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ABSTRACT : : .

This publication is written for those researchers who

are-interested in the use of radionuclides and radiation in the

_animal ‘science field. Part I presents topics intended to provide the

theoretical base of radionuclddes which is important in .order to
design ‘an experlment for "drawing maximum information from it. The
topics included in this division are! aspects of ionizing radlatlon,
its detection and measurement, its associated’ hazards, and some

- common appllcatlons. Laboratory exercises in this'division are

de51gned with an ‘aim to provide basic and some advanced skills in

.this area. Part II, entitled Applied Part, provides a number of

detailed practical situations for the use of radionuclides and
radiation. There is a small section devoted to exercises on the
preparation of radionuclides and procedures with animals. It- should
prOV1de.a systematlzed ‘course of study for a training program for
persons in the field. (Author/Ps)
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- FOREWORD . ~ .

-

The use of radlonqchdes ah;,l radiation has proved to be a poweriili tool
in the’ agricultural .sciences$. This manual is designed to give the agri-

cultural researcher the basic terms and principles necessary fer under-

standing ionizing radiation, its detection and measurenient, its associated
hazards, and some of the more common applications. Basic laboratory ex-
periments to illustrate this purpose are included. Such understanding is

‘necessary ifone wishes to gain the most mformatlon from the use of radio-

nuclides and to design research experiments for the greatest effectiveness.
Itis expected that each user of this manual will have had education.in basic
chemistry, physics,” mathematics and statistics as well as his agnculluml
science speciality. 0

‘The further progrels of- each user will depend on his need and desire’

to expand his learning by additional reading and training, A list of useful
references is included. ' t

The Foodand Agriculture Orgamzatlon of the United Nations (FAO) and
the International Atomic Energy Agency (IAEA), in co-opegation with the
Government of the United States Qf America, Cornell Universityand ‘Colorado

State University, have jointly sponsored several international training

courses on the use of radionuclides and radiation in animal research.

Outstanding scientists {from various countries have given lectures and
devised and conducted the laboratory exercises. Research workers from
all. over the world have attended these courses m order to apply this ex-
perlence in their own countries. *

THe applied part of this present manual, containing a semes of deta11ed

laboratory exercises in the use of radionuclides and radiation in animal
sciences, represents the efforts of the various instructors who have parti-
cipated in these training courses. .

The first edition of this manual, published in 1966, followedasirnilar
manual - (Technical Reports Series No.29) on s0il-plant relations research.
Since then other manuals (Technical Reports Series No.61, on entomology,

and No.114, on food .irradidtion techhology and techniques) have appea xed .

in this series jointly published by FAO and IAEA.

The second. edition of the present manual, published in 1968, was
enlarged by the ‘addition of several exercises in thesbasic part. |

FAO and IAEA would like to thank-all scientists who contributed to the
succes$ of the training courses in animal research and in .particular
Dr. Cyril L. Comar ghd Dr. Francis A. Kallfelz of Cornell University, who
prepared the applied part of the first,edition of this manual from lecturss
given by them. and other scientists.during the courses. For the additionpl
exercises in the second (edition- thanks are due to Dr. W. Mulligar of
Glasgow University and Dr. F. Lengemann of Cornell University.
Dr. James E. Johnson'of Colorado State University revised both the basic
part and applied part of this third edition.
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SOME BASIC SYMBGLS AND UNITS .
FREQUENTLY USED IN THIS TE‘XT
. - .,
Time (in general) . t
-~ Number of radioactive atoms ' N- '
[ifldioactive decay constant / A ’
/ Radioactive half-life T . ,
o » Radioactivity or activity A
Gamma-ray-intens ity . 1
; Number of recorded counts . C N
, . Count rate ‘ . r
' Unit of count rate . "cpm (counts per minute)
Count rate of background ‘ oy ;
. Count rate'of sample plusb background R ) >
Approximétély equal to ! ' = = . . .M
, Tracer radioactivity o R " .
Amouh& bf stable tracee . S
. : Specific activity (R/S) L ~a B ’
. Units of s‘pecific' ac‘:tivity . \ - uCi/g, cpm/g
¢ © - - Biological half-kife S ' Typ, N
Biological’rate constant . ’ k .
’ Exchange rate X / . P
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LECTURE MATTER

{ ' © 1. PROPERTIES OF RADIONCCLIDES AXD RADIATIONS

. 1.1. Atomic model: definitions
)

2
— )
R ’ Radioactive atoms have unstable nuclei. To understand the reasons R -
X for this 1nstnb111tv, it is necessary to describe the stxuctuxe of atomns, )
i © An atom is composed of'a p051t1v013, charged nucleus which is surrounded - . "
by shells of negatively charged (orbital) electrons. The nucleus contains T
protons and neutrons (collectively termed nucleons) as its major components .
of mass. Protons are positivelix.charged and have a mass of 1.007277 atomic .
mass units. Neutrons have no charge and a mass of 1.008665 atoniic mass .
units. Nuclei have diameters of approximately 107 em: the diamcters
of atoms, which include the orbital electx‘oﬁs are approximately 10°° cm
] or I Angstrbm unit. )
. i . The number of protons in the nucleus (7) determines the number of
: clectrons and hence the chemical nature of the element. 'The atoms of a
particular element rnay, however, not all have the same number of neu- )
trons in the nucleus. Atoms that have the same 7 but different neutron e
numbers arc called isotopes, because they occupy the same place in the )
periodic chart. Isotopes, therefore, have identical chemical properties. ' . S
" As the protons and ncutrons represent the major part of the mass of »
the atom and each has an atomic weight. close to unity, the mass number | *
N, which is the sum of the proton and neutron numbex', is close to the '
' © . atomic weight. Nuclides (any species of nuclei) are described symbolic - .
" . ally by the designation - ) d

ar

N

where X is'the chemical symbol for the element. .

Nuclei are held together by attractive forces between the nucleons
which balance the coulombic repulsion of ‘protons. However, the attractive
forces are of shorter range than the repulsive forces’and therefore as the -
atomic number increases, the number of ncutrons must increasingly exceed ) 4
the number of protons. The neutron to proton ratio in the nucleus is the . o
parameter which primarily describes the stability of the nucleus. As the
atomie number increases, a point is eventually reached where addition
L of neutrons is not sufficient t6 overcome the repulsive forces and above ,
7. = 83 (bismuth) all nuclei are unstabie or radioactive. There is alecoa : !
more or less well-defined optimum neutron to protom ratio for stability
. of cach’ elemént. In general, isotopes which have a neutron to-proton ratio .

greater than or less than the stable value for that element are radioactive. ) PR
All species of radioactive nuclei are called radionuclides.
Radionuclides didintegrate spontancously, each at’a characteristic

' decay rate. Radioactive nuclei, upon disintegration, may emit alpha (a)
- or beta () particles as well as'gamma (y) rays. These are termed
ionizing radiations. Alpha particles are doubly ionized le nuclei (18e), . . : .
and alpha decay is characteristic of the radioactive heavy elements occur- ’
- ring in nature, Beta barticles are electrons of either negative (37) or

v
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W positive (8') charge, whiie gamma-rays are electromagnetic radiation of
very short wavelength. : "The energy of electromagnet1c radlation is con-
centrated into packets termed Bhotons

- . An example of o-decay i8 given by the following nuclear reaction
R .o «  ’ffRa — 4{He + %§Rn’+ Q (energy)

The total energy Q of a nuclear reaction is calculated from the decrease
in atomic mass substituted in the equation of Einstein E = mc?, where m
is the mass and c is the velocity of light. Since momentum is conserved
) . the o -particle in this case receives the majority of the kinetic energy. . ) )
) ] . An excess of neutrons in a nucleus (generally for the lighter elements)
can result in 8~ decay. An example is

L ,'.f,r : 24Na — Se + Mg + Q

In this case, a neutron in the %‘;Na nucleus is transformed into'a
proton resulting in an increase in Z number. -

A deficiency of neutrons in the nucleus may be counteracted by. the
emission of a positron, An example is

$7n — fe + fcu + Q

‘ N In this case, a proton in the 7n nucleus is transformed into a neu-
tron, resulting in a’decrease in Z number
A deficiency of neutrons in the nucleus may alternatively be increased
- by the capture of an orbital electron, This is termed electron capture (EC)
: or, commonly, ‘K caEture as it describes capture of the K electron. An
) example is

8%sr + _‘I’e — ¥Rb + Q

'l - This process is accompanied by the emission of characteristic X-rays
- ! since the hole in the K shell must be filled by an electron, etc.
After the ejection of a particle, or K capture, the energy. of the result-
ing nucleus may not be at its ground state.  The excess. energy of this
. ' "excited" nucleus is emitted as one or more y-rays.
A vy-ray may interact with an orbital electron in the decaying atom
whereby the electron is ‘ejected from the atom and the photon ceases to
-exist, Thie process results in the combined emission of a fast electron
and a characteristic X-ray and is known as internal conversion.
In some instances, two alternate modes of decay of the nucleus may
occur, An example is

: 19K —- e + Ca (ﬁ decay, 82% of disintegrations)

19K + _‘l’g’—» 1A (EC, 11% of disintegrations)
In the case of the EC mode a y-ray also results.
¢« In nature, a number of radfonuclides are known and many more can,
be produced artificially by nuclear fission by neutron activation or by
particle accelerators, -

FRIC - | s o
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Summarizing, radxonuclxdea will emit- partxcles and/or e1ectromagnet1c
photons of the following nature;
. a-particle ’ doubly positively charged particle, containing two
. neutrons and two protons and originating at high speed
. from the nucleus;’

B -particle high-speed e1ectron from the nucleus, negatively charged

B -particle -’ high speed positron from the nucleus, positively ‘charged;

Y-ray photon' electromagnetic, energy packet coming from the nucleus
at the speed of light; »

X-ray photon . electromagnetic energy packet coming from an e1ectron
shell %t the speed of light,-following K capture or

. internal*conversion;

1.C. electron (internal conversion electron) electron emitted as a result
of the interaction between a y-ray and a valence
electron;

Neutron particle with no charge and a mass close to that of a
proton.

'

1.2. Radioactive decay

4

The decay of radioactive atoms is comprised of individual random
events., However, if a sample contains a sufficiently large number of atoms
of a radionuclide, their average statistical behaviour can be described by
precise laws. The radioactive decay law is developed as follows: .

Let N = the number of radioactive atoms of a given radionuclide present
at any time t. The rate of decay dN/dt is proportional to the number of
atoms present or

dN _ ' : '
j® " -AN (1)
where A is the proportionality constant, termed the decay constant. The
sign is negative because the number N decreases with time.

Rearranging Eq. (1) to solve for A

X = - dN/dt or - dN/N . (2)
N dt
or the decay constant is the fraction of radioactive atons that decay per
unit time,
Equation (1) may be integrated (the steps in this equation are given
in Appendix I) to give .

@

N = Nge™ - : (3)

where No is the number present at any starting time and N is the number
remaining after a period of time t; e is the base of’'natural logarithms.

It can be seen from Eq. (3) that the decay of radioactive atoms is
exponential with time. Also, it follows that the time for N; to be reduced
to } its initlal value is a constant independent of Ny .
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. . Inverting and taking the natural logarithm-of both sides: )

bl . .
0

"“Let Ny be reduced to :Ny intime t termed the half-life or Ty, Then .

\ . T, .

\ ‘ §N0¥ Nge Ty ©(4)
. f {

£} -
\ _ AT, =-1n%=0.693 - (6)

Thus, the decay constant and the half-life are constants, and are
characteristic of a given radionuclide. The Ty has units of.time and the
decay constant that of reciprocal time. B .
Since the disintegration rate, dN/dt, is termed the radioactivity or,
simply, activity (A) cf the sample, A = AN, one can write from Eq. (3): ’

A=Agert (7)

The half-life of a radionuclide may be determined graphically by plot-
ting the disintegration rate (as determined by a suitable counting instrument)
versus time on log-linear .co-ordinate paper, Referring to Eq.(7), if one
takes the natural logarithm of both sides the result is -

InA=1InA, - Xt

converting this to common logarithms this becomes .

) At
log A =log A, W

Therefore, plot of A on the log co-ordinate versus time on the linear
co-ordinate will be a straight line with a slope of -A/2.3, This is graphic-
ally illustrated in Fig.1. ’

The unit of activity is the curie (Ci) defined as equal to 3.7 X 1010
disintegrations per second or 2,22 X 10 disintegrations per minute. 1

¢

Thus, 1 curie (Ci)

2,22 X 1012 dis/min

1 millicurie  (mCi) = 2.22 X 10° dis/min |
1 microcurie  (uCi)- = 2,22 X 10¢ dis/min :
1 nanocurie (nCi) = 2.22 X 10% dis/min
* 1 picocurie (pCi) = 2.22 dis/min ) ' .

In practice, radionuclides will often be accompanied by variable
quantities of stable isotopes.of that element. The stable form is called
the carrier. Spetific activity is the term used to.describe the ratio of
radioactive atoms to carrier atoms. The specific’ activity is defined as
the total activity of a particular radionuclide per unit mass of its element

~
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FIG 1. Decay curve of a single radonuclide.

or comp-’ 1nd Common units are uCi/g or uCifmmole.. The specific
activity of "carrier free" activity (that is all the atoms of the- element
present are the same 1sotope) can be calculated as foliows
R s
A (uCi) = AN (uCi)

a

Divide both sides by N, the number of atoms; the result is specific
activity in uCi per atom

A WCY) |y timel) - *

N (atom)

If N° is Avogadro's number:and M istthe molecular or atomic weight,

then specific activity may be expressed as uCi per gram o

A(uCi) X N'(atoms mole*})” aN® . ‘(uCi)
N(atoms) X M(gram . mole’T) - A (gram)

Specific activity = (8)

An example of the production of carrier free and non-carrier frec
activity will be given in Section 1.4.4.

1.3. The energy of radiations

The energy unit used with regard to radiation is the electron volt (eV),

* This is equivalent to the kinetic energy acquired by an electron accelerated

through a potential difference of one volt. The most commonly used
multiple is the unit MeV or million electron volts (10%eV). One MeV is
equal to 1.5 X 10°¢ -ergs.

The kinetic energies of the particles and photons emitted by radio-
nuclides have characteristic values. The energies of a-particles and X-
or y-rays are constant or iscrete. The energies of 3-particles, how-
ever, ejected by a given radionuclide vary from zero up to a certain maxi-
mum energy (E,, ) that is available to the 8-particles. This-is because
a variable part of B max is taken away by a neutrino in every B-particle
decay. Neutrinos cannot be detected by ordinary methods as they have
no charge and essentially no mass. As a consequence, the 3-particles
show a continuous spectrum of energies from zero to E,, . The g
energies given in a table or chart of nuclides are E ;,, values: the average
B-particle energy is usually about one-third E,,, . Intgrnal conversion
electrons on the other hand are monoenergetic.




ERIC

Aruitoxt provided by Eic:

e

ALY VI T Aer e

\ 32p (144) ) LB, (30yn)

1.7 Mev 11T MoV
. 8 § 37M 84 (2.5 min) 066
S
0 IO %EC
l!"ac o
$0Co (526 yr) 2.1 Mev 20 (2.6 1) 2.54 MV
L BPY -
133
—

FIG.2. Decay schemes showing characteristic radiations and energies of four different radionuclides.
IT = Isometric transition. Different types of the same nucleus are called isomers.
EC = Electron capture. K capture.
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The cha %nterlstic radxations and energiés for a given radionuclide
are often shown in the form of decay schemes. Examples of the decay
schemes of four commonly used radionuclides are shown in Fig. 2,

1.4. Interaction of radiation with matter

1.4.1. " Interaction of alpha particles with matter

The a;particles ejected from any particular radionuclide are mono-

.energetic, Their initial kinetic energies are in the order of several MeV ~

and, since ionization potentials and bond energies are in the range 1-12 eV,

the a-particles are capable of causing ionization as well as electronic

excitation of the atoms or molecules along their path. Ionization is com-

plete removal of the valence electron and excitation is raising electrons -
to higher energy levels in their orbits.’ Since the valence electron particip-

ates in any chemical bond of the atom, ionization destroys the integrity

of that bond. Alpha particles are doubly charged and of comparatively

heavy mass and, therefore, form a dense track of ion pairs (i.e. ejected
electrons and positively charged ions) along their path. Therefore, they

lose energy relatively rapidly in matter by these processes. As the

a-particle dissipates its energy along its path the velocity of the particle
decreases and at zero kinetic energy the particle acquires two electrons

from its surroundings and becomes a helium atom. The range, i.e, the

distance that an a -partigle can penetrate into any matter (absorber) depends

on the initial energy of the particle and the density of the absorber. The

range of an a-particle is relatively small and amounts to several centimetres .
in air and several microns (10‘3 mm) in tissue for energies in the order

of 1-10 MeV.

1.4.2. Interaction of beta particles with matter

Beta particles lose energy in matter by ionization and excitation just
as do a-particles. The mass of the B-particle, however, is only 1/7300

16
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LOG TRANSMITTED
8 RADIATION

ABSORBER THICKNESS {mg/cm?)

f FIG:3, Curve demonstrating the transmitted B-radiation as a function of absorber thickness.
1' = Intensity of transmitted 8-radiation.
= Bremustrahlung con'pcaent (and y-ray companent).

B
R = Approximate range of 8-particles in absorber material.
- ’

of the mass of the a-particle and B- -particles have only unit charge. They -
will, therefore, scatter more, penetrate further into matter and produce
-~ a less dense track of fon pairs than will a-particles. The range of
B-particles in matter is also a function of the initial energy of the particle
and the density of the absorbet', but this range is not so well defined
because of the zig-zag path (due to scattering) of the electron. The range
of B- particles of 1 MeV initial energy is approxl;nately 300 cm in air and
0.4 cm in tissue,
- Because of the fact that 8-particles have a continuous gpectrum of
"~ energies up to Eyy , their absorption in matter is approximately exponential
. with absorber thickness. Therefore, when the 8-radiation transmitted by
an absorber is plotted as a function of absorber thickness on semi- log
paper, a fairly straight line is obtained over a portion of the curve (Fig. 3).
. ' ) . The curve becomes reasonably flat at R, approximately the range
for B-particles with E,, . Although nearly all the B-particles are stopped
by this thickness of absorber, one still finds transmission of radiation,
becauge the B-particles interact with the atoms of the abgorber giving
. ) rise to non-characteristic X-rays, or brerhgtrahlung In addition, any
y-rays will contribute to this component. By subtracting this component
from the composite curve, the pure 3-transmission curve 1 is obtained.

Positive B-particles, termed positrons, lose their kinetic energy in
matter in exactly the same manner as negative £-particles. However,
when the kinetic energy of the positron has been reduced to zero by ioniza-
tion and excitation, the positron is annihilated together with an electron
_giving rise to two annihilation photons of 0.51 MeV each. (0.51 MeV is
the equivalent energy of the rest mass of an electron.)

Absgorption and scattering of B-particles are important in their
measurement in ‘samples. Absorption and scattering will occur in the
sample cover, the detector window, the walls of the shield, the intervening
air and in the sample itself. These effects will all influence the counting

. , " rate, gelf-absorption being the most important. This will be illustrated
by Laboratory Experiment 1.4,

m
1.4.3. Interaction of gamma rays axjd X-rays with matter

Electromagnetic radiation is considerably more penetrating thdn
particulate radiation of the same energy. This is because the electro-
# magnetic radiation must first undergo an absorbing event o produce a
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'setondary" ionizing particle before its energy may be dissipated. Gamma ’
rays will be absorbed in matter as a function of their energy, the 7, .
and the density of the absorbing material. (y-rays and X-rays diffcr only
as to their origin and interact identically in matter), Three types of
absorbing event may occur; > .

(1). photoelectric absorption

(2) Compton absorption

o,‘

(3) pair-production absorption

(1) Photoelectric absorption is predominant for low-energy vy-rayvs
and for absorbers of a high 7 matc¢rial. The y-ray interacts witha K or
L electron of the absorber atom and ejects it from the #om with a kinetic
energy equal to the initial y-ray energy minus the binding energy of that
K or L electron. Thus, an electron is produced with kinetjc energy to
produce ionizations and excitations along its path exactly in the manner
of a B-particle, o

Ih_Fig.4, the coefficient for photoelectric abé'orption'is given for
water as a function of y-ray energy. THe absorption coefficient’is a
measure of the probability of absorption. :

(2) Compton absorption is the interaction of the y-ray with an outer
electron of the absorber atom. Part of the initial kinetic' energy is trans-
ferred to this electron and the ‘Y-ray'photon is scattered off in a new direc-
tion at a lesser energy. As can be seen from Fig.4, this effect is at a
maximum in water for y-rays of about 0.5 MeV. The effect rises only
slightly with Increasing Z. The electron ejected will produce ionization
and excitation again exactly in the marner of-she 3 -particle,

(3) When the y-ray has an initial energy of 1.02 \gW or greater it
may undergo pair-production absorption. In this proces® the y-ray inter-
acts with the positive field of the nucleus of the absorbér atom and is
completely annihilated producing a positron-electron pair. Since it re-
quires 1.02 MeV for this pair formation. this is the threshold for this
event. Any y-ray energy above this required’l1.02 MeV is imparted as
kinetic energy to the positron-electron pair. Both The positron and the p-
particle cause ionization and excitation along their respective paths. The
two 0,51-MeV photons produced upon annihilation of the positron must be
absorbed by Compton or photoelectric events or a combination of the (wo
In Fig. 4, the absorption coefficient for pair-production is labelled as K.

Considering the above processes, a beam of monoenergetic Yy-rays
is absorbed exponentially as a function of thickness of the absorbirg
material, For a beam of intensity I the change in intensity per unit -
absorber thickness, dl/dx, is proportional to the intensity of the beam.

dl

o - . Q
ax ul (?)

This is identical to the well-known Lambert-Beer law for attenuation
of monochromatic light. The proportionality constant p is termed the

_total linearattenuation coefficient, Exactly analogous to radioactive decay,

u is the fraction of the original intensity removed from the beam per unit
thickness. Equation (9) is identical to the radioactive decay law and may

be integrated to give .
-~
’
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1= 1ge™" : (10)

¢ . .

where p =y pa ,
L. and ua = total absorption coefficient
B ps = total scattering coefficient
) B, 2T+ 0, "}KI
T = photoelectric absorption coefficient

. u, = Compton absorpfion coefficient .
K = pair-production absorption ¢oefficient.,
. T S
Tig.4 illustrates these absorption probabilities for water as a function
of E
7 .

Again analogous to radioactive decay the thickness at which 1 is
reduced to one-half its initial intens)y is termed the "half-Yhickness" or
"half-value layer" (Xj).. .

_0.693

! . BN T (11)

An ugderstanding of gamma-ray interactions is necessary in considera-
tions of shielding, dosec calculations and measurement of y-ravs.

J§ 1.4.4. Neutron production and interaction with matter

Neutrons have no charge and, therefore, cannot ionize directly. How- !
ever, they can produce ionization indirectly and are generally considered
in discussions of ionizing particles,

?§..
¢
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FIG.4. Linear atrenuation coefficients for y -rays in water. .
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Neutrons ‘are produced by the figsion reaction and the most common
sources of neutrons are_nuclear reactors which control the fission chain ,
reactions, Neutrons can also be produced by small laboratory sources,
» and these sources will be discussed in greater detail in Section 7.1.
| : . Neutrcns lose energy and interact with matter by the following
proctsses:

(1) Elastic collisions. Neutrons of high initial energy "fast neutrons" '
interact with other nuclei in billiard-ball-like collisions, losing a fraction
of their kinetic energy per collision. By this moderation process they
eventually reach an energy which is the same as molecules in thermal
equilibrium with their particular envirohment. Hence they are then termed
"thermal' neutrons, The light elements, especially H, are the most efficient
for this moderating process, .

A fast neutron undergoing an elastic collision with another atom or
molecule will produce generally a fast-recoil ionized atom. This recoq
ion\will then produce ionization and excitation along its path,

(2) Absorption reactions,Examples are given below of the four

principal types of absorption reactions. These.occur predominantly with N
slow or thermal neutrons:
. VA
. (a) > $1Co + In — 9Co + v

(n, v) reaction. This type of reac:ion is used to produce many of the
artificial radionuclides. In the example, the ¢%Co produced cannot be
chemically separated from the stable 5°Co in the sample, and this is an
example of production of non-carrier free activity.

(o) WN + g T+ M

(n, p) reaction. This is the reaction by which cosmic-ray neutrons produce
14C activity in the biospHere. This reaction is also used to produce C
commercially and, since the C can be chemically separated from the
nitrogen compound in the samply, it is an example of the praduction of
carrier free activity,

235 1 30 144 1
{c) . 32U + on — Kr + 1HiBa + 2 |n

(n, fission) reaction. This illustrates fission of 235U into two fission [N
fragments and two additional neutrons. 2

0 :
< () UB+lhn—llite+y | '
{n.a) reaction. This is a reactior commonly used to detect neutrons.

Y

2. RADIATION DETECTION \

The reactions that the various types of radiation produce in matter:
can be used to detect and to measure the radiation. Of these reactions.
the most commonly used are ionization in gases, orbital eleotron

12
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3 .
excitation in solids or liquids and specific chemical reactibns in sensitive
emulsions. The most common types.of detection methods employing
these mechanisms are described below. .

Autoradiography

L’
o

This method is a photochemical process and the one used by Becquerel
in 1896 in the discovery of radioactivity. Ionizing radiations interact
with the silver halide in photographic emulsions. When radioactive
material is placed on a photographic plate or film, a blackening will be.
produced on development of the emulsion. The blackened arcas constitute
a "self-portrait" of the activity in the material. The intensity of the
blackening (as determined with a densitometer) _ata given place will be
a function of the exposure time and the amount of activity in the sample
at that place. It also is a function of the linear-energy transfer of the
particular radiation. The linear- energy transfer (LET) is the energy
lost by the particle per unit path length. Gamma- -rays must first be
absorbed to produce an ionizing particle and will produce very little
blackening. On the other hand, a-particles and lew-energy [ -particles
which have a high LET (°*H, ¥C, ¥S. %%Ca) are very effective. High-
energy /‘-particleg produce diffuse radiograms due to the relatively long
path lengths of these particles in the emulsion. The properties of the
emulsion should be a compromise between fine gram to increase the
resolution, and high sensitivity to reduce the exposure time. Usually,
exposure times are long. For example, a thin histological section
containing about 100 dis/min per cm? will require several weeks exposure
to show sufficient blackening for accurate measurement.

The method of autoradiography is particularly suitable when the
distribution of a radioactive compound in biological material is to be
studied. Autoradiography is essentially a.method to detect radiation
and not generally suitable for measurement or quantitative purposes.

Innization detectors

A number of detectors are based on the principle that the ions
produced by radiation in a gas will migrate towards the appropriate
electrodes in an electric field. If the potential difference between the
two collecting electrodes is sufficiently large then the ion pairs formed
by the particle will not recombine but be collected at an electrode to
produce an ion current. If the ion current is amplified and measured,
it is proportional to the activity of the sample being measured.

A simplified ionization chamber circuit is shown jn Fig. 5.

The chamber is filled with air and the collecting electrode is
connected through a resistor to the positive side of the power supply.
The collecting electrode or anodels insulated from the walls of the
chamber which serve as the cathode. If now ionizing particies traverse
the chamber, ion pairs will be formed along their paths. The electrons
produced will collect on the central electrode and the ion current is
measured by special electrometer circuits.

—
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As will be seen in Section 3.2, 1, if the walls of the :onization chamber
are constructed of "air-equivalent”’ material, "such an ionization chamber -
may be used to measure exposure dose of ;-ravs or X- -ravs in air.

I, ho“eyér now the electrode potential is increased, then the ions
produced will move toward their respective electrodes with greater
velocity-and at some voltage will gain sufficient kinetic encrgy to produce
further ionization themselves. This process is known as gas amplification
and the flood of iona produced is termed the Townsend Avalanche., As a
result of gas amplification, the pulse size produced increasecs rapidly
with applied voltage. Figure 6 shows the relationship of ion production ]
to applied counter voltage. ' -

The graph is drawn for an e-particle and a , -particle traversing in
the sensitive volume of the tube. )

In region I, the applied voltage is sufficiently great that all ions formed
are collected. This is called the ionization chamber rogion,

As the applied voltage is increased, amplification results and in region
Ii the pulse size produced is proportional to the number of ion pairs
prod-ced in the initial event. This is termed the proportional regien.

In region IIl, the voltage is sufficiently great that the size of the charge
collected on the anode is no longer dependent on the number of pr xmar\
ions produced. In this region then at a given voltage all pulscs are the
same size and this is termed the Geiger-\Miller (G-\D region. Detector
tubes operated as Geiger-\liller tubes are very sensitive and very little i 5
additionhl amplification of the pulse is necessary to drive a counting
circuit. In addition, they are relatively inexpensive. A simplified G-\
counter circuit is shown in Fig. 7

The discharge in a G-\ tube would continue indefinitely or until
all the gas molecules were ionized. Generally certain gas molecules
are added to quench the discharge. For example, noble gases such as
argon are added and these dissociate when they collide with positive
ions rather than become ionized themselves. In this fashion, the discharge
is stopped and the noble gas atoms then recombine.

The fact that some time is required to collect the flood of electrons
from each discharge and for the quenching process implies that during .
this period the detector tube will be insensitive to other ionizing particles
in its sensitive volume, This period is approximately 100-300 nsec
for G-Al tul -5 and is termeda the resolving time. Therefore, particuiarty
at high count rates a correction for this resolving time must be made.

f.et r be the observed count rate ofaG-\ counter and 7 the resolving
time of the counter in 1111’nutes". During one minute, the counter will
have been ineffective for r7 min., Therefore, r counts have heen registered
in onlv (1 - r7) min. The true count rae (ry..) therefore is

. r {counts)
Trwe 7007 (min) OF ©PM (12)

A method for calculating the resolving time of a counter is given
in Fxperiment 1. Correction is normally not necessary unless the

count rate exceeds about 2000 cpm .

The necessary associated equipment for a G-)\I counting svstem -
include the G-\ tube, a power supply, an amplifier-discriminator, a
scaler and a timer.

-




* large pulse of electrons will arrive at the anode.

TN
il

. 3. Detection by e¢xcitation
Solid scintillator counting
‘ e V" ' .

Solid scintillators are particularly suited for the 'detection of
y-rays and X-rays because of the high density and high Z of solid
crystals. The alkali halides {particularly ‘Nal activated with T1) have
been the most useful. A typical scintillation crystal counter system
is diagrammed in Fig. 8.

When a y-ray photon is absorbed in the scintillation crystal at least
one fast electron is liberated (depending upon the absorbing event either
a photoelectron, Compton electron or pair-production electrons). These
electrons produce excitation and ionization along their paths in the
crystal. When the excited atoms return to the ground state théy give
rise to light photons in, the violet or near-ultraviolet range. The number
of light photons produced will be proportional to the ;-ray energy lost
in the crystal, . .

The photocathode of the photomultiplier tube is optically coupled to
one face of the scintillation crystal and the photons produced are reflected
inside the crystal until they reach the photocathode. Here, by the photo-
electric effect, they release photoelectrons. The number of photoelectrons
again is proportional to tie y-ray energy lost in the crystal.

In the photomultiplier tube the photocathode is connected to a series
of dynodes or electrodes each at a successively higher positive potential
than the preceding stage. Thus, photoelectrons released from the
photocathode surface will be attracted to the first dynode stage and will
gain sufficient kinetic energy to release two or more secondary electrons
from the first dynode. This multiplication process occurs at each stage
and at the end of 10 or more stages in a typical photomultiplier tube a
The size of this pulse
still will be proportional to the original y-ray energy lost in the crystal.
The pulse is then amplified linearly and directed to a scaler or pulse-
height analyser.

_In the pulse-height analyser, the pulses are sorted by virtue of their
voltage size (pulse-height) and stored in the respective portion of an
electronic memory. After counts have been collected for a period of
time, the readout of the meémory will be a y-ray spectrum of the activity
wvailable to the scintillation detector.

The energy lost in the scintillation crystal from an incident y-ray

8]

2.3.1.

I

. photon will range from zero to its maximum energy depending upon the

absorption event. The y-ray can be absorbed by the photoelectric effect
or by a Compton interaction followed by photoelectric absorption of the
scattered photon or by any combination of processes that lead to total -
absorption of the y-ray energy within the crystal. If this occurs then the
output pulse will be stored in a location proportional to the y-ray energy.
A typical y-ray spectrum is shown in Fig. 9 and the resulting peak is
labelled as the total absorption peak. If, however, the primary inter-
action in the crystal is Compton abserption and the scattered photon
escapes from the detector, then the energy rf?aposited in the crystal will
be less than the energy of the y-ray. The range of possible Compton
interactions result in a distribution of pulse heights. This distribution
is labelled as the Compton region in Fig. 9. [t is apparent then that the

\
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FIG. . A y-tay spectrune of radionechide ewitung a single »-ray,

tocation of the total absorption peak is characteristic of the particular
;-ray emitter and is useful in identification of the'; -ray emitters in anv
sample, The area under the total absorption peak is proportional to the

cactivity of that radionuclide in the sample. The peak is broadened into

.a distribution due ;o statistical variation in the several conversion steps
from ;-ray absorption to final pulse-height,

Pulse-height analysis is only required when it is necessary to
measure the aciivity of one ; -ray emitier in the pres ence of others, e. ..
in neutron-activation analysis or multiple-tracer experiments, General'
a less axpensive Bingle-channel, pulse-height analyvser is sufficient,

The other distincs advantage of solid scintillation counting is the
very short.resoivig rime of such systems. This enables high count
rates o be determined (up to at least 100000 cpm) without the necessity
of resclving time correction, .

Additional details of y-rav spectral analvsis will be presented in
Fxperiment 2. 1.

The.art of p:n‘_f’(:le and , -ray speciroscopy had recently been
significantly advanced by the development of semiconducior radiation
detectors, .In particular, lithium-activated gernranium detectors have
bheen very useful in ;-ray spectroscopy. The energyv resolution of such
gvstems is improved by at least-a factor of 10 over Nal(Ti) for ***Cs
y-ravs. Semiconductdr detectors have the disadvantage that theyv

25,




cannot be made as largé as Nal(Tl) and therefore the counting vield is
decreased. Also, they must be continually maintained at very low -

. temperature. In neutron-activation analysis, for example, where high
y-ray x'esolulion‘is necessary, use of such detectors is warranted.

2.3.2. Liquid scintillation counting

) . L.iquid scintillation counting tecllgiqu es have promoted application
. of radionuclides in the agricultural and biological sciences because they . -
. : ‘ ) have allowed much wider use of 10\\'-energy B-particle emitters such as
} : . %H and C.
. . In this technique, the sample to be counted is placed in solution;
] ' ‘with'an organic scintillating material in an organic solvent. Since each -
) ’ radioactive atom or molecule is surrounded by molecules of the : '
' scintillator, self-absorption is greatly reduced and the counting yield
. ' . greatly increased, If the sample is insoluble in the organic sclvent
o ’ often it may be put in uniform suspension. ce
' There are now many solute-solvent liquid scintillator systems in
use; however, a very common one is PPO (2-5 diphenyloxazole) with
toluene or dioxane as the solvent.
+The ionizing particle from the radioactive matenal causes excitation >
and ionization of the solvent molecules. These transfer their excitation
_ enérgy to the PPO molecules which in turn fluoresce, i.e. give rise to
. a light photon in the return to ground state. The number of light photons
emitted from the counting vial per ionizing particle is proportional to B 1
) the energy lost by that particle inthe solution. The counting vial is
. o optically coupled to a photomultiplier tube system to collect the output
<L _ . " light. A block diagram of a liquid scintillation system is'shown in Fig. 10.
' Two photomultiplier tubes commonly are used to ccllect Lhe light
. output from the scintillation vial. This increases the counung yield
. .and from a single ionizing event the light photons will be registered at

REFRIGERATOR

PM ]El PM }-—' i : o 3 :.

L ' SCALER

) . . . H FIG. 10, Block diagram of typical liquid scintillation gounter. . ) ’
. S = Counting vial containing liquid scintillation solution and sample *
PN = Photomultiplier tubes ) . e
Refrigerator = Refrigerating unit at -5°C ) . . ’ .
4 Coincidence = Prompt coincjdence and sum circuit - . 4 o
Disc . = Upper- and lower-level discriminator. , !
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5.

/THE TRACER METHOD

The tracer meihod is a technique to observe certain characteristics
of a population of specific things such as molecules, organisms or other
entities by observing the behaviour of the tracer. The substance to be
traced is generally termed the tracee. The criteria for an ideal tracer is
that it be indistinguishable from the tracee at the unit level and that the
introduction of the tracer does not disturb the system. Both of these criteria.
are nearly perfectlv met by radioactive isotopic tracers. Isotopes have
identical chemical properties (only slight mass differences) and they can
be obtained in very high specific activity. “Therefore, the introduction of
an isotopic tracer generally adds negligible mass to the system and does
not disturb its kinetics. :

1

5.1. Pathway identification

A most common - use of a radioactive tracer is to follow the pathway
of an entity in a chemical, physical or biological system. When the
entity is, for example, anintact ‘organism or an inorganic object, the
radioactive label used may belong to any element, The choice of label
‘will then be governed (1) by the ease of attachment or incorporation of
'the label and its stability, (2) by the ease of detection of it§ radiation and
{(3) by half-life, in order to be able to follow the label over the desired
period of experimentation yet not unduly allow possible contamination of
the experimental environment., When the substance to be traced is an
organic material or compound, the radionuclide must belong to one of the
elements in the compound. This often reduces the choice to 14C or 3H
plus perhaps32pP, 35S, 36Cl or 131]. The label may be incorporated into the
tracee through biological growth, chemical synthesis or exchange processes.

If the substance to be traced is a mineral nutrient, the label should

be an isotope of that element. ' In general, elements in the same chemical
group, e.g. alkali metals, have similar chemical properties but not
sufficient for a radioisotope of one element to serve as the tracer for -
another element in the group.

If the tracer is introduced into the system, its identification in other

parts of the system infers information about the possible pathways of that
tracee imthe system. A well-known example is the use of HC-labelled

. glucose to observe the pathways and intermedidtes in the glycolytic cycle.

Another might be the migration of insects and identification of their predators
in an ecology study.

5.2. Tracer dilution

The tracer dilution technique has been very useful in determination of’
the exchangeable mass of a substdnce in a system. The principle is: that
for a given constant amount of tracer radioadtivity, the final specific activity
is inversely proportional to the exchangeable mass of tracee in the system.

The technique, introduced by Hevesy, is particularly useful when
quantitative Separations are not possible or are too tedious for the systems
under study. Inaddition, it is the principal technique used to measure '
the exchangeable mass "in vivo'. :

e
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both photocathodes simuttaneously. Fhe coincidence circuit Iz designed
Iy ' to prodice one output puise if u receives an mpul pulse from cach photo-
. - multiplier smmlmneuusl\, or'"in-coingidence", Background or noise
i o pulses from either wbe will then not he in-coincidence, and will be,
1 . rejected. This system increases the ratio of true counting rate to pack-
. N ground and increases the sensnwu), Since the output pulse height.is
v ploporuona.l to the' energy lost in the liquid scmullmor lmited pulse-
height analysis is-possible. [t is limited because the pulse-hcighl
" . resolution is very poor. However, it is ‘generally posyible to count
f ‘ both M and Mg simul{aneousl%y o
‘ - ‘The detector part of the Bystem is often refrigeratdd to reduce
thermally produced noise in the photommnltiplier tubes. .
. . g For cerlain high- energy B-emitters (Epae > 1 MeV) it is often possible
' to employ Cerenkov- - counting techniques using the liquid scintillation
counter. In such cases,. the radioactive sample need only be dissolved,
in-water. °‘The jonizing pm-tlclc travels through the water at v elocities
. greater than the velocity of light in that ipedium and Cerenkov light
is produced The amount of Iight is'proportional’to the activity of the
sample. Cerenkov counting techniques have proved nseful with 42K, ¥ Na .
~and othex- high-energy f-emitters, . .
. : i ) One’ of the main sources of er ror in hquld scintillation counting is '
: -~ "quenching'' of the hghl caused by .compounds in.the solution to be
’ measurcd. ‘This can be due to light absorption by coloured compounds
~ o or py certain chemicals. Since quenching commonly occurs and its
degree can be variable, it must always be considered. ‘I'he threé most
important correction methods are listed below:

(1) Removal of coloured material. The solution may be filtered .
- . . through activated charcoal or trealed by an ion-exchahge Lechmque to
o remove the quenching agent. } B
: ) (2) Channels ratio method. In general, quenching is greatest for .
; L the highest-energy photons. Therecfore, when quenching occurs,. the N
A _ : . output pulse spectrum is shiftgd to lower energy or longer wavelengths. '
) If by discriminator settings the ratio of two parts of the spectrum can
R ‘ "befoblame‘d, then it is possible to observe the shift in this ratio as-a
' . .functicn of the counting yield in a set of standards with a known amount .
- : of activity and known variable amounts of quench: A standard curve can . -
_ then be.used to correct each count rate _for the decyease due to quench.
- o - . (3) External standard technique. In some instruments a slandard
", ) o source may be moved into position beneath the vial counting position.
’ : Thus, the relative decrease in standard count for each sample counting
- . S Co vial will be proportional to the amount of quenching material and will
: S provide the quench correction to be used for that vial count.

. . L 2.4, Counting yield ' o ¢

Practically every tracer experiment involves a number of samples,

o e " “containing radioactivily, and'the assay of the activity of these samples

. E T, is an integral part of the complete experiment. When a ‘radioactive atom -
: decays, often more than one particle or* photon is emitted. For example,

) 2 : ; 6"Co nucleus emits either one [’ particle and two y-rays or occasionally:

< ) wné of eacli (see Section 1. 3). However, metastable states excepted, a v

\

R ‘ : ‘ KT
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l' . Consider a syst that <o, tains an unknown 1mount S grams, of a

substance! To this sy3# added a known amount of a radioactivesyacer
of initial specific activity a;, so ﬂTt

! : ' , ) R
\.‘ \ < . ai:-—
X . .S

‘ where R = activity of the tracer in uCi (or counts/min)
o . s s ='mass of tracee associated with tracer.

If the tracer is allowed té mix in the system then, according to the
dilution pnnc1p1e the final specific activity, -a;, will be

R .
- . 2
A *§3 s (26)
substituting (25) into (26) ' ' ¢
i . _ays .
: . ag —1-—-5 o o (27)
i and solving for S
; )
S=sd . N © (28

.

Therefore, to determine S, only the final speecific activity need be
measured, as a; (and therefore s) is known. Quantitative separation ofA .
& : the tracee in the sample from the system is not necessary because the
h ‘ - specific activity is independent of sample size, recovery, handling losses
' etc. However, it is a necessary condition that the tracer be completely
mixed with the tracee in the system. This condition becomes very
important in tracer dilution studies "in vivo'.
) Very commonly, s'is negligible compared with S. This is the case
* with "carrier-free" or high specific activity tracers. By inspection of ©
Eq.(26), if s is negligible with respect to S, then

_ — s-R : (29) /
oy ag

and only the initial tracer activity and the final specific activny need be

known.
A variation of the tracer dilution technique, called "inverse tracer
. dilution'' enables determination of the amount of tracer in a system by the .,

addition of a known amount of tracee. Let a; be the initial specific activity C ' '
in the system

(30),

4]
"
w|=
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FIG.11. Count rate as a function of thickness for samples of constant specific activity.

disintegration mcludmg the emission of particle(s) and/or photon(s)
o ' ‘ requires only 10"?%sec orless,. where:s the dead times of even the fast . ’
counters are in the order of 10"7 sec. Thus, no practical counter will

. : - have a counting yield, Y counts per disintegration, of greater than 1.

