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AJKzlytia?ls- Division, Chesnktry &Life Sciences Grorcp, Research Triangle Institutee, P-0. Box 
12194, Resew& T-k Park, N-C. 27709 (VXA.) 

SUMMARY 

Laboratory and field experiments were performed to examine potential in siru 
formation of chemical substances or their decomposition on the surface of Tenax 
GC, XAD-2 and carbon sorbents. The effects of NO, and ozone in air were tested 
for conversion of olefms plus mokcular halogens into halogenated hydrocarbons. 
Possibie reactions between ozone and olefins producing polar products on sorbent 
surfaces were studied. Trace quantities of halogenated hydrocarbons were produced 
in reactions between molecular halogens (bromine and chlorine) and Zbutene and 
cyclohexene but not with ethyiene or propylene. These in sitrc reactions were pre- 
vented by using a sodium thiosulfate impregnated glass fiber filter in front of the 
sorbent cartridge to quench the reactive gases. 

INTRODUCTION 

An approach to the detection, identification and quantikation of halogenated 
hydrocarbons in the ambient air has previously been deseribed1-26. Ambient air was 
sampled using a Tenax GC cartridge technique and sample analysis employed high- 
resolution (glass capillary) gas chromatography-mass spectrometry-computer 
(HRGC-MSCOMP) methods. Many haIogenated hydrocarbons Have been identi- 
fied and quantified in ambient aZr from several geographical regions throughout the 
Continental U.S. 

Zn view of the potency and the broad spectrum of carcinogenic activity (in 
experimental animals) for the halogenated hydrocarbons identitied the detection of 
these compounds in the atmosphere has generated considerable interest in their 
origin. Many of the previous studies were initiated to determine emission of halo- 
genati hydrocarbons from stationary and rirgitive sources as well as their potential 
formation through photochemical reaction from precursors. 

In order to determine svhether halogenated hydrocarbons may be present in 
the atmosphere from industrial sources or as products of an atmospheric chemical 
reaction, it was first necessary to know the extent to which these compounds may 

- To whom cor~~pondence. should be addressed. 
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form at trace levels as an “artifact” of the technique employed or the sample collec- 
tion process. Furthermore, the experimental methods should differentiate between 
homogeneous and heterogeneous reaction mechanisms. 

Our primary conce~m has been with the use of the Tenax GC sampling car- 
tridge which has been extensively employed for colleccg organic vapor from ambient 
air for characterization and quantification purposes. Since the Tenax GC cartridge 
may concentrate reactive compounds including ozone, NO, and, for example, mo- 
lecular chlorine or bromine, in siiu formation of artifact compounds may occur, 
even though inorganic gases do not appreciably accumulate on the so&e&. It was 
the purpose of this study to further supplement previously reported observations, 
Le., the in situ formation of N-nitrosamines, and to determine whether other addi- 
tional ii;! s&u reactions could occur on the Tenax GC sampling cartridge”*“. 

Since urban air often contains substantial coneentmtions of NO, and ozone, 
we conducted a series of laboratory experiments to determine whether air containing 
these gases might be more effective than air containing only NO, in converting 
olefins plus molecular halogens. Experiments were designed to delineate the trans- 
formation of olefins [whether adsorbed on sorbents (Tenax GC, XAD-2 and carbon) 
or occurring in low concentrations in air] via homogenous atmospheric reactions or 
heterogeneous reactions which might take place on the walls of the sample inlet 
tube. In addition to the halogenation of olelins, we were interested in the possibility 
of reactions between ozone and olefins producing polar products which also might 
be considered as artifacts of the collection process. 

EXPERIIMFiNTAL 

Apparatxs for Iaboratory studies 
The apparatus used to determine whether air containing ozone, NO (Ma- 

theson, Coleman & Bell, East Rutherford, N-J., U.S.A.), NO, (Matheson, Coleman & 
Bell), olefins, molecular halogens and water might convert olefins to halogenated 
compounds on Tenax GC (35-60 mesh, Applied Science Labs., State College, Pa., 
U.S.A.) is depicted in Fig. 1. Nitric o_xide was measured into the stream with a 
rotometer and a metering valve from a supply tank which contained ppm of NO 
and nitrogen (Scott Environmental)_ Ozone was generated by an ultraviolet lamp 
equipped wi’th a sliding cover for obtaining different concentrations. Concentrations 
of NO, NO, and ozone were monitored with a Bendix NO, analyzer (Model 5513802) 
and a Bendix ozone analyzer_ Intakes for these ins’u-uments were at the same point 
as the intake for the Tenax GC glass cartridge sampler (6.0 cm bed length x 1.5 cm 
I.D.) through which air was drawn by a Nutech Model 221-A (Nutech, Durham, 
NC., U.S.A.) sampler. The sampling cartridge and the analyzer inlet tubes were 
centered in the air flow pattern from the reaction tube. Various levels of relative 
humidity in the air stream were produced by changing the temperature of the 
humdifier bath. 

