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Historical trends in contamination of estuarine and coastal sediments:

The composition of surface waters in rivers, lakes, and coastal areas has changed over time. In
particular, changes due to the Industrial Revolution, dating from the middle of the last century, are very
well known. These changes are expressed by increased levels of natural components, such as trace metals
and nutrients, but also by the increase of anthropogenic compounds, such as polychlorinated biphenyls
(PCBs) and pesticides.

Since the early 1960's, regulatory measures have been taken to decrease the amount of pollutants
entering our waterways, but the bulk of these environmental measures were not enacted until the 1970's.
Because of the scarcity of accurate data, due to the lack of sensitive techniques or of regular data collection
in the past, the extent of the past pollution and the effect of the recent legislative limitations is often difficult
to assess.

The analysis of sediment cores presents a way out of this dilemma. Most pollutants have an
affinity for and adsorb easily onto sediments and fine particles. Therefore, by analyzing cores of
undisturbed sediments it is possible to assess the historic pollution of a given system. Sediment cores
reflect not only the history of pollutant concentrations but also register the changes in the ecology of a
water body. For example, changes in estuarine eutrophication are reflected in the concentration of organic
matter, nitrogen, and phosphorous, while lake acidification is translated into changes in diatom
assemblages.

The use of cored sediments to reconstruct the chronology of coastal and estuarine contamination is
not, however, devoid of problems and caution must be exercised. Sediment mixing by physical or
biological processes can obscure the results obtained by such studies, and sophisticated methods must be
used in these cases to tease out the desired information.

The NS&T Core Project

Between 1989 and 1996, the National Status and Trends Program sponsored research that gathered
information on long term trends in contamination of US coastal and estuarine sediments. In this project,
ten areas have been targeted. They include:

1) On the East coast:
*Hudson/ Raritan estuary
*Long Island Sound marshes
*Chesapeake Bay
*Savannah Estuary

2) On the Gulf coast:
*Tampa Bay _
*Mississippi River Delta
*Galveston Bay

3) On the West coast:
*Southern California Bight
*San Francisco Bay
*Puget Sound




Presently, all the studies are completed and reports are, or will soon be, directly available from the
cooperators. One of the most important results of the NS&T studies and of other similar studies reported
in the literature, is the observed decline in recent years of many organic and inorganic contaminants in the
sediments. It is very encouraging to know that mitigating measures taken in the 1970's have been
effective. This has shed a hopeful light on the potential success of future efforts to curb even more coastal
and estuarine pollution.

In an effort to widely disseminate the results of these studies, the NS&T Program, in collaboration
with the authors, is publishing some of the reports as NOAA Technical Memoranda. This study covering
the Southern California Bight is the fifth one to be published in this series. In this case, the published
Technical Memorandum includes two reports produced by two different groups of researchers. The first
part is dedicated to metal contaminants and the second part to organic compounds.
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Executive Summary

We report here downcore distribution of 16 elements measured by ICP-MS and by
neutron activation analysis in 8 cores collected in the Southern California Bight. All cores
were dated by 210pp (via 210Po) to construct the chronology of the sediment layers. Based
on the 210Pb chronology, the lengths of these cores represent from 150 to 230 years of
deposition, period covering the entire history of pollution from human activities in the South-
ern California Bight.

The profiles obtained for eight elements (Cr, Cu, Zn, Ag, Cd, Sn, Hg and Pb) are
generally characterized by increasing anthropogenic inputs around the turn of the century
resulting in a subsurface maxima around 1970. The near-surface decreases reflect recent
improvements in waste water treatment and more stringent regulatory controls on industrial
waste disposal. For Ba the results indicate that excess Ba was contributed by off-shore
dumping rather than sewage discharge.

