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A procedure is described for the calculation of the integrated doses received
by body organs in specified time periods following the inhalation of a radionuclide.
This procedure takes account of the contributions from radicactive daughters pro-
duced after inhalation and in principle may be extended to any number of generations
of a decay chain. In practice, it is usually adequate to consider only the two
most significant generations and to make simple approximations for the contributions

from any others.
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Foreword

In calculating the dose per unit intake, the authors of this report have drawn
freely from the dosimetric models and retention equations currently under discussion
in Committee 2 of the International Commission on Radiological Protection. One of
the authors (N Adams) has contributed to the work of this committee during the last
three years as a member of the Secretariat. The authors wish to acknowledge that
they have used material from the work of the Committee and they would like to thank
its chairman and secretary, Drs J Vennart and G W Dolphin, who have given their
approval for the publication of these data. However, the reader is warned that
the models and the parameters used (those in tables C, D, E and the bone classes
in table F) have not been finally approved by Committee 2 and some changes may be

made.
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1. INTROQDUCTION

This report describes a method which may be adopted to estimate the radiation
doses received by various body organs in given time periods following the inhala-
tion of a radionuclide. Use has been made of the lung model of the ICRP Task Group
on Lung Dynamics(i) and of the GI tract model of Eve(2) to describe the transport
of the inhaled material from the region of deposition and through the organs of
interest. As the radioactive material progresses through the body, organs are
irradiated both from transformations occurring in the organ itself and from those

occurring in surrounding organs. Irradiated organs are called target organs and

those in which transformations occur are called source organs.

There are three main steps necessary to estimate the doses to any organ due

to a given nuclide in a given period of time.

(i) The computation of the number of nuclear transformations of the
inhaled radionuclide in each of the source organs, ie, those
through which the radiocactive material passes. A similar
computation is necessary for any radioactive daughters formed

after inhalation of the parent nuclide.

(ii) The preparation of matrices (one for each radionuclide involved,
parent and daughters) whose elements are the doses received by

the target organs per transformation in the source organs.

(1i1) The combination of (i) and (ii) to obtain the total dose to
each target organ from the inhaled parent and any daughter

radionuclides.

Doses to the thyroid, red bone marrow, endosteal cells, lower large intestine,
lungs, liver, ovaries and testes are tabulated for periods of 1, 7, 30, 60 and 365
days and 10, 20, 30, 40 and 50 years following the inhalation of 1 curie of each
radionuclide. The depositions in the different lung regions (nasopharyngeal,
trachecobronchial and pulmonary) depend on particle size. The lung as a target and
source orgdan includes the tracheobronchial region, pulmonary region, the pulmonary
lymph nodes but not the nasopharyngeal region. The doses quoted are for particles

of 1 pm AMAD {(Activity Median Aerodynamic Diameter).

2. STEP (i) — TRANSFORMATIONS IN SOURCE ORGANS

A linear compartment model was empleyed to describe the progrec:sic:: of inhaled
material through the lung and thence either inte the CI tract or, via a lransfer
compartment with a half life of six hours (analogous to the blood), to body organs.
Uptake to the transfer compartment from the small intestine was also represented.
Transfers between compartments are all described by first order differential

(3)

equations with constant coefficients, as discussed by Skrable et al 7'. A series

of linear chains was involved, extending from a single compartment up to seven

-1
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compartments, and these are fully described by the equations

il

(60 = T () = X q (E) eernenennnn. U C b

GO = Te) w oy

where qi(t) is the total amount of activity in compartment i at time t; Ii(t) is
the rate of intake of activity from outside the system into compartment i at time
t; Xi—l,i is the rate constant for transfer of material from compartment i-1 to
compartment ij; Ai is the rate constant for the decrease of active material in

compartment i, including that through radiocactive decay.

If we choose t = O to be the time of inhalation, Ii(O) = 0 and qi(O) = 0 for
ix» 2, qi(O) is then the activity deposited at t = O in the first compartment
following the inhalation of 1 Ci. Thus we may solve equations (1) and use the
results in equation (2), successively generating solutions for all qi(t). These
may be integrated over the required time period T to give the number of transform-

ations. The general sclution is:
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with similar expressions if any other pair ofJLi are egual.

The compartments used to represent the lung are those of the ICRP Task Group
on Lung Dynamics(l)(see Figure 1). The amended values of the parameters of this
model given in ICRP Publication 19(4) and reproduced in Table A were used. The
classification of elements in the solubility classes D, W or Y and the values
adopted for the fractions to represent material absorbed from the small intestine
into the transfer compartment constitute the best available knowledge at this

time for material in oxide form.
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The model of the GI tract is shown in Figure 2 together with the parameters

(Table B) as proposed by Eve(Z) and by ICRP(J).

Figure 3 shows the linear chains for all the parent metabolic paths. The

numerical values for the \.s may be found from Table A using

_ 1n2
i,i+1 T

where T is taken from the appropriate class (D, W or ¥Y) and compartment {(a to j).

A=\ p
1T ,0 TR
where}\R is the radiocactive decay constant of the relevant nuclide. ;LST’ 131’
A . . . AL . -1 )
/ 7
ULI and / L 2Fe given in Table B and e 18 taken as 2.77 days except for

strontium and barium (see Table C). The values of’%bRG were obtained for each
element by representing retention as an exponential or sum of exponentials and
taking the current best available estimates for the amplitudes and half times of
the exponentials. As yet there are no established values for these retention
parameters but it is anticipated that ICRP Committee 2 will be publishing recom-
mendations in the near future. Tables C and D show the values of the retention
parameters for each element which have been used in our calculations.

For the alkaline earths, the ICRP Publication 20(6) tabulates retention

values for soft tissue and bone as a function of time after intake to blood.
These have been fitted by three or four exponential terms. For these elements
the coefficient for the transfer compartment was modified to improve the represen-—

tation of the retention during the first day or so after intake to the blood.

The transformations of radioactive daughters were computed similarly but for
each linear chain of n compartments for a parent, n chains with n + 1 compartments
were summed for each daughter. The metabolic parameters were taken to be the same
as those of the parent (except that when the daughters were isotopes of iodine
their proper metablic parameters were used) but the radiocactive decay constant
appropriate for the daughter was used. An example of a set of linear chains for
a daughter is given in Fiqure 4. This shows the first chain (corresponding to the
parent chain in which the first transfer is from the NP region to the transfer
compartment via route ‘a') for a radioactive daughter with decay constantJE% being
formed in the compartments of the chain. The total number of the transformations
in each compartment is thé sum of the contributions from the three chains. Each
of the parent chains of Figure 3 (ie, 6 for class D, 8 for class W and 9 for

class Y) has a series of such chains to be summed if the daughter is radioactive.

