INTERNAL CORRESPONDENCE

CHEMICALS AND PLASTICS RIVER ROAD, BOUND BROOK, NEW JERSEY 08805

Toname) R, N, Wheeler Cate April 2, 1979
Division Chemicals & Plastics
Locatian  gouth Charleston, W, Va, Originating Dest. R&D

Answaring latter date

W. B. Ackart - BB/98 Subject Determination of VCM
L. E. Brydia - BB/200 in PVC Resins

O. M. Garty - BB/200

R. A, Gregory - BB/200

G. T. Kwiatkowskl - BB/200

R. W. Lasher - NY/33

G, 5, Peacock - BB/98

F. G. Wlllebocordse - BB/98

The items discussed In our phone conversation this moming are
attached. The reprint of the article from the Joumal of the Assoclation of Officlal
Analytical Chemists emphasizes the necessity of confirming peak assignments.

I have underlined sections on pages 813, B15, 816, 818, and 819 which state

the importance of a mass spectrometer In proving the presence of resldual monomer,
It should be noted that this article,which was published by Food and Drug Admini-
stratlon personnel, discusses vinyl chloride homopolymers that are less complex
than copolymers.

The other attachment is a partial listing of compounds noted In the
literature as being ones that could Interfere In the determination of residual
monomer in vinyl chloride homopolymer or copolymers, This data was obtained
from the American Soclety for Testing and Materlals compilations and various
sclentific journals.

If we can be of any further help In this matter, let us know,

T. B. GIb
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INDUSTRIAL CHEMICALS

Headspace Sampling and Gas-Solid Chromatographic Deter-
mination and Confirmation of 21 ppb Vinyl Chloride Residues
in Polyvinyl Chloride Food Packaging

J. LAWRENCE DENNISON, CHARLES V. BREDER, TIMOTHY McNEAL,
ROGER C. SNYDER, JOHN A. ROACH, and JAMES A. BPHON
Food and Drug Adminutration, Division of Chemistry and Phymcs, Washington, DC 20804

The determination and confirmation of resk
dual vinyl chloride (VC) in polyvinyl chloride
(PYC) food packaging materials are described.
PVC packaging materisls are dissolved intllE
methylacetamide (DMAC). VC is sparged from
solution with helium gas and coliected in sealed
vials of ethanol. VC in detected and quantitated
by wming a headapace sampling technique and
standard gas-solid chromalography (GSC) with
flame ionization detection. CSC pesk heighta of
about 5% full scale deflection are obtained for
samples of PYC containing 1 ppb VC. Polymer
samples taken from tubing, hiood bags, food
packaging filma, bottles, and unprocessed remin
were analyred. Residual VC levels ranged l'wm
0.3 10 913 ppb. W€ was comfirmed by COC-ininss

PICirowmelry, Wng jon ing
-z Junction with fell mae
wenr VC

Fﬂn

The detection and quantitation of vinyl ehlo-
rde (VC) in various matrices have been con-
tinwing problems for the past several years.
Bince the implication of VC as a cause of angio-
sarcoma of the liver (1) and several other dis-
eases (2), there has existed a need for a highly
sensitive and specific analytical method for de-
termining and confirming residual VC in PVC
food packaging materinls. Previous work in this
laboratory (3) was limited to quantitative de-
termination of VC from PVC solutions at the 1
ppm level by direct gas-solid chromstographic
(G8C) injection.

Recent work has shown that headspace sam-
pling techniques can increase sentitivities to the
low ppb range (4-7). FYC materials or PVC
solutions were held in sesled vials and heated for
fast equilibration between liquid or sobd and

vapor phnses. A large aliquot of the headspace
was withdrawn for GBC or GEC-mnss spectro-
metric (M8) injection.

Apparent sensitivity has been further in-
creased by concentrating VC from the polymer
solution inte another solvent, using s sparging
technique. This was suggested by Bellar and
Lichtenberg (8) and har been used by Japmele
wcientists! for several vears.

