
IAEA-193

RADIOISOTOPE STUDIES
OF SOME EFFECTS

AND INTERACTIONS
OF TRACE CONTAMINANTS

REPORT OF A MEETING
ON ISOTOPIC TRACER-AIDED STUDIES

OF THE BIOLOGICAL SIDE-EFFECTS OF FOREIGN CHEMICAL RESIDUES
IN FOOD AND AGRICULTURE

HELD IN VIENNA, 5-9 APRIL 1976
AND ORGANIZED BY THE

JOINT FAO/IAEA DIVISION OF ATOMIC ENERGY
IN FOOD AND AGRICULTURE

(a4s A TECHNICAL DOCUMENT ISSUED BY THE
?... INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA. 1976



RADIOISOTOPE STUDIES OF SOME EFFECTS AND INTERACTIONS OF TRACE CONTAMINANTS
IAEA, VIENNA, 1976

Printed by the IAEA in Austria
October 1976



PLEASE BE AWARE THAT
ALL OF THE MISSING PAGES IN THIS DOCUMENT

WERE ORIGINALLY BLANK



The IAEA does not maintain stocks of reports in this series. However,
microfiche copies of these reports can be obtained from

INIS Microfiche Clearinghouse
International Atomic Energy Agency
Kdmtner Ring 11
P.O. Box 590
A-1011 Vienna, Austria

on prepayment of US $0.65 or against one IAEAmicrofiche service coupon.



CONTENTS

1. REPORT ................ .............................. .... 5

1.1. Background .................................................................. 5

1.2. Ongoing investigations ............................................ 6

1.3. Training aspects ........................................... 12

2. CONCLUSIONS .................................................................... 13

3. RECOMMENDATIONS .......................................................... 14

4. WORKING PAPERS ............................................................... 15

5. COORDINATED INVESTIGATIONS ........................................ 16

6. LIST OF MEETING PARTICIPANTS ....................................... 20

3



1. REPORT

1.1. Background

The coordinated programme of "isotopic tracer-aided studies

of the biological side-effects of foreign chemical residues in food

and agriculture" was initiated in 1973. Its main objective was "to

encourage the development and application of *.......... promising

isotope techniques for studying the biological or toxicological side-

effects of chemical residues on "non-target* organisms ......... ".

The programme has involved the participation and collaboration of

12 scientists from 10 countries (see 5). It has been characterized

by the relatively unconventional use of radiotracer techniques for

studying the biological effects of non-labelled or existing trace

contaminants such as pesticide residues, toxic metals, atmospheric

sulphur dioxide, etc. i.e., by their use as monitoring tools for

existing contaminant levels or for their biological effects.

Some priorities were identified as a result of the first

coordination meeting held in Vienna 1974 (see "Radiolabelled substrates

for studying biological effects of trace contaminants", Technical

Document published by IAEA, Vienna, 1975, IAEA-170) and the programme

has since emphasized those priorities.

The object of the meeting reported here (see 6) was to review

progress and problems, establish guidelines for the future, and to

identify techniques which might usefully be included in the successful

series of Joint FAO/IAEA training courses on "Nuclear techniques for

studying trace contaminant problems of agriculture, fisheries and food".

A further such course is scheduled for the Far East Region in 1977.

These courses are designed to aid suitably-qualified scientists of

developing countries to make safe and effective use of tracer techniques

for identifying and studying their own problems under the local conditions

of food and agriculture. Their importance has grown with the ability

of developing countries to export food and other products combined

*) The term "non-target organism" is used here to denote an organism
unintentionally exposed to environmental contaminants e.g., fish
exposed to pesticides as distinct from insect pests intended for
lethal exposure
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with the need to meet the growing range of internationally-recommended

limits and controls for trace contaminants of food and environment.

1.2. On a.ng investigations

1.2.1. Effects of environmental contaminants at the molecular
level of the cell nucleus (see 4.2. 4.6, 4.7 and 4.10)

One of the most important side-effects resulting in

the so-called "late effects" is due to action of chemical compounds

on DNA, and on its synthesis and repair. A correlation between

inhibition of DNA-excision repair and increased mutation rate

has been found in microorganisms. Possible similar correlations

in mammalian cells have been studied bearing in mind that post-

replication repair has some connexion with malignant trans-

formation of cells. Thus, excision repair inhibition by chemicals

may lead to post-repair replication with a higher probability

of manifestation of mutations and cancer. These important

problems remain under investigation and await clarification

at the molecular level.

