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INTRODUCTION

tn the previous paper, the polential environmental chemical hazards related
10 drugs' and fecd medicants and pesticides” were considered via an a-preort consider-
ation of their chemical structure, nature of mctabolites and dcgradanon products
with relation to known and hazardous insults and the snier-rclattonships and com-
monzahty of hazards present in varnious use calegories. The prescnt section focuses
on indusinal and misccilancous agents :n analagous consideration,

Polymer and plasiic mgredients

A wide varicty of organic derivauves are used in the polymers and plastics
indusiry as plasucizers, modifiers, emulsifiers, stabihzers and solvents, aad their
ineriness and/or safely 1s far from being established.

Polyciiorobiphenjis. Polychlorinated biphenyls (PCB's) are produced by
various manufactures and are represcnied as “a senies of inert, chenucaily resistant,
fire-retarding plasticizers compauble with a wide variety of resins, vanushes, waxcs
and pants; they vary from mobile, oily liquids to white crystals and hard transparent
resins ™. The senes of Aroclors {(Monsanto) are markcted under various numbers
and consist of mixtures of chlorinated biphenyls and terphenyls. The 1200 senes
relaics to the biphenyls, the 5400 series to the terphenyls, and the 4400 senies to a
mixture of bi- and terphenyls. The annuai production of PCB's tn the Wesicrn world
ull most recently was estimated at |00 million pounds.

in the commerciat process for PCB manufacture, biphenyls are chlonnated
with anhydrous chiorine with either tron filings or ferric chloride as the catalyst; the
byproduet is hydrogen chlonde and the produet is a mixture of several PCB’s. In the
process of replacing hydrogen atoms with chiorme atoms, a large number of sub-
siilunon combinations anise, viz.,

s & 2_2

Sel. Toral Lniwan , ) {1972) 117

MONS

0?2131

—————e



e —————_— =~

For example. threc monochlorotiphenyt isomers are possible, 12 dichlorobipheny!
isomers, 21 tnchiorobiphenyl isomers and so on Theorencally, 210 compounds can
be prepared by this substiitution process {a 1ypical PCB exanmipie would be 2,4,6.2°.4"-
pentachlorobiphenyl) - -

The chenucal properties that make polychlorohiphenyls desirahle indusinal
matenals are their excelient thermal stability, thor sirong resistanee 10 both aadie
and bawc hydrolysts and thewr general meriness The larpest single use of PCB's
1s related 10 their electrical propertics, as coolant insulation Ruids in transformers
Qther uses of PCB’s include impregnation of cotton and asbesios for braided insula-
vons of clectrical wiring, plasucizers of viny! chlonde polymer frcons, a plasticizer
in witc and cable coatings and in balasis for fluorescent fixtures Because of thar
thermal stabihity and fire remstance, the PCB’s also find apphcation in high-pressure
hydrauhc Ruids, heat transfer agents, machine 100! culling oils. specialized lubricants
and gashet sealers. Miscellancous uses include; formulation tnlo epoxy patnts,
protecnive coalings for wood, melal and concretes; adhesives and in carbonless repro-
duc.ng paper; and as plastivizers tn plants, resin and chlonnaled rubber and have
been recommended for improving hndane residoes®; they have also been shown to
increase the insecticidal properties of DDT.

Polychionnated biphenyls along with DDE [l,l-dichloro-2,2-bis (p-chloro-
phenyl) ethane] are reported 1o be the most abundant of the chlorinated aromatie
poliutants in the giobal ecosystem®,

Extracts from uissues of sea eagles, pike and saimon® as well as in vanous
species of Braish wildhife* contained PCB’s and in the latter instance it was found
that in birds® liver and eggs the PCB residues were greater than the organochlorine
pesticide residues. PCB's have also been found in fish, mussels and irds from the
River Rhine and the Netherlands costal areas’, in marine ammals in Sweden, England
and the U.S.A.7* and in other wildiife samples®*~*t. Polychlorinatcd mphenyls
have been found in human adipose nissue'?, sampies of human milk'? and in foods
{marganine, vepetable oils and particularly fish)'*.

Essenually, the same type of residue patiern 1s becoming apparent for the
polychlorinated biphenyls that has been found for the persisient organochlonne
insecticides. The PCB's are extremely stable; chemically, fat soluble and hence persis-
tent in the environment,

Polychlorinated biphenyls and polychlorinated triphenyls have been found
10 be estrogemcally active’® — in a series of PCB’s the compounds contatning up to
48% chlonne were acuve On a weight basis polychlorinated bipheny! preparations
(Aroclor 1221) have been shown to have an esiradiol-degrading potennal about five
times that of p,p'-DDE or technical grade DDT?.

PCB's are inducers of hepauc enzymes and together with other chlonnated
compounds may be responsible for aberrations in calcium metabohsm tn cerfain
species of birds® and are penerally considered 10 be more of a potent threat than DDT
10 our declining bird populations, especially for predatory birds that accumulate
fairly high levels of PCB's.

Hydropericardium, oczasionally accompamed by abdomunal :dema was
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found tn chicks'®-'* and Japanese quail’ afier ingestion of PCB of Amcrican
(Arocior) and French (Phenocior) ongin respectively The occurrence of lcsions
resembhing those of chick-edema in birds fed PCB'*!® has also been reportcd.
in most recent work, Vos e¢r gh?® desgribed the identficanon and tonicological
cvaluzhon of chiorinated drbenzofuran and chionnaled naphthalene in 1wo commer-
crul polychlonnated tiphenyls. A combination of toucolopical, pathological and
chenpal-analynical data (including mass spectroscopy) strongly suggesicd the
idennty of tetra- and pentachlo.d.oenzofurans (1 and 2, respectively) as tonc factors
in the PCB’s Clophen A-60 and Phenoclor DPS6.

The occusrence of dibenzofuran derivanves was suggested via a consideration
of the manufacture of PCB’s and particularly in the proccdure for the distillation
of crude PCB 1n which sodium hydroxide can be used?'. PCB can reaet with sodium
hydroaide at ¢levated temperatures to yield phenolic compounds and can for example
yicld polychiorohydroxybiphenyis via saponificaon by sodium hydromde in a
polyhydrnic alcohol medrum??, subsequent loss of hydrochlonic acid could then produce
chlorinated dibenzofuran derivatives.

