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OCCURRENCE OF ACNE CHLORINA AND PORPUYRIA CUTANEA
TARDA DURING THE PRODUCTION OF HERBICIDES
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Part I

During tha ycars from 1965 through 1969, a chemical plant
producing herbicides -'bentachlo:ophenol and 2,4,5-trichloro-
phacnoxyacetic acid derivatives - reported a mass cutbreak of acne
chlorina. The nunber of persons stricken, 78, i{s one of the
largest cver rccorded. Furthermore, some of cur paticnts were
also stricken by a coplete intoxication manifested by liver-
lesions, by a deficiency in porphyrin, fat and protein metabolism
and by nervous and physical changes. In two cases, the intoxi--
cation was fatal. Thisg part of the research will deal primarily
with skin symsptoms and the intermal and neurolcgical changes will
be discussed in a subsequent work [23] and in more detail in
another work {32]. |
: The acne forning dermatoses are cazused in nost cases by
crude oil derivatives - known as acne oleosa - and less often by
tar and its derivatives - in these cases it is acne picea, 1In
contrast to those aczes, acne chlorina is relatively very rare
tecause it is ozly caused by a szall nuaber of cartain chlorinated ’
hydrocarbons which are produced and used only on a limited scale.
Acne chlorina also differs from otker acne forming dermatoses by
its localizaticon, clinical picture and course.

Kass occurrences of acne chlorina have been recorded during
several time periods which are separated by decades, in accord
with industrial and chenmical development and with the gradual
introduction into preduction of new chlorinated hydrocarbons.

The first cases were described by Herxheimer [lal-in 1889 in
the electrolytic production of sodiunm chloride and sodium hydroxide
froa brine. EHerxheirer assuczed that the illness was caused bf the
inhalation of chlorine and by its excretica through membranes and
he therefore nazed the disease acne chlorina, i.e., chloracne.

The French authors Thibierge {43,44] and Hallopcau f[l16] were of
the saze opinion as to the incidence of this disease. Further-
more, llallopeau thought that the black coloratioa of the cormedanes
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was caused by some lead compound that formed oa tha chamber's
lcad walls as a result of a rcaction with chlorine. Renon ([35)

. alzo coanccted chloracne with lung tuberculosis in one of his
paticnts and ascribcd both discases to gaseous chlorine.

However, Hirsch [20] concluded in that same year that the
cause rust be a solid substancae which formed on the anodes during
clecctrolysis because exposure to chleorine gas alone did not cause
the discase. This finding was supported by Bettrann (2] who ob-.
scrved 21 patients who were engaged in the production of hydro-
chloric acid and who were in contact-with chlorinated tar com~
pounds but not with chlorine gas. '

Lehmann [26], in 1903, ‘concluded that the actual causes of the
disease vere chlorinated products such as haxachlorobenzene, penta-
chlorobenzofc acid and hexachloroethane which formed on the car-
bon anode during electrolysis. Because similar cases of acne
chlorina were also observed in the production and processing of p-
nitrochlorobenzeze, W. Lehmann [{27) concluded that acne chlorina
was caused primarily by chlorobenzenes. As soon as carbon ancdes

were replaced by magnetite anodes, the incidence of acne during

electrolysis ceased.
Before World War I, ¥ahle [46] observed acme chlorina in two

chenists which was probably caused by a chlorine cozpound - phenylene

dioxide - not identiffed or known in more detail at that time.

The next wave of the disease's incidence cccurred at the end
of World war I during the production of chlorinated naéh;halenes
or perchloronaphthalenes. In this.period the disease was given an
additicnal new naxze - Pernakrankheit (Wauer [42]). Chlorinated
naphthalenes and diphenyls with a waxy consistency, also known L
halowaxes, have sone very valuable properties such as waterproof-
ress, flane resistance and acid resistance. These:prcperties
carnarked these materials feor the production of protective gas
rasks and other nilitary equipment

A new increase in the incidence of the d{sease occurred in
the nineteen-twenties during the use of chlorinated naphthalenes
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as an insulating material in the raining industry (Telcky (42)).
Acne chlorina also appeared in the electrolytic production of
chlorine when insulating coatings of tar vero used. This fact
brought about numero%? disagreements and questions as to whether
tho disease in those production processes was not actually acne
picca. On the other hand, Telcky supported the contention that
the tar acne could be caused by chlorinated hydrocarbons contaa-
inating the tar.