Extension of the method for the first daughter leads from a parent chain with
n compartments through a daughter with n chains of n + 1 compartments to a grand-

daughter with n(n + 1) chains each with n + 2 compartments. Thus a three

—3—
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compartment parent chain leads to 12 five-compartments for the grand-daughter and
a six compartment parent chain to 42 eight~compartments in calculations involving
a grand-daughter. The rapid escalation in the number of chains which need to be
considered as the number of generations increases prompted the approximation of
the longer radiocactive decay schemes by reducing them to two generations. The
chief means by which this was achieved was by treating the transformation of a
nuclide as being simultanecus with the transformation of its daughter if its half
life was an order of magnitude greater than that of its daughter. This assumption
does not affect the ultimate dose received amd only slightly accelerates its
accumulation. Daughter nuclides with half lives longer than 105 years are treated

as being stable.

3. STEP (ii) -~ DOSE TO TARGET ORGAN DUE TO TRANSFORMATIONS IN SOURCE ORGAN

The elements of the matrices which convert the number of transformations in
the source organs to the doses to target organs include contributions from both
non-penetrating radiation (ie,<- and 8- particles) and from penetrating radiation
(ie, photons). These contributions were estimated for the inhaled nuclides and

for any radioactive daughters as follows.

3.1 Non-penetrating radiation

For all source organs except bone the initial kinetic energy of non-
penetrating radiations (&(and/}) emitted during transformations is assumed to be
completely absorbed within the source organ (ie, the source and target organs
coincide) and the contribution to the matrix element is taken to be the average

dose to the whole source organ per transformation.

wWhen bone is the source organ non-penetrating radiation deposits energy in
two radiosensitive tissues, red bone marrow and endosteal cells, which are treated
as separate target organs. The spatial distribution of transformations in mineral
bone determines the fraction of the initial kinetic energy which is absorbed in

each of these organs (see Table E).

Two alternative distributions of transformations in bone are assumed from
nuclides which are concentrated in bone, uniform volume concentration throughout
mineral bone, which is labelled class V (for volume), and uniform superficial
concentration on endosteal surfaces of bone, which is labelled class S (for

superficial).

The allocation to classes S or V {(see Table F) of nuclides which are concen-
trated in bone is largely, but not entirelyy determined by the half lives of the
nuclides. For example,nuclides with short half lives are unlikely to diffuse
appreciably into bone before physical decay and therefore class S is appropriate.
Long lived nuclides are not necessarily in class V because some,such as the

actinides (eg, plutonium-239), appear to remain near bone surfaces, perhaps as a

_4-
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consequence of a special bone remodelling process, and are regarded as class S.
However, all isotopes of the alkaline earths with half lives greater than 15 days

are allocated to class V.

Table E shows the values used for the fraction of the emitted energy absorbed
in red bone marrow and endosteal cells for <~ and ﬂ—-emissions from surface and
volume distributions of transformations. These values are taken from an as yet
unpublished analysis of bone dosimetry. It is implicitly assumed in this analysis
that for V class nuclides there are 4 times as many transformations in cortical
bone as in trabecular bone (ie, in proportion to their masses) but for S class
nuclides the same number of transformations occur in cortical and trabecular bone

which have equal endosteal surface areas.

3.2 Penetrating radiation

Only a fraction of the initial energy of penetrating radiation (photons)
emitted by transformations in any source organ is deposited in that organ and
further fractions are deposited in every other érgan. For all target organs
except endosteal cells the values of these fractions per gram of target organ
are given in ICRP Publication 23(5) for monoenergetic photons with energies from
0.01 to 4.0 MeV. Thesg fractions were used to derive the contributions to the
matrix elements, ie, the average doses in the target organs. The contributions

to the matrix elements representing dose to endosteal cells from photons were

taken to be the average photon doses in the whole skeleton.
3.3 General

For many of the radionuclides considered in this report, values of both the
non-penetrating and penetrating components of the elements of the matrix (but
expressed in rem per puCi day) have been published by Snyder SE.§£(7) and these
have been employed where appropriate. The special procedures which are described
above when the target organ is red bone marrow or endosteal cells were, however,

adopted for those radionuclides which are concentrated in bone.

4. STEP (iii) — DOSES TO ORGANS

The doses to organs were derived by multiplying the matrices produced by steps
1 and ii. The results are given in Table G which shows the accumulated doses to
elght organs at various times following inhalation of a curie of each radionuclide.
Doses to the thyroid were only specifically calculated for isotopes of iocdine
whether these were inhaled nuclides or their daughters and for technetium. For
inhaled nuclides for which thyroid doses are not calculated the thyroid dose has
been approximated by the dose to the ovaries, which may also be employed as an
approximation to the average dose to the whole body and consequently for the breast

dose.
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5. COMMENTS

The organ doses per inhaled curie which are given in Table G are intended for
use for radiological protection purposes. This work employed the best data
available at the time of the calculations. Since the data are subject to continual
revision, particularly the metabolic retention and transfer values, it is
inevitable that later calculations will produce some modifications to these
results. - The biological data will be monitored and, when appropriate, revisions
to these dose calculations will be issued.

The values in Table G have been compared with those given by the US Nuclear
Regulatory Commission(B), although it did not include all the nuclides and body

s organs considered in this report. The comparison tests the computations as a whole,
including the combined consequences of the metabolic parameters and the transform-
ations~to—<dose matrices employed by both reports. Reasonable agreement was found
for most nuclides, though minor differences were common in doses to red bone
marrow and endosteal cells and are attributed to the use of different bone
dosimetry models. In cases where there was some considerable discrepancy, our
calculations were carefully checked and special attention given to the input
data; most of the differences were traced to different assumptions such as lung
class or body distribution parameters. The remaining discrepancies are not
resolvable from the published information but have been checked on the basis of
self-consistency with the doses in other organs or in other nuclides. The data in
Table G are believed to be internally self-consistent and the ones most appropriate

for current use.
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INGESTION

STOMACH
{ST
|
2
SMALL INTESTINE |- BODY FLUIDS
(Sl
Y
UPPER LARGE
INTESTINE (L
\ aul.l
LOWER LARGE
INTESTINE ([
Y M
EXCRETION
Figure 2. Gastrointestinal tract model
Mass of Mean A
Section of GI tract contents residence 4 -1
(g) time (days) ays
Stomach (ST) 250 1/24 24
Small intestine (SI) 400 4/24 [
Upper large intestine (ULI) 220 13/24 1.8
Lower large intestine (LLI) 135 24724 1

Table B, Parameters for gastrointestinal tract model




FIGURE 3. (Linear Chains For Parent Radionuclides )
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FIGURE 4.(Example of Linear Chains for a Daughter
Radionuclide Corresponding to the First