Permeation tubes (TFE) of molecular chlorine and bromine were prepared 
and gravimetrically calibrated with a MS-5A Mettler balance after their equilibration 
to a constant rate. 
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Fig. 1. Schematic of instrumentation and devices for examinin g in sifu formation of halogenated 
hydmzbons on solid so&e& surfaces. 

Preparation of sorbent cartridges 
Prior to its use, Tenax GC was purifkd by Soxhlet extraction for 18 h with 

methanol and n-pentane, respectively. After drying under nitrogen atmosphere, Tenax 
GC was heat& to 150” for 2 h in a vacuum oven (12 in. of water), sized into a 35-60 
range and packed into glass tubes (6.0 cm bed length x I.5 cm I.D.). All sample 
cartridges were preconditioned by heating to 275” for 20 min under a helium purge 
of 20-30 ml/m& After cooling in precleaned Kimax@ culture tubes, the containers 
were sealed to prevent contamination of the cartridge. 

The effect of ozone on tetrachloroethylene during sampling with charcoal 
(SKC) tubes containing 150 mg of sorbent was examined. Tetrachloroethylene (149 
ng) was loaded on charcoal samplmg cartridges and known levels of ozone, NO 
and NO, in ambient air were sampled through the charcoal tube. A mixture of 
methanol and carbon distide (1 :l, v/.4) was used to desorb the tetrachloroethylene 
for subsequent analysis. 

XAD-2 sorbent cartridges (3.0 cm bed length x 1.5 cm I.D.) were prepared 
in the same manner as Tenax, except thermal conditioning was performed at 200” 
for 2 h. 

Replicate samples and blanks were an&;& by GC equipped with flame- 
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ionization detection, Thermal desorption was used to transfer vapors from the car- 
tridge sampler to the analytical system using a specially designed manifold’“. In a 
typical thermal desorption cycle, sampling cartridges were placed in the desorption 
chamber (275’) ‘and helium gas was passed through the cartridge (ca_ 20 ml/m@ to 
purge the vapors into the liquid nitrogen coofed nickel capilky trap. After ,desotp- 
tion (4 min), the six-port valve was rotated and the temperature on the capiliary 
loop was rapidly raised (>lzW/min)_ The csrrier gas introduced the vapors octo 
tie capillary gas-liquid chromatographic (GLC) column. The 100-m glass SCOT 
containing SE-30 stationary phase and was pro _med from 30 to 240” at 4’/min. 
A Varian 3700 gss-liquid chromatograph was used. Hydrogen and air were 35 and 
200 ml/mitt, respectively. 

GLC with electron-capture detection and a column (Pyrex, 1.8 m x 2.5 mm 
I.D.) of 0.2% Carbowax 1509 on Carbopack C was used. A Fisher Victoreen Model 
4400 gas-liquid chromatograph equipped with a high-temperature scandium t&ride 
electron-capture detector was used2’. 

A Varian MAT CH-7 gas-liquid chromatograph-mass spectrometer with a 
620 L computer system equipped with an inlet manifold was used for analyzing 
Tenax GC cartridges where structural confirmation was required. The software 
pro_- avaiiable with this system provide for reconstructed gas chromatograms 
and mass fmgmento_m for correlation between mass spectrum number and reten- 
tion time. Operating parameters for the HRGC-MS-CO_MP system are given in 
Table I. A single stage glass jet separator interfaced the SCOT capillaries to the 
mass spectrometer_ 

TABLE I 

OPER4TING Pe FOR GLC-MS-COMP SYSTJZM 

Paramerer Setting 

Inkt-mmrifoold 
Dcsorption chamber 270” 
V2lVe 220” 
Caglhy trap -minimum -195” 

rruximum 250” 
Thermal desorption time 4min 

GLC 
100 m g&s SCOT SE-30 30-240”. 4Ojmin 
carrier (He) 90~ -3 ml/mill 
T&&r line to MS 240” 

MS 
S===wc m/e 20-300 
Scan r22ge, 2utom.ztic-cyclic 1 sec/dezxde 
Fibment current 3OOpA 
Mukipkr 6.0 
Ion sollzlce vz?.cuLlm ca. 4- lo-‘Torr 

