY P
SOURCES AND RHIZOBIUM AND/OR MYCORRHIZAE.
Treatments
oil)

_(mg

856.57
1077.35
1039.4I
1246.35
1055.0
869.39

825.8
1133.1
1017.5
1292.8

114.75
126.08
153.39
199.84
148.52
110.71

118.33
122.92
149.58
172.69
140.88
123.09

116.5
124.5
151.5
186.3

784.33
886.45
81 1.13
1176.42
9 14.58
794.21

708.6
942.3
828.5
1194.7

105.49
119.02
142.48
176.50
135.87
122.86

108.55
132.88
137.29
202.55
145.32
120.86

107.02
125.9
139.9
189.5

(mg.
Super -P
Un i nocu I ated
(Rh)
(VAM)
Rh + VAM
Mean
None nod.

794.96
I 188.80
495.67
1339.29
1079.7
858.8

Rock-P
Uninoculated
Rh
VAM
Rh + VAM
Mean
Mone nod.

632.94
998.15
845.83
1213.0
922.48
770.2
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;oil)

TABLE 4 : EFFECT OF N RATE APPLICATION ON 15N DERIVED
FROM FERTILIZER (Ndff), FROM ATMOSPHERE (Ndfa)
AND N2-FIXED BY SOY BEAN PLANTS AS AFFECTED BY
P SOURCES, RHIZOBIUM AND/OR MYCORRHIZAE.
Treatments

Ndff

Ndfa N2-fixed
N kg"

Super -P
Un i noc u 1ated
Rh
VAM
Rh + VAM
None nod.

20.4
11.0
18.8
10.2
57.1

2.90
47.64
10.52
5 1.45

ROCk-P
U n i noc u I ated
Rh
VAM
Rh + VAM
Mone nod.

20.0
10.8
17.8
9.6
56.2

I .08
47.1 1
12.83
52.98

23.05
566.34
104.74
689.07

6.84
470.23
108.52
642.65

832

56.65
46.90
55.56
42.83
57.08

0.58
17.56
2.07
24.96

55.75
45.42
54.89
42.08
56.20

0.33
19.18
2.33
25.12

2.59
170.02
18.90
295.52

--

-

I

4.99
189.18
21.52
31 1.09
-
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Abstract
Inorganic nitrogen fertilizer is required for all Egyptian soils for wheat.
Free living and N2-fixing microorganisms are able to associate closely
related with the roots of graminacae. Pot experiment studies were carried
out to examine the response of wheat plants to inoculation with
Azospirillum brasilense and Azotobacter chroococcum, single or in
combination, under various levels of ammonium sulfate. The interaction
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between both the inoculants increased straw or grain yield as well as Nuptake by wheat plants with increasing N levels. Results showed that
grains of wheat plants derived over 19,24 and 15% of its N content from
the atmospheric-N2 (Ndfa) with application of 25,50 and 75mg N kg
soil in the presence of Azospirillum + Azotobacter. The final amount of
N2-fixed varied appreciably among the associative N2-fixers. The
highest values of N2-fixed were observed with mixed inoculants
followed by inoculation with Azospirillum and then Azotobacter. The
recovery of applied ammonium sulfate-N was markedly increased by
inoculation with combined inoculants, but less in uninoculated
treatments. Seeds inoculated with nonsymbiotic fixing bacteria could be
saved about 25 kg N without much affecting the grain yield.

Introduction
Nitrogen fertilizers are amongst the more widely used fertilizer
materials and they are also highly susceptible to losses by leaching and
denitrification processes in the field. It has been estimated that not more
than 20 to 50% of fertilizer nitrogen is recovered by arable crops [21].
Generally, yield increases in different crops have been obtained in soils
rich in organic matter [7]. The response of wheat crop to N fertilizer are
up to 180 kg N ha [20). However, the use cost of organic matter and
fertilizer nitrogen during last decades, increase the N2-free bacteria
investigations. It is therefore, felt essential to find correct and
compatible level of fertilizer nitrogen with these inoculations in wheat
1241. Indeed, the biofertilizer is a cheap technique to produce plants
proteins, mainly in developping countries. Asymbiotic nitrogen fixing
bacteria are considered to be one of the most important organisms
playing an important role in soil fertility [ 131. Great Efforts are now
made to improve crop production of the non leguminous plants
through inoculation with asymbiotic N2-fixing bacteria particularly
Azotobacter and Azospirillum [2]. The beneficial effect of these
bacteria on growth and yield was reported by many investigators [8, 151,
as well>as increasing nutrient uptake by inoculated roots [23].
Nitrogen balance studies
the soil after inoculation with
associated with the activity of
established in pot experiment
and ryegrass [ 181.

may give an estimate of N2-fixation in
N2-fixing bacteria. A positive N balance
heterotrophic N2-fixing bacteria has been
with wet land rice [22] Sugar cane [ I I ]
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It has been found of interest to

1 ) study the association between Azotobacter and/or Azospirillum
with wheat under varying levels of N on dry matter production;
2) quantify the fertilizer N uptake and partitioning in various plant
parts;
3) assess N2-fixation;
4) determine the N use efficiency and estimate fertilizer N loss
using mass balance.

Material and Methods
The study was conducted at the Soils and Water Dept., Atomic
Energy 'Authority., Cairo, Egypt. The analysis of the soil used were 93,
4.5 and 2.5% for sand, silt and clay content, respectively; pH 7.9, 0.1%
organic matter content, and 0.0004% total N. IO kg-' of air dried soil
were packed in plastic pots with a height of 35 cm and a diameter of 30
cm. N was applied at the rate of 0, 25, 50 and 75 mg N kg-1 soil as
labelled ammonium sulphate with 2% 15N atom excess. Both P and K
were applied at the rate of 50 and 40 mg P or K kg-1 soil as super
phosphosphate and potassium sulphate, respectively. Fe, Mn, Zn and Cu
were applied at the rate of 5,5,5 and 2.5 mg/kg soil in the form of Fe
EDDHA and sulphate compounds for respective nutrients. Wheat
(Triticum aestivum L.,Cv. Sakha 69) seeds were planted either
inoculated or not with a suspension of Azospirillum brasilense and/ or
Azotobacter chroococcum both and sown immediately in each pot.
After I O days, plants were thinned to five per pot. The experiment was
laid out in a completely randomized block design with three replicates.
At physiological maturity, plants were harvested and separated into straw
and grain. Dry weights were recorded, and biomass ground and
prepared for analysis. Total N in plant and soil samples was determined
by the K-jeldahl method 131, while -N was measured by emission
spectrometry. The percentage and amount of N derived from the
atmosphere were calculated by 15N method.

Results and Discussion
Plant Growth and Yield Production
Data concerning the mean yield of wheat straw and grain in the
experiment conducted with the various N levels and inoculated with
Azospirillum and/or Azotobacter have been presented in Table I . There
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was a significant effect of different inoculants. When the inoculants were
combined, their effects on both straw and grain yields were significantly
higher than one, though the yield obtained in the pot inoculated by
Azospirillum was a bit higher as compared to Azotobacter. Many
researchers ascribe the positive effect of diazotophic bacteria on nonleguminous plant yields to the production of physiologically active
compounds and to a number of other properties of N2-fixing bacteria in
stimulating plant growth [ 191.
As regards the effect of various in levels on wheat straw and grain
yields, as expected, increasing fertilization N rate had clear impact on
wheat growth, dry matter yield increased as the fertilization rate
increased (Table 1).

Table I : Nitrogen rates and inoculation with Azotobacter and/or
Azospirillum in relation to straw and grain yield of wheat

L.S.D. 0.05

(N; Inoculants = I . 10)
Interaction
IS O

(N; Inoculants = I .02)
Interaction
1.37

The present data showed that conjuction of bio-fertilization and
different N combination levels significantly increased wheat yield, the
increases being linked to the rate of fertilization. In this concern,
although the maximum grain yield was recorded at 75 mg N kg-I soil,
the highest percentage increase over uninoculated control due to
inociilation with Azospirillum and Azotobacter mixture was 33 at 50 mg
N kg soil. Vlassak and Rynders, [23] reported that the activities of these
bacteria were favoured in most cases, by low N levels. Fayez et al. [6]
showed that wheat seed inoculation with locally isolated active
Azotobacter and Azospirillum strains may compensate for N-fertilizer
up to 24 to 60 kg N ha-l, Le, growth and N content as well as grain yield

of wheat plants inoculated and fertilized with 108 to 144 kg N ha-l were
more or less similar to those received 168 kg N ha-' without
inoculation.

Nitrogen uptake
Inoculation with Azospirillum and/or Azotobacter significantly
increased N-uptake in straw as well as grain yield of wheat plants (Table
11). In this respect, dual inoculation resulted in a higher N uptake (65%)
in total biomass (straw -t- grain) followed by Azospirillum alone (43%)
and then Azotobacter (34%). Patil [ 141 reported increase in N uptake
by wheat inoculated with Azotobacter or Azospirillum which they
attributed to N fixation. Also, Neyra and Dobereiner [ 131, reported that
Azospirillum associated with the roots of grasses may benefit the plant
both by producing growth hormones and by N fixation, particularly at
later stages of growth when the plant's need for N increases during
flowering and seed formation.
Taking N rates into consideration, as was expected, increasing Nrates especially in sandy soils deficient in N would be more effective for
increasing N uptake by straw of wheat plants as well as grain or total
biomass. The magnitude of increase was quite high compared to the
control treatments. Kumar et a1.[10] and Soliman and Abdel Monem
[21] also reported similar results in wheat.

Table I1 : Nitrogen rates and inoculation with Azotobacter and/or
Azospirillum in relation to N uptake by straw and grain yield of
wheat

154.9
208.4
208.8
263.6

0th inoculants

L.S.D. 0.05
N rate
Inoculants
Interaction

60.79
61.22
90.98

210.2
277.7
291.4
353.1

48.48
54.6 I
79.22

320.7
379.0
372.3
406.8

Inoculation with A.brasilense and/or A.chroococcum significantly
enhanced total N uptake by both straw and grain as well as total biomass
under different N application levels. Maximum N uptake by grains of
wheat plant was reached at the rate of 50 mg N kg-l soil under different
inoculants. The increment rates of grain N due to the addition of 50 mg
N kg 1 soil were 39, 32 and 68% over control, after inoculation with
A.brasilense, A.chroococcum and mixture of them, respectively. In the
same order, they were 17, 18 and 27% for grain N after addition of 75
mg N kg-I soil. Avivi and Feldman [ I ] , reported increases in N uptake
by wheat inoculated with Azotobcater or Azospirillum.
Thus, it could be concluded that, although the maximum yield and
N uptake were recorded with both inoculants at the high N level (75 mg
N kg-I soil). However, the N level (50 mg N k g - 1 soil) was most
compatible since it had the highest percent increase in yield and N
uptake over uninoculated control which was reduced to some extent at
the high level. It seems therefore, that saving 25 kg N was economically
feas i ble .

Distribution of Nitrogen in Plant Parts
Table 3, shows the partitioning of N derived from fertilizer (Ndff),
soil (Ndfs) and air (Ndfa) in various plant parts of wheat, as influenced
by N rates and inoculants. Both Ndff and Ndfs were highest in grain
followed by straw. Grain accurrtulated 23 to 31 and 33 to 39% of
fertilizer N at 50 and 75 mg N kg soil, respectively, under various
inoculants. Similar to Ndff, N drived from soil was positively affected
by N rates as well as, by inoculation. This may be due to better root
development and more root surface area.
Regarding N2-fixed (Ndfa) by wheat, data presented in Table I11
and Fig. 1 showed that the amount of N2-fixed by inoculated plants
increased with increasing N rates up to 50 mg N kg-l soil and then
decreased at 75 mg N kg-' soil. In this concern,the amounts of N2
fixed were about 72, 119 and 91 mg N pot-I when inoculated by
Azospirillum, while it reached to 56, 90 and 71 mg N pot inoculated
with Azotobacter and supplemented at 25, 50 and 75 mg N kg-l soil,
rcspectively. Data showed that Ndfa was reaching a maximum of 172.22
t1ig.N pot - I (24.87%) i n the combined inoculation at SO mg N kg-l
soil.
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Table I11 : Plant N derived from labelled fertilizer, Soil and air as
affected by nitrogen levels and biofertilizers.
Treatment

Straw

/I

Grain

/”-

Fig. ( 1 ) N2-fixation by wheat plants as affected by N-rates and
biofert il i zers
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Such significant response of wheat plants to inoculation with
Azospirillum alone or combined with Azotobacter was explained by [41,
who reported that malic acid and malate are intermediates in the C4
photosynthetic pathway. Those substances which are released from roots
to the rhizosphere are considered to be the most favourable carbon
sources for growth and proliferation of Azospirillum [ 5 ] . Consequently,
this helps fix atmospheric N efficiently and produce growth promoting
substances resulting in higher plant growth.

Mass Balance of Fertilizer Nitrogen
The data on the recovery of applied ammonium - IsN rates in the
presence of inoculants in soil and wheat biomass plants are presented in
Table IV. Recovery of N from ammonium- I5N fertilizer by wheat
plants and soil was in the range of 44 to 77% of added N. The
difference in I5N recovery was due to N rates and type of inoculant . In
this concern, more N was recovered at 25 mg N kg-I soil in the presence
of dual inoculation, (76.67%) and the lowest was recorded at 75 mg N
kg soil. Similar N recoveries have been reported by several researchers:
14 to 65% (12), 23 to 45% [9] and 15 to 33% [ 171. Data showed that at
the highest rate of fertilizer N,the N loss (unaccounted for), ranged
from 48 to 56% of the added N. At 25mg N kg-l soil, the N loss ranged
from 23 to 49%. Nitrogen unaccounted for, was not proportional to N
application, a greater fraction of the applied N being lost at the highest
rate of N application without inoculation and lowest was recorded when
plants were inoculated with Azosirillum and Azotobacter. Efficiency of
N utilization by wheat was more pronounced at low rates of fertilizer
application in the presence of dual inoculation. It was in the range of 27
to 47% of applied N (25 mg N kg-1 soil).
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Table TV : Mass balance of labelled fertilizer nitrogen in soils planted
with wheat as affected by nitrogen rates and biofertilizers.

I

25 mg

N Ke'l soil

Conclusion :
Thus, it could be inferred that seed treatments with non-symbiotic
fixing bacteria resulted in higher yields. In addition, it saved about 25
kg N/Fedd. without much affecting the grain yield.

In case of N2_fixation, the positive favourable effect of dual
inoculation is that it can fix about 24% of their N uptake from air if
supplemented with S0mg N.kg-] soil.
Maximum N-use efficiency was recorded at low level of N
application, and the high loss of N was reached at the high rate of added
ferti 1 izer.
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The Effect of Irradiation on Date Palm Pollen
Grain
Mohamed M . Ismail and Fatma Ramadan A1 Ajaily
The National Academy for Scientific Research

Abstract
The evaluation of male date palm is very important in date palm
culture, it is very well known that the source of pollen has its influence
on fruit set; physical and chemical characters of the fruit.
Date pollen was collected from previously studied male date palm
trees. The pollen was subjected to the following irradiation treatments :
0, 5 , 10, 20, 40, 80 krad.
The irradiated pollen was treated with acetocarmine and its viability
was studied under the light microscope. No differences were observed
between the treated pollen and the control.
The pollen was germinated on agar, sucrose and boric acid media in
an incubator at 27OC for 12 hours. Germination count under the light
microscope indicated that there were no significant differences between
5 , IO, 20, Krad treatments and the control, but the high doses reduced
the germination percentage.
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HBO
= 0.5 g
Ca (NO) . H 0
= 0.3 g
MgSo = 0 . 2 g
K NO =0.I g
Na 2Mn = 0.1 g
Sacrose = 15%
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Gamma Rays Role in The Improvement of Yield
and Early Maturity in Soy Bean

-

M . Y. Moualla and N. Mir Ali
Atomic Energy Commission, P. 0. Box 6091, Damascus, SYRIA

Abstract
Seeds from soybean variety Glycine rnax (L) Merr., were irradiated
with three doses of gamma rays: 100,150 and 200 Gry in order to obtain high yielding and early maturity mutants to be grown after wheat in
a two crop rotation. All the three doses induced morphological variation
and malformation that increased with increasing the dose. Coefficient of
variation values were higher in M2 than in their respective values of M3.
The results showed no selection efficiency under the nonoptimal environmental growing conditions with this lack of efficiency being more
evident for yield than for early maturity. Using FTAB statistical programme 20 M2 and M3 plants were selected for each chracter and when
evaluated in the following generation, it was clear that selections efficiency was higher for early maturity than for yield, the latter being
higher in M3 than in M2 plants. Eventually, 5 high yielding and 4 early
maturing M4 mutants were obtained.
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Combined Effect of Gamma Radiation and
Potassium Fertilization on Growth and Coloring
Matter Contents of Roselle (Hibiscus Sabdariffa L.)
Mohamed A . Abo-EI-Seoud, Medhat F . Hashim and Farid A .
Mohamed.
Agric. Dept. of Soils and Water Res., Atomic Energy Authority
Inshas, P.O.Box 13759. Egypt

Field experiment was conducted to study the interaction effect of
gamma radiation (20,40 and 80 Gray) and potassium fertilization (50,
100 and 150 Kg K2S04/fed) on roselle plant. Samples were taken
during vegetative, flowering and fruiting growth stages and the dry
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weights were recorded. Total carbohydrates were determined in the
leaves, however, coloring matters and flavones content were estimated in
the sepals. The obtained data demonstrated that most of the applied
treatments had the capacity to stimulate plant growth since it enhanced
the dry matter accumulation. In this consideration, irradiation dose of
40 Gray and fertilizer level of 100 Kg K2SOq,/fed had induced the most
promising effect. On the other side, the chemical constituents showed
minor changes in their levels which indicating slight response to the
studied treatments.

Introduction
Hibiscus sabdariffa L. (roselle) is one of the most important and
popular medicinal plants. The fleshy calyx and epicalyx of roselle are
used in making a kind of acidic drink named "Karkadeh" which is
known for its beneficial medical effects. The sepals are also used in
flavoring sauces,soups and beverages and in obtaining a dye-stuff
having antiseptic power and useful in coloring syrups and liquors[ 1 1.
The therapeutic properties of roselle are due to its citric acid content and
to the presence of large amounts of an emollient and sedative
compoundsl21. Considerable work had been done earlier to identify and
characterize the pigments and coloring matter contents of roselle sepals.
In this respect, hibiscin, gossypetin, quercetin, gossypetrin and
hibiscetrin are the most important anthocyanins could be detectedW1.
Peaceful application of atomic energy utilization has been
considerably extended recently in the agricultural field. In this
connection, gamma rays are widely used for radiobiological
experiments. Now, it is well known and established that gamma radiation
is used as perfect tool to stimulate plant growth and to increase crops
produ~tivity[5~6~71.
However, literature showed that limited work had
been conducted regarding the utilization of gamma radiation as a
stimulator device for increasing active substances production of roselle
plant. On the other side, NPK fertilization exhibited a promising impact
in increasing dry matter accumulation and anthocyanins content of
I-oselle plant[879,101.
The present investigation was carried out to study the possibility of
making use of gamma radiation, K-fertilization and their interaction to
stimulate roselle plant growth and inturn to maximize the production of
coloring matters and falvones content.
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Materials and Methods
The present work was conducted in the experimental field as well as
in labs of the Agric. Dept. of Soils & Water Res., Atomic Energy
Authority , Ins has.

Treatments:
1

- Irradiation treatments:

Seeds of roselle (Hibiscus sabdariffa L.) were gamma irradiated
using the 6oCo source installed at the Nuclear Physics Dept., Nuclear
Research Center.
The applied irradiation doses were 20, 40 and 80 Gray at dose rate
of 12 rad/sec., besides the untreated control. Immediately after
irradiation, seeds were sown in the field.

2

- Potassium fertilization treatments:

Potassium sulphate (K2SO4) was used as source for K-fertilization.
The applied fertilization rates were 50, 100 and 150 Kg/feddan, besides
the unfertilized control. For each treatment, the required amount of
fertilizers was divided into three parts and applied after 1,3 and 5
months of cultivation. The other nutrients were added at the usual
recommended rate for roselle cultivation.
Factorial split-plot design with three replicants was used. The main
plots were occupied by the fertilization treatments, however, gamma
radiation doses were distributed in the sub-plots as the plot area was 12
m * (3x4m).

Sampling:
Representative samples were collected randomly at vegetative,
flowering and fruiting growth stages. Then, they were dried at 60-65 OC
for 48 hrs and the dry weights were recorded.

Chemical analysis
Total carbohydrates content was determined in roselle leaves using
the method of Dubois et al[ I I ] . However, the coloring matter content was
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estimated in sepals according to Tibor and Francis[W. Total flavones
content was determined according to the method of Barkowski and
Gzy szeusk[131.
Final data were subjected to standard analysis of variance and
significant differences among the means of various treatments were
established by the L.S.D test according to Snedecor and Cochranl141.

Results and Discussion
1- Dry matter accumulation:
Irradiation doses of 20 and 40 Gray induced an enhancement in
dry matter production of roselle leaves during the different
developmental growth stages (Table I). Irradiation dose of 40 Gray was
the most stimulant treatment as it induced an increase of 17.6, 26.5 and
56.3% in the mean values of the dry weights during the vegetative,
flowering and fruiting growth stages, respectively. On the other side,
irradiation dose of 80 Gray showed no significant influence during both
the vegetative and flowering stage, however, it exerted an increase of
24.7% for plants taken during the fruiting stage. Thus, it could be
concluded that the irradiation impact was varied during the studied
growth stages. In other words, more impressive effect could be noticed
in the later growth stages.
Regarding the influence of the applied K-fertilization levels, it could
be easily deduced that all the added fertilizer rates had the capacity to
increase the dry weight of roselle leaves during the different
developmental growth stages. The maximum increase was attained by
the fertilizer level of 100 kg K2SO4/fed. In this consideration, the
magnitude of that increase was 46.9, 60.7 and 31.6% over the
corresponding control for the vegetative, flowering and fruiting stages,
respectively .
More or less similar trends could be observed regarding the effect
of gamma radiation, K-fertilization and their interaction on dry weights
of stems, fruits and sepals of roselle plant (Tables I1 and 111). The
itimulation effect of the relatively low doses of gamma radiation on
plant growth had been mentioned earlier[5.6?71. Some investigators
assumed the stimulation of gamma radiation to its impact on the auxins
balance w i t h i n the plant tissues[l5*161. On the other hand, the
encouragement impact of K on plant growth should be attributed to its
important nutritional roles. K+ is the most important inorganic ion

involved in the control of osmotic potential[171. So it is cssentirrl for
turgor-driven all growth and for other turgor-generated plant responses
including stomatal and leaf movements.

Table I : Effect of Gamma Radiation and K-Fertilization on Dry
Weights of Leaves, gm/Plant of Hibiscus Sabdariffa L.
(Average of Two Successive Seasons)
l___l

K2S04
Application
(kg/Fed)

Gamma irradiation doses in Gray
Vegetative Stage

100
1 50
Mean

31.91
43.74
53.12
48.8 1
44.40

Control
50
100
I 50
Mean

37.50
54. I2
65.70
54.39
52.93

Control

so

.

50.36
54.32
49.15
48.77

49.45
65.13
53.08
55.21

38.37
59.9 1
41.98
43.03

45.48
58.12
48.26

Fruiting St

Control
50
I00
1 50
Mean

L. S . D. (5% level)
Vegetative stage
Flowering stage
Fruiting stage

Gamma
6.38
6.65
8.02

radiation K-fertilization Interaction
8.24 N.S
10.58 N.S
7.42
N.S
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Table I1 : Effect of Gamma Radiation and K-Fertilization on Dry
Weight of Stems, gm/Plant, of Hibiscus Sabdariffa L.
(Average of Two Successive Seasons)

K2S04
Application
(kg/Fed)

Gamma irradiation doses in Gray

Control
50
100
150
Mean
Control
50
100
150
Mean

64.60
78.53
115.23
84.26
85.66
Fruiting Stage

Control
50
100
150
Mean

62.08
74.80
93.27
99.92
82.52

l

95.57
147.57
153.30
123.53
129.99

108.45
204.33
2 16.35
153.25
170.60

88.40
141.28
162.33
104.79
124.20

88.63
141.99
156.3 I
120.37

L. S. D. ( 5 % level) Gamma radiation K-fertilization Interaction
Vegetative stage
5.93
6.33
N.S
Flowering stage
10.14 25.15
20.29
Fruiting stage
24.05 12.86
48.09
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Table 111 : Effect of Gamma Radiation and K-Fertilization on Dry
Weight of Fruits and Sepals, gm/Plant, of Hibiscus
Sabdariffa L. (Average of Two Successive Seasons)

K2S04
Application
(kg/Fed)

Gamma irradiation doses in Gray
Fruits

Control
50
100
150
Mean

40.35
42.14
53.17
5 1.95
46.90

42.93
47.54
57.61
55.49
50.89

Control
50
100
150
Mean

L. S. D. ( 5 % level) Gamma radiation K-fertilization Interaction
Fruits
3.69
3.74
7.37
N.S
Sepals
1.84
1.45

2

- Total carbohydrates Content:

Data of total carbohydrates content of roselle leaves as affected by
the studied treatments are presented in Table IV. Gamma radiation
treatments had no significant effect on total carbohydrates during the
vegetative and flowering growth stages. Only simple fluctuation could
be observed. However, a significant increase was detected as far as the
fruiting stage was considered. Previous studies mentioned an increase in
total carbohydrates of plant tissues as a function of exposing to gamma
radiation[6.71. On the other side, almost all K-fertilization treatments
exhibited an increase in total carbohydrates content of roselle leaves.
Only, a reduction was noticed for the fertilizer level of 50 Kg K2S04/fed
during the vegetative growth stage. Maximum carbohydrates content
was exerted by fertilizer level of 100 Kg K2S04Fed. That holds true for
the different developmental growth stages. It is well known that K is an
activator of many enzymes and hence is biochemically important in
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various metabolic processes including photosynthesis, respiration and
carbohydrates sy 11 thesis.

3

-

Flavones content:

Statistically, the applied gamma irradiation doses, K-fertilization
treatments and/or their interaction had no significant effect on flavones
concentration (mg/g.d.wt) of roselle sepals. However, total flavones
content (expressed as mg/plant) showed another impression. In this
respect, all the applied K-fertilizer rates and gamma irradiation dose up
to 40 Gray had the capacity to enhance total flavones content. The
percent of maximum increases as a function of irradiation dose of 40
Gray and fertilizer level of 150 Kg K2S04/fed were 26.3 and 73.7%,
respectively as compared with the corresponding control.

4

- Coloring matters content:

Coloring matters content of roselle sepals showed the same
phenomenon of flavones content regarding their response to the
imposed treatments. Again, no significant impact on the coloring matter
concentration (mg/g.d.wt) could be detected as far as the applied
treatments were considered. While coloring matter production estimated
as mg/plant showed an increase in response to the exercised factors. In
this connection, Mandour et a1.,[191 declared that the absolute amounts
of anthocyanins and flavones (production/plant) were significantly
increased by increasing the level of NPK fertilization, in despite of the
non-significant increment in their concentration (mg/g.d.wt). Naturally,
this observation is attributed to the fact that t le trend of the absolute
data as amount/plant is going parallel to hat of the dry matter
production by the grown plants as there was no significant variation
between the relative data (mg/g).
r

In general, according to the results of the present work, we could
recommend the application of irradiation dose of 40 Gray and
fertilization level of 100 Kg &S04/fed as best treatments to stimulate
roselle plant growth and, inturn, to increase its active substances
productivity .
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Table IV : Effect of Gamma Radiation and K-Fertilization on Total
Carbohydrates Content (mg/g. d. wt) of Leaves of Hibiscus
Sabdariffa L. (Average of Two Successive Seasons)
~

K2S04

Application
(kg/Fed)

Gamma irradiation doses in Gray
Vegetative Stage

Control
50
100
1 so
Mean
Control

so
100
I so
Mean
Control
50
100
150
Mean
L. S. D. ( 5 % level) Gamma radiation K-fertilization Interaction
Vegetative stage
N.S
18.52
N.S
Flowering stage
N.S
7.69
N.S
Fruiting stage
11.41
10.88
22.81
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Table V : Effect of Gamma Radiation and K-Fertilization on Flavones
Content of Sepals of Hibiscus Sabdariffa L. (Average of
Two Successive Seasons)
Gamma iri adiation doses in Gray

I

40
80
:ration, m g/g .d. w t.
5.35
4.96
5.66
6.0 I
5.58
5.07
5.93
5.53
5.63
5.39

I

Mean
4.84
5.59
5.53
5.78

L. S. D. (5% level) Gamma radiation K-fertilization Interaction
Concentration
N.S
N.S
N.S
Total content
14.38
20.75
N.S

Table VI : Effect of Gamma Radiation and K-Fertilization on
Coloring Matter Content (As Anthocyanin) of Sepals of
Hibiscus Sabdariffa L. (Average of Two Successive Seasons)
K2SO4
Application

;amma irradiation doses in Gray
Control

Control
50
100
150

Mean

7.92
8.79
8.15
8.4 1
8.32

Concentration. m d g . d. w t
8.38
8.30
8.39
8.19
8.02
9.48
8.34
9.47
7.64
8.72
8.95
8.48
8.4 1
8.69
8.50

.

L. S. D. (5% level) Gamma radiation K-fertilization Interaction
Concentration
N.S
N.S
N.S
Total content
15.41
12.71
30.81
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8.25
8.63
8.40
8.64
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The Effect of Gamma Radiation on Yield of
Arabic Abiad Barley under Different Nitrogen
Levels
Khalaf Khalifa
Atoinic Encrgy Coinniission, P.O. Box 609 1, Damascus, Syria

Abstract
A ficld expcriiiicnt was carricd out a t ACSAD research station in DcirEzzor District during two scasons 1987/88 and 1988/89 on iiicdiumhcavy Tcxturcd soil. Thc aiiii was to study [tic clfects of i'ivc closes of
ganima rays 0, 5 , 10, 15 and 20 Gy and lour lcvcls of nitrogcn 0. SO, 80
and 100 kg N/ha, and the interactional effcct on barley's yield (c-v
Arabic Abiad) undcr irrigatcd conditions. The rcsults showcd that [he irradiation doscs and nitrogen ratcs signi licantly incrcascd barley's grain
and straw yicld comparcd to control. Ttx doscs 5 , 10, 15 and 20 Gy incrciisc grain ycild by 28.3, 24.4, 25.8 and 19.9% and straw yicld by
14.2, 7.0, 8.9 and 0.9% rcspcctivcly. Whilc nitrogcn lcvcls SO, 80 and
100 kg N/ha lead to grain yield incrcascs by 24.8, 32.0, anti 29.95% and
straw yicld increases 19.2, 17.0 and 3.1% rcspcctivcly. Tlic higticst positive intrcrxtion was obscrvcd bctwccn 5 - 2 0 Gy dose and 5 0 kg N/lia.
In gencral, thc incrcasc in radiation tloscs and nitrogen lcvcls Icad to a
drop in thc rate o f yicld incrcasc.
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Studies on Productivity and Lodge Resistance of
Radiation Induced Mutants of Syrian Local
Durum Wheat
A bbas M. El-Fares, Hasan M. Ghazal

Dep. of radiation Agriculture, Syrian Atomic Energy Commision,
Damascus, Syria, P. 0. Box 6091

Abstract
The aim of the research was to induce mutations characterized by
lodging resistant and high yielding ability in two Syrian local durum
wheat landraces. This research was carried out at two periods during
1983 - 1987 and from 1991 - 1993.
At the first period, kernels of Hourani and Senatore Cappelle were
treated with 10, 15, 20, 25 and 30k rad of gama rays at the Laboratory
of the Commision of Syrian Atomic Energy to induce mutations. The
treated kernels were planted in 1983/1984 season. After that, selection
were practicised on plants which charcterized by good performance and
lodging resistant. During the successive seasons, screening were made on
mutant lines to keep out only lines which show adaptability to intensive
cultivation.
Second period includes testing of selected lines at two governorates
of Syria (Raqqa and Aleppo) during three successive seasons;
199 1/1992 and 1992/1993 under intensive cultivation conditions
(fertilization, irrigation, stands, etc.).
Observation were recorded for morpho-physiological traits in
addition to yield and yield components. According to collected data,
lines were classified to three groups.
Group a : Includes some lines such as 860, 899, 932, 1048, 1052,
and 1065 which characterized by short stem. Group b : Includes somc
lines such as 33, 840, 932, 832 which characterized by lodging
resistance and high yielding capacity. Group c : Includes some lines
such as 456, 885, and 814 which characterized by good performance
but lintolerant to lodging.
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891

892

Table I : Grain yield (kgha) and lodging score for mutant lines
grown at Najid in 1991/1992 season

4286
4206
4008
3888
3809
3809
3730
3730
3650
3650
357 1
357 1
353 I
3492
3472
3412
3412
3412
3373
3373
3333
3333
3333
3293
3253
3253
3 174
3174
3174
3095
3095
3095
3095
3095
2619
2619
2619
2619
2579
2540
2540
2540
2540
2460
2460
2460
238 1
238 I
2302
2302
838.2

Lodging
score

Line
number

2.3
1.o
4.0
3.0
1.o
2.2
1.5
1.5
0.0
2.0
3 .O
2.5
2.5
1.5
1.o
0.0
2.2
2.5
2.3
1.3
1.o
I .5
2.0
1.o
3.0
1.5
1.3
1.o
2.5
1.5
2.0
2.0
I .5
2.0
2.0
0.0
0.0
2.0
0.0
0.0
2.0
2.0
1.5
2.5
1.o
1.3
1.5
2.0
2.3
0.0
1.1

845
448
892
I59
870-1
869
166
1043
74
142
89
I034
56
1039
1048-1
93
226
88
I75
8
839
I08
164
1014
135
1031
90
8 13
177
844
36
39
864
222
1009
1020
37
30- I
57
Senatore
1022-1
94
150
49
I20
81
I72
57- 1
I70
117

Lodging
score
3016
3016
3016
3016
2976
2936
2936
2936
2936
2936
2897
2897
2897
2857
2857
2857
2857
2857
2857
2817
2817
2778
2778
2778
2778
2778
2738
2738
2698
2698
2698
2698
2619
2619
2302
2143
2143
2 143
2143
2143
2063
2063
2063
1984
1984
1825
1825
1825
1776
1667
838.2

0.0
0.0
2.5
0.3
2.5
1.3
1.3
1 .o
2.5
0.0
2 .o
2.0
1 .o
2.0
2.0
0.0
2.0
I .5
I .5
1 .o
1.5
0.0
0.0
0.0
I .o
0.0
0.0
0.0
2.5
0.0
0.0
0.0
3.O
0.0
3.0
0.0
0.0
0.0
I .5
1 .o
0.5
2.0
2.0
1.5
2.0
0.0
I .3
1.3
I .5
0.0
1.1

Table I1 : Grain yield (kgha) and lodging score for mutant lines
grown at Yaroub in 1991/1992 season (100 lines)

4898
4719
4474
4407
4363
4296
425 1
405 1
3940
3895
3873
385 1
3828
3828
3784
3717
3695
3561
3517
3484
3484
3494
3405
3339
3339
33 16
3316
33 16
3294
3250
3227
3227
3295
3161
2515
2515
2493
2493
247 1
2448
2448
2426
2404
2337
2337
23 14
2293
2248
2136
2137
795

Lodging
score

Line
number

3.5
1 .0
4.0
4.0
2.5
3.5
3.O
3.5
3 .0
3.5
3.5
3.5
3.5
3.0
3 .O
2.5
2.0
2.0
0.0
0.0
3.O
2.0
3.5
1.5
1.5
3.O
3.5
3.5
3.0
3.0
1.5
1.5
0.0
1 .0
2.0
2.0
2.0
1.5
1.5
3.O
1.5
3.0
2.0
1 .o
0.0
3.0
I .o
2.5
1.5
I .5
1.3

848
178
416
65
43
92
1008
176
96
64
346
462
922
I024
156
I37
872-2
21
478
860
475
8
35
899- I
803
1027
47
127
889
902
I1
912
Hourani
40 1
893
52
1025
866
61
101
1055
99
858
48
1013
454
910
I030
1047
1043

894

Grain yield Lodging
score
(Kg/ha 1
3161
3138
3098
3072
2983
2960
2960
2938
2916
2916
2894
2894
2849
2849
2849
2849
2849
2804
2782
2782
2760
2760
2737
2715
267 1
2670
2649
2582
2560
2560
2537
2537
2537
2537
2137
2137
21 15
2092
2092
2092
2048
2047
2003
1960
1914
I825
1825
1736
1692
1224
795

1.3
3 .O
2.0
3.5
2.0
3 .O
1

.o

1.5
3.O
3 .O
0.0
0.0
3.0
0.0
3.0
3.0
0.0
3.0
0.0
3.O
2.0
3.0
1.5
1.5
2.5
0.0
0.0
2.5
0.0
0.0

1.5

2.0
1.5
3.5
0.0
3 .0
0.0
1.5
1.5
0.0
1.5
I .5
0.0
1 .o
1.3
1 .O

0.0
I .o

0.0
0.0
1.3

Line
number

Grain yield Lodging
score
(Kg/ha)

932
836
6
898
840
926
476
915
456
836- I
8 10
1028
862
52
1007
877
4
916
870
416
46
416-1
91
86 1
44

4563
454 I
4452
4407
4407
4363
4213
4140
405 1
4006
3962
391 8
3784
3739
3739
3739
3739
3739
3739
3695
3673
356 1
3517
3472
3472

3.0
2.5
2.0
2.0
3.5
0.0
2.3
0.5
2.5
1 .o
1 .o
1.5
2.5
2.5
2.0
2.0
1.5
2.5
2.5
2.5
2.0
2.5
3.0
0.0
0.0

S D 0.05

633

1.2

Line
number
214
222
34
Hourani
825
913
200
1064
840-2
1003
890
202
Senatore
1051
217
895
990
1027
I79
824
31
473
78
224
842

895

Lodging
score
3427
3406
3383
3383
3339
3294
3294
3249
3205
3205
3 161
3094
3072
3049
3027
2938
2938
2894
2849
2804
267 1
267 1
2626
2404
2226

0.0
1.5
0.0
0.5
0.0
2.0
2.0
2.5
0.0
1 .0
0.0
2.5
1.5
0.0
0.0
0.0

633

1.2

0.0
1.5
I .5
1.1
1.5
0.0
2.3
2.0
1 .o

__

Table IV : Means of some characteristics of mutant lines grown at
Raqa in 1992/1993 season
Grain yield

(KdW
Sham- I
Gazcta-

17

Mexi ak

848
Marout
814
899
832
33
456
819
1048-I
990
1065
91
827
88
932
66
IO44
885
6
73
46
455
I052
836
206
IO25
860
416
IS6
476
1048
4
I27
I08
475
864
I67
870
871
106
20
83I
64
922
854-I
Hourani
803
870-1
16
Senatore
854
441
61
92
915
67
28
8
15

403
131

5092
4925
4740
4666
4648
4574
4555
4518
4518
4500
4500
4407
4333
4296
4296
4296
4287
4268
4250
4092
4074
4009
3981
3935
3870
3870
3870
3851
3777
3759
3759
3722
3722
3703
3694
3657
3648
3648
3629
361 1
361 I
3574
3518
3509
3509
3481
348I
3472
3426
3425
3425
3407
3388
3370
3342
3324
3240
3203
3166
2981
2925
2925
2851
2685

Plant height
(cm)

Lodging
score

72
72

4.00
4.00
2.50
3.33
2.50
I .67

84
95

74
91
79
96
96
81
84
123
90

ISO

3.33
2.50
0.33
0.50

2.50
2.00
2.50
2.00

I10

92
98
87
76
85
I34
96
85
92
88
95

109

93
93
I18
78
89
97
93

100

96
91
88
80
91
87
96
93
95
85
92
87
84
92
98
96

104

90
I19
81
84
85
89
85
96
96
88
83
87
90

7.1

706.8

896

I .00
2.00
4.00
I .oo
I .67
I .OO

'

0.00
2.50
2.33
2.67
2.50
2.00
I .00
0.50
2.67
I .67
I .oo

3.00
2.00
3.67
2.50
1S O

2.67
0.67
1.33
1 .OO

I .so

0.33
1 .oo

I .67
3.00
2.50
IS O

1.33
2.33
2.00
2.50
I .oo

2.33
0.00
1 .OO

I .oo

1.33
1

.so

I .00
0.67
2.00
0.67
2.00
1.23
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Line
number

Grain yield
(Kg/ha)

Plant height
(cm)

Lodging
score

840
899
Gmra- 17
Marout
Sham-1
46
832
6
33
456
885
860
932
8 14
I065
1048-1
61
836
455
16

427 1
4125
4063
3958
3708
3667
3625
3583
3500
3438
3396
3354
3313
327 1
3208
3 146
3083
3000
3000
2979
2958
2958
2938
2938
2938

1009
66
1052
91
15
I67
819
854
Hourani
476
915
922
827
4
854- 1
1025
870-I
803
28
67
870
127
Senatore
92

2917
2896
2896
2833
2813
2813
2730
2688
2667
2667
2667
2646
2604
2604
2542
2542
252 I
252 I
2500
2438
2375
2354
2250
2083

64
73
8
156
416

P

~

LSD 0.05

602.9

602.9
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[3] Abdel-Shakoor, M. 1980 A short- statured mutant line of whaet
improved leaf rust resistance. Plant Breed Abstr. (54) : 2672.
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141 Larik, A. S . 1981 Evaluation of wheat mutants f o r yicld and
yield component. Plant Breed. Abstr. ( 5 5 ) : 2917.
[ 5 ] Savov, P. 1981. The nature of induced mutational variation.
Plant Breed. Abstr. ( 5 5 ) : 4399.
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Hydroxide on Cell-Wall Constituents of Some
Agricultural Residues
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Abstract
The effect of various doses of gamma irradiation and different
concentrations of NaOH on cell-wall constituents of wheat straw (W S),
cotton seed shell (C.S.S), peanut shell (P.S), soybean shell (SB.S),
extracted olive cake (0.C.E) and extracted sunflower of unpeeled seeds
(S.U.E) were investigated. Results indicated that NaOH in the
concentrations at (4 and 6%) had significant effects on the crude fiber
(CF) content of W.S. and PS, E.U.E, SB.S., C.S.S, 0.C.E; respectively.
Treating S.U.E, W.S. and all other residues with NaOH (2, 4 and 6%)
respectively, decreased the neutral-detergent fiber (NDF) level.
Irradiation dose of 200 KGY decreased CF for all residues, and it
reduced the NDF for S.U.E and SB.S. However, lower irradiation dose
(150 KGY) was good enough to reduce the NDF for W.S, C.S.S, P.S and
O.C.E. Combined treatment resulted in better effects in O.C.E.
Combined treatment resulted in better effects in reduc ng the
concentrations of the cell-wall constituents.
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Control

30.2

17.8

12.3 17.1

22.3

11.3

37.1 39.8 39.9 31.2 36.8 23.7

2% NaOH
4% NaOH
6% NaOH

27.8
24.9
25.6

18.5
17.2
17.1

9.7 16.9 20.5
10.7 17.5 21.9
9.8 15.9 19.1

10.5
12.3

36.6 39.4 40.0 31.8 36.5 23.7
35.9 38.4 39.1 31.2 33.3 22.5
36.2 39.2 37.8 31.0 34.3 22.6

100 KGy
150 KGy
200 KGy

27.2
22.5
22.7

16.9 11.5 12.6 21.7
15.0 10.7 11.7 22.4
16.3 12.0 10.8 21.8

10.9
10.2
8.9

36.7 40.0 38.0 30.2 36.2 22.1
37.5 40.2 39.5 29.2 33.7 21.6
37.2 40.5 37.7 29.3 34.4 21.8

2%. + 100
4%)+ 100
6% + 100

23.7
20.3
18.7

16.3 11.2 10.1
16.6 11.4 7.9
15.6 10.9 7.7

19.2
17.8
19.4

9.6
9.3
9.0

36.1 40.4 37.6 31.6 36.3 22.0
35.4 40.3 35.2 32.7 34.1 20.1
33.9 38.7 33.7 32.4 32.0 21.c

2% + 150
4% + 150
6'kt + I S O

21.4
19.5
17.5

12.8

10.8 9.6
11.4 7.5
9.0 7.0

21.5
18.4
17.8

7.7
8.7
7.1

36.7 40.5 38.2 29.9 33.5 22.4
35.5 40.6 35.8 30.4 33.4 20.7
34.4 39.7 35.6 30.9 31.4 20.7

2%. + 200
3% + 300
6% + 200

21.6
17.4
16.4

14.6

7.5
6.6
7.1

20.4
20.4
17.5

7.3
8.4
9.2

36.0 39.0 36.4 30.0 34.7 23.0
35.3 39.3 35.1 29.6 31.3 20.4
34.4 38.9 33.6 29.1 31.3 18.9

11.8

8.7

14.6
11.7

12.0
8.7
10.4

11.6

908

909

References
Rexen, F. and Thomsen, K. V. (1976). The effect on digestibility of a new
technique for alkaline treatment of straw. Anim. Feed Sci. Technol, 1 , 73-83.
Waiss, A . G., Guggolz, J., Kohler, G.O., Walker, H. G. and Garrett, W. N.
( 1972). Improving digestibility of staw for ruminant feed by aqueous
ammounia .
J . Anim. Sci. 35, 109-112.
AI-Masri, M. R. and Zirkawi, M. (1994). Effects of gamma irradiation on
chemical compositions of some agricultural residues. Radiat. Phys. Chem. 43,
2 5 7- 260.
AI-hlasri, M. R. and Guenther, K. D-. (1993). The effect of gamma irradiation
on i n vitro digestible energy of some agricultural residues. (unpublished data).
Dalton, F. L. and Houlton, M. R. (1966). Product yield from electron-irradiated
cotton cellulose. Radiat. Res. 28, 576-584.
Nwrnmrin, C. and Bassler, R. (1976). Die chemische Untersuchung von
Futtermitteln. I n Methodenbuch Band 111, 602, P. 1. Neurnann-Neudamm,
Berlin.

