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A study of controlled human expo-ures to 1,1, I-trichloroethane vapor has reveaded
a prolonged exponential “deeny curve” when the coneentration n the postexposure
expired air is plotted aganst hours after exposure, Thi- mea-urement wa~ predietable
enongh to allow a reasonable estimation of the magmtude of exposure. Chenueant,
phy=olomeal, and elimeal liboratory stidier were earned ot and cortelated with
the vapor exposures. The determnueion of urinary wrobilinogen proved to he the
most sensttive te<t of liver stress produced by markediv exeessive exposurez 10
1,1, I-trichlorocthane. Data from this study support 500 ppm ae o sahisfactory

darmshaiat Jamit forthie compound.

Introduction

HE probabality of human expo=ure to the

vapor= of 1,1, 1-trichloroethane 1= merensing
rapidly as thi= eompound gain~ popularity as 2
golvent in cold degreasmg applicanions” Beeause
of 1tz low toxieity, 1t~ w=e a= a =olvent m reveral
other appheations, e.g., agricultural chemieals,
hair spravs, and dey eleaning, i~ alro being m-
vestignted, Thus, the physienn, the industral
hymienist, and the toxicologist will he ealled
upon to evaluate aente and ehironie exposures to
1,1, 1-trichiorocthane vapor in an mereasingly
Lirge segment of the population.

A mmor obstacle which has prevented ae-
curate evalnation of the significance of exposures
to 1,1, 1-trieliloroethane vapor haz been the lack
of a praetical method 1o identify and measnre
the concemranon of the componnd ui the blood
or expired air of the exposed mdividnal, This
ha= prevented o eorrelation of the blood or ex-
pired air econeentration with the masnitude of
exposure. A second obstacle has heen the laek
of o reliable means of determining the magnnude
of an accrdental expo=ure alter 11 has oecurred,
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It 1~ the porpose ol thi= paper 10 report a
sertes of speute homan exposures 1o 1,1, 1-tri-
chloroacthane vapor in whieh these obstaeles were
stdicd. Volnmeets were evposed m oo ehamber
m whieh the coneentration of 1,1, 1-trichloro-
ethime vapor wax controllad by sinmltancons
atinospherie anayv-es<. Coneentration of  the
ehemieal m the blood was determined by infrared
speetromettie methods leseribed previonsly?
while postexposnre exprred i coneentration wis
determmed diveetly throueh the wse of an in-
fruved  ~peetrameter emplnvng o long path-
length gas cell. Blood and expired air coneen-
tration< were then eorvelated with the magmiude
of the exposnre and with the physiologienl ef-
feet= of the I, 1, T-triehloroethane,

Experimental Procedure

A series of tiped human exposures 10 known
coneentrations of 1,1, 1-trichlorocthane vapor
was condueted The firt<t {wo exposures to he de-
sertbod, Fxperiments 1 oand 2, were o atmos-
pherie coteentration= of 500 pp. During the
nent ozposure, which was 1o auno=pherie
coneemtration approaching 1000 ppm, =ubjeets
were removed trom the exposare ehumber at
three time-mtervals These gronp~ will he dis-
ens=ed as Eaperiments 304 and 5. The above
concentrations were ehosen heesse of the studie=




ott a
1-tri-
W
1
0\
neous
the
‘rared
Sly,].:
n was
in in-
path-
ymceen-
pitude
sl ef-

known
vapor
be de-
atmos-
ng the
=pheric
ubjeets
ber at
he dis-
above
studies

Industrial Hygiene Joiwrnal

of Torkelon, ef ol.” which indiented that the
atmospheric  coneentration of 1,1, 1-tnehloro-
ethane for daily exposire= of 7 1o % hours dura-
tion should not exeeed 20 ppm, and that con-
centrations approaching 1000 ppm wonlkd have
anesthetie effeets. In a final exposure, Exper-
ment 6, the atmospheric concentration was in-
creased  mapidly until avesthetie levels were
reached. Table 1 outline~ the tme and degree
of exposure for the experiments in this scries.

