JOURNAL OF CHROMATOGRADPILY I5
CHION. 5554

SAMPLING OF AIR POLLUTANTS WITH SUPPORT-BONDIZD
CHROMATOGRAPHIC PHASIES®

WALTER A AUE axn PANKAJ M TELL

Coneiersity of Missonri, Colinpbia, Mo, 63200 (125000

(Keveived=july 27th, taz )

SUMMARY

Support-bonded silicones, such as (C,H,:8i0,/5), on various tvpes ol Chromo-
sorhy, i be used to trap arganic vapors from the atmesphere, The trapped compounds
cin then be extracted and the concentrated extracts analyzed by various analytical
techintigques, '

INTRODBUCTION

Organic nuterials are present in the atnwosphere vither as ierosols or as vipors,
Vapors are generally the more ditfieult to eollect and the literature on thenis 2eant in
comparison to the information available «m particulates. Several reviews onoair
pollutants are available' %, some of which refer to the sampling question.

The collection and analysis of organic vapors, especially those of higher molee-
ular weight, can be fairly ditficult. The troubles steny maindy rom the ubiguitous
presence of water in the atmosphere and are aggravated by high concentrations of
axidants, sulfur oxicdes, ditrogen oxides, ete. Organies of higher nwlecular weight are
present inminute amomnts only, and some of then can casily devompose, Further-
ot -~.1m|1l1n'r outsicle the realm of the laboratory can present additional problems,
Yot, the organic composition of air in remote toe ations holds considerable interest for
viarions braotehes of sciencee,

This pitper reports an aittempt to devedop o simple nwtln:rl for collection of
organics from air (or from other guses), o method which could be used at ambient
temperature in remote Jocations and would provide the anadyst with enough material
for several analyvtical tests, ITn our case, these tests were based on gus=liguid chiromato-
craphy (GLC). :

The methods reported in the literature relyv on Hguid teaps, cold traps, or ad-
sorbents. A special place is occupicd by methods using gas chromatographice (GC)
phases, on which organics are colleeted? A7 The collected materials can then he swept

*Conteibation from the Missourt Agriconltural BExperiment Stotion, Jouwrnal Series Noo 7105,
This sty was funded D NS grant GEP-tSoeo, KPPA grant ous 2o, andacgrant from the Univesity
of Missouris Extension Division. 1L was also supported by the Enviroonmental “reace Hulht.mu'
Certter, Columbin, Mo, Paet of this manterial was presented it the sthvAnnual © unh rence on Trice
‘mlmt.\m,m in Environmental Health, Columbin, Moo, June, 1azt,

*Aaterind takon in part from Master’s thesis,

J. Clrrosnatogr,, G2 (1az1) 15-27



6 . . W.oAL AU, 1ML TELL

into o GLC column by sudden heating, This approach gives excellent sensitivity, hot
limits the amount of obtainable information, _

Obyvious advintages could be gained by using greater amounts of (}("]llmsv.-; ined
extrwcting, rather than volatilizing the collected air pollutants, The concentrited
extricts could then be analyvzed by different methods, The solubilities of GLC plises
in suitiable solvents, however, do not generally permit such an approach. Support-
Bonded phises, on the other hand, are non-extractible per definition and shauled he
well suited for saompling, (Short reviews of these literature of these phases can be found in
refs. 18 and 19.) _

To perform well in the collection of air pollutants, o support-bonded liquid
phitse should ideally (n) be present in great amounts (very high load) to effect’ maxi-
mum retention, (b) he bonded to o coarse support to permit rapid gas Qow (sioapling
ricte), (¢) yvet allow complete equilibration of organic vapors hetween wits aned liguid
phases, and (d) be generadly resistant to attack by veactive air pollutants such as oxi-
diunts, sulfur dioxide, etes Tt has 1o be truly support-bonded, of course, e exhaustive
extriction with various solvents must fail to remove any traces of polyvimer.