The brological inleracuons of polychlorinated biphenyls and insccticides
was reported by Lichienstein er al. * who showed that many of the PCB's were
toxic 10 Drosophtla melanogaster Meigen and houscflies Afusca domestica L. (but to a
lesser extent than dieldrin or DDT: their toxicity increased with a decrease in their
chlorine contents), Moreover, sublethal dosages of several of the plasticizer PCB’s
incteased the toxicny of dieldrin and DDT.

Although PCB's are not pesticides per se, they are included 1n about three
dozen pesticide products repistered by the USDA?Y, Because of their similarity in
structure and chemical properties, PCB’s, if present in a sample, are carnied through
the usual pesticide extraction and screerung procedures and are frequently mistaken
for DDT in momilonng Lests,
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Phiholate ester plasticizers. Phthalate esters are among the most widely used
compounds as plasucizers in a vanely of lacquers, varmishes, paints, co-potymers
and plastics.
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developing chick embryo and also di-2-methoxicthyl- and octansodecy) phihalate
were capithle of causing damage to the central nervous sy stem of the deyelopang chick
embryo Toxigemc effecis m ddferem mummals caused by several osters of phthahe
aad have been well documemed?® #3-44, _ )

The cfTect of chemical sterihization of plasic ems and their conleniswith prim-
anly alhyliting anents such as ethylene- anc propylene onde adds ye1 another dimen-
sion Lo the tovicriies and potentinl hizards that nught occur This 1s especially true
in the interaction of these gas sienhization agents with rubber and polyvinyt com-
ponents of many devices. For example, the cthylene oxde reaction product [242-
hydroxycthyl-mercapiohenzothiazole] of the vuicanization accelerator 2-mercupto-
benrothnizole was found Lo be more tovic than the precursor using cells in culture
mice and rabbits*®, O'Leary and Guess*” demonstrated the homolyzing ability of
known amounts of cthyicne oxide to that of freshly gas-sierihzed plastic pharma-
ccutical products as well as the effccts of ester type plastics upon the sorphon of
cthylenc oxide into potyvinyl chloride producls.

Organe 1 comporde. Organo tins are compounds which contain at least
one hn-carbon bond and if all radicals attuched 10 tin through carbon are designated
R, and all other substituents X, the following series are obtained: R, Sn, R,$nX,
R,SnX, and RSnX,. (R may be simple aliphauc or aromutic hydrocarbon radicals
and X halde, hydrowuide, OR, SH, SR or acy! radicals). Most of the organo tins of
industnal and pestiaidal utihity are the denivatives of quadrivalent tin.

Organo un compounds are used in plastics and polymers as siabihizers of vinyl
resing and oxypen-containing polymers and polyamides against degradation by heat
and/or u v hght; 1o control pore structure in polyurethane films; preserve the trans-
parency of polyvinyl chlonde. Compounds used for 1his purpose are of the 1ype
R,SnX (e g. dioctyl tin and dibutyl un dilaurates, mualeates, owudes, eic), and are
genc:ally present 1o the eatent of 1-2% of the fimshed polymer,

The increased use of PVC in the food packaging and disposable medical
aruicles fields has focused the need to elicit both the amount. and nature, of nn stabil-
1zer reswdues, Organo tin compounds used 1o stabihize poly (vinyl chlonde) during
container-forming operauons can migrale into foodstufls packaged in such contamners.
The FDA permits the presence in certain foodsiufls, as a result of such migration
of two orpano nun compounds, namely di-octyl §8-b (iso-octylmercaptoaceiate)
and di-octyl tin malcate polymer. The concentrauon of either, or any combination
of both, may nol exceed | p.p.m, which represents 0.158 or 0.259 p.p.m. of tin (as
organo un), Tespectively, in the foodstuff.

Organo uins are employed in a host of other applications that include: {(a) In
rubber products and parnts: as antuoaidants and antieracking agents; to retard rubber
deterioranions and as stabihzers of chiorinated rubbers or chlorinaied paints, (6) In
trunsformers, capacitors and cables- to prevent corrosion by serving as scavengers
for HC! formed if & short circunt occurred in transformers, eic., using pyranols or
*hiorinaed diphenyls (setrapheny] tm s usefully employed for this purpose); () In
jubricants and textile oils: as acute oxidants and corrosion-reducing adjuvants for
'ubricants; as anu-oxidanis for textile ¢+ls; () As acuvators and catalysts: 1in oxida-
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in general, phthalate esters have been reported to have a lawer order of toxicity
for experimentid aumals®™ *® and thus have becn approved Tor use in packaging
materials for food intended for human consumpnon. However. Guess and cowor.
kers??-3® haye demonstrated she sublig 10acities (11ssue culture ccll denrh or enhanced
growth, changes tn antibody reactvily and arritation as esidenced by dye estras
vasahon) ol plastictzers and stabthzers used in the manufacture of polyvinyl plasties

Citrate and phihabate ester plasticizers such as bis (2wethylhevy Bphihalae
and acelylated tri-butyl citrate were found to be lcached from plasticized polyvinyl
chloride (PVC)*'. The signilicance of exposure time on the leaching of these plasuci-
zers from PVC s important since the plastic is commonly used in in-dwelhing surgical
devices, €.9. catheters, and 1n pharmaceutical containers Calley e/ al*® descnibed
the toxicotogy of a series of phthalate esters.

