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A sensitive method is described to determine the individual ionic alkyllead species
associated with the air particulate matter fraction. The optimization of the procedure
and the application to residential aerosols are discussed.

KEY WORDS: Ionic alkyllead, aerosols, gas chromatography-atomic absorption
spectrometry (GC-AAS).

INTRODUCTION

The determination of the individual alkyllead compounds has
become important in studies related to toxicity and environmental
geochemistry. The organolead compounds are more toxic than
inorganic lead and between the species there are appreciable dif-
ferences in environmental behaviour and toxicity.!

Of commercially important use are five tetraalkyllead (TAL)
compounds: tetramethyllead (TML), tetraethyllead (TEL), and the
combined alkyllead species, trimethylethyllead (TMEL), dimethyl-
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diethyllead (DMDEL) and methyltriethyllead (MTEL). These apolar
species are present in the air as a result of emission in leaded
gasoline consumption and are readily determined with gas
chromatography—-atomic absorption spectrometry (GC-AAS) or
other related hyphenated methods.>® The compounds undergo
degradation to a number of corresponding polar tri- and dialkyllead
species (triAL and diAL) on their way to the final conversion to
inorganic lead.® "% The ionic alkyllead compounds are considered to
be highly toxic to mammals.® The environmental chemistry of the
organolead compounds in general, and the ionic products in parti-
cular is still poorly understood since there is a lack of reliable data
on their occurrence in many environmentally important types of
samples.

Until a few years ago the determination of the ionic degradation
products was difficult at the trace levels typical for environmental
samples, but recently successful procedures were developed based on
chelate extraction followed by species-specific derivatization of the
compounds to more volatile tetraalkyl homologues for subsequent
separation and determination by GC-AAS.”"'® The procedure
developed in our laboratory® includes a highly efficient enrichment
step of the compounds from water samples and detection limits are
very low, at the ngl~! level. The importance of this preconcentration
is well illustrated by a recent review on ionic alkyllead in the
environment® showing the inability of most of the other existing
methods to detect the species in sea water, lake water and ground
water. We have applied our procedure with positive results so far for
environmental samples such as rain, snow, road run-off and various
types of surface water and after leaching from solid materials such as
sediments and road dusts.!!+12

In the present paper we will describe the method of analysis and a
few results for the determination of the ionic alkyllead compounds
associated with the particulate matter fraction of the air. Our
measurements demonstrate that with the procedure adopted, a
sample of about 1000m?® in a residential area is sufficient for the
determination of almost all organolead species. Earlier investigations
by Harrison et al. allowed the determination of TriML and TriEL in
urban aerosols, but the detection of the corresponding diAL species
was impossible due to an incomplete recovery of these
compounds.!3: 14
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EXPERIMENTAL

Equipment

The instrumentation as well as the interface between the GC and the
AAS have been described in detail elsewhere.® ! In this study we
positioned both instruments to make the transfer line as short as
possible (60 cm).

Sampling

Air particulates were collected on 11c¢m diameter GF/A Whatman
glass fiber filters with a standard high volume sampler at a flow rate
of about 4001 min~!. The sampling time was 12 to 48 h to allow for
air volumes of 300 to 1000m3. The samples were all collected in
February and March 1986 at an altitude of 6 meters above ground
on a balcony of a building of the university campus which is in a
residential area of Antwerp at about 7 km south of the city centre.

Procedure

After sampling the filter is folded with the exposed side inside for
storing until analysis. Just before analysis it is cut into small pieces
and placed in a 11 beaker. Thirtyml of hexane is added and the
slurry is stirred for 5 to 10min in order to extract the TAL
compounds, then 300ml of water is added and again stirred, before
the mixture is filtered on Whatman 41 with a Buchner filter. After
washing with a further 100 ml of water, the filtrate is collected into a
11 separating funnel. Organic and water layers are separated and the
aqueous phase is transferred again to the 11 beaker together with the
residue of the filtration. To this are added 4 g of citric acid and 1g of
EDTA and the mixture is stirred for 90min on a magnetic stirrer
before it is again filtered in the same way as before. To the filtrate is
added a further 10g of EDTA and pH is adjusted to 9.0 with
ammonia. To the solution is then added 5.0ml of 0.25M sodium
diethyldithiocarbamate and the complexes formed are extracted
twice with 30ml of pentane after which the separating funnel is
rinsed with 10ml of pentane. To the combined pentane layers a
minimum amount of anhydrous sodium sulphate is added to remove
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traces of water and the organic phase is then roto-evaporated to
dryness in an Erlenmeyer flask at 20°C. Next, the chelates in the dry
residue are dissolved in 250 ul of nonane before butylation and
determination are carried out as has been described earlier.®-!!