_ The distribution of the other elements (Al, Si, Mn, Fe, Ni, As, and Se) is different
from the previous group. Al and Si distributions reflect the mineral composition and grain
size of the sediments. Fe and As profiles show diagenetic signals that are especially strong in
deep-basin cores. Finally, Mn, Ni, and Se do not show any systematic pattern. '
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Introduction

The three largest municipal outfalls JWPCP, Hyperion and CSDOC) in the Southern
California Bight discharge treated sewage effluents into the shelves bordering the Santa
Monica and San Pedro Basins, off the metropolitan Los Angeles/ Orange County area (Fig.
1). Since 1971, the Southern California Coastal Water Research Project (SCCWRP) has
conducted systematic analysis of effluent flow and concentrations of trace contaminants.
Mass emissions estimated from the monitoring data indicate that these three outfalls ac-
count for more than 90% of most heavy metals discharged from all 16 marine outfalls along
the coastline of the Southern California Bight in the past two decades. Numerous studies
have shown that metal deposited in the coastal sediments in the past several decades
contained a significant anthropogenic component, often far exceeding their natural baseline
levels. The impact of sewage-derived material on the coastal environment is an issue of
considerable public concern and scientific interest. ‘

Chow et al. (1973) studied historical deposition records of Pb in cores collected in
1971 from the deep Santa Monica and San Pedro Basins, which showed an increase from a
baseline level established prior to the early 1900s to maximum concentrations at the top of
the core. In 1971, the flux of anthropogenic Pb was 3-6 times higher than the flux of natural
Pb. Based on isotopic data it was concluded that anthropogenic Pb was derived from the
combustion of leaded gasoline. Using the same sediment cores, Bruland et al. (1974) ob-
tained profiles for Cr, Cd, Zn, Cu, Ag, V, and Mo which also showed the same general
anthropogenic signal. Later, Ng and Paterson (1978) studied Pb and Ba in cores collected in
the same area and were able to show that Pb concentrations began to decrease after a peak
in 1970. This is in agreement with the history of gasoline consumption and the phasing out
of leaded gasoline since 1971. These authors were also able to estimate the contribution of
sewage output (ranging from 2/3 to 3/4) to the total anthropogenic Pb.

During the DOE sponsored CaBS (California Basin Study) Program, a series of
sediment cores collected from 1985 to 1990 were studied, not only to update the history of
metal pollution, but also to determine budgets and pathways of sewage metals in the Santa
Monica and San Pedro Basins (Finney and Huh, 1989 a, b; Huh et al., 1990). Metals investi-
gated in the CaBS study included Cr, Zn, Pb, Sb, Ba, and Cu.

The work reported here is part of a concerted effort with Indira Venkatessan, who is
studying the chronology of organic compounds contamination in the same cores. Compiled
in this report are data on sediment chronology and distribution (spatial and temporal) of
the NS&T suite of metals in seven sediment cores collected during 1990-1991. This work
was supported by a grant from the NOAA National Status and Trend Program. We thank

'Dick Kovar, Chi Meredith and Andy Ungerer for laboratory assistance, and Nathalie
Valette-Silver for her comments throughout the course of this project.

Sample collection and preparation

Sediment cores used in this project are listed in Table 1 and their locations are shown
in Figure 1. Cores CaBS XI-1 and XI-4 were collected onboard R/V New Horizon in January
1990 from the 11th cruise of the CaBS program; they were not studied previously and
ideally suited for the purpose of the NS&T Project. Cores NOAA-I through VI were
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collected in September 1991 onboard R/V Sea Watch; the cruise was organized by Dr. Indira
Venkatesan of UCLA, under the support of and specifically for the NOAA NS&T Program.

These cores were collected using a Soutar box corer capable of sampling sediments with
minimum disturbance, as evidenced by downcore distributions of short-lived radionuclides
(e.g. *Th and **Th) and Pu, an anthropogenic transient tracer (Huh ez al, 1987; Wong et al,
1992). The coring sites were located with two applications in mind: (1) to update the latest
history of pollution resulting from human activities, as mandated by the NS&T Program, and
(2) to enhance spatial coverage and fill existing data gaps. This can be seen in Figure 2
which shows the locations of new cores used in this study in relation to all previous cores
collected/studied during the CaBS Program from 1985 to 1990. CaBS XI-1 and NOAA-L II
and VI were collected near previous key CaBS sites (to serve the first purpose), while CaBS
X1-4, NOAA-IL IV and V were from areas not occupied previously (to serve the second

purpose).

The CaB$ cores were sectioned onboard immediately upon collection. The subsamples
were kept frozen until further processing and analysis in the lab. The NOAA cores were

" frozen on board and sectioned after the cruise in Dr. Venkatesan’s lab at UCLA. The

subsamples were weighed before and after drying at ~55°C. From the weight loss sediment
dry weight on salt-free basis were calculated using the equation:

_looo Weo

Salt—free dry weight = bulk dry weight X 1000 - § 100
B WH,o
100

Where Wi (in %) is wéight content of water and S (in %o) is salinity of interstitial water
(taken to be that of bottom water). All measurements (*'°Pb and metals) reported below are
based on salt-free basis.

