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The sedimentary deposits of coastal 
areas may well constitute historical 
records of the atmospheric burden of 
particulates, such as the lead-containing 
species produced from the combustion 
of lead alkyls in gasoline. The basins 
off the coast of Southern California 
are especially promising for such 
studies. Their sediments accumulate at 
rates of millimeters per year, annual 
layers are occasionally available for 
analysis, and there is. a very rapid 
removal of lead to them from the 
overlying waters (1). These basins 
(Fig. 1), situated near an area of 
substantial leaded gasoline combustion 
(2), are the basis for several recent 
models of the sources and dispersion 
of pollutants introduced to the atmo- 
sphere (2, 3). The investigation pre- 
sented here is aimed at the develop- 
ment of the sedimentary records of 
lead accumulation over the past 
century, similar to those held in the 
Greenland snow strata (4). Since sedi- 
mentation rates vary from place to 
place along the California coast, the 
absolute concentrations of man-gener- 
ated materials in the deposits are often 
less useful than their fluxes. The time 
parameter is readily introduced into 
these sediments (1), and thus the rates 
of deposition of lead can be sought 
as well as the absolute concentrations. 

Sediments from three inner basins 
near the Los Angeles area were 
obtained with box-coring equipment 
which retained the uppermost strata. 
These three shallowest basins of the 
group (core water depth at San Pedro, 
890 m; at Santa Monica, 930 m; and 
at Santa Barbara, 575 m) were selected 
because their sediments are anoxic and 
thus relatively free from biological 
disturbances. In the case of the Santa 
Barbara Basin annual varves can be 
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recognized. A similarly anoxic deposit 
in the Soledad Basin (520 m) off the 
coast of Baja California (25?13.8'N, 
1 1240.6'W) was used as a control. 
This more southerly sample, remote 
from the prevailing wind patterns off 
Southern California and free from its 
waste discharges, is intended to provide 
a base-line set of samples. A fifth core 
was taken off the Los Angeles County 
waste outfall (75 m) at Whites Point 
to provide sediments containing do- 
mestic and industrial wastes. These 
Whites Point deposits are accumulating 
so rapidly that only a recent age can 
be assigned to them on the basis of 
both '1"Pb and 228Th/ 32Th chro- 
nologies. 

The lead isotopic compositions and 
concentrations were determined by 
mass spectrometry on all samples 
except those from the Santa Monica 
Basin. The lead concentrations were 
also determined by atomic absorption. 
In different subsections of the cores 
at equivalent depths where both mass 
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spectrometry and atomic absorption 
determinations were carried out, the 
results usually were in agreement to 
within 10 percent. The atomic absorp- 
tion lead values (Fig. 2) are given for 
the Santa Monica and Santa Barbara 
samples; the other lead data are 
isotopic dilution results. The aluminum 
values were obtained by atomic absorp- 
tion. The aluminum was used as a 
normalization factor that reasonably 
represents a measure of the detrital 
minerals that are assumed to have had 
a uniform input over the past century. 
The ages of the sedimentary levels 
were determined by 210Pb and 228Th/ 
232Th geochronologies. In Fig. 2, the 
lead values are given both as con- 
centrations on 110?C dry-weight basis 
and as the lead/aluminum ratios. In 
general, both the lead values, and 
lead/aluminum ratios give similar 
curves as a function of depth in the 
sediments. The exceptions involve the 
surface sediments which contain high 
water and high salt contents because 
these sediments are subject to less 
compaction than the deeper deposits. 
As a result, the absolute concentrations 
of lead in surface sediments are 
diminished. 

The isotopic compositions of the 
leads in these sediments are indicative 
of their sources (5). The surface de- 
posits of the Soledad Basin contain 
lead with isotopic ratios similar to 
those of the weathering products from 
the Baja California province (6). The 
Whites Point deposits contain lead with 
isotopic ratios comparable to those 
found in gasoline sold in Southern 
California (7). The isotopic composi- 
tions of lead in the surface sediments 
of the inner California basins (5) are 
distinctly less radiogenic than those in 
the deep sections of the cores which 
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Fig. 1. The inner basin region off the coast of Southern California; X, coring site. 
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Lead Pollution: Records in Southern California 

Coastal Sediments 

Abstract. The present anthropogenic lead fluxes into sediments from the Santa 
Monica, San Pedro, and Santa Barbara basins of Southern California are, respec- 
tively, 0.9, 1.7, and 2.1 micrograms of lead per square centimeter of sea bottom 
per year; the natural (prepollution) rates for these three basins were, respectively, 
0.24, 0.26, and 1.0 microgram of lead per square centimeter per year. Studies 
of isotopic composition indicate that lead pollutants in coastal sediments are 
derived mainly from the combustion of lead additives in gasoline. 
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represent the prepollution drainage. 
These differences are proportional to 
the influx of lead pollutants (Fig. 2), 
mainly from the combustion of gaso- 
line additives. 

