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Concern for the
environment is concern
for the human being

"Pollution is not a technical problem. The fault lies
not in science and technology as such but in the sense of
values of the contemporary world which ignores the rights
of others and is oblivious of the longer perspective."
—Prime Minister Smt. Indira Gandhi at the
U.N. Conference on Human Environment at
Stockholm on June 14.1972.
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HISTORICAL DEVELOPMENT AND CURRENT STATUS OF CRITERIA
AND STANDARDS FOR PROTECTION FROM HARMFUL INDUSTRIAL
AND ENVIRONMENTAL CHEMICALS
C. R. Krishna Mwrtl
Industrial Toxicology Research Centre, Lueknow

TitiWt

Historical

Man has been exposed to the hazards of his occupation right from
the dawn of civilization. Anthropological surveys among primitive people
as well as the str-iy of prehistoric monuments and sites reveal the prevalence of illhealth arising from stone cutting, handling of metallic tools
and other occupations. A vivid description of the horrors of ancient
mining practices is given by the Greek historian Diodorius Sicilus of
Sicily based on his visit to the Nulian gold mines of Egypt.
Ancient systems of medicine of Greece, India and China contain
many references to occupational diseases. Treatment adopted in the Nile
Valley for occupational disorders including the use of external medicaments
are delineated in the inscriptions in the Pyramids.
However, not until Ramazzini wrote in the 7th century his pioneering treatise on occupational health was it considered worthwhile by physicians to solicit information from patients about their 'occupations. This
key change in the mode of making medical records had far reaching consequences. It became recognised more and more that besides the body
humors and other "extra-territorial" influences, occupation and its environment could affect the course of diseases.
With the advent of the Industrial Revolution, there was considerable widening of the horizons of productive activity of man in harnessing
natural Resources. Concurrently newer hazards to human health appeared
on the scene. The cell theory of Vrichow. the infection theory of Pasteur,
the enunciation and experimental verification of Koch's postulates and the
theoretical basis provided by Ehrlich for the origin of disease on physicochemical interactions were revolutionary developments.
For a long time the design of curative measures attracted more
attention than preventive measures in the conrpiest of occupational diseases. Although the introduction of the steam engine brought abouli a certain degree of mechanization in the mining, melallurgical and textile industries, human labour continued to be exploited without adequate care of
his health and environment. The inhuman atrocities to which children
employed in factories were subjected and the insanitary conditions sur-

rounding the working and living places of industrial workers were highlighted by enlightened creative writers like Charles Dickens and humanists
like William Morris and Ruskin in England. With a long tradition for
non-conformist activities, magnified after the French Revolution, the Trade
Union movement in U.K. gained momentum and as a result Factory Acts
were passed in England and in most of the European countries. It became obligatory to notify diseases arising from occupation and even to
introduce factory medical services. Considerable advances were also made
in investigation on pneumoconiosis and other occupational diseases. The
lay press played a great role in exposing death due to cancer caused by
asbestos.
Industrial Toxicology

Occupational health has assumed an entirely new order of dimension with the rapid phase of industrialization after World War-II. The
advances in science and technology and the phenomenal growth of chemical industries have revolutionized the way of living of man today. A host
of new substances have been introduced into an environment which has
hitherto been free from them. Along with breeding and genetic techniques,
pesticides and weedicides have helped in the dawn of the Green Revolution. While the benefits of these advances have been staggering, the exposure to smoke, dust, fumes, gases and other potentially toxic chemicals
has become inevitable. Inhalation is one of the most potent routes of
entrance of industrial toxicants. Exposure through skin is another mode
of entry of toxins.
Air and water pollution have turned out to be problems of industrial civilization as poignantly voiced by biologists like Rachel Carson and
their global dimensions were emphasized in the famous Stockholm declaration.
The evaluation of contaminants; of air and water is of utmost urgency. With the introduction of the concepts of maximum allowable concentration (MAC) and threshold limit values (TLV), standards have been laid
down for important pollutants like carbon monoxide, sulphur dioxide, dust
particles,, heavy metals etc. The standards organizations all over, the world
have played an effective role in the compilation of such standards. The
MAC and TLV values differ from country to country depending upon the
climatic factors as well as the general nutritional and health status of
the people. Thus one cannot apply the standards of limits of air pollutants enforced in Los Angeles, Chicago, London, Toldyo or New York to
Indian cities. Both in our urban and rural environment we have problems
of water and air pollution peculiar to our ways of living.

Experimental Toxicology
It is indispensable to set up experimental models to simulate as far
as possible the human situation vis-a-vis industrial toxicants and use the
models not) only to learn more about basic mechanisms of tissue and cell
injury but also update our information on MAC and TLV.
Besides toxicological data such as conventional chronic and acute
toxicities and other pharmacological parameters, teratogeny, mutagenesis
and carcinogenesis are manifestations which have come to sharp focus
only in recent years. These factors have to be included in any rational
programme of evaluation of toxicity. Experimental toxicology has thus
to reckon with these new developments and devise appropriate means for
quantitating and predicting the risk involvement from changes in gene
activity and its expression besides exploring molecular mechanisms for cell
injury. There is also need for evaluating toxicants on a a integrated ecosystem appropriate to man.

A 100% public sector enterprise, Bharat Refineries has
acquired complete ownership of Burmah-Shell's interests in
India, including the largest refinery and an extensive marketing
network.
Bharat Refineries Limited will be the first refinery in
the country to process crude oil from Bombay High, nation's
first offshore source. It has developed the necessary capability
with its own expertise and kno>v-how.

Bharat Refineries Limited
A change that heralds growth and progress
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SCIENTIFIC BASIS FOR THE DEVELOPMENT OF RADIATION
PROTECTION STANDARDS
K. G- Yob. a
Division of Radiological Protection
Bhabha Atomic Research Centre, Bombay-MO 085

