JOURNAL OF CHROMATOGRAPHY 64I

THE GAS CHROMATOGRAPHIC DETERMINATION OF
TETRAETHYLLEAD IN AIR

V. CANTUTI" anD G, P. CARTONTI"

Istituto di Chimica Genevale, Universilds di Roma, Rome (Italy) and
Istitulo di Chimica Analitica, Universitd di Napoli, Naples (Italy)

Received September 14th, 1967

Tetraethyl- and tetramethyllead are highly toxic compounds and their concen-
tration in the atmosphere near the places where they are produced or handled should
be strictly controlled. Routine determinations are usually carried out by passing the
air to be analysed through adsorbing solutions and the lead concentration is measured
by some colorimetric methods. ByTHOVSKAYA! measured small amounts of tetraethyl-
lead (TEL) in air by reaction with silver nitrate. SNYDER ¢t al.2 used an iodine solution
as absorbing medium and a colorimetric method with dithizone for the quantitative
determination. NAGasawA AND FUNAKUBO® removed the TEL from air with iodine
in carbon tetrachloride and LincH ef al.4 employed iodine in methanol similarly.

The use of a reactive solution for collecting small amounts of organic lead
from the atmosphere is limited by the volatility of the reagents or solvents, and slow
flow rates for long sampling periods should be adopted o obtain quantitative results.
Gads chromatographic methods can be successfully adapted for the separation and
determination of the alkyl leads.

BoNELLI AND HARTMANN® and DAwsoNS® directly determined tetraethyl- and
‘tetramethyllead in gasoline in a few minutes, by means of the specific and hlghly
sensitive electron capture detector.

In this paper a procedure is described for the direct collection of TEL from
polluted air and its gas chromatographic determination at p.p.m. levels.

In this method the principle described by JANAK ef al.7 is used for measuring
very small amounts of volatile pollutants in the air by gas-liquid chromatography.
The method consists in passing the air to be analysed through a short column, packed
with the usual gas chromatographic support and liquid phase, which acts as a sampling
tube. When enough air has been passed through to saturate this column, an equili-
brium is established between the concentration in the gas phase (Cy) and the concen-
tration in the liquid phase (C;) of the compound to be determined.

The partition coefficient X = C;/Cy is known from the relationship for the spe-
cific retention volume:

T
K = Vg 273
and by substitution:
Ci 273
0= VT

* Research fellow of C.N.R,

J+ Chrvomatog., 32 (1968) 641647



642 V. CANTUTI, G. P. CARTONI

Since the concentration in the liquid phase can be expressed by:

m
Ci = —
" Wl
the following equation is obtained:

_ m273
"= wv,T

(1)

where w is the amount of liquid phase in the sampling tube and V, is the specific
retention volume of the compound to be determined at the temperature T of the
sampling tube. The amount #2 of this compound contained in the sampling tube
is measured by injecting the collected sample directly into the gas chromatograph.

In this way the concentration C, of the compound in the air under analysis is
obtained from eqn. ().

EXPERIMENTAL

A Carlo Erba gas chromatograph (model PAID/f) was used with an electron
capture detector. The column was prepared from a glass tube 0.3 mm I.D. and 1 m
long, packed with Chromosorb P 80~-100 mesh containing 10 % of silicone rubber SE-52.
The other working conditions used for the determination of TEL are as follows: oven
temperature 80°, injector and detector temperature 130°.

Carrier gas was pure nitrogen with an inlet pressure of 1 atm and a flow rate of
about 30 ml/min. An additional stream of nitrogen at 150 ml/min is passed directly
through the detector to reach the optimum wvalue for the detector sensitivity. The
response of the electron capture detector for the alkyl leads is greatly affected by the
applied potential. In Fig. 1 the detector current is plotted for various applied poten-
tials (curve A), and the detector response (curve B) measured in arbitrary units from
the peak areas for the same injected amount is also shown.

30+

[)M]
(o]
)

10+

Detector response

o T \J U
o] 10 20 30V

Fig. 1. Electron capture detector plots of current (A) and response (B) versus applied potential.
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Fig. 2. Sampling apparatus for collecting TEL from polluted air.

As seen in I‘ig 1 the maximum response is obtained at about r2 V, where the
detector current is about 65 9 of the saturation current.

These curves were periodically checked and although the detector current
changes with the working conditions the maximum response was always found at
about 65 % of the saturation current.

Sampling apparatus

The sampling tubes were prepared from 1 ml hypodermic syringes about 8 cm
long and 0.5 cm I.D. To collect the samples, air is passed through this tube by suction
with a small pump (C. Austen mod. DYMAK II) with a flow rate of 1.5 1/min for
IO-I5 min,

The collection of the samples was carried out either with the tube at ambient
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Fig. 3. Injection system for the introduction of the collected samples into the gas chromatograph.
1 = Carrier gas inlet; 2 = 3-way stopcock; 3 == heater; 4 = sampling tube; 5 = injection port;
6 = column.,
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temperature or at o° (in ice) as shown in Fig. 2. The air before entering the sampling
tube passes through an empty U-tube where the excess of atmospheric water con-
denses. The injection system shown in Fig. 3 was used to measure the amount of TEL
trapped in the sampling tube by gas chromatography:.

