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Monitoring Exposures to Vinyl Chloride Vapor:

Breath Analysis and Continuous Air Sampling
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The Do Chemicai Company, [idland, Michigan

4 An covironmental survey was conducted to determine the time-weighted average

exposure { TWA) of a groun of chemical plant workers to vinyl chloride (VCI)
vapor, This survey feanired continuous muitipoint air sampiing and analysis using an
infrared spectrophotometer, The inhalation exposure data were digitized and record-
ed on paper tape for subsequent computer analysis and derivation of daily TWA
values for each worker. A breath sampling program was conducted concurrently
with the environmental survey, and a series of breath decay curves relating post-
exposure breath concentration to vapor exposure were derived from the data. Te
validate the breath curves derived from on-the-job data, pestexposure breath curves
were also constructed from breath data obtained following experimental human
expasures to carefully controlled concentrations of VCl vapor. The close agreement
between postexposure breath concenrrations at the cortesponding TWA's obtained
by each of the methods suggests that either continuous air monitoring or breath
analysis is valid for estimating the worker's individual daily exposure to VCl, and
provides further evidence that breath analysis is a useful industrial hygiene technique
far evaluating vapor exposure.

Introduction bv the large number and variety of tasks per-

, - . . formed by todav's modern chemical plant
THE QUESTION THAT MAY ARISE 0 = ™ - P
. " . . worker.

[ollowing an environmentwul survev is . . . .
: : " Recent improvements in automatic moni-

whether the chemical vapor concentrations : . .
. . toring and data processing equipment have

measured are truly representative of the ex- : ; .
. " ; ! provided a weans (or a more satisfactory so-

posure being experienced by the workmen. g

o . . Lo lution.  Sequential samplers and automatic
Evajuation of the ranges of atmospheric con-
. S S . analvzers and recorders can now be used
centrations and estimates of time-weighted S . .
: . i to continuously monitor several locations or
average concentration (TWA. are ail too . . . .
= - operations to provide more valid data on
often based on a few spot samples obtained . ! . .
. g : which to base estimates of chemical exposure.
llﬂd(‘l' (‘ondmons wlictl are not YCPX‘C‘SC!’H:\- -~ oy
_ . - . . Computers can be utilized to manage the
tive ot all phases of a «iven operauon. A

large volume of data gencrated by continu-
morc exact measurcment of vapor exgosure .

. : .~ ous monitoring.!
would have to be based on continuous moni- . )
. A . . Meanwhiie a technique has been under de-
toring of air in the workman's breathing

. . . . . velopment which more precisely defines the

zone durine his entite work shirt. OQbviousiv e q N
this task is made difficult and often iwnossibl level of individual exposure. The realization

is task 1 ifficult and often mupossible :

‘ that the total body burden of a volatile che:
ical is directly related to its concentration in
expired air led to the development of tech-
This paper was presented at the American  Ingusnal . . . . h
Huvetene \onference. St. Lous. Miswouri. Mav 13-17, Lwé.  niques for collecting and analyzing breat
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vidualized exposure experience of cach work-
man. Studies by Stewart et ai. =™ have shown
that the excretion or “decay” of vapor in the
breath can be used to characterize the ex-
nosure. Breath decav curves constructed for
several chemical soivents nave proved clin-
icailv useful as an index to chemical expo-
sure.

These hreath decav curves, for the most
part. were constructed from postexposure
breath dara obtained from experimental hu-
man exposures to carefuily controiled and
relatively constant vapor concentrations.
However, breath decay curves have recentlv
been constructed from breatn data coilected
from workers whose work environment was
being continuousiy monitored.’

In this studv of human exposure to vinvi
chioride {VCI' vapor, breatn decav curves
constructed from data obtaned during ex-
perimental exposures to the relatively uni-
form concentration within an exposure cham-
ber were compared with those derived at the
theorerically equal, but broadly fluctuaung.
concentrations encountered in a chemical
piant atmosphere. A measure of the validity
of continuous monitoring dara and the use-
fuiness of breath analysis in assessing time-
weighted average exposure was rerected by
A close simiiaritv between ne two sets of
breatn decav curves.
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Ficure 1. Schematic diagram of the inirared
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Procedures
Monitoring the Plant Atimosphere

The chemicai instailation surveved was a
ciosed structure housing several separate
chemical processing operations. First, a job
survev was conducted for each of four job
ciassifications 0 determine the work areas
{requented by the workmen and the ume they
spent in each area. For each job classincartion.
five sampiing nrooes were strategically placed
in the work area. A sixth probe was placed
outside the buiiding. and charcoal and silica
el fiiters were niaced in the sampling line
1o assure 1 ciean auw reterence. [he sample
probes were 3/16-inch [.D. Saran tubing
througn wnich air samples were drawn by a
vacuum pump at a rate of 17.3 liters/min
10 a cenrraily jocated infrared spectrophotom-
eter, Tihe spectropnotomerer was equipped
with a i0-meter pat-length gas cell sensi-
tive to 3 pom of VCl at a waveiength of
10.63 microns. The VCl concentration was
lineariv reiated to absorbance up to approx-
imately 1000 ppm.