The radiation protection standards of today are based on a large
volume of scientific research carried out for over half a century. Th£
history of development of these standards provides a fascinating reading
even for the layman. Soon after the discovery of X-rays in 1895, it was
realised that some measures fun protection against these radiations were
necessary. The ear'y effects of X-rays and radiations from radium were
associated with the deveiupnon* of erythema on the exposed part of the
body and the early protection standards were based on the threshold for
erythema development signalled by reddening of the skin. No quantitative unit for dose measurement was specified until 1928. In contrast, the
current radiation protection standards are based on a highly sophisticated
scientific approach, related to two important effects, namely, (i) induction
of cancer, and (ii) genetic effects involving! the future generations. In this
summary I shall try to give a scientific basis for the evolution of the current radiation protection norms and standards. Research work in this fascinating area still continues and the present standards serve only as guidelines and cannot be termed as absolute or finally accepted.
For the first 10 to 15 years, emphasis was mainly on the skin
damage caused by the X-rays and other sources of ionizing radiations.
This was followed by the studies on late effects produced several years
after an acute exposure, and the chronic effects of continuous exposure
at low doses, mainly in the induction of cancer. As early as 1903 it was
shown that X-rays can induce leukemia in mice. During the following
decade evidence of increased incidence of tumours among radiologists became available. By 1922 it was found .that more than 100 early radiologists had died of occupational^ produced cancer and leukemia. These
bindings led to the development of radiation protection as a profession and
the adoption of conservative and scientifically sound standards for protection. In 1927 H. J. Muller discovered that ionizing radiations can also
cause gene mutations which led to the possibility of genetic effects in
human populations. It thus became necessary to give a careful consideration to standards 'to protect not only the radiation workers but also large
populations again si the possible hazards of large scale use of ionizing radiations. The International Commission on Radiological Protection (ICRP)*
* Initially the ICRP was known as the International X-ray and Radium Protection
Commission.
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was formed in 1928 when Roentgen as the unit of measurement of dose
was also defined by the International Commission on Radiological Units
(ICRIJ), and values of 200 mR/day and 1000 mR/week were prescribed as
maximum permissible doses. The first official recommendations of the
ICRP were published in 1934, and the-use of 1000 mR/week was continued.
These recommendations have been under constant review and the present
standards correspond to 100 millirem/week for occupational exposure,
base? on the annual occupational limit of 5 rem. The tolerance level for
average i-opulation groups is 5 rem in 30 years, corresponding to 170 millirem/year. We can now look at a few of the more intricate aspects and
basis for the adoption of present radiation protection standards.
The results cf human experience over the past 50 years have unequivocally established the development of leukemia and other cancers in the
individuals exposed to ionizing radiations. This information is based on
the studies carried out on the survivors of Hiroshima and Nagasaki, British
patients who received large doses from X-rays used for the treatment of
ankylosing spondilitis, radium dial painters, the American radiologists of
early days who used X-rays without precautions and patients treated with
radioactive iodine for hyperthyroid. Estimates of risks of induction of
different Itypes of cancer are based on the above human experience. In
addition to this, extensive data from animal experiments is also available.
The latent period was found to be least for leukemia and the risk of this
was found to lie in the range of 1 to 3 cases per million per rad pel"
year. The risk of other cancers with larger latent periods was found to
be higher by a factor of 3 to 4. In all the cases of human exposure,
the doses received by the exposed individuals were large, in the range of
20 to 5000 rads. For assessment of risks to large populations it is necessary to know the effects of smaller doses spread over several years, all
administered continuously or in repeated exposure for medical purposes.
Therefore it is necessary to extrapolate these results from high doses to
low doses. Such an extrapolation is possible only on the basis of a linear
dose effect relationship. These extrapolations tend to be conservative for
low LET radiations because of the cellular repair mechanisms. For the
same reason, a given dose delivered over a longer period reduces the risk"
and the latent period of cancer. In view of these considerations the cancer risk of the currently accepted standards for occupational and nonoccupational exposures is very small.
The major manmade source of radiation exposure today is the
medical use of radiations, particularly diagnostic X-rays. Attention must
be focused on the current standards for such exposures, particularly the
exposure of the foetus during pelvic X-ray examinations for which the
dose is in the range of 4 to 5 rem. Due to very high radiosensitivity of
the foetus, the probability of development of leukemia or cancer in the
12

offspring is very high, particularly during ,the childhood. Application of
current standards to medical exposures merits serious consideration.
An important consideration in the past reductions by the ICRP of
permissible exposure has been the possibility of genetic injury caused by
ionizing radiations. However recent evidence suggests 'that genetic effects
of ionizing radiations may be quite small compared to the risk of induction of cancer. In the current philosophy of radiation protection standards
it is necessary to use two considerations, firstly that no dose of radiation*
howsoever small, is without some chance of causing cancer, and secondly
linearly increasing probability of cancer with increasing radiation exposure. The standards based on these considerations of somatic effects are
likely to be quite conservative from genetic considerations- The likely
increase in the incidence of genetic effects from the current permissible
dose rates for large populations is estimated to be negligibly small compared to the natural occurrence of such effects. The cancer risks of permissible exposures are also negligibly small compared to the urban incidence of cancers. Since any further reduction of permissible dose may
involve increased cost of nuclear operations, the ICRP recommendations
are based on the philosophy that all exposures be kept as low as possible
and the risks from man-made sources of radiation should be justifiable in
terms of benefits thit would not otherwise be received.
To sum up, we may say that after nearly 50 years of atudy of
radiation standards it now seems that the current tolerance levels are quite
conservative and the other environmental risks, particularly those from
chemical pollutants would probably far outweigh the risks from the present permissible levels of radiation. In addition to this, the discipline of
radiation protection has evolved to such a high level of sophistication that
there is little likelihood of indiscriminate exposure of man<to these hazards.
The situation for the toxic chemical substances in the environment and in
industry has already reached a stage which has lead to worldwide concern.
The sophistication of radiation protection norms could serve as a model
for the non-nuclear industrj* in the protection of workers and the
environment.
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ASSESSMENT OF RISK FROM RADIATION SOURCES
T. Subbaratnam, U. Madhvanath and S. Somasundaram
Bhabha Atomic Research Centre, Bombay-iOOOSJ.

Introduction

Risk from exposure to ionising radiation can be considered as
genetic in which case the damage is expressed in future generations, and
somatic, the damage that shows up in the exposed individuals. Exposures
in turn can be acute (tjens or hundreds of rads, received in a short period
of minutes to hours) or chronic, lasting several years, such as that encountered following internal contamination of the body. Assessment of
risk from radiation sources can be broadly considered in three parts, viz.
a. Dose-effect relationship for humans
b. Calculation of doses or dose-ccmmilments to population groups
from major radiation sources or installations
c. Assessment of risk for radiation workers and the population a:
large) for the current levels of exposure and comparison of the
risk estimates with others in a modern society.
Dose-Effect Relationship

Acute exposures to high levels of radiation (hundreds of rads) lead
to tissue damage, temporary or permanent incapacity or death. Such exposures are veryi rare and we are mainly concerned with low chronic exposures which lead by somatic mutation to cancer in the exposed individuals and to genetic diseases in the off-springs. As the incidence of these
delayed effects is low (one or two orders of magnitude1 lower than the
background level due to all natural causes), such low levels of radiation
damage cannot be experimentally determined but can only be obtained 'by
extrapolation of the results from high exposures, according to certain
established working hypotheses. A simple calculation indicates that following an exposure of 20 rad and 20 years of observation for incidence of
leukemia (bone cancer), we need a population of 1 million exposed and
another 1 million as control to detect an increase of 5% in the risk dne
to radiation (95% confidence level) (Goss, 1975). What levels of risk then
should we set ourselves to evaluate — tens or hundreds of cases pei*
million? Or is it an exercise in futility to try to determine the risk belov«r
a certain level? Do we at all need to evaluate precise risk values below,
say, 200 cases per million? Answers to these practical questions are diffi15

