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'1‘oxic:ityQ Chlorinated Hydrod@bons and

Related Compounds

A Review Incloding Cldorinaled Dibeozodioxing swad Chiociaated Dihenzofur

Renate 1), Wimbrouph M D Chambler, (i

Various thlorinated technicat  compounds,
namely, 2,4.5-tnichlorophenot, 2,4.5-in¢chlorophon.
oxyacelic acid (2,4,5-T), and Curopenn chioris
naled biphonyls {Phenoclor OPG and Craphen
AGQR), have been tound io be conlaminaled wilh
ace arounts of chiorianied dibenrofurans or
chlorinated d.benzodionins, Toxic I which pro.
duces hydropericardiury in Chickens A0 conlains
chlorinated dibenzodionins, These and othor tech-
nieal chlorinnied compounds suzh s ine leche
nleal penlachliorophenol have bean implicaied in
cavsing chloracne, liver disease, teralogenicity,
x-disease in cavlle, and chick edema. The literas
tuie on Ihe toxicily ol the chlorinated technizal
compounds is feviewed, ! Is mralioned |hat
2.4.5-T pnd the chlorinzled biphenyls atva induce
porphyria. Whether the vaiious discase enlilies
ste caused by the conlaminanis, combinalions
ot e chenneal and ils conlaminanls or by the
¢chemicals themselves aseds Turther cvatuation.

lll‘:(fl",N'l'l,Y several  chiorinated  coin-
pounds, such ps the palydidorinaied biphe-
nyl and 245 trichioroplienoxyvacetic  arid
(24,51, have received a great deal of al-
wistion. Polyelhlorinated Liphenvis (PCRY

“nre increasingly Tound i our chvironment

and 2,45, has been uscd exicnsiveiy as
an lerbicude. Oceasionally theze awl other
chlorinated techinieal compounds have cansed
dizeasas thal bear shailarity to earh other,

Some of there chemicals have Leen [ound
to be contaminated with chlorinated diben-
zofurans or thlorinated dibenaodiaxins, The
various diseases produced by one or more of
the Aifferent lechrienl compounds are die-
cussrd in thus paper. Altention is flocused on
the various contaminanis and theie possible
relationship to differend ddiseases in a varicty
of specica. "The need for Turtlicr well-conedi.
nated epidemiological and experimemtal ani.
mal studies i pointed oul.
."EJE{GT for publication Oct &, 197Y; accepied
Masch 8, 1972,

Froan Uwe Chamblre Traicology Taboralary, Faovie
roninenial Proisetion Apveny, Chaaddee, Ga,

Heprinl reaueta ta (hantblea 'Yoxicology 1abora-

oy, Envirenmeninl 'rolection Ageney, 1770 Du.
ford Hwy, Clinblee, Ga 301 (1Dr. Kimbrough),

duy

Chlaracne

This disease is deseribed by the foarmation
of comedones with or without cvais and
Pustules. "Fhe follicular orifices are filled
with sebaceous and  keratineis  maierial,
Melanosis and a wecondary inflamimatory
reaction may exist. Chleracne wis described
for the first lisce by Herabwinwr! in 159
who thought It was produeed by free chlo
rine, Waurr? in 1915 aned ‘Tdeky™ in 427
supgested the term “pernakrankbeit.” They
felt 1hat this skin disence was produced by
eertain ehlorinateld hvdreenrbans, Jomes and
Alden® viere amon the first to report a ca.e
of chlorene in a 2i-vear-ald male Negro
who worked for three vears distilling elvori-
mated Liphenyis, “This paticnt alto  con-
phtined of lassitwde, loss of appelite, and
joss of libido,

Chloracne is one of the most frenuent
fornis of oceipational depmaititis, and many
cres have been reported in the United
States as well as iy Burope, panicularly
Ciermany and Englnnd,

