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INTRODUCTION

Only the small group of the polychlorinated
polycyclic compounds given in Figures | and 2
will be reviewed in this article. Scveral years ago
when this laburatory was the Atlanta Toxicology
Branch of the Foud and Dmg Administration,
concern was voiced over the possible long-term
effceis of polychloninated biphenyls, and we began
to study 1he toxiity of Aroclor 1254 and Aroclor
1260, About this time a follow-up study was
performed on a group of workers in New Jersey
whu weie engaged in the production of 2.4 5-T.!
These workers had very severe chloracne and had
previously been shown to have porphyria.? During
that same time, a petition was filed with the Food
snd Drug Administzation for a residue level of
hexachlorophene on certain food crops. Hexa-
chloiophene, as well as 2.4.5.T, is made from
trichjorophenol, although the cher dcal reactions
we quite differeni. When we chei ced the available
hierature on the 10aicity of hexachlorophene we
fell that  adequate toxicily dJata by present

standards were not available, particularly not if the
compound was meant lo be ingested. Further-
more. Larson® had pointed out thst hexachloro-
phene was more toxic than commonly acknowl-
edped.

Hexachlorophene and similas chemicals behave
differently from such polycyclic polyciiforinated
compounds as Lhe chlorinated biphenyls {(PCBs).
Hexachorophene in particular is acutely much
more foxic than the PCBs and is faitly rapidly
eliminaied from the body, while ithe PCBs have a
very low scule toxicity, bul are very poorly
metabolized. perticularly those with more than
four chlorine aloms on the phenyl rings. The
long-term effeets are therefore more witical for
compounds such as PCBs. The chlorinaled
dibenzodioxins and furans, some of which wsre
extremely (uXic on an acule batis, may also show
persisience and their long-term effects may be
equally a5 importani. Them observalions show
that it would be erroneous lo make prediclions on
long-term effects from results oblained in scute
toxicily studies.

“tormerty with the Eavironmenial Proisction Agency, Chambise Toxicology Labontory, 4770 Bulerd Highway,

(hamhioe, Ga JOM 1.
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Chlorinated Olbenzofuram Chlorineted Dibenzedionin Polychlorinated Naphtha!emes

FIGURE |. The majcriais shown in this figure are mixtures of compounds in which several but usumily not all of the
positions {-X) arc chiorine and the rest are hydrogen. The propertins of the materials depend on the degree of chlorination
of the mixtare. All are imsoluble in witer but soluble in varying dagrees in orgenic solvents and in fats. The irade name for
the U.S. product (Moamanto) of the chiorinated biphenyls and terphonyls i Arocioc. The trade name it followed by the
number. For the bipheayks, the first 2 digits of thit sumber are 12, and for the terphaayis, 54. tn sach instance the et 2
digits give the percentage of chiorine.
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FIGURE 2. The compounds in Ikis figure are white cryscafline solids with clearly defined melling points sbove 160°C.
They are practicaily insotubie in water and solubie in varying amounts im organic solvents snd i fals Those contabning an
OH group. all the above sxcepting 1.4 4' drichiorocarbanilide, are soluble in squeons slkall

44 CRC Criticel Reviews in Toxicology

MONS 207654

Y
Jis
W

[

c., &




The present revicw is an atiemplt (0 correlate
various 1oak: effects produced by the chemicals
limed in Figures 1| and 2 in order 10 betier
understand and appreciate their behavior.

The subjects covered in this arlicle have lately
enjoyed pgreat interest and 8 rapidly growing
number of scienlific ceports arc avaiiable. Since a
number of the chemicals discussed produce similar
or telated effecis, their {oxicology iz discussed
together rather than histing each cownpound sepa-
rately, which would have led 1o » great deal of
lepefition.

A detailed discussion of the various chemica
resciions, snalynical methods for the determina-
tion of the compounds, is not given. The review
has been writien with the toxic effects of the
various compounds as the focal point and the
litecature cited serves to illusirate these points. No
siempt has heen made (o present a complete
review of the literature in this ares.

DEVELOPMENT, USAGE,
AND OCCURRENCE

A description of the synthesis of chlorinated
bipitenyis (PCBs) can be found in Liebig's Annalen
as carly as 1BR1* Successful production of
diphenyl in commercial quariilies was not report-
ed until 1930* Al that time the chlonnation of
technical bipheny! was also described.* Biphenyl
iiseif 1 fungistatic and used s a preservative for
citrus frunts.” Chlurinated biphenyls are very
sizbie. and have been used for protective coalings,
as plastc resins or gums for varnishes, and for
waterproo{ing and Numeproofing of wood.

The excellent dielectric properties of Lhese
compounds were noled a3 early as 1930, Uniil the
sdvent of the PCBs, mineca) oil was used as a
couling and dielecinic fiquid impregnant for high
voliage elecicic apparaius such as transformers and
capaciiors. Since mineral oil is (lammable and
fiammable gases could also be pruduced, restric.
tions for the use and installations of these trans-
formers had 10 be sei, particularly for indoor
installation. When minersl olls were replaced by
the Aroclors, the fire and explusion hazards were
eiminated. This was recognized by the National
Board of Fire Underwriters snd the National
Electric Code was modified.® Use of Arocions also
greatly reduced the physical size of the
capacilon.'

A recent summary of the varied uses of PCBs

has been provided by Broadhurst '® With » peuk
productivn of 42,527 short wons of PCHs in 1970,
Monsaniv is the sole producer of Aroclors (U.S.
tradename for PCBs} in the US. Yearly PCB
production figures for the pariod 1960-1971 were
reporied by Monsanto.'' The production incress.
ed steadily untt! $970 and dropped L0 20,236
short tons in 1971 due to a voluntary restriction
of the use of PCBs by the company. Trade names
in other countries include Kanneclor and

Senthsterm in Japen, Clophen, Flendor,
Phenuclod, and Sovo) in Europe. -

The polychiorinsted capacilor liguids, com-
monly called sskarels, are mixtures of chiorinsted
biphenyls and chlorinated benzenes. A variety of
other industrial applications'® have been found
for PCBs. They have served ;s Ruids for hydraulic,
s urbine, and vacuum pomps, as heal Lransfer
Nuids. as plasticizers, adhesives, textile coalings,
surface coalings in painls and varnishes, as seal-
ants, and 8 part of formulations lo prepare
pressure  sensilive records and color copying
papers. The exient of the current use of PCBs in
printing processes is unknown. Other suggested
uses over the years have included calalyst carrier
for polymerization of olefins, conversion of water
permeable wil 10 s nonpermeable siate, and
combined inseclicide and bactericide formulations.
Mixiures of chlurinsted biphenyls and chiorinated
naphthalenes have been employed (0 insulate
tleciric wires and cables, particularly when they
were used in the mining indusiry and on
warships.'?

Residues of polychlosinated biphenyls have
been reported in the environment by a number of
suthors in different parts of the world. These
reporis were ysually from areas where indusirial
pollution was responsible for the environmenial
coniamination. Holden,'? afier finding PCBs in
marine {ish and mollusks from Scottith waters,
noticed thal they were generaily highest in samples
from the Firth of Clyde and he discovered that the
PCB contaminstion probably originated from
Industrial sewage. The sewsge sludge was trans.
poried from (wo Glasgow purification works by
boats and dumped In deep waler six miies south of
Garroch Head. The disposal of sewage sludge on
land could jead to the introduclion of PCB
residues into Lhe terrestrin) scosysiem by transfer
through food chaina. So lfar PCB residues have not
been delected in (reah walter fish in Scotland.

Polychlorinated biphenyls have sisc been found

Janumy 1974 447

MONS 207655



in wildlife samples collected along the Dutch cuass
and the Rhine River'* and in fish and sal in
different paris of the Baltic Sea slong the Swedish
coast.'3

Risctiough et al.'¢ compared the presence of
PCBs with that of DDT and its metsboliles in
various birds. These authors found very low
concentrations of PCBs in wildlife species in Baja,
Cabfornia, Mexico, and the Gulf of California,
which arc very remote arcas with a high ratio of
DDT to PCB of approximately @ or 10. In sea birds
Nhom the Pacilic, the ratio was between § and 10
and st that time, PCBs were not found in eggs of
the Adche penguin from Cape Crozier, Antarctica.
Reiatively high PCB concentralions were found in
San Francisco Bay, Puget Sound, and San Diego
Bay and the ratio of DDT to PCBs in wildlife
samples from this area was between | and 2. This
is again emphasized by the findings of Dustman et
al.'? Tweive Alaskan bald eaglc eggs had median
PCB residues of | 65 ppm while |1 eggs collected
in Maine, Michigan, Minnesots, and Florida
showed a median concentration of 9.7 ppm.

Zitko'* found Jow concentrations of PCBs in
different types of fish taken from several lakes and
the St. John River System, New Brunswick,
Canada, and the Nova Scotia banks. Fish (rom the
Milwaukee River and Lake Michigan in the mid-
west part of the U.S., where the river enters into the
lake, contained varying amounts of PCBs'® while
fish taken from various smal lakes in Wisconsin
without industrial discharge failed to show PCBs.
Latge predatons from Lake Michigan contsined as
much as 10 to 25 ppm PCBs on a (resh weight
basis expressed as Asoclor 1254 and salmon egp
contained as much as 12 to 17 ppm PCBs on a lresh
weight basiz. Further siudies by Veith?® of the
concentration of PCBs in differeni rivers emptying
into Green Bay indicated a irend towards a
decrease in PCB concentrations since the roluniary
partial ban on PCB sales by Monsanto was impie-
menied in September of 1970.

If PCB discharges are very high a fshkill may
resull such a3 the one in Escambia Bay, Florida in
1969.2% [n that particular episode the PCBs had
entered a plant’s efMuent through accidental leak-
age of heat exchange fluid. The PCB found in this
case resembled Aroclor 1254 most closely. The
pesk amount found in water of the Escambia
River a1 the outfall amounted to 275 ppb snd the
peak concent:ation found in  oysters from
Escambia Bay was 3.0 ppm, Aroclor residues in
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sediment xamples laken near the outfall reached
486 ppm. When the leakage from the plani was
correcied, Aroclor levels gradually decrcased m
this arca.

The wildlife portion of the US. Nahomal
Monitoring Program analyzed siarlings, mattard
and biack ducks, bald eagles, and fish of scveral
species [or PCBs. According to Stickel,?* monitor-
ing for tesphenyls is slso done but not for any of
the other chlorinated compounds in this repont.
Research surveys that include fishesting birds,
insectivorous birds, ospreys, woodcocks, and cer-
tain ducka also momitor only for PCBs and for
posticides. Oystens (Crassosires virginice) are 8
good indicator of PCB and other chlorinated
hydrocarbon concentrstions in water and » nation.

al monitoring program in these mollusks in |5
constal aress has been developed.?® So far.

mollusks have only very occasionally contained
low levels of PCBs.

in summary, the PCB concentrations in waer
are low or nonexistent in remote lakes and fresh
water stresms and can be as high aa 50 ug/l (5 ppb)
or higher in polluted rivens such 83 the Hudson
River.** The PCB concentration is usually higher

“in sediment from these polluted walers becausc

PCBs ere only wery slightly soluble in water 2*
Since PCBs are stored in living matter. they we
concentraled in the food chain and the usux
“biomagnification™ is encountered as we know it
from other poorly melabolized and excreted sub-
stances. The concentration of PCBs in fish, par-
ticularly those in the upper end of the food chun
from polluted rivers and lakes, is usually estimated
in the ppm range and fisheating birds will hove
somewhat higher leveis of PCBs than the fish fromn
the same geographic location.* Young animais
may contain less PCBs than their oider counter-
paris of the same species in a particular location.

PCBs are abso infrequently encountered in duiry
products, meat, fish, and poultry in ready-to-eas
buman food.?” ?? Occasionally, human food and
domestic animal feed have been more exiensively
contaminated with PCBs. In these instances. the
coniamination could usually be traced to local
misuse of transformer fluid, leakage of PCBa from
heat exchange fluid, or contamination of recycled
peper with PCBs where the paper had been used -
for food packaging ssch as cerea) boxes.?” The
US. Food and Drug Administration has recently
set temporary tolerances for PCBs in certain food
products (see Tabie 1).
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TAWLE S

Temporary Tolersnces Expressed os Partz per Million
{(ppm) Eutsblished by U.S. Food and Drug Adminisiration

(1) MLk {Tat basix) 25
(2 Dary prodwte (T baus) 25
(3) Poulity (15! bams) 50
4] Topps 05
9 Comphere and frisdaed amimal feeds 0.2
i) Animad Teed companenta 10
(1 bast and shieltfrsh (edible portion) 50
tR) Enfant und junwn (ood 0.2
(%) Paper Yaod packaging ma 162iat 100

Nolg: Fhe toleravee for pape: food-packaging materia!
gall nol apply 1o swch materisl separated from the
mckaped food by a fuaciional barrier mpermeable (o
PCH migralion,

The I'ond and Drug Administretion wiil provide wpon
request ihe analytical methods i will use Tor enforcing
ihe iempuorary toletances.

All of these aspects of PCBs in the cnvironment
have becn the subjeci of a number of reports,
sevicws,*® and conferences ? 1734

Terphenuris and chioninated terphenyis are used
x reactor coolants. The terphenyls consist of

nuxtures of ortho-, meola-, and parsterphenyls.
Chioringied terphenyls are produced by Monsanto
and termed Aroclor, foilowed by numbers. The
first 2 digits of these numbers are 54 and the last 2
indicate the percent of chlorine such as Aroclor
$460. Aroclor series 25 and 44 consist of mixtures
of polychlorinaied biphenyls and polychlorinated
terphenyls.*¢ According to Zitko et al.,*” poly.
chlorinated terphenyis have been found in environ.
ments! samples. Polychlorinated terphenyls do not
elute from GLC columns under conditions weed
for PCBs** which may explain why they heve
only been detecied occasionally, but the way they
are used probably also precludes their extensive
spread in the environment.

Chiorinated dibenzodioxing mnd chiorinaied
dibenzofurens may occur = contaminanis of
cyclic chlorinated hydrocarbons.

In 1959 Tomits et al.>" reported on the
synthesis of polyhalodibenzo-p-dioxini. According
to these authors, chlorophenols, when heated to
sbout 200°C or more under alkaline conditions
and pressure, will form chlorodibenzodioxins, as
shown below.

ONa Q1
o, + a, ——» C‘;'@:@'a,
Cl Na O
+ 1 NaQ}

Under similar condiions a3 chlorodibenzoluran

may aiso be formed.

oh M
Cl NaD

Chlorinated dibenzodioxins and chierinated diben-
tofurans are formed, or can be formed, as contam-
inants in the manufaciure of a variety of products
which use chiorophenols and chlorobenzenes as
staring materals, such as 2.4.5.T, pentachioro-
phenol, nitrofen, hexa- and pentachlorobenzene,
snd tr- and tetrachiorophenol. Polychiorinated
biphenyls may also be contaminaled with chilor-
inated dibenzofurans.*®*' and chioninated diben-
tofurgns may resoll  from polychlorinated
biphenyls under UV irradiation.*? The (oxicity of
these producis vasies depending on the position
wd number of chiorines attached io the phenyi
fing. Products from different manufaciurers may

¢ Hy O ¢ NaC1

show a greal dea) of difference in the (ype and
amouni of contaminalion and different Jots of the
aame produci may vary in composition, making
toxicological evalustions of these products very
difficul(. Rigorous production conisol and cieanup
procedures need 1o be implemented so that the
composiiion of differeni lots manufactured by the
same compuny become more uniform,

Villanueva et al** and Jensen and Renberg®*
reporied the presence of chlorinsied dibenzo-p-
dioxin in pentachiosophenol. Hydroxy-
nonachlorodiphenyl ether was also found and
referred (o a5 “predioxin” under the amumption
that it sepresented a precursor of dioxin.
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According 1o Johinson €1 2.,'" the predom-
inant divxin in a3 commercizl peniachiorophenol
was octachiorodibenzidioxin while (race amounts
of hexachlorodibenzodioxin and no tetrachiorodi-
benzodioxin were found. Since (he (echnical
peniachiorophicnol was in ORI respecis more
toxic in animal siudies, than the pure product, the
production process of pentachiorophenol was
changed 10 minimize the divxin concentration and
a new produci has now been regisiered under the
Federal insecticide Fungicide and Rodenticide Act
with a jower dioxin content.

Teclinical 2,4,5:T has also been found (o be
contaminated with a dioxin. In this instance,
unfurtunaely, the very 1oxic 2,3.7.8 teirachloro.
dibenzodioxin,**™*? was present. The conami-
nalion of the 2.4.5.T with 2,3,7,B.teisachlorodi-
benzodioxin ranged from < | ppm (0 as much as
32 ppm over the years. In newly manufsciured
24.5.T in the US. the conient of tetrachlorodi.
benso-p-dioxin has been substantially reduced and
is usually kept below 0.1 ppin. Whether other
dioxins or furans have cver been detecled in
2,4.5.T in the US. has nol been reporied in the
lnerature,

Chdurinated dioxins have also been found in
so-valled “taxic fat,” wiuch produces chick edema
discase when fed 10 chickens. After several yean
of study by indusirty and the Food and Drug
Administralion, Flick et ai'® were sble w0
scparic a pusified corynalline product which
produced chick edema disease. Two years later,
Cantrell e al.5® announced (hai 1.2,3739
chlorodibenzo-p-dioxin was one of the loxic
compounds that produced chick edema. The origin
of the chiurinated dibenzodioxin in “loxic fat™
was not clear. |t was suspected that it arose from
chivrophenols which were used (0 preserve hides
for the manufsciure of ieather. Tallows and
greases were obiained from these hides®' and a
more recent ouibreak of chick edema disease was
traced 10 the conlamination with chlorophenols of
sospstock used as fend fats. Higginbotham et ai *?
showed that chlorophenols and their salis, when
heated, undergo condensaiion reactions and form
chlorinated derivatives of dibenzo-p-dioxin;
furthermore, chlorinated dioxins and predioxing
wcre originally present in some of (he chlorinated
phenols. Generally no efforis have been made to
deicrinine whether warious chiorinared dioxins and

fiirans are present in the environment, However,
Baughman and Memelson®® recently reported the
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prescnce of dioxing (n fish iaken from four
locations in Vietnam in Military Region I, which
includes Saigon and several provinces 10 the

“north.* The concentrations ranged from I8 1o

Bi4 ppt.

Zitko** was not able to demonsirale chior.
inaied dibenzodioxint and dibenzofurans
agualic animais from various jocations in Canada,

Chlorinared raphthalenes may so far have
remained unideniified since they inierfere with
other chiorinaied compounds in any muitiresidue
analysis and are delocted only when mass spec
trometry Is also performed 5*

The various germicides given in Figure 2 have
been used as antiseplics, deodorants, and parlicu-
larly, as far as heaachlorophenc bs concerned, alw
& preservatives for various coametics, soaps, and
lotons. A listing of differeni producis that
conisined hexachiorophene prior Lo the new regu-
lations was given by the American Pharmaceutical
Axsocigtion.®’  Regsiration of bithiono! was
cancelled in the US*" because il produced
photosensitivily reaciions in humans using soaps
thai contained this product. None of the poly-
chiorinated polycyclic compounds used as germi-
cives have been showr (o accumulaie in (he
environment. Hexachlorophene has additional uscs
as a fungicide on ornamenial plants, on conveyor
chains &3 a mildewstat, {n laundry rinses as 3
mildewstal, in shoes and air fillers and assoried
indusirisl uses as a fungisiat, and on leather. paper.
and textiles.*® It is also registered as a pesticide
for use on cucumbers, peppers, and lomatoes *®
and for cotton.

Dichlorophere is wsed a3 a mildew preventive
on cotion and is recommended as a fungicide and
bectericide for the protection of textiles and
maierials from molds *!

CHEMISTRY: METHODS FOR
CHEMICAL DETERMINATION
AND PHOTOLYSIS

Much of the chemistry of polyckioringted
biphenyls has recently been teviewed.? 2!
Commercisl chiorinated biphenyis .re mixures of
biphenyl groups with differ 4t numbers of
chlorine atoms (Figure 1). When hydrogen atonis
are replaced by chlorine on the biphenyi ning. a
large number of substitution combinations can
arise since the number of chlorine atoms on the
molecules can vary and ths chiorines can also be
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sttached to the molecule in different posilions,
resuhmp i a2 vanely of isomers. Even Il (he

chiarination may be (ke samhe, different commer.

gl hatches may vary in the relative concentration
of isomers. The PCBs produced in the US. by
Monsanto fali under the trade name Arocior. The
vanous Aroclor mixtuses have a great aumber of
constituents, and when the biphenyl is chiori-
nated, 210 different chemicals are theoreticaily
possible. Aroclor 1254, for instance, yielded 69
constituents while the fractionation of Aroclor
1242 and 1260 yielded 45 and- 7B components,
respectively.>*

The chlorinated biphenyls (PCBs) are chemi-
cally very inert, resistant to corrosive chemicals,
insoluble in water, and have a low vapor pressure.
Atoclor 1221, for instance, has a boiling point of
278°C. The boiling point increases with increasing
chiorination, The chiorinated biphenyls are detes-
méntd in biological and environmental samples by
2 combination of electson capiure gas kquid
chromatographly and mass specirometry. Nuclear
magnelic  resunance spectroscopy i used in
addition to the sbove (wo proceduses in some
laboratories. PCBs were first identified in environ-
mental sampies by Jensen in 1966.%% They were
getecied us tmeifening peaks on GLC analyss of
environmental samples that were analyzed for
chlorinaled pesiicide residues®?

The PCBs interfered with routine pesticide
snalyses for chlorinated hydrocarbons. Various
suthors  have therefore published separation
methods** and Reynolds’® discussed this exten-
sively in a review.

According to Safe and Hutzinger,** the use of
mass spectrometry for structural studies of PCBs Is
Lmv ¢d because the chlorine atoms may be ran-
domized between the phenyl groups when the
ICBs amz fragmented by electrons. The only
exception 10 this is 2,2"-dichiorobiphenyl.

The quantitation of polychiorinated biphenyl
in environmental samples has met with difficulty
since the PCBs represent mixtures. Several workers
have compared PCB components in field samples
to Aroclor 1254 because the sample chroma-
logams were most similar (o these mixtures *~*?
Rote and Murphy*® quaniitated individual peaks
of different Aroclors by means of a response
cuive. The semilogarithmic relationship of
detector response (total peak area/i6 ng) to
average chlonne content was obtained for each
Aroclor by the method of least squares. From this

relationship the theoretical response of the
delector 10 each chlorinalced biphenyl was calcu-
lated. When this approach was used, the levels of
PCBs were lower than when the PCB levels were
compared 1o Lhe Asoclor 1254 standasd. Because
of these difficulties in quantitation, the PCB levels
reported from different laboratories may vary
greatly. The various problems encountered in the
analytical methodoiogy of polychlorinaied
biphenyls and their quantitation ase also described
in 8 U.S, FDA report which can be obtained upon
request from the US. Food and Drug Adminit-
tzation in Rockville, Md, The title of the report is
Analytical Methodology for Polychiorinsted
Biphenyls (Feb. 1973).