Material Used

The 1,1, 1-tniehloroethane (CTLOCL) used 1
this series of experiments wu= the mhibited prod-
uet, commerailly available  Chlorothene' »ol-
vent. Chlorothene solvent ha- the following
composttion: 94 to 97% 1,1, Iarichloroethane,
24 to 3.0 dioxane, 0.12 10 0.3% butanol, and
snadl amounts of ethylene  diehloride, water
and other materiads. The seuie toxieity and the
vapor pressure of Chlorothene have been shown
to be essentially identieal with these of 1,1,1-
trichloroethane® The Intier designation will gen-
erally be used thronghout thss paper sinee mira-
red analysiz speeifically identifies this chemieal
in the composition.

Ezxposure Chamber

—nyrr

An interior room, mensuring 117 X 12/ X 7
high, served as the exposure chamber. The room
had a eontinuous positive air supply. After the
subjeets were seated in the closed room, Chloro-
thene wag poured into a flat, partially covered
dish. A pedestal fan was n=ed to blow air acros«
the dish and eirenlste the vapors thronghout the
room. As seen in Table 1, it was possible to
keep the atmospherie coneentration of the 1,1,1-
trichloroethane within the room relatively eon-
stant by regulating the exposed surface area of
the material in the dish,

Analysis of Exposure Almosphere

The atmospheric  eoneentration of 1,1,1-
trichlorocthane 1 Experiment § was determined
by absorption of known volumes of air on siliea
gel’® In the exposure to atmospheric enmeen-
trations Just over 000 ppm, three monitoring
methaod- were simultanconzly employed; two
Dow-modifieid Davix Halide Meters" a Perkin-
Elmer  Model  12C%  infrared  speetrometer
equipped with a 10-meter path-length gas cell,
and a Draeger Gas Deteetor It At the lowest
level of exposure, 500 ppm, one Dow-maodified
Davi= alide meter was n-cd to monitor the at-
mo=phere m Experiment 20 while in Experiment
1 hoth the Habde Meter and the infrared spee-
trometer were nsed,
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With the exeeptum of the Draegar Deteetor
it which was usedin the chansher, e from the
chamber wa~ <ampled byt u=e of probes of
saran tubing sn=pended 1o head height at the
center of the room. These probes were passed
under the door to the contimnons montoring
deviees ontside. The Halide Meter and the -
frared speetrometer were compled to recorders
which provided a continnous recond of the con-
centration,  These machine~  woere  ealibrated
again=t  known  econcentrations of 1.1,1-tn-
chlovoethome, At the lueher concentration of
1,1, I-tmehloroethane, the bine alass filter of the
Hahde Meter regquired frequent eleaning, there-
fore 1wo meter~ wore need, A~ seen in Table T,
Experiment 3, the data obiained from eaeh of
the three menitoring fechniques  showed  re-
markably elo<e acreement. The time-weighted
average from each methad was therefore used,
when more than one monitoring device was

.
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wed, to ecaleulate an overall average for the
respective experiment.

Subjects

Healthy male volunteer- from The Dow
Chemieal Company, ranging in age from 30 to
60 vears were selected for the exposure studics,
Each subjeet had received a complete pre-
employment histary and physieal examination,
chiest x-ray and, in some cases, lumbar spine x-
ray, complete blood count (C.B.C, urinalysis,
and orthorator cve examination. Each subject
had then been followed by the Medieal Depart-
ment with periodie history and physical examina-
tiong, whiel ineluded ehest x-ray, C.B.C., urinal-
vsix, orthorater cheek, aml, m recent years, timed
vital capaeity and audiometric  exammation.
Ouly onc “subject had an abnormal physieal
finding. The 60-vear old male had o hver
palpable 4 em below the right eostal margin, but
there was no history of liver disease, and liver
function tests were witlin the normal range.