While screening methods utilizing microorganisms

offer speed and sensitivity, the important question remains:

What is the relevance of results obtained by such test

methods to the actual or potential mutagenic hazard to man?

A screening system utilizing mammalian cells and providing

for possible metabolism of the chemicals to be tested by

a suitable animal system appears to be the most direct rapid

means of obtaining results that are relevant to man.

Radiotracer techniques have proved essential for

studying both the metabolic fate and effects of absorbed

contaminants. Experiments with bean plants exposed to

(3 5 S)SO2 and with 3 2P-labelled metabolic pools indicated

rapid metabolism of the absorbed pollutant and, incidentally,

possible effects on RNA turnover before the appearance of

visible signs of phytotoxicity.
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Studies with microorganisms: Studies were made with

several chemical contaminants using different Salmonella

thyphimurium strains. The S. thyphimurium mutagenesis

system developed by B.N. Ames (see Lewin, R., New Scientist,

1976, 22 January, p. 179 for description) is simple, rapid

and very sensitive, and is useful for screening large numbers

of chemicals for mutagenic activity. The disadvantage

is the problem of extrapolation of the results to human

cells. Therefore, the system should be regarded as a

pre-screening stage or as a supplementary method to those

using mammalian cell preparations. The sensitivity of

the method can be increased by using mutants which lack

DNA-excision repair. A small modification of this method

by the introduction of an internal standard radiation

source to produce a definite number of mutant colonies

of the wildtype resulted in the possibility also for

screening for DNA-repair inhibitors. Positive results

from either bacterial screening tests have been evaluated

from mammalian significance by using the host-mediated

L5178Y cell mutagenesis system (see below).

Studies with mammalian cells: Many chemical mutagens

and carcinogens interact with mammalian cell DNA and

induce repair synthesis. Thus, DNA repair induction

assay holds considerable potential for mutagen and carcinogen

detection. The most convenient means of assay is to measure

the unscheduled DNA synthesis after cells have been treated

with DNA-damaging agents. Measuring (H)-thymidine uptake

in mammalian cells has proved simple, rapid and inexpensive.

Mouse ascites, L5178Y lymphoma or sarcoma 180 cells, in

the presence of hydroxyurea can be used for the detection

of unscheduled DNA repair synthesis. A cell-free metabolic

activation system has also been combined with this in vitro

in order to detect those compounds which require metabolic

activation for their activities. The easy availability of

mouse ascites cells and the simplicity make this method

especially suited for screening large numbers of environ-
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mental chemicals. Attempts should be encouraged to develop

in vivo assays with L5178Y cells.

Studies with plants: Data obtained with (35S)-S0 2 and

exposed bean plants showed more intensive incorporation

of SO2 products in chloroplast and microsomal fractions

than in mitochondrial fractions of the leaves. This

suggested that chloroplasts and microsomes of plants

might be affected first by the SO -polluted atmosphere.

the results of incorporation of 3S into the acid

insoluble proteins confirmed that atmospheric SO2 was

rapidly metabolized to organic forms in the bean leaves.

The results also indicated that low SO 2 concentrations

(0.02 - 0.40 ppm) during 24 - 72 hours stimulated the

metabolism of phosphorus in bean plants in different

phases of their development. Apparent changes in the

turnover rates of ribonuoleic and deoxyribonucleic acids,

phopholipid and acid soluble compounds were also noted

and these occurred before the appearance of visible signs

of damage. Changes in 3 2P-labellingof ribonucleic acid

could be a reflection of stimulated labelling of RNA

precursors such as nucleotides. Therefore, studies of

photosynthetic phosphorylation of ADP by (32)P04 would

be useful.

1.2.2. Development and significance of radioimmuno assay
procedures for trace contaminants (see 4.1) 

An interesting reaction of certain pesticides is

their ability, in the form of a suitable protein-conjugate,

to induce the formation of an antibody in the exposed animal

specific for the pesticide. This has been studied quantitatively

as a possible means for a specific and sensitive residue assay

technique on the basis of radioimmuno assay (RIA) procedures.

In principle such methods would be sensitive, precise,

specific, rapid, relatively simple, and inexpensive not only

for pesticide residues but other trace contaminants of

living organisms, food and environmental media. The primary

requirements for conducting radioimmuno assays are suitable
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antibodies to, and a radiolabelled form of, the substance

to be measured. In this regard, progress to date has

centered primarily around the production of antisera with

a significant titre of antibodies against parathion. Other

antisera against 1-naphthol and methyl parathion have become

available recently, but have not been characterized.

