4 Arsg .3 .02 WOWEr Troposphere ina weess (n the upper
rropospnere 14, .3), any cloud seeding with Agl at some
distant location and previous time could have enhanced the
Ag aerosol concentrations. Because Cd is the most volatile
element under study, its behavioral pattern mav result
from fossil fuel combustion at some distant time and place.

Seasonal differences, with associated causes, are most
pronounced with Al and Mn. The increase in aerosol Pb
appears to be related to the return of 2000 students (and
associated autos) for the fall sernester. Less explainabie
though are the reasons for the reduced Cd, Co, T1. and Zn
concentrations during the drier and dustier 1974 summer
season, unless these elements, too, are at times from an-
thropogenic sources. Their sources may be difficult to doc-
ument.
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Performance of Charcoal Tubes in Determination of Vinyl Chloride

John E, Cuddeback®, William R. Burg, and Sheiton R. Birch’
Department of Environmental Health, University of Cincinnati, Cincinnat, Ohio 45267

M The adsorption characteristics of airborne vinyl chloride
on activated charcoal was examined for use as an analytical
sampling device. Data are presented to show that charcoal
has a limited yet useful capacity for adsorbing low levels of
vinyl chloride. Breakthrough volumes, sampling rates. and
storage characteristics are presented that indicate a 100-mg
portion of activated charcoal in a sampling tube has a ca-
pacity of at least 65 ug of vinyl chloride with a twotold safe-
ty factor when sampling air containing 5 ppm of vinyl chlo-
ride. Analytical methodology is described that produced a
90% recovery of vinyl chloride even after two weeks of sam-
ple storage.

The need for analvsis of ambient air for low levels of
vinyl chloride monomer tVCNM) was recognized January 22,
1974. It was on this day that it was made public that three
polymerization reactor cleaning personnei at the B. F.
Goodrich Co. plant in Calvert City, Kv.. had died of a rare
form of liver cancer. The results of this announcement was
an immediate implication of VCM as a cancer suspect
agent. The ensuing investigation (I, 2) indicated the need
for an accurate anaiytical method for low level work.

! Present address, USAF Environmental Health Laboratory,
Kelly AFB. Tex.
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The Environmental Protection Agency (EPA) and the
National Institute of Qccupational Safety and Health
(NIOSH) were concerned with monitoring personal and en-
vironmental exposure to VCM. The EPA was concerned
with airborne concentrations of VCM that were transport-
ed bevond the plant boundanes into the surrounding com-
munity and would be covered under the National Hazard-
ous Pollutant Standards. On the other hand, NIOSH re-
quired in-plant exposure data in order to advise the Occy-
pational Safety and Health Administration 1OSHA) oo
safe working standards. After the announcement by B. F
Goodrich Co. there was a flurry of measurement and stan-
dards-setting activity; the OSHA standard went rrom 30
ppm (3) to 30 ppm 14) to 1 ppm (5). As of this writing the
EPA has vet to set an emission standard, however. a lar®
amount of data has been obtained from the ambient air d
rhe vicinity of polyvinyl chloride plants (6), and this ma!
he the basis for future research.

The general sampling method finally chosen bv the EP.‘Y
and NIOSH was based on absorption of VCM on charcod!
followed by desorption bv CS; and gas chromatograpf
analysis. The major difference in the methods uf the 3¢
agencies was the size of the sampling device and amount
charcoal used; the EPA used an 18-in. tube with three 3
sections of charcoal (6) and NIOSH used a smaller tu®
with about one inch of charcoal divided into two unequd
sections (7, 8), The EPA is finalizing a methed for air sa
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pling at this time (9). The charcoal-filled tubes have been
extensively used by both of the agencies for field studies of
VCM levels in air: however, there has not been a thorough
description of the performance parameters and thus our
laboratory undertook an examination of the charcoal tube
absorption method for VCM.

Ezperimental Apparatus and Procedures

Calibration and Standards. Known concentrations of
\"CM were obtained in the flow dilution svstem (Figure 1)
with a gravimetrically calibrated permeation device made
&s deseribed previously (10). A combination of two differ-
ent permeation devices and variation of dilution air provid-
ed a concentration range of 0.5-50 ppm VCM. Solution
sr:andards were also made by injecting known volumes of
\:(;M into volumetric flasks “tontaining measured quan-
uties of carbon disulfide. The flasks were sealed with a sili-
cone rubber septum before injecting the VCM. and adjust-
ment was made for atmospheric conditions assuming ideal
zas behavior. Solution standards were made fresh dailv as
needed. Samples from the dynamic flow dilution system
were periodically checked against solution standards so
that soiution standards were not often needed and served
onlv as 3 cross-check.

