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Motor Exhaust Emissions as a Primary Source for Dicarboxylic Acids in 
Los Angeles Ambient Airt 
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H Low molecular weight dicarboxylic acids (C2-Cl0) were 
analyzed in Los Angeles air and auto exhaust, as well as 
greenhouse air, soil, dust, and bog sediment samples, as 
dibutyl esters by gas chromatography and gas chroma- 
tography-mass spectrometry with fused silica capillary 
columns. In the Los Angeles ambient atmosphere, 19 
dicarboxylic acids in the range C2-Clo were identified, 
including straight-chain, branched-chain, cis- and trans- 
unsaturated, and aromatic acids. Oxalic acid is the dom- 
inant species, followed by succinic, malonic, maleic, glu- 
taric, adipic, and phthalic acids. Total concentration of 
C2-Clo diacids detected in the ambient atmosphere ranged 
from 5.5 to 21.2 nmol/m3 (average 12.3 f 6.1 nmol/m3). 
By contrast, gasoline and diesel exhaust samples, collected 
under idling conditions, showed that distributions of the 
diacids are similar to those of air samples, but their con- 
centrations are 28 (gasoline) and 144 (diesel) times higher 
than the average concentration of atmospheric diacids. 
These results indicate that engine exhaust is an important 
source of diacids in the urban atmosphere. 

Introduction 
Short-chain dicarboxylic acids in the atmosphere are 

thought to derive from photochemical reactions, princi- 
pally, oxidation of cyclic olefines and other hydrocarbons 
(1-3). Because these compounds are polar and also non- 
volatile under ambient conditions, dicarboxylic acids may 
be associated with the formation of aerosols and, in part, 
be responsible for reduction in the visibility of urban at- 
mospheres (Le., they may act as nuclei for aerosol forma- 
tion). Thus, studies of short-chain dicarboxylic acids may 
be helpful to a better understanding of several problems 
in atmospheric chemistry. However, the analytical tech- 
niques previously used were inadequate for the accurate 
characterization and quantification of short-chain diacids 
(IC,) in the atmosphere. 

Dicarboxylic acids have previously been quantified in 
southern California aerosol samples by paper chromatog- 
raphy and infrared spectra (4), computerized high-reso- 
lution mass spectrometer (HRMS)-thermal analysis for 
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semiquantitative determination of C5-C7 diacids ( 1 , 5 , 6 ) ,  
and capillary gas chromatography-mass spectrometry 
(GC-MS) for saturated C3-Clo aliphatic dicarboxylic acids 
employing methyl ester derivatives (2). However, these 
techniques failed to detect oxalic acid. Oxalic acid was 
recently measured in upper atmospheric and stratospheric 
particles from Colorado by ion chromatography (3), al- 
though other diacids were not detected by this method. 
The literature reports indicate, therefore, that no single 
method is available to accurately determine the distribu- 
tion of C2-Clo dicarboxylic acids in the ambient atmo- 
sphere. 

Here, we describe a new method to measure C2-Clo 
dicarboxylic acids in atmospheric aerosols. The atmos- 
pheric diacids were collected on two quartz fiber filters in 
series, the second being impregnated with KOH. The 
diacids are extracted with water, derivatized to dibutyl 
esters, and determined with high-resolution capillary GC 
and GC-MS. This technique has also been used for the 
analysis of motor exhaust collection in one gasoline- and 
one diesel-operated automobile. To understand if diacids 
are significantly produced in other environments, soil, 
urban dust, peat bog sediment, and the air from a green- 
house were also studied. 

Experimental Section 
Reagents and Materials. Pure water was prepared by 

oxidizing organic impurities in distilled water with 
KMnOJKOH, followed by distillation in glass. KOH 
solutions were prepared after KOH pellets, which were 
prewashed with methanol, were heated at 500 "C for 3 h. 
Other reagents and solvents were prepared as described 
previously (7). 