Various materials developed inour Ethoritors =020 have met this test of support-
Donding, After an initial extraction to remove non-support-bonded polymer (which
is always present to some extent), the materials could not be further extracted by
sulvents of virious polarities in 48<h Soxhlet or 10-h Goldfiseh extractions, The liquid
polyvmer load was then estimated from the weight Toss ineurred by o 1ooo Tieat-
treatment for 3 h, '

Initial sampling experiments with support-bonded phases were carried out some
time agof!, They follonved the schema shown in Figo1 for test, collection, and extrace-
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Fig. o Initial laborvdory set-up for eollecting organies on, amd estracting them oo, support-
Donded silicone phises containedd in the “trap. o, Test compoune sampling: b atmosphor
siatmpling ¢, exteaction, ' :
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tion procedures, The How-chart is Lirgely self-explanators, but it <hould be noted that
thesolventused for extraction [1::\\'\'11}1\\'.’11’(14 through the trap, in o direction opposite
to thoe original gas streaonm used in sampling, The amount of solvent is held to o mini-
mum by re-cveling, and is further reduced by withdrawing only the contents of the
threv-necked Nask for GLC ‘mal\ sis andd dise .LHIII],‘.{ the essentinlly pure solvent left
in the trap. ‘

- Thuese 1\pvn|mnts showed that it was indeed possible to retain a variety of
compounds in the trap, Qe the cartridge containing the support-boncded phases,
Stirting from these bhasic experimoents, the present paper deseribes the <implificution
of the hardware for feld sampling, the demonstration of anadyvtical applicability,
aned the more clabornte testing of collection efticiency. ' _

To determine etficieney in the laboratory is relatively simple. In the field and
with unknown compounds, however, approaches other than a terminal cold-trap on
the collection train are called for. One casy way out is to connect two cartridges in
series, whereby the extract from the second eartridge can indicate which compounds
have boen partially and which ones have bheen totally retiined in the Gest cartridge,
A generidized picture of the two-cartridge approach is shown in Fig, 2, To test the
performance of support-honded phiases with-this approach, comples mistures of organ-
ies with o wide range of boiling points can be used - ns exemplified by gasoline
or cir exhiiust, ' '
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FFig. 2.oscheme of the retention of compomuls necording to thaeie paortition rictjos, T is 1-sl|mul that

1w llhlllu,.ll cartridges containinge the support-bonded phases e arranged o series, aond the
s streonn Howing through them contains constant stmonnts of organies.

[t should be understood that some of the methods mentioned in this paper -—

ey the determination of sampling riate with balloons or the GLC unadysis with packed

_l()]ll”lllh --are certainly not the ones to chioose for the quantitative measurement or

quiditative identiieation of air pollutants, respectively. They served well, however,
Ffor demonstrating the capabilitios and limitations of the svstem under serutiny,

ENPLERINMENTAL

fittiad experints _

Initinl experiments wore conducted with the set-up shown in Fig, 1. Tn one
experiment, @ mixture of the test compounds phenol, aniling, Lu.-.,tnpht_-nnnu, HRA
|1:l}3]llflllll ne was introdoaced mtn the cartridge from a heated bubbler in the first
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minutes of sampling, Sampling times were go min at cither 4, 10, or 20 1 per minute
of nitrogen. At ambient temperature, all compounds were collected virtually quinti-
Stativelyat the low flow rite, while only partial retention was achieved foracctophenone
at the medium flow rate, Acctophenone was lost, and naphthalene only partially
retiined, at the high flow rate, When the same experiments were run with uncoated
support (Chromosorh blank), no compounds were retained in the eartridge,

Another expuerinient was designed to define the time necessary for extraction
with pentane, After the four test compounds listed above had been collected in the
cartridge, the counter-current stream of solvent was turned on and samples were
taken at regular intervals from the tlask through o septuni-type arrangement aftixed
taits third neck, The GLC of these siumples showed that the test compounds had
transferred to the flask completely 1o to 15 min after the cartridge overtflowed,

