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SUMMARY 

Air particulate matter collected on glass-fibre filters was extracted with di- 
chloromethane and subsequently with methanol. The methanol extract was deriva- 
tized and analysed by capillary-column gas chromatography and gas chromatography- 
mass spectrometry. About 20 components, mostly polyols, were identified. It is 
speculated that these polyols originate through microbiological action in the atmo- 
sphere. 

INTRODUCTION 

Most studies on the organic fraction of air particulate matter have been devoted 
to qualitative and quantitative aspects of the apolar or hydrocarbon fraction. The 
polynuclear aromatic hydrocarbons (PAHs) and specifically the benzopyrenes have 
attracted much attention because they are carcinogenic. The isolation of this apolar 
fraction involves the collection of the air particulate matter on a filter and extraction 
of the filter with a solvent such as benzene or cyclohexane. The yield of this (apolar) 
fraction is usually IO-15% of the total suspended particulates (TSP) collected. 

Studies on the extraction efficiency of different solvents or solvent combi- 
nations was carried out by Stanley et al.', who found that up to 30% of the TSP can 
bc extracted. The composition of the extractable material will therefore roughly be 
1 :I polar-apolar. We separated these two fractions by successive extractions of the 
collection filters with dichloromethane and methanol, and this paper is concerned 
with the chemical composition of the polar (methanol-extractable) fraction. A rapid 
heat desorption procedure for the semi-quantitative analysis of the apolar fraction of 
TSP is published’. 

EUPERIMENTAL 

TSP was collected during 24 h on the roof of the laboratory by filtering air 

’ To whom correspondence should be addressed. 
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through Whatman GF/A 1 l-cm glass-fibre filters with a Becker DT 25 high-volume -: 
sampler pump with a capacity of 15 m3jh. 

.The filters were previously heated at 300” and tested for their suitability in a -I 

test gas chromatographic (GC) run. 
.- 

E_vtr&tion of rhe jilters 
To prevent the concentration of solvent impurities on evaporation, it is -: 

essential to carry out the extraction with a minimum volume of solvent. This was 
achieved by using an elongated beaker with a coarse sintered-glass filter bottom tc! 
hold the ‘TSP collection filter, hanging it above the boiling solvent and under the -1 
reffus condenser. The extraction temperature is then the boiling point of the solvent -. 
and only a smail volume (ca. 25 ml) of solvent is needed. 

The 1 l-cm diameter filter with the collected TSP is rolled into a cigarette ’ 
shape and placed in the filter beaker, which is placed in a pear-shaped flask with --, 
a capacity of 100 ml containing 25 ml of the extraction solvent. Heat is applied with 
an oil-bath (1ClO”) and passage of a slow stream of nitrogen through a capillary ensures --: 
easy boiling and prevents oxidation. 

-- 

It was ascertained experimentally that vigorous operation of the above set-up .L 
for 6 h leads to virtually complete extraction. 

The filters were extracted in this manner first with dichloromethane and then 1: 
Lvith methanol. Methanol also extracts inorganic material, mainly sulphates and :- 
nitrates. bvhich partly crystallize out and can be removed by filtration. 

The clear, brown methanol extract is evaporated and further dried in an OWI ‘_ 
at 70’ until the Lveight remains constant The yield of the polar organic fractior? is l- 

IO-15 PJ of the weight of TSP 

Derivarizarion of the polar fracrion of TSP 
-z 

The methanol extract cannot be gas chromatographed as such and has to be :i 
derivatized. ..: 

Silyiation \vas carried out with N,N-bistrimethylsilyltrifluoroacetamid~ : 

(BSTFA) (50 !cl of reagent for 1 mg of extract) for 30 min at 70”. Excess of reagent -5: 
was removed with a stream of nitrogen before GC. The procedure was repeated until .I’: 
the chromatogram showed no further changes. 