Quartz fiber filters (25 cm X 21.5 cm) were purchased 
from Pallflex Products Corp. (Putnam, CT) and were cut 
into 47 mm diameter discs. The trapping efficiency of 
0.3-pm dioctyl phthalate on the filter quoted by Pallflex 
Products Corp. is 99.97 % . The filters were heated at  500 
"C for 3 h to combust organic contaminants, rinsed in 1% 
KOH solution (to prepare KOH-impregnated filters) or 
pure water (to prepare neutral filters), and then dried in 
an oven at  80 OC. 

Sample Collection. Air samples were collected on both 
neutral and KOH-impregnated quartz filters, which are 
placed in combined Nucleopore filter holders (Pleasanton, 
CA) in series and connected to a flowmeter or a calibrated 
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orifice and then to a Thomas air pump (Sheboyan, WI). 
The first filter (neutral) can collect aerosols >0.3 pm, 
whereas the second filter (KOH impregnated) can collect 
acidic fine particles smaller than 0.3 pm (and acids in vapor 
phase) that passed through the first filter. Samples were 
collected a t  west Los Angeles (on the roof of the Geology 
Building on the UCLA campus), downtown Los Angeles 
(on the roof of a single-story building), and in a greenhouse 
(Department of Botany, UCLA). During sample collection, 
flow rate was maintained at 10 L/min (f5%). Sampling 
times were 7-67 h (air volume 4-40 m3). Filter holders 
were covered with aluminum foil to minimize the pho- 
toinduced oxidation of trapped materials on the filters. 

Automobile exhaust was collected on quartz filters by 
a modified method described above for air sampling, with 
a 1982 Toyota Corolla Model gasoline engine (1.8 L) and 
a 1971 Mercedes Benz 220D Model diesel engine (2.2 L, 
engine which was rebuilt in 1982). Exhaust emissions were 
collected with a glass tube that was inserted into the engine 
muffler and connected to the filter holders, as described 
in ref 8. The gasoline exhaust sample was collected on a 
KOH-impregnated filter only, whereas the diesel exhaust 
was collected on both neutral and KOH filters. The flow 
rate of the pumped exhaust was 10 L/min, and the sam- 
pling time was 18-20 min. 

Two dust samples were collected on the fifth-floor 
balcony of the Geology Building, UCLA, and on an outside 
window frame of a first-floor apartment building in 
downtown Los Angeles. 

Two soil samples were collected on the ground at UCLA 
campus (one was from behind the Geology Building and 
the other from the north campus about 0.5 km away). 

Sedimentary humic acid and fulvic acid fractions were 
isolated from a bog sediment sample collected in the 
foothills of the western Sierra Nevada Mountains by ex- 
traction with 0.3 N NaOH. Humic acids were then sepa- 
rated from the extracts by precipitation with 6 N HC1, 
whereas the fulvic acid fraction remained in solution. 

Extraction, Derivatization, and GC/GC-MS Anal- 
ysis. Air and exhaust samples (filters) were extracted with 
pure water (5 mL X 3) under ultrasonication and then 
centrifuged. Soil and dust samples (ca. 0.50 g) were also 
extracted in the same way. The water extracts were con- 
centrated to ca. 2 mL in a rotary evaporator at 50 OC under 
vacuum, pH-adjusted to 8.0-8.5 with 1 N KOH or 1 N HC1 
in a 10-mL pear-shaped flask, and then completely dried 
by a rotary evaporator followed by nitrogen blowdown. 
The pH of the extracts from the neutral quartz filter was 
3-4, whereas that from the KOH filters was >9. Aliquots 
of humic acids (in basic solution) and fulvic acids (in acid 
solution) were also pH adjusted and then dried as above. 

