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The genstic material in all living crganisas, with the exsepticn cf

some viruses, is deoxyribamucleic scid (INA). Genstic informaticn ccrntaired

° in the DNA 18 orgsnised into units which cen be trosdly called gemss. Kutation

consists of abrupt heritabla changes in the compositicn or arrangemsnt of
genes. Everthough mutation and selecticn cre kmown to be two important
farces responaible for the evolutionary process, it is generally belisved
that any further increase in the zutation rats in man im deletericus to his
health, Hence many geneticists are of the cpiniem that XKan's gepes constitute
kis wost precicus heritage ad that detsrioration in gens qualify sheuld be
rrevented st all costs. It is estimated that sbout 6-5% of all the children
barn have same kind of & gerstic defect or the other with varying degress of
urluumn(ﬂ. There axe ua:l,'m genstic dlssases knomn to-dq(z).
Further incresse in the mutation rets will only boost this w«:'.

In the earliex genersticns, the so-called spontamous mutations
Were caused by factors such as nstural beckground rediation, naturslly
cccuring chemical uitugenea sd probably some othor mnknown sgents. Ths
ﬁstn::_al background redietion constitutss coqte raliation, mifation from
radicactive substsnces in earth crust (ursnium,” tharium, redium etc.)
£0d those pzeunt':n men body (carban-14, potassiue-40 sts,) Tho maturally

’ ccminé mitegenas constituts wycotaxine auch as aflotoxin mrodnesd by

aonlds groning m fomented foxxisy climialdz -mesent fu piaadn ansd o XD
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cooking ingredisnts ar as folk medicine; Cycsain, a water-solubis toxic
¢omponent of the nuts of cycad plants which ame also used ss food and in
vedicinal mmnﬁm and & mmber of siscellansovs rroducts such as

ofls like Satrar(?),

Gere mutations can also be iniuced by & mumber of man-msde chemioal
substances and radiation, With ths sdvent of Science and Tachnology man hss
introduced s rumber of artificial radiatiom sources such ss X-Tay generators,
radionctivo isotopes, molesr reactors end muclear weapana, snd an even
larger musber of chemical cowpounds into the emvircmuent.” It s astimated
that nearly 4 million chemical substances ars in use to-day anl ancther
700 new chemicals are beling :lﬁtroducud every yser. These constitute
infustrial chemicals, by products, sclvents, agricultural chemicals such =
pesticides, herbicides, othexr processed consumer goods such as drugs,
pharmaceutioals, cosmetics, food edditives and presexvatives etc. Kany of these
arc preduced in millicns of tons every yesr, are widely distributed md used.
During the course of their mamufscturs, distribution and use, pollution of
food; water and air takes place resulting in the exposure of human populstion
both at the occupationsl and non-occupsticnal levels, While the mutagenic
and careinogenic attc‘cts of rajiation eye well established, yamy of the
chomicals tested are dlso known to causs aimilar effcets i» a variety of
biological test systems. Tahle 1 gives a list of scme of the envircrmental
mutagenic agents. Becasuse of the dreadful exiexiences of tbe Japarese in
Biroshima snd Magesskd, radiation 12 the moat extensively studigd md
oontrolled envircnmentel pellutant. )
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In order to quarviteie the mutsgeric hazerd cf anpy agent, o zuaber of
rarazaters sust be known, A few of these e 1) the spectrum of i@ genetic
affect induced, 2) the beritadtle propertiss of the ciserved damsge, 3} the
dcze~effoct relaticnahip at low dones Of interest, §) effect of single and
repeatad exposures, 5) differsrnces botveen scute snd chromic expostres,

6) depsndence of the effect o lose rats,age and sexz, 7) influsnce of repair
mechanicus, Infomstlca cn all thess pocmmters rslevent to A must be
obtained in crder ta quantitate and cantrod ﬁl.m Sinoe it is umethical
to conduct experiments an asn bimself, com hes to dspend on epidemigiological
data and animal experiments. As far as radistion is oomcerned, the ;resent
day imcwledge on the hazards is based cn spidsmiclogical survey of eazly
radiologists and radjum disl painters, obssrvaticas meds  tie ureniua mine

warkers and patients expossd to zd;ctm for medical purpoms Ahe stuliss of
the Atomio Bamb Casuslty Comnission & i survivers in Hiroshisa and Nagusaki,
and on carefully comtrolled laboratary experiments o suimals,