It has been previousty shown thal certain plastic devices used medically can
release one or more ingredients 1nto ussue or solvent systems* =2,

The four citric acid csters used as plasticizers (e.g triethyl, acetvl triethyl-
t-ibutyl- and acety! tnbuty] ¢itrate) have weil defined and marhed pharmacological
acuvity when administered parenterally (all four have local anesthetic action and
can bloch neural transmission when they come in direct contact with a nerve trunk,
and also stimulate the nerve trunk)*®,

Phthatate estcr plasticizers were found to be extracied by blood from plastic
tubing and from plastic bags used for blood storage. Buiylglycolbutyl phrhalate
(BGBP) was found to be metabolized by isolated perfused rat liver to glycolyl phtha-
late. A sccond phihulate ester plasuicizer di(2-ethylhexyl)phthalaie (DEHP) which is
commonly used in plastics in biological and medical practice was found accuinulated
in the liver unchanged. In addition, it was identified in samples of human tissue
(spleen, liver, lung and abdomina! fat) taken from patients who had received trans.
fusions of blood stored in plastic bags®?,

@g =0-CqHg COOM
s — QX
C=0CHC~C Hy C-0CH,COOH
4 ] 4
[ 1] 1 . Giycoly! phatate

COOCHCHICYH} (CHzCHy
COOCH,CHIC ;g CHy L CH,

DENP

The isolation of plasticizers such as DEHP from the anticoagulant ciiric acid-deatrose
solutions stored in disposable polyvinyl chloride blood bag assemblies has also been
documented?*?’,

In addition to evidence of phthalawe ester plasticizers n certain foodstuffs
such as mil\*®, there has been evidence concerning the presence of these plasticizers
in ammal tissues such as beefl pineal gland>® and heart™.

The teralogenic effects in the chick embryo caused by esters of phihalic acid
was described by Bower ef al.*'. Dibutoxyethyl phthalate caused te-a: genesis in the
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tion, polymerizauion (polyesters and sihcone clistomers) as Ziegler-Nutta type
catalysts for polymicrization of olefins, (¢) Tin-com.nning polymers. nuincrous tiu-
conaining polymers and macrotnolecules have been prepared with tin in the main
chain or as substiuent as well 3s un analogs of silicons (1n wlich carban and tin
alternate): () Miscellunreous uses of org.ano uns include. vreatment of fibreplass with
alky! and aryl un compounds for adhesion to resins, curing catulysts for spplication
of silicons 10 teavics, paper.

The tioaidal appheiucns of organo tin include: (a) agriculiiral fungicides:
tnphenyl tin acetate (Brestan; fonun acgrale) and wtriphenyl tin hydroxide (Du-ter,
fenun hydroxide) and bs(iri-n-butyl tin) oxide (TBTO);

Q oo O_sn-on
& B M £

Bresten Du-ter
CuHy CoHy
C, —S$n=-0-8Sa—C M
-“t/ \ano
Caty o )
Bto

(&) General fungicidal action (e.g triphenyl tin chloride) in paints, preservation of
manila and sisal ropes, leather, textiles, to confer mildew resistance 1o fabrics, for
proteciton of jute and jute bags; wood preservaine, shmicide, paper production
process paper; (¢) Bactericides and biostats: disinfectant (triantyl tin), bactericides
for sceds, () Anthelminues: against worms in poultry (dibutyl tin laurute, un oleate,
tetrasobutyl un), (¢) Nematocide. p-bromophenoxy triethyl un; (f) Herbicides:
vinyl un compounds (trivinyl lin chloride); (g) Rodent repellants: protecung food in
trcated bags (tributyl tin chloride, tniphenyl tin chlortde and acetate), (h) Molluscides.
tuasphenyl uins; (7} Ovieides: triatkyl and 1riaryl tin chlorides (e.g. R;SnCl, R being
methyl, ethyl or propyl) as tnsecucides and ovicides in combmmatuon winh DDT or
pyrcthrum. .

The mode of action of organo tins in mammals can be delineated as the degree
of atkylation of the tin compound per se. In general, :n the whole animal, pharmacol-
og:cal and toxicological effects of tnalkyl tins are confined to the nervous system****.
For rats, the oral 1oxicities*® of the wrialky! uns are in the order: tnethyl > trimethyl >
trusopropyl > tri-n-butyl. (The decrease of toxiciy with increasing Jengih of alkyl
chain s analogous to that observed with di- and tetraalkyl tins).

The conversion of tciraalkyl tins to trialkyl tins®’=** in vivo (as demonstrated
for 1etracthyl tin) accounts for the latent toxicity of the tetraalkyl tins, with the site
of the conversion being the liver*®-*2. From 1he 1oaicological point of vicw, 1he teiraal-
Ayl tins can thus be considered to behave sn a manner analogous 10 their inalkyl tn
counierparis*® (This conversion of a tctraalkyl to a trialkyl mesal has also been shown
for terracthyl iead*®-*%:** and may be a general phenomena). Once etraethyl tin
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has been convericd to triethy] un 1t appears 1o persist in thic body in that form without
apparent further reacuon 1o the dialkyl derivatine The irathyl tin ton 1 u stuble
enuty which 1s toxic per se and persists for some ume in the ussues*, Longterin
fecding experiments wath tnethyl un have disclosed some tesucular atrophy tn addition
10 lesons confined to the cenral nervous system*®.

Triethy! tins and dicthyl tins jomze n aqueous solution with production
of the umvalent (C,H,)Sn* and divalent (C.Hy)LSn™ " catons, respectively ftas
ressonable to assumic that tniafkyl and wnaryl tins eacrt their biological action as
R,Sn* tons or as the undissociated hydroude R,SnOH formed on dissoctation.

The dealhylarion of dicthyl i by the rat has been reported*®, with dicthylation
occurnng o both the gut and tissues. The induction of bihary and hepatic lesions by
dibutyl Un salis 1n rats has also been described®®,

Triphenyl tins, (C,H,),SnX, (where X was halide, hydroxide, alky! or alkenyl,
aryl or ahcychc radicals and ester groups or organic acids) have been found to be
chemosterilants®' *? when fed to adult houseflies,

Muny of the tnipheny! tins were found 1o be supenor as chemostcrilants, to
the azinidincs, if both proups were adnunisiered orally, The highest chemosterihzing
aclivity was shown by tnphenyl tins in which X is mobile and the triphenyl 1on 15
obtatned, e.g. halides, hydroxide, sulphide, athenyl and ester derivatives (but not
phenyl or butyl). .