We have modified the sparging and hudspm
sampling techniques to obtain the described pro-
cedures which permit the determimation and
cotfirmation of 2 1 ppb VC in PVC materials.
--Rplymer samples of tubing, bottle:, blood bags,
food packaging films, and unprocessed PVC
resing were analyszed using flame ionization de-

tection (FID) and jppfrngd by QBC-M8.

METHOD

Caution: Since VC is 2 gas at room temperature
and has been designated a carcinogen (1, 9, 10
by inhaiation, sperinl handhing precautions must
be taken to preserve the integnty of the standards
as well a8 40 ensure the safety of the analyst. Only
the septaseaied vials described under Apparatus
were found satisfactory for handhing VC.

Reaganis

(a) Vinyl chioride.—(1) 3 )b _cvhinder (9%
pure) (Matheson Gas Produrts, 8655 Amberton Dr,
Dorsey, MD 21227, or equivalent). (2) VC gas
standard (048 ppm v/v) containing 125 ng VC/ml
pitrogen (MG Scentific Gases, Kearny. NJ 07029,
or equivalent).

(b) Ethanol—Abmolute (Publicker Industries,
Inc, 1429 Walout 8t, Philadelphin, PA 19102, or
equivalent). Before use, test to show absence of
co~efuting materiais at retention time of VC under
conditions of analyss.

C. V. Hreder » Amopate Reforse aa Indirert Additive
From Fowl Parknaws,

This paper wes prewenied At the #1st Annusl Mosung of
U AQAC, Oct. 17-9, 1977, at W, ., DC.

LANAltienl method atiachet t Dee 19, 1873 ketter from
Auritome Rakeitte Co.. Ltd. M5 Park Ave. New York, NY
1922, to Heurmg Clerk, Foml aml Deug Admimsiration,
4 Fwbers Lame, Rockviile, MDD 28383
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(&) Dimethylacetamide (DMAC) =3 kg bottle
(Eastman Practita) Grade, Eastman Chemical
Products, PO Box 431, Kingsport, TN 37082. or
equivalent). Pre-sparge entire rengent hottle with
helium for 2-3 davs before use. Before use, tc ¢ to
show ahwence of eowcluting matenals at retention
time of VC under conditions of analyms,

Apparetus

(a) Screwwenpped batlles—} oz parrow mouth,
35+05 ml (Ace Scientific Bupply Co., 1420 East
Linden Ave, Linden, NJ 07036, No. 104258, or
equivslent). Similar bottles with 2 oz eapacity.
Cape with Teflondined septa (Alltech Amocistes,
202 Campus Dr, Arlington Heighta, 1L 00004, No.
9522, or equivalent).

(b) Gau ayringe~2, B, and 10 ml (Precision
Sampling Corp.. PO Box 15119, Baton Rouge, LA
70815, Pressure-Lok, Beries A-2, or equivalent),

(¢) Mini-Vials~3 ml. with caps and Teflon-
lined septa (Alltech Amociates, Ine., No. 9500, or
equivalent).

(@) Collcetion wnls —Perkin-Elmer FA2 hend-
spree annlyasr vinls with grav septa and alonunum
seals. Capper (P-E No. 105-0106) and d~eapper
(P-E No. 105-0107) for vials, or equivalent.

(e) Sparging apparatus—E8ee destriptive draw-
ings in Fign | and 2. For temporary use and pre.
liminary tests, & standard metal cap may be used

hined lrom solid brass (114 in. Hat. h—ﬂlt). muuu lI same configuration
%o,

fitting.

it ( cap
uw-nm«uu.«cummmmu

by removing liner, drilling hole through top, re-

moving surfare pmint with aectone, and soft-solder- -

g in n hulkhead fitting with sparge tube attached.
Sparge tube is attached to bulkhead fitting by
dnlling hole slightly larxer than A4 1n. downward
at angle into bore of fitting (xee Fig. 1). Flata of
nut portion and upper major part of threada should
he avorded. Alter sparge tube i inserted to proper
length (enough to rench bottom of bottle), tube
18 silver-soldered in place. Thick gasket 18 then
eut to fit inside of enp. Threads on standard metal
enps are not sturdy enough for eontinual use and
often strip off after 2 short time, Plastic caps are
unentizfactory for even temporary usage.