Field sam$ing experiments 
Field artifact studies were conducted in Baton Rouge, La., U.S.A., and 

vicinity. Table II presents the ex~rimentai design. A schematic of the con&urations 
under examin ation in artifact smdy is given in Fig. 2. In this study, we exam&d 



l%t?~@N’-KXL DESLGN FOR FXl3.D IN SIZ-U REACTION STUDIES IN BATON ROUGE, 
La. Us& 

GFF-U = &s.s Eber 6lter. untreate& 

LTcmple code 

A 
A 
A 
A 
A 
A 
A 
A 

Filter 

GFF-U 
GFSU 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 

F2 

GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 
GFF-U 

Adsorbent 

A& Adz 

- i-Brz 
- +a 
- +DMA-& 
- +Brr 
- -FCIZ 
- -i-L’MA-& 
- ilk; 
- +a2 
- +DMA-d6 

TenaX Temx 
Tenax Tenax 
TenaX Tenax 
Tenax Taax 
Tenax Temx 
Tenvr Tenax 
TenaX TaaX 
TCXlaX TfSlZlX 
Tenax Temx 

the potential bromination, chlorination and nitrosation of endogenous atmospheric 
organ& by employing a tandem arrangement as shown in the configuration A (Fig. 
2) In this case, the ambient air was first pulled through glass fiber filters and through 
glass tubes followed by a tube containing the adsorbent Tenax GC. The glass tube 
designated as Tz contained a permeation tube of either bromine (ca. 4- IO-’ g/min), 
chlorine (CQ. I - 1W6 g/m@ or d&imethylamine (7- 1W’ g/min). Thus, moiecular 
halogen or ~imethylamine which permeated at a constant rate provided a con- 
stant sparging of the atmosphere just prior to the adsorbent bed. The correspo~_ding 

CONFIGCJBAT(ON B 

F&2-E, - fd sampling cartridge ca&uiations for in sift readon studies_ 
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parallel arrangement served as a control (‘T& By examining independently the c~- 
tridges fabekd Ad, and Ad,, it was possible to determine the endogenous organ& 
in the atmosphere and to differentiate these from those which were formed as an in 
s&4 reaction on the adsorbent_ 

RESULTS AND DISCUSSION 

Laboratory srudies 
A series of experiments was conducted which examined the potential in sifrc 

formation of chemical substances or their decomposition on the surface of the solid 
sorbent Tenax CC. The experimental conditions chosen were sekcted to allow the 
detection of potential k siru formation of organic substances under typical at- 
mospheric conditions encountered during field sampling. 

Table III presents the series of experiments which were conducted utilizing 
different combinations of ozone, NO,, NO, NO,, chlorine and ethylene. The volume 
of air stream sampled was 16 1 in all cases. In all experiments (experiments l-15) 
with or without the presence of a glass fiber filter in front of the Tenax cartridge, 
no dichloroethane was detected. In experiments 16-18, standard amounts of au- 
thentic dichloroethane were loaded onto cartridges to obtain a standard curve re- 
sponse for the flame-ionization detector. The detection limit was CLZ. 10 ng per car- 
tridge. 

Table IV presents additional experiments on the effect of NQ, NO, and ozone 
on chlorination of ethylene. In these experiments, higher concentrations of ozone 
were added to the extent that in some cases (experiments 19 and 22) excess ozone 
was present. In other experiments, high concentrations of NO and NO, were created 
to provide extreme atmospheric conditions to determine whether it was possible to 
produce chlorinated ethyIene. As depicted in this table, no 1,24chloroethane or 
other products as the results of reactions between these reagent gases could be de- 
tected. The detection limit was CQ. LO ng using a flame-ionization detector. 

Table V presents experiments employing various concentrations of standard 
pollutants and a mixture of olefk. Other olefins which might be more reactive were 
used to determine whether any halogenated hydrocarbons might be formed. The 
olefin mixture consisted of ethylene (10 ppm), propylene (9.92 ppm), I-butene (12.8 
ppm), cis-2-butene (7.82 ppm) and trots-2-butene (8.40 ppm). The flow-rate was 250 
ml/min into the mixing chamber prior to the reaction tube. Thus the various con- 
centrations of olefius indicated in Table V were produced. These olefin concentrations 
and the relative proportions remained the same for all experiments (Table V). Mo- 
Iecular chlorine was introduced from a permeation tube (Metronix) which had been 
calibrated to determine its permeation rate. 