< «

count rate r (counts[mm)
disintegration rate = A (disintegrations/min)

. ' : " Counting yield Y = (13)

R

' In'most counters the counting yield is consideral:)ly less than 1, that
: is only a fraction of the total disintegrations of the sample are detected
; and registered by the counting- system. Y is decreased from 1 due to:
(
(1) Geometry considerations: the solid angle of the source detector
i arrangement divided by 47. Tor a small source close to the detector
' oo window the solid angle is about 27 and the geometry factor about,0. 5.
i (2) Air and window absorption: particles, particularly e and low~

- v energy B8, or photons may be absorbed in the air, . the window or walls of
the detector and never reach the sensitive volume of the detector.

(3) Self- absorptlon in the sample a- and B-particles, and to a much
lesser extent y-rays, canbe absorbed by the material in which the
radionueclide is contained and a significant fraction of the activity will
not be counted. This is a very important consideration for low-energy .
B-particles. In consequence, the count rate from a given sample will
not increase in proportion to its thickness. For a sample of a given area,
as sample thickness of constant specific activity material increases,
the count rate will reach a maximum as-in Fig.11. At thickness X the .
sample is considered to be at "infinite thickness'. Thickness is expressed
as the product of density and linear thickness and has units of mg/cm?2,

. A common method for assay of low-energy B-emltters using G-M counting
< : L is to count all samples at "infinite thickness". The count rate is then
‘ : proportional to the specific activity. The value for infinite thickness of
B-emitters is approximately equal to the range of B-particles in units of -
mg/cm2 . Reference [4] contains a curve of f-particle range as a function
of energy.
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. . ‘Now R is the unknown. If an amount S of tracee is added and allowed
to mix the final specific activity will be

R , :
af S+b (-il) s

\

Substituting-(30) and (31) into (29) and solving for R - :

’ R:é._s_z.’_i_
=1

. . af

(@)

. t Pt
- Therefore, the determination of the specific activities before and
- after the mixing of S grams of tracee enables calculatlon of the total
radioactivity of the system. '
B ., The dilution equations developed above apply as well to the use of
non-radmacuve tracers or indicators. L ’

. 5.2.1. Two examples of tracer dilution

(1) Consider the problem of estimation of the volume of water in a
vessel. This would be an example of a "'closed system'" since no water
can enter or leave, that is, there is no communication with the external
environment. If R uCi of tritiated water (3HOH) of specific activity a; bt
(uCi/m1l) is pipetted into the vessel and allowed to mix, then the water ) .
volume of the vessel in millilitres can be calculated directly by Eq. (26)=. '

(2) Consider as a second example the estimation of the volume of
water in an animal. This ivould be an example 6f an "open system",
presumably in the steady state with respect to water exchange with the
- external environment. Inthe steady state the intake rate is equal to the

outgoing rate and the exchangeable -mass is constant. If R uCi of very
high specific activity tritiated-water tracer is injected into thie animal, : .
then the water volume (total body water) can be calculated using Eq.(29).
The specific activity ag (uCi/m]l) is determined by sampling plasma or
) urine after. muing is complete. However, the animal will have lost some
' fraction of the initial amount R via excretion during this mixing period.
Therefore, the total activity excreted during the mixing must be collected . .
and subtracted from R. Equation (29) is modified to ' '

. R - Rex (uCi)

. ‘ S (ml) = = . 33
(ml) ag (uCi/ml) * (33)
. , L .
! J
Lo ‘where Rey = uCi of tritiated water excreted via all routes up to the time the
sampie containing a; is taken.
§
: . * ‘\ r
. L
2 Although specific activity is expressed in these two examples as ; Ci/ml of wator, it is actually .
- . ' the mass of exchangeable hydrogen being determined.
. . 34 oo . e | B
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(4) Scattering: particles or photons may be scattered towards or :
-away from the sensitive volume of the chamber. This scattering is due
to the backing.material of the sample holder, the walls of the shield
and the air between the source and the window.

" In most applications, the counting yield need not be determined by
investigating each of the above effects individually. ‘' Instead a standard,
i. e. a source of known activity or dxsmtegranon rate, prepared in identical
fashion thh the samples. is counted under tHe same geometry to
determine the counting yield. Such standards may be purchased from
radionuclide suppliers or may He prepared from the radioactive material
to be used in the experiment. In the latter case, the count rate of all -

experimental samples can be compared as a fraction of the experimental
«amount administered?

2. 5. Counting statistics’ ' L ; .

If a single radioactive'sample is counted several times under identical ]
conditions and the count.rate is corrected for radioactive decay or else
the decay correction is. neghglble, the individual count rates will be
observed to deviate about the-mean value. These deviations are due to
the random nature of radioactive decay (Section 1,2). The understanding
of these statistical effects is necessary in the consideration of experimental
design and in the interpretation of experimental results.

Counting statistics follow closely the Poisson probability: dlstrlbunon
By a special property of the Poisson distribution, the standard deviation
(o) of a registered number of counts C, is equal to the square root of
‘that number. For C registered counts

o=JC . (14)
- Table I gives the calculated deviation for given accumulated counts.
As can be seen from the table, the standard deviation increases as the
§ dare root of the number of counts but decreases as a percentage of
the counts.
Referrmg to Eq (14), if both 51des are divided by the 'period of
counting t, the result is the standard deviation of the count rate r.

! =0 (15)

However, since C =

When C becomes large (>20), the Poisson distribution is closely
. approxxmated by the normal distribution. From the normal distribution,

one standard deviation on either side of the mean value accounts for

68. 3% of the total area under the probability funcfion.
‘A useful rule of counting is to try to accumulate at least 10 000 counts,

. in order for the % standard deviation to be 1% or less. If 10000 counts

exactly are accumulated, then from this single assay it can be stated
that there is a 68. 3% probability that the true totel count was 10 000 £ 100,

21
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INTAKE 1
w’ RATE
s -
COMPARTMENT R .
[ a '
OUTPUT kS .

RATE

FIG.12. Schcrp'nllc model of single open compartment,

S = Tracec in grams : : .
R = Radioactivity of tracer in pCi .
a = Specific activity /
_R [:C.i
S gram

1 = Intake ratc {n grams of S per unit time.

“

5.3. Tracer kinetics
. T \

. "The principal difficully in the tracer dilution techr'lique is to ensure ' )
uniformity of mixing of the tracer. To determine the mixing time it is
necessary to take repetitive samples as a function of time from the system. /é)-—»
Such data contain valuable information on the kinetics of the mixing ’

processes. It is such analysis as well as the response of the system at
"tracer equilibrium'' that is treated by the field of tracer kinetics.
Most biological systems are open, thatis, there is exchange with
their environrment. Consider an open compartment as shown in Fig. 12
in the steady state. A compartment is a subdivision of a system in which * -
the tracer specific activity is constant within its boundaries at any given
time. Thus, the tracer specific activity. defines the boundaries of a

- compartment and they may or may not coincide with any chemical, physical .

or physiological boundaries. Mixing withina compartment is rapid compared
with the rate that tracer leaves the compartment.

If the compartment is in the stéady state then the input rate is equal
to the output rate or ’ .

1=kS (34)

Therefore, S is constant but the tracer activity R and the specific .
activity a vary with time. (See caption to Fig. 12 for the symbol definitions.)
Consider now a compartment fn which 3 tracer has been injected
and allowed to mix. Most compartments in nature are observed to follow
first-order kinetics. That is, the specific activity. of the tracer is observed

. to decline exponentially, as !

a=age ™ ' (35)

where Kk is the first-order rate constant.
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TABLE I. STANDARD DEVIATION OF ACCUMULATED COUNTS

M . Accunulated . Standard deviation N Standard deviation
. - counts C 0= VG a3 C B .
100 1w 10
re tooo 31.¢6 3.2
N 10000 100 ’ 1,0 ) s
e 100 000 316 : oL 0 '
11000000 1000 ‘ 0.1 ‘

. . . N

or in the range 9900 to 10 000. Two standard deviations (20) account for
approximately 95% of th area under a normal distribution and in this case
it can be stated that there is a 95% probability that the true total count
was 10000 £ 200, . :
The number of counts C collected in any counting interval are dpe
v * to true counts of the sample plus those due to background. There is a
significant radiation background in almost any Iocation. - This background
- . is due to cosmic rays.and to cosmic-ray induced activity, such as MC, -
and to naturally occurring radioactive materials in the earth's crust,
e. g. 226Ra, 232ThH and %K. The latter all have associated gamma rays.
; The cosmi¢-ray contribution varies with altitude and the composition
- of the earth's crust varies with location. All radiation detector-counter . 4
! systems have an associated background counting rate due to the above
t sources and also electronic noise, The background count rate is comtnonly " v
! . reduced by shielding or by special eléctronic circuitry.
. K ] Obviously, every sample count is inade in the presence of a bacl\gl ound
counting rate for that particular system. The background will be a
| function of the type of detector, the shielding, location, discriminator
E settings, "etc. ’ - v
1 The variations of bacl\ground are independent of the variations of )
‘ the sample activity and tl}e appropriate error'terins add as the sum of

the squares. Therefore,;the variance due to the sample acuvny alone 15
I, ) ’

o2= of,+ of ' (17
where 0 = vanance due to sample ‘alone
oly = \'arlance duo to count of sample plus background
v . of = vanance due to count of background

“ T

For a total of C accumulated counts due to sample and background

i counts the standard deviation of the sample count is given from Eqs 14 * o N
and 17 by v
e o =JCs+b + Cy R : (18)
where C,,}, = total counts due to sample plus background | .
Cp = total counts due to.back_ground counted alone
22 .
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FIG.13.  Specific activity versus time in a single compartment after mixing of the tracer.

A plot of specific acuvny (after m1x1ng) versus time would appear as -
in Fig. 13, i’

< .
The slope of the line allows calculation of k. Exactly analogous to . ,
radioactive decay, a half-life may be determined graphically or by '
X ) . | »
_ 0.693 ’ -
’ ' T!B - kK . . (36).
Tia is commonly termed the biologmal half-life. S1nce it was assumed
that.the tracer behaved exactly as the tracee it is now possible to calculate .
the output rate kS. S can be determined by-tracer dilution. :
As can be inferred from Eq.(34) the _biological half-life is not a true
biological.constant but inversely related to the intake. If the intake rate <
increases by a factor of two, the biological half-life decreases by a factor .
of two, etc. : ]
If the tracer undergoes significant radiocactive decay durmg the
experiment the observations as plotted in Flg 13 must be corrected for
this radioactive decay. If this is not done, an "effective half-life" will
be observed, accounting for both radioactive decay and biologlcal loss.
Since these processes are independent, o o )
U A =AYk e k)
wheére ‘A = radioactive decay constant of tracer
P k = biological rate constant
R .
The effective half-life then is:
0.693 -
T = (38)
el T X

Consider now the case when tracer is supplied to the compartment B =

. at a constant rate i (uCi per unit time). Since a constant fraction of the

tracee will also be lost per ur$ time, the specific activity in the compart-
ment will increase from zero 1o a maximum value, The differential
equation describing this rate‘of‘cha nge is given by
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- with other nuclei produce charged recoxl nuclei which can cause

If iy = coummg nme for sample in zhe presence of background -
and
ty = counting time for background,

then ¢he standard deviation of the sample codming rate is given by

; L ‘r :
op, =423tk L Tb (19~
s N L th v
In tracer experiments, the net counting rate of samples very W,
commonly approaches, or is even less than, background counting rates.
In order to choose the best division of time for counting sample and for ' ’
counting background to obtain the minimum error the following may be
- used:
Y o
= (20)
. tg s.b '

: . I .
2.6. Neutron detection and imeasurement

Nearly all the interactions that neutrons undergo in matter are
used in their detection and measurement. Fast neutrons by collision

ionization. Slow and thermal neutrons undergo absorption reactions to
produce charged particles or induced radxoactnvny

The most common m ethod of slow and thermal neutron detecnon is
use of a counting tube filled with boron trifluoride gas or lined with

boron inside the tube. lonization is produced in the tube gas by the
nuclear reaction: . :

. .
v

198 + In— He JLi+ y

Both the e-partiéle and the JLi recoil nucleus produce ionization.
The counter tube is generally operated in the proportional region to give
discrimination from pulses that may be produced from interfering y-rays.
The tube can be used to detect Tast neutrons by surrounding it with
paraffin wax to moderate the fast neutron to slow or thermal energies.

A BF; detector is used for the detection of slow‘neutrons in the
determination of moisture content in materials. A source containing
a mixture #*%u and Be (or #!Am and Be) provides fast neutrons which
are moderated or slowed down by the hydrogen atoms’ ‘in water, Thus,
the count rate of the tube due to slow neutrons is propornonal to the water
content.
% Activity induced.in materials also is commonly used for neutron
detection. An end-wmdow G-M tube with a piece of silver foil across
the window may be used to monitor neutron radiation. The neutrons
activate silver atoms to radioactive isotopes which emit g-particles
that are detected by the G~M tube. After several minutes, the count rate
of the G-M tube is proportional to the neutron flux.

P ! Derivation of Eq. (20) is given in Appendix 11, .. )

v
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ﬁ = intake rate minus loss rate =i - ka ‘ (39)

Since a increases with time the loss rate will increase until it is
‘equal to the intake rate and da/dt = 0. The compartment would then be
in the tracersteady state. Egquation (39) can be integrated to give

1Y
"

Loy o oy ,
s (1 - ek . (40)
ot ka =i(l - e ' (41)

In this case, a plot of a versus time will be as shown in Fig. 14.
The specific activ1ty will rehch } of the steady-state value a_in a time
equal to T“;, 7 of this value in 2Ty, etc.

L]

o 2 3 4 5 6 7 8
TIME (NUMBE‘! OF HALF-LIVES)

FIG.14. ‘Specific activity in a single compartment following initiation of constant l@kc ratc.
L)

.

The behaviour of tracee in such steady-state systems is commonly -
termed turnover. The turnover time, i.e. the average time a tracer atom
or molecule spends in the compartment is given by

turnover time or

- "1
average life time YUk (42)
Since’ k = 0.693/Ty,
then : T =1.44 Ty (43)

The derivation of Eq. (42) is given in Appendlx V1.
It should be apparent that once the-tracer has mixed completely in

the whole system, though it probably will be composed of many compartments,

its behaviuur will be as in a single compartment. Some description of a
three-compartment open model is given in Appendix VII.
The general equations for a closed two-compartment model are not

unduly rigorous and will be presented below. Consider the model as
shown in Fig. 15,

.
[
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3. RADIATION PROTECTION .

It is imperative - that 'a knowledge of the saft use of radionuclides and
radiation be gained before they can be applied as tools in agricultural
research. Ionizing radiation is hazardous to all biological systeins, but
with prope: consideration for health protection measures, the hazard to
personnel or experimental systems can be insignificant.

3.1. .Units and basic considerations

The Rontgen (R) is the unit describing exposure of X- or y-rays in air.
It is defined as the quantity of X- or y-radiation which 'produces, in air,
ion pairs carrying 1 clectrostatic unit ofﬂ harge of either sign per cm?
of air at STP. On the average, it requirfs 33.7 eV to produce onc ion

pair in air*. Therefore v
=4 esu/cm?) (33.7 eV/ion pair) (1.6 X 1012 ergs/eV)
- . (1.29 X 1073 g/cem3) (4.8 X 10710 esu/jon pair)

87.7 — &5 __ n (21

gram of air

Therefore, 87.7 ergs arc absorbed per gram of air due to a total
exposuye of 1 R. . _

As discussed‘in Section 1.4.3, the e¢ncrgy of y-rays absorbed per
gram of various materials is a function of properties such as 7Z and density.
Therefore, the energy absorbed from exposure to 1 R will be slightly
differént for soft tissue, and for bone as compared to air and would be a
function of photon energy. .

Any biolagical effect from a given type of radiation is proportional
to the energy absorbed and the basic unit of absorbed dose is termed the
rad. One rad is equal to an absorbed dose of 100 ergs/g and is applicable
to any type of material and any type of radiation, Considcr however, -
a-particles dissipating 1 rad as compared to f-particles dissipating 1 rad
in biological tissue. Since the er-particles have a much higher LET, that
is, they will produce more ionizations per unit track length; then the pro-
bability is higher that ionization will be produced in'an important con-
stituent of the cell. Thus, the relative biological effect of a-particles
will be greater than 8-particles. To account for this differcent relative
effect of various particles, the absorbed dose in rads is multiplied by
a weighting factor called QF (Quality Factor). The product of absorbed
dose in rad and QF is termed dose in rem.

T Dose in rem ="dose in rad X QF
. N
One rem of a-radiation-will then have the same biological effect as -
1 rem of B-radiation. For general radiation protection purposes, the
values of QF for various types of radiation are given in Table II.
The safe use of radionuclides and radiation can be divided into three

categories: (1) protection of personnel, (2) control of contamination
and (3)" waste disposal. -

3
’
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. FIG.15. Closed two-compartment model in steady state.
kg, = first-order rate constant describing exchange of tracee or tracer from compartment 2 to comparﬁncnl 1 . ® ’
k,, = first-order rate constant describing exchange of tracee or tracer from compartment 1 to compartment 2
= rate at which tracee is exchanged, i.e. grams/unit time v Y

.

- .
N >

If compartment 1 is initially labelled, the following differential .
equations may be written

L - dR;
dt

Syda;

at (44)

=pfa,=-ay)

an. Sgdan B -
—_— > = (a -as 45
at a Pli-a ¥ (49) .

Let A; 5 equal the difference in specific activities at any time,.

; ‘ Ay g=ay-a; . (46)
| A _ R
‘ i ) /1 1> ‘

N da, - da, = dAl,'l._ -p ,\gl + §_2 Al,?. (47) )

Equation (47) is observed to be a first-order differential equation
identical in form to Eq.(1) and may be integrated directly to give
N :

LB 07 a(0)e N

>

(1 +~‘->n
(4 S

bl 4

.

(48)

~

where a,(0) is the initialgcondition that at t = 0 all the activity is in
compartment 1, Therefore, 4, ,(0) = a,(0).

Now since the system is closed, the total activity is constant,

This can be expressed ag . _— ' ,

S,a, +S,a, = S,a,(0) (49)

If Eqs (48) and (49) are solved simultaneously, the following solutions
are obtained '

38
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TABLE 1I. QUALITY FACTORS (QF) F()R CONVERTING ABSORBED
DOSE IN RAD TO DOSE IN REM

Radiation QF
L X- oty -tays 1
d-particles E > 0.03 MeV 1
Thermal and slow neutrons ' 2.5
3 ’ a-patticles 10 ’
" Fast neuttons ‘10

3.2.. Protection of personnel

The International Commission on Radiation Protection (ICRP) has

' recommended that the average yearly dose to radiation workers not exceed

5 rem/year, This is equivalentto0.1rem/week. (Reference {9] gives this
recommendation in full detail.) This applies to whole-body dose from
both internal and external radiation.

3.2.1. External exposure

Radiation dose to personnel must al\‘vays be kept as low as possible
and any-unnecessary exposure must be ayoided. In the case of external
exposure, this can be accomplished by (1) sufficient shielding, (2) increas-
ing working distance from the source and (3) minimizing exposure time.,
Shielding of ¢-emitters for external radiation is not required betause the
wall of the container or a féw centimetres of air will absorb all particles.
The same considerations generally apply to low-energy 8-emitters such
as *H, MCor 45Ca. High-energy B-emitters require only 1 - 2 cm of
low Z material, such as lucite, for shields. In the cas€ of y-rays, a high
Z material, such as lead, provides the best shielding. Table 1II provides
values of half-thicknesses of lead for shielding ‘of v-rays.

To obtain the approximate half-thickness of water, the corresponding
half-thickness of lead may be multiplied by 10, (The density of lead is
about ten times that of water.) To obtain the approximate half-thickness
of any other material, the necessary half-thickness of water is div1ded
by the density of that other material,

The attenuation factor F and the number of half-thicknesses n are
related as follows

'-OI‘ ’ . : .. (22)

Work with y-ray sources should always be performed with sufficient
shielding for personnel, The calculated dose rate after shielding should
always be checked with a dose-rate meter, preferably an ionization chamber
type. Sources not in use should always be stored behind shielding and
access to the sources strictly controlled.

25
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a1(0)
S

a; (Sy + Sae PS8 ‘ (50)

- 211(:;))-51 (1= e PS5 s

where S = S, + S,

Plots of a; and a, versus time are shown in Fig. 16.

o]

TIME

FIG.16.  Specific activity in a closed fwo-compartment system with compartment 1 initially labelled,

»

Total S may be determined by the dilution technique, Now by
inspection of Eq, (50) at long times, i.e. when the tracer is completely
mixed, a, equals the equilibrium value

17 a_‘L']'(: 3 (52)

Therefore, one can solve for S) and hence S, by difference. Now a
plot of Eq.(48) will allow calculation of the slope

1 1
p<—-+—-) 2.3 (bkee Fig.17).
5, "5/ ( g.17)
Therefore, from the slope, the transfer rate p m.y be determined,

To obtain transfer rates between compartments is the objective of most
tracer kinetic experimentation, It should be noted that

p =k 08 = ko 15y (83)

which expresses the steady-state condition,
L A
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) TABLE III. APPROXIMATE VALULE OF THE HALF-THICKNESS OF
) LEAD AS A FUI(ICTION OF GAMMA-RAY ENERGY .

lf) Approximate half-thickness .
(Mev) of lcad shielding
{(cm)
0.5 0.5
1.0 1
T 15
2-4 )

Radioactive materials; external
dose rates less than 2.5 mrem/h

[CAUTION RADIOACTIVE MATERIALS

External dose rates

fr \{
25 o mrerelh | CAUTION"RADIATION AREA

External dose rates _ CAUTION HIGH RADIATION AREA
exceeding 100 mrem/h

It is of importance that before beginning any work with appreciable .
amounts of vY-ray emitters the researcher should know how great the
) vY-ray dose from the source will be, For point sources of activity, vy-ray
. intensity will decrease as the square of the distance (inverse-square law).
? _ Thus, the exposure dose can be calculated for any source as follows:
Q Exposure dose in R/h for A (C1) at distanced (cm) from point’y-ray
source

_ A(Ci) X 2.22X 10" (dis/min-Ci) X E (MeV/dis) X 1.6 X 10°° (elgs/\IOV)
60 (mm/h) X 47 d° (cm2) X 87.7 (ergs/g-R) X 1.3 X 1073

x(ﬁlc_mu_l_) _ : (23)

g/cm*) .

b . . ) . . . . .
where p is the linear absorption coefficient in cm-l for air of E energy

Y-rays. R
L : Equation (23) may be 51mp11f1ed if A is taken as 1 Ci, das 100 cm (1 m)

andu as 3.3 X 10° cm-! for all y-rays in the range 0.1 - 3 MeV. Com-

bining constants, Eq. (23) reduces to

T'(R/h-Ciatlm) = 0.5 E (24)

where E is the average v-ray energy which can be evaluated from the
decay scheme of that radionuclide and T" is termed the y-ray dose constant.
Once the exposure dose is known at any one distance, it may be cal-
culated at any other distance by the inverse-square law.
The v-ray dose constant I'(R/h-Ci at 1 m for various radionuclides)
is given in Table IV,

) .

!
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TIME
FiG.17. Plot of Eq.(48) for closed two-compartment modcl.

INJECTED -
ACTIVITY
) FIRST SIGN OF
i ACTIVITY AT LOCATION

!
F1G. 18, lllustration of diffuse appearance of tracer at location B following bolus injection at location A,

» . .

CONCENTRATION

TIME

F1G.19. Schematic curve of tracer concentration at location B following single bolus injection at
location A.

A final-example of the use of tracers can be termed translocation or
rate of flow studies. If a radioactive tracer is injected at one location (A)
b in a system and its appearance observed at another location (B), the shape
- of the injection pulse will have become diffuse due to the number of possible
pathways between locations A and B, See Fig.18. i’
If a known amount of label R is injected at location A and the concen-
tration of label appearing at B is measured as a function of time, thena
typical curve as shown in Fig.19 may result. =
: ] If no tracer is lost between A and B (only a labyrinth in between) and
! ' if the area under the curve in Fig.19 can be determined {either graphi-
' cally or by integration) then the flow rate in the system, Q, can be cal-
culated from the Stewart-Hamilton principle. .
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TABLE IV. GAMMA-R ‘\Y EXPOSURE DOSE LLEVELS I‘()R SOMNME ’
RADIONUCLIDES

Yege i N
Radionuclide « Predominant l )
. 7 -ray energy (Rh-1
{Mev) . at 1 m)

S o 1,17 and 1. 35 : 1.8 ee

Cs [DATOUN 0.41

by 0. 36 e

' 1 Ce v.32 : 0.02

YNa 2.6 ¢ . 1sd

“*Ra « daughters in Many diffcrent 0,53
cquilibrium

¥R 1.52 C0.14

The inverse-square law shows that distance is a very important factor
in minimizing dose, Considcr a source from which the y-ray exposure
dose was 1 mR/h at 10 ein.  Any manipulations with the source by means .
of long forceps or tweezers would produce a negligible finger or whole-
body dose, However, if the source were handled without tweczers, for
instance with rubber gloves as the only protection, the radiation exposure
. ’ ddse at 1 mm distance would be 10000 mR/h = 10 R/h to the finger tips.

The exposure time is equally as important in minimizing dose,
Manipulations with sources should be performed rapidly but carefully.

Monitoring of external dosc can be accomplished by the use of personnel
dosimeters. These can be worg on the body or attached to the hands or
wrists, if necessary, and provide an integrated dose over the total working
period. Film badges or solid-state thermoluminescent dosimeters are the
most common systems currently in use.

3.2.2. Internal exposure °

The internal hazards of radionuclides involve spme distinctly different
considerations, Beta-emitters and particularly alpha-emitters become
extremely Hazardous on entry into the body. The protection against internal
contamination largely involves prevention of accidental ingestion, inhala-
tion or skin absorption of radionuclides., The International Commission
on Radiological Protection has calculated maximum pérmissible body

.burdens of all the radionuclides and the maximum permissible concentra-
tions in water and air that would produce such body burdens if chronic
exposure conditions existed, The factors that determine the maximum
permissible body burden of any radionuclide are:

, \
- (1) Particle radiation energy, LET and half-life
(2) Absorption from the gastromtestmal tract or lung tissue into
body fluids . .

(3) Distribution into body organs

(4) Biological half- hfe, i.e, the time required fox the body burden

to decrease by one-half,
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(m)) _ R (uCi)
Q (time) area under curve (uCi/ml) (time) ~ (54)

Calculation of flow rate by this method has been very useful in

physiological circulation studies and can be adapted to natural systems
easily.

6. NEUTRON ACTIVATION ANALYSIS

If a stable element is exposed to a flux of neutrons there is a finite
probability that a stable nucleus can capture a neutron to produce the
isotope of that element with an increase in mass number of 1. As dis-
cussed in Section 1.4.4 this activation process is a primary method of

producing artificial radionuclides. An example of such a capture reaction
is

23 1 24
1nNa + gn — 7INa + v

In general such activation reactions are most probable with thermal
or slow neutrons. The activation reaction is utilized in an analytical
technique termed neutron activation analysis, as follows,

- Let ny be the number of stable nuclei exposed to a flux & of thermal
neutrons. Let ¢ represent the cross-section per nucleus or the probability

of a capture reaction occurring. Therefore, the rate of production of
radioactive atoms N will be

dN
) e aontd, (59)
where o = cross-section in units of cm? /nucleus
* np= total number of exposed stable nuclei

® = thermal neutron-flux in neutrons/cm sec.

However, the radioactive atoms, N, produced by activation will
immediately begin to decay at their own rate characterized by the T

of
the radioactive isotope produced, Therefore Eq.(55) must be modifged to
include this rate of decay '

dN

T oM AN (s6)
net rate = ( rate of "\ (f;ate of radio-)
" \production \ active'decay

Equation (56), similar to Eq.(39), is integrated to the following
A =N\ =ongd(l-e) (57)
= activity produced in dis/sec

decay constant of radioisotope produced
time of irradiation
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Considerations (2) and (3) also depend on the chemical and physical
form of the radionuclide. Also, the solubility in body fluids will largely
determine the absorption and transport of the radionuclide,

The recommended maximum permissible body burdens and correspond- ’
ing maximum permissible concentrations in air and water are given in
Appendix 111,

3.3. Control of contaraination

Contamination of laboratory, benches, glassware and operator by
. radionuclides must be avoided for two reasons:

(1) Laboratory contamination can result in internal exposure of the
- laboratory personnel and even be spread to areas where other
personnel may be exposed. .
(2) Experimental results may become doubtful.

A number of lal’)ox‘atox‘y rules should, therecfore, be strictly adhered to:

(1) Eating, drinking and smoking in the laboratory are strictly
prohibited,

(2) Each person should wear a laboratory coat. This coat should be
worn only in the laboratory space where the gxperiments with
radionuclides are done, not in the counting rooms.

(3) When there is a risk that the hands may become contaminated,
thin surgical gloves should be worn. These gloves have to be put
on in such a way that the inside never touches the outside in order
to prevent direct contamination of the skin. A detailed description
of the procedure for putting on or removing gloves is given in .
Appendix IV. : '
As soon as the risk for contamination of the hands is no longer
present, the gloves should be removed, as they constitute a source
of contamination of glassware, equipment, faucet handles etc. '

(4) Pipetting or the performance of any similar mouth suction is strictly
prohibited. Syringes or propipettes must be used.

(5) Protective eye glassesor shields should always be worn in a radio-
chemistry laboratory, This will shield the lens of the eye from
high-energy B-particles and will minimize eye injury in the event

" of a chemical accident,

(6) To prev?nt contamination of gloves, hands, or equipment, paper
tissues should be handy and always used as an intermediate, After
use, these tissues should be disposed of in foot-operated waste

: bins or large drums.

T ! (7) All operations involving volatile materials, heating or digestion

' : must be done under a hood. The air velocity at the hood' face should .
' be approximately 40 m/min. )

(8) Any operation in which radioactive dust may arise should be carried
out in a glove-box in which slightly negative pressure is maintained. .

In the exhaust system a dust filter must be present to collect radio:
active particles. These precautions are particularly important
in the case of alpha activity.

~—
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Most commonly the technique is used.to determine the number of \
atoms ng of the stable element in a sample. The flux ¢, irradiation time t
and cross-scction o are known and the activity produced is measured
allowing measurement of ny. A comparator technique, i.e. irradiating
a sample with a known amount of the element, is frequently adopted.

Using nuclear reactors as the source of neutrons the technique is
extremely sensitive for certain elements which cannot be analysed by con-
ventional chemical methods.

As scen from Eq. (57) the element for analysis should have high abund-
ance of the stable isotope, a high cross-section o, and a half-life that is
not so short to preclude casy measurement or so long that long irradiation
times are necessary, The detection limits for certain elements can be
as low as 1071 grams.

~

7. NBUTRON MODERATION AND GAMMA-RAY ATTENUATION
TECHNIQUES

7.1. -Neutron moderation in relation to moisture determination

Neutrons can be produced in the laboratory by using small sources
containing «-particle emitters and finely divided beryllimn. The e-emitters
are commonly cither 29 puor *'Am. Both have long half-lives and emit
negligible y-rays. The nuclear reaction responsible for the neutron .
production is : :

He + iBe — ¥C + In

The neutrons produced from such a source have an average kinetic
energy of approximately 4.5 MeV, but the cnergies range from 0-12 MeV,

As discussed in Scction 1.4.4, moderation or slowing down of fast
necutrons by elastic collisions is most efficient with small atoms, in
particular hydrogen. Water is a very efficient moderator (although some
neutrons arc lost by (n, ¥) capture by 'H), Tha BT, tubb (discussed in
Section 2, 6) used to detect neutrons is seTsitivg only to slow or thermal
neutrons, Thus, if a BF, counter tube is pldvfd near a fast-ncutron source,
the count rate in the tube will ibe directly proportional to the amount of
moderation between the soux‘ct‘ and the detector, “Soil scientists have used
this principle to measure the water content of soils in situ. Most hydrogen
atoms in soil are in molecule$ of water, Therefore, the count rate of a
BF; tube in a soil well containing also a neutron source is directly pro-
portional to the moisture contgnt of the soil near the detector and source.
The system can be calibrated .either by taking soil core samples near
each reading and determining their water content by oven drying, or by
taking a serics of readings in soil barrels in which the water content is
controlled,

Sources of error in the technique are principally due to elements that
have a large thermal neutronjtbsorption cross-scction (e, g, Cd, B, Mn,
Cland Li). Fortunately, these elements are generally present in such
small concentrations that they produce little effect. However, in some

soils this source of error must be considered.
s
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(9) All operations should be carried out over shallow trays. The
bottoms of the trays should be covered with absorbent paper.

(10) Storage bottles should be available for dumping of liquid. waste.
These botties should contain a small amount of ion-exchange resin
to concentrate the activity.

(11) Avoid cross conta‘minationrby using glassware, can openers,
tweezers ete. for onc particluar radionuclide only,

(12) An end-window G-M survey meter should be available for con-

<} tamination detection. In addition, it would be preferable to haveé -
: an ionization-chamber survey meter for exposure dose measure-
ments. : '

(13) Y¥requent surveys of laboratory work areas, equipment and per-
sonnel should be performed with the G-M survey meter to detect
contamination. Inthe casc of a-emitters, 3H or electron-capture
cmitters, filter paper should be used to swab the suspected areas.
The swabs should be counted with an appropriate detector.

[14) Before leaving the laboratory the hands, clothing and shoe soles
should be checked with a suitable survey instrument or swabbed.

[
3.3.1. Decontamination

" Decontamination of the skin should first be attempted with soft soap
and water, possibly with a soft brush. Care should be taken to avoid
damaging the skin by excessive washing. Often washing with a carrier -
N solution will aid in removal through exchange with the radioactive isotope.
Obviously, the carrier ®olution must be non-tokic to the skin: ;
\ Generally, the decontamination of glassware, metal surfaces or
painted surfaces with radioactive material of high specific activity is greatly
reduced by repeated washings with carrier solution. Stocks of carrier
solution should therefore be present where contamination is likely to occur.
A spreading agent may be very effective.

Material ' Decontamination solution P
Glass: Either 10% nitric acid or 2% ammonium ,
- bifluoride or chromic acid or carrier *
¢ in 10% hydrochloric acid. "
Aluminium: 10% nitric acid, sodium metasilicate

or sodium metaphosphate. ¢

e
‘ Steel: : Phosphoric acid plus a spredding
i ¢ agent.
i- Lead: 4N hydrochloric acid until a reaction

) . starts, a dilute alkaline solution,
’ followed by water.

; " Linoleum: Xylol or trichlorethylene to remove
wax surface,

Painted surfaces:. ' Spreading agent and ammonium citrate
i : * or ammonium bifluoride.
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7.2. Gamma-ray attenuation in relation to density determination

As discussed in Section 1.4, 3, the interaction of y-ray photons with
matter is largely with orbital electrons. T'or medium and low 7 materials,
the predominant effect is Compton scattering and absorption. The
Compton effect is proportional to the 7/M ratio or electrons/gram in the
attenuating materials. For most low and medium 7, elements, the 2/

ratio is very nearly 1/2. Thus, if the 7/M ratios are nearly the same,
the attenuation of y-rays will be proportional to the bulk density or numbor
of electrons/gram. The bulk density of medium and low Z materials,
such as soil, can be determined by this principle. Usually a ¥7Cs
y-ray source is used and the count rate of a Nal(T1) scintillation-counter
detector will be inversely proportional to the bulk density in the material
between the source and the detector,

.
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\Wood and concrete; Difficult to decontaminate,  Partial
¢ or complete removal of the contaminated
material will.usually be the only
effective method.

3.%.2, Special laboratory design features

A lnborntor); in which work with radioactive materials is done should
hayve facilities that: ) T

(1) minimize the incidence and spread of contamination;
S (2) makb possible rapid decontamination, ' . ¢

Thesc facilities are further deter'mined by the nature of the work
which is going to be carried out, 'Three types of laboratories may accord- ™
v ingly be described (see Table V and Ref.[8]). Usually, an A" laboratdry
will b¢ associated with reactor operations or waste processing plants, - For
biological rescarch ""B'" or "'C'" laboratories will generally be adequate. .
A 7'C" laboratory may be any ordinary laboratory that has a gdod
ventilating system and an exhaust hood. 1'loors and benches should‘have
a surface which can be cleaned easily. . _
If larger quantities of radionuclides are to be used, -forr example for
. the dilution of stock solutions oy the preparation of labelied compounds,
then a ""B'' laboratory will be required.
- The characteristics of ##''B'" laboratory may be'listed as follows:

(1) “The laboratory room should be separate from the counting rooms.

(2) Ventillation of the laboratory should be sufficient to exchange the
total room volume 12 times perhour. The air flow should be from.
least active to most active areas. The fan for each hood should
be at the top of thie vent duct so there is negative pressure through-
out the vent duct, ' The ventilation to the room should be separate
from that to other rooms, particularly counting rooms. There
should be a particulate filter in each exhaust duct.

TABLE V. FACILITIES FOR RADIOACTIVE MATERIALS WORK

: Minimum } Type of laboratory or working place desited” .
“Radiotoxicity of o W/ = ; - - . - *
. . significa .. Type C Typc B Type A
| rtadionuclides . . ) . : : : .t
| toxic! Good chenical Radionuclide High-level :
(and cxamples of cach) )
’ quantity laboratory laboratory laboratory ™
Very high (*'st, " po, 0.1 pCi . 10 #Ci or less .10 uCi - 10 inCi or
- cte.) 10 mCi more

High (**Ca, *Sr, 1, 1.0 4C 100 §Ci or less 100 Ci- 100 mCi or
cle.) 100 mCi nore
i Modcrate (?Na, ¥p, 10 aC 1 mCi orless 1 1mnCi - 1 Cior
¥s, 42K, $°Co, *?8r, 1 C more
ctc.)
Slight (3H, HC) 100 uCi 10 mCi orless 10 mCi - 10 Cior

10 Ci morce
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r
(3) Shielded, lockable, scparate storage arcas should be available
for radioactive sources, X
(4) Tor facilitation of decontarmination, floors and benches should e
. ) covered with vinyl or linoleum, preferably without scaims, Under
' no circumstances should uncovered wooden or concrete floors
and bench tops be allowed. Furniture should be of non- porous
material, . ’
“ (5) The G-M survey meter, the hand and foot monitoring station and
laboratory coat hooks should be located just inside the entrance
to the laboratory. '
(6) ‘Water faucets should be of a foot- or clbow-operated design for
prevention of contamination. !
(7) If possible, a shower for personnel decontamination should be
located close to the laboratory, :
(8) Drains should be located in the floor,
N (9) Ridges and corners in which dust may accumulate and which are
- difficult to clean should be absent’,

3.4. ‘Waste disposal

\

Radioactive waste should be controlled and disposed of nccording to
the recommendations of the ICRP (sece Appendix V). Generally, liquid
&" waste should be stored in polycthylene containers and not disposed to the
. Sanitary sewer system through sinks, High-volume, low-nct'ivity' liquid ~
waste may be treated by ion-exchangers to reduce the volume, Solid waste
. should be put in foot-operated bins. All waste containers must have the
appropriate label as well as a label stating the date and quantitics of vach

. radionuclide added. )

. ‘If possible, it is advisable to store all liquid and solid waste until the
activities present have peen reduced by radioactive decay such that it might
be dispgsed of by usual mcthods. If this is not possible, as in the case of
long-lived emitters, land burial may be necessary. In some countries a
central organization is in charge of collection, storage and/or buriai of
radioactive materia's,

A Waste disposal can be a serious problem and if Work with appreciable

N activity of long-lived radionuclides is anticipated, expert advice should be
sought, :

, L SOME UTILIZATIONS IN BASIC PRINCIPLE

By virtue of the Very high scnsitivity with which their radiations may
be detected, radionuclides are widely used as indicators in tracei work:
whenever stable indicators are unobtainable or impractical. Many of the
basic principles have been treated in the foregoing sections. However, the
basic lecture matter includes additional sections which deul with some
supplementary principles involved in pathway identification, tracer dilution,
tracer kinetics, ‘neutron activation analysis, neutron moderation applications
and gamma-ray attenuation. The principal limitations involved in the use
of radioactive tracers arc discussed in the introduction to the "Applied Part"
of this manual, and the experiments given in both parts arc designed to
illustrate a number of principles and applications.
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LABORATORY EXERCISES
1, EXPERH\"IENTS WITH A G-M COUNTER

1.1. The plateau of a G-M tube ) Y

INTRODUCTION

Geiger-Muller counter assemblies in normal opcration often show
an appreciable variation in performance from time to time. It is thus
useful to have a reference source by which day-to-day counting may be
standardized. The half-life of such a standard,should be so long that no
correction for decay need be made. A suitable reference source may be
made from black uranium oxide (U30;3). This combines the required
chernical stability and long half-life (4.5 X 10? yr). The oxide should
not have been treated chemically for at least a year, during which time
any significant daughter products removed by previous treatments will
have aghin come to radioactive equilibrium, : : -
The total disintegration scheme of 23y and daughters is very complex
and it is advisable to filter out all particles except the 8-particles of 2.3
and 1.5 MeV from 23Mp, . This can be done by covering the source with
aluminiumn foil of approximate'ly 35 mg/cm? thickness. If this is done

the U30g source may be used as an absolute standard. Pure UsOs under- : e
goes 724 dis/min per mg. The 2.3-MeV B-particle is.given off in greater . /
than 99% of the disintegrations. CoT .

With this or a similar standard beta reférence source the foliowing
properties of a G-M tube may be determined;

(1) The staz‘ti'hg potential and threshold voltage.
(2) The characteristic curve of 'count rate versus tube voltage and 2
the counting plateau,

(3) The optimum operating voltage.
(4) The counting yield Y (counts/dis).

A

EXPERIMENTAL PROCEDURE

(1) Obtain a source countirg about 5000 counts/min, If the source
is UsO0s, weigh the source.

(2) Put the source (on a planchet) into the planchet holder in the
shield. Be sure the high-voltage switch is off and turned to
its minimum position., Turn on the master power switch and
the instrument to "count" mode. Now turn on the high-voltage :
switch, :

(3) Increase the voltage slowly until the first counts are obtained.
The voltage is called the starting potential,

(4) Determine the count rate with increasing voltage. A total of
2000 counts for each voltage step is adequate, Increase the
voltage in steps of 25 or 50 volts, ' )

(5) When the count rate does not change appreciably as the voltage
is increased the threshold voltage has been recached and the G-M
tube is operating in the plateau region, When the count rate . '
beginsg to increase rapidly no further high-voltage steps should

3
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) : - . be applied. This is termed continuous disc;har"ge and above this

: - ' . voltage the counter will race and damage to the G- M tube will

occur.

(6) Calculate the slope as the percentage increase in count rate per

100 volts and the-platcau length Vg - V, (see Fig.20). The
510pe is

" _ | 7 1—(,’0—\(,’;“—\,’1)”—1 X 100 = %per volis (1) -
M . 1
. A good G-M tube will have a slope of less than 10% per 100 volts.
’ (7) As the tube ages the plateau length will begin to decrease. To b
allow for this choose an operating voltage of V, + 75 volts, or
i (Vy +V,) if the plateau is less than 150 volts. Occasional checks
on the characterjstic curve should be performed as the tube ages.
" (Age is proportional to the total number of counts),

(8) At the operating voltage, if the disintegration rate of the standard )
source is known, calc-late the counting yield Y at each shelf

3 - ' position in the shield.
y = L (counts/min ; o .
" " Adis/min - (2)
~ \
z %~ CONTINUQUS .
o~ E [ W — . . DISCHARGE
) 2 : oV
g i PLATEAU !
. 3 | .
5 © START NG POTENTML | N
|
1
Va2

I
A
e  VOLTAGE

F1G. 20, Characteristic curve for Geigur-Mitller wbe.

