o
v

b INLUSTRiAL HEALTH

- hree of them warked in the
m. No changes reasonably

‘)paque dusts were found,

V' AND CONCLUEIONS

v that dusts encountered in
f zirconium metal might pro-

granulomds was investi-
exposure and by clinical and
iluation of selected employ-
nalities attributable to zir-
ind.

made possihle by the gracious
sistance of Stephen M. Shelton,
Region I, U. S, Bureau of Mines,
McKerahan, Safety Engineer,
weau of Mines,
ams were made through the co-
T. Morrison, of the U. 5. Public
‘ortland, Ore. The microscopic
¢ lung of the guinca pigs was
Raymond D. Grondahl, Division
gy, University of Orgeon Med-

!EFERENCES
F., and Davies, T. A. L. Experi-
v of Radiographic Shadows by
Industrial Dusts: [l. Zircon
. Indust. Med. 9:70-73, 1952,
.., and Croxton, F. E., Com-
Bibliography of Unélassified
aent TID 3010, U. S. Atomic
on, Technical Information Ser.
Temn,, March, 1951.
. W. E.; Trabin, B., and Martin,
hronic and Topical Tuxicity of
1ate, ]J. Pharmacol & FExper
R4, 1951,

M/

ﬂAe /groé/ém o/ jicé&roeféyléne

Evaluated s o Means of Hygienic Control

ZDENEK BARDODEJ, Sc.D.
and

v, v
JIRI VYSKOCIL, M.D., Brno, Czechoslovakia
.wWwwmMW%WWWMWMWWMWWW%WWHMWWWWMNW%WWWWH

Trichloroethylene is widely used all over

the world as a solvent for fats and other
' organic  compounds.
legreasing, cleaning, and extracting purposes
B and recently also as the raw matcrial for
‘@ orgamic syntheses. From the technical point

It is employed for

of view it has excellent properties—powerful

‘@ wlvent action and a convenient boiling point

87 C): it is incombustible, is markedly

¥ mert chemically, and has also suitable bio-

lgical properties; owing to its remarkable
metabolism in the organism, it is not toxic
i the liver. Like other volatile solvents with

& i affinity, it is a powerful anesthetic drug
§ avd nerve poison.

The toxicology of trichloroethylene has

§ ieen extensively studied in Europe and

\merica: many investigators undertook re-

‘@ arch on its narcotic and toxic effects from

the clinical, hygienic, and toxicological as-
pects.  The acute and chronic toxicity was

4 wudied in animals and man. Inasmuch as

the biological effect of every poison is dis-

‘. played by the mutnal reaction between organ-
4 »m and toxic agent, considerable rescarch

was done by biochemists who were able,

§ ning to the Fujiwara color reaction * given

by some halogen compounds with pyridine
and alkali, to follow fairly easily the effect
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* References 1 and 2.
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i Trichlorcethylene Metabolism ond Its Effect on the Nervous System

of the organism upon trichloroethylene, that
is to say, the metabolism of trichloroethylene
and the elimination of both trichloroethylene
and its products,

PART I

In 1933 Brining and Schnetka * found
that the urine of persons exposed to tri-
chloroethylene vapors gives with pvridine
and alkali a color reaction like that of tri-
chloroethylene and suggested the elimination
of this hydrocarbon by urine. In 1938 Barrett
and Johnston ¥ demonstrated trichioroacetic
acid in the urine of dogs narcotized with
trichloroethylene. They were unable to
explain its origin. Trichloroactic acid was
isolated in the form of its piperazine salt,
Powell ® brought additional proof of the mat-
ter by identifying this compound in the urine
of persons on whom an operation was per-
formed under trichloroethylene anesthesia;
she also demonstrated the slowness of its
elimination and stressed the importance of
the Fujiwara color reaction for the check-up
of persons exposed to trichloroethylene in
their work. With Paykog 7 she followed the
curious slow elimination of trichloroacetic
acid after intravenous injection of its sodium
salt and derived a formula for its blood level.

c=%,-o.ooss t.{,%g:o.zs t
The validity of the formula was confirmed
(for the concentrations studied by Powell
and Paykog) by Bardodéj and Krivucova
who followed the elimination of trichloro-