Several of the same zubjoets participated in
all of these exposures. No stthjeet participated
in any exposure who had had a known es-
posure to any ehlorinated hydrocarbon within
the previous six days.

Precxposure and Postex posure Data

Immediately before each exposure the fol-
lowing eclinical data and laboratory samples were
obtained from ecach subject: bloud pressure,
expirogram (timed vital eapacity), serum for
glutamic  oxaloacetic  transuminase  (2GO-T)
and urine for wyrinary urebilinogen. Preexposure
hlood, urine and expired mr samples were
analyzed for 1,1,1-trichloroethane for eontrol
purposes, A complete urinalysie was obtained
both before and after several of the exposures
A 15-minute phenolsulfonphthalcin (PS.P) de-
termination was done before and after Experi-
ment 2, Table IT hist= the pre- and postexpo-ure
data abtained,

During the exposures serial urine and bloml
samples were obtaied for analysie of 1,1,1-
trichloroethane. Subjeetive responses were noteddl.
Rombere and heel-to-toe tests were performed
at B-mmute intervals by those in Ixperitnents
1,9, 4 and 5.

Following the oxposures, serigl samples  of
hlood, urine, mnd expired air were analvzed for
1,1, 1-trichloroethane.  Preexposure  Iahoratory
tests were tepented st approprinte  intervals
(=ce Table IT). Expirograms and hlood pressures
were obtained within 4 te 10 minutes following
the exposure= in which these were ~tndied.
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Analysis of Blood, Urine, and Expoed Air for
1.1 1-Trichlorocthane

Venous blood wi~ obtmned throngh an in-
dwelbng  sitheonized  20-mauge needle equipped
with a slicomzed syvlet Two mi of blood were
mdded to o 4-md almmmnm-enpped, glass Vil
containing 2 ml of earhon hizullide and one drop
of 0839 heparm solnnon, The =mple wae
gently agitated by ond-over-end inversion for
5 minutes. The solvent wu~ withdrawn amd
analyzed for 1,1, 1-trichlorocthane in a double
heam mfrared <peetrometer,” * This method for
deterinining  organie  compotinds in bwlogieal
flnids has been deseribed previonsiv in detail™?
YVoilded urine =unples were analvzed m oo smalar
manner. The minimal amoint of the componnd
deteetable in blood and nrine by this solvent
extraction teehnigne was 1 ppm with and ac-
euraey of =1 ppni.

Expired air samples were colleeted in sax-liter
volume saran bags. The hagaed air wus allowed
to flow into the evaeunted ten-neter path-length
gas cell, and was sennmed on the appropriante
=peetrometer. The absorbanee at 9.2p0 wis meas-
ured 1o determine the coneeniration of 1,1,1-
trichioroethane, The minimal amount o the
compotnd deteetable i expired air was 05 ppn
with an aeearaey of 201 ppn,

Results

Frperiment 1,300 ppm . TN it es

Sixosubieets were exposed 1o 101 T-riehloro-
ethane at 300 ppme (the Threshold Lt 1ecom-
mended by the American Conferenee of Govern-
mental Industrial Hyoenist=} for 78 minutes,
From g subjeetive standpoint, no  signiliennt
untoward effeet~ were noted. Three of siv ~sub-
jeet< noted aslight eve irritation which rapudiy
diappearadl. There was no dizziness noted:
balanee amd ecoordination were unaffected. Pre-
and postexposure elimeal Eiboratory data, Jisted
previously, were nornal with the exeeption of
subjeet 5 who exhibited o trace of albumim and
36 red Dlood ecll= per high power field (RBC/
ITPFY in the 20-honr postexposure urine. The
relation<hip of 1thiz obwervation 1o the exposure
Was questionable