Sampling Equipment. Samples were obtained by draw-
Ng a2 metered stream of air through charcoal tubes ob-
tained from the Mine Safety Appliance Co. The tubes were
the smail type used for personal monitoring (8) and were
fom a single batch of charcoal. The sampling system is
schematically shown in Figure 1. The regulated house vacu-
Um system wasg used to draw samples through the charcoal
tubes thyg providing a constant flow. Effluent from the

Table 1. Retention Data for Vinyl Chioride on Charcoal

Tubes
Vit
chloride Sampie Mass VCM Ratantion Total
conen, rate, flow rate, Reatention tume, mass,
Ppm mi/rmin LG/ mn volume, {4 mnd ugd
2 20 0.639 10.0 200 127.9
3 100 1.278 9.8 98 125.2
5 150 1.916 29.3 195 373.6
25 50 3.19 7.9 158 504
25 100 6.38 22.8 228 1456
25 130 9.58 20.5 137 1312
50 50 6.38 9.0 180 1285
50 100 12.78 18.1 181 2311
30 150 19.16 14.3 98.7 1891

JAar 10% breaxtnrough from front secnion of tube.

charcoal tube was sampled by means of a stainless steel
seven-port sampling valve with a calibrated (11) loop sys-
tem, the loop could be used for direct air sampling when
the charcoal tube was not in line. _

Analytical Equipment. Analysis of flow system gases
was performed directly using a Tracor MT 160 chromato-
graph equipped with a flame 1onization detector. The oper-
ating conditions were as follows: column 6 ft X % in. stain-
less steel, column packing Poropak Q, column temperature
135°C, inlet temperature 150°C, detector temperature
175°C, carrier gas flow rate 30 ¢¢/min of nitrogen. Peak
areas were computed by means of a Disc Integrator. The
detection limit for VCM was 1 ng.

Sample Analysis. Analyses of air samples were made di-
rectlv using the calibrated gas-sampling loop. Air was
drawn through the sampling loop for 30 sec at 100 ¢¢/min
before injection to achieve reproducible resuits. The detec-
tion limit was less than 0.1 ppm VCM when using a 3.81.ml
sample volume. A charcoal tube was placed in series with
the sample loop and the effluent analvzed when determin-
ing sampling efficiencies. The charcoal tubes were analyzed
for VCM by placing the charcoal in a 2-ml glass vial and
sealing the vial with a silicone rubber septum. The vial was
then cooled to drv ice temperatures for several minutes be-
fore injecting 0.5 ml of room temperature carbon disulfide
through the septum. The vial was removed from the dry ice
when the bubbling produced bv the mixing of the carbon
disulfide and charcoal ceased. The vial was allowed to
stand at room temperature for 3 min before removing 5 ul
of the solution from the sealed vial for injection into the
chromatograph.

Results and Discussion

Sample Capacity. Testing of the charcoal tubes was un-
dertaken to determine their capacity for vinyl chloride. In
these tests only the front portion of the two-section char-
coal tube was used. Figure 2 illustrates a set of break-
through curves obtained when sampling from a 25-ppm
VCM 1n dry air (less than 20% r.h.). The general sigmoid
shape of the breakthrough curves remained the same for 3-
and 50-ppm samples. Data for three cancentrations of vinyl
chloride are presented in Table I. There is not a definite
trend with sample concentration and breakthrough volume
nor is there a firm trend with sampling rate and break-
through volume. It is apparent, however, that the 50-cc/
min sample rate had a 10% breakthrough volume that was
lower than when sampling at higher flow rates in all cases,

Table II gives packing data for the front section of char-
coal tubes from two manufacturers. As can be seen there is
considerable variation both in total content and how effec-

ammrE sapn
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tency between the lU00- and 130-cc. min sampie rates as
noted in Table [, however, this does not explain the consis-
tently lower retention volume for the 30-cc/min flow rate.
One further point should be made concerning the possible
differences when used in the field with a reciprocating pis-
ton-type pump: The flow in the system used in our experi-
ments was a constant vacuum source and did not have the
pulsed flow observed with the smail personal pumps. The
pumping system may radically alter the retention charac-
teristics and give more consistent resuits between the high
flows and the low flows.