910

[ 7 1 Van Soest, P. J . and Wine, R. H. (1967). Use of detergents in the analysis o f

l’i brous fectls. IV- Determination of plant cell-wall constituents. J. Assoc.
Official A n d . Chern. 50, 50-55.
[ 81 Van Soest, P. J. ( 1963). Use of detergents in the analysis of fibrous feeds. 11- A
rapid method for the determination of fiber and lignin. J. Assoc. Official Anal.
Chern. 46. 829-835.
191 Tassinari, T. H., Macy, C. F. and Spano, L. A. (1982). Technology advances
for continous compression milling pretreatment of lignocellulosics for
e n q matic. hydrolysi\. Biotechnol. Bioengng. 24, 1495- 1505.
I I O ] 13rowneI1, H . H. and Saddler, J. N. (1987). Steam pretretment o f
1 i g ti oce 1 1 u 1 o\ i c n i ;I t e 1-i a1 for enhanced en zy m at i c h y d rol y si s . B i ot ec h n 01.
Bioengng. 23, 228-235.
[ I 1 1 Ibrahirn, M. N. hl. and Pearce, G. R. (1980). Effect of g;immri irradiation on
the composition and i n Ltitro digestibility of crop by-products. kgric. Wastes.
2, 253-250.
[ 121 Takagi, M ( 1987). Pretreatment of lignocellulosic materials with hydrogen
peroxide i n presence of rnanganese compounds. Biotechnol. Bioengng. 24.
165- 170.

1 1 31 David. C., Daw, A . , Monnoye, D. (I%O). Utilization of waste cellulose I .
Gamma irradiation and hydrolysis with dilute sulphuric acid. Fur. Polym. J .

16, 1159-1 16.
[ 141 Raininko, K., Heikkilae, T. Lampila, M., Kossila, V. (1981). Effect of’

chemical and physical treatment on the composition and digestibility of barly
straw. Agriculture Environment. 6, 26 I - 166.
I IS] Gralak. M. A., Krasicka, B. and Kulasek, G. (1989). The efect of gamma
radiation on digestibility of cane bagasse. In 20th A. Meet. Eur. Soc. of
Nuclear Methods in Agriculture (ESNA), p . 63, Wagenninger, The
Netherlands.
[ 161 Henning, A., Leonhardt, J . , Wolf, I., Flachowky, G. and Baern, M. (1982).
Nachweis des Strohaufschlusses mit Gamma Strahlen i n vivo. Arch.
Tierernaehr. 32, 789-795.
Sandev, S . and Karaivanov, I. (1977). The composition and digestibility
irradiated roughage: Treatment with gamma radiation. Tierernaehrung Fuet tcr.
I O , 238-242.
Leonhardt, J . W., Henning, A., Nehring, K., Baer, M., Flachowsky, G. and
Wolf, I . (1983). Gamma and electron radiation effects on agricultural
by-products with high fiber content. In Nuclear Techniques for Assessing and
Improving Ruminant Feeds, p. 195. IAEA, Vienna.
[ 191 Seifert. K . (1964). Zur chemie gammabestrahlten Holzes. holz Roh- und
Werkstoff. 22, 267-275.

911

( 2 0 ) Dela Rosa, A M., Dela Mines, A.S., Banzon, R. B. and Simbul-Nuguid, Z.
F. (1983). Radiation Pretreatment retreatment of cellulose for energy
production. Radiat. Phys. Chem. 22, 861.
12 11 Kumakura, M. and Kaetsu, I. (1983). Radiation and chemical pretreatment of
chaff and its effect on enzymatic hydrolysis. Process Biochemistry, October,
14-16.
[22] Xin, L. 2. and Kumakura, M. (1993). Effect of radiation pretreatment on
enzymatic hydrolysis of rice straw with low concentrations of alkali solution.
Bioresource Technology. 43, 13-17.

912

EG9601704
Sccond Arab Conference on the Peaceful Uses of Atomic Energy, Cairo 5 - 9 Nov. 1994

AAEA

Effect of Gamma Irradiation on Growth, Yield
and Chemical Constituents for Three Tomato Varieties and Their Crosses.
El-Sayed H. Hassanien, F. M. Abd El-Tawab,
Alia El-Souedy, M.T. Sharabash*, Asmahan A. Mahmoud*
Department of Genetics, Faculty of Agriculture, Ain Shams University
* National Center for Research and Radiation Technology, Atomic Energy Authority, Cairo, Egypt.

913

Abstract
Three tomato varieties named No. 10 (I); Bison (11) and Kecskement (111), as well as their crosses and their reciprocal crosses were irradiated and involved in this investigation. Variety (11) was the earliest in
flowering, the shortest stem with the least number of branches per plant.
Whereas variety (111) was the latest in flowering, the longest stem with the
highest number of branches per plant. Meanwhile, variety (I) was in the
intermediate between the other 2 varieties. Generally, days for 50%
flowering were decreased for all varieties and all genotypes as a function
of gamma irradiation. This response reached the maximum in M2.
Whereas, plant height and number of branches did not gain the same
trend.
Variety (I) produced the highest number of fruits per plant, while
variety (111) gained the lowest. The average weight of fruit was in reversal correlation with the average number of fruits per plant. All crosses
and their reciprocal crosses were almost intermediate between their parents in number of fruits per plant, average fruit weight, fruit yield per
plant, and seed setting per fruit.
Irradiating seeds of tomato varieties and all expected crosses stimulated the fruit characters, however, they were still less than the best parent. This enhancement was extended to M2.
Variety (I) verified the highest concentration of v t. C, and chlorophyll A,B and carotenoids in leaves, comparing to the other 2 varieties.
Meanwhile, lycopene in fruits reached the maximum concentration in
variety (111).

All genotypes obtained could not exceed their respective parents in
vit. C except the crosses (I x 11), (I x 111), (IT x 111) and (111 x 11) which
overcame their original parents, particularly in M2. Meanwhile all crosses, as well as, their reciprocal crosses could not gain the prominancy in
both lycopene and carotenoids over the best parent.
Vit. C, and lycopene in fruits were decreased in fruits as a function .
of gamma irradiation. This was true for all genotypes except the cross ( I
x 11), (I x 111) and (111 x 11) which exceeded their respective parents i n
vitamin C in M2.

Introduction :
The time of flowering of most hybrids was approximately interme-
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diate between the flowering dates of the two tomato parents ( Burdick,
19S4), or earlier or equal to the earliest paient ( Alpat et al, 1957) . It
seems that genes control the time of flowering and fruit yield characters
with various degree of dominance in tomato crosses ( Peat and
Whittington, 1965) .
Stimulation on earliness had occurred in 2 tomato varieties by
gamma irradiation (Bader et al, 1978; Alarkon et al, 1987) . Eight Krad
was more effective for days to 50% flowering in 4 varieties and their
hybrids of tomato (Kaushik and Kalloo, 1979) . Meanwhile, plant
height of 2 varieties of tomato was stimulated when seeds had been
irradiated within the range of 250 - 4000 rad ( Bader et al, 1978) .
Whereas , plant height of other 4 varieties was decreased using the range
of 8 - 15 krad
(Kaushik and Kalloo, 1979) .
Number of branches was generally increased by irradiation
treatment Hanumanthopa, 1974; Bader et al, 197B) and reached to the
maximum when doses of 2 Krad (Bader et al, 1978) or 8 Krad (
Kaushik and Kalloo, 1979) were used .
Variations in yield and the average number of fruits per plant were
dependent on the volume of the dosage and the variety of tomato
(Gertsuskii et al., 1977; Kaushik and Kalloo, 1979) . Similarly, it has
observed on the average weight of tomato fruit ( Dhesi and Nadpuri,
1964; Scarascia Venezian, 1967; Brezhnev and Tagmaz ' Yan, 1971;
Khafizof, 1972; Sidrak and Suess, 1973; Brezhnez et al., 1976; Bader et
al. ,1978) .
Number of seeds per fruit was significantly correlated with fruit
weight in some cultivars , while, significant differences occurred in seeds
number due to pollen source (Dempsey and Boynton, 1965; Chyi,
1984) .
Changes in vit. C content were found in M2 and M3 of different
tomato varieties irradiated with 5 , 10 or 20 Krad (Musaev and
Abdullaeva, 1964 ) . Whereas, significant effect on ascorbic acid content
following treatment of 3 tomato varieties with doses of 2. 5 - 20 Krad
was recorded by Marwan et al. 1973. Also, changes in the content of
chlorophyll and carotenoides (Marwan et al. 1973; Selim et al. 1973 )
were recorded as a function of gamma rays .
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Investigating the effect of gamma irradiation on growth, yield and
chcrnical constituents of 3 tomato varieties, as well as their crosses and
their reciprocal crosses , was the aim of this study .

Material and Methods
Three varieties of tomato Lycopersicon esculentum Mill named
No.10 (1); Bison (2); Kecskement (3) and their crosses (1 x 2), (1 x 3);
(2 x 3), as well as their reciprocal crosses i.e., (2 x 1); (3 x 1 ) ; (3 x 2)
were used . The F1 plants from each cross were self polinated to- obtain
F2 seeds.
Seeds of the three varieties and their crosses were irradiated with 12
Krad (120 Gy) using the facilities at the National Centre for Res. and
Rad. Technol., Cairo, Egypt . The dose rate was 1.36 rad / sec.
The experiments were conducted in 1988 and 1989 i n the Exp.
Field, Fac. of Agric., Ain Shams Univ., Cairo . The varieties and their
crosses were sown in main plots, while MI and M2 were sown in subplots. The conventional agricultural practices were adopted . The
following data were recorded in MI and M2 plants:
1 . Plant and fruit characters

.

2. Vit. C (Abdel Kader et al, 1968) and Lycopen (Ranganna, 1977)
in fresh fruits , as well as chlorophyll and Carotein content (Comar and
Zscheile, 1942) in leaves were determined

Results and Discussion
1 . Growth characters

As shown in Table ( l ) , significant differences in earliness, plant
height and number of branches per plant were found in the three
unirradiated tomato varieties . Var. (2) was the earliest in flowering, the
shortest stem with the least number of branches per plant. Whereas,
variety (3) was the latest in flowering, the longest stem with the highest
number of branches per plant . Meanwhile, var. (1) was the intermediate
between the two other varieties . Generally, days for 50% flowering were
dccreased for most genotypes, as a function of gamma irradiation . Thih
could be observed clearly in M2. Whereas, plant height and number ot’
branches did not gain the same trend . Also, it could be observed that
v;w. (2) acquired its earliness phenomenon in flowering to the crosses ( I
x 2), (2 x 1 ) and (2 x 3) in M2. Also it could be noticed from Table (1)

916

that plants of the cross (1 x 3) were tallest, while the cross (2 x 3) was
the shortest . This was true for unirradiated crosses, and might be due to
the gene action which came from the var. (1) Le., the tallest and the var.
( 2 ) , i.e., the shortest .
Irradiating seeds of all crosses and their reciprocal crosses, caused a
decrease in the hight of plants in M2 . Also, all unirradiated genotypes (
C1 ) gained the lowest number of branches per plant, comparing to their
respective parents. This might be due to the effect of crossing . Whereas,
irradiating seeds of all genotypes caused a decrease in the average
number of branches per plant except the crosses (1 x 3); (3 x 1); (2 x 3)
and (3 x 3) which gained the superiority over their respective parents .
These results are in agreement with those obtained by Hanumanthopp,
1974; Bader et al., 1978; Kaushik and Kalloo, 1979, Alarkan et al.,
1987).

Table (1) : Effect of gamma rays on the growth character of three
tomato varieties and their crosses

3x2
105.3

105.0
106.7
104.3
125.0
120.3
128.7
123.7
P

17.7
10.7
18.0
2 1 .o

C I and C2 = Control in 1988 and 1989, respectively
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2. fruit characters
It seems from Table (2) that unirradiated tomato varieties (C1)
varied in the total number of fruits carried per plant. Var. ( 1 ) produced
the highest number of fruits per plant, while var. (3) gained the lowest.
The average weight of fruits was in reversal correlation with the average
number of fruits par plant. Therefore, as the number of fruits per plant
decreased, the average weight of fruit was increased. Whereas, the total
yield per plant reached the maximum on the plant which carried
moderate number of fruits as existed on var.(2).
Irradiating seeds caused an increase in the of fruits per plant,
average weight of fruit and total yield of fruits per plant. This
enchancement extended to M2. Whereas, the average number of seeds
per fruits was decreased in var. ( 1 ) and (2), while it was increased in
var.(3), as a function of gamma irradiation. This after-effect of gamma
rays extended to M2 generation. Each plant of all genotypes, either
irradiated or unirradiated, produced an intermediate number of fruits,
yield of fruits, as well as the average weight of one fruit, comparing to
their respective parents.. Also, the average number of seeds per fruit
gained the same bahaviour except the genotype (2 x 1 ) wich exceed its
respective parents in M I only.
These results coincided those obtained by Polyanskaoy, 1975;
Bader et al, 1978; Kaushik and Kalloo, 1979; Antou, 1980 and Alarkon
et al, 1987.

3. Chemical contents
As shown from Table (3), var. ( I ) varified the highest concentration
of vit. C i n fruits and chlorophyll-B and carotenoids in leaves,
comparing to the other two varieties . Lycopene in fruits reached the
maximum concentration in var. (3) Meanwhile, both variety ( I ) and (2)
contained the highest amount of total chlorophyll in spite of var.(2)
exceeded the other varieties in chlorophyll-A .
All genotypes obtained could not exceed their parents in vit.-C
except the crbses named (1x2) and (3x2)in MI and (1x2);( 1x3); (2x3)
and(3x2) in M2 which overcame their parents . This superiority was
fairly true in M2 . Meanwhile, all crosses, as well as their reciprocal
crosses could not gain the prominancy i n both lycopene and
carotenoids contents in tomato fruits and leaves, respectively, over the
best parent . This was fairly true in both M1 and M2 generations .
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Table (2) : Effect of gamma ryas on the growth character of three
tomato varieties and their crosses
Genotypes

Var.1 Var.2 Var.3

1x2 2x1 1x3

3x1

2x3

3x2

11.0

9.8

Generations

Number

C1

offruits

18.2

13.6

9.5

16.3

16.0 14.5

10.2

M1

20.4

15.1

7.3

17.5

17.2 16.0

9.5

11.5

10.6

per plant C2

20.3

14.6

10.0

15.7

14.7 12.5

8.3

11.0

11.0

M2

21.4

18.6

11.5

20.1

19.0 16.1

9.0

12.7

11.5

Fruit
weight
(g)