Analvsis of =erial Hlood samples obioned dar-
ing the exposite revended that the avernee
coneentrations of 1,1, 1-inehloroethune m the
Blood at 30, 60 and 75 minutes after the start
of the exposure were all hetsween 3 and 4 ppm,
with o range of 15 to 6.5 ppm. Tweniv-five min-
utes after ee=<ation of exposure, the compouml
wis just deteetable 1 the blood of 4 of the 6
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subjectz. Urine samples taken during exposore
mdicated that ~ome ~ample~ pos-ibly contuine]
up to 2 pym 1,1 I-tnieblorocthane, while none
was detected e oone sample. The <ample- ol
tained 15 minmtes after exposure reveaded the
presenee of a traee amount of 1,1, I-trehiloro-
ethane in 2 of the 6 samples, while none was de-
teeted in the other four.

The expired mr concentrations of 1,1, 1-tri-
chloroethane, plotted versuz time obtained fol-
lowing the expustiie, are graphed on log-log
paper in Fignre 1. A free-hand eurve was drawn
throngh pmnts representing the avernge expired
air eoneentrations=. Faeh point, with it mua-
mume and nininnun, represents the avernge of
all of the available samples at that given time
postexpo=ure. The number of samples was never
less than 4, and was wanaly 6. Points plotied
without maximum and minimum designations
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represent mdivulnal sonples Copeentrations ut
24 hiours pastexposare were pear the lower limit
of ~ensitivits, 0.5 ppan,

Lrperinent 204596 ppm, 186 ol e

Sixosubpeers were exposod 1o the Threshold
Limit recommended for 1,1, 1-resehlorocthane
for approximately 3 hours (156 nnates) . From
asuhjeetive standpoint, no untoward effeets were
noted  Nao eve drritation or dizainess ocenrred.
Balanee and coordination woere wunaffeeted. Pre-
aud postexposure elintead data, listed in Table
H, were normal,

Analvsez Tor b -trichlorocthane in the
Dlood aned weme during and following exposure
were inaeenrate beese the samples were proe-
exscdd in the expo=ure chamber, allowing contami-
nation of the earbon disulfide used for extrae-
tion. In all other experbments, transfer of the
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HOURS AFTER EXPOSURE

Trover 1. 1.1,1-Trchlorocthane Expired Air Coneentfration, Hinnans were exposed o
atmospheric concentrations of 500 ppm for ¥8 nunutex (Fap, 1) and 196 ppm for 186 minutes

(Exp.2).

extractant was done outside the exposure
chamber.

The average coneentrations of 1,1, 1-tnichloro-
ethane in the expired air following cxposure
are also plotted W graph fonu in Figure 1.
Due to leakage ftom nnscaled bags, many sam-
ples did not conrain =utficient air for analy-is
after holding overmeht, Therefore there were
onlv three times at which five or more samples
obtumed sultancously eould be analyzed. The
averages of these are designated with a maxi-
mum and minmum. Individual values are de-
noted without a2 maximmm and minimum, A
frec-hand enrve waz drwn between the pointe
representing average vahues.

Experiments 3, 4 awnd 5: 900 to 935 ppm for 73,
35 and 20 minutes

Three =subyeers were exposeid to 955 ppm of

1.1, I-trichlorocthane vapor for 73 minutes, two

subject= to Y10 ppim for 35 mimtes and three
subjects to 900 ppan for 20 minutes The sub-
jeetive and physiolozieal responses are recorded
m Table THEL Within three mimntes following the
concluston of the exposures no subject experi-
enced sy ditlienlty in performing & normal
Romberg test, No diffienbty in performing gimple
mentad ealenlations was esperienesd, nother were
there any untoward clieets sueh as malaize,
hemdbaehe, or nansea noted following these ex-
posLTEeS,