T References 4 and 3.
i Bardod#), Z., and Krivucova, M.: TUnpub-
lished data.
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acetic acid in the urine of both persons to
whom chloral hydrate was administered pet
os and persons given trichloroethylene inha-
lations. Bardodéj, Chlumsky, and Krivu-
covia § followed trichloroacetic acid elimi-
nation in a case of accidental severe acute
trichloroethylene intoxication. The results
are illustrated in Graph 1. The deviation
from the original exponential slope of the
elimination curve after reaching the elimina-
tion maximum on the third day (when tri-
chloruacetic acid was still being produced by
the organism) is explained by these investi-
gators by suggesting the influence of a
mechanism operating with a slower action
than that of the simple passage of trichloro-
acetic acid through the kidney filter—most
probably 4 slow desorption of trichloroacetic
acid from proteins. The acid continued heing
eliminated for ahout three weeks, Vyskogil ||
observed after trichloroethylene ingestion a
somewhat slower trichloroacetic acid elimi-
nation. which he explained by a prolonged
trichloroethylene resorption from the gastro-
intestinal tract, its sluggish metaholism being
toned down by the liver filter. Bardodéj
and Krivucova ¥ found that the amount
of trichjoroacetic acid in the daily urine
increased with increased liquid intake, The
same, though attenuated, effect was observed
after purine diuretics. Pyrazolone antidiuret-
ics increased trichloroacetic acid concentra-
tion in urine portions, probably through an
increased retrograde resorption of water in
the tubuli. According to Ahlmark and
Forssman.” at the most two-thirds of sodium
chloroacetate adnunistered to rats is ex-
creted, while in man, according to Powell.”
the quantity is likely to be higher (at least
two-thirds of the injected amount).

In 1949 Butler” who started by studying
the metabolism of chloral hydrate,# found

§ Bardodé;, 7.: Chlumsky, J., and Krivucova,
M. Severr Acute Trichloroethylene Intoxication
in Iodustry, Casop. lék. Cask. 44:1004-1008, 1935,

If Vyskoéil, ], and Berka, 1.: Trichloroethylene.
Prahs, Stitniho Zdravotnického Nakladatelstvi,
1955,

¥ Bardodéj, Z., and Krivucovd, M.: Unpub-
lished data.

# References 10 and 11,
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another metabolite of trichloroethylene in the
form of trichloroethanol and isolated it~
glucuronide from dog urine. Conjugation of
trichloroethanol with glucuronic acid and
elimmation of the formed urochloralic acid
are rapid. Trichloroethanol was demon.
strated in the urine of persons exposed to
trichloroethylene by Souéek and Vlachovi *
and by Bardodéj, Chlumsky, and Krivu.
cova.t Increased glucuronide elimination in
persons exposed to high trichloroethylene
concentrations was observed by Bardadej
Berka. Chalupa, Nesvadba, and Vyskoeil
These investigators suggested also the
probable formation of monochloroacetic
acid,'* demonstrated in 1954 chromato.
graphically hy Soucek and Viachova.t

URIARY CCLCOO0M EXCRETION
™

fi

Fig. 1.—Urinary excretion of trichloroacetic acid.

In the same year Bardodéj and Krivu.
cova,§ cousidering the spontaneous decar-
boxylation of trichloroacetic acid and it
sodium salt in both water solutions and urine
samples, suggested another metabolite --
chloroforrq, oceurring in slight amounts. It
is interesting to note that it was Liebreich "
who in 1869 considered chloroform forma-
tion from chloral hydrate possible and tried

* Soucek, B., and Vlachova, D.: Further Tri.
chloroethylene Metabolites in Man, Prac. lék
6:330.332, 1954.

+ Bardodéj, Z.; Chlumsky, J., and Krivucovi,
M.: Severe Acute Trichloroethylene Intoxication
in Industry, Casop. 1ék. Gesk, 44:1004-1008, 1955.

t Soudek, B., and Viachova, D.: Further Ty
chloroethylene Metabolites in Man, Prac. 1ék. 6:3.30.
332, 1954

§ Bardodéj, Z.,, and Krivucova, M.: Contriby-
tion to the Question of Further Trichlotoethylene
Metabolites Which Could Give a Positive Fujiwara
Reaction in Urine, Prac. 1ék. 7:97-98, 1955,
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We think the following schen
likely explanation of the curiou
ethylene alteration in the hody.
unable to decide which of th
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PROBLEM OF TRICHILOROETHYLENE IN
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Inasmuch as both trichloroacetic and uro-
chioralic (trichloroethanolglucuronic) acids
are metabolites of trichloroethylene as well

@ as of chloral hydrate, Butler® correctly
"4 thought chloral hydrate an intermediate
24 product in trichloroethylene metabolism in

the hody. But he was unable to demonstrate
itin dogs' blood after trichloroethylene inha-

4 ation.  Failure in this experiment was

experienced also by Bardodéj and Krivu-

¥ wova || who conducted a similar research on
78 human urine.

Bardodéj and Krivucova { did not find any
additional substances in urine which would

%4 yve the Fujiwara color reaction after acid
4 hydrolysis. The ratio of inorganic and or-
38 sanic sulfates was not altered after trichloro-
'/ «thvlene inhalation,'?