(f) Foreed rrnft oven.—Precimon Scientific Co.,
3737 W Cortland 8t. Chuengo, 11, 80747, Theleo
Model 18, or cquivalent.

(g) Goa  chromaingraph. — Hewlett-Packard
Model 76204, or cquivaleot. equipped with tem.
perature programmer and fiume ionization detee-
tors (using 0.01 in. id flame jets). Operating con-
ditions: Temperatures (*C)—injection port 200,
detector 180, eolumn 110 (after VC elution (ea 7
nun), program column to 180°C at {astost rate and
hold for 20 min) ; ans flows (inl pun) =helium ear-
ner A8 (0.7 mtameter), heliim makeup 30, oxygen
345 (3.35 rotameter), hydrogen 38 (0.75 rotameter) ;
electrometer setting, 23X 10t amp full scale
(AFS).

Reverved Ausust 22, 17T, Arvepted Febryary 18, 190,
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EFrLuEnT TUBE DETAILS

NG, 2—Sparge train detaly; remuires 7 % W e mainiess stast tublng, 4 W 3 in. reduting waion, § Rt X i in
copper tuling, and Wrass cap ot shown in Fig. 1.

and caleulate VC concentration either in w/w or
in w/v unita (¢n 50 ppm) Thie solution is similarly
diluted to yield solution containing 1-5 ppm. Make
fina) dilutions into 10 ml cthanol in collection vial.
Prepare working standarde 1n 1-50 pph range. If

(h) CAhromatogrophic column -8 ft X % in. od
eoiled stainiess steel, filled with 80-100 mesh Pora-
pak N; retention time of VC ca 7 mi

i s __chromatograph-mam epaciromater -+
Hanuwan Modcl 3300F electron impart quadripold 1 X
E Emmehr Euli)E ‘m§ E %ﬁi % refngerated, these working standards are stable for
ehromatograrh and Finm ol 8100 dath V' up to 1 week. Muitiple septum punrt\m:l shorten
F Full mam ecans aad selected 1on recordiog ‘l\orkmu life of standarde.
5 m/z 62 an _were obtai under rompufor Determine actual VC concentration in head-

mace of above working standards under conditions
—mector 170. column 155, scymrator 215, transfor ‘ of analves by direct companson to standard gas
alter rolimn wa® vented and ¢ (048 ppm in nitrogen) contniung 1.25 ng VC/mi

to 180°C tn elear solvent from col-j Caleulate average partition cocfficient, uming the

mmm:t_é‘_.ﬁ
W) heliim enrmer gas 25 mi/min; mmEIn nzg - following equation .
o8 gus ot 99°C: emlums | under ‘

Partation coefficient = C,/C,
- = (0.13/1 1740 =90.
() Pint bottles—Fliot glam, 16 o5 narrow (0.13/14 mhi/(057/10 mb ot (1)
mauth, screwscap (Figher Scientific Co., 7722 Fen-

where C, = concentration in vapor (headspace);
ton St Silver Spring, MD 20910, No. 2-883DD, or (', = coneentration in liquid; 0.13 = 13% deter-
equivaient), with foil-lined cape. mined to be in headspace; 14 ml = volume of
heastapace (13 mb plus volume of syninge (1 ml);
087 = 87% determined by difference to remain 1n
liquid: 10 mi = volume of ethanol standard.

