-

LE _MONDE (French Paris paper)

March 14, 1973

AFTER D.D.T. - THE USE OF
POLYCHLORINATED DIPHENYLS IS TO BE REGULATED

For the first time, an international accord has
beeu reached among country members of the OECD
(Organization of European Economic Development)
toward limiting the production and use of
certain chemical products deemed dengerous for
the environment and for human beings. Already
the use of DDT 1s severely controlled and

that of PCB's shall be regulated in the coming
years.

The polychlorinated diphenyls have not achieved the notoriety of
D.D.T.. The PCB's in fact have not found as many uses as DDT
especially in the underdeveloped countries, especially in the
past but also at present. These chemicals used as heat-transfer
agents figure in the productlon of paints, adhesives, glues,
lubricants, pesticlides and hydraulic fluilds, Actual production
is still rather limited: while DDT output still reached

200,000 to 250,000 T/yr in 1971, the producers of the OELD
countries (the European countries, the U.S., Canada and Japan)
manufactured only 43,400 Tons of PCB in 1971,

Revealed in 1966, the toxicity and persistency of these products

in the blogphere have been worrying the environmentalists ever
since. The PCB's are in fact, like DDT very stable and carried

by water and air, they can easily spread. They have been found on
the North American Continent, in Europe, in the North Sea,

Once they have been disseminated throughput nature, they are ab-
sorbed by certain animals, and as they are scluble in the fats,
they pass from fish to séa-birds and the seals and finally to man
(See Le Monde article of Feb 23, 1972). Their concentration may
reach 200 to 400 parts per million in eagles, a few parts or dozens
of parts per million in fish of the Baltlc Sea. Laboratory studles
have revealed their toxicity toward the liver, the skin, and
undoubtedly the brain,
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In 1971, the American company Monsanto, sole producer of PCB

in the Unlted States and in the U.K., recognized the danger in-
volved and volontarily limited its production. Thereupon,

the Councll of the OECD following recommendations by the Environ-
mental Committee, followed the policy established by Monsanto
between controllable and uncontrollable usage of PCBs:. In fact,
these products can be used in closed systems (transformers,
condensers, vacuum pumps) which makes 1t possible to recuperate
the material following usage. In other cases, they are in contact
with the environment %lubrication oils, cutting oils, pesticides,
plasticizers, printink inks, paintes) and it 1s then impossible
to prevent their expanslon into the blosphere.

SUBSTITUTE PRODUCTS

In order not to create unnecessary problems, the OECD declded
not to forbid the use of PCB's in closed systems where a
substantial amount of material 18 put to work making its recu-
peration worthwhile. On the other hand, PCB's shall not be used
anymore in other applications: small condensers, heat-transfer
fluids, food industries, pharmaceuticals, plasticizers, inks,
vacuum pumps, cutting olls, pesticides.

These measures will be enforoced in combination with control of
production, imports and exports of the products as well as their
recuperation. A uniform system of labelling will be established
and certain standards will be set up for recipients. The various
countries’ members of the OECD will exchange information on
quantities produced, Iimported and exported, as well as on
substitute products and their toxicity, the destruction of excess
PCB. The countries will report to the Organisation in 1974,

1975 and 1976.

It appears that the replacement of the PCBs by other less toxic
products should not pose serious economic problems. Studies con-
ducted by the OECD have shown that they could easily be removed
from pesticide oils (where they are still present), and that they
Btill represent about ?30 MM in the production of printing inks
(in all OECD countries), On the other hand, the paints industry
8t1ll uses great quantities and these paints are made by numerous
small firms, which will force them to find suitable replacement
products. '

This first international agreement - and this should be emphasized -
18 not a recommendation, but a decision of the OECD Council; it

will undoubtedly be a precendent for other similar agreements.

It remains to be seen whether all members willl respect it and

follow up with the measures as declded upon.

S.E. Johnson
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POTENTIAL ENVIRONMENTAL CHEMICAL HAZARDS

PART IIi, INDUSTRIAL AND MISCELLANIOUS AGENTS
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INTRODUCTION

tn the previous paper, the potential environmentat chenueal hazards related
to drugs' and feed nredicants and pesucides® were considered via an a-priors consider-
avon of thewr chemicai siructure, nature of mctabolies and degradation products
with rclation 10 Anown and hazardous insults and the intcr-refactonships and com-
monahbiy of hazards present in various use calcgories. The present section focuses
on industnal and nusccifancous agents in anatagous consideration,

Polymer and plastic mgredients

A wide varicty of orgamic denvatives are used :n the polymers and plustics
indusiry as plasticizers, modifiers, emulsifiers, stabihzers and solvents, aad thar
incriness and/or safety 1s far from being estabhished.

Poiychiorobiphenjis. Polychlorinated biphenyls (PCB’s) are produced by
vanous manufuciures and are represented as “a series of inert, ¢chenucally resisiant,
fire-rctarding plusticizers compauble with a wide variety of resins, varnishes, waxes
and gnts, they vary from mobile, oy hquids to white crystats and hard transparent
resins "> The senies of Acroctoss (Monsantd) are marketed under vanous numbers
and consist of muatures of chlorinated bipheayls and erphenyls. The 1200 senes
relates to the biphenyls, the 5400 senes to the terphenyils, and the 4400 series 10 a
rmuxture of bi- and terphenyls. The annual production of PCB’s in the Wesiern worid
uli most recently was est:mated at 100 million pounds.

In the commercial process for PCB manufacture, biphenyls are chloninated
with anhydrous chlonne with either iron filings or ferric chlonde as (he catalyst, the
byproduct 1s hydrogen chloride and the product is a mixture of several PCB’s, In the
process of reptucing hydrogen atoms with chlonne aloms, a large number of sub-
stitunon combinatons anse, viz.,
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For example, three monachiorobiphenyl isomers are posuinie, 12 dichlorobiphenyi
isomers, 21 irichlorobiphenyl isomers and so on Tacoretica'ly, 210 conipounds can
be prepared by this subsutution process (a 1ypical PCB examiple would be 2.4.6,2°.4'-
pentachlorobiphenyl) - -

The chenueal properties That muke polychlorohipbenyls dewirable indusirial
materialy are thor excellent thermal siabibity, Iheir strong resistince 10 both audic
and basie hydrolysis and thew gencral ineriness The largest single use of PCH's
is related to thair electrical properties, as coolant snsulauon luads n Iransformers
Oiher uses of PCB s include impregnation of coiton and asbesios for brauded 1nsula-
tions of electrical wiring, plastcizers of viny! chloride polymer frcons, a plasticizer
in wire ang cadle coaungs and in ballasts for Nluorescent fixtures. Because of ther
thermal stability and fire resistance, the PCB’s also find application :n high-pressure
hydraulic fluids, heat transfer agems, machine 100l cutung ouls, speciatized lubricants
and gashet sealers Mscellaneous uses include; formulauion into epoxy paints,
protective coanngs for wood, metal and concretes, adhesives and in carboniess repro-
duc.ng paper: and as plastivigers an plants, resin and chloninated rubber and have
been recommendcd for 1mproving hindane residaes®; they have also been shown to
increase the insecticidal properties of DDT,

Polychlorinated biphenyls along with DDE [l.1-dichloro-2,2-bis (p-chloro-
phenyl) ethane] are reported to be the most abundant of the chlorinated aromatie
pollutants in the global ecosysiem®.