Teleky® reported in N9 that he personal-
Iy had reen at Teast 130 1o 250 worhers™ in
four diffcrent factories with chloracne. He
siated that liver discase occurs independent.
Iv fromn chlorancne, and usuallyv inanifcsia
iteedl afler an exposure time of fuur lo six
monthz, Lut iy oceur in as <hort a Lime as
soven weoeks. Qeeasionally loss of appeite,
nausea, and cdema of the face and hands
ard the first semntams. Ahdamioal pain and
vainiling follow_ and then jaundice develops,
At nutapsy, acule yellow atrophy of the
tiver is found. He ciles Flinn and Jarvik®
who reported cases of acute vellow atrophy
with fatal onivome fellowing cxposure 10
Halowaxes, Llalnwaxes, which are chlerinat.
ol naphthalenes, as vell as the 1CB Ao
clors) woere increasingly used after 1930 Lo
insulate cables. Teleky™ cies muny other
case reports (Drinker o ol Jones.? Groeen-
fhwreg et al* Colter, Mclechtchie and
Roberizon,V and  Collicet?), Von Uxtlin-
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Chentical strnctinte of 3 chlorinated dibenrodiosin
and a chioddnated dehenzoiuran,
'

et metes 1 deseriles the occitrrenon of
chlmacne in workers vxposed to ticre chem-
ieals. 1le eites severd reforences which indi-
eate that dennatitis is the result of 1he Jocal
cMeel or dircet conlact with the chemieal,
while the toxic hepatitis results from absorp-
tion.

Chloracne has been reported in workers
expored 1o chiloreraphtbnlenes,  chiorehi.
'pln-n_\'ls, chlarodiphenyvioxides, certain pe-
troleom produets, and solid chloruphenoist
Meore recontly Meigs et al'd and 1lohnan
id Meneghini?s reported 14 and 13 cares of

- ‘f!:lnrurur, respectively, Fxpare to chieri.
nated biphenyls was established in rost
of these easvs.  Dinminghamn!™  olserved
chlviacne in 15 cniployces win had nainted
flat sections of plass with enamel and then
biakedd it. 'The enamel had Aroclor (a PCLI3}
incorporated n it. Plewig!$ produced ehlor-
acne experimentally on the upper Lack of
cight amale adults by applying 1lalowax
1014, pentachlorenaphthalene, wmd hoxachlo-
tonnphlh flene.

lhucr ot al'® peported chloracne in work-
ers that handled technical 2.4,5-trichloro-
phenol. In some of these workers neuromitts.
faliag weakness,prvehopathological changes,
lepharoconjunctivitis, amdd liver involve
ment alo ovcuered, Kimunig and Sclndz?
fou..d ‘that pure 2,4,5-trichioropherot din
not produce hyperkeratosis when applicd to

126 TONICETY .u VOROCARIONS K IM LGOI .

the rmhbit ear, Clhe eabbit enre fet is teed
ng a sofrening lest o detesmine whether a
compaind 18 tikely to produce chlorcene.
The ¢hemical, dig-olved in propylens plyeold,
i pinnted an the aabbit car, J0 they dest s
pasitive, ervthema acenes within twa iy
and in a few weeks hyperkeratosis de.
velops.) “The mbbit skin offers s an experg-
mental method that wilt indicate the alilite
of subsalanees to produce acncifuem denma.
titis in Mo Prrve 2,4 5-trichlorupbenal did
not affeet the rebbit ear, and orither did
1.2.1.0-tefrachlorobenzene, the starking ina-
terial in the mamdacture of 2,4,% trichluro-
phenol, However, techunical 2,0.5-trichloro-
phenol which was used in the prodnclion ol
24571 did prodoce hvperkeratosis of the
nibbit car. It was conclnded that by prod-
ucts which had resulted during alkaline hy-
drolvsis of 1,2,4,0-tetrachlorobeizcne were
the causaltive agents,