The excellent dielectric properties of the chlorinated
naphthalenes Chaftax', “halowax"™, enibrene'™) led to their vide
utilization in the production of cables and condensers and another
nass occurrence of the disease was produced in the nineteen-thlrti.es
when the U.S.A. and other countries recorded hundreds of stricken
individuals. Holtzmann [22] also noted the occurrence of acne
among the family members of workers employed in the production of.
condensers. These family members handled and washed work clothes
contaminated with the chlorinated naphthalenes. Based on these
observations, Holtzmann corrected his previous original conclusions
and stated that the chloracne was actually tar acne and judged
the effect of halowaxcs to be that of an external acnegenic cause.

Orrasby [31] observed acne chlorina with the use of a fungicide
used iIn the impregnation of lumber (sodium tetrachloro-o-phenyl-
phenolate). Jones and Alden [24], Schwartz [39] and later many
others also observed total disorders in their patients and FllInn
and Jarvik [8] noted a death due to yellow liver atrophy. In 1938,
Kaycrs and his ccvorkers [28] were unsuccessful in clarifying the
mechanism of occurrence of dematitides and acne chlorina in their
patients with the aid of epicutaneous tests — the tests were nega-
tive.

During World War 11, chlorinated naphthalenes were used for

it was discovered that these

the impregnation of ships* hulls when
The

substances could protect ships from damage of magnetic mines.
use of halovaxes increased significantly, especially In the electi
onl industry. American authors gave acne chlorina another name,
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secause of thae occupation (cable production) of the
and coworkers [l14), Schwartz (40}, Morris {29]).
iassive outbreaks of acne and scveral decaths were
ar World ¥ar II, the incidence of acne did not sub-
1e undesirable expericnces with the chlorinaéed
id not prevent their use in the electrical industry
An Interesting observation was recorded by Herzberg
He observed seven cases of acre chlorina in patients
:d chlorinated paraffins in the form of a food
1is prozpted Herzberg to conclude that acne chlorina
er the internal ingestion of chlorinated hydro-
tarly, Fuchs (9] also noted the affliction.of three
1eir mothers after they had caten potatces fried in
Winkler [48] recorded 10 cases of dermatitis and
1e chlorina among 23 workersz in a condenser factory
:ne in the production sequence. From these cases
led that "chlorinated hydrocarbons cause the forma-
:s that in turn cause an increased secretion from
:nds®”. In 1949 Gavrilova [10]) warned of tha photo-
sffect of polychloronaPhﬁhalenes: In recent years,
creplaced chlorinated naphthalenes in industrial use,
¢ the production.of sodium hydroxide may be a source
12. Ve have observed more cases between 1550 and
1 causes of acne chlorina in these cases have begﬁ
1 of chlorine gas with the hydrocarbons in the tar
ttings on the electrolytic containers and tubs and
2]l oils which were used to protect the electrode
zuthors noted several cases of acne chlorina among
<cers after the use of nibrene in the electrical
e 1950's. ,
ce, the acnegenic effects of the rmineral oil based
:s used in metal working increase when chlorinated
ce added. Therefore, some cases of acne oleosa were
exhibited a partial acne chlorina character (more
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disorders of the liver, kidney, myocardium 2ad ncrvous system,
The author dcscribed the dcath of a paticnt from nccrosis of tha
pancrcas as a spcecial case. Furthermore, he also obsorved
dermatitis in a nurse who had had contact only with experimental
animals. Finally, ha diagnosed acne chlorina in the fourtcen
ycar old son of an caployce whose disease was contracted only
from the household eavironmant - by wearing his father's con-
taninated scarf and by using his father's towel.