Tophenyl tins are manly used in agriculture as fungicides (e.g. Brestan,
TBTO) In the finely-divided state in which triphenyl tins are apphied to plants, they
are susceptable to light and oxygen®?,

Phenyl groups are gradually split off with step-by-siep loss in tosicity. Triphenyl
tins decompose siowly into dipheny! tins and the final stage of non-toxic tnorganic
quadrivalent tin compounds 1s probably reached through the unstable interrediate
monophenyl tins®*, rix,

4y 2

— (C‘H.Sn/ ] ——> —Sn—

N AN

Pate and Hays®® described several degenerative changes m (esticular tissue
of male albino rats treated with irrphenyl tin acetate and chloride Complete sterility
was achieved afier |9 days of treatment foliowmng oral administzation of triphenyl
tin acetate, a decrease tn the number of cell layers per seminiferous tubule, 2 decrease
in tubule diameter and overall testicular size, a depleyon of the more advanced cell
forms from the tubuics and a closing of 1ubule lumina.

Tricyclohexy! in hydroxiude is used as a miucide (Phctran, muicide) for apples,
pears and citrus fruis. Dxposure of incyclohexyl tin hydroxide to u.v light has indi.
cated that the compound degrades to cyclohexy) yin and inorgamic un*®,

Also, it has been found that when frui is harvested at varymng penods after
the final spray treaiment, the rano of trnicyclohexyl un to tolal un decreases with
ume. Residue halfslives for tricyclohexyl tin hydroxide in apples and pears were.
5—6 wechs for the apples and 2 weeks for pears {ollowing application of Plictran
(0 84-1.00 ppm for apples and ¢ 40-0 99 ppm for pears).

(CoHy)Sn— ——  (Culy),8n
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Brsphenol. Bisphenol A{(2 2-bis(p-hydroxyphenil) propane] as a copolymer
15 an amportant monomer 1n severil resins used as food pachaging matcrials for
sndusinial processing and consumer use.

£ -
oD o

1

CH,

B8aphenct A

The metabolic fute nnd properiies of hicphenol A are of importance since
somc unreacied monomer does nugrate to food. The mciabolisim of bisphenol A
the rut following oral admimsirauon®? indicates that less than [% of the matcnial
present sn unne was free bisphenol A while the feces contuined 35% frec bisphenol A
and an additional 35% was identified as a hydroaylated product of bispheno! A,

Ir 15 important 1o also note the marked extrogenic activity of bisphenol A'?
(the mimimum effecuve subcutaneous dose was 0.25 mg in the sensitive [8h-glycogen
response of the rat ulerus).

Rubber addiuwes

More than 600 different compounds are employed in rubber technology.
Qenerically, however, the orgamc additives could be grouped 1nto a dozen or 50
chenuical classifications Among these are the thiurams, dithiocarbamates. thuazoles,
sulfenanudes, thhoureas, guamdines, amines, amides, quinolines and phenols. The
categories of utility include accelerators, activalors, anuioxidants, blowing agents,
vulcamzcrs, retzrders, reinforcing agents, plasticizers, dusiing or dipping agents and
inert fillers Table I illustrates the structures of a number of ¢lasses of common rubber
additives. 11 is of tnicrest 10 note that ethyl selenac (selenium diethyvldithiocar bamate)
whech 1s used both as rubber accelerator and fungicide is carcinogensc in the mouse®®,
wlule the rubber additive polymerized N-mitroso-2,2.4-tnmethyl-1,2-dshydroquinoline
has recently been found carcinogensc tn the ra1*®7°,

The dithiocarbamates and their metal salts have also wide utility as fungicides
and their decomposition products include alkyl thiourea, ethylene thiuram mono-
sulfide, carbon dssulfide, carbonyl sulfide, hydrogen sulfide, metal sulfide salis and
elemental sulfur. Both thiuram™ and thiourea are carcinogenic for the thyroid’3,
and +,4'-methylene bis (2-methylantiine} and 4,4’-methyiene bis (2-chloroaniline)
arc liver and lung carcinogens in the rat™,

Brightening agents

Opuical brightcners or optical blcaches were first imroduced into houschold
products about 23 years apo as deterpent additives. These compounds were generally
used at levels varying from a few hundredihs of 1% 10 a maximum of 0.2% n such
products bul 1oday’s qualily detergents contasn opuical brighteners, often at levels
higher than 0 5%. They are deposited in minute amounts on fabrics duting laundenng
and cmit a bluish fluorescence when exposed to ultraviolet radiation, thus improving
the appearance of whiteness or brighteners in the fabrics,
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TABLE]
COMMON RURIT.R ADDITIVES

Cutrgur) Structure
Accelermiors
tramelhyllthiuram disulfide < CH
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N-Cyclohexy!l-2-benzothiszolesulfenamide @")\: s A1 P
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TABLE [ {conuuinued)

Caregory

Stricture

Antioxidaniy -
Phenyt fEnaphthylaming

Diphenyl-pphenyicncdiamine

plsopropoxy diphenylamine

Hydroquinone monobenzyl ¢ther

1,2-Dihydro-2,2, 4. tnmethyl quinofine

Aldoi-a-naphthylamine

2,2-Methylene-bus-(4-methyl-6-seri-butyl phenol)

Anii~ozonunts

N, N"-Di2-0ctyl)-p-phenylene dramine

N-(§,3-Dumeshyibutyl)-N'-pheayl-pphenylene-
diarmine

Blowing agents
Azedicarbonamide

Dinstrosopeniamethylene tetcamine
{3,7-Dinstrose-1,3.5,7-tetraazabicyctof,3,1]-
nonane)

Qoo
OO
O oo,
y-en-ody-om

CH,

¢
j':cu,
'.‘ Mom

H

NECH—CHy~CH-ChHy
b
Oom

oM
lCN,l’—CQ(“,@,CICH'!,

cHy cn,

) 1
gt e D

CHy CHy H H

HaN=C eNIN=C = NH,
it i
o [+

rC =N —CHy
|
on-:« lcn-c, N~ NO
1
HyC —N— CH,y
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TABLE ! (contnucd)

Cutugory Strucrure
Relorders - ©_~ _@
N-Nitrosodiphenylarmine ;00
[efole ]
Salicyhc acid @0'*
Plastelrers COOC, My
Dibutylphthalate :' CO0C,H,y
COOCH)CHIC ;H T Hy 1, CHy
Dhoctyiphthalate {bis{2-ethylhexy phihalaic) coocu,clu ~{CHahCHy
CaMy
Vilcanizing agents crd o
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TABLE 1 (continued)

Cutegor Structare

4,4 Methylene bis-(2-chloroanmiline}
N,N-Q-CH,—Q-NN,
[ =}
R, {3eme i
4,4 Mcthylene bis(3-methylaniline) n,N—@—CH,-Q—NN.

