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SUMMARY

Qualitative and quantitative investigations were made on the C;-C,y,, volatile or-
ganic substances in the air of Zarich, The technique of trace analysis on high resolution
capillary columns was developed further. To trap the organics, a specially designed
filter was used containing 25 mg of cigarette filter charcoal. Important information
about the adsorption/desorption mechanism was obtained by using two or more
filters in series. The extraction of the filters with carbon disulphide is described. A
mass spectrometer (CHs from Varian MAT, Bremen, G RL) specially designed to
meet the requirements of coupling with high resolution gas chromatography was used,
The majority of the hundred and eight substances identilied were aliphatic and aro-
matic hydrocarbons, Among substances representing other groups were found benz-
aldehyde and several of its alkyl derivatives which may be oxidation products of
aromatic hydrocarbons, The principle of quantitative determination is discussed and
is applicd to the most volatile part (benzene through Cyi-substituted benzenes) of
the spectrum,

.

INTRODUCTION

Among the numerous reports on new methods and advanced knowledge con-
cerning air pollutants, surprisingly little has been published regarding the broad
spectrum of organic substances in the air. The review by AvrsHurnLer! includes
several papers dealing with low molecular weight hydrocarbons, Pioneers in this
ficld were HuvyTEN ¢ al 2, and the most original report is probably that by WinLrass®,
While higher molecular weight organic compounds in particulates have been studied
by many workers, the broad range of volatile substances containing 6-20 carbon
atoms has been practically disregarded. RasyMusseN aND WeNT! very effectively
determined trace substances such as terpenes in unpolluted air, Their technique,
however, did not allow the handling of complex mixtures such as urban atmospheres.
In the recent report on modern aspects of air pollution monitoring by STEVENS AND
O'KeErrEs, the only organic compound mentioned is methane, A very original and
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sensitive method, but confined to C—C; hydrocarbons, has recently been described
by Sawicki,

As emphasized by AvrsnuLier, the high molecular weight organic compounds
represent very complex mixtures of hundreds of compounds, While resolving such
mixtures by means of capillary columns (genuine high-resolution columns; not the
widespread very poor capillaries) no longer presents great problems, the trace character
of the material intensities the difficultios. The following threc aspects of the tusk may be
treated separately: high resolution trace analysis on capillary columns as o necessary
prerecuisite; appropriate sampling of volatile orgunics for qualitative and/or quanti-
tative analysis, and gas chromatographic-mass spectrometric (GC-MS)  design
maintaining the full separation power of w high-resolution column and working in
the nanogram range.

The progress of our work in all three tields caused us to check the suitability
of our methods to the analysis of an odourless urban atmosphere.

HIGH-RESOLUTION TRACE ANALYSINS ON CAPILLARY COLUMNS

The key to the possibility of injecting verv o dilute solutions on to capillary
columns is the avoidance of stream splitting, In carlier reports, we have desceribed
the principle (direct sampling while the column is kept at a suitable temperature
below the temperature of analysis) and technique of non-splitting injection™# as well
as several applications of the method® 11 Meanwhile, we have been using the tech-
nique extensively with great success on o wide variety of dilute mixtures. Venting
the solvent through o precolumn is now generally contined to very special cases.
There are high-resolution capillaries in several Iaboratories of our University on to
which, for more than a year, saunples of up to 5 ¢l have been injected daily without
splitting, and without causing damage to the column. Difficulties encountered in some
laboratories with our method, such as those mentioned by NOVOTNY AND ZLATEIS!E,
are not due to the method itself, but rather to difficulties with the technique or
cquipment. The technique as we use it now will be desceribed in detail elsewheretd,

A fundamental limiting aspect of our method is the fact that the most volatile
components of the mixture may be obscured by the large amount of solvent or, at
least, may not be resolved suftficiently from the solvent. In the case of atmospheric
hydrocarbons, the most volatile component of great toxicological interest is benzene,
As, for practical reasons, we used as solvent carbon disulphide, which has a similar
boiling point and polarity to those of benzene, the situation did not seem promising
at first.

