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Fitisburgn PCB 12x30 activated carbon 15 foun< to be the rmost suitable 9—534/
of the commercialiv avaiizble carbons tested for personnef .
sampiing of vinyi chloride, v,2viidene chioride, and methy! chioride.

" The carbon is desorbed with CS. at dry ice temoerature or
with a therma! desorption techmqu-.

Monitoring personnel exposure to vinyl
chluride, vinylidene chloride and methyl
chilcride in an mdustrlal work
enwronment
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; Introduction carbon tubces gave significantly differing results
Pare i 197 2 dafermstion hecame avinluble than sephisticated chlorohyvdrocarbon analyzers
finking "-v""w'x-;\*nx of the fiver fa rare form thus indicating that cxisting adsorbents were
of cancent with eccupeiingal evposures to high not adequate to quanhtntwclv define vinyl
) n" vinvie “.nr.\-g Roae nr-" to this. OSHA  chioride cxposures to workers. ‘
EREIRCE n b .'!1.'.':“:-%.- Femporers Standard for Available carbons were obtained and {
R 313"”‘"-‘ v s fimitiag them @ g mas- studied for hreakthrough time by passing 200 !
At e, e Sunesguertls. wrelueion of ppm (parts per million by volume in air) vinyi 4
s ‘\"‘f“m And WS Tran, e an £ 5 e siies chloride ."~rou"h 30 ml bed of carbon at « i

fhm rate of approximately 2 1pm (liters per
minuie) representing tvpical conditions that

AT Furn 1'“-*‘

TInnn

5 DRRE ATAGG ¢ 2T existed a vear ago. Comparison of the parts per :
N millien hreakrthrough versus time is shown in j
R Tuhle .27 Dow Experimental Carbon (XF- . '

Lo punseninet 417515, Pitsburgh MSC-V 14X40 mesh and

sl and gl e el vinve el Columbia Carhon showed the best break-
v "‘) P tiirough charucteristics: however, the Dow Ex-
e e PUSNLLSG e perimzntal Carbon and the MSC-V are not
Sl Tamitaetn s clilaride, cemmereially available at this time.
suarh Slogms Ruplicaie samples of Columbia Carbon
e Lo e ie ads v P2 ere ested against those of Pittsburgh
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TABLZ !
rts per Milllon of Commercial Caroons;

. Comparison in Pa
30 ML Bed Volume, 200 ppm Vinyl Chiloride, 1.97 lpm Flowrnte
- SCIENTIR PITTSBURGH  WITCO  EXPERIMEN
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PCR 12X 30 Activated Carbon. The bed size
wias reduced to 1 gram of carbon contained in
a stainless steel tube (14 em x 0.257 O.D. x
N023° wail) fitted with Swagelok caps. The
st cencentrations was reduced to 50 ppm
vinvd chioride and the pump flowrate was re-
duced 10 0.2 1pm. Table 11 shows the Pitts-
herrh PCB carbon to be the most suitable for
cight hour time-weighted average personncl
sainpling. The 1 gram slugs of PCB carbon
-u » ulso tested at 25 ppm with flowrates of
Sand 1.0 tpm. Table UT gives the results of
:hm: tzsis. Based on these data. the following
“umpling conditions were recommended for the
Pram sluz' ' Pittsburgh PCB 12X30 Acti-
V:m.b Carbon: (1102 Inm for 8 hours, (2 0.5

tpm for 10 to 60 minutes, and () 1.0 Tpm for
1) mirerees,

Z?::m er brezkthrough testing was con-
St »..‘h different sized tubes for short time
pc.—.., te. The NIOSH method for vinyl chloride
7 airt ises a 150 mg divided charcoal tube.
'T'"iﬂ ¢t arcand tabe was tested with 1 ppm and

; pm vinyl chicride at a flowrate of 1 1pm.
s Dakows breakthrough within the first
Lol anfoxmn..cl» 12% breakthrough

. minutes. The flowrate for this size
reduced 10 0.2 1pm and the experi-
st at the 5 ppm level.