Chain of Figure 3 ie. Beginning with
Transfer ‘a:
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Moy AR

’
)\2= )‘O+)\R

NP
MaA sk

AR =DECAY CONSTANT OF PARENT

A,’R =DECAY CONSTANT OF DAUGHTER
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Table C - Fraction Transferred to Source Tissue

Element

Bone

Liver

Kidneys

Spleen

Testes

Muscle

Thyroid

Ovaries

Rest

g
&

of

Sodium
Rubidium
Strontium #
Yttrium
Zirconium

Niobium
Molybdenum
Technetium
Ruthenium
Rhodium

Antimony
Tellurium
Todine
Caesium
Barium *

Lanthanum
Cerium
Praseodyminum
Neodymium

Promethium

Neptunium
Plutonium
Americium
Curium

[eNoNeNeoNe}
VIR DN
(o0}

o O
-3 fiagd
[

0.0y

0.105

0.45

0.45

0.15

0.7

0.45

0.45

0.018
0.04

0.05
0.05

0.07

0.01

0.0l

0.002

.00035

0.09

0.19

0.02

0.3

.00011

[eNeNoNeoNeo!
W1+ -3 oo
N

W

=

[oNeoNoNeNe)

N OO\~ N

OO
\O

[oN o
D
O
W

0.26

+

* The rate constant for the transfer compartment (R.Tr) is taken as 100 days_l.

YA = 1155 dayt

A11 other ?\Tr = 2,77 days_
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Table D - Retention Parameters

T A T A T A T
Element Al 1 2 2 3 3 L L
days days days days
Sodium 0.49 8.5 0.51 135 | 0.00027 Lis
Rubidium 1.0 60
Strontium) Bone 0.43 i 0.36 | 1h4oo | 0.21 9000
) Rest 0.69 0.6 0.42 S { 0.097 100 | 0.007 900
Yttrium 1.0 8000
Zirconium) Bone 1.0 00
Rest 0.91 7 0.09 ]
Niobium 0.5 6 0.5 200
Molybdenum 0.85 1 0.15 50
Technetium 0.76 1.6 0.19 3.7 | 0.043 22
Ruthenium 0.15 0.3 0.35 8.0 | 0.3 35 | 0.2 1000
Rhodium 0.15 0.3 0.35 8.0 0.3 35 | 0.2 1000
Antimony 0.7 20
Tellurium) Bone 1.0 2500
Rest 0.5 0.8 0.5 18
Todine 1.0 120
Caesium 0.1 2 0.9 .110
Barium) Bone 0.57 3 0.29 { 1100 | 0.14 5500
Rest 0.79 0.6 0.13 3.5 1 0.08 140
Lanthanum
Cerium
Praseodyminum 1.0 3750
Neodymium
Promethium 1.0 8000
Neptunium) Bone 1.0 100 years
Plutonium) Liver 1.0 L0 years
Americium) Gonads 1.0 00
Curium

Where the retention R(t) is given by

n(t) = i e—0.693t/T1 . h, e—0.693t/T2 . A3 e—0.693t/T3 . Ah e-.693t/frh
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Table E

Fraction of non-penetrating radiation energy from transformations in

mineral bone that is absorbed in red bone marrow and endosteal cells

Radiation o4 R - B - B
Energy any any E> 0.4 MeV | E < 0.4 Mev
Target Class | Surface | Volume Surface Surface
Organ
Red Bone Marrow 0.25 0.20 0.25 0.25
Endosteal Cells 0.25 0.02 0.02 0.25
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Table F - Index of Included Nuclides

Lung Mass | Bone Lung Mass Bone
Element Class | No. | Class Element Class | No. | Class
Sodium D 2, Jodine D 131
132
Rubidium D 86 133
88 134
89 I 135
Strontium D 89 v ! Caegium D 134
90 v 136
91 S 137
92 s 138
Yttrium Y 90 S Barium D 139 S
91 \'s 140 S
93 S
Lanthanum Y 140
Zirconium Y 95 S 11
97 S 142
Kiobium Y 95 S Cerium Y g S
97 S 143
1Ly
Molybdenum Y 39 S
Praseodymium Y 143
Technetium w 99m 145
Ruthenium Y 103 Neodymium Y 7
105
106 Promethium Y 147 v
149 S
Rhodium Y 105
Neptunium Y 239 S
Antimony W 125
127 Plutonium Y 238 S
128 239 S
129 24,0 S
130m 2k s
130
131 Americium W 242 S
Tellurium w 127m S Curium w 242 S
127 S 2hl, S
129m S
129 S
131m S
132 S
133m S
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1
Wines DN

1.2¢ 2
l.8¢ 2
g.2¢ 1

1.4( 0)
d.7¢(-2)

z.10 2}

l.3(-1}
9.9( 0}

€.S1-114
1.2(-51

T.30 1)
€.5( 1)
6.90 1)
T.1(-21
1.2{(-3)

1.44 3)

LS 3)
1.4( 3)

30 0

4a3( 22
UTEEY
1.10 Q)
Q.50 21
1.60 314

1e9( 2}
7T.50 1)

~ T o~
- a

«d(=1)
B0 )
L7002
1.1t 3
S.3( 21

Lelt 3

2.6( 2}

3.2( 1)

7.00 20
2.00 1}
6.5( 2}

4.80 1)

8+3¢ 2)
T8t 2)
L.t 2y
4.20 O)

L.9( 3

3.80 2)
Se4( C)
7.0 2)

0.2{-1)
L.0t 1

#.14-1)
B.4(-5S)

3.40 2)
3.2 2}
3.20 2y
3.3(-11
2.3(-2)

6.5( 3)

6.8( 31
6.90 3}

69 D

5.2( 3)
latl 0O}
Le20 3)

2.41 3)
1.9 2)

7.8(-11
1.20 1)

1.3 3)

1.1t 3)

4.4( 0)

2.00 3}
S.il 2)
BeT( 21}
a2 SY
2.0¢ 5]

1.00 €1

l.at 2)
Le50 2)

4.80 09

2.20 2)

1.3¢ 0)
.00 1)

8.11-1})
l.9(-4}

Teal 2)
6.90 21
6.9( 2)
Te1(~1)
1.0(-1}

l.4C 4)

Le4( 41
1.50 4)

1y

leal 31}

4.4¢( 01

2.0C 31
Eanl 2)
Ge4( 2

1.21 5%

1.0 6}

Jeb( 4)
o1 1
2.50 4)

g.it-1}

1.5¢ 2)
S543¢0 21

S.11 C)

2.21 2)

lelt 11

L.9(-2)

Je4( 3)
6.9( 3)
6.90 3)
7.¢¢ 0)
€.7C 0)