A schematic diagram of the sampling svs-
tem is shown in Figure 1. Sampiing was ex-
ecuted sequentiaily with a set of six two-way
solenoid vaives controlled bv a timer which
advanced the sampiing location every 3 min-
utes. A visual account of ransmittance was
recorded on a strip chart recorder. Mean-
while the data were recorded in digital form
on paper tape by a tape punch and digitizer-
programed to record three equally spaced
transmiztances during the last haif of each
3-minute sampiing period.

The transmittance data furnished by the
spectroviotometer was converted to absorb-
ance and reduced to concentration according
to Beer's law:

(X, —X®)
A= LOQ|O (XY*XOO)

wiere
A = ansorbance
AW = hase-iine responsce,
X = response at total absorption,
response at location .

..
-
[

I

2.5, 45,8,




TR err

& L ,;__._,' et E s £ ok e e - --
- B k . - i ’ 3
. :
) . - - *
e A - E - . : -
American [ndustrial Hygiene Association Journai 330
Finailv. 009
bi-C g \
= i * TDAGUALATOR CPERATOR
C - K A roar \\\\ 3 ORYER QREMSTOR
' - A\ 5 oRgLYMER CRERRICR
wilert wo- \ *\\\ & QLEWOER=*aCRAGER
i 1 ‘\
A = a proporiionaiity constant, wor
c = concentrauon !
. wr E X
The taped data were processed bv a Bur- or \\
rougns 5300 computer at The Dow Chemi- o e R N -

zai Company Compuration Research Lasora-
orv. The computer was used to caicuiate
the mean and standard deviation ot concen-
trations at each locamon for eacn 3-hour
work shift, Finally, time-weignted average
concentrations svere calcuiated for excn job
classification using :the time-—iocauon cata
obtained from the job survevs. As cescrived
elsewnere.- the welznied percentage oI ume
during which concentrations exceeczc sev-
erai prechosen leveis was aiso computed for
use in establishing exposure pronies.

Fizure 2 describes the exposure srorles
ifrequency distributions) for the Iour job
classifications studied during this survey.
These pronies show the percentage of time
that concentrations exceeded the levels
shown. They summarize several tens o7 ihou-
sands of individuailv measured concentra-
tions and reduce them to singie curves. Fig-
ure 3 shows the correcrive trend brought
about bv acrions undertaken to reduce the
armospheric concentration of VC| over the
7-month period during which the studv was
conducted. Oniv two job classifications war-
ranted extensive stidv. but men in . four
clagsifications were asked to parncinate in
the breath sampiing program.

On-the-Job Breath Sampling

Three separate breath sampling programs
were conducted concurrently with the envir-
onmental plant survev, desiznated by the
boxed portions in Figure 3. Each worker
collected three breath samples dailv—:ne frst
on his arrival home trom work. the second
3 to 10 hours later. and a2 fAnal sampie be-
{ore returning to work the following dav The
samples were collected in pipets constructed
from short lengths of 20-nun soft ¢iass tubing
to which had been welded at each end the
threaded portion af a 2-dram 8-mi weresw-

TINCENTRATION pow |

L
aot Qi a8} 10 210 1040504070 M0 W ¥ INIEIWYI My

TINE-WEIGRTED % OF TIME TWHE CONCENTNANON [XCIICEQ TAAT SHQwm

Fiecure 2. Exposure profiles expressed as VC!
vapor concentration versus the exposure frequency
Jistribution f{or the four job classifications.

cap glass viai (Figure ). The overall lengta
of the pipet was about 9 inches. 50 it cowa
be conveniently and inconspicuousiv trans-
ported 10 and from work in a lunch bucket.

The plastic caps were lined with six lavers
of Saran film identicai to that used for the
construction of Saran air sampling bags. A
3.32-inch hole predriiled through one of the
caps provided an access for withdrawing
sampies. The Saran liners provided an et-
fective gas barrier so that vapor losses were
held to less than 10€¢ for a holding period
ot 3 davs.