Dicarboxylic acids in the 10-mL flask were esterified 
with 0.5 mL of 14% boron trifluoride (BF,)/butanol at 100 
OC for 30 min. Excess butanol was reacted with 0.5 mL 
of trifluoroacetic acid anhydride (TFAA) to form butanol 
TFAA ester, which is volatile and easily removed by 
evaporation. The reaction mixture was washed with pure 
water in hexane, and the hexane layer was concentrated, 
dried, and then volume adjusted to 100 pL in hexane. 
Details of the ester derivatization are described in ref 7. 

Dicarboxylic acid dibutyl esters were analyzed by a 
Hewlett-packard Model 5840 gas chromatograph (GC) 
equipped with an FID on a 0.25 mm X 30 m DB-5 fused 
silica capillary column. The injection port and FID tem- 
peratures were 200 and 300 OC, respectively. The column 
temperature was programmed from 40 (6 min) to 295 OC 
with a rate of 6 deg/min. Peak areas were calculated with 
a Hewlett-Packard 18850A integrator. The dibutyl esters 

Table I. Low Molecular Weight Dicarboxylic Acids 
Identified in (A) Los Angeles Air, (B) Automobile 
Exhausts, (C) Urban Dust, (D) Soil, and (E) Bog Sediment 
Samples 

formula sample abbreviation 

straight-chain acids 
oxalic C2H204 A-E CZ 
malonic C&04 A-E c3 
maleic C4H404 A-E M 
succinic C4&04 A-E c4 
fumaric CdH404 A-E F 
glutaric C5H804 A-E C6 

pimelic CTH1204 A-E c7 
suberica C8Hi404 A B  
azelaic CDHI6O4 A-E CD 
sebacic C10H1804 A-E c10 

adipic C&1004 A-E c6 

branched-chain acids 
methylmalonic" C4H604 A,B iC4 
methylsuccinic" C6H804 A-D iC6 
methylmaleic C6H604 A-C mM 
2,3-dimethylmaleic0rb C6H804 A di-mM 
2-methylgl~tar ic~~~ C6Hloo4 A iCs 
3-methylgl~taric~ C6H1004 A aiC6 

phthalic C8Hs04 A-E Ph 
methylphthalicb C~H804 A-D mPh 

Present in trace amounts only; insufficient to accurately quan- 
Tentatively identified by mass fragmentation patterns sim- 

aromatic acids 

tify. 
ilar to homoloeous series. 

were also analyzed with a Finnigan Model 4000 GC-mass 
spectrometer with an INCOS 2300 data systems, em- 
ploying the same column conditions as above. Identifi- 
cation of the diacids was performed by comparison of both 
GC retention times and mass fragmentation patterns of 
the samples with those of authentic standards. Quanti- 
fication was done by comparing peak areas of samples with 
those of individual authentic diacid esters. The mass 
spectra of authentic diacid dibutyl esters are presented 
elsewhere (7). 

Reproducibility, Blank, and Trapping Efficiency 
for Air Sampling. To check the reproducibility of at- 
mospheric diacids sampling on neutral quartz filters and 
KOH-impregnated filters, three air samples were collected 
on the roof of the Geology Building (UCLA campus) on 
September 29-30, 1984, and were analyzed for diacids as 
described above. Triplicate analyses showed that the 
standard deviation is f l 8 %  of the average concentrations 
of total dicarboxylic acids. The blanks of the filters and 
the analytical procedures showed that small peaks of oxalic 
and phthalic acid butyl esters sometimes appear on the 
GC chromatogram; however, their quantities are less than 
3% of the amplitude of the actual samples. Thus, the 
concentrations presented here are not corrected for blanks. 

To check the trap efficiency of diacids, three filters (the 
first was neutral, the second and third were KOH-im- 
pregnated) were placed in the combined filter holders, and 
two air samples were collected on the roof of Geology 
Building, UCLA. The diacid (C2-Clo) concentrations for 
the first, second, and third filters were 11.1, 5.86, and 0.41 
nmol/m3 for June 12, 1984, air and 4.34, 1.19, and 0.25 
nmol/m3 for October 26-29,1984, air, respectively. On the 
basis of a method of Smith (9), trapping efficiency by the 
KOH filter of diacids (which passed the neutral quartz 
filter) is estimated to be 88 f 7 % .  