The miost commonly used cotton brighteners, shown in Fig. 1A are bis trinzinyl
denivatives of 4,4'-dianunosiubene-2,2'-disullfomc acid. These so-called CC/DAS
brighteners are prepared from 2 moles of cyanuric chloride (CC) and | mole of The
drsoc,um salt of diamunosulbene disulfonic acid (DAS) With the excepuion of brigh-
tener DMDDEA all are reaction products of 1 mole of CC/DAS with 2 moles of
amiline. Brighiener DMDDEA 15 the reaction product of | mole of CC/DAS and
2 moles of sulfamlic or metamtiic acid.

A number of typical structures of brighieners that are stable to chlorine
bleach 0 the wash Liquor are shown in Fiz. JB These are benzidine sulfone disul-
fonic acid (brighiener BS), naphthotnazoylstilbene sulfonic acid (bnighiener NTS,
R = H) and benzimidazoly! (brightener BBi) derivatives.

The general structures of typical nylon and wool brighieners are shown in
Fig 1 C and include the dern atives ol amino coumarnin (brighiener AC) and diphenyl-
prrazohne (brightener DP), none of which are stable to chlorine bleach The pencral
structures of polyesier brighieners that also have affinity for polyamide fibers are
shown in Fig. 1D and include bisbenzoxazolyl {brightener BBO), naphthoxazoly!
(brightener NOS) and naphthotriazolyl (brightener NTSA) denivatves.

The (CC/DAS) brighieners behave hike direct, dyesiufls on cotton” Brighte-
ning of hydrophobic fibers such as nylon, polyesier and acetale in an alkaline deter-
pent iquor takes place by a procedure similar 1o the dyesng of these fibers by dispersed
dyestuffs?*.

Although the solubility of the commonly used brighteners 1n a detergent
wash hquor is relanvely low, it is still high enough 1o allow a sufficient amount to
dissolve. The exhaust of brightener onto the fiber and migration 1nto the fiber allow
more brightener to dissolve in the hquor, It 1s claimed that the total concentration
of brightener in the hiquor of the modern Amernican hone Jaundry would be only
3-10 mg/luer, even il all the brightener were 1n solution at one ume’®, Of all launderning
alds commonly added to the wash hiquor apparently only active chlonne producis
affcct the stabibty of some brighteners. The extent of attack on the so-called bleach
unstabie brighteners depends on their chemical structure, temperature, amount of

bleach used, ete

DifTerences in stabiltty 1o hypochlonte and dichioroisocyanurasi: bleaches
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exrst also among the CC/DAS bnghiencrs This would appear to indicaie that the
bleach stability of these compounds s divectly orindirecily relued 1o the unine which
is used for the recaction with the second reactive chlonne on the inazine ning

4 SO,Na
R
Dyl et Dy
x Wl ]n H 1 H s JN “ x
Y F 50,0 Y
R R
1
NH 1 | '|‘ D'J
N\ ’“
. @ METTeRy  CRyTeHy  e” TeHy M e,
i »
S L L L LT
On oM Ow -
X» W n " H S0,Ns
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NaO,$ SO4Ns X

= N\\ ‘N
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R n30;S Nma ; i

Brigntener BS Brighiener NTS Brightener BB{
c L]
¢
.
“CH
" LI D5
~ il []
ot oL ¥ N, CHR

Brightener AC
| }R

Brightener DP

o o . -
n—@[ ,‘c-cu:cu-—c’f’]@-n Sc<cHzcH-R
N, \N 4

arightener BBO Brightensr NOS

x "
@C«:cn-@—T—u

Brightener NTSA

Fig L. Siructurcs of optical brighteners A, Bis trazinyt dervauves of 4,4'=dianunostilbene-2,2".
duolfonie wud (CCIDAS colton brighicners). B, Bleach-siable brighieners. C, Nylon und wool
brightcacry, D, Polyesicr and polyamule brighteners,

The combined acuon of optical brighteners and uliraviolet hight in the produc-
uon of tumors has been reporied by Bingham and Faik™,

The opuical brighteners studied were' 3-benzyl-4-methyl-7-hydroxy coumarin
(3), disodwon-4,4-bis (2.4-dimethoaybenzamido)-2,2"-sulbenedisulfonate (4), diso-
dium-4.4°-bis (4,6-dyamhino- S-triazn-2-vl)-amino-2,2’-stilbenedisullonate (5).
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Tumors were not lound in any muce receiving topical applhication of the optical
brighicner in DMSOalone, but with addition of ultraviolet hight (6 hyday on S days/week
1o a germicidal lamp having 60% of 113 energy at 254 my) a high weidence of tumors
developed that resembled grossly the tumors (squamous cell carcnomas) ansing
from rcpeated applicaton of carcinogenic polycychd aromatlic hydrocarbons

Since the use of optical brighteners 15 widespread 1n laundry produets such as
detcrgents, siarches, fubric softeners, in fabrics and paper and in miscellancous
products such as toilet soap and all-purpose cleaners, questions relating Lo the poten-
tial hazard ol dermal contact andfor penetration ol the above brighteners as well as
those listed 1n Fig, 1 A-D, are germane.

Also of importance 1s the recent finding”” that the optical brightening agent (6)
hus been recovered (rom fish in Sweden sugpesung a potential hazard of wash hiquors
containing other optical brighteners being concentrated n marine orgamsms and
fish and hence available for human consumption.