When collecting a sample the subject was
asked to remove the caps, place the pipet to
his lips, and breathe normally in through his
nosc and exhale through the pipet three
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Ficure 3. Weeklv mean vapor exposure concen-
trations measured during the survev, Periods dur-
ing which breath samoling was conducted are reo-
resented by the boxed-in areas.

8E£9291S38H




Fioure 4. Giass pivet (30 mi) used for coilects
‘ne breatn sampies. One cap has a predriiled hole
for gas samoling. Both caps have 3aran liners
waich seai the mper cnamber,

umes. After expelling the fourth breath he
quickly caps the tube. trapping a sortion of
aiveolar air, The importance of writng the
name, date. exact time of sampling. and the
workshift most recently completed, on the
label attached to each pipet. was stressed.
Aliquots were drawn from the pipets with
a l-mi Hamilton gas-tght svringe and ana-
lvzed in an Aerograph A-600B gas caromato-
graph using N. carrier gas and a hydrogen
qame detector. Separations were made with
a 6-foot. Yg-inch 1.D. stainiess-steei column
packed with Carbowax 20M a:xaline on
Chromosorb W 60/80 mesh acid-washed.

Exposure Chamber O peration

Three experimental human exposures to
VCi were conducted at nominal vapor con-
centrations of 30, 230, and 500 pom. The
exposure chamber was a room measuring 41
feet by 6 feet wide by 7.3 feet hign. The
room had a continuous positive air supply
and exhaust system capable of maintaining
a slight negative pressure wirhin the cham-
ber. Continuous distribution of the cham-
ber air was achieved by recirculating the air
with a squirrel cage fan through a series of
inlet and outlet ducts spanning the length of
the chamber. The VC! was metered into the
duct carrving air exhausted by the squirrel
cage fan and entered the room aunosphere
via the recirculation svstem at a rate sutficient
to maintain the desired atmospheric concen-
tration. The vapors were introduced from a
pressurized storage cviinder through 6 feet
of 'g-inch L.D. stainless-steel tubing into a
rotometer prior to entering the circuiating air

=duct. A heating tape wrapped around the

stainless-steel tubing prevented condensation
of the VCI and stabilized the flow of the
vanor.

The concentration of VCI in the chamber
was constantly monitored with a Perkin-El-
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mer infrared spectrophotomeser equipped
with a 10-meter path-length gas cell. A sam-
pling probe, consisting of 3/16-inch 1D, Sa-
ran tubing. was centraily located during the
exposure to represent the breathing zone of
all subjects within the chamber. The probe
was moved about prior to each exposure to
detect imbaiance of wvapor concentrations
within the chamber so that necessarv cor-
rections in the recircuiating svstemn could be
made. Air samples collected periodically
within the chamber throughout the exposure
day were anaivzed by gas chromartograpny for
added assurance of anaivtical accuracy. Both
the infrared spectrophotomerter and the gas
chromatograph were caiibrated before each
experiment and at intervals througnout the
exposure dav.

Each 7.3-nour exposure dav included a
0.3-hour lunch period in an uncontaminated
area outside the exposure chamber. The
TWA concentration was calculated on the
basis of 7.3 nours of exposure,

Clinical ana Laboratory Procedures

Each subject had been under careful medi-
cal surveiilance by the medical department
for a number of vears. and each was given a
complete medical examination a few davs
prior to the VCI exposures. Included were
a complete urinalysis and 24-hour urine for
urobilinogen. complete blood count with sed-
imentation rate. reticulocvte count. SGOT.
SGPT. LDH. alkaline phosphatase. BUN,
creatinine, and bilirubin,

Each subject received a repeat physical
examination | hour before entering the ex-
posure chamber. This examination inciuded
measurernent of temperature, blood pressure,
and pulse rate. a neurological examination,
and collection of blood and breath samples.
A questionnaire noting the presence of anv
svinptoms of iliness . for example. headache,
nausea, drv throat) completed the pre-ex-
posure medical evaluation.

After the subject entered the chamber.
total expired breath samples were collected
every hour by having him breathe out through
a Saran tube leading to a Saran plastic col-
lection bag located outside the chamber.
Tidal velume and toral expiratory capacitv
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were measured in the morning and ozan .ate TisLe |

in the afternoon exposure pericds.