Actual observations

. The process called PCP (pentachlorophenol) which caused
mass damage in Czechoslovakia was, as far. as production is con-
cerned, identical to the process from which Kirmig and Schuls
drew their patients for observation. The final products of this

-process were sodiua pentachlorophenolate, 2,4,5-tricholorphenoxy~.

acetic acid and the latter's sodium salt and butyl ester. The
primary rawv material was technical grade trichlorobenzena which
was produced in a neighboring building for the producticn of
hexachlorocyclohexane (HCH) and lindane. . The table shows the
entire production scheme (Table I}. The chlorination of tri-
chlorobenzene produced tetrachlorobenzene and hexachlorobenzene.
Sodiun pentachlorophenolate was formed by the alkaline hydrolysis
of heiccglprobenzene. Sodium trichlorophenclate was produced by
the alkaline hydrolysis of tetrachlorobenzene. The hydrolysis

of tctrachlorobenzene with sodium hydroxide in the presence of
rmethanol took place in an autoclave at 190°C and at 45 atm of
pressure for one hour. After cooling, the methanol was distilled
froa the hydrolysate, the hydrolysate was diluted with watexr to

a 25t conceatrat ion and it was then syphoned into a storage tank.
The condensat101 of sodiunm trichlorophenolate with monochloroacetic
acid produced sodiua trichlorcphenoxyacetate. Following cooling,
contrifugation and flushing with water, the driéd sodiwm trichloro-
Phenoxyacetate wvas picked out by hand and placed in scall barrels.
So=zc of this product was used to produce the batyl ester of
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trichlorophcnoxyacetic acid. Tlils production took placae in

1 5

anothor building, g;’
The production of both the primary products took place in a £

£

four story building with grated floors (WEMA grates) which was -
one reason why the entire building was contaminated with the high
risk substances. The building was not sufficiently airtight, the
local exhausts were in most cases Improperly installed and
hermctization and mechanization were ifinsufficilent. Initially, .he
" sodium totrachlorophenolate [sic) was escaping from the centri-
fuge into the work space in the form of a mist. A series of
tasks such as the repoval of solid substances and the pumping of
liquids were perforned by hand. The workers were dressed in
linen work clothes. The thorouéh cleaning and frequent changing
of the work clothing was 1mpos£ib1e to guarantee over the entire
interval of production. Rubber gloves and respirators were used
at so=e work slites, The conditions surrounding the production of
the butyl ester of trichlorophenoxyacetic acid were the sama as
those described above. ) .
Kirmig and Schulz [25] found that the main scurce of acne-~
genic hydrocarbons was that segment of the production process in
which sodium trichlorophenclate is formed by the alkaline hydro-
lysis of tetrachlorobenzene in the presence of methanol. A co-
worker of thése authors, Doctor {of Chemistry) Sorge, had de-
duced on theoretical grounds that if this reaction were conducted
at 1990°C and 45 atxm of pressure, chlorinated hydrocarbon by-pro-
ducts such as polychlorodibenzo-p-dioxines, polychlorodibenzo~
furans, polychlorodiphenyl ethers and ﬁolychlorcdiphenyl oxides
may be forrmed in saall amounts (Schulz [36]). Sorge also pre-
Pared scne of tlhese substances by his synthetic process.
Anixal tests carried out by the authors (Schulz and Ki&nig)
with tetrachloroditenzofuran and 2,3,6,7-tetrachlorodibenzodioxine
have proved an extraordinarily high toxicity foé these substances.
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A sipple smeazr of a 0.1% solution of tri- and tetrachlorodibenzo-