Kimmiy and Schulz® jsolated several con-
tawnnants and found that some of themn,
namely tetrachlorodibenzofuran (Figure) at
a coacentraiion of 0.057; as well as letras
chlorodilenzodioxin (Figure) at a concentra-
tion of 0.0053%, produced hyperkeratosis in
the rabbit ear. A hepatotoxic cffect was
also observed with these compounds, They
alsa fannd that pure pentachlorophenol did
nol nroduce byperheratoiis of the rabhit ear,
Chloracne was observed in wurkers of a
West Gemnvnn plant who produced  icch-
nical penlachiorophicuol  from  hexachloro-
bensene.?? The technical material ialso in-
duced hyperkeratosis in the rabbit ear. It is
possille that technieal pentachlorophenol
conlaing toxic impurities, particuiariy since
peatachlorophenol s produccd by alkaline
hvdrolvsis from hexachlorobenzene, Diben-
rodioxin and ditenzofuran themsdves do not
cause liver necrosis or hivperkeratosis when
applictl Lo the rabbil ear; however, they
become highly loxic when they contiin three
or more chorine aloms.?® Some of the work-
ers with chioracue also developr cye irrita-
tion, hepatotoxicity, intolerance to aicohiol,
nenronuscular  symploars, porphyrin  cuta-
nea Larda. and psycholegic alteratinns,™ Ac-
cording & Draun,® chloracrie ~eetos lo re-
sull fronr dicoct cuntact with the chenricals
producing it. Crow,”® on the other hand,
points out that chioracne can alo be pro.
duced by systemic absorption,
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This direase i r..- was deseribed hy
Oalon®™ in 1047, A few years laler ewni-
denee was puldished showing that highly
chlocinated naphtictdenes  ciosed  the  fis.
et Cattle with x-disease show a rapid
decline in vilavin A plasmga levels. Syinp-
tos of poisoniog wclude excessive lacrima-
tiun, diarthen, polyuria, marked salivation,
aud diseharge from e nostrils, A chronie
cotiph, poor appelile, and numerous red
wiaculae in the bocend aiteosa develop, avd
byperkeratosis of the +kin follows. Micro-
scopic examination of anlopsy material
shows ¢entral lobwlar degenerittion of liver
cells with bile duct profiferation and dila-
tion of the glands in the wall of the gall-
Iladder. Cyslic dilation of the collecting
tubules of the renal corfex, with a modcrate
degree of Gibrosis and desenerated cells in the
pancreas, was also observed.®8 In sheep, ne-
crusis and circhosis of the liver, damage to
the nephrons, and squamous metaplasia of
the cadometritum were the prineiple findings
after inpestion of feed containing highly
chiorinated  paphthalenes.?*  Huber aond
Link*® fed hexachloronaphthaicnes to young
swine and produced degenerative lesions of
the liver and kidneys and hyperplasin of the
vitpinal epithclium with keratin formation,
A depression of the vitamin A plasma ievel
was nlso obscrved,

Deinker and co-workers® found that the
liver of rals was aflected when the ani-
mids were fod hiph dmeys of tetrachloro-
naphthatene, pentachlorenaphithalene, and
hexacitloronaphihalene or cllorinated bi-
pheayls. When Schoettle ot al"! fed hexa.
chioronaphtiudene 1o rats, they observed mild
to moderale fally degencration of the liver
with cenlrilobalar vncuolatiun of hepalic
colls, Degencrative changes were observed in
the kidneys and the skin showed hyperkera-
tosiy.

It ecan be concluded {rom these reports
that highly chlorinaled naphthalenea pro-
dnee liver changes in severnl species. In
cows, x-disease of the skin, together with a
drop in the vitainin A plasma level, is one of
the leading manifesiations of the disease, It
is possiblo that the vilamin A deficiency
represents a manifestation of concomilant
liver discase.

Sikes ¢t w2 found that x.disgase could ho,

produced in cattle with_highly chlorinated

paphth lencs fug afan \\JIiIJ s dredieinn g
L:(lq teh fs erank g llu u.x,l ,.T,ﬂ

e Uacret ||L |m| ||rm|un |
Ling the mik.
They cited other .llrlhl-f-. wha wirn ahls Lo
produce the disease wilh a tomplex wond
preservistive seal a lobricant,

Dol tested the obility bl various ¢ame
pounds of the chlorionicd paphthoalvne
group to produce x-discase. e discovered
that dichforinaled aud trichlotinatid poph.
thalenes did not produce Uue disense while
tetrachloronaphthaicne had auw ¢ffiet, angd
tha higher chlorinated naphthalene, penta-
chioronaphihalene,  hexachtoronaphthaline,
heptachloronaplthalene, and ectachloronaph-
thalene, caused severe discase, Octachloro-
naphthalene was loss toxie than hexachloror
naphthalene and heptachloronaphthalene,

Chick Idema

Tn 19573038 n (lisease occurrcd in a Yarge
number of chickens which, at first glance,
scemed (o represent an epidemic, It wns
soon discovered that the resichies of certain
distillcd aniinal fats produced Hic condition
when thoy were added lo the chiseken
dict.2%.37 The discase was called chick cdema
becavse it manifests ib«il with hydroperi-
cardium end asciles in chickens. Ducks and
turkeys experionce a reduction in growth.

