Determination of Vinyl Chloride Monomer at
the Sub-ppm Level Using a Personal Monitor
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A method is given for personal-bresthing-zoue sampling of vinyl chioride in amubiont
air. The procedure utilizes adsorption of the gas ou sctivated charcoal followed by
thormal elution outo s gas chromatograph. The furnace used to desord the vimyl
chloride is described in detall. The method was found to have n staminrd deviation
of 0.04 at the 1-pprm level and 2 limit of detaction of 20 ppb or lower. The methed
can Aleo be weed to monitor other orgamic material with high semnitivity.

Infroduction

AMPLING OF ORGANIC VAPORS

by collection on solid adsorbents fol-
lowed by thermal desorption onto a gas
chromatograph has be¢n reported in the
literature."® Qur laboratories have been us-
ing this technique for several years to meas-
ure trace quantities of organic materials in
workroom environments. %2 Recent govern-
ment permanent standards for vinyl chloride
monomer (VCM) have necessitated a sam-
pling and analytical method capable of de-
tecting VCM at below 1 ppm.!* The tech-
nique described here provides a method for
taking breathing-zonc samples of industrial
workers with a sensitivity in the sub-ppm
range for VCM.

The method consists of drawing a known
volume of air through a glass tube packed
with activated charcoal using a portable bat-
tery-operated pump. Breathing-zZone samples
are collected by attachisg the adsorption tube
to the individual’s lapel and hence represent
a sample of the air being breathed. The sam-
ple is returned to the laboratory and the col-
lected organic material is backflushed with
the aid of heat into a flame ionization gas
chromatograph. With the exception of minor
modifications, all the equipment necessary
for this test is available commerciaily or can

readily be prepared in the laboratory.

Apparatns

Adsorption Tubes: (See Figure 1.) Pre-
pared by cutting 80-mm lengths of 5-mm
o.d. glass tubing. Both ends were fire-pol-
ished with the inlet end of the tube partially
constricted. Glass wool was packed into the
inlet end of the tube to a length of approxi-
mately 0.5 mm. The tube was filled with
60-80 mesh activated charcoal (Coast Engi-
neering Laboratory, Redondo Beach, Cali-

fornia-Gas Chromatographic Grade) within

about lcm of the open end, and a second
wad of glass wool was used to retain the ad-
sorbent in the tube. The tubes were condi-

Figure 1. Charcoal adsorption tube.
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tioned by heating at 300°C under a flow
of 10 ml/min nitrogen for 10 minutes. After
conditioning, the tubes were immediately
capped to prevent pick-up of organic matter
from the ambient air. Satisfactory caps can
be purchased from Thomas-Packard, 48
Notch Road, Little Falls, N.J. 07424, (cata-
log number 521).

Gas Chromatograph: Varian Aerograph

¥ R Lot

Pre- % Model 1200 or equivalent instrument with a
) flame jonization detector. £
S-mlln Conditions: Column—6’ x V" stainless vf
ire-pot- ‘ steel packed with. 60-80 mesh Chromosorb
artially 101. Oven Temperature-—100°C isothermal.
ato the b Attenuation—1 X . Range—10-'* amps/mv.
ppm.x:l; ! The area of the peaks was determined by an
?E:‘gi ' EAI 640 computer with a PACE II1 pro-
. @ gram.
el Burrell Pyrolyzer: Model #340-017-35.
second 2 The pyrolyzer oven was modified by plug-
the ad- ging the normal inlet to furnace and relocat- "
. ing the carrier input to the screw cip of the Figure 3. Burrell Pyrolyzer attached to gas chro-
condi- matograph.

oven. The inside of the screw cap is drilled
out to at least 6 mm to accommodate the
5-mm adsorption tube. A short length of
L4-inch stainless steel tubing was silver
soldered to both the inlet and outlet of the
furnace (see Figure 2). The pyrolyzer oven
was attached to @e gas chromatograph as
shown in Figures 3 and 4.