L.t 20

S.11 4}
1.2¢ 51

S1ze

Loy

Se5( >)
2.CC 01

<50 3)
Belil s}

2.31 1}

1.70 =)

le 2t 31}

bell 2}

“s 10 3)

Le4al 31

Le4l 0}

6.4 ¢I

Jea( 2)

3.90 41}
6.1 31
2.7t «)

8.1(-1)

L5 2)
e 30 3)

Se1C U}

Le20 20

T.8{=2)

2.9( 51
2.9( 5)
2.90 %)
2e 20 2}
2.50 31

le2( &)

8.5C 4)
L1t o)

Leudd

<0 Y

o 1t 3)

2.0t 1}

4e 1 3)

3.9¢ 4)

2.7¢ 4}

Le31 3)

leat 23

2.0(-1)

T.al 51
Te6( 51
1.60 5)
4.4( 2)
le 1l 4)

2.5( 61

9. 10 4)
1.8( 6)

DRGANT THYRCID

30Y

8.1¢ 3

1.4 21

3.3(-1)

1.2( &)
le20 6)
1.2¢ 6}
S.8¢( 29
2.2 &)

3.7C 6)

3.6( 4}
2.30 &)

4.

Y

59

Tacle G

Doses to Crgans

4.6(-1)

labdt
171
1.7¢
Sa0(
3.51

6)
6l
&l
2}
4)

3]

54
6)

594~

Leddt
2.2
2.2¢
Toit
4e 8¢

6. 04

1.1¢

13

6)
&)
61
2)
“)

&)

51
6}



DOSE IN RACS PER CURIE INHALED S1ZE 1.0UM ORGAN: RED BONE MARROW

TIME: 10 e 30 0 60 D 1Y 10 ¥ 20 Y 30 v 40 ¥ 50 Y
NUCLIDE
NA-24 3.70 2) €.70 2) 6.7C 2}
“R-8¢ 30l 2y 2.81 2) 1.00 4) 1.30 4) 1.30 4) i.30 4}
8¢ le4l C) la4t C)
8% L.Ot C) 1.¢( 0) 3,30 0) 4.5( 0} 5,50 0) 5.5 O}
SR-8S 2.8¢ 21 2,64 2) 1,20 4) 1.80 4) 2.20 4) 3,21 4)
90 Be70 20 5,10 31 2.5¢ 4) 5.0( 4) 2.81 51 1,60 6) 2430 61 2,40 6) 2.7( 6) 2.8( 6)
91 la6€ 2)  2.60 21 3a2( 2) 3.7( 2) 4.90 21 4,90 2)
92 8.60 1) 9.2( 1) 9.2( 1)
¥=9¢ 6,30 0) 2,20 11 441t 1) 4.1C 1)
9l 4010 G) 4.C0 1) la60 2) 2.90 2) 6,90 2) 7.1t 2 T.it 2)
92 E.60 C) G.40 0) %.4( O)
IR-9¢ 6oLl 1) 4,00 21 1400 31 1481 3) 4450 2) 4,60 30 4.6( 3)
97 L.20 28 z.4t 21 2.40 2}
NR-G & 6620 1) 2JEC 21 B.00 2} LoablU 30 L5020 1.S5C 31
97 3,3¢ 00 2.3¢ 9}
M)-g 5 2.90 1) 1e4C 21 1250 2) 1.5( 2}
TC~-aswv £.61 0) 6.20C1 6.2(0 C)
Ri-1C12 Golt L) Zo€C 21 Se0t 21 Te90 21 Q.14 3) 1.0 3}
1ce 1.5¢ 1} 1.8 1) 1l.8( 1)
1C¢ 2.20 L1 2,10 2) 6,20 20 LlOL 30 2.4( 3) 5.8t 3} S5.€0 3)
RH~1C¢ €30 0F 2.Ct L) 2.0( 1)
SR-12¢ 3.90 1) 3.0t 2y 8.4 2) 1.3C 3} 2.0( 2) 2.0( 3)
121 TeTl 1) 420 21 S48 21 5.4 2}
12¢ Lol 2) 1as0C 21 le4f 2)
129 4,00 00 &4.5C 2 4490 C) 5.1 0F 541001 S5.1¢ 0)
170w 8.81 0) B.EL D)
130 1L.7{-4) 1.%(-1)
121 Seel=1) 1l Cl 0) 1.LC GH La20 O}
TE~127M 1.9l X} 2030 2) 8.30 21 1.4t 3) 2,60 3) 3,51 3) 1.5t 3)
121 5.5( 0) B, Ch B.0(0C)
lzem 4ed( 1) 4460 2) 1e4( 3) 2.0 3) 2.6( 3 2.6( 3)
1z¢ 7.5¢(-1) 7.5(-1)
121M Lo2¢ 2y 3,40 2% 3.610 23 3.6t 2)
2 5.70 2) 1.50 3} 170 3) 1.7¢ 3}
123m 4.20 C) 5.CC C1 s5.000C)
1-121 .90 L) 7.CC 1) Le2C 2¢ 1430 21 1,302}
122 Llast 1} 1.&¢ 1)
132 1.9¢ 4} 2.0 1) 3.0( 1)
L3¢ c.d( U} £.80 )
13¢ 2.7¢ 1} 2.8t 1) 2.8( 1)
CS~12¢ 2,00 20 2.10 21 8.3 3)  Lest &) 1.8 41 4,00 4} s.0( 4)
13¢ 2,60 21 2420 21 5.5 3) 6.5( 3) €£.,7C 2} 6.7 3)
127 1.2C 2} 130 3) 5.2¢ 3) 3.4 3) Z.60 4 2.8 «) 2.80 4)
12¢ £.30 C) .20 C)
PA-12¢ S.11 ¢ S.10 Q)
tec 1.30 2) 1.60 21 3.8(C 31 4.4( 3} 4.6 21 4.6( 3}
tA-1¢(C leal 2) 4021 2) 4430 21 4.3( 2)
tal Labt=1) 4.70=1) ".3(-1) 1.10 0) 1.4090) 1.40C)
142 1.3¢ 1) 1.2¢0 1)
CE-14] Le2¢ LE 7.20 11 1.50 2) 2.20 20 2.5 2) 2.50 <)
1232 Zaol 1} .50 1 Tead 13 T.60 1)
144 Co30 U 420 1) 1e2{ 21 a1 20 S.O0C 2} 1.80 3) 1l.8C 3)
PR-142 1.50=-1) 1.40 7)1 3.8( 0} 4.80 01 E.10021 5.1(¢C)
14°% Te61 0) B30 0} B.7( 0)
NA-1473 l.gt 1 1aCU 2) 1460 2) i8¢ 21 1.84 23 .8t &)
PM-147% 4,90-11 5410 C) 2,40 1) 5410 1) 4,60 2) 4460 30 5.50 31 5450 3
14¢ 3.9¢C uJ L,eC 1)y 2,00 1) 2.01 1}
NP-23¢ 8 Lot C) 5.60 7)) 6,50 €1 6.5 G)
239 1 2:20=6)  9.L(~%1 6,80-2) 1.4(=3) L.4(-21 S.T(-1) les0 0} 2,40 30 3.10 0} 5.80 21}
PU-23¢€ S.30 1) E.E0 21 2,68 2) 5,50 31 5,50 4) 2Zazl o) 5.20 61 B A L. N L2070
226 Gedl L) S.10 2 2,40 31 Se2t 31 .20 41 2o M0 6 Se40 b)) BuSC 61 1.0 7)) 1.4CT7)
24C S.04 1) S.11 21 2,40 31 5.20 3) S.20 41 2.4 81 5.40 ») 8,50 61 L2071 1.4l 7
241 B Selt=21 £42(=1) 2.5¢ 0} 5.30 C) 5.20 1) letl 33 3220 3) 400 30 4,50 31 4.403)
241 A Let{=4)  €,5(=3) 1,7(-11 7,6(-11 S.00 1) 1,80 4} To5( 4b 1.5 50 2.3( 31 3.0(5)
aM-241 S.7¢ 21 lamC 41 4,90 4) l.10 St E.4C 5) B.S( 6) La7¢ 70 2.20 7)) 3,20 7) 3.8 7)
v=-24¢ Lelt 30 lelC %) 5,00 4) La20 5) 4.5( 5y 6420 5) .6.7( 51 Tt 5) 7.30 51 7.6 %)
244 1.0¢ 5) 1.1C 4} 5,20 4) 1.1C 51 E.70 S) T7.9C o) 1a30 7) 1.50 712 1.80 7) 1.9C 7}