Results and Discussion 
Nineteen dicarboxylic acids (C2-Cl0) have been identi- 

fied, as listed in Table I, either in Los Angeles air, auto- 
mobile exhaust, urban dust, soil, or bog sediment samples. 
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These acids include straight/ branched-chain, saturated/ 
unsaturated, and aliphatic/aromatic structures. Cis-un- 
saturated diacids, maleic, methylmaleic, and dimethyl- 
maleic acids, have not been reported in atmospheric sam- 
ples, except in wet precipitation samples in the Los Angeles 
area (7). As far as we know, most of the short-chain diacids 
listed in Table I have not been reported in gasoline and 
diesel exhaust or urban dust. Although possible formation 
of diacids during sample collection has not been elimi- 
nated, we believe that these diacids are ambient aerosol 
constituents, because they have been found in rainwater 
samples with similar distribution patterns (7). 

Distribution of Dicarboxylic Acids in Los Angeles 
Air. Concentrations of individual diacids in the atmo- 
sphere are given in Table 11. Oxalic acid (C,) is always 
the most abundant dicarboxylic acid in Los Angeles air, 
whose measured concentration range was 2.1-8.6 nmol/m3. 
The second most abundant acid (with some exceptions) 
was succinic acid (C,) followed by malonic (C,) or adipic 
acid (C&. Branched-chain (iso/anteiso) (C,-C,) diacids 
are less abundant than corresponding straight-chain acids. 
Although unsaturated acids are generally less abundant 
than saturated ones, maleic plus fumaric acids (C,) are 
frequently comparable to the corresponding saturated acid 
(succinic). Cis configuration (maleic acid) is generally more 
abundant than trans configuration (fumaric acid). The 
range of ratios of maleic acid to fumaric acid is 0.52-7.3 
(average 2.31 f 2.13). Interestingly, methylfumaric acid 
was not detected in the air samples, although methylmaleic 
acid is abundantly present. Aromatic acids (phthalic and 
methylphthalic acids) are much less dominant than total 
aliphatic diacids. However, phthalic acid is often the third 
most dominant acid, following oxalic acid and succinic acid, 
especially in the industrial downtown area (see Table 11). 

Total concentrations of diacids ranged from 5.5 to 21.2 
nmol/m3, with an average of 12.3 f 6.1 nmol/m3, indi- 
cating dynamic changes of diacid distribution in the at- 
mosphere. For example, a t  west Los Angeles, the con- 
centration was very high (21.2 nmol/m3) during daytime 
collection on October 24, whereas it dropped down to 9.2 
nmol/m2 in the following overnight collection (October 
24-25). By contrast, in downtown Los Angeles, diacid 
concentrations were lower during daytime (October 24,13.5 
nmol/m3) but increased in the following overnight col- 
lection (October 24-25, 19.3 nmol/m3). These results 
suggest that diacid concentrations in the atmosphere are 
variable and dependent on location (hence source effects) 
in addition to weather conditions, including wind direction. 

From the 10 samples studied, 3442% (average 62 f 
19%) of the total dicarboxylic acids detected in the Los 
Angeles ambient air were found on the first filter (neutral), 
and the remaining portions (1846%) were trapped on the 
second filter (KOH impregnated). These results suggest 
that the aerosol particles with which diacids are associated 
have variable size distributions, which probably depend 
on the particle loading moisture content in the air and a 
primary or secondary source. This contrasts the low mo- 
lecular weight monocarboxylic acids (major acids, acetic 
and formic) detected in Los Angeles air (8) where only 
2-17% of monoacids were captured by the first (neutral) 
filter and remainder (83-98%) were captured on the sec- 
ond (KOH) filter. This difference in behavior between 
monoacids and diacids probably reflects their relative 
volatility. The monoacids are mostly present in the vapor 
phase (8), whereas the diacids are mostly associated with 
particles. We cannot, however, eliminate the possibility 
that (i) some low molecular weight diacids (i.e. oxalic) have 
sufficient vapor pressure under elevated temperature 

conditions to also exist in the vapor phase or (ii) vapori- 
zation of the solid particles occurs during passage of the 
air while sampling (3). 