Eatracts from ussues of sea eagles, pihe and salmon® as well as in various
species of Briush wildlife® contained PCB’s and in the latter instance 1t was found
\hat (n bards’ liver and egas the PCB residues were preater than the organochionine
pesticide residues. PCB's have also been found i fish, mussels and turds from the
River Rhune and the Netheriands costal areas’, tn marine animais 1n Sweden, England
and the U.S.A.7* and in other wildlife samples®*~!!, Polychlorinated hiphenyls
have been found in human adipose ussue'?, samples of human milk’? and in foods
(margaring, vegetable oils and particularly fish)' ¢,

Esscnualily, the same type of residue pattern is becoming apparent for the
polychiorinated biphenyls that has been found for the persistent organochlorine
inscctieides. The PCB's are extremely stable; chemically, fat solyble and hence persis-
lent in the environment.

Polychloninated biphenyls and polychloninated triphenyls have been found
10 be esirogenically acuve'® — in a series of PCB’s the compounds containing up to
48% chiorine were acuve On a weight basis polychlorinated bitphenyt preparations
{Aroclor 1221) have been shown to have an estradiol-degrading potenual about five
umes that of p,p’-DDE or technical grade DDT?,

PCB's are inducers of hepatic enzymes and together with other chiorninated
compounds may be responsible for aberrations in calcium metabolism in certain
species of birds® and are generally considered to be more of a potent threat than DDT
to our deckning bird populauons, especiaily for predatory birds that accumulate
fairly high levels of PCB’s.

Hydropencardium, o.zasionally accompanied by abdominal :dema was
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found 1n chicks'*-'* and Jupanese quail’ afier ingesuon of PCB of American
{Arocior) und French (Phenoclor) ongin respectnely The occurrence of lestons
resenmibiing those of chick-cdema in birds fed PCB™® 'Y hag alyo been reported
In most recens work, Vos ef g4°? desgribed the identficauion and toaicological
cvaluasion of cilerinated diben¢ofuran and chlormaied naphihaiene in two commer-
¢l poiychlonnated biphenyls. A combinuuon of toxicolopical, pathological and
chumiegl-analyneal data (rnluding mass speciroscopy) strongly suguesied the
identity of tetra- and pentachlo. w.oenzolurans (1 and 2, respectively) as toxc factors
in the PCB’s Clophen A-60 and Phenoclor DP6,

The occurrence of dibenzofuran derivatives was suggested via a consideration
of the manufacture of PCB's and particularly in the procedure for the distillation
of crude PCB 1n which sodium hydroxide can be used?' PCB can react with sodium
hydroaide at clevaled temperatures 10 y:eld phenolic compounds and can for example
yicld polychlorohydroxybiphenyls via saponification by sodium hydroaide in a
polyhydric alcohol medium??, subsequent 1oss of hydrochlotic acid could then produce
chlorinated dibenzofuran derivatives.

The buwological interactions of polychlorninated biphenyls and nsecticides
was reported by Lichlenstein ef g/, ** who showed that many of the PCB's were
toxie 10 Drosophila meianogaster Meigen and houseflies Afusca domestice L. (but to a
lesser extent than dieldrin or DDT: their 1omcity increased with a decrease in their
chlorine contents). Moreover, sublethal dosages of severai of the plasticizer PCB's
increased the toxcuy of dieldrin and DDT,

Aithough PCB's are not pestieides per se, they are inciuded in about three
dozen pesticide products registered by the USDA. Because of their sunilarny in
structure and chemical properties, PCB's, 1f present in a sample, are carried through
the usual pesuicide exiracnion and screening procedures and are frequently mistahen
for DDT in monitoring tests.
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Phihalate ester plasticizers. Phthalate esiers are among the most widely used
compounds as plasticizers in & variety of lacquers, varnishes, painis, co-polymers
and pilastics.
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I'n generad, phthalare esters ave been reporied 1o have alover order of tovicily
for experimental anmmals®® ** and thus have been approved tor use 10 packaging
matcnals for food mended for human consumpuon Howesver, Guess and covwore
kers?™-29 have demonsiraied the subile toxicites (tssue culture cell death or enhanced
growth, changes in anuboedy reactivily and irrsation as ¢videnced by dye esira-
vasauon) o1 plasticizers and stabshizers used in the manufaciure of polysinyl plistics

Curade and phihalaie ester plasticizers such as bis (2-cthy theavnDpathalaie
and acetylated tri-bulyl eitrate were found to be lcached from plasucized polyviny:
ehlonde (PVC)?! The signiltcance of exposure time on the leacling of these plasier-
zers from PVCasamportant since the plastic 1s commonly used in in-dwellmg surgical
devices, e g. cathelers, and 1n pharmaceutical contamners Calley er af.°® described
the toxicology of a seres of phthalate esters.