Subjective and neurological resnonies were
measured before the subject enrered :ne
chamber. !5 minutes after entrance. ind at
l-hour intervais thereaiter. F.annagzan Co-
ordination and Crawiora Manuar Daxtermv
Tests were conducied 2t midmornmmg and
Azain in the afternoon. Breatn :amu.ung des
zan immediateiv alier the suniect 1201 e
auwposure chamber. A 24-hour postexzosure
urine sampie was coilectad and a biood zam-
oie was drawn ihe Inilowing morning lor
SG?T. LDH. aikaiine pnosnnatase. 3UN.
creatinine. and bilirubin determinazion;

n

Anaivsis of Breath Daia

Tie decav curves for the breatn simv calo-
rice CONCENIralions were COnsivuctec v ien-
wise muitipie regression using 3 diziiac com-
puter. An empirical relationsnin of :ne form
Concentration = § (TWA, time: was select-
ed from a choice of several terns, eacn dasad

lauonship between breatn vinvi chloriZe con-
centration. tme-weignted averase exoosures.
and postexposure ume.

Each breath decav curve has an associated
standard crror of regression wiich can be
used to compute the conndence band for any
chosen level of signircance. The 93¢ con-
fidence band {or the mean of a groun or 30-
servations was chosen in this case to descrive
the statistical ervor associated with the breath
darta and the reeression techniaue.

Resuits
Exr rimental Breath Curves

A total of 15 men participaied in the three
experimental chamber exposures 2t nominal
concentrations of 30, 230, and 300 v pro-
ducing a total of 160 wvaiid breath darm
noints. Five of the six subjects exposed to 30
pom were re-exposed at 00 ppm 1 davs
later. There was no measurabie resudual vinvl
chloride detecred on the breaths of the sub-
‘egzs prior o the second exposure. Serial
breath sampiing was initiated immediately
after the subicets left the exnosure chamber
and continued up to 20 hours {ollowing the
exXDOsures.

Experimentai Human Exposure 1o Vinvi Chlor:de

Chambper

Conecentration

- o=t Ranee TWAa  Numner ot
X 3 D. opm) Ppm Suniects
39 N n3- 33 +8 [
261 3 SU9-243 248 +
43 h I18=471 434 +
14 5 325473 +41b v

aTime-werrnted average concentration basea on 7.5 lhwours
ncluging 1 J.d-hour lunca pertod :n an  uncontamnareq
area.

*Conninuous exposure for 33 hours.

Tabie I shows the analyzed concentration
to which the subjects were exposed. Caicu-
lations of the mean and standard deviation
ol exposure concentration are based on cnart
readings from the infrared spectropnotomneter
taken at J-munute intervals over the two 3.3-
hour exposure periods. The TWA is based
on the total 7.3 hours which inciuded a 0.3-
hour lunch period in an uncontaminarec
area.

The final breath decay curves intended for
use as an index (0 VCI exposures were ad-
justed to TIWA concentratons of 30. 230.
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Figure 5. Breath decav curves based on experi-
mental human exposures to 30, 250, and 300 ppm
at VC! 1 7.5-haur TWA).
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DALY VARIATICN N EXEOSUSE 7O VLU LARTE
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Tavs 2 tre vanin _-.,.... y §o
=
Fievae 6. Varianon in VCl vapor exposure for
three snifts.

e 2

and 300 ppm (Figure 5. A 100-ppm decav
curve was interpolated from the avaiiable
data using regression analvsis. These curves
are presented with the cajculated 3<% con-
fidence bands for the mean of a group of ob-

servations.

On-the-Job Breath Curces

Ten workmen participated in the on-the-
job breath sampiing program. producing a
wotal of 91 usable sets of data. Ten percent
of the breath sampies collected were discard-
ed because of piper leakage or poor sampling
iechniques.

Absoiute breath levels ranged irom about
20 ppom in one sample taken less than 1 hour
after an 8-hour TWA of 230 ppm. to barely
detectable levels (<0.05 ppm: in samples
taken after exposures at TIWA's below 30
ppm.

The extremely broad wvariation in the
TWA’s experienced bv workmen during one
of the periods in which breath sampling was
being conducted is demonstrated for three
shifts of men bearing the job classification
“coagulator operator” (Figure 61. Minute,
houriv, and daiiy fluctuations in the concen-
tration of a contaminant are most descriptive-
lv revealed by continuous monitoring. This
method of sampling quicklv peints out the
failacy of judeing TW.A and peak exvosure
“Concentrations on the basis of spot sampling
ar periodle surves of brier duranon.

The remarkable correlation berween breath
concentration and corresponding TWA val.
ues made it possibic to construct the series
af breath decav curves shown in Firure 7.

November-Decemnper, 1969

with confidence bands oniv siightlv wider
than those from controiled human expen-
ments. The close similanty berween these
curves and those constructed from controiled
exposure data are further illustrated in Fig-
ure 8.

Human Responses

From a subjective siandpoint no significant
unroward affects were noted ar anv of the
exposure concentrations. The oniv complaints
were thiose of two subjects who reported mild
headache and some drness of their eves and
nose during the 300-npm exposure experi-
ments.