There are very few quantitative studies on dicarboxylic 
acids in the atmosphere. Norton et al. (3) reported the 
concentration of oxalic acid up to 50 pptv (2.2 nmol/m3) 
in Colorado Mountain air. The reported concentrations 
of oxalic acid are lower than those we measured in Los 
Angeles air (up to 8.6 nmol/m3, see Table 11). Barkenbus 
et al. (IO) reported that concentrations of malonic, succinic, 
and glutaric acids in Indiana air samples (April 1981) were 
0.030,0.15, and 0.017 nmol/m3, respectively. These values 
are also lower than those we measured in Los Angeles air 
(see Table 11). Semiquantitative analysis of southern 
California (West Covina, July 24, 1975) aerosols showed 
concentrations of adipic acid up to 8.9 pg/m3 (61 nmol/m3) 
(5 ) .  

Although it has generally been suggested that di- 
carboxylic acids in the southern California air mass ori- 
ginate from photochemical oxidation of organic compounds 
(hydrocarbons) emitted from anthropogenic sources to the 
atmosphere (2, 5), direct contribution from biogenic or 
anthropogenic sources has not previously been considered; 
therefore, we conducted a brief search for dicarboxylic 
acids in various possible environments. 

Biogenic Sources. Diacids are common metabolic 
products, and therefore, contribution of biogenic diacids 
to the atmosphere may be important in the Los Angeles 
area in view of the fact that plant lipids (n-alkanes, alco- 
hols, and fatty acids) are commonly associated with aer- 
osols (11). The greenhouse air collection experiments show, 
however, that diacid concentrations (2.4-5.4 nmol/m3) are 
lower than those in the atmosphere (12.3 f 6.1 nmol/m3), 
suggesting that emission of diacids from plants may not 
be important for the atmospheric diacids. These results 
are by no means conclusive because (i) a major portion of 
the greenhouse diacids may originate from the atmosphere 
out of the greenhouse, (ii) specific native plants may be 
responsible for the majority of diacids produced, or (iii) 
diacid emission by plants may be season specific. 

Because soils contain microorganisms that may produce 
diacids and soils are also the repositories for plant me- 
tabolites released from the roots, soil particles are a pos- 
sible source of atmospheric diacids. As shown in Table 
111, distribution of dicarboxylic acids in soils is charac- 
terized by a predominance of oxalic acid followed by 
phthalic acid. Oxalic acid is a major metabolic product 
of fungi in natural environments and is present in soils as 
calcium oxalate (22). Phthalic acids in soil samples (Table 
111) may originate from lignin-type organic matter (phe- 
nols), which can be converted to aromatic diacids by mi- 
crobial activities. Although the predominance of oxalic 
acid in the soils is consistent with its dominant concen- 
tration in the Los Angeles atmosphere, the distribution of 
other diacids is frequently different between soil and air. 
Cis diacid (maleic) is often less abundant than trans diacid 
(fumaric) in soil samples (see Table 111), whereas maleic 
acid is generally more abundant than fumaric acid in air 
samples. Because fumaric acid is commonly produced by 
organisms whereas maleic acid is not, the predominance 
of fumaric acid over maleic acid in the soil samples indi- 
cates microbial synthesis. Adipic acid, thought to form 
by photooxidation of cyclohexene (I, 2,13), is in low rel- 
ative abundance in soil. These considerations suggest that 
the contribution of soil particles to atmospheric diacids 
is not important. This is further supported by the ob- 
servation that the concentrations of diacids in soils 
(250-280 nmol/g) are much lower than those (3500-4000 
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nmol/g) of urban dust (see Table 111), which may originate 
from dry deposition of aerosols. 