1.2. The resolving-time of a G-M counter

INTRODUCTION *

The resolving t1me i.¢. the time after each pulse that the G-M tube
is not able to register pulsos can be deterrnined in various ways The
method by which a series of samples-of increasing strength i{s counted
is’ stxalghtforward Trom the difference between the expected .count rate . R
as extrapolated‘from low connting rates and tlre obgerved count rate, the ‘
resolving time can be estimated.

As shown in Section 2.2, if the resolving time 7 is known then the
true count rate R ¢an be calculated from the observed count rate r as
follows

: ; - r
: R = l1-r1

(1)

a6 ' ' : . Lo
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If the r of a radionuclide of knbwn_ half-life is plotted against time
. on semi-log paper, R of the highest count rates can be extrapolated from
C the r of the lowest counting rates and 7 can then be estimated by usg¢ of
Eq.(1).
\ . Another approximation of the resolving time 7 may be obtained by
the method of "twin samples'", i.e. from a comparison of the count rates : [
. of each sample counted separately. .
Let Ry, Ry, Ry o and 'R be the true count rates (background included) °
of sample 1, sample 2, samples 1 plus 2, and a blaftk sample, respectively,

Also let ry, rg, r, g and r be the corresponding observed count rates,
Then by definition

R, + Rg =R, + R . (2)
W ‘
Substituting in Eq. (1) ’
. ry + re = ry o 3 r (3) £
1-rm71 1-rg7 1-r)e l-r71

-
Since ryj7 « 1and r7 « )7, the following approximations can be made

N
“ r r . - N
—2—=r +rir and, —S— = - 1

~ -7 1+rr -

Therefore, éfter substituting, we obtain . "

s -~ I'yao

ry + - ’
L 2 - (1)
PYya - Ty - 15

T =

which can be simplified to : e

+ ro - I -r - . . o
+ = 0 2 1.2 S (5)
2,.11.2 ¢

since

- 2
r¥.2 @ (r, + ry)

PROCEDURE B

(1) Tap about 5 ml (approx. 25000 counts/min) from the ¥7mBa
. column used in Experiment 2.2: cover the counting. dish with
' ; - aplastic cap of 100 - 150 mg/cm? apd immediately start making
N : ’ : 6 - 8 onc-minute countings separated by one-minute intervals,
: + Verviaccurately record the elapsed time,
(2), After half an hour determine the residual count rate (background)
then plot the count rates corrected for background of 137MB,
versus time on semi-log graph paper, . T
(3) A straight line with a slope corresponding to the "tenth-life" of
; ¥MBa (8.5 min) is drawn through th(ast 3 or 4 points. Now"

<3

from the small deviations of the first few points from this st’raight - ' -
line, estimate the resoélving time of thNG-M counter using Eq. (1). -
Note; Verify that Ty X 3,33 = T‘xé.
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. (4) Select two samples of B-emitting radionuclides (e.g. 2%TIl)y of
"' approximately 12 000 counts/min each.
(5) Count the first sample in a sample holder having two holes, In -
the second hole insert a blank planchet.
(6) After counting the first sample, remove the blank planchet and-
replace it with the second sample. Now count both samples together,
(7) Remove the first sample and replace by a blank planchet and count
the second sample. A
(8) Deotermine the background by counting with two blank planchets in
counting position.
(9) Calculate 7 by use of Eq. (5).
(10) Use an end-window G-M tube survey meter to survey for personnel
or equipment contamination. »

v

1.3. Counting and sampling statistics

 In scientific experimentation the standard deviation (calculated from
replicates) should always be given together with the results to permit
assessment of the uncertainty. When the standerd deviation is calculated
from replicate analyses it automatically includes all sources of variation,
i.e, those due to the experimental methods as well as the natu¥al variation
inherent in radioactive decay.

If a total of C counts are obtained on a single sample, the standard .

deviation oi:}hat single count is estimated by - .

=Jc . G

If the sample is counted repeatedly without moving the sample and
assuming the counter system performs perfectly, the standard deviation
of that series of counts, as calculated by statistics of the normal distribu-
tion, will give essentially the same estimate. The standard deviation will
only include the variation due to radloactive decay which we will term
natural uncertainty. )

. However, if the sample is moved between countings or a number of ’ ’
"identical" samples are counted in succession, a larger value will Eenerally
be obtained if the standard deviation is calculated by the latter method. L .
This is due to random variations in geometry and sample preparation.

These additional sources of variation including erratic counter performance
we will term technical uncertainty. An experimental evaluation of these
two types of uncertainty will be made.

MATERIALS AND REAGENTS -
(1) %P solution of approximately 0.1uCi/ml.
(2) 0.11'-ml pipette and pro-pipette (e.g. rubber bulb or syringe).

(3) 25 counting planchets. i
(4) Infra-red drying lamp. v

PROCEDURE

(1) Using the pro-pipette, pipette 25 samples containing 1 ml each.
Dry each sample under an infra-red lamp. Do not allow the
samples to boil or spatter.
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(2) Place one of the dry samples in the planchet holder and make
25 countings.of 1 min each without moving the sample. Record
the result of each counting.
(3) Calculate the natural standard deviation as

Tnat = Je

where C is the mean value of the 25. countings.
(4) Calculate the total standard deviation by the following equation

5(c - §)? : ,

Tor =\ T " (2)
where C = dount.of each i_ndiv{dual counting
C = mean value of the 25 countings -

n = number of countings (n = 25 in this case)
(5) Compare gy, and a5, and if they are found to be significantly
different, explain. Calculate g,, in per cent,
(6) Now c,ount each of the 25 samples separately for 2 min, and
record the results,
(7 cheat the calculation of o, according to Eq.(2), and compare
"~ with oy, . Calculate g, in per cent using the equation
)

a

2 2
Ctot = Opat + Oy .(3) o

. '(8) Use the end-window G-M survey meter to survey for personnel
or equipment contamination,

1.4. Absorption of beta particles -

The absorption of B-particles in matter is very nearly independent
of the atomic number of the absorbing material provided the thickness is
expressed in mg/em? (thickness X density). Beta particles have a
spectrum of cnergies ranging from zero to maximum value for each parti-
cular radionuclide. 3P emits only $-particles. The maximum energy
is 1,7 MeV and the average energy 0.7 MeV. The thickness of matter
which is able to absorb all incident 8-particles is called the ''range",
and this is determined by the maximum energy particles. However, only
a small fraction of the beta particles from any source have this maximum
fnergy and the range is therefore not sharPly defined. For 2P the range
s approximately 800 mg/cm

A transmission clrve of 32P beta particles through aluminium will
be prepared in the present experiment, A simplified method to determine
B-particle range and energy is also demonstrated,
PROCEDURE

-

(1) Obtain a 32p golution of approxlmatcly 0.1 uCi/ml,
(2) Pipette 100 X (0.1 ml)® onto a planchet and dry .
under an infra-red lamp.

——

3 1a=1 [I‘l“l!c
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i ; o (3) Prepare a snd sample by pipetting 100 X of a *P solution
‘ : : of approximatwly 50 uCi/ml into a planchet and drying.
- . (4) Count the low-activity source in the G-M counter, Obtain at
least 10000 counts. Place an aluminium filter of about 20 mg/cm?
between the counter window and the source and count again.

(5) Continuc countix{g at increasing absorber thickness until a count
rate of about 200 counts/min is obtained.

(6) Repeat the previous two counts with the lugh acnvity source and
calculate the average tatio-between low- and high- act1v1ty ‘source
‘ ) : count rates (Note: resolving time corrcctions must be made for
: the high-activity source counts and background must be subtracted
in“the casc of the low-activity spurce counts). This ratio can be
- used to transform the low-activity source-count rates into the
' high-activity source count rategs. The high-activity source cannot
be counted at zero or low absorber thicknesses.

(7) Continue counting the high-activity source with increasing absorber
thickness until an almost constant count rate is obtained. The
count rate now is due to bremsstrahlung or continuous N-rays
produced by interaction of the 3-patticles with the Al nuclei.

(8) Plot the observed and calculated net count™rates of the high-activity
source on the log co-ordinate versus absorbeér thickness on the

- : linear co-ordinate. (To the absorber thickness add the window ~
thickness of the 'G-M tube and the air thickness, in mg/cm?, from
G-M tube window to source,)

(9) Extrapolate the bremsstrahlung component to zero absorber
thickness and subtract this contribution from the net count rate.
Plot the corrected curve.

(10) Dctermine by inspection the point at which the uncorrected trans- :
mission curve appears to intersect the bremsstrahlung curve. -
This point corresponds to the range of 2p {‘ paxtlcles and should
be approximately 800 mg/cm?. . .

(11) A simplified method of determining B- pa1t1cle range is based
on determination of the fifth half-thickpess of absorber. The half-
- thickness is the thickness of absorber required to reduyce the count )
. rate by a factor of 2. The fifth half-thickness is the amount . K
required to reduce the count rate by a factor of 25 or 32. The
fifth half-thickness has been found empirically, in most cases,
to be approximately cqual to } the tange of the max1mum energy
B-particle. .
From the corrected curve, determine the thickness of absorber
that was required.to reduce the count rate at zcro absorber by a
factor of 32. Multiply this value by 2 and determine how well it
estimates the range of 32P particles. -

(12) Repeat the exercise for C instead of **P. The "

14¢ should be about 30 mg/em®.

(13) How well can the initial portions of cach corrected curve approxi-
mate a straight line?
(14) Use the end-window G-M survey meter to survey for personnel - R
{ . or equipment contamination. ,

range' for
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4
1.5. Self-absorption and sclf-scattering of beta particles

INTRODUCTION

particles is an \gj’ponentlal function of absorber thickness. (To verify this,

It is often necessary to measure the radioactivity of sources which
contain appreciable amounts of solid material. When a thick source is.
cunted, errors from self-absorption and from source scattering
introduced. Self-absorption decreases the count rate below the expected
value and i’ most important with low-energy f-emitters whose maximum -
energy is less thah 0.5 MeV.. Scatfermg tends to increase the count rate . .
and is most noticeable with high-energy B-emitters. (The effect of N
sclf-absorption and self-scattering also exists with y-ray emitters but is
usually negligible since y-radiation has a greater penetrating power.)
A third source of error when voluminous samples of varying thickness
are involved may be called ''self-geometry', i.e. the top of the sample
becomes closer to the counter:as the sample thickness increases. The
combined effects of sclf-absorption,, self -scattering and self -geometry,
normally result in a decrease in the count rate. The principal method
commonly used to correct the self-absorption is as follows:

The method js based on the assumption that the absorption of beta

observe that in the previous experiment the absorption was closcly
approximated by an ¢xponential function over the first decade or two.)
Therefore, assume that the decrease in count rate per unit sample thick-
ness is proportional to the sample thickness or .

dm . '
ax T e (1)
where m = count rate per cm® thickness of sample . ‘
¢ = lincar absorption coefficient of the self-absorbing material
in cm™} a
x = sample thickness in cm
Equation (1) ¢an'be integrated to
m = mo eH¥ (2)V
" where ’mo = count rate per cm?® of those atoms located on the surface
of the sample
m’ = count rate per cm® at thickness x of sample
The total observed count rate then from a sample of cross-sectional | \ ’

areca 0 (cm ) and thickness X is obtained by integrating the activity as a
function of thickness over the entire thickness of the sample, X.

X
!
r =J omye™ dx =
0

mg 1]

(1 - e G
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Howeveér,

Ny -

my6H = X
where R = count rate if there is no self-absorption
- Therefore
R " ‘
Peax@oeTy “

Finally, defining a self-absorption factor f as the ratio between
observed count rate and the count rate if there were no self-abspxjption, as

g e ~ (5)

-1 ot

Therefore, for samples of X thickness, the factor f may be used to
correct observed count rates for self absorption. The constant must be
obtained experimentally.

‘lf p is expressed as the mass abgorption coefficient {u/p, cm?/g)
and the thickness as density-thickness™ rfﬁ',"g/cm") theny will be largely
independent of the absorber material and only a function of the maximum
energy of the B-particles.

As in Fig.11, Secction 2.4 of the Lecture Matter, if samples of
constant specific activity but increasing thicknéss are counted the count

rate will asymptotically approach a constant value. Samples of this thick-
ness or greater are said to be infinitely thick and if a standard of known
spcc1f1c activity is available, then unknown samples at infmite thickness
may be determined by simple proportlon

T unknown - Yhnown ' (6)

2 \nknown A known

where = count rate

r
a = specific activity

If it is impossible to prepare infinitely thick samples, the following
adaptation may be used.

If the data for Fig.11, Section 2.4, is replotted as count rate per unit
sample weight versus sample weight, a curve as in Fig.21 will result,

The curve is extrapolated to zero mass to obtain the estimate of the
"true'" counts/min mg. Now this is assigned the value 1 and the value at
cach sample mass is calculated as a fraction of the ''true" value. These
fractions are plotted against sample mass to give a calibration curve for
sclf-absorption in samples of intermediate thickness. See Fig.22.

Thus we can determine the total activity of a sample of unknown con-
centration and intermediate thickness by:

(1) Weighing and counting the sample. Determine apparent specific
ability.
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C/MIN-mg

MASS OF SAMPLE IN mg Fi1G.21. ‘Mass of sample in mg. I
1.0
. .8
¢ .6
“a
¢ .2
: . o
FIG.22. Mass in my. . MASS IN mg

U lass CYLINDER )
o

SPRING OF RUBBER BAND : T,

'—T_ FILTER PAPER
—

«————— SINTERED GLASS
FILTER STICK

——= SUCTION

L

FIG.23. Exploded view of filtering assembly.

(2) Determine from a graph, as in Fig.22, the fraction of its activity '
that will be counted,

(3) Divide the apparent specific activity by the above fraction to
obtain specific activity,

(4) Total activity = mass of sample X specific activity,

o The following experiment will demonstrate the above techniques.
: /
N MATERIAL AND REAGENTS 4

. Eight 1-in. planchets

] T'ilter apparatus

i Eight 1-in. glass filter papers "

' 50-x, 100-x, 150-x, 250-), 400-x, 500-X, 1-mland 2-ml pipettes

. Solution of NaJ*CO, (approximately 3 mg/ml and 0,05 uCi/ml)
N BaClysolution,

A FullToxt Provided by ERIC




PROCEDURE

(1) Place the following measurcd aliquots of a known stock solution

of radioactive sodium carbonate in six centrifuge tubes:
50 A, 100X, 1502, 400X, 500, 1 ml, 2 mland 5 ml,
(2) Precipitate the radioactive carbonate by the addition of excess
. BaCl, solution. ~

. (3) TFilter samples on preweighed 1-in. filters and wash three times
with 5 m1 of distilled water (sce T'ig.23). Airdry. Tix pre-
cipitate with 1 ml of collodian solution to prevent spread of con-

. tamination, Be surc samples are thoroughly dry.

(4) Weigh samplcs. Place in planchets and count.

(5) Count brekground with an empty planchet in counter,

(6) Preparc curves from background-corrected counting data as
described in the introductory material; i.c. count rate vs. sample
mass, count rate/mg vs. sample mass, and fraction of truc count

. ratc vs. sample mass.

(7) Calculate the value of u. For IC it should be approximately
0.28 cm2/mg. i can be determined from any point at infinite
thickness since at infinite thickness x becomes large, thercfore

. e — 0, 1 - — 1.
! (8) Use the end-window G-M survey meter to survey for personncl
' or cquipment contamination. ,

(]

EXPERIMENTS WITIT A SCINTILLATION COUNTER

Solid scintillation counting

o

————,

The following solid scintillation crystals are used to detect radiation:

@ -particles 7ZnS (actl\'ated by snl\'ex) spread as a thin layer
10-20 mg/cem?

. -particles Anthracene, trans- stilbene

y-rays Nal (activated by thallium at about 0. 17, concentration)

By far the most important application of solid scintillation crystals is
in the detection and measurement of y-rays. Scintillation detectors have
three distinet advantages over G-M tubés for measurement of y-rays,
These are: '

(1) DNigher detection efficiencies (20 to 40 times);

(2) No significant resolving time corrections up to 10° counts/min;

(3) The output pulse-height is proportional to the ¥ -ray energy lost
in the crystal, ’I‘horeforo y-ray spectrometry is possible,

’ Nal is hygroscopic and is encased in an air -tight metal can, The dec-
tectors are smgle crystals and should be protected against mechanical

shock ot temperature changes, The crystal and photomultiplier tube combi-
nation is generally sealed in an air-tight metal case and shielded by lead in

54
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the counting position, In spite of shiclding, the background of a scintilla-
tion counter will generally be considerably higher than for a G-\l counter.
This is due partly to electronic noise but mostly due to the high efficiency
of Nal(T1) for background j-rays, A lower-level pulse-height discriminator
is used to reject noise pulses, since they are generally of smaller pulse-
height than pulses due to the photons being measured,

The following four exercises are designed to illustrate the use and
advantage of y-ray scintillation counting.

2,1.1. Integral scintillation counting

MATERIALS AND EQUIFMEN |
(1) Nal( l‘l) scintillation crystal & photomultiplier detector assembly,
(2) Smglc channel pulse-height analyser and scaler,
(3) ligh-voltage supply.
(4) Gamma-ray sources of ¥7Cs, “’l(,’,o and ¥ Ba approximately
0.1 uCi each, '

PROCEDURE

(1) Set the lower-level discriminator to 5 V. Set the differential-
integral switch to integral or else disable the upper-level dis-
criminator. ‘The scaler will now count all pulses exceeding the
lower-level setting, This is termed integral counting,

(2) Setthe amplifier gain controls to their minimum value,

X Insert one of the above sources in the counting chamber,

Increase the high voltage to approximately 600 V and turn
the scaler to the count mode.

(5) Now inerease the amplifier gain until the scaler begins counting,

(6) Keep the gain constant and begin recording count rate with in-

' creasing high voltage, Increase the high voltage in steps of 50 V,
Do not increase the high voltage above 1500 V or serjous damage
to the photomultiplier tube will result,

(7) Repeat counting background only,

(8) Repeat with the other two sources,

P’lot the above data as counts/min versus high voltage on 4 or 5 cyvele
semi-log graph paper,

(9)" Using one of the three sources increase the gain of the amplifier
by a factor of two and repeai the characteristic curve previously
obtained, What shift do you note? What change in photomultiplier
tube voltage is equivalent to a gain in two in amplified gain?

(10) Leave the gain the same as in (9) but increase the lower-level
discriminator by a factor of two. You should obtain the original
curve for your source, Why?

(11) If the activities of the three sources are l\no“n, plot counting
vield (counts/y-ray) versus ener gy in the highest counting flat
portion of your curve., The geometry should be essentially the
same for all sources. xplain the variation in counting vield
versus source y-ray energy, (Be sure and consider the number

(<2}
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of y-rays per disintegration from the decay schemes as well as S
the half-life and age of the source.)
(12) Set the high voltage at the value corresponding to the start of the
plateau for the ®°Co curve. Use the Co source and with the
. lower level discriminator set at 2 V take counts with incrreasing
discriminator setting until the count rate reaches background,
Plot the integral curve, Iixplain the inflections of the slope of

the curve, N
(13) What settings would you use to measure %Co in the presence of
WCcs? ’

COUNTS/MIN

TIME

FIG.24.  Curve showing exponential decay of the activity of a sample where rg is the count rate at the
start of the counting interval, and 1y, ¢ is the count rate at the end of interval T,

2, 1.2, Rapid radioactive decay

INTRODUCTION
. /

~  The primary purpose of this exercise is the investigation of the radio-
active decay law in one short laboratory period, In this a short-lived
radionuclide is observed, and a secondary effect (of less importance)
thay be considered, In counting of radionuclides with a very short half-
life the length of the counting period must be considered as follows,

Consider the case of counting a radionuclide in which the counting
period is long compared with the half-life of the nuclide, i, e, there is
appreciable change in source activity over the counting interval,

. Figure 24 shows the change in count rate over a counting period T,

The observed count rate then is equal to the counting yield times the

total number of atoms that decayed during period T or

. 3
oav N =Ny
Tobs = Y'_ T I (1)
where N, = number of atoms present at time t

Nist = number of atoms present after interval T
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Since N,y =Ne™!

’ then - N
e = v R ) 2)
If numerator and denominator are multiplied by X then . !
g ¥ ALz .
or
Fops = r—“T—e\TL | ' (4)

Thérefore, the count rate at the beginning of a counting period T may
be related to the count rate observed over the whole period by

‘ t ,
_ Iops A1
r, = (1 - exT) (5)

Inspection of Eq. (5) reveals that if T is small compared with the half-
life then AT will be small and for AT < 0. 05, (1-¢") approaches )T,

With the aid of Eq.(5) the ratio r,/r, may be calculated for various
counting periods. If the duration of each counting period T is the same
throughout a'series of consecutive counts, then the ratio v /ron, will be
constant,

In the following experiment, IIq.(5) will be used to correct the count
rate of ¥7MBa, 13"MRBa is the metastable isomer of 7Ba, It has a half-
life of 2,6 nin and decays by emission of 2 0, 662-MeV gamma-ray,

MATERIALS AND EQUIPMEN I

(1) SOyu-H type cation exchange resin (e, g. Amberlite IR-120 or
Dowex-50).

(2) About 200 uCi *'Cs in solution,

(3) A conventional burette.

(4) EDTA solution (approximately 0. 3% adjusted to pH 11-12 with
NaOHN),

(5) Plastic counting container,

(6) Stop-watch,

PROCEDURE
(1) Saturate 50 g of resin with Na* by leaving it overnight in 10%

NaCl solution, TPut a glass-wool plug at the bottom of the burette,
and fill half up with resin, Run 1 litre of distilled water npwards
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through the resin to remove excess NaCl and air bubbles, Allow

the resin to settle and wash with EDTA solution. (Never allow the
‘'surface of the EDTA solution to come below the top of the resin

column,) .

(2) lLower the surface of the EDTA solution to the top of the resin and
apply the 17Cy, Elute the column repeatedly with EDTA solution
at 10-min intervals until the amount of ¥"™Ba coming through each
time no longer increases. At each elution the "M Ba concentration
in the effluent will be maximum after about a half or a third of thc
resin-column volume of EDTA solution has run through (but the
peak is not sharp),

3). Take about 0.5 ml of the effluent rich in Ba in a plastic counting
container; start counting immediately, using the scintillation de-
tector (well-type if available).

(4) The counting should be carried out at 1-min intervals for a duration
of 1 min counting time and a total running time of 30 min without
removal cf the sample container,

) At the end of 30 min from the starting time of counting, the Ba
remaining in the liquid will be much less than 1'5 of the original,
and most of the count rate observed above enipty-container back-
ground results from some !*'Cs teached by the EDTA effluent.

(6) Repeat counting for~1 min at 5-min interrvals until the count rate
no longer decreases, and subtract the final count rate from the
observed count rate and plot this net count rate from Hmpy aga inst

time on semi-log paper. Deduce the half-life of ¥™Ba from this
plot, )

(1) Usc Eq.(5) to obtain the net count rates at the beginning of cuch

counting period, and plot these corrected values of net count rate

against time on semi-log paper,

13Tm

—
[

147 m,

o

(

2.1.3. Inverse-square law; attenuation of gamma rays

INTRODUCTION

The intensity of the v-roys from a source of radiation can be reduced
by (a) increase in distance between the source and the point of observation
and (b) an increase in the shielding mnaterial in the path of the y-rays.

(a) Yor a point source, the radiation intensity is conversely proportional
to the square of the distance if no intervening matter is present in between.
‘This is usually referred to as the "inverse-square law'", and applies to all
electromagnetic radiation, If the intensity of any source is known at any
distance, then it can be calculated at any other distance by

I ds
BT 1
o d'{ (1)

In this exercise, the decrcase due to distance of y-rays from a small
source is investigated,
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LMATERIALS AND EQUIPMENT

(n %Co or ICs source approximately 5-10 uCi,
(2) Nal(TIl) scintillation counter system.

PROCEDURE

(1) Apply an operating voltage previously determined in Fxperiment2,1,]
for the scintillation counter,

(2) Determine the background count rate.

(3) Determine the count rate as a function of distance from the source,
Increase the distance until the background count is obtained.

(1) Plot the net count rate versus the distance on log-log graph paper |
and draw the best straight line through the points.

(5) Determine the slope and explain the reason for discrepancies, if
any, with the inverse-square law,

(6) Calculate the exposure dose rate in mR/h at 1 metre from the
source, :

(b) The attenuation by matter of a collimated beam of monoenergetic 5 -ray
photons is exponential. (See Secticn 3. 2.1 of the l.ecture Matter.) The
attenuation of v -rays from %Co (or Cs) will be investigated.

MATERIALS AND EQUIPMENT

(1) co or s source approximately 5-10uCi.
(2) Nal(Tly scintillation counter system,

(3) lL.ead shielding,

(4) Absorber sct, preferably lead;

(5)' Micrometer for measuring absorber thickness.

’

PROCEDURE

(1) ‘The previous oxpcrimemai set-up is used except that the distance
between the sample and counter is now fixed. 7The source should
bé collimated by lead shielding, )

. (2) Determine the count rate of the sample without adding any absorber

between the source and detector.

(3) Determine the count rate after placing one absorber between source
and detector. Repeat with increasing amounts of absorber.

(4) Remove the source completely and determine background with all
the absorbers in place,

(5) The net count rate from the sample is proportional to v -ray intensity
and this is plotted against linear absorber thickness (mm) on semi-
log paper.
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“ ' =y (6) Determine the half-thickness of lead for %co (or T‘”Cs)._
(7) Explain any discrepancy with simple exponential attenuation,
.i, e, any lack of straight line on semi-log paper,
1 . . .
! o . .
} . / b Y
2,2, Liquid scintillation counting
, ' R , (,‘.lr»'.
\ INTRODUCTION -
. Liquid scintillation counting has the advantage that the sample is dis- .
] solvéd in the liquid organic fluor and there is no self-absorption of the
) - ’ " beta (or alpha) particle, For this reason, liquid scintillation counting is
) the method of choice for counting low-energy B-emitters, Both “H and MC,
R the two most important radiotracers in biological research, emit only
‘ " *3-particles of very low energy. Organic fluors also exhibit a very short ‘
‘sdecay time of the fluorescence produced and resolving-time corrections
: . are not necessary, In addition, liquid scintillation counters can be adopted
to sarriple changers which allow automatic counting of large numbers of
samples,
| The general description of a liquid scintillation counter is found in the
. . Lecture Matter, Section 2.3, 2. The following experiment is designed to
. ' ' illustrate its use including methods to correct for ''quenching'', An optional . .
BT ' ’ * - exercise demonstrating Cerenkov counting is also presented, . '
3
MATERIALS AND EQUIPMENT
(1) Liquid scintillation counter — refrigerated or ambient temperature
(similar to Packard Instrument Co, Model 314 EX series).
/ . . (2) Liquid fluor system:
Toluene ~ 0,5 litres
PPGY3-5 diphenyloxazole) 4 g/litre
POPOP (1, 4-bis-2-5 0,05 g/litre-
' ) phenyloxazolyl) N ,
! . - . N
PPO is the primary ‘solute. POPOP is termed a secondary solute
and is used to shift the fluorescence spectrum of PPO to longer
_ wavelengths for better matching to the spectral response of photo-
’ (N multiplier tubes, This procedure increases the counting yield and
is generally used in measurement of 3H,
(3) Benzoic acid-7-1C dissolved in toluene — approx, 0.02 uCi/ml,
Benzoic acid-®H dissolved in toluene — approx. 0.1 uCi/ml (or
other available compounds of ¢ and ?H soluble in toluene).
(4) Chloroform. . )
(5) Sample counting vials, . : , -
o :
oy i
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2.2, 1. Determinution of optimal counter settings

PROCEDURE

’

(1) Take sufficient time to read the instrument instruction manual
and become thoroughly fainiliar with operating controls,

(2) [Fill the sample counting vials with an equal measured volume
of the hquld scintillation solution (15 ml), (Pipette accuracy
is not hecessary,)

(3) Pipette 100X of the “C soluuon into one vial,
Plpette I'00 X of the "1l solution into one vial,
Use one vial containing onlv the liquid scintillation solution as a
background vial, * !

(4) For a dual-channel instrument:

Set the lower discriminator of channel A at 10 V,

Set the upper discriminator of channel A at 50 V, .
Sét the lower discriminator of channel B at 50 V, /
Set the upper discriminator of channel B at 1004V (or o),

o

Channel A w.1l now record all pulses with pulse heights between
10 V and 50 V and channel B will record all -pulses \\'nh pulse
heights between 50 V and 100 V (or ),
(5) Determine the background count rate r, in both channels as a func-
tion of increasing high voltage, ‘Begin at about 600 V,
(6) Determine the count rate of each sample in both channels 3s a
function of increasing high voltage,
At one particular voltage, the count rate in channel A will b
approximately ecqual to the count rate in channel B, This voltage
will very closely correspond to what is known as-balance point
operation. At this point, a decxcase in counts from channel A
due to quenching will be offset b) additional counts from B due
,to quenching, * Balance point operation provides a condition of high
counting yield and at the same time a minimum sensitivity to
quenching, The balance point settings will not be the same for
the two radionuclides, :
(7) Determine the apparent counting yield (Y) at the balance point
settings for each radionuclide, It is not known at this point the
extent of quenching (if any) in the benzoic acid standards,

»

2.2,2, Determination of counting yield at the optimal settings

This will be accomplished by the method of "Internal Standardization"
or spiking. After counting at the optimum settings an aliquot of a standard
{known dlsmtegrauon rate) is added to each sample, Toluene-'C and
toluene - °H (which are unquenching standards) may be used and rfiust be
added very accurately, An amount approximately equal to the sample
count rate should be added. (The pipetting of labelled toluene is somewhat
difficult and practice with unlabelled toluene should be taken, )
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C/MIN

PULSE HEIGHT

FIG.25. Effect of quenching on beta spectrum in liqud scinuillation counter,

100% .
>
(a)
-
w
- INCREASED
2| QUENCHING =
3 .
CHANNELS RATIO A/B
s T

-,
FlG.?G\. Quench correction curve,

TABLE VI1,© QUENCH CORRECTIONS

.

. Liquid fluor system

‘“‘:';P le PPO (4 g/1) and POPOP (0,05 g/1) ":ln‘:f)"c "ml‘(’f::;’""

' (ml) o )

i
1 14 ’ 1 .0
2 14 0.9 0.1 /
3 . 14 0.8 R .
! \ 11, 0.5 0.5 L
5 S Ut 0,05 © 0,75
6 14 0 . 1.0

<

After spiking, recount the samples and calculate the counting yield Y
by the following : ,

. _ Pstandap +sample - Tsample (1)
disintegration rate of standard -

" _Are the counting yields calculated above the same as determined
previously for the benzoic acid samples? Does-this indicate any quenching
effect by the benzoic acid? .
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2,2,3, Determination of countmg Y 1eld by the clmnncls ratio method

This is a very blmple method for quench correction and can be ac-
compllshed using any counter with two or more channels,

As mentioned prevnou%ly the effect of quenching is to decrease the
energy (increase the wavelength) of the fluorescence spectrum produced
by the J-emitter, llus‘, is 1llu§trated in l‘lg. 25 o

As can be seen from IFig, 25, the-rafio of coums in channels A/B
inercased as the quenching occurred, If increasing amounts of quenching
agent are added to a series of samples of known activity, then a correc-
tion curve as shown in IFig, 26 may be constructed,

This procedure has been shown to‘/q generally mdependem of the
nature of the quenching agent,

PROCEDURE

(1) Prepare a series of counting samples with coinpositions as

‘prescribed in Table VI, Chloroform will serve as the quenching
agent,

(2) To each of the samples add 100 ) of a standard solution of
toluene- MC containing 0, 61 4Ci/ml (or similyr standard solution),
(3) At the optimum settings forr C, count each sample in the series.
Determine the net count-rate ratio of channel A/B, Plot the A/

ratio versus counting yield as in Fig, 26,

2.2.4, Cerenkov counting in a liquid scintillatjon counter

The purpose of this exercise is to demonstrate the use of a liquid
scintillation counter in de tection of high-energy j-emitters, Water serves
as the dielectric medium for production of Cerenkov light aind scintillation
fluid, is not necessary,

T T - _ MATERIALS AND EQUIPMENT
T ) ' : . . (1) Hldndm‘d radioactive solutions of **K or ™ p approximately
e "~ . 0. 01 #Ci/ml in aqueous solution,
: NG I PROCEDURE
\QM B \ . v " N v
s . (1) Fill one counting vial with water and one with standard liquid
g _ - ) fluor solution, ¢
: - . ©(2) Add 1002 of the *K (or *1) soluuon to each,
- ’ 3) Determine the counting yields for Cerenkov counting, and liquid
’ . . scintillator Qoummg .
)
, - The efficiency of Cerenkov light production increases rapidly with
a - ’ the energy of the beta particles! energy, The threshold for the effect is
. ~“approximately 0,3 MeV.
) Discuss the possible a(lvanmgeb of Cerenl\ov counting in biological
; research, _
? . g .
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3. DECONTAMINATION

INTRODUCTION

In work with radioactive materials, it is always necegsary to know if
the operator or the procedure is causing contamination of personnel, the
equipment or the laboratory.

Often a fresh spill on a clean and polished surface can be washed or
absorbed without resultant detectable contamination, If it is allowed to
react with the surface, .however, drastic action might be required to remove

it,

‘I'ne ‘methods of decontamination may be divided into physical and
chemical, Physical methods include absorption, vacuum cleaning, and
polishing, and steam or sand blasting, Chemical methods include the use

~of acids and alkali with or without carrier, detergents, complexing agents

and ion-exchange material,

This important experiment will consist in contamination of several
different materials with several radionuclides and subsequent decontamination
with commonly used chemical agents,

MATERIALS AND EQUIPMENT

(1) Solutions of 2P, *°Ca and ™1, approximately 1 uCi/ml,

(2) Small picces of the following materials: glass, lead, waxed
linoleum, perspex or’lucite, stainless steel, painted wood and
brick or masonry stone, ’

(3) Wash solution: a 1% dectargent solution of 0,3% EDTA to which is
added NaOH to bring the pll to 12, "Radiacwash" is a commercial
preparation of this type.

(4) 1% carrier solutions of P, Ca\and I, e, g. NayPQ;, Ca(NG;), and Nal.

(5) 2N HC}, acetone, . i\ '

(6) Absorbent tissue paper, \

(7) : G-M counter-scaler system, \

PROCEDURE ) \

\

(1) Count cach material to be tested in thé\shielded G- M. counter system,
(2) Using normal radiochemistry laboratorfy precautions, e, g. protective
gloves, apron, cte, (see Section 3.2, Lecture Matter) contaminate
cach material by pipetting 100 A of each radloactlve solution on the

surface and drying, :
Count cach material in the G-M counter and Yecord as initial activity.,
Wipe ecach surface with a damp tissue paper, dry and measurB
residual activity, g

For a second series, use "washing solution'' as decontaminating
material, Dry the sample, and measure the acti\vity.

Try all the relefant decontaminating agents in a similar manner,
If necessary, as a final step with linoleum, try rem\oving the wax
with acetone,

Record all the measured act1v1t10s and compare the cffect of
decontaminating agents upon various substances and radjoactive
isotopes.




(8) Determine the extent of contamination of the protective glover worn ’
during the experimeant.

: . EXERCISES ON B:\SIC APPLICATION

;. 1. _Combustion of carbon compounds (determination of specific activity
by persulphate oxidation of compound)

INTRODUCTION

It is not alway® possible to compare specific activities of diverse labelled
carbon compounds because of differences in crystal structur e, ease of
crystallization ete, .Consecquently, it is necessary to convert all such

. compounds to a commmon one, A convenient one is carbon dioxide, which,
- for practical purposes, we measure as the bariwn salt, BaCO;. .
Comibustion may be performed in two major ways: "dry'" combustion '
and "wet" combustion, In dry combustion the sample is burned in the usual
. ) manner with CuO for determination of formula composition, except that the
COs is caught quantitatively in an insoluble form, that is, cither as the gas
or as carbonate. I wet combustion the compound is dissolved in a solution
) which includes the oxidants, Two conimonly used solutions, the Van Slyke
. cornbustion mixture (H,S0,;, CryO,, KIOs, 13P0,) and the persulphate nixture
differ sharply in their response according to the amount of water present, )
The utxhty of the former diminishes rapidly with increasing water content
whereas the latter uses water as a solvent, ‘The convenience of water as u
s solvent may wellbe an over-riding factor, asis illustrated inthis experiment,

Oxidation of an aqucous solution of a variety of organic compounds
(including acetate, succinate, glucose and acetone) may be accomplished
quantitatively with potassium persulphate (K2S208) at about 100°C. The cOs
evolved is quantitative and is caught in a NaOH gas-washing bottle and
converted to BaCO,4 for plating,

REAGENTS AND MATERIALS
. (1) CHz"COONa, ) 2
o (2) 200 mg KoS20%.
(3) 1 ml 5% AgNO;.
(4) 0.1N NaOH, CO,-free.
(5) H,0O, CO.-free, .
(6) BaCl; (saturated aqueous solution),
(7) CHyOl, abs,
(8) N, gas, or CO,-free air,
(9) Flow apparatus, consistingofatwo-neckedrecaction flask, an 1,0
condenser and a gas-washing tube,
(10) Iilter apparatus (chimney and filter-stick),
(11) Centrifuge.
(12) Infra-red lamp.,
(13) Analytical balance,
(14) Calibrated standard (i.e. infinitely thin 1C séurce of usual sample
area and containing knfown number of dis/min),

: . 7
FRIC - o

Aruitoxt provided by Eic:




O

ERIC

Aruitoxt provided by Eic:

[

CONDENSOR

- GAS -WASHING
. TUBE OR BOTILE
!! " (FOR CO, ABSORPTION)

FIG.27.  Assembly for combustion of carbon compounds and conversion of CC, produced.

PROCEDURE

1) Arrange the flow apparatus as shown in l'ig, 27,
) Calculate the amount of Cll*COONa needed to produce approximately
50 mg of BaCOy, and place into the reaction chamber,
(3) Add about 20 ml 11,0, 200 mg KsS;0g and 1 ml 5% AgNOj;  (No
- reaction occurs at room temperature,)

(4) Heat the reaction vessel to 70°C forr 20 min; then increase the
temperature slowly to boiling, and maintain until the solution '/
becomes clear or the persulphate is dissolved, \

(5) Simmer 10 min longer and sweep the system for an additional 10 min
to rémove all traces of 1CO,,

(6) Wash the inlet of the gas-washing system with s-free water
combining the washings with the 0, 1N NaOll,

(7) Add sufficient saturated. BaCl, solution to precipitate all the 1"CO-Z.

(8) Transfer quickly to a centrifuge tube, and centrifuge immediately
(o1 stopper and centrifuge at will), )

(9) Wash the precipitaté once with CO,-frree water and then with
abs, ClH30H,

(10) Re-suspend in CIIgOIl, and filter onto the filter apparatus,
(11) Place an infra-red lamp 4-5 cm above the plating apparatus, and
continue drawing warmed air through the apparatus for 10-15 min,
by which time the BaCOj plate will have dried,
(12) Weigh immediately.
(13) Count sample and standard,
(14) Calculate the absolute specific activity of sample (dis/min per mmole),
making corrections for self-absorption and taking the counting yield
of the standard into account,

. ’
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OUESTIONS
(1) State the conditions for preference for persulphate versus Van Slyke
oxidation procedures,

(2) What is the fate of the persulphate in the reaction?

4.2, Pracer dilution chemistry

INTRODUCTION

One of the important advantages of using a radionetive substance in
quantitative analysis is that a quantitative isolation of the compound to be
determined from a material is unnecessary. A simple isotapic dilution
analysis of the phosplorus concentration in an unknown solution by comparison
with a solution of known phosphorus concentration will be conducted in this
experiment, The radioisotope technique illustrated by this experiment is
advantageous in any situation where a normal quantitative determination of
the test substance is not feasible for some reason.

REAGENTS AND MATIERIALS

(1) Solution containing 0, 20 mmole P /ml solution,
(2) Unknown P solution (of the order of 0, 1A1).
(3) Solution containing about 0. 1 uCi 32P ('carrier-free" or of known P

concentration),
. (4) Fiske's reagent (13 g MgO, 175 g citric acid, 330 ml 25% NILOIl
v in water to give a 1-1 solution,

(5) 25% NILOII,

PROCEDURE : {
* )

(1) Mark six 100-ml beakers as U,, Uy, U, U, Kand K', and
pipette into them, respectively, the following aliquots:

, U, y;! 5 ml unknown
. Us Uy! 20 ml unknown
K K' 5 ml of 0;26) 1,PO, solution

(2) . Pipette accurately 1 ml of active phosphate solution into cach
beaker, and mix thoroughly,

(3) Add slowly 10 ml of IFiske's reagent and 10 ml of 25% N1,0It
while swirling,

(4) After 5 min decant the supernatant from the precipitates;
wash three times with distilled water and once withi methanol,

. (5) Transfer the major part of the precipitates into weighed and
marked counting cups. The amount of thick slurry of the
precipitate transferred from the K-beakers should be roughly
in between the amount from the U;- and Us-beakers, respectively,

(6) Dry the thick slurry under an infra-red lamp, trying to make the
surface even,
. (7) After cooling, weigh the cups plus precipitates, and determine
weights of precipitate alone,

7S




(5) Count the activity, worns o O 0 Lo,
(1) Express the specifio acuvitic, 0 Uin the wobid Sunp b 2 in Cpus per
mmole, N

{10) Calculate the moiarity of thre unkiown P-solution,

O PLTIONS

(1) Do the values obtained for Uy ansd Us corme out the o
(2) What difference does it muake to the edlealation of waknown I conc,
if the aetivities of the sarples ore expressed as cpm per ma

precipitate? Explain. '
(3) Can the unknown P conc, bo determined rrom the weiahis of
the precipitates alone? '

4.3, Kineties of exchanyge between ions in solution and those in solid Jorm *
INTRODUCTION

It is often observed that at equilibrium the total coneentration of a
substance distributed in two phases remains coustant with respeet to' time,
This, however, does not imply that the individual ionic o1 molceular species
iz restricted in one phase, Instead, dynamie exchange of ionie or inolecuiar
species between the two phases is continually tuking place,

By the introduction of a radioactive tracer, it is possible to investigate
the dynamic exchange of a species under equilibrium conditions.