It has been previously shown that ceriain plastic desices used medically can
release one or more ingredients in1o Lissue of sojvent systems®*=2*,

The four citric acid esters used as plasucizers {e g tricthyl. accivl tnethyl-
t=ibutyl- and acety! tributy] citraic) have wcli defined and marked pharmacological
acuvity when adnunistcred parenterally (all four have local ancsthetic action and
can block neural transmission when they come tn direct contact with a nerve trunk,
and also sumulate the nerve trunk)*®,

Phthalate ester plasticizers were found to be extracicd by blood from plasiic
tubing and from plastic bags used for biood storage. Butylglycolbutyl phthalate
(BGBP) was found 1o be metabolized by 1solated perfused rat liver to glycolyl phiha-
late. A second phthulate ester plasticizer di(2-ethylhexylyphihalate (DEHP) which s
commonly used :n plasucs tn diological and medical practice was found accumulaied
i the biver unchanged. In addiion, it was identfied in samples of human nissue
(spleen, hiver, lung and abdosmunal fat) taken from patients who had reccived trans-
fusions of blood stored in plastic bags®s.
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The isolation of plasticizers such as DEHP {rom the anticoagulani citric acid-deatrose
solutions stored in disposable polyvinyl chionide blood bag assemblies has also been
documented’*?7,

In addition 10 evidence of phihalate ester plasticizers in ceriain foodstufs
such as milk?®®, there has been evidence concerming the presence of these plasticizers
in amimal tissues such as beef pineal gland®® and heart*®,

" The reratogenic effects in the chick cmbryo caused by esters of phthalic acid
was described by Bower e al*!. Dibutoxyethyl phthalate caused te-aiogencsis in the
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developing chick embryo and also di-2-mcthovyethyl- and ocra-isodecy! phihaiate
were capable of causing damace to the ceniral nervous system of the developing chick
embryo Toxigenie effecis 10 differemt mammuats causcd by several esiers of pluhaiic
aard have been well documenmied?® 4248 )

The cffect of chemical sierthzanion of plistic uems and 1heir conients wizh pnm-
arly alkyiating agents such as cthylenc- e poopyiene oatde adds yeu another dimen-
sion 10 the toviciies and porential hazards that anght occur Tlus s especiaily true
i the imcraction of these gas sierilizatipn agents with rubber and polyvinyl com-
poncnts of many devices, For eaample. the cthylene oxide reaction product [2-2-
hydroxycthyl-mercapto)benzothiazoic) of the vulcamizanon acccleritor 2-mercapto-
benrothiazole was found to be morc tovic than the precursor using cells in culture
micc and rabbits*®, O’Leary and Guess*’ demonstrated the homolyzing abibty of
known amounts of cthylcne oxide 10 that of freshly gas-sienlized plastic pharma-
ceutical products as well as the effccts of ester type plastics upon the sorption of
cthyienc oaide 1nto polyvinyl chloride products,

Organc i compounds Qrgano ting are compounds which contiun at least
one tin-carbon bond and if all radicals attuched 1o t:n through carbon arc designated
R, and all other subsutucnts X, the following semes are obtained: R, Sn, R,SaX,
R;SnX, ang RSnX,. (R may be simpie ahphatic or aromauc hydrocarbon radicals
and X hulide, hydroxide, OR. $H, SR or acyl tadicals). Most of the organo uns of
industrial and pestcadal utility are the derivatives of quadnvalent tin.

Qrgano 1nm compounds are used in plastics and polymers assiabilizers of vinyl
resins and oxypen-contaunng polymers and polyamides against degradation by heat
and/or u.v. ight; to control pore structure in polyurethanc films, preserve the trans-
parcney of polyvinyl chlonde. Compounds used for this purpose are of the type
R,SnX (e g. dioctyl un and dibutyl tin dilaurates, muaicates, ovides, etc.), and are
gencrally present to the eatent of 1-2% of the finished polymer.

The increased use of PVC in the food packaging and disposable medical
articles ficlds has focused the necd 10 elicit both the amount, and nature, of un s1abil
yzer residues. Organo tin compounds used to stabuize poly (viny! chlonde) during
containerforming operations can migrate :nto foodstufls packaged 1n such contatners,
The FDA permits the presence tn certain foodstuffs, as a resuit of such migration
of two ofgano hin compounds, namely di-octy] §S8-b (iso-octyimercaptoacetate)
and di-octyl un maleate polymer. The concentrauon of either, or any comb:nation
of both, may not exceed | p.p.m. which represents 0.158 or 0.259 p p.m. of tin (as
organo tn), respectively, in the foodstufl.

Organo uns are employed in a host of other applications that include: (d) In
rubber products and paints: as antioaidunts and anticraching agents, to retard rubber
deteriorations and as stabilizers of chiorinated rubbers or chlorinated paints; (5} [n
1runsformers, capacitors and cables: 10 prevent corrosion by serving as scavengers
for HC1 formed if a short circint occurred 1n transformers, etc,, using pyranols or
hlornated diphenyls (1etraphenyl un is usefully employed for this purpose); (¢) In
lubricants and textile oils: as acule oxidants and corrosion-reducing adjuvants for
‘ubricanis; as anti-oxidants for texule cvls; (&) As acuvators and catalysis: :a oxida-
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von, polymenzauon (polyesiers and sihcone clustomers) as Zwgler-Natta type
catalysts for polymerizaison of olefins, (¢) Tin-contumng nelymers Aumerous tn-
containing polymicrs and macromolecules have been prepared wih tn sn the miam
chain or as substituent as wcil as un analogs of siicons (in winch carbon and tin
alternate) {1 Miscetlancous uses of organo uns include treatment of fibreglass with
alkyl und aryl un campounds for adhesion 1o resins, curing catalysis for apphcation
of sitlicons to teaules, paper.

The biocida! applications of organo un ineluder (@) agniculiural fungicides
triphenyl tin acetate (Brestan, fenun acevaie) and wriphenyl un hydrovde (Du-ter,
fentin hydroxide} and bis{tri-n-butyl tin) oxide (TBTQ);

BN ) P—so-on
AT CS b

Brestan Du=-ter
c.n.\ CaHy
C, H,;SH'O-S-'O:-C‘H,
[ H. C‘H.
1870

(&) Genera! fungicidal action (e g. triphenyl tin chloride): in paints, preservation of
mantla and sisal ropes, leather, teatiles, 1o confer mildew resistance to fabrics, for
protecnion of jute and jute bags, wood presenaine, shmicide, paper production
process paper, (¢) Bactenicaides and biostats: disinfectant (triantyl tin), bactenades
for seeds; («/) Anthelminucs: aguinst worms in poultry (dibutyl tin laurate, un olcate,
tctraisobutyl un), {¢) Nematocide. p-bromophenoxy trniethyl un, (f) Herbicides.
viny} un compounds (trivinyt tun chlonde); (g) Rodent repeilants. protecung food i1n
treated bags (tnibutyl tin chioride, tnphenyl tin chlonde and acetate), (/1) Molluscides.
tnphenyl uns, (7)) Ovicdes: 1nalkyl and tnaryl tin chlondes (e.g. R,SnCl, R baing
methyl, ethyl or propy!) as insecticides and ovicides 1n combination with DDT or
pyrethrum. .

