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What we should do to develop
a new high-dose dosimeter?

(1)
 

To find material
 

with
 

radiation effect monotonically (if possible 
lineary) dependent on an

 
absorbed

 
dose

(2)
 

To investigate its
 

dosimetric
 

characteristics
 

(sensitivity, dose range, 
repeatability, accuracy, post-efects) 

(3)
 

To evaluate economical parameters
 

of
 

new
 

method
 

(cost and 
availability of dosimetric material, cost of  analytical instrument and 
its services)

(4)
 

To evaluate operational features of
 

new
 

dosimeter
 

(sensitivity for 
environmental conditions,  time from irradiation to the read-out, 
other ones..) 

(5)
 

To perform a
 

calibration curve = functional
 

dependence
 

between
 radiation

 
effect

 
(dosimetric

 
signal) and

 
absorbed

 
dose
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Short
 

history
 

of
 

EPR α-alanine
 

dosimetry
(EPR ≡

 
ESR)

1960 -
 

ESR signals
 

in
 

single crystal
 

of
 

alanine
 

[I.Miyagawa and 
W.Gordy,J.Phys.Chem. 32 (1960) 255-264] 

1962 –
 

First
 

use
 

of
 

alanine
 

as EPR dosimeter
 

[ W.W.Bradshaw, D.G.Cadena, 
G.W.Crafford, H.A.Spetzler, Rad.Res., 17 (1962) 11-21 ]

1982 –
 

Re-validation
 

of
 

alanine-EPR
 

dosimetry
 

system
 

[D.F.Regulla, 
U.Deffner, Int.J.Appl.Radiat.Isot., 33 (1982) 1101-1114]

1983 –
 

alanine-EPR
 

dosimeter
 

as transfer dosimeter
 

in
 

radiation
 

processing
 [D.F.Regula, U Deffner, Radiat.Phys.Chem. 22 (1983) 305-309]

1988 -
 

A polymer-alanine
 

film for dose
 

distribution
 

measurement
 

[I.Janovsky, 
J.W.Hansen, P.Cernoch, Appl.Radiat.Isot., 39 (1988) 651-659
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Standard Practice
for Use

 
of

 
an

 
Alanine-EPR

Dosimetry
 

System

1/   1994 E 1607 - 94 ASTM
1a/  International

 
Standard ISO 15566:1998(E)

2/   1996 E 1607 - 96 ASTM

3/    2002 ISO/ASTM 51607:2002(E)

4/    2004 ISO/ASTM 51607:2004(E)
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What
 

is
 

alanine?

Simple
 

amino-acid
 

(C3
 

H7
 

O2
 

N) which
 

can
 exist

 
in

 
two

 
structural

 
forms: α

 
and

 
β

α-alanine: CH3

 

-CH(NH2

 

)-COOH 
dosimetric material

β-alanine: CH2

 

(NH2

 

)CH2

 

-COOH

unconvenient for dosimetry because low stability of radicals
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α-alanine: CH3

 

-CH(NH2

 

)-COOH exist
 

in
 

three
 

structural
 forms:

•L-α-alanine
 

(optically
 

active, 557 Euro/kg)
•D-α-alanine

 
(optically

 
active,

 
3220 Euro/kg)

•DL-α-alanine
 

(racemat, 113 Euro/kg)

All
 

forms
 

can
 

be used
 

in
 

technological
 

dosimetry
 

but 
because

 
of

 
economical

 
reasons

 
the

 
most suitable

 
is

 
DL-α-

 alanine.
DL : L : D = 1 : 5 : 28

IAEA Training Course, 3-7 December 2007, Warsaw, Zofia Stuglik



Crystalline
 

α-alanine

CH3
 

-CH(NH2
 

)-COOH

CH3
 

-CH(NH3
+)-COO-

zwitterion
very stable structure, melting point: 314,5 °C

FW 89,06
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CH3
 

-CH(NH3
+)-COO-

chemical
 

bond
 

energy
 

(eV)
C-H

 
4,3

N-H
 

4,0
C-O

 
3,6

C-C 3,5
C-N

 
3,0

The
 

weakest
 

bond
 

is
 

C-N
 

and
 

it
 

is
 

broken
 

during
 

the
 radiolysis

 
giving

 
the

 
NH3 (amonium, stable molecule)

 
and

 
SAR 

radical
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CH3
 

-CH(NH3
+)-COO-

e-

fast
 

electron

CH3
 

-C*H-COO- + NH3

SAR 

Stable
 

Amonium
 

Radical

(paramagnetic
 

specie)

AMMONIUM

stable
 

chemical
 

molecule

microcrystalline
 

α-alanine



On the base of this very stable (years) 
SAR radical

 
generated

 
in

 
crystalline

 
α-

 alanine
 

it
 

is
 

established
 an

 
alanine-EPR

 
dosimetry

 
system.
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in
 

microcrystalline
 

α-alanine
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Dosimetric
 

signal

EPR signal
 

presented
 

before
 

is
 

the
 

first
 

derivative
 

of
 the

 
absorption

 
band.

The
 

quantity
 

proportional
 

to an
 

absorbed
 

dose
 

is
 number

 
of

 
radicals. Number

 
of

 
radicals

 
is

 proportional
 

to double integral
 

of
 

presented
 

before
 EPR signal.

Nevertheless, double integration
 

of
 

EPR signal
 

is
 

not 
accurate

 
procedure

 
and

 
in

 
dosimetry

 
practice

 
an

 amplitude
 

of
 

the
 

highest
 

line
 

of
 

EPR signal
 

is
 

used
 

as 
dosimetric

 
signal.