Again, no dichloroethane was detected in these experiments (Table V). How- 
ever, 2,Sdichlorobutane (meemic and meso forms) were detected_ Their formation 
also occurred in the absence of standard pollutants (experiment 3). Indicated in this 
table are the reIative amounts of each product based upon peak height response to 
the time-ionization detector. These results suggest that small quantities’ of chlo- 
rinated substances may be produced when molecular chlorine and 2-butenes (with or 
without standard pollutants) are presented to a Tenax CC sampling cartridge. 
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Table VI presents experiments concerning the effect of NO, NO, and ozone 
on the chlorination of oleks (581 ppb* ethylene, 5’77 ppb propyhe, 744 ppb I- 
butene, 455 ppb cis-2-butene and 488 ppb frans-2-butene were the chamber con- 
centrations). E&ylene, propylene and I-butene did not yield detectable chlorinated 
hydrocarbons (detection limits -10 ng using flame ionization)_ On the other hand, 
sign&ant quantities of 2,3dichlorobutane (racemic and meso) were detected. In 
the absence of ozone, NO,, NO and NO, molecular chlorine and 2-buteue did react 
immediately- in front of the Tenax GC cartridge or in the front of *he flight tube 
to produce dichlorobutane mixtures (experiment 17). 0x1 the other hand, the addi- 
tion of NO to the reaction between chlorine and 2-butene appeared to suppress 
the chlorination reaction (experiment 12). In cases in which ozone was added or ozone 
plus NO, NO,, low yields of chlorinated butanes were found. 

Experiments 18-22, 24 and 28-31 were conducted iu which the olefms were 
introduced at the beginning of the fight tube and sampling was conducted using a 
glass fiber Hter impregnated with 10% sodium thiosulfate in front of the Tenax GC 
cartridge. Zn all of these experiments, regardless of the concentration of ozone, NO,, 
and NO,, no chlorinated products were detected. These experiments are contrasted 
with experiments 23 and 27 which a glass fiber filter was used which had not been 
impregnated with sodium thiosulfate. 

The capacity of filrers which have been impregnated with 10% sodium tbio- 
suifate was tested using an ozone concentration of 200 ppb_ A volume of 400 I of 
air was pulled through the filter. The firter was then placed in-hue with the ozone 
monitor and no ozone was detected. The titer was not tested to its breakthrough 
limit since field sampling does not generally exceed a sampling volume cf 200 1 and 
ozone levels seldom exceed 200 ppb. 

The reaction products from the reactions between NO, NO, and ozone, chlo- 
rine and butene appeared to increase when the glass wool plug used to anchor the 
Tenax was removed or when the glass fiber filter on the intake to the Tenax cartridge 
was removed. T&e presence of the glass wool and glass fiber filter thus appeared to 
decrease the amount of artifact seen, iu contrast to observations on the in situ reac- 
tions or the formation of N-uitrosamines 14. These observations indicate that the 
artifact reactions occur OQ the Tenax sorbent to a sigaikmt extent since yields as 
high as 300 ng were observed. 

Furthermore, an additional artifact apparently occurred as indicated by the 
presence of a polar compound during GC. In Table VI the amount of polar material 
formed based upon peak height is given for the various experiments conducted. The 
polar material was identified subsequently by GC-MS to be propionic acid. Traces 
of acetone, acetic acid, acetaldehyde, propionaldehyde and methyi ethyl ketone were 
also detected. Formation of the major polar compound was also prevented using 
a sodium thiosulfate impregnated titer. New artifacts as the result of the impregna- 
tion of the glass fiber titer with sodium thiosulfate were not observed. 

Potential in situ reaction experiments have also been conducted using ethylene 
and bromine. No artifacts have been observed. The detection limit for ethylene di- 
bromide was approximately SO ng when using flame-ionization detection. Tables VII 

* Tbmughout this article the American billion (1W’) is meant. 
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TABLE VIZ 