Cn the basis of thess N@tim; ve now know that a) tre dose
required to double the humsp mitaticn rats (dcubling dose) is ebcut 100 radstl)
and (b) the rate of inductica of cancer in human n;mg- is in the range of
100=-200 per year in cne million populatim upo—d‘.n doss of 1 .ﬂd(S). Even

though there are saeveral uncertainities in the data=base used in genereting
these quantitative figures, they nevertheless form the cormsr-stima of an
effective progran of radiaticn bazard contzol all gver the world. (m the besis
of these dats, maximum permissible lewvels for occupatitmal snd population
exposure to radiaticn heve been recczmended at 5 rem/ysar and 5 rem/gemezation
raspetlwly(s)- The most iwmportant aspect of this control program 1s to
enphasise that radiation exposure be kept “ss low a2 resdily scheivadle
econcric ant sccial comsiderationa deing taken into ucmt"“) +Conseguently v
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the aotusl exposures exparienced by the cccupationsl scrkers ssl populstion
ars in to zenge of 1/10 to 1/4002} of the recomended 1inits respestively.

‘ Ona ca: estimate the risk involwad at the permissidble exposuze
level in the applicstion of rsdlsticn to human welfare. For the occupstiomal
wezkors, this woild mean an additionel mmber of 500~1,000 casss of cancer
inoidence por yoar in oms million workers. This should be ccopared with the
:e;w of the so~ecalled spontancous cancer incidence in the cnnﬁol population
whioh 1s about 3000 rer year per million, For the genersl population, the
linit of 5 rem/gamsraticn s shout olose te the natural beckground radiaticn
level (3-4 rem/generation), This would mean an increamse in the spontenecus
matation rate !?3 shout 5% per gereration or lesa than 1% incresss in the
insidence of gemstic discrders, This,coupled with the observation that ths
agtual expomure levsls _expe:ieneed are much leas than tle permissible omes,
oonatitutes an acoaptable risk, in viev of the encrmous benefits manking
aoccyies from bunepa!.ne radistion,

Tot us Yake a lock at the chemicals. Many of these chemioals have
been evaluated fran gereral toxicity point of view snd acceptabls daily intakes
(4DX) have .been astabliched, However, the mutagenio potentislities of these
ohemicals are mly being reslised recently. Hencs, the muiegunic
.8ignificance of the exposures at the hﬁls of ADI is not ¥mown,

l In orf»ar to quantitate the hazard and control human sxpusure to
chomioal mtegengs we require informetion on all the parametera listed
earlier for each chemical or at least far groups of chemicals. Cdnsidering
the astroncmics | number of chemical mbstances, the tnk of estsbliching a
date~dase is slnost impossidle both from the economic as well as temporal
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point of view, Eance, & shortecut sprroach is required to quantitste the
mutagenic hezerde of these chemicals. Ome of the simplest sp[rcacies
suggested is to express the mmtsgenic hazsrds of chemicals in terms of
aquivalent radistion umits, With the vast experisncs gained in tls cratrol
of radiation hasards, such 8 aprroach can be easily sfopted far risk~
benefit anaslysis in the case of dlliﬂl‘- In crdexr to promote such an
aprroach, the Committes 17 of the Enviramental Mutagen Socisty of the
USA hes suggested that & oosmon unit of mtisanicit’: bo. dopted(z). The
unit is called rem-equivalemt-chemical (or rreferably rad-squivalont<
chemical)-REC. The "HEC is that dose ar p.-odnc:h of e.meentratiou xultiplisd

- by time which produces an; emount of genetic demege equal to that produced
:by ane rem of chreale i.naiilticu'(z) o The most impcortant sdvaatage of

this epiroach is that the mutagenic’ hazards of a1l man-made egurts in the

‘enviromment can be aexpreceed in a sia"’h unit. For exampls, cn this scale

T xe@ = 1 FEC. This will facflitate the control of the total mutagenic

burderi tc thé soclety fram all man-made Sciriéess The committee felt that the

totel putegenic burden to the society shonld sof eillised the limits set for
radistion alo;:e. Hence it recamended thet "the total mutegénic exposure
fron man-made chemicals as well ag radiation™ be lﬁhd to 5 HEC/gene:ation(g)
In order to sprreciate the usefulness of this aprecach and ostimate
the relative hezaxds of different clmmicals gt the current rate of exgosure,
the Committee evaluated the FEC valies far & few substances'?), For exampls,
one humen therapeutic dose of ycanthems corresponds to about 1.3 EEC and
aprroximately 1.2 mg/fkg of ethyl methanssulfonats corresponds to 1 EEC.