EPR measurements
The

 
method

 
was developed

 
at

 
1941 year

 
by 

Zavojskij
and

 
is

 
connected

 
with

 
Zeeman

 
effect. 
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Zeeman
 

effect

Unpaired
 

electron
 

(for instance in radical) has
 

a magnetic
 moment (spin).

In a magnetic
 

field Bo the
 

moment of
 

electron
 

µ
•

 
can

 
be aligned

 
to the

 
magnetic

 
field (a state

 
with

 
lowest

 energy),
•

 
can

 
be aligned

 
against

 
to the

 
magnetic

 
field (a state

 
with

 highest
 

energy)

The
 

difference
 

between
 

them
 

depends
 

linearily
 

on the
 magnetic

 
field.
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EPR
When

 
we use

 
not only

 
magnetic

 
field but also

 
microwave

 field with
 

the
 

frequency
 

~10 GHz
 

(X range, λ~3cm) we can
 observe

 
an

 
absorption

 
of

 
microwave

 
energy

 
by spin 

population
 

with
 

lower
 

energy EPR signal generation.
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1.
 

Radiation
 

sensitive
 

material
 

=dosimeter
2.

 
Analytical

 
instrument for dosimetric

 
signal

 measurement
3.

 
Calibration

 
curve

 
= signal-to-dose

 dependence
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What
 

is
 

necessary
 

to establish
 

dosimetry
 system ?



Different
 

kinds
 

of
 

alanine-EPR
 

dosimeters
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Kodak alanine-EPR
 

film dosimeter
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Spectrometer

of
 

Electron
 

Paramagnetic
 

Resonance

(EPR
 

≡
 

ESR)

magnet

Microwave 
cavity with 
a sample

Microwave
 generatorwaveguide
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Dozymetr Alanpol 27 - krzywa wzorcowa (zakres: 0,4 - 60kGy)

y = -0,0007x2 + 0,1159x + 0,0267
R2 = 0,9997
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Advantages
 

of
 

alanine-EPR
 

dosimetry
 

system

•
 

dosimetric
 

signal
 

is
 

stable
 

during
 

very
 

long
 

time
 

(years)
•

 
wide dose detection range (1Gy  -

 
100 kGy)

•
 

linear
 

signal-to-dose
 

dependence
 

(≤
 

10 kGy)
•

 
Dosimetric

 
signal

 
is

 
energy

 
and

 
dose

 
rate independent 

(gamma and electron beams)
•

 
accuracy

•
 

non-destructive and
 

fast
 

detection method 
•

 
low temperature coefficient of

 
irradiation

•
 

different
 

shapes
 

of
 

dosimeters, also
 

films
•

 
dosimeters

 
are

 
not very

 
expensive

•
 

easy to handle
•

 
non-toxic

•
 

chemical composition of
 

dosimetric
 

material
 

is
 

similar to the 
chemical

 
composition

 
of

 
organic

 
matter

•
 

environmental
 

conditions
•

 

1expensive 2.

 

energy and dose 
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Disadvantages
 

of
 

alanine-EPR
 

dosimetry
 

system

EPR signal

•
 

Sensitive
 

to light
 

(for long
 

time
 

illumination)
•

 
Sensitive

 
to water

 
and

 
humidity

EPR spectrometer

•
 

Expensive
•

 
Market monopolized

 
by one producer

Small
 

EPR spectrometers
 

for dosimetry
 

(20 000 -
 

60 000 Euro)
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Alanpol
 

dosimeter
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Characteristic
 

features:

•Low
 

concentration
 

of
 

DL-α-alanine
 

(10 -
 

30%)

•Hydrofobic
 

polymer
 

as a matrix



Alanpol
 

dosimeter
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Alanpol
 

dosimeter
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An
 

experiment

After
 

lunch we will have
 

small
 

experiment
 

with
 

different
 kinds

 
of

 
alanine-EPR

 
dosimeters

We will started
 

with
 

9 alanine-EPR
 

dosimeters
 

Alanpol
 

and
 9 film dosimeters

 
from

 
Gamma Service, East

 
Germany

All
 

dosimeters
 

were
 

irradiated
 

with
 

10 MeV
 

electrons
 

to the
 same dose

 
25 kGy

Each
 

group
 

will have
 

3 dosimeters
 

of
 

each
 

kind

Group
 

I
 

is
 

going
 

with
 

me to EPR Laboratory
 

to observe
 EPR measurement

 
of

 
dosimetric

 
signal
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An experiment

Group II
 

is going with Mr. S.Fabisiak
 

to LMTD. This 
group will place its dosimeters  in exicator

 
(humidity 

~100%) (1/2 h)

Group III
 

is also going with Mr. S.Fabisiak
 

to LMTD. This 
group will put its dosimeters to glass of water ( ½

 
h)

After half of hour the dosimeters both groups will go with 
Mr. Fabisiak

 
to Department VII, to EPR Laboratory for 

EPR measurements

EPR measurements will be done by Dr. Jarosław
 

Sadło
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The results of all measurements will be given to the 
participants today or tomorrow.

You will able
 

to observe that the sensitivity of different 
alanine

 
dosimeters for environmental condition is different

We expected that signal in Alanpol
 

will be practically the 
same for all dosimeters.

EPR
 

signals
 

in GS films will strongly depend on the storage 
conditions.
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