We think the following schema the most

-1 kely explanation of the curious trichloro-
4 vthylene alteration in the body. We are still
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probable explanation for the chlorine-atom
migration,

Study of the quantitative balance of in-
haled trichloroethylene in man was con-
ducted by Teisinger and co-workers ' and
previously in rats by Ahlmark and Forss-
man.® Their results coincide in that about
half of the inhaled trichloroethylene is re-
sorbed. According to Soucek. Teisinger, and
Pavelkova, 16% of the resorbed trichloro-
ethylene is converted to trichloroacetic acid.
According to the Swedish investigators, the
amount is from 6% to 16%. Barrett and
Johnston thought that the quantity of re-
sorbed trichloroethylene converted to tri-
chloroacetic acid is 5% to 8%. Forssman
and Holmquist ** found in rats 1.2% to
4.29% of inhaled trichloroethylene changed
into trichloroacetic acid. Bardodé) and
Krivucova # thought that in high trichloro-
ethylene concentrations, and with prolonged
exposure, the amount of trichloroethylene
changed into trichloraacetic acid decreases.
The results of serial studies in industry
showed the amount of trichloroethylene
changed into trichloroacetic acid to be about
5% to 8% of the inhaled quantity *

# Bardodéj, Z., and Krivucovd, M.: Exposure
Tests: 1. Trichloroethylene, Prac. 1ék. 7:217-220,
1953,

* Bardodéj, Z., and Krivucovd, M.: Trichloro-
ethylene Hazard in Prague Dry-Cleaning Estab-

lishments, Cs. hyg. epid. mikrob, immun. 4:90-94,
1955.
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Butler ® found in experiments on dogs that
the amount of trichloroethanol from inhaled
trichloroethylene is larger than that of tri-
chloroacetic acid. “The results were con-
firmed in man by Souéek and Vlachovi.t In
following the quantitative change of chloral
hydrate in the body, Bardodéj and Krivu-
cova I {ound in the urine a 1 : 2 tatal molecu-
lar ratio of trichloroacetic and trichloro-
ethanoiglucuronic acids after a single 0.5 gm.
dose of chloral hyvdrate: after higher doses
the ratio increased to 1:4.

Occupational hazards in industrial plants
using trichloroethvlene are estimated by the
following hygienic measures:

1. Trichloroethylene vapor determination in the
air. This serves to ascertain whether or not the
allowed concentration limit has been passed, thus
making sure that the decree of the Ministry of
Health concerning allowable limiting concentrations

of toxic substances in working atmospheres has not
been broken,

2. Trichloroacetic acid determination in the urine
nf emplovees. This is a means of estimating the
average trichloroethylene concentration in  the
atmosphere.

3. Determination of the so-called organic chlo-
rides in urine. We deem this theoretically sounder
than the trichloroacetic acid determination, as it
permits one, when the procedure js properly chosen,
to take into account even the trichloroethanol freed
fram the glucuronide by acid hydrolysis. The pro-
cedure has one drawback—it is considerably more
involved than the simple trichloroacetic acid deter-
minatiun by the Fujiwara color reaction.

Pracedures under Measures 1 and 2 are

currenthy used in our laboratory in the fol-

lowing maodified forms.

TaICHLOROEYHYLENE DETERMINATION IN
ATMOSPRERE

\ir ~amples are sucked through two absorption
vessels with spiral capillaries or else through a
porous plate of sintered glass filled with 5 ml. of
pyridine At a suction rate of 1 liter per 10 min-
utes, the wtake in the first vessel is practically
quantitative (90%). Colorimetric determination is
conducted ‘immediately after return to the labh-
oratory.

+ Soueek, B., and Viachova, D.: Fucther Tri-
chloroethylene  Metabolites in  Man, Prac, Ilék.
6:330-332, 1954,

t Bardodéj, Z., and Krivucovd, M.: Unpub-
lished data.
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Reagents—Pyridine (analytical grade); 0.05 A\
sodium hydroxide solution.

Procedure ~—~¥Four milliliters of pyridine with
absorbed trichloroethylene is pipetted into a tew
tube (or else an aliquot portion of the sample i
made into 4 ml with pyridine); 1 ml of 0.05 N
sodium hydroxide is added, shaken, and heated 1or
15 minutes in a water bath at 70C . then i
mixture is cooled with cold water, 1 ml of pun
fied water is added, and colorimetric determinati,
is conducted with use of the blue filter. The pr,,.
duced color remains stable for 15 minutes.

TRICBLOROACETIC ACID DETERMINATION IN Uning
Daily urine samples collected at the end of the
week are taken for analysis.
Reagents—~—Pyridine  (analytical
sodium hydroxide solation.
Procedure.—~Two milliliters of urine is pipetted
into a test tube: § ml. of 20% sodium hydroxid
solution is added, and the mixture is thoroughly
shaken; 10 ml of pyridine is next added, and thr
mixture is again shaken until it is milk turbid; the
mixture is then heated for 15 minutes in a water
bath at 70 C, after which it is cooled with colg
water. From the pyridine (upper) layer, 5 ml. i
pipetted into another test tube; 2 ml. of purifie}
water is added, mixed, and colorimetric determina.
tion is conducted with use of the green flter again
the empty sample processed like the analyzed urim
which is replaced with 2 ml. of purified water. Tt
produced color remains stable for 15 minutes.
With higher concentrations it is imperative 1,
take an aliquot urine sample for the analysis; with
very low concentrations the colorimetric determing
tion is conducted against a urine sample free of
Fujiwara-positive substance and processed like the
urine with unknown trichloroacetic acid conten,
Thus, possible interfering effects of urine pigment
are eliminated.