29ph analysis

All cores were dated by 2'°Pb (via *'°Po) to construct the clironology of the sediment
layers, as described in our previous work (Huh e al., 1987; 1990; 1992). The results are
summarized in Tables 2-9 (one table for each core). Below each table is a figure showing the
concentration of excess 2°Pb as a function of cumulative mass (on salt-free basis) and the
sedimentation rate (S) resulting from least-square fitting. The cumulative mass (g/em?) is
integrated sediment dry weight down core, calculated by:

1000 Wyo
1000 - § 100
Where Z, is the thickness (in cm) of the ith sampling layer and p; (g/cm’) is wet density of

)

Cumulative mass = EZi p, (1 -

3
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that same layer.

From the indicated sedimentation rate, time of deposition for each sampling layer is
calculated by:

cumulative mass

S

The effect of sediment mixing, indicated by a less steep *°Pb gradient in the top ~5 cm,
is obvious in cores underlying oxic bottom waters at water depths <800 m. In such case,
with the exception of NOAA-IV, time of depsotion is calculated using sedimenation rate
derived from below the surface mixed layer. Because of the very fast sedimentation rate due
in large part to large flux of sewage particles near the JWPCP outfall, the distribution of 210pp
in sediment core NOAA-IV primarily reflects radioactive decay; the effect of mixing is
considered to be relatively unimportant in modifying downcore distribution of °Pb (and trace
metals).

Time of deposition = time of sample collection -

Based on the *'°Pb chronology the lengths of these cores represent 150-230 years’
deposition, which should cover the entire history of pollution from human activities in the
Southern California Bight.

Metal analysis

1. Sample preparation'

For metal analysis approximately 0.1 g of dried sample was weighed into a 125 ml LDPE
acid-washed bottle to which 1 ml of DDW had been added. Then 8 ml of 1:1 concentrated
HF/HNO, (GFS double distilled) was added and the bottle was squeezed to expel about 1/3 of
the air to allow for expansion in oven. The bottle was capped, shaken, and placed in a 70°C
oven. After digesting overnight, the bottle was removed from the oven and cooled for 135
minutes. Then 50 ml of 4% (w/v in DDW) H,BO, (GFS 99.999%) was added and the bottle
was squeezed again, capped, shaken, and returned to the oven. After 2 hours, the bottle was
removed and cooled for 15 minutes. Finally 41 ml of DDW was added to bring the total
volume to 100 ml. The sample was then ready for ICP-MS and AAS.

Samples for ICP-MS and AAS (both flame and graphite-furnace) were diluted as required
with standards and blank matrix prepared simultaneously. As, Se, Sn and Sb were measured
by ICP-MS. Al, Si, Mn, Fe and Ba were measured by flame AAS for which 1000 ppm CsCl
was added to control ionization. Other metals (Cr, Ni, Cu, Zn, Ag, Cd, and Pb) were
measured by GF AAS. ‘




2. Quality assurance and control

As required by the NS&T Program, we participated in the QA/QC exercise by analyzing
two calibration standards, "Fish Q" and "Sediment R", provided by NRC. Due to
instrumentation problems with ICP-MS as of the data submission deadline, we were able to
report data for only 10 elements which were measured by AAS. Comparison between data of
ours and other participating laboratories’ indicated that the overall quality of our data was
very good indeed. Although we have no experience in analyzing biological samples, our
overall results for Fish Q were nevertheless better than two-thirds of other labs’. The results
for sediment R have direct bearing on our NS&T project and are what we are most concerned
about. The quality of our Sediment R data (see Table 10) was among the top 20%. In terms
of precision (based on measurements made on five replicates prepared in a batch), our results
are by far the best. As regards accuracy, the mean concentrations we reported are well within .
the range of NRC accepted values, with the exception of Ni. Our mean Ni value is ~40%
higher than the NRC accepted mean value. However, this has no adverse impact to our work
as Ni is not a "pollutant” metal in the Southern California Bight (see later).