cult lo get. Nevertheless, we have to come up with the best estimates
which have lo be accepted as answers although they may sound academic
Genetic effects
Genetic .damage can be expressed in terms of the dose required to
double the existing mutation rate. A 21-year followup study of 30,603
Hveborn children for natural incidence of genetic diseases indicates that
about 94,000 per million (or 9,4 individuals per 100 liveborn) suffer at
sometime in their lives from a genetic- disease. (Trimble and Doughty, 1974).
Death pattern during) the first 17 years of the children of the population
who got exposed to atom bomb radiations at Hiroshima and Nagasaki
gave values of 46 rem for fathers and 125 rem for mothers for the doubling
dose. Using data on mice and a factor of 3 for reduction in effectiveness
from acute to chronic exposure, a range of 100 — tOOf rem can be taken
as the doubling dose for humans. Thus a dose of 5 rem per generation
would give an incidence between one-twentieth and two-hundredth of the
natural frequency, i.e. 4 — 40 cases per million in the first generation and
about 5 times this, i.e. 20* — 200 cases per million at genetic equilibrium.
Chromosomal and recessive diseases from 5 rem/generation exposure wq'uld
be only slight compared to the natural incidence of 3500 cases per million.
The major contribution will be congenital anomalies! expressed later as constitutional and degenerative diseases, to an extent of 120 per million in the
first generation or 1200 per million at equilibrium. This again is small
compared to the incidence of 90,000 per million now prevailing due to
natural causes (Sankaranarayanan, 1975).
Somatic effects
The major quantitative data on the incidence of cancer due to
somatic cell mutation has come from, the 30-year followup study of 110,000
Japanese who were exposed to 10 — 400 rad of neutron and gamma radiation. On linear extrapolation of all types of induced cancer, including
leuklemia, in this population lo low doses, the best estimates give 40 cases/
rem/million people exposed (Jacobi, 1975). Several recent radiobiological
data strongly suggest that the dose-effect) relationship is curvilinear and
that linear extrapolation is not justified. On the basis of R-D2 relationship
a population dose of 5 rem/generation will give an incidence of 30 malignancies per million people. The natural incidence of malignancies of all
types in a population is 3000 per million.
Incidence of genetie and somatic effects in radiation workers
The radiation workers (a minority group of, 1-2 worker per thousand
of population) are expected to receive much higher exposures than the
public. Considering only, dominant genetic diseases and assuming an exposure of 1 rem/y (ten times the background radiation level), the above16

mentioned dose-effect considerations give a total genetic and somatic incidence of 20 cases/y/million. All the above exposures refer to the whole
body. Thyroid is one of the critical organs that will be preferentially
exposed due to release of radioiodines from power reactors. The incidence
of thyroid cancer has been found to be 30 cases/tem/million.
Calculation of Doses or Dose-Commitments to
Population Groups from Nudear Installations

There are a series of major steps in any programme of nuclear
power production, each entailing exposure to ionising radiation. The major
contribution to dose results i'rom the following (IAEA, 1974) :
a.

Nuclear power reactor operation

b.

Operation of fuel reprocessing facilities

c.

Radioactive waste management practices.

For purposes of illustration, only the power reactor operation is
considered in detail here. Doses from the nttier steps listed above are
estimated in relation to nuclear power reactor operation.
Nuclear power reactor operation r
Exposure during normal operation

The operation of any nuclear power plant is associated with generation of radionuclides which include fission and activation products. Depending upon fuel failures and the system leak tightness, a part of this radionuclide inventory is likely to be released in occupancy areas within the
plant. In addition, external radiation is likely as a result of work in the
various areas of the plant. The status of the technology is currently such
that only a very small part cf the radionuclide inventory is released to
the environment in a controlled manner. The radiation exposures in the
plant involves two categories, viz. (a) radiation workers or plant personnel
and (b) members of the public.
Experience from operating nuclear power stations shows that the
total occupational exposure is in the range of about 1200-4000 man-rem in
a year or 4-12 man-rem per MWe.y.
As mentioned above, releases from the plant are made in a controlled manner and at any rate are not allowed to exceed the prescribed dose
limits or derived working limits thereof. These dose limits are applicable
at the plant perimeter. On the basis experience, the fence-post releases at
the observed release-rates are calculated to result in an exposure of about
600 man-rem in a year at a given site.
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Thus the. operation of a nuclear power station would result, on an
average, a total population exposure of nearly 1800-5000 man-rem. These
calculations assume a radius of 40 km. around the plant and an average
population density of about 300 persons/sq. km. The average per capita
population exposure is about 1.5-4 mrem/y. It is to be noted that these
exposures are essentially whole body exposures. Exposures of thyroid are
generally a very small fraction.
• '
Exposure during accident situations

Various types of engineered safety features are incorporated to
prevent, minimise and mitigate the consequences of a major accident to
the plant which might lead to large releases of radioactivity. The analysis
of the consequences of a major accident to a nuclear power plant is necessarily probabilistic in nature and usually a risk versus benefit analysis is
performed in order to compare the risk from the plant to those encountered
in everyday life (Rasmussen, 1975). Although one would like to reduce
the quantum of risk to zero, economic considerations dictate that the
risk be of very small value, so small that it is accepted by the Society.
Generally speaking, the type and design of the engineered safety
features are such that under normal operating conditions of the systems,
should an accident of the magnitude envisaged ever occur, the desired
degree of safety is achieved. Since all man-nmde systems are liable to fail
at some point of time, the reliability of each system is carefully determined,
the whole spectrum of accidents likely to happen is analysed and the quantities of radionuclides which may be released therefrom are estimated. The
desired degree of safety is dictated by the specification of acceptable
emergency dose (AED) and the accepted release in emergency (ARE).
Taking the example of a 200 MWe pressurised heavy water (PHW)
reactor of the RAPP design as a typical case, it may be noted that in order
to limit the dose at the site boundary to below the AED value of 25 rem
to child's thyroid, the permissible release from the containment would be
38 Ci of 131I. Using this as the limiting parameter for initiating emergency
action, it will be seen that within the 40 km radius the total thyroid
exposure would amount to 1.5 x 105 man-rem or an average individual
thyroid dose of 0.13 rem. In these calculations it is reckoned that everyone
in a belt of radius between 1 and 1.2 km js affected and beyond this
region the persons resident in a sector of angle 45° are exposed. The probability of such an1 event occurring is estimated as 5 x 10"6 per year. Associated release of noble gases (about 400 Ci) plus smaller quantities of other
radionuclides would result in whole body dose of about 32 man-rem or
3* x 10"5 rem/y per person.
In considering the above exposures, the doses to children and adults
both via the milk route and inhalation are calculated and added up. The
18

contribution from iodines other than I3I I, chiefly 133I, are also considered.
For noble gases, the immersion dose due to all Kr and Xe isotopes with
appropriate decay corrections are calculated and added.
It can be shown that taking the releases of radioiodines and radioactive noble gases over the entire spectrum of accidents envisaged for the
RAPP type PHW reactors, the total man-rem burden for the community
around the nuclear power plant is of the order of 6-7 man-rem/y, the
majoi! contribution (over 98%) being from radioiodines rather than from
noble gases and particulate activities.
Risk Estimates
Although there is not such extensive experience with power reactor
fuel reprocessing as with reactors, operating experience with the few
plants for several years indicates that the average exposure per person may
.ary between 500 and 1500 mrem/y with a mean value of 1000 mrem/y.
Assuming that about 1000 persons are employed in a reprocessing facility,
the total exposure would amount to 1000 man-rem for the occupational
category. A similar estimate may be made for the population at large due
to releases; from the plant. This is estimated to be about 200 man-rem
to persons living in a radius of 40 km, thus making a total of about 12000
man-rem or an average of 1 mrem/y per person.
Radioactive waste management
Exposures from waste management operations are not likely to
involve population exposures exceeding 200 man-rem/y or 0.2 mrem/y per
person.
Bisk estimates
Table 1 gives the average exposures to plant personnel and individual
members of the population at large for a power reactor, associated fuel
reprocessing and waste management facilities. The expected number of
malignancies of all types due to the above exposures are also listed in the
table. It can be seen that the maximum expected incidence is about 40
cases/million exposed in occupational; exposure category in reactor operation. For purposes of comparison of radiation risks with those in other
occupations in a modern society, the fatal accident rates and incidence of
occupational cancers are given in Tables 2 and 3 (Pochin, 1975). It will
be noted that the radiation risks are much lower than the risks in other
occupations.
19