Allen and Lalich"® produced hydroperi-
cardium and ascites in chickens when
enough toxic fat was given lo kill most of
the birds in five weeks. (""Foaic fat” is a
term used for fat found in chicken feed that
induces chick edema,) When the concendra-
tion of toxid fat was reduced and fed to the
chickens [or 150 days, hydropercardium and
arciles developed less frequently, but teslicu.
lar hypoplasin became apparent. Simpson ¢l
al®® described proliferation and hypertrophy
of the vascular endothelhn and possible
necrosis of hepatic nnd bile ductl lissue in
chickets and turkeys. When mnnkeys (Mn-
caca mulatla) were fed toxic fat, alojxcia,
subcutnneous ederna, deeransed total serum
protein (with a reversal jn the albumin-glob-
ulin ratio), and reduced hemalopoicsis and
‘:pcrm'\logencsiq developed, Caslrie ulcers
occurred in 867 of the animala. Focul areas
of necrosis and degeneration were observed
in tho liver; and the bile duct epithelium
was found Lo be nifecied when it was exain-
ined under the cleciror. microscope. Diliata.
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, ‘/ T Tablo 1.—Liscase Resu!:.mm Exposure

§ Patholegical Findings Birih Delects and X:Ditsase
/ Chilorscne of the Liver Lehal Factor in Catlie

to Technwal Compornds

Chich Cdama

Certan petrofeum proshircts
Chiorunaphlialenes
{rdady penla,
hexd, mud hepta)
Chiodahephe nyly
Crvorintivie ayhvasiey
Chl“ltljl‘mm\l;
(ieehawat 2,45 {ti hinrophenol,
pestachlarophenm)
Tocimawcal 2,451

Chionnated naphihalenes Cerdaen inchaical 2.4,5-7 Highty emncnaied
Chiotinaied Liphenyls

Technical 2,48 T and
other chlorophenols

Putched malerinl
frami toa:e fage

Patychlorinated
biphenyis

naphlhatencs
Cetrpleymprodurly

Y lonc 1217 ay A ooy used tor 1al found in chscken leed 1ha! induces ehick cdema.

tion of the heart and hypertrophy of the
enrdine musele were 2lso present,

Toxic Iat is not the only product capable
of protucing the chick edema syndronic,
Chlorinated bipheny! products, used as a
lasticizor in a paint, have caused hydroper-
feardivin nied nzcites in chickens, 4t and two
of scven Bengulese finches fed PCB des
veloped  hydropericardinmd? The seven
finches of a lolal of 56 birds died during the
conrse of the experiuent. A mixiure of pen-
tachleronaphthalene and hexachloronaphtha-
Jene, when fixd to chichens, resulled in chick
cdemnn 4 The toxic fal which contained the
chick odema factor was studicd jutensively,
I'lick ot alt! sepamied a purificd crystalline
concvntrale wiich produced chick edema and
decreased the hatchability of injected cpes.
Emtirvonic defonmitics were also produced,
Mlick et al'® were not able 1o produce testic-
ular hypoplasia in cockerels when they fed
low Joces of toxie fat (0.6% and 1.0%) to
the cockerels for 12 weeks, as had been re-

. pocted by Allen and Lalich.2?
In 1967, Cantrell o aif® reported that
. 1,2.3,189-hexachloralibenzo-p-dioxin -~ was
one of the toxic compounds producing chick
eduma. Towita et al* had shown earlier
that the healing of pentachlorophenol pro-
duced  oclacloradibenvo-p-dioxin,  Higpin-
Lothamm ct al'® showed that tize chick cdeina
factor ropresented chlorinated dibenzo-p-di.
oxins. The two principal comnpounds iso-
laled  were  2,3,7-Urichiorodibenzo-p-dioxin
and 2,3,7,8,-Letrachloredibenzo-p-dioxin. The
anthors suppested, as & possible source of
contamination, (ais and fatlty acids contain.
ing conunercinl chlorophenols. When crude
fnts andd tallows are heated to produce latty
acitds chloreplionol residues might be con-
veried {o o ebick edema [actor.
1t was mentioned carlier in this article