Polychiorinated terphenyis (Figure 1) st not

“eluted from ges chromatography columns under

conditions wsed for polychicrinated biphenyis.*®
By altering their gas chromatograph column, Zitko
et al’’ were able to detect polychiorinated
terphenyls. '

Chiorinared naphthaienes (Figure 1) elute at
the same time and cause interference with the
determination of chlorinated biphenyls and chloni-
nated hydrocarbon pesticides in general, unless
mass spectrometry bt performed to establish the
identity of the various chemicals involved **

The methods presently available for the deter-
mination of tichlorocerbanilide and other germi.
cides (Figure 2) are mot very well developed.
Graber at al.*® outlined a thin layer chroma-
tography method for the determination of these
chemicals in soap and very briefly mentioned
other methods that have boen ampioyed in the
pest.

Several methods fo: the determination of chior-
inated dibenzodioxins and chiorinated dibenzo-
furans have been described. The goal of these
methods is two-fold. First of all, quite a number of
technical polychlorinated organic compounds may
contain one or severa of these compounds™™ 72 g
contaminants and methods have been developed o
determine them in various technical products.
Other methods dealt primarily with toxic fats
where many attempts were made (o isolate and
identify the compounds responsible for chick
edema disease.”® Some of these methe i were
described in the papers that will b cited in
connection with the description of chick edema
diseass in this article,

When preparing the various chlorinated diben-
xodioxins and dibenzofurans for toxicity studies in
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oider to ubain pure products. methuds also need
to be available fur their separation and identifi-

cahon,”*
Ouc of the problems with tetrachlorodibenzo-

dioxin as well as tetrachlorodibenzofuran is their
severe toXicity in the microgram range which will
probably not resull in an accumulation within the
ppm in biological tissues, for instance, for residue
analysis. Baughman and Mcselson®® have recently
described 3 method for the determination of these
mascrials, within the ppt range.

Hexachlorophene is made from trichioro-
phenol. A process for its production was patented
by Gump.”® Additional methods for the produc:
tion and purification for hexachlorophene have

been published and are cited in Chemicsl

Abstrecits.

Recently several methods’®™ 7" have been
developed for the determination of small amounts
of hexachlorophene in blood and biological
tissues. Some methods were based on extraction of
hexachlorophene with ether or ethanol or a
mixture of ether and ethanol. An acetyl or methyl
derivative was formed and the hexachiorophene
was deiermined with electron capture gas chroma-
1ography.’® In an carlier method described by
Bachwann  and Shetlar,®  simple  benzcne
extraclion was used and no derivative of hexa-
chlorophene was made, which led 1o very variable
resulis. The various advantages and disadvantages
of these methods were discussed by Usamer.”® In
earlier work my co-workers used ether for
extraclion and prepared a dimethyl ether deriv-
ative of hexachlorophene.”! Recovery with this
meshod was only about 75% and we have recently
altered our method of exiraction 10 oblain better
recovery."? A method deveioped by Kabacoff et
al.™® for the determination of hexachiorophene is,

according lo the suthors, also suitable for deter-

mination of dichlorophene and Guienmann and
Lisk®> have described a method for the determin-
ation of hexachiorophene in several sgricuitural
products.

The production of hexachlorophene (rom
trichlorophenol proceeds at low temperature and
under acidic conditions which makes the produc-
tion of a chlorinated dibenzodioxin as an impuri'
highly unlikely.

Since chemicals Lhat are found in the environ-
men1 are exposed lo sunlight, the effect of UV
fight on the compounds under discussion has been
pven considerable atiention. Huster! and Korte?*
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synthetized a few PCB isomers, nomcly.
2.4.6,2 4’ 6 -hexachlorobiphenyl, 24.5.2°4° 0"
hexachlorobiphenyl. 242" 4" setsachlorohiphenyl

2,5.2 §'tetrachiorobiphenyl, and uradiated 1he
various isomers with UV light. A meicury vopor
lamp with quartz fliters was used as 2 light spurcc

The UV specirum of the synthetized chlonnaicd
biphenyls only shows significant absurpiion below
300 nm. When these compounds were iiradiated wn
8 solvent such a1 hexane, acetone, methand, v a
mixture of methanol and waster, dechlunnation
and polymerizstion of the compuunds wus
observed. When the PCB isomers were irtadiaied in
perfluorinated  dimethylcyclohexane. an inert
medium. isomerization, and chlorination dechior.
ination wers observed. These experiments indicate
that, under environmental condttions, photulysis
products may result with a lower chlorine conient
but small amounts of higher chlorinated biphenyls
may alse occur in low concentrations. Sale and
Hutzinger®® reported that the irradiation of
2,4,6,2' 4’ 6'-hexachiorobiphenyl at 310 um
resulled in compounds of lower chlerine content,
such as di-, tri-, tetra-. and pentachlorobiphenyis
In these investigations hexane and meihanol were
used as solvents, [t s pussible shat sew compeeound.
arc funmed by Juss of cldurine. Rearrangonmicens ;nl
condensation nwy lead o chlorobiphenys
environmental samiples that are not picsweny
commescial PCB mixtures. The 24-hr trracdinzon, 1
3,3',4,4 1etrachlorobiphenyl, 2.2'.u .0
tetrachlorobiphenyl, 2,25 5'-tetrachlorobiphenel
dissolved in hexane resulted in about 707 loss o)
the starting material, while with 2.2'.44° 55"
hexachlorobiphenyl. only 3.8% remained and loss
than 1% of 2,2',3,3' 4,4°.5.5 -octechlorobiphenyi
remained. The irradiation of Aroclor 1253 in
hexane resuited in a change of the contposition of
the Aroclor mixture. The pgas chromatogramn
obtained from the irradiated Aroclor showed
shorler retention times than the standard Arnclor
1254. The ireadistion of Aroclor 1254 n .
dioxanc waler mixture algo containing sodram
bicarbonats did nol lead 1o the funmation of
chlorodibenzofurans or hydroxychlorobiphenyls

The compounds that were obsecved corresponded
to PCB molecules 10 which waier was added und 3
more polar “carboxylic™ acid fraction. Trradusiion
of Aroclor as a thin film with s frequeni addirion
of water lod 10 mewly formed hydroxyluted
compounds and s more polar “carbosyli”
fraction. Thw results obtained from irradating
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PCBs therefure depended greatly an the solvenit
used and the pH of the solution in addition (o the
fipht sontree used and may resuft in dechlorination,
furmatinn of  polymers.  hydroxylation. and
carboxylic producys.*®

Expusure of various chiorinaled dibenzodioxins
1o swamer sunlight or fluorcscens UV light with
an inlensity of rouphly 100 pw/cm? in the
presence of organic sulvenis such as methanot led
i rapid phoiolysis of 2.3.7.8-ietrachioro- and
2.,7-dichlorodibenzodioxin, while
1,2,3.4,6,7.8 9.0ciachlorodibenzo-p-dioxin
produced a series of chlorinated dioxins with
wniformly decrcasing chiorine content. Some evi-
dence was also found that reactions other than
reductive dechlorination occurred.®’  When
23,7 B-tetrachiorodibenzodioxin was spread on »
glass plaie in 3 methanol solution and the meth-
snul was sliowed 0 dry, quaniitative recovery of
the dioxin was pussible cven after 14 days of UV
iradiation. Sintlar resulls were obtained when
3 3.7 Ractrachiorodibenzodioxin was dissolved in
merignol, put on a glass plate, covered with soil,
and irradiated.®” Thesc resuits demonstrated that
under favorable envitonmental conditions, when
orgtic hydiogen dunors are present. phoiolysiy
will take place, Bare surfaces of soil. concrete, or
waer arc not effcerive inducers of photolysis.
Chlvnnated dibenzadioxing could at times prove
to be quite persisient. Partial dachlonination may
alko occur with chiorinaied diphenyls or the higher
Hurinaied dibenzodioxins and may resull in fess
chlotinaied compotinds.

The possible tong lssiing presence of the
dioxins it slso emphasized by Kearney eof al.,**
who recovered 56 and 63% of originatty applied

tetrschiorodibenzodioxin  after one yesr in
Hagersiowrt and Lakeland, Md. soils.
Tetrachlorasalicylanilide and similar

compounds split off chforine aloms when exposed
to sunlight. This is brieflly mentioned in connec-
twn with photosensitivity reactions of tha skin.
Shalfer et 8l.** icradisted hexachiorophene in
sbsolute eithanol with UV light and obtained a2
number of dechlorinated bisphenois resulting from
wi of chiorine in the ortho and para positions
relative (0 the hydroxy group.

GENERAL TOXICITY AND
EFFECT ON REPRODUCTION

Dipheny! itsell, without any chiorine atoms, is

a fungistatic sgent which ia used ss o preservative
for ciirus Truils, and ts ugually impregnated Into

" the wnpping paper. The protecied citrus fruit

containg a ceriain amount of bipheny) residue. in
different countries the amount sliowed as »
residue on cltrus fruit varies berween 70 to 110
ppm of hipheny). Booth et a1.°° found a reversibie
nephrotoxic afTect of biphenyl on (he ral kidmey
when rats were fed 0.5% or 1% (10,000 ppm
biphenyl in the diet). None of these affects was
observed on diets containing 0.1% (1000 ppm
biphenyl). Deichmann et 2l.*' showed that pro-
ionged exposure 10 air containing diphenyl in high
concentrations of 5, 40, and 300 mg/m’ produced
liver and kidney injury m well 13 broncho
pulmonary lesions in mice and rats. In genersl,
diphenyl has siways been comsidered to be
selatively nontoxic. In 1969, in Finland, a man
who had been intensively expased to diphenyl for
11 ycars became il and died.®? Diphenyl impreg:
nated wrapping paper had been manulfactured in
Fintand for about 15 years in the plani where the
man was ¢employed. The squipment used in the
impregnaling process was cleaned 5 (o 10 times »
year with tri- or telrachioroetliylene. The cause of
death of the worker in this particular report was
not sstisfactorily explained and neither were the
complsinis of 3t other workars angaged in (the
ssme factory. Since chlorinated ethylene com-
pounds were wed for tleaning, it should be
established whether organic solvents containing
hatogens could tead to the production of toxic
subsiances when they are broughi in contact with
diphenyls. If this proves to be the case, then care
should be taken that this situation is svoided,

The PCBs are also not very toxic when given s
a single or a few rsepeated doses to bitds and
mammals. However, the juvenile pink shrimp is
very sensitive to PCBs in water, while trout and
catfish can tolerate higher doses; insects are abo
not very sensitive to PCBs. Pin fish are nol quite as
sensitive to a single dose, but will die when
exposed for 14 to 45 days to 5 ppb of Aroclor
1254.%2 PCBs are of & low order of toxicily to rats
and rabbits when given as a single dose. The scute
onl trafcity decreases in rats with increasing
chlor.ne content, while this is not a5 obvious when
the dermal toxicity is tested in rabbits.?? This
may be due to poorer sbsorption of the higher
chlorinated compounds. In studies with sdult
Sherman strain rats, we found that the oral LD,
for Aroclor 1254 and 1260 wms somewhere in the
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range of 4 10 10 g. These two compuunds proved
to be more {oxic in weanling rais. The single oral
LDy for weanlings wast 1295 mg/kg, and 1315
mg/kp for Aroclor 1254 and 1260, respectively,
and the lowest lethal doses were 1000 mg/kg for
Aroctor 1254, and 1200 mg/kg for Aroclor 1260,
The intravenous LD«o fot Amchor 1254 in adult
femalc rats was 358 mg/kg.**

A number of short-term studies have been
reported where the PCBs were piven 1o animals
over a period of one or two weeks. When the PChs
were given in’ his fashion they were somewhat
imore {oxic than when they were given in a single
dosc. These studies are teviewed in grest detail by
Nelson et al.*? and will not be reported here since
they do not give a greai des! of sdditiona!
information.

Vas and Koeman®® studied the toxicity of
three PCB preparations in chickens, Phenoclor
DBG, 2 French produci, Clophen AGD, 8 German
protict, and Aroctor 1260, a3 product from
Monsapto in the U.S. The hirds were fed 400 ppm
of PCBs in iheir dicts for GO days, the Phenoclor
and Clophen were much more toxic than Aroclos.
The birde fxd the two European sampies died
beiween 12 and 60 days afler onsel ol exposure.
The findiogs al suinpsy consisted of hydro-
pesicardium, mscites, subcutsneous sdema, snd
liver necrosis, Only 3 of 20 birds fed Aroclor 1260
died during this lime with hydropericardium.
None of the Arocior fed birds showed lver
PECrosis.

Wilh ihe help of mass spectrometric and micro-
coulomeiric anslyses, the suthors®® determined
that the two European samples were contaminatad
with tetra- snd pentachlorodibenzofurans, As an
edditional contaminani, chlorinsted naphthalenes
wete found,

Dermal toxicity stodies with the three com-
pounds, Clophen, Phenoclor, and Aroclor 1260, in
rabbits®® after two days led to reddening of the
skin where the materials were applied. The skin
reacltion was more pronovnced after one week,
desquamation ol the externa) epidermal fayers of
the skin was observr i, the hair grew 81 a reduced
rate, the skin be ume thickened, and promineni
transverse wrinkies developed. The 1est animals
showed a gradusl loss of weight, and one of the
rabbits given Phenoclor and three of those given
Clophen died. All but onc rabbli showsd Nuores-
cence of the liver under UV light, and microscopic
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changes wcre also observed in the livers and Ihe
trested skin.

VYot and Notenboom-Ram®’ compared the
dermal toxicity of the isomer 2,452 .4°5.
hexachlorobipheny! with that of 2 PCB nixime
{Atoclor 1260} in rabbits. Their dermal epplication
resulted in early microscopic skin lesions in the
Aroclot group. The fesions in the 2.4,5.2°4' %"
hexachlorohiphenyl group appeared Iatet and were
fess severe. Both experimentat groups showed liver
changes. The liver damage was more pronounced in
the animals that had been exposed to hexachlorn
biphenyl than in thoss that had been expased 10
he Aroclor.

In inhslstion studies with Aroclor 1242 and
1254, rats, mice, rabbits, guinen pigs, and one cat
were exposed tv PCB vapors five days a week for
severa) weeks. The concentration of Aroclur |242
vapor was | 90 1o 8.63 ug/l end no ilt effects were
observed. The cxposure ol snimals to the vapur of
Aroclor 1254 in the concentration of 54 or 1.5
ug/l produced enlarged livers in rats. An imicr
curtenl respiratory infeclion in some conirol s
well 2 experimental mals made it dilficnd o
interprel the resulis.®® Since # i now knownhan
the chronic toxicity of PCBs i a more impuorian
paramieter in establishing their effects than shon.
term expuosures, further studies with lower levol-
over longer periods of time would give muse
meaningful Information. Fortunately, musi of the
compounds under discussion heve a low vapie
pressure 30 that exposure by inhalation probably
does not present & great problem.

A number of reproduction studies in variois
species have been conducted with PCBs. usually.
embryo toxicity was observed hut there were no
maiformations. Heath et al’® were unabic in
demonsiraie an effect un repridiccrion witly die-
ary levels of 25 end SO ppm of Aroclor 125410
madlards and bobwhites. An increase in egpshuil
cracking or reduction in shell thickness was also
nol observed while DDE, which was used as 2
potitive control, induced significant shell thinning
and cracking and a reduction in hatching successes
in mallards but not in bobwhile,

in field studies with brown pelican sheils. it was
found that thinning could be bes: conelated w0
DDE residues rather than dieldrin or PCBs. This
finding indicates, according 1o Blus et ai..'%® 1he
PCBs sre not responsible for eggshell thinning m
most birds loliowing environmental exposure.

Peakall'®' fed ringdoves 10 ppm Arocior 1254
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fur 6 months He ingected others with 160 mg/kg
niapericoncally for 4 days. and evaluated (he
ashed cgpshel) weights of these birds. 1ic found no
difference in egpshell  thickness between  the
experimental and the control groups.

In & pheasant reproduction study with Arocior
1254102402 5 gigmificanily greater difference in
the number of eggs thal were pipped but not
hatclied was found in (he group of hens that
received 50 mg of PCBs weekly. Egg production
snd hutchability was juwer in this group, the
survival of chickens that did hatch at six weeks of
sge was feduced, and (he ‘wres thn did survive
were signtificantly hightcr than the contruls.

Aroclor 1242 at 10 ppm or 100 ppm =nd
Aroclor 1254 21 100 ppm in the diets of chickens
did reduce egp production and hatchability and
caused thin eggehefls, while Aroclor 1242 at |
ppth, Aroclor 1254 at {0 ppm, and Aroclor 1260
at 100 ppm did nol affect reproduction in
chickens."®* In a rat reproduction stidy, decreas-
ed survival of pups 3t a dietary level of 100 ppm of
efther Aroclor 1242 us 1254 was vbserved. The
resuhis abtained from the reproduction studics in
birds parucutarly seem to indicate that the lower
chlorinated bdiphenyls atfect reproduction more
than the higher chiuriated biphenyls, and it is
very hmporiant (o determine whether the lower
chlomaied biphenyls that have been sapgested as
replacements for presently employed chiorinaled
biphenyls have an effect on reproduction.

In anuther 121 reproduction study®® the fowest
duse of Araclor 1254 (hat affected reproduction
was 20 ppmv (1.5 mg/kg/day) which manifested
itself in a decreased numbar of litters and less pups
pes litter. Neither | ppm nor 5 ppm of Aroclor
i254 had an effect on reproduction in the
Sherman strain rat; however, an exposure of the
dams lo the Aroclors at 5 ppm or higher increased
the fiver-to-body weight rativs in weanling rets of
both sexes. At | ppm the increase in liver weight
was vbserved only in Fla and Flb wesnling maie
rats. The dietary levels of 100, 20, and § ppm of
Aroclor 1260 did not affect sreproduction; how:
ever, the liver-to-body weight ratio of 21-day-old
pups was increased at all exposure bevels.

Mink sre highly suseeptible to the toxic effecss
of PCBs. A daily diets y intake of 30 ppm resulted
in death in about 6 months. Exposure to 5 ppm
Aroclot 1254 in the deily diet sevarely affacted
reproduction.' ©*

Unfortunately, it b often wery difTicult to

Cumpare the various dictary levels that affect
differcnt species, since the food consumption may
vary decistvely from one animal species tu another
and the daily food intake in g/kg body wi. is ofien
not included in the scientific reporl. Some mice
strains, for insiance, will bs exposed to as much of
a given substance that is present in the diel at the
concentration of 300 ppm as mats on a diet
containing 600 ppm or more. With some species it
i of course difficult or almost impossible to
measure the food consumption, but a greater
¢flort in establishing these very basic facts would
be helpful for the interpretation of toxic effectr :n
different species.

Not very much s known at present about the
toxicity of rerphenyis or chiorinated terphenyls
These materinis have not been studied Lo any great
extent. The few studies that are avsilable only
describe very specific effects such as microsomal
enryme induction in the liver and give no ovensl!
evaluation of their toxiclty.

The most toxic of the various chiorineted
dibentodivxing and dibenznfurans in 2,3,7 B-tetra-
chivrodibenzodioxin which, in the German fitera.
turc. s sometinies referred to as 2.3.6,7-tetrachlior.
odibenzodivxin, Single oraf LDyy values are
female rats: 447 up/kg: male rats: 22,5 ug/kg:
male puinea pigs: 0.72 ug/kg! rabbite: < 30 pg/kyg:
and dogs: between 30 and 300 ug/kg.'®* 1t is
possible that young animals are more susceptible
to the toxic effects of thit compound than older
animals and LD, values should therefure also be
determined in wesnling animals. One of the
characteristics of this compound was that it caused
delayed death, sometimes as delayed as 40 days
after a single dose. During the period of intoxica-
tion, the animals lost a great deal of weight.'®*

On the other hand, 2.0 g/kg of dichloso-
dibenzo-p-dioxin and 4.0 g/kg body weight octa-
chlorodibenzo-p-dioxin were not lethal to rsts.
Hexa:, hepta., and trichlorodibenzo.p-dioxin were
more toxic.'**

Schulz'*? in earlier experiments found that
oral doses of 20 to 50 ug/kg/body weight of
2.3,7 R-tetrachlorodibenzodioxin resuited in fatal
liver necrosis In rabbits. More recently Miines'®®
repurted that O ug/kg was lethal (o rabblis.

The 2.3.7.8-etrachlorodibenzodioxin has a
variety of specific toxic eflects. Whether these
effects very in different species it presently not
well defined. With the interest in this snd the
other related compounds, more information on
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_ their wxicity prabably will suon become available.

The poblems inherent in studying these com-
pounds are the unavailabllity of some of them. the
fact that thcy may not be completely pure,
particularly the hex. and hepts: preparations, and
of course with respect to the letrachdorodibenzo:
dioxin, its exireme loxicity., which makes it
difficult 10 handie.

In contrast to PCBs, teratogenic a3 well as
fetotoxic effects have been reported for 2,3,7.8-
tetrachlorodibenzodioxin. Spacschu et al.'** gave
0. 0.03, 0.125, 0.5. 2.0, and A.0 ug'kg/day of
2.3.7 8-tetrachiorodibenzo-p-dioxin  tv  pregnant
rats on days 6 to 15 of pregnancy. With the 0.03
pp/kp dusage level. an effect on the fetus was nol
vbserved, but doses fiom 0.125 ug/kg on up
resulied in fetai mortality, carly and late sesorp-
tivas. and feta) intestinal hemorrhage. Khera and
Ruddick''® gave dimes ranging from 16 to 0.125
pgfkg to Wistar rats on days 6 1o 15 of pregnancy.
Tiwse athoes also observed pronounced fetotoxi:
cily at all dosage devels except 0.125 pp/kg. The
affected fetuses showed cercbral snd intestinal
hemorrhage as well as subculanevus edema at
autapsy. The offspring of mathers given 0.5 and 1
pg/kg of the tetrachlorodibenzo-p-dioxin gaioed
iess weight during their suckling period and their
survival 10 weaning was reduced. This could have
been causcd by the intrauterine effect of the
dioxih or by excretion of the dioxin in the milk of
tiie dams given the materiai during pregnancy.
Courtney and Moore! ©' observed cleft palales in
3 strains of mice given 3 ug/kg TCDD subcutane-
vusly from days 6 to 15 of pregnancy and an
increased incidence of kidney anomalies. Hydro-
nephrotic kidneys were also produced in mouse
pups that were nursed by dams treated with TCDD
dusing pregnancy or af time of parturition.'®?

The 2,3,7 A-tesrachiorodibenzo-p-dioxin s
extremely toxic in the chick embryo assay.*? in
the rat, hexachivrodibenzodioxin caused fetoioxic
effects at § and 10 up/kg and teratogenic effects at
duses of 100 up/kg'®® Harris et ak''? gave
female rats daily doses of 0.1, 1, or 10 up/kg
TCDD for 3} days. Rats given 10 up/kg lost weight
and most of them weie moribund within 3 weeks.
Weight gain was abso less at the | ug/kg dietary
level. The rats raceiving 0.1 up/kg were not
affected. In experiments with guines pigs, 9 of 10
animals died after » single dose of 3 ug/kg TCDD,
while guinea pigs recelving a single dose of | pg/kg
grined less weight. All guines pigs recelving |

A\
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sg/kg/week died within 24 to 32 days and »
weekly dose of 0.2 ug/kg depressed their weipgh:
Of the various animal species tested, the guinca g
seemed to be must susceptible to the toxic effects
of TCDD.