It was interesting, therefore, to determine the lowest concentration of benzene
in carbon disulphide that still allowed sufticient resolution of benzene Fig, 1 oshows
two chromatograms obtained by non-splitting injection of 1 41 of benzene solution,
1:10% and 1:10"% in carbon disulphide with toluene added for comparison. I2ven when
sampling a 1:107 solution, the benzene peak is not affected by the solvent peak.
Nevertheless, this concentration is below the practical limit because the benzene peak
becomes masked by trace impurities of the solvent, even when using the purest
redistilled carbon disulphide. The critical concentration, therefore, is of the order of
3+ 10°7 ¢ of benzene per gram of carbon disulphide (0.3 p.p.m.). This means that the
especially diflicult case of benzene does not preclude genuine trace analysis, FFor
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toluene, the limit is 10-% g/g, f.e close to the detection limit of the FID (o.02 ng in

2wl of solution).

1ng
benzene 10ul 10ul
*tepm. | 1:1000000  20ng 10ng 1:100000
(no splitting) loluene benzene {no splitting
2 ng
" toluene
S & L l .
LI 232
20 min " 10 o 20 min 10 0
r5e Tee e ) 5o , a5e

Fig. 1, Tests illustrating lowest dilution of henzene in carbon disulphide that allows suflicient
resolution of benzene, Column: sce text. Injection of .o gl ot room temperature; anadysis at 757,

It may be added that some preconditions have to be fultilled to obtain these
results, The most important one is column quality, with special emphasis on low
adsorption activity., Further requirements concern details nf the apparatus and its
handling, which will be discussed elsewhoere!s,

In the case of even lower concentrations, increasced s‘:lnlplc sizes must be used.
According to our v\pcanu- even the very ingeniously designed means developed
at the Technical University of Eindhoven™ 1% are not much help under these con-
ditions because the capillary becones blocked with condensed solvent.

SAMPLING OF VOLATILE ORGANIC COMPOUNDS IN THE ATMOSPHERE

For direct sampling of air the following considerations have to be made. As
will be shown later, the majority of substances are present in the range of o.1-10
p.p.b.*. I, for a single run, we wish to introduce not less than o.1 ng of a substance,
present in the air at a level of o.1 p.p.b., our sample size becomes ca. 1 1. Introduction
of this volume on to one of our ordinary capillary columns (flow ca. 4 ml of air per
min, corresponding to 10 ml of He per min) would last ca. 4 h. This means that,
except for a few major components, there is, at present, no opportunity to apply
direct sampling.

In an carlier paper!!, we have extensively discussed the pnncnp]c and means of
trapping gascous trace substances to suit our analytical conditions. Some results
may be repeated here.

FFor qualitative analysis, a wide varicty of adsorbents (charcoal, alumina,
silica gel, coated celite, organic polymers) and techniques (desorption by heat or by
solvent) may be used. FFor quantitative determination and for ultra trace conditions
such as thosc involved with air, however, the corresponding selection becomes seriously
restricted. In fact, only charcoal with liquid desorption can meet requirenients such
as controlled adsorption in the sub-p.p.b. range, low dependence on humidity, and
full recovery without contamination by material originating from the adsorbent.

" Throughout this article the American (1o") billion is meant,
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The size of a charcoal trap relative to the volume of the air sample is a funda-
mental point, Maximum recovery with minimum solvent volume calls for the smallest
possible trap. This means that the trap has to be selected to be so small that, from
a given air volume, the most volatile substances just begin to break through the filter.
To ensure full adsorption of the substances of interest, a sccond filter is inserted
behind the first one thus allowing a check of whether, or how much, organic material
has passed the first filter, At most, only negligible traces of substances to be deter-
mined should be found on the sccond trap.

For a given air volume and o given tlow rate, the filter size can be reduced
when the particle size of the charcoal is reduced. Small filter particles, furthermore,
facilitate desorption by a solvent. On the other hand, small particles produce a high
flow resistance through the filter which becomes an obstacle for the liquid solvent,

rather than for the air. Another nnpmtant parameter is the length of the filter pad
\\Im,h through the flow resistance, is correlated with its width.

[ . =3~ glass tube
PN ID. 45 mm
R TN\ 1 0OD.60mm

stainless- sfeel/ \ \shrlnkcble Teflon
screen charcoal

1P, 2, Design ol charcoal filter, For details, sce test.