furan on a s=all area of a rabbit's auricle caused heavy liver
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damage and decath of the test animal within 2 to 3 weecks (Schulz
(361). 2,3,6,7-Tctrachlorodibenzodioxine, which also has very
stroag acacgenic effccts, was proved to be far more toxic. Only
then was Dr. Sorge successful in the idcéntification of this
cnorsously toxic substance in the production process and in the
final product. He proved that this toxic substance is forced only
at certain teoperaturces and pressures, If during the alkaline
hydrolysis of tetrachlorobenzene to sodiua trichlorophenclate
the temperature is recduced below 153°C, the toxic substances do
not forn. However, at this low temperature, the reaction tipe
is extended from one to five hours and the productivity is ob-
viously lower. Furthermore, it was proved that the condensation
of two nolecules of trichlorophenolate to give'tetrachlorodlbenzot
dioxine is an exothernmic reaction. Several explosions of auto-
_claves wich injuries and the lethal intoxication of workers were -
reported to be tha result of this reaction in the German Demo-
cratic Republic (East Germany) (Schulz [38], Goldzmann [11,12]).
Tetrachloradibenzodioxine was also fidentified {n the Czechoslo-
vakian production process and in the products as well. .
The first two cases of acne chlorina were noted in 1965 in
two technicians vho operated the production machinery. It was as-
sused at that tizme that these two cases were caused by careless
work 2nd an undeveloped production technology under seniproduction
conditioas. After one year without a reported case and during
which production was temporarily halted, a mass outbhreak of 78
cases was recorded within the following three years. Finally,
after a detailed investigation and study of the entire problen,
the process was terninated and production ceased in 1968. Workers
.froa all stages of production were stricken. At that tine, it
was inpossible to deternmine which prq&uction stage was the most
risky because most of the workers were involved in several stages
at various locations in the plant within a relatively short time.

Workers directly involved in production as well as maintenance per-

sonnel and vorkers digging scwage ditches were stricken. Later,
2 rezcarch scientist working to isolate the acnegenic ballast
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substances from the products of the individual production phases

was cven stricken. His research work was carried out outside the

production plant in a rcsearch Institute's laboratory. In addi-
tion to the 78 patients with dangerous symptoms of acna chlorina
or porphyria, other workers in this plant had symptoms of acne
which were, however, symptoms of juvenile acne or of a similar:
character and could not therefore be counted as an occupational
disease. .

HWith the exception of two female laboratory technicians, the
paticnts consisted of males from 18 to 57 years of age (4 persons
below 20, 46 persons froam 21 to 30, 1l persons £roa 31 to 40;

"~ 10 persons froca 41-50 and 7-persons from Sl to 57). Therefore,
the acne chlorina patients. were mostly young people. On the other
hand, rmore than half the patients with porphyria cutanea tarda
were older than 40 years. ' ) )

Generally, the disease followed a normal course as described
by other authors. In only six patients did the disease begin sud-
denly ‘as acute solar dermatitis, i{.e., by erythrena and edema *
in regions exposed to solar radiation and continued by acne sym-
ptons (Photographs 1 and 2), as observed by Goldaann f12), Grimxzer
[15), Braun [6] and before these authors, also by Touraine and co-
workers [45]. Therefore, chlorinated phenols in soae cases have
sinxla* -photodynanic effects as the chloronaphthalenes described
by Gavrilova {1C}. Erythera and edcma in these patients were
obvicus rainly on their auricles. Sometimes, small blisters in
thick groupinys werc observed there.

In all the other patients the acne aeveloped slowly. Among
the less severe cases the disease was linited to singlc or densely
rouped coaedones, ccaditoned by follicular hyperkeratosis, which
were so snall and sotetimes so numerous that they appeared to be
a slate grayish-brown color,. like dirty spots on the skin. These
symptaas were noted mainly on the face, with maxinuz occurrence
aSove the cheek bones (Photograph 3). 1In the more severe cases,
the co=edones gradually developed into small vhite cysts similar

’
ftdion, o o T L
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to milia, although with black centers, and into large cfsts
ranging frca the size of a pea to that of a nut (photographs 4,