The carrier gas (1) can pass either directly from the stopcock (2) through the
chromatographic column or through the sampling tube. For introduction of the sample
this tube (4) is flash heated to about 130° by a small electric furnace (3) positioned
immediately above the injection port (5).

After heating the syringe is pushed so that the needle passes through the sili-
cone rubber septum; by rotating the stopcock (2) the carrier gas flushes the sample
into the chromatographic column and the TEL peak is recorded.

Spectrophotometric measurements were performed at the same time with an
automatic apparatus (Terzano mod. DP/x). The air was filtered through a Whatman
No. 1 filter paper and drawn through a series of scrubbers consisting of 0.1 % HNO,,.
The lead concentration in these solutions is determined with dithizone by means of a
Coleman spectrophotometer.

RESULTS AND DISCUSSION

To calculate the concentration of TEL in the air by means of eqn. 1, the specific
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Fig. 4. Plot of log specific retention volumes vs. 1/T.
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TABLE 1 _
DETERMINATION oF TEL AT DIFFERENT DILUTION VALUES OF AIR
Dilution Saturation Collection Calculaled Concenivation delevmined by
Jlow rate flow vale tewmperature concentration
(ml|min) (ml|min) (°C) (g/mi- 1010) Gas chromato- Spectvophoto-
graphy metvy
(g/mi- 1010) (g/mi- 1010)
200 6.7 25.0 26.0 25.0 24.2
200 6.7 25.5 26.0 25.5 —
200 4.2 24.5 8.7 8.4 0.1
200 4.2 24.5 8.7 8.9 —_
5725 5.0 24.0 6.9 6.5 7.2
5725 5.0 24.0 6.9 7-5 7.2
5200 2.6 0.0 4.1 4.3 4.2
5200 2.6 0.0 4.1 3.9 —
5200 I.0 0.0 1.6 1.0 —_—
5200 0.9 0.0 1.2 1.0 —
5200 0.9 0.0 1.2 1.1 —

retention volumes at the temperatures of the syringe tube during the sampling pro-
cedure should be known. '

These data are obtained from a plot of log V' versus /T measured at different
temperatures of the chromatographic column and extrapolated to lower temperatures.
This plot is shown in Fig. 4 and was obtained with an SE-52 column.

To verify the overall procedure a known concentration of TEL in air was pre-
pared with a dynamic dilution apparatus. A slow flow rate of nitrogen saturated
with TEL at 0° in a Drechsel type bottle was diluted with a high volume of pure air
from a cylinder.

The sampling tube was placed at the exit of the mixing chamber and the air
containing a known concentration of TEL was aspirated by suction.

The volume of the gas passed through should be about double the retention
volume of TEL in the sampling tube in order to reach the equilibrium state?®.

The concentrations of TEL prepared with different flow rates of saturation
and dilution gas and the corresponding values measured by gas chromatographic
and spectrophotometric methods are shown in Table I.

The agreement is satisfactory and concentrations down to 10710 g/ml (or
100 p.p.b.) can easily be detected.

MEASUREMENTS IN POLLUTED AIR

The procedure described has been successfully employed for the measurement
of the pollution level in the air around a factory where TEL is produced.

Sampling was carried out on different days and in different locations, viz. near
the distillation tower, in the plant where the Na~Pb alloy is prepared, and near the
furnace where lead is recovered. The results of the analysis for these various places,
with their distances from the base of the distillation tower which is the point of
maximum pollution, are reported in Table II. These data are compared with the
spectrophotometric measurement. As expected the values obtained from the spec-
trophotometric method are higher than the ones given by the gas chromatographic
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TABLE 1I
DETERMINATION OoF TEL IN POLLUTED AIR

Place of sampling Distance from Gas chromato- Spectrophoto-
the distillation graphic method wmeiric method
tower (m) (p.p.m.) (p.pom.)

Distillation tower o 0.30 0.3%

0,28 0.28

Na-FPb alloy plant 25 0.31 0.44

0.29 0.45
Pb scoriae furnaces 40 0.08 0.10
0.08 0.11
TEL deposit 70 0.05 0.14

procedure. In the spectrophotometric method all the lead in the air in various forms
is determined while in gas chromatography only the TEL peak is measured.

This also explains the large differences found between the two procedures for
the place where the Na-Pb alloy is prepared.

CONCLUSIONS

Many advantages are offered by this procedure compared with other classical
methods. It is specific for alkyl leads, each one giving a peak on the gas chromatogram
well resolved from others. The sensitivity is very high using the electron capture de-
tector.

The sampling procedure is extremely simple and many samples can be taken for
a determination. It is not necessary to control the amount of air expired and the flow
rate. The concentration of TEL in these tubes can be measured later in few minutes
with the gas chromatograph.

With this method many chemical manipulations or concentration steps are
avoided and the sampling apparatus is very simple and readily portable.

ACKNOWLEDGEMENT

The financial support for this work by the Consiglio Nazionale delle Ricerche is
gratefully acknowledged.

SUMMARY

The concentration of tetraethyllead (TEL) in air near the factories where it is
produced can be directly measured by gas chromatography. The method consists
in passing the air for analysis through a sampling tube packed with the same material
as the chromatographic column. When equilibrium. conditions have been established
the sample is desorbed and injected into the gas chromatograph. The concentration
of TEL is determined from the values of peak areas and the specific retention volumes.
The method is simple, rapid and sensitive down to 0.5-0.1 p.p.m.
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