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The genetic arter ia l l a «IL l iv ing organljaa, with t i » »xosjtion c f

Tirusee, i s ieoxgrlbauciaic aoid (EKA)« Genatie i a f o a a t i c n eentaixed

In the BKA i s organised l a to unit« «hieb een be broadly cal led g u e e . Kutaticn

consists of abrupt heritable changes in tfa» caaf oaition or azTangeaant of

genes. Evecthough satat lon aad selaction m kxioan to be two isportant

farces respansibla far the evolutionary process, i t la generally baliaved

that any ftarther increase i n the natation rate In aan i s deletericaa t o b i s

health. Benee aany genet ic i s t s ara of the opinicn that Kan*a genes constitute

hia Host precious heritage end that deterioratioB i n gene ojnaWgr ahenld be t

srevsnted at a l l c o s t s . I t i s estiaated that about 6-5^ of a l l the children

born hava saw Und of e> genatlc defect or the otter aitfa varying degrees of

seriousness* ' . Xhsre aze nearly 2000 genatie dlaeasea knout to-day* ' •

Fortbar increaa» i n fbm antatioB rata «111 celjr boost t h i a s t a t i s t i c s *

In the earl i»r generations, the se-esl laA spontansona nutations

«ere caused by factors ouch aa natural background radiation, n a t sr a l l j

occuring oheaical inatagenea asd probably SOB» othar Tirv"<—* agents. The

natural background radiatioa constitutes cosaie radiatiat« zediaticn froa

rodioacti^a snbatsnesa I s esocth exust (nrsnlxEa.' thn i i s t t radim ate*}

end those present i n hnaea booy (corbon-14s potasatia^lO e t c . ) Tbo natnraHy

Bategenas coastitate ByocSosiufi trash aa oflctccdba jjccrtttccd by
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cooking ingredients or as folk aadletnaj Qgeaafn, a. water-salable tozie

component of the nuts of oycad plants «alen axa also used as food and la

Bedielaal preparation and « nater of aisoallaneoos products auch as

oils l i te S»frol^\

Cane nutations can also ba iaduosd by a nnabar of aan-aads ehaaleal

aubstanoea and radiation. With the advent of Selene» and Technology SBB has

introduced a nuaber of artifieial radiation souroas auch as X-ray generator«,

radioaotivB isotopes, nuclear reactors and nuclear weapons, sod an «ran

larger nuabar of chaalcal coapounds Into tb* enrirenaent.' Zt 1* cetisated

that nearly 4 Billion chemical substances ara in uae to-day and another

700 no« ohealoala an being latroduoad «very year. Thee» ocmstitute

industrial eheaioala, by product a, aolTanta, agricultural chaaieals such as

pesticides, herbicides, other processed censuaer goods such aa drugs,

pharmaceutioala, oosaatlcs, food additives and preservatives ate. Ks&y of these

are produced in millions of tons every y*x, are widely distributed and used.

During the course of their manufacture, distribution and uae, pollution of

food, water and sir takes place resulting in Urn exposure of human population

Soth at the occupational and non-oecv$atlonal l«*ale. While the autagenio

and carcinogenic «ffaets of radiation are «ell established, aany of tt»

chemicals tested are also known to causa sialla* effects i s a varlaty of

biological teat systems. Table 1 gives a l i s t of son of the environmental

mutagenic agents* Because of the dreadful experiences of tba Japanese la

Hiroshima and KegeaaJti, radiation la the noat aztenaivaly studied Kii

controlled enrironnental pollutant.



la ordOK 4Q (juarrcitete »he mutesenic baserd cf «n/ agent» u staSea? of

fsramstars «nat ba kacaiu A fe* of thaaa as* 1} ti» ss*etrsa et tfe* gnu tic

effect induced, 2) tha heritable propsttla» of tba obaarwd daas», 3} tb»