The anti-parathion serum has been tested effectively

in radioimmuno assays of blood and plant tissue samples

spiked with known amounts of parathion. As little as 20ng

of the insecticide could be detected in either blood serum or

crude extract of apples, cabbage, celery, corn, and lettuce.

The RIA procedures developed so far have demonstrated

specificity, accuracy, and reproducibility but insufficient

sensitivity and precision. It is expected to achieve the

necessary improvements through the use of higher specific

activity radiotracer, conditions of incubation, etc.

Work in progress includes the immunizations of

rabbits with conjugates of methyl parathion, paraoxon,

sumithion, carbaryl and £-nitrophenol. Bovine serum al-

bumin of solanldine, patulin and tetrachlorodioxin are

now being synthesized and will be used in developing

their respective antisera.

1.2.3. Action and joint action of toxic elements (see
4.3, 4.8 and 4.9) 

Interaction between "toxic" trace contaminants

such as lead, mercury and cadmium to which organisms are

almost invariably simultaneously or consecutively exposed,

prompts various questions: Is the toxicity of one metal

influenced by the presence of others; are the concentration

and distribution of one metal in vivo influenced by the

presence of others? For example, there is evidence that

the toxicity of mercury is influenced by the presence of

selenium and vice versa. and in some biological systems

there is a quantitative relationship between mercury and
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selenium concentrations. With regard to toxicity the

relationship between cadmium and selenium is similar to

that between mercury and selenium. On the other hand no

quantitative relationship between cadmium and selenium

concentrations in certain fungal species was observed.

It is well known that different organisms differ

in their requirements for trace elements and likely, there-

fore, to exhibit different sensitivities to the toxic

effects of that element. They must presumably also have

different mechanisms for elimination and storage.

Studies have been made on the accumulation of,

and correlation between, some trace elements in higher

fungi with interesting and useful results (see 4.3). In

particular the value of using fungi as environmental plant

accumulators and indicators of soil contamination, especially

by mercury and cadmium, was demonstrated.

Using rats as experimental animals studies have

also been made of interactions between two toxic elements

when administered in a mixture at one site or separately

at different sites. This work demonstrated competition

between cadmium, mercury or zinc when injected at the same

site and it was concluded that thionine does not play a

role in this respect but might affect the uptake of mercury

or zinc in the presence of cadmium (see 4.8). Comparative

studies have also been made of the importance of effects of

mercury and selenium on oxidative phosphorylation in mito-

chondria of controlled and poisoned rats. Effects were

found at relatively high concentrations of cadmium and lead

(see 4.9) but the significance of these effects in the

mechanisms of chronic toxicity remains unknown.

The study of these problems is important in the

context of the environment, e.g.,
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(a) For the identification of the biological organisms

as indicators of the presence of the toxic element on the

basis of high bio-concentration effects.

(b) For the identification of food or food intermediates

likely to represent a greater toxic hazard to ingesting

animals on account of the higher concentrations.

(c) The relationship and interaction between two or more

of the toxic elements in vivo may provide important in-

formation on the toxic mechanisms involved and the

elaboration of acceptable intake levels of one element

in the presence of others also present in the diet.

1.2.4. Radiometric assay of cholinesterase as an index
of exposure to organophosphorus and carbamate
pesticides (see 4.4 and 4,.5)

Between the 1940's and the late 1950's the organo-

chlorine pesticides, notably DDT, were used successfully

on a wide scale to control insect vectors of human disease

and a wide range of agricultural and domestic pests.

Problems of "pest resistance" to organochlorine insecticides

and growing concern over the environmental hazards of persistent

compounds generally, has led to the use of steadily increasing

quantities of the less persistent organophosphorus and

oarbamate pesticides. These inhibit the cholinesterase

group of enzymes in vivo and inhibition can be detected

in animals before the onset of signs of poisoning. Many

methods have been developed for the measurement of

cholinesterase inhibition. Carbamate inhibition, unlike

that caused by organophosphates, behaves as if it were

reversible; reactivation of the inhibited enzyme

occurring on dilution of the tissue specimen or addition

of substrate. For this effect to be minimized, the

dilution of the enzyme preparation, incubation time, and

substrate concentration must be kept as low as possible.

The radiometric method originally described by Winteringham

and Disney (Lab. Practice, 1964, 13, 939) meets these
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criteria since it effectively employs only an 11-fold

dilution, 20-second incubation time, and uses C-acetyl-

choline at an initial concentration as low as 5 x 10 5 Molar.

