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INTRODUCTION

The selective determination of !
alicylead compounds in various
matrixes. such as water. biological :
materials, air. and gasolines. has ;
been successfuily carried out by
chromutogrphy (1-3), vapor phise
sample introduction (6). and flow
injection analysis (7} methods using
either spectrophotometric or flame
and graphite furnace atomic absorp-
tion spectrometric detection.

A comparison of the various weh-
niques leads to the conciusion that

the graphite furnace dromizer offers
best sensitivity for the determini-

tion of the concentration of tetr-
atkvilead (TALY compounds.

However, there are usuaily some ‘
difficuities associated with the way :
in which the chromatograph inter- '
faces with the graphite furnace (2.

In this work. an alternative method

for interfacing o gas chromutograph
with 2 flame-heated quartz cell and
atomic absorption spectrometry

{AAS) I8 described. This procedure
allows the introduction of hivdrogen
into the quartz cell. which is easity
demountable. This procedure is

simple and used for the separation ‘
and determination of TAL com-
pounds in gasoline samptes.

EXPERIMENTAL

Figure 1 shows the diagrim of |
the GC-AAS manifold used. The
separation of the TAL compouids i
was achieved by using a Perkin- i
Elmer® 711 gas chromasograph, i
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ABSTRACT

The use of gas chromatogra-
phy in combination with AEomic
ahsorption spectrometry is de-
scribed for the speciation and
determination of tetraalkyviiead
(TAL) compounds in gasoline.
The effects of various parameters
affecting the sensitivicy and preci-
sion are discussed. Apsolute
detection limits for Pb ranged
berween 0.1 and €.25 ng for the
PbMe, and PbEt, species. respec-
tivety. For all species. the repro-
ducibility is better than 6%
(relative standard deviation) at
the ng levet for Pb. The absolute
selectivity is demonstrated by the
accurate analysis of standards and
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fitted with a glass column (1.0 m %
0.085 inch i.d. x 1/8 inches 0.d.)
and packed with 3% OV-101 on
Chrormosorb W acid-washed DMC3
(60-80 mesh). A Varian 1473
atomic absorption $pectromeer.
equipped with a holiow cathode
lamp for Pb und deuterium back-
ground correction. wis used to
carry out the absorbance measure-
ments, The output peaks were dis-
plaved in a Cole-Parmer 156 ¢hart
recorder, The interfuce berween the
feats chromatograpih and the atomic
absorplion speciromeer wis
achieved using stainless steel tubing
(0.43% cm long x 0.3 mm i.do.

gasoline samples. Perizin-Elmer is a registered trademark of
The Perkin-Elmer Corporation.
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' Fig. 1. Schematic diagram of the GU-AAS systert.



wrapped with a heating tape at
150°C. and closely fitted with

a cylindrical block made of Teflon
(Figure 1). The Tefion block, con-
taining a side tube of 2.0-mm i.d.
through which an additional flow
of hvdrogen can be introduced to
improve the sensitiviry. was closely
fitted to the 3.0-mm o.d. side arm of
the silicon absorption cell. Standard
waorking solutions (Associated Octel
Co., South Wirral, England) were
prepared in diisopropvl ether daily
before use. containing 20 mg/mL
tetramethyviiecad (TML). trimethyvl
ethvllead (MTEL). dimethyldiethyl-
lead (PMDEL). methyltriethyvllead
(MTEL). and terraethvllead (TEL)

in diisopropyl ether.

An investigation of the optimal
GC and AAS working parameters of
this procedure was performed by
repeated injection of a standard test
solution: containing a 20-ug/L comnr
centration of the TAL compounds
under study in diisopropyl ether.
Figure 2 shows that the nitregen
cartier gas flow rate is a rather criti-
cal parameter. with an optimum at
about 30 mL/min. The decrease in
sensitivity at higher flow rates could
be actributed to the reduced resi-
dence time of the atomic cloud in the
light path (). The sharp decrease for
lower flow rates could also be related
1o excessively long GC etution times
and. therefore. to a higher probabik-
itv of thermal decomposition.