The mode of acuon of organo ting 1n mammals can be delineaicd as the degree
of alhylation of the un compound per se In general, in the whole animal, pharmacol-
ogical and toxicological effects of trialhyl tins are confined to the nervous sysiem**:**,
For rats, the oral toxiaities®® of the tnalkyl tins are in the order- tnethy) > trimethyl >
irnsopropy! > tri-n-butyl, (The decrease of toxicity with increasing length of alkyl
chain 1s analogous lo that observed with di- and tetraalkyl tins).

The conversion of tetraalky! tins to tnalkyl uns*’=** 1 1o (as demonstraicd
for 1etraethyl tin) accounts for the latent toxiaty of the tetraalky! bns, with the site
of the conversion being the liver*®:**, From the toxicological point of view, the tetraal-
hy! tins can thus be considered to behave in a manner analogous to their trialkyl tin
counterparis®® (This conversion of a tetraaliyl to a trialkyl metal has also been shown
for tetracthyl jead*®? ** and may be a general phenomena). Oncc istraethy) un
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has been converted to triethyl tin 1 appears 1o persistin the body 1 that form without
apparent further reaction 10 the diathyl dermanne The triathyl tn son 1y a stable
enuity which is 1onc per seoand persists for some ume m the tissues'? Long-terin
feeding expenmems wahinethyl tn have disclosed some testicular atrophy tn uddivon
10 lesions confincd 1o the central nervous system*®,

Tricihyl uns and diethyl uns omize 1n aqueous scivhon wath production
of the umvalent (C,H)SA" and divsleat {C;H).8n™* cations, respecuvely itus
reasonabie to assume that inatkyl and triaryl uns exert their biological acnon as
R,Sn* 10ons or as the undissociated hydrovide R,SnOH formed on dissociation.

The dealhylation of dicthy) o by 1he ra1 has been reporied®®, with disshylation
ovcureing in both the gut and tissucs The induction of bihary and hepatc lesions by
dibuty! tin salts in rats has also becn descrioed®®.

Triphenyl tins (C,H,),SnX, (where X was halide, hydroxide, aliyl or alkenyi,
aryl or alicyclic radicals and ester groups or organic acids) have been found 1o be
chemosterilants®' % when fed to adult houseflies.

M.any of the inpheny! tins were found 1o be superior as chemosteniiants, Lo
the aziridines, if both groups were adnumstered orajly, The highest chemostenhizing
activity was shown by triphenyl tins in which X 1s mobile and the triphenyl 1on s
obtained, e g hahdes, hydroxide, sulphide, alhen)! and ester derivauves (but not
phenyl or butyl).

Triphenyl tins are mainly used in agneulture as fungicides (e.g. Brestan,
TBTQ) In he finely-divided s1ate 1n which tripheny) uns are apphed to plants, they
are susceptible to light and oxygen®*®.

Phenyl groups are gradually spht off with step-by-step loss in tocity, Triphenyl
tins decompose slowly 1nto diphenyl uns and the final stage of non-loxic tnorganic
quadnvalent tin compounds 15 probably reached through the unstable interraediate
monophenyl tns*®, vz,

(S Y

/

et [CeH,8n" | = Spm

{CoHunSn= — (ColiyhiSn
N

Pate and Hays®® described several degenerauive changes in testicular tissue
of male athino rats treated with iniphenyl tin acetate and chioride Complete stenility
was achieved afier 19 days of treaiment following oral admimistrauon of triphenyl
tin acetate, a decrease in the number of cell layers per semuintferous tubule, a decrease
in tubule diameter and overall testicular size, a depletion of the more advanced cell
forms from the tubulcs and a closing of tubule lumina.

Tncyclohexyl tin hydroaide 1s used as a muicide (Plictran, muicide) for apples,
pears and airus fruits, Exposurc of tneyciohexyl un hydroxide 1o u.v hght has indi-
cated that the compound degrades to cyclohexy! tin and worganic un®®.

Also, it has been found that when fruit 1s harvested at varying periods after
the final spray treatment, the rato of tncyclohexyl tin to total tin decreases with
ume. Residue halftlives for tricyclohexyl tin hydrovide in apples and pears were.
$—6 weeks for the apples and 2 weehs for pears followng apphcation of Phetran
(0.84-1.00 ppm for apples and 0 40-0 99 ppm for pears).
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Brsphenol  Bisphenol A[(2 2-bis(p-hydroxy phemv i} prapane] as a copolymer
15 an wnportant monomer n several resins used as lood packaging materials for
' tndustrial processing dnd consumer use,

CIH' * - -
o Do
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Bisonenc A

The mwabolic fule and properues of bisphenol A are ol importance since
some unreacted monomer docs megrate to food. The meiabolisin of bisphenot A m
the ray following oral administration®? indicates that less than | % of the materid
present tn urtine was free bisphenol A while the feces contatned 33%, free bisphenol A
and an additienal 33% was identified as a hydroaylaied product of bisphenat A

It 1s amportant to also note the marked eatrogenie acttvaly of bisphenol A'?
(rhe mimimum effective subculaneous dose was 0.25 mg in the sensitive [Bh-plycogen
response of the rat ulerus),

Rubber addiives

More than 600 different compounds are employed 1n rubber technology.
Genercally, however, the orgamc additves could be grouped into a dosen or so
chenucal glassifications Among these are the thiurams, dithiocarbamaics, thiazoles,
suifenanndes, thiourcas, guanidines. amines, amides, quinohnes and phenols, The
catcgonies of utility inciude aceclerators, acuvators. antioxidants, blowing agents.
vuicamizers, retarders, ranforcing agents, plasucizers, dusting or dipping agenis and
incri fitlers. Table [ illustrates the structures of 2 number of elasses of common rubber
adaines. 141s of inicrest 10 note that ethyl selenac (selenium diethy idithiocar bamate)
which 1s used both as rubber accclerator and fungicide 1s carcinogenic in the mouse®?,
while the rubber addnine polymerized N-nitroso.2.2,4-trimethyl-1,2-dihydroquinolineg
has reeendly been found carcinogenic in the rat**7°,

The dithiocarbamaics and their meial salts have also wide utility as fungicides
and thair decomposition products include: aiky! thiourea, ethylene thiuram mone-
sulfide, carbon disuifide, carbonyi sulfide, hydrogen sulfide, meial sulfide salts and
elenienial sulfur. Both thiuram’ and thiourea are carcinogenic for the thyroud??,
and 4.4°-methylene bis (2-methylamling) and 4.4’-methylene bis (2-chioroanihne)
arc hver and lung carainogens in the rat’®,