The rates of lead accumulation 
began to increase in the basins off the 
Southern California coast in the 1940's. 
The much higher sedimentation rate 
in the Santa Barbara Basin, diluting 
the anthropogenic lead input, accounts 
for its lesser slope. The lead concen- 
trations in the Soledad Basin are 
essentially constant with depth, and 
thus we feel justified in using such 
sediments as a base line. 

The extremely high concentrations 
of lead in the sediments off the Whites 
Point outfall reflect the input of do- 
mestic and industrial wastes. The ages 
of the upper 24 cm of sediment were 
indistinguishable from one another on 
the basis of their 210Pb and 228Th/ 
232Th geochronologies, an indication 
that the deposition most probably took 
place within the last few years or that 
it was caused by slumping. 

We determined extrapolated surface 
values (to 1971) of the anthropogenic 
lead fluxes by subtracting the prepol- 
lution concentration of lead accu- 
mulated per year from the value 
computed from an extrapolation of the 
curve to surface depth (the 1970 value 
was used for the Santa Barbara Basin). 
The anthropogenic fluxes for the Santa 
Barbara, San Pedro, and Santa Monica 
basins are 2.1, 1.7, and 0.9 tjg of 
lead per square centimeter per year 
compared to natural fluxes of 1.0, 0.26, 
and 0.24 jug of lead per square centi- 
meter per year, respectively. 

Of the 24.3 metric tons, of lead 
burned daily as lead alkyls in internal- 
combustion engines in the Los Angeles 
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area, Huntzicker and Friedl 
estimate that 18.4 tons is 
automotive exhausts. The rer 
incorporated in the oil, 
engine, exhaust system, ant 
Out of this amount of exhaus 
are computed to fall out ove 
and coastal waters with abou 
transported by the wind o0 
Los Angeles air basin. Abo 
fall out in the vicinity of the 

The winds in the area are 
westerlies. However, durin 
Ana" conditions, easterly wi 
inate. Rain collected at Sa 
lina Island (Fig. 1) gave ai 
flux of 1.3 /cg of lead per squ 
meter per year in 1966-196 
reasonable agreement with 
sured values for the sedimen 

Huntzicker and Friedlande 
calculated that 0.4 ton of leac 
daily from the atmosphere to 
area of 12,000 km2 off Los 
Using an average flux value 
three stations of 1.5 ,/g 
per square centimeter per 
be representative of this coa 
we compute the daily lead 
be 0.5 ton. It should be er 
that the fluxes in the basins 
adjacent zones may be en] 
these formations act as sedim 
Hence, our average flux valu 
an upper limit. 

The lead discharged thr 
municipal waste outfalls is 
to be 0.55 ton per day, and 
age storm and river runoff 
is about 0.24 ton per day ( 
values are quite similar to t 
obtained for the daily atmosp 
out of lead. 

Heavy metals such as lead 
cury are removed from wa 

4o 120 quickly after they enter the marine 
environment from sewer outfalls or 
rivers and associate with the sediments 

F 
' within several kilometers of the input 

site to the marine environment (10). 
Hence, only a fraction of the waste, 
storm, and river runoff would be 
expected to reach the basins. 

Although this agreement with the 
total atmospheric fallout value is satis- 
fying, our data do not allow insight 
into the relative contributions of 
river, sewer, and storm runoffs and of 

Whites Point atmospheric fallout to the lead burden 
of the sediments. One way to resolve 

P/aluminud this problem may be to carry out Pedro, and 
ie coast of similar flux measurements in the outer 
ity outfall. basins off the coast of California. If 

these basins have fluxes similar to those 
of the inner ones, then atmospheric 

lander (3) transport would appear to be dominant. 
,sue from If the fluxes are different, then con- 
nainder is tributions from direct land discharges 
oil filter, would predominate. 
d muffler. TSAIHWA J. CHOW 
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