Reduced thymus and spleen weights were
observed in rals that received a single dine ol 25
dg/kg TCDD. The rats that died at the various
dosage levels showed massive hemorrhages inte the
heart, livet, brain, adrenal glands, and gastromnicar:
nsl tract. Necrosis and ulceration of the glandular
pert of the stomach were observed. Occasivnally
organized (hvombi were noted and the liver reveal
ed necrosis of perenchymal ceils. Sublethal doses
of TCDD produced microscopic changes i hver,
kidneys, and thyroid. 1a the kidneys the collecting
tubules were primarily affected. Doses of ©.)
ug/kg/day for 31 days, a single dose of § pp/kp.
and multiple weekly doses of 1.0 and 0.2 pp/kg
did not produce changes in rats discernible with
the Lght microscope.

Toxicily studics were conducted in vur lahua.
tory with dicidorophene.''® The oral LDgq tor
adult female rats when the material was pver m
peanut oil by stomach tube was 1,660 mp/ky and
in males it was 1.500 mg/kg. The only signy uf
toxicily observed in these rats were diarrhen and
some depression. When 200 mg/kg was apphwed
daily in propylene glycol to the skin of 4 chyppold
area of the back of male aduil rats as 3 125
solution, local irritation of the skin wih some
ulceration resulted bul there was no sysion.
toxicily. The acute intravenous LD, in adubs
male rals was 16.8 mg/kg when it was given m o
saline lecithim suspension. In a two generation rat
reproduction study, a dietary level as high as 1,000
ppm (50 mg/kg/day) had no effect. Gross and
microscopic examination of the varivus orpans
including the brains of the parents as well 4s 1he
ofTspsing did not reveal any morphologival changes
that could be related to dichlorophene expoaire
These indings indicated that dichlorophene was
not very toxic to rsts. The great difference

_between the onl and the intravenuvus LD,

suggested either poor absorption or rapid break-
down of the material in the gasuointestinal 17
Martins® ' lists the acute LD, for guinca pigs as
1,250 mg/kg and for dog, 2,000 mgfkg. Ran ted
for 90 days on 3 diet containing 1,000 ppm
showed no evidence of Loxicity.

The acute toxicity of hexachiorophene is much
greater and varies in different animal species and 1
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alset dependent on the route of administration and
the sutvent w which 1t 8 pven. Gump' ' * lisis the
acnte vral LDgqo in mice as [68 mg/kg and cites
LDsu values sepurted by other investigators rang.
org from RO mp/kg to 215 mp/kg. Dogs and sheep
weie Twre susceptible to the toxic effects of
hexachiorophene. The interest in the effect of
hexachiorophene on sheep in particular stemmed
from the fact that it is effective againgt liver
flukes' *¢ aud advovaied for its anthelmintic
properiies, This even led to the Lreatinent of
clildren with oraily sdnunistered hexachiorophene
in China.'’" Intravenously edininistered hexa:
chlorophene i rats gesudted in an LDs g value of
9.1 mg/kg aid in 1abbits of K.5 mp/kp.

More tecently we found that the oral LDse
(single dose) for adult male rats wos 66 mg/kg ond
fur aduit female rats 56 mg/kg: for weanlings it
was 120 nig/’kg wien the marerial was given in
peanué ol by stuniach tube to Shennan strain rats.
The acutc inttavenvus LDge was 7.5 mg/kg in
adult male rats.!'* Nakaue ct al.''? reported
siniilat oral LDy values in Wistar rats. The single
ofal LDgq foe sheep and cattle lies berween 30 and
60 n'kg.' 2°

Single dermal LDgos wvalucs have nol been
reported in the literature, We found in rats''?
thar sigle applications of 600 wmg/kg bexachloro-
phene in 95% eihyl alcohol solution caused death
m 1 of 10 rais. Dermal application of 24 and 48
ng/kg/day for 30 days iu propylene glycol or in s
detergent as a 3% solution caused ulceration of the
skin and affecied the white matter of the ceninal
netvous sysiein in at jeast half of the rats. A dose
of |2 ing/kg/day as 2 1.5% solution caused only
mild erytheina and desquamation of the skin of
rats. No efflect on the central nervous system was
observcd. Whether a single dose given in either
prapylene glycol or a derergent wouid be more
toxic than one given in ethy! alcohal was not
established.

The signs of acute hexachlorophene poisoning
following a single oral dose varied with the age of
the rats.’'? Adult rats sullered from severe
denression and diarrhea, but showed few tigns of
leg weakness. Weanlings, on the other hand,
developed posterior leg weakness as well as de-
pression. The leg weakness became more apparent
in the adulis when they were given repested doses
of hexschiorophene. Death was ususily preceded
by convukions in rats dased intravenousiy. In rals
killed with hexachlorophene, rigor mortis

developed very rapidly and was very pronounced.
Body temperature elevation following hexachforo-
phene poisoning has also been recorded in rats ' **
Bath changes, the pronounced rigor mortis and the
temperalure elevation, May be related to the faci
that hexachlorophene uncouples oxidative phos-
phorylation. Add!tional symptoms of hexachloro-
pliene potsoning particularly in other species are
discussed under neureloxicity.

Nakaue e 31.°'" fed 400 ppm hexachloro-
phene (28.9 mg/kg/day) to Wistes nats. They
developed leg- weakness within 5 days, disrrhes,
emacistion, and they died in 7 1o 10 days. No
deaths occurred in the rats that were fed 200 ppm
(sbout ) 3 mg/kg/day) for | 6 weeks.

In a two generation rat reproduction study
which we conducted in our lsboratory, we found a
reduced survivel in the offspring of the F,
generation fed 100 ppm (11.8 to 5.5 mp/kg/day)
in their diet for 54 snd 166 days. This was
statistically significant in the second breeding of
the F, generstion. In the sccond generation the
litters were slightly smaller, but the survival to
weaning was not significantly reduced.''® A
dietary level of 20 ppm (2.3 to 1.1 mg/kg) did not
influence sreproduction. Thorpe'?' reported that
the oral administration of hexachlorophene to
male rats as well as single doses of 25 and 50
ug/kg hexachlorophene (o sheep produced de-
generation of spermatogenic cells: multinucieated
cells were observed within the tubules of the
testes. The doses given by Thorpe were higher thap
the ones we used in the reproduction study, and
microscopic examination of the testes of the rats
wsed in our reproduction study did not reveal any
sbnormalities. Toxic doses of hexachlorophene
given 1o Lhe dam during pregnancy may result in
malformations of the offspring. Thus far, two
studies have been reported In the litersture; both
studies were conducted In rats.’ 3?3} It should
be determined whether malformations can also be
produced in other species and with lower doses
before sny conclusion can be drawn from these
findings. ‘

A number of human poisoning cases have been
reported in the literature and some of these were
fatal. Most of the poisoning cases in humans have
either been caused by accidental ingestion, because
8 hexachiorophene detergent solution was
mistaken for milk of magnesia, or by the applica-
tion of hexachlorophene to large areas of burned
or otherwise damaged skin.''*+'7* Larson? was
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the first to recopuize that hurned  patients
developed canvalsiens and ather 1oxic sympioms
.afigs 1epeated expirurc (o hexachiorophene which
was apphed 1o hurped arcas of the skin. The
invidenee ol convuisions in burned patients
decreased when the use of hexachiorophene was
discontinued * 5

Eleven cases have been reported'?*''?7 in
wihich a single dose of 3% hexachlorophene deter-
gent solufion had been (aken ormally. Gastro-
intestinal symptoms including nausea and vomiting
were obscrved in 1en of these cases: the eleventh
casc, a child who drank about 250 mg/kg hexs-
chiorophene, hecame comatose and died. One
sdditional death occurred in this group, however,
this was ntost Jikely due (0 other causes. A
17-day-old infant wat accidentally given daily oral
doses of 37 mg/kg hexachlorophene for 7 days. On
the third day the child started (o have loose stools.
On the fourth day of hexachlorophene administra-
tion the child developed spesms of the extremities
with twitching of the face, sucking movements of
the lips, and latera) shaking movements of the
head. It was also noted in the case report that the
child refused to take the medicine, there was
drooling and frequent vomiting, and it is not quite
clear whether the chiid received 37 nig/kg/day.
The clild survived. A week after the hexachloro

. phene suspension was discontinued, persistent

spastic Nexion of the fingers, hands, and arms was
stili observed. After a month tha hands were
slightly Nexed at the wrists but were not spastic.
Horizoniai nystagmus was observed but cleared
later. The child was discharged when it was two
months and three weeks old. At this point it had
shown great improvement and when checkad at six
months the child was healthy looking.’?® Pilapi
meniioned in his discussion a number of other
unpublished cases, some of which were reported to
the National Clearing House for Poison Control
Cenlers. Among these was tha case of an infant
who by mistake got a spoonful of PhisoHex in
cach feeding bottle for approximately two weeks,
when it suddenly died.

Chung et 2.7 treated a total of 105 patients
5 10 15 years old with hexachlorophene for
chionorchissis sinensis infestation. Sixty of these
petients received | dose of 20 mglkg, 32 received
2 doses of 20 mg/kg/day, 8 patients received 3
daily doses of 20 mg/kg, and S patients received
20 mg/kg body weight on the first day and 10
my/kg on the second day. The toricity reactions
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observed in these patients were mainly confined to
the centzai nervous systam and to the gasin-
intestinal tract. The group that received 3 doses nt
20 mg/kg/day hed the most severe reachion. Ouc
patient in this group became comatose nn the
fourth day with loss of light reflex and puositive
pyramidal signs. Fundus examination of the eyes
revealed mild papillary edema. A Jow grade lever
was ahlo observed. Complete recovery occurred
within three days. One half to two thirds of the
patients had diarrhea within | to 2 hr after
medication and in some cates a marked depressive
sffect on the ceniral nervous system was also
observed. An sdditional case of poisoning after
oral ingestion was reported by Korlof and
Winsten' ** in Scandinavia and two fairly recem
cases with fatal ouicome occurred in the US.'*"

Herter'?! was probably the first (o report 2
human poisoning case caused by the dermal
sbsorption of hexachlorophene. Becsuse of 3
language barrier, the mother of 3 newborn infant
applied 3% hexachlorophene at a lotion after the
infant's bath without rinsing the baby. After fowr
days, excoriations appesrad on the child’s face o
buttocks, the infant developed convultions, Ius
face twitched and his extremities jerked. A roving
nystagmus was present. This child recovered wiili-
in 16 days after exposure to hexachlorophene had
been discontinued.

In eddition to the two cases already mentioned
in which poisoning occurred because of oral
ingestion, Muliick!*® also reported four cases -
children who died following the tremment for
bums in two instances and the treatment for
severe ichthiosis with a 3% hexachdorophene bath.

Larson® reported six bumed patients who
developed central nervous system sympiloins
following the dermal exposure to hexachloro-
phene. All six patients recovered. Korof and
Winsten'?* reported two cases of poisonug
following the dermal application of hexachioro-
phene., Both patients were fairly extensiveiy
burned, and developed central and peripheral
nerve damage a3 wall as some kidney impairment.

Lockhart'?? mentioned six deaths thst were
reported to the FDA csused by the 1opical
application of hexachlorophene on burned
patients. In all of these cases the skin was
damaged, probably enhancing absorption of hexa-
chlorophene, and although skin doex represen: 2
barrler, it is not impermeable — a fact we tend o
forgat at times. Damaged or abnormal skin may be
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more permeable, and the skin of prematures,
newboms, and  children in general may have
ahsueption  charackeniics other than those of
adult human beings, another factor thai n often
neglecied. Recemily!?1%* 41 dearhs due 10
hexachierophene puisoning have been reporied m
France. The deuths occurred in infanis who were
treated with a powder 10 which 6% hexachloro
phene had been added by nusiake. This powder
was mainly applied in the diapel ares where the
skin became inflamed, this as well as the disper
whicli served as an occlusive dressing, prohably en.
hanced absorplion. These cases will nol he made
public until lingatian problems have been settied.

Lirtic published information is available on the
ity of the germicides in Figure 2 aside from
hexachlorophene and dichkwophene. The acute
oral LDsg for triclosan (FCC) in mice and rats is
shawt 4,000 mg/ig.'** The acuie subcutaneous
toxici'y for rais was 14,700 ng/kg ard the acute
dennal toxicily was about 9.3 g in rabbits,
Concentrations of | 10 5% solulions caused eye

" irevtation in rabbirs. Daily oral doses of TCC up 1o

1.000 mp/kp/day for 4 weeks did not produce an
effectin rats. When 2.5 and 5% suspensions in gum
arabic were applied dermally 10 rats {or 4 weeks,
the animals did not gan 33 much weight, Un-
published material cited in the minutes of ahe OTC
{Over the Counter Drugs) Panel lisied a "no
effect™ level as | 70 mg/kg/day in rats and for a
90-day feeding study in rabbits, | 38 mg/kg/day. In
baboons a daily oral dose of 100 mg/kg/fday did
no! produce 8 (oxic reaction. The minutes aibso
mentinned some work where lower doses showed
an effect on rats and dogs. Since some of these
results are conficting, further studies are indicaied
and should be performed with products used as
ingredients in 1oaps; a chemical analysis of these
products i3 necessary to delermine whether im-
purilies might be responsible for varying results.
Chloroaniline as a resull of healing during manu-
factute could bs pressnt 33 such an impurity, Of
the anilines, according to Hamblin,’** only p- and
m<hloroaniline may cause methemoglobinemia if
absorbed through the skin. The o and m-chioro-
aniline may cause liver and kidney damage. Tn-
closan Hself is aiso absorbed through the skin and
absorplion is gresler when applied to damaged
skin,

SPECIAL TOXIC EFFECTS

Skin Reactions
Chioracne

This occupational skin disease can be produced
by a number of chemical compounds.!?” Poly-
chlorinsted biphenyls as well as the chlorinated
naphihalenes, a few isomers of the chlorinated
dibenzodioxins, and chiorinated dibenzofurans sre
all able 10 produce chlomacne in a certain pro-
portion of the human population. Oily skin and
large pores seem to predispote 10 1he disease while
the opposite is true for smooth, tender skin snd it
& possible thst young children might be less
susceplible because of the nature of their skin.

Chloracne has also occurred In workern sngaged
in the produciion of 2,4.5.T'. During ths indus-
trial production of trichlorophenol a sudden rise in
femperature within the reactor hes occasionally
resulted in accidents. In one Instance this exo-
thermic resction caused an explosion.'®® When
the rise in tempersture occurred, 23,7 8-tetra.
chiorodibenzodioxin was formed and severe oul-
breaks of chloracne were observed among the
workers.' 219

The term chioracne was first used by Herxheimer
in 18997 who thought it was caused by
free chiorine generated in certain factories. Wauer
in 1918'*” and Toleky in 1927'*° suggested the
term “"Pernakrankhelt.” Another term sometimes
used is halogenwaxacne.

As the word chioracne jmpiies, part of the
lesion of this occupational tkin disease resembles
adolescent acne; however, it i1 generally more
scvere and the distribution of the lesions is not
consisten! with adolescent scne, although it may
be superimposed on edolescent acne. Chloracne is
described in the literature 1 consisting of the
formalion of comedones with or without cysts and
pustules, The follicular ovifices are filled with
sebaceous and keratinous materiel. Melanosis and a
secondary inflammatory reaction may also exisi.
in addition to this description, skin changes occur
that have been discussed less frequently in the
more recent literature. These skin changes are
usualty referred to as cabie rash or cable itch.
Cable rash has been observed in workers who have
insulaled cables with various mixtures of chlorin.
sted naphthalenes and chiorinated biphenyis and
in workert handiing these cables.'*’ [t has been
observed alen  in- [selories (hal make con-
denser.!*2'43 According to Braun,'*? a few of
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the cases with monifest chloracne siarted with
changes in the skin of the face resembling photo
sensilivity and the beasers of these lesions suffered
severe puritus in the arcas of the skin lesions. This
icsion termed cable rash octurred predominantly
on the cheeks but also on the skin of the arms.

The vuicome of cable rash varied; ir could either -

disuppear or it could develop into full-biown
chiuracne.

In addition to the pusiuics and comedones of
typical chloraene, brownish keratinization of the
skin was observed in some palicats. Braun'*?
poiried out that the workers, particuiarly those
with poor hypene, transmitied the disease to their
spouses and chitdren through direct contaet.

Many of the occupationsi cases of chloracne
that have been reported in the literature have been
reviewed previously !?7+'%* Jones and Alden'**
reported one of the first oulbreaks of chlorscne in
8 company thal was engaged in Lhe manufascture of
chlorinatcd biphenyls. They described one typical
casc and mentioned 24 nwen working on the
manufaciure of chlorinated biphenyls, 23 had had
an acneform eruption on the face and body.
Panticulorly during the 19303 and 1940z large
oulbreaks of chioracne occurred in s number of
factories.

Much discussion has been devoted in the
literature to the problem of whether the chloracne
was produced by external coniact alone or
whether it was caused by systemic absorption,
particularly the (nhalation of vapors. One queation
asked was whether internal administration could
cause chloracne, and if so what part it played in
any particular case. As we know now from
outbreaks of poisoning due to the consumption of
nce oil that was countaminated with polychior-
inated biphenyls in Japan (see under “Yusho™),
chioracne can be produced by the systemic absorp-
tion of chiorinated biphenyis. The expariments by
Sheiley and Kligman'** and Plewig'*’ showed
that the skin legions could also be produced by
appiying the chioracnegenic compound lo the

- skin,

After occupational chioracne manifested itself,
the palients also complained of systemic effects
such as loss of appetite, nausea, ederma of the face
and hands, abdominal pain, vomiting, and buming
and soreness of the eyes. Particularly with the
chlorinated naphthalenes, hepatotoxic effects have
alo been ohserved. Application of chemicsls 1o
the skin can lead to their absorption and cause
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systemic toxicity. Whether a systemic toxie elicet
results will depend on the skin surface wien
covered, the amount of the toxic subulnce
applied. and the ability of the skin 1 absorhy 1y
dermal absorplion is poor, 3 kingle applicution will
ususily nol be very toxic. However, 1l iic com.
pound is not eamly metabolized and excrervd.
repeated dermal application may result in sofir-
cienl accumulation in the body 1o cuuse sysiemic
{oxicily.

Crowe'** hag puinted out that chhmacne due
to chiorinated naphthalenes has decteased hecpuw
these compounds have been used less since the
Second World War. However, Webet 1n 1oy *"
reporied an outbreak of chloracne in a camypany
angaged in the production of electric cuils thn
were cualed with 8 mixture of chdorinated naph-
thalenes with the tradename “Nibrenwax.”

Detailed examination by several German invest-
igators indicated (hat the capacily of 245
trichlorophenol as well as 2.4 5T {24 5 trrchhorn-
phenoxyacetic acid)' ** 3% 1o produce cidinacne
was duc (0 conlamination with 2,3.7 K.1etrachlor.
odibenzofuran or 2.3.7.B-tetrachioruds
benzodioxin.

Schwartz et al.'’! indicated that (he 1m0
potent chloracne producing agenis were the vivor
inated naphthalenes, chlorodiphenyls. and chloro-
diphenyloxides. Persons whou worked  with
chlorinated naphthalenes usually deveioped uone
after a month or more of exposure.

Light microscopic observations made uvi the
chioracne lesions of hunians varied somcwhat,
depending primatily on the lengih of e 1he
lesions had existed al the time of exammation
The eariest change encountered consisicd o
acanthotic widening of the external root shicath o
the hair foliicle. Above a layer of basal cults o 1o
10 layers of large round cells were obsiived.
followed by a layer of 2 to 3 cell rows of granulir
cella. In later skin biopsies, folding of the hawl
layes occurred and comedo formatiom  wuy
observed, resulting in dilatation of the folhcle anyd
atrophy of the epithelium surrounding the cowm-
edo. The contents of the follicles comsicd
predominantly of kcratinous materiad rsther than
sebum. The sebaceous glands also underwens
changes. Within the alveoli of the gands the
basophil cells increassd in number anc basal oot
hyperplasias was noted. The ducts of the schaceme
glands were filled with o solid muss LT bavophe
epithetial cells. The sehsceous gands pradieaily
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disappeated and in later secretions were only
wecopnized a5 sold  protrusions of the comedo
wall. Aside from atrophy of ihe scbaceous glands,
byt plasks D 8lyo been described and many large
whaceous plands formiug huge cysts filied pn-
marily  with  keralinous maierisl have been
obscrved. Hyperkeratngis and acanthosis of the
serrounding cpidermis has usually accompanied
hese lesions. Fuieign budy granulomaia which are
thought to result front rupire of the follicular
cysts have been fonnd in the skin'*7'*" In the
Japanesc poisoning incidens (Yusho), the predom-
inant skin lesion was nurked hyperkeratosis of the
epidermis. cyslic dilatation of the hair follicles,
snd an incrcase in the melanin pigment in the basal
cells of the epidcrmes. Foreign budy granulomals
were also obscrved. The contents of the cysts
consisted partially of keratin. In a stiliborn child
the hyperkeralogis was even more pronounced,
accompanicd by atrophy of the epidermis; cystic
dilanion of hair foliicles was obsetved, especially in
the skin of the head. According to earlier
reparts' *' some differences exisl in the micro-
scopie changes observed in the skin foliowing
expusurc (o the various chlorinated cyclic com-
pounds Ihal can produce the lesion. Ii is, of
course, possible that these histopathologic vari-
awons arc in reality only differcnces that exist
beiween an early. a well-developed, and a
subsiding lesion, -

Many theories have been advanced Lo explain
the development of chloracne. None is satis-
factory. The concept of mechanical plugging of
the hair follicies on skin expostre to polychlor-
tnated polycyclic compounds is not supported by
the fact that chloracne develops following
ingestion of these compounds. 1t is possible that
the skin lesions atc caused by a toxic effect on the
epithelium of the skin and its appendages which is
manifested in proliferation and loss of normal
funclion of the cell. Since the chemicals are lipid
sojuble they could occur in a more concentrated
furm in sebum and therefore affect sebaceous
lands more than sweat glands or salivary glands.
The reports on the Yusho outbreak suggest that
proliferation of the epuhelium of the mucous
membrgnes may also occur. The increased pigmen-
tation of the skin and mucous membranes may
idicate a funclional disturbance resulting in
mcreased melanin production. Hyperpigmentalion
u slso observed when the adrenals are damagod, as
in Addison’s disease, and adrensl function should

be invesiigaied In chioracne paiienis who manifest
hy perpigmentaiion.