In this experiment, the exchange of ions hetween a solution and a solid
surface will be studied by observation cf the approach to tracer equilibrium,
The nceessary equations for this system werce developed in Lecture
Matter, Section 5.3, Equations (44-53), The sysiem can be analysed as a

- tlosed, two-compartment model in the steady stite,
The model in Fig, 28 describes the svswan:

i NE
Sy Se
Ry p R,
{ a, a,
Ki,2

FIC 280 Model of a twomcompartineat syetem i the deady State,

In Fig, 28 let compartment 1 be the solution and compartment 2
represent the solid surface, |

S; = stable isotope (tracct) in solution

S~ = stable isotope (tracee) in the solid

Ry = activity (cpm) of tracer isotope in solution
R, = activity (cpm) of tracer isotope in solid

43 = specific activity epm /mmole in solution

a, = specific activity cpm /mmole in solid

at t = 0 the label is added to the solution, therefore a;(0) = R/S;
where R = total tracer activity
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I now the system is samplied -
first-order rate constants iy . card o ond
determined as developed m figs (od- ).

e equilibreivn, e

Coeto s G e ey be

MATEIALS AN B s

(1) Anionc-excha: O L RTINS
(2) 5 i 1

(3) Solution of 1u™ M wi
(4) Pipettos and tine-roee o i CoL e
(5) Stop-watch,

(6) G-AL counter,

PROCEDURE

(1) Measurce 2 ml of wet cntion-cselon o Pesin 10 o 130, bae

(2) Add 100 il of KILPO, solution,

(3) Now add the 5 pCi 5 in 0 s0-ml Soivnet on the phosahat: <o
begin stirring and shmultancousts tor e stop-wateh, 1 abe o
1 ml of the supernatant scelut.on by iy b oo plinchet oo
following times: 1, 20 3, 4, 4, 7, &, 0, 19, 15, 20, 30, g
60 min ofter addition ot iracer,
It is fmportam to cvold sotting conin oo ERAACIR VLI IS SR
The tip of the pipette must bo coverss o« th a fine-mest oo K
during filling, The cap fs removes dur e emnpiving, and
replaced before the noxt JNilline,  Lietween samapling the soiution
should be continuousiy stirred to olininate the activity coneonivition
gradient nexe the resin pariicing,

() Dry the samples (ander the infvn-r Jrap) and deterniine the
activit: in cieh sumple using the G- A0 counter, '

(5) Since the voncentration of P in solution was constaut, the coun riie
per 1nl of solution is proportional 1o aj, a1{U) mway be determined
by extrapolation or by culeulation, I ay-a (the egvilibrium value)
is plotted versus iime on semi-log graph paper, then the slope may
be determined and the exchange rate of P between solid and solution
as well as the two rate constants, In this instance, By i3 known
and S must be determined from the cquilibrium value and the 5,
by difference,
Calculate the exchange rate in mmole/min, There is no chenieal
procedure to deterinine tiis value,

f

4.4, Neutron activation analvsis for silver

This exercise will serve to illustrate the neutron activation analysis
technique,

Natural silver consists of isotopes of mass 107 and mass 109 in about
cqual abundance. Upon neutron capture, 7Ag vields 198Ag, which has a
half-life of 2,42 min, and '®Ag vields %Ag, which has a half-life of 0,41 min,
Both radionuclides are energetic g-emitters und may be detected casily by
G-l counting, In this experiment, the amount of silver in a coin will be
estimated by the comparator method, Because of the very short half-lives
of the silver isotopes, the unknown (coin) and the comparator will be
scparately irradiated but in precisely the same way,
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MATERIALS AND EQUIPMENT

(1) Moderated Luboratory Neutron Source — a Hh-Ci PPu-Be source
F or similar,

(2) Coin of appreciable silver content,
(3) Pure silver toil,
(1) G-Al1 counter,

PROCEDURE

(1) Weigh the coin and record the weight,

(2) Weigh the silver foil comparator (cut to the same shape and siat
as the coin) and record the weight,

(3) ’l'he remipining procedure should be duplicated for the coin Jn(l the
comparator,

(1) Irradiate for exactly 10,0 min by the neutron source. Insurc there
is approximately 6-8 cm of paraffin between the source and sample
position,

(3) 'Ferminate the irradiation and quickly transfer the sample to the
G-Al counter,

(6) Exactly 30 sec after the irvadiation start counting for an interval
of 214 see, Record the scaler veading, quickly reset and start
a second 2-1-sec count after the irradiation,

’ (7) Continue taking two 24-sec counts per minute until 7 min after
the irradiation,

(8) Subtract the background from each count and plot the log of the
net count rate versus corresponding time after irradiation,

(9) Since the net count rate will be due to the activity of both silver
isotopes with two different half-lives then the above plot will be
a sum of two separate exponential functions, ‘These can be analysed
by extrapolating the straight portion of the observed count rate to
zero time, ‘This line should have a half-life of 2,42 min, I this
line is subtracted from the observed count rate a second exponential
will result, The half-life of this seeond exponential should be
24 see,

(10) Determine the ratio of the intercepts of the two exponential functions.
This should be the ratio of the aetivities of the two silver isotopes
wsAg/noAg. This ratio should be approximately the ratio of the
activation cross seetions of 1°7Ag/1%%Ag, Compare with published
data, '

(11) Determine the silver content of the coin assuining the comparator
is 100% silver,

(12) What assumptions were used in the above calculatmns"

4.5, Determination of copper in biological matcl'ml by neutron aectivation
analysis

INTRODUCTION

Because of the low Cu content of biologieal materials, any chemical
means to determine it quantitatively requires large amounts of material,

70
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Activating the Cu present in biological material with necutrons has the
advantage of requiring only a small sample for a quantitative determination,

Copper-63, which is 69, 2% abundant in natural copper, is activated to
%“Cu, which has a half-life of 12,75 h and cmits 3-particles of 0,57 MeV

_and y-rays of 1,34 MeV,  Activation for one T'y (12.8 h) gives a specific
. activity of z 50 mCi/g, Simultancously, of course, %Cu is activated to ¢Cu,
but its half-life of 5.1 min is too short for the chemical separation procedures
that arc necessary,

In this experiment the Cu content of plant or animal tissue is determined
by the comparator method, After activation, the tissue is digested, Cu
carricer is added and mixed with the radioactive Cu, Cu is then separated®
non-quantitatively by a chemical method and weighed and the %*Cu is counted,
The speceifie activity of the unknown sariple is then compared with the
specifie activity of a known Cu standard and the Cu content of the original
tissuc sample is caleulated,

REAGENTS AND EQUIPMENT

) (1) 24N HX Oy (cone.) 15% Nu,S04 (wt/vol.)
. 16N HNOy (cone.) 209 KSCN (wt/vol.)
i N HINO, 10% Fe(NO,), (wt/vol,)
18N C11,COOIl (conc.) 10% NI,411, 170, (wt/vol,)
l')i N11;0H (conce, ) 2% salicylaldoxime in cthanol
2X NH,O0H
Accetone

50, -saturated water
Cu carrier (20 mg Cu/ml): 6,28 g Cu(ClC0;),H,0 in 100 ml
water
(2) Reactor or neutron generator capable of 1012 n/cm'“’ sec fluxes,

PROCEDURE

Take about 0, 05 g of tissue and 1 ug of Cu standard scaled in polythene.
Activate for 13 h in identical ncutron fluxcs,

(1) In a hood, transfer tissuc and standard to 50-ml centrifuge tubes,
and add 10 drops of 24N HHNO,. Boil until tissue has dissolved,
and add 10 mg of Cu (0,5 ml of Cu carrier), Make up to 4 ml
with water; add i ml of No,50, and 1 ml of KSCN, Boil, and spin
down CuSCXN when it has scttled, 1cject supernatant and wash
precipitate.with hot water saturated with SO,
(2) Dissolve precipitate in 0.5 ml of hot 16N 1{NO,; add 5 drops of
Fe(NOg)y and 1 drop of Nlglh?O,4, then 15N NHj till dark brown,
Boil, spin down Fe(OH), precipitate and wash it once with 2N NHa.
& (3) Combine supernatant and washings in a fresh tube, and acidify
with CI1,CO,l1 till pale blue., Then add 0,5 ml of 16N HNOs, 1 ml
of Na,SOy and 1 ml of KSCN; boil and spin down CuSCN, Pour away
supcrnatant and wash precipitate with hot water saturated with SO,,
{ (4) Dissolve precipitate in 0.5 ml of 16N HINQy; add 15N Nl until
solution is deep bluc and CHiCO.1 until it is pale blue., Add 3 ml
of salicylaldoxime, and boil forr 3 min, Spin down precipitate, and
wash it twice with water and once with acetone,
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(7)) Slurry preeipitate with acetone onto a weivhed aluminium count.: .
tray; dry under a lamp, and count with & Nal(T1) scontiilatoorn o 0o
' Correct counts for decay and cheoclk the half-life or the separade .
C The chemigal stepy take about 2 h vor cight samples,  he ol o
vield is about 75%,
CAlCULA oY
o cpm sample wit standuerd Cu-saljiesv !t ddoxsinge
e G in sample = N - —— ——
. . epin standard  wt siaple Cu-sadicyinldoing:
BANGE NN CURACY
L0000 e of Culsoovonveniert range tor determination withinc oo
d
B avoeur. <ol T,
PNSTERCELE o .

oo o wnounts o ciee mioht interfere because of the reactson
1,
f

‘n{n, py tou, 1 oue o s
T LT g ot copper,

in the soanple vicsds Cu equivagent o
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(10)

(11)

(12)

(13)

MENTAL EXERCISES

When the “-number of all nuclides is plotted against the V-number,
130topes of a particular element will be found on o horiczontal
line, This kind of representation is usually given on nuclear cloatts,
How can the decay products of @ particular nuclide be tourd after the
cmission of ! . -
a ~particle?
ST-particle (eléctron)?
4P eparticle (positron)?
Teray?
clectron capture (K-capture)?
internal conversion?
ncutron?
With the aid of a nuclear chart, find tie deeay products of He, “iNa,
5, S and ML '
Calculate the weight of 100 pCi of carricr-free H¥C and 100 uCi of
carrier-free #N\a,
If a solution has & concentration or 100 uCi of carrier-rree ¢ per ml
calculate its ynolarity,
A sample of P°Co hos an activity of 1 Ci, calculate ite activity 2 vears
later, .
A radionuclide has lost 15/16 of its original activity in 32 min,
Calculate the half-life of ihe nuelide.
BT is formed from ¥/Cs,  How many mCi of ¥ 30 will be formed
from 100 mCi of ¥°Cs in 1, 2 and 20 min? l
Answer: 23,9 mCi, 42,0 mCi and 99,57 mCi.
Petermine the daily decrement (in per cent) of activity of any p
preparation,

A ¥Na sample (Tt = 14,8 h) had a counting rate of 24 000 cpm, Once &

hundred hours lat2r it gave 250 cpm., Roughly estimate the dead-timc

-of the G-I counter,

The activity of M in 8 ¢ of natural carbon sample with backeround wis
found to have 10.2 cpra, The background of the counter was 4, 5 cpm
and the counting yield was 3%, Neglecting the statistical deviation
caleulate the MC content.  T1 = 3600 yr,

The background counting ratc of a G-l counter system is 30 cpm,

A swmple 1s counted giving a total of 4030 counts in 15 win, The
background is counted for 5 min, Calculate the net count rate of

the sample and the standard deviation as a pereentage of the net

count ratc,

. 5 )y L, . .
A 0. l-mp sample of pure %Py underwent 1.4 X 1¢° dis/min, Calculate

the half-life or this radioisotope,

Calculati the thickness of lead shiclding necessuary to reduce the
exposure dose in air to 2.5 mR/h at 1 m from a 1()0-mg;‘i";°C0 source,
Hint: Use Eq. (22) and assume the half-thickness of lead for "’Co
y-rayvsyto be 1,3 em,  Answer: 7.5 cm.

: &1




(11) Indicate the increase or decrease in number of neutrons and protons
and the mass number after the following nuclearl reactions:

(n, p), ' .
(n, ), /

(n, a).

(15) Scandium is to be determined by the activation method, Assuming
the lower limit of the determination to be 50 cpm at 10% G-M counting
yield, *compute the minimum amount of scandium determinable if the
sample is subjected to a neutron flux of 1012 n/cm? sec for 2 h,

. Assume the (n, v) reaction is the most likely reaction and that the
. ) shielding effect is negligible, o °

(16) What would be the specific activity of phosphorus having a cross-section
of ¢ = 0,2 b after irradiation by a neutron flux of 10> n/cm?® sec for 1 h,
1dand 10 d? )

(17) Calculate the energy absorbed by a 70-Kg man who has reccived a
whole-body dose of 700 rads, an amount almost certain to be fatal, -
Assume the body to be of the specific heat of water and calculate the
resulting temperature rise.

- Answer: 117 calories, 1,7 X 107 degC,

v ! . . -
Full Toxt Provided by ERIC . !
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APPENDIX
4
INTEGRATION OFF EQUATION (1). THE RADIOACTIVE !)EC:\Y AW

Giiven ' ’ )
' dN
= = -AN
. dv -
Separating Variables for the indelinite integration

‘e
Now integrating

InN = -2xt+(C

where C is the constant of integration., ( is evaluated at any initial
conditions whichiare

“ ’ N =Ny at t=0

FE hY
ot .

That s Ny is the number of atoms present at any initial time.
Therefore, at
SU=0, C=1InNy

Substiluting (4) into (3)

InN - InNg = -2t
or
‘
. NY, o
i = -2t
n (No | bl
Now taking the antilogarithm .
N . ’
N eM

or

A FuiText provided by Eric : L. a

(1)

(2)

(3)

(4)

(8)

(6)

(7
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APPENDIX 11

" DERIVATION OF EQUATION (20) SECTION 2.5 IN LECTURE MATTER

From Eq. (19)

T e . . 1
o = Lssh )
v ty -

s .

By taking the derivative of both sides
- N o
¢

20, doj, = - LSt ogy, - tE oy
O; dog = - 12— dty - ;:‘,(lb

f H i

To obtain the minimum value set do; = 0; und since the allowed
counting time is constant

and
dt = dig ¢ diy, =0
dtg = -dty
Therefore, rearranging Eq. (2)

v dip
toodiy

Therefore
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APVENDIX 111

/

ABRIDGED VERSION OF TABLE OF I{ECO.\I;\IE;\'bED MAXIMUAI

PERMISSIBLE CONCENTRATIONS OF RADIONUCLIDES IN 4lIR. ND
IN DRINKING WA~

Published in Report of Committer 2 [CRP (1962)

FER AND MAXIMUM PERMSSIBLE BODY BURDENS
FOR OCCUPATIONAL ENPOSURE

.

Maximum permiissible concentrations

For 10 -h week

For 1b: -h week

‘ tic:
Hadionuclide i:l‘:;;l burdern in totay
E GIFRC), | (NIC), | QURC), | (D),
WCifem® | uCr/em? | 1 Cifem? | (Ci/em?d
$H (HTO o T, 00| Body 0.1 3% 107 0,03 | 2x107" 10 (
(sol.) | tissue 2% 10}
F(T,) Gubmcrsion) Skin 2% -9 4% 1074 -
(sol,) | Gi (LLI}
Total body 0.05 ¢ 0,02 -
i 6x107¢ 2 10°¢ C00
T =
(insol.) | Luny . i 10°¢ 4 X 107 -
GI(LLD) * 0,05 .| 0,02 -
He(co)b (ol | Fat ©0.02 | %1076 §x 107 1076 300
(submersion) Total.body 5X 1075 ‘ 10°¢ -
By (sol.) | GI (s1) 0.02 5%107¢ | 8x 107 | 2x 107 -
(insol,) | GI (ULI) 0.01 3x107 | 5x107| 9x 1077 -
N2 - (sol.) | Total body 107 | 2x307 | 4x 107 ] 6x 107! 10
‘(insol.) | Lung , 9x 1077 3X 109 -
Gl (LLI) 9x 107+ 3x107 -
Hna oLy |Gl | éx107| 100 | 2x107| 4x 107 -
(insol.) | Gl (LLI) ! 2Y 107 1077 3x10°%| 5x107t - .
N i )
Usi ‘(sol.) | GI(S) 0.03 6x1076 | 9x107 | 2x107¢ -
Gl (ULl) 6% 1079 107¢ 2x10°%} 3x10°F -

.1 The abbreviations GI, S, SI, ULl and LLI refer to gastrointestinal tract, stomach, small intestine,
upper large intestine and lower large intestine, respectively.
b Sce word of caution, Section 3,2.2, Basic Part.
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Maximum permissible concentrations Maxinium
Critical For 40 h- week For 168-h week - permissible
Radionuclide ort:mlia burden in
8 (MPC) | (MPC), | (MPC),, | (MPC); | total body
(uCifem?) | (uCi/en?) | (uCi/em? ) | (1Cifem?) (nCi)
p (sol.) | Bone 5x107* 7x10 | 2x107¢ 2x1078 6
Lung svo" 3x10°¢
. (insol.) | Gir(LLD) 7x10-* : 2x10;4 -
5s . (sol.) | Testis 2x107 | 3%x107"| 6x10°¢ | 9x107¢ 90
(insol.) Lung - 3x1077 9% 1078 -
GI(LLI) 8x10°? ax10"?
¥Ci (sol.) | Totatbody| 2x10°%{ 4x10°7] 8x10-¢ 1077 80
(insol.) | Lung 2x10°* , 8x10°9 - ’
Gl (LLD 2x107? 6x10°4 -
o ) 1C) " (sol.) GI(S) 0.01 3x107¢| 4x107? 9x10°7 -
~ ’ 3
(insol.) | G1(S) 0,01 2x10° | ax19°? | 7x10° .
Har Total body 2x10%¢ 4%x107? .
, (submersion) .
42K (sol.) GI(S) * 9x107? 2x10°¢| 3x107 %1077 - :
(insol.) GI(LLD 6x107 1077 | 2x107¢ [ 4x107® -
BCa (sol.) | Bone 3x10* | 3x10°%| 9x10°s 10 30
(insol.) Lung 1077 4x10°8 -
GI(LLD | 2x10-¢ - .
A\, ‘
$ica (sol.) | 8one 1073 2x1077| sx10-¢ | gx10* | " s»
(insoL) | G (LLL) 10°? 2x10°7 [ 3x10°¢ |7 6x10% ;
° Lung - 2x10°7 6x19°8" -
'y .
s oty | Grawn 10°? 2x107" [ " 4x107 [ 8x10-® .
Liver 2x10°7 |, 8x10°° 10 3
i . Lo -
y (insol.) Lung Tox10Y| . 8x10°? -
- v GI(LLD 10-* 4% 1074 -
{ I1sc (sol.) | GI(LLD) 3x10°*| %1077 9x107¢ 2x1077 - .
(insol.) | GI(LLD 3x1070]  5x1077| 9x107¢ | 2x107 -7

e

o

, intestine, upper large irtestine and lower large intestine,! respectively,

78
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3 The abbreviations GI, s, SI, ULI a ! LLI refer to gastrointestinal tract, stomach,

small




f Maximum permissible concenyatipns Maximum
' . . For 40 h- week For 168- hweek® permissible
| . . Ciitical . X
Radionuclide organ? butden in
8 (MPC),: | (MPC)a | (MPC)w | (MPC)s | total body
3 P (uCifem?) {(uCizecm)} (Ci/em?) | (HCifcm?) (e
.
8sc (sol.) GI(LLD" 8x1074 2x1077 | 3x10°¢ 6x10°® -
(insol.) GI(LLD 1 8x107¢ 1077 3x1074 5x10°¢ -
;:\' (sol,) GI(LLI) 9x10-4¢ 2x107¢ 3x107¢ 6x10°? -
" (insol.) Lung 6x108 2x10% | -
GI(LLD 8x10°* 3x107¢ .
. sice (sol.) | GI(LLD 0.05 108 | fdoz 4x1076 .
Total body 107 % Ax10°¢ 500
AN (insol.) Lung s 2x10%¢ 8x 107 -
\‘ GI(LLD) 0.05 0.02 -
. ‘ $IMn (sol.) | oGI(LLD 1073 2x10°7| 3x10°¢ 107 |1 -
(insol.) Lung 1077 5x10°? -
‘ GI(LLD 9x10°¢ Ix107¢ Sx10° LN
% Mn “(sol.) | GI(LLD 4x107 | 107 4 .
: . Liver 4x107 1077 20
—
(insol,) Lung 4x10° 1078 -
GI(ILD 3x10°3 103 -
Sre (sol,) pleen 0.02 9x10°7| 8x107 3x10°7 103
Lung 1076 3x10°" .
GI(LLI) 0,07 0,02 -
(% N L ¥
| Bre /. (sol.} |-. GI(LLD 2x10°3 6x 1074 -
Spleen 1077 5x10°" 20
(insdl.) | Lung 5x107? 2% 1078 -
GI(LLD 2x10°3 5x107¢ N
$co (sol.) GI(LLD 10" 3x1077 5x107¢ 1077 -
Total body 10°7 10
(insol.) Lung 9x107? 3x10°? -
. SGI(LLY T 10°3 3x1074 -
/
SN (sol.) Bone 6x10°3 5%10°7| 2x10°3 2x1077 109
. . (insol.) | . Lung’ 8x1077 3x 1077 -
- ’ ) GI(LLD 0.06 0,02 .
3 The abbreviations GI, S. SI, ULI and LLI refer to gastrointestinal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively,
. 79
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Maximum permissible concentrations

\ Maxitmam
X . - N For 40-h- week For 168-h week permissible
. . Critical _
Radionuclide organ * - butden in
' ¢ MPOyw | (MPoaa | Pey | (MPCY L | total boy
. ‘ (Crzem?y |(Cizem®){ (uCi/em?) | (uCizemd) G
“iCa (sol.) GI(LLD) 0.01 2x10°¢{ 3x10°? 21077
) § L i
(insol.) GI(LLD 6x10°? 107 2x107? 4%10°? -
©on (sol.) | Totalbody |- 3x10°% | 1077 | 107 4x10°¢ | 0
Prostate o 1077 107 .| 4x107® 70
, N -1 “10°?
Liver ) 10 10.,) 80 L
{ .
(insol,) Lung : 5] 6x1078 2x107® -
GI(LLD 5x10°% 2x107 -
Yzn (sol.) GI(S) 0.05 0.02 -
Prostate 7%x10°° 2x10° ¢ 0.5
’\“ (insol.) GI(S) 0,05 9x10-¢ | 0.02 dx1076 -
AN [’
waGa } (sol.) GI(LLD 10",1 2x10°7 | 4x10™ 8x10°t -
(insol.) GI(LLD 107} 2x10°7 | 4x10¢ 6x107° -
1Ge (sol.) GI(LLD 0.05 1078 0,02 4x10% -
—4
(insol,) Lung 6x10°¢ 2x1076 -
GI(LLD 0.05 0.02 -
s (sol,) | GI(LLD 6x1074 1077 2x10 | 4x107 -
“(insol.) GI(LLD 6x10°4 1077 2x1074 3»10° -
']
1se (sol.) | Kidney ~ 9x107? 1006 | 3x10 | 4x107 90
. Total body N 1076 3x10-? 100
(insol,) Lung 1077 . 4x10°8 -
GI(LLD 8x1073 3x107?
2y (sol.) Total body 8x10°? 1076 3x10%3 4x1077 10
: GI(SD) 8x107? 3x10°). -
(insol.) GI(LLD 1073 2x1077 | 4x1074 6x108 -
R (sol.) | Toralbody | 2x10°® | 3x107| 7x10% 1077 30
’ Pancreas 2x10°? 3x1077| 7x10 1077 30
Liver o 1077 40
‘(insol.) | Lung 7x10° 2x1078 .
GI(LLD 7x1074 2x10™ -

‘ ® The abbreviations GI, S, SI, ULI and LLI refer to gastrointestnal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively.
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Maximuimn permissible concentrations Maximum
. . For 40-h week For 168-h week permissible
. . Critical -
Radionuclide otean burden in
& (MPC)y: | . (MPCYa]| (MPC)y | (MPC), | total body
wCr/em®y | (uCizem®y|Gr7em?y | (uCizem®y i)
: Rb (sol.) Pancrease axie’ sx 107 104 2x1077 200
Total body Sx1077 200
Liver 2x10°7 200
(insol.) Lung Tx10"2 2x10°? -
GI(LLD) 5x10°9 Ux 1073 -
s (sol.) Total body | 3x107% | 2x10°7 | 107 8x 102 60
(insol.) | Lung 10° 4xl10°® -
: GI(LLD) 5x107° 2x1073 -
::Sr (s0l.) Bone 3x10°4 3x107 1074 1070 4
) (insol.) Lung 4x10°? 10°¢ -
GI(LLD 81074 |oax1o4, -
e (sol.) | Bone 4x1076 3x10710] 1076 1071 o
* (insdl.) Lung 5x10°? 2x10°? -
Gl (LLI) 1073 4x1074 -
oY (sol.} | GI(LLD 6x 10" 1077 2x 1074 | 2x10°® -
(insol,) GI(LLD) 6x1074 1077 on 104 3x10°® -
- .
Ny . ol | GI(LLD Bx107¢ ax 1074 .-
Bone 4x10°? 10t . 5

- (insol,) Lung 3x1o* 1078 -
GI(LLD 8x107¢ 3x 1074 -
b4 (sol.) | GI(LLD 2x%107 < | 6x107¢ -
Total body 1077 Ax1078 20
Y " T
(insol,) Lung 3x10°? 1078 -
GI(LLD 2x107 | 6xr074 -
JeA] (sol.) GI(LLD) 5%1074 107 2x1074 4x1070 -
(insol,) GI(LLD 5x1074 Ox107% | 2x10°¢ 3x100 -
:be - (sol.) GI(LLD 3x107? 1072 2x 10"‘ -
Total body 5% 1977 2x 1077 10
(insol,) Lung 1077 3x 10 -
GI(LLD 3x107 1073 -

3

3 The "abbreviations Gl, §, SI, ULI and LLI refer to gastrointestinal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively.

/




Maximum permissible goncentrations Naximum

For j0-h week For 163-h week penmnissidle
. O .

'y burden in

(MPC)\ (MPC)a | (MPC)y | (MPC)a total body

(1Cizem®y J@Cisam?)| @cizem?®) | Cisem®) (i)

Crnutical
organ ¢

Radionuclide

(sol.) Kidney 5%107° Tx107t | 2x10? dx 107"
GI(LLD 2%107?

(insol.) Gl(l.L/ 107 2x10-T| 4x107 Tx107*

(sol.) Gl 3x107? v <1077 107 2%1077

(insol.) GI(LLD) 107} 2x107F "8x107°

(sol.) GI(LL]) 45107 8x107? ax10°*

(insol.) Lung 6%1079 2x10°?
GI(LLD) RESIA

(sol. GI(LLY 4107 3x10°7 4x1077

(insol. GI(LLD) ax107? ] 2%1077

(sol. Gl (LLD 0.01 .
Kidney 5x%1077

(insol, Lung %1077
GI(LLD

(sol. GI(LLD 107? 2%1077

(insol. Lun.g
GIL(LLD 1073 3x10%*

(sol. GI(LLD) 3x1077 | 4x107¢ 1077

(insol. GI(LLD 2x10°7 | 4x1074 8x10°8,

(sol. GI(LLD 2%10°3 .
Liver 5x107% oxfo?
Kidney 2x10°?

(insol.) | Lung L T1xa0m 3x10°
GL(LLD

(sol. GI(LLD Dx107?
Bone

;

LI : A}
T (insol. Lung .
- GI(LLD) . 2x107? 8x10°4

3 The abbreviations GI, S, SI, ULI and LLI refer to gSsuo(meuinal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively.
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Radionuclide

4

Ctitical
organ?

Maxamun pernmssible concentrations
For les-h week

For tu-h week

NMaxitmum
permnssible

(MPCY .
wCifem?)

(Cr/em?y

(MPC) 4

(MPOY
(eifem™y

(NPC),
(Gt emY)

burden in
total body
(1)

125 ¢
Sh
)

(sol.)

(insol. )

GL(LLD
Lung

Total body
Bone

310!

5% 1077

107}

ou

v

Lung
GI(LLD)

gv107?

dr107*

107?

0

(sol.)

GL(LLD

®y 10"

2y 107t

3197

(insol.) GI(LLD sx1e? 0x107 | 2x107? 3n1077 -
A (sol.) Gl (5) 0,02 5%107¢ | Wx 107 2w 107 -
(insol.) Gl (ULD 0,0u s A 1076 ¥x 108 " 1o - '
bon (sol.) | Thyroid ea16ms | oevne? | ouviot | uato?
i - Y
! “(insol.) | GI(LLD) 251077 L 3107 | exie o -
Lung : 3107 1’ -
! '321 (sol.) - Thyroid 2a 0™ 2y 107 Gx 104 8107 0.3
“(insol.,) GL(ULY) 521077 Ux10° | %107 RESTO. -
v U (sol.) | Thyroid ax1074 | av10t | 7107 10-# 0.3
(insol,) GI(LLD) 10"’ 2x 107 4x 107 Tx 107t -
BN (sol.) | Thyroid %1072 | sx1077 1 107? e le 0.2
(insoi.) | "G1(8)’ 0.02 3107 | 6v10m? 107¢ -
'f;‘[ (sot.) Thyroid Talo™d 1077 Dx 1074 Ax 107 0.3
(insol.) Gl (LLD 2x1073 1077 Tx107¢ 1077 -
WXe  (ubmersion) | Total body 1070 3107t -
. . -
BNe | (submcrsio\q\_}dﬁl body ax10°® 107" -
Hics (sol.) Total body | 4x1074" | 6xi0* | 2xi0™! 2107t 30
) Liver 2x1074 10 o
Spleen 2w 107 50
Muscle 2x107! 50
(insol.y | Lung 107 5% 107 .
) GL(LLD) 107} an10 -
2 The abbreviations Gl, S, SI, ULI and LLI refer to gastrointestinal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively.
st Yy
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Maximum permissible concentrations Maximuin
Critical For 40-h week For 168-h week permissible
Radionuclide organ butden in ,
8 (MPC) | (MPC)y [ (MPC). | (MPC), | total body
(HCi/em?y | (Cizem )| (Cizem®y | (uCizem™® 1Cry
p, (sol,) GI(LLD gx10-* 3x1074 .
Bone 1077 4107 1
R (insol.) Lung 4x107 ’ 1078 -
GI(LLD) Tx10-4 Ox1y4
Ha (sol.y | GI(LLD 7x10°4 | 2x1077 | 2x10°4 | 5x10°% C-
(insol.) GI(LLY) Tx10"¢ 1077 2x1074 2x 107! -
Per (sol.) GI(LLD) 107} 3x10°7 | 5x1074 1077 -
(insol,) Lung 2x10°7 6x10°% -
GI(LLD 10°? 5%1074 -
pm (sol,) GI(LLD) 6x10°3 2x107? i -
' Bone 6%10°8 2x 107 60
(insol.) Lung 10-7 3x 10! -
GL(LLD 6x10-3 2x107? -
Bisim (s0l.) GI(LLD) 0,01 4x1073 -
Bone 6x10°8 2x107 100
(insol.) Lung 10-7 5x 1071 -
GI(LLD 0.01 4x107? , -
’ 12 Ey (s0l.) GL(LLD 2x1073 4x1077 | 6x1074 1077 B
(J.2h) -
(insol.) GI(LLD) 2x10°3 3x10°7 6x 1074 1077 -
"Eu (sol,) GI(LLD) 2x10°3 8x1074 -
(13 y9) Kidney 1078 4x1079 20 —
(insol.) | Lung 2x10°8 6x 1079 -
GI(LLD 2x10°? 8x10" -
A}
'Z;Eu (sol.) GI(LLY) 6x10-4 2x1074 -
Kidney 4x10°9 ' 10°° 5
Bone 4x10°° 109 5
{
1l
(insol,) Lung Tx1079 2x107% .
GI(LLD 6x1074 2x1074

® The abbreviations GI, S, S, UL! and LLI refer to gastrointestinal tract, stomach, small

intestine, upper large intestine and lower large intestine, respectively.
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Radionuclides

Critical

Fot 40-h week

Maximum permissible concentrations

Four 165-h week

organ *

S N |

(MPC)w.
+Cr/em?)

(MPC)a
(£Cr/em?)

(MPO)W
(LCi/cm Y

(MPC),
W emY)

Maxinum
permissible
burden in
total body

[VHOSH

8o (sol.) GI(LLD 9x1074 2x10°7 ) 3x10-4 Tx107h -
(insol.) GI(LLD 9x10°4 2x10°7 1 3> 1074 62107

10T (sol.) GI(LLD 10°? 5% 1074 -
Bone Ax10" 107! Y

(insol.) Lung : 3x10"* 107 -

) GI(LLD) 10°? 5% 107 -

’j’an (sot.)*| GI(LLD 3x107? 6x1077 107 )X 1077 -

(insol.) GI(LLY) 3x107? 5x107° 1073 2xi0] -

Lung 2. 1071 .

"Ta (sol.) [ GI(LLD 107! 4xlu .
Liver 4x107 1T 7

(insol.) Lung 2x107" Tx107° -

GI(LLD 107} 4x10"! -

W (sol.) GI(LLY) 0.0} 2x10°%| 4x10? 8x 1077 -

Lung 107 4x10°8 -

(insol.) GI(LLD) 0.01 3x107? -

e (sol.) GI(LLD) 0.02 6x107? .
Total body 0.02 Ix10¢ 9%10°" 80

({nsol.) Lung 2x1077 ' 5x107t j -

) GI(LLD 8x107? 3x107? L -

1oy (sol.) GI(LLD 6x107? 10°6 2%107 4x10°7 -

(insol.) Lung 4x1077 1077 -

GI(LLD 5%1073 %1073 -

Wy (sol.) | GI(LLn* 107? %107 .
Kidney 1077 4x10°" €

Spieen 1077 7

(insol,) Lung 3Ix10°" 9%10°9 -

GI(LLI) 1072 4x 107 -

a

The abbreviations GI, S, SI, ULI and LLI refer to gastrointestinal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively.
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Radionuclides

Critical
oigan *

Maximum permissible concenuation
For 168-h week

For 40-h week

(MPC).
(pr/'cm’ )

(MPC)a
(u(li/cm’}

(MPC),,
(i /em?y

(MPCYa
(HC1/em?)

-

Maximum
permissible
burdenin
total body

(1)

"f:l‘l (sol.)
(insol.)
l‘;:l'l ) (sol.)
(insol.)

GI(LLD 4x107? 8x1077 | 107 3x107 -
GI(LLD) 3x1072 | 6x10°7 |, 107? 2x107 -
Kidney 0.03 1076 9x107? 4x107 ¥ e
Lung 3x1077 107 -
Gl (LLD) 0.05 0.02 -

~

e (sol.

(insol.)

GI(LLD)

4x1073

§x1077

3% 107

GI(LLD

3x10°?

6x 1077

2x107!

‘?j)‘:\u (sol.}

(insol.)

Gl (LLD)

5x107?

11076

4x 1077

Lung
GI(LLD

4x 1073

6x 1077

10°?

2x1077

‘;’:’.-\11 . (sol.)

(insol.)

GI(LLD

2x107?
W

5x107¢

107

GI(LLD

1072

5x107¢

8x 1078

":_‘: Al (sol.)

(insol.

~

GI(LLD

5x1073

2x1073

4x107

GI(LLD

4x10-?
N

25107

3x107

ikH N
sl (sol.

~

(insol.

~

Kidney

9x107?

3x107?

ax107

GI(LLD

5%107

9x 1077

T3y,
”ll}, (sol.)

(insol.

~

Hidney

5x10°¢

2x 10

Ux 1078,

Lung
GL(LLD

3x%x107?

107?

4% 107

200
o 11 (sol,

~

Gl (LLD

0.01

3x107¢

%1072

gx iy

(insol.) | GL(LLI) Tale™ 107¢ uxi10d | axie! -

. N -1
o) (sol.) Gl (LLD ax107? 2x10°¢ | 3x107? 1107 -
(insol.) GI(LLD) 5x107? Ux1077 | 2x107? 3x%107 -

202
flu (sol.)

(insol.) |-

GI(LLD)

4x107?

8x10-7

1973

3x107

Lung
GI(LLY)

2x107?

2x 107

L

7x10%

¥x10™®

Y The abbreviations Gi, S, S,
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UL! and LLI refer to gastrointestinal tract, stomach, small
intestine, upper large intestine and lower large intestine, respectively.




S ~
3 -
R4
. b . \ -
Maximwm permissible concentrations NMaximutn
. For 40-h week For lus-h week pennissible
) . Critical
Radionuclides orean burden in
san (MPC)y | (MPCya | (MPCy | (MPC)s | total body
wCizem®y | (CiZem®y| @Cifem®y | (Ci/em®) (0
. 2yl ' (sol,) GI(LLD) 3x107? 163 uxiv? -
Kidney 6x10°7 ux1o’ lv
;‘ .
. (insol,) Lung 3x10-8 ax10? -
GI(LLD 2x1673 exlo7?
‘ g « . N .
7:3l’b (sol.) GI(LLD) 0.01 3x107% [ 41073 ux 10’ -
' N ) , (insol.) GI(LLI) 0.01 2x107¢ | axi0™3 ux 1o -
9py (sol,) | Kidney 4x10°¢ 1o 19 107¢- Ax 1yt 0.4 -
’ Total body [ 4x10% 10°¢ : 4
) (insol.) Lung 2x10%10 ' ax 1yt - o e _
IS GI(LLD 5%x10°? . 2x107? - ﬁ,-‘-
, <.
zgfl’q (sol.) Spleen 2x10°8 5x10710 | 7x10%6 ’.lel)f"" 0.03.
. Kidney 2x107 | 5x10710 2x10°10 0,04
\
\ (insol.) Lung - - 1 2xl1o7te Tx 1074 -
GI(LLD gx10™ 3x10% - .
EHEY (sol.) Thyroid 5x1078 %107 | 2x10°% ox10”? 0.02 .
Ovary 5x%10°% 7x107% | 2x1078 0,02
(imsol.) | Lung 3x10"* 107 -
GI(ULL) 2x107? Tx10°4
2 3 : -T2 EREd .
2o g Lung 3x107 B 10”7
22 B . . 3% -8 A
o R Lung /_J x10 ] 10 '
- pa (sol.) | Bone 4x10°7 | ax1oM | 107 1070 0.1
X "(insol.) | GI(LLD) 9x10% | 2x107 | 3x10% 6210t .
’fg,\c i (s0l.) Bone 6x10°% 2x1071? | 2x107 8x 1073 0.v3
i R \ -1 [ =12
(insol.) Lung 3x 10 9x10 -
GI(LLD) , | 9xi07? 3x107? -
- ) |
v/
¥ The daughter elements of RF® and Rn™? are assumed to be present to the extent that they
occut jn unfiltered air. For all otherisotopes the daughter elements are not considered as part of the <y
3 ' intake;: and, if present, they must be considered on the basis ‘of the rules for mixtures,
g 3 The abbreviations GI, S, SI, ULI and LLI refer to, gastrointestinal tract, stomach, small
t ) 5

intestine, upper large intestine and lower large intestine, respectively.
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Radionuclide

Critical

organ”

Maximum permissible concentrations

For 40-h wcgli‘

For 168-h week

{MPC)w {MPC)a
ucrem®) | Cizen)

(MPC)y | (MPCY A
(uCifem®) izt 3y

- Maximun:
petmissible
burdenin
teta! body

(uCi)

m, (sol.) | GI(LLY 5x1074 axi04 | .
' Bone 6x10°* 2v 107 4
(insol.) | Lung 3wl 10-9 -
GL(LLY G104 2x%10°4 .
so Th-nat®  (sol.» Bone s 8wl ,f ex1078H 107 6x 107 0.01
Lung ax1079 10712 -
. GH(LLD Ixnlod 10°4 - -
nu (sol.) | Gl(LLD 9x10°¢ 3x10°¢ -
. Bone sxtosl? 2x 10710 0.05
(insol.) Lung L1o°H 4xl10°H -
. GI(LLD 9x10¢ |- N 3x 104 -
el (sol.} GI(LLD) 8x107¢ 3x 1074 . -
Kidney 5% 10710 2x10°1° 0.03
Bope 2x 10710 0.06
- (insol.) ‘Lung 014 ) ax 10~ -
GI(LLD 8x 1074 . } RESUN -
92 U-nat (sol.) GI(LLD '5x 104 2x1emd -
Kidney ' 7x10°" gxijoi 5%1073
(insol.) Lung Gx10m S (O -
GI(LLD 5x10° ex ot
ru (sol.) | Bone 104 2x10? [ 5x107 | gx1071 0.04
(insol.) Lung .-l‘xlo‘“ 1y° H -
GL(LLY 8x10 . ax1o0™ -
am (sol.) | Kidney 1000 - L oxa1o® | axiet | oexioem v el
Bone 1074 ux10°? 2% 10" 127, 0.05
(insol.) Lung 10710 ax1o”t -
GI(LLY) $x10™ 3x1o-t
Wcm (sol.) |. GH(LLD 710 2x10% "
Liver 107 1° ax 10! 0.05
(insol.) Lung 2v 1074 6x1071 -
GI(LLD) Tx10™ 2x 104 -

“ Provisional values for Th-nat.

a . : " .
. The abbreviations GI, S, SI. ULI and LLI refer to gastrointestinal tract, stomach, small
intestine, upper large intestine and lower larg~ intestine, respectively.
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FEARATIIVeST s T

APPENDIX 1V

HOW:TO PUT,ON AND'TAKE OFF RUBBER GLOVES?

‘The technique employed in this procedure is such that the inside of
the glove is not touched by. the outside, nor is any part of the outside
allowed to come into contact with the bare skin.

- The procedure is as follows:

(1) The gloves should be dusted internally with talcum powder,

(2) The cuff of each glove should be folded over, outwards, for
about 5. cm. :

(3) Put one glove on by grasping only the mternal folded-back part’
with the other hand. .

(4) Put the second glove on by holding it with the fingers of the
glov 2d hand tucked in the fold and only touchmg the outside of
the glove.

(5) Unfold the gloves by manipulaling the fmgexs 1nsxde the fold.

(6) In taking off the gloves, seize the fingers of one glove by the
other gloved hand and pull free.

(7) Take off the other glove by manipulating the flngers of the free
hand under the cuff of the glove and fold it back so that an
internal part is exposed which may be seized, and the 1ema1n1ng
hand freed. ;
It is a great advantage if the inside and the outside of the gloves

are distinctly dfi‘(ferent, e.g. in colour or texture.

.

~

APPENDIX V .
. RADIOACTIVE WASTE CONTROL AND DISPOSAL®
WASTE COLLECTION

In all working places where radioactive wastes may originate,
suitable receptacles should be available. ~
Solid waste should, be deposited in refuse bins with foot-operated
. lids. The’bins should be lined with xemovable paper or plastic bags to
facilitate removal of the waste without contamination.
Liquid waste should, if no other facilities for liquid waste disposal_
exist, be collected in bottles kept in pails or trays designed to retain all’

Y their contents in the event of breakage.

All receptacles for radioactive wastes should be clearly identified.
* In general, it will be desirable to classify radicactive wastes according
+ to methods of disposal or of storage and to provide separate containers
for the various classifications used. Depending upon the needs of the in-

4 Adaptcd from ;Safety chhmqucs for Radioactive Tracers”, Cambridge (1958).

$ Adapted from the International Atomic Energy Agency Safcty Series No. 1:  Safe Handling of
Radioisotopes (1962),
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stallation, one or more ‘of the following bases for classnhcatlon of wastes
may be desirable:

Gamma-radiatiovn levels (high, low), )
Total activity (high, intermediates, low), : ' -} .
Half-life (long, short),

Combustible, non-comibustiblé. ’ -

Y o

l'or convenient and positive identification, it\nay be desiratle to
use both colour coding and wording. ' . .
Shielded containers should be used when necessary.
It is generally desirable to maintain an approximate record of
quantities of radioactive wastes released to drainage systems, to sewers,
or for-burial, This may be particularly important in the case of long-
lived radioisotopes. IFor this purpose it is desirable or necessary to
maintain a record of estimated quantities of radioactivity deposited in -
various receptacles, particularly those receiving-high levels of activity '
or long-lived isotopes. Depending upon the system of eontrol used by ’ .
N o X < the installation, it may be desirable to provide for the receptacle to be
: marked or tagged‘wrl’h a,statement of its contents.
Radioactive wastes should be removed from working places by .
designated personqel underethe superv151on of the "'radiological health - . v
and safety officer"

WASTE STORAGE ) o S

All wastes which cannot be immediately disposed of in conformity -
with the requirements of the competent authority have to be placed in
suitable storage.

Storage may be temporary or indefinite. Temporary storage is
used to allow for decrease of activity, to permit regulation of the rate
of release, to permit monitoring of materials of unknown degree of
. hazard or to await the availability'of suitable transport. Indefinite

storage in special places has to be provided for the more hazardous
wastes for which no ultimate disposal method is avanlable to the particular
.user.