Preparetion of Standards

Accurately weith 2 os narrow mouth bottle,
Mini-Vis) cap, and sptum. Add 50 ml abeolute
sthanol to weighed bottle. Cap, and reweigh. In
hood, prepare VC stock solution in this bottle by
quickly uneapping bottle and adding 05-2 g
bguid VC from inverted freeserwooled cylinder
of VC. Immedintely eap bottle tightly and mix
well by shaking. Reweigh and ealcuiate VC conera-
tration by weight (ea 10.000-40,000 ppm). Dilute
thin stock solution by withdrawing ajiquots through
wplum with svringe and injecting into weighed,
malod container (1 os bottle) of ethanol. Rewcigh,

Preparstion of Solvents end Samples

Check aheolute ethanol to be used in collection
viale for materials ro-eluting with VC by esrefully
pipettiog 10.00 mi into one of the vials and sealing
the vial with vinl eapper. Annalyse an described
under Analymx,

Drill 2 holes in cap of 3 kg reagent bottle of
dimethvincetamide (DMAC) and run We in.
Teflon or.atainiess strel tube to bottom of bottle
through 1 of the holes. Spnrge DMAC, using slow
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flow of helium (5-15 mi/mio) for eeveral days st
room temperature hefure use. After DMAC free
of materla co-cluting at retention time for VC
has been oltansd (detesnuned by analveing re-
ageot blank), wdid 200 ml to I pt bottle along with
2 1n. Teflon-conted magnetie stirnng bar.

Cut thick PVC samples mich as tubing and
bottles into small picces which will fit through
neck of narrow mouth pint bottles. Prepare film
by rolling sample into lopg parrow tube which
ean be cut into short sections to fit into bottle.
Accurately weigh 2000 ¢ PVC material and add
to bottle containing 200 mi DMAC and stirring
bar. Tightly cap bottle, using eap with foil liner,
and stir contents until PVC is completely dis-
solved. Complete solution requires stirring from 2
hr to overmght, depending on PVC formulation
involved. Highly plasticized samples dissolve more
readily' than do more rnigid snmples. (Note: Opaque
solutions are geaerally obtained when the PVC
composition coptaing impaet modifiers or pig-
ments.)

Analysia

After PVC samplc 13 dismolved 1n pre-sparged
DMAC, add 10.00 mi absolute ethanol to each of
2 collection vials. Interconncct vials with short
lengths of g in. stanless stee] tubing as shown in
Fig. 2. and cool in thick Dry Ice-ethanol slurry
for 30 min before uae. Fit hottle containing PVC
solution with tight ¢ap equipped with g4 in. stain-
lesa steel sparge tube extending o0 botiom of
bottle. The apparatus 18 shown in Fig. 1.

Immetse pint bottle containing PVC solution in
steam hath and add helium sparge gas via needle
valve throngh 44 in. stainless steel sparge tube at
ca 85 ml‘min. Quickly leak check apparatus by
applying Snoop (Potomae Valve and Fitting, Ine.,
1500 E Jefferson St, Rockville, MD 20852) to all
joints and briefly plug final outlet tube to build
up pressure. After leak checking, allow sparge gas
to freely paws through PVC solution, through bulk.
head fitting, into efucnt tube and into eollection
vinls immaersed 10 Dry Icesethanol slurry. Sparging
apparatus is shown in Fig. 2.

After sparging for 2-2% hr, disconnect collection
vials while still cold, deeap using decapper, and
re-senl uging fresh unpunctured septum. Apslysze
visls immediately or store under refrigeration for
not more than 2 days. For analysis, heat vials to
90°C in either water bath or forced draft oven
and let equilibrate at this temperature for 21 hr.
Heat gas-tight syringe having iotegral valve to
90°C in forced-draft oven. Wear gloves to use pre.
heated gas-tight syringe and withdraw 1.00 ml
headspace. Close syringe vaive and return syringe
containing sample to oven for § min o vaporise

DENNISON ET AL.: 1. ASSOC. OFF. ANAL. CHEM (VOL. M. NO. 4.1t)

any condensed solvent. Remove hot syringe and
immediately inject mmple into gas chromatograph.
Miuke standard VC gna injection (1.00 inl, 135
ng) lwth before and after ench headspace mmple
ijection. Quantitute unknown using the following
equation:

VC in PVC, ppb = total ng VC in mmple/20 g
= [(ng/ml in HS) x 14 ml
+ (ag/ml in lig.) x 10 mll/20¢ (P)

combined with Eq. (1), C./C, =011,
¢, =C,/0.1, then

VC in PVC, ppb
={C, x 14 ml+ (C,/0.11) X 10 ml}/20 ¢
= (C,(14 ml 4 10 ml/0.11))/20 ¢
=52C,

The remainder of the smmple in the collection
viala after GSC determination of residual VC is

M@M
quilibrate samples at 90°C for 1 hr in constant

temperature bath and withdraw 2.00 ml ahquot of
headspace with preheated gas-tight syringe having
integral valve. Inject mample quickly into:

BB @ minimite cooling of syringe and condenss.

tion ol v npor

where

mﬂdmﬂ-du 4
ﬂv-ﬂ B mitware, Calculate rd.nhnl

/3 & and 64 in Y _
retention time & YT 402 SEmgare ﬁg E
3;:

Results and Discussion

Previous unpublished work in this laboratory
indicated that quantitative determinations of VC
in PVC at very low levels would require a com-
bination of beadspace sampling and sparging.
Headspace techniques have the advantage of al-
lowing larger portions of the VC present in the
sample to be injected into the gas chromato-
graph than could be done by direet injection of
solutions. Undesirable components can often be
reduced or ehminated. Unfortunately, the low
ppb levels of VC in sobd food packaging mate-
rials could not be determined accurately by us-
ing headspace sampling alone. This is due to dif-
fering and unknown equilibration times from
sample to sample. Direct headspace sampling
has been shown to reliably detect low levels of
VC in severa! food simulating solvents (6). If
the polymer is dissolved in a suitable solvent, a
favorable partitioning of VC into the headspace
may be obtained. Our desire to use a relatively
dilute polymer solution to ensure rapid equilibra-
tion resulted in a low total VC concentration in
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the headspace for samples containing VC st the
ppb ievel. Therefore, an additional coneentration
#tep was nerded. Sparging provided a means of
transferring VC from a solution of low concen-
tration to one of higher coneentration. The eom-
bination of sparging and headspace sampling
techniques produced the desired scnsitivity,

DMAC was chosen to dissolve the PVC be-
cause of its excellent solvent properties and its
jow volatility. Abdolute ethanol was chosen as
collection solvent heesuse it remains a liquid at
Dry lee temperatures and i3 an excellent solvent
for VC. Helium was choecn as the sparge gas
because of its low solubility in ethanol.

The sparge trun was deagned to use readily
available components, the pint bottle being
chosen for its convenience in holding 20 ¢ PVC
in 200 ml DMAC without entrminment of the
DMAC into the gas stream. Some bottles broke
at the threads, possibly due to overtightening,
machining mismateh, or differences in coefficient
of expansion between the glass and brass used
in the cap construction. A larger bottle (1 gt}
could be used for the determination of VC at
lower levels where a larger sample would be re.
quired. Figure 1 showy the details of the eap and
Fig. 2 shows the assembled sparging apparatus.

GSC snalvsis of the hendspaces of several
PVC samples, following sparging, demonstrated
that VC could not be adequately resolved from
other componenta by using Carbowax 20M or
Silar 10C liquid phases in econventional packed
columns. Chromosorb 101, Chromasorb 108,
Porapak T, Porapak R, and Tenax GC also pro-
vided inadequate resolution. Chromesorb 104
was marginally useful but is not recommended.
The Porapak N colmn was selected for its ex-
cellent resolution of VC from all encountered
interferences exeept one component efuting after
VC which somefimes preciuded baseline resolu-
tion. GSC-MS analysis showed that this compo-
nent was isobutane. With the porous polymer
columns, from 45 min to 1 hr was required be-
fore the FID baseline was considered adequate
for the next analysis. Attempts 1o shorten these
turn-around times by backflushing were unsue-
cessful. The Hall electrolytic conductivity detee-
tor and the Dohrmann microcouiometric detec-
tor were evalusted in an attempt to provide
interference-free deteetion of VC, Three detec-
tors were difficult to usc and suffered from a
lack of reproducibility on s day-to-day basis.