Another interesting brightening agent 1s 4-methyl umbelhlerone (7-hydroxy-
-4-methyl coumarin) (7) that is used as a whitener in laundry detergents as well as

N =N
C,S\c c’ OH 0. O OH 0.0
c—-c ' . P
CH
y B

a brightener in dentrifrices. It is related 1o umbelliferone (7-hydroxy coumarin)
(8) which is used in sunscreen lotions and creams Both coumann derivanves had
! been shown to induce chromosome breakage in alfum cepa’™® %,

—————m—t b i ——a e n s ——

1

| Mscellancous agents

| Trichloroethylene and tetrachloroethylene. Both trichloroethylene and tetra-
chloroethylene (perchloroethylene) are used etensively as industrial solvents (pri-
manly for drycleaning and degreasing), the latter has been finding increasing use
1' since the advent of coin-operated drycieaning. Trichloroethylene 1s also used with
; ‘ other chenticals such as po.smernzed resins of phenol-formaldchyde, rea-formal-
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dehyde und epoxides in the production of special fiber glasses. Tetriachloroethslene
1s used tn small amounts as a2 commodity fumigint Both tnichloro- and tetrachlorg.
ethylcne have been shown 10 be neuroioxic*® %2, buit 1etrachlorosthylene 1s belies ed
1o be more hepatonic than the trichloro dgnivauive,

The metabohism of **C-labeled trichioro- and tetrachloroethyiene was studied
by Danw}** who found that both compounds are larpely excrcied through the Jungs.
1t 15 well known that trichlorocthylene is excreted in the unne as inchloroacenc aad
and tnichlorocthanol 1n all species of expernnenial ammals studies, Tn addiion to
these compounds, monochloreacenc acid is also a unnary metabolite of man,

A point of mujor importance s the nature of the rearrungement which results
in the formation of 2,2,2-trichlorocthanol and tnchloroacetic acid from 1,1.2-trichlo-
rocthylene This has been shown 10 be an intra-molecular rearrangement of trichloro-
cthylene and no exchange of chlonde with the body chloride pool. Fig. 2 illusirates
the meiabolic pathways of tnichloroethylene and tetrachloroethylene,

Intramolecyular

2]
Epdniaalion L rearrangement
CI‘CSCHC| ..E—'_——— C|‘c — CHCL ._._‘.-._-.-—— ca’ CHOD
Trichior oelnylene Rccun-oy Oxsgstion
CCLCHOM CC1,CO0H
Trighicroalnanol Trachioroacet acd
Epoxioation A
CiC=CCly et Gl C — CCly
Tetrachioroninplene intramoleculsr
rearrangement
H
ce,con SXYSE ooy coom
Trichiproacetyl TricMorpacei
Chinrige 8¢:18

Fig 12 Metadohc palhways of trichloroethylene and jeirachloroethylene in the rat

The formation of the intermediate oxide was postuiated by Poweli*®. Trichioro-
ethylene oxide 1s beheved to be formed in ritro when tnichloroethylene is oxygenated
1n the presence of acunic radiation, Rearrangement of the oxide yields trichloroace-
taldehyde (chloral). The formation of chloral in men exposed to Inichioroethylene
vapor has been reported*®. Chloral appeared in 1he blood wsthin 30 min of exposure
but subscquently underwent rapid metabolism. The oxidation of chloral to inichloro
acctic acid 1s reporied o be carried out by an enzyme present in the Iiver of a vanely
of experimental ammals®?,

The reduction of chloral 10 trichlorocthanol would jnvolve alcohol dehydroge-
nasc The mewabolism of tetrachloroethylene may also involve the intermediate
oxidation formauon. For example, following exposure of teirachloroethylene vapor
for 2 h in mice, the unnary metabolites included 52% trnichloroacetic acid, 1%
oxulic acid and traces of dichioroaceuc acid. An epoxide intermedrate was postulated

< 10 account for these products"® as shown in Fig, 2.
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The acd chlonde would be rapidly hvdrolysed 1o tnichloroacctie acid and
ncuber trichlorocthanol or oihe acid would be formed,

In al} of the above discussion of 1the metahohism of tnchloro. and tetra.
chlorocihiylenc it 1s importwt 10 nolg the mutagemeny of ithe inicrmediate chloral
hydrate® *® a5 well as the poienual mutagemicny and carainogemeity of cponides
tn generdl with specific relerence to teirachiorocihylene omde postukied above.

h 1s of added 1mportance to coustder the sinulanty of 1ypes of merubohe
producls (to those discussed above) of the important ancsthcuics hatothane (1,1,
trifluoro.2-bromo-2-chioroethanc) (9) and flucivaene (2.2.2-influorocthyl vinyl
erher) (10}

H
I
CF,-C-O CF,CH,0CH=CH,
|
Br
’ 10

‘I nfiuoroethanol, trifluoroacctaldehyde hydrate and tnfluoroacenc neid are the metab-
ohics of both anesthetics and thewr formation niay proceed via an interimedid le ¢por-
dauon and intramolecular rearrangement as descnbed for trichloro- and tetrachloro.
ethylene 1n Fig, 2 Lutle 1s known of the chronic tovicities of the above fluoro-metab-
ohtes.

Triazenes Certain tnazenes have technical importance as intermediates :n the
“ Raprdogen ™ dyeing process®’ and aryl dralhyl triazenes have been patented for use
as rodent repellants and herbicides®'-%4. Other triazenes have been evaluated as
carcinostatsc agents®*- %,

I-Phenyl3,3-dsmethyltriazene is both a potent carcinopen®® and teratogen
i rats'®%1% Certain other l-aryi-3,3-dsalhy] triazenes of the general formuta.

* sikyl

aryl-N-N-N
123 Nalkyl

are also potent nemotropic carcinogens m rats'®?, The potency increases in the order:
phenyl, 3.pyndyl, pyridyl-N-oxide, and methyl and ethyl, respecinely.

In acid medsum, aryldialhyliriazenes are hydrolyzed to yield aryl diazonium
salts and a sceondary amine, (1t 15 of importance to note that methyl phenylnirosa.
nunc and phenyinitrosourea are both carcinogenic!®3-1% forming probably phenyt-
diazomumion as a reaclive intermediate.}

Preussmann of al 1% studied the enzymatic dealhylatron by rat hiver and lung
microsomal (ractson i citre 1-Phenyl-3,3-dimelhyt iniazene was found to be oxidais
ively dealhylated to form the corresponding aldehyde (formaldchyde) and andine was
also shown to be a metabolne. The results suggest that carcrnogemic aryl dralhyl
triazenes are dealkylated to form aryl-mono alkyl iriazenes as proximaic carcrnogens,
Aryl mono-alkyl triazenes are known alkslanng agenis and the carcinogenic actuvity
of triazenes was explauned by alkylavon of biopolymers (nuclec acids) Fig 3 alluse
tratcs a proposcd actvati~n mechamsm of carcinogenic phenyl diaethyl triazene
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to form phenyl monomethyl trigzene 3s proumate carcinogen and carbomun jon as
uliumate alkylsting agent. The proposed redction mechamismy, however, does not
exclude that certain triazenes may act by a purely chenucal heterolymis 1o form ary)
diazoniumy 10ns as reactive miermediates {for example, the very local sarcomas afier
subcutancous mjgection of Jphenaylsd,J-dimethyl triazene may be eaplained on this
basis}.