The concentration: of 1,1, 1-trichlarocthane
in the blomd during the exposure to 955 ppi for
T e~ were as follows: T ppm st 15 mmntes,
Q- ppmoat 30 minntes, and 7-10 ppm at 65
mimfe- afver the ~ta1e of the exposute. None of
ihe chemiesl eould he deteeted in the blood sam-
ples faken 30 minntes after the end of the ex-
posure, In the aronps exposeil 1o 010 ppm and
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0 ppm, i which exposires were of shorter
duration, a smilar rise in bleod coneentration
was noted while the subjects were in the ex-
posure chamber, The concentration of 1,1,1-
trichlorocthane in the urme at 43 minutes after
the start of the exposure was 1-2 ppm in Faperi-
ment 3. Samples obtaimed seven minutes follow-
ing exposure did not contain the componnd in
deteetable amount=, In the <horter experiments
the compound waz not deteeted in the urme
cither during the exposure 1o postexposure.

Pre- and  postexposure  ehmeal  laboritory
data obtained from the three gronps are listed
in Tuble 11. One subjecet who had a 20-minute
CXPoSUre to an average coneentration of Q00 ppim
had - elevated nrinary urobihimogen 7 day s
after exposure. The remamnder of the elinieal
laboratory data was normal, There nl=o wa< no
elinge in the thned vital eapacity ot blood pres-
sure valies,

Average  coneentrations of 1,1, 1-trichloro-
ethane m the expired air following these ex-
pozure= are plotted versus hours after exposure
in Figure 2. Fach point with ite maxinsan d
minmum, plotted for Experiments 4 and 5
represents the averaze of 3 values. The upper
two points of those plotted for Expernent 4
each represent the average of 2 values and the
others a single value.

Exrperiment G. 11 to 26530 ppm, 15 minutes
]

Seven subjeets were expozed to a constantly
inereasmg atmospheric concentration of 1,1,1-
trichloroethane. When two of the ~ubject~ no
longer were able to ~tund, the experiment was
halted. This oveurred a1 n peak vapor coneen-
tration of 2650 ppm. The total time of exposure
was 15 minutes.

The subjective and  physiologienl  responses
observed during thi= expos=ure are recorded in
Table IV, Within the first five minute mterval
following the exposure all subjeets had fully
regained their sense of equilibrmm. No naisea
or vowmiting occurred. 11 recuired marked econ-
centration during the first fifteen minutes fol-
lowmmg exposure to perform =nmple mental eal-
eulatons aceurately The five subjeets who hid
beeome  lishthended  =tated  that they didn't
“feel normal™ unnl approximately three hours
following the exposure. They defimed this al-
normal fechng a< “malaie”

The concentration of 1,1, latriehlorocthane in
the Blood 9 mmntes following exposure wis 5 =
Eoppm, while 20 minntes following exposure the
componnd was gnestionably deteetable m Dhlood
(0 5=1 ppt. Urine, eolleered 13 minntes follow-
mg  expo-ure, Jdid ot eontin measurable
amounts of 1,1, 1-tnehlorocthane,

gL 036807

Tastre 11
subjective amd Phy<iological Responses to
1,1, Trichloroethane Vapor Coneententions
of H00 to 100 ppm

Aserapge " .
. eaprtises {0 foapeosure
Concentiaion patises 4o Eag

BHE pysn for 200 Posione Bombeetg a1 osabgeer, Grenitet of -

Hnules Vo et eqpted 1o petfonm o uweormsl Rame-
(3 subjoeets) ! Lt i 2 subgects after 10 nnnutes of ey-
(Lap & posnite Heel toctoe walking novmal, Two
anbjects evpenieneed hehthendedness

ahove W1 ppim

O ppme S 350 Chenter mentad eoflon sequned taperfnm o
mintes notmnl Romberg test adter 30 ninates of
(2 wubjerts Cevposune A Tl ty e walking pet-
(e, forimed woell, (e subyedt pvpenenesd
persiatent hehthendedness ghove 900 ppo,