In nonc of the human case repurts on chioracne
have the mucous membranes been studied to any
great exient. Vaginal smears in women and spuia,
cornesl, and nasal acrapings may give helpful
information in this respect. Since In animals
exposed lo polychlorinated polycyclic compounds
iow vitamin A Jevels have been observed In the
liver, it is possible that the compounds may affect
vilamin A absorption and storage, and adequate
ulilizstion in the liver and elsewhare in the body.
If the lesion s produced by inadequate utilization
of vitamin A, then sdminisiration of vitamin A per
se may not necessarily alter the course of the
disease. Protein deficiency may siso mimic hypo-
vilaminosis A in thal it afTects transport of vitamin
A. The liver stores 90% of the available vitamin A
and these stores may be affected in liver disease.
The microscopic appesrance of the skin lesions
resembles in some respecis observations made in
skin of petients suffering from vitamin A
deficiency. In vitamin A deficiency, hyperkeratosis
of the hair follicles & observed. Multiple firm
papules may develop as a result of the keratin
plugs in the sebaceous glanda. Dryness and
scaliness as well a5 furuncuiosis of the skin may
alo be preseni. In contrast, night blindness has
nol been reported m 3 symplom in patients
suffering from chloracne, Unfortunately, chlor.
acne outbrezks are ofien not well investigated and,
because of probiems with litigation, sccounts are
often only published many years after the out-
break has occurred if they ars published at all.

Chlorscne is a very persistent skin disesse and
in the Japanese outbreak of poisoning with chloro-
diphenyls, the skin changes were still present in s
number of patients three years alter exposure o
the chiorodiphenyls had bsen disconiinued. What
needs to be investigated is whether this persistence
of the skin disease is caused oniy by the fact that
once the lesion has developed il regresses very
slowly, or whether it may be sustained by the
chlorscne-producing chemicals which have been
sbsorbed and stored in the body, particularly the
adipose Uissue, and are only very gradually
excreted. In petlents with chloracne, adipose tissue
biopsies should be analyzad for the presence of the
offending polycydlic polychiorinsted compounds.
If adipose tissue I3 unobtainabie, the sebum of the
eer canal of the content of the skin lesions may
represent a good substitute,
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Apparently there is no known effective ireat-
ment for chloracne and the best control measure Is
prevention. The manufacture of chiorinsicd
hydrocarbons and the cosling of wires and con-
densars willt insulating materials containing them
should be done in jotally enclosed areas 50 that
the fumes of the insulaling subsiances and of the
solvents if any are used do nol come in conltact
with the workers. The warkers should be provided
with clean overally and underclothes daily. These
should be faundered at the plan: and cleaned in
such a2 way thal no chiorinated hydrocarbons
remain on them. Shower bsths after work should
be compulsory and supervised and there should be
sufficlent shower facilities provided so that the
workers sre not unduly delayed afler work,
Special synthctic wetting agents'®' seem to
remove Lhe materia) from (he skin more efTectively
than ordinary soaps.

The experimental induction of chlorache in
men has also been sccomplished with 2 appli-
cations of 10 wg 2,3.7.8-tetrachiorodipenzo-p-
dioxin’®? snd with Halowax 1014, pentachloro-
naphihalene. and hexachloronaphthalene.'*”

Experimenital work in animals has shown that
most species do nol develop the same typs of
dermatitis. The rabbil’s skin,'*? particularly the
inner aspact of the esr lobe, provides s good test
medium for the development of acneform derma-
titis. The rabbits, in addition to the developmeni
of hyperkeratosis of the esr, will also show a
hepatotoxic effect.'*® Microscopic examination
of the changes In the rabbit ear were described by
Jones and Krizek.'** fnagami and Kog'** were
sble to produce hyperkeratosis in hairless mice
that were fed rice oil contaminated with Kanecior
400. These mice 850 showed hepatomegaly.
Mictoscopic examination of the skin revesled
cystic dilation and hyperkeratosis of hair follicies
and sweat giandy. Hairless mice may be another
suitable experimental animal for testing the effect
of these chemicals oa the skin.

X-disease in Animels

Chiorscne-type lesions do not ususlly occur in -

other species excepi for the rabbit and the hairless
mouse, aiready mentioned. However, in 1947
Otafson’ 8% described a disease In cattle which was
designated a8 X<lisemse or hyperkeratosis.
Symptomsiology included excessive lacrimation,
disirhes, poiyuris, merked salivaiion, and dis-
charge from the nostrila, The antmals developed
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chronic  cough, poor appetile, numerous ted
maculae in the buccal mucosa: in addition, hyper.
Kkeratosis of the skin developed. The skin was hurd,
and fissured particulasly across the withers ang
sides of the neck. Many wart-like proliferatians un
the lips, longue, and hard pelate were also obsery-
¢d. The sbomasum was greatly inflamed, swatlen,
snd edemstous with many superficial ulcers.' ** In
the cows that had X-.disease, a low vitamin A
plssma ievel was also ohserved, which again indr-
cates that vitamin A may play s rtole in the
stiojogy of these various disease entities.

The disease was first thought to represent a
virus infection snd other facton were also suvpeor-
ed. After numerous investigations it was fhinally
established that X-disease couid be produced tn
catthe by the ingestion of highly chlorinated
naphthalenes, and sisc by petroleum products
such a3 crankcase oil. Bell’ *7 tesied the ability of
the vsrious compounds of the chlornated
naphlhalene group to produce X-.disease. He
demonstrated in his studies that dichiorinated and
trichlorinated naphthalenes did not result mn
X-disease, while tetrachloronsphthalene had an
effect and the higher chiorinaied naphihalenes
such as pentachioronaphthalepe, hexachioro-
nsphihalen:, hepiachioronaphthaienc, and
octachiosonsphthalene caused severe discasc
Oclachioronaphthalene was less toxic thun hena.
and heplachiosonaphthaiene. Wagener’ ** repone.
ed the occurrence of hyperkerstosis in caitle
Germany between 1946 and 1948, The caine of
this outbreak was traced to 8 wood prosesviiisg
which was used in posiwar Germany. The author
proved experimenially that animals houscd m
cabins peinted with the wood preservative develop-
ed typical X-disease. The poisonous ingredient 1o
the wood preservative appeared only in cerlain jol:
of this product and lser Jols did not conjain 1t
The poisonous ingredient was never idenlified by
chemical analysis.

Animsl experiments were conducled with the
toxic ingredients of rice bran oil that produced
Yusho in Japen. These toxic substances consisted
of a mixiure of chiorinated biphenyls contanimn:
48% chlorine, with a trace of 0.01% of naphth:
Jenes.’ 37 When mice ‘were exposed (o them tor
10 4 months, they *aowed eczemaroos changes-¢
the =an sround the eyelids, erosion, uiceralic
and perforaiion of che ear laps, loss of haie. an
erosion and ulcerstion of the skin around
meck, forelegs, and sides of the chesi. The autho
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wared that. at the end of he experntient, some
Auanges in the skin similat o those i the
apnmental nuce were seen in some ul the
conbsnl anice alsu, wlhich makes i difficult 10
mrerpiet their findings.

In 1957 o discase that will be discussed in
gester detaib later in this article acewrred in a large
puomber of chickens. 1t was lerimed chick edenw
duease and was found 1o be caused by ceran
wusic Tat. Alen and Carsiens' *® fed 1his substange
1 moitkeys and found that, among other chunges
which will be discussed laier. the monkeys
develaped a generalized alopecia and subcutaneovus
edema une (o Iwo munths before death. Schoctile
¢t ab'*' prodiced hyperkeratosis of the skin in
s by feeding them  hexachlormaphthaicne.
Young swine'*2 and sheep'*® did not develop
skin lesions as 2 resubt of exposure to ilorinated
naphthalenes.

Panocontact Pennatitis aud leritation of the Skin

As was poitied oul earlies. tlc hyperpigmenta-
nun ubserved in patiems with chloracnt as well as
the rescrion described as cable rast could also be
the result of a photosensitive reaction. This photo-
sasitive reaction s the predonunant lesion in the
& produced by a nuntber of gernucides, namely
mivonok  (Figure  2),  tetrachlorosalicylanilide
{TCSA). and & number of other halogenated
pienolic compounds including fenticlor. Patients
who develop photodermatitis complain initislly of
: burning sensation, and this i followed by
aching. A 7ash develops which in the beginning is
ctythematous and associated with varying degrees
of cdema. As il subsides, pigmentation is observ-
¢d.'** Wilkinson'®* was the first one to describe
cues where patients developed o photo allergy
which was due 1o the incorporation of TCSA into
popular soaps. He observed that the outbreak of
deunatitis was confined (o the sreas that ususily
were expused to light. Most of the cases reporied
{wun Epgland were iransient and a3 soon &%
exposure 1o the compound was discontinued the
ieaction subsided. Jillson and Baughman'*® and
fithion '*? on the other hand, reporied that their
cues were more persistent.

Willis and Kligman'** demonstrated that the
mhutocontact allergy of the skin with these various
compounds was simply a contacl sensitization.
Tic reason that allergic reactions of the skin
developed only af1er exposure 10 the sun was due
W the photodecompasition of the variows

N

products 1o which the skin had been exposed. )f
various brominaied and chlorinaied saticylanllides
were irradiated in vilio in an apptupriaie solveni,
the resuiling breakdown producis caused an alles-
gic reaction on contact, without exposure o UV
light. These siudies were performed because of
information provided in earlier studies by Conon
el al.,'*" whe had irradiated brominsted and
chiorinated salicylanilides and (ound thal these
compounds gave ofl halogens. With 3.5 substituied
salicylanilides, the halogen substituicd on the 3
pusition was loxt. Telrachlorotalicylanilide photo-
sensitized subjects reacied lo 3', 47, S-trichlorosali-
cylanilide and lo 3', 4'-dichlorosalicylantiide. A
rcaction to nonhslogenated salicylaniiide was not
obscrved. Halogens on the anilide ring wese wn-
affected by UV radiation, while the halogens on
the salicyl ring were replaced sicpwise by hydro-
#on upon irradiation.

Among the patients who developed photosensi-
tivily to tetrachlorotalicylanilide reported by
Wilkinson '3 § group of patients in & shop of »
faciory was also included. This same outbreak was
reporied by Jones.! ** who found that smong 106
employees who used the same soap very frequent-
ly, 31% were affected by a dermatitis due (o
contact with tetrachlorosalicylanilide present in
the sosp.

Additional cases of photodermatitis due to Lhe
exposure (o tetrachiorosalicylanilide were reported
by Cainan et al.'” who pointed out that
pronounced edema of the eyelids was also observ-
ed when involvement was severe. Some cases were
persiitent or developed scule relapses on further
exposure 10 sunlight withou! further exposure to
the offending chemical. Frenk'’® reported en
sdditional nine cases of scute contact dermatitis of .
the hands due o tetsachioromalicylanilide.
Epstein'?* descrihed a photoallergic reaction in
{wo patients 1o tribromosalicylanilide (TBS). With
paich tesis these patients showed 8 croms reaction
to TCSA. A similer crom resction pattern to a
number of halogenated salicylanilides was aho
observed by Osmundsen’*® in patients who had
developed photodermatitis following exposure to
tribromosalicylanilide.

Because of the photosensitivity reactions and
the cross resctions (hat were ais, found with
bithionol, which is similar in st sclure to tstra- 4
chiorosalicylanilide (Figure 2), the U.S. Food and
Drug Administration, on October 24, 1967, with.
drew all new drug applications of all drugs that
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contained hithionol. In the notice of withdrawal
of approval in the Federal Register, the
Conugissioncr of the Food and Drug Adminisira-
timt uwiited o that bithionod nuy in some
instances canse o vety persistent photosensitization
awd severe dermiating may oceur with exposure lo
sunlighy without furither contact with the sensitiz-
ing articles. and that bithwnol may produce croms
phatosensitization  with other commonly used
chctnicals such as cerrain halogenated salicylani-
lides and hexachlorophene .

Hexacllorophene preparations may also cause
irsitation ol (he skin if these preparations are used
frequently. A tme allerpc reactinn to hexachloto-
phene i upparcntly rarc.' " The more severe
reactions were usvally confined to the skin of the
scrolum  and consisied of & primary irritant
contact dermatitis.' 7*-' 77 The cases reported by
Baker cf of.'?* alsu included a 33-month-old
Caucasian femals who developed a rash around the
buttvcks, vulva, and upper thighs following the use
oi a hexachlorophene prepanation in her bath
walcr,

We uvbserved severe skin irritation and ulcers-
tion in rats that were exposed dermally lo a 3%
hexachlorophene solution in propylene glycol ora
detergen(. The skin resclion was not as severe
when (he hexachlorophene conceniration was
reduced 1o 1.5%.' ** Boutwell et al.!'" reporied
considerable skin irntation in mice that had 5
mg/mouse applied twice weekly for 21 weeks.
Harber e &.'"" were able 1o induce contact
photosensitivity with TCSA ot TBS. Thest authons
aiso found that cross conlacl sensitivity and
photosensitivity to hexachiorophene exisied in
guinea pigs with primary photosensitivity to TCSA
and TBS. Photosensitivity 10 trichiorocarbanilide
(TCC) was no1 produced in guines pigs.

The guinea pig may represeni g suitable animal
species (o sludy contact and photosensitivity of
these and reiated compounds. After exposure to the
pholosensitizing agenis has been discontinued,
humans may still be sensitive to sunlight, a fact
that needs further study. To a certain extent this
could be due 1o a pensistence of the chemical
compound on or in the skin.

Dichiorophene used a3 an antimicroblal pre :rv-
ative may ais0 cause contsct dermatitis. Cross.
sensitivily 10 hexachlorophene wasz not
demonstrated.' ¥¢
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Chick Edema

Simpson et al.'*! and Sangeret al.'*? descuh
ed 2 new highly fa(al disease in chickens, The fiy
outbreak occurred in 1957 in Georpa. Lap
numbers of birds from approximaiely three week,
of age to adult laying hens were sffected. Clinic
sipns comsisted of dyspnes, reduced body weiph

. gain, stunting, subcutaneous edema, paleness, and

sudden death. In young chickens, gasping was the
first noticeable sign. This was followed by ;
waddling, unsieady gait, Grom inspection of the
birds revealed a pale heart, fMuid was noticed in the
pericardial sac, and the lives were pale, motiled,
and had an irregular granular surface. In advancey
stages of the discose the chickens had lary
distended sbdomens that were filled with Nund
Ecchymotic hemorrhages were present in the skin
beneath the wings, on the legs, and over the Q
bone in a few chickens. The kidneys were palc and

swollen. Following the first outbreak. no additton-

ol cases were reported until late summer and eatly
fall of 1957, when extensive losses of chickens and
turkeys occurred throughout the southeasiern pant
of the U.S. Suspicion soon developed that Josses
were caused by the consumption of rstions con
taining certain lots of animal (at.'®' The ammal
fats contained lallows and greases obiained as
by-products fiom hides preserved with chloro-
phenols prios to leather manufacture.®'

This material was excuded from comnerci!
poultry rations and no additional cases occurrcd
where animal fats were responsible. Simpson
al* " came to the conclusion that the edema i
the chickens was the result of vascular changes
that seemed 10 be the primary lesion. The vascuiar
lesion, or endotheliosis, consisted of proliferation

~and hypertrophy of the endothelial cells of

arterioles and smull asteries in mosi tlissues. Pro-
mounced proliferative changes in endothelium of
the glomerular capillaries were observed, bul no
sgnificamy changet were noticed in the tubular
epithelium of the kidney. Necrosis of the parcn-

. chymal cells of the liver was also noted.

In some reports it was poinled outl tha
exposure (o toxic fat sesuited in a decrease of the
10tal serum prolein and a shift on the albumin 10
globulin matio with a decrease in the albumm
fisction. This could. of course, lead 10 edema
formation, particularty when combined with niil-
functioning glomerulas capillaries. It has also been
suggested tha! incveased permeabiity of the cur-
diovescular bed contributed to the edema forima-
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L TETURY L ather studies the serum proten
aecentration did ot differ frome that of the
Lantrels! S and increased permeability of the
_sdwvascular bed was advanced as the sole cause
o e Suid accumulation. 1n addition, pulmonary
cdema wus observed in diseased chickens and
prvasculas  lymphuocytic infitltration s well as
wema of ahe cardiuc wmuscle with interstitial
pmphocytic infiftration  hius been  noted ' **
Flectton Microscupic exammnation of the cardiuc
musche revealed degeneration and loss of mito-
chondria.” ** 10 is possibie that the heart may play
4 prmary role in the development of chick edenva,
put ¢ hepatorenal syndrome could be the under-
ting cause as well. Studics thut westigate the
gevelopanent of the lesion more closely are needed
1o eucidate these problems. The type of diet also
nfluenced the development of the disease. It
wuld be brought on more rapidly with a sensi-
purificd dict than with » natursl gesin tation,
wdium chloride in vhe diet was a prerequisite for
the develupmens of the syndrome.'*’

If low rations of the 1oxic fat were fed to
swckens they did not develop chick edema but

' eproduvtion and  hatchabilicy were drastically

ieduced.

Toxic fut was pot the only product that caused
the chick edema syndrome. Chionnated biphenyls
caused the diseasc in chickens' *% and in Bengalese

© finches.® A mixture of peniachloronsphihalene

and hexachlotonaphthutenc fed 1o chickens also
sesulted in chick edemia disease.'*” Caniwrell &1
a'*® announced in 1967 tha one of the toxic
compounds capable of producing chick edema
fourd I toxic (et was 1.2,3,7.8,9-hexazhlorodi-
benzo-p-dioxin. Ther liiggenbotham et al.*?

' showed that the chick edema factor was produced

by 1wu principal compounds isolated from toxic
fais:  2.3.7.vrichiorodibenzo-p-dioxin, and
1,37 84eirachlorodibenzo-p-dioxin.  They siso
wggested  fals and fatty scids thst contain
contmercial chiurophenols as possibie sources of
contaminalion. When crude fats snd ssilows are
heated 1o produce fatty acids, chivrophenol
residues may be converted to s chick edemw
factor. Whetier these last three compuunds
mentioned are the only ones that produce chick
tdema Jiscase is quesijunable unless the chisrie
nuicd  naphthalenes as  well  as  chiorinsted
biphenyls that produced chick edenta were siso
waiamimated with them. Anuvther outbreak of
chick edema discase occurred in 19694 In this

incident miillions of birds in North Curolina were
involved. The vutbreak was traced to a vegetable
oil refinery where feed (a3t became contaminated
with “chlurophenvis.” The company formulsted
the chiorophenols as antimicroblal water treat-
ment products. An underground pipeline from the

" “pesticide™ plant fed to traps used to collect

by-product fatty acids held as (eed fais.

Flick et al.'** have recently shown that pyro-
Iytic products of 2,34 .6-1etrachlorophenv were
toxic to chicks and produced chick edema if SO
ppb were fed for 21 dsys. The product fed
consisted of S3% hexa., 45% hepta-, and 25%
octachloro-p.dibenzodioxin. The pyrolytic
product of pentachiotuphenol consisied of a
mixture of 5% hexs, 62% hepls., snd 3I%
octuchlorodibenzo-p-dioxin  that produced mild
edema and increased mortality when fed a diet
containing | ppm (200 ug total ingestion) of the
material for 21 days. When a mixture of tri- snd
tetrachlorodibenzo-p-dioxin was led 10 the animals
a1 a dietary concentration of 0.01 ppm (& calculy-
ted intake level of 1.9 ug). the birds developed
edema and 83% of them died. Further studies with
pure compuunds are necemsary io confirm these
findings. .

The effect of PCBs on the chicken was again
demonstrated when PCBs that were used in the
US. at heat transfer fluids m food processing
planis contsminsied large quantities of fish meal
thst was processed lor animal feed in & plant in
Wilmington, North Caralina.'”' From about April
1971 until July 1971, PCBs ieaked into the fish
mesl and 16 thoussnd tons of contaminated fish
meal wara distributed to more than 60 companies
in 10 states. One of the purchasers of the fish
meal, The Holly Farms, the nation‘s largest
poultry producer, had to daughter 77.000 lowh
after discovering contamination of the chickens
with PCBs. Some of the levels found in the adipose
tissue of the animals were a1 high ss 40 ppm. The
Holly Farms first discovered that the chicken meal
was contaminated because the hatchability of their
eggs was drastically reduced 10 | 8% of normul.

In February and March of 1968 an outbreak of
chick ~dema also occurred in Japan, where more
than 400,000 chickens reportedly died. The
dis.ase was traced to the contamination of snimal
feed with Kanechlor 400. s Japanese PCB, The
chick edema disesse occurred simultaneousty with
an outbreak of polychiorinated biphenyl poisoning
in people that was due {0 the contaminstion of
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tice bran ail, also contantinated with Kanechlor
400 and produced by the sanie company.'*?
Metcalle'®? suggested that chick edema (actor

could he minimized if fleshings grease from hides

preserved wilh {echnical pentachlorophenols con-
tsining chiorinated dibenzodioxins were no longer
used for food products. Il was also pointed out
that the use of glue emulsions containing chiofo-
phenots in rendering operations is another possible
source of the toxic factor. Whether elimination of
these sources from asnimal. food products will
prevent chick edema epidemics remains to be ween,
since polychiorinated biphenyls that may be con-
taminated with chiorinated dibenzolurans have
slso produced chick edema disease.

Yusho

Duting the summer of 1968, 13 caser of
chloracne were observed in the western part of
Japan. centering around Fukuoka prefecture. The
incidence of the disease seemed o be famiial and
it became apparent that all pstients had used the
same brand of cooking oil {canned Kanemi rice
0il). These findings were picked up by the news-
pspers and a strong demand was volced to
elucidate the cause. Therefore, 8 Yusho study
group was established by Kyushu University.'*?
The term Yusho stands for rice oil disease. After
extensive investigations it was found that several
linesses occurred in a number of households that
had used common cans of rice bran oil,

When 4 total number of 89 males snd 100
females that suffered from Yusho were examined,
s variety of symploms were found in these
patients. The incidence of the different sympioms
that varied & great deal is given in Table 2. The
epidemic outbreak was finally, after very extensive
investigation, pinpointed to Kanemi oil, manufac-
iured on February S, 1968. Chemical analysis of
this oil established that it was contaminated with
2,000 ppm of Kanechlor 400, s chiorobiphenyl
that contains 48% chiorine. 1t was also demonatra-
ted that most of the components of the chioro-
biphenyls were stored in sdipose tissue of the
patients for quite a long time and passed through
the placents into the fetus of s few women who
happened "o be pregnant.'**

The amount of oil necessary to produce disease
was found to be st least 2.5 1. The younger the
palient, the higher the morbidity rate with a
smaller 10tal amount of ingested oif. The average
amount of chiorobiphenyi consumed by individual
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paticnis was calculated to be o 1otal of 2 p '™
(Various reports written on this subject v
different sccounts of what aclually was cangumey
and the smount can ai beat only be estimateq

When the rice bran oif was heaied unge
reduced pressure, Kanechlor leaked from the olg
pipes in which holes were subsequently discoveied

The Yusho outbreak spread not only uve
Fukuoks. Japan., but also over 20 oihe
prefectures in the western part of Japan. A tota) of
1.057 poisoning cases resulted according to the

" latest tabulstion {August 1971, Mimstry of

Welfare) .'** The most common inittal syiiprom
experienced by 136 patients with Yusho wa
increased eye discharge and swelling of the uppe
eyelids (38.3%) (ollowed by acneform eruphion
follicular sccentustion (33.1%), and prigmentatim
of the skin (9.6%) liching of the skin ang
“stiffening™ of the soles of the feet and the pulms
of the hands were also observed. Pigmenited mucus
membranes were noticed in many of the patents.
a smail percentage of them developed jaundice
many complained of a feeling of weakness and
headaches; occasionally vomiting, disrthey. and
fever also occurred. Various neurologieal
symptoms manifested themselves such as sransical
vitusl disturbances, numbness and spasims i 1Y
limbs. and hesring difficulties. Mosl panent,
showed acnelike skin eruplions tha! resembled 14+
chloracne observed alter occupstional exposur. 1.
chiorinated naphthalenes or chiorinated biphenyis
When the age snd sex specific incidence raics weie
analyzed it was found that a significant sex
difference was not present, but a lower nsk for
both males and females in the age groups over 60
years was noted. The proportion of severe cases
among those age 13 to 29 was significantly lurge
than thai of other age groups.