- ———

CH
@-N:.u-u’ ! Pranylcimethyitrazene
Semy
l!ﬂvmlm
Pyor oKyl B ton
TH, .3 '
- 1-Phenyi=3=Mmethyl =)
[@'N"" N\CH,-OH] Ayaronymathyliriazens §
If HyO
CHy
@—nan-nf « CHgo  Formatgenyce
H
H e
@—NH ANEN=CHy Phenyitnonome Lhyitristens
lo HyO
@-nu, v (HO=NEN=CNy)  Anriine + MethyidiazChyaronae
-OH"
=Ny
Em * Carboraum son 88 8inyialng sgent

Fig 3 Proposed aclivatwon mechanism of garcinogeme phenyldimethyllrazene to form phenyl
monomelhylinezene as proximaic carcinogen, snd carbonum ion as uluymate alkylaung agent'*?,

The m 1ure allylation of guanosine, RNA and DNA with aryl-moncalkyl
triazenes 1o form 7-alkylguanine was demonstrated by Preussmann and von Hoden-
berg'®*, Aryl monoalkyliriazenes are alkylating agentst®?-22% ag shown:

@-uu-n:u-c:n, - HY —— @-nu, + Ny + CHY

The alkylauon of bropolymers was earlier proposed as the first step in carcino~
pencsis by aryidialkylinazenes'®®, Reactions of |-phenyh3-monomethyl and mono-
cihyt triazenes, respectively, with guanosine, RNA and DNA resulted in the formation
of -methyl and 7-elhyl guanmne.

1115 germane to consider 1he closely related carcinogenic alkylating substances
consisting of. N-nitroso, hydrazo-, a20-, and azoxyalkanes since, as we have discussed
previously, many environmenlal agents either possess the above moieties or are trans-
formed via metabolic and/or degradative pathways (o them.
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The first and deessive sicp in the actnation of these groups in an enzymalic
a-C-hydronylation of an alky] residue, which s then cleaved o as 1he corresponding
aldehyde (an alkyl diazohydroaide or an allyl duazonium ion s probably formed
as an alkylaung intermediatch The naturally occurring azoayalkane ¢ycasin {incihyls
azoxymethano! glucuride) (11) is transformed to its mecthylazoxymethanei (12).

+ +

CH,~N~N-CH,0-8-0-C4ii,,0, CH,-N=wN-CH,0H

o d-
1] 12

This proaumate carcinogen 1s then easily hydrolyzed to formaldehyde and an
alhylaung agent, probably methyl dumine oxide, which is a 1automer of raethyl-
diazohydrox:de,

Azoalkanes could possibly be oxidized in rive 10 yield azoxyalkancs, Dealky-
lanion of alhanes could form alkyl dumines which could possess aikylating activity,
Fig 4 illustrates the proposed reaction mechanism of hydrazo-, azo- and azoxyatkancs
according to Preussmann ef al.''!, .

R=CHy=NH=NH—CHy=R

~ :

R=CHy=NEN=CHj=R  —————m—e=  R=CH,=NIN=CHy=R

e~C-hydroxylase l.-c-hycru-yim
Q
R-CHy=NEN=CH~-R R=CHy~NTN=CH-R
oH oM
o (+ ]
P &
-n-cl, ~R=c
7
R-CHy=NIN=H ' R=CHy=N=N=-H
CHy=R

Fig. 4 Proposed reaction mechanism of hydrazo-, azo- and a20xyalkanes.

The atkylation of nucleic acids, partrcularly at N-7 1n guamine, and the resultsng
change of the genetic code in cells 1s considered as the tnrtsation of their carcinogenic
transformation.

Since the “acuve forms™ in all three groups of subsiances (122, (@) nitroso
compounds, () hydrazo, azo, and azoxyalkanes, and (¢) 1-aryl-3,3-dialkyl triazenes)
are the same, £.g alhyldiazomum compounds, the speesficity of the effects must most
probably be aunbuted to the whole molecule of the “transport foriis™ or to ther
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enzymaic activation. The detection of carcinogenic properties in drazomethane and
dizzoacetate as well as i directly acung alkylaung agents such as alkyl hahdes,
anndines, dialkyl sulfates and !.3-propane sulfone gives considerable support to the
alkylation theory'2.

A number of reported reactrons s of mono-nuclesc acids with diazomum saits
m vitre are mioemativet 13-4, For example, the arylauon of guanine in the 8-position
by drazontum salts has been demonstrated®*?,

]

: IO
Ay N (7]
ﬁ: Ho'k‘u, z
HOCH,y HOCH,
o]
13 RabH, 14 Rs KH ™ 13 R, WO R 3, 0
H H H H
HO WO

Typical compounds formed include 3-p-benzolsulloguanine (13).

Guamine reacts with drazomum salts 1o yield guanine §-azo compounds which
can further reduce 10 S-amino guanine and arylamine!!?''® while adenine does not
undergo the analogous reaction.