W51 g for 7 Corentter mental efort reginred ta perform o
IS norimad Bombetg te<t afier 10 minutes of
{3 aubjretsy evpsre Alter 15 minutes of enpewore one
(lap, ) sulyect hnd ecomsstently potine Rom-
berg 1leel to-toe walking performed woell
by all dunmg exposare, N hghthendedness
t
ALl eye aeritation wies noted by all subigeets when sapor
coneentrations fose alove 100 ppm,

Pre- amd postexposure elinieal laboratory data
are hstedin Table . Two Inboratory findings
of gque<tionable significanee were noted following
the exposure, Fwo wibjeets had positive urinary
uroblinogen 1:640, noted to he present seven
hours postexposure A repeat nl'nl)lhnugz('n test
twenty hours postexposure was negative for all
subjeet= Five =ubject~ were noted to hnve from
Lo 2 HBC TIPE on o eentrifuged arine sample,
obtiined ~ixty minutes  postexposure, wherens
no red blood eells had been deteered prior 1o
exposure It i~ 1o e rememibered that dioxane
(the mbibitory e ~nflicient coneentration i= i
remil toxm No change oceurred in the tomed
vital eapaeinies or blood pressure megsurements,

The menn and 1the range of the expired air
coneenirntions of 1,1, I-tnchloroethane follow-
mg exposure pre graphed on Jog-log paper in Fig-
ure 3.

Discussion

Tt was noted after the first expomree to 1,1, 1-
trichlorocthane at i< Thie<hold Lt that this
compoutl was deteetable e the expived niv jor
nimy howrs after exposure. Fram  the work
of Take, ef o 0 wos known that the it oex-
pires inchanged almost all ol an mteaperirones]
dose of 1,1, T-ttichlorocthane-C" "Therefore it
wis ot surprisime that the compomnd eonld he
deteeted in Jnmza oxpered e wfver an exposite,
However, it wis not predietabile that it would he
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o 955 ppm, 73 min.{(Exp. 3)

@ 90 ppm, 35 min.(Exp. 4)

* 900 ppm, 20 min. {Exp. 5)

3

2

L1,I=TRICHLORQETHANE
CONCENTRATION,PPM

.7

5

5 7 t

2 3 5 7 10 20 30 40

HOURS AFTER EXPOSURE

Ficrre 2. 1,1.1-Trchloroethane Expired A Concentration, Humans were esposed 1o
atmospherie concentrations of 955 ppm for 73 mumutes (Eap. 3), 910 ppm for 35 minutes

(Exp. 4), and 900 ppm for 20 mmutes (Exp. 5).

deteeted more than 20 hours after an exposure
to approximately 500 ppm, the -recommended
Threshold Limit. When this long expiration tine
wag found, it suggested that the measurement of
the eompound in the postexposure expired air
might be helpful in estimating the magnitude of
the exposure.

It was found that the most sigmificant manner
in which the econcentration of 1,1,1-trichloro-
ethane in the expired air coubd he compared to
the time after exposure (deeay eurve) was hy
plotting these points on log-log araph puper.
From the plot of these points in Figure 1, 3 ean
be =een that the decay eurve is almost 2 strught
Iine and it ean therefore he coneluded that the
expiration of 1,1, 1-tnehlorocthane has an in-
verse exponential relationship to time after ex-
po=ure. Figure 1 also demonstrates another mm-
portant point. From s comparizon of the two

decay curves after 78- and  186-minute ox-
posnres to 500 ppm, it can be seen that the dura-
tion of exposure has a direet bearing on the con-
centration  of 1,1, 1-tnichioroethane  in  the
expired air, especially during the early hours
after exposure,

It was of interest to further determine
the effeet of the length of exposure on the
expired air deeay enrve. Figure 2, in which the
deeay enrves for 20-, 35-, and T3-minute ex-
poures to 1,1, 1-trichloroethane coneentrations
of just over 900 ppm are plotted, shows that
thongh the two enrves from the 20« and 35-
minute  exposures  econtain considerable  over-
Iap, the T3-minute exposure gives 4 muel higher
curye. This wonld af~o indieate that the deeay
erpves are sensttive 1o length of exposure dif-
ferentinds at higher exposure coneentrations.