Brightemung agents

Optical brighteners or optical bleaches were first introduced into household
products about 23 years ago as detergent additives. These compounds were generally
used at levels varying from a (ew hundredihs of 1% to 3 maximum of 0.2% 1 such
products but today’s quahty detergents contain optical brighteners, often at levels
higher than 0.5%. They are deposited in minute amounts on fabrics during laundenng
and emit a Bluish fluorescence when exposed to ultraviolet radiation, thusimproving
the appearance of whiteness or brighteners in the fabrics.
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Cutrgury Strnctore
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Phenyl-/-naphthylamane @-L

OOy
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Chy
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N-{1.3-Dimethylbutyl-N'-phenyl-p-phenylsne- Cry=§=Chy=C = '@ Y @
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n,c- N ==CHy
1
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Dinitrosopentamethylene tetramine

|
| (1, 7-Dinitroso-1,3,5,7-1etraazabicyclo(3,,1]- .-.,é —L—ca,
} nonane)
i
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Cutugory Structure
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TADLE I {cantnued)

Curegory Stewcture

4.4 -Methyicne bis-(2-chloroarhine)
u,l'd'@-CH,—@-una
4] [4]
44" Mothylene Bus-{2-mathylanihing)
N,NQ-C H,-@-m«,
ChHy Chy

The most commonly used cotton brighteners, shown in Fig, | A are bis triazinyl
denvatives of 4,4'-dianunostibeng-2,2'-disullonic acid, These so-called CC/DAS
brighteners arc prepared from 2 moles of cyanurie chloride (CC) and 1 mole of the
disoc,um sah of diaminostitbenc disulfonic acid (DAS) With the exception of brigh-
tener DMDDEA ail are reacton products of | mole of CC/DAS with 2 moles of
anihine. Brighicner DMDDEA 15 the reaction product of 1 moie of CC/DAS and
2 moles of suifanibie or metamllic acid.

A number of typical structures of brighicners that are stable to chlorine
bleach in the wash hquor are shown in Fig, 1B. These are benzidine suifone disul-
fome acid (brightener BS), naphthotrrazoyistitbene sulfonic acid (brightencr NTS,
R = H) and benzimidazoiy! (brightener BBI1) derivatives.

The general siructures of typical nyfon and wool brighteners are shown in
Fig 1C and include the derivatives of amine coumarin (brightener AC) and diphenyl-
pyrazoline (brighicner DP), none of which are stable 10 chlorine bleiach The generai
structures of polyester brighieners that also have alfinity for polyamide fibers are
shown in Fig. 1D and include bisbenzoxazoly] (brightener BBO), naphihoxazotyi
{brightencr NOS) and naphthotriazolyl (brightener NTSA) denvatives.

The (CC/DAS) brighteners behave Iike direct, dyestuffs on cotton™ Brighte-
ning of hydrophobic fibers such as nylon, polyesier and acetate in an alhaline deter-
gent liquor takes place by a procedure ssmilar to the dyewng of these fibers by dispersed
dyestufls™.

Although the solubility of the commonly used brighieners in a delergent
wash hiquor s refatively low, it is still high enough to allow a sufficient amount to
dissoive. The exhaust of brightener onto the fiber and migrauon into the fiber allow
more brightener 1o disselve in the liquor. It 15 claimed that the to1al concentration
of brightener in the liquor of the modern Anserican home laundry would be oniy
3-10 mg/liter, even if all the brightener were un soluuon at one ume’, O all laundering
aids commonly added o the wash liguor apparentiy only active chlorine products
affcct the stability of some brighteners. The extent of attack on the so-called bleach

unstable brighteners depends on their chemical structure, temperature, amount of

bleach used, ete.
DuTerences in stability to hypochlonie and dichloroisocyanurat: bleaches
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enist abso amang the CC D AS brighiencrs This would appear 10 mdicate that the
bleach stubriny of these compounds s direetly or indirectly refated 10 1he anuine which
1s used for the reaciion wih the second reavinve chlorine on the ttazine ning

A SOsNa
DBt Dyl
x N e ! " Ns 'N = x
Y Hso,ma Y
A n
!
NM ' ] ! '
”\. l”ﬁ. ’"\ N
o ). e e e e ey
R : ' . ,
M€, LCHy CHy MG CH, MG CHy
< =1} oM OM ém 6u
Xe M L] ] H 50,Na
Brightener Cesgnation
TA oM DMEA DDEA DMODEA
B
NaGyS SOyNe x
— N N
RNy, NHR CHECH N—N % -cHzcu-c”
Lol l NI ~
S, [
o*¥%p NaOH§ m_' b 4

arigntener BS Brightener NTS arigatener Bl

¢ 7
Cy
“CH
- I Do
NS Aot AN
Brightener AC X
]
Brigntener OP
[+] o, P . N
cad ~ *
R | N,,C"CH‘CN'C\\N@-. “E—cHacn-R

arighisner B8O

@c..ﬂ..@%@ o

Brigntener NTSA

Brightener NOS

Fig. 1. Structures of optieal brighteners, A, Bis tnaziny! derrvatives of 4,.4°-dianuinosulbene:2,2 -
disullfonie uuid (CC/DAS ¢otion brighicners). B, Bicach-siabie brighieners, C, Nyion and wool
brighteners, D, Polyester and polyanude brighieners.

The combined actron of optical brighteners and ultraviolet light in the produs-
tion of tumors has been reported by Bingham and Falk’®,

The optical brighteners studied were: 3-benzyl-4-methyl-7-hydroxy coumarnn
13), disodium-4,4'-bis (2,4&dimethoxybenzamido)-2,2"-stilbenedisuifanate (4), diso-
dium-4,4"-bts (4,6-dranilino-S-iriaznn-2-yl}amino-2,2'-stilbenedisuifonate ().
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Tumors were not found in any mice rece:ving lopical applicaiion of the optical
brighiener in DM SO alone, but withadditon of uftraviolet ight (6 hyday on S days/week
10 a germicidal lamp having 60% of 15 encrgy at 254 mp) a high maidence of wumors
derveloped that resembled grossly the tumors (squantous cell earcinomas) arsing
from repeated apphcauon of caramnogenic policycld aromauc hydrocarbons

Since the use of opucal brighteners s widespread 1n Jaundry products such as
detergents, starches, fabrie softeners, 1n fabnes and paper and 1n muscellancous
products such as to:lvt soap and all-purpose cleaners, questions relaung 1o the poten-
nal hazard of derma) contact andfor penetration ol the above brightencrs as well as
those bsted 3n Fig, | A-D, are germane.