that the Aroclors can produce chick edenia.
The Aroclors (PUR) are used pritnanily as
diclectrie fluids for capacitors and lrans.
formers. ns industeial fluids foe hydraulic,
for gas turbine and for vacuum pumps, and
as heat transfer flnids, They are also tsed as
plasticizers and are widely distributed in the
environment.*® Aroclor is a trade name un-
der which these compowinds are marketed in
the United States. They can be foind in
synthetie resing, synthelic and nntural rub-
bers, cellulose resins, paint varnish, wax,
asphalt, nud ia nllyl starch. They have been
employext for dust prevention, moisture
proofing, sealing, impreguation, and vapor
suppression to prolong the residual life of
insecticides. They increase the toxicily of
dieldrin and DDT in insccts$® Depending
on the amount of chlorine Lthey cont:in they
are assighed certain numbers, Aroclor 1260
for instance, contains 0% chlerine. while
Aroclor 1242 has an approximate civlorine
content of 427, Miller,® in 1944, {csted a
conmmercial chlodnaled biphenyl with 4295
chlorine and observed liver damage in rab-
bits, guinea pigs and rats. Skin changes
were obecrved in the animals who received
subcutancous injections arcl application of
the matcrial to the skin, The gkin lesions
produced by subcutancous injection were
histologically similar to those of chlotacne
in nmian. Direct application to the skin pro-
duced inconsistent Jesions cownpatible with
low-grade frritation. Yon Oetlingenidirs00-207
discusscy some of the carlier work on the
toxicity of the Aroclors in his book The
lealogenated 1lydrocerbons, Torxicity and
Potential Dengers. Nishizumi? ohserved
changes in the livers of mice and mnkeys
after feeding thern chlorinated biphenyls.
‘The author undertook this work becr.uwwe of
an outbreak of poisoning that involved at
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Table 2,—Toric Contanminants Fauad n Soma
Technic ! Compoum‘

Chieh [doma

Tome 1ot
Chiorrmaled biphenyls

AidTuze ot pentachioro: 2asT
nanhthalene
snd hewachiore-
naphihalens Touic tat

2,4,% trichigrophonol

European chiormated
tsthenyls {Phenoclor
OrG and Cloghen A G0)

Teteachiurodigngnluran
Telrachioraiilic nzavlnain

Tetrachlorodstsensvturan

Telrachiors bl ngmimsmn

1,2.3,7.8.9 herachlrseohlwnga p Jmain
2.3, 7 teschlneothhenits p-ltann
2.3, 7.8 telrachiofon e nen p sonn

Telrachlotondicnzaluran
Puentagmorgucucasofuran
He uu:hlm un mnmal- rN‘

| SO P

* Listed 1o Table |,

feast GO0 people-in Western Japan who had
ingrested rice bran oil that had been contam.
ded  with chlorubiphetiyls,  a Japanese
1CB 1 Kanechlor £00). The chlovobiphenyls
Ieaked into the rice bran oil through pin-
holes w o pipe uscd (ot heat exchange in the
nanalacturing provess. An incrense tn 1ig-
mentation  and  abnormal  gravish  dark-
brown piginent deposits in the skin of still-
born nind hewborn infants was olzerved.™?
Stilibirths were unrelated to 'CI poisoning
of the wother. Adults showed chlorcne, -
orexia, fwligue, edenw of the oyelids, cheese-
like discharie fron the nicibominn glands,
nned dark-hrownish pigmented nails 3

Vos awd Koeman®s studiedd the toxicity of
severnl polychlorinated biphenyls in chick.
ens, quail and ral, ‘The authors compared
the toxicity of two Furopean commrnercinl
polychlorinatert biphenyls {Ihenoclor 1DI'G
and Clophen AGOY and one {Aroclor 1260)
which was produced in the United Siales,
The Furopean compounds showed bigher
toxicity anct ywoduced centrilobular liver ne-
crosis. Chick edema was a commnon finding
with IFuropean compounds nnil rare with
Aroclor 1260, Al three compounds pro-
duced porphyria. Chemieal anatysis of these
three compoumkls  revealed  letrachlorodi-
bepecluran,  pentachiorodibenzofuran, and
hexachloronaphthalene as a contaminant in
the European samples bt pot in the eample
fromn the United Slates.® Since hydroperi-
cardium occurred ocensionally in chicks fed
Aroclor 1260, the authors felt that this was
indicative of small quantities of o toxic fac-
lor in this preparation.