The lower abundance of maleic relative to fumaric acid 
was also found in a bog sediment sample collected in the 
foothills of the Sierra Nevada Mountains. As shown in 
Table 111, C2-Clo dicarboxylic acids are characterized by 
a predominance of oxalic acid followed by succinic, mal- 
onic, and azelaic acids. These diacids in the bog sediment 
are metabolic or alteration products of plant debris. Their 
distribution is similar to that of soil samples but different 
from that of air samples, again suggesting that atmospheric 
diacids are not dominantly of biogenic origin. 

Anthropogenic Sources. To determine if diacids are 
introduced directly from sources of hydrocarbon com- 
bustion, motor exhaust emissions collected in an idling 
mode from gasoline- and diesel-burning automobiles were 
analyzed. The analytical results (Table 111) indicate that 
both gasoline and diesel car exhaust produce a similar 
distribution of all the diacids (C2-Clo) detected in the 
atmosphere (Figure 1). Their concentrations, however, 
are 28 (gasoline) and 144 (diesel) times higher than those 
of average Los Angeles air (10-sample average 12.3 
nmol/m3). These results strongly suggest that automobile 
emissions are a primary source of atmospheric diacids. 

Although oxalic acid is the most abundant diacid in 
exhaust, automobile emissions contain both cis-unsatu- 
rated (maleic and methylmaleic) acids and aromatic 
(phthalic and methylphthalic) acids as major species. 
These diacids are probably derived from incomplete com- 
bustion products of aromatic hydrocarbons (benzene, 
toluene, naphthalenes, and others) in car engines, as fol- 
lows: 

OH 
COOH 0 - 6 -  Q COOH 

OH 
COOH 

COOH 

OH 

@@ - & - COOH 

QH 

.@@ - @@ - acooH COO H 

Unsaturated diacids may be further oxidized to oxalic acid 
during combustion. Incomplete combustion of cyclic 
olefines probably produces saturated diacids in the auto 
exhausts. Interestingly, Cg diacid, which has been reported 
in air and rain samples and considered to be a photo- 
oxidation product from biogenic unsaturated fatty acids 
(7), is also detected in motor exhaust. Although the source 
of Cg diacid detected in the exhausts is not clear, it may 
originate from the oxidation of the corresponding hydro- 
carbon, suggesting that normal mono- and dicarboxylic 
acids are combustion products of normal alkanes in fuels. 

Conclusions 
This study demonstrates that low molecular weight 

(C2-Clo) aliphatic and aromatic dicarboxylic acids are 
present in the Los Angeles atmosphere, oxalic acid being 

Los Angeles Air Gasoline Exhausts 
(average: 10 samples) 

Urban Dust Diesel Exhausts 
(UCLA Geology) 

Carbon chain length 

Figure 1. Relative distributions of low molecular weight dicarboxylic 
acids in Los Angeles air, urban dust, and gasoline and diesel exhausts. 
Relative abundance is normalized to oxalic acid (CJ. For abbreviations, 
see Table I. 

the major species. The analysis of biogenic sources in 
addition to motor exhausts from this study indicates that 
automobile emissions are the important primary source 
of atmospheric diacids. However, this study has not 
produced evidence to compare the relative contribution 
of photochemical production of the diacids in the atmo- 
sphere (2, 3, 13) with that of primary production. 