Storage conditions should meet the safety requlrements for storage

. of sources. .

. The storage site should not be accessible to unauthorized personnel.
(Control of animals should not be overlooked.)
The method of storage should prevent accidental release to the . -
surroundings.

Appropriate records should be kept of the storage.

DISPOSAL OF WASTES TO THE ENVIRONMENT . .

General considerations ’ s

Disposal of radioactive wastes to the environment should be carried
out in accordance with the conditions established by the ''radiological
health and safety officer' and by the competent authority.

90 -
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The ways in which radicactive malerials may affect the environment
should be carefully examined for any p{'oposed waste-disposal method.

‘The capacity of any route of dispogal to accept wastes safely depends
on the evaluation of a number of factox:i /many of which depend on the
particular local situation. By assuming unfavourable conditions with
respect to all factors, it is possible to set a permissible level for
waste disposal which will be safe under ‘all circumstances. This usually
allows a very considerable safety factor, The real capacity of a particular
route of waste disposul can only be foun by a lengthy study by experts.

The small user should firs: try to work within restrictive limits
‘which are accepted as being safé and whith will usually provide a workable
solution to the problem of waste disposal.| Such a-restrictive safe limiit
is provided by keeping the level of activity at the point of release into the
environment below the permissible levels for non-occupationally exposed
persons recommended by the InternationaliCommission on Radiological
Protection for activity in drinking water or|in air and indjcated in
Appendix IIl. This rule should be superseded if the competent authority
provides any alternative requirements or if \local studies by ex.perts
prov1de\reasonab1e justification for othex' le\els.

[

.

\
3

AN
])1sposal to.drains ‘and sewers

The release/of wastes into drains does nc\n usually need to be con-
sidered as a direct release into the env1ronment. ‘"Hence, a restrictive

safe limit will usually be provided if the concentrations of radioactive
waste material based on the totabavailable flow of water in the system,
averaged over a moderate period (daily or monthly), would not exceed
the maximum permissible levels for drinking water recommended by
the International Commission on Radiological l’rotectlon for individuals
occupauonally exposed; these are indicated in Appendlx I1I. This would
provide a large safety factor since water from drains and sewers is not
generally to be considered as drmkmg water. However, ‘in situations
where the contamination affects the public water supply, the final
concengrations in the water supply should be to the levels set for non-
occupationally exposed persons. Some peesent studies suggest that ir
the contamination affects water used for irrigation, the final concentra-
tions in the irrigating water should be lower by a factor of at least
ten below the levels set for occupational exposure and the possible build
up of activity in the irrigated lands and crops should be carefully surveyed.

JI*inally, before release of wastes to public drains, sewers and rivers,
the competent authorities should be informed and consulted to ascertain
that nd other radioactive release is carried out in such a way that the
accumulatlon of releases will create a hazardous gituation. »

Radioactive whstes disposed to drains should be readily soluble or
dispersible in water. Account should be taken'of the possible changes
of pH due to dilution, or other physico-chemical factors which may lead
to precipitation or vaporization of diluted materials,

In general, the excreta of persons being treated by x'ddlolsotopes .
do not call for any special consideration. (This, however, does not apply
to the unused residues of medical isotope shipmeénts.)

\Wastes should be flushed doivn by a copious stream of water.

The dilution of carrier-free material by the inactive element in the
same chemical form is sometimes helpful.

i
g1
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Maintenance work on active drains within an establishment should
only be carried out with the knowledge and undex the supervision of the
"radiological health and safety officer'. Special care should be given to
the possibility that 'small sources have been dropped into sinks and
retained in traps or catchment basins.
_ The release of waste to sewers should be done in such a manner
. as not to require protective measures during maintenance work of the
sewers outside the establishment, tinless other agreement has been"
reached with the authority in charge of these sewers. The authority
, in charge of the sewer system outside the estabhshment should be in-
formed of the release of radioactive wastes in this system; mutual dis-.
) cussion of the technldal aspects of the waste disposal problem is desirable
L ' to provide protectlon without unnecessary anxiety.

Disposal to the atmosphere

Release of radioactive waste in the form of aerosols or gases into
the atmosphere should conform with the requu‘ements of the competent
authority. . N
. Subject to the competent authorlty, concentranons of radioactive
; gases or aerosols at the point of release into the environment should not
; exceed the accepted maximum permissible levels for non-occupationally
: exposed persons referred to in Appendix III. If higher levels are re-

quired and protection is based on an elevated release point from a stack,
: such levels can only be set after examlnatlon of local conditions by an
P expert..

Even if activity be‘low permissible levels is achieved at the release
point for an aerosolja hazard or nuisance may still arise from fall-out
of coarse particles. Therefore, the need for filtration’ should ‘be assessed.

¢ Used filters should be handled as solid wastes,

Burial of wastes

hY

Burial of wastes in s0il sometimes provides a measute of protection
not found if the wastes are released directly into the environment. The
: possibilities of safe burial of waste should always be appraxsed by an
! e'xpert

Burial under a suitable depth of soil (abolt one metre) provides’
economical protection from the externa; radiation of the accumulated
deposit.

A burial site should be under the control of the user with adequate
means of excluding the public.

A record should be kept of disposals into the ground.

* Incineration of wastes

If solid wastes wre incinerated to reduce the bulk to manageable
proportions, certain precautions should be taken. S
The incineration of active wastes should only be carried out in v
equipment embodying those features of filtration and scrubbing as may
be necessary for the levels of activity to be disposed of.
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. : - Residual ashes should be prevented from becommg a dust hazard, & l
o . - for example by damping them with water, and should be proper 1y dealt . -
_ R with as orc\mary active waste, . o : '
l' r . . \‘. . . . . _
| . S L : . ., :
) : \ APTENDIX VI » . . '
e A ) \\\ DERIVATION OF EQUATION (42)
. : R “If the rale of eXChange or "turnover" is proportional only to the /
} s amount of the substance present at any time, then the process is random "
e and any single particle may have a life- time varying from 0 to <. The.
] average life-time (t) will be the sum of the existence times of all the
O - particles diviled by the initial number, Therefore, if Ro represents
' the mlnai number of tracer particles present, then . !
' . ’ . t=w i
: ! i . N _ 1 ' .
: o t=-— ft dR ‘ (1) .
. ' . ? . Ro ’ -t
. ¢ : : t=0 .
E‘ E . . \ . . ) . .,
L ¢ i However - ‘R = Rge Rt - (2)
5 if the loss is by a first-order process " & ’l
' j ' B !
ol . “and : dR = - kRge "M dt , : (3) v
i Substituting in (1)
. : ' - 1 .; . - = F - ' ¥ : ' ' . .
f.' , I-Eo [ tkRge~k dt = k f te-kt qdt ) : ’ .
4 " : 0 ’ 0 i
', Integrating . . L
T=K -5 T kfo+d '
‘é = -k—z(t+,l) . =k OTF (5) ;
. $ . ’ * ¢
. ? . Therefore
‘ "y . - 1 ,
L by v , - (6)
3 - '
3 and because
3 =0.693/ Ty,
3 Therefore
3
5 RSP 7 E o '
3 0.693/Ty, 1 Tis m -
iy .
3 . ¢
3 . ) 93
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APPENDIX VIl

. . ?\ - :

DESCRIPTION OF A TUREE-COMPARTMENT MODEL

Consider the following open system as represented in 17ig.29.

A model having one central dompartment with peripheral compart-

ments is generally termed a mamillary system. If compartment 1is . .
given a single bolus of tracer and then all compartments sampled as a R
function of time, the specific activity-time'relationship may look as |
shown in Fig.30. '

The specific acthIty in all three compax tments would eventually
indicating that the tracer bolus has mixed in the
whole system. The continuecd decrease in specific activity can now be A
described by a single exponential k. The value 0. 693/k can then be
termed the biological hal{-life of the.entire system. Th@ curve a; can,
usually be resolved into a sum of exponentials (in the case of 3 compart-
:ments it would be a sum of 3 e\{ponentlals) Knowing. by dilution the
total exchangeable mass of the sys.tem Sy + Sg+ Sy, the five rate
constants shown in Fig.l can be éstimated. The mathematics for such : -
an exercise are beyond the scope of this discussion and the reader is
referred to Refs 112] or 113] for solutions to such systems.

o

¢ INTAKE 2 { -
' e \_’.
~ i -
. -
3
Sy "
OUTPUT
HG.29. A three-compartinent open mode] (mamillary system). '
Kk, , = fisst-order rate constant describing exchange of tracer or tracce from
' compartment 2 to compartment 1, ctc,
ol0)—} ‘ , .
~.
' O
L8
TIME
FIG.30. Specific activity in compartments of a three ~compartment open system with compartment 1 s
initially labcllcd -

= specific activity in- compmmcnl 1 -

= specific astivity in compartment 2

a, = specific activity in compartment 3

94 : .
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INTRODUCTION

There can be little question that almost all lahoratories engaged in
anitnal research-will soon utilize radionuclide techniques just as they now’
use calorimetry, spectrophotometry, chromatography, microscopy and
other such procedures. This is due to the advantages of their use and is
possible because 6f the availability of many radionuclides and that adequate
instrumentation is rather inexpensive.\ In addition, experimental techniques
have become highly developed and many‘cesearch personnel have become
highly proficient in this area. Often the use of radionuclides can provide
experimental data that would otherwise be u obtainable, However, the
design of such experiments must be on a soun scientific basis and include
statistical considérations as well as those of radiological safety. Before
attempting such experimentation the researcher m\ust be acquainted with
the principles of radionuclide methodology and obtain practice in specia

laboratory techniques and operation of counting instruments, . :

\,
\

1. PRINCIPLES | '
The unique advantage of radionuclides is that their beha\>ioui\in a
system is usually biologically identical Lo that of their counterpart and yet
they can be‘identified easily by their characteristic radiation. The criteria

for an ideal tracer is that it is indistinguishable from the tracee in
biological behaviour and that its introduction does not disturb the system.
Radionuclides uniquely fit these criteria since their chemical behaviour is
identical to the stable counterpart and a great number of them can be
produced in high specific activity. Since radiation.can be detected with
very high sensitivity generally negligible mass as well as activity need

be administered to the system under study.

2. BASIC LIMITATIONS o

There are several basic limitations _i}merent in tracer methodology
which must be always considered, At first glance the listing of these may
appear formidable indeed. However, in practice, with proper experimental
design and knowledge of these limitations, reliable experimental data may
be obtained. ’

-

2.1, Chemical effects . .

Most radionuclides are produced by methods which ensure a minimum of
interfering chemicals. However, the investigator should be sure that the
radionuclide preparation administered to the animal does not econtain
pyrogens, high concentrations of salts, high acidity or toxic--t’ne.tals.,

The amount of carrier or tracee in a radionuclide preparation may be

an important consideration, - A classic’ example of the effect of mass on

metabolic behaviour is the effect of stable iodide on the uptzke of radio-
iodine by the thyroid. If kinetic response is to be measured then the tracer
dose must be of high specific activity,

-
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2,2,

Radiochemical purity

does not contain other radionuclides than the one under study,

It is very important in all tracer studies that the radionuclide solution

extraneous radioactivity may arise from impurities in the target material

or from the chemical separation processes used: Gamma-ray spectromegtry,

particularly using high-resolution detectors such as the semiconductor
detectors, is an excellent method to check the primary solution for radio-
active impurities, However, half-life of beta-adsorption determipations

- must be considered for pure beta emitters.

An important problem of chemical state arises when the carriér-frree

‘preparations are used, as the chemical behaviour at the extremely low

concentrations that exist in carrier-free preparations may differ from that

at ordinary concentrations,

For example, the addition of a precipitating

agent may not cause a solubility product to be exceeded at carrier-free

concentrations,

Also, the loss of minute amounts of reaction with trace

impurities and absorption on walls of vessels ot on suspended particles of
dust and silica may be a sizeablé fraction of the total at low concentrations,
whereas, at the usual macroconcentrations these losses: still occur but

constitute a negligible fraction,

In some solutions carrier-frée tracers

behave more like colloids than do solutes, Such particles of colloidal
dimension containing radioactive atoms are called radiocolloids and these
may behave rather differently in bjological systems than do true solutes.
Another difficulty may arise due to the decay of radioactive atoms in
secondary radioactive atoms usually termed "daughters', Such parent-
daughter relationships must always be considered when' the Yadiation being
measured originates from both the parent and the daughter. This is
parjjcularly true of the naturally occurring radioactive materials which
commonly have many radloacnve daughters resulting from a long half-hfe
parent, For example, ‘see the decay scheme of 226Ra,

2.3,

Isotope effects

within experimental error,

v

In most biological tracer work it is generally assumed that all isotopes
of an element behave in an identical fashion, With the heavy elements this

. is generally a satisfactory assumption and any differences are certainly
However, for the light elements, particularly.

hydrogen and carbon, 1t has been shown that biological fractionation of ,
isotopes is termed the "isotope effect"
this effect in plants but relatively httle concerning animals. Nevertheless,

the investigator should be aware of such pgssibilities especially in processes

There is much data. documentmg

dependent upon mass such as diffusion or reaction rates.

2.4,

3 .
Radiation effects

amount of radioactivity chould be used.

It is essential that the experimental results should not be affected by;
any radiation received by the biological material and therefore the minimum

This procedure also then minimizes

the possibilities for personnel radiation exposure, for contamination of the
laboratory and for problems with waste disposal, It is very important that
the investigalor carefully calculates the proper activity of radionuclide

needed for each experiment,

This will be based on factors such as the

biological half-life.and the counting yield of ‘the detection instrument,

98
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“example, animal tissues are known to convert indrganic phosphate into

‘of the taggéd phospholipid, °

_A.factor of importance concerning biological effects of radiation is
that the nadionuclide may be incorporate’d into a critical biological molecule
such as DNA where the radiation dose effect may be increased. Also, ‘there
may be chemical bond breaks by the recoil atom after disintegyation’or
effects of trankmutation. . For example, consider a biological molecule that
contains %P tracer.. At the time of disintegration, the phosphorus atom
in the molecule will be transformed into a sulphur atom and this may have
an effect on the integrity or the function of the molecule.. In practice this
is rarely a limitingconsideration due to the fact that the sensitivity of the
method is so high that very small-amounts of radioactivity are necessary,
One may usually determine whether radiation effects are significant by
performing replicate experiments using graded levels of radioaélivity. :

Another problem involving radiation effects is that of radiation
decomposition.. It is known that many ¥C-labelled organic compaunds will
undergo self-decomposition because of the radiation from the MC} This
means that labelled organic compounds, €specially those that are purchhsed
commepc'ially and may have been in storage for seme time, should always
be'examinedfchroniatographically Lefore use fo make sure there are ro
ap'preciable amounts of decomposition products present, Radiation” -
decomposition can be reduced by several methods such as dissolution ina
protecting solvent, adsorption on a solid matrix in thin layer, conversion
to a stable derivative, and storage in the cold and in vacuum.™ -

&

2.5. Exchange reactions

Isotopic ‘exchange is a special case of exchange in which atoms in a

given element interchange between two or.more chemical forms of thé

element. In most metabolic studies, radiotracers are used to provide
information on the processes’ involved ‘in the bidlegical synthesis of ,

important metabolic compounds.. If the radionuclide becomes incorporated U
in the metabolic product merely by exchange, which requires no energy ’
production, thien these experiments are of no value in that there is no ’
evidence for synthesis of the product, Thus, it is necessary to carry out .
studies that can show whether or not exchange has occurred, This can .
be done by allowing the precyrsors and the’product to react under conditions
where the biological or energy producing system is interfered with' Ior ¢

phospholipid. This is probably not an exchange process because
experimental obsérvation's showed that (a) inorganic phosphate.does not
exchange’ with the phosphate radical or phospholipid’ when sodium phosphate
is shakeh with a phospholipid solution, (b) homogenized liver failed to
férm radioactive phogpholipid from inorganic 2P, and (c) rgspiratory
inhibitors such as cyanide or carbon monoxide interfered \vith‘ the formation

It is also important to assure that there is no loss by exchange of the

* label from the mofécule under study. For example, it would be of. no

avail to lalgel-the carboxyl hydrogen of an organic acid with tritium bécause
as soon ag this labelled aeid were placed in the biological system the
tritium would readily exchange with the hydrogen of the body water, On
the other hand, a tritium label in an aldehyde group would be stable until
the aldehyde was oxidized,

.
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. 3. PRACTICE . .
3. 1. Radionuclide Q'elfgi'ation and délivex‘y'of dose '

The investigator should have as much information as possible on the
characteristics of the r aduorﬂ.lchde preparation, particularly inregard to
chemical or radiochemical impurities that may be present. It is necessary,
that the solution be suitable for administration to the animal from the = o r
standpoint of pH and freedom from particulate material. The mvesugator -

. N
’ { ‘ should confirm the identity of the radionuclide and radiochemical puritys’’, ~

by determination of the half- life or energy spectrum. If dealing with a
: ) labelled organic material,- it may be advisable to inake a chromatographic . G
L\ ) evaluation to be sure that there are no decomposition products present. : s
In most studies it is nacessary to administer the radionuclide to the - -
‘animal ‘quantitatively. If necessary, extensive practice should be under- -
. taken with stable substantes so that the investigator will be proficierft before ’

! . . .agtually hqndhng radiqactive material. Standard methods can be used - p ) ’
- for oral, intravenous, subcutaneous, intramuscular and intraperitoneal :

Co . injecti Inhalatlon doses are more difficult and require specialized

injections.
procetlures. It is usually necessary to prepare a standard solution. This

. A ; . should be done from'the original preparation in such a way that the amount
. administeréd to the animal can be exactly correlated with the amount used .
to make up the standard solution. For example, this might involve using

the same syringg or pipette for both processes,

n

o~

3.2. Procedures with animals

healthy-subjects should be used

It is aIwa_yé important that normal,
Whenever possible the animal .

and should be so maintained during the study.
.should be preconditioned:to the type of handling and management that it is
D to réceive during the experimental period. Needless to say, the Scientist
L ' ‘has a moral obligation to practice the highest degree of humaneness with

‘ T . respect to experimental anifmals, Such endeavours automatically improve

! . the reliability of the results obtained.

After administration of radionuclides, the animal must be considered
as a source of external radiation and of radioactive materials excretéd.and
expired that can contaminate the surroundings. Provisions should be made
for appropriate collection and disposition of radioactive excretions.

Reference: GAY, W.I. (Editor), Methods of Animal Experimentation,

Academic Press (1965),

1~

4
) r ., .

} 3.3. Handling of samples .
: . The proper collection of samples i$ just as important as the reliability
{, of subsequent analysis. It is important tlrat the samples should be truly !
it ' typ1ca1 of the material that it represents.
? "In studies where the entire sample is not used, it is essential that

. i proper mixing be done and that appropriate aliquots be taken. ~ For example,
§ care must be taken to mix faeces well before sampling, because successive
2 increments may differ widely in activity especially at short times after -
é . admlmstr&mn of the radionuclide. The conventional grinding of dry
g» material causes considerable difficulties \vith_ radionuclides because of .
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() Electro-plating is an excellent method for the preparation of uniform
thin films of many metals, Many tyvpes ol electrolysis cells are available
commercially for this purpose; (e) Dry powders may be pressed into
shallow dishes with & spatula o1 may be formed into brickettes with a
taboratory press and piston-cylinder apparatus, .

The followiny cxcreises describe specifie procedures, These are
not necessarily the only methods o1 the best, but they have been found
adequate under pgiven coaditions, It is hoped that the user of this manual
will hereby have in his hands simple techniques to provide reliable data,
and that he Wil be in o position to maxe such modifications as suit
sprecialized needs, :
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LABORATORY EXERCISES

1. RADIOPHOSPHORUS DISTRIBUTION IN THE RAT AS DETERMINED
BY TECHNIQUES OF WET-ASHING AND LIQUID COUNTING -

Objectives

(1 ) To illustraic a convenicnt procedure ror measurement o radioactivity
in biological maicrials.

(2) To demonstrate a wet-ashing technique, a procedure for counting liquids,
and meghods of expression of data. . o ’

(3) To dctermine the distribution dnd turnover of <“P in various tissucs or’
the rat. -

Introduction and theory .

A great number of fundamental physiological and nutritional studies are
based upon determination in various tissues or secretions of their content
of a previously administered radioactive suvstance. The interest generally
is in using a radiotracer to determine the hehaviour ¢f a normal body con-
stituent. In this instance measurements are required of both the radionuclide
and its stable counterpart in order to perrmit calculation of turnover rates.

Or the interest may be in knowing the behaviour of the adininistered radio-
nuclide itself, as for example in estimating retentions of radioactive environ- -
mental tontaminants,

Ater entering the body, radioactive substances which are chemically
identical with normal body constituents will generally be metabolized in
exactly the same ways as their non-radioactive counterparts; both will have
the same uptake and distx'if)ution. Thus, "if equilibration has taken place,
the amount of a radionucl‘ia'e 1n a tissue will be related to the amount of stable
element normally present.  For example, a tissue which normally contains
little phosphorus would be expected to take ip relatively little radiophosphorus,
This behaviour is quantitated by calculations and comparisons in terms of
specific activities, which are expressed as amounts of radioactivity per
amount of stable element, The behaviour of foreign substances may some-
times be related to that of chemical cogeners, e.g. strontium-calcium.
However, the use of any such relationship should be based on experimental
evidence: as to the degree of interdependence that actually occurs, .

“The metabolic behaviour Of substances in a biological system is typic- ’
ally studied by use of radiotracers according to the following scheme:

(1) The animal 1s acclimated to the experimental conditions.

(2) A known amount of the radiotracer is administered.

(3) Samples are collected after equilibration has been attained, or, for
kinetic studies, after givén time periods. These samples can be
accessible materials such as blood, exhaled gases, milk, faeces
or urine, which can be collected periodically, or they can be samples
of Mesues which require sacrificing the animal.

(4) The samples are converted into a physical state (usually identical

: and homogeneous) suitable for quantitative measurements of radio-
activity. The treatment required depends.in part upon the radiation
characteristics of the nuclide.. '
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The radioactivit’y in each sainple is measured, and if required, the
stable nuclide i's determined. .

The data are calcgulated to some standard base for purposes of com-
parison. 'This usually requires a standard calibration curve made

‘from the radioactive preparation used for administration to the ani-

mal. Radioactivity is often expressed as ''pett cent of administered
radioactive dosage per unit weight of tissue', Specific activity is
often expressed as ''per cent of radioactive dosage administered per
unit weight of element'. If it is known that the radionuclide is dis-
tributed through the animal in proportion to the body weight then the
data can be normalized to a given body weight for comparison among
animals.

Thus, almost every study of ietabolism using radioactive tracers
requires the accurate measurement of the amount of a radioactive material
in a biological sample. In addition; it is' usually necessary to measure the
concentration of the stable element in order to calculate the turnover rate.
One advantage of the use of radiotracers is the simplicity and convenience

of the procedyres. For radionuclides that emit gamma rays or beta particles

of at least moderate energics, the production of a homogeneous and uniform
sample suitable for radioassay can readily be accomplished by a wet-ashing
procedure. If the sample can bc measured directly in liquid state, then the
overal procedure becomes one of considerable convenience.

» Wet-ashing can be done by simple digestion in concentrated nitric acid.
The resulting solution is then diluted to a given volume from which an ali-
quot is taken for the actual measurement. If the sémple contains a large
amount of fat, this can be extracted with iso-pentane alcohol which can be
counted separately. The radioactivity values for each phase are added to
give the total for the sample,

. Materials

1)

(2)

(3)

(4)

(5)

(6)
;)
(8)

(9)
(10)
(11)

N o104 '

Standard tray:

(a) Porcelain tray (1).

(b) 600-ml beaker marked WASTE (1).

(c) 100-ml beaker marked DIST. H,0 (1).

(d) 1-oz bottle of acetone.

(e) Box of absorbent tissues (1).

(f ) Wax-coated dry-waste container (1).

(g) Plastic squeeze bottle containing distilled H,0 (1).
(h) Wax marking pencil (1).

(i) Vacuum hose or other suitable arrangement for drying pipettes.
Phosphate 2P solution suitable for injection at pH ~6 (approx.
0.1 mCi/rat).

G-M counter.

Portable G-M survey meter,

Mature rats (200-400g).

Hot plate or Bunsen burner.

Balance (accurate to 1 mg)-

Rat scale,

Cages.

Ether chamber,

Concentrated nitric acid. .

.
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(12) 100-ml beakers (5).

(13) 500-ml volumetric flasks (2).

(14) 100-ml volumetric_flasks (4).

(15) 100-mi measuring cylinder.

(16) 50-ml] measuring cylinder.

(17) 25-ml measuring cylinder.

(18) 10-ml volumetric pipettes (2).

(19) 5-ml volumetric pipettes (3).

(20) 2-m! volumetric pipette.

(21) 1-ml volumetric pipette. . . :
(22) 1-ml tubergulin syringe with 24-gauge 1.25-cm needle. '
(23)" Counting dishes (small Petri dishes will suffice).
(24) Planchets.

(25).Surgical scissors.

(26) Rat-tooth forceps.

(27) Infra-red heat lamp.

(28) Pipette control,

. Procedure

(1) From the original radionuclide shipment prepare a dosing solution
containing about 200 uCi’ 32P/ml (solution A).

(2) Inject 0.5 ml of the dosing solution (solution A) intra-muscularly
into the left hind leg of the rat. Leave the animal in a cage for about
1h. : :

(3) Prepare dilutions of solution A for the calibration curve as follows:
(a) Dilute 2 ml of solution A to 500 ml to give solution B. .,

(b) Dilute 30 m] of solution B to 500 ml to give solution C. Note: Be
sure that all dilutions are slightly acid to avoid loss of 3P by
adsorption on the glass of vessel walls.

(c) Prepare the series of actual calibration solutions as follows:

Solution ‘ Method of preparation
. mc i ' . ’ from step b
c/1:5 . 50 ml of solution C plus 25 ml HyO
cfs : , 20 m of solution C plus 80 ml H,O
/10 10 ml of solution C plus 20 ml H,O
C/20 5 ml of solution C plus 95 ml H,O
¢

(4) Calibrate the G-M counter by counting 5-ml aliquots of each of the
dilutions prepared in step 3(c) using the Petri dishes provided.

(5) At about 1 h after injection, kill the rat by placing in an ether
chamber and then weigh the body. '

(6) Remove small samples (0.5-1 g) of each of the following tissues:
brain, liver, kidney, right femur, and gastrocnemius muscle.
Avoid contamination of the tissue samples with radioactivity from
the site of injection. "
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(7) Weigh each sample to the nearest milligram, place in a beaker,
cover with concentrated nitric acid, apd heat gently until the tissue . :
is dissolved.
(8) Transfer quantitatively to a measurmg cylinder, make up to 25 m1
with water, mix, and pipette 5 ml into a sample dish fon countmg
(9) Count the samples in exactly the same way that the calibration solu-
tions were measured in step 4.
(10) Evaporate 1 ml of solutxon C to dryness in a counting planchet and
~  count.

L]
Calculations and reporting of results

N

(1) Record the following information in regard to the original 3:p pre- e -
paration:.
(a) Amount of radioactivity; '

(b) Assay date and time;

(c) Volume;

(d) Specific activity;

(e) Dilution factor used for preparation of solution A.
(2) Calculate microcuries,administered to rat.
(3) Calculate mass of phosphorus administered to rat.
(4) (a) Record data on calibration curve as follows: -

Solution cmp (net) pCi/ml % of dose/5 ml : <
C

~ C/1.5

-C/5 ‘
Cc/10 '
c/20 '

(b) Construct calibration curve on linear graph paper by plotting
% of dose per 5 ml versus counts per minute,
(c) Calculate a factor to convert observed counts per minute in
5 ml of svlution to percentage of administered dose,
(d) Compare the reiative sensitivities of dry versus liquid countmg
(5) Complete Table VII to give results in terms of normalized tissue
concentrations of 3P and normalized specific activiti€s,

Notes on calculations for Table VII:

(a) Values for column C (% of dose in 5-ml aliquot) can be derived '
directly from calibration orby use of factor computed in para. 4(c).
. (b) Values for column D (% of dose in sample) are obtained by multi-
i plication of column C value by the factor .
volume of total sample
volume of counting aliquot’

value for column D
value for column A '

(c) Values for column E =
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(d) Value for column F =

“weight of rat used
weight to which normalized (300 g)

Value for column E X

(e) Values for column G (milligram P per gram of fresh tissues)
represent typ1ca1 data from literature;
vdlue for column F .

- (f) Values for column H= value for coluthn G -

Questions

(1) Explain on a physiological basis why the amount of 3P per unit
weight of bone is relatively high and yet the specific activity is low.

(2) In this procedure, why is it usually not necessary to correcf for
coincidence losses or self-absorption? Under what conditions might
it be necessary to do so? ‘Why were you asked to establish a'curve .
rather than just a single point from whlch the conversion factor could
be calculated?

(3) Give an example of a study in wh:ch it would not be appropriate to
normalize for body weights..

(4) List three radionuclides which coulq not be counted effectively by
the method described in this exercise. Why?

- BIBLIOGRAPHY

CASARETT. A.P., Radiation Biology, Prentice-Hall Inc. (1968).
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2. 'ERYTHROCYTE AND BLOOD-VOLUME MEASUREMENTS USING
CHROMIUM-51-TAGGED ERYTHROCYTES | -

Objectives, - ' .
) To illustrate a direct'tracer dilution procedure.
( To estimate erythrocyte volume and total blood volume of a

domestic or laboratory animal. ’

Introduction and theory

The earliest method for determination of the blood volume of an animal
was proposed in 1854; it consisted of complete exsanguination and measure-
.ment of the blood collected. Since that time dilution tethniques have been
developed. In principle these consist of the following steps: (a) The ad-
ministration of a "test-substance' or "tag' which is distributed, through the
volume to be measured: (b) The allowing of time for the administered
substance to be uniformly distributed through this volume; and (¢) The
withdrawal of a small sample for the'measurement of the concentration of
the test substance. The amount of dilution which has occurred can then be
used to calculate the total volume by which the test-substance was diluted.
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Some of the earlier work was done using dyes, haemoglobin, carbon
monoxide and other substances as tags or test substances., The availability
of radionuclides provided tags with desirable characteristics such as ease
of measurement, possibility of repeated measurements at relatively short
time intervals, and uniform distribution through the volulne to be measured,

For many vears ¥P was widely used to tag red cells in order to deter-
mine erythrocyte volume. However, this techniquc has certain disadvantages
such as the need to wash the cells after labelling which is time-consuming.
Also, there is a fairly rapid loss of 3°P from the blood pool for which
corrections must-be made. As a matter of fact, the biological half-life of
injectcd:’gP-labellcd cells is estimated at 12-32 h. Inaddition, 3P is a
beta emitter and its radioassay is slightly more difficult than that for a
gamma-ray emitter. ‘

Radioactive iron (¥Fe) was used as early as 1940 and it has been shown
that the tag remains with the erythrocytes during their entire life-span.
However, iron released from breakdown of the red blood cells is available
for further use in erythropoigsis.

In 1950, it was shown that radioactive chromium in the form of Nag’iCrO,
could be used to tag red blood cells, and this method has now become
perhaps the most widely used for the determination of red blood cell volume
and total blood volumes. Since 5Cr is a gamma-ray emitter (0.32 MeV) it
is easily counted in a well-type scintillation counter. Chromium-51 decays
by electron capture. It can only be detected by its gamma ray which is
emitted in only 9% of the disintegrations. The binding of the ICr to the red
cells is very stable; the 5!Cr is eluted from the red cells in the body with
4 half-life of around 80 d so that a much smaller correction factor for loss
is necessary than with 3P, In addition, the chromium released from the
red cell on breakdown is not available for further use in erythropoiesis,
and it is not necessary to wash the red blood cells after labelling since the
chromium can be reduced chemically, in which case no further binding

takes place. :
The procedure, ingeneral, consists of incubating a volume of the
subject's blood in vitro with a suitable amount of radiochromium as the :

hexavalent chromate jon. At the end of the incubation period, ascorbic

acid is added which reduces any unbound hexavalent chromium to the

trivalent form thus rendering it unavailable for further binding. ’
A known volume is then injected into the animal and the activity of the in-

jected suspension is measured in a well-type scintillation counter. At

specified time intervals, a sample ofthe subject's blood is withdrawn and

the activity determined.

*  The following symbols are used in calculations invblving erythrocyte

volume, plasma volume and blood volume;.~

~ N

Veomp = total volume of the compartment (red blood cells (V.) or
plasma (Vp); )

Vi = volume of injected tag (red blood cells or plasma);
o} = concentration (cpm/ml) of injected tag:

C, = concentration (cpm/ml) of recovered tag;

Vy = total blood volume;

VP = plasma volume;

Ve = red blood cell volume;

109




Vb(p, = blood volume calculated from plasma volume;
Vbey = blood'volume calculated from red blood pell volume; <
H, = venous haemato¢rit (% cells); '
H = mean body haematocrit = e __.

m : y : Vp + Ve
F, = TF.cells factor;
Vc(p) = red blood cell volume calculated from plasma volume;
Vpey = plasma volume calculated from red blood cell volume.
From the general tracer dilution equation for a closed compartment

system:
r
. ' C
Veomp = Vi LE':" IJ (1

if Veomp is much greater than V;, as in the study, then Eq. (1) becomes

Ci .
YComp= v Xc_l' ) (2)
r

Equation (2) is used for calculating the erythrocyte volume. Plasma
volume is determined in a similar manner with suitable corrections for
removal of the trivalent chromium from the plasma.

After determining the plasma and eryvthrocyte volumes, the total blood
volume may be determined by adding the two: :

LA (3)

When only the plasma volume or the red blood cell volume has been
determined, the total blood volume may be calculated from either by
employing the venous haematocrit value (% cells). Thus

V.
‘A = v
Viep) _L(IOO Tl 100 (4
and J .
. . L]
- Ve -
Vicer i 100 (3)
-
However, it has been shown that the venous haematocrit overestimates
the mean body haematocrit. Therefore, plasma-haematocrit determinations
: of blood volume (Vyp) ) overestimate the true blood volume while the cell-
: haematocrit (Vy(,)method underestimates the value. To compensate for
: 110
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thdse factors a factor (F;) has been introduced which 15 dehneu as the ratio
of mean body haematocrit to venous haematocrit:

Ll
v
—

3

!

F“: =
v

! . .

(6)

o

Provided that the value for F. is constant, Eqs (4) and (5) may be
changed to:

Vp X 100
\ =
~\ - VY " To0 - (W, F.) (n

‘ _ Ve X 100
: \ Vb(c) - Hch ) ()

\
Finally, when only the plasma volume or the cell volume is determined
" exper ilmentally, the following formulae can be used to calculate the other:

(a) If‘,Vp is determined:

- __Hy )
«m P " Too - Hy (9)

(b) If V. is determined:

100 - H,
[4 HV

<
W
<

plo) (10)

‘Materials and equipment

(1) Standard tray (see Exercise 1). R
(2) 51Cr as the hexavalent chromate.
(3) Well-type scintillation counter.
(4) Sheep in metabolism stalls.
(5) Centrifuge with head for 15-ml centrifuge tubes.
(6) Microcapillary centrifuge.
(7) Microcapillary haematocrit reader.
(8) Heparin solution (1000 I.U. /ml). -
(9) Citrate buffer (acetate-citrate- dextrose)
. (10) Ascorbic acid (crystalline) pre-weighed to 120-mg samples.
, ) , (11) Saponin solution 0.1 g/litre.
‘ ‘ ) . (12) Na-chromate solution (0. 1%).
. - (13) 20-ml syringes with 16- to 18-gauge needles (2).
) ' (14) 10-ml syringes with 16~ to 18-gauge needles (5).
i (15) 2-ml syringe with a 20-gauge needle (1).
i _ . (16) 125-ml Erlenmeyer flasks (2).
(17) 100-ml volumetric flasks (2). N
(18) 50-ml centrifuge tubes (4). )

Q 1.{8 { K
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(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)

15-ml centrifuge tubes (4).

10-ml calibrated pipette,

5-ml volumetric pipettes (4).

2-ml volumetric pipettes (4).

1-m} volumetric pipettes (2).
0.5-ml Ostwald-Folin pipettes (10).
Counting tubes (16).

Capillary tubing.

Bunsen burner.

Pro-pipette.

Procedure

Tagging
(1) Withdraw approximately 20 ml of blood from'the jugular vein of

the animal with a heparin-wetted syringe and transfer to a 125-m.l
flaak. :

Note: if desired, the animals can be prepared by insertion of
indwelling polyethylene cannulae in both jugular veins. In this
instance one cannula can be used for withdrawal of blood and the
other for injection. If dogs are used, the femoral vein is preferred;
if rabbits are used, the ear vein.

Add 8 ml of the citrate buffer solution to the sample of blood.

Add an amount of the hexavalent ®!Cr solution containing approximate-
ly 104 uCi; record the time; swirl the suspension frequently and
gently during the next 20 1nin. :

At the end of 20 min, add 120 mg of crystalline ascorbic acid and
swirl the suspension for another 2 min.

Determine,in triplicate, the haematocrit (H,) of the erythrocytes

in the suspension by the capillary-tube centrifugation method.

Injection and sampling

(1)

(2)

Inject intravenously and quantitatively into the animal between 18 and
22 ml of the tagged suspensjon noting exactly the volume adminis-

tered.
Withdraw 10-ml blood samples from a vein (other than the one in

which the suspension was injected) 5, 10, and 20 min after
injection.

Preparation of standards and samples for counting

Standards

"(n

(2)

112

Deliver 0.5 ml of the suspension into the saponin solution. Add 1 ml
of a sodium chromate solution. Swirl gently and fill with water to
the 100-ml mark. Make duplicate dilutions and count three 1-mi
samples from each 100 ml. .
Place 5 ml of the suspension in a 15-ml centrifuge tube rd spininto
" a 50-ml volumetric flask half filled with water. Add 2 7 sudium
chromate solution and, fill to the 50-ml mark. Count three 1-m

samples.

Y
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: . ’ (b) "Determjine the haematocrit {H,) of erythrocytes in all samples in
M triplicage. : -
(2) Place 0.5 ml of blood in 2 ml of dxstllled water in counting tubes in !
.f duplicate. ‘ . '

- : (3) Collect the plasma from 5 ml of blood and place 0.5 ml in2 ml of
' water for counting in duplicate. i C

. Calculations and reporting of results 2

(1) Determine the net’counts per minute per ml in the volume of sus-
o pension.injected-which are due to the erythrocytes pnesent.
Q- (a) Volume of red blood.cells reinjected.
(b) Counts per minute per ml in red blood cells rreinjected.-
(2) Determine the concentration (cpm per ml of erythrocytes) in the
santbles taken and calculate the erythrocyte volume (V ) using Eq. (2). . !

. Time cpm/m]l red blood cells ervthrocyte volume . '
(min) . X
5" .

10 . . - .7 .
20 , - ~

S DS E TR S pOTRRR R

y *~ (3). Determine the concentratlon (cpm/ml) in the volume of plasma

. . reinjected. .

N ! (4) Determine the concentration of plasma samples taken over the ’ -
' 20-min period and plot against time as the 2bscissa on semi-log
paper.

Time cpm/ml plasma

-
.
AN e ot AeD 1 = o 12 gy

B (min)
. . ’
» ) 5 . ' N - : - ' - -
: 10
+ 20 ~
P4 v
b (5) Fix the best straight line by eye or method of least squares and
- { extrapolate to zero time. What is the concentration at zero time?
(6) By using the concentration at zero time as (C,), calculate the plasma
! " volume (V ) according to Eq.(2). What is the plasma volume? . . .
- (N Determine the total blood volume (V. + ¥ ) using V at zero time and ¢

V. at-29 min. What is the total blood volume? .

! (8) Determme the F-cells factor. What is °
- { . (a) H,at 20 min,
r (b) Hp, - : : .
' . (c) Fe? ' = 7 :
Questions -
(1) Why’ia it not necessary to wash the cells after incubating with 5i1Cr,
whereas it is necessary to wash them when:’EP is used? .
: - o
(- . 2 .

. ) T ri3 ‘
¥ . - . K .
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(2) Why does the venous hiematocrit overestimate the mean body
haematocrit? =~ -
Ly (3) Why must one ektrapolate to zero time to determine the diluted
concentration of J1Cr-inrplasma?
. (4) How would vou determine the major routes of elimination of 31Cr
T~ from the bodv? -
. (5) How should vou monitor th= laboratory for 5!Cr contamination?

s BIBLIOGRAPHY
GRAY, s.)., STERLING. K., J. clin. Invest, 29 (1950) 1604.
GREGERSEN, J.1., PRAWSON, R.A., Phys. Rev. 39 (1959) 307-42,
DONUHUE, D.M. etal., Br. J. Haemat. 1 (1955) 249. )
QUIMBY, E.H. et al., Radioactive Isotopes in Clinical Practice, Lea and Febiger, Philadelphia (1958) 355-71,
, ) FIELD, T., SEED, L., Clinical Use of Radioisotopes, The Year Book Publisher Inc., Chicago (1957) 47-35.

MOORE, F.D. et al., The Body Cell hiass and its Supporting Environment: Body Composition in Health and
Disease, W.B. Saunders & Co.. Philadciphia (1963). . )

3. MEASUREMENT OF GAST YO-INTESTINAL BLOOD LOSS USING
CHROMIUM-51-TAGGED ERYTHROCYTES .

Objectives

(1) To illustrate the use of 5Cr-labelled red cells for the measurement

. * of tlood loss into the gut. :

(2) To compare the gastro-intestinal blood loss in a normal sheep with
that in a parasitized sheep. ’

Introduction and theory

. The labelling of red blood cells with 51Cr is described in Exercise 2.

! A particularly useful property of erythrocytes tagged in this way is that,
should blood loss occur into the gut, only a negligible proportion of the .-adio-
nuclide is reabsorbed. This has been demonstrated in many species by the
quantitative recovery in the faeces of doses of 3ICr administered orally as

. 51Cr-labelled cells. By comparing the total radioactivity of a complete 24-h
collection of faeces with that of a blood sample taken at the beginning of the
collection period, it is possible to estimate the amount of blood which has
been lost from the circulation into the gut during that time. The method has
been used to measure blood loss into the alimentary tract from bleeding

. ) ulcers and the blood loss into the gut brought about by certain parasitic worms

in man and in animals.

: The in-vivo stability of 5lCr-labelled red cells is not the same for all

. . species, and in sheep and cattle particularly there i5 a substantial loss of

: i radionuclide from the red cellis by elution over the first 24 h after injection,

, ’ : After the rapid elution phase there is a slower exponential loss of radionuclide

from the circulation, but the slope of this disappearance curve is still much

o114 ~
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steeper than in other species. The somewhat abnormal behaviour of ¢ -
tagged erythrocytes in sheep and cattle does not invalidate their use in the
measurement of gastro-intestinal blood loss in that the radionuclide lost intra-
vascularly is largely excreted in the urine,
no measurements during the phase of rapid e¢lution, i.e. fox the first 48 h
- after injection, .