Table 1
Average radiation exposure and estimated risk from
operation of nuclear installations

Type of
installation

Auerwjc
exposure
among population at 1ar.je
{mrenijij)

Expected
incidence
of malignancies of
all types
(cases!yj
million)

Averaye exposure in
occupational category
(mreni/ij)

Expected
incidence
of malitjnancies of

v

(ill types
(eases/yl
million)

Nuclear
Power
Reactor

Whole body
Thyroid

— 1600
— Insignificnnt

40
—

Whole body
Whole bod>

Less than 1
-- 2
—
-- Insignificant

Fuel
Reprocessing
Plant

Whole body
Thyroid

— 1000
— Nil

'20
—

Whole body
Thyroid

-- 1
- Nil

Negligible
—

Waste
Management

Whole body
Thyroid
"

— 1000
—. Nil

20
—

Thyroid
Thyroid

-- 0.2
- Nil

Negligible
—

Table 2
Fatal accident rates (deaths/million/y) UK Data 1960—1972 Means
Occupation

or Manufacture

Mean value

Engineering and electrical goods

23

Textiles

23

Food, drinks and tobacco

34

Leather, leather goods and fur

37

Timber, furniture etc.

64

Chemicals and allied industries

67

Metal manufacture

136

Ship building and marine engineering

162

Table 3
Fatality (or incidence of disease) attributed to types of exposure
Occupation

Cause of fatality

Shoe industry

Nasal cancer

130

Wood machinists

Nasal cancer

700

Uranium mining

Lung cancer

1500

Carbon carbonizers

Bronchitis and
Bronchial cancer

2800

Asbestos workers

Lung cancer

3500

Rubber mill workers

Cancer of the bladder

6500

Rate
(dcathsj million jyj
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RADIOMIMETIC EFFECTS OF CHEMICALS
P. C. Kesavan
School of Life Sciences, Jawaharlnl Sehru Cniuersily, Sew Delhi-110 057.

1. Definition of radiomimetic chemicals
Historically, the term 'radiomimetic effect' was based en the similarity between skin lesions induced by nitrogen mustard and those induced
by high acute doses of ionizing radiation. Subsequent observations of the
teratogenic, carcinogenic and mutagenic effects of nitrogen mustard and
several other chemicals on the one hand and X-rays on the other hand
seemed to justify the continued usage of this term.
In the more recent years, this term, however, is only sparingly used
in the literature which should appear rather surprising in view of an
explosive interest in the area of environmental mutagenesis. Even C. Auerbach who has, a long time ago, used this term quite extensively now
seems inclined to favour the declining usage of this term. The reason for
this rethinking is possibly due to the fact that only a small fraction of a
wide spectrum of chemical agents are truly radiomimetic in the sense that
they produce the same classes of aberrations in relation to the cell cycle
as ionizing radiation (Bender 1975). Only a very few compounds, of which
the best studied is 8-ethoxy caffeine, might belong to this category. Aberration production by most chemicals, including alkylating agents, nitrosocompounds and some antibiotics, consists of induction of lesions in DNA
which result in strand breaks only during DNA replication or when attacked by repair enzymes. The lesions produced by some chemicals of
Ihis class, for example, the nitroquinoline oxides, are recognized by the
same excision repair system which removes ultraviolet-induced pyrimidiria
cyclobutane dimers. A few other agents, typified by caffeine, appear to
act through inhibition of DNA repair. The aberrations they produce are
presumably the result of failure to repair spontaneously occurring DNA
lesions. There are various interpretations regarding molecular basis of
inhibition of DNA repair by caffeine.
There can be no two opinions as to the need for precise information regarding the exact molecular mechanisms of production of aberra^
lions by various chemicals, but, at the same time, there can be no severe
argument against the usage of the term 'radiomimetic' so long as they
induce teratogenic, carcinogenic and mutagenic effects. Furthermore, the
concept of rem-equivalent-chemical (P.EC) unit is also based on the fact
that both radiations and radiomimetic chemicals produce the same effect.
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2. Mutagenlclly screening and eytogenetic methods
Demonstration of mutagenic (i.e. intra-cistronic) effects in mammals
is very time-consuming and prohibitively expensive, whereas extrapolation
of the data from microorganisms to mammals is of limited validity. This
is because the mammals are able to detoxify strong mutagens and to form
mutagenic metabolites from nonmutagenic chemicals (promulagens). In
order to combine the drug metabolism of the mammal with the excellence
of the microbial systems for measuring point mutations, the host-mediated
assay (Gabridgc and Legator, 1969) and the microsomal systems (Mailing,
1971) have been developed. The formation of highly mutagenic com-i
pounds by the interaction of nonmtitagenic dimethyl nitrosoamines (DMN|)
with mouse liver microsomes (Mailing 1971) is an excellent exampleAnother good example is the conversion of cyclamate to cyclohexylamine
by gut organisms, which is the first step in the activation of this artificial
sweetener to a mutagenic derivative.
Under these circumstances, cytogenetic tests for clastogenic (Gk
clast = to breaki) activity of a test compound with in vivo mammalian
systems gain importance. Experiments with a large number of antibioticsalky la ting agents, purine analogues and other chemicals reveal that their
'chromosomoclastogenic' (which is abbreviated to clastogenic) properly is
well correlated with their tumorogenic, mutagenic, and teratogenic effects.
There is, however, the criticism that selective elimination of the cells bearing the induced aberrations might greatly reduce their detectable frequencies in the subsequent cell generations but this possibly occurs also for theinduced intracistronic (point) mutations. Hence, tests for clastogenicity
with living mammals (in vivo) are about the most feasible and furthermore^
the extrapolation of the results of these tests to humans is valid.
Clastogenic testing procedures were first introduced in the late 1930'*
by Levan in Allium. Since then, there have been made many rapid strides
to achieve finer resolution and detection of all the induced aberrations^,
accuracy and! applicability of the results to in vivo humans. Even themost refined cytogenetic tests still remain much cheaper than dominant
lethal tests (DLT), specific-locus tests etc. with mammals. Moreover, t;hogenetic basis of DLT is by no means established. Some of the currently
favourite cytogenetic testing procedures are: (i) micronucleus test in bone
marrow cells of rats and mice (Heddle 1973), in polychromatic crythrocytcs
(Schmid 1975), (ii) Fj translocation test or the heritable translocation test
•n male animals (Leonard 1975) and the sister-chromatid exchange (SCEj)
test (Perry and Evans 1975; Solomon and Bobrow 1975; Beck and Obe
1975).
A few of the most extensively studied chemicals fi.e. caffeine) shwy
that there arc basic differences between the spectrum of ehromosomar
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aberrations induced in plant cells and mammalian cells which obviously
have different temperature requirements. This is one good reason to recommend that all the tests, for the purpose of relevance to man, should
employ only mammalian systems. The caffeine clastogenicity is of interest
also from the view point that caffeine, like a vast number of chemicals
in the environment, is a weak mutagen. The fact of life is that human
beings become, addicted/exposed to a wide spectrum of weak mutagens
•which in one small acute dose may not reveal their radiomimetic potentialities, but they do certainly, exert positive influence on the human
'genelic load'. It may take years or a few generations for the effects t,o
become discernible. In this connection, it must be pointed out that
caffeine produces chromosomal aberrations in the in vftro mammalian cells,
but not in ihe circulating lymphocytes of heavy coffee drinkers. It is not
also uncommon to obtain false negative results. Occurrence of chromosomal aberrations in the in vitro but not in the in vivo systems must
still bo viewed with concern More recent introduction of analysis of
G-banded prophase chromosomes (Yunis and Sanchez 1975) might help in
detecting small aberrations in the in vivo systems also. There is also the
possibility that in the case of in vivo tests, the T-lymphocytes, ic. fjie
thymicderived cells which alone are stimulated by PHA, may variously
influence the magnitude of aberrations induced by an agent depending
upon their immuno-responsive state. Some of these are random thoughts
only, and not conclusive remarks.
3.