The question of trichloroacetic acid con-
centration ratio in urine and the level of au-
mospheric trichlorvethylene has been studied
by several investigators. Frant and Westen.
dorp® concluded that we may expet
200 mg, of trichloroacetic acid in urine under
a maximum allowable concentration (MAC),
that is to say, 100 ppm (0.53 mg. per liter;
Flkins ¥ found 160 mg. and less. Bardody
and Krivucova § reported that at 0.4 myg. w
trichloroethylene in 1 liter of air—which 1-
the limit concentration in our country-
employees working in such an atmosphere

grade) ; 2

§ Bardodéj, Z., and Krivucova, M.: Exposurr
Tests: 1. Trichloroethylene, Prac. lek. 7:217-2x,
1955,
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| grade); 0.05 N g

excreted about 140 mg. of trichloroacetic
acidd per liter of urine. Taking into account Caiin ton ! ' !
the 4%-hour working week in our country as Acid Concentration in Urine According to

. ] . Statisties of Ahlmark and Forssman
wompared with the 40-hour week in the -
United States and using the Haber relation, Average
the burden of employees is about the same so Ot
ar as the standard MAC is observed:

to Health in Relation to Urine Trichloroacetic
pyridine with the ;

ted into a test :
‘the sanple i§
ml. of 005 N

+, and heated for
70 C: then the -

T'tichloroethylene
Trichloroscetie Acid

Cuncentra- Persons with Signw

Loneentration tiou m‘Alr, of Intoxics-
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tric determination - U. 5. A (100 ppm) ., .0.3340=21.20 10-7T3 0.1-0.19 0

: filter. The pro- , . . . . 100 0.25 100

minutes. Higher trichloroacetic acid concentrations 20 0.30 Medieal lenve

in urine in relation to trichioroethylene con-

] advived
JATION 1IN URINE

at the end of the.

centration in the air are given by Friberg,
Kylin, and Nystrém *¢ (at 100 ppm 250 to
W0 mg. of trichloroacetic acid). The authors
mnducted experiments on persons not ex-
wsed continuously to trichloroethylene (five
dav~ only) ; higher results were also encoun-
ieredd in Teisinger’s balance * and in reports
of Ahlmark and Forssman® whose results
3 wcre arrived at under laboratory conditions.
Bardodéj and Krivucova || and Elkins
ul hought the difference in percentage to be

M icpendent on trichloroethylene concentration

The correlation between trichloroacetic
acid concentration in urine and the working
hazard of employees was studied by several
authors. Ahlmark and Forssman * found
very good correlation between the number of
symptoms and trichloroacetic acid concen-
tration in urine of employees (Table 1).
Neither Frant and Westendorp *® nor we '
were able to confirm these results.
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% 0 the air. The same relation can partly be

§ ierived from the paper of Frant and Westen-
i lorp.** Without doubt individual quantitative

lifferences may be noticed in trichloroethyl-
me metabolism  within certain limits, the
rauses for that being both endogenous and
wogenous { nutrition, outdoor activity, etc.).

% e urine trichloroacetic acid concentration
M be more than 160 mg. per liter of urine,
e allowed standard, which is valid for the

Jifl ertainly been overreached. As the concen-
;‘ ration of the noxious element may vary con-
& »lerably, even smaller concentrations should
§» regarded as suspicious from the hygienic

woint of view,

Fvaluation of the trichloroethylene hazard
R way of determination of volatile chlorides
& o urine has not yet been sufficiently devel-

ywed in our country ; information regarding
his point should be sought in the excellent
wnograph of Elkins?

| Bardodéj, Z., and Krivocova, M.: Exposure
ests 2 L. Trichloroethylene, Prac, k. 7:217-220,

In conclusion, we think that, upon finding -

¥ (niied States and Czechoslovakia, has most *

Ahlmark and Forssman * and suppose that
under MAC the exposed persons excrete
160 mg. of trichloroacetic acid per liter of
urine; let us further suppose that the change
in percentage of trichloroacetic acid is inde-
pendent of trichloroethylene concentration in
the air, adopting thus a linear relation
(Graph 2).

The Table shows clearly that the MAC
standards are too liberal. From Graph 2 we
may see that the hygienic limit of 20 mg. of
trichloroacetic acid determined by Ahlmark
and Forssman ?° involves the concentration
of 0.05 mg. of trichloroethylene per liter of
air, this being the highest allowable concen-

CCl COOH IN URINE
¥ 3

i

H__rh sof

WY MWD

¥
»

-4

Fig. 2~Relation between the trichloroethylene

content of the air and the trichloroacetic acid con-
tent of urine, '
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tration in the U. 5. S, R., according to Bul-
letin NSP-101.0

But we think that the good correlation ob-
serverd by Ahlmark and Forssman 2 between
trichloroacetic acid concentration and the
working hazard does not warrant a generali-
zation for purely theoretical reasons.