101502y



DISE LM PELS SFR CURIE INHALEC SIZE s1.uUM JRGANT ENDIsTeal CELLS

TiMES 10 1c N L 60 D 1y 1¢ v 200Y 31 LI | 53 Y
NLcLIne
Na-24 3.90 21 €.50 2V 64510 2)
RA-~8 € 3e30 21 4,10 3) 1.20 41 L.50 4} 150 40 L.5( 4
L¥:] 1.24 01 l1.20 C)
RS BaT(-1) 1,60 0 3,50 01 4,30 720 €.00 0} 6.0l 0)
SR-RG 2.3( 2) .0 2) l.20 41 1.80 41 2,20 41 3.20 4}
9 Le70 20 5.010 31 2.50 4) 5,00 4) 2,80 51 1.6( 6) ze3l &) 2450 5) 2,71 ot Zes( 6}
91 1.0 2) 2,40 2) 3.00 2) 3.60 20 4,7( 21 4.6 ¢t
92 .20 2) 1.20 20 130 02)
Y-99 630 03 3,20 1) 4,10 1) 4.1 1)
91 4.90 G 4,60 1) 2.00 2) 3.5( B.60 2) w.bl 2} B.80 2)
932 S.T0 G B.0C Q1 8.0 Q)
IR-95 4600 b1 2,40 21 7,50 2 .40 30 .60 2) 3,70 30 3,70 3)
S7 g.80 1) 1.¢61 20 1.60 2)
NB-at Goll 1) 24240 20 5,80 20 H430 21 1.1C 3} 1,10 3)
s7? .70 ¥ 2,70 0)
MI-9¢ 2.10 1) S50 11 1.1t 20 1.1 21
TC-OGW¥ 4.50 2 S.00C 1 s5.0C D)
RU-102 ZoTE 1) 1a€0 21 4,10 21 0400 2) 8.5( 21 8,50 24
10¢ loid o 1.20 1) 1.50 1)
1C¢ LeT4 1) 170 2) Se4€ 21 9,10 2) 2.1( 2) 5430 3)  5.3( 3}
PH-1CE 4,30 G0 1.20 1) 1.3¢ 11
S8-12°¢ 2a80 L) 2,20 2) A.802) 1.00 31 Ll.60 31 l.&l 3}
127 5.80 11 3.2( 2} 4,20 2) 4.2¢( 21
12¢ §.10 1) 1.0 2) 1.0 2y
12s 3,70 €1 4,10 M) 4,50 C) 4,70 CH 4470 0) 4.7( C}
120H 7.0t 0 7.00 Q)
12¢ la5{=1) 1.5(-11}
121 Tabl=1} Bafl=1) 93,5(=L) y.6(=-1) S.6(-1)
TE~127M 170 0)  2.20 2) #.LL 2) 1.40 3) 2.60 %) 5. 3} 3,50 5)
127 S.4( 0} 7.8 Cy 7,9( 0y
12¢m 450 1) 404t 2) 130 30 1,90 3) z.60 3} 2,6( 3)
12¢ o3 (=1} £.6(-1)
121v .80 1) 2.40 20 2.60 21 2.6( 21
122 Se4l 2)  1.5C 31 1.8 31 1l.8( 31}
122v S04l Q) 4.CC Q) 4,0 OF
T-121 Le5¢0 1) €aC0 10 1adC 2 1a20 2) 1.2t 2)
12z le30 1) 1.30 1)
122 l.of 1) 2,40 1) 2.5C 1)
12¢ S.40 €)1 S.41 O
12¢ 2,10 1) 2.30 1) 2.30 1)
€5-13¢ 1290 21 1.0 31 7,70 31 ledl 41 3.5( 4b 3470 %) 5,70 4)
12¢ 2,30 20 2.C0 3) 5.0{ 30 5,90 3F €.10 21 6,10 3)
123 lelt 23 1.20 31 5,00 51 G.0C 3) 2.40 4) 2,70 4} 4,70 4}
12¢ S.3L L} S.30 Q)
RA~129 9.4 0) 9.ttt ™M
14¢C 7.00 24 7416 3} 1.50 40 .80 41 1.90 41 1.9( a)
LA-14C .90 1) zu.40 20 2,50 21 2.50 20
141 1e4l=1)  3.C(~-1) 5.9(-1) B8.0(-1) 1.01 0} i.6¢ O
l4¢ .ol 12 .ot
CE-141 Te3t 0} 4.C0 11 S.ul 1) 1,40 2) l.8C 2) 1.8(C ¢}
142 1.7¢ 1) 410 1) 4,20 1) 4.2¢
L44 4,20 03 2,70 11 8,90 1) L.7C 23 7,91 23 1.6 32 1.601 3)
PR-142 1.5(=1) l.41 0) 3.80CH 4.81 0) S.1C0) 5.1C 0}
14¢ T.60 0) B.7( C) 8.7( U}
ND-147% LalC 1) 5.7¢C 10 La04 2) 1.1t 20 1.20 20 1.2¢0 2)
PM-147 ouli=1l) 6440 01 3,00 1) 6.30 1} S.48 2) 6411 3) 6490 3) &.90 3)
14% 3.8( 1) 1.8l 2 2.0C 2} 2,01 2)
NP-23¢ B e300 11 €70 10 7.8( 1) 7.38C 1)
229 4 2e8¢~53 1.1{-3) 8,0(-3}) }.81-2) 1.8t-1) 7.1t O) 1.8 1) 2.9t 1) 3.8t 1) 4,81 1)
PU-22¢ 6,60 2) 6451 2) 3,20 41 6.90 41 €.90 5) 2,70 71 6.6l T t.0t ®) 1,30 & 1,61 8)
219 6220 2) 6440 2) 3,00 4) 6.50 %) €.50 5) 2.6 7) 6.7C 7} Lell 8) 1.4( 8) 1.68¢ 8)
240 6.2( 2) 6.4C 21 3,00 4) 6.50 4F €50 51 2.6( 7) 6.70 71 1.10 8) 1.40 B8] 1.8¢ 8)
241 R Ga4l=1) €.70C 01 3.10 12 6¢TC 10 £.5C 21 2,00 41 3,9¢ 41 S,1( 4} S5.7{ 4) 6.0¢ &)
241 A 1e8(-3) 1.1(~1F 2.2¢ 0) 9.5( 0) ¢é431 2} 230 5) 9440 5) 1.80 61 2.81 61 3.8C &)
AM-24] 1o2¢ 41 1a30 50 6410 50 1.3( 61 1.107) L.1C 6) 2.20 B) 3.1 B8) 4.0t 8) 4.8 8)
CM-242 Lle4t 4) Loal 5) 6440 51 1.31 6) S.7C &) T.91 61 8,41 6) B.8BlL 6) 9.20 6) 9.5( 6)
244 1.30 4) 1.30 5) 6.50 5) 1.40 6) 1l.10 71 9.8( 70 1l.6( 8) 2.00 8) 2.3( 8) 2.4t 8)