EFFECXS OF REACTANT GASES AND MOJLECULAR BROMINE ON IN SITU FORMA- 
TTON OF EZALGGENATED ETHANES ON TENAX GC 

~~~3s~~~ not employ a gkss 5ber filter; experiments 4, 6, 7 wed N2&Os h- 

Eqerimenf Re~cmnf gar wncenfrQfims (ppb) Volume IJ- 
No. Dibronwethme 

03 OS NO NOz NO, Brz CA& 
smnped 

(OcLied) (excess) 
(0 (rg,, 

1 0 0 0 0 0 45 2000 16 0 
2 0 0 0 0 0 45 2000 16 0 
3 200 200 0 0 0 45 2000 16 0 
4 0 0 0 0 0 45 2000 16 0 
5 0 0 100 0 100 45 2OUO 16 0 
6 140 0 0 140 140 45 2000 16 0 
7 600 600 0 0 0 45 2000 16 0 

TABLE VIII 

EFJ?ECTS OF REACTANT GASES AND MOLECULAR BROMINE ON 1N aSJ2-U FORMA- 
TION OF HALOGENATED ETHANES ON TENAX GC 

Experiments l-3 and 5 did not employ a glass fiber filter; experiments 4, 6, 7 used Na&03 im- 
p!Xgnded glass fiber filters. 

Experiment ReQclQnr gas wncentrQfion (ppb) Volume IJ- 
No. 

03 03 NO NO2 NO, i3rz C:EF.. 
sQmp fed Dibronwetiume 

(added) (excess) 
(4 (-WI 

-~ 
1 0 0 0 0 0 45 2000 16 
2 0 0 0 0 0 4.5 2000 16 2; 
3 200 200 0 0 0 45 2000 16 0 

4 0 0 0 0 0 45 2000 16 5 0 0 100 0 100 45 2000 16 8 
6 0 140 140 45 2000 16 0 
7 0 0 0 45 2iKIO 16 0 

and VJII present the effects of reagent gases and molecular bromine on in situ forma- 
tion of halogenated ethanes on Tenax GC. 

Table Lx gives the effects of standard pollutants, molecular bromine and olefins 
on in sifu formation of halogenated compounds on Tenax GC. For the combination 
of reactive gases plus the olefin mixture as listed in experiments l-16, no 2,3-di- 
bromobutane was detected_ 

These results suggest that the formation of 2,34ichlorobutane is a rather 
unusual reaction since no other olefins appear to react with molecular chlorine and 
bromine in the presence or absence of criteria pollutants. The incorporation of sodium 
thiosulfate into the glass fiber filter may provide a new avenue for diminating po- 
tential in si’nc formation reactions as a result of the presence of molecular halogens 
acdjor ozone. It would be interesting to conduct further studies in light of these new 
observations to see whether the in siztc formation of nitrosamines can be eliminated 
or suppressed by the incorporation of sodium thiosulfate or an equivalent material 
into the Glter prior to analysis. 
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EFECIB OF STANDARD POLLtJlXNTS. MOLECXJLAEt BROMINE. AND OEEFINS ON R&-U FOXMATZON OF HALOGENATED COMPOUNDS ON TENAX GC 

Aglarsfiber~~imp~dwith~~~was~~each~~~O~nhmve 
ethylene (5SOppb). propylexz (58Oppb). l-buteae (74Oppb), crIs-2-butme (455ppb) and mms-z 
butene(490ppb)_ 

J!zqJer- RestQJItgar cwmmmuthn (ppb) vohane 23-Dibromoburane 

1 0 0 0 0 0 
2 0 - 0 0 0 0 
3 140 MO 0 0 0 
4 0 0 lrn 0 l20 

z 
0 0 0 1m im 
0 0 100 120 220 

7 800 800 0 0 0 
8 760 0 760 0 760 
9 540 0 260 SO 800 
10 700 0 0 700 700 
11 1200 6aO 06aO 600 
12 7m 700 0 0 0 
13 600 400 0200 200 
14 600 0 1543 600 750 
15 0 0 600 0 6m 
16 0 0 0 0 0 

0 + 28 
45 f 28 
45 -i- 28 
45 f 28 
45 -I- 28 
45 i- 28 
45 i 28 
45 ’ 
45 z 

28 
28 

45 f 28 
45 ’ 28 
45 t' 28 
45 -?- 28 
45 + 28 
45 -i- 28 
45 i 28 

0 

: 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Table X presents the series of experiments which was conducted utilizing dif- 
ferent combinations of ozone, NO,, NO, NOZ, chlorine, and cyclohexene. The 
volume of air stream that was sampled in all cases was 16 1. In experiments l-6 the 
Tenax GC cartridges were loaded with the olefin equivalent to a level of 90 ppb. 
In all of these experiments where the cyclohexene had been loaded oh the Tenax 
GC cartridge no formation of 1_2_dichlorocyclohexane or other artifact was detected 
(Table X). Erperiments S-16 utilized a cyclohexene permeation tube plus a molecular 
chlorine -permeation tube which were housed in the permeation tube chamber (point 