C1

MI

25.5
34.8

8 0 . 1 101.0

42.6

81.7 126.7

53.6

47.1

52.7

50.2 65.4

57.8

71.5

87.9
95.5

90.0
110.2

c2

24.6

78.5

99.9

40.4

45.5 50.9

55.9

83.5

86.5

M2

47.9

91.9 144.0

52.8

49.1 61.7

81.5

104.5

120.6

C1

0.480

~~~

Fruit

1.108 0.960 0.699 0.730 0.781 0.577 0.962 0.950

M1

0.720

1.226 0.920

0.932 0.863 1.009 3.676 1.0%

plant

c2

0.520

1.161 1.113

0.652 0.676 0.635 0.501 0.960 0.968

(Kg)

M2

0.949

1.514 1.342

1.042 0.948 0.975 0.743

-yield/

seed
sitting /
fruit

c1

MI

62.7
70.0

1.079

1.324 1.384

108.2 116.0

85.0

84.5

86.0 92.3

107.5 115.7

74.4

77.0

80.9

95.0 106.8

92.3

100.5 104.0

136.0

c2

84.8

94.5

125.0

57.6

78.3

85.5

M2

56.9

80.4

130.0

62.9

70.7

79.1 93.0

97.0

80.5

116.0

98.1

Cl and C2 = Control in 1988 and 1989, respectively

Similarly, the cross (3 x 1) in chlorophyll-A; the crpsses ( 1 x 3) and
(3 x 1 ) i n both chlorophyll-B and total chlorophyll gained the
superiority over their respective parents and the other genotypes . This
was noticed distinctly in M2,
The aforecited conclusion was in coincidence with Lasley and
Margaret, 1956; Lefort, 1959, Musaev and Abdullaeva, 1964; Maewam
et al, 1973; Selim et al., 1973; Selim and Nazeem, 1975; Erina, 1975
and Daskalov et al, 1978.
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Table ( 3 ) Effect of qamma rays on the chemical contents of three
tomato varieties and thier crosses
Genotypes

Var.l

Var.2 Var.3

1x2 2x1 1x3 3x1

2x3

3x2

Generations
c1

Vit.C

12.6

9.2

7.1

12.4

10.8 10.3

9.9

7.8

8.8

in fruit

M1

13.1

8.2

8.0

14.4

9.3

12.8 10.1

7.5

8.7

(mgl IOOg)

C1

11.4

8.6

7.5

11.8

10.6 10.9 9.2

8.1

7.5

h42

12.8

6.9

6.0

7.3

9.3

14.0

9.3

13.2 8.7

Lycopene

CI

in fruit

M1

3.2

4.9

6.2

3.1

3.0

2.8

3.6

4.7

4.9

(mg/100g)

C2

3.0

4.8

6.3

2.9

3.2

3.3

3.4

4.8

5.2

M2

3.0

4.6

5.8

2.7

2.7

2.9

4.5

4.8

3.3

5.2

6.5

3.3

3.3

3.3

3.5

3.7

5.0

5.3

Carotenoids

C1

1.3 3

1.08

1.28

1.20

1.10

1.32 1.30 1.18 1.10

in leaves

MI

1.11

1.27

1.17

0.96

1.20

1.21

1.21 1.06 1.03

C2

1.27

1.03

1.23

1.18

1.10

1.26

1.24

1.13

Mz

1.07

1.11

1.12

0.92

1.23

1.21

1.15

1.03 0.83

“‘(mg/cm2)

1.00

Chlorophyll-

Cl

4.72

5.50

2.71

5.33

5.11

4.20 4.07 3.83 3.71

A inleaves

MI

3.27

5.73

2.18 4.67

S.44

3.20 3.57 3.27 3.20

(mg/&)

C2

4.18

5.23

2.56 4.73

4.67

4.00

M2

2.55

5.47

1.63 4.00

5.07

3.00 3.43 2.71 2.67

3.93 3.47 3.37

Chlomphyll-

c1

2.39

1.71

2.16

2.20

1.83

2.00

2.07 2.33 2.27

inleaves

M1

1.47

2.05

1.66

1.77

2.17

1.80

1.93 1.92

(mg/cm2)

Total
chlorophyll

C2

2.27

1.73

2.16

2.13

1.67

1.73

M2

1.05

2.20

1.36

1.53

2.00

1.49 1.50 1.73

c1
MI

C2
( r n g l C m 2 ) M2

inlaves

C1 and C2 =

7.10

7.21

4.87

7.53

6.94

1.73

1.73 2.27 2.30
1.67

6.20 6.11 6.16 5.97

4.74

7.78

3.84

6.44

7.61

5.00

5.50 5.10 4.93

6.45

6.96

4.72

6.80

6.34

5.73

566 5.74 5.67

3.60

7.67

2.99

5.53

7.07

4.49

4 9 3 4 4 4 4.34

Control in 1988 and 1989 , respectively
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Abstract
The experiment was carried out at the experimental station of the
Faculty of Agriculture, Menoufia Univ., to determine the sensitivity of
root-knot nematode, Meloidogyne javanica infecting tomato plants
exposed to different doses of gamma irradiation 0,20,40.60.80 Gy
salinity levels 0,1000, 2000, 4000 ppm and the plant growth regulator
Cycocel 0,200 ppm. Treated seeds were planted in clay pots and salinity
levels and Cycocel concentrations were applied. Fresh weights and
nematode populations were computed 3 months after application.
Results indicated that 20 Gy, 1000 ppm salinity and Cycocel gave the
highest fresh weight of shoots and roots. The developmental stages and
egg-laying females of nematode decreased by the increasing of
irradiation dose and salinity level. Root-knot galls decreased with 40
and 60 Gy,..yvhile significant increase was observed with o and 80 Gy,
otherwise, salinity levels decreased root galls. Cycocel decreased
nematode population, egg-laying females and root-knot galls.

Introduction :
Some scientists studied the effect of gamma ray on nematodes as a
control agent to meet the quarantine demands of importing countries
and as an alternative method to fumigation [ 5 ] [7] [2]. Soil salinity is
particularly important, affecting both nematodes and plant activity.
There have been numerous reports concerning the influence of this
factor on host-nematode relationships [ l ] [3]. The effect of plant
growth regulators on plant parasitic nematodes is limited.
From these points of view, the aim of this work is to determine the
effect of gamma radiation doses, salinity levels, and plant growth
regulator Cycocel, on the activity of root-knot nematode infecting
tomato plants.

Material and Methods
The experiment was conducted in the experimental station of the
Faculty of Agriculture, Menoufia University during the period of
September 1993 to December 1993. one hundred and twenty clay pots
20cm diameter (3 pots per treatment) were filled with sterilized alluvial
soil (32.8% sand, 32.1% silt, 40.3% clay) about 3 kg per pot. Ten seeds
of tomato Rutgers per pot treated with 20, 400, 60 and 80 Gy of gamma
ray doses, at a dose rate of 52 Gy/h, were planted, 24 pots for each
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irradiation dose. Untreated seeds were planted as check. Ten days after
seed germination, seedlings were removed and only 2 seedlings were
kept per pot. Pots were recieved sodium chloride solution as a source of
soil salinity at different concentrations (1000, 2000 and 4000 ppm). At
the same time, pots were inoculated with a suspension of Melnidogyne
jcrvnnica newly hatched larval stage (about 1000 juveniles per pot)
around the rhizosphere of the seedlings. Half of the pots were foliar
sprayed with water solution of the plant growth regulator Cycocel 200
ppm, and the rest were sprayed with water only. Pots were maintained in
the greenhouse under I 8+5C and 65+ 7% R.H., watered and fertilized as
required.
Three months after inoculation, plants were carefully pulled up and
weighed, then root system was thoroughly washed under running tap
water. Root-knot galls were counted, then roots were stained in hot acid
fuchsin lactophenol. Stained roots were rinsed in water and egg-laying
females were counted, and macerated to release developmental stages of
nematode which was also counted using a dissecting stereoscopic
microscope. The obtained results were statistically analysed.

RESULTS AND DISCUSSION

1- Plant Growth Response:
Resullts (Table I a) re-vealed that there were significant differences
(P = 0.05) in the weights of shoots of tomato plants infected with
Meloidogyrze javanica and treated with gamma radiation, salinity and
Cycocel. Twenty Gy of gamma radiation gave the highest weights of
shoots in comparison with 0, 40, 60 and 80 Gy, at the same time, 1000
ppm of salinity level recorded the highest weights of shoots in
comparison with 0, 2000 and 4000 ppm while, 'Cycocel 200 pprn
increased the shoot weights. Data on the weights of roots (Table I b)
indicated the same trends with those obtained with shoots, where the
differences were significant (P = 0.05) except Cycocel which decreased
root weights. These results confirmed with those obtained by [4], [6].

Table I: The effect of Meloidogyne javanica, gamma irradiation doses,
salinity levels and Cycocel on the fresh weights of shoots and
roots of tomato plants three months after application.
a - Fresh w

e

i

P

h

D

~

Gamma
Irradiation
dose
0
20
40

60
80

L.S.D 5% for irradiation doses = 5.8
L.S.D 5% for salinity levels = 5.2
L.S.D 5 % for Cycocel treatment = 4.1

b - Fresh weiphts of roots @

L.S.D. 5 % for irradiation doses = 4.5
L.S.D. 5% for salinity levels = 4.1
L.S.D. 5% for Cycocel treatment = 2.9
2- Root- knot nematode. M. iavanica population activitv:
Results (Table I1 a) indicated that there were significant differences
( P = 0.05) in the developmental stages of nematode population
(Juveniles and females) in the roots of tomato plants treated with
irradiation, salinity and Cycocel. Developmental stages decreased by the
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increasing of irradiation dose, the same trend was observed with salinity
levels. The plant growth regulator Cycocel significantly decreased the
developmental stages of root-knot nematode in comparison with
untreated ones.
Data (Table I1 b) revealed that egg- laying females of root - knot
nematode population decreased by the increasing of both irradiation
dose and salinity level where the differences were significant (P = 0.05).
Cycocel significantly decreased the numbers of egg-laying females
in comparison with untreated ones (P = 0.05).
Results in (Table I1 c) indicated that the pathogenicity of tomato
plants to root-knot nematode M.javanica, differed according to gamma
irradiation dose (0, 20, 40, 60, 80 Gy), salinity level (0, 1000, 2000, 4000
ppm) and the plant growth regulater Cycocel 0, 200 ppm.
Data reported that the differences were significant (P = 0.05) in the
numbers of root-knot nematode galls between irradiation doses where
the least gall numbers were recorded with 40 and 60 Gy, while the
highest numbers were recorded with 0 and 80 Gy.
Salinity levels significantly decreased (P = 0.05) gall numbers by
the increasing of salinization.
Cycocel significantly decreased (P = 0.05) root- knot nematode
galls in tomato roots in comparison with untreated plants.
These results are in harmony with those of [5] who found that a
large reduction in the reproduction of 1 1 species of plant parasitic
nematodes can be achieved with a dose of 80.000 roentgens. Citrus
nematode population was sharply effected as salinity increased
especially over 5000 ppm level [6].
It could be concluded that gamma radiation at the dose of 40 and
60 Gy decreased rootknot nematode population, in addition, high levels
of salinity were unsuitable for nematode reproduction, Cycocel
decreased nematode population when it was sprayed on tomato plants.
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Table 11: Effect of gamma irradiation, salinity levels and'plant growth
regulator Cycocel on the activity of Meloidogyne javanica
population in tomato roots three months after application.
a. M. iavanica developmental stages (larvae and females) / 1~ roots:

I

1

Gamma
Irradiation
dose
19.3
26.3
18.0
12.0
10.3

56.3
63.0
44.0
34.0
18.7

42.7
48.7
36.0
26.0
13.3

L.S.D 5 % for irradiation doses = 6.5; for salinity levels = 5.8; for
Cycocel = 4.1.

b. M. java--lavinP

females/ l p roots:
__.___

P

0

20
40
60
80

43.3
63.0
42.7
23 .O
12.7

32.0
47.0
32.3
25.3
13.7

13.7
32.0
21.7
18.3
11.0

5.3
15.3
10.3
10.7
7 .O

35.3
45.3
23.0
27.7
15.0

27.7
23.3
25.3
13.0

8.0

18.0
15.7
18.0
10.0
5.7

10.0
12.3
8.0
6.0
4.7

L.S.D. 5 % for i radiatio n doses = 4.5; fol salinity evels = 6.1; for
Cycocel = 4.3.

c. M.javanica Palls per tomato root:

L.S.D. 5 % for irradiation doses = 5.4; for salinity levels = 4.X; for
Cycocel = 3.4.
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The Effect of Gamma Irradiation and Endole
Butyric Acid on Olive Cutting
M. Al-Bachir
Atomic Energy Commission, P. 0. Box 6091, Damascus, SYRIA

Abstract
This study was performed to investigate the effect of 2-4-6 Gy
doses of gamma radiation, 2000-4000 ppm concentrations of indol
butyric acid (IBA), and combined treatment of IBA followed by
irradiation , and irradiation followed by IBA on root formation of olive
cuttings (var. Khodairi). The results indicated that. Two Gy Gamma
radiation increased rooting percentage, and root length at the cuttings
collected in January. Both concentrations of IBA increased rooting
percentage, callus formation, number and length of the roots at all
collection times. The best IBA concentration for rooting was 2000 ppm
in October and March, and 4000 in January. However, the stimulatory
effects of 2 Gy gamma radiation did not reach that obtained by either
concentration of IBA used.
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Abstract
Seeds of three tomato varieties, i.e, No. 10, Bison and Kecskement
were irradiated with 12 krad. The abnormalities in the meiotic stages of
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pollen mother cells in both MI and M2 were evaluated. The 3 varieties
were greatly varied in the percentage of abnormalities occurred . The
var. No. 10 gained the maximum percentage of lagging chromosomes .
Meanwhile, the variety Bison was superaccounted in stickness or
culmping chromosomes, chromatid bridges and micronuclei .Whereas,
the highest percentage of disturbed chromosomes and sterility was
concerning to the var. Kecskement .
Different types of abnormalities such as stickness, disturbed
chromosomes, chromatid bridges, micronuclei and pollen sterility were
highly occurred in M2 than MI . Meanwhile, the percentage of lagging
chromosomes reached the maximum in MI rather than M2
It could be mentioned that pollen sterility was increased by
radiation treatment in tomato varieties . This sterility reached the
maximum in M2. This was attributed to the increase in the chromosomal
abnormalities in M2.

A number of mutants i.e., dwarf, non-branching, sterile plants and
variations in fruit weight, had been occurred in the M2 as a function of
gamma irradiation .

Introduction
Using gamma irradiation or X-rays caused different chromosomal
aberrations in different plants (Yaggu and Rusalin, 1957; Pipov and
Nushikyan, 1973; Zagorecheva and Lordanov, 1976; Kosova et al.
1978; Jayabalan and Rao, 1983). Abberation frequencies in both
somatic cell and gameted of tomato were recorded by Zhuchenko et al,
1975. Also, they were observed at mitosis and meiosis (Zhuchenko et al,
1979) . Sticky chromosomes were more frequent in M2 than MI Rao
and Rao, 1977) . Abnormal cells in the different mitotic stages tended to
be increased by increasing radiation dose (Soheir and Evon, 1972).
Higher chromosomal abberations caused a higher sterility of plants
(Yaggu and Rosalind, 1957) .Pollen sterility was observed in gamma
irradiated tomato plants (Scarascia Venezian, 1967; Zagorcheva and
Lordanov, 1976, Choi, 1976; Jayabalan and Rao, 1983; Dryanovska,
1983) .
Several valiable mutants in growth habit, fruiting, total yield,
chlorophyll content and fruit quality, as well as the content of dry
matter, sugar and ascorbic acid in tomato fruit were obtained (Hvostova
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et al., 1962; Kulik, 1965; Manumanthoppa and Modhava Menon, 1973;
Polyanskaya, 1974; Abdullaev, 1974 and Rehana Majid, 1975) .
The genetical and cytological response of 3 tomato varieties to
gamma rays were the aim of this study . Also, all mutations occurred in
M2 generation were recorded .

Material and Methods
Three varieties of tomato Lycopersicon esculentum namely No. 10
( I ) ; Bison (2) and Becskement (3) were used in this investigation . Seeds
of each variety were irradiated with 12 Krad (120 Gy) at a dose rate
1.36 rad / Sec. . The irradiator was Co-60 instole at the National Center
for Res. and Rad. Technology, Ca*o, Egypt . Seeds were sown in 2
successive seasons . In the first season, seeds of M I were sown in a
greenhouse, and after 35 days the obtained seedlings were transplanted
in the Experimental Field in split plots design with 3 replications . In the
second season, seeds of both M I and M2, as well as their respective
unirradiated control were sown in the greenhouse, and the obtained
seedlings were transplanted in split plots design in 3 replications . The
Exp. Farm of the Fac. of Agric., Ain Shams Univ., was used to carry out
the experiments.

A. Cytological observation
a. Meiotic
studies
*
Flower buds of the three varieties in both MI and M2 generations
were fixed in I : 3 aceto alcohol and were studied using aceto carmine
squash technique ( Belling, 1929) . For squash preparation, a single
anther was placed in a drop of aceto-carmine solution placed on a slide .
The content of the anther was squeezed out . The debris was removed
and the pollen-mother cells were brokenup by stirring with a needle . A
cover slip was placed on the top of the drop, and the slide was heated
gently over an alcohol burner until it was warmed enough but not
boiling . The slide was then pressed vigorously between several layers of
paper towels, taking full care not to move the cover slip . Meiotic plates
were microscopically studied. Abnormalities were recoded and
phtotomicrographs were taken for the 1st. and 2nd. meta-anaphase and
telophase in the pollen mother cells for each treatment .
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2. Pollen Sterility
The pollen grain sterility was determined by staining with acetocarmine . The unstained pollen grains were considered sterile ( Khanna
and Chaudhary, 1970) .

B. Mutations occurred
All mutations which occurred in M2 generation were recorded .

Results and Discussion
1. Cytological studies
a. Stickness chromosome or Clumping
This type of abnormalities was observed in both MI and M2, as a
function of gamma irradiation . It was much higher intense in M2 than
M I ( Table I ) . Also, stickiness was observed at metaphase 1 with either
lightly or highly occurrence ( Figs. I , 2, 3). At metaphase I chromatin
clumps formed by chromosomes were of different sizes and were freely
dispersed through the cytoplasm forming sticky chromatin . During the
process of transformation from metaphase I to anaphase 1 , the clumps
gradually resolved into individual chromosomes . As the time elapsed,
anaphase 1 was fully set, it appeared more or less normal . The two
poles of some cells were varied in the chromosome masses of variable
number. Stickiness was much intense in anaphase I rather than
metaphase 1 . Also, individual chromosomes in a mass could discerned
at this stage .Meanwhile, stickness were still presented in some stages of
pollen mother cells ( PMCs ), as shown in Figs. 4 and 5.
These results are in harmony with Popove and Nushikvan, 1973 ;
Rao and Rao, 1977; Jayabalan and Rao, 1983).

Fig .l. : First Metaphase : Stick chromosomes.

Normal First Metaphase

Fig .2. : First Metaphase :
Light or Partial sticky chromosomes.

Fig .3. : First Anaphase :
Persistent stick of chromosomes .

Fig .3. : First Metaphase :
High or complete sticky chromosomes .

Normal First Anaphase

Fig .5. : Second Metaphase : Persistent stickiness of chromosomes .

Table (1): Percentage of abnormalities in the meiotic stages of PMCs
for the three tomato varieties in M1 and M2 generations,
after seed irradiation .
Jatieties

Chmosomes phenom
I

-

16.91

7.39

b. Lagging chromosomes
It seems from Table ( I ) that the formation of laggards could be
observed very slightly in the check plants of both (1) and (3) varieties .
Whereas, no laggards had been discerened . Also, the imparity in the
lormation of delayed chromosomes was great between varieties . For
instance, the highly percentage of laggards had happened in var.(l)
followed by (3) and (2) varieties . Meanwhile, tangible variation in
lagging chromosomes was observed in both M I and M2 generations .
They were obviously existed in M I much more than M2 . All the three
varieties were coincided in this conclusion . Whatever the cytological
reasons of forming laggards or delayed chromosomes, the orientation at
the equator or irregular separation to the two poles might cause the
existence of chromosomes in univalents and / or the disharmonious
effects of gene arrangement and other alteration of chromosome
normality in these genotypes (Fig. 6, 7, 8 ) ’ . Laggards had been
occurred at other stages in the presence of micronuclei . It was affirmed
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Fig .6. : First Metaphase : lagging chromosomes.

Fig .7. : First Anaphase : lagging chromosomes.

Fig .8. : Second h’letaphase : Persistent lagging chromosomes.

Nornial Second Metaphase

that laggards were existed in tomato as a function of gamma rays ( Rao
and Rao, 1977; Jayablan and Rao, 1983 ) .

c. Chromatid bridges
Data in Table ( I ) show that chromatid bridges resulted in M2 much
more than MI in the three cultivars. The least percentage of chromatid
bridge had occurred in variety ( I ) , comparing to the two other varieties,
Anaphase bridges resulted from the union of centric segments of
broken chromosomes ( Fig. 9), and this might be due to the inversion of
one or more chiasma in the inverted region (Lesley, 1950) . Chromatid
bridges were observed in tomato (Yagyu and Rosalind, 1957) after
irradiation treatment .

d. Micronuclei
The incidence of micronuclei were found in both M1 and M2 of the
three varieties . M2 was the highest in this respect . Also, variety (2)
gained the highest percentage of micronuclei, while var. ( I ) gained the
lowest (Table I ) . The incidence of laggards resulted in the presence of
micronuclei ( Figs. 10, 1 I ) . The rest of meiosis was completed and
pollen sterility was formed through micronuclei resulting from
persistent laggards which were found in some cases (Fig. 12) . This
conclusion was in harmony with that of Rao and Rao, 1977

e. Disturbed chromosomes
As shown in Table ( I ) , the disturbed chromosomes were absolutely
absent in the mother plant of var. (3) . Whereas, they were increased
slightly in the similar plants of var. ( I ) and var. (2), successively.
Gamma irradiation caused much disturbed chromosomes in both M I
and M2 of the three cultivars . M2 was the superior in this respect . Also,
they were observed frequently in var. (3) than the two other varieties
(Fig. 13) . This was in harmony with Kalloo, 1972 .

f. Pollen sterility
It was highly occurred naturally in variety (3) much more than the
two other varieties, while, the minimum sterility was concerning to var.
(3) than the other varieties (Table I) . This conclusion was in agreement
with Scarascia Venezian, 1967; Kalloo, 1972; Zagorcheva and
Lordanov, 1976; Rao and Rao, 1977 and Jayablan and Rao, 1983 .

Fig .!I:.First Anaphase Ijridge .

Fig . l o . : Micronucles at Second Metaphase.

Fig .I 1, : Micronucles at Second Anaphase .

Fig .12. : Multinucleated cell.

Fig .13. : Disturbed orientation at First Metaphase.
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2

. Major mutational changes .

A number of mutants were obtained in the M2 generation . They
were described as follows:

a. Dwarf stem
Dwarfed plants ( 20 cm. long ) were obtained in the M2 generation
of the three varieties. The frequency was 1.67%, 1.39% and 2.5% within
the varieties 1, 2 and 3, respectively . The same conclusion was also
reported by Hvostova et al., 1962; Polacek and Prispevek, 1967; Selim
et al., 1973 .

b. Non-branching
A complete absence of lateral branches was observed on some
mutant plants in the M2 generation . The frequency of this mutation was
1.25%, 1.05% and 1.43% for varieties I , 2 and 3 , respectively . The
same conclusion was obtained by Antoun, 1980 .

c. Sterility
A number of sterile mutants were recorded in M2 generation . The
frequency of the sterile mutants was 2.22% in both vars. ( and 2) and
4.23% in var. (3). This was in harmony with that obtained by Kalloo,
1972 and Choi, 1976 .

d. Fruit weight
Variation in fruit weight were obtained as a result of the mutagenic
treatment in the M2 generation in both vars (2 and 3) . The fruit weight
of the control plants ranged between 40 - 120 g/fruit with an average of
80 g for var. (2) . Meanwhile, the range was 50 - 140 g / fruit with
average of 95 g. for var. (3) .
Mutant of fruit weight in the M2 ranged between 150 - 270 g/ fruitwith an average of 210 g / fruit, and was distributed with the following
frequencies 8% for var. (3) and 2% for var. (2) . Brezhnev and Tagmaz
'Yan, 197 I ; Polyanskaya, 1974 obtained similar mutants after irradiating
tomato seeds .

953

References

. Effect of the dosage and rate of gamma
irradiation on mutation of quantitative characters in tomato .

[ I ] . Abdullaev, V.T., 1974

Azerbaijan, SSR. ELM. 88 89 (c.f. PI. Br. Abstr. 47 (3): 2794,
1977).
131. Antoun, S.S., 1980 . Genetic studies in tomato Lycopersicorz spp. .
M.Sc. Thesis Fac. of Agric., Ain Shams Univ.
131. Belling, J. 1929 . The iron-aceto-carmine method of fixing and
staining chromosomes , Biol Bull. 50: 160 - 162 .
141. Brezhev, D.; Tagmaz'Yan, I., 1971 . A radiomutant of currant
tomato . Kartofel'i ovoshei No. IO, 23 ( c.f. PI. Br. Abst. 42 (4):
9283, 1972) .
I S ] . Choi, J.K., 1976 . Cytological and genetical studies of male sterile
tomato mutants induced by irradiation and chemical mutagens .
Korean J. of Breeding (Yuk Joug Hak Joi I , i) 8 ( I ) : 32 - 40 (c.f PI.
Br. Abstr. 17 ( 1 I ) : 10950, 1977) .
161. Dryanovska, o.A., 1983 . Cytogenesis with high doses of gamma
radiation in tomatoes Lycoper-sicorz esciilentirm . Comptes Kendus
de I , Academic Bulgur des Sciences 36 (4): 541 - 544 . (c.f. PI. Br.
Abstr. 55 ( I ) : 655) .
171. Hanumanthoppa, H.S.; Madhava Menon, P., 1973. Effect of
ionizing radiations on Lycopersicorz cLsdetztil/?l. Madras Agric. J.
60 ( 9 / 12 ) 1622 - 1628 . ( c.f. P1. Br. Abst. 45 (7): 5897, 1975.
[ 81. Hvostova, V.V.; Turkov, V.D.; Voronkov, L.I. and Nevzgodlina,
L.V., 1962 . The production of mutants in tomatoes treated
withgamma rays and ethylene amine . Redo. Biologija (
Radiobiology) 2: 790 - 98, 1962 .
(91. Jayabalan, L. and Rao, P.N., 1983 . Radiation induced cytological
abnormalities i n Lycopersicon esculentum . Production technology
of tomato and chilies . March 22-23 ( c.f. PI. Br. Abstr. 53 (8):
6787, 1983) .
[ I O ] . Kalloo, L., 1972 . Chromosomal alternations in mitotic system as
influenced by gamma rays in peas . Cytologia 37: 643 - 65 I .
I I 1 1. Khanna, K.R. and Chaudhary, R.C., 1970. An interchange
heterozygote in L. esc*irleiztirni and the movement of chiasmata over
the non-homologous segments . Cytologia 35 ( I ) : 63 - 70 .

. Features
of meiosis in tomatoes with functional male sterility used breeding
for heterosis . Ukranian SSR, 42 - 49 ( c.f. PI. Br. Abst. 50 ( I ) : 887,
1980) .
[ 131. Kulik, M.I., 1965 . Early and high-yielding tomato mutants
produced by the action of gamma rays . Genetic. Moscow 2; 148 5 1. (c.f. PI. Br. Abstr., 36 (3): 5219, 1966 ) .
[ 141. Lasley, M.M., 1950 . A cytological basis for sterility in tomato
hybrids J. Hered. 41: 26 - 28 .
[ IS]. Polacek, J . ; Prispevek, K., 1967 . A contribution to mutation
breeding of tomatos . Genetika a Slechteni. 3: 1 - 4 ( c.f P1. Br,
Abstr. 38 (2), 3555, 1968 ) .
. Polyanskaya, A.M., 1974 . Use of gamma irradiation to obtain
early forms of tomato . Vesti. ANB-SSR. Ser. Sel'Skagaspad 4: 63 68 ( c.f. PI. Br. Abstr. 47 (9): 8945, 1977 ) .
[ 171. Popov, V.V.; Nushikyan, A.V. 1973 . Cytological control of
meiosis inducing mutagenesis in L. esciilenturn . ordena Lenina
Instituta Rastenievodsiva Imeni N. J . Vavilova 29: 88 - 92,
Leningrad USSR. ( c.f. PI. Br. Abstr. 44: 242, 1974 )
[ I S ] . Rehana Majid, 1975 . Comparative mutagenic efficiency of
radiations and EMS in Lycopersicon vscirlentiirit . India J . of
Genetics and PI. Br. 35 ( I ) : 90 - 99 . ( c.f. PI. Br. Abstr. 47 ( 5 ) :
4786, 1977 ) .
[ 191. Rao, P.N. and Rao, R.N., 1977 . Gamma-rays induced meiotic
chromosome stickiness in tomato . Theor. Appl. Genet. SO: 247 252 ( c. f PI. Br. Abstr. 48 ( 5 ) : 4885, 1978 ) .
1201. Scarascia Venezian, M.E., 1967 . Effect of irradiation with gamma
particles on tomato pollen . Genet. Agr. Paira. 21: 49 - 65 ( c.f PI.
Rr. Abstr. 39 ( I ) : IS94 , I969 ) .
1211. Selim, A.K.A.; Marwan, M. and El-Sayed, S.I., 1973 . Radiation
induced mutation in tomato . Annals of Agric. Sci. Fac. of Agric.,
Ain Shams univ., 18 (2) .
1221. Soheir M. Amer and Evon Mikhael, 1972 . Cytogenetic studies on
the effect of CO-60 gamma irradiation on Vicici-fiihci . Cytologia 37:
169 - 1 7 4 .
1231. Yagyu, P. and Rosalind, M., 195 . Cytogenetic effect of X-rays and
thermal neutrons on dormant seeds . Genetics 42 (3): 222 - 239 .
[ 121. Kosova, A.I.; Zaginailo, N.N.; Karbinshaya, E.N., 1978

955

1241. Zagorcheva, B. and Lordanov, M., 1976 . Meiosis in mutant forms
to tomato induced by irradiation of the seeds of line ( XXIVa ) with
gamma rays . Genetikai Selecktsiya 9 (6): 474 - 479 ( c.f. P1. Br.
Abstr. 47 (9): 8946, 1977 ) .
1251. Zhuchenko, A.A.; Koral, A.B.; Tyarina, V.S.; Grati, V.G.;
A n d r y us h e hen k 0,
V.K.; Bocharnikova, N.I.and Grati, M.I., 1979. Kinetics of
recombination frequency following storage of irradiated seeds .
Doklady Akademii Nauk. SSK. 248 ( 5 ) : 1249 - 1252 ( c.f P1. Br.
Abstr. 53 (4): 3479, 1983 ) .

956

..--

EG9601708
Second Arab Conference on the Peaceful Uses of Atomic Energy, Cairo 5 - 9 Nov. 1994

MEA

State and Prospects of Food Irradiation in
Tunisia
Abdelmajid Mahjou b
Departement de la Technologie Alimentaire
Ecole Superieure des Industries Alimentaires
58, Ave. Alain Savary, 1003 Tunis, TUNISIA

957

Abstract
Tunisia is a country with a high vocational agricultural orientation.
It continues to promote production and gives incentives to construct
storage and processing installations in order to meet the food demand of
the growing population. This policy is part of a global development
program aimed at reaching a food security system. This system is based
not only on increasing production but also on the improvement of the
storage and processing capacities existing i n the country, whether
modern or traditional, taking in consideration the food commodities and
the region concerned.
Food preservation by irradiation is an alternative to improve and
reinforce our food security system, since it is considered as a way to
protcct commodities from spoilages and also to promote shelf life and
improve hygienic qualities. The products which are concerned by
decreasing losses are mainly potatoes, onions, garlic, dates, nuts, etc.
Hygiene improvement will concern poultry products for our growing
tourist business. And, shelf life extension concerns our exports of sea
products to the European Community.
Within this scope the Government of Tunisia has submitted a
proposal to install a pilot unit to carry out preliminary work toward the
introduction of an industrial unit. The International Atomic Energy
Agency has accepted the proposal and is looking for funds for the
implementation. The government has recently pledged 60.000 Tunisian
Dinars to do the required engineering studies of the unit.

Introduction
Tunisia is an agricultural oriented country. Encouragements in this
field aim at attaining self sufficiency in food commodities for
consumption first then for export. Great efforts had been done in the
field of seed selection, improvement of productivity and many other
areas related to production increase. But, despite the increase i n storage
capacity of food by the installation of many new units of cereal bins and
cold rooms for fruits and vegetables. These storage areas were not
sufficient to accomodate the quantities produced abundantly in recent
years, such ;is wheat, olives, potatoes, onion, garlic, citrus, dates, and
many other fruits and vegetables. Food irradiation is looked at as an
;ilternalivc to food preservation i n order to protect these items from
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spoilages (microbes and insects) and to regulate delivery and prices at
the retail market level.
Food preservation by irradiation had been shown to be efficient,
practical and feasible. Tunisia is in the process of introducing this
technology at the pilot level in cooperation with the International
Atomic Energy Agency (Project IAEA TUN/S/OI 3). This project is
slowly moving due to the lack of funds from the Agency, it is ranked
"Footnote A" and we are in the process of looking for a donation from
member states or international organisations. Tunisia, among the North
African countries is the least advanced in the field of food irradiation.
Thus, we hope to bridge the big gap that exists between us and the other
neighbouring states. A feasibility study for the introduction of food
irradiation as a mean of preservation, had been carried out recently by
an expert from IAEA, who has spent two weeks in the field studying the
potentials of the introduction of this technology.

Research Coordinated Program
The school of Food Industry is participating in a collaborative study
on "insect disinfestation of some Tunisian food commodities using
irradiation" part of a coordinated program on "Standardized methods to
verify absorbed dose in irradiated fresh and dried fruits, tree nuts in
trade"
The program work and the investigations to be carried out to
develop a suitable dosimeter are planned as follow:
I ) Dates and Almonds will be used as dried fruits.
2) Dried fruits will be irradiated in commercial packages at 0.30, 0.50
and 0.75 KGy.
3) Absorbed dose in packages (Min. and Max. doses) will determined
soon after irradiation.
4) Products will be transported and stored at room temperature and
refrigerated conditions.

5 ) Absorbed dose will be determined in suitable intervals during
storage.
6) Radiochromic film dosimeters or any other suitable dosimeters will
be used as label dosimeters.
7) Integrity of dosimeters will be established to storage time and
environmental conditions.
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The National Center for Nuclear Sciences and Technologies
Tunisia has also created recently a National Center for Nuclear
sciences and technologies under the auspices of the Secretariat of State
for Research and Technology, this institution has the mandate of
performing pacific nuclear studies and research in various fields, to
manage promote the pacific nuclear applications in relation to the
socio-economic development of the country in the fields of agriculture,
industry, energy, environment and medecine. The center is in charge of
1 ) To do theoretical and practical studies in the areas of nuclear
technology for pacific usages.
2) To execute research programs for the development of nuclear
technology in the socio-economic domain.
3) To collect all information pertaining to nuclear science and
technology and synthesize the results of all experiments and
appl icat ion s .
4) To deliver services for all public institutions and universities using
nuclear technologies and applications, including equipment
maintenance.
5) To organize training sessions in all aspects of nuclear applications.
6) To monitor all users and usages of nuclear sources for public safety
and environment.
7) To act as a counselor for all activities related to nuclear applications.
8) To perform all activities related to the development and control of
nuclear sciences and technologies.

Food Commodities suitable for preservation by irradiation

Foods to be Preserved by Irradiation
Dates [l]
Tunisia produces an average of 80.000 Tons of dates. The variety
Deglet Nour, one of the best in the world, constitutes 50.000 Tons alone,
from which 20.000 Tons are annually exported bringing around
50.000.000 Tunisian Dinars (around 50.000.000,00 USD). One of the
major problems and limitation of exports is the insect infestation of the
fruits. Importers are very strict for the Quality of the product. Control of
insect infestation has been done traditionally by the usage of chemical
fumigation (Methyl bromide and Phostoxins). But with the toxicological
implications and the environmental concern, these chemicals are being
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discouraged and will be banned later. Since insect control in the field is
very difficult to achieve, the viable alternative is to disinfest the crop by
the mean of irradiation immediately after havest. Irradiation had been
shown to be efficient for insect control in dates (tables 1 & 2)[2 & 31.
Also, dates are subject to microbial contamination mainly molds within
the field and during storage and processing (Tables 3 & 4)[4].
Irradiation had been shown to reduce microbial loads of contaminated
products.

Almonds [5]
The average annual production of dried almonds is 50.000 Tons.
the main varieties are Achak, Non pareil, Hech, Zaaf. This food
commodity is produced mainly in the regions of central Tunisia (Sfax,
Sidi Bouzid, Kairouan, Mahdia). The Tunisian varieties are suitable for
both industrial and home consumption. The storage conditions cause
some problem due to insect infestation which could be easily overcome
by the use of irradiation.

Citrus [l]
The 1992-93 crop was about 281.000 Tons from which Maltaise
variety was about 156.000 Tons and clementine was 34.000 Tons.
Export to mainly Europe was about 23.527 Tons and France remains
the target country with 93% of imports. Mold growth control and
quarantine may be achieved by using irradiation.

Potatoes [l]
The Total productions of potatoes was about 200.000 Tons in
1993. During the month of September of every year prices increase due
to shortages of this commodity related to the bad storage conditions
which lead to important losses. The problem may be corrected by using
irradiation to control part of the wasted quantity.

Onions [l]
Onion production reached 270.000 Tons in 1993 against 250.000
Tons in 1992. Storage conditions are inadequate in most areas of the
country and sprouting occurs in September for most varieties used in
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Tunisia causing great decrease in weight and i n availability of the
product. The irradiation treatment will help to control this situation.

Fishery products [6]
Shrimps, lobster and octopus are the main products aimed at
exports. Hygienic requirements are very strict and quality assurance in
terms of microbiological loads are very important. The usage of
irradiation to assure an acceptable ncmber of microbes is one of the best
solutions. Indeed with irradiation these products will remain fresh and
safe to eat.

Conclusion
Tunisia relies greatly on agriculture for its proper consumption and
for export. Food commodities need in either cases are to be
wholesome(high hygienic quality) and marketable (good quality:
physical and organoleptic). It is thus important to introduce irradiation
as a mean to secure all these demands in food items as an alternative to
other preservation techniques where ever appropriate.

Population and Agriculture[7]
Total Population 1990.......... : 8. I8 Millions
2000 .......... : 9.40 Millions
Urban Population .................. : 4.45 Millions
Rural Population ................... : 3.74 Millions
Agricultural population ........ : I .986 Millions
Active Population ................ : 2.698 Millions
Active Agricultural Population.: 0.655 Millions
Inhabitants/Active Agricultural : 12.5
AgriculturaVTotal population..: 24.3 %
Total "P.I.B.", 1989............... : 8920 Millions U . S . $
Agricultural "P.I.B." 1989..... : 1249 Millions U. S . $
Agricultural/Total "P.1.B."....: I4 %
Agricultural "P.I.B."/ha U.A.L.": 259 $/ha
Part of Food in Family Budget..: 37 %I (7% cereals-Tubers)
Food Nutrients Availability/Inhabitant/Day
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(average8648):
Calories: 2970 .
Proteins: 83.1 gr .
Lipids : 73.8 gr .
Usable Agricultural Land
"PIB" Gross Internal Product

4:

Agricultural Productions
(1000 Tons)
LEGUMES [81
(Averages 88-90)
4
Eggplants .......................
Artichokes ....................
16
Carrots ..........................
54
Cauliflowers ....................
6
Cabbages ........................
6
Cucumbers ....................
23
Beans. broad & dry ....... 24
Green beans ....................
3
Lentils .............................
2
onions. dry .....................
52
192
Potatoes ........................
Chick-peas ......................
22
Green peas ......................
15
Green chellies & peppers 137
Pumpkins .......................
49
Tomatoes ......................
437

FRUITS [81
(Averages 88-90)
18
Apricots ........................
Lemons .........................
17
Dates .....................................
73
Mandarins .............................
44
Cantaloups & Melons............ 57
Oranges ...............................
135
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Grapefruits ............................
51
Watermelons........................
228
Peaches & Nectarines ............. 30
38
Apples ...................................
Plums .......................................
6
127
Grapes ...................................
CEREALS[ 81
(Averages 88-90)
Barley ................. 246.6
1. 0
oats ........................
Sorghum ................. 3.0
Wheat .................. 587.3
LIVESTOCK [9]
(Averages 86-89)
Beef .................................
Lamb ...............................
Poultry .............................
Total Indigenous meat ....
Eggs .................................
Cow milk ........................
Total Milk .......................
Cheeses ...............................

3 1.94
39.40
48.48
1 24.1 8
56.04
356.99
382.21
4.20

FISHERY PRODUCTS 4 ....... 92.129
( 1 990. 1000 Metric Tons)
OTHER PRODUCTS3
(Averages 86-89)
Fruits with shell ........... 35.61
Sugar beets ................ 253.24
Raw sugar................... 24.9 1
olive oil .....................
103.84
Wine ........................
3 1.32
Tobacco ......................
5.29
oil seeds.....................
98.64
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Table I : Effects of Gamma Rays in Insect Disinfestation
of Some Date Varieties

Dose 0 r y z a e p h i 1us
Krad s u r i n a m e n s i s

Varjatjes

B a tr ac hedr a
amydraula

E p h e sti a
cautella

Egg Adult Egg Adult Egg Adult

Safwi
(15.3%
Humidity)

Soukara
(13.9%
Humidity)

0
IO
15
20
25
50

55.1
15.3
3.9
0.6
0
0

78.0
8.1
1.7
0
0
0

61.7 66.2
20.2 18.0
12.6 5.8
0.2
0.3
0
0
0
0

37.5
12.1
8.0
2.6
0
0

51.3
7.9
3.1
0.7
0.0
0.0

0
IO
15
20
25
50

31.9
11.7
6.1
2.4
0
0

45.3
13.2
2.9
0.8
0
0

44.0
8.1
3.7
0.9
0
0

51.6
3.1
1.0
0.3
0
0

23.0
5.9
1.3
0.8
0
0

38.5
8.2
2.0
0.3
0.0
0.0

El-Sayed et al., 1982

Table I1 : Percentages of Alive Larvae and Pupes of E.
Cautella Detected at Every Observation in
Artificially Infested Dates
Storage period (days)
Treatement

1

15
P

25°C
(Controls)

89.49a 32.26a

86.29a 0.83b
0.44
+/- 0.05 KGy
at 250 C
Averages followed by same letter in a column are not significantly different at the 5% ofthe T test.

Al- Taweel et al., 1990
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Table 111 : Mold Contamination of Dates
Samples of dates

Percentages
Normal

Surface sterilized

Fresh Dates from
trees

100

42

Dates from cold
rooms

60

38

Processed Dates in
packages

96

56

Mahjoub et a]., 1986

Table IV : Mold Groups Isolated From Date Samples

Mahjoub et al., 1986
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Abstract
10 Krad was the promising dosage for sprouting inhibition for both the
two cultivars. Total losses in weight were partially dependent on the volume of the dosage, the time elapsed after irradiation and cultivar used.
Ascorbic acid was slightly decreased, whilst sugar fractions were increased during storage in irradiated tubers. Sugar fractions were sharply
decreased in boiled or fried potatoes. Also, chlorogenic acid was increased by prolonging the storage time and/ or increasing the exposure
dose.
After-cooking discoloration (darkening) was reduced by gamma irradi-
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tion and / or extending the storage period. Also, using 0.5% citric acid
or 0.5% sodium citrate solution inhibited the after cooking
discolorat ion.

Introduction:
Ionizing radiation inhibited sprouting of stored potato tubers and
prolonged their storage life [ I , 21. Ascorbic acid content was decreased
131 and sugar content was increased at tne range of 6- 14 Krad gamma
rays. Phenolic compounds such as chlorogenic, coffic and cinnamic
acids in potato tubers were increased with gamma irradiation at I 5 Krad
or more [4]. After-cooking discoloration (darkening) which occurred in
potato tubers after irradiating with the sprout inhibiting dosage or
above, as well as they were stored at room temperature [2,S]. Prevention
of discoloration had been occurred by soaking in a solution of citric
acid [6].

Material and Methods:
In both 1982 and 1983, tubers of Alpha and King Edward potato
cultivars were exposed to 0, I O or 50 Krad and stored under room
temperature and good ventilation in perforated carton boxes of 60 x 40
x 20 cms dimentions. Irradiation facilities at NCRRT Cairo, Egypt were
used. Complete randomized design was affiliated. Vitamin C 171, sugar
fractions [SI and chlorogenic acid [9], as wen as discoloration
(darkening) in both boiled tubers and fried chips [ 101 were determined.
Unpeeled tubers were soaked for 18 hours in 0.5% of either citric
acid or sodium citrate solution. Thenafter and immediately after
evacuation, potato tubers were divided into two groups. The first group
was boiled for 30 minutes in similar solutions. The second group was
peeled, sliced and soaked in similar solution for 30 minutes and
thenafter were fried in a highly grade cotton seed oil for 3 minutes.

Results and Discussion:
Sprouting and total losses :
Unirradiated tubers started sprouting after one month (King
Edward) or 2 months (Alpha). Also, King Edward decayed completely
after 3 months, whilst Alpha tuber"s decayed afler 4 montns from
harvesting. Tne dosage 10 Krad and SO Krad prevented absolutely the
sprouting of the two cultivars up to 5 months of storage (Table, 1).
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Sprouting and rotting were the main causes of weight losses in
unirradiated tubers, whereas fungal and bacterial infections were the
main causes in the irradiated tubers. The total losses in unirradiated
tubers were great, comparing to the irradiated ones. The dosage 10 Krad
was the permising dosage in this respect (Table, 2 ) .

Chemical analysis:
Vitamin C in both King Edward and Alpha cultivars was sensitive to
both y rays and storage time. Therefore, significant decreases had
happened as affected by increasing the two factors (Table, 3). The
partial oxidation of ascorbic acid to convert into dehydroascorbic acid
had been confirmed [ I I ] .

Table (1) : Sprouting percentage
Storage period (month)

Table (2) : Percentage of total losses

Table (3) : Vitamin C content (mg/lOOg d.wt.)

q’

Discarded because it was deteriorated by sprouting and/ or rotting.
(Means of two successive seasons 1982 and 1983).
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Table (4) : Reducing sugara (mg/lOOmg D.wt.) in raw, botled and
fried potatoes during storage, as affected by gamma rays.
(Means of 2 successive seasons 1982 and 1983).

Storage period (month)

Doses
Krad

ward
0.058 0.073 0.130 0.154
0.165 0.123 0.179 0.192
0.179 0.144 0.193 0.209

P

0.644 0.609
0.578 0.846
0.654 0.9 10

Check
10

50
L.S.D.
0.05

0.047 0. I55

PP

a
0.082
0.147
0.157

P

Check
10
50
L.S.D.
0.05

0.508 0.479 0.089
0.589 0.739 0.087
0.53 1 0.838 0.098
0.160 0.280

0.039

P

_
I
_

Table (5) : Non-Reducing sugara (mg/100mg D.wt.) in raw, botled
and fried potatoes during storage, as affected by gamma rays.
(Means of 2 successive seasons 1982 and 1983).
cv. King Edward
5.755 5.697 5.260 2.289 2.188 2.208 2.239
5.318 6.045 6.017 2.282 2.456 2.407 2.248
5.867 6.508 6.489 2.482 2.640 2.687 2.514

Check
10

50
L.S.D.
0.05

~

1

-

0.165 0.289 0.312 0.107 0.1 I O 0.172 0.092

-

I
Check
IO
50
L.S.D.
0.05

~~

4.592 4.897 4.075
4.782 5.665 5.700
4.485 6.049 6.086

2.253 2.576 2.395
2.068 2.688 2.817
2.185 2.309 2.890

0.204 0.525 0.580

0. I59 0.140
-

.__._
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0.151

Table (6) : Total soluble sugars content (mg/100mg D.wt.) in raw,
botled and fried potatoes during storage, as affected by gamma
rays.
(Means of 2 successive seasons 1982 and 1983).

Check
10
50

L.S.D.
0.05

c

6.399 6.308
6.395 6.89 1
6.522 7.419

0.450 0.405

I___

I

The concentration of reducing-nonreducing- and total sugars were
increased by extending the storage period up to 2 months for
unirradiated tubers and up to 4 months for irradiated ones. In addition,
gamma irradiation elevated the concentration of these sugars during
storage. All the mentioned sugars were decreased sharply after boiling
or frying, particularly the red ucing sugars, regardless to the cultivar or
gamma irradiation tratments (Table, 4, 5, 6). The increment in total
soluble sugars may due to the hydrolysis of starch which was converted
into sugars by elevating the activity of phosphorylase enzyme in
irradiated tubers [ 121. Also, a sharp decrease in the total soluble sugars
content were sharply decreased in boiled potatoes, as well as fried chips.
Some of this reduction could be due to the change in sugars and
polymer formation [ 13, 141.
this reduction could be due to tne change in sugars and polymer
formation [13, 141.
In unprocessed raw tubers, chlorogenic acid was increased by
extending the holding period and/or increasing the gamma rays dosage,
irrespective of the cultiver studied. After boiling or frying, the
concentration of chlorogenic acid was sharply reduced. only 20-30% of
the initial concentration of this acid were retained (Table 7).
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Table (7) : Chlorogenic acid content (mg/lOOmg D.wt.)

The increment in chlorogenic acid as a result of gamma irradiation,
at tne dosage 10 Krad might due to the increase in tne activity of
phenylalanine amonia lase (PAL) which raised the formation of
phenolic compounds, starting from transcinamic acid. Through a series
of reactions transcinamic acid was successively hydroxylated to caffic
acid and finally yielded chlorogenic acid 141

Prevention of (discoloration (darkening) :
Comparing to the check treatment, i t could be observed that
extending the time of shelf-life or using the higher dosage etihanced
remarkably the existance discoloration in boiled and fried potatoes i n
both King Edward and Alpna cultivars. Also, this criteria was more
pronounced in cv. King Edward more than alpha cultivar (Table, 8).
This could be attributed to the nature of the cultivar and its capability to
produce chlorogenic acid.
Soaking potato tubers in either 0.5% sodium citrate or 0.5% citric
acid eliminated discoloration to a great extent. There were no significant
\fariation between irradiated and unirradiated tubers up to 4 months of
storage. This was true for boiled or tubers up to 4 months of storage.
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This was true for boiled or fried potatoes. Whereas, discoloration in
unsoaked tubers was increased in both two cultivars by increasing the
dosage of gamma rays and the time of storage (Table, 8). Prevention of
discoloration by soaking in a solution of citric acid was reported by
Thomas and Joshi [ 6 ] .The disappearance of the dark complex could be
attributed to the good penetration of citric acid into potato tubers to
reach to the chelated iron in the tissue. Therefore, ferric compounds or
iron-phenol complex such as ferric chlorogenic complex will not be
formed. This compound is most probably the responsihie pigment for
discoloration [ 151. In addition, citric acid caused a reduction of iron by
releasing it outside the tissue into the soaking solution [ 161.

Table (8) : After-cooking discoloration of potatoes* as affected
by gamma rays and storage

IO
50
L.S.D.
0.05

0.30
0.32

0.32
0.32

0.31
0.33

0.33
0.34

0.35
0.36

0.35
0.36

0.48

0.56

0.59
0.65

0.63
0.70

N.S.

N.S.

N.S.

N.S.

N.S.

0.03

0.03

0.05

0.04

Check

50
' L.S.D.
0.05

I

I

cv. AIDha (Boiled)

* Reading of optical density on spectrophotometer apparatus at 390 mn
975

I

References :
[ l ] Fu,Y.K.;Yang, J.K.;Tsai, C.M.; Chang, Y.N.; Chang, M.S.and Chu,
S.L. ( I 980). Food irradiation studies on agricultural foodstuffs in
Taiwan ROC. Symp. on Recent Advances in Food Soi. and Tech..
(Programme), Jan. 9- 1 I .
121 Langerak, D.l. (1 982). Combined heat and irradiation treatments to
control mould contamination in fruit and vegetables. Technica I and
Preliminary Research. Report No. 93, IAEA, Research Contratc No.
24941 CF.
Kim, S.K. and Park, N. P. (1975). Studies on the preservation of
potatoes by combination of gamma radiation and chemicals.
Korean J . Food Sci. and Techn. 7 :159 -167. (c.f. Food Sci. Tech.
Abst. 9 :2J 282).