Materials

- _-(1) °Cr as hexavalent chromate,
(2) Well-type scintillation counter, preferably to take samples of at

s least 5 ml
v (3) Shcep; one n}'mal (parasite-free), one experimentally infected with
Fasciola hepdtica at least cight weeks previously or one experiment-
ally infected with Haemonchus contortus at least four weeks provi-
ously. Fiecld cases of either parasitic infeetion mnay be used.  The
infected animals, from whatever source, should be showing some
degree of anaemia. Male animals are preferred beeause by the use

It is advisable, however, to make

Aruitoxt provided by Eic:

s of a faecal bag and a metabolism stall complete collections of urinc
and facces can be made without any fear of cross-contamination.
. (4) Mctabolism stalls for sheep.
(5) Animal clippers. )
(6) Items for jugular contamination as described in Fxercise 8.
(7) Microhaematocrit equipment as in Lixercise 2,
(8) lL.aboratory centrifuge \vxth buckets for 50-ml centrifuge tubes.
(7) Teat pipettes.
‘ Procedure
A. Tagging .
(1) Withdraw approximately 20 ml of blood from the jugular vein of the
animal with a heparin-wetted syringe and tr ansx(-x to a heparinized
50-ml centrifuge tube.. ¢
(2) Add an amount of hexavalent °1Cr solution containing approximatecly
: 1 mCi and mix gently for 30 min.
(3) Centrifuge the sample and with a teat pipette draw off the supernat-
_ ant and discard into container for radioactive liquid waste.
- ) . (4) Wash the labelled cells three times by filling up the tube with saline,
- mixing thoroughly, centrifuging and discarding the supernatant -
Finally, make up the cell suspension with saline to approximatcly
thie original volume of blood. The labelled cells are washed in this
- exercise as it is important that the plasma should not cont 1in 1rhidio-
e nuclides,
B. Injection and sampling : :
’ (1) The sheep should bé given 2-3 days to beccome accustomed to the
metabolism stalls and faecal bags before the experiment is started,
(2) Using the jugular catheterization technique described in Fxercisc 8,
inject each animal (ith the total labelled erythrocytic suspension
prepar ed from its own blodd.
. ¢ X % 115
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{3) 48 h after the ihjection, collect from the opposite ‘jugular vein a 5-ml
heparinized blood sample. Start the collection of urine and facces.

(4) Each day-at the same time remove a blood sample as above as well
as.the urine and faeces collected over the 24-h period. Continue

- i ) this daily blood sampling and urine and faeces collection for a period
. . _ . of 10-14 days.

. . C. Preparation and counting of samples

; (1) Pipette duplicate 1.0-ml lots of each blood sample into counting tubes
" and make up to the standard volume for counting (say, 5 ml) with
approximately 0. 01N NaOH. Larger volumes of blood may be used -
for counting later in n the experiment when the concentration of 51Cr
particularly in the blood of the infected animal may be much reduced.
(2) On each blood sample carry out haematocrit determinations intrip-
licate. * . .
(3) Weigh the total collection of faeces for each 24-h perlod spread the °*
o, oo pellets on a large sheet of paper, mix thoroughly and collect at
random in counting tubes triplicate 5-g samples. With a glass rod
pack these down to the appropriate volume for counting, e.g. 5 ml,
(4) With a graduated c:,lmder measure the volume of each urine collec-
. . tion and pipette out in duplicate suitable aliquots for counting.
! . . (5) Usmg the well-type counter determine-the net counts per minute of
] all the blood, ui ne and faeces samples It is preferable that these
~ . should be done all together at the end 6f the experiment, but should
it be necessary to measure the count-rates of samples from-day to
© day as the experiment proceeds, they must all be corrected for decay
and possible day-to-day variation in the sensitivity of the counting
equipment by repeated measurements on one of the samples which is !
then treated as a standard

i

Calculations and reporting of results

R
(1) From the cpm/ml for each blood sample and its haematociit cal-

gulate the cpm/ ml red blood cells.
(2) Plot cpm/ml red cells against time in days as abscissa on semi- -log
"paper and fit the bést straight line by eye or the method of least

; ¢ squares. Note the difference in slope of the lines obtained from the

: . normal and the parasitized animals.

(3) For each 24-h period calculate a ''faecal red-cell clearance" by
dividing the total counts per minute of the 24-h collection of faeces
by the cpm/ml red cells for the blood sample taken at the' beginning
of that period. This clearance represents the volume of red cells
that would have to be lost into the gut each day to account for the
51Cr activity of the faeces. Calculate. the mean clearance figures
for each animal over the period of the experiment and compare them.

(4) Calculate sxmxlarly clearance figures for the urine. These represent

i " the volumes of red cells from which radionuclides are liberated each

day within the body either by cell destruction or elution of radlo-
nuclides.

’

o4
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Questions

(1) What light do the aboVe results throw on the aetiology of the anaemia
in fascioliasis or haemonchosis?

(2) What inferences can be drawn about the nutrition of the parasites
concerned?

(3) Why is-it'probably more accurate to express the loss mto the gut in
terms of red cells rather than whole blood'>
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4. GASTRIC EXCRETION AND ABSORPTION OF MACROMOLECULES

’

Objectives

(1) To.demonstrate an in-vivo techmque for monitoring gastro -intestinal
absorption and excretion.

(2) To observe the gastric excretion by the cat or dog of an injected
foreign substance. .

Introduction and theory R

For pharmacologlcal purposes it is often essential to kiiow the biological
fate of spec1f1c foreign substances. The sites of concentration, turnover
rates, degree of degradation, and routes of removal'may profoundly influence
the usefulness of a given drug. For example, sulphasoxazole is the sulpha
drug of choice for urinary infections because, after injection, it is rapidly
excreted via the kidneys and hence high concentrations of the drug can be
attained in the urinary tract. Neomycin isanexcellent antibiotic for intestinal
infections because it is not absorbed from the intestinal tract and hence high
concentrations in the gut are possible after oral administration of the drug.

On the other hand, some drugs that have a definite therapeutic value may
be contra-indicated because of deleterious side effects on the body as a\whole
or by action at certain sites, For example, sulphamethazine is a very good -
drug for intestinal infections but must be used with caution because of its
tendency to precipitate in the nephron causing kidney stones. Polyvinylpyr-
rolidone*(PVP) is an excellent blood-volume expander but is extremely dan-
gerous because of its carcinogenic properties.

Thus, extensive studies must be made on any, therapeutic er prophylactlc
preparation before it can be recommended for general use. Very often radio-
-tracer techniques can be used to reduce the time and effort required td obtain
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the nccessary information. In the present exercise the excretion into the
digestive tract will be studied of either MC-labelled dextran or ¥!I.labelled
polyvinylpyrrolidone; both these macromolecular substances are used as
blood-volume expandexs

The technique involves placing cannulae in cach cnd of the stomach and
collecting the stomach fluids at specified time intervals by flushing the stomach
with a known amount of physiological salinc solution and collecting the cffluent.

. The volume of the gastmc juice can'be determined by difference, and the-

amount of radionuclide in the fluid calchlated by measurement of the radio-
actxvxty in an aliquot usmg an appropriate detector.

Modifications of this procedure arc widely used in studies of gastrro-
intestinal absorption and secretion. In some 'ihstancgs whep gamma-ray
emitters are used the tagged element or compound is injected into a ligated
intestinal segm2nt and the amount remaining in the segment after a given
time period is determined by merely removing the segment, placing it in a
counting tube, counting, and combaring with a duplicate dose standard, Uni-
directional fluxés can be calculated if the specific activity of the tagged sub-
stance in the gut is determined at the beginning and end of the time period.

A more precise method of determining unidirectional fluxes is to perfuse a
sectibn of the intestinal tract at a known rate of flow with an automatic syringe
filled with a solution of the test substance, collect the effluent, and calculafe
the fluxes from the amount of activity absorbed and the changes in concentra-
tion and specific activity that occur.

Materials

(1) Dogs or cats.
(2) C-labelled dextran (50 uCi/animal) or !1-labelled polyvinylpyr-
rolidone® (PVP) (30 1 Ci/animal).

(3) I.iquid scintillation counter or well-type scintillation countex
4) Scintillation solution

(a) PPO (2-5 diphenyloxazole). 10.0 g
(b) POPOP (1-4-bis-2-5-phenyloxazolyl)benzene 0.50 g
(c) Naphthalene 100.0 g
(d) Dioxane and Cellosolve’ (1:1): make up to 1000 ml

(5) Na-pentobarbital (65 mg/ml).
(6) 0.9% NaCl solution (sterile). ' ‘
(7) 30- to 50-ml syringe with a 16- to 18-gauge 2.5-cm necedle.
(8) 10-ml syringes with new 20-gauge 2, 5-cm needles (2).
(9) 5-ml syringe with new 20-gauge 2.5-cm needle.
(10) 100-ml-measuring cylinder, ¢
(11) 100-ml beakers (12).
(12) Polyethylene cannulae (one to fit a 16- to 18 “gauge needle).
(13) Liquid scintillation counting vials or countmg tubes (15).
'(14) General surgery kit including:

3

(a) Scalpel (e) Thumb forceps

(b) Surgical scissors (f) Needle holder

(c) Haemostats (6) (g) Half-round needle

(d) Allis forceps (h)_ Suture material (cotton thread).

¢ Abbott Laboratories, Oak Ridge. Tenn.. USA.
! Ethylene glycol mono-ethyl ether.
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Procedure

(15) Endotracheal tube.

(16) Operating table or hoard and ropes.
(17) Animal clippers or razor.

118) Absorbent tissues.

{1) Fast the experimental ammal (dog -or cat) forr 12 or 24 h previous to
the experiment. .

(2) Anaesthetize the animal by the intravenous or intraperitoneal injee-
tion of Na-pentobarbital, administering about 1 ml per 2 kg body
weight.

(3) If available, insert an endotracheal tube into the animal.

(4) Shave the abdomen with the clippers or a razor, and wash it with
soap and water.

(5) Secure the animal on its back to an operating board or table.

(6) Incise the abdqm.en and present the stomach.into the incision.

(1) Tie off the pylorus and insert a polyethylene cannula. | .

(8) Insert anpther cannula into the stomach at the cardia. This cannula
should be of a diameter such that a 16-,to 18-gauge needle \\111 fit
snugly into it. P

(9) Replace the stomach-as completely as” possible into the perltoneal
cavity with the cannulae extendmg frdm the incision. ' Cover the
incision with saline-soaked absorbet tissues.

(10) Flush the stomach with saline to erisure a free flow of fluid through
the organ.
{(11) Slowly inject by the intrayv nous route about 50 uCi of the sterile

' 14C.labelled dextran or "’f 30 uCi of 1311-labelled polyvmylpyrroli-
done and note the time.

(12) At the end of 20 min flush the stomach from the cardiac end with
30-50 ml of isotonic saline solution and collect the effluent from the

cannula in the pylorus. Empty the stomach as completely as possxble )

and record the volume recovered.

(137 Repeat this procedure every 20 min for 4 h.

(14) If Hc_dextran has been used pipette 3 ml of each flushmg solution
into a scintillation vial, add 15 ml of scintillation fluid and determine
the MC content at the optimum high voltage setting in a liquid scintil-
lation counter. If 13I.labelled polyvinylpyrrolidone has been used,
pipette 2 m1 of each flushing solution into a counting tube and deter-
mine the radioactivity present in a well-type scintillation counter.

N

N

Calculations and reporting of results

(1) Plot the count rate per ml of gastr:ic juice versus time as the abs-

. cissa. If it is impossible to determine the volume of gastric juice,

plot the count rate per ml of flushing fluid versus time.
(2) Calculate the % dose secreted into tlie stomach during the course of
the experiment.

v
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Questions "y

. [

(1} Is the radioactivity found in the stomach contents necessarily due to
the presence of the macromolecule?

(2) If not, how can it be shown to be due to the molecule?

"(3) How would you design an experiment to study the b1010g1ca1 fate of
chlortetracycline (aureomycm)”
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5. METABOLIC DISSOCIATION OF SHORT-LIVED BARIUM-137m FROM *
ITS CAESIUM-137 PARENT

Objectives

(1) To illustrate parent- daughter ethbrmm relathnShlpS

{2) To demonstrate the determination of the half-life of a short-lived
radionuclide, 1¥"™Ba,

(3) To demonstrate the metabolic dissociation of barium from caesium
in the animal body. *

£

.

Introduction and theory

Caesium-137 has the decay scheme shown in Fig.31.

In the animal body 37Cs has a metabolic behaviour similar to that of
potassium and accumulates prirnarily in soft tissues. 37mBa, however,
behaves more -like the other alkaline earths, calcium and strontium, and
therefore becomes deposited primarily in bone. " Thus, if an equilibrium
mixture of 137Cs-13TMBa is introduced into the circulating fluids, theie would
be a preferential accumulation of caesium in soft tissues, whereas thefe
would be a preferential deposition of the 137™Ba in other tissues such as bone,
This behaviour has been called metabolic dissociation. The movement of both
caesium and its barium daughter into and out of a tissue stops when the blood
supply to the tissue is interrupted. Following the interruption of the blood
«supply there would be a tendency for the radionuclides to attain the equilib-
rium mixture. That is, in tissues gavmg an excess of caesium there would
be growth of 137MBa yntil the equilibrium 17Cs- 137MB, level was attained.
On the other hand, in tissues having an excess of 13MBa there would be a
decay of the excess short-lived barium until the equilibrium was attained.
From the growth or the disappearance of the 13"MBa it is possible to cal-
culate its half-life. Because of the short half-life of 13'mBa it is necessary
that accurate time records be kept during the experlment
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The metabolic dissociation of 13mBa from the parent 13Cs_is u
not observed experimentally because tissues are frequently not measured
within minutes after removal from the organism; this delay permits thé re-
establishment of equilibrium conditions in the tissue samples (the rate of

sually

establishment of equilibrium is governed by the half-

life of the daughter,
2.6 min), o

The fact that there is an excess or deficiency of 33"MBa in the tissues of
the living animal which can be measured raises some interesting considera-
tions: (1) Since the gamma-ray activities in tissues of the living animal are
different from those expected from usual radioassay procedures, the radi-
ation dosage-may be different from that calculated from available 131Cs levels,
(2) !%"™Ba is produced within cells and the opportunity is presented for study
ing the mechanism by means of which this element is extruded from the cell:
(3) Steady-state levels of 13"™Ba in clinical cases after 137Cs administra-
tion Imay indicate both the state of the circulatory system and tissue meta-
bolism; thesefactors, among others, should influence the level of excess
19IMBa in the blood. (4) The excess 1¥'MBa in the skeleton offers the pos-
sibility of studying the processes of rapid incorporation of alkaline earths
jnto bone independent of the slower processes of growth.

0.66 MeV _
(0°IC)
137
.

FIG.3). Decay scheme of 1¥'Cs,

Materials

o

(1) 1¥7Cs- M1mB, (60 4 Ci/animal).

(2)
(3)

*(4)

(5)
(6) -
(7)
(8)
(9)

(10)

(11)

Mature rats (250-300 g) fed or injected with the radionucl
days before the experiment, ’

Well-type scintillation counters, count-rate meters, and suitable
chart recorders, ' ) :

Heparin (1000 1.U. /m]). .

Sodiumn pentobarbital (6 mg/ml). .

1-ml tuberculin syringes and 24-gauge 1.25-cm needles (2).
5-ml syringe'and 20-gauge 2,5-cm needle.
Dissection kit with haemostat, )
Woodgn applicator sticks.

Rat scale, .
Push-button timer or stop-watch.

i‘de several

. _ L aa
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Procedure

. (1) Anaesthetize the rat by intraperitoneal injection of 1 ml of the solu-
tion of sodium pentobarbital per 100 g body weight.
{ S ’ (2) Clamp a haemostat over the tail at or near its base and start timer,
: ’ This is zero time for this tissue. Cutal- to 2-cm piece from the
. middle of the tail. Drop the tissue into a scintillation tube and place
NS the tube in the well as rapidly as possible,
v (3) Start the retorder and adjust the count-rate meter so that the 1nd1ca-
: tor reads just above the middle of the scale.
, ‘ " (4) As soon as the rate-meter is stabilized, note the time and mark the
. _ recorder sheet accordingly, “
’ : (5) Follow the.decay until equilibrium is r ached (about 15 min). Stop
! ‘ the recorder and mark the time, .
(6) Open the abdominal cavity on the midline.\\F emove a 1-cm square
piece of liver and startTimer when cut is made’, Follow the same
i ) " sequence as with samples of tail in steps (2) to (5).
: (7) Obtain blood by heart puncture (0.25 ml will suffice) and follow the
i same sequence as with samples of tail except that zero time is !
; recorded when the fjrst blood enters the syringe.

! [y ’ M . .

‘; An alternate method can be employed in which a young chicken is used i

: . instead of the rat. In this instance convenient samples are blood and a small ’
t intestine 2 cm long. ) :

; .

i

Calculations and reporting of results

. : ' (1) Express the results as follows:
C = observed counts per minute per glven sample,

-

. / - Ceq= counts per minute per given sample observed at equilibrium,
| (2) Using semi-log graph paper plot: )
. (a) C on thé ordinate’versus time on the abscissa,

(b) C - Ceq on the ordinate versus-time on g‘he abscissa,
(3) From the slope of the C - C q\Iersus ‘time curve, calculate the half-
life of the 1¥"™Ba, Compare with the value reported in the literature.

2] v

; Questions . .
. (1) What physical characteristic determines the time required for a
parent-daughter mixture to attain equilibrium composition? What is
the approximate numerical relatlonsmp between this physical charac-
teristic and the time required?
(2)+1Is an equilibrium composition attained if the half-life of the daughter )
is greater than that of the parent? -
(3) What is the fundamental difference between ''sécular" and "transient"
equilibrium?
(4) Explain how it is possxble to study the metabolism of a radionuclide
such as 137Cs when the radicassay methods count the emissions of ' )
» . both the 137Cs and the. daughter 137™Ba,
(5) List $ome advantageg that result from the measurement of a daughter
radioactivity in order to estimate the amount of the longer-lived . ' ' -
parent present, :

i
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6. DETERMINATION OF THYROID FUNCTION IN THE DOG BY

EXTERNAL (IN VIVO) COUNTING AND MEA?UREME\’T OF PROTEIN-
BOUND IODINE

Objectives

(1) To demonstrate external counting techniques.including quantitative
estimations, collimation, and scanning methods. ,
(2) To estimate thyroid function in the dog by measurement of the uptake .

. of radioiodine by the thyroid gland and by determination of thie protein-
bound 1odme (PBI) conversion ratio.

Introduction and theory

(1) GeneYral

Early chemical methods of estimating thyroid function were indirect,
based on the administration of stable iodine and measurement of the amount
excreted in the urine. If relatively small amounts were excreted, the patient
was assumed to be hyperthyroid, if relatively large amounts, hypothyroid.
The availability of radioiodine offers important advantages: it is possible to
obtain a direct estimation by determination of the amount of radioiodine actu-
ally retained in the thyroid gland, using procedures that are simple and con~

venient,
As is well known, the thyroid gland preferentially accumulates, inorganic
iodine and converts it to a protein-bound form. If inorganic radioibdine is /

administered to an animal, it will behave.exactly as does the stable form and
will concentrate in the thyroid gland. Thus, the behaviour of the radioiodine
provides an indication of the behaviour of 'normally existing inorganic iodine
in the system. After administration of the 13!, equilibrium is reached
between the levels of the tracer in the plasma angd the volume through which . .
iodine diffuses rapidly. At this gtage, the radioiodine is cleared mainly by . '
the thyroid gland and kidney. Assuming that no significant changes in the rate '
of renal clearance occur in the absence of kidney disease, the thyroidal uptake
of 131 will reflect the degree of uptaké of stable jodine and therefore is one
of the parameters of thyroid function. ‘The reasoning is that an overactive
thyroid gland accumulates iodine faster and in greater amounts than does a
normal gland, The reverse is true for .an underactive thyroid gland. In dogs,
for example, experiments indicate the followmg diagnostic ranges: 0 to 6%
uptake, hypoactivity; 7 to 37% normal; greater than 38%, hyperactivity,
Since !¥[ is a gamma-ray emitter (0.360 MeV), the amount of jodine
present in the thyroid gland can be measured by properly placing a radiation
detector at a specified distance from the skin of the animal in the region of
the thyroxd gland. A Geiger-Muller counter tube can be used. However,
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scintillation detectors are much more sensitive and are most cbmmonly emp-
loyed because they allow the measurements to be made with smaller doses of
radioactivity. The external measurement on the animal is evaluated by com-
parison with the measurement of a dose standard in tissue-equivalent material
counted at the same distance as in the animal and under identical conditions.
The percentage uptake by the thyroid gland can then be determined as follows:

counts per minute of thyroid - background

gounts per minute of standard - background X 100

% uptake =

Another parameter of thyroid function is the rate of conversion of inor-
ganic radioiodine to the protein-bound form. The term ''conversion ratio"
(CR) is used to designate the per cent of radioiodine that has been converted
to protein-bound iodine (PBI). The general procedure for this test is to

" obtain a blood ‘sample at a specified time after injection of the 131I, and then

to pass the plasma through a special ion-exchange resin which removes any
inorganic®iodine. Radioassays are made of the original plasma and the .
effleunt to determine the ratio of counting rate in-the effluent to that of the
original plasma., '

(2) Collimation
Difficulties in the measurement of radioactivity within the living ahimal
are caused by the location of the radioactive material in the body, anatomical
variations in thé size and position of the organ containing the radioactivity,
and especially variation in the concentration of activity both within the organ
itself and in the surrounding tissues. It is usually necessary to use a colli-
mated detector. The purpose of collimation is to exclude radiation from -
both general background and areas of the body other than the regions of inter-
est. The amount of shielding required should be kept at a minimum in order -
to keep the bulk and mass of the“detecting probe small enough to permit con-
venient handling, The shielding thickness of the collimator should be such
that the radiation reaching the detector through the shielding is only a small
fractjon of that reaching the detector through the aperture, With 1311 ysually
1-2 in. of lead are used. The principles of collimator use are illustrated in
Fig.32. ‘
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FI1G.32. Principles of collimator.
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' (2) Scanning

There are many factors involved that affect the absolute measurements,

These include the size of the gland, the body background, the depth of the

gland below the skin of the neck, and the degree of scattered radiation. In *
view of the complexity of the factors, determinations are usually made under
arbitrary conditions that are rigorously controlled. The procedures des-

cribed in this exercise represent typical, methods, '

It is often of value to know of the distribution of a radionuclide within the .
body. Such information can be obtained by a survey or scan which is made by /
systematically moving the radiation detecting instrument over the region of
interest. This can be done by hand-held or standard mounted detectors. .
However, it'is.much more convenient to use an automatic scanning apparatus
in which the radiation detector is moved mechanically in a pre-set pattern
over the body. The basic equipment needed is a radiation detecter with appro-
priate shielding and collimation, a mechanical system for moving the detec-
tor, and counting.equipment for recording the information obtained.

o
-

Materials.

(1) 1311 (approximately 50 uCi/dog of carrier-free 1¥!1in 1-2 ml). ° .
(2) Dogs. . '
(3) Scintillation probe and stand with analytical count-rate meter. '
(4) Well-type scintillation counter," '
(5) Portable survey-meter,
(6) Automatic scintiscanner.
(7) Collimator sets and small lead filter for scintillation probe. |
(8) Animal clippers. . . :
(9) Centrifuge, ’
(10) Sodium pentobarbital (65 mg/ml).
(11) Heparin (1000 1. U, /ml). . )
(12) Physiqlogical saline solution, ' v
(13) Counting tube with cotton for duplicate dose standard.
(14) Counting tubes (2).
(15) 10-ml syringe and 20-gauge 2.5-cm needle. .
{16) 5-ml syringe and 20-gauge 2.5-cm needle, : : "
(17) 2-ml syringe and 20-gauge 2.5-cm needle,
(18) 5-ml volumetric pipette.
(19) 2-ml volumetric pipette. ! N
*(20) 1-ml volumetric pipette.
(21) Operation boards and ropes. _
(22) *Scalpel, haemostats, forceps, scis'pors. .
* (23) Lead shield (a lead brick will suffice).
(24) 30-cm ruler, S ’
(25) Thyroid phantom - a commercial plastic phantqm may be used. If . '
this is not available, a 1000-ml beaker filled with water may be used
‘with the duplicate dose standard clamped in position in the beaker
about 0.5-1.0 cm from the wall.

-~
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(26) Circles of filter paper.?

(27) Plastic ‘on -exchange column.8

(28) Circles of filter paper. 8

(29) Small rubber bulb 3

(30) Plastic counting tubes. ) .
(31) Pipette lcontrol. : .

Procedure '

Note: The procedures as used here are more complex than needed for
. routine clinical diagnosis in order to provide additional information. For
C routine work it would not be necessary to anaesthetize the animal nor to
; remove its thyroid for comparative measurements. With well-behaved ani-

mals the meastirements can easily be made without any extraordinary
restraints.

: (1) Inject intraperitoneally or infravenously into the dog about 50 uCi of
i 1311, By means of the same syringe and procedure deliver ‘an iden-
: tical volume into a test-tube containing a wad of absorbent cotton;
~ ' this is to serve as the standard. After 24 h proceed as follows to
measure thyroidal uptake., - )
: (2) Place the count-rate.meter in operation.
" (3) Place the heavy lead shield in front of the detector and determine ’ :
the background, '
(4) Anaesthetize the dog by intravendus injection of pentobarbital. Sur-
vey the area over the thyroid gland with a portable survey-meter to
get an idea of the .activity present, '
(5) If a scintiscanner is available, make a scintigram of the thyroid gland.
(6) Place the dog on the board provided on its back and with the head
K extended by means of a jaw-holding attachment.
i (7) With the detector exactly 30 cm above the thyroid gland, and with
the small lead filter in place in the probe, take a maximum reading.

(8) Place the heavy lead shield (lead brick) over the gland and take
another reading (this will be the background) Remove the dog from
the detector. _

(9) Take the duplicate dose standard in a tlssue-equivalent phantom and
place it at exactly the same distance from the detector as was the
thyroid gland. Repeat the measurement of standard and background
as was done on the dog.

(10) Sacrifice the animal with an over-dose of Na-pentobarbital, carefully
dissect out the thyroid gland and place in a test tube. Place the
" carcass of the dog back ingposition and repeat the background mea-
syement,
(11) Place the test tube containing the thyroid gland in the phantom and
. line it up with the detector at a distance that will give a reasonable
.. _count. Measure the activity.
. (12) Replace the test tube with a tube containing the duplicate dose stand-
.ard and repeat the count,
(13) Removeboth samples from the’ v1c1n1ty and measure the background

" * Obtainable as Joresin PBI Conversion Ratio Kit from Abbott Laboratories, Oak Ridge, Tenn.. USA.
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(14) By means of either the scmtlscanner or a scintillation probe and a
suitable grid, determine the radiation patterns "seen'' by the differ- .
ent collimators avajlable, (The source used can'be a mock 1311

source or the duplicate dose standard.) e : . . ’ .
{ ' . (15) Determine the conversion to protein-bound 1od1ne accordmg to the N :
- following directions using the Abbott Kit: ¢
(a) Place a piece of the pre-cut filter paper on the bottom of the
polyethylene cylinder, : '
(b) Transfer to this cylinder, gently witha dropper suffxclent ion- .
exchange resin to produce a column 1.5 - 2 cm in height, .and ./
. allow the water to drain through,. ’ .

‘ (¢) Wash the column once with physiological saline, allow it to drain,
and exp\ress the excess liquid by gentle air pressure from the
small rubber bulb supplied. (Care should be taken to preak. ’the
seal between the bulb and the cylinder by turning “and lifting
: , gently, before releasmg the preSsure $0 as-not’to disturb the
. ! . _resin column,)
. i : (d) Obtain some plasma and plpette 2 mlinto a graduated test tube
. : ' measure the 'adloact\wty in a well-type scintillajion counter.
(e) After countmg, pour the sample of plasma onto the column and :
: allow it to drain through. .
: ({) When plasma has stopped drlppmg from the column, pressure is
. again applied with the bulb and the test tube is then washed with .
; 2 ml of physiological saline followed by a second 1-ml wash, -
; . ) - These washings are added.to the top of the éolumn and collected

i . ! . with the plasma effluent, -
: : - (g) Using 2 ml of plasma, the volume will now be about 5 m1 as.
i ] ' indicated by the test<tube calibrations, This tube contains’

’ protein-bound 131] only singe the inorganic iodide has been

retained by the resin colunf . .

(h) Count the liquid in a well- -type scintillation counter as above, " _

Calculations and repor ihg of results

1) Calculate the % of thyroidal uptake of !I from both in-vive and
' in-vitro measurements.

(2) Determine the conversmn of protem bound iodine and express as
- the conversion ratio, '

. ¢ .
_/Questmns o . : _ ‘

<ia

(1) LlSt as many factors as you can that might be expected to alter the

thyroidal retention of administered radioiodine, . T °
(2) Scintillation detectors as used for external counting are very sensi- )

tive to low-energy scattered radiation, In what two ways can this

source of error be eliminated? ' T :
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7. LIVER FUNCTION AS STUDIED WITH IODINE-131-LABELLED
ROSE BENGAL

Objectives
(1) To illustrate a procedure for external counting. of the liver of -
sheep. ‘ "
(2) To estimate liver function in the normal and diseased animal by .
measurement of the uptake and excretion from the liver of mll ‘
labelled Rose Bengal.

R
L

The metabolic behaviour of Rose Bengal, which is the potassium salt
of tetrajodo-tetrachlor-fluorescein, has been used for many years to test
liver function. When this dye is injected into the blood it is accumulated’
by the hepatic cells and excreted in the bile. Since the Kupifer cells of the
reticuloendothelial system are not involved, the uptake by the liver of Rose
Bengal is a measure of liver-cell function. There is no appreciable re- -

* sorption of this dye from the-bowel or biliary system and it leaves the

bo'dy with the faeces. Urinary elimination is minimal except in cases of
severe hepatic insufficiency,

In principle, three types of informatior are available from the use of 0
this substance: (1) The extent of liver-cell function; (2) The patency or ’ '
lack of obstruction of the bile duct; (3) The degree of hepatic circulation.

In earlier tests the concentration of the dye was measured colori-
metrically and it was pqssible to measure hepatic cell function indirectly
by .the decrease of concentration in the blood as the serum was cleared of
the dy€ by the liver, This procedure was extremely dlfflcult and limited.
. The chemical. structure of Rose Bengal permits the replacement of o r
the stable iodine atoms with radioactive iodine (') by means of an ion-
exchange reaction giving a high specific activity (1 mCi/mg) in the .dye,

When this radioactive Rose Bengal (31RBI) is used the test has certain
advantages over that bazed on colorimetric est1mat1ons Important features
are as follows PO

«
o

(1) Hepatlc cell function is measured dlrectly rather than by changes
in blood. Thus, repeated venipunctures are eliminated and greater *

sensitivity is obtainable. *
(2) The pattern of dye uptake and release from the liver is continuously .-
recorded.
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(3) The test can be used safely in the presence of bilary tract ob-
struction because of the minute quantities of dye needed, which
+ eliminates the problem of toxicity.
(4) The patency of the biliary tract can be measured,

The procedure, in general, involves the detection and recc;rding of the’
uptake and elimination of '3'[4labelled Rose Bengal by an appropriatety
positioned scintillation probe and count-rate meter connected 1o a chart
recorder. The tagged dye accumulates rapidly in the liver, reaches a
peak, which represents a transitory steady-state between rates of uptake

-and excretion, and then disappears from the liver comparatively slowly

as the rate of excretion dominates. The downward slope is a measure of '
the rate at which the liver is capable of excreting the dye since the blood
is essentially cleared by this time and there is no appreciable further up-

take by the liver.

With liver pathology a variety of abnormalities of the graphic picture
may be seen when a chas‘t is compared with the record of a normal animal,
A few of these are: decreased rate of uptake; decreased total uptake;
decreased rate of removal; no removal. The test will be performed on
two sheep one of which is normal, the other having a liver that is poisoned
with carbon tetrachloride.

Recently, it has been shown that certain substances, when injected
into ah animal, can make the '3'RBI test more sensitive. One of these
compounds is bromsulphthalein (BSP). If BSP is injected intd an animal
at a dose of 2.5 mg per kg of body weight just previous to the dose of
13IRBI, the BSP decreases the hepatic uptake of the labelied dye. By
em'ploying this technique on a number of patients, physiciang have found
that many people with liver pathology show an abnormally low uptake,
whereas if given the labelled dye without the BSP the same subjects shoiv

.a low normal uptake pattern. Individuals with normal livers show no de-

crease in uptake of Rose Bengal when given the same dose of BSP.

Materials .
(1) ''I-labelled Rose Bengal (25 uCi/animal).
(2) Sheep; one normal, one poisoned with CCl; (0.5ml/kg body wt
" by stomach tube 24 h Previous to experiment).
(3) Scintillation probe and stand with analytical count-rate meter
' attached to chart recorder. ) '
(4) Portable survey-meter.
(5) Metabolism stalls for sheep.
(6) Animal clippers,
(7) Stable Rose Bengal.
(8) Physiological saline solution.
(9) Heparin solution (100 1.U. /ml).
(10) 5-ml syringes’ with 20-gauge 2.5~-cm -needle (2).
(11) Polyethylene tubing (PE 90).
(12) 15-gauge 2.5-cm needle.
(13) Haemostat.
(14) Adhesive tape. ,
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(2)
(3)

(11)
(12)

.13

Procedure

s

Confine the animals in the metabolism stalls restrained so as to
minimize lateral motion during counting.

Shave the lateral side of the neck with the-clippers and with the
15-gauge 2.5-cm ncedle make a venipuncture of the jugular vein.
Siide a piece of the PE 90, previously filled with heparin, through
the 15-gauge needle into the vein. Remove the needle leaving the
piece of tubing in place as a cannula. Fasten it to the side of tho
neck with adhesive tape. '
Fill the cannula with the heparin solution through-a 20-gauge
needle and clamp off the cannula with a haemostat.

Assemble the scintillation probe, lead shield, count-rate meter
and recorder. The recorder should run at 6 in. /h.

Position the probe at a point on a horizontal line even with and
8.0 cm caudal to the point of the elbow. This position corresponds
to the maximum concentration of liver tissue and is suffitiently
distant from the gall-bladder area to avoid interference from
labelled dye which becomes concentrated in the gall-bladder.
Record background for 5 min using the 1000 scale and a 10-sec
time constant. v

Switch to the 30000 scale and 0.5-sec time constant.

Inject 25 1Ci '*'I-labelled Rose Bengal via the previously inserted
polyethylene jugular cannula. Mix the labelled dye with sufficient
stable Rose Bengal to make 2.5 - 3.0 ml; this tends to prolong
the excretion time, Inject 5 ml of sterile physiological saline
solution after the Rose Bengal to ensure that all the Rose Bengal
has reached the blood stream,

After 5 min, switch to the 10-sec time constant,

Continue 'recording for 1% - 2h. .

At the end of 2 h and again at 24 h take readings over the heart,
liver and abdomen.

Determine activity of faeces at 24 h with a survey-meter.

W

Calculations and reporting of results

(n

Calculate the mean rate of uptake of the labelled Rose Bengal by
the liver of the two sheep assuming that the peak represents
100% uptake.

(2) By making the same\assumption, determine the rate of removal
of the dye from the liver.
(3) \With the data from (2), determine the time for about 95% of the
: " dye to be removed from the liver, 5
1 . A
Questions
(1) Why is collimation necessary in this procedure?
: (2) What differences did you see in the uptake and excretion graphs
» : of the two sheep?
: (3) Can you explain these differences on a pathological basis?
(4) Why was a dose standard necessary in the thyroid function study

PAFulToxt Provided by ERIC

but not important in this exercise?




(3) What type of graph would have been seen if one of the sheep had
) had an obstruction of the common bile duct?
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8. TRANSPORT OF CALCIUM-45 AND STRONTIU M-85 ACROSS
. SURVIVING INTESTINAL SEGMENTS

Objectives . .
(1) To demonstrate the use of the surviving intestinzl sac.
(2) To illustrate an application of double counting techniques.
(3) To study the transport of calcium and strontium in relauonshxp

to mechanisms of gastro-intestinal absorption.

Introduction and theory

The everted sac ‘

s

An important technique for the study of transport of substances across
intestinal membranes is the use of surviving everted intestinal sacs from
laboratory animals. After eversion, the mucosal side of the intestine is
on the outside (see Fig.33) and, when placed'in contact with the incubating

' “solution, it can be oxygenated to maintain mucosal function. The procedure
s is generally as follows. The animal is killed and an intestinal segment
RN 6 -8 cm long is immediately removed. The segment is washed with
isotonic saline, everted, rewashed with the saline, and tied at one end
with a suture, . )
The solution to bk studied is injected into the other end through a
X ligature and this end is tied after rem\Bvall of the needle. The filled seg-
: ment is then placed in a flask and covered completely by incubating medium, s
. The rate and extgnt of transport of material across the sac can be deter-
i mined by analysis of the incubating medium and the sac contents at different
; _times. [f with time differing concentrations are found to develop within
and without the sac this is evidence that the membrane was able to trans-
port the radionuclide against a concentration gradient. The substance
studied can be either labelled or unlabelled material. The studies can
be-done by starting with the sarne concentrations of substances on both
sides of the membrane and observing if differing concentrations develop.
Or the label can be placed only on one side and observations made as to
the rate of movement and the final equilibrium levels attained.

.
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4

The advantage of this system is that it permitr precise measure-
ments under restricted and specific experimental conditichs.
advantage is, of course, that the system-may not represent the situation
as it exists in the living animal. However, there has been excellent
agreement in several studies that have been done where it has been
possible to make a comparison between the results obtained using survwmg
intestinal Segments and preparations in the living animal,

B

Multiple tracer techniques

In thls type of study as well as in many other b1010g1ca1 experiments,
there is considerable advantage in the simultaheous use of two radionuclides,
This procedure requires accurate measurement of each-when both are
present in a single sample, There are various methods both phys1ca1

.

and chemical that can be used for this purpose.

-

Spectrometry

If the two radionuclides emit different types of radiation (e.g. one a
beta emitter and the other an EC°emitter with-an abundant gamma ‘ray)
they can be differentiated by counters that respond primarily to one of
the radiation types. In this experiment, Tor example, 45Ca emits only
beta particles and 35Sr decays by EC and emits only gamma rays.
fore, a G-M counter may be used to meagure the 4Ca and a well -type

NaI{T1) scintillation counter to measure the 85y,

If the two radionuclides both emit gamma rays, then gamma-ray
specirometry may be useg to differentiate the two.
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.useful if the gamma-ray energies are close together. Alpha and beta

w1th good-energy resolution, such as the semi-conductors, are particularly

spectrometry is also possible with semj-conductor detectors.
4+ In the liquid scintillation counter differential beta- -particle counting
is possible 1f the beta energles differ by at least a factor of 4.

Chemical or physmal separatlon ’ . -
. o

With isotopes of different elements, conventional physical or chemical
separation may be employed. For example, the separation of 45Ca from
32P by precipitation of calcium oxalate. lon- exchange columns are often
usefylfor this purpose. In the use of *Na and %K in studies of body
electrolytes it is possible to make simultaneous measurements in plasma
by precipitating the potassium as cobaltxmtrlte In studies of blood - - .
volume, where 131]-]abelled albumin and 5!Cr-labelled red cells are used, :
it is possible to separate these two radionuclides 51mply be centrifugal
deposition of the red cells in the usual way. In mulucountmg methods, ' e
it is important to have the concentration of each radionuclide such that
large errors are not introduced because of subtractive procedures for
the particular method used. Theoretical considerations are quite complex
for the optimizing of the methods and the concentrations of radionuclides.
The bibliography should be consulted for details. It is emphasized that
unless care is taken, it is quite likely that large uncertamues will be
1ntroduced in double -counting procedures

Materials K ' '

(1), Standard tray (see Exercise 1).
(2) Solution of Wilson and Wiseman9 containing .04 uCi 45Ca and
~0.02 4Ci 85Sr/mL, 34
(3) Solution of Wilson and Wiseman containing 0.04 uCj 45Ca/ml,
0.02 uCi 85Sr/ml, and 10-3 M NaCN.
(4) Solution containing 0.04 uC1i g per ml45Ca.
(5) Solution containing 0.02 yCi per ml 85Sr,
(6) Rats (preferably maintained on a low calcium diet for at least
) a week).
(7) Well-type scintillation counter with smgle channel analyser and -
sujtable scaler:
(8) .G-M counter, :
(9) Constant-temperature water-bath shaker set at 37°C. i
(10) Oxygen tank with attached rubber hose. . f
(11) Sodium pehtobarbltal (65 mg/ml).
(12) 5-ml syringe’ ‘and 20~ -gauge 2.5-cm needle,
(13) 1-ml tuberculin syringe and 20-gauge 2.5-cm ‘needle.
(14) 5:0-ml volumetric pipette and control.
(15) 0.2-ml calibrated pipette. .

% wilson and Wiseman solution:

. NaCl 0.135 M
KCL L0011 M 7
CaCly 4% 107M g

Na;HPO,(pH 7.4) 0.008 M
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(16)

(17

(18)

— (19)

- " (20)

15-ml graduated centrifuge tubes (2),

25-ml Erlenmeyer flasks with rubber stoppers (2).
Counting tubes (8).

Planchets (8),

Scissors, scalpel, forceps flexible probe.
(21) Cotton thread.
(22) Squeeze bottle of physiological saline solutxon
(23) Infra-red heat lamp.
(24) Planchet trays.
Y
Procedure

(1)
(2)

(4)-

(5)

(6)
()
(8)
(9)

. (10)

(11)

Kill rat by injecting mtracard1a11y an overdose of sodium
pentobarbital.

Immediately incise the abdomen, resect the duodenum ‘at the
pylorus, and remove a segment of duodenum that measures about

8 cm. Do not pull mesentery free but cut rhesenter'y with surgical .

scissors. .

Evert duodenal segment by inserting a flexible probe completely
through the lumen, tying off one end and telescoping the gut seg-
ment through itself beginning at the tie (see Fig. 33).

Wash the everted segment with saline, and tie at one end with
surgical thread.

Inject 0.6 ml of labelled incubating solution into other end df
segment; inject into the segment through a second tie to prevent
backflow. After injection, remove needle while pulling the second
tie tight. Thus, a "gut sac" is formmed with the serosa inside

and the mucosa outside.

Place sac in 25-ml Erlenmeyer flask containing 5 mi of mcubatmg
solution, and gas for 1 min with oxygen.

Close flask with rubber stopper and incubate in water-bath shaker
for-1 h..

At the end of 1 h remove segment from flask, rinse with salme,
and Hlot on absorbent tissue paper. Allow fluid inside of sac to
run into a graduated 15-ml centrifuge tube and determine residual
volume. "

Pipette 0.2-ml samples in duplicate from outside and inside
solutions into stainless-steel planchets and dry under infra-red

. heat lamp. Count dried samples for 45Ca beta activity.

Pipette 0.2-ml samples in duplicate from outside and inside
solutions into counting tubes and determine 85Sr activity with a
scintillation detector.

Repeat above procedure with another rat but use Wilson-Wiseman
solution containing 10°3 M NaCN. :

Calculations and reporting of resu'ts

(1) Calculate the S/M ratios for strontium and calcium in the two

134

animals. The S/M ratio is defm/d as the ratio of cpm/mlon .
the serosal side (inside of sac) to cpm/m1l on the mucosal side
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- (outside of sac). Transport of an jon against a concentration

gradient from the miucosal side to the serosal side will be’ 1nd1-

cated by S/M >1,

g

. -
85 .4
cpmym]l 85Sr Ratio cpm /ml- 45Ca Ratio
Inside (5) Outside (M) /™M [nside (5) Outside (M) S/
Rat No. 1 .
Rat No. 2 . ‘
Questionsb

(1) Is the observation that an ion is moved against a concentration -
gradient sufficient evidence for active transport?
(2) What forces, other than active transport, may account for move-
ment against a concentration gradient?
(3) What other processes could cause ion movement across biological

membranes?

(4) From the data, what mechamsms would you propose for the intes-
tinal transport of Ca and Sr.
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9. IN-VITRO TRANSPORT OF SODIUM ACROSS FROG BLADDER

Objectives

.