During the Yusho epidemic, 11 women wnl
Yusho and 2 wives whose husbands had Yusho,
but who themselves did not show the discuse,
delivered 10 liveborn and 2 stillborn babtes. Nine
of these babiea had unusually greyith. dark briwn
atsined skin, and dark pigmentation of the gingiva
and nails was noted in five of them. Most infants
also had heavy eye discharge. Histological exam-
nmation of a stillbom leius showed a murked
hyperkeratosis and atrophy of the epideriniy and
cystic diiation of hair follicles, especiaily vi those
of the heed. A murked incresse of wehimm
pigment in the basal calls of the eprderaus was siso
noled. Most fetuss that were born were sinalier
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Sympiloms (compleings) of Patients (89 males, 100 Fomales, a5 of October 31,

19%8)°

Syinptoms

Blavkening of nails
avk spois in all pores
Lavessive awcaling 1n paling

- Acnclike skin ettplions
Red xpots aon limbs
tiching
Change in skm color
Swelling of hands and Fect
itardening of backs and hands
Pigmentation of mucous membranes
Sebum (gnm scorelion in eyes)

Hyperemin of mucous membranes in eyes

Temporary failing of eyesight
Jnundice

Swelling of upper eyelids
Sense of weakness
Numbness of bands and feet
l'ever

Hearting difficulty

Spusr of hands and feet
Headaches

Yomiteng

Diarrlwes

Males Females
L 2
231 750
64.0 5.0
506 . 550
7.6 1120
0.2 16.0
1.7 520
153 720
20.2 41.0
b IR no
56.2 410
14 ] 110
70.8 7o
$6.2 5.0
112 1.0
719 74.0
s84 $2.0
326 )0
16.9 9.0
18.0 9.0
19 8.0
30.3 %0
216 280
9.1 17.0

*Reprinted with perniission from Kuratsune et al.'*?

than Ihe nutionat siandards and four of them were
small for gesislional age babies. As they grew older
their skin gradually became lighter over a period of
three months.

Okumiura and Katsuki'*” studied a group of 24

patients whase main complaint had been acneform
skitt eruprions and who had been diagnosed as
definilely hxving Yusho. Eighleen of these were
sdults and six were children. lirespective of the
serivusness pf 1he disease in all patients, the initial
syniploms were eys discharge asmsociated with
¢dema of 1he eyelids, defects in vision, generatized
fatigue, onorexis followed by cumedyv and
acncform cruptions of the face, and pigmentation
and {laticning of ihe nails. The principal subjective
symptoms were fatigue numbness of the lower
limbs. and intoicrar ¢ for mkc, which is a
Japancewe aicoholic beverage made from fermented
rice. Three of twelve females had an irregular
mensirusl cycle. Seven of nine patienis with
wrious disease showed a low grade fever. Most
lsborstory tests conducied on these patients were

normal, including serum enzyme values. A slight
elevation in alkaline phosphatase was observed in
over half of Lthe seriously ill groups, An increase in
the @, globulin fraction of the serum profein was
noted with a concomitant reduction of the
albumin fraction, but the total serum proteins
were within the normal range. These same 24
patients had asbnormally elevated serum tri-
glycerides ranging from 200 to 600 mg %. In 12 of
24 cmts, while the total serum cholesterol
remained unchanged, phospholipids tended 10 be
somewhat lower.'*® Preliminary animal experi-
ments in rabbits conducted by the same authors
showed thal lipemia was consisiently induced
within several days. The levels returned to their
previpusly normal values several weeks after expo
sure had been discuntinued.

The serum concentration of uiglyceride is
usually elevated in humans in glycogen storage
disease {Von Gierke's disease). An increme in
plasma iriglyceride concentration is also observed
in ewsential Ayperglyceridemin, an apparentl con-
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genilal amonnaby Fssennal pyperplyceridemiz has
beean abserved w siblings of o nmnber of Fanllics,
but the mode ol transntission i not known, The
course of this disease js generally benign and is
consisten with a normal life span.' ** Observation
of the familial cases sirows that Iite mere elevation
of triglyceride dves not in itsell increase the risk of
ancrivsclerosis.

Another interesting  fact in lhis  poisvning
epidemic was that out of 23 caxes with pbviong
Yusha, 10 showed symplims or signs of a seusory
newopathy that incinded numbness, pain and
hy poesthesia, and. i additin. | case aiso showed
arcliexia 27% 2% This effect on the sensory nerves
would wor dw imtnediately obvious in animal
experimenrs und prohahly should be mvestigsted
furtiier.

Sanples of sputa and adipose tizsue collected
from patients who suffered from Yusho contained
chtvrinated biphenyls on chientical analysis.!**
The concentration in adipose tissue was much
higher than in sputa. Recently Kuratsune et al!®?
reported on the present status of the patients who
suffered from Yusho. Many of the patients were,
still sufering from the iliness. When the findings
niade in 159 patients in 1970 were compared with
those observed in 1969, it was found that half of
the patients had improved clinically, while the
remaining half showed no such improvement and
mare thun 10% of the patients had become worse.

Immunosuppression

Several repons have indicated that PCBs and
possibly some of the chlorinated dibenzodioxins
and furans may aller the immune response in
animals. Airophy of the thymus and reduced total
white count were observed in rabbits following the
dermai exposure to PCB fractions containing ietra-
and pentachiosodibenzofuran.®* In fish, exposure
(o Arocltor 1254 for 14 to 45 days led to
emaciation and funguslike skin Jestons.”?
However, no attempt was made to isolate
ofganism from these lesions. When 10<day-old
matlard duckiingy were fed diets containing PCBs
(Aroclor [254) and were subsequently injected
interperitoneally with a duck hepalitis virus,
significantly more ducklings died than when they
teceived the virus alone.?°? In guinea pigs,
subieihsl dosage levels of 2,17 B-tetrachjorodi-
benzodioxin produced severe atrophy of the
thymus with destruction of tymphocyies,
lymphoid depietion in spieen and lymph nodes, a
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well as extensive lemurrhages into various vrgam B
including the adrenals. Reduced thymns and N
sbleen weighls were also observed in rats ti P
received a single dose of 25 ug/kg TCDD and in n
mice the cell mediated immunity was found 1o be e
suppressed,’¥® The various findings listed here du
nol conclusively prove that the immune response Br
is specifically aliered by these compounds as we i
encounter it following radialion exposare or
therapy with alkylaling agents. In most studies a
relatively igh doses of the chemical componnds ch
were given, resulting in general (oxicity iy
accompanied by weight Soas. Weight foss in itself fr:
may lead fo atrophy of the spleen. In humans (r
maintained on a low celoric intake with negative h
nitrogen balance, a general reduction of lymphoid st
tissue sesults wiich is not specifically relaled (o hu
the immune response and vitamin A deficiency is s
aiso sccompanied by a reduction in lymphatic her
tissue. In this respect it is also of interest thal (A
when monkeys were fed “loxic fat” containing ax
polycyclic polychlorinated hydrocarbons. The a
germinal centers in the lymph nodes and splecn as bon
well a5 islands of hematopoietic celis in bone sut
marrow were extremely sparse.'*® This is more
extensively discusscd in connection with chick wao
wdema. The fact that a combination of duck el
hepatitis virus and PCBs is more toxic to 10 tac
day-old duckiings than the virus alone suggests I
a reduced immune response bul couid also merely i
represent an additive damaging efTect on the liver, phy
made more susceptibie to infection by the toxic et
effects of PCBy. So far no convincing evidence of not.
“wasting disease™ as a result of exposure to re:n
chlotinated polycyclic compounds has been stud
reported in rodents or any other species in the 73
literature, of ¢
Atrophy of the thymus in newborn rodents | 1St
reduces the capacity of thest animals 1o produce and
serum antibodies, resulting in wasting disease, also neur
referred 10 a3 runt disease or homologous disease. (Yosl
Such anfrmals are then incapable of rejecting Aot &
foreign skin grafts,?®* which probably represents Ar
the most convincing evidence for homologots # ot
disease. A shift in the immune response could porpl
influence the development and growth of cancer porp!
and alter the deferae mechanism in infections. In | “hen
order to prove that PCBs as well as chiorinated | i€
dibenzodioxins and furans do indeed Influence the . PUISV
immune response, the effect of these substances ‘ When
on newbom animals of sevetal spacies thould be | " 1
testad with sdequate parameters such as skin | DESam
e ———
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prafting and the measuring of tlte development of
antibudies. Whether the other chlorinated
polycylic compounds in this article also afTect the
immune response has nol been sugpesied of
reported.

Biochemical Effects and Chemical Toxicology
Porphyria

Porphyria cutanea tarda in humans is an
acquired defect in liepatic purphyrin metabolism,
characierized by uroporphorinuria, photosensitiv-
ity ss manifested by blisters, and mechanical
fragility of the skin. The hepatic porphyria
(Porpliyria cutania tarda) wlhich is responsible for
the increase in pusphyring and the skin pliotosen-
utivity can be produced experimentally by a
number of drugs: all of these have the sbility to
stimulate (e setivity of the initial enzyme in the
heme synthesis S-aminolevulinic acid synthetase
(ALA). In addition to this acquired porphyris, an
acule intermittent porphyria erthropoietica and an
acute intermuent porphyria hepatica, which are
both hereditary, exist 1ogether with a number of
subgroups which will not be considered here.

In 1964, Bieiberg et al.? reported studies of 29
workers in a2 2.4.D (2 4-dichioroplienoxyacetic
acid) and a 2.4.5.T (trichlorophienoxyacetic acid)
facvary. Many of tlie workers had chloracne and
|1 had abnormal excretion of wurinary
utopurphiysins, Many of the workers with uropor-
phiyrinuria had hirsutism, hyperpigmentation, and
increased  skin fragility. Liver dysfunction was
aoted in 1wo hospilalized patients. Poland et al.!
rtinvesugated 1he wotkers of the same plant
studicd by Bleiberg et 2. They studied a total of
73 male employees; chiloracne was found in 80%
of (e workers. In this study six years after the
first reporf, clinics! purphyria was not observad
and only one worker had persistent uroporphy-
ununa, In the Japanese poisoning epidemic
(Yusho), increased uroporphyrin excretion was
not reporied.

Apparently palychiorinated biphenyls, as well
s tewrachlorodibenzodioxins, produce hepatic
porphyria in  animals. Experimenial  hepatic
porpliyria was observed in Sherman strain rats
when the 1ats were exposed to Aroclor 1254 in the
diet. The porphyris resembled hexachiorobenzene
poisoning and human porphyria cutanca tarda,?®?
When female rats were fed 100 ppm Aroclor 1254
in the diet (approximateiy 7.9 mg/ugiday) thev
becane porphyric after a delay of sbout 2 10 4

months. At this time the urinary porphyrin
excretion increased rapidly. Uroporphyrin
excrerton was ejevated loa maximum of $50-fold,
prophobilinogen 27-fold, and &-aminolevulinic
scd 18-fold. The major porphyrins found in urine
from Aroclor treated rats were 8.carboxyporphy.
rin (73%) and 7<carboxyporphyrin (I16%),
Substantial increases In amounts of 5 and 6
caarboxcylic porphyrins were alto observed. A
10-fold increase in the excretion of coproporphy-
rins was observed, but the increase in
uroporphyrin excretion was 1,400-fold. In comrot
mt urines, copropornbiyrin (B1%) repressnted the
major porphyrin fraction. A good correlation
beiween urinary porphyrinz and liver porphyring
was also observed. Only & trace of porphyrin was
found in liver samples in controi rats.

When feeding rats 300 ppm Arodor 1254,
§-aminolevulinic acid synthetase was not increased
in the first month of exposure. After this time
&-sminolevulinic acid synthetase was elevated 3.
to 6.fold in porphyric rats but was normal in
nonporphyric Aroclor treated rats. Cytochrome
P450 and microsomal heme were also increased
throughout the study but the increase was
maximal in one week despite the sbsence of an
increase of the rate limiting enzyme in heme
synthesis 5.aminolevulinic acid synihetase. When a
large single dose of Aroclor 1254 (500 mg/ig) was
given, a 4-{old induction of §-aminolevulinic acid
synthetase could be demonstrated in the liver § hr
after dosing the animais. These resuits suggested
that &-aminolevulinic acid synthetase induction
occurred when porphyria had developed if lower
Jevels of Aroclor 1254 were fed over 8 period of
time, but when high doses of Aroclor were given it
was induced immedistely.

Vos snd Koeman®® reported that chemical
porphyria was produced by the two European PCB
products, Phenoclor DP6 and Clophen A60. ma
well as the American product, Aroclor 1260, The
porphyrogenic sction was observed in chickens,
quail, and rats. It has not been established so far
whether only certain isomers of the polychlon-
nated biphenyls or contaminstion with
chlorinated dibenzofuran Is responsible for the
production of hepatic porphyria cutanes tarda.

Poland and Glover?®® used fertile chicken eggs
at a developmental stage of 15 to 20 days and
injected them with 25 ul of the Aelogersted
dibenzo-pdioxins. They found that 23,7 A-teina-
chlorodibenzo-p-dioxin produced a dose-related
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increase i ALA synthetase activity. The iowest
dose fested, 466x10°'? moljegg (i.5 ng)
dovbled the enzyme activity. These resulis were
statistically significant. :

Studies with oiher lidlogenated dibenzo-p-
dioxins gpave (he following resuits: ihe
2.3, 7-trichtore and 2.3 6-iribromo  isomers are
patent inducers of ALA synthetsse while
2.3.dicklore  and 2. 7-dichloro, 2AR-dichluro,
},3.6.8-tetrachlore, and 1.2 3.4.tetrachioro
isomers all failed 10 Induce ALA synthetase at
doses up to 2.5 ingfegg. Of the limited number of
haiogenaied  dibenzo-pdioxins tiat have been
tested for fetal toxicity and the ability to produce
chloracne, those that are toxic at low doses also
induce ALA synthetase. Whether some of the
polyneurotic eymptoms repurted in Yusho and
also n severe exposure to technical 2,64,5.T ot
technical irichloropiienol 1hat were heavily
contaminated with ietrachiorodibenzodioxin are
caused by an cffect on the porphyrin metsbolism
merits investigation since neurotoxic effects have
been reporied in acute intermittent porpliyria.’®’

The dioxins that induce ALA synthetase inthe
liver of the chick embryo may also induce it in the
mammalian system. Woods?®* was noi able to
induce S.aminolevulinic acid synthetase {ALA
synthetase) in 1he liver of male rats up to 30 days
after oral doses of 23,7 B-tetrachiorodibenzo-
dioxin. Guinea pigs and mice also did not show an
increase of ALA synthetase following the admini-
stration of 2,,7 R-tetrachlorodibenzodioxin. How-
ever, it was possibie (o demonsiaile an increase
in ALA synthetase and uroporphyrins in the liver
in Cs4 black male mice given 25 ug/kg/week for 4
weeks.’** [t is possible that ALA synthetase
induction varies in time with age and sex and may
show species variation. Induction in mammals may
require jonger doging, since, for instance,
porphyria and induction of ALA synthetase with
moderate doses of Aroclor 1254 did not dewlop
until 2 to 4 months after dosing was started.?**
Fermale animals and tiie embryo may be more
susceptible than adull male animals.

Effeer on Ciher Enzvivies and on Vilemin A

A number of investigators fiave shown that the
polychiorinaled biphenyls induce liver microsomal
enzymes.? ' 22211 Norback and Allen®''
correlated an increase of hepatic microsomal
enzyme activity with smooth endoplasmic reticu-
lum proliferstion. Litterst ot al?'? studied the
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effect of four PCB mixhires, namely, Arocion
1242, 1248, 1254, and 1260. The animals wuie
fed the material for 4 weeks and dictary loveh
employed were 500, 50, § and 0.5 ppu. At hiplier
dietary leveis an increas in liver weighis wus
observed, Elevation of triglycerides in tire liver .o
seen at SO0 ppm with a maximum effect ocenrring
at approximately 50% chlorine conicnt  An
increase in cytochrome P450 was obscrved i 1he
$0 and 500 ppm dietary levels of all PCB mutires,
An induction of the pentobarbitsl hydroxylition
and an increase dn methylase activity weec
observed at the Mgher dietary levels. Induciion o

‘pentobarbiltal hydroxylation increased  waih

Increasing chlorine content of the PCBs. Mirro.
reductase activity was markedly stinwlated with
Incressing doses of PCB and the indiictiom was
seen at levels as low as 0.5 ppm for ali mixtirres i1
is difficuit to evaluate the enzyme induction at
these low dietary ievels since the contral animal
food can be contaminated at 1imes with PCBs.

Two types of inducers of drug-metabolizing
enzymes of the tver have been reporied: one
group to which phenobarbital betongs resulted n
increased P-450 content of the liver and induction
of a variety of pathways including benzpyren:
hydroxylase and demethylation of ethylmorptune.
The polycylic hydrocarbons such as
3 4-benzpyrene belong to the second group . whih
tesulted in the formation of an abnotmal vt~
chrome. P-448, and increased benzpyvicne
hydroxyiation, but not ethyimorphine deaetin b
tion, Alvares el al?'? reported that PCB trea
ment produced an increase in cytochrome '-44%,
an increase in benzpyrene hydroxylation, and
N.demethylation. Since the PCBs represent
mixtures, it is possible that the type of induction
may depend upon the liomers present. The varivus
efTects of PCBs on liver microsomal enzymes can
be blocked by the prior administration of actinu-
mycin D. When the efTect of a numbes of PCBs on
the beef heart mitochrondrial enzyme system was
studied, it was found thai they inhibited NADII-
oxidase, succinoxidase, and cytochrome onidase
activity. it hias not been establislied wheihier 1hese
saame effects will ocour in vive. Benthie ¢vai 714
Induced liver microsomal enzymes by wura-
periloneal injection of a single dose of Araclor
1248 or 1232,

Most of the microsomal enzymes hsve been
studied in the a1, but they are affected in other
species = wall. Allen et ai”'* reported liver
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hypertrophy after  feeding pulychivrinaled
hiphenyls {Aroctor ‘124R) or a polychlorinaied
iniphenyl (Aroclar 5460) for three months lo
pimates. The increase in liver size was attributed
o the increzse in smoolh endoplasmic reticulum
and induction of microsonmal enzymes was
observed. Proof of the induction of microsomai
enzymies in birds is the finding niade by Lince: and
Peokall® '* that livers obtained from American
kestrels exposed Lo cither Aroclot 1 254 or Arocior
1262 thowed an increase v the in vilro breakdown
of oestradiol 10 a more polar metabolite. This
eflcct on sex barmones is aiso emphasized by
Plaionow et ai.°'7 Arcclor 1254 given fo
Yorkshire hoars reduced the unnary excretion of
goradal steroids.

Boih the polychionnated biphenyls s well a3
the chioringiod napirthalenes affect the vitamin A
conient of the liver. This was particularly studied
with the chiorinated naphthalenes since hyperker-
stosis and other abnormal keratin formation of the
skin is often accompsnied by vilamin A
deficiency. Low vilamin A plasma levels were
observed in cattle with X-disease and young
swine.'35+1*7 A decrease in vitamin A storage in
the liver of Japanese quail and rats that were fed
Araclor 1242 was siso demonsteated.”'* Since
vitanuwn A deficiency affects reproduction, this
aspect should he furfher investigated to determine
whether the effect of PCBs on reproduction is
secondary 1o vilamin A deficiency.?’®

Ecobichon sné Johnstone? 2 gtudied the effect
of varions PCB isomers on the hepatic enzyme
sysiem. Biphenyl itsell did nor cause induction of
hepatic drug meilabolizing enzymes and neither did
monochlorobipheny! (4-CI). Substitution of chloro
groups at the three and four positions of the di-
and teirachlorobiphenyls caused induction of
microsomal monooxygenases. Induction of micro-
somal monooxygenases occurred also when hexa-
snd ocrschlorobiphenyls were given to the rats.
Nilroreductase and carboxyles terase activities were
no! affected wiile all compounds produced »
marked induction of the suliobromophthalein
cunjugating system. Terphernpls as well as chiori-
nated serphenyis increased the pentoberbital meta-
bolism in the ra! with cosresponding increase in
smooth endoplasmic reticulum which sugpested
microsomal enzyme induction.??'+?3?

Lucter et 2577 reported that a singie orai dose
of 5 or 25 ug/kg body weight of rerrachiorodi-
benrodioxin induced cylochrome P-450 wignifi-

cantly in male rats for 8 period of up to 28 days.
Cyiochrome b-S content was siso increased.
Hydroxylation of sniline was induced and amino-
pyrine demethyistion rates were decreased. Micro-
somal proline was increased by approximately
i 5%, The induction of UDP giucuronyitransferase
was most striking. Oxidative phosphorylation rates
in rat Mver mitochondris using succinate as »a
substrate were unchanged. The enzyme induction
was observed a: early as one day — the pesk

- induction was reached betwoen three and ien days

aftes treatment. The enzyme induction was secom-
panied by an incremse in smooth endoplasmic
reticulum and & mild increase in rough endo-
plasmic reticulum.®?* These changes were first
observed three days afier the injection of the
tetrachtorndibenzndioxin. Thus, enlargement of
the liver during exposure to varinus chlorinated
compounds is accompanied by an increase in
smootli endoplasmic reticulum.
Furthermore, il “inclusions” or “hyasline bodies™
are seen within the cytoplasm with the light
microscope, concentrically srranged membranes
that often surround lipid vacuoles can be seen with
the electron microscope (Figure 6).
Hexachiorophene, on the other hand, does not
increase the size of the liver.’'® The livers show
no ultrastructural changes and probably
microsomal enzymes gre not induced. Whether
other compounds listed in Figure 2 affect liver
microsomal enzymes is not known. Hexachlor-
ophene has an effect on s variety of other enzyme
systems than those mentioned thus far, Cammer
and Moore?** and Caldweli et al.2** have thown
that hexachlorophene uncoupled oxidative
phorphorylation, Increased edenosine triphos-
phatase sctivity, but did not affect the sctivities of
electron transport enzrymes when compared to
controls. Gouid et 21?7 demonsirated that hexa-
chlorophene inhibited succinoxidase activity of rat
heart, liver, and kidney preparations. According to
unpublished material cited by Gluck,??? hexa
chiorophene is conjugated to the glucuronide
conjugate which k& excreled in bile. The
proportion of conjugated hexachlorophene to
unconjugated hexachlorophene in biood may be
more significant in determining the toxicity of
hexachlorophene than the hexachlorophene blood
levels as they are presently determined. '

Methemogiobinemia
In the early 1960s outbreaks of methemaoglob-
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incniias  were  teporied from  hospital nur-
sencs.72%2%® Ope outhreak involved  total of 18
infants with a level of methenioglobist from 4.9 1o
30% of the iotal hentogtobin. An epidemiological
investigation traced the outbreak 1o J4.4-
trichiorocarbanilide {TCC) that was used a2 3 2%
solution in 8 rinse in the laundering process, afler
which the laundry wm neutralized with an acid
and then dried in an autoclave. Twelve of the
eighteen cases in this report were premaiures who
were prabably longer exposed lo the offending
chemical than term infants since their hospital stay
is usuzily longer. It is also possible that chemicals
peneiraie more easily through the skin of premas-
lures.