Since VC interferences were not sliminated by
using these detectors, the FID remained the de-
tector of choice.

We were unable to obtain syringes capable of
continued use at 90°C, Syringe leakage problems
were oceasionally encountered due to sustained
use at 90°C. Syringes were tested by pulling
back the piunger, closing the integral valve, and
pushing on the plunger while holding the syringe
under water. A stream of bubbles indicated leak-
age and the syringe was discarded.

Pre-sparging of the DMAC satisfactorily re-
moved possible interferences contained therein.
No attempts were made to clean up the absolute
ethanol. If materiais co-eluting with VC were
present in the chromatograms of the blank eth-
anol, a new eontainer was opened and cheeked.
In general, inter{erences were not a problem.

Before attempting the analysis of unknown
PVC materinis, a complete analysis of a reagent
biank should be obtained by using the sparging
apparatus described. A known amount of VC
shonid be sparged from the spparatus to check
for recovery, lenkage, and the GSC retention
time of VC under operating conditions,

The partition coefficient was determined by
analyzing 17 VC.ethanol solutions ranging in
concentrstion from 18 to 12 ppb (polymer
basis). These solutions (10.00 mi) were prepared
in collection vials, analyzed under the coanditions
of the snalysit, and quantitsted by direct com-
parison to the standard gas (0.48 ppm in N,)
which contained 125 ng VC/ml. By using Eq.

1, the partition coefficient was calculated to be
0.11 with & standard deviation of 0.015.

Spiking and recovery studies at levels of 0.7-
26 ppb VC in DMAC and in 10%, PVC polymer
solutions in DMAC were carried out for the en-
tire procedure. The average recovery for 6 an-
alyses of DMAC containing no PVC was 919,
with 3 standard deviation of 3.7. The average
recovery for 21 polymer solutions contaning
109 PVC was 039 with a standard devistion of
11.7. The PVC for the recovery studies was free
of residual VC. (Note: PVC containing no VC
was obtsined by several precipitations from
tetrahydrofuran (THF) into methanol. About
50 g PVC from tubing or film was dissolved in
& minimum smount of THF. This solution was
slowly poured into s vigorously stirred beaker
containing methanol. The ratio of the THF solu-
tion to methanol was about 1:10. The precipi-
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N Tobla 1. Wesidual YC found In verious PVC samplas wil 2.1 ppb VC. At this level, o VT re
* e Ve foung.« gypdent s the total o0 current prob
: ! Sample Sample description peb byt was readily ap at in the selected 1on cur
= ant profile of ths enmpic (Fig. §).
1 rigid calendared food grade shaet 1.2 P e
2 thin plasticized food him 2. eted jon recording of 02 and 84 was'
3 thn plasticized tood him 21 nn He of VC. The charne¥ |
4 plasticized bivod pag 1.2 NP q
5 thin plasticized copolymaer food film 2.1 x e 3:1 ratw of jous at_the retentio
§  thin plashicized food him e uroduncd by the natural abundance
#7  plasticized food and Mk tubing [ B lof 5C] and *C} in the moleculnr won of W w- ]
8 plasticized beverage tubing “r he e Tod. Thi .
Y rgid vegetabie o bottle 120 g the specicity of the methad. This ratx
10 rigid Franch water bottie u: ¢ producible 1o wrthim 26K of the theorst,
11  French bottle moiding compound . heg the Jevel of remdual Monamer
2 thick plasticized canming shaet [ K r‘* L/ H in the
13 plesticized blood beg oLy plviDer waw 1 pyp v L
1 resgent blank NDY Mlonitoring the m/3 2 and 84 ritln ensurell ™
"Q oy 1 . 2 VC pean and containing one chiarme &

MaASUrng peak hm.n‘—;mglc dniermination,
* Estimated valus—~Dbelow methad guantitatian luwit,
¢ None detgcted.