Personal Monitoring Apparatus: Consists
of a MSA portable pump Model G with a
MSA muiltiple tube assembly (see Figure 5).
In actual use, the pump is clipped to the belt
and the holder to the lapel of the individual
under test. Four tubes are exposed simultane-
ously to allow for replicated determinations

Fl

“-]-:izurev& Close-up \mwot pYyrolyzer fumace,

RSN L PN AN BTy £ a3 A e s Yy S SN Ypryopy




of the same sample. The critical orifices in
the multiple tube holders were not removed.
Standardization

One ml of vinyl chloride was diluted to
100 ml with air in a 100-ml glass syringe.
The contents were allowed to equilibrate for
30 minutes after which time a uniform mix-
ture of air and VCM was achieved. The end
of the syringe was fitted with a rubber serum
bottle cap which allowed aliquots to be re-

moved with a Hamilton 250-ul gas syringe.
The aliquots were injected into the calibra-
tion apparatus (see Figure 6) and pulled on
to the adsorption tube by applying a vacuum
and flushing the injection port with approxi-
mately 0.15 liters of clean air. This volume
was measured by attaching a rotameter to
the iniet of the scrubber. The standard was
then analyzed as described below under
Procedure. A typical calibration curve and
chromatogram are shown in Figures 7 and
8. ’
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Figure 7. Vinyl chloride calibration curve.
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Sampling

In an area of uncontaminated air, the caps
from four clean adsorption tubes were re-
moved and mounted in the multiple tube
holder, and the holder was connected to the
portable pump. The pump was turned on,
and the flow through each tube was meas-
ured against a calibrated rotameter, The
flow rate was adjusted so that at least one
liter of air was collected through each tube
during the sampling period. Each tube was
recapped until the actual time of sampling
and recapped immediately after sampling.
The tubes were analyzed as described under
Procedure.

Procedure

With the three-way valve in the carrier
gas line in the by-pass position (see Figure
9A). the tube to be analyzed was placed in
the pyrolysis furnace. In all cases, the tubes
were inserted so the input end was in the
portion of the furnace closest to the injection
port of the gas chromatograpb (i.e., so the
contents of the tube are backflushed by the
carrier gas). The tube was secaled in place
and the temperature was brought rapidly to
about 300°C. This was done by turning the
pyrolyzer on, applying a voltage to the heat-
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Figure 9. (A) 3-Way valve in “by pass” posi-
tion (upper view), (B) 3-Way valve in “inject”
pasition (lower view).
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er which will bring the temperature to 250°C
in about 5 to 10 seconds, then reducing the
setting to a predetermined value which would
maintain the final temperature of 300°C,
The temperature was held for 30 scconds
then the three-way valve was placed in the
inject position (see Figure 9B), and the
area of the peaks in the resulting chromato-
gram were integrated. The results were cal-
culated by comparison with standards.
Precision

To test the reproducibility of the method,
a standard sample was prepared by mixing
50 ul of vinyl chloride monomer with 50
liters of air in a Teflon bag. The volume of
air used for dilution was measured from a
gas cylinder through a rotameter and into the
bag.

Thirteen replicate samples consisting of
one liter each were taken through individual
charcoal tubes from the bag. The data are
given in.Table 1.

Breakthrough and Stability

Breakthrough was determined by injecting
equal quantities of vinyl chloride into the
calibration apparatus and then progressively
increasing the volume of air used to flush

TABLE I
Replicate Analysis of a Standard Atmosphere
Containing Approximately 1-ppm Vinyl Chloride

Results
ppm Vinyl Chloride

1.20
1.25
1.27
1.17
1.30
1.22
130
1.27
1.27
1.23
127
1.25
1.25
Average 1.25
Standard Deviation 0.037




the VCM onto the absorption tube. In this
manner, it was found that at least 5 liters
of air could be passed through the tube be-
fore significant quantities of VCM were lost.
When desired to check for breakthrough ua-
der field conditions, a fifth back-up adsorp-
tion tube can be placed in series between the
multiple tube holder and the portable pump.
Tubes to which a known quantity of vinyl
chloride was added have been kept in the
laboratory up to two weeks before analysis
without significant losses. :

Discussion

The technique described represents a
method of sampling and analysis which meets
the current Federal requirements for moni-
toring vinyl chloride. The sensitivity is such
that a level of 100-ppb VCM can easily be
detected in a 1-liter sample or 20-ppb in a
5-liter sample. Since the electrometer used in
the above work was on the 100 range, it
is conceivable that the lower limit of detec-
tion could be reduced to 1 ppb by increas-
ing the operating sensitivity of the instru-
ment.

Although written specifically for VCM,
the procedure is generally applicable to a
large number of organic vapors. Our lab-
oratory has used adsorption tubes packed
with Porapak Q, silica gel, activated alumina,
and activated charcoal to sample air for
acrylic and methacrylic esters as well as
various industrial organic compounds and
solvents (see Table II).
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