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Chemistry Department, Leningrad State University, 199161 Leningrad (U.S.S.R.) 

SUMMARY 

Polysorbimide and carbochrome, new sorbents with high temperature stability, 
have been used to concentrate trace amounts of atmospheric pollutants, and 136 CL-X& 
organic compounds, including 126 hydrocarbons, 6 oxygen derivatives and 3 chlorides, 
were identified in air samples collected in the streets of Leningrad_ 

One of the major features of the composition of the organic constituents of the 
urban air sampled is the presence of a number of C,H2, hydrocarbons (mainly olefins), 
and also C,Hr,_2 and C,H,,_+ unsaturated hydrocarbons (including a-pinene and 
camphene). 

A comparison of the results with those of similar studies carried out on air 
samples from Zurich, Houston and Paris is of considerable interest in connection 
with the possible effect of geographical factors on the composition and iifetime of 
organic pollutants in the atmosphere. 

INTRODUCTION 

Among difficult analytical problems the solution of which has become possible 
only in the 1970s as a result of the very efficient combination of capillary gas chro- 
matography and mass spectrometry (GC-MS), one of the most urgent and interesting 
is the problem of determining trace amounts of organic pollutants in the atmosphere. 
A detailed study of the composition of atmospheric pollutants is needed not only for 
the development of convenient techniques for everyday air-purity control, but also 
for establishing the general laws of ecological chemistry which determine the behaviour 
of various products of anthropogenic origin entering the environment and the role of 
the factors that control their composition and concentrations. 

Several papers have been published on the GC-MS analysis of volatile organic 
pollutants in urban atmosphere, the most comprehensive results having been obtained 
for samples coliected in Zurich’, Houston2 and Paris3. Table I gives some data on the 
number of constituents identified in those studies, the sorbents used for concentration 
and the geographical coordinates of the cities. The identification in atmospheric air 
of about 100 organic compounds at the concentration level of ca. lo-‘% highlights 
an important stage in the study of the Earth’s atmosphere and of the chemical pro- 
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TABLE I 

GC-MS ANALYSIS FOR VOLATILE ORGANIC CONSTITUENTS IN URBAN ATMO- 
SPHERES 

City Latitude Longimde AItitude Sampie Sorbent Number of Reference 

(knl) voiufm (f) constituents 
identified 

Ziirich 47”N 8=E 0.4 25,000 Activated 108 1 
charcoal 

Houston 30”N 95”W 0.0 120-200 Tenax GC 98 2 
Paris 49”N 2% 0.0 200-2000 Graphftized 72 3 

carbon black 
Leningrad 6O”N 30”E 0.0 10 Carbochrome 136 This 

and work 
polysorbimide 

cesses that take place in it. To reveal the general role of these atmospheric pollutants, 
one should accumulate information for various areas of the Earth differing in 

geographical and climatic conditions. This paper presents the results of the GC-MS 
identification of volatile organic pollutants in the air of Leningrad, which is located 
much further North than the three cities where similar measurements were carried 
out previously, and in different climatic conditions (cf- Table I). 

The data on Leningrad air are of particular interest as this city is a centre of 
research on protection against atmospheric pollution and of the joint Soviet-American 
programme for air pollution modelling and development of air purification methods. 

EXPERIMENTAL 

Air sampling was performed at several points in the city by passing 10 1 of air 
at a rate 0.2 l/min through sampIing tubes mounted at a height of 1.5 rn not closer 
khan 2.5-3 m to the walls of buildings and oriented opposite to the wind direction at 
the sampling site. On finishing the sampling, the tubes were stoppered with PTFE 
plugs. As hydrophobic sorhents of high temperature stability weused polysorbimide-l4 
and carbochrome K-S, developed in the U.S.S.R. The latter is thermalIy _graphitized 
carbon black modified with of polymethylsiloxane (110 m2/g with a grain size of 
0.215-0.315 mm). Polysorbimide is obtained by polycondensation of pyromellitic di- 
anhydride and 4,4’-diaminodiphenyl ether (67.5 m2/g with a grain size of 0.25-0.315 
mm). The glass tube containing 0.6 g of polysorbimide was 21 cm long (I.D. 4.3 mm). 
In experiments with carbochrome, we used tubes of the same length but with I.D. 6.5 
mm, containing 0.5 g of sorbent between glass-wool plugs. Prior to work, the tubes 
were heated for 20 min in a flow of nitrogen at a rate 30 ml/min at 300” and SOO”, 
respectiveIy. 