- Teritogencais

Recently, Bionctics Research Laboratory.
Bethesda, Md {unpublished dala), as cited

by Euerson et als fmued n teratogenic effeet
of technical 2.4,5-T in rats. Apparently, the
technieal  2,4.5- T was  conbtninated  with
27 poin of 2,3.7.8-(etrachlorod henzw-p-dinxin,
In the studty published by Courtney et al > it
was staterd that the techmc-\l 2.4.5.T which
was found {0 be leralogenic i Lwo strains of
inice aud one strain of rals wns  con-
tanyrimated with 30 ppra 23,7 8-tetrachlaro-
dibenzodioxin, Emerson ot al™ tisted 2,4,5.
T that only contained 1 ppm 2,3.78-tetra-
chiorodibenzo-p-dioxin al comparable desage
levels amd did not elicit a teratozenic offeet.
This finding was substautialed by Sparschu
et al%? who stuclicd toratogenie effoet of 2,-
3,7,8-tetrachiorodibenzo p-dioxin in the rat,
A shght cffect wos observeld at a dose of
0.125pn/kg/day when the malerial was giv.
cn by gavage {rom Jay 6 through day 15 of
gestation, At the level of 0.5.x/ki/day, the
effect was quile pronoumved. Coartoey and
Moore™ were nble (o produce cleit palales
and kidney niatforniations in three strains of
mice with high doses (100 my/kg subcuta-
neously daily from day 6 to 15 of preg-
nancy) of amalylical grade 2.4.5,-T that
contained less than 0.05 ppwnm 2,3,7,8.letra-
chloroddibenzo-p-dioxin.

Keplinger et al® repocicd a deereased
survival of pups in rat repracduction studies
when fed 100 ppra of Aroclor 1242 and 1234,
and poor hatchubility of egps from chickens
fed 10 or 100 ppm of Aroclor 1242 or 100
npm of Arochlor 1254. It has lLeen said!
that n purified erystatline copcentrate from
toxic fnt led to the development of cmbryonic
deformities in chickens,

Comment

In some instanoes, the sank chemical com-
pounds are responsible for the occurronce of
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chloracne in prople, liver disovise in several
gpecies, x-disease in cattle, chivk cdea, ant

. teralolopic or other effects nn the fetis. Not

ot of the dizease entitics hive thos far hoeen
produced by alt of the cnmpounds (Table
1). Some of the compounds in question have
been sliown to be contaminated with ehori.
nated dlihenzo-p-tlioxing or chilucinated di-
berrofunms VTable 2y, Fhe degree of cone
tamminnlion scems to vary with differont
commpoumds. Some companies manulacluning
these comprolnds have instituted clean-up
procedures which remove the greatest part
of the contiaminants. Improved hypiche
amwong the workers and improved venlila-
tion of the working area have, in many
tnstances, reduced 1he incidence of chlor.
nene. Whether all disense entitics deseribed
are canscd by the chlorinated dibenzodiox-
ins or the chlerinated dibenzofurans iz not
vel known. Some of lhese chemicals are
highly toxic, as ilusirated by the (act that
two applications of 10, of 2,3,.6,7,-lctrachlor-
oditenzo-p-dioxin applicd to human skin"?
produced chleracnelike syvmptoms. Single
omal duses of 20, to S0up/ke/Lody weight
resulted in fatal liver necrosis in rabbits.6®
There is po readily avaiiable information
on the melabolisin of these compounds
in aninials and their hrenkdown in the
environment.® It is probable that they are
stable, Crosby et al® found that 2.3,7.5-tet-
rachlorxlibenze-p-dioxin - and  ils  homeo-
logues decomposed rapidly in alcohol solu-
tion under arlificial light and natural light,
However, photodecomposition was negligi-
ble in nqueous suspensions and on wetl or
dry soil. 1L is unknown whether the discase
entitics dizcussed are the result of one or sov-
cral contuninanis or the combined effect of
the chemical compound and ils contaminant.

Another unsolved problem is the observa-
tion that same of thesq cempounds such as
technieal 2,4.5-T induce porphyria® The
chlorinated biphenyls also couse porphy-
rin.® Whether porphyria is the result
of the chemicals themsclves or of tho con-
taminants, or both, is not known. Crowe
suggeais that the porphyria produced by
technical 2,4.5:T may have been caused by
contnmination of the chemical with crude
chlorobenxenes, whicli were used Lo produce
the chiorophenols from which thie 2,4,5-T
wus made. Detter awarcness of the possible

contamiistion of the technicd chemiedy
with varioos highly toxic sufmtances, wett
coordinnted epidewiolngient stuekies, nrl add-
ditional experimental stodies in animals are
needed Lo clarcily these prealsbens,

Chloracne has teen peoducer! experinent.
ally in men by Shelley and Kiighewn ( Arch
Derm 70,689, 1957). 'T'he authars cile acli-
tional references on cxperimental dermal ox.
posure of animals and men o chilorioted
naphlhalenes.
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