The acute narcotizing effect is given by the
relation where E 1s the effect and ¢ is the
E=F(c)
concentration, but in assay of chronic effect
on the nervous system, a state tvpical of tri-
chloroethylene, we must not lose sight of the
time effect (#) of the noxious element and

of the Haber relation *2

E=f I’h

(c) dit

J oo

The remarkable sleepiness observed by us
in most employvees can partlv be attributed
to the trichloroethanol formed during work
with trichloroethylene.

In a preceding paper '* we reported as one
of the most characteristic intoxication signs
an intolerance toward alcohol. We think
that explanation for this effect, described in
the case of other industrial poisons (toluene,
calcium cyanamide, and carbon monoxide) as
well, may he sought in attenuation of the
oxidation systems by trichloroethvlene itself
and its metabolism (e. g., oxidation of chloral
hydrate to trichloroacetic acid f)).

The response to alcohol in persons work-
ing with trichloroethylene being simifar to
that in persons treated with tetraethvlthiu-
ramdisulfide, we suggest that here also acet-
aldehvde evolved from alcohol exerts its
influence, probably upon the acetylcholine
wmechanism. The alcohol-disulfiram (Anta-
huse} response may be suppressed by atro-
pine administration, and this fact is in favor
of the suggested mechanism.# Inhibition of
tissue respiration leads to increased trichloro-
cthanol production, the result being increased
sleepiness. And we find both these systems,
sleepiness and alcohol intolerance, very often

¥ Rardodéj, Z.:; Krivucovad, M., and Pokorny.
F - An Attempt to Find a Biochemical Explanation
of Intolerance to Aleohol in  Trichloroethylene
Intoxication, Prac. 1ék. T7:263-267, 1955.

# Bardodéj, Z.: Krivucova. M., and Skala, J.:
Unpublished data.
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side by side. Intolerance to alcohol eventu

ally disappears when work has been discon-
tinued,

Bardodeéj, Krivucova, and Pokorny*
found also that tetraethvithiuramdisulfide in-
creases intoxication signs In experiments
animals after inhalation of trichloroethylen

Liver damage from trichloroethylene wa.
not observed in our country, perhaps owing
to the high purity of the product whid,
observes the standard set by the Briti):
Pharmacopoeia. The starting material for
making trichloroethylene may be tetrachlor,
ethane or other agents. \We agree wil,
Flkins '* that liver changes reported by other
investigators may be due to these other
agents.

Trichloroacetic acid in the form of salt 1.
a practically nontoxic substance; the lethsl
dose (1. D.so) for the rat is 3 to 5 gm. pu
kilogram of body weight.* Morrison ** give.
the lethal dose of sodium monochloroacetate
for the mouse as 165 mg. per kilogram
body weight. Bardodéj, Krivucova. and
Pokorny,{ experimenting on dogs, arrived
similar relative values.

The potential capacity of the organia,
for changing trichloroethylene into trichloru
acetic acid seems, therefore, of advantage .
the host.

Precise hiochemical methods for the evaly
ation of the systemic effects of trichloroeth, .
ene exposure are still lacking. We prefer 1.
maintain systematic atmospheric controls
our industrial plants and to use preventiv
measures rather than to spend time develo,
ing new methods of laboratory research. A
case of chronic intoxication which mih
occur is entrusted to the care of the nw,
rologists.

PART 11
Several of the biological effects of trichl.

roethvlene were discussed in the first part .
this commuunication. With some of the vul,

* Bardodéj, Z.; Krivucova, M., and Pokorny, I
An Attempt to Find a Biochemical Explanation ..
Intolerance to Alcohol in Trichloraethylene Intos.
cation, Prac. 1ék. 7:263.267, 1955,

+ Bardodéj, Z.; Krivucova, M., and Pokorny, |-
Unpublizhed data.
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tle organic solvents, acute intoxication is
tharacterized by two pathological stages:
(1} the direct effect of the noxious element
gpon nerve tissue (marcosis) and (2} the
lect of changes the substance undergoes in
the body, accompanied often by liver, kidney,
md blood-production damage. With trichlo-
methylene the first stage is the most striking,
mmely, the lipid solvent effect upon nervous
nsue.  Death iollowing trichloroethylene
Wl nhalation has often been described, the
g mmediate cause of death being respiratory
pilure or primary cardiac failure. In acute
ntoxication psychically abnormal response is
dserved. In psychopathic persons with hys-
eric inclination, the acute trichloroethylene
moxication provokes hysterical reactions.
{pon recovery only some residual signs of
famage to the pyramidal svstem remain. We
iad 2 patient who attempted suicide by tri-
dleroethylene inhalation: she suffered cen-
ral hemiparesis, which subsided within sev-
ral days, and after six weeks only a stronger
icipital reflex was to be observed.*