Figure 2 shows that the brcakt.hroug,h
under these conditivns 1s nearly 39 after 15 5
minutes. The NIOSH method also states that 5 4
liters of 200 ppm winvi chioride can be eol- 3%
lected at 0.0% Tpm witheut significant amounts -
of vinyl chioride beinig found on the back sec- -
tion. Duplicate tes' run« under these conditions -
showed that substantizi hreakthrough occurs
well before 5 liters of sampic has bccn collccted 5
(Figure 2). e

Adirect cornpnri.\on o carbon in the 3
NIOSH recemmended tubes 2nl PCB 12X30 '_-_:g
was made by repacking the NTOSH tube with .. 38
150 mg of PCB carbon and rcpeating the ex- “ﬁ
periment. Figurz 1 shows that tac two carbons © 3%
have similar breakthrough characteristics under T
thesc conditions. However, this may be due fo*
carbon bed size than tvpe of carbon, The tubes
could be used in a 5 ppm atmosphere at 0.05
1pm for 15 minute sampling: however, only
0.75 liter is collected. Even with a GC sensi- _‘,::_'5,
tivity of 1 ug/sample. ¢ 1235 than value of 0.52 <,

ppm is obtained, w hu:‘ i nmc the action . g:-

\\ e. therefore, cofi="
\'OSH recommended -
vinyl chloride sampling. .-
 oarbon were tested 4‘«
A 600 mg charcoal ~*

sired 0.1 ppm m.nsm-’ o .w
cluded that the 150 = "
tube was inadequaty .-
Two larger tuh, |
under similar condi

it

TABLE 11
xn. 77! Sesakthrough for Columbia and
“r w1 FCB Activated Carbons at 50 ppm
v: Chloride and 0.2 Ipm Flowsate

CCLUMBIA CARBON
LIRS T3-570

1.0
2.5 <
120 < 0.3
24.0
45.0
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Parcent B2, « .. ~agh {for One Gram d
Pittsburgr + 7 @ * 230 at 25 ppm Vinyl
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fooure 2 -Vinyl chlornide breakthrough, 150 rng tube

at reduced llowrafes. v e

tuhy = manufactured by the makers of the 150
m2 ~INSH tube. A tube was also made from
2 dispusable glass transfer pipette containing
appruximately 700 mg of the Pittsburgh PCB
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Figure 2-Viny! ehlorige breaktaraugn, 600 ang 760
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F:gure 4. -Methyl chioride breakthrough, 100 ppr
at 0.2 Ipm for 150 and 600 mg tubes,

12X30 Acuva(cd Carbon anurc 3 shows lhc
results for testing these tubes at 25 and 50
ppm vinyl chloride at 1 1pm. Either tube could
be used for the 15 minute sampling and at

671




reduced fiowrates (0.2 or 0.1 1pm) for =x-
tended periods of time (7-8 hours) at these
levels.

Two items of interest are evident from
Tigures 1 and 3: (1) the breakthrough time and
percentagss are not directly proportional to .
those scen for the 150 mg tube, indicating ad-
ditional factors in adsorption (possibly tube °

dimension and/or a change of carbon), and (2)

the breakthreugh curves for 25 and 50 ppm - ..
are almost identical, as are those for 1 and §
2pm on the 150 mg tube. These data indicate
that the perceniage breakthrough for a given
fpweraze and tubc size is independent of the
conceairatien for ag least the 1-50 ppm range.

Similar breakthrough testing was per-
formed for methyl cSloride and vinylidene
chlende. Methyl chioride was tested at 100
ppm 1A fur various flowrates and tube
sizes, Figure 4 chows 150 mg tubes are oot
able for methvi chloride sampling at the
althouch the PCB
hetipr rotenuing caca-
SLe Tl B UL
VRN Evgunn: ine Jlowral:
roiow 0.2 1pm wouid mncrsase tne Ums cf
sampiing. However, by using the | gram slug
of PZB 127473 und reducing the flowrate to
0.1 Ipm.s g tirees of up to 80-99 min-
wies are fersive (Fiure 5).