Késsel''2 described the reaction of mononucleotides with diazonjum salts to
proceed as shown;

o " [+]
)t Swrousec ”‘ "\) —a \")i")
u,N'L Y e e . W T JxgAy

N N N

z-
»
T
-

Buanye .c-o ~ N u-»'a
Zop ;or
e
o o NHy
H H
-~ N - . N
;:I p; D "’o ,"L\ Y+
MO NN M2 N SN o
" [ 14 1 sof

Kanthedyiic acia

The mononucieotides guanyl-, adenyl and cytidyhc acsd react with diazotized suifa-
nilic aci¢ at pH 10-11 forming colored dyes (pigmenis) which absorb sirongly at
370-440 mp. Guanylic acid reacts more rapidly than adenyhe or cytidyiic acid while
uridyl- and thymidyhc acids show no reacion with diazonium saits. Al pH 3 all the
pigments decon.pose agan to the staring materials The pigment formation is inhib-
1ted in the presence of formaldehyde. The reacuon products are suggested to be dia-
zoamino compounds
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Reactions of diazonmum salis with nucleic acids werc investigated by Pochon
and Michclson'??. Dizoni .o salis obiwned from 2-amino-p-benzence disulphomic
acid and 2-anunonaphthalenc-1,5-disulphome acid were found 10 be inghly specific
prving 8-substituied guanine resigucs This type of reagent has been employed to mark
DNA for studics by clectron nucroscopy''*.

Polypheni !t Cenain polypltenyl compaunds have been used as moderator
coolanis in nuclear reactors for sor:e years and their toniciy 1s of importance should
they be acaidentally relcased. The chromic tonie.ty of polypheny| mixturcs have been
reported’ '“13% A1 a duily dictary intake of 350 mg/hg or more Santowar OM, a
miture of 1erphenyls used as a coolani, causes scvere and 10 some exient irreversible
chemical nephrosis and interstitial nephrtis in rats following prolonged ingestion,
Santowiax OM consists of a mixture of biphenyl (4.7%), o-terphenyl (64.1%), m-
terphenyl (25.1%) and p-terphenyl (6.1%): while OMRE High Bailers consists of
high boilers>98%, biphenyl (<0 1%), o-terphenyl (0.1%), m-terphenyl (<0.1%.
p-rerphenyi (<0.7) and inorganic (<0.1%).

Al a daly dietary intake of 33 mg/hg or more an OMRE High Boiler Sample
(consisting of terpheny) and radiolytic and pyrolyiic products denived thereof) induces
a marked reuiculoendothelial hyperplasia in rats following chironic oral admims-
tration, leading 10 an irreversible monolobular cirrhosis. The toaieity of the above
reactor coolant to fish was descnbed by Guthrie and Acres'?'. The acute toxicity in
rabbuis of polyphenyl compounds used as atomic reactor moderator coolanis was
described by Halcy er a2.'®? Ortho- and mera terphenyls were the only polyphcnyls
that caused death after inhalstion.

Dusocyanares and polyurethanes. The dnsocyapates such as toluene-2,4-
dusocyanate (TDI) and methylenediphenyldusocyanate (MDI1) are representative
of chemically hghly reactive moicties that will combine with many organic compounds
The indusirially useful reactions involve the combination with a resin, usually an
organic polyhydnc alcohol, 1o form a high molecular weight polymer of the polyure-
ethane type. Polyurethanes are used as paints and varnishes, surface coatings, flexible
and nigid foams, wire coverings and in thermal and sound insulation.

CHy
g geg

NCO h NCO NCO
™o MOt

TD! 1s usually prepared from toluene-2,4-diamine and phosgene in a solvent
such as o-dichlorobenzene or toluene In the process where TDI 1s used on a very
large scale in the manufacture of flexible foams, the highly exothermic reaction is
controiled by the addition of sppropriaie caialysis {e.g blowing agenis such as
azodicarbonamide). As a result of the exotherm, significant quanuues of TDI vapor
may appear in the atmosphere and in concentrations substantially above the present
threshold linwt vatue of 002 pp m '?? Prolonged exposure of workers to low air
concentrations of TDI (0 | p p.m.) have been reported 10 produce a vanety of acute
and chronic respiratory effects! #4139,
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Crude MDI used in rigid urctltane foam formulauions 1s prepared by 1reating
the condensation product of antline and iormaidehyde with phosgene Any unconden-
sed andine imtially present will be converied 10 phenyi isocyanate, which because
of us volaulity, 1s more tovic than_the disacyanales.

The hazards imobved in the decomposition of polyurcthanes llave been
suggesied by Pasley'3® For exampic the decomposition of polyurethanes used in
wire insulanion occurs at 220°C-275°C, producing iso-cyanates and N-onides. (The
temperature of a soldering iron in pormal soldering opcruois is approximately
300°C.} The possibihity of a serious fncipiens hazard in eombatting fires invoiving
buildings and refrigerated eompariments, eic , where large quantities of polyurethane
foams are uscd was also raised by Paisley'?®

The cffects of phystologically active media on polyurcthanes were studied by
Lipatova and Verclovshit'®' 1o determine the potcntial use of polyurcthanes as
subsiitutes for tissues in surgery The mechanicai strength of polyurethanes were
dechincd by 40-80% after a S-month treatment in test solutions {r.g. physiological
soluticn, gastric juice and pure HCY) The degradation of polyurethane in the model
solution occurred as a result of cleavage of CO-bonds in the urethane group affording
RNCOOH and R'OH. The degradalion rate was inversely proportional to the
number of intermolccular bonds in the polyurcthane,

SUMMARY

We have examined but a small number of selected chemical agenis from a
spectra of environmentzl areas, riz., drugs'; feed medicants and pesticides?; polymer
and plastie ingredients, rubber additives, brightening agents and industrial chemicals
with a view toward cluborating their potential hazard via a pnmary consiueration of
thair structural anaiggles 10 known carcnogens, mutagens and/or Icratogens.
Efforts were made 1o cite where possible, the areas of primary environmental concern
to man in tcrms of water, soii, air and food rcsidues and attendant portals of entry
of these agents as weil as to stress thewr Anown biological and toxicologieal effects.
Recogmhion was also made wherever feasible 10 the interrelationships and commonal-
ity of mctabolites and degradation products from within the classes of compounds
exarmined.

We stress the fact that not only are chemical pollutants (both synthetic and
naturally occurring, as well as their metabolic and/or degradation products) capabie
of producing any onc or more of a varicty of acute and chronic toxicrties, but they may
also interact in riro and in rto to produce synergistic or potentialing effccts

Clcarly the problem 1s staggering when one considers the mynad of new agents
introduced into the environment annually on top of an already staggering number
of present and potential hazards, but the ime may also be shortin eliciting the hazards
of these agents 1o man.
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