Figure 4 ddemon-trates the effect of expostire

SL 036808
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TasLe IV

Subjective and Physiological Responses 1o 2
Constantly Increasing 1,1,1-Trichloroethane
Vapor Concentration Over a Period of Fifteen

Minutes

Concenlration
(ppm)

Responses to Exposure

0-1000

1000-1100

1900-2000

2600

2650

Increasing nwareness of o shghtly sweet, not
wnplensant odor,

Mild eyearnitntion noted 1n 6 of 7 subjects.

6 of 7 subjreta aware of thront irmtation,

1 subject very hightheaded,

2 aubjeets unnble 1o atamd. 3 subjects very
hghthended, but uble to stand, 2 sulyeets
were not hghtheaded, nnd one of these was

uble to demonstrate a nonnal Romberg
Toat,

100 BV 0 1 Pt i) B S W 0 5 SRR SO S

coneentrafion ll]\(ﬂl l]lt' |l(‘('.‘0\' CHEINV \\'h(‘ll “]C
tme of exposnre i< held constant, Points from
Lxperment= 1 and 3 are plotted for compnri-
son. 1t ean be seen that for the first 2 to 3 hours
alter exposire there was no overlapping of points
from the exposures 1o 500 and 935 ppm of equal
duration. More than 4 hours after exposure,
there was gome overlapping of pomnts, with the
probahility beeoming greater as tune after ex-
posure inerensed, From this limed data, it
appears that wovalid conelusion as to the atmos-
pherie exposure concentration of 1,1, 1-trichloro-
cthane ean be drawn from the deeay eurve after
an expostire if the duration of exposure is known.
My more experiment= of differing duration and
cancentrations wonld have to be earried out in
order to determine o fanly of ecurves, However,
from the data in thi paper, one could conelude
with rensonable accuracy whether a person
had been exposed to 500 or 900 ppm, if the dura-

1380 ppm, 15 min (Exp 6)

s RERES v W A

70
50 #

30

3

2

CONCENTRATION,

N4

5 7

2 3 5 7 10 20 30 40

HOURS AFTER EXPOSURE

Freere 3. 1,1,1-Trichlororihane xpired Air Coneentration. ITumans were exposed to a
rising coneentiation, 0 to 2630 ppm, of 1,1, l-trichlorocthane for 15 minutes (Iixp. 6).
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Frevre 4. 1.1.1-Toehlorocthane Expired Alr Coneenfration, Compatson ol exposiures of
nearly equal lepgth; 500 ppm for 78 minutes (Exp 1) and 935 ppm for 73 mmutes (Fxp. 3).

tion of exposure wa~ abont 70 minutes, It may
be possible to obtain a family of curves whieh
would be applicable to human exposures by
exposing ammals for various periods of time
to severul concentrafion~ of 1,1, 1-trichloro-
ethane. )

Inirared analysiz of the postexpo<ure expired
air for measuring 1,1, 1-trichlorocthane proved
to be an efficent method for three resszons, Fiest,
it provided an absolute, quantitative wleptitien-
tion of 1.1, 1-trichloroethane vapor, Seeond, it
wis rapid One minnte wWas reguired to obtain
the air ~ample wiile five minutes were reguired
for the analysi~ "Third, 1t was sensitive to 0.5 =
0.1 ppmoof 1,1, I-tnehloroothane i air, allow-
ing the deteetion of the compoumd many hotrs
after the exposure ocenrred

Thi~ infrared method has proven useful for the

analv-i~ of other ehlonnated hydroearbons in
the expired air, ™ ax well as for other volatile
compounds possessing ~frong shsorption in the
infrared.”