The introduction of hydrogen
gas through the Teflon block at
the end of the interface increased
the sensitivity (Figure 2). Some
authors have also described the
beneficial effect of hyvdrogen on
the AAS signal (4.8), which is prob-
ably the resuit of the higher tem-
perature developed within the ceil
due to the burning of the hvdrogen
gas. A flow rate of 109 ml/min was
chosen as the optimal value.

Qther optimized instrumental
parameters that were found 10
be a good compromise berween
the separation of the different
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Fig. 2. Effect of nitrogen carrier gas flow rate on the sensitivity (20 ags/L TALL

other conditions as specified in Table 1),

organotead compounds. sensitivity,
and reproducibility are summarized
in Table L Figure 3 is a typical
GC-AAS chromatogram using these
parameters. The retention times for
TML. TMEL. DMDEL. MTEL. and TEL
compounds were of 0.9, 1.5, 2.5,
3.4, and 4.3 minutes, respectively.

Calibration graphs were pre-
pared for the five organolead com-
pounds by measuring peak heights
and absorbance vs. amoumnt of lead
(Figures 4 and 3). These graphs
show that the sensitivities obtained
by either evaluating peak heights
or absorbance are almost identical.
Sensitivities increased in the follow-
ing order: TML > TMEL > DMDEL >
MTEL > TEL. Typically, good linear-
ity was obiained from 1-25 ng Pb
injected. Other analytical character-
istics of the method are presented
in Table 1l. The results show satis-
factory precision, good accuracy,
and suitable detection limits. These
detection limits were superior to
those previously reported using
a GC-AAS system (4), but lower
than those previously obtained
using 2 GC-GFAAS system (2).
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A series of nermal quality gaso-
lipes from Venezuelt were analvzed
to iHustrate the scope of the opti-
mized speciation procedure and
10 assess the hurden of organolead
compounds and its species cCompo-
sition in these samples (Tabie HD.
Al TAL compounds were detected
in the various grade gasolines:
the highest concentrations werc
found for TEL and TML. The TEL
content decreases as the grade
of gasoling decreases. whereas
the TML content increases as the
grade of gasoline increases. The
rotal alkvllead content increases
with the gasoline grade.

CONCLUSION

The GC-AAS system described
is a simpie, sensitive, precise, and
accurate method for the selective
determination of TAL compounds
in gasolines. The signal is measured
in the most useful part of the cali-
bration graph and these measure-
ments can be performed within five
minutes using 1-|L sample volumes.
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Recorder

Sampie volume column
Packing material

Dimmensions
Temperatures:
Column prograun
Injector

Detector

Gas tlow rates:
Nitrogen (carrier gas)
Hvdrogen

Light source®

Lamp current

Slit width
Airfacerviene tow rate
Range

Speed

TABLEI
GC-AAS Conditions used for the Speciation and Determination
of TAL Compounds
system  Parameter Condition

1ul
3% OV-101 on

chromosorb W (60-80 mesh)
1.0 m x 0.08 inch. i.d. x 1/8 inch. o.d.

50-200°C at 8°C/min
180°C
150°C interface 150°C

30 mL/min

109 mL/min

Pb hollow cathode lamp
3 ma

1 nm

8/2 L/min

1O mV full scale

T cm/riwir

Paak height, mm,

1 UL

TML

THEL

DMDEL

MTEL
TEL

Time, min.

Fig. 3. Effect of bydrogen flow rate on
the sensitivity conditions as specified.

s With dJeuterium background correction.
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Fig. 4, Nypical GC/AAS Chromatogram: 13 1g/L of each
allevilead compound: conditions as specified in Table L

Fig. 5. Calibration graphs obtained by evaluating
(e} peak beight and (b) absorbance vs. TAL

compourd concentrations,
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