Also of importance is the recent finding”” that the optical brighiening agent (6)
has been recovered from fish in Sweden suggesting a potential hazard of wash liquors
contaiming other opuical brighteners being concentrated 1n marine orgamisms and
fish and hence available for human consumption.

Another interesung brightening agent ts 4-methyl umbeiliferone (7-hydroxy-
-4-methyl coumartn) (7) that s used as a whitener 1n laundry detergents as weli as

@s'ii'élﬁ @[‘J‘ I9@S

a brightener n dentnfrices. Tt is refated 10 umbelliferone (7-hydroxy coumarin)
{(8) which is used in sunscreen louons and creams. Both coumarin derivatives had

been shown to induce chromosome brcakage in allium cepa™7?,

Miscellancous ogenis
Trichloroeihylene and teirachloroeiltylene. Both trichloroethylene and tetra-

chlorocthylene (perchloroethylene) are used estensively as industrial solvents (pri-
manly .far drycleaning ana degreasing), the latter has been finding increasing use
since the advent of coin-operated drycleaning. Trichloroethylene is also used wnh
other chemucals such as po.ymerized resins of phenol-formaldehyde, urea-formal-
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dehyde und cpoxides in the production of special fiber glasscs. Telrachlorocthyene
15 used in small amounts as a commedity fumizint Both irichloro- and tetrachliona-
cthylenc have been shown to be neurotonc®® ™% bur tetrachiorocthylenc 1s believed
1o be more hepatoxic than the trichioro dgrvanve,,

The metabolism of *°C-labeled tnichiore- and tetrachloracihyiene was siudied
by Danie)*® who found tha: hoth compounds are larpciy excreted through the lunas.
1t as wedl known that trichlorocthylene ss excreied in the urie as tnchloroacens acd
and tnichlorocthanol in all species of eapzrinental amimals studies In addition to
these compounds, monochloroacetie acid 15 also a urinary metabolise of man.

A point of major importance 15 the nature of the rearrangement which results
in the formation of 2,2, 2-trichlorocthancl and irichlorcacenc acid from 1.1.2-tnichlo-
rocthylene This has been shown 1o be an intra-molecular rearrangement of trichloro-
cthylene and no exchange of chloride with the body chionide pool. Fig. 2 slustrates
the mctabolic pathways of trichlorocthylene and ictrachioroethylene.

Intramoiecuiar

Eponigaton Ferarrangement
—_— . -

FauhY
CiaC=CHCE ——————— G C —=CHCt CGiy CHO
Trigniorcethylens ﬂocucno/ Sntation
CC1,CHOH CC1,C00m
Trichiorcatnanat Tricnioroacenc acid
Eooxiastion A
Ci,C=CCl, —— Oy == CCly
Tetracmigrostaytens Intramalecwiar
raarrangement
HMydrolytis
ceycoe XAV cor cooM
Tricrigroscetyl Tricnioroac et
chigride f 141 )

Fig 2. Meisbolic pathways of inchlorocthylane and tetrachioroethylene tn the rat

The formation of the intermediate oxide was postulated by Powell*®, Trichloro-
ethylenc oxidc 1s beheved to be formed in ¢irro when trichloroethylene 15 oxygenated
in the presence of acunic radiation, Rearrangement of the oxide yields tnchloroace-
taldehyde (chioral). The formation of chloral 1n men exposed to trnichloroethylene
vapor has been reported®®, Chioral appeared in the blood within 30 min of exposure
but subscquently undcrwent rapid metabolism. The oxidation of chloral o trichlore
acetic acud 15 reported to be carried out by an enzyme present i1n the liver of a vanety
of expenmental ammais®”.

The reduction of chloral to trichlorocthanol would involve alcohol dehydroge-
nase. The metabolism of tetrachloroethylene may also involve the intermediate
oxidaton formation, For example, following exposure of tetrachioroethylene vapor
for 2 h 1n mice, the unnary metabohites included 52% trichloroacetic acid, 1 1%
oxalic acid and traces of dichloroacetic acid, An epoxide intermediate was postulated

- to account for thes¢ products®® as shon 1n Fig. 2.
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The acid chloride wonld be rapdly hydroissed to trichioroacetic acid and
nenher 1richlorocthanol or ovalic acsd wounld be formed

In all of the ahove discusvion of the metaholism of tnchloro- 4nd telra-
chlorocihiylenc 1t s importagt 10 notg the mutagenwity of the inlermednite ehloral
hydrate®™ *® a5 well us the potenual muiagemcuy and carcinogaitienly of cpunides
i gencral with specific reterence o tetrachiorocthylene oarde postulated above.

s of added sirpoitance 1o consider the sumilarity of types of metabolie
products (o those discussed above) of the smponam ancsthelics halothane (3,1,
tnflsoro-2-tiroimo-2-chlorocthane) (9) and fluvrosene (2.2.2-tnfuoroethyl vinyl

cther) (10)

H
l
CF.-CIJ:,’I CF,CH,OCH=CH,
Br
9 10

I nfluoroethanol, triffuoroacetaldehvde hydrate and trifluoroaceuc acid are the metab-
olites of both anesthenies and thair formaion niay proceed vid ain internicediale cpoat-
dation and intramolecular rearrangement as described for yrichloro- and tetrachloro-
ethylenc in Fig. 2. Lutle 1s known of the chronic tonicities of the above luoro-metab.
olitcs.

Trigzencs, Certain tnazenes have technical imporiance as inwerimediates in the
= Rapidogen™ dyeing process®® and ary! dialkyl uriazenes have been patented for use
as rodent repellants and herbicides® =4, Other tniazenes have been evaluated as
carcinostatic agents®?-*%,

I-Pheny)-3,3-drmethyltriazene 15 both a potent carcinogen®® and teratopen
in rats'o® 1% Certatn other l-aryl-3.3-dialkyl triazenes of the gencral formula

" alkyl)

aryl-N-N-N
P23 Nalkp

are also potent nemotropic carcinogens 1n rais'®:, The potency increases in the order:
phenyl, 3-pynidyl, pyndyl-N-onide, and methyl and ethyl, respectnely.

In acid medium, aryldialhyltrniazenes are hydrolyzed 1o yicld aryl diacomum
salts and a sccondary amine (i1 ts of importance 10 note that methyl phenylnitrosa-
mine and phenyinitrosourea are both carcinogenic'®®'®* forming probably phenyl
diazoniumion as a reactive intermediate.)