. (1) To measure the rates of movement of sodlum ions in both directions

across a biological membrane,

‘ (2) To measure the electropqtential produced by a biological membrane.
(3) To determine the type of transport by whlch sodium moves across a

frog bladder. -

Introduction and theory .

Mnny biological membranes have the capacity to transport sodium ions
The bladder of the frog has been exten-
sively studied in this connection since it develops an electropotential differ-

‘against an electropotential gradient.

1

mzz

Y
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encé of 70 - 10C mV, actively transports sodium, and id convenient to work
with. For interpretation of the data from this type of experiment, Ussing

~derived the classical rate equatlon which permits thermodynamxc evaluation -

of the processes that occur. This treatment-is used in the present exercise.

Generally, the bladder from a pithed frog is placed between the two
chambers of a diffusion cell (see Fig, 34), and the chambers are then filled .
with Ringer's solution. 'The solution in one chamber is labelled with 22Na
{(Ty = 2.6 yr) while the solution in the other chamber is labelled with 2Na.
(T4 = 15h). The unidirectional rate of each radioisotope is deter mined-and
the electropotential difference across the membrane is simultaneously
recorded with a sensitive potentiometer. o

If only one sodium isotope is available, the‘following modifications may
be employed. Two diffusion cells are used, each containing a piece of tissue
from the same frog. In the first cell, only the solution in contact with the
outside of the tissue is labelled, whereasp in the other cell, the labelled solu- -
tion is placed in contact with the inside. Another procedure is to label the
solution on one 51de and to determine the transport rate for a specific length
of time. The cell is then emptied, refilled with the labelled solution in con-
tact with the other side of the tissue, and the transport rate determined.

From the values obtained during the experiment, it can be determined
whether active® sodium transport is taking place on the basis of the. following
considerations, If only simple dlffusmn were occurring, the rate ratlo should
be given by the theoretical equation:

Yy Rate ratio = ;1 -é-z-e”E/RT v (1)
_ o 1

_.where ' '

py is the transport rate of Na* from compartment 1 to 2 (umole/h),
p, is the transport rate of Na* from compartment 2 to 1 (pmole/h)
< is the Na* concentration in compartment 1 at zero time.™

¢, is the Na* concentration in compartment 2 at zero time. !
z is the valency of Na* =1, ’

F is the Faraday constant = 96 500 coulombs per equivelent,

E is the potential difference between compartments (E, - E;),

R is the gas constant = 1.987 cal®C"! mole"? = 8,31 Joc mole-1
T is the absolute temperature = 273 +°C,

' FROG BLADDER

\d

FIG. 34. Diffusion cell,
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Under normal conditions, zF/RT is about equal to 1/25 mV. Since the
initial concentrations of sodium ion on each side of the me
same, Eq.(2) reduces to: .

mbrane are the

0 E-E .
L8 WY 25
e (2)

Thus it is necessary only to measure the potential difference in order to
calculate the theoretical diffusion-rate ratio of Na*. If the observed p, /p,

ratio as measured from the unidirectional transfer of radiosodium is equal
to the theoretical rate ratioas calculated, i.e. (p; [py) observed = (p; [ps)
theoretical from Eq, (2), it is implied that Na traverses the membrane by
simple diffusion. If the observed value of (p,/p, ) is greater than the theore-
tical value of (p;/p;), active sodium transport is indicated. If (p;/p2) observed
is less than (p,/p,;) theoretical, sodium is thought to be transferred by a
combination of exchange diffusion and simple diffusion. If (p1/p2) equals 1,
the Na* is transferred by exchange diffvsion. '

By, the use.of constants from the literature, the current carried by the
net rate of Na* can be compared with the total current crossing the membrane,
The total current is calculated from the equation; ’

i=EXC (3)
where .
i is the total current inuA,
* E is the potential difference (E, - E,;)inmV, .
C is the total conductance = 0.55 mmhos/cm?,
Since the net transfer of 1 p-equivalent per hour = 26.8 uA, the total
p-equivalents per hour can be estimated. These values for i can then be

conyx:edyvith the observed net Na rate (p; - p;). This will indicate what
fra€tion of the current is carried by Na* ions.

An gfditional calculation can be made to estimate the work performed
by the pdembrane in accomplishing the transport of sodium. Since there is
no coficentration difference, the only considerations are the work to over-
come the electropotential difference, and to overcome the internal sodium
resistance of the membrane. This is given by the equation:

‘W = zFE+ RT ln%l (4)
2

where

W is the work in calox;ies/u -'equivanent of Na* transported, and the other
constants and variables are as defined above. By inserting appropriate
values for the constants and rearranging, Eq. (4) becomes:

W =23160 (E +0.058 log p,/p,) caiories/u-equivalent Na transported (5)

If two isotopes of sodium are used, it is necessary to measure each
accurately when both are present. A difficulty in the use of the gamma-ray
spectrometer for this purpose is caused by the fact that the lower gamma-
ray peak of #Na (2.758 MeV, 1.38 MeV) lies quite close to the higher gamma-

ray peak of 22Na (1,280 MeV, 0,510 MeV). This matter can be resolved in
either of two ways. '
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In one procedure, the 2Na is counted at its higher peak immediately
after collection of the samples. The samples are'saved for one week during
which time the 2!Na (T, = 15 h) will have decayed to a negligible value. The

samples are then counted again at the higher gamma peak of *?Na (T, =

2.6 yr).

The alternative method is to count a standard sample containing only %Na at"
the peak of 2%Na and at the peak of 22Na. The amount of cross-counting at
22Na peak can then be determined as a fraction of the count at the 24Na peak.
In like manner, a standard sample containing only %2Na is counted at both
peaks and the fraction of 22Na counted at the 2¢Na peak is determined. The
samples may then be counted for both 22Na and 2¢Na after collection and the
count of each isotope determined by the use of simultaneous equations,

Materials

ey (1)
(2)

(3)
(4)
(3)
(6)
(7
(8)

(9)
(10)
(11)
(12)
(13)
(14)
(15)

Standard tray.
2iNa and/or 22 Na solutions. Approximately 0.5 [JCI of 22Na should

be used in each half cell while 1,0 uCi of 2“Na per half cell is
required,

Bull frogs.

Well-type scintillation counters with single-channel analysers.
Diffusion cells.

Potentiometer (high impedance) measuring the 0-100 mV/range,
Matched calomel electrodes,

KCl -agar bridges (boil 28% KC1 and 3% agar in HZO and draw 1nto

- PE 200 polyethylene tubing with hypodermlc syrlnge)

Oxygen tank with suitable tubing..

Ringer's solution,

Petroleum jelly.

20-ml volumetric pipettes plus control (2).
1-ml volumetric pipettes (10).

Counting tubes (10).

Scissors, forceps, dlssectlng needle.

Procedure

(1)
(@)

@)
(4)

(5)
(6)

(M)

(8).
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Grease all contact surfaces of the diffusion cell with petroleum jelly.

Pith the frog and excise an area of bladder tissue measuring about

4 ¢cm by 4 cm,

Place the tissue between the two halves of the dlffusmn cell and

clamp together. Some trimming may be necessary,

To one chamber add 20 ml Ringer's solution labelled with about
5uCi of Na. To the other chamber add 20 ml Ringer!s solution

labelled with about 10 #Ci of *Na. :

Aerate by placing in each chamber & small polyethylene tube attached

to an 0 tank. The bubbling will also serve to mix the solutions,

Place one end of an agar bridge into each chamber and insert the

other end into the calomel electrodes which-are connected to the-

potentiometer, Keep the length of thelrﬁridges as short as possible

and make sure there are good contac at all points.

Sample each chamber at 10, 20, 30 #nd 40 m1n taking 1 ml at each

sampling.

Record continuously the- electrOpotentlal generated: by the membrane

and note the potential at the time of each sample
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(9) Determine the ?2Na and 2'Na in each sample by counting at the
correct peak with a- well-type scintillation. counter and a single-
channel analyser or use the differential decay method.

Calculations and i‘eporting of results -

(1) Calculate the unidirectional rates of sodium.
(2) Calculate the theoretical rate ratio from Eq. (2). '
(3) Calculate the total current and compare with the current due to
Na* movement,
{4) Determine the amount of work performed by.the mémbrahe, assuming
that active Na* transport does take place.

Questions

.

(1) From the data, what type of transport process is indicated for Na‘?

BIBLIOGRAPHY-
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10. CHOLESTEROL METABOLISM IN THE RAT AS STUDIED BY LIQUID
SCINTILLATION COUNTING OF TRITIUM AND CARBON-14 ) M : K4

Objectives - - ' A N
(1) To demonstrate a technique of sample preparaiion for liquid
scintillation counting.

(2) To study the absorption and blosynthesm of cholesterol in the rat.

Introduction and theory

The basic principles of liquid scintillation counting have been treated in
the Basic Part, Lecture Matter (Section 2.3.2) and in Laboratory Exercises
(Section 2.4). In this exercise applications are made 'to the study of certain
aspects of cholesterol metabolism in the rat.

Dietary cholesterol is readily absorbed from the 1ntest1na1 tract of higher
animals. The route of absorption appears to be via the lymphatics, Choles-
terol alone is absorbed moderately well from the intestine of the rat, but -,/
many dietary liquids and fatty acids such as oleic and linoleic acids enhance -
the absorption of the sterol. A commonly held view'is that fatty acids aid in
the transport of cholesterol through the cell, or the exit from the cell, by : .o
providing an essential substrate for its esterification, : :

Although cholesterol is readily absorbéd from the gut, it is not an essen-
tial component of the diet. The fact that most animals can synthesize their
own sterols from smaller carbon units has been known for a long time, and

- the use of radioisotopic methods'has provided important information on the
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n‘metabolic pathways in sterol synthesis. In 1954 it was shown that acetate is
- an effective precursor of cholesterol and that both carbon atoms of the acetate
radical are incorporated into the cholésterol molecule.
. In the isolation of radioactive cholestertol from body tissues and fluids,
e care must be taken that the'product is not contaminated with various pre-,
s ’ " cursors, Recently, a teehnique has been proposed for the precipitation of T ' :
- - cholestérol using the glycosidal alkaloid tomatine, which is isdlated from the . i
stems and leaves of tomato plants. This techmque appears to be more spe- Lo
- cific for cholesterol than any of the previous methods. o B
The following experiment is designed to demonstrate both the mtestmal
absorptlon of cholesterol-7-3H and the bxosynthesxs of cholesterol from
sbdium acetate-1- 1C., . ) )
Materials' 4
. : a ¥
(1) Standard traﬂseé\Exerc.ise 1).
(2) Cholesterol-7-°H, '
(3) Sodium acetate-1- 14C.*
(4) Rats (100 - 200 g).
(5) Liquid-scintillation counter.
(6) Colorimeter,
{ , (7) Water bath, steam bath, or sand bath, :
-~ +(8) Centrifuge. ’
(9) Nitrogen-gas tank plus gauge, '

e e e et s e e £ 2 2 e £ e et o e+ 11 0
¢’

(10). Petroleum ether, 60 - 70°C boiling range.
(11) Acetone-ethanol soluimn (1:1). :
, . ~ (12) Acetone, ethanol, ether, (4:4:1).
"(13) Alcoholic KOH (50%.'th’vo'1 in ethanol).
(14) Cholesterol solution:. Dissolve 100 mg of cholesterol in 100 ml of
° : glacial acétic acid. & wor king etandard (0.02. mg/ml) is made. bk
diluting 2 ml of stock solutxon'to 100 ml with glac1a1 acetic acid,
. s ' (15) Ferric chloride solution; Dissolve 1 g of fermc chlomde f.})exahydrate
in 10 ml of glacial acetic acid.
(16) Colour reagent; Pipette 1.0 ml of ferric chloride solunon mtp a (#N
100-m1 volumetric flask and dilute to the mark with concentrated . *
. sulphuric acid. k- o
v (17) Glacial acetic acid, ' : : . . -
(18) Tomatine solution: : ) Tl N
(a),1% tomatine in ethanol 55 parts ‘ ) - e A >
- (b)" water ! 44 parts o
+(c) glacial acetic acid i part _ ‘ : "
- (19) Scintillation solution; . . } - . v
, _ . (a) PPO (2-5 diphenyloxazole) ‘4 g
~ : . (b) POPOP (1-4-bis-2-5- -phenyloxazolyl benzene) 150 mg
: (c) Toluene g . make uyp to 1 litre ' )
. (20) Vegetable oil, . o KA ’ S
. » " (21) Heparin solution (1000 1.U. /ml) 5 . o
X © (22) Ether. = N _ L. .
(23) 15-ml centrifuge tube (1% ' »
’ (24) 50-ml centrifuge tubes (2).
(25) Colorimeter tubes.:
'l (26) -1-ml syringes mth 24-gauge needles (2%’. _ .
. ‘o N .
§: ~ P - . - . '
3 140 N : . .
i 3 . ‘ 1,‘}7 i . . . : X
\) . 3 . .. . v . .
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(27)
(28)
(29)
"(30)
(31)
(32)
(33)

Procedure

(1)

" (2)
(3)

(4)
)

(6)-
(7

(8)
(9)

10-ml syringe with 20-gauge
Stirring rods, .
Digposable pipettes. . .
Assorted volumetric pipettes
Ether chamber, '

S

2.5-cm needle.’

plus control,

Liquid-scintillation counting vials,

Polyethylene stomach tube. .

-

Administer to a rat by stomach tube 0.4 mCi/kg body weight of

cholesterol-7- 3H dissolved in approximately 0.5 ml of vegetable oil,
Leave the animal in a cage for 3 h after feeding.

At the end of 3 h inject intraperitoneally into the rat 0.2 mCi/kg
body weight of sodium acetate-1- 14C,
Return the animal to the cage for an additional 1-h period.

At the end of 1 h anaesthetize the rat and remove approximately
5 ml of blood;in a heparinized syringe by heart puncture or from

the vena cava after opening th

e abdomen, .

Centrifuge the blood gample for 15 min at 2000 rev. /min.
Pipette two 0. 5-ml aliquots of plasma into 50-ml centrifuge tubes

and add 0.5 m1l of 50% alcohol.
Heat on the water bath at 50 -

Cool to room temperature, add 5 ml of petroleum ether-and shake.

ic KOH.
55°C for 1 h,

a

Now add 5 ml of water and shake vigorously for 1.min. After two
Repeat with

clear layers have formed, draw out the top layer,
- another 5-ml.volume of petroleum ether.

Evaporate the solvent under nitrogen,

Add 2 ml of acetone-alcohol (1:1) and then add 0.5 ml of the tomatine

solution (solution 18).
Incubgte"at room temperature

¥ )
tor $0 min. At the end of this time a

tomatinide precipitate should have formed,

Centrifuge for 5 min to settle the precipitate and draw off the super-
natant, Wash the precipitate with the acetone, ethanol
ture, re-centrifuge and draw off the supernatant,

Dissolve the precipitate in 5 ml of glacial ac

-

- if necessary,

, ether mix-

Pipette two 0.5-ml aligyots of the tomatinide solution into colori-
metric tubes for total cholesterol determination. Add 2.5 ml of
glacial acetic acid to eaf:h tube to ‘make a total volume of 3,0 ml,

Prepare two blanks containing 3.0 ml cholesterol and two standards

containing 3.0 ml of the cholesterol standard (0. 02 mg/ml).

Arrange the tubes in a test-tube rack
beginning and the end of the series.

Add 2.0 m] of colour-developing reagent (sdlution 16) to all tubes.

Mix t‘horoughly using a very slowly flowing N, stream through a dis-
posable pipette. If N, is not available, air may be used. Use a dif-

ferept pipette for each tube.
Read the per cerit transmissio
vided, * M

¢

v

} ’ .
n at 550 nm on the colorimeter yro-

Place two 0, 5-ml dali ths of the tomatinide solution into liquid-
scintillation counting vials‘and add 20 ml of scintillation solution,

mixing thoroughly. .

[

S T

- N
- o
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etic acid, heating gently.

{

with a blank and standard at the




(22) Prepare a blank containing 0 5 ml glaclal acetlc ac1d and’ 20 ml of
scintillation fluid. o

(23) Count the samples in the liquid scintillation ¢ounter at the optimum
high voltage settings for 14C and 3H determined prev1ously in the
Basic Part (Section 2.4).

Calculations and reporting of results

. (1) Calculate the cholesterol content in mg per 100 ml of plésma
(2) Determine the specific act1v1ty (cpm/mg) of cholesterol-3H and
cholesterol- Mc -

- . o

- o . " Questions

(1) From the data what would you expect to be the best method of rapidly
inducing’a’ high cholesterol level in an animal?
; (2) What sources of error might be present in the experlmental
. . techniqye?;, : i
. . (3) Since the tomatinide prec1p1tat10n is not entirely specific for
cholesterol, how could you determine the presence-or absence of
considerable amounts of contaminants (cholesterol precursors)?

el
.-
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g1, AssA':_r OF TRITIUM IN MAMMALIAN TISSUES
Objectives ’ )

. ' (l) To prepare aA1mal tlssues ¢ontaining metabohcally mcorporaled
. - tritium, - s
i ! (2) To demonstrate two methods for production of tritiated HgO (for -~ 2
liquid scintillation counting) from animal tissues labelled with K
. tritium,

(3) To demonstrat\xa:\m:lhod for the production of hydrogen gas and

C methane (for couqting in an ionization chamber) from animal tissues
i . labelled with tritiu .

.

Introduction and theory

Because of the very low energy of the.beta particles (0.018 MeV) from .
tritium ( H) and consequent self-absorption;”direct counting of tritiated ‘
stibstances using a gas-flow counter is not well suited for sensitive measure-
ments. Usually, tritium is measured either by converting all the hydrogen

!
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Materials A

of the sample to gaseous compounds which can be assaved in an ionization
chamber or proportional counter, or by incorporation of the tvitium into a
liquid system suitable for scintillation counting,

The simplest method of preparing samples for liquid scintillation count-
ing is to-dissolve the activated substance dir ectly in the scintillation fluid as
is done in Exercise 11. However, this method often presents difficultios
because of the light-absorbing pl‘oporties of many biological materials. The
colour, which may appear in the scintillation fluid when the sample is added,
absorbs part of the light from the scintillations, thus resulting in a
"quenching" effect. This quenching causes a lowered counting efficiency
of the procedure. Chemical reactions between the sample and the phosphor
may also result in quenching.  While the use of internal standards or suit-
able correction curves may be emnploved to overcome this difficulty, it is
often more expeditious to convert these samples to compounds which do not

cause quenching,

One of the simiplest mothods of conversion is the combustion of the
sample to produce water (see Procedure B,1I, ) which can be assaved con-
veniently and accurately by liquid scintillation counting.. In the first
experimental procedure, dried blood or tissue samoles are converted into
water, carbon dioxide and nitrogen by heating with ‘ppel‘iand copper oxide
at 650°C in scaled tubes with break-off tips. ‘The tubes are broken in an
evacuated apparatus and the tritiated water allowed to distill into a cold trap
containing somnc ordinary water which acts as a scav enger for the small
amount of tritiated water. The water is then flushed with 96”, ethanol into
a vial containing the scintillation counting solution and the radionctivity
determined. -

The second p'.'oceduro (13, 1. )is alsobased on (ombustion and is carried
out in a thick-wised 2-litre flask (Schomgor flask) with a suitable ignition
head fitted to a rubber stopper. ‘The dried sample in a small bag made of
visking membrane is ignited in an atnosphere of oxygen by means of an
externally applicd electric current. After combustion is complete, the
bottom surface of the flask is placed in contact with a freezing mixture of
dry-ice, chloroform and carbon tetrachloride, The water vapour within
the flask then freezes on the bottgm and 20 ml of scintillation solution
containing 207 ethanol is added and swirled.around the bottom of the flask
to dissolve the ice. The flask is then placed inice water for 10-15 min to
attain a constant temperatmre and a 15-ml sample is placed in a s(umllutmn
vial for counting,

Conversion of the tritium in biological materials into a gas is the basis
of the third procedure (C). The tritium is ‘converted into methane and
hydrogen by heating with zine, nickelic oxide and water in a sealed tube at
640°C. 'This mixture may be used for ion-current measurements in the
vibrating-1-eed electrometer and is also satisfactor v for use in internal gas
counters.

AL (1) Tritiated thymidine (10 uCi/ray),
(2) Rats (100-150 p).
(3) Cages.
(4) Heparin (1000 1.1, /m]),
(5) Petri dish.




(6)
(7
(8)
9

. B.1. (1

. (10)
(11)

(12)

~ (13)
(14)

(15)

: (16)

N , ' (17)
: (18)

(19)

(20)

(21)

(22)

> (23)

(24)

(29)

(26)

. (27)

(28)

(29)

(30)

(31)

B.1I. (1
(')
(3)
(4

W Obtainable

-
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15-ml centrifuge tube.
5-ml syMinge and 20-gauge needle.

1-ml tuberculin syr‘inge and 20-gauge needle for injection.

Scalpel, scissors, forceps.

Tritiated biological samples.
Balance accurate to 1.0 mg.
High-vacuum pump.
Constant-temperature water bath.

Muffle furnace. ' -
Hand torch. ¢
Liquid scintillation countér

Petroleum ether (for cleaning slop cocks and glass ]omts).

Scintillation fluid

LIV

(a) PPO 7.5¢g
() POPOP . 75 mg
(c) Naphthalene ) 120 g
(d). Xylene - ’ - 500 ml
(e) Dioxane 500 ml

96% cthanol.

High-vacuum stop-cock grease.
Liquid nitrogen. ‘

40-60 mesh copper oxide.
40-60 mesh reduced copper.
Vacuum manifold, !¢

Pyrex sample cups. !0
U-tube cold traps.!?

Drying tubes.!?

Combustion tubes, !0

Glass joinls.m

Distillation tubes with tops.10
U-tube caps. 10

Accessory manifold glassware.1?
McLeod gauge (tilting). 10

5-ml calibrated pipette with control..
10-ml volumetric pipette.
Scintillation vials.

Dewar fiasks.

Rubber tubing.

Rubber tubing (high-vacuum).
Bunsen burner.

I‘nllaled hiologlcaL samples,
Liquid scintillation counter.
Labcatory transformer or induciion coil.
Oxygen tank with attached rubber hose.
St

nar Scientific Glass Co., 4701 West Grand Avenue, Chicago, 1ll., USA.

\
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(5) Ignition head assembly (may be purchnsed or can be made
with the following items):
(a) Two-hole rubber stopper to fit 2-litre thick-walled flask:
(b) Platinum wire 23 g;: . !
(c) Pyrex tubing: ' ’
(d) Hand torch,
(6) Balance accurate to 1.0 mg.
(7) Dry ice, chloroform, carbon tetrachloride balh.
(8) Ice-water bath,
+ (9) Scintillation solution (as in Section B, 1,) conldlmng 1()"n ellmnol.
! (10) 20-ml volumetric pipette plus control,
(11) 15-ml volumetric pipette, '
(12§ Scintillation counting vials,
(13) 2-litre heavy-walled flask.
(14) Clamp to hold 1gn1l10n nssembT\ on flask.
(15) 2-cm-diam. scamless visking membrane.
(16) Haemostat, scissors.
(17) Adhesive tape. :
(18) Cellophane tape or cellulose cement,
(19) Infra-red heat.

c.’ (1) Tritiated }iiologicnl samples.,

(2) Vibrating-1reced electrometer,
(3) High-vacuum pump.
() Borkowski-type ionization chambers,
(5) Balance accurateto 1.0 mg.
(6) Muffle furnace.
“{7)y Hand torch.
(8) Nickelic oxide.
(9 Zinc
(10) Nethane gas.
(11) PPyvrex reaction {ubes,!!
(12) Vacuum manifold. !
(13) Alct.eod gauge, !
(1) Gas-collection apparatus,
(15) Pyrex tubing (for liquid samples). .
(16) Small porcelain boats. . :

11

Procedure

A, Preparation of tritiated biological material

(1) ibject into a rat, intraperitoneally, approximately 10 uCi of tritinted
thymidine, Place the animal ina eage for 1 h,

(2) At the end of 1 h, exsanguinate the animal cither by heart puncture
or decapitation, and collect the Hlood in a- hopm inized centrifuge
tube: also remove the liver,

\

1

1 Delmar Scientific Glass Co., 4701 West Grand Avenue, Clicago, 1L, USA,
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Combustion to produce water by Cu, CuO method

AT .

(1) Cut the fresh tissue into smal}pieces and place an amount repre-
senting § - 25 mg dry weight in a tared Pyrex cup.

(2) Dry the sample by evacuation with an efficient oil pump for 30 min
while the sample is immersed in a water bath at about 70°C (see
Fig.35(b)). For drying, tube sealing and water distillation, it is
convenient to operate with a vacuum manifold equipped with a tilting
NMcleod gauge and having six ports about 15 em apart so that six
samples can be processed simultahcously.

(3) While drying condense the volatile constituents in a cold trap (liquid
Ng) so that the radioactivity of this water can be determined. )

() Weigh the cup with the dried sample and determine water of de-
hydration by difference. Add 0.75 g of 40-60 mesh_copper oxide and
0.25 g of 40-60 mesh reduced copper.

(Copper oxide is prepared by grinding reagent-grade copper oxide in
a mortar and pestle, or preferably in a ball mill, and taking the
portion which passes a 40-mesh but not a 60-mesh sieve. The copper
is obtained by passing a stream of hydrogen through the 40-60 mesh
copper oxide in a tube heated to 300-350°C,)

Note: When liquid samples are being assaved (blood or tissue homo-
genatesy the copper-copper oxide mixture is placed in the cup first
and 0.3 ml of the liquid is added to it with subsequent drying from

the frozen state.

(5) Place each cup in a combustion tube made of 11 mm outer diameter
(o.d.) Pyrex # 1720 glass, one end of which has been drawn out
to form a break tip (see Fig. 35(c)).

(6) Constrict the combustion tube about 14 e¢m from the break-tip end
with a hand torch.

VACUUM e
4 MANIFOLO

: - \
[I : / ‘ I I-uusa:n TUBING

COMBUSTION *
TUBE -~ — .
. ' ~-COMBUS T10K TUBE
SAMPLE CUP'>-; QJ B
BREAK TIP -— —— e . ~-i— BREAK TIP
(a) DISTILLATION (b) DRYING (c) SEALING

FIG. 35, Apparatus for tritium assay,
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(7

(8)
9)
(10)
(11)

(12)
(13)

(14)
(15)

(16)

(17)
(18)

(19)

- contains 0.10 ml of water in the U- -trap (see Fig, 35(a)).

M\
] ! ) .

Connect the combustion tubes glass to glass inside a gmall piece of

rubber tubing to the glass joints fitting into the manifold ports (sce

Fig. 35(c)).

Evacuate the tubes to 1 mmllg With the oil pump and seal off at the

constriction with a hand torch,

Heat the sealed tubes in a horizontal position for 1 h in a furnace at

650 + 10°C.

Cool the tubes, agitate them to break up any lumps of uncombusted

carbonaceous material and reheat for a second hour at 650°C.

After cooling, conpect the tubes to the distillation apparatus which

Immerse the trap ina cold bath and evacuate the system.

Close the stop cock lo the manifold,' rotate the vessel holding tiie

combustion tube (break-tip down) upwards around the horizontal

glass joint,-and swing down sharply to break the tip of the com-

bustion tube.

Re-open the slop cock momentarily to re-establish vacuum.

Distil the water into the L‘-trap with the systemn shut off from the e
vacuum for 5 min.

Follow this by a 10-min distillation period with the pump connection

open during which titne the vessel cc;maining the combustion tube

is heated with a Bunsen burner for 3 min.

Remove the cold bath, admit air to the system, remove the li-trap

and cap it quickly to prevent evaporation of tritiated water.

Transfer'the contents of the U-trap to a scintillation vial with

5.0 ml of 96% cthanol in tWo portinns, ’

Add 10 ml of scintillation fluid and determine the laleaCllVll\ in-a
scintillation counter.

B.I1I. Combustion to produce water by Schéniger method

(1)

(2)

. .

Preparation of sample holder

(a) Cut a 5-cm long, 2-cm.diam. seamless visking membrane,

(b) Prepare a bag by foldmg one of the ends and sealing with a drop
of cemnent or transparent tape,

(c) Open the bag with a haemostat wrapped at the ends wnh ad-
hesive tape, gum side up. .

(d) Cut the open bag into the shape of a ladle with a 2-c¢m "cup" -
as a sample holder. The "handle' will serve as a fuse for
ignition and a tab by which to hang a wet sample for drying, )

Preparation and combustion of sample )

(a) Place about 10 mg of liver or 2 ml of blood in the sample holder
and dry under infra-red heat lamp. -

(b) Place the dry sample in the platinum basket of the ignition head
(see Fig. 36) and fold the fuse over the ignition filament.

(c) Fill the heavy-walled flask with O, and immediately stopper
tightly with the ignition-head assembly containing the sample,
using a clamp to hold ignition head in place.

(d) Using a laboratory transformer or an induction ¢oil, allow
current to flow through the ignition head until the combustion
of the sample becomes self-sustained,
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(e) When combustion is completed place the bottom of the flask in
a dry ice, chloroform, carbor tetrachloride bath for 30 min.

(f) At the end of the 30 min add to the flask 20 ml of scintillation

solution containing 20% ethanol and swirl to dissolve the ice.

(g) Place the flask in ice water for 10 - 15 min to attain a constant
temperature. - i

(3) Radioassay

(1’

(2

~—

(3)
(4)

(5)

(6)
(7
(8)
9

(10)

(11)
(12)

(a) Pipette 15 ml of the solutionin the flask into a scintillation
counting vial.

. (b) Count the samples in a liquid scintillation cou nter.

- /C. Preparation of hydrogen gas and methane (zinc fusion)

Prepare reaction tubes 17 cm 16ng with a break tip from 11 mm

Pyrex #- 1720 glass tubing.

In each tube place 1.0 g of zinc, 100 mg of nickelic oxide and

5-6 mg of water.

Adda 5.0-10.0 mg sample of the tritium - labelled tissue. Intro-

duce liquid samples in a small sealed Pyrex ampoule with a break

tip, and solid samples in a small porcelain boat. o
Constrict the reaction tube and evacuate to a pressure of ]l mmon . ’
the manifold. . . . '

Seal off the reaction tube with a hand torch and agitate until the

“ampoule is broken and its contents evenly distributed throughout the

reaction mixture.

Place the reaction-tubes in a furnace and heat at 640 +.10°C for 3 h.
At the end of the 3 h, allow the reaction tubes to cool. )

Place the reaction tube in the gas collection apparatus (see Fig. 37).
Evacuate the system, close off the vacuum line, and invert the
sample chamber to break the tip of the reaction tube thus allowing

‘the gas to expand into the ovacuated Borkowski-type ionization

chamber.

. The fraction of gas entering the chamber 4s calculated from the

known volume of the gas-collection apparatus plus ionization chamber \
corrected for the gas displacement by the reaction tube.

Fill the chamber to atmospheric pressure by addition of methane.

Measure the ion currgnt collected at 360 V with a vibrating-reed

-electromet_r.

-

Calculations

(1)

:

Determine the concentration (uCi/mg) of tritium in the tissues by \
the varTous techniques used.

‘.

Questions

(1)

(2)
(3

Of the methods used, which in your opinion is the most accurate o
for the determination of tritium?

What are the advantages and disadvantages of these techniques?
Could any of these techniques be modified and used for the deter-

mination of C? If so, what modifications are necessary?
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12. AUTORADIOGRAPHY

Objective _ ) .

To illustrate the use of various autoradiographic procedu res with

tissue of animal origin. /

Introduction and theory

The general concepts of autoradiography have been covered in the
Basic Part of this book. Autoradiography provides visualization of the
location of radionuclides within a sample. Applicatiops range from those
on a microscopic-level which permit study of individual cellular or sub-
cellular elements to those on a gross scale which, for example, are useful
for the evaluation of macrodeposition in tissues and paper chromatograms.
Autoradiography often can provide information that is unobtainable by
counting methods. This is especially so for heterogeneous samples that
contain regions of interest \vlnch cannot be separated mechanically. Per-
haps of greatest import from the biolggical standpoint, however, is that
autoradiography permits the study of cellular function at the cell or sub- .
cellular level since observations can be made of individual cells or sub-
cellular structures from among millions. Thus, it becomes possible to
develop ‘correlations between the location pattern of specific chemical
elements introduced into the system and cytological structure,’ cellular
physiology and pathology, and physicochemical properties of cells.

There are four commonly used procedures that differ primarily in the
method of contact between the tissue section and emulsion. The first
method, simple apposition (A), is suitable for macro-autoradiography
only; the others (B.I.- B.ITl) canbe used for m'icro- autoradiography as
well.” The methods are descrlbed briefly as follows.

A. Macro-autoradiography, simple apposition method

The specimen to be studied is placed in contact with the photographic
emulsion and kept in contact. At the end of the exposure period the speci-"
men is removed and the film developed. This method is rapid and simple.
However, it does not allow good resolution because of poor contact.
Therefore, although the method is quite satisfactory for gross or macro-
autoradiograms, it is not adequate for cellular localization. This proce-
dure has been widely used in studies with bones, frozen tissue,; and paper
chromatngrams, Thin sections are not required but it is advisable tg
have a smooth surface for good apposition to the film. Reasonably smooth
surfaces can be obtained by the use of an ordinary band saw with bones or
frozen anirnal carcasses. Also, samples such as bones and teeth can be

. . 4 L
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polished with an emery wheel. The tissue must be placed very close to
. the film but direct contact should be avoided because of the danger of

' chemical fogging. Usually a thin sheet of plastic film is placed between
: . i the tissue and the photographic film to avoid contact, and moderate pressure
{ f ; is maintained between the section and the film to ensure good apposition.

’ For this purpose, a prgss of plywood or plastic with a sponge rubber liner

: has been found converflent. It is necessary to avoid excessive pressure
\since this ‘may produce artifacts. | :

. ; . B, Micro-autoradiography
B.I. Mounting method ) ,
-------------------- . <
In this method the sections ‘are mounted on the emulsion and remain
permanently bound to it throughout the subsequent photographic and
staining processes. The method is simple, and the contact, registry,
and resolution are good, thus permitting studies on the cellular level.
i The autoradiogram and section are always matched.and are observed
simultaneously which allows correlation between structure and photographic
image. Care has to be laken that there is no loss of radionuclide during
the fixation and the processing of the tissue. This method has been widely
used for localization of 13! in the thyroid tissue and for studying blood
smears and-bone-marrow smears that have been prepared by applying
such samples directly to the surface of the emulsion.

B.IIL Stripping film method

: In this method an emulsion is stripped from its base and flattened .

; over the histological section or smear on a glass slide. The specimen

: ' can be stained either before contact with the film or through the film
base after exposure, Stained sections.can be studied by phase micro-
scopy. This procedure also offers the advantages of even emulsion thick-
ness, good contact, constant registry, and excelent resolution. It permits
good correlation of rradioactivity with histological stracturé and has been
widely used for detaile? cytological studies at the cellular level.

In'this method the section is covered with a fluid emulsion which is
allowed to harden and forms a permanent bond for subsequent exposure
and processing, This procedure provides good contact and constant
registry which leads to good resolution and permits satisfactory .correlation
. ' of radioactivity with histological structure, The technique has proven
’ quite satisfactory for detailed cytological studies with various animal
tissues and is becoming the procedure of choice in many laboratories.

Resolution

' ' Resolution is perhaps the most important consideration in the prepa-

ration of high-quality autoradiograms at the cellular or subcellular level.
If there are two point sources of radiation in a sample, each will produce
a small circle of darkening in the ‘emulsion. If these areas overlap, it
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TABLE \;III. CHARACTERISTICS OF SOME COMNMERCIAL EMULSIONS

RECOMMENDED FOR AUTORA DIOGRAPHY . -’ |
Type Sensitivity Resolution Background ' " Recommendatfon

No-=screen High Poor High Gross localization .
X -ray or minimal

’ concentration
NTB Mediam Very good Low . Moumcd. hifto-

logical sections
NTB? High for Very good increases When £-tracks are
f-tracks ) . rapidly to be observed . - .
Liquid .. High very good {ncreases When B-tracks are ‘ s
emulsion rapidly to be obscrved
Stripping A Low very good Low " Cellular . ’
film " . localization
, .
SRR

will be impossible to distinguish them in the autoradiogram. The greater
the resolution, the closer together are the areas that can be distinguished
from each other. In general, the follQwing conditions promote increased
resolution: {(a) Low-energy radiation; (b) Radiation of high specific
ionization; {(c) Thin specimens; *(d) Thin emulsions; (e) Fine-grained
emulsions; (f) Minimum of scattering from film backing and slide;

(g) Close contact between the specimen and emulsion.

Photographic film ;
Various photographic emulsions have been especially developed to
provide characteristics of advantage for particular autoradiographic ‘ '
application. Table VIII describes some of the commercial emulsions now
available with recommendations for their use. = ° '
Radioactivity content and exposure tinjes @ *
In the production of a satisfactor autoradiogram thare is an inverse
relationship between the amount of radioactivity present in the tissue
and the required time of exposure of the film. There is no set rule in

‘regard to the amount of radioactivity that is required. A balange must )

‘be struck between large amounts of radioactivity that might produce )
radiation effects and small amounts that require unduly long exposure
periods. In general, it has been stated that approximately+five to ten
billion beta particles per square centimetre of emulsion will be sufficient

" to cause adequate blackening, With alpha particles, gr/le to two million
particles per square centimetre are required. For guidance, it has been
shown that with macro-autoradiograms, a section nionitored with an end-
window counter that gives a measurement of about 100 cpm at a counting
yield of 10%, requires about a 10-15 d exposure period. In practice, the
best way to determine the exposure times is to carry out preliminary
investigations with graded levels of radioactivity, In this way the optimum
exposure time can be determined.
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Quantitation with autoradiograms

Autoradiography is used principally to obtain qualitative ‘information
on the distribution of radioactivity in biological material. However, it can
also provide quantitative data as to the amount of radioactivity deposited
in particular regions. This can be done by estimation of the photographic
density of a given region, and calibration against a film exposed to known '
activities of the radioisotope in question under identical conditions.
Comparative quantitative autoradiography can also be done by the counting
of the grains produced per unit area. In this procedure it is necessary
to have a low degree of darkening in the autoradxogram

Sources of error in autoradiograms
N . .
Some of the major sources of error in autoradiographic procedures are:
; .

(1) Removal or relocation of the radioactive atoms by biological or

physical processes during the time between samplmg and formation
of the photographic;image.

R (2) Extraneous sources of image production, such as chemxcally

active substances in the specimen; pressure on the emulsion;
radiodctivity in the films, chemicals, or glass used in processing;
and stray light or ionizing radiation.

(3) Fading of the latent image or desensitization of the erulsion by
the specimen.

(4) Non-uniform development.

(5) Scratches in the film; deposnxon of debris.
(6) Effects of staining solution on the emulsion.
(7) Movement of sample on film during exposure.

-

Many of these uncertainties have been eliminated in the procedures
that are described in this exercise.. It is always prudent, however, when
making a series of autoradiograms, o include similar samples with no

radioactivity as a control for errors that may tend to produce extraneous
images,

Materials

A, (1) High specific activity 5CaCly solution (50 uCi/ml).
(2) Young rats,
(3) Cages,

(4) Refrigerator. :

(5) Darkroom facilities and safe-lights.

(6) Ether chamber,

(7) 2-ml syringe and 24-gauge needle.

(8) No-screen X-ray flel?/g

(9) Plywood and sponge®ubber press,
(10) Cardboard X-ray film holders (cassettes),
(11) Developing and fixing solutions.

(12) Scalpel, scissors forceps.
(13) Thin plastic sheeting.

- 160 153
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B.L (1)
(2)

(3)
(4)
(5)
C(e)
o
o (8)

(9)

: (10)
(11)

(12)

B.1I. (1)
- (2)

. (3)
(4)

(5)

(6)

(N

(8)

* (9)
(10)
(11)
(12)

* (13)
(14)
(15)
(18)
(1n
(18)

. (19)
(20)

(21)
(22)
(23)

(24

(25)
(26)
- (27
(28)
(29)

B.III. (1)
(2)

(3)

(4)

. (5)
. (6)
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Cellou&ln coated mounted seclions of 1311- acuvated thyrmd gland,

Refmgerator. N

Darkroom facilities and safe-lights. ~

‘Developing and fixing SOlUthnS.

Clean microscope shdes Q ’ .
No-screen X-ray filrn A

Scissors.,, o

Marking pencil. - ) .
Aluminium foil, : .
Labels, ) - -
Tape. ' ‘ - a
Small paper clamps, 4

Thyroid-gland slides-as in Pztrt B.1.
Refmgerator -t -

Darkroom with Wratten No. 1 filtered safe- -lights.
Autoradiographic plates, Ag-lo Kodak Ltd., England

Drying fan.

Time clock. .
Methylene blue. ) . a
Azure A,
Glycerol C. P,

e

. 4
Methanol C.P. -~ J _

KH,PO,. ' .

NaHPO, . 2H20. . ' ! ’ .
NaHSO,. ' :

Basic fuchsin (aqueous),
Absolufe ethanol.
Xylene. " .
Cedarwood oil. T . )
Anhydrous CaSO,1 . S T
Canada balsam.: ) :
Developing and fixing solutions
(a)~ "Eastman Kodak D19 diluted 1:1 with distilled water is a
stitable developing solution.
(b) Eastman Kodak acid fixer with hardener is a good fixative,
Large-'shallow dishes for floating emulsion.
Slide-carrying racks with silver-plated wire handles,
Cover slips.’
Staining dishes (20J.
Plastic slide boxes containing one clean microscope slide,
Black friction tape,
Wax marking penc11
Labels, ‘ : . o
Razor blades, y

Thyroid-gland slides as in Part B.1.
Réfrigerator.

Darkroom facilities as for Part B.1I,
Constant-temperature water bath,

NTB?® liquid emulsion, Eastman Kodak, Rochester, N.Y. , USA,
Time clock. .
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P C)
. (8)

' (9)
~ (10)

(11)

T (12)

Procedure

)
o (2)
| o (3)

: (4)

(5)

. (6)
¢ E (7
(8)

£

S

(2)
(3)

(4)

. P
50-ml beakers (2), ¢ *
Medicine droppers. .

@

Drying racks (for holding slides in a vertical position).

Absorbent tissues.
Spreaders (raclettes),

Materials for'developing, staining and mounting as in Part B. II,

. .
N . T B

A Macro-autoradiography

Inject intraperitoneallj@gto a young rat approximately 50 uCi
of a high specific activity solution of 45CaC12 and place the

animal in a cage for 1 h.

At the end of 1 h kill the animal i an ether chamber..

Remove the femurs afid split
scalpel, -

1iem longitudinally with a sharp

Under safe-lighi conéitions (dagkroom) obtain a sheet of no-
screen X-ray film (approximately 20 cm X 25 cm) and cover
it with a sheet of very thin plastic film.

Place the pieces of~bone, cut side dowr, on the film and insert

the'film with applied bones in a cardboard film holder,
Put the film holder in a plywood and s‘p'onge rubber p‘ess and

tighten the screws.

Place the press in a refrigerator at 4°C and expose for a

period of 48 h,

At the end of the exposure period develop the film according

10 the directions of the manufacturer.

B. Micrc;-autoradiography»_

. Suitable mounted sections for these proceduses may be prepared

* by obtaining the thyroid gland of a dog 24-48 h after an injection of 0,5 to

1.0 mCi of ¥, inbedding it in paraffin, and cutting sections 5-10 um thick.

After preparation of the mounted slides, remove the paraffin by dipping

for 2 min in each of two jars of xylene,

(2 changes), dip in 1% celloidin for 30 sec, dry till tacky in vertical ~

v position and dip again in 1% celloidin.
and store in a dust-proof container (plastic slide box).