In another ouibseak, methemoglobinemia
occurred among a group of curtodial patients in an
institution. These patients were given 10ap suds
enemas with boiled soap that contained 2%
'rcc_!:ll

It is possible that by hesting TCC a breakdown
product occurred which produced the methemo-
globinemia. P<chloroaniline and 3 4-dichloroaniline
have been suggested as breakdown products. None
of the other compounds discussed in this srticle
have thus far been shown to produce methemo-
globinemia,

Storage, Distribution, Merabolism, and Excretion

As we progress further in our study on the
distribution, metabolism, excretion, and
sbsorption of compouods such s chlorinated
biphenyls, chlorinated terphenyls, the chlorinated
dibenzodioxins, and chlorinated naphthalenes, we
will probably find that since they are lipid soluble
they are stored in quite the same way s the more
studied pessistent pesticides such as DDT snd
dieldrin. From the evidence presently available on
the chlorinated biphenyls il can be assumed that
the tumnover of these compounds in the body,
porlicularly of those that have a high chiorine
content, may be sowcr than some of the
persistent pesticides. The turnover rate will vary
with the degree of chlorination, Hexachlorophene,
on the other hand, is fairly rapidly excreted and
presently no information is available on blthionol
and reised compounds that have s germicidal
eflect. Al of these compounds are not very well
sbsorbed by the gastrointestinal tract or the skin,

Analysis of various tissues of rats given & single
dose of the PCB Aroclor 1254727 ghowed the
highest concentration of PCBs in edipose tissue
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and the least in plasma. Drain, liver, and kidncy
hed levels of the same arder of magmtude but
ware lower. If, for instance, 1,600 mp/kg hody
weight of Asoclor 1254 were given by stomach
tube, 24 hr later the mean concentralion
edipose tissue was 1,146 ppm. The concentrations
observed in individual smmals varied greaily.
Similar flevels were found in adipose tissue when
3,200 mg/kg of Aroclor 1260 were given by
stomach tube 10 aduit female rats. The leveis ul
Arotlor 1254 found in the brain showed 2 mean 1/
138 ppm and the values observed for Aroclor § 20
wore 145 ppm. Al of the values were calculuted
on » wel weight baais. The mme concenirations in
ppm were found -with both compounds even
though only half of the amount of Aroclor 1254
was given. This is probsbly due to the fact tbat
only 8 certain amount of Aroclor is absorbed ai a
given time.

When 100 ppm of Arocior 1254 was fed to
male weanling rats for SB days the mesn concen-
tration of Aroclor derived materials found in the
feces varied roughly beiween Il and 35 ppm.
After the animals hed been removed from the
experimental diet for 8 week, the excretion in the
feces was B ppm and afier 16 days' recovery an
average of 2.5 ppm was found in the feces. PCHs at
the concentration of sbout 2 ppm were siill
observed in the feces 24 days after the anmimials
were removed {rom the experimental diets. Duriug
the entire study the amount of PCB dertved
material recovered from the urine remsined hetow
| ppm. While PCBs were fed to the rats. ihe pas
chromatogram obiained from the feces was super-
imposable on the one obtained from the standard
Aroclor 1254 that was fed 1o the rats. Once ibe
snimals were no longer fed Aroclor 1254 ihe
number of peaks observed in the gas chroms-
tograms that resulted from the analysis of the fecal
material  decreased. Fewer peaks were also
observed in the gas chromatograms obtained fur
the tissues and from urine. During thte $8.Jday
feeding period, a gradual increase in the cooven-
tration of the PCB derivatives was observed in
timues. The highest concentration was found in
adipose tigsue; afier S8 days it reached mean
values of sbout 500 ppm. The concentration in the
liver only amounted to a mean of 12 pps at tha
time. Following & recovery period of 71 days when
the snimals were fed plain chow, the
concentration of the PCB derived matertal in
adipose tissue hud mot decreased appreciably and
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s1ill showed values in the neighborhood of about
400 ppm and 4.7 ppto was found in the liver. The
coticeniration in the brain never reached very high
proportions: it ranged from about 2 to 4 ppm.
Following a 71-day recovery period the amount in
the bram was stitt sbout 2 ppm. When Aroclor
1254 was fed for 240 days at the dieiary level of
100 ppm, the concentration of the PCB derived
material observed in adipose tissue had reached
values of about 1,000 ppm. if, on the other hand,
100 ppm of DUT is fed to male rats for 2 yeamn,
the conceniration in adipose tissue is about 95
ppm.2?** in a separate study where 500 ppm of
Aroclor 1254 ‘was fed 10 male rats for 6 months
and the exposure to PCB containing diets wa
subsequently discontinued for mn additional 10
months, the concentration of the PCBs ranged
from 924 to 1,688 ppm in edipose tissue with an
arithmeiic mean of 1,192 ppm. The concen-
tmations in the liver ranged from 17.3 ppm to
26.24 ppm with an arithmetic mean of 22.65
ppm.72*

Further studies are necessary 1o delermine
whether PCBs are slored in tissues 10 a cerlain
point when 2 steady state is reached and the
concentration does not increase further. The given
concentration al which this equilibrium is reached
in adipose tissue would vary with the amount fed
fo the animals and the type of compound. The
effcct of s1aevation or iliness when the amount of
adipose lissue in the mammalian body is suddanly
reduced also needs to be investigated further.
Would (his lead 10 increased excretion of the
malerial or to redistribution or both? Dahigren et
3.7** who determined PCB tissue leveis in
pheasanis, found that a concentration of 300 to
400 ppm of the PCB derived material was usually
found in the brains of birds that had dled, while
live birds that were fed the same amount of PCBs
had much lower concentrations in their brain
tissue.

Studies in bobwhite quail showed that relative
peak heights and chromatograms for the tisue
extracts were similar 10 the Aroclor standard after
parttioning with scetonitrile-hexane when the
birds were given a singie capsule of Aroclor and
their carcasses were analyzed stoon after exposure.
Thit suggests absorption of all components of
Arocdor. The gastrointestinal 1ract, liver, skin,
wings, and feet had been removad prior to
analysis,. When bobwhite quail were fad Aroclor
1254 for 14 days and then allowsd to recover, the

s chromatograms chowed a gradual reduction in
the nunber of peaks and afier 42 days on a
control diet only 4 major PCB components
remain, which suggested selective excretion and/or
metabolism of some of the components of the
Aroclor tested.?** In a reproduction study, Heath
et 3l.*? analyzed 2 second-year sgm of mallards
fod 25 ppm Aroclor 1254 in their diet for 2 yean
and found 56 and 33 ppm PCB by wet weight. The
gus chromatogram showed a pronounced dimin-
ulion of the early peaks when it was compsred to
the siandard, suggesting again a selective reduction
of the components with lower chlorine somcen-
trations. This is also svident in anvironmental
mmples. Lower organisms such as mussels and fish
conlained a higher concentration of PCBs with
lower chlorination than birds.!*

In mammals, excretion of PCBs in milk and
transplascentia] pasmge is slso observed. Feeding
cows 200 mg/day of Arocior 1254 for 60 days®?
resuited in higher PCB Jevels in milk fat than in
body fat. At 30 days’ axposure, 4€5.6 ppm was
found in milk fat and 21.9 ppm in body fat; a1 60
days' exposure, 66.7 ppm was found in milk fat
and 44 ppm in body fat. However, once exposure
to PCBs was discontinued, the concentration in
milk fat sank below that of body fat.

Transplacental pasmage of PCBe also
occurred.?*7+23% Sherman strain rats were given
Aroclor 1254 in peanut oll by stomach tube
during days 7 to 15 of gestation. A mean of 20.60
ppm PCB derived material was found in their milk
when 10 mg/kg/day was given 1o the dams during
pregnancy, while those given 50 myg/kg/day
axcreted s mean of 66.34 ppm in their milk on »
wet weight bash. Fetuses taken by Caesarean
section on day 20 of pregnancy coniained a mean
of 0.63 ppm and 1.38 ppm of PCBs, respectively.
With a fivefoid difTerence in dosage, the concen
tration In fetuses showed a twofold difference and
in milk a threefold difTerence,???

The hyperpigmented babies observed in the
Yusho incidents in Japan represent additional
circumstantial evidence of transpiacental passage
of PCBs.

Polychiorinsted biphenyls have also been de-
tected in human adipose tissue. Biros et al?*’
analyzed two human adipose tissue samples which
contsined 200 and 600 ppm PCBs ranging {rom
pentachlorobiphenyl 1o decachlorobiphenyl and
Price and Welch?*® found 100 ppm PCBs in
another human adipose timue sample. Acoording
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CPCDs an their adipose issue. Aning ICB soutces

ey discussed the fond chain and honse dust
which. from residences in southwestiern Michigan,
comained up {u RO ppe PCHs. Polychlorinated
biphcnyls were found in 31% of 637 samples of
hman adipose tissue (hatl werc coliccted from the
generat poputation of the 115 as part of tiwe
thaa Monitoring Survey. Of abe sainples ana-
lysed. % cottizined wore than 2 ppm.?*! PCBs
have also been found in human adipose tissues of
the gencral population of Scandinavia’*? and
Japan 14*.1** gand in humen milk and human
adipwse  tissue of the generai popuiation of
Germany.** In general, iow concentrations of
PCBs were stored in adipose tissue in a certain
proportion of the peneral population. This &
probably more prevalent in the highly industirial-
ized countries and ashnusl nonexistent in under.
developed counitries unless mosi of the food wa
fmporied from polivted areas. These low levels of
PCBs are harmiess, as far as we know al the
moment. however, the occasional leveis found in
the 100 1o 1,000 ppin range give rise to concern, It
woutd be of interest (0 establish whelher average
adipose tissue levels increase with age and whether
those 1n certain professions such a3 painters,
printers, texiide workers, workers in plastic fac-
tories, and those engaged in the manufacture of
tzansformers and capacitors had higher PCB.levels
than the general population.

Reports on the absorption, storage, and meiab-
olism of chiorinsted naphlhalenes, terphenyls,
dichlorophene, bilthionols, fenticlor, triclosan, and
tetrachiorosalicylandide are almost nonexistent in
the literature. Some unpublished results on some
of thc compounds used as germicides are mon-
tioned in the summary minutes of the Over the
Counter Drug Panel on antimicrobials. Copies can
be obtained by writing to Dr. Mary Bruch, Bureau
of Drugs, Rockville, Md.

Approximately 9% of rriclossn, also called
Irgsmn DP30O0 and CH 3565 (2.4.4'-trichloro-2'-
hydroxydiphenyl ether), is absorbed when It is
applied dermally in a soap solution. The hatfife of
the ciiemical was 20 hr when applied dermaily and
10 hr when given intravenously. Humans excrete
65% in urine and 20% in feces afier intravenous
injection. 11 is excreted either a a free compound
or a3 a gucuronide.

In dogs nearly 100% of the injected material s
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recovwercad as the guciironide o sullfaie i none
and féces over a S-day period. 1t has been shown
that TCC is absorbed through the skin.

Tissue levels of the chioringicd  torphieny!
Aroclor 5460 were defcrmined in codfish. 2% In
this study it was found that Aroclor 5460 wis
apparently poorly absorbed froin the gasirointe s
nal traci; it was slored in all tissues thal were
amalyzed. The highest concentration was found
the liver and following a single duse of 1 g somie ol
it was slill present in the codfish after 70 duy:. an
tndication of low excretion. The authors puanied
oul that with the method used fo determune the
chlorinated terphenyls, it would be difficulr 1o
distinguish chiorinated biphenyls from chioninated
terphenyls. A comperison of the chromatagrams
of the siendard with those obtsined from chiorm:
ated ferphenyis extracted from Llissues revealed
more of the earlier peaks in material ubtancd
from tissues and fewer of the later peaks. A
varistion in the intensity of the pesks was alsw
observed. There seems to be s change in (hc
chlorinated terphenyls within the living urganisui,
however, pari of this could aiso have been intyo-
duced as an artefact by the analytical methods o
by difTerential absorption from the gastrointestinal
tract.

Calves boir. to cows with X-disease deveinped
hyperkeratosis and it was found that highls
chlorinated naphthalencs were  excreted 1n
milk.' 3¢ This supgests that chiornated naplhiti.:-
lenes may well follow similar storage and excretinn
pelterns as PCBe.

Ohlorinated  dibenzodioxing and  furans arc
probably aiso stored in tissues of animals and nicn
who are exposed to them, bu! sgain not much
information & present]ly available. Firestone et
#.2*7 fad the umaponifable fraction isolmed
from “toxic fat™ or 3% “toxic fal” itself 10 youuy
cockerela. The "ioxic fat" contained chluosudi-
benzodioxins with 2 to 8 chlorine atoms. When
the excreta were analyzed it was found that a
certain  percentage of the hexachlorodiben/o-
dioxins had been absorbed from the gastrointesi-
inal tract, while all of the ociachlorodiben s
dioxins renwined in the gastrointestinal tract, awd
only very little of the liepiachivrodibenzedionm
was sbsorbed, Because of the presence of inter-
fering components, the chick tissues and excrels
could r.t be examined for the lower chilorinatcd
dioxins. In the organs. the highest concentration
was found in the liver and an appreciable amount
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was alsn Tound in the bone and skin, while 1the
allier ongins coangined veey fow dioxins, Some
ondemer for a possible nwetabolism of hexa- and
heptachinmodibenzodioxin by the chick was afso
obscrved. Zitko and Wildish?*® fed di-. trl-, tetra-,
snd ntachlorodibenzofuran to fish and detecied
oniy avischlurodibenzofluran in muscle and gut of
dead fish. Oue problem with metabolism, storage,
and distribution studies of chlorinated dibenzo-
diaxints and Turans is thar not all of the com-
pounds are readily available and, if they are
available, any lonp-ierm feeding siudies in large
snimals  are expensive. The very toxic dioxin
compounds can be given only 8t such low levels
thal they escape detection easily. In our labora-
lory we detected a chiorinated dibenzofuran in the
unnie of rats fed Aroclor 1254. We found this ssme
chionnaled dibenzofuran in the Aroclor itself*® as
a confaminany,

Williams c1 01.7** fed rats a 104l of 22.7 and
120.7 ug of octachlorodibenzodioxin. They te-
covered o preat deal of the compound in the laces.
Yery small amounts were recovered in the liver at
both dosage levels and in adipose lissue at the
higher dosage level. Furthier studies are needed to
establish the absotption, excretion, and storape of
these compounds, and 1lieir persistence. Studies
with kabeled maletial may eventually give us some
mfotmation on their metabolism. Piper et ol.2%%
gave a smgle ofal dase of C'* labeled 2,3,7.8
1etrachiorodibenzo-p-dioxin 10 rats and found that
ahoul half of the radioactive material was re-
oovercd within 21 days in the feces and only 13%
in wrine and 3% in cxpired air. Mosi of the
reinaining radioactive material was found in the
lover.

In  snother study?®' 100 pup of CP*.
octachlorodibenzodioxin was given daily to tais by
stomach tube for 21 days. Less than 0.3% of the
material was absorbed. Subsequently the rats
received 8 conirol diet for 7 weeks and sl
showed 20% of the absorbed materisl found at 21
days in their tissues,

The in vivo meiabolites of the various com-
pounds undcr discussion have in most instances
nol been identified. Block and Cornigh? *7 studied
the wurinary excretion of bipheny! and 4.
chiorobipheny! in cabbits. Biphenylglucosiduronic
acid and 4-hydroxybiphenyl were isolgied from
unne of rabbits fed biphenyls. The rabbits led the
4-chlorobiphenyl excreted 4-(p-
chiorophenyl)phenol snd 4-chiorobiphenyl glu.

cosidurinide. Twiee at much d-chlurobiphenyl as
biphenyl was excietcd aa the pucosidwonic acid
derivative. It is possible that other low ehloringted
biphenyls and naphthalenes are exereted in urine
in 8 similar manner; whether they would be
delecied by present gas chromaiographic methods
would have to be checked by eombining the
identifieation of radio labeled material with pas
chromatography.

Hutzinger et al.?*' found evidence that some
chlurinated biphenyls are hydroxylated by some
species. Apparently troul is not able to hydroxy-
Iste 4chlorobiphenyl, 4.4'-dichlorobiphenyl, and
22,5 5" tetrachiorooiphenyl, while the rat snd the
pigeon both formed monohydroxychiorobiphenyl
from 4<chicrobiphenyl. In sddition, the rat slso
produced dihydrochlorobiphenyl. Larpe quantities
of unchanged material were excreied by the rat
when 4 d'.dichlorobiphenyl end 2.2°5.5"
tetrachlorobipheny! were given to them and only a
monovhydroxydertvative was identified in their
urine. Pigeons f(oHowed » similar pattern but no
dihydrochlorobipheny! was observed in the bird
excrets (ed 4chioroblphenyl. No hydroxy metab-
olites could be identified in the excreta of the
three species when they were given 2,2° 4.4'5,5'"
hexachiorobiphenyl. Nec evidence of reductive
dechlorination was observed in any species.

Only very lew studies have bsen conducted
with radivlabeled hcxachinrophene to study its
sbsorpiton, disttibution, and metabolism. Wit and
Van Genderen’®* gave rats and rabbiis hexa-
chioropheneC'* (2,2 -methyleneC'*  bis(3.4.6-
trichlorophenol). Complete recovery of radio-
activily in excreis after a singhe dos of 50 or |5
mg/kg of radiosctive hexachloropliene was ob-
served In rabbits within 5 days. Roughly one third
was excreled in urine and feces, respectively, a3
unchanged hexachlorophene snd the remainder
was excreted In the foces as unidentified metab-
olites. The metsboliles could not be extracied
from the feces with ethanot. The biologica! halflife
calculated from the experimentsl results was
found to be approximately 17.8 hr. In rats, about
two thirds of the mdioaclivily was recnvered in
feccs within scven days and only wery little in
urine. A complete recovery of ra .icaclivity was
not oblained in these studies v hin seven days.
Five cows given » ungle dose of 1S mg/kg body
weight of hexachlotophene excreied about half to
two thirds in thelr laces within five days. Very
Hitle was excreted in urine and none in milk.
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Metabalites were not idemificd and tissue levels
were n0) derermiined in 1his study. The authors

cited a sudy by Kok.?*® who did deleonine
hesachboroplane i virious organs of rals,

Canell ot al P4 gudied the absorption of C-14
Laheled hexaclilorophene on the 13il skie wf The
1at. lexachlorophene in a detergent sohwion was
absorbed by (he intact skin of the tail at the
averape rate of 1.7 gpfom? of expored surlace
aeafln. haediately anter the infiction of second
degice huras. the absorplion rate increased 2.5
tines tiat of the noonal skin surface. Aler 24 hr
the absorpiivn rale dropped to normal or sub-
normal levels. Immediately after 1;aumatizing the
tail. the absorption rale of hexachlorophene was
even preater than following the infliction of 3 burn
wound.

Manowitz. and Johnston™®" fovnd that hexa:
chlorophene was deposited on the skin when used
in various formwlations and could be extmcted
from tlee skin by soaking the exposed areas (hands
and forearms) in alcohol. The amount recovered
increased in proportion 1o the amount applied.
These auhors were unable to conflrm earlier
investigations which soggesied that the quantity of
hexachlorophene retained by the skin reached a
plateau lkevel after a numher of warhings and
remaiced relatively constant thercalter. Anins were
washed and rinsed every 20 min. When extractions
with alcohol were made on different arms after
diffcrem numbers of washings, it was found that
the mioumt of hexachiorophene recovered in-
crcased with the number of washings and no
plaieau was reached. A greater amount of hexa-
chilorophene was also deposited on the skin with
increasing length of time of a single washing. Since
we now know that hexachlorophene Is also ab-
sorbed from the intact skin and some of it is
probably also lost from the surface of the skin, the
time jnterval between the wathings plays a role in
the amount ol hexschiorophene found to accumu-
late on the skin. Also of interest is that bathing
waler containing 4 mg/l of hexachlorophene de-
posited approximately the mme amount of the
chemical on the skin 83 » singie washing with a 2%
hexachlorophenc soap.

Since hexachlorophene was used very extep
sively and often unknowingly by the pgenerd
popalation, we investipated whethz: it was present
in the bloud of a few random tamples of the
general population. We found that the arithmetic
mcan concentration of hexachiorophene in adults

4% CFC Coriung! Reviens i Joxe uigy

was 0.028 ppm (ug/p) of whole blkood of a 1otal of
14 samples. In infants who were washed wnl
hexachiorophenc in the nursery the amount »f
hexachlorophene found in whole blood afier the
infants had anywhere from 2 1o 14 washes
avecraged 0.109 pmn (ugfg whole blood). Bloud
obtained from the cord at the ttme of birih
contained an arithmetic mean of 0.022 ppm
hexachiorophene 7 #9.757

in the rats that were used in a reproduciion
study and were fed 100 ppm hexachlorophene in
the diel for 258 days, the hexachlorophenc blood
levels averagéd 1.21 ppm, while the blood levels of
rats fed SO0 ppm of hexachiorophene for 55 days
who had scvere symptoms of poisoning amounied
1o 8.5 ppm.25*7¢® At the tlime we reported these
biood levels, our recovery rate was only sbout
75%. All blood levels reporied at that time were
determined in whole blood. (It Is assumed at the
moment that blood levels are equivalent to half
the amount of that found when piasma is ama-
iyzed.) A sludy undertaken atl the tequesi of
Sterling Laboratories’3? fllustrated that newborn
rhesus monkeys folowing total body bathing witl
8 3% detergent solution for 1 week had blood
levels of about 1.Sug/ml (ppm). In subsequcni
months a plateou sffect was observed and o) 90
days the blood level was equivaient to 1.1 ug/il
Thess monkeys showed status spongiosus of the
while matier of the brain. this indicates that a
least in the monkey, blood levels of about |.5
ug/ml whole blood were consistent with fluid
asccumulation in the myelin sheath of the central
nervous sysiem.