5 and 6). As opposed to other acne forning derzatoses, the
doscribed symptoas and manifestations painly lacked signs of an
infection. Only in the pore severe cases and rather in the vici-
nity of large cysts were scae reactive infla—mations, infections
and absccesses noted. The enptied cysts and abscc;ses laft behind
large atrophied scars with raised edges and with bridges of intact
skin under which a probe could be inserted (Photograph 7). <This
basic clinical picture was supplemented by diffused hyperpig-

‘mentation in the face and by papulopustules on the torso and ex-

trenities. Patieats who were found to suffer from a disorder in
porpyyrin metabolism had synmptoms of porphyria cutanea tarda in
regions exposed to the sun (hyperpigmentaticn and hypertrichosis,
blisters, excoriation and small scars). EHowever, in this group
thera were two patients with prophyria but aloost without any

acne at all. .

Histological investigation is not much help ia diagnosis.
The symptoas begin with hyperkeratosis at the routh of the follicles.
After one to three weeks, the follicle changes into a cystic for-
mation filled with a horny substance [keratin?] (Photograph 11}
gnd to'a small extent with sebum. However, the epidermal changes
are small. After the rupture of the full follicle, the contents
of the cyst penetrate {nto the surrounding tissue and a granuloma
of forecign bodies forms around the area (Photograph 12)., .

The disease normally starts on the face above the cheek bones,
However, in 17 patients the disease started in an unconventicnal
manner by papulocpustular eruptions on the extremiticss, primarily
on the lower extremities., This characteristic, resembling more
acne oleosa, rerained in some of the patients for the entire dura~
tion of their Liiness. : .

The most co—mon localizations of acne chlorina were the cheeks,
te=ples and to a lesser extent, the entire face.” éyebrovs, ecye~
11ds, the perioral region and the cscalp and hair area remained free.
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Other predilected areas were the auricles, the back of the neck,
the back and tha chest in a seborrheic localization and tha
genitals. The auricles and genitals and especially the scrotun
were stricken by the formation of large cysts (Photographs & and 9).
Among tha five most seriously ill patients, the diseage spread
all over the body and had a discouraging ecffect that was heightened
by tha disease's usual persistence, the long term healing and by
medical helplessness (Photographs 10 and 7). The contents of the
cysts produced a repulsive and rancid odor. For scme of the
:patients the disease disrupted their social and family rxelations
and caused scvere depressions.

Some authors, such as Braun [6], emphasize itching as the
initial sympton, but we noted this symptom in only three cases.

In 20 patients with extensive syaptozs, the occurrxence of
pustules, cysts and abscesses was alco noted in axillae although
this location was not mentioned by other anthors. Because of the
great number of follicles in the axillae and the sinmilarity of
the axillary skin to that of the genitals and for several other,
reasons, this finding appears to be just as valid as localization
on the genitals and the genital area. On the other hand, it is
surprising that acne chlorina does not strike at the hairline or
scalp. In thk= case of one patient, the acne symptoas disappeared
in the facial arcas when he grew a full beard while in other areas,
the sycptcus continued without a reduction in intensity. So far
there is no explanation for this phenomenon.

Hypertrichosis or hyperpigmentation or both were determined
in the faces of 19 patients without a laboratory diagnosis of a
deficieacy in porphyrin metabolism. Bleiberg {3] nade similar ob-