FFig, 2 shows a charcoal trap selected after a series of tests in which the above
parameters had been varied systematically, The trap contains 25 mg of wood charcoal
as used for cigarette filters with an average particle size of 0.08 mm. This tilter re-
tained constant characteristies through a long series of applications, Its design makes
it casy to prepare a large number of filters with practically identical characteristics.,

We designed a filter holder as shown in Fig. 3. To retain the acrosols, we used
a disc of a glass-fibre tilter which is specially manufactured for the retention ol par-
ticulates in cigarette smoke (Phipps and Bird Inc., Richmond, Va., U.S.A). The
filtered air ﬂ()\\':s through two identical charcoal traps without coming into contact
with materials other than metal, glass and Teflon. Shrinkable Teflon tubing, when
shrunk to the correct width, «shows just sufficient elasticity to assure tight fitting.
The outlet end is connected to a water pump. BBy means of a needle valve, we soet
the air flow to 2.5 mi/min.

FFor the desorption we use o glass apparatus as shown in IYig. 4. The loaded
filter, to which the internal standard has been added by means of asyringe, is fastened
to the “'cold finger’” by a picce of Teflon tubing, the upper part of which is perforated.
The flask is loaded with 0.3-0.5 ml of carbon disulphide and kept at 75°. The solvent

«apour passes through the holes in the Teflon holder and, from the “cold finger”
flows back through the charcoal, Extraction is complete after about 10 min; we use
extraction periods of 30 min. We found the small quantity of solvent to be essential
since subsequent concentration by any c\'upnrution method causes severe losses even
of less volatile components. Further details are given in the section QUANTITATIVE
ANALYSIS, ,

Comparative tests with various solvents (pentane, methylene chloride, chloro-
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GLC-MS INVESTIGATION 0F Cy=Cyy ORGANICS IN URBAN ATMOSPHERE 35
form, cthery indicated a clear preference for carbon disulphide for the following rea-
sons:most rapid desorption of almost every type of organic compound from charcoal ;
pure product with a low tendency for producing impurities such as peroxides; and
low response factor in the IF1D. Similar reasons have previously been pointed out by
JENNINGS AND NURSTIENTS,

cold water in

to water pump cold water out

_ silicone rubber
O-ring

second filter -{--"cold finger”

| v Teflon fitting
, perforated
l : first filter Teflon fitting
glass fibre --charcoal
~ dust filter filter
~5-ml flask

qir inlet

Fig. 4. Filter holder containing two chavcoal filters in serios, For sampling the holder is placed
dircetly in the atimosphere,

Fig, . Glass apparatus allowing continuous extraction of charcoal filters using o very low volume
of solvent..

A much greater weight ratio between trapped organic material and charcoal
is obtained by the saturation method (frontal analvsis) as described by NovaAk ef al.lv,
While this technique yields excellent results when a single major substance has to
be determined, it fails in cases of complex mixtures with a wide volatility range.
Displacement by specifically well adsorbed components prevents more volatile sub-
stinces from reaching their predicted saturation cequilibrium. Certain substances,
cven when present in the mixture in relatively high concentration, may totally dis-
appuear from the charcoal in the course of prolonged loading, For mixtures of this
type the method is applicable for qualitative purposes only.

GAS CHROMATOGRAPHY = MASS SPECTROMETRY
To identify the components of a very complex mixture, coupling of GC with
MS becomes indispensible. While the basic technique has been widespread for several

vears, the combination has, in our case, to meet specific demands, the most important
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of which are the following: the higher the GC resolution of the complex mixture,
the more esssential it becomes thit the separate substances are not mixed agiin before
reaching the ion source, as happens with most interfaces; increase of chromatographic
resolution is possible only with decrcase of sample size, and sensitivity of the mass
spectrometer and the avoidance of losses in the interface therefore become decisive;
and the higher the chromatographic resolution, the shorter is the time span for o
separate substance to pass the ion source (2--3 sce in our work). This calls for a high
scanning speed (less than 1 scee per decade).

After studving the existing combinations, we found that none of them fullilled
these requirements. All tyvpes of interfaces for the purpose of reducing the gas flow
to the ion source cither reduce che chromatographic resolution or cause losses of
substance. Other tyvpes of apparatus, e.g. the quadrupole instruments, have low
sensitivity, The same is true of chemi-ionisation with methane as carrier gas, while
several other aspects of this technique would make it the ideal one for our purposet®.
The work reported here was carried out with a mass spectrometer model CHg from
Varian MAT, Bremen, G.IF.R. The technical details involved have recently been
described by SCHULZE AND KASER!,

With a constant input of 8 ml of He per min, this instrument maintains o
vacuum of 1079 torr at which its sensitivity is still far greater than that which is re-
quired. Our interface simply consists of a heated 25-cm long glass capillary of 0.2 mm
1.D. with a constriction vielding 8 ml of air per min at a pressure drop of 1 atm. This
capillary ends on one side 3 mm before the electron beam in the jon source, and on the
other side in the column oven of a gas chromatograph suited for high-resolution worlk
(Carlo Erba, Milan, Ttaly, Model GI). This end is directly coupled to the capillary
column by shrinkable Teflon tubing. For work above 200°, we used a two- or three-
fold layer of Teflon, which withstands a constant temperature of 230%, Changing a
column under these conditions is achieved in less than 30 min.