This figure also shows the increasc in
sampling time poss’hls by decreasing the flow-
rate from O e 20 2t Tpm. A sumple test
H I ppm sl i
for compuric

st

St ot e
[IAR L4 AT M

; i zhloride and vinyl
ehloride = n the same area,
the methy ! Crueride wiit 2 the limiting factor
i choosing a s2mping pariod and flowrate,
Qrlv b +mount of carbon and/
icwrate can eight hour

we nreskthrough was also
s xlug of PCB 12X30
¢ breakthrough curves
'nn Figure 5 for
Zemunstrates that per-
o 1 given fowrate and
fconceatration.)
vharazteristics for

are much less severs than
and vinyl chloride through-

[

-~

v orure 8 shows that the 150 mz
sizr tube mow e wsed for short term samples-
£10-05 minuiens 1t b 1pm. However, the PCE
12530 carron bagins to show d=finiie ad-
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vantages over tie covhin it in the com-
mercia! tube. Reducing the flowrate wili, of
‘course, allow for longer sample times, but not
long enough for eight hour samples. The 600
mg size tube has very good retention capability
for vinylidene chloride, A test of 31 ppm vin-

-+ ylidene chloride samples at 1 Ipm showed less

than 0.08% breakthrough after 75 minutes.

" Thus, with a reduction in flowrate to 0.1
or 0.2 1pm, cight hour sampling is quite pos-

. _sible. (These data suggest that the type of car-.

" tyon has been changzd in this size tube because
a similiar test run a year ago showed substan-
tial breakthrough after 63 minutes, The 150
mg and 600 mg tubes were SKC Lot 104 and
Lot 105, respectively. SKC has confirmed a
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Figure 5-Methyl chizrize Sreaxthrough, 100 ppm
at varicus finws ‘oc 1 gram Pittsburgh
PCB J2X3C acivstad carbon.

change of carbon teiuce: the two lots. This
change in carbon was rr:ommended to the
supplicr after NIOSH &z reeeived our recom-
mendations,) One gram «¢ the PCB 12X30
carbon in a stainicss »227 .Jug has been run
under these conditiony - Light hours with no
dctcct:'.le': breakthroga:, ’

Carbon Disuilide Descroion

A desorption techric:: 7 r vinyl chloride was
devised that would crwo the integrity of the
sample. An experime.nt i1t ane of our labora-
tories indicazed 2 977 - Lovery was obtained
when the carbon wa. ;1. iy added to the CS2
cooled in a dry ice, are:-ac slurry.? The follow-
ing procedurs has since praven to be satisfac-
tory: (1) cool 10 m! ¢ (S to dry ice tempera-
ture; (2) slowly add tne varbon to the cold CSy;
(3) agitate for 30 mnutes, keeping cold; (4)

n
[
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“rirnpaTiie whte analysis, analvzing from a wet
we path. It was {ound that by t.hus minimizing
tnz heat gensration during desorption, replicate
-:’-.)n-.ples have given a recovery range of 93-

This same desorption technique has been
cpplied to samplcs of methyl chloride. Over a
rzriod of time, 25 known samples have shown
s recovery rnnge of 70-97% with an average
. 83% =B<% (one standard deviation). The
wide range of recovery valucs has not yet bccn
acecounted for.

Desorption of vinylidenc chlondc samples
15 accomplished by the same procedure. A wet
ice bath can be used, unless one or more of the
low boiliog gases are to be determined also.
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Figure 6-Vinylidene chloride breakthrough, 20 ppm
at 1 lpm for 150 mg tube,

Recoveries for vmvndcnc chloride in CS; have
range of 95- 100%5. :
“randard Preparation
«.cbn quc was adapted from a proccdurc
;4 at Dow for many years.> Vinyl chloride
SN cmdcnscd in a tared, narrow neck ampulc
. .reize. The ampule is flame sealed and
~"ed to constant weight, A small Swage-
« - =2 s carcfully placed over the neck of the
-~ .o and the whole assembly gently lowered’
- :asured volume of CSz. The ampule |
“ruken by shaking the bottle, No bubbles -
- s+ 1 :seen during this operation, indicating " -
s .2 vinyl chloride is completely dxssolvmg

“!»13vl chloride standards can be madc
by Loiing the same progedure. © -

Ammrieas 1oy rral Myglemt Asscistion Journal

" atroom temperature and wet ice temperature | -:,S- !

. methyl chloride samplcs havc not yet becn .

? ermal oempnon R PR

Siandards of \inylidene chloride are rou-
tinely prepared by mjcctmg a measured volume
of vinylidene chloride into a known volume of
CS$: with a microliter syringe. .