Athird experiment was designed to show any losses of volutile compounds
during the extraction and concentration steps. A series of hydrocarbons from -CoH
tog-CaHeg 0.2 mg each, were dissolved in 2oo mil pentane and ased to <imulate the
extrivction and coneentration procedures, Taken to 1.0 ml, the extract was chiromato-
graphed and failed to show any significant losses, '

| ppralns _ ‘ K : .
' Tige 3 shows @ set-up typical for sampling of ciar exhnust or the atmosphere,
el & Gossett Models 8Y-C-21-1 or SY-C-z20-1 vil-free punips were connected with
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Vg, 3. 'Pepicid setenp for atmospheric saanpling, The defated badloon =hown is used 1o roonghly
estimate the air flow rate for cach sampling experiment, ' : B
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SAMPLING O AIR POLLUTANTS WITH SUPPORT-BONDLED SILICON]ES 14y
Cajon (ittings and flexible stainless-steel tubing to two cartridges containing the
support-bonded phases, held in place by stainless-steel sereens and glass wool, The
flow rate wis estinmuted by measuring the dimneter of inflated balloons attaclhied to
the pump for o measured time, Adr entered the system through o teilon Millipore
flter of 5-p0 pore size, which wis supported by o stainless-stecl sereen in o modificd
Millipore filter holder. The cartridges were Chemical Rescarell Service “hvdrocarbon
trips"", Teflon is the preferred material for the packing rings: if silicone rubiber is
used, it should be covered by teflon tape to avoid extrineous GLC peaks, The Q-rings
in the fittings are somewhat less prone to cieuse trouble, All Cajon Httings and flexible
tubing were 1/2 in. nominal, making for facile set-up, take-down, or interchange, of
the syesten components, _

Fig 4 shows the set-up used for extriction of eollected orgamies from the traps,
The three-necked flask had Clearfit joints, precluding the need for grease. A high-
viccuum jacket surrounded the distillation column to avoid excessive reflux, Tetlon
tubing aund adapter ferrnles (Scientilic Research Servicee) were used for connections via
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VFig., 4. Séteup for extraction of collected air contaminants, Arreshly distilled solvent enters Lhe
cartvidge at the bottom and overtlows bhacls into the tlask. ‘
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SwageloR fittings with 1 2in, tube extensions, Since these extensions mateh the Cajon
tittings o the cartridae, the Tatter could be inserted or reomoved swithont the use of
tonls in fess than o minute. A brisk How of solvent - pentane or other liguids of
high purity and velutilits - - was naintadned for approximatels 13 min after the
cartridge overflowed into the flask,

The pentine extract was coneentrated, lirst in o tlask and then in o gradoated
tubee, toeca, 0.3 ml or less Ty Dlosving dey, pure nitrogen at the sarficee of the liquied.
If further eoneentration was recprired, the extrict was transferred oo eapillary tabe
and coneentrited with nitrogen intvodoced through o svringe needle,

Other conditions Tor sampling and or GLEC analdysis are deseribed below o in
the Jegends to Figs, 512,

Craseldine and car exthiaust sqipling

These experiments were performed maindy tooimdicate the volatility: range sub-
ject to callection, as determined by the two-cartridae approach (IFig, 2) with a complex
mixture of erganics,

Giasaline was introduced to the cartridges via o heated Babbler <similare to the
one shown in Fig, 1 The sioall aonount volatilized within o fow minutes, but the 1ow
of nitrogen was Kept up Tor 27he The GLC anidesis of the two cartridge extracts is
<hown in g o,

Car exbionst was sampled Da connecting the Millipore filter holder to o funnel,
which wis positioned above the exhanst pipe of an ddling Va8 Dodge That or sis
evlinder Chevrolet Madibu, Two typical examples are shown in Figse 7 and S of ma-
teriinds eollected from these two o ears ander dilferent conditions of time and temperne
tire,
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GU conditions: 3, OVoror on Chromosarhe Wel I, Softoo mesh, 2o Tt o0 205 i LLIY Pyrex:
nitrogen How aptinized, toomnd i thome ionization detector, .

