
MEETINGS 

Lead in Seawater 

The reliability of many published 
analyses of lead in seawater was ques- 
tioned at an International Decade of 
Ocean Exploration (IDOE) conference 
at Brookhaven National Laboratory in 

May 1972. The conference dealt with 
baseline studies of pollutants in the 
marine environment. Participants feared 
that many previously published lead 
concentrations in seawater are probably 
excessively high. It was recommended 
at the meeting that a workshop be es- 
tablished to carry out interlaboratory 
analyses of lead in seawater. Results of 
the workshop confirmed the organizers' 
suspicions of previous analyses of lead 
concentrations in seawater and it was 
discovered that even the published, low- 
est lead concentrations in deep ocean 
waters determined by isotope dilution 
techniques may be too high. The impli- 
cations are that lead pollution effects in 
the marine environment may be more 
serious than had been previously 
thought, since the magnitude of indus- 
trial lead input to the oceans has not 
been diminished by these new findings. 

A workshop on lead in seawater 
sponsored by the National Science Foun- 
dation (NSF) office for the IDOE was 
initiated in the fall of 1972. Samples of 
seawater standardized at one university 
by isotope dilution were circulated 
among participating oceanographic lab- 
oratories at seven universities in the 
United States and at one ministry in the 
United Kingdom during the next 6 
months. None of the participants were 
aware of the standardized value of a 
sample until all of the results for that 
sample had been reported to the stan- 
dardizing laboratory. A meeting of 
analysts from the participating labora- 
tories and of five advisers from univer- 
sities and government agencies was 
held in Pasadena, California, 16 to 20 
September 1973. At this meeting the 
results of the workshop were discussed 
and interpreted, and a number of rec- 
ommendations were made for improv- 
ing the accuracy of atomic absorption 
and anodic stripping voltammetry 
methods for the analysis of lead in 
seawater. 

None of the four surface coastal sea- 
waters standardized by isotope dilution 
techniques in this workshop showed to- 
tal dissolved plus adsorbed concentra- 
tions exceeding 80 ng of Pb per kilo- 
gram of seawater. These samples were 
taken in a region that was highly indus- 
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trialized and heavily populated. The 
workshop group agreed that published 
measurements of thousands of nano- 

grams of Pb per kilogram in coastal 
waters may be in gross error. 

Two of the surface coastal waters 
studied in this workshop were found to 
contain about half as much lead as any 
deep water previously analyzed by iso- 
tope dilution methods. The surface wa- 
ters were collected by special tech- 
niques to exclude contamination origi- 
nating from the collecting boat. Deep 
waters analyzed prior to this workshop 
were collected by samplers that were 
subject to contamination from dirty 
waters emanating from the research 
ships because the cleaned samplers 
were lowered through dirty water in an 
unprotected condition. Even though 
the deepwater samples were analyzed 
by isotope dilution, erroneously high 
results may have been obtained as a 
consequence of the collection tech- 
nique. 

It was recommended that water sam- 
plers be devised which are contained 
within a protective covering. Such sam- 
plers could be lowered through con- 
taminated waters in a clean condition 
until they reach the deeper waters that 
are to be sampled where they could be 
opened and lowered slightly while the 
water sample is collected. 

Both atomic absorption and anodic 
stripping voltammetry techniques gave 
erroneously high results in the first sam- 
ple of seawater standardized at a con- 
centration of 14 ng of dissolved Pb per 
kilogram. Lead concentrations deter- 
mined by four atomic absorption labo- 

ratories ranged from four to eight times 
higher than the standardized value, 
while those determined by three ano- 
dic stripping voltammetry laboratories 
ranged from 10 to 100 times higher. The 
amounts of seawater used for anodic 

stripping voltammetry analyses ranged 
from 10 to 90 g while those used for 
atomic absorption analyses ranged 
from 500 to 1200 g. 

In a second standardized sample, 
which contained about four times as 
much lead as the first sample, three 
out of four lead concentrations de- 
termined by atomic absorption were 
about 1.6 times the standardized value 
while one of the two concentrations 
determined by anodic stripping voltam- 
metry was 1.4 times the standardized 
value. Two other reported concentra- 
tions determined by these methods 
showed much greater error. An average 
concentration determined by pulse po- 
larography was half as large as the 
standardized value. 

A third standardized sample con- 
taining 17 ng of dissolved Pb per kilo- 
gram was sent to two laboratories for 
analysis by atomic absorption. One 
laboratory extracted all the dissolved 
lead from 23 kg of seawater for a sin- 
gle analysis, while the other laboratory 
extracted all the dissolved lead from 
only 175 g of seawater for analysis. 
The result reported by the analyst 
using the larger sample was 1.3 times 
higher than the standardized value, 
while the result reported by the analyst 
using the smaller sample was 5.0 times 
higher than the standardized value. 

A fourth standardized sample of sea- 
water containing 42 ng of dissolved 
Pb per kilogram was sent to the same 
laboratory that used the 23-kg aliquot 
of the third sample. The analyst used 
1 kg and reported a result that was 
3.8 times lower than the standardized 
value. 

The standardizing laboratory found 
that the proportions of lead adsorbed 
on particles to dissolved lead were ini- 
tially different among the four sam- 
ples of seawater collected, and that the 
concentrations of these two species of 
lead changed in two of the samples 
upon aging in the shipping bottle. 

It is believed that samples of sea- 
water had been accurately analyzed for 
lead by isotope dilution, but that, un- 
fortunately, the concentrations were 
similar to those of the procedural 
blanks used at the beginning of the 
workshop in atomic absorption and 
anodic stripping voltammetry. It was 
agreed that neither the atomic absorp- 
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tion nor the anodic stripping voltam- 
metry techniques were used to analyze 
the first seawater sample in a manner 
that gave reliable results. Although con- 
centrations reported for the second 
sample were closer to standardized 
values, it was agreed that this reflected 
an increase in the ratio of analyzed 
sample lead to procedural blank lead. 
Results obtained in the third and fourth 
standardized samples substantiated this 
interpretation. Material balance consid- 
erations showed that the amounts of 
lead in the analyzed sample were of 
the same order as the amounts of lead 
in the blanks. Total errors of analyses 
were of the same order of magnitude 
as reported concentrations. 

A most significant and encouraging 
outcome of the workshop was that 
analysts and advisers attending the 
meeting made a number of recommen- 
dations for improving the accuracy of 
atomic absorption and anodic stripping 
voltammetry methods of analyzing lead 
in seawater, which they agreed to use 
in their own future work. These recom- 
mendations included ways of increasing 
the amount of analyzed sample lead, 
together with directions for reducing 
procedural blank lead. 

A valuable result of the workshop 
was the development of a reliable 
method for cleaning containers used for 
shipping standardized samples of sea- 
water. 

The group ,agreed that the workshop 
should be continued until some of the 
participants demonstrated an ability to 
determine lead in seawater reliably with 
either atomic absorption or anodic 
stripping voltammetry techniques. 

The difficulties that have been re- 
vealed in this study regarding the 
analysis of lead in seawater by atomic 
absorption and anodic stripping voltam- 
metry may not apply uniquely to lead. 
Similar difficulties may exist for other 
metals in seawater, such as copper and 
cadmium. It was recommended that all 
analysts consider whether the adoption 
of clean laboratory techniques and pro- 
cedural modifications that would im- 
prove the sample to blank metal ratio 
for other heavy metals might produce 
more reliable results for these other 
trace metals as well. 

A detailed report containing results 
and recommendations, which will be 
submitted to a journal for publication, 
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