Thermal desorption of the organic compounds was carried out directly into a 
copper capillary column of 60,000 theoretical plates (50 m x 0.35 mm) with dinonyl 
phthalate. The entrance section of the column (2 m long) was formed into a spiral 
and placed in a Dewar flask, the coolant being ice-salt mixture (when using poly- 
sorbimide) or dry-ice (for carbochrome). The sampling tube was connected to the 
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gas system of the chromatograph by means of union nuts with heat-resistant silicone 
rubber packing between the injection port and the entrance section of the capillary 
tube so that the direction of carrier gas (helium) flow through the sorbent was opposite 
to that of the air flow during samplin,. * The other end of the capillary column was 
connected to the molecular separator of an LKB-2091 GC-MS system. 

Desorption was carried out in a tubular oven at 280” for 20 min (with poly- 
sorbimide) or at 400” for 20 min (with carbochrome). The desorbing substances were 
swept out by the carrier gas and trapped in the cooled zone of the capillary column. 
When the desorption was finished, the input of the column was connected to the 
injection port, cooling was discontinued and the mixture was chromatogtaphed in a 
temperature-programmed mode, the isothermal stage (50” for 10 min) being followed 
by a temperature increase up to 130’ at the rate S”/min. The duration of the chromato- 
graphic analysis was 60-70 min. Fig. 1 shows a typical chromatogram of the volatile 
organic pollutants in Leningrad air. 

lx9 
I 
I 

Isotherm 13OY.Z Program 5’ mm 

0 43 30 m W 0 

Fig. 1. Typical total ion current chromatogram of volatile organic pollutants of urban air. For 
identification of peaks, see Tables II and III. 

The mass spectra were recorded under the following conditions: ionization 
voltage when recording the spectra, 70 eV; ionization voItage when recording chro- 
matograms by total ion current, 20 or 12 eV; emission current, 25 PA; accelerating 
voltage, 3.5 kV; resolution, 500; ion-source temperature, 180-200’; and separator 
temperature, 1 SO-1 SO”. 

To correct for the background, the characteristic lines of dinonyl phthalate 
and of admixtures in the carrier gas (m/e = 40,44,73, 133 and 149) were subtracted. 
The other background lines sometimes overlapped with the mass spectral lines of the 
constituents, but their consideration without a computer in the temperature-program- 
med mode would be difficult and was not carried out. As a result, the weakest peaks 
in the chromatograms were not identified, and in some instances we had to restrict 
ourselves to determining the molecuiar formula. Individual and group identification 
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of the constituents was performed with the help of compilations of mass spectra6s7_ 
The C,H2, olefins differed from the isomeric naphthenes by the presence of strong 

GH zn+l)+ peaks in addition to the (CnHZn--l)i peaks. Monoterpenes were recognized 
by their characteristic peaks at m/e 136 (M’), 121, 93 (lOO%), 79 and 77. Individual 
identification was possible only for limonene, a-pinene and camphene. Many isomeric 
aromatic hydrocarbons that differ only in the positions of the side-chains exhibit very 
similar mass spectra, their identification being possible only when taking into account 
the retention parameters (order of elution). 