Thomas, P.; Srirangarajan, A.N.; Padwel-desal, S.R. ; Geneker,
A.S.;Shirsat, ,S.G.;Pendahrkar, ,M.B.; Nair, P. M. and Nadkarni,
G.B. ( 1 977). Feasibility of radiation processing for post-harvest
storage of potatoes under tropical conditions. I 1 1 Food
Preseravation by irradiation 1. Proc. Symp. Wageningen, 2 1-25 Nov.
1977, IAEA, Vienna.
Schietecatte, W. and Nys, R. (1 974). Irradiation treatment for sprout
inhibition in potatoes. In requirements for the irradiation of food
on a commercial scale. Proc. Pannel, Vienna, 18-22 March 1974,
IAEA.
Thomas, P. and Joshi, M.R. ( I 977). Prevention of after-cooking
darkening of irradiated potatoes. Potato Res. 20 :77-84.
Methods of Vitamin Assay (1951). An Assay of Vitamin. Chemists
Inc.
Shaffer, P.A. and Somogyi, M. (1933). Copper iodometric reagents
for sugar determination J. Biol. Chem. 100: 695-7 13
[9] Vertregt, N. and Pannebakker, E.G.( 1965).Estimation of
chlorogenic acid in potatoes. Jaarb. I.B.S.: I 17- 1 19.
[ 101 Habib, A.T. and Brown, H.D. (1956). factors influencing the
colour of potato chips. Food Techn. 10 : 332-336.
[ 1 I ] Fanalaks,T. and Pelletier., 0. (1959) The effect of storage on

ascorbic acid content of gamma radiated potatoes. Food Res., 24:
33-36.

976

1121 Pedevsen, S. (1956). Tne effect of ionizing radiation on sprout
prevention and chemical composition of potatoes. Food Tech I O
532-535 .
[ 131 Fitzpatrick, T.J. and Porter, W.L. (1966). Changes in the sugars and

amino acids in chips made from fresh, stored and reconditioned
potatoes. Am. Potato J. 43: 238-248.
I14 Fitzpatrick, T.J.; Taney, E.A. and Porter, W.L. (1 965). Preliminary
studies on tne fat, sugars and amino acids in chips made from fresh
and stored potatoes. J.Agric. Food Cneln. I3 : 10 - 12.
[ 1s Hughes, J. C. and Swain, T. (1962). After-cooking blackening in
potatoes . 11. Col-e experinlents. J.Sci. Food Agric. 13:229-236.
[ 161 Hunsander, M.L. and Hanning, F. (1958). Effect of complexing

and chelating agents on the after-cooking discoloration of potatoes
and upon the iron and phenolic content oftne juivci.Food res.23:
269 273.

977

EG9601710
Second Arab Conference on the Peaceful Uses of Atomic Energy, Cairo 5 - 9 Nov. I994

MEA

Rhiological Studies During the Storage on Irradiated Wheat Grains
O.H. El-Bagoury, T.Y. Rizk and M.T.M. Sharabash*
and A.H. Hammad*
Agron. Dept., Fac. of Agric., Ain Shams University, Cairo, Egypt.
:k National Center for Research and Radiation Tech. Cairo, Egypt.

Abstract
Wheat grains T. aestivum cv. Giza 157 were irradiated with different
doses starting from 0 up to 320 Krad at room temperature and good
ventilation. It was declared that specific density of grains, as well as the
contents of flour, pollards and oil were not affected significantly. On the
other side, bran was increased by extending the shelf-life of grains, whilst it was decreased as the dosage increased. Meanwhile, the interaction
between gamma rays and storage had a suppression effects on the total
protein in grains.
Farinograph test on wheat dough exerted that both water absorption and
dough weaking were increased, whilst the time needed for dough development, dough stability and Valorimeter number were decreased as affected by the increase in both the volume of gamma ray dosage and
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the time of storage . Also, the Extensograph test on wheat dough
declared that its resistance tended to be extent, whereas, both dough
extensibility and its strength were decreased . Meanwhile, the
proportional number was increased as the dosage and the time of
storage increased

Introduction
a. Gamma irradiation
The main effect of radiation on fat was created from the surplus in
peroxides and volatile carbonyl compounds which were mainly
responsible for imparting rancidity and off flavour to irradiated food
( 1 ) . Changes such as the increase in reducing sugars, N-free extractable
material, solubility of amylopectine and water absorption, as well as, a
decrease in its viscosity have been occurred in wheat flour irradiated
with 650 - 2000 Krad. Meanwhile, at 100 Krad, the values of amylogram
peak and dough stability were decreased (2, 3) . Also the mixing time of
dough was reduced by about 30% and loaf volume was improved (4) .
Morad et a1 (3) found that by increasing the dosage a remarkable
decrease in extensibility and dough strength was observed . This was
associated with an increase in resistance to extention.

b. Storage
It seems that by increasing the shelf - life, a distruction of natural
antioxidant, and a gradual increase in fatty acids were occurred
particularly in Linoleic acid ( 5 ) . The increase in free fatty acids in
cereals and their milling was in association with time (6) . Meanwhile, no
deterioration in crude protein was observed in stored wheat grains after
one year (7, 8) . Whereas, significant losses in total fatty acids and
individual lipids were observed when storage of wheat grains prolonged
more than one year (9) . The absorption capacity of fresh wheat flour
( I O ) , as well as, the resistance of extension and elasticity (10, 12) were
increased with increasing the time of storage . Also water absorption of
wheat flour largely depended upon its protein content and the damage
of starch ( I 1 ). Therefore, the resistance of extension was decreased,
whilst elasticity was increased with increasing the moisture content in
wheat flour (12) . Webb et a1 ( I 3) of the opinion that glutein, derived
from strong- or weak-flours, was similar.
The present work, however, deals with some measurements used to
assess the quality of wheat flour produced from irradiated stored grains.

Material and Methods
Wheat grains Tritictlrn nestivum L. vulgare cv. Giza- I57 were
divided into 20 Kg volumes and stored in cloth sacs up to 21 months .
Prior to storage, grains were subjected to gamma irradiation doses such
as 0 , IO, 20, 40, 80, 160, or 320 krad . The irradiator of gamma cell-220
at the National Centre for Rad. Res. and Tech., Cairo, Egypt . Successive
sub-samples were collected from each sac every 3 months up to the end
of storage . This work was performed to study:

I . Flour, bran and pollards content of wheat grains .
2. Protein and oil contents (14) .
3 . The Farinograph Test ( 1 5 ) to obtain the following aspects:
a. Water absorbtion capacity of wheat flour .
b. Dough development.
It is the mixing time, required to reach 500 Brabender Unit (U.B.),
as soon as the mixer started .
c. Dough stability.
Mixing tolerance of the dough which refered to the proportion of
the curve where it became stable .
d. Weaking of the dough.
The differences in (B.U.) from 500 B.U. Iine to the line in the
centre of the curve, measured after 12 minutes from the curve
leaving the 500 B.U. line .
e. Valerometer number, was measured as an empirical figure for
quality score, based on dough development time and the
tolerance to mixing which is derived from the Farinograph by
means of special template supplied by manufacturers of
Farinograph equipment .
4. The Extensograph Test ( I 5) was carried out to obtain:
a. Resistance to extension was considered as much as the highest
point on the curve measured in (B.U.) after 5 min. from the
starting of the curve .
b. Extensibility, which is measured as a total length of the base of
the curve in millimeters .
c. Dough strength; It is equal to the area under the curve measured
in Cm3.
d. Proportional number, was calculated using the following
equation:

Proprotional number =

Resistance to extension
Extensibility

Data obtained were subjected to the proper statistical analysis of
variance ( 1 6) .

Results and Discution
Irradiated wheat grains did not exist, during storage up to 21
months, any significant change in their specific density, as well as their
content from flour, pollards and oil . Also, wheat grains irradiated within
the range of 10 - 40 Krads, and those of check treatment could not
remain in a good quality up to the end of storage . They were suffering
from insects infestation particularly for those stored up to 15 months .
Whereas, those grains which were exposed to more than 80 Krad
remained healthy until1 the end of experiment This could be a task
point of research .

a. Bran content
It seems that bran content in wheat grains had been increased
significantly as the time of storage passed, while it was decreased by
increasing the dosage ( Table, 1 ) .
b. Protein content
It is shown from Table ( 2) that both gamma irradiation and storage
had suppression effects on protein content particularly at higher
dosages and late periods of storage .
Rheological properties of dough are mainly governed by both
molecular weight and distribution of gluten . Higher molecular weight
of protein was responsible for the resistance to extensibility, while
smaller molecular weight had the reversal effect ( 13, 17 ) . Webb ( I 3)
of the opinion that gluten, derived from strong- or weak-flours, was
similar. Whereas, the strength of flour was directly related to the
molecular weight and distribution of protein .

The Farinograph Test
a. Water absorption
A slight increase in water absorption was observed as the irradiation
dosage increased up to 320 Krad and the time of storage elapsed u p to
21 months ( Table 3 ) . Similarly, some investigators mentioned that a
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slight increase in water absorption was existed as a result of protein
modification which is iduced by gamma rays ( 3, 18, 19, 20 ) . Also,
water absorption capacity was increased during storage (21) .

b. Dough development
The time needed for developing the wheat dough had been
minimized as the dosage of gamma rays and the time of storage
increased . Therefore, unirradiated wheat grains, at zero time of storage,
produced dough which required the longest time to be developed
(Table 3) . This phenomenon is highly desirable from the mechanical
mixing point of view . It seems that the decrement in the dough
development, specially at high doses of irradiation, might be due to a
great variability in gluten structure ( 19, 21, 22 ) .

c. Dough stability
This parameter gives an indication for the indication for the dough
tolerance to be mixed with water which refered to the proportion of the
curve where it became stable . As the time elapsed and the dosage
increased, the dough stability was decreased (Table 3) . The alteration in
dough stability was in concomitant with the change in protein which
took place after the influence of gamma irradiation ( 3, 22 ) .

d. Dough weaking
The dough weaking had increased obviously against the increment
in the dosage volume and the duration of storage .Therefore, the
weakness of the dough reached the maximum at the terminal intervals
of storage, as well as the sever doses ( Table 3 ) . Two reasons had been
given for dough weaking . The first was due to adequate quantity of
gluten but inferior quality, whilst the second was due to inadequate
quantity of gluten but good quality of gluten ( 1 5) . Also, El Saadany
(19) of the opinion that the modification in protein molecules
specifically gliadin was the reason of dough weaking after irradiation .

e. Valorimeter number
This number was decreased as the dosage of gamma rays increased,
as well as the time of storage elapsed ( Table 3 ). Changing i n the
structure of gluten network to be less extensible one , was occurred after
the effect of gamma irradiation. This, in turn, caused a decrease in
Valorimeter number (3) .

The Extensograph Test
a. Resistance to Extension
This phenomenon was suppressed during the entire duration of
storage for all gamma irradiation treatments, comparing to the control
(Table 4). These results are in harmony with those obtained by some
trials ( 3, 22 )

b. Extensibility
It seems from Table (4) that violent decreases had been occured in
the extensibility of wheat dough during the duration of storage for all
dosages . It reached to the minimum values at the late intervals of
storage, and the sever dosages . The degradation and depolymerization
which occurred in protein after irradiation might be the responsible
reasons of these changes . For instance, the length of the polypeptide
chain could be increased by further addition of amino acids as proved
by the decrease in the free NH2 groups after irradiation ( 24, 25 ) .
Maes (2) noticed a marked increase in Alveograph values which was
caused by creating additional length of polypeptide chain by further
addition of amino acids.

c. Dough strength
The response of dough strength to the effect of gamma rays and
storage was similar to that of extensibility ( Table 4 ) .These results are
in harmony with that obtained earlier (3) .

d. Proportional number
It is realized that the greater the proportional number, the better the
quality of the dough . Results in Table (4) reveal that the proportional
number was increased with extending the time of storage, and with
increasing the dose volume .
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Abstract
Grafted copolymer was prepared by using y - irradiation to graft
acrylamide onto polymeric molecule prepared by interfacial condensation
between two diamine molecules like I ,2 diamino-propane and I ,6
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diamino-hexane in aqueous layer with sebacoyl chloride in organic
layer.
The resulted copolyamide was grafted with acrylamide using y irradiation. The optimum conditions of grafting reaction were found,
also various factors such as the effect of solvents, redox systems and the
role of water on the radiochemical grafting were studied. Many
techniques were used in the characterization of the copolymer before
and after grafting. .

1. Introduction
Grafting of small monomeric molecules onto the backbone of
macromolecules by y-irradiation was mentioned early[lq21; also the
identification of this reaction as a free radical reaction through a
selected dose with or without the presence of atmospheric oxygen was
reportedl31 . Moreover it was found that the presence of water can
undergo chain transfer with polymer molecules increasing the reactive
sites and consequently grafting[41 . Mixture of monomers like styrene
and acrylamide were successfully grafted onto cellulose acetate; the
grafting reaction of styrene and acrylamide through their binary and
~initary systems was studied by C060 postirradiation grafting
tec hniques[51.

In this work we prepared an amorphous copolyamide starting from
two diamine molecules namely 1,2 propylene diamine and 1,6
hexamethylene diamine" with one dichloride molecules namely
"sebacoyl chloride" using the special technique of the interfacial
method16], then the acrylamide was grafted onto this copolymer by
y-irradiation; on the resulted grafted copolymer, many investigations
were done.
'I

-

2. Experimental
2.1 Materials
Hexamethylene diamine pure grade F.P. 38-4OoC, 1,2-propylene
diamine were used without further purification and formic acid were
purchased from Fluka, sebacoyl chloride acrylamide and redox salt were
Purchased from British Drug House, acrylic acid was obtained from
Hopkin and Williams and m-cresol was purchased from Merch
De mst ad t .
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2.2 Experimental Techniques
2.2.1 Gamma cell
Gamma cell 220 of Canadian type 24000 Curie cobalt-60 has a
dose rate of 1.02 x 106 k 2.7 rad/h.

2.2.2 Interfacial method
Polycondensation in a stirred system (polymide preparation), was
done according to the method described by Hamoud16], the purification
of the resulted polyamides was done[?] and their solution in 90% formic
acid were spread on glass plates and dried on hot plate to prepare the
polyamide films with dimensions of about 13 cm.

2.2.3 Irradiation and extraction procedures
Polyamide strips were introduced in a pyrex tubes, with acrylamide
at different concentrations then the tubes were kept at O°C and sealed at
atmospheric pressure in presence of air and kept at 0-5OC over night
and then finally irradiated in the gamma cell to the desired dose. The
grafted film of polyamide then extracted with distilled water for 4 hrs. at
90-95OC .

2.2.4 Quantitative determination of grafting yield
The following formula was used to calculate the grafting yield:
grafting yield =

w,- w *
w,

100%

where,
W1 is the film weight before grafting.
W2 is the weight of the grafted extracted films.

2.2.5 Infrared spectrometry
I.R. spectrometry was carried in the region 555-4000 cm-1, using
"Perkin Elmer 1 37E" spectrometer to measure the polyamide films
(grafted or not).

2.2.6 Turbidimetric titration
Turbidity was measured by Coleman Nephro-calorimeter model 9,
connected to electronic power supply, Coleman 6-065. The results were
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expressed in
equation:
= v/ ( v,

terms
-t

of

absorbance, according to the following

v)

(2)

vo = the original volume of polymer solution.
v = is the volume of the added non-solvent,

then v/v, is the volume fraction of the added nonsolvent, titration
curve is then plotted in the coordinates of 7 against where
is the
absorbance of the medium.

2.2.7 Swelling measurements
Swelling measurements were performed in the following manner;
strips of polyamide whether grafted or not, were immersed in water at
room temperature. After 24 hrs., the strips were removed from the
solution and rapidly wiped dry. The samples were then handled
vertically on a balance arm and the weight change was measured as a
function of time, and then the weight of the swelled specimen was
plotted against time. The straight part of the curve was extrapolated to
zero time to give the value of the swelled sample W2. After that the
sample was dried out in vacuum oven at 50°C to constant weight W I .
The swelling number was then calculated as follows:
swelling no. =

- w1
Wl

w2

*

100%

(3)

3. Elemental analysis
Elements C, H, N, were analyzed for some polyamide specimens
without and with grafting by "Alfred Bemmikro Analytishes
Laboratorium" Germany.

4. Results and discussion
It is well known that the addition of multivalent metal salts to the
polymer-monomer mixture through the irradiation process is important
in suppressing polymerization of the monomer and increasing the
grafting yield.

In direct grafting of acrylamide at constant total dose and FAS
concentration in liquid phase solvent of DMF-H20, it is shown in Fig.( I )
that the percent of grafting is effected by the solvent composition as the
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percentage of water increase. The radicals produced by radiolysis of
water can undergo chain transfer with polymer molecules, thus
increasing reactive sites and consequently graftingl71 .
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Fig. 1 : Effect of solvent composition on liquid phase direct grafting of
ac r y I amid e.
To study the effect of FAS concentration, it is observed as in Fig.(2)
that the sharp increase of % grafting was around 0.5% FAS in its
maximum yield value and there after increasing FAS concentration
retard the process.
For investigation of the effect of total dose in the same aqueous
solvent, the grafting process was carried out in the absence and presence
of FAS. The data obtained are graphically illustrated in Fig.(3).
However, at a certain dose, depending on the presence or absence of the
redox salt, the grafting yield tended to reach a constant volume. The
influence of the monomer concentration Fig(4) shows the weight which
is gained due to grafting increased as the monomer concentration in
solution was increased,
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Fig. 4 : Effect of monomer concentration on direct radiation grafting of
ac ry I amide

4.1 Infrared investigation of acrylamide grafted films
Infrared spectra of polyamide films without (dashed lines) and with
grafting (solid lines) are given in Fig.(S). The spectra of the polyamide,
Fig.(S), and poly acrylamide Fig. (6) are quite similar, however it can be
observed that the absorption band at about 1 110 cm-1, which is assigned
to C-N stretching vibration in aliphatic primary amines is present only in
the spectrum of poly acrylamide and i n that of Polyamide. Investigation
of the spectra of acrylamide grafted polyamide clearly shows the
presence of the weak absorption band at 1 1 I O cm-1.

4.2 Viscosity measurements
Acrylamide grafted polymide copolymer gives a viscosity behavior
explained by Fig.(7) which shows the change i n limiting viscosity
number with increasing the grafted percentage of acrylamide, so the
limiting viscosity number increases with increasing acrylamide grafting
percentage. At certain grafting yield, the effect was more pronounced
and sharp increased have been noticed in the limiting viscosity number.
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Fig. 7 : The limiting viscosity number as a function of polymer
composition for acrylamide grafted polyamide
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4.3 Turbidimetric titration
The turbidimetric titration curves for polymers with three different
grafting contents are illustrated in Fig.(8). The precipitate on threshold
value has been chosen to characterize a given curve. It can be seen that
polymide with 10% grafting have been precipitated at threshold value of
0.68, that 3 I c/o at 0.658 and of 67% at 0.585.
The difference between the three curves are quite considerable and
is due to different solubilities.
Elemental analysis of acrylamide grafted polyamide: gives the
values of carbon, hydrogen and nitrogen, percentage in two different
acrylamide grafted and a non-grafted polyamide specimens.
It is interesting here to note that values of carbon, hydrogen and
nitrogen calculated are in good agreement with these observed. And it is
also can be said that the decrease in carbon and hydrogen percentage
will increase grafting percentage that is a good indication grafting.

1

8.

-

Fig. 8 : ‘l’urbidimetric titration curves ot acrylamide grafted polyamide,
( 0 ) 10% ( 0 ) 31% and ( 0 )67% grafting.

Conclusion
Acrylamide molecules were grafted copolyamide prepared by
interfacial method as amorphous copolymer. Many investigations were
done not only for of the provement of the grafting but also to give,
detailed description about this kind of radiochemical reaction.
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Abstract
Sustenance and environmental protection of groundwater supply is of
major concern in the integral environmental development in the arid to
sub-arid regions in the Nile basin. Isotope data ( 1 x 0 , 2H and 3H) of
groundwater in the west of the Nile Delta indicates the contribution of
palaeo groundwater component (in the range 0.1 - 0.8 with means of
0.39 and 0.52 for Tahrir and Khatatbah, respectively) along with subrecent recharge from the delta aquifer and recent recharge from irrigation conveyance canals in desert. Isotope mixing model (developed as
Two-input Table using ExcelTM spreadsheat on Apple MacintoshTM) is
proposed to explain the apparent discrepancies in groundwater isotopic
composition of Khatatbah and Tahrir areas assuming the contribution of
two isotopically different palaeo-poles with two isotopically similar main
delta groundwater poles. About 0.30%0 6 ' * 0 depletion per I O km downstream is detected and low northward groundwater recharge is suggested
along 75 k m of the Western Strip of Rosetta Nile. Higher sub-recent recharge from the main Delta aquifer is believed to take place i n Khatatbah than Tahrir whereas the last is believed to be replenished at present
from the irrigation/ drainage network and irrigated fields with higher
pollution risk for groundwater system i n Tahrir. Rehira aquifer is exposed to northern marine intrusion. Lowering of the piezometric level is
to be expected in the newly exploited desertic areas under overpumping. Palaeo-hydrology of the studied region requires intensive isotopic monitoring to further delineate fossil/ renewable groundwater relations for rational environmental water management in the re,'('ion.

Introduction
Detailed study of the available and potential water resources by several
analytical techniques is needed for agricultural development and environmental protection under arid conditions. The nuclear techniques usand radioacing the environmental stable isotopes I8O/I6O and "/"
tive isotope 3H in groundwater, in its relation with surface water, provide
adequate approach from which valuable pieces of information converning water origin, flow and mixing could be obtained. The newly introduced and potential agricultural and urban expansion in the desertic regions surrounding the Nile Delta depend on either water "importation"
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(power lifting of Nile water to distribution canals) or groundwater
extraction from local aquifer( s). Sustainance of such development
under arid conditions is controlled by both water supply and quality. A
case study in some sites of the interface zone between the deltaic system
and the adjacent western desert makes the subject of the present work.

Site, Hydrology and Sampling
The Nile in Egypt is an intrusive river and its related system (the
alluvial valley and delta) are strongly contrasted with the surrounding
deserts which are a part of the extensive north eastern belt of the Great
Sahara (Hemdan, 1981). The major differences between the delta and
these deserts are abundant surface water, low topography, presence of
thick clay cap and long cultivation history in the first, in contrast with
high aridity, absence of surface water resources, higher topography and
scarce vegetation in the second. on the south western bank of Rosetta
Nile runs a narrow (< IS km width) alluvial strip which is almost flat
(slope 8.5 cm/km) with low topography (< 20 meters a. m. s. I.). This
cultivated strip becomes much wider (- 80 km) as it extends further in a
north west direction towards the sea at 80 km east of Alexandria. The
border of this alluvial plain makes the western limit of the deltaic fan.
Level difference between the western part of the deltaic fan and the
Sahara together with the absence of surface water have always prevented
westward agricultural expansion either in the southern sandy plains or
the northern calcareous soils of this region. However, parts of this area
have recently became the subject of cultivation outside the "old"
cultivated HoloEene alluvial soils which represent 4% of the whole land
of Egypt. Four sites have been selected for studying groundwater

-

resources in some sectors of the desert / delta interface (Fig. 1 ) on
the west of the Rosetta Nile, namely:

I . Khatatbah: recently cultivated (- 10 years) desertic sandy area which
occupies - 600 Km2 extending on the south west of the delta at
moderate distance (20-40 km) from the river branch and runs in a
northwest direction for - 30 Km. Drip and pivot irrigation methods
are used.
2. South Tahrir: newly cultivated (- 40 years) sandy desertic area which
occupies 1200 K m2 at moderate to far distance (20-60 km) from
the west of Rosetta branch and runs for - 30 km further to the

-
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northwest from Khatatbah area. Conventional surface irrigation is
practiced.
3. Western Strip: "old" cultivated alluvial narrow strip (e15 km in width)
that occupies 1200 Km2 and runs to the northwest for 80 km along
. the westem bank of Rosetta Nile.

-

4. Behira / Noubaria: occupies 2400 Km2 to the far west and northwest

of Rosetta Nile. It has a small to moderate width, 15-60 km, and runs
for 40 krn in "old" cultivated alluvial soils in its eastern and north
eastern sector contrasting with calcareous soils in its western and
north western sector. These calcareous soils are irrigated by
30 years, but would have been
conventional methods since
subjected to cultivation (or natural vegetation) few thousand years
B.P.

-

-

The lithology of the desert to the south west of the Delta belong to
the Pleistocene fluvial deposits: Protonile sediments (Ql-Idfu Formation,
690-650 thousand years B.P.) in Khatatbah and Prenile / Neonile
interval sediments (Q2/Q3-Abbasia Gravel, 200- 130 thousand years
B.P., i.e. after the connection of the Egyptian Nile with its Equatorial
and Ethiopian reaches) in Tahrir (Said, 1981). These exposures are'
similar to sediments making-up the Pleistocene aquifer of the main delta
(Prenile, Q2-Qena sediments, 650-200 thousand years B .P.). The
aquifer in the studied region rapidly changes from semi-confined
(leaky) aquifer (in the Western Strip and Behira where some downward
seepage takes place through shallow phreatic water-table in the alluvial
Holocene clay cap due to frequent watering by the conventional surface
ponding irrigation) to unconfined aquifer (in Tahrir, Khatatbah and
Noubaria where the surface clay cap is completely absent). The main
irrigation source in Tahrir and Khatatbah is local groundwater whereas
surface water is abundant in the Western Strip, Behira and Noubaria.
Groundwater in the deserts west of the Nile Delta is believed to have free
contact with groundwater in the. western part of the main Delta since
these arid plains make parts of a greater delta built by powerful
Pleistocene Nile systems (Said, 1981 and Elbaz, 1993). Nile water is
permanently percolated form the river downward in the main delta
aquifer and believed to outflow to the'adjacent deserts due to favorable
hydraulic gradient (RIGW,1981). over than 50 water samples are used
in the present study, namely: groundwater (47 samples)' and surface
water from main irrigation canals (7 conveyance canals). Groundwater
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is collected from production wells (in Khatatbah and Tahrir) or from
deep observation piezometers ( i n the Western Strip, Behira and
Noubaria). Most of the sampled power pumping wells (in Khatatbah
and Tahrir) penetrate the aquifer partially and the screens are
moderately deep (S5-6s m below surface), however, in some cases
screens are shallower (40-54 m) or deeper (84-88 m, 120-125 m or
even 144- I49 m). The observation piezometers are moderately deep
(55-65 m).

Medhods
The isotopic analyses were carried out by measuring the abundance
of the rare (heavy) isotope after adequate gas preparation under
vacuum. For I*O, equilibrium of water sample with C02 gas was
proceeded for 24 hours in water bath at 25 oc to permit isotopic
ratio
0 was measured out on
exchange with H 2 0 and the 1 8 0 / 1 6
V G T M602C double-inlet gas mass spectrometer (Epstein, S . and
Mayeda, 1953 and Sofer and Gat, 1972). For *H, the reduction of water
\ample into 2 H gas using hot uranium was used and the 2H//IH ratio
measurement was accomplished on VG-602D double-inlet gas mass
5pectrometer (Godfrey, I962 and Friedman and Hardcastle, 1970).
BeckmanTM-LSIOOC liquid scintillation counter was used to obtain the
3H radioactive isotope content after electrolytic enrichment of water in
3 H atoms (Swailem, 1969 and Harrison, 1987).

Results and Discussion
Isotopic Composition of Groundwater
The isotopic composition (6I8O and 6 * H ) of the studied
groundwater is relatively wide (Figs. 2 and 7). Table I gives their linear
titness. Descriptive statistics" of the isotope contents of subgroups are
given in Table 11. Groundwater of the two desertic areas (Tahrir and
Khatatbah) is characterized by the most depleted isotopic composition
(Fig 4) compared to that of Behira, Western Strip and main irrigation
canals. Mle water in the studied area is in the range +3.39% o to
+4.18% (mean= +3.86 %) for 180, and in the range +27.6 960 to +33.0
% o (mean= +30.6 %A) for 2H, both with respect to SMOW. Stable
isotope composition of groundwater in the Western Strip and Behira is
close to that of Nile water in some wells whereas it is depleted in others
indicating recent changes of the Nile isotopic composition.
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Frequency distribution of Tritium content is plotted (Fig. 3) after
enhancement by other data (Awad, et al, 1993) for the same sectors of
the aquifer as ours. It shows that Khatatbah has the lowest Tritium
content, some sites in Behira have higher contents than the present-day
Nile water and Tritium in Tahrir is much more dispersed than the other
areas. Nile water has moderate Tritium contents (mean= 25 TU)
compared to 50% of the samples whereas 50% sampled wells (at the
south eastern sector of Behira and north Tahrir) have higher Tritium
contents than Nile water. Tritium data coupled with stable isotope data
suggests a mixing process. So, the interpretation of Tritium data in
terms of residence time corresponding to unique groundwater source
(i.e. without mixing) could be misleading. The high Tritium content in
some Behira wells (- 80 TU) could be the remnant radioactive signature
of the 60ies peak. Normally, lower Tritium content indicate greater
period of decay (older groundwater), but since we are now on the
decreasing side of the Tritium peak of meteoric water, some older
groundwater (in stagnation zones) could have higher Tritium than some
younger groundwater (in active recharge zones).
8

Isotopic Mixing of Groundwater
Fourteen groundwater samples have < 5 meq.1-l aqueous solutes
(Fig. 5). Eight of them have salinity below the lowest level (3.7 meq.1-l)
of the present-day Nile water in the studied region. The most dilute
groundwater samples in a given basin could have an important
geochemical and isotopic importance since they could indicate
conditions close to those of recharge water (on the contrary to samples
with higher dissolved solutes which could have gained higher salinity by
leaching). The low TDS of many of the isotopically depleted (in l80
and *H)samples in each subgroup (Fig 5 ) along with the observation
of isotopically- enriched/ moderately-saline samples of different
compositions could be interpreted by four-poles mixing model as
discussed below (Table 111 and Fig 8 and 9). This new data supports the
hypothesis previously developed by Mussein (1990) - based on
groundwater isotopic composition of Wadi Natron (some 20 km further
to the west of the area of the present study) - for the contribution of a
depleted palaeo-groundwater which mixes with the relatively enriched
sub-recent fluvial water outflowing from the delta. Nile irrigation water
has the highest content of the heavy stable isotopes (Fig. 4 and 5).
Three (no. 25, 41 and 39) of the most dilute eight groundwater samples
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(TDS lower than the present-day Nile water) are in the north and middle
sectors of the Western Strip, two (no. 45 and 46) from the south eastern
Behira and in both cases these wells are at somewhat short distance (< 15
km) either form Rosetta Nile or from great irrigation canals (ElKhandek and El-Hager canals) and three (no. 21, 23 find 24) from
Tahrir at moderate to far distance (10-50 km) form closest river or
irrigation channel.

C:"

Fig 1
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The outstanding presence of groundwater more dilute than the
present-day Nile water (coupled with the observation of other
groundwater samples with TDS content less than 5 meq.1-I in nearby
sites) could be viewed by the following interpretations:

* Data of the fourth and sixth columns is included also in the tifth column.
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Less Active Recharge from Nilotic Water
The sites of the most dilute water could have low recent recharge
from Nilotic water. So, recent changes in the river chemistry and isotope
geochemistry in Egypt during the last 30 years have not yet been
introduced in the aquifer at these sites due to the lateral heterogeneity
and darnped horizontal flow. obviously, groundwater samples with
higher TDS levels (comparable to that of the present-day river water)
could not be directly read as an indication of active recent recharge
form the river, since hydrochemical data must be supported by isotopic
data, the last is only capable of approving or negating water origin.
Recent changes of Nile water is due to several facts but evaporation in
Lake Nasser is one of the most important factors. Evaporation
estimation using isotope data (Hussein, 1990) was as high as 15%
between the south and north of this lake, leading to a corresponding
TDS increase by a factor of 1.18. Higher estimation of evaporative
water loss (19%) from this lake is obtained by Aly et al, (1993).
Additional evaporation takes place in conveyance canals (about 4%
based on data by Abu Zeid, 1992). Comparing a group of two upstream
(southern) wells (no. 40 and 26) with a group of four downstream
(northern) wells (no. 25, 41, 39 and 46) along 75 km on the Western
Strip but all at same distance (<15 km) form the river, it is obvious that
upstream wells have higher TDS and 6I8O (a2.81 to -t2.86%0) than the
downstream wells (6180 = a2.40 to +0.90%0). The lower TDS and the
relative isotopic depletion in downstream wells indicate that groundwater
in this sector reflects the hydrochemical and isotopic characteristics of
an "older or sub-recent" Nile water. This could mean less recharge in the
downstream than in the upstream sector of Rosetta Nile due to
hydrodynamic and sedimentoiogic aspects (lower river discharge
northward, change of river bed, change of reservoir sediments and lower
hydraulic gradient). This natural pattern is not yet disturbed by
pumping-induced water flow. It is worthy, however, to note that
probable "artificial stagnation" could have affected some of our data for
the Western Strip since, due to lack of production wells, its groundwater
samples are collected from observation piezometers. It is noteworthy to
retain that a strip of -10 km width on the bank of a river would be the
limit of flood effect beyond which no effect on the groundwater body
could be detected (IAEA, 1981) but only the successive annual flood
tides could be effective, under favorable hydraulic gradient, i n
"displacing" (and mixing with) the groundwater body far. from the river

bank. Khatatbah (which is laying more upstream not far from the river
than Tahrir) would have higher underground water outflow from the
main delta than Tahrir due to higher river discharge upstream, higher
groundwater piezometric gradient and relatively higher hydrostatic
surface water pressure of the pool in front of the delta barrage some 3 0
km further to the southeast from Khatatbah). on the other hand, in
Tahrir, Western Strip and Behira, the presence of an intensive irrigation
surface water conveyance network could be responsible for somewhat
higher contribution of direct Nile water recharge to .the aquifer in the
localities adjacent to main irrigation canals. In Khata*tbah, Nilotic
groundwater replenishment takes display of the changes that would take
place in river water (like the increase of salinity, pollution risks and
increase of l80and 2Hcontents) in contrast to other areas of the region
which receive both groundwater outflow form the main delta and
surface water from irrigation water ways and excessively irrigated fields
by vertical seepage from the upper shallow phreatic water-table
downward to the aquifer. So, any major pollution risk in Mle water
could have higher influence in Tahrir than in Khatatbah. Being closer to
the main delta, Khatatbah could be wrongly considered as already
affected by recent changes in river chemistry. This impression could be
popularized when paying attention only to the hydrochemical aspects
(e.g. slightly higher salinity in Khatatbah groundwater compared to
Tahrir groundwater) without an isotopic criteria and the wrong.
interpretation of this higher salinity as if it is the resultant of recent
changes in the river chemistry during the last 30 years. However, the
matter is not such simple, since groundwater is more depleted in the
stable heavy isotopes (180 and 2H) in Khatatbah than Tahrir. This
discrepancy leads to the introduction of the following interpretation
which elucidates the extent of the contribution of assumed palaeo-pole
and its mixing ratio with recent to sub-recent Nilotic water. In Behira,
the relative isotopic depletion is accompanied by moderate to high
marine type salinity indicating underground seawater intrusion.

Mixing with Palaeowater
We suggest the contribution. of dilute palaeo-groundwater body( s)
(which would be either an external water flowing from the desert in a
northeast direction towards the south western boundary of the Holocene
Delta or water flowing upward by leakage form a deep aquifer) which
mixes with groundwater flowing from' the main Delta aquifer westward
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to the desert. This could give rise to the observed dilute to very dilute
samples in some wells in Tahrir and Khatatbah (with more dilute
mixture in Tahrir than Khatatbah, Fig. 9). Presumed upward leakage
could be enhanced at present by local intensive water extraction which
could shift groundwater regime from steady state to transient flow in a
manner comparable to what has been suggested (Hussein, 1990) to take
place in Wadi Natron desertic depression (20 km further to the west of
the region of the present work) using l8O, 2Hand 3H,13C, 14C and 34S.
Theoretical groundwater isotopic mixing of two-end members follows
the relation:

1

[Fraction

Table III* and Fig. 8 and 9 illustrate the mixing approach using
four poles, the probable mixing ratios which correspond to the observed
groundwater composition and their frequency distribution. The
prediction is in conformity with the analytical TDS and isotopic data
and provides an explanation of the most dilute groundwater in Tahrir
and Khatatbah. The presence of more isotopically depleted water on the
western borders of the Khatatbah-Tahrir area stands for the presence of
an external palaeo-water pole flowing in a eastward or southwestnortheast direction, whereas the presence of water sink in Natron
depression to the west stands against this probability. Moreover, it is not
clear if the suggested palaeo-pole is an ancient recharge from intensive
local palaeo-meteoric water or palaeo-Nile water recharged by older
powerful river discharge (which would have an isotopic composition
strongly different from the present-day Nile water) and stored in the
aquifer of the deserts surrounding the Holocene delta. These questions
need close spatial and temporal isotopic monitoring to follow the
decrease of the non-renewable fraction by exhaustion and the extent to
which it would be readily replaced by an equivalent fraction from the
'

...............................

rdTwo-input Table is put by the first author to permits examination
* An EXCELof unlimited number of guessing of WHAT IF?-operations on the hydrochemical
and isotopic components of groundwater mixtures.
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main Nile delta aquifer system. This isotope monitoring is so vital for
the sustainance of water resources development in the region. Mixing
with underground seawater is detected in four samples in the north of
Behira on chemical and isotopic basis. However, use of other isotopes
and greater number of sampling points seems unavoidable in order to
delineate inland intrusion of marine water.

Precipitation
Partial contribution of precipitation i n recharge could be
responsible for the isotopic depletion and dilute groundwater. However,
this contribution is probable only in few sectors like north of Tahrir
where the precipitation rate (- 60 mrn.y-l) and soil textural and
structural conditions of sandy soil permit relatively high infiltration rate
and percolation to the unconfined aquifer. A probable higher
contribution of rain water in aquifer recharge in Tahrir compared to
Khatatbah is due to decrease of annual rainfall inland southward from
the Mediterranean (- 30 mm.y-* 'in Khatatbah). Despite the fact that
total annual precipitation is relatively low, partial recharge from rainfall
could be admitted during few heavy shower events or by downward
water movement by diffusion.

Summary and Conclusions
Some groundwater extraction points to the west of Rosetta Nile were
isotopically and hydrochemically studied to elucidate their relationship
with the delta system, the possible development and expansion further to
the west within the framework of water resources sustainance and
environmental protection. An isotopic mixing model is developed and
successfully used in the explanation of observations. Groundwater on
the west of the delta has an important contribution of an ill-defined
palaeo-water. This fact should be taken into consideration in any global
development planing. Khatatbah aquifer has only an underground
contact with the delta system whereas Tahrir area has an additional
contact with surface water through the irrigated fields and conveyance
canals, so any serious pollution risk would have more rapid effect on
groundwater in Tahrir, Behira and Western Strip. Some low Nile water
recharge zones are detected downstream in Behira and Western Strip.
Close isotopic monitoring for groundwater in the desertic areas
surrounding the Nile Delta is needed for obtaining information about
the palaeowater / recent water interaction which is very important for the
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sustainance of water resources for the newly introduced agricultural
expansion.

Re! 1lU of the grounc water mixing model for two are -..
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Fig.6 G18001SMOW%~
versus salinity. Mixing of groundwater with different
isotopic contents and different hydrochemical compositions results in mixtures
with intermediate isotopic and solute contents. The resulting mixture could have
undergone further mineralization by leaching
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Fig.7 6I80/SMOW%o versus 6*H/SMOW% plot. The depleted pole could have a
palaeo-origin (linear fit with slope 8 and intercept zero could be admitted). The
extrapolation of this "palaeo" line to more enriched values covers the groundwater
sample\ and supports a mixing interpretation. This line could be further extended
to the Nile water. However, an evaporation line with slope < 8 could be fitted to
present-day Nile water.
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Abstract
This paper deals with the hydrogeology and isotopic composition
of water samples collected from selected springs in Sinai peninsula (e.g.
Al-Gudierate, Al-Qusiema, Qidis and Isram) in order to identify their
genesis, their interaction with the host rocks and mixing trend. Results of
isotopic composition have indicated the similarity in the hydrogeologic
situation of Ain Qidis and Ain Al-Gudierate, while Ain Isram has shown
a marked difference in its stable isotope content and this could be due to
evaporation effect. The isotopic and hydrochemical constitutents of the
studied springs reflect that water of a meteoric origin with a possible
contamination from surfacial materials (evaporites) and deeper aquifers.

1. Introduction
Sinai peninsula is one of the most promising areas in Egypt.
Accordingly, Egyptian Authorities has been trying to enhance the
success for many of the on-going agricultural and land reclamation
activities, as well as touristic development projects.

For this purpose, a large amount of water is required and most
likely to be provided by groundwater and surface water resources which
in turn need to be investigated for efficient water management. A
strategy for the development of water resources in Sinai necessarily
depends not only on an understanding of the water resources available
and the potential water demand, but also on the expected cost of the
several met hods of water supply development. Spring water constitutes
an indispensible source of water that should be evaluated thoroughly.

1.1 Methodologies and Techniques
Water samples from the studied springs were collected at Jan., 1992.
The collected samples were stored in polyethylene double-capped
bottles of 50 ml. for stable isotopic studies and 500 ml. for the major
ion composition determination. The samples were analyzed for
oxgen-18 ( 1 8 0 ) and deuterium ( D ) at the Isotope Hydrology
Laboratory, IAEA, Vienna. They are reported in per mill (6 % ( I )
deviation from Vienna Standard Mean Ocean Water (VSMOV) with
uncertainty levels of -I-0.1%0 and +l.O% in 1 8 0 and D respectively. The
major ionic composition were analyzed according to standard analytical
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methods at the Hydrology laboratory, Middle Eastern Regional
Radioisotope Centre for the Arab Countries, Dokki, Cairo.

1.2. Geological and Structural Setting of the Studied
Springs
Structural study of north Sinai Shows the abundance of northeast
to-east-northeast oriented doubly plunging (Fig. 1) including large
(e.g.Gebe1 El-Maghara) intermediate (e.g. Gebel El-Minsherah) and
small folds (less than 2 km in length). The large and intermediate folds
are asymmetric.

Fig. 1 : Location Map.
The north west flank dips 5' to 20°, while the southeast flank is
steeper and may be vertical or overturned. The latter flank is in quite a
*
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number of cases affected by thrust faults (Said, 1990). Some of the
studied springs are created due to the contact between Eocene limestone
that overlies a far less impermeable Paleocene shale. The Eocene
Limestone shows numerous fractures and the major anticlinal structures.

2. Surface Hydrology of the Studied Springs
Fovthe purpose of this study, hydrographic basin for each spring
was defined and the catchment areas were delineated, using topographic
maps to the scale of 1:100,OOO (Fig.2). An assumption that hydrologic
boundaries coincides with the topographic drainage boundaries was
made.

srncr

a * *o.-

Fig. 2 : Catchment area of springs.
An inspection to hydrographic basin map (Fig.2) revealed the
following facts:
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Al-Gudierate spring is located in AI-Gudierate catchment area at the
right side of the watershed and is drained by more than one wadi system,
viz are: Wadi Aum Hashim, wadi Aum Belaiann, wadi Al- Ghurni wadi
AI-Musbih, wadi AI-Halufi and wadi Al-Halilifi.
AI-Gudeirate watershed is oriented N W and is discharging its water
during flash floods to Al- Arish Basin. An inspection to Table I
revealed that A1 Gudierate catchment area receives an annual rainfall
volume of about 3 2 ~ 1 0m3,
~ This situation reflects that the larger
proportions of A1 Gudeirate spring are fed by rain water. Well
developed drainage network in Al-Guderirate watershed reflects the fact
that rain water move by surface runoff mechanism rather than by down
percolation.

Table 1. Isotopic and Hydrological Characteristics of The Studied
Springs

I

Al-Gudeirate

-6.28
-6.20
-0.60
-5.30
I

I

-28.8C
-29.9C
-7.50
-26.6C

I

Qidis spring (Fig.2) is located at the upper reach of Qidis
catchment area and is drained by single wadi system of wadi Qidis. Qidis
watershed provides no outlet to the sea or to an adjacent basin. In such
case, rainfall, topographic, and soil conditions are such that no outlet has
been developed. The whole watershed is oriented to the NW directiori
and may pours its water to Ai-Arish drainage basin. Table 1 shows the
catchment area of Qidis watershed with the annual rainfall volume that
the watershed receives.
Contrary to the afore-mentioned watersheds, Isram spring is located
at the upper reaches of Isram watershed (Fig.2) which is oriented to the
north east direction and pours its water outside the Egyptian borders.
Topographic map of wadi Isram indicates its low slope (less than
4m/Km). This implies that a considerable portion of runoff water will be
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lost through evaporation. Hydro- geologic cross section taken in the NS
direction for Qidis and Al-Gudierate springs is shown in Fig.3.

’lot

Fig. 3: Hydrogeologic cross section for the studied springs.
AI Quseima spring is located at the down stream of AI Quseima
watershed which is oriented NW and is drained by more than one wadi
system, Viz are; wadi &-Sabha and Wadi AI-Mumeih whkre both wadis
discharge its water to AI-Arish basin.