A, Fig. 1). Thus, the molecular chlorine plus cyclohexene entered and travelled 
together down the glass reaction tube to the Tenax GC cartridge at E (Fig. 1) In 
these experiments the quantity of cyclohexene was almost an order of magnitude 
greater than in the previous experiments. 

In experiments g-16 approrkately 100320 ng of 1,2-dichlorocyclohexane 
was measured when mokular chlorine was present wiffi cyclohexene regardless of 
whether ozone, NO, or NO, was added. 

A replicate cartridge representing the conditions under which l&dichloro- 
cyclohexane was expected to form was submitted for mass spectral analysis. The 
mass spectral data contirmed the presence of 1,2_dichlorocyclohexane_ In addition, 
another compound was identilkd as cyclohexene-2-one. The formation of this com- 
pound, however, occurred only when ozone was also added to the air stream (Table 

X)- 
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TABLE x 
EFFECT OF 03, NO, NO2 ANIX .MOLECuLAR CHLORINE ON IN aSflU REACTIONS 
WmHCYCLOHEXENE USING TENAX GC AS THE SAMPLING SOFLBENT 

Experiments l-6 utilized Tenax GC cartridges loaded with cycfohexene and purged witi C&; expesi- 
ments S-16 utib& a cyclohexene permeation lube in line with a Ci: permeation tube aad experi- 
ments 17-U) involved loading of cyclohexene onto ffie Tenax GC cartridge atd sampling in the 
presence oPcriteria pollutanrs as in&ati with Clz. Sampling volumes were 16 1 in all cass 

Erper- slanrimd iiwfgmric clr cycfoikxelze I,2-Dicklorocyclotiexane 0t.k “Artifacts” 
inrenr poillmnts (aGt%fed) mu (%?I 
No. fPPW 

03 NO NO= 

1 0 0 0 104 90 0 
2 100 0 0 0 90 0 
3 100 0 0 104 90 0 
4 700 0 0 1u4 90 0 
5 0 300 350 104 90 0 
6 220 0 200 104 90 0 

i ii 
0 

8 0 
104 0 0 

0 818 0 
9 0 0 0 104 8% 100 

10 160 0 0 104 818 110 
11 0 0 0 0 0 0 
12 180 0 0 1OG 818 120 
13 0 0 0 104 818 110 
14 140 0 0 104 818 120 
15 100 0 100 104 818 
16 0 loo 0 104 818 :z 
17 0 0 0 104 818 110 
18 100 0 0 0 818 0 

720 0 0 0 818 0 
72G 0 0 104 818 120 

- 
- 
- 
- 
- 
- 
- 
- 
- 
Cyclohexen-2-one 
- 
Cyclohexen-2-one 
- 
Cyctohexen-2-one 
Cyclohexen-2-one 
- 
- 
Cyclohexa-2-one 
Cyclohexen-2-one 
Cyclohexen-2-one 

Additional experiments were performed (17-20) which involved the loading 
of CycIohexene onto the Tenax GC cartridge at a considerably higher concentration 
as indicated in Table X. Again, 1,24chlorocyclohexene and cyc!ohexene-2-one were 
detected. 

These experiments indicate that 1.2-dichlorocyclohexene as web as cyclo- 
hexene-2-one could be formed; particularly when higher concentra:ions of cyclo- 
hexene were used. This also probably accounts for the observations in the first series 
of experiments where formation of 1,24ich?orocyc!ohexane and cyclohexene-2-one 
may have been below the detection limit for the flame-ionization detection. 

The potential chiorination ofcyclohexene in the absence and presence of ozone 
and other standard poliutants was also studied using a sampling edge containing 
XAD-2 sorbent. Traces of 2,34ichlorobutane were found with XAD-2 Q’ab!e XI). 

Sampling of atmospheres containing 1 ppm of ozone, NO or NO2 with a 
charcoal tube containing tetrachloroethylene did not deplete the levels of tetrachloro- 
ethylene; however, traces of 2,34ichIorobutane were detected (Table XII). 

Three different atmospheric conditions were chosen to conduct field in situ 
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TABLE XI 

EFFECT OF CRITERiA POLJXTANFS AND MOLE- cH[LoRINE INSD’&IREAC!- 
TIONS WlTH OLEFKNS USING XAD-2 AS THE SAMPLING SORBENT 

1 0 0 0 90 B(744h Wsn), EW3I), BX940~ 30 
2 1 0 0 90 B<744), JX577h EWW, B2WW 20 
3 1 0 I 
4 0 1 0 ii 

Bt744), FY5T7). E(581). BZW.0) 20 
B(744), 0(577), E(581). B2(940) 20 

5 0 0 0 90 B(744), E’(S77), E(58i), B2(940) 0 

TABLE XII 

EFFECT OF O,, NO, NO2 AND MOLECULAR CHLORINE ON IN SD-U REACXIONS 