RESULTS AND DISCUSSION 

in each of the five air analyses carried out in the summer and autumn of 1976 
we identified 60-80 constituents, with only partial duplication, the total number of 
organic pollutants detected being 136. Most of them (126) were hydrocarbons, which 
are listed in Table II. Twenty-two hydrocarbons were present in each of the samples 
collected at different points in the city and at different times, so that they can be 
considered to be permanent constituents of the air in Leningrad_ Starting with n- 
octane and toluene, all the 17 alkane and aromatic hydrocarbons (of the benzene 
series) which were permanently present in the Leningrad air were also detected earlier 
in Ziirich, Houston and Paris. Taking into account that the presence of some light 
hydrocarbons (e.g., benzene, hexane and heptane) in the Paris air pollutants3 is 
probably due to the drawbacks of the technique employed (column cooling was not 
used when desorbing the pollutants into it), the C&,, benzene hydrocarbons and 
C,C,I n-alkanes can be considered to be permanent constituents of the volatile 
organic pollutants in the modern urban atmosphere, independent oftheir geographical 
location. 

Of particular interest are the atmospheric constituents identified in our work 
for the first time. Of the permanent constituents of Leningrad air, only one hydro- 
carbon, trimethylcyclohexane, was not detected in the atmospheric air of the other 
three cities. 

Of the non-permanent constituents that we found, the number of organic 
compounds among them identified for the first time is large. In this list, one should 
discount several hydrocarbons that we identified for the first time as individual com- 
pounds while they were classified in the earlier studies as groups of isomers (Nos. 37, 
123 and 124), after which the number of Leningrad atmospheric constituents specified 
in Table II and not found in other cities becomes 60, i.e., almost half of the total list. 
A comparison of the nature of these pollutants detected for the first time with that 
of the hydrocarbons in the second half of the list indicates the existence of clear 
regularities rather than their being a random set of compounds. The group composi- 
tion of the list of hydrocarbons detected only in Leningrad differs considerably from 
those found in the other cities with different geographical and climatic conditions (Table 
III). Among the hydrocarbons detected by us for the first time, there are only four 
alkanes (C,-C,, all branched-chain) and only one aromatic hydrocarbon (cumene), 
which is apparently the least resistant to oxidation of all benzene homologues de- 
tected in the urban atmosphere_ The number of these hydrocarbons constitutes less 
than 10% of the total, whereas in the list of hydrocarbons that occur in different cities 
the alkanes and aromatic hydrocarbons constitute almost 90%. 
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Hydrocarbons of the C,H2, series make up the main fraction(almost twothirds) 
of the hydrocarbons specific to Leningrad air. Some of them have been identified as 
olefins and some as naphthene hydrocarbons. We have not yet succeeded in 
identifying a large number of the C,H2, constituents, but many of them are un- 
doubtedly olefins. Also of interest is the presence of a large number of highly un- 
saturated hydrocarbons of the C,Hzn_r and C,Hr,_4 series, which were almost 
absent from the air of the other cities. In general, unsaturated hydrocarbons constitute 
more than 90% of the hydrocarbons detected by US for the first time. 

These qualitatively different features of the chemical nature of organic pol- 
lutants specific to Leningrad air-cannot be attributed to any particular sources of 
atmospheric pollution. We conclude that there are continuously acting objective 
factors that substantially affect the chemical composition of the organic constituents 
of the atmosphere, apparently associated with geographical and climatic conditions. 
The presence in Leningrad air of a large number of highly reactive unsaturated 
hydrocarbons is due not to their emission there being larger than in the other cities, 
but rather to their longer lifetime at comparatively high latitudes and the retardation 
of chemical transformations (primarhy oxidation). Indeed, Leningrad lies much 
further North than the other cities (see Table I). In more southern cities (e-g., Houston 
is located at 30’ N), unsaturated compounds should become oxidized faster, sub- 
sequently being removed from the atmosphere. One of the major factors favouring 
their oxidation may be the UV radiation level, which depends primarily on latitude, 
as we11 as on the altitude above sea Ievel. 

The establishment of features similar to those discussed above is of con- 
siderable interest for the ecology and should undoubtedly become the subject of 
further detailed studies. 

