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ABSTRACT 

Aqueous Pb’+ samples in the low rig/g concentration range were spiked with stable isotope *06Pb standards and subsequently 
ethylated by a simple room-temperature reaction with sodium tetraethylborate. After extraction into heptane, samples were analyzed 
by gas chromatography-mass spectrometry on a bench-top quadrupole instrument. Detection was performed by single ion monitoring 
at m/z 293 (triethyl- *06Pb ion) and 295 (triethyl- ““Pb ion). The technique is rapid, convenient and has good linearity over the tested 
concentration range of 0.5-100 rig/g.. Internal standardization by stable isotope dilution improves the relative standard deviation (for 
20-50 rig/g samples) from 24.9% (for externally calibrated determinations) to 4.2% for intra-assay precision and from 35.0% to 8.7% 
for inter-assay precision. The ‘06Pb internal standard also discriminates against interference by other metals. The detection limit (30) of 
0.3 rig/g (for a 2-ml sample) is due primarily to the large relative standard deviation of the blank. Applications to biological matrices are 
discussed. 

. 

INTRODUCTION 2PbZ+ + 4B(C,H,), 

Lead in drinking water is a priority pollutant and 
the EPA standard is 50 rig/g.. Epidemiological 
evidence has suggested that low levels of blood lead 
due to environmental exposure (air, water, diet) may 
be associated with health risks [l-3]. Reassessment 
of the water standard is being considered [4]. 

The standard methods for determination of 
aqueous lead are atomic absorption spectrometry 
(AAS) and anodic stripping voltammetry (ASV). 
Although fairly sensitive, these methods can require 
extensive calibration procedures and, depending on 
the amount of sample workup required, can be 
prone to contamination. 

Recently, the determination of lead and its ionic 
alkylated derivatives was performed following 
ethylation with sodium tetraethylborate (STEB) 
[5-81. For Pb’+ ion, the derivatization reaction 
stoichiometry is as follows [9]: 

+ Pb + Pb(CzH,), + 4B(C,H,), (1) 

The tetraethyllead (TEL) thus formed was subse- 
quently volatilized and measured by AAS. Rapso- 
manikis et aE. [5] pioneered this method for alkyllead 
ions. Using in situ, aqueous STEB ethylation fol- 
lowed by purging, trapping, thermal desorption and 
subsequent AAS analysis, they were able to obtain 
an absolute detection limit of 8.7 pg for (CH&Pb+. 
Inorganic and organic lead ions have also been 
determined by liquid chromatography as their tetra- 
methylenedithiocarbamate complexes, followed by 
postcolumn STEB ethylation [6]. Sturgeon ef al. [7] 
were able to determine Pb2 + at pg/g levels (in a 
lo-ml sample) by ethylation and in situ concentra- 
tion in a graphite furnace [7]. Other workers have 
reported the determination of Sn, Hg, Se, Ge [S] and 
Cd [lo] by ethylation with STEB, although the 
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both precision and accuracy. Although Sturgeon et 
al. [3] reported an excellent R.S.D. of 4% with their 
method, we observed up to an eight-fold larger 
variation in the absolute amounts of TEL formed. 
(see Table I). Variability in the extent of ethylation 
may result, as the B(C2H5)3 produced in eqn. 1 is 
itself capable of ethylating Pb’ + [6]; therefore, the 
recovery of Pb2+ (theoretically 50%) may vary with 
the relative ratios of STEB and Pb2 + in solution. 
Sturgeon et al. [7] found a recovery of 58%. We 
observed that 206Pb-derived peak areas actually 
decreased with increasing volumes of STEB reagent. 
Variability in the extent of ethylation is compen- 
sated for by the stable isotope internal standard, as 
both 206Pb and 208Pb can be expected to undergo 
ethylation to the same extent. Also, the extent of the 
ethylation reaction is dependent on the freshness of 
the reagent (l-week-old STEB solution was ob- 
served to produce 75% of the response given by 
freshly prepared STEB) [7]. Second, other metals 
(especially Cu2 +, which may be expected to be 
relatively com’mon in aqueous samples) may attack 
TEL [15], or interfere with the ethylation reaction. 
The results in Table III show that, whereas other 
metals can decrease the yield of TEL, the isotope 
dilution procedure still yields accurate Pb2 + concen- 
tration values. Lastly, the use of a 206Pb internal 
standard corrects for variabilities in injection vol- 
ume, injection port volatility and ionization or 
collection efficiency, in addition to recovery losses 
due to evaporation of TEL or heptane. 

Note that for intermediate concentrations (40- 
50 ng/g), the instrumental (2.8%) and intra-assay 
precision (4.2%) are very similar, suggesting that at 
these concentrations, preparative imprecision con- 
tributes little to the total procedural imprecision, 
i.e., errors are dominated by noise in the mass- 
sensing detector. 

The blank (n = 9) for the standard procedure is 
calculated to be 0.40 + 0.20 ng of lead. The blank 
due to a lo-p1 aliquot of 1% STEB is calculated 
(from the slope of Fig. 5) as 0.10 ng of lead. Hence 
the STEB contributes substantially, but does not 
dominate the blank. The relatively constant blank 
from different tube types suggests that our RO/DI 
water may be the source of much of the Pb2 + blank. 

The detection limit (30) is-calculated to be 0.6 ng, 
or 0.3 rig/g for a 2-ml sample (note that the 
concentration detection limit could be improved b> 
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using a larger sample volume). Sturgeon et al. (7) 
achieved a detection limit of 14 pg (1 pg/g for a lo-ml 
sample). Our relatively higher detection limit is 
caused by a higher level of background lead con- 
tamination and a greater R.S.D. in the blank. The 
former problem could probably be obviated .by 
obtaining cleaner water and by invoking more 
stringent clean room procedures, and the latter is 
probably due to the mass spectrometer instrumental 
noise. In any event, this procedure retains advan- 
tages of convenience for the analysis of low rig/g 
lead-containing aqueous samples. 

This method is applicable to more complicated 
matrices (e.g., blood, urine, soft drinks), but will 
require some modification. For example, the stan- 
dard procedure utilizes a fairly low buffering capaci- 
ty (about 10 mM), and hence might be overwhelmed 
by a concentrated biological fluid. Although pub- 
lished data [7] show that a wide pH range can 
support ethylation by STEB, pH values < 2 or > 9 
should be avoided. We used a modified procedure 
(with an acid digestion and increased buffering 
capacity) to analyze loo-p1 aliquots (n = 6) of 
human blood with a nominal lead level of 620 rig/g 
(from atomic absorption spectrometry). The modi- 
fied isotope dilution procedure gave 798 + 146 
rig/g.. Relatively low peak areas (reduced by nearly a 
factor of 100 compared with aqueous samples with 
comparable concentrations) were observed for 
m/z = 295; this resulted in a fairly large R.S.D. 
(18.3%), which may have been increased by the 
interference of Cu2+ and/or Fe2+ ions. Extension of 
this method to more complicated media will require 
strategies (e.g., complexation of non-lead metal 
ions) for discriminating against interferents which 
can greatly reduce the yield of TEL. 
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