The model CH3 is equipped with a second ion source working at 2o eV in which
the molecules passing the first source are detected. This second source produces the
gas chromatogram which is not influenced when the main source, at 7o ¢V, is working.

Besides avoiding any loss of substance, this combination yiclds a chromato-
graphic resolution that is always somewhat better than the best results obtained by
pure GC (IF1D).

The GC columns used were a 120 m X 0.32 mim Ucon HB 5100 for the full
spectrum (FFig. 5) and an 8o m X 0.33 mm Ucon L1 550 for the most volatile organic
compounds. The separation numbers were 72 and 63, respectively. Both columns
were run with a gas flow of ca. 8 ml of He per min. Besides separation cfficiency,
two other characteristics are essential for satisfactory results: a very low bleed rate
to produce little background on the mass spectra when working at high sensitivity
(see the chromatograms in Figs. 5 and 0, temperature programmed from room
temperature to 190° and 120°, respectively): and a very low adsorption activity
to avoid contamination of a resolved substance by adsorbed residues of foregoing
ones, :

The latter characteristics may be even more important than the separation
cfficiency itsclf. As we have reported recently®?, certain adsorption effects are due to
unsuitable acidity of the column. _ :

© Some experience is needed to prepare columns meeting these requirements.
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Coated glass capillaries similar to ours are now manufactured by H. Jacggi, T.abora-
tory: for Gas Chromatography, 5642 Muchlau, Switzerland, and distributed by Dr. W,
Niss, 8700 Kuesnacht, Switzerland.

QUALITATIVE ANALYSIS OF VOLATILIEE ORGANIC COMPOUNDS IN THE ATMOSPHERE

After o long series of attempts to obtain the complete spectrum from benzene
to cicosane on the same chromatogram, we modified our aim because of the fact that
the concentration of organic compounds decreases strongly with decreasing volatility
which makes it difficult to trap on the same filter comparable amounts of the lower
as well as of the higher molecular weight substances. As an example of a qualitative
run, IMig. 5 shows an extreme run planned to give reasonable amounts of the heavier
substances with corresponding, almost complete, loss of the light ones. A run as
depicted by Fig, 6 may serve to fill the gap created this way.

Charcoal traps as described above were loaded with 25 m®* of air within 8 days.
During sampling, the filters were placed in the centre of our campus in the city of
Zirich in o green arca with o lawn and bushes, 300 m away [rom the nearest road.
Pedestrians (smokers) did not pass within 8o m. No chimney or exhaust was located
within soo m. During the whole sampling period, the air was totally odourless, \Weather
and wind conditions varied. The average temperature (May) was ca. 147 In the arca
around the campus, central heating units with oil burners were occasionally working,
The campus itself is attached to a distant heating source,

We extracted the filters with carbon disulphide and analvsed the solution as
described above, without addition of an internal standard. All the major and some
minor components were identified by their mass spectra. Identifications were con-
tirmed by co-chromatography, provided pure reference substances were available,
This was the case with all the substances indicated with their exact names in Table I,

N further scarch for substances of special interest was carried out in the fol-
lowing wayv. A o.z-ml portion of the carbon disulphide solution was intensely vibrated
for 13 min with o.1 ml of sulphuric acid (7 ml conc. FL80; -1~ 3 ml H,0) according to
methact of Hore axo Vierr#t, This clean-up procedure eliminates or reduces all
substances except alkanes and aryl alkanes: The disappearance or reduction of peaks
reveals the presence of reactive compounds, Out of the 46o peaks observed in chro-
matogram A (Fig. 5), less than 20 were intluenced by the sulphurice acid treatment
while the others were exactly reproduced. The overwhelming majority of volatile
organic substances in the atmosphere, therefore, are fuel constituents or pyrolytic
transformation products (some aromatics) derived from fuel,