Prior to investigating organic atmospheric constituents other than hydro- 
carbons, one should consider the presence in the atmosphere of hydrocarbons of 
non-naphtha origin, i.e., Cn,H16 terpenes. Terpenes belong undoubtedly neither to the 
major nor to the permanent organic constituents of the atmosphere. Of the hydro- 
carbons of this class, limonene has previously been found in urban atmospheres 
(in Zurich’ and Houston’). We identified it also in Leningrad in three cases out of 
five- In addition to limonene, however, we detected a-pinene twice and six other 
C&Hi6 hydrocarbons, including camphene, in one experiment. This air sample was 
collected at the end of October in an area on the lee side of a timber port. The major 
source of the terpene hydrocarbons in this instance was apparently not vegetation but 
rather a local accumulation of timber and fallen leaves. Possibly limonene, which is 
found in the urban air more frequently than other terpenes, represents, at least 
partially, a secondary product of transformation of less stable isomers, and it is due 
to its relative stability that it remains in the atmosphere for a longer time. 

The volatiie derivatives of hydrocarbons recognized in Leningrad air are much 
less numerous than the hydrocarbons proper, only 10 such derivatives being identified 
(Table IV), i.e., about 7% of the total number of constituents identified. None of 
these compounds are permanent atmospheric constituents, but acetone, dioxan and 
tetracbloroethylene were detected more frequently_ Tetrachloroethylene is the only 
one of these compounds that was also present in the atmospheric pollutants in Zurich 
and Houston. The main source emitting this solvent into the urban atmosphere is 
evidently dry-cleaning establishments_ In such a large city as Leningrad about 2000 
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TABLE III 

GROUP COMPOSITION OF THE LIGHT HYDROCARBONS DETECTED IN THE URBAN 
ATMOSPHERES 

Class of hydrocarbons Detected only Detected not only 
in Leningrad in Leningrad 

No. % No. 0, 10 

Alkanes., C,H2.,, 4 6.5 28 42.5 
Aromatic hydrocarbons (benzene, indane, naphthalene 

series) 1 2 29 44 
Hydrocarbons, C,HZ, 40 67 6 9 

Olefins 5 8 3 5 
Naphthenes 9 15 1 1.5 

Unsaturated, C,H,,_Z 4 6.5 0 0 
Unsaturated, C,%_., 9 15 1 1.5 
Aromatic unsaturated, C,Hr,_s (styrene series) 2 3 2 3 

Total 60 100 66 loo 

tons of this solvent are consumed annually for this purpose, and it eventually enters 
the atmosphere. The remaining nine compounds in Table IV were not found in the 
atmospheres of the other three cities. On the other hand, our list does not contain 17 
derivatives (including eight aromatic aldehydes and ketones) that were identified in 
those cities. 

The composition of the non-hydrocarbon part of the organic constituents of 
the atmosphere therefore appears to be impermanent and diverse. It is probably 
partialIy associated with a much higher solubility of the oxygen derivatives in water, 
their easier sorotion on dust particles and, hence, with shorter lifetimes and their 
considerable vagiations depending on the climatic conditions. Another reason for the 
differences between the pollutants identified in the four cities may lie in the different 
conditions and techniques used for air sampling and analysis. 

The investigation of oxygen-, nitrogen-, sulphur- and halogen-containing 

TABLE IV 

HYDROCARBON DERIVATIVES IDENTIFIED IN LENINGRAD AIR 

NO. Compound Identi$cation 
method’ 

1 Acetone 11, 
2 Ethanol 113 
3 Carbon disulphide II, 
4 Methylfuran III, 
.s Ethyl acetate I 
6 Carbon tetrachloride II, 
7 TrichIoroethyIene IIs 
8 Dioxan I. II, 
9 Tetrachloroethylene 11, 

10 n-Butyl acetate I, 11, 

l See Table I. 
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compounds is also one of the most impor@nt ecological problems and certainly de- 
serves detailed study. 
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NOTE ADDED IN PROOF 

Analyses of atmospheric air in the number of cities located in the broad 
interval of geographic latitudes and under various climate conditions were performed 
by us while this paper was in print. They manifested that the above-mentioned 
peculiarities of the composition of atmospheric organic pollutants in our experiments 
were apparently influenced by the use of more effective sorbents stronger than by 
geographic conditions. . 
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