Radiomimetic substances in food and environment

There have been several classifications (Fishbein et al. 1970. Shaw
1970. Barlhelmess 1970. Fishbein 1972) of the radiomimetic substances in
the fool and environment of man. For the purpose of this review, only
the radiomimetic compounds of special relevance to India vill be considered here and these are grouped below based on the primary areas of
their application.
(a) Domestic and Industrial applications
What appears to be very relevant to India are the radiomimetic
substances associated with the coal based industry, textiles, metallurgy,
use of lead-coated vessels for cooking etc. in addition to increasing automation etc. The specific known radiomimetic substances are carbon monoxide, hydrogen peroxide, hydroxylamine, formaldehyde, acetaldehyde.
ethyleneimine, urethane used in plastic industry, agriculture, textiles,
drugs etc.
(b) Agricultural applications
A number of pesticides (e.g. DDT, malathion), fungicides (e.g. ethyl
mercuric chloride, phenyl mercuric salt, methyl mercuric salt etc.), herbi25

cides (e.g. maleic hydrazide, linuron, i.e. 3-(3, 4-dichlorophenyl)-l-methoxy1-methyl urea), chemical food preservatives (e.g. nitrites, sodium bisulphite,
potassium, metabisulphite etc.) are some of the major sources of radiomimetic substances.
(c)

Naturally occurring radiomimetic substances in plants

In this category, a number of food crops which contain toxic principles (e.g. allylisothiocyanate in mustard, cabbage, cauliflower etc, cycasin
in cycad nuts, solanine in potatoes, many radiomimetic principles yet to be
characterized in clove, ginger, asafoetida, turmeric etc.), many stimulants
(e.g. morphine, codeine in Papavar somniterum; caffeine in coffee, tea,
cocoa etc.), could be included. Apart from tobacco 'smoking, chewing of
betelnut and tobacco is also a major source of radiomimetic substances far*
a section of the Indian population. Another good source of radiomimetic
principles for the Indians is by way of consumption of mustard adulterated
with seeds of A-rgemonc mexieana which contains Sanguinarine.
(d) Food additives
Sodium cyclamate which is known to induce chromosome breakage
in root tip cells and in human leukocytes in vitro is perhaps not so important to India as for many European countries and North America. It
is estimated that approximately 30% of all people who consume cyclamate
convert it to cyclohexylamine which is a proven carcinogen and a mutagen.
(e) Food contaminants
Poor storage facilities coupled with warm, humid conditions favour
a high degree of incidence of fungal infestation of means of almost the
entire population of this country, but, unfortunately, it is highly susceptible to Aspergillus flavus, which produces aflatoxin. The carcinogenic, clastogenic, mutagenic and teratngenic effects of aflatoxin have been reviewed
by Ong (1975).
(f) Drugs
Drugs of special relevance to India, which are also known to be
radiomimetic are, (i) isoniazid (antuubercular agent which contains hydrazine as its major radiomimetic principle), (ii) antimalarial drugs (which
contain quinines) and (iii) several antibiotics.
4.

Synergism and antagonism

Only an insignificant fraction of the considerably vast number of
publications in this field deals with possible synergistic or antagonistic
interactions among the radiomimetic compounds. Caffeine, for example,
potentiates the action of several antibiotics etc., but it also inhibits the
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carcinogenic action of cigarette smoke condensate fractions on mouse skin
(Rothwall 1974). There is, therefore, the need to investigate the effects of
simultaneous administration of several individually radiomimetic substances
on mammalian test systems. To mention a few, these are (i) coffee plus
cyclamate, (ii)/ spices plus any of these, (iii) aflatoxin plus any of these and
so on.
Above all, the facts of life include the acceptance of the risk. The
only other alternative to this is that we accept all evidence of mutagenic
activity in whatever way it manifests itself and decide to exclude from man's
environment every conceivable substance which is foreign to body. There
is, therefore, obvious need to balance benefit against risk, as is tried for
X-rays and nuclear energy. The Committee 17 has employed several criteria
and recommended that the environmental distribution of physical and chemical mutagens should be well within such limits that the resulting genetic
damage does not exceed a 12.5 per cent increase over the spontaneous mutational background.
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APPROACHES TO THE EVALUATION OF
GENETIC HAZARDS PROM CHEMICALS

A. S. Aiyar
Biochemistry & Food Technology Division, Bhabha Atomic Research Centre,
Bambay-iOO 085.

The recognition of chemical mutagenesis
Spontaneous mutations and their role, together with selection, in the
evolution of living organisms are well recognised biological phenomena.
That genetic alterations could also be produced at will was shown for the
first time fifty years ago by H. Muller, when he observed several distinctly
altered physical characteristics in the progeny of fruit fly exposed to
x-rays. The ability of certain chemicals to alter the genetic material,
resulting in changed heritable traits, was discovered in 1941 by C. Auerbach
and J. M. Robson. This finding remained classified till the end of the war
and was published only in 1946, the same year that Muller was awarded
the Nobel prize for his earlier observations on physical mutagenesis. Since
then, a variety of chemicals have been shown to be mutagenic in different
organisms and a considerable amount of information has been gathered on the
nature of interactions between such chemicals and the genetic material as
well as the chemical basis of mutations. Notwithstanding these developments, progress in the field of chemical mutagenesis in relation to human
health has been rather slow and has attracted public concern and the
attention of scientists only during the past few years.
Mutations and human welfare
The characteristic genetic make-up is the most precious possession of
every species of living organisms, including the highly evolved homo-sapiiens.
Genes are vital for normal development and function not only of the individual but his progeny as well. Among mutations that ares significant enough
to be apparent, a few may be of little or no consequence and a fewer still
may actually even be advantageous (e.g., mutation leading to sickle cell
anemia also confers resistance against malaria parasite in such individuals);
most mutations, however, are known to be deleterious. It is recognised
that the so-called 'spontaneous' mutations are balanced by selection against
defective genes so as to maintain the natural incidence of genetic diseases
at a reasonably iow1 level. The efficacy of modern medicine in alleviating
such conditions (preventing lethality) may increasingly tend to lower such
selections in the human population. It is feared that any artificial increase
in the mutation rate is potentially capable of enhancing the incidence of
genetic diseases with consequent decline in general human fitness.
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On the other hand, it should also be pointed out that there is no
definite evidence as yet of any increase in the incidence of diseases, that are
known to have a genetic origin, with the increasing exposure of man tp
a variety of chemicals over the past few decades. It has also not been
possible to show conclusively that any chemical induces mutations in the
germinal cells of man. The difficulties in obtaining such evidence are only
too obvious. Since most genetic mutations in man involve recessive genes,
the adverse consequences would be discernible in the off-spring only if both
the parents possess the same recessive gene and transmit it to fhe off-spring.
It may, thus, show itself up after 50 or even 500 years and precise data
on incidence of any genetic disease would involve monitoring of large populations over several generations. Yet another limitation is that deliberate
studies with man would be both impractical and unethical.
Evidence is also accumulating in recent years that carcinogenicity and
teratogenicity, especially the former, may be related to mutagenicity, thereby
adding to the complexity of the problem and aggravating its seriousness.
Unlike gross toxicity which is quite evident, these genetic effects are subtle
in character and could have prolonged periods of latency. It hardly needs
emphasis, therefore, that unless man is prudent enough in his use of the
large array of chemicals, he would be,condemning vast segments of future
generations to the devastation of genetic effects due to chemically induced
mutations.
A major impetus for undertaking extensiv research efforts on environmental chemical mutagens has come from the experience in recent
years, at times tragic, with such drugs as thalidomide and diethyl stilbestrol, pesticides like TEPA and captan, food additives like cyclamate and
AF-2, industrial chemicals like vinyl chloride and (J-naphthylamine
and naturally occurring microbial toxins like the ergot alkaloids
and aflatoxin. These instances of widespread use of potentially harmful
compounds, or at least those suspected to be so, have served to emphasize
the need for a constant vigil on the incessant inflow of new man-made
chemicals into our environment, to assess their mutagenic risks.
Chemical mutagenesls — lessons fram radiation work