erhaps owing?
roduct whichig

these othest

wm of salt ¥
-¢; the lethals
to 5 gm. peg
rigon ¥ giveé“
wchioroacetates
- kilogram
ivucova, andg
gs, arrived atg@ In chronic industrial intoxication the effect
pon the nervous system is the most impor-
ant. Borhély #® describes the incipient stage
chrenie trichloroethylene intoxication as a
foxic encephalosis, a severer stage as an
‘ga.nic“psychic svndrome, and the severest
# tuxic Korsakoff psychosis, Next to the

unage to the brain cortex, other systems

‘he organisn

We prefer tg8uy be affected—the vegetative, pvramidal,
¢ controls d extrapyramidal motor systems, the

se preventivilbrelellar vestibular system, and the periph-
‘tme devel al nervous system, Diffuse toxic degenera-
esearch. A n of nerve tissue and even patch-like
which mighf:noeq resulting from small vessel spasm

of the neut . heen suggested.

Amonyg cardiovascular changes, vasomotor
ianges of central origin were often reported,
1s of “"Chl' pecially a low blood pressure. The heart
 first part of,. e damaged by changes in the muscle
 of the vnl‘ pd conduction disturbances. Several cases
4 Pokorn. F.‘i angina pectoris have been reported.

Fxplanation offf Desides the narcotic effect, a local irrita-
thylene InoORYR, j1ay he observed of conjunctivae and the
. dlpiratory tract through the influence of tri-
d Pokorny, .I()methylene vapors; in massive intoxica-
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tion the result may be lung edema. In sev-
eral cases the lung edema may have been
due to phosgene evolving upon contact of
trichloroethylene with hot objects, but we
observed lung edema in a person who inhaled
only pure trichloroethylene.

Liquid trichloroethylene leaves burn-like
marks on the skin.

We think it useless to discuss the contro-
versial opinions about liver and blood dam-
age, as well as the selective effect of trichlo-
roethylene upon the trigeminal nerve, found
scattered in the literature ; we never observed
any of these and consider them isolated,
accidental, and interesting rather than typi-
cal. Interesting observations, with copious
references, were published recently in the
A. M. 4. Archives of Industrial Hygiene
and Occupational Medicine by McBirney 8
and by Kleinfeld and Tabershaw.

Our object has been (a) to ascertain to
what degree the clinical picture of chronic
trichloroethylene intoxication is dependent
upon the concentrations found in the working
atmosphere; (b) to evaluate the Fujiwara
reaction for trichloroacetic acid in urine and
its relation to the degree of damage; (c¢) to
follow the course of the intoxicstion parallel
with individual exposure intervals, and (d)
to find out to what degree the injury after
chronic exposure might be reversible. To
this purpose we examined 75 persons en-
gaged in work with trichloroethylene, their
exposures varying from half a year up to
25 years; they were employed in different
plants in our district.} Of these 75 persons,
12 worked in dry-cleaning establishments,
and 55 were esgaged in degreasing metal
parts., The atmospheric concentration of tri-
chloroethylene in these plants varied between
0.028 and 34 mg. of trichloroethylene per
liter of air. We also followed clinically the
health of eight persons who were disabled
and out of work for some time,

In analyzing the clinical picture of employ-
ees working with trichloroethylene, we took
special notice, first, of the prenarcotic stage,
whose intensity is dependent upon the tri-

1 References 12 and 28,

3

i

=

B P ««,ﬁng;g:i)g




4 M. A

chloroethylene concentration in the air, and,
second, of the specific toxic effects resulting
from exposures of longer duration.

The prenarcotic” svmptoms oftenest en-
countered were headache, sleepiness, a drunk-
en feeling, nausea, and tinnitus. Signs of
local irritation were cough and lacrimation.
At first trichloroethylene acts euphorically,
with work being done in a convivial spirt
accompanied by song.

Later, signs and symptoms of longer dura-
tion were seen and varied with the amount
of trichloroethylene absorbed—evidence of
damage to the vegetative nervous function
of certain organs; some of these signs and
symptoms persisted after quitting. They con-
sisted of intolerance to heat and sunlight, hot
flushes, perspiration. exaggerated heart beat,
respiratory difficulties, reddening of the skin
after mechanical or heat insults, intolerance
to aleohol, and a strongly positive direct der-
mographism. Respiratory difficulties and
palpitations after imbibing alcoholic drinks,
coldl hands, and direct dermographism were
the commonest signs and symptoms. Lxam-
manion of the histamine blood level revealed
no abnormalities even after alcohol adminis-
tration.}?

Vegetative disturbances after alcohol in-

gestion are most likely due to changes in

alcehol metabolism.®® But as we found the.

intolerance toward alcohol dependent not
only upon the atmospheric concentration of
trichloroethylene but also upon the duration
of work, and as it persists after quitting the,
job, we helieve the mechanism of this dis-
turbance to be more complex, entailing per-
haps damage to the diencephalon.