3. Geohydrology of the Studied Springs
According to Meinzer (1923) the studied springs can be classified
as contact springs created due to the contact between Paleocene shale
and Eocene limestone. Paleocene shale constitutes the highly impervious
base (Aquitard) to the Eocene limestone (Aquifer). Eocene limestone
units in Sinai appear to yield water of useable quality at only a few
locations. Wells tapping Eocene rocks yield water with a TDS- content
ranging from 1200 to 1990 mg/l, in some cases TDS- content may
reash 25040 mgll .
A classification based on the discharge of each spring is carried out
and presented in Table I , where it is found that AI-Gudeirate spring is
classified as fourth order spring with discharge rate of about 17 to 27
I/sec. However, Qidis and Isram springs are classified as a fifth order
spring with discharge rate of 5.5 Vsec for Qidis spring and 2.2 I/sec for
Isram spring.
‘
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4.

Spring Water Quality and Isotopic Characteristics

The water quality spring are shown in selected springs is
characterized by chloride water type and can be expreset average
hydrochemical formula.
c157 (HC03)29

(so4114

(Na -4- K)52 Mg38 CalO

F[

Table 2 : Water quality Parameters for the Studied Springs
Spring's

pH

Ion Commition
Cations

Anions

rNa

Hydro-chemical

rCI

Formula

The major chemical components of the analysed water samples
indicate that spring waters in the area is of mixed water type. This water
could be a mixture of water from meteoric origin having the
components KC1, NaCl, Na2 SO4, NaHC03, Mg(HCOj)2, Ca (HCO3)2
and water from marine origin having the components KCl, NaC1, MgC12,
MgSO4, Ca (HCO3)2 (Ivanov et al, 1968). The appearance of different
chemical components depends on the ratio of meteoric water to marine
water in the mixture. From the hydrochemical formula one can deduce
that AI-Quseima spring is mainly marine water, while both Qidis and
AI-Gudeirate spring are mainly meteoric water with small portion of
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marine water. Since marine water is more saline, one expect that water
salinity increases with increasing the amount of marine water portion in
each spring. This fact is supported by the total dissolved solids of
Al-Quseima and Isram spring water which is twice the salinity of
Al-Gudierate and nearly four times the salinity of Qidis spring.
The changes in chemical composition of the springs water can be
summarized as follows:
1 . The pM values is slightly alkaline and ranges between 8.7 and 9.5.
2. The magnesium ion has increased relative to sodium and calcium.
3. The sulphate concentration has decreased considerably.
4. The chloride ion concentration is almost doubled that of bicarbonate
ion.
Such increase in chloride and magnesium contents in relation to the
bicarbonate indicates mixing with waters of marine origin attributed to
possible salt intrusion from deeper aquifer.
AI-Guideirate spring shows ionic ratio of 1.03 value, more than
unity indicating water of meteoric origin, while, this value in the other
studied springs is close to unity which reflect mixed water type, Le.
meteoric and marine mixture. Another method to verify the origin of
springs water is the piper digram in Figure(4). It is used to point out
differences or similarities among waters. The points representing the
springs lie in zones I11 and V of the central diamond field of the
diagram. The trend of these zones represents mixing between two types
of water; meteroic and marine. The scatter of the points in these zones is
due degree of mixing.
The stable isotopes data obtained for springs are listed in Table (I),
and plotted in conventional diagram of the relationship between 6D VS.
6 1 8 0 (Fig.5). This plot shows the med. Sea Meteoric ‘Water line (Dans
garad, 1964).
Results of the stable isotopes reflect that there is some variations in
isotopic composition especially, Ain Isram which suffers from
evaporation. The isotopic content of the investigated springs reflects that
the main source of recharge is the local precipitation as suggested by the
clustering of the studied springs around the Med. Sea Water Line (Fig.5)
excluding Istram spring which suffers from higher evaporation rate.
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--3-

Anions

Fig. 4 : Piper diagram.

Fig. 5 : Deuterium-Oxygen-18 diagram of selected springs in Sinai.
No marked evaporation took place for Al-Gudierate and Qidis
springs, while Isram spring shows high evaporation rate as indicated by
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its isotopic content. As far as Al-Qusiema spring is concerned, a less
evaporation rate is expected and confirmed by its isotopic content. Ain
Isram spring shows enrichment in its isotopic content when compared
with the other springs, this could be attributed to a higher evaporation
rate during flash floods time. Fig.6 shows the relationship between 6D
and .Cl concentration for the studied springs, the trend in this figure
confirms the fact that Isram spring undergoes isotopic enrichment due
to evaporation effect.
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Fig. 6 : Deuterium-chloride plot of selected springs in Sinai.
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Abstract
Human kidney stones were analyzed by PIXE and RBS techniques
using 2 MeV He++ beam. The stones were found to contain the
elements : C, N, 0, F, Na, Mg, Si, P, S, CI, K, Ca, Fe, Br. Results obtained
by PIXE agree with the results obtained by RBS within experimental
errrors. A mechanism for the formation of the kidney stones is
suggested .

1. Introduction
A major goal for research in biomedical sciences over the last few
decades has been to determine the concentrations of various elements in
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human tissues. In particular, many research has been done to understand
the effects of accumulation of certain elements by some organs, which
results in diseases and disorders in these organs [ 1,2].
The constituents of the living material are usually divided into three
main groups [ 3 ] .The group of major elements, composed of M, C, N, 0,
Na, Mg, P, S, C1, K and Ca; the group of trace elements, composed of F,
Si, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Se, Mo, Sn and I; and the group of
toxic elements, composed of Be, Hg, Pb, U and transuranium elements.
Trace elements are essential for the human being to live an ordinary
life. Both deficiencies and excesses in the concentrations of these trace
elements may result in a number of disorders in the human body. On
the other hand, the toxic elements are known to be very harmful even at
extremely low concentrations. For this reason, elemental analysis
became highly important as a research and diagnostic tool in medicine.
One important disorder, which occurs to many people all over the
world and causes pain and suffering for them, is the formation of
human stones in their living organs, like kidney stones and gallstones.
Therefore, after the removal of these stones from the living body- by
\urgery- they are subjected to further analysis and studies by several
techniques to determine their constituents. For example,
deuteron-induced nuclear reactions were used to determine the ratio of
carbon-to-nitrogen concentrations in human urinary stones [4]. Neutron
activation analysis (NAA) was used for simultaneous determination of
the concentrations of the elements: Fe, Zn and Co in kidney stones [ 5 ] .
N A A was also used to measure the concentrations of toxic elements: in
human hair, kidney cortex, liver and lung [ 6 ] .Furthermore, a combined
particle induced x-ray emission (PIXE) and x-ray powder diffraction
( X R D ) approach was applied to the analysis of human's kidney stones
and gallstones [7]. Moreover, a procedure based on the combined
application of infrared spectroscopy (IRS) and t h i n layer
chromatography (TLC) for the analysis of human gallstones was
dcscribed in [SI.
I n the present work, PIXE and RBS (Rutherford Backscattering
Spectrometry) are used for the analysis of human kidney stones. PIXE
is capable of determining the concentration of elements heavier than
aluminum with the necessary detection limits. RBS, on the other hand, is
used to determine the concentrations of lighter elements, and to double
check the results obtaincd by PIXE.
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2. Experimental
2.1 Sample preparation
Six small kidney stones, with diameters ranging between 7 and 16
millimeters, were dried over silica gel in an evacuated desiccator. After
drying, the stones were ground i n an agate mortar to a fine
homogeneous powder (200 mesh on the Taylor scale). The griding of
the sample was essential in order to have homogeneity in three
dimension\ throughout its excitation volume. A five ton hydraulic press
was used to compress the powder of the sample into a solid thick pellet
of one inch diameter. The resulting solid pellet is a self supporting
sample, appropriate for both RBS and PIXE analysis.

2.2 Sample irradiation
A 2 MeV He++ beam was obtained from the Tandetron charged
particle accelerator of King Fahd University of Petroleum and Minerals
(KFUPM), Dhahran, Saudi Arabia. This ion beam was used to irradiate
the sample for the combined RBS and PIXE analysis. The sample was
installed at a sample holder inside the RBS/PIXE scattering chamber of
the accelerator. The holder was isolated from the beam tube so that it
hehaiped a \ ;I Faraday cup. The incident beam at the sample holder was
integrated by an ortec digital current integrator. The integrated charge
collected from the sample holder during the ru!i was S O pC. A carbon
collimator was used in the r u n to create a small circular beam spot of 4
tnm diameter on the sample. The beam current was kept low, at a few
nA, t o avoid charging problems to the target due to the insulating nature
of the sample. The vacuum inside the chamber was maintained at about
I x 10-0 Torr ( 1 Torr=133.3 Pa).

2.3 Procedure
T o collect the RBS spectra, a Tennelec model PD-SO-100- 14-CB
\iirf'ace barrier detector (SBD) was used. The detector was mounted
in\ide the RRS/PIXE chamber, 24cm away from the satnples, at an angle
of' 164" with the incident beam axis. The energy resolution of the SBD
was 14 keV tor the 5.486 MeV 241Am line. As for the PIXE spectra, an
ortec rnodel SLP-10180 Si(Li) detector was used. The detector has a
ZS.3prn beryllium window and an active diameter o f IOmm. The
clctt'ctor wa\ positioned at a distance of 7 mm from the window of the
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chamber, 114 mm away from the sample, in a direction making an angle
of 115' with the beam axis. The window of the chamber was composed
of 63 pg cm-2 Kapton sheet and a graphite filter 1.2 mm thick. The
graphite filter has a hole of 1 mm diameter in its center to permit the
transmission of soft x-rays from the sample to the detector. The energy
resolution of the Si(Li) detector was 175 eV for the 5,9 keV 55Fe Ka
line.
RBS and PIXE spectra were collected at the same time by a Nuclear
Data ND62 multichannel analyzer connected to an PBM-PC computer.
Beside data acquisition, the PC also controlled the motion of a
goniometer carrying the sample holder in very fine steps. At the
beginning of each run, the computer was programmed with the proper
angles for the goniometer to set the sample in the desired position. It
was also programmed with the amount of charge at which data
collection is to be halted. At the end of each run, the PC reads the
collected data from the MCA'into a buffer in its memory and stores a
copy of the data on a floppy diskette for later off-line analysis. On-line
data analysis during the runs was done by using the MCA. All of the
data acquisition-processes were controlled by the computer code TOSP
[91. A block diagram of the signal processing electronics and the data
acquisition system is shown in Fig. 1. More details about the KP;UPM
Tandetron and the experimental set-up are given in [ 10-121.

3. Data Analysis
3.1 RBS spectra
The RBS spectrum for the kidney stones sample is shown in figure
2. Experimental data were fitted by the code RUMP [13] to find the
relative concentrations of various elements in the sample. The
highenergy part of the kidney stones RBS spectrum has been amplified
50 times to show the contributions of the elements Fe and Br. From
figure 2, it is clear that the constituents of the kidney stones sample are
the elements C, N, 0, F, Na, Mg, Si, P, C1, K, Ca, Fe and Br. In addition to
these elements, there is of course hydrogen in the sample, but the
kinematics prevents its detection by RBS technique (because the pi
atoms are lighter than the He++ ions in the incident beam).

3.2 PIXE spectra
The PIXE spectrum of the kidney stones sample is shown in
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figure 3, The figure shows the raw data for the characteristic peaks of
the elements in the sample, the generated background and the generated
data of the PIXE spectrum. The code TOSP [9] and the PIXAN x-ray
analysis package [14] were used to analyze the spectrum and evaluate
the concentrations of its constituents. TOSP refers to a reference library
stored on the computer hard disk and determines the energies of the
peaks in the spectrum. After that, it proposes the most probable
transitions corresponding to these peaks. The elements identified by
TOSP are used to create the input data files for the PIXAN package.
PIXAN contains two programs; BATTY and THICK. BATTY uses
an input data file and the experimental spectrum to generate the
background and subtract it from the characteristic peaks of the
elements. Then, it uses the same data file and experimental spectrum to
generate the corresponding theoretical spectrum and c-alculates the peak
areas (Ai) of the elements by least-squares fitting of the two spectra. The
background for the experimental spectrum is obtained by an iterative
procedure that removes peaks and progressively reduces the spectrum to
the background continuum. THICK calculates the expected photon
yield ( Yi) for the elements in the spectrum by using an input file and
referring to reference data banks stGred on the computer disk. The
concentration ( Ci) of an element i in mg/kg is found from the equation
Ci =Ai / yi

(1)

4. Results and Discussion
From figures 2 and 3, it is clear that the kidney stones sample
contains the elements C, N, 0, F, Na, Mg, Si, P, S, Cl, K, Ca, Fe and Br.
Concentrations of these elements in the stones sample as obtained by
RBS and PIXE analysis are listed in table 1 . The table lists also the
experimental error in each of the measured concentrations. Errors in the
RBS results are based on the counts and the least squares fitting of the
\pectrum by the code RUMP [ 131. There is no significant background
in the RBS spectrum owing to good collimation between the sample and
the surface barrier detector. For the PIXE results, errors are based on the
number of counts and on the least squares fitting of the peak areas,
which includes the uncertainties in background subtraction. It can be
\een from table I that RBS and PIXE results are consistent within the
t3 x pe ri me n tal errors .
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Figures 2 and 3 and table I show that the main components of
the kidney stones sample are C, 0, N, Ca, Mg, F, P and S. This reveals
that the main possible inorganic constituents of the sample, which might
play important roles in the formation of kidney stones, are calcium
carbonate [CaC03], calcium oxalate [CaC204.H20), hydro-xyapatite
[ Ca10 (PO&
(OH)2], brushite [ C a H P 0 4 . 2 H 2 0 ] and struvite
[ MgNW4P04.6H201. This conclusion is in agreement with previous
work [73. The presence of Mg can be attributed to the formation of
dolomite [CaMg(C03)2]. Dolomite is formed by the reaction of CaCO3
with Mg rich brines in the kidney.
The low concentration of Si in the sample suggests that it may
contain quartz (Si02). Likewise, the presence of S with Ca and 0
suggests that the sample may have some gypsum [CaS04.2H20] among
its constituents. The presence of Na, CI and K in the sample can be
attributed to the formation of halides (NaCl and KCI) in ionic form
during initial precipitation stage. These may be important in the
formation of gypsum and in controlling the precipitation process in an
equilibrium regime [ 15). The presence of F may be attributed to the
formation of CaF2 in the kidney stones. Finally, the presence of Fe and
Br in low concentrations indicates that these elements are scattered in
kidney stones as impurities or as inter growths inside the constituents of
the sample.
The crystalline composition of kidney stone samples was
determined by Pougnet and Peisach [71 using XRD and PIXE
techniques. But the conccntrations of elements lighter than Ca were not
measured in their work, due to the inherent incapability's of XRD and
PIXE at low z. For this reason, RBS technique was used in the present
work to overcome this problem and identify the light constituents of
the stones. These light constituents which were identified by RBS are
shown in table I . They include the elements C, N, 0, F, Na, Mg, Si, P, S,
CI and K.
The results of the XRD, PIXE and RBS analysis of kidney stones,
reported here and in [ 7 ] ,may suggest that a kidney stone is formed by
O H ) ~ in
] the
the initial precipitation of an apatite [ C ~ ~ O ( P O ~ ) ~ (nucleus
core followed by the deposition of struvite [MgNH4P04.6H20] layers
on this core, with gypsum [CaS04.2H20] and quartz [Si021 as binding
agents.
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Table 1: Constituents of Kidney Stones Sample and Their
Concentrations by Weight (WT% OR PPM).
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{ Faraday Cup

rT

Surface Barrier Detector

Si(Li) detector

Fig. 1 : A block diagram of the electronic setup for signal processing
and data acquisition.
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RBS-Analysis of Kidney Stone
Energy (MeV)
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*

c

Fig. 2 :RBS spectrum of the kidney stones sample. The higher energy part has been amplified 50 times to show the contribution
of the Elements Fe and Br .
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Fig. 3 : PIXE spectrum of the kidney stones sample. The higher energy part has been amplified 10 times to show the contribution of the Elements Fe and Br .
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Determination of Certain Trace Elements in
Camel's Milk by Neutron Activation Analysis
ALMabrook M. Bejey, Wafa M. Markus and Ramadan H.Etwir
Tajoura Nuclear Research Center, P.O.Box 30878, Tajoura, Libya
'

Abstract
Natural milk samples were analysed by instrumental neutron
activation analysis (INAA) for (Mn, Fe, Zn, Co, Cr, Rb, Br, I). These
samples were collected from different regions of Libya by co-operation
with Camel's Research Center in Tripoli. In our laboratories trace
elements in human and milk powder samples have been, also determined
.
using the (INAA) technique.
The concentration level of the elements of enterest are in agreement
to within 10% with obtained values for human and powder milk, except
for the concentration of Br, I, and Rb which were found to be higher in
camel's milk. The results of this investigation will be presented.
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1. Introduction
The importance of trace elements in nutrition is widely recognized
as essential for growth and development of human being specially
during infancy . on the other hand several elemental deficiency
syndromes have been reported over the past decades.Children in
particular are susceptible to the effects of trace element deficiency [l].
The determination of trace element levels In food-stuffs especially
milk could play an important role in understanding a number of
deficiency related diseases .Diet quality is determined by the proportion
of the individual components such as protein, fat, vitamins,
hydrocarbons and by the content of the essential trace and major
elements[2].
The excess or deficiency of some trace elements have a significant
influence on human health . For example ,deficiency of Fe causes
annemia and Zn deficiency is associated with growth depression, sexual
immaturity and skin lesions . Se deficiency causes heart disease and Cr
deficiency plays a role in the development of diabetes and heart disease
. In contrast, excess of Mn m y inhibit Fe absorption and excess Zn may
cause Cu deficiency . [ 2 ]

2: Experimental
2.1: Sample preparation :
. Natural camel milk samples were collected from different regions of
Libya directly in precleaned polyethylene containers .These samples
were freeze - ,dried using ( Beta 1-8 ) for 16 hours and grinded to a fine
powder using an agate mortar .The samples of natural camel milk in
powder fom were kept in an oven and maintained at 80°C for about 12
hours before packing into polyethylene containers for irradiation . The
average water content in the collected powdered milk samples is about
3%

23 :
Polyethylene containers containing test samples and standards were
packed in pure aluminum foils, then inserted into aluminum container
a d irradiated for 10 hours at a thermal neutron flux of 2 . 3 ~ 1 0 n' ~
cm-28-1, at the Tajoura swimming pool type research reactor at a power
OfSMW.

The standards were prepared from pure grade chemicals in addition
to IAEA standard reference material (A-1 1 , IAEA-153) which were used
for the calculation of the elemental concentrations, by the comparision
method . Pneumatic transfer system was employed for short irradiations.

2.3: Counting :
The gamma spectrum for short-lived radioisotopes is measured with
a lOOcm MPGe detector coupled to neutron activation software package
system through ADC . [3] This package contains a series of modules
which perform data acquisation, evaluation of spectra, quantitative
analysis and statistical treatment of the results. The system resolution is
1.8 KeV FWHM at 1332 KeV C060 gamma energy, and peak to
compton ratio 49 .A 135cm3 Ge(Li) detector is used for the analysis of
gamma spectrum for long-lived radionuclides.The system resolution is
2.4 KeV at 1332 KeV Co60 gamma energy peak, and the peak to
compton ratio is 46 . We made the necessary corrections for
interferences from some elements due to the production of other
nuclides by nuclear reactions or from overlap of the photopeaks in the
spectrum [4], [SI . Counting sequences of induced activities are
presented in Table 111.

2.4: Radiochemical Separation Procedure :
The weighted samples and standard were tansferred to clean beakers
containing lOmg each of Se carrier solution . 5ml of concentrated
"03
was added to each beaker and heated for sample dissolution.
Before drying of the solutions 3ml of concentrated HCl was added and
boiled to remove the nitrate fumes . 5ml of an aqueous solution of 1amidino - 2 -thiourea , was added to the clear solutions which were
adjusted to 4 - 6 N with respect to HCI. The solutions were cooled, the
red selenium precipitate was centrifuged, washed with 2ml concentrated
HCI and dissolved in 2ml hot concentrated "03
and taken for
counting [ 7 ] .

3: Results and Discussion :
The accuracy of the data obtained by the INAA was checked by
IAEA standard reference milk sample (A-1 1 ) . The concentration values
obtained in this work with the reported values and the concentration
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levels obtained by other authors for Se, Cr, Zn,and Co are shown in
Table I . The obtained Se, Cr and Zn concentrations are in agreement
within 15% of the reported values. However,cobalt concentration is
found about 3.5 times higher in this study than the reported value.
Gharib et al. [ 6 ] also have served a higher cobalt value (4 times) in
comparision with the IAEA reference milk standard (A-1 1) .
The results obtained in the analysis of human and powdered cow's
milk are presented as ranges and mean values in Table 11. It is found
that the mean values of Se,Cr,Zn,Fe and Co in human and cow's milk are
in agreement within 10% though the human milk has a wide range of
variation in concentration levels.
The concentrations of Na, Mg, C1, K, Ca, Zn, Se, Rb and I in camel
milk samples collected from various regions of Libya were determined
by neutron activation technique for comparision purposes with other
types of milk. The nuclear reactions ,half-lives and gamma energies
used in this investigations are summerized in Table VI. As it can be seen
in Table IV. The concentration of I, Brand Rb were found to be in the
range 20.3- 44.2 ppm . Also the concentrations were found to be higher
in camels milk than in other milk types.
Except for I, Br and Rb, the elemental concentration in camel's milk
is in good agreement with the other types of milk mentioned . [7]
Table V . shows the experimental values obtained from the
irradiation of NBS - orchard leaves and IAEA - 153 milk reference
standard, relative to the IAEA (A-1 1) milk reference standard for
accuracy determinations .

4: Acknowledgement :
Thanks are due to the Camels Research Center in providing camel s
milk and ,the head and staff members of the NAA Department of
Tajoura Research Center for the fruitful discussions.
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TABLE I : ANALYSIS O F IAEA STANDARD REFERENCE MATERIAL
A-11 CONCENTRATION LEVELS

a : Single measurement

TABLE I1 : TRACE CONCENTRATIONS IN HUMAN
AND COW'S MILK
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Table III : Counting sequences and elements determined

TABLE 1v : RANGES AND THE MEAN VALUES OF ELEMENTAL

CONCENTRATIONS IN NATURAL MILK SAMPLES
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Table V ! Accuracy Determination.

0 . I,. Orchard Leaves ( N B S )

TABLE VI

: NUCLEAR DATA FOR ELEMENTS DETERMINED

Y :gamma
a : alfa
pbeta
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Determination of Wear Metals in Engine Oil by
PIXE and RBS Technique
M.M. Al-Kofahi
Arab Atomic Energy Agency, P.O. Box 402, El-Manzah, 1004 Tunis,
Tunisia
Permanent address: Physics Department, Yarmouk University, Irbid,
Jordan

Abstract
The constituent of fresh and used engine oils were determined by
PIXE and RBS techniques using 2 MeV He++ ion beams. The concentration of generated wear metals in used engine oil was measured as a
function of running kilometers. The fresh oil was found to contain the
elements: Si, P, S, C l , K, Ca, Zn and Fe. In addition to these elements, Pb
and Br were found in the used oil. Changes in the concentrations of S,
Zn and Br were noticed as the running kilometers increased.
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1. INTRODUCTION
Metal particulate can be generated in lubricating oils as a result of internal
wear of engine parts. Heat, dust and inadequate maintenance schedule will increase wear of the components and reduce engine efficiency. It could result in engine failure. Depending on the conditions and severity of wear,metals can present
in used oils as dissolved species, or particulates ganging fiom sub micron size to a
hundred microns or larger.
The degree of component wear can be monitored by determining the concentration of generated particulates in the used engine oils. Possible causes of component wear and likelihood of future failures can be predicted, resulting in cost saving, improved maintenance scheduling and increased operational reliability of the
engine.
Various techniques were used in recent years to study the properties of engine oils. The concentration of trace elements in motoroil after different duration
of use was investigated using neutron activation analysis (NAA) [l], charged particle activation analysis (CPAA) [2],and atomic absorption spectroscopy (AAS)
[3]. Precise measurement of iron wear was carried out on-line using thin layer activation (TEA) reactions by proton beam [4]. Tunable diode laser spectroscopy
(TDLS) was applied in the real time analysis of engine oil economy [SI.Oil consumption was measured under various engine operation conditions by radionuclide
using tritiummarked motor oil [6].
technology 0
In the present work, Rutherford Backscattering Spectrometry (RBS) and Particle Induced X-ray Emission (PIXE) were used to determine the concentration of
trace elements in fresh and used engine oils. RBS is suitable for the determination
of the concentrationsof light and medium mass elements. For the heavy elements,
the mass resolution of RBS degrades rapidly. PIXE on the other hand can not detect elements lighter than silicon beacuse of the high absorption of soft x-rays, but
it is powerful for the precise determination of the concentrations of elements of
medium and heavy masses. The combined RBS and PIXE techniques were found
to be complementing one another for the comprehensive analysis of engine oil
samples.
2. EXPERIMENTAL

2.1 Sample preparation
The engine oil used in this study is Shell Super Plus SAE 20W/50manufactured by Aliomaih and Shell Company of Saudi Arabia. A sample was taken from
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the fresh oil before use in the car and put in a glass bottle carrying the lable
"sample 1'. The fresh oil was put in a car engine. After the car fiiished 3000 km, a
sample was taken from the carter of the engine and put in a bottle carrying the label "sample 2". The same oil was kept in the car engine, and the car ran an extra
3000 km. After the car finished the 6OOO km, a sample was taken from the carter
of the engine and put in a bottle labeled "smaple 3".
A research quality cellulose filter paper of a 1" diameter was cut into four
identical pieces. Then, a 10 pl droplet was taken from each of the three samples
and put on one piece of the filter papers. A precise micro peptite, equipped with
disposable noses, was used for determining the size of each droplet before putting
it on the filter paper. The fourth clean piece of the fiiter paper was kept blank. The
four pieces of filter paper were then placed on a thick 1" diameter carbon disk,
used as a backing support for the samples.
2.2 Sample irradiation

A 2 MeV He" beam was obtained from the Tandetron charged particle accelerator of King Fahd University of Petroleum and Minerals (KFUPM), Dhahran,
Saudi Arabia. Thsi ion beam was used for the combined RBS and PIXE analysis
of the prepared samples. The carbon disk carrying the samples was installed at a
sample holder inside the RBSPIXE scattering chamber of the accelerator. The
holder was isolated from the beam tube so that it behaved as a Faraday, cup. The
incident beam at the sample holder was integrated by an Ortec digital current integrater. The integrated charge collected from the samples holder varried between
70 and 100 pC during the runs. A carbon collimator was used in all runs to create a
beam spot of size 2 . 5 ~ 3mm on the sample. The beam current was kept low at a
few nA to avoid dead-time problems. The vacuum inside the chamber was maintained at about 1 ~ 1 0Torr
- ~ (1Torr = 133.3 Pa).

3.2 Arrangements

To collect the RBS spectra, a Tennelec model PD-50-100-14-CBsurface barrier detector (SBD) was used. The detector was mounted inside the RBSPIXE
chamber, 24 cm away from the samples, at an angle of 164' with the incident
24 1
beam axis. The energy resolution of the SBD was 14 keV for the 5.486 MeV
Am line. As for the PIXE spectra, an Ortec model SLP-10180 Si(Li) detector was
used. The detector has a 25.4 pm berylium window and an active diameter of 10
mm. The detector was positioned at a distance of 7 mm from the window of the
chamber, 114 mm away from the sample, in a direc&\nmaking an angle of 115O
with the beam axis. The window of the chamber was composed of 63 pg cm-2
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Kapton sheet and graphite filter 1.2 mm thick. The graphite filter has a hole of 1
mm diameter in its center to permit the transmission of soft x-rays from the sample to the detector. The energy resolution of the Si (Li) detector was 175 eV for
the 5.89 keV Mn K a line.
2.4 Data acquisition

RBS and PIXE spectra were collected at the same time by a Nuclear Data
ND62 multichannel analyzer connected to an IBM-PC computer. Beside data acquisition, the PC also controled the motion of a goniometer carrying the samples
hoMer in very fine steps. At the begining of each run, the computer was programmed with the proper angles for the goniometer to set the sample in the desired position. It was also programmed with the mount of charge at which data
collection is to be halted. At the end of each run, the PC read the collected data
from the MCA into a buffer in its memory and stored a copy of the data on a floppy diskette for later off-line analysis. On-line data analysis during the runs was
done by using the MCA. All of the data acquisition processes were controlled by
the computer code TOSP 171. A block diagram of the signal processing electronics
and the data acquisition system is given elsewhere [8]. More details about the
KFUPM Tandetron and the experimental set-up are given in 19-11],
3. DATA ANALYSIS

3.1 RBS spectra
The RBS spectra for samples 1 , 2 and 3 are shown in figures 1 , 2 and 3, respectively. Figure 4 shows the RBS spectrum of the blank filter paper piece. It is
clear from figure 4 that the blank filter has no element heavier than oxygen among
its constituents. This is expected on light of the fact that this filter is made of pure
cellulose (C6Hlo05). This was confirmed by the PIXE spectrum of the blank filter, which showed only the background continuum, without x-ray characteristic
peaks for any element. This is understood since the light elements H, C and 0 in
the cellulose filter can not be detected by PIXEL
Experimental data were analysed using the codes TOSP [7] and RUMP [12].
A 520 A0 thin gold layer deposited on a silicon oxide substrate was used for the
energy calibration of the RBS spectra. TOSP uses this energy calibration to identify the constituents of the sample. It also generates a theoretical spectrum to simulate the experimental data. This is usually achived by having the user making good
guesses for the conctrations of the identified elements in the sample, and feeding
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these guesses to TOSP.But the code required many good guesses from the user
before it produces a reasonable simulation to the experimental data.
On the other hand, RUMP [12] is a very powerful code for the analysis of
RBS spectra, Once the constituents are identified and the energy calibration parameters are given Instead of the many god guesses of TOSP, RUMP requires only a
one good guess for the concentrations and uses least square and perturbation fitting techniques to produce a good simulation for the experimentaldata. Therefore,
once the constituents of the RBS spectrum are identified by TOSP and one good
guess is given for the concentration of each element. The code RUMP was then
used to produce the best theoretical fit simulating the experimental spectrum.
RUMP reads an input data file, containing the energy calibration parameters and
the good guess obtained by TOSP,and uses least square fitting to determine the
relative concentrations of the elements in the sample. This procedure was repeated
for the analysis of the three samples and the blank filter sample. The high-energy
parts of the RBS spectra in figures 1 2 and 3 has been amplified 10 times to show
the contributions of the elements: S, C1, K, Ca, Fe, Zn and Pb.

3.2 PIXE spectra

.

The PIXE spectra of the three oil samples 1,2 and 3 are shown in Figs. 5,6
and 7, respectively. The figures show the raw d
a
a generated background and the
generated data for the PIXE spectra of the samples. The code TOSP and the
PIXAN x-ray analysis package [131 were used to analyse the spectra and evaluate
the concentrations of its constituents. TOSP refers to a reference library stored on
the computer hard disk and determines the energies of the peaks in the PIXE spectrum. After that, it proposes the most probable transitions corresponding to these
peaks. The elements identified by TOSP are used to create the input data files required for the PIXAN package.
The PIXAN x-ray package contains two programs; BATTY and THICK.
BATTY uses an input data file and the experimental spectrum to generate the
background and subtract it form the characteristic peaks of the elements. Then, it
uses the Same data file and experimental spectrum to generate the corresponding
theoretical spectrum and calculate the peak areas (Ai) of the elements by leastsquares fitting of the two specha The background for the experimental spectrum
is obtained by an iterativeprocedure that removes peaks and progressively reduces
the spectrum to the background continuum, THICK refers to reference data banks
stored on the computer hard disk and calculates the expected photon yield (Yi) for
the elements in the spectrum. To achieve this, THICK uses an input file, contain-

1051

ing information about the geometry of the setup. the amount of charge collected
during the run, the relative concentrations of the major elements in the matrix and
a list of the elements in the sample. The concentration (Ci) of an element i in mglkg
is found b m the equation.

4. RESULTS A N D DISCUSSION

Results of the RBS and PIXE analysis of the three oil samples are shown in
tables I and 11, respectively. The RBS and PIXE spectra for these samples are
shown in figures 1-3and 4-6, respectively. Tables I and II list also the experimental errors in each of the measured concentrations. Errors in the RBS results are
based on the counts and the least squares fitting of the spectra by the code RUMP.
There is no significant background in the RBS spectra owing to good collimation
between the sample and the surface barrier detector. As for the PIXE results, the
errors are based on the number of counts and on the least squares fitting of peak
ateas, which includes the uncertainities in background substraction. It can be seen
from tables I and II that the RBS and PIXI!! results are consistent within experimental errors.
From the tables and from the figures,its clear that the detected major constituents of the thee oil samples, are C,0, N and S. Beside these constituents, all
samples were found to contain the elements: C1,K, Ca, Ti, Fe and 2%. Furthermore, the two spent oil samplescontain the elements Br and Pb.

The concentrationsof the heavy trace elements Br and Pb were found to increase by about six times, when the running distance of the engine increased from
3000 km to 6OOO km. The concentrations of S, C1 and Fe were found to increase
steadily with increasing the running distance. The increase in the concentrations of
Pb, Br and Fe is attributed to the increasing wear of the car engine with increase in
the running distance, This is due to the fact that all of these three elemens are
present among the constituents of the engine parts themselves. The increase in the
concentration of C1 can be attributed to the incrasing amount of chlorine migrating from the water circuit to the oil circuit of the engine with time.
The concentrations of K and Ca were found to be constant during the fnst
3000 km. This means that these two elements are part of the original oil constituents, which are not affected by the engine wear. But as time goes on and the engine ran an additionaa 3000km, the concentrationsof these two elements dropped
to about 60% of their previous concentrations.This may be due to the formation of
some Ca and K salts, and the percipitation of these newly formed salts on the in-
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terior walls of the engine. Thus the amount left in the spent liquid oil appears to be
decreasing with running distance and time.
On the other hand, the concentration of Ti and Zn starts increasing during the
first 3000 km, but it decreases as the engine run the additional 3000 km. The initial increase in these concentrations can be attributed to the engine wear, while the
decrease in its concentration during the second part may be attributed to the formation of Ti and Zn salts and the percipitation of these salts on the inside walls of
the engine as time goes on. Thus, K, Ca, Ti and Zn seem to have similar behavior
in the second part of the experiment. Therefore, the measured concentrations of
these four elements in the 60oO km sample does not reflect their real concentrations in this case. It rather reflects the remaining concentration of these elements
in a suspended form within the oil in the carter of the engine.
The increase of the concentrationsof S, Ti, Fe, Zn, Br and Pb in the used oil
with running distance is an indicator of the degree of wear in the engine Moreover,
the changes in the concentrations of various trace elements in the oil imply changes in the viscocity of the oil, which is the major reason for the degredation of its
lubrication capabilities with usage.
b
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TARE I: REStJLTS OF RBS ANALYSIS FOR THE ‘THREE OIL SAMPIES

I

I

1055

TABLE 11: RESULTS OF PIXE ANALYSIS FOR THE THREE OIL SAMPLES.

Dle 3
Error
(+/-I

0.0225%
57 ppm
8 ppm
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Fig. 1: RBS spectrum of fresh engine oil sample. The higher energy part
has been amplified 7 times to show the contribution of the
elements S, C1, K, Ca, Ti, Fe and Zn.
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Fig. 2: RBS spectrum of spent engine oil sample taken after the engine
ran 3000 km. The higher energy part has been amplified 7 times
to show the contribution of the elements S, CI, K, Ca, Ti, Fe, Zn, Br
and Pb.
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Fig. 3: RBS spectrum o f spent engine oil sample taken after the engine
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raw data, the generated background and the generated data.
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Investigation of 136Ba y -Transitions in The
(n,n'y) Reaction
S.M. Sergiwa * ,G.M .Rateb, S.M .Zleetni, M.M .Dufani, A.M. Shermit,
M .M.AlHamid i and M. S .EI-Ahras h * * .
Tajoura Nuclear Research Center, Tripoli, Libya,
*University of Garyuonis, Benghazi, Libya
""7th of April University, Zawia, Libya.

eh=J
.Ba- I36

Abstract
Using the reactor fast neutron beam, angular distribution and linearpolarization of y-rays emitted from the 136Ba (n,n'y) reaction were measured. From these measurements, a decay scheme of 136Ba have been
constructed. New spin and parity (Jn) assignments as well as resolving
ambiguities in previous assignments for some levels were done. In addition, multipole mixing ratios (6 - values, important for modelcomparison) have been unambiguously determined for many gammatransit ion s.

1.Introduction :
The 36Ba nucleus have been extensively investigated using different
types of reactions, such as (n,y), (n,n'y), (d,d'), (t,p) and also by
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P+-decays and EC[ 1,2], where the latest of these was by using (n,y)[3]
reaction . However, in spite of the different methods used to study 136Ba
many low level characteristics were undetermined. Furthermore, the
earlier investigation using (n,n'y) reaction did not result in reliable and
unambiguous determination of the multipole mixing ratios (6 - values).
It is the aim of this work, therefore, to present a decay scheme of I36Ba
with new spin and parity assignments of some levels and to determine
6 -values for many of the observed y-transitions.

2.Experimental Procedures :
The y-spectra of angular distribution and linear-polarization of y
-rays emitted from the 136Ba (n,n'y) reaction were measured in two
different experiments carried out with the IR-8 reactor at the kurchatov
Institute, Moscow. Analysis of the obtained experimental data was
carried out at the Tajoura Research Center, Tripoli. Details of the
experimental setups and the techniques of data analysis can be found in
ref [5-71. An enriched target of 136BaC03of 19.57g weight, thickness
I . 1 9g/cm2, and 93% enrichment was used. The relative abundances of
other isotopes in the target were 0.72, 2.90, 3.38% for 1 3 s , 1 3 7 , 138Ba
respectively. Gamma rays were detected using high purity Ge detectors
of 10% relative efficiency and 2.1 keV resolution at I .33 MeV.

-

As a result of those experiments it is possible to identify 147-y
transitions to belong to 136Ba of which 93 have been placed in the
decay scheme. Gamma transitions belonging to 35- 137Ba (n,n'y) were
identified using ref.[8], while of 138Ba (n,n'y) were identified from the
Nuclear Data Sheets compilation ref.[9]. Angular distribution for the
seventy five most intensive y-transitions were determined from which 29
transitions the linear-polarization values were also determined .

3.RESULTS:
The angular distribution measurements were carried out at the
angles of 90°, 105O, 1 I 5 O , 125O,I 3 5 O , 142O, 150" relative to the neutron
beam axis. The angular distribution data were normalized using the
760.49 keV isotropic line ( 02+ - 21+)- Transition and were least-square
fitted to the polynomial:

Values of the angular distribution coefficients a2 and a4 for the
observed y transitions together with the determined 6 -value for some
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mixed transitions are listed in table 1. The errors of a2, a4 and 6 values
correspond to 68% confidential interval. The &sign convention adopted
here isthat of Krane and Steffen lo) .
Two methods of calculating 6-values were used. In the first method
[ 1 1 1 , the magnetic substate population parameters were estimated from
the experimental angular distribution of pure E2 or El-transitions ( of

the type 2+ - O+, I - - O+ ,or 4+ - 2+) branching from the same level of
the transition in concern. For some levels (where this information is not
available from branching levels) the information on population
parameters from neighbouring levels were used. In the second method,
the population parameters were estimated from the CINDY program
1121 which is based on the Hauser-Feshbach-Moldauer theory [ 13).
The results of the linear-polarization (PyexP-)measurements are
listed in Table 2. Included in this table, for comparison, values of linearpolarization calculated from angular distribution coefficients ((Pycal)
with the two values of 6. This comparison should help in the
unambiguous assignment of 6 values (and Jj') for some transitions. The
6 and Ji" assignments given in table 1 already take these conclusions
into account.

4. Construction of the Level Scheme :
The construction of the level scheme was based on the results from
this work and the available data from ref.121. Figure I shows the
dependence of the level population (Ps) on level energy Ei (see also
tablel) in the (n,n'y) -reaction for this work. The level population
diagram is one significant criterion by which the placement of
transitions in the level scheme is decided as well as introducing new
levels (marked by "*" in table I ) , and also sometimes can help in
deciding between different choices of Ji' It was calculated from: Ps =
CIy (out) - CIy(in), where "out" and "in" refer to the out going and incoming gamma-transitions for the corresponding level. In some cases,
where gamma-lines can not be resolved, Ps values are obtained by
including gamma -transitions observed in the P-decay of 136Cs2
(marked by
in table 1). New levels introduced in this work are often
confirmed by other nuclear reactions; however, due to the low precision
of those experiments on level energies, the comparison to our results is
not definite.
"*'I
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From the obtained data on a2, a4, 6 , PyexP. and the dependance of
Ps on Ej and Ji" (fig.l), it is possible to make some conclusions about
the spin and parity of the initial states (Ji') in gamma-transitions if we
note the following:

I ) - In general a Ji" can be excluded if the experimental angular
distribution a2eXP*coefficients lie outside the boundaries of the 6 ellipse
for the given Ji'.
2)- A Ji" is excluded if q e X P . does not coincide with the theoretical
values for E2 -transitions (for example it is expected that a2 0.3 in the
J+2 -- J transitions; however, for (J+I)- -- J pure transitions a2 changes
from -O.Ol(for J=I) to -0.3 (for J=7) with a slight energy dependance).

-

3) - A Ji" i s excluded if aqexP. coefficient have the opposite sign to
the calculated one with the same Ji" (for example it is expected that
a4 > 0 for J+I -- J transitions and a4 < 0 for J -- J transitions).

4)- In general El-transitions have 161 > 0.2, although, for spherical
nuclei 161 < 0.2 is common.

5 ) - The experimental Linear-polarization values Py should not be
largely different from the values calculated from a2, a4 and 6 for the
given mult ipoles.

In addition to the forementioned, it is assumed that M2, E3, M3 and
higher multipoles can not compete with the lower multipoles (El, MI
and E2). With these notes in mind table 3 has been constructed to
deduce the Ji" of a given level. Therefore; column numbered 1 in the
table refer to note number I mentioned above, and column numbered 2
refer to note number 2 etc.

5. Conclusion :
Due to this work we were able to observe all levels with C I y > 0.1
rel. units (see table I ) , and we can state that there are no un known levels
with J = I : S up to Ei = 2.8 MeVand with J" = O+ and 6+ upto Ei = 2.8
MeV and 2.6 MeV respectively. That is we are presenting a complete
decay scheme of excited states in 136Bawith J = 0: 6 up to the indicated
energies.
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Table 2. Experimental and Calculated Linear-Polarization
For some y-Transitions in 136Ba
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Table 3. Reason for Excluding Some Spin and Parity Asignments for

Levels in 136Ba
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Abstract
Due to the far-reaching consequencies of the Chernobyl accident,
the IAEA formally approved and adopted a convention on the
assisstance in the case of a nuclear accident and another convention on
the early notification in case of a nuclear accident. Along the same line,
many countries made provisions to enable the continuous measurement
of the environmental radiation field and radioactivity in air, water,
earth ... etc.
These facilities are very useful in the early notification about
approaching airborn radioactive materials released to the environment
as a result of a nuclear accident.

I n Egypt, the environmental radioactivity monitoring program
involved the establishment of a gamma-field and gross p -monitoring
system consisting of stations housing the appropriate sensors, distributed
in sites carefully chosen all over the country and connected to a central
station, in the network directorate, used for data processing and display
of results.
In the present work, a general description of the first phase of the
environmental radioactivity monitoring system is given together with the
main problems encountered during its establishment.

* Present Adress: Arab Atomic Energy Agency, P.O. Box 402, 1004 Tunis.
** Present adress: Civil Defence Directorate, State of Kuwit.
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1- Introduction
In late April 1986 a major nuclear accident took place in the fourth
unit of the nuclear power station in Chernoby1,USSR. The accident was
officially declared after a few days of its occurance. Actually, that
declaration came 70 hours after an alarm signal was recorded by an
environmental radioactivity monitoring network in a nuclear power
station in Sweden.
Due to the far reaching consequencies of the accident at
Chernoby1,the IAEA General Conference formally approved a
convention on the assisstance in the case of a nuclear accident or a
radiological emergency(l986) and another convention on the early
notification of a nuclear accident (1987). Moreover , attempts were
made to improve radiation monitoring capabilities and exchange of
information both on the national and international levels.
In many countries programs concerned with the evaluation of the