Although mutations due to chemicals and radiation arise by different
(molecular) mechanisms, they are conceptually interrelated and there are
many common features in the problems of evaluating their significance to
man. Interest hi radiation genetics apart, the nuclear energy programme
has for long been the major supporter of research in basic genetics, and
progress in chemical mutagenesis has depended heavily on the valuable
knowledge that has accumulated for 50 years on the effects of radiation.
Radiation mutagenesis may indeed be likened to the visible part of the
iceberg of environmental mutagenesis, with the contribution due to the
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myriad chemicals in man's environment forming the submerged and as yel
undefined part. According to A. Hollaender, a leading protagonist of intensive research in the field, the status of chemical mulagenesLi today is similar
to that of radiation genetics forty years ago.
It was soon realised, however, that there are certain limitations
inherent in chemical mutagenesis (which are not associated with radiation
mutagenesis), which has made progress in this field more difficult. With
ionizing radiation, it is known that genetic effects are produced in all cell
types and assessment of genetic damage in a particular instance becomes
a, purely quantitative problem. On the other hand, the mutagenic effects
of chemicals shows specificity towards cell types. Unlike radiation, therefore, correlation between different kinds of genetic damage induced by
chemicals is complex and assessments based on various types of damage
may yield divergent results. In addition to this problem of specificity, the
quantitation of mutagenic effects of chemicals is also made difficult by the
lack of knowledge of the precise dose at the target Whereas the dose of
radiation received can be determined with a high degree of accuracy, various biological factors influence the concentration of the chemical at the
site of action in a manner that cannot always be predicted. However, these
problems arel not unsurmountable as they are not at the level of primary
mutagenic action but relate to piemutational events. It is to be hoped thai
further advances in coming years in solving these issues would make it
possible to quantitate the genetic effects of chemicals in a manner similar
to that with radiation.
Testing procedures for mutagenicity

The detection of mutagens is based on either looking for the logical
effect, viz., mutation per se, or a variety of other end-points which are
related to mutations; while mutation maj' be the more relevant, the other
end-points offer certain advantages, such as greater sensitivity and easier
assessment. Among the important assay procedures that have found use
in the detection of mutagens are : (a) mutations in microorganisms, (b)
mutations in mammalian somatic cell cultures, (c) DNA repair studies,
(d) chemical indicators, (e) cytogenetic methods, (f) host-mediated assay,
(g) dominant lethal test and (h) specific locus test.
These represent an a n ^ of in vitro and in vivo testing procedures,
which vary in their usefulness with specific mutagens. In general, the in
vHro systems are easier to handle, more sensitive and are also less expensive, but as is often pointed out, they are farther removed from the whole
animal. The tests involving in "rivo studies in mammals are more time
consuming, but offer the advantage of greater relevance, specially since
there are wide differences in the metabolism of various ohemicals in different organisms. Certain hybrid procedures have also been developed to
India.
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integrate the advantages of the ease of scoring mutations in the microorganism with the bio-transformation of chemical agents in the mammalian
organism. While it would be in order to start with the simpler test systems for general screening purposes, definite information on the mutagenicity of a chemical can be obtained only when it has been subjected to a
battery of tests involving both in vllro and in vivo procedures. Attempt
are constantly underway to improve some of the existing test procedures
snd to develop newer ones capable of providing better and/or more reliable
information. An important development in the concept of screening the
large number of environmental chemicals for mutagenicity, has been the
three tier testing approach, first suggested by B. A. Bridges in 1972 and
which has been further modified in the last two years. This framework
incorporates not only the testing procedures (in tiers 1 and 2), but also the
risk quantitation aspect (in tier 3).
Evaluation of mutagenic risk to man

The availability of a variety of test systems have helped in the positive identification of mutagens. However, this knowledge in itself is
insufficient in quantitatively estimating the mutational risk to man posed
by any particular chemical. The three-tier approach proposes that where
the use of the mutagenic chemical is not associated with any discernible
benefits to any segment of the population, there would be no justification
for continuing its use. Likewise, where a safer substitute (tested) is available the mutagenic chemical should be promptly withdrawn. It may also
be prudent enough to permit the continued use of a chemical, identified
as a mutagen, if it is used exclusively for a miniscule portion of the population for definite benefits, e.g., a drug for a rare disease afflicting those
beyond the reproductive age.
The problems of quantitating risk and of further evaluating the
risk/'benefit ratio arise in all such cases where the chemical confers a definite! benefit to large numbers of people, but which may be mutagenic.
Among the major hurdles to be faced in making such assessments are :
(a) defining the nature of the dose-response curve; and (b) quantitative
extrapolation from test systems to man.
Although mutagenic 'thresholds* have at times occurred, these are
more apparent than if.<l and are caused by pharmacokinetic factors and
metabolic factors, such as repair. It is, therefore, widely held that the
curve should be linearly extrapolated to zero dose; it would certainly be
wise to err on the side of safety, where a genetic hazard is involved. There
are problems in determining the dose itself, especially in the multicellular
higher organisms, and often a uniform distribution of the administered
dose is assumed.
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There have been basically two approaches to the quantitation of
mutation rates, both involving reference to agreed standards. The first of
these uses spontaneous mutaMon rate as a standard and the effect of the
chemical is defined in terms of the dose of the chemical that doubles' the
spontaneous rate. In the second concept the mutagenic effect of the
chemical is described in terms of radiation equivalents. Among the terms
that have been suggested for use in the second category are : (a) 'roentgen
equivalent dose' ('RED' of J. F. Crow) and (b) 'radiation equivalent',
('RADEQ' of B. A. Bridges), later modified to 'rem equivalent chemical
('REC of B.A. Bridges). These terms afford the advantage of expressing
the mutagenic effects of various agents in common units. I* makes it
feasible for a total limit of exposure to environmental mutagens, both physical and chemical, being laid down.
The validity of extrapolating genetic effects from observations with
simpler test systems to man has received considerate support with the publication in 1973 of a paper that is now popularly referred to as the ABCW
paper (standing for the first letters of the names of the authors — Abrahamson, Bender, Conger & Wolff). By an analysis of the extensive data on
radiation mutagenesis, these investigators found that radiation-induced forward mutation rates for 8 different species is proportional to the haploid
genome size of the species. Assuming the general validity of this correlation,
it becomes possible to predict with some degree of confidence the .probable
mutation rate in man from data with lower organisms. Chemical mutagenesis has always taken its lessons from the radiation field and it is heartening that a similar correlation has since been found by J. A. Heddle and
K. Athanasious for ethyl methane sulfonate (EMS), one of the most widely
studied chemical mutagens. These findings provide a strong justification
for the use of radiation equivalents to measure the mutagenicity of chemicals, inasmuch as the effects of both agents are related to genome size.
Conclusion
With the ever increasing roster of chemicals to which mankind is
exposed, the need for a proper system of safe-guard from the genetic
view-point can hardly be over-emphasized. Although a late beginner, the
progress of 'chemical mutagenesis9 has been greatly aided by the extensive
knowledge gained in the field of radiation genetics over the past half
century. Recent developments give the hope that quantitation of mutjagenic effects due to chemicals and their risk evaluation will be put on much
firmer footing ha the coming years. With the availability of such precise
information, the limits of human exposure to various chemicals can be set
with the same high standards of safety as is available for radiation at
present.
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PROBLEMS OF RISK EVALUATION FOR CHEMICAL
(ENVIRONMENTAL) MU.TAGENS AND STRATEGIES
FOR POPULATION MONITORING
N. K. Notani
Biology £ Agriculture Division,
Bhabha Atomic Research Centre^ Bombay UtO 085