servations. These symptoas receded sinultaneously with the healing

of acne chlorina.
More younger persons suffered from acne chlorira than older

persas.®* This study group contained 50 persons (85%) below 30

*Translator's note: Becglnning of this senteace illegible.
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years of age. HNowever, this fact cannot be used as a hard and
fast rule or to support the findings because tha production plant
under study cmployed mostly young workers. The preillness medi-
cal history among the patfents did not indicate any significant -
predisposing factors and no incidence of serious illnesses, intoxi-
cation or ctiolation®*. Furthermore, no relation to hair color, )
eye or ccaplexién color, to the degree of body hairxr, to the per-
spiration of skin oils or to hereditary follicular hyperkeratosis
and other skin ' diseases was noted. Only cone patient reported a
more severe prior case of acne juvenilis, 12 patients reported mild
cases during puberty and 14 patients reported only insignificant
acne juvenilis symptoms. 18 patients also had scme infrequent con-
tact with mineral oils either during the appearance of the symptoms
or at sonme time in the past. ' These patients were mostly involved
in maintenance work as mechanics. SHowever none of them had ever
had an oil acne in the past, Their illnesses following contact
with tetrachlo-zdibenzodioxine were of the same character as tha
illnesses of the other patients. Their diseases were not similag
to acre oleosa either in appearance or in localizaticn.

The latent period from the initial contact with the risk
substance to the appearnace of symptans was quite varied. Some
workers became ill after exposure of froa several nonths to several

. years and thea disease in their cases was rather mnild although the

indications pointed to a massive exposure. In other caseﬁ. severe
damage occurred after a very short time of several weeks and after
an apparently srall exposure. For example, one of the post seriously
{11 patients worked uander the semiproduction conditions for only
two and a half wesks before the outbreak of the diseasa (acne and
porphyria cutanea tarda). After that he had no contact with the
risk materials.

It iz not clear whether individual predispbsition or the level
of pcrsonal and work hygiene {s more responsible for the intensity

*Editor's note: This may be a dubfous choice. The Czech "etylisma®
transliterates to "etilism”,
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of danaga or latency of the discase, Most authors discount
individual predispositon. However it is believed that the

deciding factor must be the degree of actual exposure which is
undoubtcdly dependent on a serics of other factors such as work
discipline, personal diséipline. adherence to preventive measures,
frequency of changing work clothes and undergarments, the degree

and regqularity of hygicnie decongamination, work site order and .
cleanliness, dust in the environsent, ete.

These patients also had a series of subjective difficultlies:
tiredness, weakness in the lower extremities, muscle pains, sleepi-
ness and insomnfa, increased perspiration, lack of apetite, head-"
aches -and other disorders in the mental and sexual spheres. These
caaplaints were more recurrent and more intense in patients with
the core extensive skin symptoms. In pore serious acne cases, a.
sfignificant weight loss was also noted. It is our opinion that all
thesa difficulties and symptons are manifestations of a rathexr
overall intoxication than of only the acne chlorina.

All the patients were adnitted to a dispensary. Regular
exaainations of their dermatological, internal and neurological
conditons were arranged. The patients who were still working were
transferred to prevent further contact with any acnegenic factor. :
All contact with chlorinated hydrocarbons of any type was pievented - iét%é
even with those substances whose acengenic effects have not been 3 S
thoroughly proved. Furthermore, all contact with nineral oils and
tar and its products were prevented. The application of nineral
bazed ointmants was discounted for external therapy. The plant's
melizal doctors were cautioned against prescription of any internal
redication with an acnegenic effect (iodine and broafum preparatioas,
corticoids and others). The patients were given detailed nedical
directions concerniang their dafly regiﬁen, perscnal ‘and work hy-
gicne and secondary d;seise prevention and treatment.

All available medications for acne were utilfzed in the treat-
rment. The expressions of: comedones and the pressu:é relief of
the contents of cysts and abscesses necessitated many periods of

-
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hospitalization and special ambulatory trcatment hours attended
by a spccially trained nurse, o special results were observed
as a result of rcprated hospitalization. The best results were
noted after the expression of comedones by the use of a sauna
constructed for the patients by the factory on the author's re-
comnendations. It was not possible to test the effects of vitanmin
A acid (retinoic acid) which has been praised by some authors in
the medical literature. However, in agreement with the findings
of other authors, it was dctermined that no local or internal
redication exists which has an effective and permanent healing
effcct on acne chlorina. Some of the patients have been under
observation for eight years and their disease still persists.
Dr. Schulz's [38] patients have manifested ¢ontinuous symptoms
for more than ten years. Goldmann (1l1l] has now been treating one
paticnt with cctedones and cysts on his penis and scrotun for 18
years! In most of the patients discussed by these authors, the
symptons ‘and panifestations of the disease progressed and reached
a naxinuna after about one year, even after transfer of the patient
from the high risk work area. A regression takes place after two
or threce years at the earliest. In some isolated cases, the pro-.
gress of a mild course of the disease was observed even after
five years. Fowever, the regression of the disease in all the
patients was very slow and, it may be said, even lasts a number
of years. '