Transfer to absolute ethanol

Dry the slides in a vertical position

B, Mounting technique (direct apposition) .

Cut 2 sheets of aliminium foil of appropriate size to wrap the

specimens,

v
Prepare a label to mark the package,
Under safe-light conditions (Wratten No. 1) open
pieces of no-screen X-ray film previously cut to the size of the

microscope slides,

IPlace the emulsion side of the film in contact with a celloidin-

coated slide bearing a specimen of thyroid tissue containing 31, -
place a second clean microscope slide. agains

the film' (Fig. 38).

.
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. . /-mcnoscops SLIDE
| — WITH SPECIMEN -
= - —NO SCREEN X-RAY FILM
( ——-CLEAN MICROSCOPE SLIOE -

FIG.38. Arrangement of a specimen and an X-ray film,

r

(5) Hold firmly and apply clamps on both sides.

(6) Wrap twice with aluminjum foil fastening edges with tape. ’

(7) Place in a refrigerator at 4°C.for 2-d exposure. S

(8) At the end of the exposure time, develop the X-ray film accordmg .
to the manufacturer's directions.

B, II._ Stripping film .t:-‘.cbp.iges K

(1) Under safe-light ‘conditions (Wratten No. 1) outline areas of the
emulsion about 4 ¢cm square with a razor blade Let the plates
stand for about 10 min before proceeding. . *

(2) Slip a razor blade uhder one corner of the outlined square and

' pull upwards slowly. (This will be difficult if the humidity is
high.} - .

(3) Float the strip of emulsion face down on distilled water at
21-24°C, and let it soak for 2-3 min.

"(4) Slip a mounted slide into the water beneath the floatmg film and
lift the film out on top of the slide,. -

(5) Fold thé free ends of the film underneath by turning the slide.

-(6) Dry in front of a fan at room temperaturé for approximately 4 h.

(7) When slides are dry place in a vertical position in a plastic
slide box containing a small amount of anhydrous CaSOj. trapped
at one end behind a clean slide. Seal the edges of the box with
black tape to ensure that it is light tight.-

(8) Expose for 48 h in a refrigerator at 4°C, . .

" (9) After 48k, develop the slides according to the followmg procedure

with the developer, wash bath, fixer, and wash sink all kept

at 4°C.

(a) Under safe- hght, remove the autoradiographs from the
exposurebox and place them in a slide carrier all facing .

. ‘the same way. Attach a silver-plated'holder to the carrier.

(b) Immerse in developer for 10 min, agitating lightly once

" in a while.

(¢) Rinse by dipping slowly 15 times in 2 wash bath.

(d) Fxx for 15 min, then carry to wash sink for 15 min after
which tithe the lights may be tutned.on.

(10) Staining the autoradiographs (Kingsley - basic fuchsin).
Staining dishes and their contents are cooled t0-4°C and main-
tained at this temperature in an ice water bath. '

(a) Stain the sectiond,5 min in a mixture of methylene blue and
’ azure A according to ngsley (1936): '

.

. >
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Methylene blue - 0,065 g *
, \ Azure A . 0.010 g
o ' : Glycerol'C. I, 5.0 ml
CH,OH C. P. 5.0 mi
Distilled HoO 25.0 ml
. Phosphate buffer pH 6.9 15,0 ml
. Composition of buffer; KH,PPO, 9.078 g
\ . _ NaHPO, - 2H0  11.876 g
. o H,O . 1,0 litre
Al
) .(b) Rinse in distilled water. o : .
(c) Destain 5-8 min in 0.05% aqueous NallSO; until the emulsion
is clear. )
(d) Wash 2 min in distilled water.
(e) Counterstain 10-15 min in 0.05% aqueous basic fuchsin.
(f) Remove excess stain in absolute ethanol.
(g) Dehydratg 5 min in cold absolute ethanol.
. () Carry through two other ethanol baths, 5 min each, at ¢
. ; ' room temperature. . '
(11) Clearing and mounting.
¢ (a) Transfer slides to a 1:1 mixture of absolute ethanol and
" ° cedarwood oil. Leave until the emulsion is entirely clear
v » (5~15 min).
B A (b) Drain off the excess and transfer to pure cedarwood oil
) : . (1.5-2 h).
(c) Drain excess oil and place in a 1:1 mixture of xylene and
. Canada balsam (2-3 h). -
(d) Apply a cover slip with a liberal amount of Canada balsam
. dissolved in xylenc.
~ B. I, _ Coating by the smear-drip method or by the dipping technique
)
For these procedures NTB? liquid emulsion, Fastman Kodak, Rochester,
. . N.Y., USA, is required,
(1) Under safe-light condjtions (Wratten No. 1) fill two 50-mm1 beakers
g with liquid emulsion and maintain in a water bath at 40°C.
. (2) Take one thyroid-gland slide and dip it in the melted emulsion
’ for 1-2 sec. :
(3) Allow the excess emulsion to drain into the container.
|=— SPREADER
: ' ' " —MICROSCOPE SLIDE
: . 50-100 pm DEEP

FI1G. 39. Spreader-for application of a liquid photographic emulsion.
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(1) Wipe the back of the slide with an absorbent tissue,
(5) Place the slide on a drying rack for 30 min,
(6) If spreaders (raclettes) (see Fig, 39) are available, proceed as
follows:
(a) I"romn the second beaker pick up somi liquid emulsion with
" . the medicine dropper,
' (b) Place four drops of emulsion at the inside end of one of the
thyroid-gland slides, i
(¢) Take the spreader and grasp firmly at both ends with the other
hand. : ‘
() Place it gently on the slide behind the emulsion laver,
(e) Carry it outward slowly, thus coating the slide evenly with
100 um of liquid emulsion,
(f) Place the slide vertically on a folded piece of absorbent tissuce
and allow the excess emulsion to drain off (30-40 sec).
(g) DPlace in a drying rack, emulsion face out, l.eave for 30 min.
(7) LExposurd, developing, staining, and mounting procedures are

followed according to Section B, I1, ,

I'xamination of autoradiographs

Examine with microscope stage in horiz .ntal position.
(a) ook for definition of contact, coated, and strip-film preparations,

(b) Examine for background and size of grain, M
(¢) Examine for artiTagts (chemical or mechanical foy, lcaurhing,
wrinkles, air bubblés)..
' (d) Compare distribution and intensity of the autoradiographi: record
A over different cells of {he various sections.
. (¢) Compare quality of staining with différent autoradiographic .
A procedures and different-emulsions.
(f) Prepare a report of your activities and observations,
'
. BIBLIOGRADPHY
ROGERS, 'ruchniql;us ‘of Autoradiography, Elsevier Publishing Company (1967, '
ROTH, L., STUMPF, O., Autoradiography of Diffusible Substances, Academiic ress (196w,
GUDE, W., Autoradiographtc Techniqucs, Pientice-Hall (1968),
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! < 13, ACUTE FFFECTS OF RADIATION ON THI RAT
Objectives *
(1) To observe irradiation-induced changes in the blood and other
tissues of the rat.
(2) 'To follow the pattern of the acute radiation syndrome by comparison '
X of unirradiated (control) rats with rats exposced to 700 R of N- or
famma rays,
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WHITE BLOOD CELLS (LYMPHOCYTES)
WHITE BLOOD CELLS (GRANULOCYTES)
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RED BLOOD CELLS
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. ' DAYS -AFTER EXPOSURE

FIG.40. Effect of wrradianon on formed blood clements,

Introduction and theory
9 .

It has been recognized since earliest times that ionizing radiations
produce deleterious changes in living tissues, The term "acute radiation
syndrome' has been given to the collective effects which are seen in mani- .
mals following doses of X- or gamma-radiation which are of the order of . N
the LDsg 0 (the dose of radiation that will kill 507 of those individuals
exposed withi, .irty days of exposure), :

Theé acute raciation syndrome may manifest itself in three different
ways-depending upon the dose, of radiation received. When the whole-body
dose received is of the order of 200-800 R, the "haemorrhagic syndrome"
occurs, This terminology is used because most of the pathologic effects
are seen in the blood and blood-forming organs. In general, the patho-
genesisis asfollows. Within the first 24 to 48 h after exposure the lympho-
cytic cells drop markedly to 0-10% of their normal value., The granulocytes
usually show a transitory rise in the number of circulating cells followed
by a gradual drop to approximately 25% of their normal value in 1 to 2 weeks,

Platelets and red blood cells show more latent changes due to the longer
life-span of these elements, A gradual drop in the number of circulating
red blood cells begins about 2 weeks after exposure with the most severe
anaemia occurring at 3 to 4 weeks post-exposure. If the animal recovers,
the blood cells begin a slew rise approaching normal values in 6 months to

-2 years, However, they may never rega}n the pre-irradiation levels,
Figure 40 summarizes the effects on the formed elements of the blood,

Changes in the bone marrow can be seen within 1 hour after exposure
and are manifested by a decrease in the number.of erythroblasts, After
9 or 10 days, the marrow cavity is virtually devoid of cells and contains
a gelatinous'mass with a few fibroblasts, blood vessels, and reticular
fibres as the only vital elements. If the animal survives, regeneration
begins with the development of foci of primitive myelocytes and erythroblasts
about the reticular elements; eventually, the marrow may be completely
reconstituted,

N
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Fatalities from the haemorrhagic syndrome usually occur about the
10th to the 14th day after exposure due to the profoind bacteraemia that
ensues when the granulocytes drop to their lowest values, -

Radiation levels ranging from 1000 to 10 000 R whole-body dose lead
to the "gastro-intestinal syndrome'', This syndrome is characterized by
nausea and vomiting beginning within a few hours of exposure, Vomition
is followed by a haemorrhagic diarrhoea which leads to a severe dehydration,

Death usually occurs in 3 to 4 days,

The explanation for this three- to four-day surwivzl is that division
of the epithelial cells of the gut is inhibited and as the cells die (in the course
of about three days) no replacement occurs, The absorption of foodstuffs
is impaired, dehydration occurs as a result of diarrhoea, the resistance
to bacterial invasion from the gut is abolished, and a fatal bacteraemia
ensues, .

If the dose received is in excess of 10000 R total body dose, . death
occurs within twenty -four hours and the "central nervous syndrome" is
exhibited, ‘The victim usually becomes comatose within 15 minutes of ex-
posure, Brain damage may be a direct result of the radiation or secondary
to’ vascular destruction, .

In this exercise an attempt will be made to produce the haemorrhagic
syndrome in a group of rats, lHowever, bearing in mind the large species
and individual variations, the gastro-intestinal syndroge may also be pro-
duced in some animals,

Materials

(1) 200 kVp X-ray machine or 50-100 (,?i %co source,
(2) Mature rats, . ot
(3) R-chamber or other suitable dosimeter,’
(4) Rat scale, -
(5) Balance accurate to 1 mg,
(6) Light microscope,
(7) Microcapillary centrifuge.
(8) EDTA,
(9) Tiirk solution (for WBC)
(a) Glacial acetic acid 7.5 ml

(10)

(b) Distilled HyO

(c) Gentian violet

Hayem solution (for RBC)
(a) NaCl

(b) NapSO,

() HgCly

(d) Distilled H20

Wright!s stain powder

(a) Wright! s stain

(b) Methyl alcohol, absolute
Immersion oil,

Xylol,

Ether chamber,

Disposable spot plates,
Microscope slides,

Glass rods (for use as droppers),

500,0 ml
1  crystal

2,0g
10,0 g
1.og
400, 0 ml

0.2-0.3 g
100 ml




4 . )
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/‘l
' ’ ) (18) WBC pipettes,
* o (19) RBC pipettes,
. (20) Haemocytometer (blood-cell counting chamber),
' ) ' (21) Microhaematocrit (blood-cell counting chamber),
{ i i (22) Rubber tubing and mouthpieces (for blood pipettes),
. (23) Micro-haematocrit reader,

(24) Dissection kit, *

(25) Cotton sponges,

(26) Surgical scissors,

(27) Rat metabolism cages,

- Procedure
A, Procuring blood: preparation and éounting of blood samples
(1) Anaesthetize a rat in an ether chamber,
- (2) When animal jg under anaesthetic, draw blood as follows;
(a) Swab the tail with a sponge moistened in xylol,
¢ . (b) Immerse the tail in warm water for 30 sec and gently dry -
. with a sponge or paper tissue, )

(c) Sever the distal (1-2 mm) tip of the tail with a single incisive
cut from sharp scissors,
(d) Discard the first two or three drops and then let 3 to 6 drops
of blood fall into a disposable spot-test plate containing XDTA
(anticoagulant) and stir gently, . N
(3) Place the animal back in its cage,
(4) Prepare blood slides as follows: 4
(a) I’lace a small drop of blood about 2 ¢cm from the end of a clean .
microscope slide,. . .
(b) Using a second slide as a spreader, hold the end of the second
slide at an angle of 45° or more against the surface of the slide
contalmng the blood and ahead of the blood drop.
, : . (c) Back the spreader into the blood and push it slowly and smoothly -
’ in the opposite direction across the surface of the slide producing
a thin smear, '
(d) Label the slide and set it aside to dry.”
(5) Fill a WBC pipette exactly to the 0,5 mark, Promptly place the
tip of the pipette into the WBC dilution fluid (‘Turk solution) and
slowly fill to the 11 mark. '
(6) Holding the pipette by the ends between the thumb and middle fingey,
shake for about 1 min to disperse the cells and set the pipette aside
;  horizontally,
(7) Repeat the procedure with an RBC plpette using Hayem's solution
as diluting fluid and filling to the 101 mark..
(8) Fill two micro-haematocrit capillary tubes about 3/4 full with
- tail blood and seal the empty end avith the Bunsen burner,
» ' (9) Spin down the samples afnd determine the haematocrit,
’ (10) Determine the total leucocyte count as follows;
t : ) (a) Place the counting chamber (haemocytometer) in a horizontal
’ position with the cover slip in place over the ruled areas,
(b) Shake the pipette 2 min and discard 2 or 3 drops.
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(c)

(d)
(e)

(N

Fill the chamber immediately by placing a finger over the upper
end of the pipette and, while holding it almost horizontal, touch
the tip to the ruled area at the edge of the coverslip, Slowly
release the finger and allow the fluid to fill the space under

the cover slip by capillarity, Do not overfill,

Allow 1 min for the leucocytes to settle, ) g

Count fourf{corner groups of sixteen squares under low power
(see Fig. 41), Include in the count the cells falling on the upper
or left sides of the square but omit those falling on the lower
or right borders,

The sum of the number of cells counted in the four squares,
\\'hen multiplied by fifty, gives the total leucocyte count per
mm?,

1 2
[ TR 1V
t —1=
W w 1 .
v == 3 R =
R T ] -
R R =
L w w —
3 i
3 [ | ‘
t
COUNT 0D NOT COUNT
Vo
— % o -
LCELLS
LINES
tt
UPPER ANO LEFT LOWER AND RIGHT

W = AREAS 10 BE COUNTED UNDER LOW POWER
(x00) FOR LEucocYTES (wBC)

R = AREASTO BE COUNTED UNDER HIGH POWER
(x440)FOR ERYTHROCYTES (RBC)

FIG. 41, .Chambcr for counting crythrocytes and white blood corpuscles.

(11) Determine the total erythrocyte count as follows:

7 (9)
(b)

Fill the counting (_hamber in the same way as was done for

the white cell count,

Count only thefour corner squares andone centxesquare inthe centre
block of 25 squares (Fig,41). Use high power, The sum of

the number of cells counted in the five squares, when multi-

plied by 10000, gives the total erythrocyte count per mm®,
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Stain the smears for differential count as follows:
(a) Place the smears horizontally on screening or corks,
(b) Drop Wright's stain on the slides until the entire surface
" o8 flooded and let stand for 3 min, :
(¢) Add an equal amount of distilled water and mix by blowing
very gently acl‘oss the surfuce Let the preparation stand
for 9 min,
(d) Wash off the stain by running a stream of 11,0 dlrcctly into
the centre of the slide,
- (e) "Allow smears to air dry,
(13) Inspect the slides under high- power objective to locate the best are tl '|'
to count,
(14) Add a drop of immersion 011 and switch to the oil-immersion
) ObJOCtlve .
(15) Count 100 leucocytes and xeport percentage of lymphocytes and
' percentage of granulocytes, Count 100 consecutive white cells
following parallel horizontal tra‘c\ks across the,slide, .

——— f

B. Irradiation studies - .
A\,

Obtain blood values (haematocrit, RBC, WBC, diﬂ‘eren’tial) on
four numhered'rats,
Determine the dose-rate of the X- ray machine or gamma-ray
source with an R-chamber or any other sunable dommeter. )
Irradiate two of the rats with a dose of 700 R total body of X- or
gamma radiation,
Confine all four’animals in metabolism cages and keep daily re-
cords of body weight, water and feed consumption; .and gross
clinical observations such as diarrhoea, shaggy coat, 1rr1tab1hty,
ete, N

(5) Obtain blood values every other day for a week and then t\v1ce a
week for the next two weeks, - \

(6) Autopsy all animals dying during the course of the experiment,

(7) At the end of the 3-week period, sicrifice all remaining anm{'lls
in an ether chamber and perform a complete autopsy noting any
differences between the organs of irradiated and control ammnl\s
e, g. weight, haemorrhage, etc,

Itgo rting of results

(1) Prepare i graph of the blood changes in the irradiated rats over *
the experimental time period plotting % of normal values versus
time as the abscissa, The mean blood values of the controls may
serve as the normal values,

List any differences noted between the organs of the irradiated
and control animals and give your ideas as to the pathogenesis,

v

\

Questions . N\
N\
(1) Do you consider that the dose given to these animals exceeded
the LD’O/’!O for the I‘Ilt" ,
(2) What tissues are most susceptible to radiation injury?
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. ~ (3) What tissues are least susceptible?
! . - (4) Can you formulate a hypothesis relating the rate of multiplication
. and degree of differentiation of a tissue to radiosensitivity?
(5) One school of .thought feels that all tissues are equally sensitive
to radiation damage, From your ohservations, either support or

refute this theory.

. BIBLIOGRA PIIY

BACQ, A.M., ALEXANDER, P,, Fundamentals of Radiohology, Chaprer 16, Pergamon Press, New York (1961).

. CASARETT, A.P., Radiation Biology, Prentice-Hall Inc, (1968), -

ELLINGER, F,, The Acute Radiation Syndrome and the Lethal Effect of lonizing Radmuon Chapter 2§
in Medical Radiation Biology, Charles C. Thomas, Springfield, 111, (1957),

ERRERA, M,, FORSSBERG, A,, Mechanisms in Radiobiology BVol, 2, Muluicetlular Organisins, Chapters 1
and 2, Academic Press, New York (1960), -

v

‘14, PREPARATION OF A PLASMA PROTEIN TRACE-LABELLED
WITH RADIOIODINE .

" Objective

To demonstrate a sxmole technique for the in-vitro labelling of
proteins with radioiodine,

1

Introduction and theory

- . Proieins containing radionuclides can-be prepared by biolagical
. } labelling, i. e. by the administration to an animal, microorganisms or
cell culture of a suitably labelled amino acid which is then incorporated.
. into protein during the normal synthetic processes, Proteins tagged in
4 7 this way-might appear to be the most desirable materials for many bio-
¢ logical investigations, being completely native. The method has, however,
two limitations: (a) because of the lack of specificity in the incorporation
Lo of the labelled amino acid, the particular protein required usually has to
P be separated from a mixture of similarly labelled materials; (b) the specific
: . activity of the final product is likely to be low,
; - An alternative to biological labelling is to tag the protein in vitro by
< attaching a foreign radioactive atom, The most successful application of
this method so far has been the preparation of proteins tagged with radio-
_ iodine, If suitable precautions are taken during the labelling with respect
i to the conditions and the amount of iodine introduced, tagged proteins of
‘ very high spécific activity which are biologically indistinguishable from the
naturgl protein, can be prepared by this method, It has been shown that
the-iodine label remains firmly attached to the protein under physiological
conditions and is liberated only when tiile protein molecule is degraded,
The method described below for trace-labelling depends on treating
the protein, in slightly alkaline solution, with iodine monochloride to
which has been added the radioactive iodine as carrier-free iodide,

——
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The preparation is one of tagged rabbit-serum albumin which is suitable
for use in Exercise 16, but the method is general and can be appropriately
modified for the productlon of other labelled plasma proteins in different
amounts and with different specific activities, .

N ' Materials

(1) Carrier-free radioiodide (¥'I or 1%3), This preparation must be
) free from reducing agents,
' (2) Iodine monochloride: a solution containing 0, 42 mg I/ml as IC1

in molar NaCl and approximately 0, OIN with respect to HCI,
(3) Buffers:

Glycine buffer A — 9 ml molar glycine in
0.25M NaCl+ 1 ml N NaOH
Glycine buffer B — 8 ml molar glycine in :
0.25M NaCl+ 2 ml°N NaOH, i
(4) Gel-filtration equipment and sephadex (see Exerc1se 6) or dialysis
tubing, :

(5) An apprdx1mate1) 2% solution of rabbft serum albumin,

Procedure

(1) Place 4,0 ml of 2% rabbit serum albumin solutlon in a 100-ml

conical flask and add 2 . 0 ml of glycine buffer B, Steps 2-4 are

to be carried out in a ventilated fume hood,

With a long-barrelled teat-pipette transfer approximately 1 mCi

of carrier-free iodide solution to a tube containing 1, 0 ml of

the ICl solution and mix,

(3) With the same pipette add the now labelled IC1 solution to a tube
containing 2. 0 ml of glycine buffer A, mix and immediately add
the whole solution to the albumin preparation in the coqical flask,
The iodinating mixture should be jetted into the protein solution

. . from the teat pipette and the flask swirled using a remote-control
clamp at the neck,

(4) Allow a few minutes for the iodination to be complete and then add

"carrier' protein, e, g, freeze-dried bovine serum albumin, to
bring the specific activity to less than 5 uCi/mg. This reduces
the risk of radiation decomposition,

. (5) Remove unbound isotopes from the preparation either by gel fil-

, : C tration (Exercise 6) or by dialysis for at least 48 h against a large

; volume of physiological saline,

(6) After dialysis or gel filtration check the proportion of unbound
activity in the- preparation as follows: Place one drop in a 15-m]}
graduated conical centrifuge tube, add one or two drops of serum
or similar protein solution to provide more carrier and make up
to 5 ml with water. Add 5.0 ml of 20% trichloracetic acid, mix
thoroughly and centrifuge. Remove the supernatant carefully with
a teat pipette and retain it. Disperse the precipitate in a few
drops of water, dissolve it by the addition of dilute NaOH and
finally make up to 10 ml, By means of the well-type counter

—_
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compare the total radioactivity of the supernatant (unbound
activity) with that of the dissolved precipitate solution (bound
activity), For many experiments it is desirable that the unbound
activity should be less than 2% of the bound activity, :

Notes

A. Uses .

The tagged rabbit-serum albumin prepared in this exercise can be
used in various ways, e, g, in the measurement of plasmua volume in rabbits
{cf. Exercise 2); in the measurement of catabolic rate of serum albumin
(FExercise 16); as a labelled antigen in immunological studies,

|

B. Quantitative aspects of the labelling i

L

It is usual to aim alfa trace-labelled preparation containing an average
of 1/2 10 1 atom of iodine per molecule of protein; the amount of IC1 solu-
tion used is adjusted accbrdingly. With the quantities described above,
one would obtain the incorporation of about 2 atomns of iodine per molecule
of albumin assuming 100% incorporation, In practice, albumin gives usually
30-40% incorporation of iodine under these conditions, so the level of
iodination is likely to be acceptable. The amount of isotope added to the
preparation can be varied to give preparations of uny desired specific
activity,

C. DPotential health hazards

Since iodine isotopes' will tend to concentrate in the thyroid, it is
important that the precaution of carrying out certain stages of the prepara-
tion in a hood be strictly adhered to in case there is any ingestion or in-
halation, Periodic checks onthyroid activity of the workers involved is
recommended,

BIBLIOGRADPHY

MacFARLANE, A,S., Nawre, Lond. l_'t_i_.j (1938) 53,
VOGEL, A.L, OQuantitative Inorganic Analysis, 2nd cdn (1951) 366,
L]

FULLMAN, 1., Handbook of Experimental Immunology, h, 17, Blackwell Scienufic Publications,
Oxford and Edinburgh (1967). ’

15. MEASUREMENT OF THE CATABOLIC RATE OF PLASMA ALBUMIN
IN RABBITS

Objectives

i (1) To illustrate the use of trace-iodinated protcins in turnover studies.

"(2) To compare the catabolig rate for plasma albumin in a normal
rabbit with that in a fluke-intectel ~ne. )




‘Introduction and theory

The amount of any plasma protein in the body at a given time represents -
a balance between synthesis and catabolism. When a reduction occurs in a
: ) body nool of protein, it is important to know whether this is due to a sub-
F normal synthesis, an increased rate of catabolism or both. Proteins trace-
labelled with radioiodine are particularly suited for the measurement of
catabolic rates because there is no re-utilization of the label once the protein
has been degraded. Provided the thyroid of the experimental animal is
blocked by the administration of stable iodide, the label from degraded protein
h . ! is excreted largely in the urine. In practice a sample of the labelled protein . !
is injected intravenously and the plasma volume determined by applying the
dilution principle. Blood samples are collected daily and complete 24-h
collections of urine and faeces made over a period of 7-10 d. After counting
suitable samples of urine, fagces and plasma the fractional catabolic rate
‘ ] (K), i.e. the'fraction of the total intravascular pool degraded during 24 h,
i . is calculated by dividing the total éxcreted radioactivity over that period by
h the total intravascular activity at the beginning of the collection period.
It is instructive to measure K in a normal rabbit and-in a rabbit showing
hypercatabolism of albumin, e.g. a rabbit infected with Fasciola hepatica.

] Materials ' _ ¢

(1) Rabbit serum albumin trace-labelled with radioiodine. The material )
) prepared in Exercise 15 should be suitable,
(2) Rabbits: a normal rabbit and one infected at least eight weeks
previously with F. hepatica.
(3) Metabolism cages for rabbits.
(4) A solution containing 0. 005% Nal and 0.47% NacCl.
(5) Syringes, needles, etc. suitable for intravenous injection of rabbits.
-(6) Micro-pipettes, e.g. |'auto-zero" type, to measure volumes of
0.20 ml.

-

Procedure .
. (1) . Establish rabbits in their metabolism cages at least 3 d before the

injection and replace drinking water by the iodide/saline solution
described in (4) above. This substitution is mamtamed throughout
the experimental period.

(2) Prepare the r:abbxt for injection and bleeding by shavmg the halr
above the marginal vein of both ears.

(3)" Inject 4-5 ml of the labelled albumin solution into the margmal
vein of one ear of the rabbit and note the time.of injection and
‘prepare a standard by diluting about 1 m1}? of the labelled albumin .
to 20 ml with diluted NaOH.

N
v . -\\
o

‘

.. 1 1 is much more accurate to measture the amounts of labcllcd albumin injected and used for the standard
by weight rather than volume. This is casily done by weighing the syringe full apd again after delivering either : ’ / -}'
into the rabbil or the volumetric flask used for the standard. ’
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/ (4) Five minutes after the injection collect‘a heparimzed blood" gample
. (3-5 ml) from the marginal vein of the ear not used for injection.
Collect a further blood sample at the same time each day for a
period of 10 d. -
(3) Separate the plasma from each blood sample by centrifugation.
(6) Make complete 24-h collections of yrine and faeces starting at the
' time of the first blood sample and continue daily throughout the
experlment.

Preparation and counting of samples

(1) Pipette into counting tubes duplicate 0.2 ml-samples of the plasma

. : obtained 5 min after injection and make up to the standard volume

= for counting (say, 5 ml) with approximately 0.01N NaOH. For all
later plasma samples, 1.0 -ml lots are made up to 5 ml as above.

(2) Measure out duplicate 0,2-ml samples of the standard and make up

. " for counting in the same way.

(3) Weigh the total collection of faeces for each 24-h period spread the
pellets ona largg -sheet of paper, mix thoroughly and collectat random
in counting tubes triplicate 5-g samples. With a glass rod pack
these down to the appropriate volume for counting, e.g. 5 ml.

(4) Measure the volume of urine in each collection, make up to a round

‘figure with water and pipette out in duplicate suitable aliquots for
c@untmg .

- (5) Using the well- -type counter, determine the net counts per minute of
all the plasma, urine and f&ces-'samples. If they are not all
counted ‘at the same time, remember to repeat the counting of the
standards on each occasion where counts are being made so that
appropriate corrections can be applied for decay and-variations in
sensitivity of the counter.

Calculations

(1) From the cpm/ml of the standard solution, the weight of labelled
albumin solution used in preparing the standard and the weight of
labelled albumin solution injected into the rabbit, calculate the’
total activity injected in counts per minute.

) Calculate the plasma volume of the rablit as follows:

™~

(

t

v = total activity injected (cpm)
P cpm/ml plasma

(3) Taking the activity per millilitre of the 5-min plasma sample as
unity, express the activity of the later plasma samples as fractions
of it and then plot the plasma activity against time as abscissa on
semi-log paper. Compare the curves obtained from the normal and
infected animals, d
. (4) For each 24+h collection period calculate the total activity F
; " excreted in the faeces, and the total activity U excreted in the urine.
o From the plasma volume and the cpm /ml plasma at the beginning

: LN 1 of each collection period,.calculate the total plasma activity P.

The fractional catabolic rate K is then given by K = (U +F)/P.
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(5) Calculate K r‘qr each 24-h period throughout the experiment and
compare the mean value for the 8rrpal rabbit with that for the
infected one, . '

L
Questions

(1) Why is it apparently satisfactory in this experiment to calculate the
plasma volume from the activity of a single post-injection sample

. (cf. Exercise 2)? . ' -

(2) What factors are likely to cause the day-to-day _varia\tions of K
determined as above?

(3) What will be the effect on the results of a significant change in
plasma volume during the course of the experiment?
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16. MEASUREMENTS OF THE SPECIFIC ACTIVITY OF EXPIRED CO,
AFTER ADMINISTRATION OF C-GLUCOSE TO RATS

Objective

To compare the utilization of 'C- glucose in fasted and non-fasted rats

by measuring the incorporation of MC into CO, and by determining the

distribution of C in the tissues.

Procedure

(1) Fast a rat for 24 h,
(2) Inject a rat intraperitoneally with 1 ml of a uniformly labelled
MC.glucose solution.
(a) This solution should contain about 6 uCi C and 1 g glucose
per millilitre; .
(b) At the time of dosing apply a sample of the dosing solution to
filter paper and run the chromatogram, ')
(3) Place the rat in the metabolism chamber and measure the CO,
‘and “CO.‘, output. Add 35 ml of hyamine solution to the gas-washing
bottle before starting the measurement.
(4) After the peak of activity has passed, remove the animal from the
chamber and sacrifice with nembutal.
(5) Pipette an aliquot (2-5 ml) of the hyamine solution from the gas-

. > washing bottle into a counting vial and add 15 ml of sclntillatl'on

fluid. .
{6) Count in the liquid scintillation counter making all corrections
" needed. . :
(7) Repeat this procedure with the non-fasted rat.
(8) Compare: (a)time of peak; (b) overall specific activit’y;

(c) total MC output. .
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17, AN OXIDATION. TECHNIQUE FOR l?RhPARATION OF LIQUID- -
SCINTIL.LATION SAMPLES

’

Objective

To demonstrate the preparation by the bomb- combustxon techmque of
samples for determination of C content.

Procedure :

Dose each rat with 5,0 xCi of uniformly MC-labelled glucose about 2 h

before the experiment is to begin. At the end of this period sacrifice the -,
animals by an overdose of nembutal andtake the following tissues foranalysis: oo
blood (be sure to heparinize the syringe), liver (blot carefully to remove

excess blood), and a piece of muscle. Place the tissue ina bag made up of -
dialysis tubing and dry under a heat lamp. The bag and contents should v

weigh not more than 300 mg wet weight,
The procedure for combustion is as follows:

(1) YPlace the bag in the sample basket of the flask, making sure that
: the black mark on the bag is plainly evident.
(2) Grease the etopcock of the flask with apiezon grease. .
(3) Gas the flask with oxygen for 2 min, w
' (4) Place the sample container firmly on tlie flask. S
. (5) Place the flask in a dry-ice acetone bath for 30 sec. : o -
- (6) Remove the flask from the bath and place in'the combustion chamber. ’
. . (7). Carry out combustjon by means of infra-red lamp. - *
(8) As soon as the combustion is complete remove the flask from the ’
- chamber and place it in the dry-ice bath; leave it for 1 min. ' . 4
(9) Remove the flask from the ice bath and add 15 ml of the.
\ ethanolamine!® absorbing-counting solution’to the side arm of ghe T
4 flask. - ) e : -
(10) Allow the counting solution to drain into the flask until air is heard

running out; turn off the stopcock and allow the flask to set for >
30 min at room temperature (swirl the flask frequently). N
(11) Remove two 5-ml aliquots of this material and place in scintillation Lt
. vials for deterpnination of activity. . ) s
. Calculations
S * \ . ~
, "Calculate per cent of dose per«gram or millilitre of tissue. . ~
i . - /
i . ' -
] °
. <
) 0 Y fhanolamine is an efficient and inexpensive trapping material and does not intetfere with the liquid- T : . .
. . scintillation process. A solvent mixture containing ethanolamine, ethylene glycolmonomethyl ether and
toluene in a ratio 1; &: 10 by volume Has been found to be ‘most suitable. .The use of ctha"olamlnc-ethylcne

glycolinonemethyl cther was required to facilitate the solubility of cthanolamine laqolucne For this system - . *

-5t06 g of PPO/lmy is required. < P

v .
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18.  DETERMINATION OF

TOTAL-BODY WATIER

The determination of total-bodyv water volume in vivo is of interest in
many studies, Nlam tracers hmc— been used, but the most common is
tritiated water or TINO (3110H), " The experimental method is simple and o
classical example of tracer dilution. . '

’

Materials and equipment

(1) Tritiated water > high specific activity;
2) Fxperimental animals (dog, goat, sheep, rabbit, etc. );
(3) Lliquid scintillation counter; ‘

;, (4) Physiological saline,

Procedure

(1) The tritiated-water dose to the animal should be approximately
5 mCi per 100 kg body weight. 'The specific activity should be
approximately 5 mCi/ml. .

(2) Pipette the dose into a polyethylene beaker. Pipette ap aliquot of
the dase into a liquid scintillation vial. ' :

(3) Take up the dose into a syringe (10-25 m!l volume). .

(1) Wash the beaker with 1-2 m! of physiological saline and take up in
the syringe.

(5) Repeat the washing process 2-3 additional times until it is assured
the entire dose is in the syringe.

(6) Anindwelling jugular cannuld may be inserted into th(- jugular vein
of the animal. A "Tee" syringe fitting may be adapted and u-syringe
with physiological saline attached to one connection,

(7) Attach the syringe containing the THO to the other '"Tee' connection
and inject into the animal. Wash the dose syringe with saline from
the other syringe and inject into.the animal, Repeat until it is
assured that the entire dose has been delivered intravenously,

(8) Take blood samples at 5 min, 10 min, 30 min, 60 min, undyZ h,
3h,4hand6 h after administering the dose. (If possible continue
sampling for 2-3 days. The animal must be cn™ \conhtdnt diet and

water intake.) |
(9) Treat the blood samples as’ in experiment 12 for {:onversion to water
and count in a licuid .scintillation counter, Counl’ the dose aliquot,
(10) Plot the specific activity versus time on semi- log graph paper.
Extrapolate the straight- line portion of the curve thxough the last
3 or 4 noints to zero time. ‘
(11) Calculate total-body water in the animal by !

rdosc (¢ pm)

ay(cpm /ml

n

Total-body water

where Tyose = net count ratc of injected dose

a extrapolated value of speuhc activity at

7ex'o time,
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(12) What is the biological half-life of water in the animal” Calculate
the turnover rate. / "
(13) Calculate total-body fat by the assumption that total-body water is
73. 2% of the fat-free body \\'eiﬂh't. )
" (14) Consider all sources of error in the experiment.

~ .
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19. DETERDMINATION OF TOTAIL-BODY SODIUAI /{\‘l) FEXCHANGEABL.E
SODIUNM IN THE RAT

Introduction

Total-body sodlum (Nag) ma_‘, be determined in vivo by neutron activation

. of ¥Na to *Na and subsequent whole -body counting. [Exchangeable sodium

(Na,) may be determined independently in vivo by tracer dilution using “#Na
(or 2Na), Total-body sodium must’ by definition be grenter than exchangcable
sodium. Nag -represents the osmotically active Na in the body, principally

in extracellular fluid, and usually Na,/Nap will be about 0.8. There is a
"non-exchangeable' pool of sodium principally in the skeleton and this is a
function of age and'body composition. This exercise is included to demon-
strate the techniques to measure these paramecters in vivo,

A, Determination of total-body sodium

- Materials and equipment

Rats

Reactor or neutron source capable of producing thermal {lux at
least 10° n/em® sec

(3) NaI(7l) scintillation erystal-spectrometer

(4) RBat holder and.rat phantom,

o —

Procedure

(1) Weigh the rat.

(2) Construct a rat holder of lucite or perspex similar to that shown in
Fig.42. Cylinders of differen. diameter may be used for rats of
different weight.

(3) Rat is inserted head-first and sccured l)\ a wad of kleenex and tape,

(4) Prepare a rat phantom from a polyethylene bottle sclected to be as

« identical as possible in size and shape to the rat holder,
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(10)

(11)

H. Dete

Material

- . POLYETHYLENE
BOTTLE

FIG.42. Rat holder and rat phantom.

Add to the rat phantom an accurately weighed amount o® Na(l,
approximately 2 g. IFill with distilled water and seal,

Irradiate the rat to the thermal neutron flux for approximately 1 h,
but accurately record the time length of irradiation. .
Irradiate the rat phantom in the identical positiop for the samne
length of time.

Count both the rat and the rat phantom by the Nal(Tl) ervstal-
spectrometer at approximately the same time after their respective
irradiation. Determine the count rate by integration of the area
under the 1, 38-MeV total absorption peak on the gamnia- ray
spectrum, .

Calculate the weight of Na in the rat by the following proportion

weight of Nain rat _ N
g 4 13 Y‘ N - - .
weight of Na in phantom ¥ Chantom
where 1 = net count rate, )

Express Nagp as 7 of body weight, The value should heappro.\:imatoly
0,149,

From inspection of the gamina-ray spectra, what other radio-
nuclides were produced in the rat by the neutron irradiation? Could
total body Cl, Ca or K be estimated by the same technimie?

rmination of exchangeable sodiumn in the rat
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s and equipment

Rat = preferably the same rat as used in part A of this experiment.
“Na solution of high specifie activity,

Rat metabolism cage. H

Nal(Tl) scintillation crystal-spectrometer,

I'tame photometer,
Counting vials (20 1nly of the liquid-scintillation- counter type,
Y

N
g

Inject a known volume of “YNa solution (approximately 2 uCi) intra-
peritoneally into the rat. Put the rat in the metabolic cage and begin
urine collection.,
Injegt an identical volume of the dose into a liquid- scintillation
counting vial. Make up to 15 ml with water,

Aftér 2t leagt 6 h withdraw approximately I ml of blood froin the rat
by heart puncture or from the tajl vein,
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(10
(11

(‘vntl‘ifugé the blood and pipette an aliquot of plasma into & counting
vial, Make up to 15 ml with distilled water and count on the
scintillation crystal, .
Determine the Na concentration in the plasma sample by flame
photometry and calculate the specific activity.

Count the vial dontaining an identical volume of the dose,

Wash down the metabolic cage with water into the urine-collection
vial. Make up to 15 ml and count,

Correct all net count rates to an arbitrary initial time.

Calculate Na, as follows

Yiose l‘cxcretcd(cl)m) -

N = a (epm/miq)

where . = net count rate of dose
Vexcreted ™ ‘nfzt cou‘nt‘ rate of dose fzxcrute(l
a  =.specific activity of plasma in cpm./mPq.

If part A was completed, calculate the ratio ,\’nc/.\laT.

How can it be proven that the non-exchangeable pool of Na is in-
bone?
.

181




Q

ERIC

Aruitoxt provided by Eic:

-

Exclusive sales agents for IAEA publccatcons to whom all orders

UNITED KINGDOM
UNITED STATES OF AMERICA

HOW TO ORDER IAEA PUBLICATIONS

4

and inquiries should be addressed, have been appointed

"in the following countries:

Her Majesty’s Stationery Office, .O. Box 369, London S.I.1
UNIPUB, Inc., P.O. Box 433, New York, N.Y. 10016

. In the following countries IAEA publications may be purchased from the

ARGENTINA
AUSTRALIA
BELGIUM
CANADA
CS.S.R.
FRANCE
HUNGARY
.INDIA

ISRAEL
ITALY

JAPAN
NETHERLANDS
PAKISTAN
POLAND

ROMANIA

SOUTH AFRICA -

SWEDEN
U.S.S.R.
YUGOSLAVIA

sales agents or booksellers listed or through your
major local booksellers. Payment can be made in local
currency or withyNESCO coupons.

Comision Nacional de Energia Atdmica, Avenida del Libertador 8250,
Buenos Aires

Hunter Publications, 58 A Gipps Street, Collingwood, Victoria 3066

Office International de Librairie, 30, avenue Marnix, Brussels $

Information Canada, Ottawa

S.N.T.L., Spélend 51, Prague 1

Alfa, Publishers, Hurbarovo ndmestie 6, Bratislava

Office International de Documentation et Librairie, 48, rue Gay-Lussac,
F-75 Paris 5¢ -

Kultura, Hungarian Trading Company for Books and Newspapers,

P.0.Box 149, Budapest 62

Oxford Book and Smionery Comp., 17, Park Street, Calcutea 16

Prakash Publishers, Film Colony, Chaura Rasta, Jaipur-3 (Raj.)

Heiliger and Co., 3, Nathan Strauss Str., Jerusalem®

Agenzia Editoriale Commissionaria, A.E.1.O.U., Via Meravigli 16,

I-20123 Milan

Maruzen Company, Ltd., P.O.Box 5050, 100-31 Tokyo International
Martinus Nijhoff N.V., Lange Voorhout 9—11, P.O.Box 269, The Hague
Mirza Book Agency, 65, The Mall, P.O.Box 729, Lahore-3'

Ars Polona, Centrala Handlu Zagranicznego, Krakowskie Przedmiescie 7,
Warsaw

Cartimex, 3-5 13 Decembrie Street, P.O.Box 134135, Bucarest ’
Van Schaik's Bookstore, P.O.Box 724, Pretotia :
Universitas Books (Pty) Ltd., P.O.Box 1557, Pretaria

C.E.Fritzes Kungl. Hovbokhandel, Fredsgatan 2, Stpckholm 16
Mezhdunarodnaya Kniga, Smolenskaya-Sennaya 32-34, Moscow G-200
Jugoslovenska Knjiga, Terazije 27, Belgrade

' . Orders from countries where sales agents have not yet been appointed and

&

equests for information should be addr&ssed directly to:

ublshmg Section, °
International Atomic Energy Agency,
Karntner Ring 11, P.0 Box 590, A- 1011 Vienna, Austria

L 182




" 7 INTERNATIONAL . L

Y- ATOMIC ENERGY AGENCY - . : :
VIENNA, 1972 _ : \ .
Q , PRICE: US $5.00 v SUBJECT GROUP; | v 4
E lC : Austrian Schillings 120. Life Sciences/Animal Sciences 83
; - (£2.00; F.Fr. 26,10, DM 16,40) '

Aruitoxt provided by Eic: I3 . , )