It is known for almost thirty years that chemicals can cause mutations. With the increased use of chemicals, there is the likelihood that
we might increase the genetic load of human populations. Radiobiologists
have faced a similar problem earlier. Therefore, they have a number of
lessons for chemical mutagenesis but the problems with radiations were
not quite as complex as with chemicals. The diversity and the extent of
chemical usage alone1 are very different from that of radiations. To understand the problems of risk evaluation and monitoring requires consideration and understanding of several factors.
Nuture of genetic change

DNA is the primary genetic material of all living cells and the genetic information is specified by the sequence of base-pairs of DNA. The
base-sequence organization of prokaryotic and eukaryolic chijbmosomes is
different. Whereas almost all of the base-pair sequences in prokaryolifc
chromosomes are unique (single copy), eukaryotic chromosomes carry repetitive sequences along with unique sequences. Some complexities in the
nature of mutations in eukaryotes may therefore be anticipated. Mutations may be classified as due to microlesions to include missense, nonsense and frame-shift mutations and to macrolesions consisting of deletions,
inversions, translocalions (in eukaryoles) etc. All these changes can occur
spontaneously.
Background mutation frequencies

It is uncertain if human spontaneous mulational rate is optimal.
It is also uncertain if majority of the mutations yield polymorphic proteins
and enzymes which are functionally equivalent to products of allelcs normally present as is contended, by the proponents of neutral mutation —
random genetic drift hypothesis of evolution. However, there is a certain
background incidence of genetic diseases, both genie and chromosomal,
which is obviously burdensome from the genetic and social stand-points.
It is estimated that approximately 6% of the newborns have genotypes
that will cause them significant health problems. Any increase ' \ this
incidence due to chemicals will add to genetic ill-health.
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Test systems
Since no planned experiments can be done on man, test systems
may be used to provide information that can then be extrapolated to man.
Although one can use in principle any test organism viz. bacteria, insects
and lower mammals, the relevaixe to man of the results would prima
facie increase as one goes froni more economical (bacteria) to less
economical (mammalian) systems. Thus, in practice, very extensive testing of a chemical may be restricted to the ones that are either used extensively or are anticipated to' cause genetic damage. Of course, for the
new chemicals to be introduced, prior testing by a tier system may be
desirable.
A problem that is encountered in the test systems is that certain
chemicals exhibit specificity for organisms, cell types, chromosome regions
and types of mutation. Thus, urethane seems to be a species-specific
mutagen. It produces translocations in plants, lethals and visible mutations in Drosophiia but has no mutagenic effect on Neurospora and docs
not elevate sperm abnormalities in mice.
Repair systems
In E. efrii, certain gene mutations profoundly affect the induced
mutation frequency. Thus, expression of rec A gene is required to obtain
peak mutation frequencies induced by ultraviolet light, X-rays, 4-nitroquinoline-1-oxide, methylmethane sulfonate, Mitomycin C etc. A very
complex picture has emerged from analysis of this sort. An interpretation of these data is that there may be three 'dark-repair' processes for
UV-lesions, on© of which, the excision-repair process (genes uvr A, B, C,
D
pol A
lig
) is constitutive; the recombination-repair (postreplicational) proces4 probably constitutive (genes rec A
rec B C
)
and the third the so-called SOS repair (also post-replicational) process
(genes rec A
lex
zab
) is inducible. It is very likely that the
products of these genes act directly on the DNA 'modified' by the mutagens and not on the mutagenic compounds themselves which are modifiable by cell metabolism such as observed with liver extracts.
Dose-effect relationships
Radiobiological studies with sparsely ionizing radiations have shown
that point mutations increase1, linearly with the dose but the two-break
chromosomal aberrations increase as the square or 3/2 power of the dose.
There are, however, uncertainties whether at lower doses the curve is
really linear for point mutations. If there is a threshold, a certain low
amount of exposure may be relatively free of risk. A remarkkble empjirical (the so-called ABCW) linear relationship has been derived by plotting
the log of DNA/haploidI genome (picograms) versus the log of mutations/
rad/locus for 8 organisms. If valid, such a relationship has a predictive
value in other organisms. The situation for chemicals is complex because
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their distribution in the tissue may be complicated by the permeability
barriers and detoxification mechanisms. Most chemicals apparently do not
yield linear dose-effect curves, These seem to be strongly dependent on
dose-rate.
Unit of mutagenicity (REC)

The Committee 17 report has suggested a common unit of mutagenicity designated rem-equivalent-chemical or REG. REC is denned
in terms of the product concentration x lime, which produces
the same amount of genetic damage as would be induced by one rem of
chronic ionizing radiation in the same test system. Although, this method
of computing genetic dose of chemicals may have shortcomings, it could
still be useful in arriving at some estimates of exposure.
Relationship between carcinogenicity and mutagenicity of
chemical compounds

One hypothesis of etiology of cancer imagines that primary event in
cell transformation is somatic mutation (s) and those affecting the cell surface may result in a cancerous cell. This hypothesis has received considerable support) from the work of Ames and his ro-workers. The evidence! consists mainly of the demonstration that ~ 90% (157 out of 175
tested) of the established chemical carcinogens are mutagenic in bacteria
(Salmonella typhimurium). Only about 2% of "non-carcinogens" (125
compounds tested) were mutagenic in this system. Plausible explanations
have been offered for some of the false-negatives in terms of metabolic
activation (for example carbon letrachloride negative in this test may
require dehalogenation for mutagenic activity) and activation by bacterial
flora (for example cycasin is non-carcinogenic in germ-free animals). It is
suggested that Salmonella may be a useful syteni for (pre-) screening large
number of compounds for their mutagenic and carcinogenic activity.
With 4-nitroquinoline-l-oxide (4 NQO) it has been shown that the
4 NQO purine adducts and unstable 4 NQO-guanine products when not
excised, as for example in repair-defective E. coli uvr A cells or human
Xeroderma pigmentosum cells, lead to increased lethality, mutation and
cancer.
Monitoring, of populations