The coneentration of 1,71, I-triehlorocthane in
the blood was determined by measuring the
chinge e the mfrred <peetrom at the wave
length where thi~ ehemieal i+ known 10 have
=trong absorpnion Thoueh the resolf~ ohtpined
mdieated w0 positne relationslnp between the
coneentration of 1,1 Tatviehloroothane in the
blood nd the coneentranon e the atmosphere,
the eoneentranions - the hload were at aneh 2
fow level that the results were not of siemifieanee
for predictme expostite convenirabions, nerther
were they high enoueh 1o give an infrned spee-
trion whieh eondd positively be identified as
thar of 1,1, I-trichlorocthane, From the results
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of the exposure to near ane~thetie coucentya-
tions, it would appear that the blood of a person
overcome by 1,1, I-trichlovoethane vapor would
probably attain the 10-15 ppm concentration
neeessary for a positive identifieation of 1.1,1-
trichloroethane by it= mfrared speetrun, The re-
sult= of the urine analvies verify the experiments
of Hake, et ol ™ in which it was found that only
trace amounts of 1,1, 1-trichlorocthane are ex-
ereted in the urine. Urinary analvsis for 1,1,1-
trichloroethane by infrared was of no practical
value.

The subjective and phy=ological responses to
1,1, 1-trichloroethane vapor noted during the-e
exposures agree closely with those reported by
Torkelzon, et al® There was a rapid onset of
lightheadedne=z at atmospheric concentrations
exceeding 900 ppm. Henee, in order to have a
desirable margin of sufety for prevention of ae-
cidental injury due to hghtheadeduess, the at-
mo=pheric concentration in the working environ-
ment should not exceed 500 ppm. The eye
irritation experienced by 1,1, 1-trichloroethane
users 1 too mild to be rebed upon as a gool
warning property of exeess1ve exposure.

The laboratory data obtained indieate that
these acute exposures produced no gignificant
liver damage. The data adds support to previons
studies whieh have indieated that 1,1, 1-tni-
chlorocthane in high eoncentration aets as an
anesthetic agent and has only slight capacity 1o
cause reversible injury to liver or kidneys®H
Transient elevation of the wrmary nrobilinogen
m two subjects following the anesthetic expo-
~re snggests that 1,1, I-tnchloroethane does ex-
ert an adverse eficet npon liver function. How-
cever, none of the other liver function tests
emploved showed any change following the ex-
posures, If a subjeet 1= ehironieallyv exposed to this
compound 1t would seem advantageous to peri-
odieally choek his urinary urobilinogen eoneen-
tration for this lahoratory test has proven to he
the moxt sensitive index to liver stress prodiced
by thi= type of compound.”

Summary

A series of #ix controlled human exposures to
1.1, 1-trichlorecthane vapor was condueted, Tz
ing infrared spectrometrie method-, the presence
of the componmd in blood during the exposures
and the coneentration of the eompound in the
expired wr after the expo-ures were deterinined,
1.1.1-Triehlorocthane was obzerved o give o
prolonged exponential “deeay eurve™ when jt-
coneentration in the postexposure expired air
wis plotted versus hour- postexposure, This

sSl. 036811
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“eeay curve” was predictable enongh (o allow
a reasonable estimation of the magnitude of ex-
posire, L3 to 3 hours after the expozure had
oceurred. Therefore, the analyvsis of po~texposure
expired air allowed a positive identification of the
compound, and provided data with which the
miagnitude of the exposire nught he estimated,

Chemieal, physiologieal, and elinieal labora-
tory ztudies were enrried out and eorrelated
with the vapor exposires, The determination of
the concentration of nrinary urobilinogen proved
to be the most sensitive test of liver stress pro-
dueed by markediv exeessive exposures to 1,1, 1-
trichloroethane. The lahoratory studies and sub.
jeetive rexponses whieh were noted lead further
assurance that 00 ppim i< assatistaetory thresh-
old himit for this compound,
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