No odor was detected bv anvone entering
the exposure chamber ar 30 pom. At 230
ppm all four subjects entering the chamber
iniuaily reported that they could detect a
very slicht odor of the chemical. Five of the
seven subjects entering the exposure cham-
ber at 300 ppm were abie to detect the odor
of V'Cl, but after 3 minutes of exposure those
five were unable to deect it even with forced
inspiration. Three of the four subjects re-
entering the chamoer after lunch were able
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Fisvre 7. Breath decav curves derived from
breath dara collected (rom workers f{ollowing on-
the-jon exposures to VG vapar (8-hour TWAL
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1o detect a iaint odor ot VC. One subject
could detect a {aint odor on Geep inNspiranoen
for approximarteiv 13 minutes after entering
the exposure chamber.

The exposure nad no noticeadie cfect on
neurological responses. nor did it procuce sig-
nificant changes in the resuits of meniai. co-
ordinarion. or manual dexteritv tests conduct-
ed curing the exposure period. All ciinicai
laboratory studies periormed in the post-
exposure period were normal ang noi siznin-
cantv diffetent from pre-exposure vaiues.

Discussion

The object of the environmentar aeaith
survey 1s 10 identify the aimesoheric contam-
inant. determinie the exposure level, ind re-
late this to the nealth hazara it presenws. L
one is to judge hazard bv ambient concen-
ration measurements. ihen tnose Imeasures
menis must accurately cescribe the exvosure
on a continuing ndividuai basis. A careruily
concucted survey combining continuous anai-
vsis of the work room aunospnere 'sith 2
comorehensive job stuav wiii provice data
vaiid for estimating tme-we:gnied Iverage
exposure,

On the other hana, breatit decav cures
constructed {rom breath dara coilected cur-
iny continuous piant MONIOring are :n ciose
asreement with those obtained from exzosure
chamber experiments with VClL These curves
<houid thercfore be usefui as a second meth-
od for assessing exposure to VCl vapor.

The choice of whether one or hatiy meth-
ods snouid be used depends on rrevaiing
circumstances and on :he thoroughness ce-
sired.  For examble, dama useful in deserip-
ing neak exposures are obtamned itrom con-
tnuous monitoring, Concurrently, exposure
trends and concentration gradients mav hein
identify piant overatonal inerficiencies and
equinment maifunctions bv resealing specific
sources of emission, Clorreeting these prob-
lems not oniv restores 2 heaithtui work en-
\'il'OanCn[ hllf. alien resulis :AH DONS SV IS
by reducing losses of raw matenal and orod-
uct.

Continuous  @onitornyg,  lowever, s ex-
tremuiv Costiv BOth 1N fune and in e wyui-
mient reatred. The scone of data acauwied
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Fietre 8. Comparison of breath decay curves
derivea rom the on-the-job data and :he experi.
mental human exposure data.

limnited bv the number of sampiing viobes.
and these probes are not always capabie
af accuratelv measuring the individual's daiiv
exposure experiences, especially should these
mvohve unusual incidences such as chemicai
spiils or exposures ourside the monitored
area.

Breatir analvsis has the advantage ot in-
dividuaiizing eachh worker's inteerared daiiv
exposure.  Breath decay curves. as an index
of exposute. offer a means of estimating the
average daity individuai exposure on the basis
or A tew breath samnies taken senailv in the
nostexposure  period.  Consequentiv breath
analwsis can be used to diagnose as weil as
quantitate an exposure whichh nas alreadv
occirred. It is a reiarively inexoensive and
stmpic method which can be put into vpera-
tion without extenstve and costiv preliminary
pieparaons.

However, postexposure breath anaivsis does
not provide information on the dailv fluctua-
tions of expostire. and the peak exposure con-
centrations are not made evident by breatih
data. Finallv, breath anaiveis is not appiica-
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Sie to ail chemieais, and breatn decav curves
established for one chemical are not userul
as an index of exposure to anv other cnem-
‘cal,

The decay curves presented here are in-
:ended to serve as an index of exposure t©
vinvi chloride vapor and are based on an
exposure duration of 7.3 hours for the experi-
mental exposures. and 8 hours for ine on-the-
job study. The ciose agreement between tinc
wwo sets of curves and the narrow conndence
bands obtained in each case demonsirate the
usefulness and accuracy of both mernods
for esumating TWA exposures ana indicate
(e importance of breath anaivsis and the
need for expanding its use in evaluaing ex-
nosures to other wideiv used voiatile organic
chemicals.
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