Preussmann of «l.'®% siudied the enzymatc dealhylation by rat liver and Jung
microsomai fracuon m ciro. 1-Phenyl-3,3-dinethyl triazene was found 10 be oxidat.
ively dealkylated to form the corresponding aldehy de {formaldehyde) and amhine was
also shown to be a melaboliie The results suzgest that carcinogemc ary! dalky!
riazenes are dealkylated 10 form aryl-mono alkyl triazenes as proximaie carcinogens
Aryl mono-alhyl triazenes are known athylating agents and the carcinogenic activily
of tnazenes was explained by alkylauon of biopolymers {nucleic acids). Fig. 3 illus-
trates a proposed activaticn mechamsm of carcinogemc phenyl cnaethyl tnazene
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to form phenyl monomethyl triazene as provuimate carcinogen and carbomum 1on as
ultimate alkylating agent, The proposed resction mechanism, however, does not
crelude that certan tnazencs may act by a purely chenucal helerolysis 1o form aryl
divzomum 1ons as reactive iniermediates (for evample, the very local sarcomas after
subcutaneous rryection of 1-phenyl-3.3-dimethy! tnazene may be eaplained on this
basis).

/CH,
@-N=N- N Prenyidimethyitriazens
CHy
Entymane
Inyormynnnn
@.N-~-N,CH, 1-Phenyl<=methyi-3-
L1
\CH,-OH Aydroaymethyltraieng
10 Ha QO
CHy
@-N:N-N( + CHy0 Formslcenyde
]
1 [ gy
@'N"'N=N-CH, Phenyimonomethyitrigrane
14- Hyo
@-'m‘ + [HO=NZN=CHyd Anling + Methyialaishydroswe
-on"
=~ Ny
éry " Carbomwen 1O a8 aMylatmg agent

Fig. 3 Proposed sctivanon mechanism of ¢arcinogenic phenyldimethylnazene lo lorm phenyls
monomethyitriazene as proxemaie carcinogen, and carbomum Jon as viumate alkylating agent'*s,

The i virrg alhylation of guanosine, RNA and DNA with aryl-monoalhyl-
triazenes to form 7-alkyiguanine was demonstraied by Preussinann and von Hoden-
berg'®*. Aryl monoaikyltriazenes are alkylating agents'®™-*19 a5 shown:

@-Nn-u:n-l:n, + W —— @-NH, + Ny + CHY

The alkylation of biopolymers was earlier proposed as the first step in carcuno-
genesis by aryidialkyliriazenes!®?, Reacuons of I-phenyl-3-monomethyl- and mono-
cthyl triazenes, respectively, with guanosine, RNA and DNA resulted in the formation
of 7-methyl and 7-ethyl guanine,

It is germane 1o consider the closely reiated carcinogenic alkylating substances
consisting of. N-nitroso, hydrazo-, azo-, and azoxyalkanes since, as we have discussed
previousiy, many environmenial agents aither possess the above moieties or are trans-
formed via metabohe and/or degradative pathways to them.
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The first and decisive step in the actinztion of these groups in an chzymatic
a-C-hydrovylanon of an alhy] residue, which s then cicaved ol as the corresponding
aldehyde (an alkyl diazohydronide or an alky!l diazonium 100 1s probably formed
as an alkylatng intennediateh The nasurally occurning azoayalhane cycasin (methyl-
azoxymeshano! glucunde) (11) s transformed to us mcthylazony methanol {12).

+ +
CH,-N-N-CH,0-0-0-C.H,, 0y CH,-N = N-CH,0H
)
or o-
" I}
This pronimate carcinogen s then easily hydrolyzed to formaldchyde and an
athyiating agent, probably methy! dilnune oxide, which is a tautomer of raethyi-

diazohydroxide.

Azoalkanes could possibly be oxidized m 110 10 yield azosyalhanes. Dealky-
lation of alhanes could form alkyl dumines which could possess uikylating acuwity,
Fig 4:illustrates the proposed reaction mechanism of hydrazo-, azo- and azoxyalkancs

according to Preussmann er al!it,

E-CH,-NH-NH-CH'- L

ran 5

H-Cl-s,—n:u-cu'-h ————rt g n-CH,-N=N-cu'...

a=C-hydaroxyiase l--c- nyaroxylase
o
R=CH,=NZN-CH=R R-+CHy=NZN -?H-n
1
oM [« ]
e} 40
-R ,c;’“ -A=C ~
7
R=Chy~NEN-H * A=CHNEN~H
Eryen

Fig 4. Proposed reachion mechamsm of hydrazo-, 820~ and azoxysikanes.

The alkylation of nucleic acids, parncularly at N-71n guaning, and the resuiung
change of the genetic code in ceils 15 considered as the iniiation of their careinogenic
transformation.

Since the “active forms™ in all three groups of substances (t:z., (@) nmilroso
compounds, (b) hydrazo, azo, and azoxyalkanes, and (¢} 1-aryl-3,3-dialky! (nazencs)
are the same, e.g. alhyldiazonjum compounds, the spectficity of the eflects must most
probabiy be attnbuted to the whole molecuie of the “transport forias™ or to their
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enzymatic acuvauon The detection of carcinogenic properties i diazomethane and
diazoacerale as well as in directly acung alkylaung agents sueh as alky! halides,
anrnidines, dialky sulfates and i.3-propane sulfone gives considerable support 1o the
alkylauon theory'®2,

A number of reported reactions s of mono-nuclac acids with diazomum sahs
Lo are mformative!#2-11% For example, the arylation of guanine in the §-position
by diazomun salts has been dcmonslraicd”’.

[+] [+]
N
HNJI A
I \)-@so,u [ ‘)@so:;
)
N'N‘L'\N N HOJ{.N T
R
HOCHy HOCHy
O.
13 Red, 14 Re N W 19 Rari, 10 Re "
L w H M ]
HO HO

Typical compounds formed include d-p-benzolsulfoguamine (13).