RESULTS AND DISCUSSION

The recovery of the ionic alkyllead compounds from the air parti-
culate matter was tested in two ways. First, experiments were
performed in which loaded filters were spiked with a known amount
of the compounds and dried before application of the procedure. The
original filters were divided in two equal parts so that blank
determinations could be carried out simultaneously with those of the
spiked samples. The results which are summarised in Table I
indicate that in these circumstances the recovery is nearly quantitat-
ive. This, however, does not necessarily prove the completeness of
extraction from original atmospheric particulates. Hence, sequential
extractions were performed in which the procedure was repeated on
the residue on the filter after the first treatment, with omission of the
hexane extraction. In the second extraction only about 4% of diEL
was recovered whereas other species were undetectable.

Water alone is not appropriate for the extraction of the com-
pounds and the citric acid and EDTA as employed in the procedure
appeared to be the most effective extracting agent tried. Longer
extraction times than 90min become detrimental for complete
recovery of the DIML species. Co-extraction of the ionic organo-
lead during the hexane removal of the TAL could be expected as it
was reported earlier that with hexane 209, of TriEL is extracted
from water solution using a 1:1 ratio.!® In the present procedure
involving a 1:10 hexane—water ratio the recovery of the triethyllead
compound was nearly quantitative; spiking experiments provided a
recovery of 96 +7%,.

The procedure as described here is somewhat less complicated and
lengthy than the one described earlier for the analysis of the same
compounds in road dust'? in which extreme care was taken to
separate the considerable inorganic lead fraction from the ionic
alkyllead compounds. In this procedure there is a less complete
separation from inorganic lead but this does not interfere with the
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determination by GC-~AAS. In case aerosol samples with a very high
inorganic lead content are measured, the amount of EDTA added
can be increased up to 20g without adverse effects on the overall
recovery.

Considerable preconcentration is, in general, an attractive feature
of this method. In aerosol samples and considering standard
sampling of 1000m> of air and a 20l injection in the GC, detec-
tion limits of the four ionic alkyllead species are 0.6pgm™3 for
TriML, 1.0 pgm 3 for DiML, 1.2 pgm 3 for TriEL and 4.2 pgm ™2 for
DiEL respectively.

APPLICATION

As a preliminary environmental application, eight air particulate
samples collected at the university campus were analysed, as a
representative example for the aerosol in a residential area in
Western Europe. Figure 1 shows the chromatogram obtained from
one of the samples. The TriAL and DIiAL compounds are identified
and quantitatively determined with available standards. Other com-
pounds in the chromatograms are identified through the systematics
of the chromatographic retention times.!' Table II summarizes the
results obtained for the individual species. The concentrations of the
mixed methyl-ethyl compounds were calculated assuming a complete
extraction and sensitivities inferred from those of the other com-
pounds taking into account their time of appearance in the
chromatograms. Laboratory experiments confirmed that these mixed
methyl-ethyl species do not result from rearrangement reactions
during butylation.

The results can be compared with the concentration of the TAL
precursors in the gaseous fraction of the atmosphere of which TML
is considered to be the most stable compound. We have published
an extensive survey on these compounds in the gas phase of the
environmental air in 19812 and then found an average concentration
of the combined TAL compounds of 7ngm~3 of which ca 76%
corresponded to TML, 20% to TMEL, and 6% to DMDEL with
low concentrations of the other species. Significant in that survey is
that TEL was not detected although it was one of the most
prominent species in the gasoline used at that time.? Although
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caution should be taken in a detailed comparison as the composition
of organolead additives and its total concentration together with
traffic density in general may have changed considerably between
1981 and 1986, a rough estimate is that the concentration of the
ionic compounds associated with the air particulates is an order of
magnitude lower than that of the TALs in the gas phase. Also, the
comparison of the individual species detected in the air with those in
the aerosols points to a minor stability of the TEL species. In the
aerosol about 75% of the organolead detected is diethyllead and
most of the remainder is triethyllead. This could explain the missing
TEL compound in our earlier survey through the fast decomposition
into its corresponding tri- and dialkyllead decomposition products.
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Figure 1 Typical chromatogram of a residential aerosol sample.
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It may be expected that a non-negligible amount of the ionic
alkyllead compounds is present in the gas phase of the air. At
present, there is no specific method of detection available for the
determination of this fraction. Several measurements, however, have
indirectly suggested its importance.>!* A recent method describing
the direct speciation of gas-phase alkyllead!® may not be completely
free from interferences, as the possible in situ formation of trialkyl-
lead through rapid degradation of the TAL species collected was not
investigated.

The levels of ionic organolead in the air particulate fraction can be
compared with the concentration of these compounds in road dust,!?
which is a similar environmental matrix. The average concentration
in these materials is included in Table I1. The high concentration of
diethyllead, which we have also detected in various water samples'*
contrasts with earlier statements on the rareness of detection of the
dialkyllead compounds in the environment.'” The ranking order in
decreasing concentration is DiEL > TriEL > TriML > DiML in both
the air particulates and the road dust samples. This emphasizes the
importance of the diethyllead species in the environment. According
to volatility of the compounds DiML should rank before TriML in
the aerosol; the high stability of the latter species probably explains
this reverse sequence.
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