Due to their polar nature, dicarboxylic acids are pref- 
erentially associated with moisture (water droplets) and 
may form salts (such as calcium oxalate). When suffi- 
ciently abundant, these diacids could (i) reduce visibility 
and (ii) increase acidity of the aerosols. Because of their 
potent chelating effects on metals, diacids may further 
offer a hazard in the deterioration of building material and 
exposed electrical circuitry. 
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In the acidic extraction of brine samples, peaks appeared 
in the total ion chromatogram characteristic of halogenated 
cyclohexanes. In addition, the halogenated cyclohexanes 
are sufficiently volatile and nonpolar that they should be 
readily detected by volatile analysis procedures. Since 
these compounds were not detected by gas chromatogra- 
phy/mass spectrometry analysis of the volatiles, it was 
postulated that the halogenated cyclohexanes were actually 
artifacts formed during the acidic extraction procedure. 
The results indicate that the halogenated cyclohexanes are 
formed by the reaction of cyclohexene, present as an in- 
hibitor in the methylene chloride, and the various halogens 
in the brine. 

Introduction 
The use of methylene chloride for the extraction of or- 

ganic components, specifically amines, has led to the 
formation and identification of artifacts. Beckett and Ali 
(1) reported the interaction of methylene chloride with 
various antihistaminic drugs and identified the artifacts 
as their chloromethochlorides. Franklin et al. (2) identified 
cyanogen chloride as an impurity in methylene chloride, 
and its presence resulted in the formation of corresponding 
nitriles. In addition, pethidine and dexomethorphan in- 
teraction products have been identified by Vaughn (3) as 
their chloromethochlorides. 

The standard Environmental Protection Agency (EPA) 
method for the analysis of extractable aqueous organic 
pollutants involves the use of methylene chloride as a 
solvent and liquid-liquid extractors. This method, EPA 
Method 625, has been employed in our laboratory for the 
isolation, concentration, and identification of trace organic 
chemicals in aqueous matrices (4 ) .  

In our acidic extraction of brine samples, peaks appeared 
in the total ion chromatograms with characteristic ions 
indicative of halogenated cyclohexanes. Components 
identified include cis-1-bromo-2-cyclohexanol and cis-l- 
bromo-2-chlorocyclohexane, cis-2-iodocyc1ohexano1, di- 
bromocyclohexane, and cis-1-chloro-2-iodocyclohexane. 
These results were very surprising in view of the fact that 
previous extractions with other solvents such as diethyl 
ether and hexane showed no evidence of these types of 
components. In addition, the halogenated cyclohexanes 
are sufficiently volatile and nonpolar that they should be 

* Address correspondence to this author at his present address: 
Battelle-Northwest, Richland, WA 99352. 

readily detected by volatile analysis (EPA Method 624) 
procedures. Since these compounds were not detected by 
gas chromatography/mass spectrometry (GC/MS) analysis 
of the volatiles, it  was speculated that these components 
were not inherent in the sample but actual artifacts formed 
during the extraction procedure. In other words, these 
particular types of components had been found only in the 
methylene chloride extracts from this specific type of 
matrix, the heavy brines. I t  was postulated that these 
components were not originally present in the sample but 
actually formed by an addition reaction of the cyclohexene 
inhibitor in the methylene chloride and the halogens 
present in the brine. 

The objective of this work was then to determine the 
source of the artifacts formed during the extraction of the 
heavy brine samples with methylene chloride and, if found, 
to suggest methods for reducing the type of reactions 
taking place and the products being formed. 

3 

2 

time lmin I 

Figure 1. Total ion chromatogram for cyclohexene-Inhibited methylene 
chloride extract of a brine sample. The GC/MS conditions were as 
follows: instrument, Hewlett-Packard 5996 GUMS; column, 30 m X 
0.25 mm DB-5 fused silica, 0.25 hm film thickness; column temper- 
ature, 30 OC for 4 min, 30-300 OC at 10 deg/min, and 300 OC for 10 
min; injection mode, l-hL splitless at 280 OC; carrier gas, He at 20 
psig; interface, open split at 280 OC; source temperature, 220 OC; 
analyzer temperature, 220 OC; source pressure, 0.5 X Torr; scan 
rangelrate, 46-385 at 266 amuls; ionization mode, electron impact; 
electron multiplier, 1600 V. 
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