There was some question about standards . .. ..
made by injecting a known volume of gas into a. -
known volume of CS; in a sealed serum vial

s0 the above technique was utilized. Condens-
ing the vinyl chloride in dry ice and usinga 10 - o
ml glass syringe cooled to dry ice temperature 1 "7 0 L
to prepare a standard pmvcd difficult to o

duphcat.. . R

. T ST

Sample stmp .
The flood of inquiries from industrial hygmmsts.
both from industry and government regarding
personnel samples taken at one location and
forwarding to a laboratorv at another location
for analysis, sct the priority for determining
sampic storage characteristics. The backlog of
SAMmmMies 1akcs in 0U” OWn Company and iimte-
fions of avanaois marpowser shd nsirurrsnta-
tion ftrihor subsianiinted the need to know

how much absorbed vapor was oeing lost during
storage or shipment of caroon tubes.

Sample of 10 liters of vinyl chloridc at 1
ppm on the PCB 12X30 activated carbon
were stored in polyethylene tubing for one to
three weeks: 10 2 20% loss was noted with
increased storage time. The effects of four
weeks storage at room temperature were
checked with both the stainless steel and glass
tubes, and no apparcnt samplc dcgradatlon was

- observed. ... - s

However. it was found (hat if samplcs
were removed from their tubes and placed in
small vials scaled with Polyseal caps, up to
40% of the initially loaded vinyl chloride was
lost after one week of storage in the freezer.,

Iy

.. Samples, therefore, should be kept sealedin | = .-

the original sample tubes until desorbed. - - -
The storage effects on vinylidene chlondc _

“in glass tubes proved to be within theerror % " “° .

(£5%) of the analytical method. Effectson

dctcrmuwd o Tom T e K

65Y6£0 S®y

_Thermal desorption was mvcsugated asan’
alternate to CSz desorption. Thermal dclorp- ]
tion, if perfected, offers several advianges over’
carbon desorption, such as reduced hcalth

hazards.
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A UIIT, LUy issi o
volumel, 2 mui'"i{;c Zurnzo2 ana a Harza _f-h.l
D2f, ic Ceuizst the =xpeifed vapors, The inlet
ani outiet tubes are of stainless steel as are
the sample tubes. Prepurified nitrogen at a
flowrate of S00-800 ml/minute is used as.ﬂ!c
purge gas. The oven temperature was i.ni'ua]ly
set atr 225°C, however, the Jow and erratic
recoveries obtained were eliminated by msmg
the temperaturs to 430°C, )

‘The desorption procedure is as follows.
Piace 3 10 liter Saran film bag at the exit end
«f *he outlet tube: connect the sample tube in
the line and slart the nitrogen flow. Purge the
svalemn with epproximately 1 liter of nitrogen
Sefore placing the tube in the furnace. After
placing the tube in the furnace. collec tha
wxnchice vapors until the destred voiume i3
:rt the nizopen flow from :

and remove the daric-an

ovdieed, T

a'vaiT.

wdat l ]om it was round tna.
T 18 nceded. At23 ppm. 4 liters
fitew o zave 90% recovery. Atthe 10
cont. 18 Hiters of nitrogen had to be used
RO, 2 ‘:3“c recovery and at 1 ppm. 12 liters
v mtengen were needed to obtain this recovery,
Fr’ licate samples of 1 ppm vinyl chlo-
:nalvzed by this method. The aver-
eovery was 924 =35% (one standar-d
: . Subscauent series of tests have
recow erv factor of 80% =5%. At-
uwere made to find the canse of ths
i ‘e1ther the use of glass tbing nxr
et atey 2ad conditioned stainiess ste tub-
t.see ihe recovery factor to its original
¢ uacement of the inlet/outlet tubing
it thie aiirogen supply has had the same nega-
R ex.‘.., Although this pew factor is lower
- was originally found, it has beer;
e slucibie and could. therefore, be effectively
svmdas '_h recovery factor for this technique.
The raeoveries of methyl chloride 2nd
vinviidens chleride have also been determined
hv this techmique. A recovery of 75% 5%
s chianed (ooe standard deviation) for 6
liters of both 50 and 100 ppm methyl chloride
c..»«.rbdd with 10 liters of nitrogen. Replicate
<umptes of 10 ppm vinylidene chloride gave 2
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Anatytical Condiuot,s