As originally proposed, we initially measured all elements required for the NS&T
Program by ICP-MS, but the overall results were disappointing. Because of that we resorted
to AAS to obtain data for the 10 elements mentioned above. Our AAS is not equipped to
measure As, Se, Sn and Sb, however. Therefore, for now, we will report the ICP-MS data
for these four elements, although their analytical errors (*1¢) are much greater - generally in
the range 20-30% based on triplicate runs.

3. Distributionfinventories of anthropogenic metals in sediments: implication on the input
history, sources, and pathways of pollutants

We report here downcore distribution of 16 elements in 8 cores. The results are
summarized in Tables 11-18. Concentrations of eight elements (Cr, Cu, Zn, Ag, Cd, Sn, Ba
and Pb) which clearly show anthropogenic inputs are plotted versus time of deposition (A.D.).
To gain a spatial perspective of the distribution of these metals, the plots are inseted in the
map, as presented in Figures 3-10. Also indicated on Figs. 3-10 (and summarized in Table
19) are inventories of the excess, anthropogenic component of metals (X,,) in each individual
core, which were calculated by integrating the metal profiles down core using the equation:

X X
o= UG~ Cd * 4,

Where (X/Al), is the metal-to-Al concentration ratio in the ith sampling layer, and (X/Al)y,,

is the same ratio in uncontaminated sediments, determined from sediments deposited prior to
1900.

These profiles are generally characterized by subsurface maxima around 1970. Increases
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from the bases of these cores are consistent with increasing anthropogenic inputs around the
turn of the century. The near-surface decreases reflect recent improvements in waste water
treatment and more stringent regulatory controls on industrial waste disposal (Fig. 11), as we
have observed in cores collected during 1985-88 (Finney and Huh, 1989a, b; Huh et al.,
1992). The improvements have been maintained since then, as testified by the low surface
concentrations which are close to baseline levels. Among the eight elements illustrated here,
Cr, Cu, Zn, Ag, Cd, Sn, and Pb exhibit similar downcore and spatial distribution pattemns.
Inventories of this group of metals decrease sharply away from the sewage outfalls in the
shelf/slope region and are somewhat homogenoeous in the vast, deep Santa Monica/San Pedro
Basin (>900 m).

The distribution pattern of Ba is distinctly different, as shown in Fig. 12. Unlike the
other seven metals for which the highest concentration/inventories are found in NOAA-IV,
indicating sewage outfalls as their primary source, excess Ba is not detectable in NOAA-IV
Instead, the highest excess Ba invenory was found at station NOAA-V (Fig. 9) in the deep
San Pedro Basin. Compared with sewage-derived metals, the Ba peaks are sharper and
located deeper in the cores. All these clearly indicate that excess Ba was contributed by
offshore dumping rather than sewage discharge. As mentioned in our proposal, in the mid-
1980s Allan Chartrand of the Regional Water Quality Control Board in Los Angeles compiled
and reviewed all available records of ocean dumping in the Southern California Bight
(Chartrand et al., 1985). The review indeed revealed records of dumping in offshore waters
over the period 1947-61, principally in the San Pedro Basin. These included the acid and
caustic wastes of a petroleum refinery, which is probably most responsible for the high Ba
content in core NOAA-V, and the acid sludge wastes of the Montrose Chemical Company,
the world’s largest manufacturer of DDT. We predict that NOAA-V will have the highest
DDT content among these cores, which will be borne out from Dr. Venkatesan’s results.

_Inventories calculated here for cores NOAA-I, NOAA-VI and CaBS XI-1 compare fairly
favorably with those reported previously at nearby sites CaBS I-40, CaBS V-9 and CaBS III-
1, respectively, as shown in Table 20, This reflects the general accuracy/consistency of our
metal analysis over the years. Therefore, the new data can be integrated with old data to
update the history of metal pollution and re-calculate the basin-wide budgets of anthropogenic
metals, which will be the main thrust of a paper we plan to write.

During the CaBS program, we have obtained most completé data for Cr, Zn and Pb and
thus calculated basin-wide budgets of these three elements (Huh er al., 1990). Figure 13
shows that the spatial distribution patterns of Cu, Cd, Ag and Sn are very similar to that of
Cr, indicating their common source, similar geochemical behavior and transport pathways.