1R onh MM 4
om and thus the elemental composition -
V@Vl chioride 18 A MOIUINT 10D OF ITAEMENT & ‘
bl Interierrnees to the (ioL-MS confirmae NG 4Tt
Chioroh 3 RBEG_ rin, and dichlo#

/ taining 2.1 ¢

tated I'VC wna filtered onto a large Buchner

e
funnel and air-dned. For processing larger quan. wee 8 fragment at m/z 62 containing
tities of PVC, a large blender was used for the ghisrine_atom and are potentinl mteriar- and dichl
precipitation. Generally 2-3 precipitations pro- | cillis. Anslveis of munpls of epichiorahwing ¢ sfter VC. .
vided elean PYC if the marting PVC eontained ) elute iater
, no more than about 1 ppm VC. Tha lac)
‘ A variety of PVC materinls were analyzed r— made qu.t
: using the method described and results sre given - Good quu:
in Table 1. A typical FID chromatogram is tontrol of 1
shown m Fig. 3 along with the chromatogram struetion o
of the reagent Llank. Thirteen samples were analyzed s
analvzed and contained YC at_Jevel ngin nidered red
pecirometry. 1t i !
. b Ten method by adentifying co n iﬁ“‘;'
. , 18 eluting nenr the retention ime of vinyl | " e
ﬁri@e. This enwurtd tn the final procedure thaté @ Thom
t Were oo eom ¢ co-efuting with vinl |
i ride that wounid mvatidate the GSC quafiti- ‘
jon, Fu -NS seans (m/s 16-200) of 12 E

the smuires shroinat ved ot Porapak

Nere obtained to identiiy the somponents elut-'!
ML Dear yinyi chloride Figure 4 is the 1otal 1o ,
i

gurrent profile of a tmieal sample recorded fromP
. e elution of earbon dioxide untsl t ¢

wd_ethanol, The reagent blank_and the samples # i
1 ]

tained earbonv! su ro water. and
apetaldehvde. Chloromethape, iwobutane, gﬂl '
tastene were identified m mewt of the mmpid. -
t } nt Time (mim)
0 j tion and eoniparison with ref-#

na. Al
; " p - ¢ spats of ren nk; B, 3 it headupate of Sample
v sngoee. empounds smabvacd under dentien! eon; nds sralvsed "":’d“‘;);““‘?}‘::' o \; containing 2.1 pg8 VC, pelymer hasis (04 ng VC
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iare

rma- NG 4—Tetal jon current profile of Sample I dan
chlo- mmining 11 e VC, peiymer basis (0.8 ng VE injested);
retomtian time of YC indicated by aitew.

ainds
ning
rfer-
vdrin

hter than VC {11).
The lack ol interfering eo-sluting materials
made quantitation by GSC-MS unnecemary.
(Good quantitation by GSC-MS requires strict
eontrol of the analytical conditions and the con-
struction of an analytical curve from standards
analysed simultanously. Such an effort was con-
sidered redundant in this case,
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8S ERFERENCES A

Porous Polymer Type

Butane
Cyclobutane
Isobutane
2,2-Dimethyl propane
Ethyl chloride
Methanol
Methyl chloride
Propane
Ethylene Oxide
Butene-1
Butene-2-cis
Isobutene
Propylene
2-Methyl butane

P ar C
Toluene
2,3-Pentane dlone

2-Ethyl-3-methyl dioxclane
3-Haxanone

Di-isopentyl ether
1-Butene=2-0l
2,4-Dimethyl-1,3~dloxane
2-Methyl propanol
3=-Methyl-2«butanol
2,3-Dimethyl butanol

n-Butyl acetate

2-Maethyl pentanol

3-Pentyl acetate

2-Pentyl acetate

3-Methyl-4, 6-dloxanone
3-Pentanol

2,5,8-Trimethyl-4, 6-dloxanone
2~-Methyl decane

2-Pentanol

Isobutyl proplonate
3-Methyl-3-pentanol

3-Ethyl nonane

P T

uccC
061596