dcssvtffact x*lstioaaU# at lo« doss« of interest, 4) äfftet of alafl* saft

repeated erposuraa, S) differences betmft soots aad obroslo

6) dasanäaiica of tha affaot OB Aoaa zat^aøi and aaxt 7) Inflwtnoa

wobBtlau. Info»etioa CD al l tbaaa jaxas»tar« xalawaat to M n u t to

obtained in ooedar to ajuastltata and control tb« nasacOa* Slaoa l t lp vathical

to conduct exptrlmnta OB aas biasalf t o » baa te tejasd an ajld«Bl|tolofleal

data and animal azpaxtsnntt. Aa far as xatfiatian It ocsounad» tb» jzsaaat

d»y kncwledg« oa tbe hseatda la basad OB afidaaiolo£leal avzvay of aasljr

radiolcglats and radium dial jaintsra, obaaxvatloaa aaria en tb» ucaniUB aiaa

«orkars and jatlents exjoied to radiation for nsdleal jfo^om* ,tha atedlaa of

tb» Atonio Scab Casualty Comaiaaion da Um macrlrwn la Blxoabiaa, and Hagaaaklt

and on carefully coBtrollad laboratory asparlanta OB aalaals,

Cn tba basis of tbeaa inf on»tionf *a no» kno* that a) Ifca dosa

requlrad to doubl« tba bnaan mutation rata (doubling doss) i s about 100 rads^ '

and (b) tb« rata of inducticix of cancar la bnaaa btiagf i s la tha raaft of

100-200 far year in on* Billion fojulaticn szposad/a doss of 1 radv-". Er»n

though there are several uncartainltiea in tin» data-baaa und la generating

these quantitativ« figures, thay nerertfcaleaa fora tba comar-ateaaa of aa

effective program of radiation hazard control a l l orar tba world* On tba basis

of theEa data, naxlsm ptzaissible 1OT»1B for occujatfcnal and populitioa

expoBure to radiation bn« been raeoBsendad at 5 raa/jear and 5 raa/genaxatioa

reapsctimly' . Tba aoat important aspect of this control progxaa la to

that radiation exposurs be kept "ss lc* as raadily acbaiTabla

ad social conaiderations being taken lato account"* ^ .Conaaqpantlj
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the aotual exposures axperfanoad by the occupational «ark»» aal

&*• In tt» rang» of 1/1O to 1/4O* ' or the recommended l l a l t s respaotivalj.

One can estimate tb» riek lovsted at the permissible exposure

level In the application of radiation to human welfare. For tb* occupational

workers, tbifl would mean an additional amber of 500-1,000 caaea of cancer

incidence per year In ona million «rockers« This should be compared with the

xata of tile so-called spontaneous canoer incidence in the contxol population

whloh ie about 3000 per year per million. For the general population, the

limit of 5 rem/gsnerstion i s about close t c the natural background radiation

level (5-4 xes/genexation). This would mean an increaee in the öpontaaecnia

mutation rat» by about 3$ per generation or leas than 1# incseat» in the

iaeidenoe of genetic disoxdezB« Thie^eoupled with the observation that the

aotual exposure levels experienced are auch lese than tte pemioalble ones,

constitutes an aooeptable risk, in view of the enormous benefits mankind

aectøfes from harnessing radiation.

Let us take a look at the chemicals* Uany of these chemicals have

been evaluated item ganeral taxicity point of view and acceptable daily intakes

(4SI) have been established. However, the mutagenic potentialities of these

ohamicals are cely being realised recently. Hence, the mutag&nle

. significance of the exposures at the levels of ADI i s not known.

In orcisr to quantitate the hazard and contxol human exposure to

chsmioal autage^iB we xequire information on a l l the paxaoetexa l i s ted

eaclier fox each chemical ox at least far grouj?» of chemicals. Cenaidexing

the aatxonomioa I number of chemical, sabstanoea, the task, of eatabliahinff a

fiata-baae i s elnoet Inpossible both fxoa» th» economic as well as temporal
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point of Tie«. Hence, a short-cut approach i s required to quantitate the

mutagenie hezards of these diemicala. On» of the sinplast apprcaclaa

suggested ia to express the autaganio basarda of chemicals in taras of

equivalent radiation unita. With ths Tast experience gained in th» orntrol

of radiation hasards, such V approach ems be eas i ly adopted for r isk-

bensfit analysis in *tt» case of chemicals. In order to promote suet, an

approach, the Comeittee 1? of the Envixcnaental Mutagen Society of th»

USA has suggested that a common unit of matagenicity be adopted* ' . The

unit i s called rem-equivalent-chemical (or preferably rad-equivalint-

chemlc8l)-HEC. The "EEC is that dose or product of ocneentraticn multiplied

by time which produces an.amount of genetic damage equal to that produced

by one ren of chrcaie irradiation" ' . She moot important advmtage pf

this approach i s that the mutagenic' hazards of a l l man-made agnnts in the

'environment can be expressed in a sigytfl unit. For example, os this scale

T sea » 1 ESC. This « i l l faci l i tate the control of the total mutigenic

bürden* to the society £sem a i l mete-made eonrtesv The conmittee f e l t that the

tota l mitegenic taraen ttf -Hie society should not «fiMfr the 'Units set for

radiation alone« Hence it' recanmended that "the total aattagtoic exposure

fron aan-æade chemicals ss « e l l es radiation" be United to 5 EEC/generation . '