. 8imilerly the consumptian of nitrite by the evérsge Forth Amsrican san during
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the rerroductive life time corresponds to as such ag § EEC3, Similar
equivalent valuas, cn a slightly difforent basis, have also deen evaluated
for & few other chemicalsll). These are shown in Table 2. BZven though the
real signifioance of these estimates are not clear, they still point cut the
high degres of mutagenic end carcinogenic risk of chemicals. in cur
environment,

Thers sre & number of limitations far the REC appromsh., The
nost mpm-t;m'u that the mutagenic spectruxm caussd by .d:em.ica;l.s and
radistion 1v » given test system wust be similar for nm comparison,
This msy uole’r, alvays be the clsa(a). Further, there may be differences in
ths machepplme of action, age and sex depsndence between zudia.tim spd
chemicala, iﬂfﬂciency of & chemical in e test system is also dependent
upon other ;'mtm such s cell wall penstretion, metsbolism etce It is

alsc not cliaz whethsr diverse test syotems gonerste similsr EEC values for

" a glven compound, The questicn of extrapolating the REC deta from test

systems to hman beings always exists. Kotwithatanding these prcbleme, 1t
has been shoun by Abrabamscn ot a1'?) and Hoddle snd Athensish'®? that tie
mutegenic efficiency of rsdlation and the chemical EXS, respectively,

can be exprested om a commem basis, i€;the haplold genome size, for a
number of difforent speciss ranginyg from virus ito bumans., (n the basis
of this, 1t car' be expected that a constant EEC valus can be obtained for
a given chemical, irrespective of the tzat systom nploycd(w) + Ve bave
also shom rxecently that HEG nElnss ocbtained for diffevent end points are
also comparable, smphasizing the generaliiy of the eaucept(“) « Thus,
eventhough tha REC approach fs not the final sclution to the problem of




s T

quantitating the mutsgenic hazards of cheaicals in the enviromment, it
will provide, at least, & rough basis for their control which is urgently

needed,
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TABLE-1 ‘ .

SOME _ENVIRONMENTAL MAN-MADE |

MUTBAGENS
INDUSTRIAL CHEMICALS. ~ |

HARLOGENATED HYDROCRRBONS AND € PCXIDES:
TRICHLOROETHYLENE, VINYL GHLORIDE, (,], DICHLOROETHYLENE,
CHLOROPRENE, 2 CHLORDBUTADING,

OLEFINIC AND AROMATICHYDROCARBONS :

BUTRDINE, STYRENE , STYRENE OXIDE, BENZENE, BENZO (@) PYRENE .
AMINES AND NIROSAMINES :

2"NHPHTH‘!LRMENE, BENZIDINE) 4 - HMINOBIPHE(N.!L,Z-HCET‘ILHHIND-

AGRICULTURAL CHEMICALS

-PESTICIDES AND HERBICIDES 3

CRPTRFOL 5 DAPA ) NBT; CAPTAN, DICHLOROVUS, FOLPET ,

2~ HYDRAZ110ETHANOL (HEH), S-NITRO~1- NAPTHONITRILE (NNN)
VArMIDIOTHIN , ETHILENE DIOXIDE, ETHYLEN Digromioe,
HEPTACHLOR , CHLORDANE:- :
OTHER CONSUMABLE ITEMS: N |
HRAIR DYES; DRUGS (HYCANTHONE,CYCLOPHOSPHAMIDE,ICR 170,

S& (506 £7C ) 5 Fuop ApSITIVES (AF2, NITRITES,SOMUMBISULFITE ,

SACCHARIN, Em.)
RADIATIONS

UV, IoNISING RADIATIONS (X- RAYS, GAMMARRYS,
NEUTRONS, Erc.) |




SOME ESTIMATES OF HAZARDS OF
EXPOSURE TO CHEMICALS [N TERMS OF
‘EQUIVALENT RADIATION DOSES”
CHEMICAL COMPOUND EQUIVALENT RADIATION DCSE

TABLE -2

ONE THERRPEUTIC DOSE OF

HYCARNTHONE -3 REC
No Ng, (CukrsNT ConsumpTion Rate) 8 REC / G ENERATION

ETHYLENE 'OXEDE(S'PPm/4DhOu") 4- Rem

OVERALL EEFFECT OF CHEMICAL
POLLUTANTS FOR CANCER 4~ 18 REM
INCIDENCE