environmental radioactivity in air, water, soil, and various elements of
the food chain are regularly carried out. Moreover, beta and gamma
field radioactivity continuous monitoring networks are also established
and operated in many countries in order to afford a means of
monitoring any air contamination and to ensure the early warning of
the competent authorities in case of emergency. The main objectives is
to enable the continuous assessment of the impact of radioactivity on
the health of the public and on the integrity of the environment (1).
In Egypt, the environmental radioactivity monitoring program
consists of two parts that are carried out in parallel by two different
groups in the EAEA. The first part involves a radioactivity monitoring
programme in soils, waters and plants carried out by the central
environmental radioactivity monitoring laboratory CLERMIT (2). The
second part involves the establishment of a gross p- and y -field
monitoring network consisting of a series of individual radioactivity
monitoring stations that are distributed country wide in key sites and
connected to a central station used for data processing, display of results
and control of the performance parameters of the stations. Thus the
direction and radiation intensity of any radioactive cloud or air current
could be evaluated.
Environmental radioactivity monitoring networks in air are usually
constructed on a national .level. However the performance of the
monitoring systems is much better improved if the national network of
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one country is compounded with the neighbouring networks in a more
elaborate regional network which in turn could be connected to other
regional networks forming a global ERM network. This improves the
system of early notification of major nuclear accidents as well as any
other minor accident occuring somewhere in any given country.
Consequently, it has been suggested by the AAEA, a few years ago, to
establish the extended environmental radiation monitoring and early
warning network of the Arab countries (3), breifly treated in the
following.
The Arab world is rather widespread. It extends from Morocco in
the west to Iraq in the east and from Syria in the north to Somalia in the
south consequently, it would be rather difficult to establish a single
network to cover all that area.
Based on the fact that each contry in the arab region is supposed to
establish its local Radiation Monitoring Network, it was suggeted to have
the national networks of the different countries of the arab world
divided into four regional networks, the northern, southern, eastern and
western regions which are in turn connected to a main central station of
the Arab Countries Network. Table 1 shows the countries belonging to
each region. Each region has a central station in one of the countries of
that region. The centre1 stations of the four regions are then connected
to the main central station thus forming The Interrgional ERM network
of the Arab world (3).
The interregional network of the Arab countries could be easly
connected, through the main station, to the Global environmental
Monitoring Network.
The main objective of the latter is to regularly provide information
on radioactivity in the environment from as many countries as possible,
particularly in case of a major release and to help countries that donot
have such monitoring systems to do so. In addition, as a central
organization, it can help in imporoving the quality and compatibility of
data generated by different countries, through regular intercomparisons
and standerdization of the calibration and measurement procedures.
The present report deals, in its first section, with the general
description of the network and its components and the general
distribution of the stations all over the country and the climatic
conditions in which these stations are located. This is followed by
testing, calibration and operation of the network, and the problems
encountered in that phase of work .
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Table 1 :
National and Regional Environmental 'Radioactivity
Monitoring Network of the Arab World and Their
Interrelation With International Organizations

Libanon
Syria

Iraq
:Ehe
Global Environ-

Yemen
Sudan
Somalia

Giboti

Kuwait

Q-

UAE
Bahrain

Saudi Arab

0Libya
Algeria
Tunisia
Morocco
Mauritania

(C. S.= Contrpt Station)

2- Environmental Radioactivity Monitoring Network

(Ermon)
A

- General Description:

The system is an integrated y - field and radioactivity monitoring
network designed to interconnect several monitoring stations in a
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unified system. The system offers a highly flexible facility for gathering
radiological environmental data. It also incorporates a facility for
controlling the measuring system parameters.
The first part of the network consists of a series of gamma field
dose rate measuring stations ,consisting of Eberline's ERM-2 units
placed in different sites all over the country and connected via public
telephon lines, through the appropriate modems,to the main network
directorate in Cairo, Figure 1 shows the general outlines of the network
structure and its elements. The network is also capable of accomodating
hardwire connections to stations rather close to the central station. For
very remote sites radiotelemetry could be applied to transfere signals to
the nearest telephon station.The software used could also accomodate
data from Beta aerosol monitors , radioactivity monitors in aquatic
systems in addition to different chemical pollution monitors.

1) Gamma field monitoring Stations:
The remote environmental radiation monitoring stations consist of a
relatively large enough metallic shaded enclosure that is very firmly
fixed in the station site provided with a telephon line terminal and an
electric current source. The shaded enclossure is provided with an
electric fan to keep the inside temperature lower than the high ambient
temperature in summer time. In the shaded enclosure is placed the
Eberline's model ERM-2 monitor which is a rugged self contained
measurement system designed to give continuous on-line quantitative
assessment of environmental gamma field exposure levels.
Each ERM-2 monitor is comprised of model HP-270 energy
compensated halogen quenched Gamma detector coupled to a data
aquisition microcomputer with built in detector high voltage power
supply and a signal conditioning circuitary in the form of a single
channel analyzer enabling to support a large variety of detectors to
perform radioactivity measurements of any type. The pulses generated
in the GM tube ,after being processed by the low gain amplifier, are
transmitted to a multipurpose discriminator which can be used either for
gross counting, as i n case of gamma ray detection, being set at low
discrimination level, or as a single channel analyser having certain
adjustable widths "windows" for beta or alpha detection. The output
pulses after the descriminator, are then counted by the scaler:
The ERM-2 units have all its electronic and other sensing elements
enclosed completely in a humidity proof box which also protects the
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sensitive parts in the station from fine sand particles that can penetrate
into the microprocessor.

In case of any power interruption or failure, the necessary power is
provided by a rechargeable battery that is capable of supporting the
ERM-2 data acquisition electronics for approximately 48 hours. The
units also incorporate a surge suppression and noise filtering circuitary
for the incoming 220 VAc power line.
The remote stations are linked to the central computer by telephon
lines through telephon modem connections. An internal replaceable
battery supports the functions of the telephon modem, for
approximately ten hours, in case of AC electric power line failure. If the
communications to the central computer station is lost, the remote
stations in the field continue to operate independantly, logging and
storing data points from hours to days depending on the mode of
operation. The recorded data could be retreived either when
communications are again reestablished or directly from the ERM-2
compuer in the field. The ERM-2 stores at least 1500 of the most recent
data points in its central memory which can be locally displayed either
by a printer or a portable computer..This is approximately 15 days
worth of data if normal 15 minutes measuring intervals are used. Figure
2 shows the wiring diagram of all the components in a monitoring
station. Figure 3 shows the unit components enclosed in a humidity and
particulates proof box in the monitoring stations.

2) Central computer station :
A high performance central computer with a fast and efficient
program that provides all communications and visual displays of data is
used in the network central station, in the National Centre of Nuclear
Safety and Radiation Control. The computer special software used
enables two-way communication with the remote stations and provides
visual displays of the results after processing of the incoming radiation
data. The software also provides the possibility of controlling the
different working parameters of the remote stations.

The general.specifications of the computer are : ALR Model
80-386 (IBM Compatible) computer, 25 MHx, 2 MB RAM, 1.44 MB
and 1.2 MB Floppy drivers 20 MB Cartridge Driver (Model 8087);
VGA Color monitor. The computer system is powered through 300
Watt UPS.
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suprcssor, 7 9 v Adapter, 8 = Telephon modern.

-

-

1083

The central computer automatically polls all active monitors in the
system and stores retreived information on a hard disk. While logging is
being performed ,a system-specific high resolution colour map display
is constantly updated with the status and readings of all monitors. A
screen graph of all data can be logged for a specific monitor on any
day. The operator can move a screen pointer to any point during the
day and display the digital reading associated with the selected time
period. The minimum,maximum and average readings for the day are
displayed along with dashed lines ; two standard deviations are plotted
above and below the daily average ,
All changes to the operating parameters are protected by password
controls. Reporting also includes daily or monthly system summary.
Reports are generated both automatically and on request by a manual
command . The central computer can receive data from up to 250
monitors placed in different locations in the country.
The output pulses of the discriminator are normally displayed as
counts. The microprocessor calculates the results in terms of any other
unit selected by the operator : Count rate , rads , Gy,R or Sv.

B

-

Installation of The Network Elements And Central
Station

As has been indicated before, the first stage involved the placement
of 13 ERM-2 units in different geographical sites all over the country,
then connecting them through the National Telephon Network to the
central computer station in the network directorate. Figure 4 shows the
chosen sites for placing the different stations. It could be observed that
there are 22 sites, along the northern coast and also the eastern borders
i.e. Sinai and Red Sea coast, as well As along the Nile valley, that are to
be equipped with as many stations as possible to enable the effective
discovery of any probagating radioactive plumes.. Table 2 shows the
types and number of stations planned and those that were actually
mounted by 31st of January,l993 . In some of the sites several types
of stations are to be mounted. Thus ,in addition to the y - field
monitors, 13- aerosol monitors are to be placed in some of the
selected sites. Some radioactivity monitors in water are also planned to
be placed in some coastal sites.
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Flgure 4 : Dlstribution of the rites chosen lor the remote mornitorlag
ShtiQD8 of the rrdloactirity monitoring network of Eeypt1 -S8lum,
2 - Matrouh,
3 - D a b m 4 - Ale&&
5 Baltim, 6
Port Said, 7 Arbb, 8 M c h 9
Rm
El Negev, 10 Ismailla, 11 Sua, I t Tmta, 13 Zagrzig, 14 Assiut, 15 Aswan, 16 Horghrda, 17 Coo
sdr,
18 Babaria, O.sb 19- Manmum, 20
Imhlu,
21 Cairo, 22 Saint, Cathedra.
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Table 2 :
Sites and types of the different radioactivity monitoring stations of the
ERMON

ned tati '"s,

itation Site
1

14

IS
16
17

18
19

20
21
22

3

ions
-

1

4

2

4

A 1 ternate
sites

- -- - -

No
I
2
3
4
5
6
7
8
9
IO
II
12
13

2

2

2

I
I
3

I
3
5

1
2
2
I
1

2
3
2
I
I

I
I
I
1
I
I

3
I

I
I

I

1

I
I
I

I

I
I

1
1
1

1

Iamietta

2

4
3

1

1

I

I
iharm Eli hei kh.

1

I
1

I

I

1
1

2
3
5
2
I
I
2
2
I
1

1

I

I

1

1

1

1

1

I

2

I

5

2

3
31-Tor

1

-- -

'aba

)ena,Beni-Swif

I
I
2

1

.__I_

___I

-

2
11 33 10 7 50 I - Gamma Monitoring Station in air (ERM-2).
2 - Aerosol Monitoring Stations.
3 - Coastal Liquid Radioactivity Monitors
4 - Total.
_n_l

P

13
-

The climatic conditions of the sites chosen for placing the stations
are largely different. Table 3 shows the weather conditions in the
different regions .From this table it is clear that the stations in the
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different sites are subjected to large temperature differences,humidity
wide changes and posssibly also to fine sand particulates suspended
normally in the air in desert sites.

Table 3 :
Weather conditions in the remote monitroing stations sites

humidity, specially i n
ummer. Some rain i n

h

temperature.i

As has been indicated before ,all electronic and other sensing
elements are enclosed completely in a humidity proof box which also

protects the inner constituents in the ERM against the penetration of
fine sand particles into the microprocessor. Moreover, the regulated
ventilation fan inside the shaded enclosure is used to keep the
temperature inside the box between 20 - 30°C. The fan can work, even
continuously, for very extended periods of time (about 20 days if
necessary).
In humid locations the accumulation of humidity inside the shaded
enclosure could lead to many problems ranging from short circuiting to
bad contacts. This has been taken in consideration during the routine
maintenance .
Some specifications were taken in consideration on choosing the
proper sites for the units as follows:
I - The chosen places should be far enough from neighbouring high
buildings . The stations themselves should be placed at suitable
heights ( I O - 15 m) on the chosen buildings, to enable the detectors to
see any plume freely from any side.
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2-Special care should be taken to keep the ERM-2 away from EMP
generators such as high voltage cables and accelerators and from
irradiation facilities.
3 - The stations should be kept out of reach of unauthorized personnel.
At the same time, the station site,which is usually chosen above
governmental buildings for increased security, should be easily and
readily accessible to facilitate regular inspection and maintenance as
as well as for routing checking.
4- Each station site should be provided with an electric power line and a
telephon connection. Fluctuations in the electric current should not
exceed -t- 15%, otherwise low power current stabiliser should be
used. Good earthing is necessary for each station
The places actually chosen to fix the different stations satisfied all
the above mentioned requirements. The placement of the stations in
these sites involved a tremendous effort. With no past experience in the
implementation of such intricate detection and data transfere systems it
was found necessary to organize local training activities around the
system for the working personnel and staff. It was also decided ,on
starting the implementation of the project,to begin with placing the very
far away stations from Cairo ,where the network main office is
located.Thus, the stations at Alexandria,Ismailia,Suez , El-Arish ,Port
Said, Matrouh and Aswan were the first stations to be installed on the
basis that if these stations were successfuly mounted, connected to the
central station and operated, probably no more serious problems would
be encountered on connecting all other sensors nearer to the central
station.

C

-

Adjustment, Calibration And Quality Control Of The
System And Its Components

After installation of the first group of sensors it was important to test
the function of the software and the communication. Thus, the whole
system was operated and data were polled from some of the stations by
the central computer. It was found that while the different remote
stations responded to the commands from the central computer the data
received from the stations were not satisfactory. This indicated
improper functioning of the ERM-2 detection system. Accordingly ,a
program was tailored for adjusting, calibrating, controlling and assuring
the quality of the ERM detection system, and also for further control of
the overall system , including software and communication, ... etc.
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1) Adjustment And Calibration
According to the manufacturer's manual the calibration procedure
is classified as electronics calibration which is concerned with the
detector electronics i.e., pulse height threshold, and the high voltage bias
of the G.M. tube, and dose rate calibration, (Le. exposure rate
calibration).

i) Threshold calibration
The recommended pulse height threshold used in the units is IO
mV. This has been adjusted by using a pulse generator (Eberline Mini
Pulser model MP-2) set at 40K cpm, and 10 mV. The output of the
pulser was connected to the input of the detector unit with the speaker
on. By raising the discriminator level just to stop the detection of the
imposed pulses, the correct threshold value of 10 mV could be
achei ved .
Sometimes, the highest discriminator level did not stop even 7mV
pulses. In such cases, it was assumed that either the maximum
discrimination potential is less than 7 mv or that the amplifier gain is set
at amplifier gain more than unity, so that pulses smaller than 7 mv are
amplified to more than 10 mv and thus passes the descrimination level.
In such cases the amplifier gain was adjusted in such a way that the 10
mv were stopped by the discriminator setting. If this treatment was not
successful, the discriminator had to be examined and repaired.
Drop in the battery charger voltage, (6.83 + 0.07 Vdc) can be a
potential reason of low discrimination level, thus, in such cases, the
battery input voltage, (charging voltage), has to be checked, as well as
the output voltage. Consequently battery check, was always the first step
in calibration.

ii) High voltage calibration
The ERM microprocessor incorprates a high voltage calibration
programme, which allows adjusting the high voltage-"level"
potentiometer to read 600 (V) on a voltmeter, then the "gain"potentiometer to read 1800 (V). By repeated adjustment of these two
extreme points, high voltage is deemed to be calibrated, Linearity has
been confirmed, by checking several points between 600 - 1800 (V).

To achieve reliable calibration of the high voltage, particularly in
the range of the plateau, the least squares regression method was
applied. Table 4 exhibits some examples of this procedure. The line
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fitting correlation factor was taken as indicator for good fitting, if it is
less than 0.998, the calibration had to be repeated.This value has been
arbitrarily chosen, since the experimental results showed that the
correlation factors of most of the units were 0.998 and higher. From the
results shown in table 4 it could be noticed that the unit 175 has a rather
short high voltage range (752 - 897V).

. Again, it happened, in some units, that the high voltage was neither
stable nor linear. Such units have been subjected to several tests
including battery test. In general, bad connections and earthing are
some probable sources of trouble. Cleaning of the insulators, ensuring
tight connections, and resoldering loose contacts were found very
effective in eliminating most of the troubles.
The working high voltage, was necessary to be set correctly before
exposure rate calibration. The manual recommends 905 V, as a working
voltage, for all units. Actually this value is around the proper one; but
still there are differences in the working voltage of the different
detectors. These differences have been deemed, by the manufacturer, to
be compensated through the calibration constant (CC), after calibrating
the systems for exposure rate.

Table 4 :
H. V. Calibration in two units (High Voltage linearity)
and linearity confirmation using least squares methods
Unit
Inst. (V)
X
1580
1590
1320
1250
1190
1010
966
927
882
790
760
705
676
645
592
Corr. factor

U n i t Vo. -175
Inst. (V)
Y
X
907
897
782
775
717
714
673
668
597
559
603
607
628
630
644
645
704
706
72 1
720
744
738
752
750

Corr. factor

0.994
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No. 182

Y
1579
1519
1318
I254
1195
1011
963
934
893
799
765
706
670
645
592
0.998

iii) Exposure rate calibration
The calibration of the detection system for exposure rate has been
carried out using a Cs- 137 standard source, ( 1 0 mCi), with a calibration
certificate which is actually a calibration chart in which the dose at
diffrent distance setting from the source are given. Thus the value of the
calibration constant (CC) was determined and it was possible to achieve
reliable calibration, of three or four units per week.
The dose rate reading indicated on the unit, placed at a given
distance from the sourse, was adjusted by the CC Key to read the value
given in the calibration chart for that distance.
By repeating the process at different distances from the source the
proper CC factor was determined.
Similarly, the correct dead time value was determined by adjusting
the dose rate value, indicated by the unit, placed at a given distance from
the sourse, to read the value indicated in the calibration chart for the
distance used, by the D.T. Key. Adjusting and calibrating the CC and
DT, as mentioned, improve the counting efficiency and lead to the
proper interconversion between the different measurement units.
Radiation protection regulations have been taken in consideration,
during calibration, to avoid exposure of the working personnel to
unjustified doses.

iv) Inherent background
In case of the ERM system having G.M. tubes as detectors, the
inherent background is due to the filling gas, the material of the tube
and any associated materials. For low level counting systems the
inherent background is a serious parameter that limits the lower
detectable level of activity. As long as the ERM, is designed for
environmental radioactivity detection, which is very low in nature, the
inherent background should be taken in consideration, otherewise, the
indicated exposure rate, will, apparently, be several times higher than the
actual level.
To avoid such confusion, the manufacturer included i n the
microprocessor of the ERM a "Fixed BKG" value, to be subtracted from
the average of the reading, after a certain counting time interval.
Obviously, the value of "F.BKG" is different for different detectors i. e.
G.M. tubes.
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To determine the "F.BKG" the G.M. tube should be operated while
being inside the proper shield. This facility is not available in our
calibration Lab., thus the value quoted in the manual has been taken as
an initial value (4), during exposure rate calibration mentioned above.

2. Quality Control
In principle, the plateau shape and characteristics of any gross
counting system reflects its performance and reveals any possible
defects. Thus, it was preferred to perform plateau investigations as a first
step. For this purpose a Cs-137 point source ( G lpci), has been used.
Beside determining the working voltage of the detection system, it
was possible to repair few malfunctioning detectors, through the analysis
of the plateau in terms of the following characteristics:

i) Counting reproducibility (stability
Generally the fluctuations in the counting rate at certain high
voltage setting, along the plateau, reflects the counting reproducibility
of the detector. High scattering around the count rate average, i. e.
higher standard deviation values indicates malfunctioning of the
detection system, of some units. Figure ($a) shows the situation actually
found in one of the units. After carrying out the necessary repairs a
better plateau was obtained with markedly less standard deviation values
of the count rate recorded at the different high voltage settings. Figure
(5,b) shows the plateau shape and characteristics after repair.

ii) Dead time effect
The measured plateau of some units oftenly showed a negative
plateau, particularly at high working voltages. This phenomenon
probably is due to R C x , where RC is the decay time of the pulse, and z
is the dead time of the detector. However, the ERM has a facility to set
the dead time electronically, and if this value is underestimated,
negative plateau may occure. Negative plateau may also occur due to
bad earthing and/or bad contact, particularly at the pulse input of the
microprocessor. Such phenomena is exhibited in Figure (6,a) Adjusting
the dead time, and repairing the detector contact points resulted in a
better shape of the plateau as shown in Figure (6,b).
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High VO’Ltage

Figure 5 : A

B

Plateau of a Jbalfunctlong unit (High reading
-fluctuations)..

- Plateau of the same unit after repair.

High Voltage
Figure 6 : A
B

- Plateau

showing a negative trend.

- Plateau of the same unit after 8djustLng for the dead
time.
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iii - Calibration constant control
During calibration of the ERM for the exposure rate, using E lOmCi
Cs-137 source, it has been tried to minimize the dose recieved by the
team, through minimizing the calibration time. However, the
fluctuations in the reading did not allow precise determination of the
calibration constant. On the other hand, the uncertainty in the (CC)
value was found to differe from one detector to another.

To overcome these difficulties the ERM systems were controlled
using E 1 pCi Cs-137 source, and the (CC) was adjusted, in several
detectors, such that the average reading was adjusted to be the same in
all of them, within the statistical fluctuations. To standardize this
procedure for all the units, one unit has been used as a reference unit;
i.e. kept at the lab., and used for comparison with the different
individuals of the series of units to be adjusted. Table 5 shows the
readings of some units after adjustment.

Table 5 :
Calibration constant adjustment in four different units to read the
same dose rate, k s.d.
Mean dose rate
UNIT No easured Dose rate (pSv/h)
k S.D
180
.15, 9.53, 9.87, 9.50, 9.26, 9.64,
9.50k0.25
.43, 9.40, 9.57, 9.78, 9.01, 9.18,
.54, 9.46, 9.92, 9.89, 9.62, 9.21,
.46
174
.22, 9.74, 9.27, 9.73, 9.37, 9.28,
9.44f0.22
.94, 9.35, 9.48, 9.15, 9.27, 9.66,
.51, 9.44, 9.20, 9.18, 9.56, 9.34,
.6 1
.06, 9.00, 9.06, 9.34, 9.20, 9.49,
9.453-0.25
.57, 9.73, 9.34, 9.44, 9.84, 9.26,
.61, 9.53, 9.96, 9.41, 9.55, 9.56,
.6 1
9.43k0.28
.48, 9.28, 9.09, 9.51, 9.82, 9.1 1,
.65, 9.47, 9.77, 9.35, 9.71, 9.38,

I

F

E
E
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iv

- Fixed background

It was important to control the ERM units to read the same average
background when present under the same conditions, i. e. when
subjected to the same y - field, (external background). To acheive this
condition one ERM unit has been checked, calibrated and prepared to
be as a reference unit, "standard". Usually 3 or 4 units were calibrated
per week. All the calibrated units together with the reference unit, were
monitored for, at least, 24h; the results were processed statistically and
compared with each other and with the standard unit. Thus, before
fixing the units in the planned sites the fixed background in every unit
was adjusted in such a way that all the readings in the monitored units
were the same as that given by the standard unit (within -t. 15%).

Table 6 :
Background readings kS.D (15 minuts counting interval), for several
detection sets. The Fixed BKG, is adjusted accordingly, to make the
average reading about 2k (15%) pSv/h)
UNIT No
160
246,
220,
197,
207,
181,
215

266,
148,
217,
233,
246,
217,

261,
269,
217,
187,
204,
217,

238,
235,
240,
199,
192,
233,

202,
233,
192,
187,
235,
243,

228,
204,
233,
199,
187,
230,

189,
194,
189,
207,
189,
240,

174
212, 223, 212, 218, 202, 207, 196,
196, 255, 212, 212, 186, 244, 255,
249, 255, 223, 212, 228, 228, 247,

176
147,
147,
178,
186,

155,
188,
239,
189,

165,
193,
193,
199,

190,
147,
172,
147,

155,
175,
236,
228,

150,
149,
242,
155,
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165,
193,
186,
148,

v - Pre-installation service of units
Before installing the microprocessors in the sites, all the previous
parameters were rechecked and registered in a sheet designed for that
purpose. The sheet is filed and kept in the office, as a reference
document, which can be updated according to the followup
requirements. An example of the stations specification sheet is given in
Figure 7.
Applying the foregoing procedures, the following could be
achieved:
i ) Reliable function of the ERM detection system;

ii) Proper working voltage to secure counting reproducibility;
iii) Correct calibration constant, to ensure homogeneous readings in
the same gamma-field; and
iv) Proper inherent background, (fixed background), that allows
correct interpretation of the results.

D

-

Operation of The Network:
The ERM Network is remotely operated by the central computer.

A special software is designed to enable interaction between the
network stations and the operator, i.e. the operator can change any of
the parameters of the remote stations, and receive reports in different
forms.

1 - Software Facilities:
When the Central Computer Software is executed, the operator is
presented with the main menu shown in Figure 8 . Each of the
horizontal main menu items has pull down submenus. Using space bar,
or arrows keys any of the horizontal main menu items can be selected
i.e. "highlighted", and by pressing [Enter] the corresponding sub menu
list is pulled down, any of which can be selected and executed using,
either the arrows, or space bar keys followed by [Enter], or, by, simply,
pressing the first letter of the sub menu item.
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Gamma Field Montoring Systems (Erm-2)
Stations Specification Sheet
Location
P. c (Map No.)
Detector Syst. No.
Tel No.

.
.
:
.
e

e

Location & Address

2

-

3

-

Manufacturer Serial Numbers
Station (Meta1)Housing) Serial No. :
SRM (Processor)serial No.

4

-

1

-

5

6

-

Station Detector Code Numbers
Instrument (P.c Map No.) :
Detector System No.

Operation Parameters
Computer Format :
Access level
I.D. (arbitrary)
:
Inst. (P.c Map)No.
Analog Out =
Max. Analog scale
Log Decades
Screen # 1
Scaler Mode
Units =
Counting Interv
:
Alarm (inst.)
Working Parameters
Cal. Const. ( C C )
High voltage (HV)
:

Dead time (DT) :
Fixed BKG

CALIBRATIONS (Date & Notes)

Figure

7:

Station

Specifications
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sheet.

:
:

Figure 8 : Main menu list

Before operating the Network, the monitoring parameters and the
specifications of the type of the radiation monitors used should be
recognized by the central computer. This can be achieved by several
configuration procedures:

i. Configuring the system monitor group using [Edit] command
from the horizontal menu, Figure 9 is displayed. Pressing [+] and [-]
keys any of the parameters can be selected, and entered. By
highlighting [define monitor] from the sub menu, the screen displays
the monitor group definition shown in Figure 10. Using the arrows keys
followed by [enter] the operator can introduce the adequate parameters.
ii. Configuring the System Parameters using [Edit] from the main
menu and then [system setting], from the sub menu list, displays Figure
I 1 which shows the system parameters. Using the arrows keys followed
by [Enter], the operator can introduce the adequate parameters.
Pressing [ESC], saves all changes made when editing any and all
records.

SvstcmSettings

Ilrt'ine Monitors
Channel Files
L o q p g Printers

~trteotoeicalComputer
I d i t Colors

Trruninc Simulator On/Off
PJsswird

Figure 9 : Edit Command pull-sown submenu
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IjB ERLl Y F.

MONITOR GROUP DEFINITION

I

PREFIX UNIT: u

LOCATION: Alexandria

,MONITOR TYPE: Gamma

X LOCATION: 380
~

Y LOCATION : 75

DISPLAY ON MAP'?(YOR N):Y

LAST READING: 3.37 E-01
HIGH ALARM: 7.50E+OI
ALERT ALARM: 3 . 0 0 E 4 1
ACTIVE? (YOR N): Y
COMMUNICATIONS PORT NUMBER: I
CONNECTED VIA MODEM'? (Y OR N): Y
TELEPHONE NUMBER: atpd 034209899
ISC Exit

* F1 Edit * F4 Clem * + Next ERM * - Prev. ERM

Figurc 10: Screen display of the monitor group definition

SYSTEM PARAMETER DEFINITION
SUPPORT REMOTE COMPUTER'?: NO
SUPPORT MET. COMPUTER?: N O
POLAR M A P BACKGROUND
DISPLAYED'!: NO
PRINT EACH LOG POINT'!: YES
C O M 3 I3AUD RATE: I 2 0 0
,\UT0 REPORTING ENABELED/ YES
C O M 4 IiAUD RATE: I3)O
'THICK GRAPH LINES'!: YES
REPORT 1.EI.T MARGIN: 15
WIND DIR. METER ACTIVE?: NO
DISPLAY DATA nrE: LO^
WIND DIR. METER ADDRESS: 30
POLL DELI! Y ( < I (M)K SECS): 0
WIND DIR. METER X LOCA'IION: 0
KEY-1JP I)IJLt\Y t MSECSI: 0
WIND DIR. METER Y LOCATION. 0
KEY-DOWN I)ELt\Y IMSECS): 0
I'RINTER TYPE: Epson
CUSTOM R E P O K ' ~~-.\uEL:EBERLINE E R M - ~ HI;MOTE COMPUTER C O M PORT: 2
PRINTER lNlT STRING:
PASSWORD: liBERLlNE
COM I BAUD RATE: IZ(N)
COM?. IJAUD KA'ITE: I 3 0

I

I'SC S;IVC/ Enit

1-1 Edit

* FJ Clear

Figure I I : Scrccn displav of system perametcrs definition

I

iii. The channel parameters are a group of parameters which affect
the general operation of a specific monitor. These parameters can be
displayed by selecting [Edit] and then [channel files] from the menu
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system. By entering the monitor number, a display showing the
requested channel parameter-file will be presented and any changes in
the parameters can be carried out. An example of file-display is shown
in Figure 12.

CHANNEL PARAMETER FILE EDITING
ADDRESS: 17

CHANNEL: I
UNIT PREFIX: CI
UNIT BASE: Sv

DEAD TIME (SECS):I .?,OE-04
CAL. CONSTANT: 8.22EtW coundSv
ALARM SE'ISING: I .00E-02# j ~ / h
I'IXED BKG:5.53E -02 #v/h

UNIT SUFFIX: h
COUNT TIME (SECS):0
HIGH VOLTAGE (VOLTS\: Y I2
MODE: Scaler. Avenge Hate

Concentntion Fxcors
BKG. NO. i ADD & CH.NO:I - I
DKG.NO.2 FACTOR: O.OOEAI0
BKG.NO.2 ADD & CH.NO: I - I
BKG.N0.2 FACTOR: O.O()E+(W)

CURRENT UNITS. *v/h

EZOW(lmp):6.WE+OI

ERM Gamma Gal. Constant is 8.22E49
ESC Quit Fl Edit * FJ Download * F5 Disk Save

Figure I2 : A channel parameter file display

iv. Other system parameters can be defined using the items
indicated in the [utilities] in the main menu, shown in figure 13.
indicated in the [utilities] in the main menu, shown in figure 13.

Communication E m r Log
IhWMemory Spacc
Ihckup Month D i u
.Form Feed Pnntrr
Version Intormarion

Figwe 13 : Details of the (ulilitiesl subminu

After adjusting the monitoring parameters the system is operated
continuously.
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At certin predetermined intervales, monitor report and also system
reports are requested and the polled data are fed to the printer for
producing hard copies.

2 - Reporting of the monitoring data:
The stations reporting mode is as follows. The monitors are adjusted
for 15 minutes counting interval. The average of four readings -b the
corresponding standard deviation from their average appears each hour.
Accordingly a daily report consists of 24 readings, each for one hour
counting interval, starting from 0:OOh time. The minimum and
maximum of the four readings are reported as well. At the lower part of
the report the total exposure per day is given together with the
corresponding standard deviation, calculated from the standard
deviation i n the individual readings per hour. Another form of
reporting is the comprehensive network system report, which exhibits
summary of the total daily or monthly exposure at each station of the
network.
By selecting [Report] command the possible different types of
reports are displayed in the submenu shown in figure 14.
By selecting [Monitor-daily] or [System - Daily] the screen display
presented in figure 15 appears. By entering the requested values in the
corresponding fieldes, the daily report will be generated. A sample of a
daily report is given in figure 16.
diuly report is given in rigure

I 0.

1iBERLINE ENVIRONMENTAL MONITORING SYSTEM

Figure IS : Screen display of daily report request

Daily Environmental Monitor Summary Report
Eberline Erm-2
Monitor:7
Sector: 7
Location: Arish
Report Date: 02/06/93
Report Period: I 2/ 10/92

10:48

0O:OO To 23:59

P

P

STAR
TIME

__1_1

END
TIME

TOTAL S v
DEVIATI
ON uSv

MINS.
56
AX;GE LOGGED
0

0:oo

1 :oo

I .97E-02

1 :oo

2:oo
3:OO
4:oo

I. 1 6E-02
I .64E-02
!.O 1 E-02
2.2 1 E-02
1.988-02
I.63E-02
Z.288-02
I .84E-02
!.06E-02
I.93E-02
I .99E-02
!.4 1 E-02
I. 1 IE-02
I .90E-02
l . 14E-02
I .28E-02
I .90E-02
1.648-02
!. S SE-02
I .82E-02
I.8 1 E-02
!.20E-02
1.888-02

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60

100%
I00%
100%
100%
100%
100%
100%
100%
100%
100%
I00%
100%
100%
100%
loo%
I00%
I00%
100%
100%
100%
100%
100%
100%
100%

L03E-01

1440

100%

2:oo
3:OO
4:ON
5:OO
6:OO
7:oo
8:OO
9:OO
090
1 :oo

5:oo
6:OO
7:oo
8:OO
9:OO
0:OO

1 :oo

2:oo

2:oo

3:oo

3:oo

4:oo
5:OO
6:OO
7:OO
8:OO

4:OO
5 :00
6:OO
7:oo
8:OO
9:oo
!O: 00
! I :oo
12:oo
:3:00

(Totals)

0:OO
1 :oo

2:oo

3:oo

Figure 16: Daily - Monitor report
By selecting [Report] and then [report all monthly] from the menu
system, the screen shown in Figure 17 will be displayed; the operator
will be requested to enter the date (month and year) for which the report
will be generated. Figure 18 shows an example monthly system report.
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Enter Archive Month and Year [2

931

Figure 17: Screen display of a monthly report request.

Monthly Environmental Monitoring System
Summary Report
Eberline Erm-2
Report Date: 03/06/93

12:06

Report Period: 02/0 1/93

To 02/28/93
I
_

P

Unit

P

Sector

Location

Total Dose

usv

3

3

Alexandria

6

6

Port Said

7

7

Arish

9

9

Tanta

10

10

M ansu ra

17

17

lsrnailia

18

18

Suez

23

23

Aswan

Ave. Dose Min. Dose
Rate
Rate

Max. Dose % Data

Rate

i rchivec

uSv/h

uSv/h
uSv/h
1.22E+01 1.878-020.00E+00 5.50E-02 96%
uSv/h
uSv/h
usv
uSv/h
I . 16E+OI 1.74E-02 0.00E+00 4.53E-02 99.6%
uSvIh
uSv/h
usv
uSv/h
8.03E+01 1.69E-020.00E +00 3.96E-02 7.1%
uSv/h
uSv/h
uSv/h
usv
1 .30E+O 1 1.938-020.00E+00 .64E-021 99.9%
usv
uSv/h
uSv/h
uSv/h
0.00E+00 ).00E+00 0.00E +00 ).00E+00 0.0%
usv
uSv/h
uSvIh
uSv/h
1 .20E+01 I .79E-02 0.00E+00 5.5 I E-02 I00,0%
uSv/h
usv
uSv/h
uSv/h
I .28E+O1 1.938-02 0.00E+00 4.66E-0 1 98.8%
uSv/h
uSv/h
usv
uSv/h
2.60E+00 2.56E-02 4.64E-03 5.0 I E-02 15.1%

-

(System Average Min/Max/Dose Rate)

1.693+02

0.00E+00

4.663-01

P
P

Figure 18 : Monthly system report.

The Log data graph can be obtained by selecting [Graph] from the
main menu, then entering the monitor address and the archive date. In
addition the operator may select either the default display of five minute
average or the optional format of one hour average.
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Software Security
The system is controlled by a password which can be entered by
selecting [Edit] from the main menu and then [Password] from the sub
menu list. The operator is allowed to log on with the correct password
and enable editing. When the password is correctly entered, [Password
OK], will be displayed in the lower corner of the menu screen.

-

3

Conclusions

Through the experience gained during the most tedious
implementation phase which was carried out with no past or previous
experience in constructing such intricate data measurement and
transfere systems, it can be concluded that:
1 - Environmental radioactivity and gamma field monitoring systems
are very elaborate and complicated systems involving data collection
and transfere subsystems. Extreme care should be always undertaken
during their choice and implementation.

2 - Special care should be given to the site selection for installing the
stations. Physical security should be guaranteed. In addition, for
practical reasons, it is better to have a specialist or a qualified
technician available in the locality capable of providing first hand
service for the stations, whenever necessary, particularly in case of
remote sites.

3 - The wiring of the components in the stations should be checked
before installing the stations in the chosen sites. Batteries should be
changed in the proper times. All conections in the ERM-2 units
should be checked and regularly rechecked. Good earthing of the
stations should be secured.
4

-

A regular program for preventive maintenance should be adopted in
such a way that each station should be visited once a month. Special
care should be given to stations in coastal sites or humid places.

5

-

Proper training programs should be organised for all the working
groups in the network; Installation group, calibration and
maintenance group, data manipulation group ... etc.
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Abstract
Statistical Process Control (SPC) allows for the identification of
problems in alpha spectroscopy processes before they occur, unlike
standard laboratory QC which only identifies problems after a process
fails. SPC tools that are directly applicable to alpha spectroscopy include
individual X-charts and X-bar charts, process capability plots, and scatter
plots. Most scientists are familiar with the concepts and methods
employed by SPC. These tools allow analysis of process bias, precision,
accuracy and reproducibility as well as process capability. Parameters
affecting instrument performance are monitored and analyzed using
SPC methods. These instrument parameters can also be compared to
sampling, preparation, measurement, and analysis QC parameters
permitting the evaluation of cause and effect relationships. Three
examples of SPC, as applied to alpha spectroscopy, are presented. The
first example investigates background contamination using averaging to
show trends quickly. A second example demonstrates how SPC can
identify sample processing problems, analyzing both how and why this
problem occured. A third example illustrates how SPC can predict when
an alpha spectroscopy process is going to fail. This allows for an orderly
and timely shutdown of the process to perform preventative
maintenance, avoiding the need to repeat costly sample analyses.

1. Introduction
The advantages of employing a statistical process control (SPC)
program versus a conventional quality control program is primarily
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derived from its future based strategy and formal methodology [ 1,2].
Numerous authors have presented the statistical concepts and formal
methods employed in SPC and QC programs [3,4,5].
To accomplish these benefits, it is necessary to evaluate the entire
measurement process from sampling through analysis. This monitoring
requires that QC parameters affecting the measurement, in addition to
the instrumental parameters, must also be tracked. Monitoring of some
parameters is obvious. For example, the chamber background is both a
measure of process capability for sensitivity and a measure of recoil and
other contamination, in that chamber, over time. But why measure the
detector leakage current or the temperature of the instrument? An old
but wise business adage states "If you can't measure it, you can't manage
it.". Translated for SPC it would be "If you don't monitor it, you can't
improve your accuracy" .
Many laboratories, employing conventional QC methods, plot only
the mean value of an important parameter which does not provide
enough information to determine if a process is i n control. SPC
recommends grouping of data into subgroups. An average of the
subgroup and a measure of its dispersion is obtained. Smaller dispersion
of the population is measured in groups than as individual
measurements. This is analogous to saying that the standard deviation of
the mean is smaller than the standard deviation of the individual
measurements. Thus, it provides a more sensitive measure of variation
than individual measurements.
By standardizing each observation or set of observations, it is
possible to plot short runs of data and still examine long-term control of
the process. Standard laboratory QC can not determine when a process
is about to go out of control which can cause unnecessary down time in
the laboratory at a critical time.
In this paper we focus on the application of SPC for alpha
spectroscopy measurements. This analytical method is complicated by
the significance of the pre-measurement chemical processing and
radiochemistry. As a result, the variation in the chemical recovery may
result in unacceptable process inaccuracy. SPC permits the identification
and acceptance of common sources of variation from sampling,
processing, instrumental, and analysis. It then provides a mechanism for
identifying and correcting special sources of variation, those variations
not acceptable in the measurement process.
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Table 1 : Important QC Parameters for Alpha Spectroscopy
Method

Environmental
QC Parameters

Instrument
QC Parameters

Any Method Room
Temperature
Barometric
Pressure
Relative Humidit!
Line Voltage

Background
Efficiency
Crosstalk"
(Contamination

Instrument
Alpha
Spectroscopy Temperature
Supply Voltages

Centroid
Resolution
Efficiency

Absorption
Geometry
(shell)

Chemical
Recovery

Detector HV
Det. Leakage
Current
Chamber Vacuum
System Vacuum

2. SPC and Alpha Spectroscopy
For alpha spectroscopy like most other analytical measurement
techniques, the measurement begins with sample collection. SPC
methods can be applied to the sample collection process, however we
begin our QC process when the samples are received at the laboratory.
The specific details vary between laboratories, however the processes
described here are similar enough that the overall flow of samples
through the laboratory is valid for most facilities.

Sample Flow in the Laboratory
Samples are first logged into the laboratory. often a technician
records the customer information, and then enters each sample into a
logbook or data file. Customer numbering of sample is recorded, along
with a laboratory sample number. The laboratory numbering is required
if duplicate and control samples are to be run. A laboratory supervisor
or QC manager can then objectively measure process bias, precision,
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repeatability and reproducibility. More and more frequently, a bar code
is assigned to each sample further simplifying sample tracking and
reducing data entry errors. Samples are usually split into several
fractions and processed separately or first mechanically processed and
then split for further preparation required for each analytical technique.
For solid samples analyzed by alpha spectroscopy, a total
dissolution is required. This process is also referred to as sample
digestion. Depending upon the chemical composition of the sample
various acids are used to dissolve the complete sample. Several chemical
processing methods are presently used, including group and individual
element separations by wet chemistry, liquid-liquid extraction, and
ion-specific exchange columns. The most modern, convenient, and also
expensive methods utilize exchange columns in which the dissolved
sample is further diluted, sometimes adjusted for pH, and then passed
through an ion-specific resin exchange column. The specific element
species, for which the exchange column is designed, is retained in the
column while other chemical species pass through unabsorbed. The pH
is changed by adding other acids or bases, freeing the adsorbed ions
which are collected in a dish for evaporation or the solution is collected
in a beaker and electroplated onto a disk. Occasionally, filtration is also
used. More than one chemist may perform the chemical separations.
The chemical process usually follows a detailed procedure, however
weighing errors, volumetric errors, concentration variations in reagents,
temperature variations in reagents and solutions, and other variations in
the reaction rates all affect the ultimate chemical recovery for each
sample or batch of samples.
Samples are usually processed in groups, called batches. Batches of
samples may have a blank sample that contains no radioactivity, but is
processed chemically like the other samples. This duplicates the sample
geometry and chemical processing for a background measurement.
When the sample analysis method utilizes an internal standard called a
tracer, a tracer blank is used to duplicate the sample background. Tracer
blanks are blanks to which a known quantity of some radioanalyte is
added. Some laboratories also run blind samples that are QC checks
called Laboratory Control Samples. These samples are internal standards
whose activity is known and is used as a check on the overall sample
handling and chemical processing. Duplicates are also run, sometimes as
blinds, to measure process precision and reproducibility within the
laboratory.
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The prepared samples are then brought to a counting room where
the alpha spectrometer is located. Samples are counted on instruments
that are being monitored for their nominal performance. Important
instrument parameters include chamber background, vacuum level
temperature, equipment supply voltages, amplifier and preamplifier
output, amplifier gain, detector leakage current, bias voltage, electronic
pulser FWHM, pulser position and detector efficiency.
Analysis of the data can be performed using a variety of tools, but
the calculation of activity is based on either an absolute measure of
efficiency (tracerless) or by a tracer method. For tracerless methods, an
external recovery factor is multiplied with the detector efficiency. The
external recovery factor is often determined by replicate measurements
of chemical recovery. For tracer methods, the measurement of count
rate in a tracer provides a combined measure of efficiency and chemical
recovery. In either case, some QC measure of the chemical recovery is
essential to ensuring accuracy of the results.
Alpha spectra often vary in the observed peak shape resulting from
differing sample thickness and matrices. Peak shape variations can also
occur at different chamber pressures. Analysis parameters that are
important to alpha spectroscopy include peak FWHM including tailing,
peak centroid, chemical recovery, control sample results, sample
duplicates and sample blanks. All of these parameters are important in
determining if your process is in control.

3. QC Data Measurement
An OASISTM alpha spectroscopy system was used to automatically
collect and monitor instrument and analysis QC parameters. This system
is capable of monitoring all hardware parameters for a group of 8 alpha
spectrometers automatically. The parameters were tracked and recorded
over a period of 2 months. Data specific to the chemical processes were
also tracked and recorded during this time. The parameters monitored
include:
I . Detector voltage
2. Detector leakage current
3. Alpha chamber temperature
4. Electronic pulser FWHM
6. Electronic pulser gross counts
7. DetectorKhamber Background counts from 3 to 8 Mev
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8. Preamplifier FET drain voltage (Preamplifier Input)
9. Vacuum level at time of measurement
IO. Vacuum gauge drive voltage
1 1 . DetectodChamber energy calibration