Of the 78 catients treated by the authors, 76 suffered from
acne chlorina. Of these, ll simultaneously had hepatic lesions
with a deficiency in porphyrin metabolism. Two patients did not
have acne chlorina. One of these two had porphyria and the second
one died in 1966 from acute intoxication. Pentachlorophenol was
considercd to bé the cause of death in that instance. When the
toxicolegical analysis was carried out at that tirce, the investi—
gators were unaware of tetrachlorodibenzodioxine and, therefora,
it is our contention now that in that case, this highly toxic
substance was primarily responsible for the acute intoxication.

e ks L T
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Combos [13) mentioned one paticnt with acne chlorina and porphyria
in conncction with this production process.

The authors analyzed 55 patients internally and neurologi-
cally in detafl About half of these patieats had a deficiency in
1ipid mctabolisa and 'in fore than one-third, some ninor biocheni-
cal deviations and mild hepatic lesions were noted in the first
stages of the disease. 1In 17 patients, the authors found symptoms
of ccntral nervous sysien disorder, the majority with lesions of
the peripheral neuzons of the lower extrenities (verified by EMG
examination). In most of the patients, physical disorders, pri-~
marily an acute neurasthenic syndrone, were diagnosed., In addi-
tion to the death due to acute intoxicatioa (pentachlorophenol?
tetrachlorodibenzodioxine?), three more patients died. 'In one
patient, the porphyria developed ﬁhusually rapidly into an
arteriosclerosis of the brain with an atypical norphological diag-
nosis and dexention. Two patients died from bronchogenic carcinoza.

All these patients with their complete syrmptoms are discussed
in other papers {32,23).

Discussion

In agreement with Kirmmig and SChulz; we cite the tetrachloro-
dibenzodioxine which is formed during the production process as
the nain reason for the skin symptoas as well as for all the other
deficicncies rentioned and diagnosed in the authors® patilents.
This toxic comgound was confirmed in considerable quantities in
the final produst (Arboricide ES0), in the butyl trichlorophen-
oxyacetate and aleo in the mortar and wall paint of the factory

buildirg. Evern 2djacent rooms such as worker dressing and locker
rooms were conta=inated with this coeopound. Test rabbits placed
into these roox=s socn died.

In his mo:ugra;h, Braun [5)] cited the following chlorinated
hydrocarbons as the then known causes of acne chlorina: chlero-~ o~
benzenes with various degrees of chlorination, chlorinated phenols
{sodiun tetrachlorophenolate, pentachlorophenol), para-nitrochloro-
Senzcne, sodiuva tetrachloro-o-phenylpherolate, chlorinated
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naphthalenes, various chlorinated diphenyls, trichloroxydiphenyl,
chlorinated dipheayl oxides, sodium o-~(2-chlorophcayl)phenolate
and others. Howevez, Kimmit and Schulz [25]} ascertained that pure
pentachlorophanol and pure 2,4,5-trichlorophcnoxyacetic acid
do not have any acnegenic effects. Therefore, they checked the
presused effects of the other substances tﬁaq werc blamed for
causing acne and found that neither pure nor chlorinated benzenes
(froa 1 to 8 chlorinated positioas) nor chlorinated diphenyl- '
ethers have any acnegenic cffects. A definite acnegenic effect
was proved only for the following substances: chlorinated naph-
thalenes (5 and 6 chlorinated positions) in agreement with Shelley
and Xlingaan [41], higher chlorinated dibenzofurans (diphenyl oxides)
and 2,3,6,7-tetrachlorodibenzodioxine. .