In addition to damage to the vegetative
narvous system, signs and symptoms of dam-
age to the rest of the central nervous system
are evident—headache, irritability, emotional
lability, loss of psychic control, increased
uneasiness, easy fatigability hoth mental and
phvsical, loss of sleep, fine quick tremor and
stronger intention tremor, giddiness, shun-
ning of society, loss of former interests, per-
sonality changes, emotional distress with
weeping, apathy, depression, loss of memory,
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and anxiety states, We shall refer to these
as the neurasthenic syndrome of exogenou.
origin and degree.

Some of these signs and symptoms were
present in some persons before their expon.
ure to trichloroethylene; these persons sui-
fered the ensuing damage more readily and
to a higher degree than persons who were
healthy and emotionally stable beforehand.
Increased drowsiness was noted in all pa-
tients: some fell asleep upon return from
work and slept through the whole night. Di..
continuance of work, even for one day, caused
loss of sleep. Several employees interrupted
their leave to get some trichloroethylenc,
without which they were unable to sleep
at all,

The history of almost 50% of the employ-
ees absent for an average of one year revealud
drug addiction. This fact was verified upon
tinding trichloroacetic acid in their urine.

Neuropsychic balance was examined hy g
test for active optical attention according ty
Chalupa *; the influence of trichloroethylene
showed itself by oscillations of the attention,
which were different from those of normal
persons,

Close attention was paid to decreased .
tency, a very common complaint. To deter.
mine whether the gonads were damaged
primarily or whether the central nervou.
system was involved, serial neutral 17-keto-
steroid determinations were made. but the
decreased values found were not statisticall,
significant. The decreased potency may he
attributed to damage to the central nervouy,
system, although increased sleepiness nuy
play a part. A rather large percentage of the
women suffered disturbances of the menstrual
cycle.

In examining the peripheral nervous sys.
tem, we found very often perineuritis, espe-
cially in the brachial plexus and in the firg
division of the fifth cranial nerve. Optical
nerves were unchanged, but damage to the
function of eye muscles was encountered in
two patients.

Damage to the pyramidal and extrapyram.
idal systems was very slight; we saw fleet-
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8 ng pyramidal symptoms in persons who gave
3 history of acute trichloroethylene intoxica-
gon. Increased axial reflexes were found in
rveral persons hut mostly m those above
45 vears of age, where the possibility of
B.rtoziosclerotic damage to the basal ganglia
B ould not be ruled out.

The above-mentioned neutral 17-ketoster-
wd determinations served also to insure the
woduction of adrenal N-corticoids as nor-
fnal. The Thorn test was done on all
ptients after administration of 0.3 mg. of
wpinephrine ( Adrenalin). Pathological find-
Jings, ¢. g.. a decrease of peripheral eosino-
siles not reaching 50%, were noted in 16%
of the persons examined. Foliowing corti-
otropin (25 mg.) administration, a normal
msinophile level was observed in all persons.
jince we regard the Thorn test after the
dministration of epinephrine significant for
te function of the system—brain cortex-
ypothalamus-hvpophysis-adrenal cortex, ab-
wtmal results noted here must be due to
famage (0 either the brain cortex or the
hrpothalamus. Results of the Thorn test after
ipinephrine adniinistration were abnormal in
fre vut of nine persons disabled because of

ronic trichloroethylene intoxication. But
the number of pathological results—16%—
was, on the whole, small,

Vyskodil found considerably more abnot-

Sl results—59%—in persons working in an

Jinosphere contaminated with carbon mon-
wide after examination by the Thorn test
olowing administration of epinephrine,
ese results were 26% in the case of per-
ons working in hot surroundings and 129%
silicotics.§

The examination of other organs revealed
polvevthemia. in which the erythrocyte
ount was above 5,250,000 in 10% of the
mtients. This may be explained by a com-
wrsatory response of the organism to anoxia
ather than to toxic irritation of the bone
arrow. fiowever, the hemoglobin, hema-
werit, and ervthrocvte volume and color

l § Refersnces 29 and 30; Vyskodil, J.: Endocrine
@rcterz i Acute and Chronic Carbon Monoxide
moexication, Sborn, 16k, §8:41-52, 1956,

concentration in all these cases were normal.
Leucocyte and differential counts were nor-
mal in every instance,

Current clinical and laboratory tests for
the function of the liver, kidney, and gastro-
intestinal tract failed to reveal any abnormali-
ties (MacLegal thymol turbidity test, Welt-
mann and Takata-Ara test). But we found
that persous with preexisting liver disturb-
ances were very susceptible to the effects of
trichloroethylene and developed various
symptoms of intoxication, because of which
they had to discontinue work with trichloro-
ethylene. Bardodéj and Krivucova || found
positive urorosein reaction in the urine of
50% of all employees working with trichloro-
cthylene. The glutathione level was within
normal limits,

The examination of the cardiovascular
system revealed, besides the vasomotor
changes already rmentioned, bradycardia
(below 60 beats per minute) in 26 patients,
especially those with longer working history.
This may be due to increase of the vagus
tone. The same cause may underlie the ori-
gin of observed supraventricular extrasys-
tole. Among persons working with trichloro-
ethylene for a longer time, we found
conduction disturbances; in two instances
it was the left Tawara branch block, in one
a 3:2 Wenckenbach period and shortening
of the PQ and WPW, Heart muscle dis-
turbances were found by electrocardiograph
examination in three persons. '

Very common were complaints of bronchial
catarrh and conjunctivitis and of pains in
the joints and muscles, receding after a
considerable absence from exposure,

Direct correlation of any of these signs
and symptoms and trichloroethylene exposure
was found only in the prenarcotic signs and
symptoms which occurred to a greater degree
at higher concentrations (Table 2).