1015025



DOSE Ih RACS PER CURIE INRALED SIZE 1.GUM ORGAN: LOwER LARGE [NTESTINE

TIME: 10 iC 30 D 60 D 1 v 10 Y 20 Y 33 v 40 Y 50 ¥
NUCLIDE
NA-24 4.1 2) 7.202) 7.3(0 2)
RA-%¢ Ge60 21 2440 31 S.10 3) .20 3) €.50 21 6.5( 3)
88 4eVi-1) 4.C(-1)
8% 6.6(=11 1,00 0) 1.7 0} 2.1¢C O} 2.6( 01 2.&( Q)
SR-8¢ 3.60 3) 1,20 41 1.20 4) 1.3C 4) 1.3t 4)
9C Zol¢ 3) Lol 4Y 142C 41 1.3( 4) 1.6( 4) 1.8( 4} 1.8{ %)
91 Le70 3} 2440 31 2.4( 3) :
9z 1.2¢ 5)  1.2¢C2) 1.2 3)
Y-9¢ Tedl 31 4480 4) &4,6( 4}
91 S.8( 3) 5,20 4) S.4el 4] S5.40 4) S.4l 4) 5.4l 4)
9z 3,60 30 T7.70 3 .70
IF-9% LeSC 30 1a20 4) lea( 41 la4l 4) 146( 4) Llo4l 4)
97 6.0 3) 2.00 &) 2.0( 4
N3-Gg¢ Teb( 21 €471 2) 490 3} €.90 3) 7.0( 2) 7.0( 31
37 T.30 00 7.2¢ C)
MO-9¢ 3.30 30 2,10 4 2.1( 41
TC-26¥ 3.00 0} 4.5C C) 4.5( @)
R1J-1C2 1.20 30 1.0C 41 1.0 4)
1Cct 4.80 2) l.10 3) 1l.1¢ 3)
1C¢ 1.30 4) 1le2€C 5) 1e20 51 1.30 S) L3051 Lle&l 51 le4( 51
RH-1(¢ L.OC 31 S.CC 2y 5,00 31
SA-12¢% 8: T 20 2,20 21 9,14 31 9.8( 3) l.1C 4} 1lalC )
127 370 31 2,70 40 2.7 4)
12¢ laal 30 2,30 2) 2.0( 3)
1e¢ 4.10 20 5420 2} 5.2 2)
1208 2.0( 91 2.c( 0)
12¢ 6.5(-1) #£.6(-1)
121 Fo6{-1) La3( 9) 1.3 U)
TE~LZT¥ 1.60 3)  1.80 4) 2,00 4} .l 4) 2.2t 4) 2.2( 4)
127 4.3(0 2) e.40 20 R 2)
L2¢M 4all 30 3470 40 3,90 6) 4.0 4] 4a1t 4) 4.1 4)
514 C) S.1( 2)
2.3( 3) Left 4) 100 4)
le20 31 €.CL 2) 6,20 31 €.2( 31}
la2¢ 1) 2,20 1) 2.30 1)
LoDt 2) 2,70 2) 2.7 2)
la4( 1) l.4at 1)
1.0 20 2,20 2) 2.30 21
Ze3( C) 2420 ©)
0e2¢ 1) T.18 1) T.1C L)
fS-134 3.3(0 . 2) 2.74 2) 1.0 41 l.B( 4) 4, 4) e, 70 4} 4,7 M)
12¢ Jea( 21 2,70 3 A.60 31 TJTLC 3) 8.0C 21 w.ll 3)
127 2,50 2) l.€{ 3) 46.0( = leil 6)  Zz.,80 4) 3,10 4) 3,10 4)
L2 E.ul C) E.CU M)
BA-12¢ 5.3¢C 1) S.2( 1)
14¢ o4 3)  BJ20 Z) 3.80 31 9.00 3) S.0( 3)
La~14¢¢ 4.7C 3) 24410 4) 2.4( 4}
141 5.70 2} T.2¢0 2y T.2( 2}
142 3.4( 1) 2.8¢ 1)
€c-141 l.7¢ 30 1.50 4) 1.50 &)
142 3.00 3) 1.60 410 1.>5( 4)
Led 1La30 42 1.20 5) 1,20 51 L.20 5y .20 51 1430 2
OR-1¢32 2.3C 3) Z.5( &) 2.5( 4)
14¢ F.90 21 le4al 3} lesl 3)
ND-147 2e6( 31 2.10 &) 2,20 4)
pM-147 6.00 2) 5,50 2) 5.560 3) 3.60 3) £,00 2) 6431 31 cod( 3
14¢ 2.9t 31 170 41 1.7t %)
NP=22¢ R Lot 30 €00 21 6421 3
23¢ 8 2ebl=51 5.%(=4) b.ll-4) €.2(-4) T.10(-4) H.6(-4] d.o(=4]
PU-22¢ Se6l 21 .00 31 S5.14 3) 5.10 31 .50 ) celf 31 éell 3
23§ Sell 21 4,70 21 4,8( 3) 4,80 3) 5,10 3) S.7C 31 S.7C 3}
2417 S.lt 21 4,70 3 4.6 3) 4.8 3) SJlt 3) 5.7( 5) 5.7( 3)
241 8 Se30 1) 4.PC2) 4,90 2y .20 20 £.30 20 5.8 20 S.8( 2)
241 & LeBI=31 5.2(=2) €.,3(=2) 6.7(-2F 2,6(-1) 3,00 G 3010 21 310 )
AM-241 Gotl 2} 4,20 2) 4,70 3) 4.50 31 f.41 30 5.4 )
rM-247 9e8( 21 4 EC 20 S5.1C 30 S.40 31 E.70 2} 5.7( 3
24¢ 4eol 21 4 €l Z) 4.9C 3 5,20 3) 5,70 2% S.TC )