S Chrowatogr, o e (tazay 15 237



SAMPLING OF AR POLLUTTANTS AWITIH SUPPORT-BONDIED STLHTONTES 21

Puvther cxperiments with car cxlaust

These experinents were done to demonstrate - bisically to ourselves - - that
extricts of organies collected on support-honded miaterials could be analyzed by
different analyvtical methods,

Ciur oxhanst extracts were eximined by combined GLOMS, using o CIEC 110
donble-focusing mass spectrometer coupled to o Packard gas chromnatograph via
a Witson--Biemann separitor, They woere further analvzed for sallur compounds with
& Melpar thime photometric detector, and for phosphorus compounds with o lame
photometrie and an alkali tlame detector, In another experimment, efilaents from the
GLC column were split hetween {liane fonization and BN clectron capture detectors,
The split ratio wis set by o Precision Sampling high-temperature valve sittated within
Lhe cohmmm oven but operated from the oatside. A tvepical dual-channel chromiato-
eran i shown in 1¥g. o,

Cotlection of eldorinated hvdrocarbons

Atmospheres containing known levels of chlorinated hivdrocarbon insecticides
arce dithicult to control, Therefore, o number of these compounds were introduced
into e fast air strewm by o slow stream of nitrogen purging o heited “bubbler”
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(¢/. Fig. 1), The collection tradn included the hubbiler, o Millipore filter, two cartridges,
a dryice trap to make students in the laborators feel at voese, and linally, the pump,
placed in o hood, The results are shown in Fig, 1o,

Seempling of aluospheric contantinaits

A number of air samples were procuared with the set-up shown in Fig. 3, both
in Colwmbia, Mo, and in 5t Louis, Mo, Two tyepicad examples are shown in Figs, 11
and 12, The seeond cartridges of the S Louis siumple contained only traces of ma-
tertals, exvept for a heavy contribution of the first peak frong the industrial area,
appearing it e 1335 in the chromatogriom. No attempt was made to identify the

compotnds,

Other experiments

It wix noted that sometimes in atmospheric samples peaks would show up
which, due to their regulirity of appearance in the tempericture-programmed chromae-
togratis, were suspected to arise from an interiction of an inorganic air pollutant
with the support-hbanded octadecylpolysilosane, Conzequently, very heavy amonnts
ol sulfur dioxide and nitrogen dioside ioair swere blown within 2 L througl the cie-
triclges and their effects examined. Nitrogen dioxide showed no effect ;) suifur dioxide
(or its reaction products with the atmosphere) cinsed pealks, Only some of them,
however, corresponded in retention time to the suspected arctifacts These compounds
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Fig. 7. Gas chromatograms of cor exhiust components colleeted on twe identical cartridges con-
tadining 24, (U HL SOy on Chromuosorh AL Sampling time, 6o mincat 3o Jmin, The injections

repiresenit e 0.1 see of sampling, GU conditions as in TP 5.
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SAMPLING 01 AIR POLLUTANTS WITH SUPPORT-BONDID SILICONES 23
citn be removed from the extract, incidentally, by column chromatography on silica
wel.

RESULTS AND DNSCUSSION

There are two problems vet associnted with the deseribed technigque of retaining
organic vipors from air on support-bonded silicones, One, the oceasional oceurrence
of artifacts, ix cited immediately above, No delinite conelusions could vet be reached,
Lut this problem is subject to further stuady on the nature and the origin of these
small, but irritating GLC peaks, The investigation of support-bonded phases othoer
than the one derived Trom octadecvitrichlorosilane may elucidate or alleviate the
sittuation,

The second problem - which actuadly could be conxidered an advantage in
certiin coses — is the limitation of the method to the less volatile components of the
atmosphoere, Certainly one conld extend the range by cooling the cartridge, increasing
its length, or using polyviers with better retention charicteristios, T these measures
were stecessful, however, o problem would ensue in the extraction with pentane,
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followed by concentration and GO analyvsiz. Obvionsly, any compound of higher
volatility than, =y, heptane, would De subject to losses,