Comparison of chromatograms A\ and B (Fig. 5) strongly underlines our state-
ment that in our case, charcoal never reaches o stable and defined adsorption equili-
brium in prolonged contact with the atmosphere. Instead, the major components of
this atmosphere, toluene and the xylenes (A, Fig, 6), have almost totally disappeared
from the filter exposed for 8§ dayvs (A, Fig. 5). Even on the sceond filter (13, Fig. 5)
only traces of these substances ave found. The reason for these drastic losses is dis-
placement of volatile substances from the adsorbent surface by less volatile ones.
The absence of substances heavier than methylindane on the sccond filter shows, on
the other hand, that in the less volatile part of the spectrum, total adsorption out
of 25 Mm% occurs on as little as 25 mg of charcoal.
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TABLE T

SURSTANCES TDHDENTINIED

Numbers correspond to those in Figs,
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A more detailed comparison of chromatograms A and 13 (IFig. 5) leads to the
following conclusions. In the first part of both chromatograms, a quantitative in-
crease is observed with increasing molecular weight for every homologous series,
caused by gradually diminished losses (due to decreased volatility), Maximum amounts
are attained where no further losses oceur and total adsorption starts, After this
point, the amounts decrease, reflecting the decreasing concentrations of the respective
substances in the air,

It may be interesting to examine which part of chromatogram A\ in Fig, 5 has
some quantitative meaning, The answer is given by chromatogram 13, where only
small amounts of undecanes are found whercas dodecanes are not detected. This
means that, for the alkanes, chromatogram A after undecane is quantitatively
meaningful, The corresponding limit for the alkyibenzenes shows an important shift
to the left and is found after the ethyldimethyibenzenes, in the area where tridecane
would be cluted. We think that this apparently different behaviour of alkanes and
aromatics is due simply to the polarity of the column, since the substances forming
the respective limits, 7.eo undecane and the ethyldimethyibenzenes, have very similar
boiling points.

With special care we tried to identify the substances that react with sul-
phuric acid (indicated with @ in Table 1), but we could not establish detailed structures
for all of them. We have very little knowledge as vet of the origin and signiticance
of these compounds, Work is under way to determine whether, or to what extent,
they oceur locally or temporarily,

Some special interest may be directed towards oxvgenated compounds such
as aromatic aldehvdes and acetophenone, since they may represent oxidation products
of alkylated aromatics. There remains some suspicion that they might be formed
through oxidation of adsorbed aromatics on the charcoal during the long exposure
period. A\ picee of evidence against this doubt is the fact that on the second filter only
benzaldehyde, but no less volatile homologues, are found. "This probably means
that part of the more volatile benzaldehyde has passed the tirst filter whereas its
less volatile derivatives were totally adsorbed. In the case of formation on the
charcoal we would expect the aldehyvdes to be distributed over both tilters, without
regard to their volatility.,

It is obvious that detectors capable, for instance, of specifically detecting
traces of metal compounds but with low sensitivity for hydrocarbons would be ex-
tremely helpful in gaining more information from our analysis. At present, however,
maost specific detectors either lack sensitivity or bring about dead volumes that are
too great to be used for high-resolution chromatography-.

CQUANTITATIVIE ANALYSIS

As discussed above, GC analvsis of the solution obtained from a charcoal filter
mayv be used to estimate certain substances, provided that thes have been adsorbed
from the air totally or almost totally. This means that these substances should not
be found on a sccond adsorbent filter, or only in a relatively small amount,

An attempt to apply this principle leads to the conclusion that quantitative
analysis in a single run is not possible over the whole spectrum of volatile organic
compounds in air. While the most volatile components will pass through the filter,
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GLC-MS INVESTIGATION OF Cy—Cyy ORGANICS IN URBAN ATMOSPHERE 1I
less volatile ones will not be adsorbed in sufficient amounts to allow determination.
Thus the spectrum has to be divided into sections for which an optimum air volume
with respect to the capacity of the filter has to be selected,

As an example, estimation of the most volatile substances may  be shown,
250 1 of air (/e 100 times less than used to obtain IFig. 3) were sampled on 23-mg
charcoal filters for 1.5 h. f.pl of a 11 1000 solution of 1-chlorooctane (internal standard)
in carbon disulphide were added to the filter with o syringe before extraction with
carbon disulphide. Repeated extraction of the first and second filter produced solu-
tions from which chromatograms, as shown in Fig, 0, were obtained.