So, budgets of these four elements in the Southern California Bight can be reasonably
estimated by comparing their downcore inventories with that of Cr. The Ag/Cr, Cd/Cr, Sn/Cr
and Cu/Cr inventory ratios at NOAA-IV are 0.026, 0.045, 0. 13 and 0.57 respectively. If these
ratios are representative of those in Palos Verdes Shelf sediments, as we believe they are (due
to proximity), then budgets of anthropogenic Ag, Cd, Sn and Cu in the Palos Verdes Shelf
region would be ~60, ~100, ~300 and ~1300 metric tons, respectively (calculated by

15
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Figure 11. Combined mass emissions of heavy metals from the four largest municipal

wastewater treatment facilities.
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multiplying the respective ratios by the standing stock of Cr in Palos Verdes Shelf sediments,
2289 metric tons (Huh et al., 1990)). These are about 7%, 10% and 11% of the emission of
Ag, Cd and Cu, respectively, from the JWPCP sewage outfall. (There is no emission data for
Sn).

In deep Santa Monica-San Pedro Basin cores, inventory ratios of Ag/Cr, Cd/Cr, Sn/Cr and
Cu/Cr average 0.017, 0.022, 0.07 and 0.28, respectively. Therefore, budgets of anthropogenic
Ag, Cd, Sn and Cu in the basin floor are approximately 20, 30, 100 and 400 metric tons,
respectively (calculated by multiplying the standing stock of Cr in the deep Santa Monica-San
Pedro Basin, 1368 tons (Huh et al., 1990), by the respective inventory ratios). The resuits
suggest that, similar to Zn, these metals have higher mobility than Cr and that only
approximately 2-3% of their total emission are trapped in the deep basin.

Although downcore distribution of Sb in the central Santa Monica Basin is similar to the
metals discussed above (see Fig. 14), its spatial distribution is somewhat different. Downcore
inventory of Sb in NOAA-I is even less than in NOAA-II, and in NOAA-IV it is only a
factor of 2-3 higher than in the deep basin (NOAA-II and VI). This suggests that Sb is
probably associated with very fine particles and can be more easily transported away.
Downcore inventories of excess Sb in the deep Santa Monica Basin average 1.6 pg/em?,
yielding a Sb/Cr ratio of 0.035 and a budget of 48 tons of anthropogenic Sb in the deep basin
floor. There is no historical emission data of Sb for comparison. We think Sb should behave
like Cu, Zn and Cd and its standing stock in the deep basin probably also accounts for 2-3%
of its total emission from sewage outfalls.

4. Distribution of non-pollutant metals

Distributions of other elements (Al, Si, Mn, Fe, Ni, As and Se) required for the NS&T
Program are distinctly different from the above. Al and Si are the two most abundant
elements in continental detritus; their distributions reflect the mineral composition of the
matrix material. In the study region, near-shore sediments with a coarser grain size have
slightly but obviously higher Al and Si concentrations than deep-basin sediments. In
calculating the anthropogenic component of pollutant metals, Al is used as a "normalizer” to
correct for their natural background levels. This normalization practice is especially
important for deep-basin cores which showed a clear decrease of abiogenic material toward
the sediment surface (see Figure 15), indicating remineralization of biogenic material
following burial.

The distributions of Fe and As show diagenetic signals which are especially strong in
deep-basin cores (Figs 16 and 17). The Fe enrichment near surface resulis from reduction of
Fe in the sediments during the oxidation of organic matter (Froelich et al., 1977), followed by
upward diffusion and precipitation as amorphorous oxyhydroxides near the sediment-water
interface (Finney and Huh, 1989b). The smooth trend of Fe across a 19-year old turbidite
layer at 2-6 cm in CaBS V-8 (Huh et al., 1990) suggests that the diagenetic process is fast
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enough to erase primary deposition record of Fe at time scales probably from years to one or two
decades. The surface enrichment of As, similar to that of P (Finney and Huh, 1989b), also appears
to be diagentically controlled. During early diagenesis, P is released near the sediment-water
interface where it is probably adsorbed to the Fe-oxyhydroxides (Balistrieri and Murray, 1932;
Dymond et al., 1984). Arsenic, being a chemical analog of P, is most likely involved in the same
process.