1015026



1015021

MLCLICE
NA=24

RrRB-2¢
g8
36

SR -85
9C
el
az

y-ag
31
°3

R-95
31

NB-GS
317

¥-9¢
TC-a4¥

fy-102
ine
19¢
RH-1C®

SR-12°%
121
12¢
1z¢
12CMm
1:r
131

Le~-14C
141
142

CE-141
]
144

PR-147
14%
ND=-147
pH~147
145

NP-2136
23¢

PY-22E
229
24C
241
241

AM=-241]

CM-24¢
244

TIME:

9JsE

1

.91

Se 31
5.21
2.21

4.5¢
24 34
3.4
2.61

0

33

3)
21
2}

3)
31
3)
31

1.1( 4}
7.8C 3)
8.1¢ 3)

2.9¢ 3)
1.1t &

1,00 3)
5.0 2)

4.31 3)

1.1

JOL-1)

21

3)

1.8t 3)
legdl 4}

L. 78

3}

1.6t 3)
T 10 3
3.40 3)
2.7¢ 3)
Te30 2)
6.20 2)
5.51 2)

2.51 3}

leat
Te3l

3
3)

5.5 21

5.01
l.9¢
lo1t

3}
3
3}

letd 31
9.5¢ 21

2.9¢

ER]

5040 2)
l.aat 3)

2.0¢
2401

3}
31

2.3¢ 3)
5.5¢ 21

S.201 2)

2.51(

T.110
30318

3)

3)
3)

1.5¢ 3}

2e3¢

3)

4.7¢ 3)
1la7¢ 4}

4.00 3]
3.3C0 3)

3.50 3)

8.10 2).

4e3({ 3)

Le50 31}
2.31-3)

7.3¢ 4}
6.8¢ 4)
6.8( &)
To1¢ 114
le5¢-11

T.0¢ 4)

7.8¢ 4)
T.4( 4)

Id RACS £ER CURIE INHALED

7C

4e 0 3)
BeEC 3)

S.20 21
2,20 2)

G, €( 3)
fLR02)

l.4{ @)

1.20 2}

SR
PR

—
o

w
K
N

WMo N NN ®

REIE]
(LN
Y S RN

1.7C 4}
1.6( 3)
«S 0 4l
S.E0 2}
1.110 4)
fa( 2)
.20 2)

R
PIF S
[WR NN )

[RT RWEV. RPN

oW LW

1.C( &)
8e21 4)

L.7t 4)
J.5C )

1.5¢ 4)

3. )
lelC 4}

«50 51
3.3(0 8}
3.3( 5}
3.40 2}
4.91 0}
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12¢ 3.2¢-1)  3,2¢-1)
121¥ 4.U0¢ 1) ladt 20 1.40 21
122 5.60 21 Lo%4 3) 1.7C 31 l.7C 3)
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R15
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National Radiological Protection Board

Technical Reports Currently Available from Her Majesty’s Stationery Office

Price 50p each

The Study of Chromosome Aberration Yield in
Human Lymphocytes as an Indicator of Radiation
Dose. 1 Techniques. R. J. Purrott and D. C. Lloyd.
ISBN 0 85951 000 X.

Dose Rates and Depth-dose Distribution for Beta
Particles Emitted by Commercially’ Available °° Sr,
90y 20471 147pm and ®3Ni Sources. T. M.
Francis and R. Seymour.

ISBN 0 85951 001 8.

The Study of Chromosome Aberration Yield in
Human Lymphocytes as an Indicator of Radiation
Dose. [I A Review of Cases Investigated:
1970-71. R. J. Purrott, G. W. Dolphin, D. C.
Lloyd, Barbara Rickard and Elaine Eltham.

ISBN 0 85951 002 6.
Atomic Energy and the Environment. W. G.
Marley.

ISBN 0 85951 003 4.

The Radiological Implications of Using By-product
Gypsum as a Building Material. M. C. O’Riordan,
M. J. Duggan, W. B. Rose and G. F. Bradford.
ISBN 0 85951 004 2.

The Future Implications of Some Long Lived
Fission Product Nuclides Discharged to the
Environment in Fuel Reprocessing Wastes. Pamela
M. Bryant and J. A. Jones.

ISBN 085951 005 0.

The Study of Chromosome Aberration Yield in
Human Lymphocytes as an Indicator of Radiation
Dose. Il A Review of Cases Investigated
1971-72. R.J. Purrott, D.C. Lloyd, G.W.
Dolphin, E.J. Eltham, S. K. Platt, P. A. Tipper
and C. M. Strange.

ISBN 0 85951 007 7.

Estimation of Radiation Exposure Associated with
Inert Gas Radionuclides Discharged to the
Environment by the Nuclear Power Industry.
Pamela M. Bryant and J. A. Jones.

ISBN 0 85951 008 5

Calibration of a Monsanto Cascade Impactor with
a Monodisperse Aerosol. D. T. O’Connor.
ISBN 0 85951 009 3.

A Model for the Evaluation of the Deep Ocean
Disposal of Radioactive Waste. G, A. M. Webb and
F. Morley.

ISBN 0 85951 011 5.

The NRPB Interim Radiation Dose Record
Service. E. Greenslade.
ISBN 0 85951 015 8.
A Thermoluminescent Personal Dosemeter

Compatible with Automatic Processing and the
Central Recording of Dose Histories. P. N. Casbolt,
T. O. Marshall and K. B. Shaw.

ISBN 0 85951 013 1.