If pretesting of chemical compounds for mutagenicity and carcinogenicity could be done and the potentially mutagenic compounds were not
introduced in the environment, then the job would be quite simple. However, there arc a number of untested compounds in the environment already
and some of these have been detected belatedly. AF-2, a nitroi^ran derivative, was extensively used as a food preservative in Japan for about 10
years till 1974. It was found to be mutagenic in E. coli, Salmonella, Yeast
Neunospora and human cells in culture. AF-2 w"as found to be carcino37

genie (forcstomach) in mice. It has since i'.hen been banned. Other food
preservatives like sodium nitrite and sodium bisullile, pesticides like ethylenc oxide, captan, heptachlor and chlordane, herbicide Atrazine and drug
hycanthone are all mutagenic in test systems. 89% (150/189) of oxidativetype hairdyes are mutagenic in Salmonella. Industrial chemicals implicated in occupational carcinogenesis that have been found to be mutagenic
in test systems are p-propiolaetone, ethyleneimine, 4-aminobiphenyl,
4-nitrobiphenyl, bis (chloromethyl) ether, benzidine and vinyl chloride.
Actual monitoring of human populations can be done at least in
two different ways: one way is to measure the mutagenicily of urim1 or
faeces in the Salmonella system or measure chromosomal aberrations in
cells obtained from the exposed individuals or score lor abnormalities in
the sperm. A second approach is epidemiological. Observation of a
sudden increase in a rare-type of cancer has led to the discovery of linking
of pregnant women getting exposed to diethylstilbestrol (DES) to vaginal
cancer in the female offspring. A second example is provided by an increase in the rare angiosarcoma of the liver in workers exposed to vinyl
chloride.
It had been observed in Danish female anaesthetists that they sustained about 20% abortions. Abortion rate was found to be high?r even
in the wives of male anaesthetists. The latter observation suggests thai
anaesthetic compounds might be causing dominant lethal damage. In
nurses assisting anaesthetists versus the general-duty nurses. obstetrical
problems were found to be higher (29.7% versus 8.6%). Cancer rates are
a!sc higher. Epidcrniological studies provide very valuable information
but quite often some damage is already done, although any additional
damage can certainly be prevented.
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With Best Compliments From

ION EXCHANGE (INDIA)
LIMITED
Manufacturers of
Water Treatment Equipments like
Filters,
Softeners,
Demineralisers,
Portable Deionisers,
Deaerators as well as
Ion Exchange Resins.

e
ION EXCHANGE (INDIA) LIMITED
Tiecicon House, Dr. E. Moses Road, Bombay-400 Oil,
Subsidiary of the Permutit Company Limited, U. K.
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life is worth living
HOC makes it
more so
Indoors or outdoors, HOC brightens up
your life. From the laminates that lend
colour to your house, to the telephone
you use or the footwear you don, HOC
intermediates make possible a variety of
products.
And who keeps t!ic naiiun's wheels on the
move ? HOC is there again. Because HOC
Aniline helps manufacture tyres and rubber
products. Or take health. HOC Acetanilide is a
V
must for Sulpha drugs. Crops grow disease freethanks to HOC Benzene Hexachloride (Technical).
In short, almost on all fronts HOC is there. With
chemicals and intermediates which include: Meta
Amino Phenol, Formaldehyde, Chlorobenzenes, •
Nitrobenzene, Nitrotoluenes, Oinitrobenzene,
Nitrochlorobenzenes, Sulphuric Acid, Oleum,
Metanilic Acid, Nitrobenzene Sulphonic Acid, 3-3
Oinitro Diphenyl Sulphone, DU. Acetic Acid, Iron
Sludge, Sulphite Sludge, Sulphur Sludge, PCHA,
Spent Sulphuric Acid, Hydrochloric Acid and
Carbon Dioxide.
All the products priced just right. Because HOC is
committed to hold the price line down.

\_Pace setters in a
fast growing industry
For all your requirements, please contact: \
The Marketing Manager,

HINDUSTAN ORGANIC
CHEMICALS LTD.
(A Government of India Enterprise)
,,
8 1 . Maharshl Kanm Road, Bombay-400002.
Phones: 314271/72

i 1.CC-7B.
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With Best Compliments of

CENTURY RAYON
(Props : THE CENTURY SPG. & MFG. CO. LTD.)

Manufacturers of:
Filament Grade Rayon Yarn,
High Tenacity Tyre Cord,
Yarn and Fabric,
Caustic Soda,
Chlorine,
Sulphuric Acid,
Hydrochloric Acid &
Carbon-di-Sulphide.
Head Office :
"INDUSTRY HOUSE",
159, CHURCHGATE RECLAMATION
BOMBAY-400 020
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Factory :
P. O. BOX NO. 22,
MURBAD ROAD
RALYAN-421 301.
(MAHARASHTRA)

DETERGENTS
FOR
TOMORROWS
PEOPLE
TODAY

FROM

fflNDUSTAN
LEVER
THE MAKERS
OFRIN
AND SURF

UNTAS4UU1MI9
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Much nicer in colour
Think what a difference
colour makes. Colour sells,
attracts attention, and
creates happiness.
Colour-Chem pigments
beautify textiles, plastics,
rubber, paints, leather,
printing inks, myriad other
materials.
And Colour-Chem's
various intermediates for
dyestuffs help manufacturers
save on import licences.
An added service:
Our technically trained
experts help you achieve
superb results.
COLOUR-CHEM L I M I T I D
Ravindra Annexe, Dinthaw Vaehha Road,
Bombay 400020.
In technical collaboration with
Bayer AG, We»i Germany and
Farbwerke Hotchst AG.

West Germany.

Colour-Chem

CC. J28S

For Your Requirements of

•
•
•
•

POLLUTION MONITORING EQUIPMENTS
AIR SAMPLERS
• AIR SAMPLING PAPERS
RESPIRATOR FILTERS • FILTER HOLDERS
FILTER BAGS
• FILTER FABRICS

ROTAMETERS
Glass Tube, Plastic Body
MANOMETERS
U-Tube, Double Column, Well Tyoe, Inclined Tube etc-

• PITOT TUBES
• ORIFICE METERS
• CLEAN AIR CABINETS (LAMINAR FLOW HOODS)

Contact:

FILFABS
(India) Corporation
73-C VEER NARIMAN ROAD, OPP. CHURCHGATE STN.
BOMBAY 400 020.
PHONE: 291612

WE COULDN'T
HAVE Pice
A

Mithapur—"the City of Salt"—commanding
a network of saltworks spread over 24,000
acres is that place.
Salt is only the starting point for the largest hetv.
chemicals complex in the country manufacturing
chemicals we live by.
Again, production of chemicals is only a part of
what happens in the City of Salt. Tata technocrats
proud of the rich heritage of a totally indigenous
technology ceaselessly strive to conceive, design,
engineer and commission more and more projects
to augment the production rapacity at the lowest
investment cost per tonne capacity end minimum
expenditure of precious foreign exchange.
Yes—along with 16000 happy people of Mithspur
we have certainly picked the right place.
TATA CHEMICALS LIMITED.

Y

w
*»COTC

Sevak Press, Bombay-400 01H.