Lockhart'?? cited unpublished studies by
Gluck, who found that hexachlorophene blood
levels in term infants after washing with a 3%
hexachiorophene detergent solution were some
what higher than those reporied by us with a mean
concentration of 0.345 ppm (ug/g whole blood).
This difference coukd have been due 10 a differ-
ence in washing procedure and a beller recovery
sate in the analytical method in Gluck’s study. or
both.

Premature infants apparently absorbed hexa-
chlorophene more readily. in 15 premature infanes
that were wathed with a 3% hexachlorophene
detergent solution, the average blood concen-
tration amounted to 0.475 ppm (ug/g).*"' Abbou
et al.*? wsing a different washing regimen found
a mean hexachlorophene blood concentration 12
o |18 hr afles the initial wash of 0.154 ppm (up/g
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whole blood Yamd on the 7 1o Oth day of life, 24 to
4K hr arter the second o thind applicanon of
hono o erhere, the moe s RIS o) o \

Lol orrmies g Ve Fetad 1 cond
blovd of Lo intants was D01 ppim Lug/g). When
hexachloraphene was applied only on the day of
delivery, the hexachlorophene blood levels gradu-
ally decreased from 8 mean of 0.145 ppm on the
first day to s mean of 0.057 ppm on the ninth
day, foliowing an increase 10 0.194 ppm on the
fourths day. The authors suggested that premature
infants may absortb more hexachlorophene
through 1heir skin since in one infant 29 weeks of
gestation and weighing | 42 kg the blood level was
117 ppm 24 hr alter the initial wash and 0.655
ppi a1 48 hours. Alder et al.**? reported mean
hexschlorophene blood levels of 0.18 ppm in
infsnts who were dusted with a powder containing
0.33% hexacllorophene,

Adults using hexaclilorophene preparations also
sbsorbed it via the skin.'?? The blood levels
obtained in adults that exposed their total body
sut{sce to a 3% hexachiorophene [wepanation
twice daily for 60 days, 5 min each time, showed
blood levels of approximately 0.68 ppmi (ug/od
whole blood) with a range of 0.25 to 1 08 ppm
(ug/my whoie blood). If only hand washing was
employed for a pesiod of 28 days, 4 times daily, a
mean blood level of 0.07 ppmy was reached and in
a face hand washing study 1he niean blood tevel
after 2R days was 0.196 ug/mi.

Bloud level obtained in a palient with burns
who dicd between 24 and 48 hr after the last
hexachlorophenc application were 2.2 ppm (ug/g
whole hiond). The bicod levels thal have been
teported att indicate that following dermal hexa-
chlorophene exposure the chemical can be found
in blood, and {rom information through animal

4G

weighthlay of hexachlorapiiene Tor W days
showed 8 mean hexachloropliens vomeentianion in
e Foas o7 RN e and e b e b sy
hevawchloesphiese comosntiation wis 193 ppop 44
e regpwvery fate in this study was only 75%.
These squirre! monkeys had no overt clinical signs
of toxicity, but showed mild status spongiosus of
the white matter of the bmin. Electroencephalo
graphic changes hed slso been observed in these
pnmates. Ulsamer et al.™** (ound hexschloro-
phene brain fevels of sbout | ppm in newborn rats
with signs of centsal nervous system toxicity. in |
suspected case of human hexachiorophene
poisoning in a child, the hexachlorophene brain

" level was about 2.2 ppm.?*" Adult rats dying after

the sdministration of a single dose of hexachloro-
phene showed concentrations of 6 to 9 ppm of
hexachlorophene in the brain.?** Some variation
of the concentmation of hexachlorophene in the
brain which can be related (0 neurotoxic
symptoms must be expected in dilTerent species
and perhaps also with age and sex. Whether the
fluid accumulation which may oceur in the myelin
sheaths after repeated exposure to hexachioro-
phene would alter hexachlorophene brain leveh
has thus far not been reported.

With present methods, we are probably only
determining (ree hexachlorophene while the conju-
gated portion remains undetected. The toxicity of
hexachlorophene will vary with the sbility of the
organism to conjugate, metabolize, and excrete
this material.

We found in mts that hexachlorophene is
excreted in milk of dams fed hexachiorophene at
the rate of 20 and 100 ppm in the diet (2.3-1.}
mg/kg/day and 1).8-5.5 mg/kg/day, respectively,
for 241 days). Electron caplure, gas-iiquid chroma-
tographic determinations revealed levels of 0.07

can studies as well as some human experience, levelsof  and 0.33 ppm in the milk. Since hexachlorophene
pd). approximately 1.5 10 2 ppm (ug/g) in whole blood ~ did not seem 10 accumulate 10 a great extent
fer- in humans are presently considered to represent  similar values would probably have been obtained,
ey toxic levels if the anaiysis lor blood was pasformed ~ hed the leveis in milk in these snimals been
- or wilit the methods mentioned elsewhere in this  Measured esrlier. Although we now have some
article. information on the absorption and distribution a5
eX8- Probably a better way of asessing a toxicdose  Well a3 excretion of hexachlorophene, the pomible
anis would be 1o measure the amount of hexachlor-  Storage of the maierial a3 well 85 Is metabolism
pene ophene in the brain, but for obvious reasons that s Meeds further investigation. Since hexachiorophene
ten- not possible. Female rats fod hexachlorophene ot  Was found in cord blood of infants, it can be
ol the mte of 500 ppm (25 mg/kg body weight/day} assumed that transplacental passage also occurred.
pund for 55 dsys with very definite lesions had about 4
p 12 ppm hexachiorophent in their brain and 3.9 ppm  Morphologic Effect on the Liver
pa/s in the liver. Squirrel monkeys given S mg/ig body Some of the chiorinated naphthalencs, chiori-

lanwary 1974 477
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mated dibienaodiaxins, chhwrinated dibenzofurans,
ihe chiurinated biphenyls, as weli as the chiork
naled terphenylt have an effect on the liver in
various specics, including humans, Bennett et
@.7*" compared the toxicity of differently chiori-
nated naphthalenes and 8 biphenyl that contalned
65% chiorine. Tri-chloronaplithatene apperently
was less hepalotoxic than the higher chlorinsted
compounds and the chlorinated dipheny! was the
nost 1exic of alt, The studies were done in rafs
and the exposure was by feeding = well =
inhalation. The findings described in the liver
consisted of liver necrosis, fat accumulstion, and
the prescnce of hyaline bodies in the cytopiasm of
fhe liver cells. A marked depceit of finely divided
granular yellow or yellow-brown pigment was
obterved in KupfTer cells, particularly in those
animals that had been exposed to the chiorinated
biphenyls. This pigment apparently did not stain
characteristically  for either hemosiderin  or
hemofuchsin. Of course, all livers were enlarged
macroscopically; in asddition, these authort
described proliferative changes in occasional bile
ducls, particuiarly after feeding mixtures of chlori-
nared naphthalenes and chlorinated biphenyls. The
rumber of bile ducts was increased in certain areas
and the epithelial cells lining the bile ducts showed
mitotic figures,

In inhalation studies with low concentrations of
PCBs which consisted of either a3 16hr daily
exposjure to average concentrations of 0.57
mg/m?, or to 8 hir daily with an average concen:
tration of 0.93 mg/m’, neither group of fals
appeared ill. The periods of exposure vatied from
37 to 143 days. When the animak were sacrificed
the livers were pale or slightly yeliow and some-
what mottled. Microscopic examination of the
livers tevealed similar changes as hed been
observed after (eeding the material, and an
increased vacuolation of the liver cells. Micro-
xcopic evidence of recovery was not observed in
the livers of rats that had been exposed 1o the
chiorinated dipheny! for a iotal of 105 days and
were removed (rom exposuse {or 2 months.

Similar findings were mede by Miller?** who
studied o . effect of a PCB which contsined
approxim.ately 42% chlorine. This author observed
varying degrees of liver damage after subcutaneous
injection as well a3 oral ingestion of the toxic
substsnce in guinea pigs, rats, and rabbits. The
liver damage consisted of fatty degeneration and
strophy of the central lobular cells. In the rat,

478  CRC Critical Reviews in Tuxicoiogy

hyaline budies within the cytoplasm of tic hvee
cells were also noted. Most of the liver damage was
found in the guinea pig. less in the rabbit, and lcus
in the mt,

Nishizumi,?*® who studied the effects v 3
Japanese biphenyl Kanecior 400 with 40
chlorine in monkeys and mice, described entarge-
ment of liver, fatty changes, granular cyroplasm of
the hepatocytes, Increases in the size of Kuplfer
cells and hepatocytes, and a8 btown pigmeitt 1n
some of thete colls. He abso studied the livers
under the electron microscope and found an
increase in smooth endoplasmic reticulum, vari
ation in the appearance of mitochondria, and an
incresse in the number of microbodies In
addition, “myelin figures” were observed n the
cytoplasm of hepatocytes.

Vos and Koeman®* observed liver necrosis in
chickens that were dosed with European PCBs,
whije a Monsanto product with 60% chlorine did
not produce this efTect. Increased amounss of iron
were demonstrated with Perl’s iron stain in 1he
livers of all chickens exposed to the European as
well s the American PCB sample. Vos and
Beerns®® studied the PCB-induced lesions in 1he
liver of rabbits, following dermal exposure to
Aroclo: 1260, Phenodlor, and Clophen. The nucro.
scoplc changes observed in the liver included latiy
degeneration, focal necrosis, centrolohular fiver
cell atrophy, ceroid pigment in Kapffer cells.
periportal fibrosis, and cytoplasmic hyaline depen-
eration,

The [eeding of Aroclor 5460, a chlorinaled
terphenyl, Aroclor | 254, or a chlorinated dibenzo-
p-dioxin, not further specified in the article, Jed 1o
liver hypertsophy of Sprague-Dawley rats within
sight days to three weeks. Ultrastructural alici-
ations were similar in the three groups and
consisted of numerous multilayered, conceulric
membrane arnays and proliferated smooth endo-
plasmic reticulum. In many instances these men.
brane arrays surrounded lipid droplets.” *® Rabbus
given 300 mg of Aroclor 1242 and 1254 once a
week for 14 weeks developed enlarged livers and
the ones given Aroclor 1254 showed midzonal
necrosis of the hepatic lobules. The livers of
rabbits fed Asoclor 1221 in a similar fashion did
mot show sny histologic changes.’”’

‘We conducted studies to compare the rtoxicity
of Aroclor 1254 and Arocios 1260 in Sherman
strain rats. The acute efTect of these two nuxtures
on the liver was oegligible. Il rats were pven a
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FIGURE 3. Seclion of livet of u rat fed Arocior 1260 for 90 days. This figuse Hlustraies a mitotic
figure and 2 hyperchroniain nuckeus (arrows) H & E X 300

singde dose of 10,000 mg/kg in peanut oil by
stomach tube, and were sacrificed the next day,
the lives was essentially normal microscopically.
Doses of 1,000 ppn (72 miglkg) of Aroclor 1260
for ¥ months produced only an increase in mitotic
figures (Figure 3) and enlarged hepatocyies. When
_groups of rats were fed dietary levels of 20, 100,
- 500, and 1,000 ppm of Aroclor 1260 and 20, 100,

and 500 ppm Aroclor 1254 for 8 months, the liver

changes were pronounced.?’? The hepatocyies
were enlarged in many of the rats of the experi.
menial poups and lipid accumulation, foamy
cyloplasm, and & brown pigment which stamed
partially positive for hemosiderin were observed in
the livers. The pigment was primarily observed in
macrophages and KuplTer cells. Inclusions (Figure
4) that staincd slightly more eosinophilic than the
surrounding cytopiasm were present in the cells.
These inclusions within 1he cyloplasm have been
described for many -.ompounds such as mirex???
(dode~achloro-cctshydro-I,3,4-methenc-2H-
cyclobuta|cd] pentatene), DDT?’*, 1,0,1{1n:
thloro-2,2-bis{ pchloropheny!) ethane dicidrin?*?,
1.2,3,4,10,10-hexachloro-6,7-epoxy-1 4 da-
5,6.7.7.8a-0ctahydro-} . 4-endo-ex0-5.8-

dimethanonaphihalene, and piperonyl
butoxide®*™ (a{2(-butoxyeihoxy)eihoxy)-4,S-
meihylenedioxy-2-propylioluene). They are idenii-
cal to the socalled hyaline bodies that were
described in the eatlier literature by Bennet! et
al.’*? and Miller.242

Aside from these general changes, extensive,
grayish-white, firm, glisiening areas were noticed
in the lives of a number of the experimental
animals, particularly at the high dietary levels.
Microscopic examination of these grayish-white
areas showed that the hepalic perenchyma had
been replaced by glanduiar pale siaining epithilial
cells that formed ducts and were surrounded by
proliferating fibrous tisswe (Figure S). Larger
lesions often had extensive flbrosis and also
contained collagen and the ducts that were formed
by epithilial pale stalning cells were markedly
dilated and contained mecrotic debris or mucus.
The lesion has been classified as adenofibrosis for
the time being. 11 has been described in dedail by
Edwards and White’™ who observed it in rats
that were fed butler yellow (p-dimethylamino-azo-
benzene). These Jesions enlarge peripherally by the
formation of new giandular structures. Hepatic
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FIGURE 4. Section of liver From rat fed Arovior 1254, A clusier of inclutions it presanl in
the cyinplusm of onc hepaiocyte {arrow), Usually individual cells conwin only one of thes
formatlions 2t o time. Toluidine bius stein of maragham embedded material X 300.

tissue may be irappad beiween the glands of the
pesiphetal area of adenofibrosis. The older central
parts of the lesions sometimes contain pigmented
" gvascular collagenized atroms with atrophic epi-
thelial celis lining dilated ducts that appesr
atropilic and dead. The glands of aclively growing
adenofibrosis thow atypical epithelium with large
pleomorphic nuclei. The epithelium can occasion-
ally become siratified. Parts of (he lesion may be
quite extensive, while in addition, in many areas of
the same liver small foc of adenofibrosis exist
simulianeously In close relstionship o portal
areas. It has therefore been assumed that these
lesions arise from bile ducts, but thay can also be
primarily confined to the region of the hepatic
weins. The absence of bile ducts around hepatic
weins led 10 the conclusion?’” that a precursor,
other than bile ducis, exisied from which adeno-
fibrosis developed. However some investigatons of
the lesions have assumed that it represenied an
atypical bile duct prolifaration, alsc referred 10 as
cholangiofibrosis. ** In addition to this lesion we
also observed small clusters of gandular celis
within areas of adenoflbrosis s well 23 adjacent to

400  ORC Cvitice! Reviews i Toxicoloxy
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blood vessels that ware surrbunded by relinively
normal appearing hepatic parenchyma willi stan-
ing characieristics of salivary gand tissue. 1how
clusters of cells very closely resembled panuicatic
tissue.?’" The distinclion between adenofitnoss
and adenocarcinoma is difficull. The glands are
quite atypicsl in adenofibrosis but it may be
heipfui 1o remember that in adenofibrosis, in
contrast (0 adenocsrcinoma, the irregularivy
observed is limited and dupiicated with consider-
able exacinems from lesion 10 lesion. Mucus is
always present in adenolibrosis, but not aiways in
adenocarcinoma. The siroma of adenofibrosis 1s
concentrically arranged, young and cellular at 1he
periphery and oid snd hyalinized towards ihe
center of the lesion 27" OF course a Jiver showing
adenofibrosis may also conlain carcinomalous
lesions. So far conclusive evidence is lacking in she
literature (hat adenofibrosis gives rise 1o curu-
nomas. However, it has been found to coexist with
carcinoms of the liver in rais and some wvesn-
patons feel that the besion is in fact & precursor of
cancer.?®® Choline deficient tats apparently. 1n
sddition 10 other changss in the fiver, aiso deveiop
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Scction illuxiares an sren of adencfibrosis of the Wver of » ral fod Arocior 1254.

Nole the epithelial cells forming smalt ducthh. The ducts contain cellular ‘cbm 1nd are mrrounded
by libross which can become quite pronounced . HA F X 128,

wcly adevofibrosis.?®' However, these rois were fed  with nany ribosomes, and a few endoplasmic
am- peanut el and soymeal and therefore the possi-  membranes. Some of the celh contained a great
wese buy exists that 1he cxperimental diet was con-  deal of mucus and resembled goblet cells. Tono-
ane wined with aomycoloxin, Benneret 2% 7 alsu fllaments and terminal bars were also observed.
oes described (he lesion (adenoNbrosis) in rats whena  These various observations suggesied Uwt the
are mixtuie of chloringied naphthalenes and chloro-  epithelial component of adenofibrusis had all the
t_’c diphenyls was fed 10 them. A criticai review of the moiphological charscteristics of bile duc
m wsiopathopencsis of this lesion was made by  epithelium.
ity Stewart and Sucii,??? Chickens with chick edems diseasc and cattle
dtf' Ulirastructuial changes of the livers of animals  with the X-disease, already mentioned, usually
" expused 10 (he Aroclor consisted of an increase in -~ showed changes in the liver which consisted
b0 wmoash  endoplasmic  reticulum  and  atypicsl  predominantly of hiver cell necrosis and fat sc
158 mitochondna. Many lipid vacuoles were observed.  cumulation. The hepatotoxic effect of chlorinated
the paiticulariy at the higher dictary levels, They were  naphthalenes has also been described in rais.2¢’
the » limes surrounded by concentrically srranged In & pumber of reports on the occupational
~ing membsanes. The “lnghusions” or “hyaline" bodies  occurrence of chloracne in workers that were
tous oserved In the cytopiasm with the lipht micro-  exposed to chiorinated naphthalenes, chlorinated
"hf’ wupe cofrespond to these formations when they  diphenyls, or 24.5-T, snd wechnical wichloro-
2o are examined under the electron microscope. Their  phenol, reference & made (o the hepstoloxic
with winstructursl sppearance has Jed to their being  effect of thess compounds. This hepatoloxic
st rferred 10 ms “finger prints” (Figure 6). The  effect can manifest jtself only in a decreased
w ‘_’f epithelisl component of the adenolibrosis vullined tolerance for aicohol; it may aiso develop into
’e.l:;‘) consisted of cubordul or columnar celis with the  hepalic deficiency with scute yallow atrophy and

free surface lined by microvilli, granuler cyloplasm

jundice. Apparenly the affect on the liver was
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Electron micrograph of a portion of the cyioplasm of s hepsiocyts. The sction shows concentrically

arranped arrays of membranes which surround racuoles containing lipid. Lead cilrale, utany) acstate X 34,200,

particularly bad following exposure to halo-waxes,
which are chloninated naphthalenes.*??

Cotler®®3 reporied seven cases of pantachlorin-
ated naphthalene poisoning in workers who were
engaged in manufscturing wire cable during World
War 1l for the navy. Four of the workers develop-
ed jsundice and two died. Microscopic examina-
tion of the liver of the two workers that died
showed complete loss of liver cells in some aress,
the centrolobular areas were hemorrhagic, and
prominent bile duct proliferstion waa ween in the
periphery.

Another group of compounds that have at least
some represenisiives that cause a hepatotoxic
effect sre the chlorinated dibenzodioxins and
chiorinated dibenzofurans.

Single oral doses of 1 to 10 pug/kg 2,3,7.8
tetrachiorodibenzodioxin given 1o rabbius produc.
ed a hepatotoxic effect. At the higher dosage level
the animals died and the jower dosea caused
scrious Liver damage.'®® Schulz'®? had reporied

481  ORC Criticel Reviews in Toxicolagy

earlier that single otal doses of 20-50 ug/kg body
weight resulted in fatal liver necrosis in rabbits.

Weanling rabbits were treated with 2,3,78-
tetrachiorodibenzo-p-dioxin by spplying s dose of
1.67 pg daily to the inner sspect of both ears for
three days. The total dose given was 7.05 ug/kg
body weight. When these rabbils were sacrificed
-18 days following the last application of the
dioxin, their livers were significantly larger than
those of the controls. Microscopic examinaticn of
the livers showed enlarged hepatocytes. Some of
the hepatocytes were multinucleated. The cyto-
plasm was foamy or vacuoiated. A light brown
pipment in some liver cells a3 well as Kupffer cells
wat also observed. Inclusions were seen in the
cyloplasm in some liver cells, dight interstinial
fibrosis was present, and two of three rabbit livers
examined thowed foci of necrosis Lhal were
surtounded by fibrosis. ***

Studies with “toxic Ist,” the cause of chick
sdema disease, showsd that it had s mecrotizing
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e on the e w clickhens. As we pow hpow,
he e apenls tespasisible for dick edema
dircase are chivtinaled dibensn.p-dioxins. Toxic
fa15 also aliered liver morphology in Macacaa
mulatta monkeys.2** Hepatacyles were enlarged.
multinucicated and focsl necrosis in the ceniro-
Jubuiar zone was ohserved. Many liver cells were
vacuctaled and stained pusitive for neutsal fal.

Iin our studies of s given hexecliorophene,
we did nol observe any liver paithology wiih the
light microscope and no change with the electron
microscope sl the dosape leveis thal we
employed.' '® Thorpe'?* on the other hand.
ohserved periparial fanly changes in livers of sheep
pren 1hiree or four duses of 50 mg/kg hexachloro-
pirenc and histochemical changes were also obsery.
6 In 1he hepatucytes. Pugh and Crowley®** also
observed hepalolaxicity in thecp after gving them
hexachiorophene.

OF 1he vther germicides discussed in this article,
only iriclosan (ligasan DP-300) (2.4.4-trichloro
Z-hydroxydiphenyl eiher) has been reporied to
have 2 1oxic effect on the liver at a dose of 125
mi/kg and enlarged the liver of rais 81 8 dose of 25
mg/kg according ro the summary minutes of the
OTC Panel, U.S. Food and Drug Administration, 1t
was not srated whether these were single or
repeated duses. Oral administration of tricosan 10
beaple dogs ptoduced jaundice and sevcre liver
damope was observed. The effect that these com-
pounds have on the hiver will have to be studied
furthes. ’

The accumulalion uf fat in the liver indicates
that citiier fat wansport or fat metabolism is
mpaired; il the insult 10 the liver is removed, the
liver gradually recovers wunless the Jesion has
become irceversible. The increase in smooth endo-
piasrmc rcticulum as well as the “inclusions™ will
alio disappear after 3 certain amouni of time if
exposure o the material is discontinued.?®? The
upnificance of the increase in smooth endopiasmic
ieiuculum and the hyaline bodies with 3 concomit-
ant nsc in liver microsoms! enxyme activity is
presently not undersiood. These changes sre con-
ndered sdapiive and beneficial, but in eddition to
meiabolizing unwanted chemicals at § higher rate,
the stimulated liver slso metabolizes some medica-
vons more fapidly,?®" 2 well 2 substances
produced by the body such s steroids. Whether
the inclusions within the cytoplasm represent the
so-calied insctive smooth endopiesmic reticulum
which o deposited n the form of armays of

memibranes within the cell is not known. The fact
that smooth endoplasmic reticulum may become
hymcliw was firnl postulated by Hullerer et
sl

Fibrosis of the liver as well as necrosis and the
adenofibiosis observed after PCD exposure in rats
should definitely be considered a wery serious
Jesion. Urually adenofibrosis occurs coneomitantly
with hepalomas or hepstocarcinomss in rodent
tvers. A recent publication by Kimurs and
Baba?**? showed that hepalomass can be induced
in nis with Kanechior 400. Chromic feeding
atudies may show that other PCBs.will also induce
hepaiomas in rodents.