The method has, and is being developed within the coordinated

programme with the aims of it proving its relia ility for

the examination of human blood, and for its application to

farm animals exposed to organophosphorus and carbamate

acaricides. A promising development under consideration

has been prompted by the adpatation published by Johnson and

Russel (Anal. Biochem. 19759 4 229) in which (3H)-acetyl

choline is used as the substrate. After incubation, in this

modified method, the sample is protonated by addition of an

acid buffer and a toluene/isoamyl alcohol scintillator.

The free acetate present is extracted into the scintillator

phase and counted with an efficiency of about 50% whilst

the unchanged substrate remains in the aqueous layer and

contributes less than 2% to the total count, This adaptation

has the advantage that (3H)-acetyl choline is cheaper and

available at higher specific activities than the 1 4C-labelled

substrate. Moreover, the drying stage is eliminated thus

simplifying and speeding up the assay as well as removing

a source of error. This modification will be studied with

a view to its application and to its inclusion in the

FAO/IAEA training coci ces.

1.3. Training aspects

Experience within the programme had illustrated the unique

value of radioactive techniques for certain investigations in the

context of environmental toxicology. In particular, the use of

phosphorus-32 as a tracer for specific ADP phosphorylation and its

inhibition, the use of labelled substrates for measuring enzyme

reaction rates under conditions of minimal substrate concentration,

dilution and time, the use of labelled substances (e.g. haptens) in

an isotope dilution technique based on their competitive binding

to anti-sera specific to them. These techniques had been sufficiently

developed and tested, or likely to be so in the immediate future, as

to justify inclusion in future training courses. The same experience
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had also demostrated the need for demonstration and experience at

bench level if they were to be effectively used and some pitfalls

avoided. The course lectures should take full account of alternative

and complementary techniques, whether or not involving isotopes.

2. CONCLUSIONS

The programme had been successful in the development and application

of selected labelled substrate techniques. Their further support was,

however, beyond the scope and resources available to the Joint PAO/IAEA

Secretariat. Certain of the labelled substrate techniques were

sufficiently tested and developed, or likely so to be within the

immediate future, as to justify their inclusion inr the training courses

(see above). Their application could give results for which alternative

techniques did not exist. For example, the use of radiolabelled acetyl-

choline substrate for the relatively rapid and sensitive detection of

enzyme inhibition as a result of the exposure of "non-target" organisms

to carbamate insecticides or acaricides; the use of labelled precursors

of DNA in vitro for screening of environmental chemicals for DNA

metabolism effects and so provide warning of undesirable potential for

carcinogenic and mutagenic action.

The radioimmuno-assay technique had been successfully extended

to the detection of certain pesticide residues and incidentally demonstrated

how certain pesticide-protein conjugates induce immune reactions in

non-target organisms. The advantage in the use of (32 P) phosphate for

studying effects of trace contaminants on oxidative phosphorylation had

similarly been demonstrated. The meeting noted that the development

of labelled substrate techniques for the assay of autotrophic production

i aquatic ecosystems was the subject of a new FAO/IAEA coordinated programme.

The meeting noted the likely inclusion of one investigation (see 5.3) in

a new coordinated programme on soil residue interactions and that develop-

ment of labelled-substrate techniques within the present programme need

not extend beyond 1977.

In considering future activities against the above background

the meeting felt that a further coordination meeting would not be
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justified and that this report should be final and issued as a

Technical Document by IAEA. However, it was concluded that the development

and application of radiolabelled DbA precursor techniques was of such

importance that an international symposium on this subject should be

organized as soon as possible, This wcild review, comparatively and

critically, radiotracer and other techniques for screening chemicals

for their potential to interfere with DNIA-EA metabolism, replication

and differentiation of both animal and plant cells. It was also con-

cluded that the importance to agriculture of studies of crop-sulphur

dioxide interactions appeared to be underestimated and that the especial

importance of tracer techniques in this context had been clearly

demonstrated. These conclusions are reflected in the recommendations (see 3).

3. RECOMMENDATIONS

The following recommendations were addressed to the Joint FAO/IAEA

Secretariat: -

3.1. In the FAO/IAEA training courses and projected laboratory manual

on nuclear techniques for trace contaminant problems of

agriculture, fisheries and food to provide for new or improved

coverage of the following topics: -

3.1.1. Use of (iB-acetyl)acety' choline as substrate and two-

phase scintillation counting system for detecting

cholinesterase inhibition as an indicator of exposure

of "non-target" organisms to carbamate or organo-

phosphorus compounds.