WITH OLEFINS USING SKC-107 CHARCOAL AS THE SAMPLING SORBENT 

OI& mixture: 744 ppm I-butene, 577 ppm propylene, 581 ppm ethylene, 940 ppm butene-2. In 
each case 16 1 vias sampled. 

Cr, t~p6.J 2,3-Diclrlorobutane formed 

(WI 

03 NO NOi 

1 0 0 0 90 60 
2 1 0 0 90 20 

: 0 0 1 h 1 !30 90 20 20 
5 0 0 0 0 0 

reaction studies. The f%st was conducted during a time period representing the 
highest level of ozone, the second during a high level of NO, and auto exhaust, 
and fInally the third during low levels of ozone (night). Ozone and NO, levels were 
a!so measured. 

The characterization results are given in Tables XDT-XXIII. Tables XIII and 
XIV represent the halogenated and other selected organ& which were identified in 
samples labeled Pl/zsA-l/T, and T,, respectively. The T, designation in ah of these 
tables represents the adsorbent cartridge which was in line with the permeation tube 
containing either molecular halogen or d,#methylamine. Table XXV fists a number 
of brominated compounds at trace levels which were not detected in the correspond- 
ing control. These were methyl bromide, ethylene dibromide, bromoform and di- 
bromocyclohexane. Sampling in this case was conducted during the maximum ozone 
concentration during the day. 

Tables XV and XVI present the results for the in situ reaction studies utihzing 
molecular chlorine. In this case the adsorbent cartridge which was in line with the 
molecular chlorine permeation tube contained traces of chlorocyclohexane, two di- 
chlorocyciohexane isomers and three trichlorocyclohexsne isomers. 

Table XVII presents the results for the in sitrc nitrosation action study. de 
Dimethytitrosamine was detected in this sample. 



HAu)GENATED AND G-i-HEX SELECTED ORGANIC3 IN Pl/LSA-l/T1 SAMPLE’ 

chroma- E&l& cl.bnpoului chromu- E.&ion COl7pOlQKi 
t0gmpfi-c temper- tographic temper- 
peak No. ature (“C) peak No. alure (“C) 

3 48 Methyl chloride 35 107 Tolusle 

:: 61 75 Chloroform Mehylene chloride 42 41 124 117 TetrachloroeZhyIene chlorobenzene 

z 
80 Ethykne dichloride 
81 l,l,l-Tiichiormixme zz 

134 S@rene 
156 nz,p-Dichlorobenzme 

22 
2 

Benzene 59 160 a-Dicblorobenzne. 
28. TrichloroethyIene 

l !ke Table II for experimentzl design- 

TABLE XIV 

HALOGENATED AND OTElER SELECTED ORGANIC3 IN Pl/L5A-l/T2 SAMPLE’ 

chromu- 
togruphk 
peak No_ 

4 
6 

11 
20 
23 
24 
25 
26 
30 

compound 

ame (“C) 

43 
51 
60 
74 
so 
82 
84 
85 
92 

my1 chloride 34 108 Toluene 
Methyl bromide 37 114 Ethylene dibromide 
Methylene chloride 39 117 Tetrachloroethylene 
chl0~0f0rm 41 124 Cblorobenzene 
Ethylene dichloride 44 131 Bromoform 
l,l,l-Trichloroethane 46 136 Styrene 
Benzene 58 159 mp-Dichlorobenzene 
C&bon teh-achloride 59 163 u-Dichlorobenzene 
Trichloroethylene 65 199 Dibromocyclohexane 

chfonfa- Eiutiim 
tographic temper- 
peak No. ature (“C) 

* See Table II for experimental design. 

TABLE xv 
HALOGEN_4TED ANti O-i-HER SELEC-i-ED ORGANICS IN Plb5A-2/T1 SAMPLE’ 

chrorm- Hution compo~ cliro37lu- 
tographic teqiera- togruphic 
peak No. lure (“C) peak No. 

4 48 Me&y1 chloride 30 
10 61 MethyIene chloride 35 

z 76 80 Chloroform EffiyIene dichloride 40 43 
23 81 l.l,l-Ttichloroe&me 48 

:: Benzene Czbon tetrachloride 61 63 

‘SeeT&ZeIIforexperknentAde&n. 

Compound 

lure (“C) 

93 TrichIoroethyIene 
107 Toluene 
118 TetrachloroethyIene 
124 Cblorobeuene 
133 Styrene 
157 m,pDicblorob 
16Q o-Dichlorobenzene 



HALOGENATED AND OTHER SELECTED ORGANHIS IN Pl/LSA-2& SAMPLE’ 

ciuolna- Ekciion c.eP~ Chmn- Ehtiim tz&npowKi 
togrqphic tetnpera- t~rapkie tempera- 
peak No. true (“C) peak No. ture (“C) 

5 48 Methyl ch!oride 4G 123 ChlOR33benzene 

12 61 Methykne chloride 43 130 Bromofornl (trzce~ 
19 75 ChIoroform 44 I33 Cblorocyclohexane 
22 80 Ethylene dichloride 56 157 m,pDichloroknzene 