12. DetectodChamber efficiency
13. Amp 1if ier gain
14. Electronics supply voltages (-1-5 Volts, +_I2Volts)
15. Date of measure ment
16. Chemical recovery of all Laboratory Control Samples (LCS)
17. Centroid energy of Uranium and Curium LCS
18. Chemical analyst
19. Date of LCS preparation

These data were then analyzed using a commercially available SPC
package [6], based on the published methods of the American Society
of Quality Control [7,8].

4. Investigation of Recoil Contamination By SPC
The first application of SPC to alpha spectroscopy examines the
monitoring of background in an OASIS alpha chamber. A conventional
X-chart of individual measurements is plotted as figure 1. The data are
in control although run tests, indicated by circled data points are clearly
visible.
~

mud hsnwwrlsIre
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OASIS Alpha Spectroscopy System

Background Counts In Chamber 1
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LWL-0 3a
LCL'4.26
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2

2

8

1
RBAR9 73
0

LCLQ.00

0.

Fig. 1 : 1-X-Chart of Background Counts

1112

The data does imply a subtle increasing trend. When plotting the
identical data as an X-bar chart with a subgroup size of 4 observation
per point, the increasing background trend resulting from recoil
contamination is quite evident.
OASIS Alpha Spectroscopy System
Background Cwnts in Chmber 1

mlnrlvnanrcr

NuclearMeawemnk Gmcp
0.k Ridpe TN 37831-=

USA

A$#cana!sLabwaby
2

VCL-2 70

2.

6

I

WlA.42

2.

A-1

8b

1

I

1

LW.=lZl

ta=m
0.
0

VCL-120

1

1

3
P

0

0.

S0AR;O 63

0

0.

L a = om

0

Fig. 2 : X- bar Chart of Background Counts
Table 2. Typical Run Tests for Data
Use
ASQC Run Rules
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Run tests are part of the SPC methodology. The tests are designed
to uncover patterns in the data that might be missed by visual inspection
alone. The run tests are automatically applied through the SPC software.

5. Results of Chemical Recovery QC Measurement
The chemical recovery data for a Uranium chemical separation
process utilizing ion-specific exchange resins is plotted, as figure 3, in a
conventional individual measurements control chart, also known as a
Shewart chart for its original proponent, William Shewart of Bell Labs.
The chart presents the data as a function of time. In addition to the
individual measurements of chemical recovery, the ranges for each point
are presented in a separate plot below the main Shewart diagram. The
range indicates the difference in the measured value versus the previous
value. For a process to be in control, the differences in successive values
should be within the calculated control limits. This information is often
neglected in conventional QC programs.

Fig. 3 : X- bar Chart of Background Counts
Serveral points are circled, indicating that they failed one or more
run tests. Other points, in figure 3, are enclosed by a box indicating that
these points are out of control. While these data imply a problem exists
in the chemical processing, it is not yet clear why this problem is
occurring. Figure 4 presents the process capability plot, a simple
histogram of the frequency distribution, for the chemical recovery data.
Note the skewed distribution showing the low recovery results
occasionally obtained. From this tool, we can surmise that some problem
exists that results in inefficient recovery of the analyte.
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Fig. 4 : Process Capability of Recovery Data
Next, we sort the data by analyst and by time. These data are
presented in figure 5 as an X-bar chart with a subgroups size of 2
measurements per point. Although the data for the analyst Mary are
marked as failing run tests, the results from the low recovery data of the
other analyst, Bob are clearly out of control. Once his data are removed
from the analysis, both of the other analyst's data are in control.
Furthermore, Mary' s data appear to be getting slightly higher over time.
Upon further investigation of the laboratory supervisor, it is determined
that Bob is rushing the elution of the column resulting in incomplete
collection of the analyte. Mary is adding more solution to elute the
analyte adsorbed in the column providing a more complete recovery.
The procedure may be adjusted to ensure more accuracy in future
separations.

SPC has effectively indicated a potential problem in the chemical
processing of the sample. It then identified the problem as low
recoveries in some of the samples processed. Finally, it determined the
cause of the problem was variation in the chemical methods employed
by a specific chemist. This source of variation would be missed if only
instrumental parameters were being monitored.
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6. SPC Prediction From FWHM and Leakage Current Measurements
In this example, the leakage current from one detector is displayed
in figure 6 as an X-chart of individual observations. The data show a
periodic variation in the leakage current. Some points have failed the
run tests, but all are in control. Note the left most circled point that
failed the run test for 2 out of 3 successive points out of 2 sigma. What
is the cause of the variation in leakage current?
ha Spectroscc)pySystem

1

VIL.1 Dl

0 91

LcLaJl

4

1116

In order to evaluate the cause and effect, a scatter plot is used. We
have plotted the pulser FWHM versus the leakage current in figure 7.
The data are shown with confidence intervals plotted. The positive
correlation, R = 0.979 indicates a strong correlation between these
parameters. This result is expected because the additional noise from the
detector will broaden both the pulser and real sample peaks. Normally,
the FWHM control chaq would indicate the poblem and an investigation
would include plotting the leakage current data. Unless these data have
been recorded, it would be impossible to reconstruct the relationship
between these two parameters. Further investigation indicated that the
OASIS box was following the ambient temperature. Unsufficient data
was collected in the first two months to draw an unequivocal conclusion,
however the variation is laboratory temperature could explain the
periodicity in the data.

Fig. 7: Scatter Plot of Current vs. FWHM.

7. Conclusions
Any QC program is better than none. Use SPC to predict rarher
than diagnose. Never throw out any data, even outlier data provides
useful information about the measurement process. (It is acceptable to
reanalyze the data without outliers that have been properly excluded.)
Measure all3 important process parameters, from sampling through
analysis. Use averages of data points to improve sensitivity to changes.
Apply run tests to evaluate patterns in the data. Use specialized tools,
such as Cusum charts, to monitor critical parameters with the greatest
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sensitivity to change. Use scatter and multivariate analysis to examine
and identify cause and effect relationships between important QC
parameters. Use SPC to ensure process bias, precision, reproducibility,
repeatability, and sensitivity. Strive for better accuracy in the overall
measurement process.
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Abstract
In this work, the concentrations of the radiative inert gas Rn-222
emanated from the building materials that are commonly used in Jordan
have been studied. For this purpose, samples of ten Jordanian building
materials of different masses were prepared in plastic cans sealed to
passive integrated dosimeters containing CR-39 solid state nuclear track
detectors which are very sensitive for alpha particles. The Rn-222
concentrations in these samples range from 137 Bq/m3 to 267 Bq/m3
with an average of 189 Bq/m3 . These levels were found to be consistent
with those measured by other workers in other countries.
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1. Introduction
The measurement of radon exhalation rates from building materials
is becoming of a great interest to the scientists as long as exposure levels
to the populations is an annoying problem. More than 40% of the
activities take place indoors, and more than 40% of the background
radiation is coming from radon and its daughters [ I ] . The main source
of radon in air inside dwellings is due to the emanation from building
materials. This issue was and is still of great concern to many researchers
in different countries (2-51. The workers in this field used different
techniques. Espinosa [5] have used CR-39 and y-spectroscopy with high
purity germanium detectors, Chen[6] have used a-particle spectroscopy,
Abu-Jarad 171 and Somogyi [8] have used a cellulose nitrate LR-115
detectors with sealed can technique.
The purpose of this work is to study the exhalation rates of radon
from different building materials commonly used in the structure of
Jordanian houses. We studied the effect of mass on the exhalation rates.
The sealed can technique with CR-39 solid state nuclear track detectors
(SSNTD's) was used in this study. To avoid over estimation of radon
exhalation due to a-particles activities from radon daughters, a sheet of
sponge was kept in the sealed can to filter out solid particles from
entering into the dosimeter.

2. Experimental Procedure
In this study we have prepared ten samples of different building
materials commonly used in Jordan. The solid samples have been
crushed into grains ranging from 60 to 250 pm in diameter. Each
sample has been divided into four mass categories of 25, 50, 75 and 100
gm, then placed in plastic cups. The dimensions of such a cup was 7 cm
in diameter and 4.6 cm in depth. Each sample cup has been covered
tightly by an inverted, previously calibrated, passive integrated radon
dosimeter cup which resembles the sample cup i n shape and
dimensions .
The passive dosimeter used contains two pieces of CR-39 SSNTD's
of super grade quality (Pershore Mouldings, Ltd., UK) fixed at the
bottom of the cup. Five circular holes of 1 cm in diameter were made in
the lid, and covered by a piece of sponge with dimensions 5cm x 5cm x
0.5cm glued onto the interior surface of the lid. This configuration was
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necessary for two reasons: Firstly, to maintain the same calibration
conditions; Secondly, to prevent any solid particles from entering the
dosimeter compartment.
Three months later, the dosimeters were separated from the sample
cups. Then the detectors were collected and chemically etched using
30% solution of KOH at a temperature of 7OoC -t- O.I°C for nine hours.
An optical microscope with magnification of 1SOx was used to analyze
the detercors.

3. Theory and Calculations
In order to measure the radon concentration and its exhaiation rates,
the sealed can technique is used.
A crushed isotropic sample of known mass m and thickness L is
placed in a cylindrical can of known height H and cross sectional area S
(See Fig. I ) . The radon concentration A in the can air above the sample
is related to the areal exhalation rate E (Bq/m2.h). In the sample, the
gradient of radon concentration, A(y,t), exists downward parallel to the
cylindrical axis.

I

L

1
Fig. 1 : The configuration of the sealed-can technique used in the
experiment.

The differential equation which governs A(y, t) with space and

where A.
sample

is the radon concentration for very large thickness of the

(y
--+

O), Ds is the diffusion coefficient of radon in the sample,

and h is the decay constant of Rn-222 (7.56 x 10-3 h-1). At steady state
dA
diffusion, - = 0, the solution of equation ( I ) is

dt
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cosh (y / d)
k cosh (L / d)

where k is the geometrical correction factor for the sealed can, and d is
the effective diffusion length, which is defined as (Ds / h)1/2.
The areal exhalation rate E(L) from the surface of the sample is
given by

E,=

where P is the porosity of the sample and

PAA, d

k

One can find the k-factor by applying the following condition: The
number of radon atoms emitted from the sample surface equals the
number of radon atoms in the can air above the sample multiplied by
the probability of decay [8]. In short
E(L) . S = h . S . (H - L) . A(L),

(4)

which implies that

K = I + - Pd tanh (L / d).
H-L

(5)

The radon concentration, A(L), at the sample surface, from eq. (2),
is

A(L)= A,

~

k - 1
k

From eq. (3) and eq. ( 5 ) , we obtain

E (L) = h . (H - L) . A (L) .

(7)

Moreover, the mass exhalation rate M(L)
sample is given by
S
M(L) = - . E(L) =
m

A (H-L)
*

LP

A(L)

at the surface of the

7

where P is the mass density of the sample in crushed form. The
concentration A is given in terms of track density on the CR-39 detector,
by the following relation [9],
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where Co is the exposure dose during the calibration process (4.0 x l o 5
Bq.h/m3), oo is the density of tracks on the calibrated detectors (650
tracks/cm2), t is the exposure time (2160 h), and o is the density of
tracks on the exposed detectors.

4. Results and Discussion
In this work, ten different samples of building materials were
analyzed using closed can technique. The radon concentration, areals
rates and mass exhalation rates were measured. Part of the results is
shown in Table I.

Table I : Radon Concentration, Areal and Mass Exhalation Rates for
Building Material Samples of the Same Mass
P

Material

Concrete block
Tap water
Stream sand
Portland cement
White cement
Painting (emulsion)
Aggregate limestone
Micritic limestone
Sweileh sandstone
Ground limestone

P

d (cm)

A

0.494

3.5

-

-

0.47
0.49
0.4 1

0.9
0.7
2.0

0.5 1

-

160
I37
267
177
159
204
I59
196
253
176

0.45
0.44
0.17

1 .o
0.7
1.4
0.5

E

M

82

6

-

-

149
90
83

14
6

-

-

86
102
140
110

9
7
12
6

5

A in Bq/m3
E in mBq/m2 .h

M in mBq/kg.h
Figure 2 reflects the variation of radon concentration for samples
having the same mass. The concentration ranges from 137 Bq/m3 to 267
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Bq/m3, with an average of 189 Bq/m3. The samples BM3 (stream sand)
and BM9 (Sweileh sandstone) have relatively hiqh radon concentration,
while the sample BM2 (tap water) has the lowest. This variaion of radon
concentration for the different samples may be due to the difference in
their radium content and porosities.

300 I

267

283

;
260 E
$2QO

204

176

169

w

s
!

196

-

169

137

150-

c 100 -

W

'

t

8 50n*.
BMl

BM2 8M3 BM4 BM6 SM6

8M7 8M8

BI(0

BUIW

Buikllng Material Code
Fig. 2 : Radon levels distribution in Jordanian building materials
The measured values of mass exhalation rate decrease with the
thickness (mass) of the samples. There is a good agreement between
experimental data and the calculations obtained from eqn. 8, as shown
in Figs. 3 and 4, for the BMl and BM7 samples. The solid lines
represent the theoretical calculations, and the circular points represent
the experimental data. Similarly, the dependence of the areal exhalation
rate on the thickness of the samples were studied. An example is given
also in Figs. 3 and 4. It is found that E increases with the sample
thickness as predicted from eqn. 7. The experimental data (triangular
points) agree with the calculations.

1124

Fig. 3 : Variation of mass exhalation (M) and areal exhalation (E) rates
with the thickness of the BM1 sample. Circular points for Mcxp
and triangular ones for Eexp .
_
1
1
-

E

0

Fig. 4 : Variation of mass exhalation (M) and areal exhalation (E) rates
with the thickness of the BM7 sample. Circular points for
Mexp and triangular ones for Eexp.
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Some of our data were compared with the results of other workers
in different countries, as shown in Table 11.

Table I1 : Mass Exhalation Rates, M(mBq/Kg.h) and Areal
Exhalation Rates E(mBq/m2.h) of Building Materials in
Different Countries.

Conclusion
The sealed-can technique using SSNTD's is an efficient, cheap and
useful tool for long term radon concentration measurements. The
building materials appeared to be the main contributer to the radon
levels inside dwellings if one excludes any possible cracks in the houses.
The exhalation rates obtained from this work look similar to other
researchers' results in other countries.
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Abstract
This study was carried out to determine the concentration of radium
- 226 in rock phosphate (Used as low cost fertilizer), soil and plant. Two
types of rock phosphates were examined, namely, Uro and Kurun area
in the Nuba mountains located in the western part of the Sudan. The
work inclued the determination of 226Ra levels in soil after applying
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different concentration of rock phosphate in pot experiments. The
plant used was Abu Sabien a sorghum which used for the animal feed.
226Ra measurement was carried out using gamma spectroscopy. The
concentration of 226Ra in the soil using 20 g/pot (1000 Kq/fed. of rock
phosphate was found to be 88 and 104 Bg/Kg for Uro and 45 and 72
Bg/Kg for Kurun for seasononeandthree respectively. As for the plant
the concentration was found to be 1.2 and 1.4 Bq/Kg for Uro and 0.4
and 0:6 Bq/Kg for Kurun for the first and third seasons respectively.
The transfer factor of *26Ra from soil to plant was estimated to be (
0.01 ). The concentration of 226Ra in the plant was found to be below
the recommended values of contamination.

1. Introduction
Fertilizers are very important in the daily live for the agricultural
community and phosphorus is an important macronutrient for living
matter in these fertilizers. It occurs in nature almost entirely as
phosphate deposits in both organic and inorganic forms. It is found in
rockphosphate which contains many types of minerals. The rock
phosphate deposits are areas of high natural radioactivity. Also the NPK
which is used as fertilizer contain radioactive elements. This is why the
phosphorus constituents contribute towards most of the radioactivity
associated with radium in soil. Although the solubility of the rock
phosphate is not that much,’but it is used as low cost fertilizer especially
in the developed countries will increase the radioactivity levels in the
environment [ 1 -71.
Considering the rock phosphate in Sudan, a feasibility study was
carried out by the UNEP [8] to investigate the quality of the rock
phosphate found in the Nuba mountains and their results indicated
promising performance of these rock phosphates to be used as fertilizer.
Several mineral occurrences were reported in Uro and Kurun areas
including uranium phosphates [9,10,11,12].
In Sudan, an environmental monitoring program was initiated
recently measure the natural radioactivity level in soil, food and water.
This results reported some places of high level of natural radioactivity
more than 50 cps [ 1 I]. Mukhtar concluded that the level of natural
radioactivity background at Miri area was in the range of 3 - 1 1 times
the normal one [13].Hassan reported that the highest counts reached in
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Nuba mountains was about 6000 cps where in some places was elevated
slightly from the normal levels [I Oj. More studies was carried out by
Nour and Saam [ 14,151.
The mean concentration of P205 measured, was 26% in Kurun and
21 % in Uro [ 161. These levels were reasonable according to literature
and justify the use of such rocks as fertilizers. Research findings by
many scientists in Sudan have now established the response of many
commercial and food crops to phosphate fertilizers in both irrigated and
rain fed agriculture [ I 71. According to the F A 0 year book of fertilizers
[ I 81, the Sudan consumes considerable amounts of phosphate fertilizers
and these amounts are increasing every year because of the continued
expansion in agriculture.

2. Methodology
The aim of this study is to determine the level of the 225Ra in the
following:
I - Rock phosphates.

2 - Soil after using rock phosphate as low cost fertilizer.
3 - Plant ( sorghum ) used for the animal feed.

Two types of rock phosphates were collected from Nuba mountains
area namely from Jabal Kurun and Uro Hill . The rock phosphate
samples were ground at the Geological Research Corporation,
Khartoum, to pass 100% through 1 .O mm sieve as initial grinding. Then
the rock samples were ground to pass three mesh sizes ( 1.0, 0.1 and
0.01 mm ). From the solubility test, the finest particles (0.01 mm) were
used for this study. Each rock phosphate type was applied at four levels
namely (0, 2, 10 and 20 g/pot) and each pot was filled with 4Kg soil.
Also different additives were added [ 161.
Pot experiments for three different seasons were carried out at the
University of Khartoum, Faculty of Agriculture, Green House, Shambat.
The tested crop was forage Sorghum bicolor (Abu sabien). Surface
samples of Shambat soil (0-30) cm were used in the' experiments.
Certified seeds of Sorghum were obtained from the Faculty of
Agriculture, Department of Agronomy.The level of 226Ra for the
samples was measured by the low level counting gamma spectrometric
system using gamma spectrometer consists of the following :
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1 - Pure coaxial germanium detector with 12% relative efficiency

and I .8 KeV FWHM for I 1 73.2 KeV of %o.
2- Electronic package system for pulse processing.
3- An IBM compatible HCS microcomputer analyzer, data display
and storage system.

4- GDR and GP'WORKSHEET softwares for data analysis.
An accurate weight of each sample was weighed in a Memelli
beaker which was made specially to be loaded in the gamma detector.
The sample was then sealed for three weeks to maintain secular
equilibrium. Energy, efficiency and shape calibration were done using a
standard of multi radionuclides in one kg marnelli sealed beaker. The
acquisition time per spectrum was ranging from 4000 to 6000 seconds.

3. Results and Discussions
Data in table ( I ) showed the concentration of radionuclides for
Uroand Kurun rock phosphates. It was observed that Uro area has
higher radioactivity than Kurun. Tables (2) and (3) represent the mean
values of 226Ra concentration in the soil as resulted from the previous
application of Uro and Kurun rock types for season one and three,
respectively. Although the higher concentration of the estimated 226Ra
was not that significant in seacon three but it might be due to the
residual effect. Urotreated soil always showed the highest concentration
when compared with that of Kurun
For season one 226Ra increased from 2.0 Bq/Kg in the control to 45
and 88 Bq/Kg in the soil treated with 20 g/pot of Kurun and Uro rocks
respectively. The average concentration of 226Ra in Sudan soils was
about 2 - 22 Bq/Kg which was considered as a normal level as quoted in
UNSCEAR ( 1988 ). The 226Ra concentration in the soil receiving the
higher level of Uro and Kurun rock fertilizer (20 g/pot ) was found to
be 3 - 5 times the normal one. Soil detection of accumulated
radionuclides after one cropping season and after two successive seasons
revealed that the radionuclides concentration in the soil treated by Uro
and Kurun rock phosphate increased significantly with concentration of
the applied rock. Considering the results in Table (4) of 226Ra for the
plant grown in pots for the three different seasons which received the
highest level of Uro and Kurun rocks (20 g/pot), Uro rock gave
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significantly higher concentrations than Kurun one, except for 40K
where the difference was insignificant. The concentration of the
radionuclides for sorghum in season two was less than that of both
seasons one and three. There was no justification for that but for season
three although the difference was not that significant but the higher
concentration might be due to the residual effect.The low values of the
transfer factor of 226Ra from soil to the nourished sorghum calculated
for Uro and Kurun for both seasons one and three is found to be 0.01.
Considering this factor, it is clear that H is of low value which can not
prevent the use of local rock phosphate in fertilizing food and fodder
crops. on the other hand the residual radioactivity measured after season
three (72 and 104 Bq/Kg) showed no difference when compared with
that of 226Ra, in soil from an area of high background Miri area (50
-200 Bq/Kg) Mokhtar [ 1311.
"

Table (1): Specific activity in rock phosphate from Uro and
Kurun areas in ( Bq/g ).

tadio
iuclides
2386

234Th
226Ra
214pb
214~i

40K

Uro 1
1.97
I .55
1.98
1.86
1.62
----

Rock samples
Uro 2
Ku 1
Ku 2

Ku 3

0.85
0.63
0.86
0 79
0.64
0.05

0.83
0.64
0.86
0 79
0.68
0.06

1.07
0.89
0.89
0,94
0.77
0.14

0.74
0.58
0.74
0.73
0.63
0.04

Note : Ku for Kurun
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Table (2): Specific activity in the soil season ( I ).

Rock

I

Specific activity in ( Bq/Kg )
I

Rock

214~i

type
Uro

Kurun

01

40K
070

07

135

43

239

81

399

06

I54

23

092

48

250

Table (3): Specific activity in the soil for season ( I11 ).

Rock
tYPe
Uro

Kurun

Rock
level
(g/potI
00

Specific activity in ( Bq

02

02

02

260

02

I1

08

09

298

10

54

53

63

314

20

104

I15

135

313

02

06

05

07

26 1

10

37

29

29

292

20

72

64

60

295
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Table (4): Specific activity in sorghum for the three seasons in
( W K g )*
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Abstract
Until recently, instrumental alpha spectroscopy has lagged behind the
technical developments of instrumentation and software that are available for low background oc/-counting, liquid scintillation, and gamma
spectroscopy instruments. We report in this paper, the development of
OASIS, a new family of alpha spectroscopy systems from oxford Instruments Inc., Nuclear Measurements Group. The OASIS instruments incorporate many hardware and software innovations providing an automated and integrated production environment for alpha spectroscopy.
These instruments are needed because of the large number of samples to
be measured and the required throughputs of production laboratories
processing these samples. OASIS is also useful for research facilities because of their sophisticated vacuum control, data management, and analysis features. one of the most important innovations is the electronic
vacuum system and Cartesian diver. Many additional features contribute
to improving accuracy, lowering cost per sample, improving sample
throughput, and ensuring accountability of laboratory results.

Introduction
Alpha spectroscopy systems are going through dramatic and beneficial changes in response to more stringent regulatory requirements
governing alpha-emitting radionuclides. Environmental characterization,
waste management of transuranic wastes, and dismantling of nuclear
weapons are all contributing to a burgeoning demand for high-quality
accurate sample analysis. Both government and private laboratories are
able to cope with this sample throughput by utilizing automated and labor-saving methods wherever possible. OASIS is an acronym for oxford
Alpha Spectroscopy Integrated System. It has been designed to address
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as many of the requirements needed by laboratories performing alpha
spectroscopic analysis of diverse sample types.

Sample flow in the laboratory
For alpha spectroscopy like most other analytical measurement
techniques, the measurement begins with sample collection. SPC
methods can be applied to the sample collection process, however we
begin our evaluation of the laboratory process when the samples are
received at the laboratory. The specific details vary between laboratories,
however the processes described here are similar enough that the overall
flow of samples through the laboratory is valid for most facilities.
Samples are first logged into the laboratory. often a technician
records the customer information, and then enters each sample into a
logbook or data file. Customer numbering of sample is recorded, along
with a laboratory sample number. The laboratory numbering is required
if duplicate and control samples are to be run. A laboratory supervisor
can then objectively measure process bias, precision, repeatability and
reproducibility .
More and more frequently, a bar code is assigned to each sample
further simplifying sample tracking and reducing data entry errors.
Samples are usually split into several fractions and processed separately
or first mechanically processed and then split for further preparation
required for each analytical technique.
The next important step in alpha spectroscopy process is chemical
separation and sample preparation. Without good sample processing, the
rest' of the measurement process will be unreliable and inaccurate. Good
laboratory procedures for sample preparation must be maintained and
followed if the process is to be reliable.

For solid samples analyzed by alpha spectroscopy, a total
dissolution is required. Depending upon the chemical composition of
the sample various acids are used to dissolve the complete sample.
Several chemical processing methods are presently in use, including
group and individual elel'ment separations by wet chemistry, liquidliquid extraction, and ion-specific exchange columns. Final sample
preparation is done by evaporation, electrodeposition on a disk or by
filtration [ I ] . More than one chemist may perform the chemical
separations. The chemical process usually follows a detailed procedure,
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Figure 1 - Sample Flow through an Alpha Spectroscopy Laboratory
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however weighing errors, volumetric errors, concentration variations in
reagents, temperature variations in reagents and solutions, and other
variations in the reaction rates all affect the ultimate chemical recovery
for each sample or batch of samples.
Samples are usually processed in groups, called batches. Batches of
samples may have a blank sample that contains no radioactivity, but is
processed chemically like the other samples. This duplicates the sample
geometry and chemical processing for a background measurement.
When the sample analysis method utilizes an internal standard called a
tracer, a tracer blank is used to duplicate the sample background. Tracer
blanks are blanks to which a known quantity of some radioanalyte is
added. Some laboratories also run blind samples that are QC checks
called Laboratory Control Samples. These samples are internal
standards whose activity is known and is used as a check on the overall
sample handling and chemical processing. Duplicates are also run.
sometimes as blinds, to measure process precision and reproducibility
within the laboratory.
The prepared samples are then brought to a counting room where
the alpha spectrometer is located. Samples are counted on instruments
that are being monitored for their nominal performance. Important
instrument parameters include chamber background, vacuum level,
temperature, equipment supply voltages, amplifier and preamplifier
output, amplifier gain, detector leakage current, bias voltage, electronic
pulser FWHM, pulser position and detector efficiency.
Analysis of the data can be performed using a variety of tools, but
the calculation of activity is based on either an absolute measure of
efficiency (tracerless) or by a tracer method. For tracerless methods, an
external recovery factor is multiplied with the detector efficiency. The
external recovery factor is often determined by replicate measurements
of chemical recovery. For tracer methods, the measurement of count
rate in a tracer provides a combined measure of efficiency and chemical
recovery.

Hardware Innovations
The major hardware innovations of OASIS are the computercontrolled vacuum, detector, amplifier, pulser, and MCA functions.
other features include an optional Cartesian diver pressure control, use
of space-age composite materials for the chambers, computer
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monitoring of important electronic and vacuum parameters, automated
control of bias, and use of a 4000channel ADC and memory for data
collection. The integrated electronics and vacuum design simplifies
installation and setup. Connect a single vacuum line, the power cable,
and IEEE-488 cable to a PC and the system is ready for operation.
Control of 30 OASIS systems, each containing eight individual
chambers, provides a maximum total configuration of 240 alpha
spectrometers simultaneously operating under one PC. The eight
chambers have independent preamplifier, amplifier, bias supply, pulser
and electronically controlled vacuum system. OASIS has its own battery
backup, which maintains all spectral information and system parameters
in the event of a power failure. This feature is particularly important for
the long counting times required for environmental samples.
The amplifier gain can be adjusted and controlled from the PC.
With 4000 channels per chamber and computer control of the amplifier
gain, peak definition and separation are greatly improved relative to the
older 5 12-channel to 1024-channel systems utilizing biased amplifiers.
OASIS also monitors its own internal hardware status including the
onboard +12 volt supplies, 5 volt supply, internal temperature, backup
battery voltage, and the detector status for each chamber.

Detectors
Ion-implanted detectors are now almost exclusively used for alpha
spectroscopy. The ionimplanted detectors are available with thin
entrance windows of only 500A" that provides improved resolution.
Ion-implanted detectors have significantly lower leakage currents than
surface barrier detectors. Low leakage current means lower noise that
directly translates to better resolution. Many premium devices have 17
keV FWHM for a pulser peak. Charged particles entering the detector at
an low angle will not suffer significant energy loss. Although the
entrance window is thin, these detectors can withstand cleaning. Ionimplanted detectors are operated at lower bias, typically 3S-40V, thus
they avoid the problem of corona discharge that can occur if bias is
applied while a chamber is being pumped. The discharge that occurs at
higher voltages can potentially ruin a detector.

Automated Vacuum System
OASIS systems have individual chamber computer-controlled
vacuum. Consider a conventional alpha spectroscopy system, with 32
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chambers currently loaded with samples. If a sample needs to be run
immediately, then a user must first place 31 chambers in hold by
turning a mechanical valve to close off the vacuum in each chamber.
The chamber to be loaded may now be vented to atmosphere, the
sample is loaded, the chamber is repumped to vacuum and the other
chambers are placed back in pump from their hold state. This repetitive
operation is a lot of work for the user and a lot of cost to the laboratory.
Furthermore, there exists the possibility that the operator will forget to
place the chambers in hold. As a result, the vacuum in all of the other
chambers will be affected and the spectra being collected will be ruined.
If the operator fails to take the other chambers out of hold after the
sample is loaded, the same result will occur as the chambers leak up with
time.
An even more serious situation exists if the vacuum fails in one of
your chambers. The system may remove the detector voltage which may
save the detector, but not the suspend the counting. Unless the system is
checked by an operator, the unit will continue to count, providing
useless information. The only recourse is to start the count over, wasting
time that could be used to run another sample..
OASIS addresses these issues by incorporating a smart computercontrolled vacuum system not requirin- human intervention. If the
vacuum level is above the computer-controlled set point,
the system automatically suspends data acquisition. OASIS will then
place all other chambers on the vacuum pump in hold and re-pump the
affected chamber. once the vacuum is re-established, the data
acquisition continues. If the vacuum level set point is not attainable,
OASIS does not waiting for human intervention to identify the problem.
OASIS sounds an audible alarm and provides a visual indication that a
fault has occurred and the system needs attention.
Detector bias can be set and controlled by the PC. The detector bias
ON/OFF control is linked to the vacuum set point, and will enable and
disable automatically according to the vacuum levels the user has
defined. The bias is applied to the detector at a rate of not more than 1
0 volts per second. Vacuum level and status are monitored
automatically by the system. Control and setup of the vacuum
parameters are accomplished by the PC. Should vacuum in any
chamber leak up to the maximum set point, the acquisition will pause,
the bias to the detector will turn off, and the system will automatically
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attempt to rectify the problem. When the system has corrected the
problem and the vacuum returns to the set point, detector bias is
automat ical I y reapplied and acquisition resumed.

Electronic Cartesian Diver and Recoil Contamination Reduction
Although some surface contamination can be removed with proper
cleaning of the detector, in most cases the recoil ion is embedded into
the detector or chamber walls and cannot be removed. With time, this
can cause significant background problems. Replacing detectors that are
otherwise in good condition can be costly. Recoil contamination can be
minimized with the use of a Cartesian diver, a system that regulates the
vacuum pressure in the chamber. By keeping a small amount of air in
the chamber, the recoil ions collide with air molecules, effectively
preventing the recoil from reaching the surface of the detector or
chamber. What happens to the recoil ions after they have been slowed
down'? By back biasing the sample (applying a small voltage potential
between the sample and the chamber) recoil atoms are attracted back to
the sample.
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120

100

1"

Q

60

8B "

20
0

20

0

60

,40

80

100

Set Point

-

Figure 2 Precision of electronic Cartesian Diver

In the past, obtaining a Cartesian diver for your alpha spectroscopy
system was costly and potentially hazardous. Mercury monostats were
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placed in line between the vacuum and the counting chambers. With
today's growing concerns about the environment, Mercury in the
counting room is not an acceptable solution. The Cartesian diver option
in OASIS provides independent computer-controlled regulation in each
chamber. All chambers in the system have their own unique vacuum set
point.

A Cartesian diver is a device that regulates the pressure (or vacuum)
between prescribed limits. By leaving some air pressure in the chamber,
the air atoms can interact with the recoil atoms (ions) from the sample.
The collisions reduce the kinetic energy of the recoil atoms. By
applying a small bias to the sample holder, the recoil atoms eventually
are directed by the electric field lines back to the sample. In this way,
the detector (and to a lesser extent, the chamber) contamination is
greatly reduced. The original Cartesian diver as applied to alpha
spectroscopy was first described by Sills and Olson [2]. Recoil
contamination was reduced over a factor of 1000 with a loss of only I
-2 keV resolution. A negative 6-volt back bias, coupled with a 12
pg/cm2 of air absorber, was used for this original work.
Alpha Decay and Recoil Contamination
Alpha (a) decay is a primary mode of decay among some very light
radionuclides, some radionuclides of the rare earth elements, and for
many radionuclides of the elements of 2582. In a decay, the radioactive
atom emits from the nucleus two protons and two neutrons in the form
of an alpha particle. The alpha particle is a helium nucleus without any
electrons; consequently, it carries a charge of + 2 . After the alpha
particle is emitted, the daughter atom has a charge 2' = 2-2 and a mass
A' = A-4, where Z and A are the original charge and mass of the parent
atom. Using 241Am as an example:
241Am-----> 237Np + 4a+2
-t- (y rays)
The decay energy, Q, is equal to the difference in mass between the
parent atom and the daughter atom and a particle. This reaction energy
can be computed by using the conversion factor for mass into energy as
shown:
Q = (Mp - MD - a)amu

*

93 1.48 MeV/amu

For the 241Am decay, the corresponding energy is therefore:
Q = (24 I A156823 - 237.048 168 - 4.002603)

* 93 I .48 = 5.6373 17 MeV

The total reaction energy is divided between the daughter atom and
the a particle. As both energy and angular momentum are conserved
quantities in nuclear decay processes, the energy is apportioned relative
to the masses of the atom and a particle. Furthermore, the daughter
atom and a particle energies are in opposite directions. Calculating the
energy imparted to each:

For 2 4 1 A m , these energies correspond to Ea = 5.544 MeV and
Erecoil = 0.094 MeV. While the daughter nuclide's energy, Erecoil, is
much less than the CI particle, it is much greater than the chemical bonds
(1-5 eV) holding the atom in the sample.
When the atom is ejected from its lattice position in either an ionic
or covalent bonded solid, it is often stripped of some of its valence
electrons. This results in a positive charge on the recoil atom, or more
properly, the recoil ion. It is interesting to note that alpha decay for Rn
nuclides result in negatively charged recoil ions because for a free atom,
the effect of the alpha decay alone is to leave the daughter atom with
two extra electrons.
Most recoil contamination results from the production of shortlived alpha-emitting radioactive daughters. These short-lived progeny
are produced directly from alpha-emitting parents or indirectly from
short-lived beta-emitters that are produced from a longer-lived alphaemitting parent. It is the short half-life of the daughter nuclide that
results in a significant number of decays while the sample is in the
chamber. Recoil ions result from all alpha decay processes, however,
longer-lived nuclides do not have numbers of decays during a normal
counting period sufficient to produce significant amounts of
con taminat ion.
, The most serious contamination results from recoil atoms with halflives from a few days to a few months. These radionuclides can
seriously contaminate an alpha detector if the parent activity is high and
the resulting contamination persists for a long timc long enough that
waiting for the detector and chamber to decay to ambient background
levels requires an unacceptable time.
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The resulting contamination affects the precision of the
measurement because the uncertainty of the background may be high
relative to the net counts from the sample. The contamination degrades
the measurement sensitivity because the detection limit is a function of
the background counts in the chamber regardless of whether the counts
are from ambient background or contamination.
Depicted in the figure 3 are the alpha particles and recoil ions
emitted from the sample. Both particles can move freely towards the
detector in a pure vacuum. However, if air or some other gas are left in
the chamber, the particles interact with the air molecules, primarily N2
and 0 2 .

Figure 3 - How Cartesian divers reduce recoil contamination
Recoil ion (positive charge)
N2 molecule

0 2 molecule

Alpha particle
At fairly low pressures, the alpha particles are energetic enough to
reach the detector unimpeded. The recoil ions are more massive and less
energetic. They are slowed by successive collisions with the air
molecules. These collisions alone are not sufficient to reduce
contamination. However, if a small negative bias is placed on the sample,
the resulting electric field lines will attract the positively charged recoil
ions and focus them back to the sample (where they belong!) thus
reducing contamination to the detector and chamber.
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How do Cartesian Divers work?
The simplest type of pressure and vacuum gauges are based upon
the open tube manometer. The mechanical Cartesian diver is a variant of
the manometer. The device regulates the pressure using a float, that
contains mercury and air, in a mercury column. As the pressure
increases on the top of the column, the float sinks and opens the
vacuum line. If the pressure decreases, the float rises, closing the
vacuum line and interrupting pumping to a chamber.
These mechanical Cartesian divers are not calibrated and therefore
require an accurate analog or digital gauge for measurement of
pressure. The ratio of air to mercury in the float must be adjusted by
tipping the float to decrease the amount of air. This trial and error
calibration procedure must be performed manually for each chamber to
be properly regulated. Furthermore, the glass manometers are fragile
and the potential for a mercury spill in the laboratory is very real.
Personnel exposure to mercury is also difficult to eliminate totally. Any
time an alternative pressure setting is desired, the float must be
recal i brated.
Calculating the desired pressure is related to the air thickness and
path length from the sample to the detector:

p (pg / cm3) = thickness (pg / cm2) / distance (cm)
For dry air, p = 1292.9 ,ug / cm3,
P (mm Hg) = p (pg / cm3) * ( 1 =t- 0.00367 T ("C) )
so

Recoil ion (positive charge)

N2molecule

1)

O2molecule

*

Alpha particle

a

-

Figure 4 Pressure vs Distance 0-20 torr
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Sample-to-detector distance is shown as a lunction of pressure
required to attain a desired density of absorber. The density is
calculated as the desired air thickness of 12 or 16 ,ug / cm2 divided by
the distance.. The pressure in the chamber can then be calculated from
the formula above. Note that for small detector to sample distances, the
air pressure required may be as high 100 Torr.
Figure 4 shows the Pressure vs. Distance data expanded for up to 20
Torr. Figure 5 displays the range to 100 Torr.
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Figure 5 - Pressure vs Distance 0-100 torr

A Better Idea: The Electronic Cartesian Diver
Having mercury in the laboratory presents a safety hazard. The cost
and time required to set up and calibrating mechanical Cartesian diver
systems have discouraged their use i n many laboratories. only a few
laboratories use such devices for this reason, even though the benefits
have been known since 1970.
The OASIS system provides a unique innovation, the electronic
Cartesian diver, the most advanced computer-controlled vacuum system
ever available for alpha spectroscopy. These vacuum sensor devices are
capable of fast and accurate pressure readings from less than 100
millitorr to atmosphere. The precision over the entire range is about 5 %
relative. This translates to a vacuum reading of +1 Torr at 20 Torr and -t-
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5 Torr at 100 Torr. The fast response of these devices allows the
vacuum to be pulsed at very short intervals to attain the desired vacuum
set point.

Software Innovations
Database tables contain system, hardware and sample specific
information. Calibration standards are entered permitting automated
energy, shape, and efficiency calibrations for each chamber. Tracers are
also maintained in a system database table. Procedures define how the
samples will be counted and analyzed. Both region of interest or library
directed analysis can be performed following either a tracerless or tracer
methodology. A variety of peak integration, recalibration, and detection
limit calculations are included. other system database tables maintain an
unlimited number of calibration records to be maintained for each
chamber. Efficiency records are maintained for any sample / detector
geometry .

.

The sample database tables include customers, batches and samples.
Samples may be associated with a customer for reporting purposes. The
batch allows samples, that have been chemically processed together, to
be grouped so that blank or tracer blanks may be designated for
background subtraction. Either the background or blank may be used
for detection limit calculations. The sample database table contains all
of the information about a sample including identification, type, and
dates of collection, acquisition, and analysis. The sample is assigned a
type, such as background, blank, unknown, energy calibration,
laboratory control sample, or tracer blank, to direct the analysis and
storage of results.
Routine operation of the system is simple. Sample data are entered
into the sample table. The sample (already having been processed) is
assigned to any free chamber. Assignment is done using a drag and
drop method that involves clicking on a sample identification and
dragging an icon to an available chamber. Automatic assignments are
also possible. The chamber is tagged indicating the sample is in place
and ready for counting. Tagging may be done on the front of the box
or through a barcode option. The automated procedure counts and
analyzes the sample.
A network option allows sample data entry, procedure, standards,
tracer, batch, and customer records to be managed from any computer
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station on the network. Previously acquired samples can be reviewed
and reanalyzed interactively for method development off-line. Quality
control can be performed by the resident statistician in their of fice. All
of this while up to 240 samples are being processed on the oasis
hard ware.
The computer-controlled hardware monitors detector leakage
current, vacuum levels, bias voltage, ambient temperature, reference
voltages and more. These parameters may be included for quality
control tracking with the optional QC/SPC software. other options
include a nuclear library database manager and complete library of all
known alpha emitting nuclides and their radiation.

Conclusion
OASIS provides inany features to automate the alpha spectroscopy
measurement process. System managers can predefine each analysis
procedures to be performed when the analysis is complete. Multiple
procedures can be run simultaIleously across the system. Because the
procedures reside in the database, you only build the procedure once
and all alpha spectrometers share the information. In addition, tracer,
standard, and hardware data are similarly maintained. once these records
are entered, they can be selected from a list for use in the analysis. By
using the relational database structure underlying OASIS, information is
logically maintained. As a result any sample can be run on any detector
with any procedure, tracer or standard and the results will be consistent
and accurate.
Because the sample is the most important part of the measurement
process, OASIS uses a sample-centric design that simplifies operation.
once the sample information is entered, all parameters needed for the
acquisition and analysis procedure are specified. Place the sample in the
chamber, press the TAG button or swipe the sample barcode and door
and walk away.
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Abstract
Total uranium content was determined in soil and plant samples taken
from various areas in the Nile Delta. Samples from east and west of the
Delta, the Suez canal's cities and from Alexandria region were analyzed
using laser fluorimentry (LF). Uranium was extracted from digested
ashed samples with methyl-isobutyl ketone (MIBK) and measured using
laser fluorimeter. The radium content of the same soil samples was determined using gamma spectrometry (GS). The uranium content of
plant samples was determined using (LF), since it has a detection limit
lower than that of (GS). The uranium content varied between 0.6-4.4
pg/g and 0.032-0.17 pg/g for soil and plant samples respectively.