The variability of charcoal in absorbing VCM can he
readily seen in Table III which presents data on respirators
23 well as charcoal tubes. Respirator data were obtained by
NIOSH (12) on commercially available charcoal scrubbers
used in respirators. The major feature of interest 1s the aif-
ference in capacity of the charcoal in the three situations
examined. Again the difference must be explained as a
combination of flow rate and packing characteristics. The
data obtained on the charcoal tubes were taken at a much
lower relative humidity which may explain the appreciably
greater capacity of the tubes,

Recovery of VCM. Desorption of a substance from
charcoal is dependent on variables such as compound to he
desorbed, solvent, charcoal source, temperature, and sam-
ple age. Table [V presents the recovery data for charcoal
tubes stored for up to two weeks. The recovery figures indi-
cate an average initial recovery of vinyl chloride of about
87.5% which diminishes somewhat with age, about "™ in
one week. Additional storage beyond one week apparentlv
has little effect on the higher concentration sample. How-
ever, if only the two variables, storage time and concentra-
tion, are considered, a 16% decrease n recovered vinyt
chloride was noted for the low concentration sampies after
14 days.

During sample storage there was migration of the vinyl
chloride from the front section to the back section of the
tubes and this made analysis of both sections mandatory in
order 1o determine total VCM. The tubes were stored at
room temperature and the migration could have been mini-
mized by storing under refrigeration. This migration may
explain the slight decrease in the average sample recovery
upon storage if it is assumed that the charcoal retains a cer-
tain fraction of vinyl chloride. Thus, there is an added
amount of charcoal that must be considered after mugra-
tion. A straightforward linear approach indicates that the
amount retained would be 1.5 times greater than if all of
the vinyl chloride were on the front section-—i.e., the total
amount of charcoal wouid be 150 mg instead of 100 mg on

front only. As shown in Table III, the average loss with no
storage is 13% and increases to an average of 19% for 7 davs
and 24% for 14 days whereas a linear approximation would
predict 19.5% average loss due to the additional charcoal.

Migration was observett between the sections of the char-
coal tube and led to the examination of the effects of tem-
perature plus the possibility of losses by migration out of
the tube to ambient air. T'o examine variations in migration
with temperature and losses from the tubes, a series of
tubes were stored at 43°, 22°, and 4°C, sealed by ordinary
plastic caps supplied with the tubes or fused closed by
means of a torch. Table V presents the data from 24 sam-
ples. There is one immediately apparent factor: storage at
4°C limits migration severely during the seven-day storage
period. Even at the end of 13 days the migration of vinyi
chloride between the two sections was appreciably hin-
dered. Thus, there is a definite effect of storage tempera-
ture on the migration of vinyl chloride throughout the tube:
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Tabie il. Packing Vanations in Charcoal Tubes

Front Front
section section
packed wt, of Wr,
Suppher length, mm  packing, mg g/mm
VISAd 18.2 103.1 9.66
MSAZ 11.6 92.8 6.36
M&EA 16.6 103.2 §5.22
Av 16.3 99.7 6.08
% retf. std. 10.9% 6.0% 6.1%
deviatuan
SKC? 18.1 85.0 5.63
SKC 15.2 82.4 542
SKC 14.1 86.2 6.11
SKC 16.6 873 5.26
SKC 17.0 90.5 5.32
SKC . 17.2 85.9 4.99
Ay 15.8 86.2 5.45
% ref, std. 7.8% 3.1% 7.0%
deviation

IMine Safety Apphance Co, PSKC, Inc.

Table 111. Ten Percent Breakthrough Capacity of Charcoal

Absorbers

Cartndges Canisters,b Charcoal tubes,©
sampie ty pl ty sample capacity
VCM, VCM, VCM,

Air.lig mg/g A, I/g mg/9 Air, I/g9 mg/g
charcoal charcoal charcoal charcosl charcoal charcoai
149 8.7 48.9 125 148 18.9

36.6 4.7 53.5 13.3 181 23.1

41.1 5.2 35.8 9.1 90 12.8

40.0 5.1 4Q.1 10.2

4 Elow rate, 30 i/min at 50 opm and 50% rel, numidity (Ref. 12).

Fiow rate, 6Q I/min at 100 ppm and 50% ret, numidity (Ref, 12),
«Amounts of 50-100, and 150 cc/mun at less than 20% ralatwve
“UThaity.

Table (V. Partition of VCM Upon Storage

Recovered
Storage Vinyl Vinyi Recovered sample
ume, chlonde chigride sampie n n back
days sampled, ug recovered, %J front, % section, %
0 2.5% 85 100 a
0 31.9 89 100 0
7 2.55 83 34 15
7 319 79 86 4
14 2.55 71 34 15
il 313 a1 79 21

I nyerage tor six tupes ar eacn storage time excent for zero storage
A whCn C3se anly Qne tube was used,

however. this migration did not affect the total recovery of
the vinyl chloride.