Axide from these two problems or Timitations, the nwthod as deseribed proved
to be o simple and efticient technique for the collection and anilysis of orginie com-
pounds of higher molecular weight from gaseous systems, “The unigue ehinriorteristies
of Treavy Tdids of support-bonded silicones - - long retention times in GC, short
retention times in lioguid chiromatography, and, of course, their non-extractability
ke them execllent candidates for sueh o task. The phases can be used over and over
mgriin annd we assume - from their behavior in GLC - - that they would not induace
dlecomposition reactions as are known to oceur, for instance, on activated carbon,

(e) 7 - Pon
“ i
o
. :
. lli“ ; | | .,
W, l r
‘I.—\ ! % :U.El.‘; Iy ' ’.U"‘

w' '
o .’Hl'w l' | fmj‘ g \JNV“
I

I“ta. a0 Isolhermal gos chronutogram of iy exhonst extract (sanue s shown in Fige 7, fiest ears
tricddged. The injection represented en gy sec ol exhaust sinpling amd wis split in o vatio of ea 201
Between o ivme jonigntion GO amd o N electron captare defector (). Column temrperituee, Soo.

The apparatis shown in Figs. 3 and 4 is easy to assemble iod to adapt to ticld
sampling. [t shotld e considered, Tiowever, as i prototype only. For pricctical use, the
dimaension and content of the cartridge, the ow rates, and o variety of othoer parie-
muters should be optimized.

The two-cartridge approach (Fig, 2) proved valuable in defining the chiraeteris-
tics of sampling, Fig, 5 shows a chronutogram of gasoline, the original malti-compo-
nent test minture, on o packed GLC column, Tt is obvious that o capillary would have
offered much better resolution, but our exploratory studies were well served by this
simplearrangement, Figs. 6 through Sshow the results of typical experinents siumpling
gasoline and car exhiust, The analysis of the second cartridge conforms to expecta-
tibns and shows the point of complete retention in the first cartridge to oceur at o
Novits index of about 1000, .

The extracts of car exhaust from the cartridges provad well suitud for different
typues of analysis such as coupled GC--MS, and the use of various selective detectors
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such as lame photometrie, alkali Hume, and electron capture, FFig, g points to sonie of
the advantages of o daal detector sestem in identifieation studies, Although there is
nothing new about these approaches, they are mentioned here to demonstrate the
compatibility of the deseribed airsionmpling method with vierious analsticad techmigues.

In atmospheric simnpling, no particular attention was devoted to the question
of relitive collected amounts, Not only does the organic eontent of the atmosphiere vary:
with the weather and the teattie, but the ambient temperature, the content and pres-
sure drop of the carvtridge, and g multitide of other parameters can determine hosw
mueh s aetuidly collected, The case of car-exhaust sampling is similar,
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Second Cartrioge

Cald Trap

Fig. oo Electron capture gas chromatogriams ol chiorinated hisdeocarbon insecticides callecterd
fronn o doped abe streiong Dy Gwos cartridees containing 2y, i0 LS00, 75 on Chromasorh A,
2o g tesh o 309, O LSty 0 on Dintom W, 2o/ jonesh Sampling rate, o8 b, saonpling
tie, t2o min., ' "

There, as in the study of chlorinated hydrocarbon insectivides (I9g, 10), we
assuned that quantitative retention of o particular compound in the st cartridge
wis indicated by its absence in the second cartridge, Tn the case of the insecticides, an
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SAMPLING OF AIR POLLUTANTS WITH SUPPORT-BONDED SILICONIES . 27

iwdcitional cold trap was used. Due to their low vapor pressure, the quantitative reten-
tion of these chlorinated hydrocarbons in the first cartridge was predictable,

Finully, FFigs, 11 and 12 show typical examples of atmospherie sampling, An
identiticition of the collected compounds wias considered bevond the scope of this
exploratory investigation ; hosvever, the deseribed techniques shold hopefully leid to
just such studics of identifcition,
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