Correlation with duration of exposure gave
statistically significant results (P<0.01),

A Bardodéj, Z., and Krivucovs, M.: TFrichloro-
ethylene Hazard in Prague Dry-Cleaning Establish-
ments, Cs. hyg. epid. mikeab. immun. 4:90-94, 1953.
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with signs and symptoms of mote permanent
character-—intolerance to alcohol, shivers,
giddiness, neurasthenic syndrome with anxi-
ety states, bradvcardia, and conduction dis-
turbance in the heart muscle (Table 3). A
strikingly severe syndrome was found in
eight persons, appearing in one of them after
2 J-vear exposure and in the rest after an
exposure of more than 10 years,

About one year after a patient quits work
b with trichloroethylene, the symptoms of
vasomotor  disturbance, bradvcardia, and
conjunctivitis tend to disappear, while bron-
chitis and disturbances of the central nervous
svstem and heart muscle conduction continue.
| As to the dependence of the amount of
k excreted trichloroacetic acid upon the degree
of injury to the patient, we were unable to
find anything definitive. The amount of
trichloroacetic acid in the urine only shows
the degree of exposure to trichloroethylene
vapors within a short time before the exam-
mation, and even this relation varies in the
same person.

In permanently disabled persons, with the
exception of drug addicts, we found almost
no trichloroacetic acid in the urine, while
sgns  of intoxication were undoubtedly
present.

& The sults of our investigation show the
Wl allowed trichloroethylene concentration to be
100 hivh, as upon that threshold trichloro-
ethylenc acts toxically. We should advocate
wtting the MAC at 0.2 mg. per liter. Only
in workshops with trichloroethylene concen-
tration arcund 0.05 mg. per liter were em-
ployees {ree of the more serious symptoms.

PART 11

/@ The prevention of trichloroethylene intoxi-
@ ation lies with the engineer and depends
largely upon the discipline of the employees,
Hermetic sealing of the apparatus and cave-
g il manipulation can prevent the escape of
B richiorosthylene vapors, Trichloroethylene

prov has mzny excellent properties which make its
0%

wse i industry desirable, but one must never
B iorget that it is a powerful anesthetic.
Persons working with trichloroethylene
hould take care not to come into direct

BROBLEM OF TRICHLOROETHYLENE IN OCTUPATIONAL MEDICINE

contact with it (m the liquid form) and
should observe hygienic rules, especially in
cleaning the apparatus and in opening it, as
these points are the source of most acute
accidents.

The protective influence of outdoor activi-
ties was found to be statistically significant
(P<001). Sportsmen used to exercise in
the open air suffered less damage to their
health, as they were able more effectively
to get rid of the noxious vapors by exhalation
and to aid their elimination by oxidation. A
similar protective influence was found in
protein-rich food, which proved to be of
statistical significance (P <0.01).1*

In seriously affected persons the admin-
istration of vitamins of the B group (thia-
mine, lactoflavin, nicotinamide) and of as-
corbic acid was found helpful.

Work with trichloroethylene is unsuitable
for persons with any neurologic or cardiac
abnormalities, persons psychically unstable,
those suffering from hypotension, bronchitis,
or undernourishment, alcoholics, pregnant
women, and women with menstrual irregu-
larities.

SUMMARY

When proper hygienic rules are observed,
trichloroethylene appears less dangerous than
other solvents, '

Trichloroethylene is above all a nerve
poison, The most important signs and symp-
toms of chronic intoxication are intolerance
to alcohol, tremors, giddiness, neurasthenic
syndrome with anxiety states, bradycardia,
and conduction disturbances in the heart
muscle.

We think the highest allowable trichloro-
ethylene concentration in the air (0.4 mg. per
liter for Czechoslovakia, 100 or 200 ppm for
U. S. A.) too liberal and advocate a lower-
ing to 0.2 mg. per liter in Czechoslovakia,
better still to 0.05 mg. per liter.

We think that the finding of 160 mg. of
trichloroacetic acid in a liter of urine indicates
that the MAC has been exceeded, and that
even lower values do not exclude that
possibility.

The employees should take care to get
sufficient exercise in the open air, as this

L19




aids exhalation of the noxious vapor and
supports oxidation. The. administration of
vitamins of the B group and of ascorbic acid
has proved useful. Food rich in proteins
helps persons threatened with intoxication.

Obtanska 127. Brno 14 (Dr. Vyskodil).
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