3.1.2. Use of an ½ or 14-labelled DNA-precursor for

demonstrating inhibition of DNA-repair, or stimulation

of unscheduled DNA-synthesis by a mutagenic chemical.

E.g., the uptake of 3H-thymidine by DNA-damaged L5178Y

cells in the presence of hydroxyurea and with or without

established repair inhibitors. Comparative aspects of

using microorganisms as in the Ames test and animal

cells should be explained.
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3.1.3. Use of (32P)-inorganic phosphate-ADP acceptor system

for measuring oxidative/photo pbosphorylation in mito-

ohondria/chloroplast preparation in vitro.

3,1.4. Use of a specific anti-serum preparation and a suitably

labelled pesticide for demonstrating the radioimmuno

assay procedure for the pesticide residue in an animal

or plant tissue sample.

3.2. To facilitate the supply of labelled reagents and substrates in

connexion with 3.1 and relevant information with priority for

scientists in developing countries.

3.3. To organize an international symposium for 1979 for a critical

and comparative review of radiotracer and other techniques for

screening chemicals for their potential to damage DNA or to inter-

fere with its repair and replication in microorganisms, animals,

and plants. The cooperation of WHO and other international

organizations such as IAES should be considered.

3.4. To provide for extended study and financial support of the

important problems of plant-atmospheric sulphur dioxide inter-

actions under conditions of typical exposure of important

food or cash crops.

4. WORKING PAPERS

4.1. The development of methods for the analysis of pesticides by

radioimmuno assay (A.Y. Al-Rubae, C.D. Ercegovlch, R.R. Getting,

R.P. Vallejo)

4.2. Experiments of side-effects of foreign chemical residues in food

and agriculture (H. Altmann)

4.3. A study of the accumulation and correlation between some trace

elements in higher fungi (A.R. Byrne, L. Kosta, P. Stegnar)

4.4. Radiometric assay of blood acetylcholinesterase levels in zebu

cattle (A.A.K. Chemtai)
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4.5. Modification to a radiometric method for the measurement of blood

cholinesterase (R.W. Disney)

4.6. Comparison studies with pesticides relating on their biological

activity using isotope technique for DNA repair test and

bacterial mutagenicity screening method (J. Kovacs, T. Skwarek,

A. Sooki-T6th)

4.7. DNA-damage and repair in mouse ascites cells (Se Yong Lee)

4.8. The interaction between cadmium, mercury and zinc administered

subcutaneously in a single injection (L. Magos and M. Webb)

4.9. The effect of cadmium and lead on the oxidative phosphorylation

of liver and kidney mitochondriaof rats (P. Nitisewojo et al.)

4.10. Study of sulphur dioxide effect on plant metabolism using 32P

and 35S and indicators (M. Plesnicar)

5. COORDINATED INVESTIGATIONS

(Comprising the "programme of isotopic tracer-aided studies of

the biological side-effects of foreign chemical residues in

food and agriculture").

5,1. Studies of the effects of pesticide and other chemical residues

on DNA repair mechanisms of non-target organisms (Altmann, Austria)

5.2. The nature and side-effects of herbicide residues under conditions

of Hungarian agriculture (KovAcs, Hungary)

5.3. Effects of pesticides on the metabolic activity of some soil

microorganisms of agricultural importance (Balasubramanian, India)

To be initiated in 1976.

5.4. Screening of pesticides, herbicides and antimicrobial chemicals

for mutagenicity and DNA interactions by the host mediated

mammalian cell system (Lee, Korea)
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5.5. Mercury and other heavy metal toxicity, and mitochondrial dys-

function (Nitisewojo, Malaysia)

5.6. Radiometric assay of blood cholinesterase in animals and

wildlife as an index of possible exposure to organophosphorus

and carbamate pesticides (Chemtai, Uganda)

5.7. Development of the radiometric technique for acetylcholinesterase

activity of non-target organisms as an indicator of exposure

to or of the presence of anticholinesteratic residues (Disney, UK)

5.8. Interaction between metals and other factors affecting their

toxicity (Magos, UK)

5.9. Development of selective RIA procedures for the analysis of

pesticide residues (Ercegovich, USA)

5.10. A study of the accumulation and correlation between some trace

elements in higher fungi (Kosta, Yugoslavia)

5.11. Study of sulphur dioxide effects on phosphorus metabolisms in

plants using 3 P as indicator (Plesnicar, Yugoslavia)

5.12. Study of the radiometric esterase inhibition techniques for

pesticide residue determination (Schmid, Austria). Terminated

1975-06-30.
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