Guanine rcacts with diazonium salits (o yreld guanine -azo compounds which
can further reduce to §-amino guanine and arylamine!!* /¢ while adenine does not
undergo the analogous reaction,

Kosset!'? described the reaction of mononucleotides with diazonium salts to
procecd as shown:

-] o
L My N
)Y‘ dmzotzes »?I"\) o u/t’
M nJ‘u ; W 8 s ""u N — N’EN "
»’1 . y .
Gunyucuu - ;4 H-N
sop sof
78
2 2 Yy o+
,L} ) QH'O “,L\." ”)
o % s

xvnn.ayl-c acd

The mononucleotides guanyl-, adenyl and cytidylic acid rcact with diazotized sulfa-
nilic acid at pH 10-1}§ forming colored dyes (pigments) which absorb strongly at
370-440 myi. Guanylic a¢id reacts more rapidly than adenyhie or ¢yudylic acid while
undyl- and thymidylic acids show no reacion with diazonium salts. At pH 3 all the
pigmenis decompose again to the starung materiais. The pigment formation s inhib~
ited in the presence of formaidehyde. The reaction products are suggested 1o be dia-
Zoamino compounds.
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Reactions of diazonium salts with nucleic acids were investicated by Pochon
and Muchelson'"" Diizon . o <alis obluined from 2-amino-p-benzene disulphonic
acid and 2.unumenaphihaiene-1,5-disulphonrc acid were found to be hughly specific
giving B-substituicd 2uanine residues This type of reagent has been employed to mark
DNA for studies by ciectron nucroscopy''®

Polyphemyie Certun polyptenyl compaunds have been used as moderator
coolants in nuclear reactors for soiae years and thar toncity 1s of imporiance should
they be accrdentally released The crionic tonic.ty of polyphenyl nuatures have been
reported’ % A w Juily dictary intahe of 330 mz’hz or more Samowax OM. a
minture of terphenyls used as a coolant, causes severe and 1o some cxtent irreversible
chemical nephrosis and interstitial nephnius in rats following prolonecd mgestion
Santowax OM consists of a mixture of biphenyl (4.7%), o-terphenyl (64 %), m-
terphenyl (25.1%) and p-terphenyl (6.1%), while OMRE High Boilers consists of
high boders> 98%. biphenyl (<0 I%), o-terphenyi (0 1%), m-terphenyl (<0.1%.,
p-terphenyl ( <€0.7) and inorganic (<0.1%).

Al a daily dietary intake of 33 mg/hg or more an OMRE High Boiler Sample
(consisuing of terphenyl and radiolytic and pyroly hic products denived thereof) induces
a marked retsiculocndothelial hyperplasia in rats following chronic oral adminis-
trauon, leading to an irreversible monolobular cirrhosis, The toxicity of the above
reactor coolant o fish was described by Guihrie and Acres'3!. The acute toxicity in
rabbits of polyphenyl compounds used as atomic reactor moderator coolants was
described by Haley e al.'*?, Orthe- and meta terphenyls were the only polyphenyls
thal caused death afier inhalation.

Diisocyanates and pofyurethaues., The disocyagates such as toluene-2,4-
disocyanate (TDI) and methylenediphenyidiisocyanate (MDI) are representative
of chemically hghly reacuve moicues that will combine with many organic compounds.,
The industnally useful reactions involve the combination with a resin, usually an
organic polyhydrie alcohol, to form a high molecular werght polymer of the polyure-
cthane type. Polyurethanes are used as pants and varmshes, surface coatngs, flexible
and rigid foams, wire covenngs and 1n thermal and sound insulation,

CHy

@uco @-cu,O
NCO ) NCO ~NCO
0! MOl

TDI1 15 usually prepared from toluene-2,4-diamine and phosgene in a solvent
such as o-dichlorobenzene or toluene. In the process where TDI 15 used on a very
large scale in the manufacture of flexible foams, the highly exothermic reaction s
controlled by the addition of appropnate caialysts (¢ g blowing agenis such as
azodicarbonamide). As a result of the exotherm, significant quanuues of TDI vapor
may appear in the aimospheére and in concentrations substantally above the present
threshold Jinut value of 002 pp m.*?® Proionged exposure of workers to low air
concentrauons of TD1 (0.1 p.p.m.) have been reporied to produce a variety of acute
and chronic respiratory effects!?*~12%,
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Crude MDI used in rigid arethane foam formulations is prepared by treating
the condensation product of anihine and formaldehyde with pheszene Any uncondens
sed aniline »nitwally present wili be conserted to phenyl 1socyanate, wiich because
of 1ts volatiiity, 1s more 1oste tha the dimsocyanales

The hazards 1mohed n 1he decomposiion of polyurethanes lLtave been
suggested by Paisley'?® ITor example the decomposition of polyurethanes used in
wire insufation oceurs at 220°C-275°C, producing iso-cyanates dnd N-osides. (The
temperature of a soldening 1ron 1w no'mal soldering operaiions 1s approximalely
300°C.) The possibtlity of a serious mcrpient hazard 1n comhatting fires nvolving
buildings and refrigerated compartnients, ete., where large quantities of poiy urcthane
foams ate used was also raised by Paisley!'?®

The cffects of physiologically aciine media on polyurcthanes were siudied by
Lipatova and Verclovshu'>' to delermine the polential use of polyurcihanes as
substitutes for tissues in surgery The mechanical sirength of polyurethanes were
declined by 40-80% after a S-month treatment in test solutions (e g, physiological
sofutten, pastric yuice and pure HCI). The degradation of polyurethane in the modet
solution onccurred as a resuit of cleavage of CO-bondsn the urcthane group affording
RNCOOH and R'OH. The degradation rate was inversely proportional to the
number of intermolceular bonds in the polyurethane.

SUMMARY

We have examined but a small number of selected chenucal agenis from a
spectra of environmentzi areas, ¢iz., drugs', feed medicants and pesticides®; polymer
and plastic ingredients, rubber additives, brightening agents and industnal chemicals
with 3 view toward claboraung their potential hazard via a primary consiucration of
their structural analqgies to known carcinogens, mutagens aud/or feralogens.
EfToris were made to cite where possibie. the areas of primary environmental concern
to man in terms of water, soil, air and food residues and attendant portals of entry
of these agents as well as 1o stress their hnown biological and toxicological effects.
Recognttion was also made wherever feasible to the interreiationships and commonal-
ity of mctabolues and degradation products from within the classes of compounds
examined,

We siress the fact that not only are chemical poltutants (both synthetic and
naturaily occurring, as well as their metabolic andfor degradation products) capable
of producing any one or more of a vanety of acule and chronic toxicities, bul they may
also interact i vitro and in t1ro to produce synergistic or potentiaung effects.

Clearly the problem is staggering when one considers the myriad of new agents
introduced into the environment annuaily on top of an already staggering number
of present and potential hazards, but the bme may also be short in elicaing the hazards
of these agents to maa.
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