The Determination of Plutonium in Urine by
Ultrafiltration. G. N. Stradling. D.S. Popplewell
and G. J. Ham.

ISBN 0 85951 014 X.

Measurement of Activity of Surfaces Contami-
nated by Electron-capture Nuclides. W. J. Iles and
D. F. White.

ISBN 0 85951 016 6.

R19

R20

R21

R22

R23

R24

R25

R26

R28

R29

R30

R31

R32

The Identification of an Homogeneous Critical
Group using Statistical Extreme-Value Theory:
Application to Laverbread Consumers and the
Windscale Effluent Discharges. S. Beach.

ISBN 0 85951 017 4.

The Risk of Death rrom Radiation-Induced Cancer
as Estimated from the Published Data on the
Japanese Atomic Bomb Survivors. S. G. Goss.
ISBN 0 85951 018 2.

Assessment of Contamination from the Release of
Activated Sulphur Hexafluoride from a Q-Tube
Neutron Generator Used for Radiotherapy. R. P.
Rowlands and D. L. O. Humphreys.

ISBN 085951 019 0.

Determination of the Rates of Clearance of
Insoluble Compounds of Plutonium from the
Lung. Lynda Watts.
ISBN 0 85951 020 4

The Study of Chromosome Aberration Yield in
Human Lymphocytes as an Indicator of Radiation
Dose, IV A Review of Cases Investigated, 1973.
R. J. Purrott, D.C. Lloyd, J.S. Prosser, G. W.
Dolphin, Elaine J. Eltham, Patricia A. Tipper,
Carolyn M. White and Susan J. Cooper.

[SBN 0 85951 021 2.

Radiation Exposure of the Public — The Current
Levels in the United Kingdom. G. A. M. Webb.
[SBN 0 85951 022 Q.

Radioactive Fluorescers in Dental Porcelains. M. C.
O’Riordan and G. J. Hunt.
ISBN 0 85951 023 9.

Report on the First International Symposium on
CAMAC in Real Time Computer Applications.
R. T. Hankins.

ISBN 0 85951 024 7.

Factors for Deriving Absorbed Dose-rates in Air
due to Beta Particles from Measurements of
Absorbed Dose-rates in Tissue-equivalent Material.
T. M. Francis and E. A. Pook.

ISBN 0 85951 026 3.

The Use of Plutonium-239 Sources in Schools and
Other Educational Establishments. T. G. Williams.
ISBN 0 85951 027 1

Radiological Problems in the Protection of Persons
Exposed to Plutonium. G. W. Dolphin, H. Smith,
D.S. Popplewell, J. W. Stather, N. Adams, N. L.
Spoor, J. Brightwell and R. A. Bulman.

ISBN 0 85951 028 X.

An Evaluation of the Fission Track Method as a
Personal Neutron Dosemeter. T. V. Bird and B. L.
Davies.

ISBN 0 85951 030 1.

The Radiological Protection of Peeple Expesed to
Plutonium: Current Research at the National
Radiological Protection Board. J.W. Stather,
F. E. H. Crawley, D.S. Popplewell, G. N. Strad-
ling, J. Brightwell, B. L. Loveless, Lynda Watts and
R. J. Purrott.

ISBN 0 85951 029 8.

The N.R.P.B. Automated Thermoluminescent
Dosemeter and Dose Record Keeping System.
J. A. Dennis, T. O. Marshall"and K. B. Shaw.

ISBN 085951 031 X.
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The Rapid Determination of Americium, Curium,
and Uranium in Urine by Ultrafiltration. G. N.
Stradling, D.S. Popplewell, G.J. Ham and R.
Griffin.

ISBN 085951 033 6.

The Study of Chromosome Aberration Yield in
Human Lymphocytes as an Indicator of Radiation
Dose. V A Review of Cases Investipated: 1974.
R.J. Purrott, D.C. Lloyd, J.S. Prosser, G. W.
Dolphin, Patricia A. Tipper, Elaine J. Reeder,
Carolyn M. White, Susan J. Cooper and Barbara D.
Stephenson.

ISBN 0 85951 034 4.

Assessment of the Hazard to the Public from
Anti-Static Brushes Containing Polonium—210 in
the Form of Ceramic Microspheres. G. A. M. Webb,
B. T. Wilkins and A. D, Wrixon.

ISBN 0 85951 035 2

Thermoluminescence Sensitivity Variations in
Lif:PTFE Dosemeters Incurred by Improper
Handling Procedures. E.W. Mason, A.F.

McKinlay, I. Clark and D. Saunders.
ISBN 0 85951 036 Q.

Radon and its Daughters in Various British Mines.
J. C. Strong, A.J. Laidlaw and M. C. O’Riordan.
ISBN 0 85951 0379

A Study of the N.R.P.B. Fast Neutron Personal
Monitoring Service. D. T. Bartlett, A. Knight and
T. O. Marshall.

ISBN 0 85951 038 7.

The Study of Chromosome Aberration Yield in
Human Lymphocytes as an Indicator of Radiation
Dose. VI A review of Cases Investigated: 1975.
R. J. Purrott, D. C. Lloyd, J. S. Prosser, G.W.
Dolphin, Patricia A. Tipper, Elaine J. Reeder,
Carolyn M. White, Susan J. Cooper and Babara D.
Stephenson.

ISBN 0 85951 039 S.

Radiological Protection Tests for Products which
can Lead to Exposure of the Public to Ionising
Radiation. Marion D. Hill, A. D. Wrixon and B. T.
Wilkins.

ISBN 0 85951 040 9.

Evidence given by the National Radiological
Protection Board.to the Royal Commission on
Environmental Pollution: 1974-76.

ISBN 0 85951 041 7.

Concentration of Actinides in the Food Chain.
R. A. Bulman.
ISBN 0 85951 042 5.

Radiological Protection Standards in the United
Kingdom. Sir Edward Pochin, A. S. McLean and
L. D. G. Richings.

ISBN 0 85951 044 1.

The Data Submitted by the United Kingdom to
the United Nations Scientific Committee on the
Effects of Atomic Radiation for the 1977 Report
to the General Assembly. F. E. Taylor, G. A. M.
Webb and J. R. Simmonds.

[SBN 0 85951 045 X.

Assessment of the Radiological Protection Aspects
of Disposal of High Level Waste on the Ocean
Floor. P. D. Grimwood and G. A. M. Webb.

ISBN 0 85951 046 8
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Fallout in Rainwater and Airborne Dust — Levels
in the UK during 1975. G. J. Hunt, B. M. R. Green
and D. . Elliot.

ISBN 0 85951 047 6

Technical Specification for the NRPB Fast Neu-
tron Personal Dosemeter. D. T. Bartlett.
ISBN 0 85951 048 4
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