- Therefore, it is possible and even probable that some chlor—

_inated hydrocarbons that have been previously considered to have
an acnegenic effect do not have this effect and tha actual causes

- were other ballast chlorinated hydrocarbons contained in those

L ATE e

hydrocarbons. . . : .
* _A —-a ) < * . . .
a
i - .
Q qa
Tetrachlorodiphenylene oxide 2,3,6,7-tetrachlorodibenzo-
(tetrachlorcdibenzofuran) dioxine (tetrachlorodiphenylene
dioxide) :

In aa animal experiment, Kimniy and Schulz found an'ex-
ceptionally high toxicity for tetrachlorodibenzodiaxine. 1In a
local application on rabbits' auricles (keratosis test), this coa-
pound prcduced 2 strong reaction even at a concentration of 0.001t.
Also, a skin agplication of this substance at the same concentra-
tion produced acne chlorina (Schulz [38)). Tetrachlorocdibenzofuran
was proved to be 10 to 20 timgs weaker. Chlorinated naphthalenes
had a thousand times weaker effect. Generally, acne chlorina is
caused by the direct contact of tetrachlorobenzodioxine with the
ckin. Absorption th:ough the skin is not ruled out and an effect
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through the ingestive or respiration tracts is alsa concoded.
llowever, in a éurc ingestive experinment with a test aninal, acne

chlorina did not occur. However, the cascs of acne chlorina con-

tracted after the ingestion of chlorinated naophthalenes as food
fat substitutes should not be forgotten [19,9).

Tetrachlorodibeazodioxine used internally has a strong ha-
patotoxic effcct. A dose of 20 to 50 ng per kg of rabbit's body
welght causes death in all thea test animals by yellow liver atrophy.

Because of this enormous toxicity, all the preventive neasures
taken at the high risk processes in East Germany and Czechosla~
vakia were proved to be completely ineffective. The only de-
pendable solution to that problen was tha reduction of the re-
action temperature and pressure during the alkaline hydrolysis
of tetrachlorophenolate to sodius trichlorophenolate. In East
Germany, the decontanination cost of the high risk areas and
buildings was extreczely high. One chemical plant attempted to use
for other purposes a contaminated building which had not beex .
decontaninated after the builéing had remaired unused for two
Years, but new cases of acne chlorina were shortly reported.
With normal decontazmination procedures new outbreaks of tha disease
occurrced and therefore, décontanination had to be carried out uéing
special pressurized chemical protective suits with pressurized
breathing 'apparatus because gas masks were not sufficient. Doors,
windows, the wooden trin and other wooden building components
bad to be burned; the stecel construction rcaterials in the building
had to ba san2blasteld; the plaster, facade and floors had to be
torn out and cast into cement blocks together with the tubing,
plumbing and other eguipaent. These blocks were then transported
to the Atlantic Occan and sunk. The disposition of thosa non-
‘flammable naterifals by burying would have run the danger of con-
tominating the subterranecan water supply. Only the rost expensive.
components, autoclaves and some valves, were successfully decon-
taninated by repeated washing with ;pcciil detergents.

The Czechoslovakian plants are still closced and their fate is
still urdecided. The patients are still under a continuots ob—=

cervation.
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TABLE 1. Production Scheo»
Plant for production of 1,2,3-trichlorobearen« And It»
KCH (hexachlorocyclohexane) isorers (1,3,5- And 1,2,40)
Plant for production of penta- }Ff*; — $ =t >Stee_r - e Tasalv4
chloropher.ol ar.d sodiun salt* c/~T-\-Cl V & «rem M - VE. ,
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.. e A * . e e
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Sodiun salt of 2.4,5-trl- \ * peatAchloroph«ool
- e ) . s
chloropher.oxyace tic acid 1 \)/Xo yoe  _com * 3
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V- -~ ’ butyl ester of trichlorophenoxyacetic Acid