In order to appreciate the usefulness of this approach and estimate

the relative hazards of different cbamicals at the current rate of exposure,

the Committee evaluated the EEC values for a few substances^ ' , For example,

one human therapeutic dose of hycanthone correspands to about 1.3 SEC and

approximately 1.2 tag/kg of ethyl nathanesul-f«nate' corresponds to 1 EEC.

Similarly the consumption of nitrite by the rrerage Forth American nan during
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the reproductive l i f t tine corresponds to as much a« 8 EECS. Similar

equivalent values« OB a slightly different basis, hav« also bean evaluated

for a few other ohemicals"'. These are shorn in Table 2 . Sven though the

real significance of these estimates are sot dear , they s t i l l point oat the

high degree of autagenie and carcinogenic risk of chemicals, in our

environment.

Thortf ax« a number of limitations for the BEC approach. The

most lmpor'.iuDt, i s that the "mutagenic spectrum caused by chemicals and

radiation in a given teat system oast be similar for a mumgmk comparison.

This may n<« always be the eaae^ ' . Further, there may be differences in.

the SMohsgLBft of action-, age and sex dependence between radiation acd

chemicals, Efficiency of a chemical in a tes t eystea i s a lso dependent

upon other i'aetors such as c e l l «al l penetration, metabolism etc* It i s

also not cltsar whether divers« t*at systems generate similar BEC value's for

% given comjound. The question of extrapolating the BEC data from test

systems to lriman beings always ex i s t s . Notwithstanding these problems, .it

has been shown by Abrahamson et a l ^ / and Heddle ana Athentüi,10^ that t!ie

mutagenic sf^'.ciency of radiation aid ti» chemical HE, respectively,

can be expressed on a common basis, Ü;tbe haploid genome s ize / for a

number of different species ranging from virus to humans.' On the basis

o i' this , i t cai* be expected that a constant SEC value can be obtained f or

a given ohMioal, irrespective of tb* tsat sysbw employed^ ' • T» have

also shorn reuaatly that BBC values obtained f a different end points are .

also comparable, emphasising the generality of the concept* ' . Shos,

eventhough thu SEC appsoacb i s not the final solution to the problem of
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•luantitatiiig tha •utaganle hazards of cha»1cala la tb* anrlrcnaat» i t

« i l l prcrida, at leaat, a rough bails fos tteiz control «hieb i s vxgtntlj-

seedad.
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TABLE-1

MUTfl&ENS
INDLISTft/flL CHErttCRLS.

HVDftOCflRBONS flltffl 6 POXlPff :

TßlCULOROBrHVLBNE, VINiL CHLQRtDS, I#|#DICHL0R06THYLENE,
CHLOROPßE-WE^ 2 CHiOROßUTflDtWt.

ÖLBFINIC UNO flROMRTlCHVDROCftRBONS I

S T V R f W ^ STyRENfiOxiOE^ BENZENE, SENZO (a )

RND ^

SEWZIDINE; 4»

mmcRLs F L U 0 R E N £

C8PTRF0L; BflPRp NBTj CRPTRNj DICHLOROWS, FOLPET

2 - in'mRfiZliiQETHRNOL CH£« /̂5
>-A/iTRO-/-A/fl«*HÖ/tf/TftlL£

V^miPfOTHiAl, BTlffLBNB DIOXIDE, BTHYUN

UEPTRCHIQ®.,

170,

OTHER CQMSUMRBLE ITEMS:
HRJR DY£S; DRUGS

RRDlflTfOMS

NEUTROWS,



TflBLE-2 *
SOME" ESTinRTES OF HR2RRD3 OF

EXPOSURE TOCHEM/CflLS IN TERMS OF

EGUIl/flLEWT RRDIRTION OOSES*

CHEMICRL COMPOUND

ONE THERRPEUTIC DOSE OF

HYCftWTHONE

N(x NG^(CUHRSNT COW SUMPTION RATE)

£THyLENE OX\DE(Sppmj40houvi)

OVfRflU EFFECT OF CHEMItflU

POLLUTANTS FORCRNCER

INCIDENCE

EGLVWRLENT RBMQTION DCS?

13 REC

4 . - 1« REN