A multivariant analysis was performed on the data dis-
plavea. In Table V the four variables, storage temperature.
time. quantity of VCM, and sealing method, were exam-
ined for effect on recovery of the VCM. The multivariant
analvsis in¢cluded two additional variables not included in
the result indicated in Table I[V—storage temperature and
method of seaiing the tubes. The hvpothesis thar each of
the indicated variables had no effect was tested at the V.Vl
level and in none of the cases was this hypothesis rejected:
The etfect of the above variables on partition of the VCM
between the sections of the tubes was also tested and i
might be expected. temperature had an effect on the part-
tion: however, the storage time and quantity of VCM ab-
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Table V. Charcoal Tube Performance Under Various Conditions

Low concentration, 2.6 ug

High concentration, 31.9 ug
Storage Capped tubes, ‘C Fusad tubes, ‘C Capped tubes, °C Fused tubes, 'C
torad

days 43 22 [} 43 22 4 43 22 q 43 22 q
Recovery, % 91 71 87 69 79 79 87 a4 77 72 86 90
7 Total recovered in 22 14 3 19 21 3 23 14 Q 27 27 10

back section, %

Recovery, % 78 98 85 60 81 85 76 67 31 o4 &9 &9
23 15 28 18 5 22 19 1

15 Total recovered in 28 20 11 28
back section, %

sorbed also affected the degree of partition. The only factor
that did not influence the VCM partition was the method
of sealing the tubes.

Analytical Methodology. From the data presented

above, it can be seen that the charcoal tubes must be refrig-
erated if any information 1s to be gained from a separate
analvsis of the rear section of the tube, The function of the
additional section is to determine breakthrough of VCM
during sampling. To achieve this additional bit of informa-
tion. it i necessary to refrigerate the tubes, preferably at
dry ice temperatures. in the interim between sampling and
analvsis. If the tubes have not been refrigerated during the
interim, the analytical procedure should be modified and
the tube sections should be analyzed as a combined sample.
When the tube sections were combined, the recovery was
enhanced considerably over separate analysis. Ten identi-
cal VCM samples were obtained, and the charcoal tubes
stored at ambient temperature for two weeks, Five of the
tubes were analvzed as a unit by combining the front and
rear sections before analysis, and the remaining five were
analyzed separately. The average total recovery was 90.8%
{std dev 5.5%) for the combined section analysis and 78.0%
(std dev 4.5%) for the tubes which had each section ana-
Iyzed separately. Thus, there was a 14% decrease in recov-
ery when analyzing the tube sections separately and this
could be significant at low concentrations.

The sample losses upon immediate analysis of the char-
coal tubes, or when analyzing the combined sections of
tubes stored for a period preceding analysis, amounted to
approximately 10%. An examination of the head-space gas
in sealed 2-mi vials containing standard solutions indicated
that VCM was distributed between the gas phase and the
carbon disulfide such that the head-space gas should not be
neglected. Comparison of solutions of carbon disulfide orig-
inally containing 30.1 ug/ml of VCM and the head-space
gas above the solution provided an approximate value for

the Henrv's law constant; the value determined was 8.1

atm. When we usg this vald® and apply Henry's law to the

analysis procedure described previously, head-space gas
losses would be expected to be on the order of 6% when the
head space was 1.5 ml. The remaining losses of VCM can be
atiributed to irreversible absorption on the charcoal. The

Henry's law constant can be used to show tyvpical losses

when making-up standards in a 25-ml volumetric flask are

on the order of 1% which may be decreased by limiting the

head space.

Conelusions

A small charcoal tube is adequate for sampling vinvi
chloride if well-controlled conditions are maintained. From
the data given above, the recommended sampling proce-
dure is as follows: sample rate, 100 cc/min; maximum sam.
ple volume, 5 I; and low-temperature storage, if break-
through is thought to be a problem. The conditions given
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above provide a safe limit under most circumstances such
that variabilities in temperature and relative humidity will
not pose a problem. The anaiysis of tube contents should
be performed on the combined contents of the charcoal
tube unless the tubes have been stored at —20°C or less, in
the interim between sampling and analvsis and the head-
space gas over the desorbing reagent, CS., should be mini-
mized for highest recovery efficiencies. For accurate deter-
mination of recoveries, each charcoal tube batch shouid be
examined by random selection of charcoal tubes from the
same batch followed by a performance check using a dy-
namic flow system to absorb known concentrations ot the
charcoal. The dynamic system should be used to avoid
sample losses that might occcur when using a standard vinyl
chloride solution in ethyl acetate as previously done (7) for
other compounds. Recovery data should be determined
over the same time interval as anticipated storage time.
Thus, while the charcoal tube method appears adequate
for concentrations of VCM on the order of 1-50 ppm or
more, there should be great care taken when using the
method for very low levels, such as might be found around
the perimeter of a polyvinyl chloride plant. As the concen-
tration of VCM decreases, the scatter in the data and sam-
ple losses become a greater factor in analytical accuracy.
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