23 82 l,l,l-Trkhloroethne 58 160 +Di&orobmzene 
24 85 Bemme 62 167 DicMomcycIohiane isomer 
2.5 86 Carbon tetrachloride 67 182 Dichloroq~lokxane isomer 
29 92 TrichIoroethylene 70 198 TricUorocycIohexane isomer 
33 106 Tolzene 

TetrachIoroethyIeoe ?? 
2cil Tricblorocyclo~ isomer 

36 117 205 TrichIorocycIohexane isomer 

* See Table II for experimenti design. 

HALOGENATED AND OTHER SELECTED ORGANICS IN Pl/LSB/& SAMPLE’ 

chroma- El?uiim GmpoKnd Chroma- E&ion compotuld 
tographic tempera- tographic tempera- 
peak No. ture (“C) peak No. ture (“C) 

1 
2 
3 
4 

7 80 1,2-DkhIoroethme 16 124 
8 81 l,l,l-Trichloroethane 17 157 

9 

44 
58 
60 
73 

75 
79 

85 Benzene 18 162 

COr 10 
Acetone 11 
MethyIene chloride 12 
Hexzikorobenzene 13 

(es) 
Chloroform 14 
Perfluorotoluene (eS) 15 

86 Carbon tetrachloridc 
91 :I&Dicbloropropane 
92 ‘Crichloroethykne 

107 ‘FoIuene 

117 
120 

Tetrachloroethykze 
Dimethyhitrosamine-d, 

(tent.) 
chloroknzene 
Dichlorobenzene isomer 

(trace) 
DichIorobenzene isomer 

l Sze Table II for experimental designe; s = external standard. 

Tables XVIII, XIX and XX represent the repeat of the in siiu artifact study 
under high NO, and auto exhaust pollution. Again, bromination chlorination and 
nitrosation were detected. 

Tables XXI-XXIII represent the in situ artifact study conducted during dark- 
ness and under low ozone concentrations. In this case, the number of brominated 
compounds was substantially reduced while still a signScant number of chlorinated 
compounds were found as well as the dekction of d&imethylnitrosamineamine. 

Impregnation of the glass fiber filter with sodium thiosulfate prevented the 
trace Cr siirc reactions from occurring. 
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TABLEXVDI 

DALOGENATED AND OTHER SELECTED ORGANlCS IN p2fLsAJTL SAMPLB” 

CkromCr- Ektin Conrriurd chronlu- _Elk&fz COt7!pO& 
tographic tem$k?ra- tographic tempera- 
peak No. ture (“C) peak NLL t-e (“Cl 

6 50 h%%hyl bromide 37 112 Ethykne diiromide 
11 59 Methy:ene chloride 39 115 TetrachIoroethyIene 
i6A 72 chIoroform 43A 122 ChbO~OlXXlZlZil~ 

18A 77 Ethykne dichloride 46 129 Bromoform 
17A 82 Benzene 48 131 Styrene 
19B 82 Carbon tetrachloride 61B 156 m,pDichIorobenzene 
25 90 TrichIoroethyIene 63 161 o-Dichlorobenzne 
32 10s Toluene 70 197 DihromocycIohexane isomer 

* See Table 11 for experimental design. 

TABLE XlX 

HAL.OGENATED AND OTHBR SELECTED ORGANICS IN P2/L5B/-Fz SAMPLE’ 

chroma- Ehtion com_poKnd Chroma- Hution Compound 
togrqhic temper* tographic tempera- 
peak No. lure (“Cl peak No. ture (“C) 

4 49 Methyl chloride 
13 63 Me’JyIene chloride 
20 76 cbIorcform 
21A 80 Ethylene dichloride 
21B 81 l.l,l-TrichIoroethzne 
23A 85 Benzme 
23B 86 Carbon tetrachIoride 
27 93 TrichIoroethyIene 
33 108 Toluene 
39 118 Tetrachlorcethykne 
43 125 Chlorobenzcne 

4BB 131 Bromoform 
47 134 ChIorocycIohexane 
64 154 ZhIorophenol isomer 
65 157 p,m-Dichlorobenzene 
68 162 o-DichIorobenzene 
72 168 DichIorocyclohexane isomer 
78 182 Dichlorocyclohexane isomer 
82 198 TrichIorocyclohexane isomer 
83 2OQ TrichIorocycIohexane isomer 
85 207 Trichlorocyclohexane isomer 

* See Table II for experimental design. 

TABLE XX 

HALOGENATED AND OTHER SEJ_ECfED ORGANKS IN pZ/LSC/Tz SAMPLE’ 

Chroma- Skuion 
tographic tempera- 
peak No. ture (“C) 

10 60 
16 74 
18 77 
18A 78 
19 83 
24 91 

Compound Chroma- 
tographic 
peak No. 

___- 

Methylene chloride 3 1 
ChIoroform 36 
Ethylene dichloride 36A 
l,l,l-Trichloroetba 40 
Benzene Nopeak 
Tricbloroethykne 

Hution ConlpoKlR~ 
tempera- 
ture (“C) 

106 Toluene 
117 TetrachIoroethyIene 
11s Dimethyhtitrosamine~ 
123 ChIorobenzene 
78-180 Unknown amine (m/z = 30) 

* See Table II for experimental design. 
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