Afirst unexpected observation was that chromatograms A and 13 are not in-
tlucenced when the first extraction is extended from o.5 h to 1 or 2 h, Thus the con-
siderable amounts of air constituents found in the second extract (1B) cannot be trans-
ferred into the first extract by extending the first extraction period. The explanation
for this phenomenon must be that some dissolved material is vaporized together with
the solvent and is again adsorbed on the charcoal. This process of desorption and
re-adsorption leads to a stable cequilibrium after ro--15 min. The more charcoal in
the filter, the greater is the percentage of material remaining on the charcoal during

—
{e] 4
- A
26 ;
Standard )
' 2
1 .
first filter
first extract
12
55 56 9 Ik
—— 4 “___L'um 116
first filter s B
second extract
10
44 26 5':-) <16
Slandard
4 C
. 126%)
second filter ‘ 2
first extract 10
. {11%}
-,
as cy ) I |e
. T ETe) 30 i Pt
'a?.vcb_'» T e e e Progrummed ot 2°/min 25°C

Fig. o, Quantitative analysis of lower ‘molecular weight organic compounds in the atmosphere,
Corresponding substances and concentrations are listed in Table T For column, conditions ind
caleulation, see text.
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the first extraction step. This is a further important reason for keeping the amount
of Adsorbent as low as possible (sce the section SAMPLING).

TABLED T
CONUCENTRATION OF SOME CpoCpy ORGANTC COMPPOUNDS IN THE ATMOsPHERE oF Zifaen

Numbers correspomd ta those in 19ig. o,

N, Conpotned Concentralion,

P
1 2-Methylhesane 2N
2 n-leptane 3
4 Benzene 54t
5 2-Methyvlheptane EWE
() n-Oetane RINE
1o Toluene 3o
1 Tetrachlorocthylene 1o
0 n-Nonane [
22 Ithylbenzene Sy
23 1, - Dimethyibenzene (L0
20 toa-Dimethyvibenzene S
27 2-Dimethylbenzene oy
21 n-Decane 1.
35 n-Dropyibenzenc 1.5
37 t-Lthyl<-methylbenzene cd. 3.5
3s r-1ithyl-32methylbenzene ci. 5.5
4o -Ethyl-zomethyibenzene 2.0
40 gL s-Trimethyvlbenzene 201
KW 2= Trimethyibenzene : 0.0
30 u-Undecane 0.5
50 Lthyldimethylbenzene 0.7
55 n-Dodecane 1.3

# N\ alnes corrected for losses s seen from 13 and O, Fig, o,

It is o consequence of the above equilibrium that for very volatile sample
components, ¢.g. benzene, the solutions of at least two extraction steps have to he
analysed and the determined amounts added.

[t can be seen from chromatogram C that the fundamental conditions for quian-
titative determination are well fultilied for the xyvlenes and heavior substances, For
toluence (no. 10), an exact determination is still possible by adding the relatively
small aimount found on the sccond tilter to the result, For benzene, however, the s:lln.v
procedure yields @ muceh less exact result since both corrections, as seen from chronu-
tograms 13 and C, are relatively large. Better results are obtained from reduced air
volumes, ’ '

The concentrictions given in Table TT were obtained in the following wav., A
chromatogram was run from a synthetic solution containing known amounts of all
substances to be determined including the internal standard. Since identical chroma-
tographic conditions were used for synthetic and natural samples, the amounts of
every substance could be expressed by the ratio of the peak height of the respective
substance to that of the internal standard. Results for the natural samples were then
calculated by comparing the peak height ratios. This procedure has the advantage
that neither the volumes of the carbon disulphide solutions (synthetic and natural)

J. Chromatogr., G2 (1971) 113
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nor the volumes injected for chromatography have to be known, Since no stream
splitting is used, quantitative reproduction of the chromatograms is excellent.

Fig, 6. and Table T1 strikingly resemble an analysis of gasoline, the only dif-
ferenee being that, in the most volatile part, the alkanes appear in a recduced amount
compared with the aromatics, We suppose that the higher molecular weight alkanes
in the atmosphere originate from diesel engines and oil burners. We do not know vet
whether these two sources can be distinguished analyvtically. We know, on the other
hand, that in winter the alkanes are present in relatively higher concentrations,
probably reflecting the increased activity of oil burners,

We are now extending our quantitative measurements over the arca of Ziirich
with the aim of Tearning more about the local, seasonal and meteorological varintions
of the air composition,
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