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Introduction
Radiation exposure resulting from natural radiation has received a
wide attention. Current estimates show that 48% of the annual effective
dose to the world population is due to natural radiation; 57% of that
exposure is attributed to Ra-226, a member of the U-238 decay series
(UNSCER 1989, Cla 1989).
An environmental study was initiated by the CLERMIT* (Central
Laboratory for Environmental Radiation Measurements Intercomparison and Training) of the Atomic Energy Authority of Egypt
for the distribution of natural radionuclides in soil and plant samples
using gamma spectrometry (Shawky 1991). In this work, the uranium
concentration in the same samples was determined using laser
fluorimetry technique (Ghods et a1 1990). This was undertaken to check
the secular equilibrium between uranium and its gamma emitting decay
daughters within the soil samples. Laser fluorimetry is simple accurate
and the detection limit is low enough to measure biological samples with
low uranium content (Veselsky 1985). The limit of detection in water is
around 0,OS ng/g and the precision is about 15% at the I ng/g level
(Veselsky 1988).
The differences between uranium concentration and Ra-226 n most
of the soil samples indicate the absence of a secular equilibrium among
the uranium decay series.

Experimental
Sample collection:
The region of interest was divided into nine squares each about 50
km wide as shown in Fig.1. Six to ten samples were collected from each
square. The distance between neighboring samples ranged from 10 -20
km. Some squares contained bodies of water and prairie from which no
samples could be obtained.
Sampling was carried out using the corer method (EPA 1977),
where a corer of 10.5 cm diameter and depth of 25 cm was used
(ASTM 1983). As the sampling sites were randomly selected in the
cultivated lands of the Nile Delta, the sites were fertilized with phosphate,
potassium and other fertilizers which contain trace concentration of
uranium.
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These sites experience regular flood irrigation with the Nile river
water, and seasonal plowing.

I

Sea

Mediterranean

Fig. (1) : Location of soil and plant samples all over the Nile Delta
and the north coast.

Sample preparation
fluorimetry:

and

measurements

for

laser

One gram samples were dried and ashed at 600 C for 3 hr. Subsamples from the ash were analyzed according to the procedure
developed by Ghods et al, (1990). It should be mentioned that the
quenching effect in (LF) caused by interfering elements such as Fe, Mn
Cu, Ni, and "organic matter" was eliminated by either dilution or by
using an internal uranium standard spike and detecting the reduction in
extraction recovery. The uranium concentration in (ngh) was calculated
from the following formula [Nguyen and Veselsky 1988 and Veselsky
19811

1155

Where:

D I is the instrument reading due to the sample only,
D2 is the instrument reading due to sample plus uranium standard
(Spike),
V I The volume of the added standard in (ml),
V2 The volume of sample in (ml), and
C The concentration of uranium standard solution in (ng/g).
For plant samples, two parallel samples each of 1 g were prepared,
one of them was spiked with 1 mg uranium standard ( 1 mg/ml) which
was used to determine a concentration factor for quenching (Veselsky
1981) as follows:
U(ng/g)

$=

C
- .A
B

Where:
C the concentration of uranium in the standard solution used for
spiking ng/g
B the concentration of uranium standard found in the sample,
A the uranium content of the sample (ng/g),
U the uranium concentration in (ng/g).

Laser fluorimetry for uranium analysis:
The measurements are performed by a laser fluorimeter (Sintrex
UA-3) and are based on the fluorescence of an uranyl complex formed
by the addition of a buffered inorganic complexing reagent FLURAN
(Sodium pyrophosphate, sodium dihyrogen phosphate) to the sample
during analysis. Analysis with a sensitivity of about 0,05 ng/g of
uranium can be made without preconcentration or treatment of the
sample even in the presence of many potentially interfering species.
Not like conventional fluorimetry the source of excitation here is
UV light provided by a nitrogen laser tube.

Quality Control
Several certified reference material were analyzed using the
procedure outlined above. The results are listed in Table 1 .
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Table (1): Uranium content in some reference materials

They are in good agreement with those reported by other
laboratories and the certified uranium content of the corresponding
materials.
Sample preparation and measurement for gamma spectroscopy:
The collected samples were weighed individually, air dried for 4 d,
pulverized, homogenized and sieved to pass through 2 mm mesh.
The meshed soil samples were transferred to maiinelli beakers (250,
500, 750, or 1000 ml capacity) for gamma analysis. Each soil sample
was weighed and carefully sealed for 4 weeks to reach secular
equilibrium between Ra-226 and its respective progeny. The activity of
Bi-214 and Pb-214 in equilibrium with their parents was assumed to
represent the U238 activity.

Experimental set-up:
Spectra for different soil samples were measured using a high
resolution gamma-ray spectrometer.
The spectrometer was based on an IGC 3019 coaxial hyper-pure
germanium detector with 133 cc effective volume.The detector has a
photopeak relative efficiency of about 30 96 and an energy resolution
of 1.95 KeV FWHM for the 1332 KeV gamma transition of Co-60. To
reduce the gamma ray background, the detector was shielded by a
cylindrical lead shield with a fixed bottom and a moving cover. The
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lead shield contained two inner cocentric cylinders of copper and
cad mi u m .
The gamma transitions of energies 35 1.9 keV (Pb-214), 609.3 keV,
1120.3 keV, 1238.1 keV and 1764.4 keV (Bi-214) were used to
determine the concentrations of the Ra eu.
The relative effeciency calibration was carried out using Ra-226
source for energy from 186 keV to 2500 keV. These relative
efficiencies were normalized using water. Three different concentrations
for amarinelli beaker size were used in the measurements (1 1). The
accumulation time for each sample ranged from 6-10 h.

Results
Tahle 2 shows a comparison between uranium and Ra-226 content
of soil samples obtained by (LF) and (GS) and the difference
percentage on the average between them expressed as Diff. (%). .
These differences were expected since (LF) based on the detection
of Ra-226 and its progeny and referred these values to U-238 (Ra eU).
The results were classified into 4 groups as follows:
Group 1 : The coastal areas at the north of the Delta shows an
average uranium content of 1.5 + 0.5 mg/g ( 1 8.6 + 6.2 Bq/kg).
Some exceptions were found at locations number 1 1,12 (Rosetta)
and 45 (Ras El-barr) showing average uranium content of 7.5 -+ 2.2
mg/g (93 + 27 Bq/kg).
Group 2: The area between the north coast and the core of the Delta
shows an average uranium content of 3.4 -+ 0.7 mg/g (42+9Bq/kg).
2.1

Group 3: The core of the Delta shows average uranium content of
mg/g (26 + 6 Bq/kg).

-i0.5

Group 4: The adjacent areas east and west the Delta show the lowest
uranium content with an average of 1.2 -t 0.2 mg/g (15 + 2.5 Bq/kg).
Some areas identified by locations number 1, 47 and 53 were found
to have elevated levels of uranium.
Table 3 shows the uranium content of plant samples using
(LF),which ranged between 32 up to 167 ng/g (0.4 up to 2 Bq/kg) of
dry weight.

2) Wheat

1) Beans

3) Garlic

The rest of plant samples are grass.
Table (2): Uranium content of soil samples from different locations
in the Nile Delta using laser fluorimetry (L.F) and gamma spectroscopy
(G.9

Table (2): Uranium content of soil samples from different locations in
the Nile Delta using laser fluorimetry (L.F) and gamma
spectroscopy ( G S )
Sample

U

U

Diff.

U

(cls/s)

(clgk)
GS

(%)

Sample
No.

U

N O .

( W g )

2.2
0.8

30
143
10
46
100
56
59
96
15
73
61
51
29
109
21
53
45
49
29
38
78
105
0
22
49
36
25
56
114
71

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

LF
2.9
2.7
2.0
1.8
4.9
2.1
3.0
2.9
3.3
1.0
3 .0
1.7
1.9
2.0
0.6
2. I
2.0
1.1
3.3
1.6
2.3
I .2
2.3
1.5
I .3
1.8
0.5
2.0
1 .0
1.4

( W g )

I
2
3
4
5
6
7
8
9
10
I 1
12
13
14
15
16

17
18
I9
20
21
22
23
24
25
26
27
28
29
30

I, F
3.0
4.8
I .o
I .6
2.4
I .6
2.2
2.4
1.2
2.8
9.6
2.2
0.9
4.4
2.6
2.4
2.7
2.3
2.0
2.2
3.2
2.6
1.3
2.0
2.3
2.3

1.8
I .3
2.9
2.1

1.1

I .0
0.8
0.9
1.2
0.9
1.4
1.3
5.1
1.3
I .2
I .3
2.1
1.4
1.7
1.4
I .5
1.5
I .4
0.8
1.3
1.6
I .4
I .6
1.4
2.3
0.8
1 .0
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GS
I .6
1.4
I .0
I .6
1.1

1.4
1.6
1.7
1.4
I .s
I .0
0.5
I .7
1.3
0.4
0.8
1.6

0.7
1.2
1.2
2.5
0.7
0.5
1.1

0.4
1.1
0.4
1.1
0.8
0.7

Diff.
58
63
67
12
I27
40
61
52
81
40
100
109
I1
42
40
90
22
44
93
29

8
53
I28
31
106
48
22
58
22
67

Table (3): Uranium content of plant samples and soil samples from the
same sampling site
9
151

17
19

23
24
26
272
32
36
40
432
47
48
49
60

Discussion
The Delta province was a site of marine sedimentation throughout
its geological age. Carbonate rocks are the most abundant in north Sinai
and the northern part of the western desert. The surface layer of most of
the Delta is cultivated land and can be classified as deposits formed
through sedimentation processes by the Nile river [Soliman and Faris
19631.
According to the morphological features of soil sections, the Delta
area could be roughly divided into four main areas:

i ) The area at the north coast considered as coastal marine sand
deposits and composed of medium-sized grains with very little
radioactivity (NCRP 19751.
The exceptional areas with enhanced uranium content can be
identified by dark coarse sand. Usually dark sand contains accessory
minerals as monazite, zirconium, thorite, granite,rutile and other heavy
minerals. Grains of monazite contain high concentrations of thorium
[Frondel 19561 and those of zirconium contain high concentrations of
uranium and thorium [Larsen et a1 19561.
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ii) The area in between the core of the Delta and the north coast
considered as alluvio - marine deposits.
It is formed mainly of heavy dark brown clay to muddy clay rich in
clay minerals and the radionuclides of natural decay series (which decay
to a stable isotope of lead through a sequence of radionuclides e.g U232 decay series) [NCRP 19751.

iii) The area at the core of the Delta is mainly composed of alluvial
deposits recently constituted and composed of fine grains of clay, silt or
mud which usually contain at least 35% clay minerals and is capable of
adsorbing the series radionuclides [ Koster 19881.
iv) The areas east and west of the Delta considered as desert plain
deposits. This soil could be yellowish sand, calcareous sand or muddy
sand and contains high concentration of calcium carbonate up to 16%
and low level of radioactivity. Uranium is adsorbed by clay, carbon,
aluminum, manganese and silica. This precipitation or adsorption of
uranium is inhibited in the presence of the carbonate ion, which account
for this low uranium concentration [Bell 19541. The areas with elevated
uranium content are newly developed for cultivation where different
types of fertilizers are added extensively to the soil. The phosphate
fertilizers contain natural radionuclides in specific activities appreciable
exceeding the average specific activity found in common soils, thus
possibly contributing to the total content of soil radioactivity [Pfister
and Pauly 19791 . As the uranium content of plant samples is very low,
so it could not be measured using (GS) and the reported values are due
to (LF).

Conclusion
The uranium content given by (LF) is not always matching the
radium content given by (GS). The (GS) study based on the
measurement of radon, daughters and referred these values to the
uranium content of the samples assuming the presence of secular
equilibrium within the uranium series.
Muktahr et al, (1991), found a good correlation between uranium
and radium-226 content in rock samples with a difference on average of
about 1 I %. However, it is known that all decay products of U-238 are
in radioactive equilibrium with their precursors if not subjected to
chemical or physical separation [Schuttelkof 198I]. This is valid only in
case of source rock because uranium can he leached from its material,

1161

the intermediate decay products have different chemical properties and
half lives long enough to permit significant separation from their
precursors and the gaseous members can be lost. The milling process
may have influences on the emanation of the gaseous decay products
and the equilibrium is distorted. It was also found that the concentration
of the uranium daughter Pb-210 deviates towards higher and lower
values as compared with Ra-226 concentration [ UNSCEAR 19861. The
same applies when Pb-210 and Po-210 are compared with each other.
Parts of these finding can be explained by different exhalations of
Rn-222 from different types of soil. These deviations may indicate that
radium has its own geochemical pathways which are both function of its
ground parents and which are independent of them. on the other hand
the investigated area is cultivated land which experience regular flood
irrigation, plowing and fertilization which could disturb the soil
radioactivity. This may explain the differences between uranium and its
decay daughters which ranged from 9.5% up to unity as shown in table
2.
Plants uptake of radionuclides from soils is affected by numerous
processes and factors. Because of the multiplicity of factors, plant-tosoil concentration ratios exhibit considerable variation. Among these
factors are; the physicochemical form of the radionuclide, plant species,
soil characteristics, fertilizers and agriculture chemicals [Till et al 19831.
The soil acidity (expressed as pH)can affect the availability of
elements from soil. In high pH soil, insoluble precipitates may be
formed with carbonate, hydroxyl, phosphate or sulfide ions which will
significantly reduce the availability to plants. In acidic soils the
hydrogen ions can displace other cations thereby making radionuclides
more available to plant. The decomposition of organic matter tends to
change the soil from oxidizing to reducing environment, reducing
uranium from its mobile hexavalent state to its immobile tetravalent state
[Till et a1 19831. This may explain the low uranium content of plant
samples which needed a technique with low detection limit such as the
laser fluorimetry.
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Abstract
Water from sewage treatment plant is used after processing for
irrigation. Two water samples and one consolidated sludge (waste
treatment products) were taken each day for a period of four months.
Medical applications and research are the main sources of radioactivity
such as Cr-51, Co-57, Ga-67, Se-75, Tc-99m, In-1 1 I, 1-13], Au-198 and
TI-201. Measurements were carried out using Hp Ge Spectrometer with
one liter Marinelli breaker. The maximum detected activity was 5.7 Bq/l
with a daily average of 2.4 Bq/l for water.
In the second period maximum activity was found to be 5 BqAiter
with an average daily activity 1.8 BqAiter. The maximum' activity
recorded in the sludge during this period was 352 Bq/l of which 343
Bq/l was from 1-131. The average daily activity was 162 Bq/l.
From these studies the levels of radioactivity concentration were 5
Bq/l with an average 2Bq/I compared to level 10Bq/l set for drinking
water for GCC countries. Although the sludge show higher activity of
353 Bq/l it is kept for about one year before being disposed. The
maximum level for animal fodder is 300 Bq/kg for GCC countries.
These results indicate that radioactive concentration (2Bq/l) in the
treated waste water present no hazard to the public and environment.

Introduction
The goal of radioactive waste management is to protect man and
his environment from undue exposure to ionizing radiation from
radioactive wastes. This is achieved by waste management practices
which comply with the general radiation protection requirements( 1).
Radioactive waste management including disposal, is part of and the
final step in the use of radionuclides. It cannot be justified by itself but
only as part of the benefits of the uses of radionuclides in medicine,
research .... etc. It is necessary to create a legislative system covering all
aspects of management and disposal of wastes arising from the uses of
radionuclides. No use of radionuclides should be permitted unless the
radioactive waste arising from such a use can be managed in an
acceptable way( 2).
Hospitals are still among the largest users of unsealed radiation
sources such as :
- in vitro radioassay (radioimmunoassay)
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- in VIVO radiopharmaceuticals for diagnosis and radiotherapy

For example for diagnostic, the radionuclides in use for imaging
work are dominated by 99mTC which is normally eluted in a sterile
environment from a generator containing molybdenum-99.
Other isotopes such as In-1 11, Ga- 67, Au - 198, Se - 75, I - 131
and Xe-132are used in nuclear medicine while 131-1 in radiotherapy in
the ho~pital(3~4).
In the future scientific research laboratories in UAE will use 14-C
and 3-PI on studying the toxicologymf many chemical compounds and
their associated metabolic pathways(5.6).
In this case it is necessary to study radioactive concentration in the
treated sewage water due to the medical uses of radioactive sources. The
measui-('1I W : of radionuclides deals specifically with the treated sewage
water and 4udge.
For wastes released into the sewage system the following shall
apply(7) to the total actiuity during one month

'
'

ALImin, K

510

For each occasion on which a release is made to the sewage system
the following shall apply.
ALImin. K

<I

where Ak is the activity of radionuclide K
ALI-min, K is the annual limit of Intake for radionuclide K. The
total activity must not exceed 100 megabecquerels.

The Sewage Treatment Process
The sewage treatment plant processes about 37,000 cubic meters of
raw sewage per day. There are essentially two components generated by
the system, water and sludge. After processing the water is drawn off
from the sand filter beds and is used to irrigate the plants and trees.
Approx. 5 to 6 million gallons of water are generated per day by the
process. The sludge is pumped to drying beds where it remains for
several months before being processed for fertilizer.
As the raw sewage enters the plant the first process will remove
stones and other large solid matter. The sewage then enters the main
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processing tank where it is aerated for a period of at least 12 hours. This
is where most of the breakdown of the raw sewage takes place. The
sewage then proceeds to a settling tank where clean water is drawn off
and routed to the sand filter beds. The sludge from this settling tank is
pumped to a further processing tank where it will remain for a further
aeration period of about three days. At the end of this time the aeration
is stopped and the tank is allowed to settle. The water from this sludge is
extracted from the top of the tank and is fed back to the main entry of
the raw sewage for further processing. The consolidated sludge is then
pumped to drying beds. Water fed to the sand filters will be filtered for
about five hours and thereafter used for irrigation.

Sampling
From January 30 to March 3, 1993, two water samples were taken.
One from just before the sand filter and one just after the sand filter.
Both samples were taken at 7 a.m. and the sample amount was about two
liters. It was found from the first study that the difference in total
activity measured over the first period was about the same regardless of
whether the measurement was before or after the sand filter.
A further period of sampling took place from 7 April to 29 April
and this time only the sampling position before the sand filter was
chosen. Two samples were taken at this point, one at 7am and one at 7
pm. In addition to these two samples a sludge sample also taken during
the morning.

Measurement System
A hyper pure germanium detector connected to a multichannel
analyser gamma spectrometer was used for the measurement of the
samples.
The energy resolution of the system is 1.85 KeV at an energy of
1.332 MeV from CO-60 and the relative efficiency to the same energy is
24%. The linearity, resolution and efficiency of the system were carried
out using one liter Marinelli beakers containing standard sources
covering the range from 40 keV up to 2 MeV. The sources used were
Co-57, CO-60, Cd- 109, Sn- 1 13, Csl34, Cs- 137, Ce- 139, Am-24 1. The
system was set up to measure the radionuclides shown in Table I which
includes the main gamma energies, the half lives and the minimum
detectable activity in Bq/l of the system for the radionuclides detected.
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Results and Discussion
In the first series of samples taken from 30 Jan to 3 March 1993
(Table 11) it was found that there was essentially no difference betwen
the two sampling positions chosen. The sum of the activities for the
whole month for each position was the same. The radionuclides that are
known to be used in the Hospitals for either diagnosis or therapy
include TI-201, 1-131, Tc-99m, Ga-67, Co-57. Most of the other
radionculides detected are probably used by clinical and research
laboratories in the area. Ca = 137 and Cs-134 are noted in very small
quantities and are probably entering the food chain from the import of
foodstuffs. Possible entry can be via fresh frutis and vegetables or by
meat or by canned goods or by animal fodder coming from those
countries affected by the Chernobyl accident some years ago.
The maximum detected activity found in any one day over this first
period was 5.7 Bq/liter with a daily average of 2.4 Bq/liter. The
maximum level set in the UAE for drinking water is 10 Bq/liter which
has been adopted by the GCC countries since 1987. Figure (1)
indicating the accumulated distribution of all the radionuclides detected
for the first period.

In the second series of samples from 7 April to 29 April (Table I11
and Figure 2) the distribution of radionuclides in the water samples
follows much the same pattern as the first series. The maximum activity
was found to be 5Bq/liter and the average daily activity was 1.8 Bq/liter,
both values are very similar to those of the first series.
The sludge samples show quite a different distribution of activity
(Table IV and figure 3). The highest activity detected is from 1-131,
used in the treatment thyroid cancer at the Hospital. It is interesting to
note that although the 1-131 is by far the most prevalent isotope in the
sludge it is not the most prevalent in the water.
The maximum activity recorded in the sludge during this period
was 352 Bq/liter of which 343 Bq/liter was from the radioiodine. The
average daily activity was 162 Bqlliter. The large difference between the
treated water and the sludge is probably due to bonding of the
radioiodine to the solid matter in the sludge. Since the consolidated
sludge is pumped to drying beds and is not used for many months it
should not present a hazard. After this period of time the radioiodine
activity would be very low and difficult to measure since it has a half life
of 8 days. Even at the highest level measured of 352 Bq/liter the hazard
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is still very minimal. Compare this with the level set in the UAE for
animal fodder which is 300 Bq/kg.
Figures (4 and 5 ) show the build up of radioiodine activity in water
and sludge during the second period. Three patients were treated during
this time, two with 5.5GBq and one with 2.775 GBq of radioiodine. The
number of patients treated in this period was higher than usual and
would therefore have indicated the worst case conditions for the
radioiodine. The majority of the radioiodine is excreted from the patient
during the first 24 hours after administration and this appears in the
water within 1 to 2 days. This can be seen on the graphs. A possible
second peak is seen about four to five days later possibly due to the
recirculation of radioiodine from the water drawn off from the
consolidation tanks and fed back the water drawn off from the
consolidation tanks and fed back to the beginning of the process. For
the sludge a gradual build up of activity can be seen with a maximum of
about 300 Bq/liter. Two gamma spectra (Fig 6 and 7), one for the water
and one for the sludge where the sludge spectrea demonstrates detection
of the various gama energies of 1-131.

Conclusions
It would appear from these preliminary studies that the water drawn
off and used for irrigation is safe to use and does not present any hazard
to the workers or to the public. The levels of radioactivity recorded in
the water were a maximum of 5 Bq/l and an average of 2 Bq/l compared
to the level of 10 Bq/l set for drinking water in the UAE. The water is
therefore safe to use for irrigation. The sludge although much higher in
activity than the water is found to have a maximum of 352 Bq/l.
However the sludge is kept for about a year before being disposed of
and by that time the activity levels from the nuclides detected would be
near background. This maximum level is only slightly higher than the
acceptable level for animal fodder in the UAE of 300 Bq/kg.
Further investigations are recommended in order to determine the
way the radionuclides pass through the sewer system and to investigate
any possible build up of radionuclides at key points in the system.
Regular measurements should be carried out, possibly at yearly or two
yearly intervals to ensure that there have been no changes in the
amounts of radionuclides disposed of through the sewer systems. It is
also recommended that in future both the gamma and beta components
be measured rather than just the gamma. Regular reviews at hospitals

1170

and other establishments should be made to assure that no major
increase in the use of radionuclides have taken place which may place
workers in the water treatment plants and others at risk.
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Table (I) : Physical Characteristics of Radionuclides found in Treated
Sewage Water together with the Minimum Detectable
Activity with the Gamma Spectrometer
Isotope

SI-Cr 5740 6 7 4 a 75-Sc 99m-T~ Ill-In

Energy(keV)

320.08 122.06 300.22 264.66 140.5l 171.28 364.48 411.80 167.43 661.66

131-1 198-Au 201-TI I37-Cs 1344s

604.70

93.31 136.00

245.42 636.97

13.34

795.84

184.60 279.S4

284.29

I65 88

369.32

HaltLife

27.7d

271d

hhimumdetectable

0.22

0.03 0,19 0.05

4.53d l2Od

6.02h 2.836 8.04d

2.76

3.0jd 3 0 . 1 7 4 ~ 753.Id

0.02

0.03

0.19

Activity (Be)
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0.02

0.04

0.04

0.03

Table (11) : Concentrations of Radionuclides from Water Sample
Sewage Treatment Plant
Srrierl

I'osiiion I - &Core wid filia,PosiliOn 2 aRer sand filter

Activity in Sqp

Total
Activii!

Pos
Dace
TO-JPII-93 I
2
I
1I-Jm-93

I -Feb-93

JI-Cr

5740 67-Ga 7 M c 9%1l-Tc I l l - h 131-1 I 98-AU 201-n 1 3 7 6 s 1344s
0.97

0.24

1.64 0.09

0.1s

2
I

0.26

I

0.09
1.38
0.13

9

2.Feb93

2.12

0.87

0.07

0.0s

0.68

0.08

0.32

0.09
0.22

0.06

0.12

0.13

4-Ftb-93

I J-Feh-93

4 11
0 63
1 so
3 85

I II

a 29
0 22
1 76

0.59

2 47

0.12

0.25

142

0.IO

0.07

I

I.OS
2.00
0.09 0.89

0.48

2 \?
158

2

0.04

0.77

I
2

0.15

0.08 0.82

OS6

0.10

2.63

2.68

0.11

0.24
0.32

0.08

0.39
0.24
0.24

0.35

0.59

0.1s
0.68

I .09

1.10

0.10

0.04 0.20
0.43

0.10
0.05
0 19

I
2

I

0.10

0.20

1

0 50

2

3.39 0.08

1.02

I

025

1

364

0.93
0.20

0.32
0.81

0.40

0.23

0.14

0.08

0.08

I

1.18
0.36

1
2

0.06

0.07

1.12
0.05
0.16

0. I6
0.05

IO5
4 71
158
i 1:

0 76

0.4 1

0 98
0 76
I92

0.16

5 li

0.23

I57
5 29

0.19

I07
0 15

0.16

0.08
0.19

0.93

2

0.1 I

0.07

0.13
0.23 0.16
0,Sl 0.07

0.04

0.2I

0.1I

0.4s
I .50

2

I
2

0.19

2

I7-Frb93

2 26

1.64

15-Fcb-92 I

IdFeb-93

0.09

0.93

2

-13-fcb-91

(Bqn1
I 02
I83

0.13

0.30

0.32

I

I O-Feb.91
I I-Ftb-91

0.59' 0.20
0.82
0.25

0.93

2
I

8-Fcb-93
3-Frb-33

0.37
0.19

0.12

2

7-Fcb-93

0.31 0.07
0.41 0.09
0.14 0.06

0.28

3.Fcb-93

6-Fcb.91

0.91

0.11

0.08

I 30

0.66

0.13

0.36
0.44

2 66

0.33

061

0 53

18-Feb93 1

0.37

0.19

1.17

0.37

1.01 0.64

0.37

4

2

0.24

0.07

0.47

0.37
2.07

7 44

0.17
0.30

0.75
0.14
1.09
0.04

20-Feh-33

0.22

1.19
0.92

2.84

0.29

0.15

2

0.33

I
2

3.98

1.13
0.20

0.79

043

0.21

006

I

0.39
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Fig. (1) : Distribution of Radioactivity in the Treated Sewage Water for
Period 30 Jan to Mar 1993
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Table (111) : Concentrations of Radionuclides from Water Sample
from the Sewage Treatment Plant
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Table (IV) : Concentrations of Radionuclides in Sludge Consolidate
from Sewage Treatment Plant
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Effect of Cyolane on Carbohydrate and Lipid
Metabolism in Rat

Mervat E. Bahig and Mona M. Hassanin
Radioisotope Dept. Atomic Energy Establishment, Cairo, Egypt

Abstract
Cyolane was orally administrated daily for 1-15 weeks (1 mg/kg
body weight), induced a marked increase in liver glycogen content
reaching its highest value after 1, 2, 3 and 15 weeks. In kidney and
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brain, the glycogen contents showed a significant increase after 10, 12
and 15 weeks of intoxication. Serum glucose content was increased after
2, 3 and 8 weeks. It has been found that Cyolane caused a fluctuation in
liver, kidney and brain total lipid through the first 8 weeks. There after,
it exhibited a significant increase (after 10, 12 and 15 weeks). Serum
total lipid exhibited a highly significant increase after 2-12 weeks
reaching its maximum value (288%) after 15 weeks. Also, the
distribution of l4C Cyolane in different tissues lipid classes was studied.

Intoduction
Cyolane (Phosfolane) is an organophosphorus systemic insecticide,
2-(diethoxyphosphinyl imino) 1,3-dithiolane. It is used as an insecticide
for the control of several cabbage, tobacco and alfalfa insects. It is also
effective against mites, white flies, Iygus bugs, trips, leaf miners, flea
betles and leaf feeding larvae. Its toxicity and degradation against all
larval instars of the Egyptian cotton leaf worm Spodoptera littoralis, has
been proved by several investigators [ 1-51.

In addition to the well known inhibition of Cholinesterases and
succinate dehydrogenase activity [6] as other organophosphorus esters,
Cyolane can also inhibit other hydrolases, some of which play an
important role in the lipid metabolism [7-81. In the present work, the
effect of repeated oral doses of Cyolane on rat liver, kidney, brain and
serum carbohydrate and lipid metabolism was studied. Nuclear
techniques were also used in order to detect the accumulation and
retention of 14C-labelled Cyolane andlor its residues in the different
lipid classes of the various tissues.

Material and Methods
Cyolane was kindly supplied from the American Cyanamide
Company (it was prepared by the condensation of diethylphosphoryl
chloride and 2-iminodithiolane).
Male Wister strain albino rats, weighing 170-250 g and maintained
on stock diet, were used in the experiment. the rats were divided into ten
groups. A daily oral dosage of 1/10 LD50 of Cyolane was administrated
to rats for 1, 2, 3, 4, 5 , 6, 8, IO, 12 and 15 weeks. Six rats from the
second group received a last dose radioactive I4C Cyolane ( specific
activity 5 pCi/mg). A control group for each experimental period
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received corn oil only. All rats were sacrificed 24 hours after receiving
the last dose .

1-Determination of Glycogen and Glucose
Glycogen was measured in liver, kidney and brain tissues digested
in 30% potassium hydroxide by the Anthrone method of [9]. Serum
glucose content was determined by the previous method substituting the
glycogen extract by 0.1 ml of serum. The developed colour was
determined at 620 nm using Carl Zeiss spectrophotometre against blank.

2-Determination of Total Lipids
The liver, kidney, brain and serum total lipid contents were
determined by the spectrophotometric method of [ IO] using chloroform
methanol (v/v) mixture for the extraction and phosphovanillin reagent
for the estimation of total lipids in different tissues' samples.

3. Radioactive Measurement of 14C Cyolane and/or Its
Metabolites in Different Lipid Classes Separated from
the Liver, Kidney, Brain, Adipose Tissues and Serum.
The lipids were extracted from the liver, kidney, brain and adipose
tissues and serum according to the method of [ I 11 and separated on
silica gel G plates using solvent system consisting of petroleum ether,
ether and acetic acid (90: IO: 2). Lipid classes were visualized by iodin
vapour and quantitatively transferred to counting vials. The
scintillation (consisted of 8 g Permablend, 100 g naphtalene, IO0 ml
methanol and 800 ml dioxane) was added to vials and counting was
carried out in the Nuclear Chicago Liquid Scintillation Counter.

Results and Discussion
1. Carbohydrates
A. Glycogen, Table I and Fig. 1
The Glycogen content in liver was significantly increased up to 444,
494, 359, 148, 77, 68 and 95 % after 1 , 2, 3, 4, 5 , 6 and 15 weeks,
respectively. In case of kidney, the glycogen content was significantly
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increased by 185, 100, 39, 123 and 100% after I , 2 ,3, 12 and 15 weeks,
respectively. The brain Glycogen content showed a slight decrease
during the first five weeks, then it was gradually increased up to 49%
after 15 weeks. The disturbance noticed in glycogen content may
indicate that organophosphorus pesticides disturbed glycogen
absorption in columner cells [ 121 and inhibit intestinal disaccharidases
[13], it may also cause kidney tubule damage [ 141. Cyolane may also be
able to activate central cholinergic processes leading to increase of glycogenolytic enzymes, glycogen phosphorylase and phosphoglucomutase
[ 15- 171. The great increase in liver, kidney and brain glycogen content
found throughout the period of 10-15 weeks, may indicate depressed
glycogenolysis and/or enhanced glycogen synthesis under the effect of
long-term exposure.

Table I : Effect of Daily Administration of Cyolane (1 MGKG) to
Male rats on the Glycogen Contents (mg/g fresh tissues) of
Liver, Kidney and Brain at Varying Intervals After Dasage

* P 0.05
** P 0.01
B- Glucose, Table I1 , Fig. 2
Serum glucose content was significantly increased (amounting to
137, 71, 58 and 37% after 2, 3, 8 and 12 weeks) which may be due to
the reduction of glucose absorption and the activation of central
cholinergic processes in the intoxicated rats .
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Table (11) : Effect of Daily Administration of Cyolane (lMG/KG) to
Male rats on the Glucose contents (MG/ML Serum) of
Serum at Varying Intervals After Dosage

* P 0.05
** P 0.01
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Fig. 1 : Effect of daily oral administratio'nIbf Cyolance ( I mg/kg/day) to male
rats on the Cylcogen content at varying intervals after dosage.
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Fig. 2 : Effect of daily oral administration of Cyolance ( 1 mg/kg/day) to male
rats on the Serum Glucose content at varying intervals after dosage.
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rats on the total lipid content at varying intervals after dosage.

2- Total Lipids, Table 111, Fig. 3
The total lipid contents in liver, kidney and brain showed fluctuated
reduction after 1-8 weeks. However, there was a significant increase in
the total lipid contents, amounting to 32, 23 and 97 % in the liver; 39,
17 and 84% in the kidney and 59, 105 and 114% in the brain after IO,
12 and 15 weeks respectively. Serum total lipid content showed a highy
significant increase during the period of 2-15 weeks. The results
recorded i n the present work support further evidence that
organophosphorus pesticides may inhibit hormone sensitive lipase
activity (enzyme responsible for fatty acid mobilization from adipose
tissue triglyceride) and lipoprotein lipase activity (the enzyme
responsible for tlle uptake of circulating triglyceride and fatty acids) in
approval to the observation of [ 1 81 and [ 18-191. Organophosphorus
pesticides may also affect microsomal lipid metabolism1 [20].
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Table (111) : Effect of Daily Administraton of Cyolane (1MGMG) to
Male rats on Total Lipid contents (G/100 G Fresh
Tissue) (or MG/lOO ML Serum) of Liver, Kidney and
Brain at Intervals After Dosage
Weeks
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_
I
_
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.II .a20
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548.990 # 593.310 *

267.860
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71.450

-
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15.240

288.660
259.590
-

____I

* P 0.05
** P 0.01
3- Distribution of 14C-Cyolane and/or Its Metabolites in
Different Lipid Classes, Table (IV)
The distribution of the insecticide in different lipid classes of
various tissues was calculated as pg Cyolane and/or its metabolites
equivalent per g lipid. This distribution was in the following descending
order: Adipose tissue, free falty acids (1.91) < cholesterol (1.12) <
phospholipids (0.63); brain, triglycerides (0.82) < cholesterol (0.20) <
cholesterol ester (0.10); liver, cholesterol (0.91) < phospholipids (0.14)
< triglycerides (0.06); Serum, triglycerides (0.13) < cholesterol and
cholesterol esters (0.04) < phospholipids (0.03); kidney, triglycerides
(0.22) c phospholipids (0.02). Moreover, the radioactivity could not be
detected in the other lipid classes. These findings indicate that Cyolane
was distributed differently in different tissues' lipid classes.
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Table (IV) : Distribution of 14C- Activity in Different Lipid Classes of
Various Tissues of Rats Sacrificed 12 Hours After
Receiving the Last Dose of ,14C- Cyolane (1 MG/KG)
raiendg Lipid of Tissue

Adipose Tis4 Serum
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Alterations in Protein Synthesis in the Cyanobacterium Synechococcus sp. Strain PCC 6301 in Response to Calendula Micrantha Extract with the
Molluscicidal Activity.
Ola W.E. Wammouda* and Gyorgy Borbely**
* Botany Department, Faculty of Science, Cairo University, Beni-Suef
branch. Beni Suef, Egypt.
** Institute of Plant Physiology, Biological Research Center, Szeged
H-6701, Hungary

Abstract
The response to the extract of the Egyptian wild herb Calendula micrantha, with the molluscicidal activity, was examined in the unicellu-
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lar nobacterium Synechococcus sp. strain PCC 6301. Growth and
chlorophyll a of the cells were only slightly affected by low plant
extract concentrations but were drastically reduced by high
concentration. The rate of protein synthesis progressively decreased by
increasing extract concentration. The cells preferntially induced the
synthesis of a limited number of polypeptides in response to the
treatment. Among the induced polypeptides were those with apparent
molecular weights of 161K (161.000), 96.7K, 93.4K, 85K, 69.9K, 59K,
49K, 45K, 35K, 32.4K, 28K, 24K, 21.7K, 18K and 16K based on their
mobilities in gel electrophoresis. These intial studies suggest that the
plant extract exerted certain stress which stimulated alteration in the
pattern of protein synthesis in synechococcus sp. Some of the induced
polypeptides are similar to that known to occur in other stresses
specially heat shock stress.

Introduction
The ecological impact of synthetic molluscicides have urged
investigation on p !ant molluscicides. Several natural I y occurring plants
were known since ancient time as anthelmintics, however, only few
examples of practical application exist (McCullough et al., 1980, WHO,
1981).
The water extract of a wild Egyptian herb Calendula micrantha
officinalis was used as an anthelmintic against infective larvae and as
molluscicide against Biomphiaria alexandrina and Bulinus truncatus
snails ( intermediate host of Schistosomiasis) (Lemma, 1970, Hassanain
et al., 1991). They reported the importance of the dry powder of
Calendula micrantha and recommended the use of this plant as
molluscicide in large scale in Egypt. This called investigations on its
impact on the surrounding environment and its mode of action.
Cyanobacteria are oxygen evolving photosynthesizing procaryotic
organisms and are strongly influenced by their nutritional, chemical and
physical environments. They adjust their growth to alterations in these
conditions in their habitat (Harder & Dijkhuizen, 1983, Rozak &
Colwell, 1987). Organisms respond to various stresses (heat shock, toxic
chemicals), energy starvation and nutritional deprivation, by a decrease
in their growth rate, and induction of stress proteins (Selye, 1956,
Borbely et al., 1985, 1990, Suranyi et al., 1987). When cells are
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subjected to deleterious environmental changes or stresses they exhibit
changes in the pattern of protein synthesis.
Thus, the use of cyanobacterial system may be a valuable
experimental approach for analysis of the potential differential effects
of various tested Calendula mirantha concentrations, as environmental
change of potential stress effect.
Synechcoccus sp. strain PCC 6301 is an obligate photoautotrophic
cyanobacterium and would appear to have a good system for detailed
studies of the possible physiological responses in these organisms to
Calendula micrantlla as a potential natural molluscicide.

Materials and methods
Plant water extract
The wild Egyptian herb Calendula micrantha officinalis, Family
Compositae was shade dried, and finely powdered. A stock water extract
solution was prepared by soacking the plant dry powder overnight at
room temperature and sieving. The plant water extract was used at the
concentrations in the range from 0.1 to 1.0 % by adding to the
logarithmically growing cultures of Synechococus sp.

Cyanobacterial strain and its growth
Synechococcus sp. strain PCC 6301 (Anacystis nidulans, ATCC
27144) was grown in the liquid medium of Allen (Allen, 1968).
Cultures were kept in glass vessels thermostatically maintained at 39°C
and illuminated with warm white fluorescent light 3.6 x IO4 mWm-2).
Aeration was achieved by bubbling with sterile air containing 2 - 3 96
C 0 2 (V/V). Growth of the cultures was monitored spectrophotometrically at 800 nm and by measurement of their chlorophyll a
content in 90 % acetone extracts in , ~ per
g milliliter (Kallas &
Castenholz, 1982).

Isotope labelling conditions
Logarithm ical 1y growing Sy nec hococcus cultures were treated with
plant water extract concentration from 0 to 1.0 % and lml aliquots of
cell suspension were removed and pulse labelled at each cmcentration
with 2.4 MBq of L - [35S] methionine per ml for I h .
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Polyacrylamide gel electrophoresis of proteins
Pulse labelled cyanobacterial cells were chilled on ice, collected by
centrifugation, and washed with water. The pellets were dissolved in the
sample buffer described by Laemmli (1970). 5pl aliquots were
removed to determine the rates of total protein synthesis during the
treatment as described by Borbely et a1 ( I 985). Electrophoresis was
performed on 10 to 18% linear sodium dodecyl sulfate (SDS)
polyacrylamide gradient gels as described previously (Laemmli, 1970).
After electrophresis, the gels were processed for staining and
fluorography, dried (gel slab drier model 224; Bio - Rad Laboratories,
Richmond, Calif.), and exposed to X- ray films. The low-molecularweight calibration kit of Pharmacia Fine Chemicals AB was used as
*molecular weight markers.

Results
Effect of Calendula micrantha extract on growth of the
cyano bacteriu m Sy nechococc us sp. strain PCC 6301.

Log phase cultures of Synechococcus sp. were treated for 8 h . with
Calendula micrtrrztha plant water extract (PWE) at 0.1, 0.3, 0.5 and
1.0%. The rate of growth, as determined by optical density
measurements was slightly affected by low concentrations (Fig. 1 A).
Treatment with higher concentration 1.0 % drastically inhibited growth
specially by incubation for 8hr. A similar tendency was obtained by
measuring the chlorophyll a (Chl a) content ( Fig.1 B). When growth
was monitored by measuring Chl a content there was a more obvious
decrease in the growth rate after treatment with 1.0% extract. Growth was
detected in cultures treated with 1.0% throughout the experiments
although at a highly reduced rate.
Effect of PWE on protein synthesis
To study the effect of Calendula micrantha PWE on protein
synthesis in treated cells, cells were pulse labelled with L- [35S]
methionine. The rate of protein synthesis i n Synechococcus cells
immediately decreased after treatment (Fig.2), and gradually reduced in
response to increased PWE concentration. At concentrations of 0.7%
and higher the rate of protein synthesis declined to a steady - state level
(Fig. 2) reaching minimum value.
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Fig. 1. Growth of Synechococcus sp. strain PCC 6301 in response to treatment
with Calendula micrantha extract. Growth was monitored by measuring optical
density at 800 nm (A) and chlorophyll a content (pg.ml-*)(B), at o (e),0.1 (8),
0.3 (A),0.5 (0)and 1 .O% (Q) plant extract.
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Fig. 2. Effect of Calendula micrantha extract on the rate of protein synthesis i n
Synechococcus sp. strain PCC 6301 cultures. Cells were grown in Allen medium
containing different concentrations of the plant extract and labelled with L-(3sS)
methionine. The rate of protein synthesis was determined as described in the text.

Effec of PWE oil the pattern of protein synthesis.
Aliquots ( I ml) of Synechococcus were labelled for l h with L-[35S]
methiomine at different PWE concentrations [ O - I.O%]. Cell extracts
were prepared from the labelled cells and analyzed by SDS -
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polyacrylamide gel electrophoresis (Fig.3).Generally the synthesis of
protein normally present in cells was reduced (Fig.3). A number of
newly synthesized polypeptide bands may be seen in the extracts
obtained from PWE treated cells when compared with the proteins
synthesized in the untreated cultures. Some of these bands, can already
be detected after exposure of cells to 0.1% extract, whereas their
preferential synthesis progressively increased by increasing extract
concentration.
The apparent molecular weights of the polypeptides synthesized
under treatment are indicated in (Fig. 3). Three classes of proteins can
be observed in the cyanobacterium;( 1) the bulk of cellular proteins
synthesized under normal conditions; (2) polypeptides synthesized
under both control and treated cultures but at different rate;(3) proteins
induced specifically under treatment. The molecular weights of these
inducible polypeptide chains have been -estimated on the basis of their
mobilities in SDS - polyacrylamide gels to be 161K (16?.OOtJj, 96.7K,
93.4K, 8SK, 69.9K,59K, 49K, 45K, 35K, 32.4K, 28K, 24K, 21.7K, 18K
and 16K. Proteins synthesized under normal conditions (control j and
progressively or completely disappeared specially by increasing
treatment concentration; 103K, 80K, 54K, 52.5 - 50 K, 45.9K, 42.8K,
40K, 38K, 33.8K, 31.5K, 20.8K and 16.9 K.

Discussion
The cyanobacterium synechococcus sp. strain PCC 6301 is ;I single
celled photosynthetic procaryote which responds to a variety of
physiological stesses by altering the pattern of growth and protein
synthesis (Ashburner, 1982; Borbely et al., 1985; Webb et nl., 1990).
-

The application of total dry powder of Calendula micrantha proves
an important economic value (Hassanain e? al., 1991). The plant water
extract demonstrated anthelmintic activity with different efficiency with
concentrations of 1 .O% and less (El-Emam et al., 1986)./ Generally, the
above results indicate that the growth rate of Synechococcus sp. cells
treated with PWE decreases. The increase in concentration from 0. 1 to
1.0% in logarithmically growing cultures is rapidly followed by changes
i n protein synthesis. At 1.0 % extract, protein synthesis is considerably
reduced compared with untreated cultures. Furthermore, Synechococcus
sp. respond to increased concentration of PWE by a transient induction
of a specific set of polypeptides and raising their cellular level
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markedly. Analysis of the detailed results indicates that treatment with
concentrations higher than 0.1% increases the incorporation of label
into these inducible proteins. Their apparent molecular weights
estimated on the basis of their mobilities in SDS - polyacrylamide gels
(97, 93.4, 85, 59, 49, 45, 32.4, 24, 18, 16K) falls into the range which is
known to be charactaristic for heat shock (HS) stress (Borbely et al.,
1985). They indicated the synthesis of 4 size classes (91,79 to 61,49 to
45 and 24 to I I K) in Synechococcus sp. strain PCC 6301 under HS at
47". A 65 K protein was syfithesized both in light and in dark, where as
the I 1 K protein was only made when HS - cells were incubated in light.
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Fig.3. Effect of different concentrations of Calendula micrantha extract on
polypeptide synthesis in Synechococcus sp. strain PCC 6301 cells. Log - phase
cultures were labelled with L-(3sS) methionine for I h, separated on a 10 to 18%
linear gradient SDS - polyacrylamide gel and processed for fluorography as
described in the text. The position of molecular weight markers (right) as well as
of polypeptides induced by the treatment ( ) are indicated in kilodalton (K). Lane
1 (control) and lanes 2-9 are 0.1, 0.2, 0.3, 0.4, 0.5, 0.7, 0.8 and 1.0% treatment,
respecti vel y .
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In the filamentous cyanobacterium Anabaena sp. strain L - 31, HS
induced the synthesis of proteins of 92,75, 65 and 32 K (Bhagwat &
Apte, 1989). Polypeptide synthesis may, therefore, represent a part of
the cellular adoptation mechanism for survival in cyanobacteria. They
respond to various stresses by a decrease in their growth rate, an
induction of stress proteins and a concomitant accumulation of
guanosine tetraphosphate (Doolittle, 1979). It has been shown that
heavy metal i n stress and HS induce the synthesis of adenylated
nucleotides, compounds which are suspected of being metabolic signals
of various environmental stress conditions (Suranyi et nl., 1987, Palfi et
a1 ., 1991).
El - Emam et nl. (1980) reported that the active principle of
Calendula micrantha is saponin triterpene which is easily soluble in
water . They revealed the importance of the plant as a potential natural
molluscicide in Egypt (Hassanain et al., 1991). In view of the above
results, different PWS concentrations had preferential effect on the
obligate photoautotrophic cyanobacterium Syechococcus sp. strain
6301. Low concentrations slightly influenced growth and Chi a content
whereas, high concentrations were inhibitory. Protein pattern was greatly
altered with a progressive inhibitory effect upon increasing plant extract
concentration. Several polypeptides were induced in response to the
stress exerted by high concentration. The polypeplides found to be
inducible may be the products of a cyanobacterial stress regulon
(Borbely et al., 1990). Finally, the total constituents of Calendula
micrantha extract and the separation of the active principle remains to
be investigated.
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