Newrotoxicity

in some of the reports on cidoracne and also in
the Yusho imcideni, periphera) meuropsthy &
mentioned a3 well o5 psychic alteralions’ ***
peri of the sympiomatology of poisoning. but in
most reports not much emphasis was put on it. In
the Yusho epidemic Murai and Kuzoiwa®®? per.
formed more detalled examinations in 2) cases
sdmilted consecutively 1o Kuyushu University
Hospital in the northern part of Japan. Seven of
the patients compisined of numbness or pain in
the peripheral portion of their axiremitles and in
five cases, hypoesthesia, hypaigesis, and thermo-
hypesthesis were noted. Slowing as well as reduc-
tion of the sensory nerve conduction velocity in
the mdial and suml nerve was observed in 3
number of these patients. Headache and paripheral
nervous sysiem symploms were also reported in a
poisoning episode which occurred in 3 Finnith
company where papsr was impregnated with
biphenyl.*?

The only chemical of the group of polychlorin-
ated, polycydic compounds discumed in this
report thet has a predominant central neurctoxic
effect in animals as well ¢ humans is hexachlozo-
phene. Adult fermale rats thet were fed 500 ppm
hexachlorophene in the diet for 14 weeks (about
30 10 |8 mg/kg body weighi/day) developed ieg
weakness slter |2 to 19 days of exposure. This leg
weakness which was only evident in the hindlags
progressed 10 paralysis within 3 to 5 weeks.?*' At
sutopsy the brains of the expused rats were
enlarged; they weighed an average of 2.6 g while
the conirol brains weighed an aversge of 199 .
Microscopic examination of the braini revenled
norrmal gray maiter throughoyt the brain and the
spinal cord in the few initances that the spind
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Electron micrograph from the white matter of the brain of a 1at. iflustrating status spongiosus. Notu 1he Largy

amply uppearing vacuocles lined by myelin (MY = myelin, A = sxon). Lesd citraie, arany! aceiste X 34,200

cord was examined. The white matter vn the
contrary seemed widened and showed maity cystic
spaces that appeared empty and were hined with
sirands of material that stained positive for
myelin. The vacuoles were very numerous and
varied greatly in size giving the tissue a spongy
appearance. The brains in these studies were
usually fixed in either Bouin's solution or bufTered
formalin for light microscopic siudy.

Brain tissue, particularly thal of rodents, may
normalty show small vacuoles that are considered
to represent an ariefaci.’®? These vacuoles are
smaller, usually very uniform, and at times contain
a homogeneous pink staining macerial. They are
usually separated by a wider area of normal
appearing white malter than the vacuoles in status
spongiosus. Brains that show this anefact do not
weigh significantly more than those thst do not
show ii.

Eleciron microscopic examination of brains of
rais gven hexachiorophene showed that the vacuo-
lation in the white matter of the brain revealed

484 (RC Criricel Reviewy in Toxicology
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large vacuoles lined by myelin. The asom thu
were present appeared usually 10 be quire nurmit.
occasionally strands of myelin had separated and

. traversed the vacuoies. The vacuoles were ollicr

wise emply except for some eleciron dense granu-
lar material (Figure 7). No other alterations weie
observed in the white matier. This lesion is nus
unique for hexachlorophene, other chemicaly thist
have produced status spongiosus as we have called
the lesion include triethyltin ?*? isoniazid ?** he
halogenated benzanilide, 2.acetoxy-4-chivre.3 5.
diiodobenzanilide 2** and rafoxanide ’" wiich
is the 3.5diiodo-3 chloro4’(pchloro-plicnoxy)
salicylanilide. Treihyhin seemed 10 praduce 1he
lesion at a much lowes dieiary level and more
rapidly than the other chemicals mentivncd. pin.
ticularly hexachlorophene.

In an additional study, after feeding rais 500
ppm hexachlorophenc in the diei for 10 weeks and
then discontinuing the exposure to hexachiou.
phene, function began to retien in the hmnd.
quarters of paralyzed rats after 2 weeks and witlun
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& weeks the ras had alnwst compleiely recovered
ciimcally. Huwever, microscopic examination of
the tiains of these 7ars showed thai o few vysiic
spacs wefe still present 2 weeks after the
exposure fu hexachdorophens had been discon.
unucd. In weanling rats, but not in adult rats. the
brain kesio and sysploms of paralysis could be
produced with a single oral duse of 100 mg/kg of
body weight pven by siomach tube in peanut
ol.''" Parnt of the reason for being able 1o
pruduce the brain lesion in the weanling rais with
a single dote may be related to the fact thai the
weanhng was able o survive a8 higher single dose
than the adubi 1a).

Other spevics that have alse shown paralysis
and oiher neurolopcal deficits after expusure 1o
hexachiorophene are rabbits,**” pigs.?** and
cats.2?? Sheep become blind according to Udall
and Malome.!2® Hanig @ al.?"? recorded the
pewrvlopical deficils produced in cats in more
dewil. Early symploms consisted of lassitude,
weakness and ataxia of the hindlegs. impaired
tighting reflex, palellar hyperrefiexia which later
developed inta hypuoreflexio. urinary retention,
and evemually complete fluceid paralysis. The
cramal nerve functions remained intact except
preterminally. In these cals an increase in cysternal
cerelnalspmal fluid pressure was observed.

In pur first siudies we continued exposure 1o
hexachluraphene Yor a period of 1 4 weeks because
we had designed 1he experiment 10 conduct an
ipproxnnale YO.day feeding study. It is no)
necessaty Jo feed rats for this lengih of time. As
we delermined laler, microscopic changes can be
observed in rats afice a feeding period of two
weeks when the animals were exposed to levels
hgh enough 10 produce the lesion. Some vacuols-
ton can already be observed 3 to 4 days sfier
onser of exposure to hexachlorophene in some
s, When lower diefary levels were fed in a
eproduction study,''® the dietary levei of 20
ppm (2.4-0.9 mg/kg body weight/day) had no
effect on the brain. At the dietary level of 100
ppm (11.8-4.6 mg/kg body weight/day) focal
arezs of vacuolation of the while matter of the
brain were observed in some of the rats, bul they
were never exiensive. The rais in these lower
dietary Jevels did not show any clinical neurologi-
cl symptoms.

The brain lesion observed in mats wes also
descnbed in mounkeys foliowing the exposure 1o
hexachivruphene, Newborn monkeys washed with

A% hexachiurophene dedergent salntion develuped
a diffuse status spongiusus of the while matier of
the brain.*®® Santolucito 2%*2°' was able 10
produce the vacuoiation of the white matier, the
socalled staius spungiusus, by injccting squirre)
munkeys daily subcutaneously with 5 mg hexa.
chlorophene/kg of budy weighi for 37 days, When
monkeys were fed hexachlorophene they did not
develop the brain lesion but showed electio-
encephalographic changes which need (further
investigation. The monkeys: thal showed the
vacuolation also demonstrated electroencephalo-
graphic changes. Sheep have apparently also shown
slatus spongiosus of the white matter sccording 1o
Hale and Reid.>°? Lampert e1-2i.3%* were sbie 10
produce the lesion in mice as well as rats. These
authurs reported that the morphulogical changes
were alto observed in frozen sections of brains
quenched in liquid nitrogen. Trypan blue injected
Intraperitoneally did not stain the brain, an indica-
tion that the blood brain barrier was intact as far
as trypan blue was concerned.

The brain changes consisten) with s1aius spongi-
osus due to hexachiorophene exposure have also
been described in humans, particularly children.
Mullick'?® examined the brains of six human
cases that died from hexachloruphene poisoning.
The two adults in this group did not show
vacuolation of the white matter of the brain. They
had died Jess than 48 hr after exposure to
hexachlorophene. The four children (two with
congenital ichthyosis, two with burns) had a1 leass
three or more days of exposure 1o hexachloro-
phene baths in which a 3% hexachlorophene
preparation was wed. The final concentration of
hexachiorophene in the bath water was not
known. Ali four children thowed siatus spongiosus
of the white matter. The brain weight given in one
of the cases, a i2-day-old child, was 425 g. The
normal brain weight for a child tha: age is 382 g.
Shuman et al.*°* in a retrospective blind sivdy
were able 1o demonstrate that the incidence of
status spongiosus in the brain stem reticular
formation in infants who had died from a vanety
of causes could be correlated 10 hexachlorophene
exposure. The authors found 21 cases in a series of
250 autopsics of children. Of these cases, 18 were
premature infents weighing less than 1,400 g and
were of Jess than 30 weeks' gestation, All but 2 of
the cases had 3 or more total washes with 3%
hexachiorophene. in the group of cases that were
studied were a number of stlijborns who did not
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v afie Jesion and of course had not had dtr:ﬂl‘l
Iesvachlomiphiene  expesine. Shumsn € al. °
nerdnmest carhivs cises of Lenerer Si“'f disease
m whih they had uhserved slatus spongosos of
the whie maticr. Each of the children with
1ehieser Sawe's disease had had pronounced expo-
wne 1o hexachiorophene because of the skin
Jesiuns which had been vigorously scrubbed with a
desergent containing the chemical. The various
whscivations show at, in patienls with abnormal
skin as well a3 the skin of the premaiure, hexa-
chlorophene may be absorbed in  sufficient
amounts ta cause status spongiasus. The fact that
biood Jevels in premature infants wathed with
hexacldorophene tend (o be higher than in mature
infants also subsiantiates these findings.

Almust identical observations were made by

" Powell et al.>®* In premature infants weighing less

than 1400 g 7 of 13 that hed 4 or more
expasures lo  hexacliorophene washes showed
status spongiosus of the myelinated tracts of the
brain stem. H this grouwp was further subdivided
according 10 the aumber of exposures, 6 of 9
infants that had 9 or mure exposures (0 hexa-
chloraphene washes showed the lesion, and | of 4
that was washed 4 to 8 times. Four stillborns and
13 infamis washed O to 3 times with hexachioro-
phiene and weighing less than 1,400 g did not show
the spongy change. Electzon microscopic examina-
tion showed that the spongy change observed in
the premature infants was due to a splil in the
myelin sheaths.

In August of 1972 the press reporied 2 number
of deatls of nfamts in France that occurred
because a baby powder to which hexachlorophene
had accidentally been added at a concentration of
6% was used on the infants. The final death toll
amounied 1o 4} infants and young children®**
(New York News, Dec. 13, 1972). Detailed
accounis have not been poblished of this incident
because of livigation problems. As we pointed out
earlier, under acule toxicity, the higher the con-
centration of hexachlorophene it in a preparation
applied to the skin, the more likely it is that skin
damage will resuit. Skin damage also uccurred in
the French Incident. tn addition to this, the
powder was probably used in many instances
where some diaper rash already exisied and was
then well covered with a diaper, which may have
contributed o increased absorption In this area.
The brains and spinal cord of a few infants from
the French poltoning outbreak that  were
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-examined microscopically showed status spongio-

sus of the white matier 3%¢

These various accounts show that siatus spon-
giosus can alto be produced in humans and
probably represents a nonspecific reaction which
can be elicited by 3 number of chemicals.

The lesion stalus spongiosus of the while
matter as far as we now know secns (0 represent a
specific or restricted type of brain edema where
the Nluid accumulation is conflined to the inside of
the myelin sheath snd myelin is not actually
damaged or at lesst breakdown products of myelin
have not been observed. The term stalus spon-
giosur or spongy change hm been used as a
descriptive 1erm and a spemgy change of the gray
matter may also occur in certain diseases. Status
spongiosus logether wilh other morphological
changes can be observed in the brain in a variety of
many etiologically different diseases and the
resder is referred 10 Klatzo,*®' Ardonato and
Lampert,?®* and a recent editorisi in the British
Medical Journal.*®* From clinically observed
poisoning cases as weil a3 animal experiments it is
evident that the brin lesion is 0 a great extent
reversible. However, in our own studies as weli as
those by Lampert et al,*®? microscopic changes
in codents did not completely regress and the fact
that sheep do not recover their eyesight after
hexachlorophene poisoning'?®  indicates that
repair may nol always be complefe. No reasonable
explanation exists at the moment to indicate why
certain chemicals produce this very specific edema
confined 10 certain structures of the centrai
nervous system,

Gastrointesting! Lesions

Only two types of compounds under discussion
have produced Jesions in the gastroiniestinai trac).
We observed in our study with Sherman strain rats
that high single oral doses of 3,000 mg/kg Aroclor
1254 and 1260 or more caused ulceration of the
gastric and duodenat mucom (Figure 8). Ulcers in
the GI tract were not observed in the long-ternt
feeding studies with 500 ppm or Jess. No other
changes in the gastrointestinal trac! were ohserved.
Ringer et al,'"* in their reproduction study with
mink, observed that Aroclo' 1254 produced hem-
orthage in the gastroint: .tinal tract of the off-
spring.

Allen and Norback®'® observed hyperplasia
and dysplaaia of the gastric mucoss in rhesus
monkeys. Six of these rhesus monkeys were fed
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FIGURL 8. Section of the glandutar porilon of the stomach of o rat ghven o single dome of 3,000
mg/kg of Aroclor 1254. This figure illustrater the focal los: of mucom and the infiration by

inflammatory round cells. H& E X 50.

300 ppm Arotior 1248 and six were given 5,000
ppm Aroclor 5460, a polychlorinated triphenyl.
The glandular formations in this Jesion were highly
atypical; penetration of the muscularis mucosac
and invasion of the submucosa by the mucosal
epithelium were observed. Allen and Carstens®®?
reported an effect of toxic fal on the gasiric
mucosa in |8 of 27 monkeys, Macaca muistta,
which consisted of hypertrophy of the gastric
mucosa and small gastric ulcers within the mucosa,
The toxic fat used in these studies, a1 we now
know, conlained chionnated dibenzodioxins.

It has also been observed that hemorrhaging
occurred into the gastrointestingl tract of rat
fetuses who were exposed 10 2,3,7 8-tetrachlorodi-
benzo-o-dioxin in utero, It was not stated in the
reports whether the gastroinistlinal hemorrhages
were caused by ulceration of the mucosa.''®:t !
Ulcerstion of the glandulsr portion of the adult rat
siomach was also observed.' '?

Patients with chloracne frequently compisined
of loss of sppetite, nausea, vomiting, and sbdom-
inal pain, and Goldmann®'' described 8 worker
with a3 lotliculsr dermatitis who died six months

sfter exposure 10 2,37 84etrachiorodibenzo-
dioxin. At autopsy a ruptured duodenal uicer and
8 gastric wicer were found, Whether any relation-
ship existed between the ulcers and the exposure
to the poisonous chemical was not mentionad in
the paper.

it should be established If these gastric lesions
also occur at jower dietary levels and whether the
conlamination of the chemicals with various chlor-
inated dibenzodioxins and Mwans is responsible for
them. Valuable informstion might be obtained
from reirospective studies of workers following
occupational exposure. Whether the ulcers are
caused by s ditect elfect of the chemical on the
mucosa of the gastrointestinal tract or whether
stress plays s primary role in their sticlogy similsr
to ulcers thst may occur in burned patients for
instance (Curling’s ulcer) is not clesr.

COMMENT ;
The acute toxicity of compounds such s the

chlorinated biphenyls, the chlorinsted naphtha-
lenes, and the chlorinsted terphonyhs is very low.

Jamwary 1974 @87
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On e othier hapd, they are pootly broken down
in the envirowuent and Vhe nctabolism of the
hiphenyls wiilh more than four chlorine stom
scenis (o be negligible. Because of these character-
istica, the use, wherever possible, of chlorinsted
biphenyis that comist of mixtures of compounds
with one to four chlorines has been proposed.
Neither the chloninsted naphthalenes nor the
chlorinated terphenyls have so far been shown to
present a pollution problem.

Whetlier (he various disease enlilies reviewed in
this article are produced by sll the different
products menlioned in connection with them is
not established with certsiniy. For instance, some
of 1he contpounds ths1 produce chlorsene or chick
edcma have been shown 10 be contaminated with
various chlorinaled dibenzodioxins and chior-
fnared dibenanfurans. The possibilily remasins that
the compounds illustrated In Figure | are contami-
nated with these chemicals and the products
themselves are not really responsible for the
observed syinpiotus. On the other hand, s number
of structurally unrelated compounds may produce
the same disease entity.

Some of the chlorinated dibenzodioxins and
tire chlotinsted dibenzofurans are highly toxic.
The most toxic is 2,3.7.8-tetrachiorodibenzo
dioxins, while the dibenzodioxins without any
chlorine and those with etght chlorines are much
less toxic. The difference in toxicity of these
compounds may be partly caused by the fact that
they are very poorly dissolved and absorbed.
Intravenous toxicily data are thus (sr not svailable
on most of these compounds.

We also do not know at present if the porphyria
which develops sfter prolonged exposure to a
number of tlechnical compounds such as hexa.
chlorobenzene, chiorinated biphenyls, chlorinated
dibenzodioxin, and 2,4,5-T is in many Instances
due 10 the contamination of these products with
chiorinated dibenzodioxins; of course It may be
possible that one or more chlorinsted dibenzo-
{urans also produce porphyria. It has also not been
oxtsblished whether all compounds that produce
porphyris in animals will do so In humans as well.

In general, the exposure of the various popu-
istion groups to chlorinated biphenyls and ot} or
cyctic chlorinated hydrocatbons it st t00 |- w &
range lo induce porphyria. Whedher this can alw
be said for occupational exposure is not known.
When production conditions and general hygiane
of the workess are poor, porphyria cutanea tards
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can spparently occur.? It is slso not known if the
combined effect of different porphyria inducing
agents is cumulstive. Whether the photosensitivity
observed in humans with some of the germicides
discussed in this paper is relsted to an effect nn
the porphyrin metsbolism was nol evidem from
the published literature.

So far the mechanism that causes chick edema,

chloracne, X-disesse, snd liver disease has not been

satisfactorily demonstrated. Chick edema discasc
has been thought to be caused by proliferation of
the vascular endothetium. This might explain the
Nuid sccumulstion observed in disessed snimals,
but 30 far the sequence of events that led 1o this
disense iz not really clear amd lactors other than
the embarrassment of the wasculsr system may
play 8 role in its etiology such as a toxic
myocarditis, decresse in serum proteins, and renal
failure. More detsiled study of the pathology of
the various disease entities is needed for a better
understanding of the development of the varivus
iesions mentioned.

The chlorinated polycyclic hydrocarbons scem
to slter the immune response of certain animal
species and perhaps also of people. These very
important findings need to be pursued further.
Thus (ar it has not been esiablished beyond doub:
whether this is ceused by s general debiliating
effect on the animai of which atrophy of the
lymphoendothelial system may be one manifes-
tstion, or whether this is a specific alteration, as
we know it from the effects of radiation and
exposure (o cerlain slkylating agents. In this
respect not enough atiention has been paid 10 the
function of the adrenal, and several of the
observed symploms in humans such as the hyper-
pigmentation suggest hypofunction of the adrenal
cortex. Depending on the information obtained
from these studies, a tolerance level of S ppm in
some food producis as set by the U.S. Food and
Dvrug Administration may have to be revised
particularly since no long.lerm jow level feeding
study has been reporied in animals. -

Many questions have recently been raised shoul
the we of germicides in various oiletries, common
soaps, eic. The objection to their use in lhe
specific case of hexachiorophene is its neuroloxic
effect, that can also occur in humans, particularly
if the skin is defective in some way. Of course,
limited localized exposure, such ss handwashing or
treatment of 2 small wound, will not produce
neurotoxicity.
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In wfnt nurserics in hospitals, one of the
grewiest problems is the conxiant dhreat of
staphylecoceas infeciion of epidemic proportions.
In order 10 prevent owihreaks of staphytocenon
infecrions, 8 routine was developed in nuany
liospitais in the US. and elscwliere in the early
1960's where infanls were waslied once daity with
2 33 hexachiurophicne detergent solniion, and in
sdditian the diuper ares was washed scverst Limes a
day. The deterpein was subscquently rinsed ofT
more or less vigorously. depending upon the
plilosophy of the different vurses. In some hos-
pitals the dciergent was direcily applied to the
infant, In otbers it was firs diluted in waler. Since
the newrotaxic effecl of hexachiorophene lias
becone knowi, many hospitals have changed Their
policies on the use of hexachlorophenc, Anvther
drawbuck lo this routine, in addition 10 2 possible
nearoloxic effect, is that hexachloropliene keeps
nol only the staphylococcus of ceriain phage
types from grawing on 1he skin, but reduces all
Gram-pusitive bacieria,?'? which is irighly unde.
sirable and may lead 10 discase. Recently Evans et
3t.2'? have pointed owt that 2 nsrked annusl
varialion exists in the prevalence of several bac-
teriz uy the nares as well as the umbilical cord of
newhorns, A decline of staphylococcus aureus was
observed 10 e fall; the prevalence of Escherichia
coli and sireplococcus also varied. Staphylococcus
cpideriis and  Enterobacter organisms did not
show this (luctuation. Any studies of efTicacy
undertaken in # clinical setting should take these
normal Ouctuations into account and it is possible
that good peneral housekeeping practices are
uliimately more effeclive in preventing bacieriai
distase in newborns than wvarious germicides.
Unfortunately. breaks in technic do occur which
in many hospitals makes the use of germicides on
infants desirable.

The information teviewed in this ariicke sliows
thai the 1oxic sffacis of the polycyclic poiychlor
inaled coinpounds are compiex. The nwere know-
ledge of an LDso value in an animat species Joes
nol give us a great deal of information aboul Lije
loxicity of a compound. Toxicily or toxic effects
are s refalive concept and such household liems as
table mli. vitamins, pepper, and allyl propyl
disulfide volaiffizing (rom onions 10 name a few
are also toxic. Nevertheless, we have (o learn not
to use chemicals indiscriminstely, withoul
knowing 2 grest deal sbout then:, particularly their
long-range ellecis, when they are persistent and
pourly metabolized. The Indiscriminale uee of
these products and dischsrge into the environment
invarishly lead 10 their restriction or han, which is
sccomnpanied by a greal deal of emolionalism,
distoried facls, and often grest economic Yoss.
Prudence, better judgment, and a crilicsl approach
to the usage of chemicals and drugs, particularly
an evaluation of whether in specific sHuations
lhey are necessary or nol. may help us avoid
these situations in the future. Particulsr attention
should be psid 10 avoiding unnecessary exposure of
children to chemicals that we know little about.
Children may react differently from adulis and as
far as long-lerm exposure is concerned, they would
be the most vuinersble.
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