Anauysis is performed by gas chromatography/
flame ionization detection. No one column or
set of conditions can cover all situations in-
volving analysis for vinyl chloride. A variety
of columns have been used depending upon
the situation. Figures 7-11 show some of the
columas that can be uscd under varying cir-
cumstanees,

Breakthrough was determined by period-
ically injecting air samples drawn from a glass
tee placed behind the carbon tube. The follow-
ing GC conditions ware employed. :

Column: 6 2 *&" stainless steel 20%
13 200 ot Chromosork W,
YU AMpesn

Detezior
Temperaturs: 2300
Sampic Size: (.5 cowuh GSV.or 1.0 mi
ressure-Lok Syringe

Sample analysic was originally performed
on this same coiumna 2! 30°C. Both vinyl

chloride and vinyiideae chioride can be deter- .

mined (Figure 7): howcewer, light hydrocarbons
may interfere with z"k v irwl chloride determi-
nation. Such intecf. 25 were climinated by
cmolovmg the foi: ov- au cmdnt:ons (Figures
8and ?:

Columr:: 20" - ' . ” stainless stesi
( arrwivax 4000 on Supelco-
part +1.. 100 Mesh

Cislumn S

Temperature; 804"
Injection
Port:  Urheatza, on-column m)cctwn
) Samplc Size: e mcroliters

Other parameters wire the same as pre-
VIou.sly stated. Tewnpereiurs and carrier flow
are qunc criticz! bauause the vinylidene chio-

" _rideis not comglctely scpurate from the CSs;

“Saran tt @ toademare o Tle Dvow Chemical Company
abroad,

Saptomber, 1973
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Figure 7-~Chromatogram of components on DC 200
column; (1) vinyl chloride, (2) vinylidene
_chloride. (3) CS;
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sma'! changes in cn.hcr of xhcsc paramctcrs b
:»aiow in loss of resolution. o
“These conditions have proved saus[ac(ory
: for samples containing methyl chloride,
dt-w' 'mh{luommcthane and/or dxmcthyl
et i~ addition to vinyl chloride. For these

siv - :-ns satisfactory scparations have been
act: .. under the following condxtlons (Fig-
urc. oraad 11). Do T

- umn: 5" x V6" stainless steel
Porapak QS, 80/100 Mesh
Curr - Flow:
SiUm
Ter-» . rature:

R I BT
\_":4...-

rodlﬂuommcthanc. vmyl

chloride) i
115°C (methyl chloride, di-
methyl ether. vinyl chloride)

Amvanar T atrdn! Hepiene Associphon Journdl

a
41
s

" sampling of vinyl chloride and rclated com- S
.pounds. One gram of this carbon packed in a N

’ Acknwledzement

[

40 ml/mm Nz e o

~ H ST

° lchlonde dnchlo- ' v s
i C (mcthy F:gurc 8 Chromltogmms of compontnts insiron -
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Conclusions o Ll g
When the vinyl chloride situation arose it was [ L
found that existing techniques for personnel - N
sampling and analysis of vinyl chioride expo- :
sures were found to be inadequate because . o
vinyl chloridc vapor was easily lost from the TR
samplc at scveral different stages in thc collcc- R
tion and analysis. : . OO

This stud\ evaluated numerous adsorbmg
media and found that one specific cocoanut
carbon, Pittsburgh PCB 12X30 Activated
Carbon, is the most suitable of the commer- :
cially available carbons tested for personnel IR

stainless steel tube (14 em x 0.25 O.D. x
0.0287 wall) can be used satisfactorily to ¢ol-
lect vinyl ehloride, vinvlidene chloride and
methyl chloride according to the sampling
conditions developed herein. The study devel-
oped improved techniques of desorbing the
carbon using CS. at drv ice temperature.
Thermal desorption was also investigated as
an al(cmamc to CS: dcsnrptmn

4.

The authors wish to cxpress their thanks to X
A. A. Allemang. R. A, Dommer, R. K. Lec. Lo e g
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= Carbowax 4000 column; (1) isobutane, B
(2) vinyl chloride, (3) vinylidene chloride,

(4) trans-1, 2-dichlorosthylene, (5) me-
thacrylonitrile, (6) scrylonitrife. R
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