-: 

Methylation according to the usual procedures was tried but without success. -.; 
Good results were obtained by the method of Hakomori3: 

.j 
_ ‘Z 5 

CH3-SOCH3 -- NaH j CH,-SOCH2- Na’ + H, = 

CH,-SOCHI- - ROH 7 CH,I + ROCH, 7 I- -+ CH,-SOCH, 
-?I -> 
-7 -:_ ‘: 

Dimethyl sulphoxide and sodium hydride kvere made to react under nitrogen at ‘< 
50-60”. Excess of methyl iodide is necessary in order to neutralise unreacted b:.se. .s 
The reaction mixture was diluted ivith water and extracted with chloroform. wh4 3 

was then dried and evaporated. 
.:< 
‘. .: 
‘; . G- 

Chrornatbgraphj- and spipectrot~wtrj. ,’ --’ : 
All separations \vere obtained by glass capillary gas chromatography or (GC I’. :I?; . . _:; 
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Fig. 2. Gas chromatogram of the methylated polar fraction of particles collected from air. Soda- 

glass capillary column (90 m x 0.5 mm) coated statically with a 0.6-itm layer of SE-30. Injector 
at 2&I’, detector at 230’. Programmed from 80” to 230’ at 2’/min. Carrier gas (hydrogen) flow-rate. 
5 mljmin. Chart speed, 0.5 cmjmin. Total time. 75 min. Peak numbers as in Table I. 

trace of the permethylated extract is shown in Fig. 2. The chromatogram up to about 
peak 5 is contaminated by large peaks of side reaction products from the dimethyl - 

sulphoxide, which can also be (hexa)methylated. Nevertheless, a large number of the 
other peaks could be identified. A list of compounds identified is presented in Table I: -i 
the numbers correspond to the numbers on the chromatogram. 

Peaks marked with one asterisk in Table I were only tentatively identified. -.y 
A doubIe asterisk indicates that the MS pattern was clearly correlated with the ’ 

proposed structure, according to MS theory and as described in refs. 5-8. A triple .’ 
asterisk indicates that the mass spectra correspond fully with published reference .: 
spectra. -4 more detailed description of the MS data would lengthen this paper : 

needlessly; further information on particular spectra can be obtained from the ; 
author. 

The main point of interest in Table I is that most of the compounds in the :: 
polar fraction are polyols. It is probable that the unidentified compounds abcve : 

peak 6 in Fig. 2 are similar in nature. The origin of these polyols is not clear. Phoro- 
chemical or microbiological processes on primary compounds emitted in the atwo- 

. . . 

sphere do not seem evident. Photochemical degradation of hydrocarbons in the gx y 
phase does not lead to polyols but mostly to lactones9. Polyols are found in s ii. j 
supposedly as the reaction products of the microbiologicai degradation of alkan ‘j. 

?h reaction pathway is not clear as microbiological degradation is mostly represent :d : 
as a &oxidation ieading to acids. The literature does not mention mechanisms f Jr :f 

.-.; 
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TABLE I- (contimed) 

Prohct Strttcttrre Name 

19 

20 

21 

Dimethyl azelate 

Z-Methosy-l-phenylmethyl- 
butyrate 

I .2,3,4,5,6-Hesamethoxyheptane 

22 Isomeric with 11 

23 3-Methoxydimethylphthalate 

2-I 

25 
‘6 

ij 0 

OM.2 
UeooC --@c OMt 

Benzenetricarboxylic acid 

0 trimethyl ester 
Isomeric with 24 

C,,H,,COOMe Methyl paimitate 
.._ ___. ~~~ ._~. ~~~_. ._~ ~. ~_ ~___ 

Identification 
(see text) 

*** 

** 

* 

* 

l * 

** 

l * 

*** 

microbiological polyol formation. In favour of microbiological intervention is the 

fact that the n-alkanes most abundant in the apolar TSP fraction are in C&C,, range. 
These higher alkanes are known to be much more resistant than lower alkanes to 
microbiological attack. The volatility of the lower alkanes must also be considered, 
however, in addition to the Gaussian distribution curve for the C18-C3J alkanes. 
peaking tit C,,C2,. This needs to be explained. 

Whether microbiological activity is important in air particulates is still an 
open question. Much research has been carried out on the effect of pollutants on air 
microorganisms’o but the possible reverse effect has hitherto escaped attention. 
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