The distributions of Mn, Ni and Se do not show any systematic pattern. Although the
discharge of Ni from sewage outfalls is considerable and comparable in magnitude to Cr, Cu and
Pb (see Fig. 11), the high mobility of sewage Ni results in a negligible anthropogenic component
compared with the background Ni in sediments. The emission of Se is of the same magnitude as As
and both are lower than the emission of Ag and Cd (SCCWRE, 1974-1990; Fig. 11). Among the
elements exhibiting anthropogenic inputs, Ag and Cd show the lowest concentrations. Se is known
to be a highly mobile, nutrient-type element. Furthermore, because the emission of Se does not
exhibit a systematic trend (Fig. 11}, it is unlikely that the deposition record of anthropogenic Se can
be resolved.

5. Problems and Solutions

Mercury is one of the programmatically important metal required for the NS&T Program.
Unfortunately, we have not been able to measure Hg in the sediment samples by ICP-MS due to
very low signal-to noise ratio in the output. The emission of Hg from sewage outfalls is by far the
lowest among all metals monitored by SCCWRP. It is as yet unclear to us whether our failure in
measuring Hg is due to interference in the plasma or that the concentration of Hg in the samples is
below detection limits. With a nominal Hg concentration on the order of 0.01-0.1 ppm in the South-
ern California Bight sediments and a dilution factor of = 1000 during sample preparation, the
concentration level of Hg in the sample solution would be on the order of 0.01-0.1 ppb, which,
albeit extremely low, should still be well above the detection limit of Hg by ICP-MS (<1 ppt (parts
per trillion), as given in the VG’s promotion literature). After many additional analyses and stud-
ies, it became clearer why Hg was not detected by ICP-MS throughout the NS&T cores and it
appears that isobaric interference by other ionic species in the plasma is most likely the cause.

Finally, some Hg data were obtained by neutron activation analysis. Only in one sediment
core, NOAA-IV, can Hg be detected by the technique. It is important to point out that NOAA-IV is
the core collected the closest (=8 km) to the JWPCP sewage outfall. In core NOAA-IV, downcore
profile of Hg is similar to those of other anthropogenic metals, with a subsurface maximum corre-
sponding to time horizon of = circa 1970. The pre-1900 level of =0.05 ppm’is in basic agreement
with the baseline levels of 0.02-0.05 ppm reported by Galloway (1972) and 0.04-0.09 ppm reported
by Chen and Lu (1974).
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Table 1. Sediment cores used in this study

Core # Latitude Longitude  Water depth (m) Time of collection
CaBS XI-1 33°45.54N  118°50.88'W 904 Jan. 1990
CaBS XI-4 33°41.78'N  118°30.78'W 780 "
NOAA-I © 33°51.00N  118°38.00'W 593 Sept. 1991
NOAA-II 33°41.000N  118°56.22'W 905 "
NOAA-III 33°36.0I'N  118°40.48'W 585 "
NOAA-IV 33°41.67N  118°22.78'W 457 "
NOAA-V 33°34.87'N  118°25.58'W 887 "
NOAA-VI 33°29.80'N  118°19.92'W 889 !
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Table 2

NOAA-I (33°51.00'N, 118°38.00'W, water depth = 593 m)

Depth Mid-depth % H20 Cumulative mass Pb-210 Pb-210ex- Time of deposition*
(cm) (cm) (gfcm?) (dpm/g) (dpm/g) (AD)
0-0.5 0.25 67.51 0.0931 425 399 %05 1990.45
0.5-1 0.75 65.09 0.2890 43.9 414 +£0.6 1987.85
1-1.5 1.25 65.38. 04933 37.6 350%056 - 1985.14
1.5-2 1.75 64.49 0.7000 352 326 +0.6 1982.40
2-2.5 2.25 63.53 09143 349 32306 1979.56
253 2.75 62.41 1.1373 35.2 32.6 £0.7 1976.60
34, 35 60.10 1.4986 326 30.0£0.6. 1971.82
4-5, 4.5 56.34 20276 29.0 264 +0.8 1964.80
5-6. 5.5 55.20 2.6012 19.5 16.9 0.6 1957.20
6-7. 6.5 52.88 3.2079 17.1 146 £04 1949.16
7-8. 1.5 51.63 3.8496 14.9 123 £0.3 1940.65
8-9, 8.5 50.84 45116 12.2 9.58 £0.32 1931.88
9-10. 9.5 48.72 5.2036 8.86 6.27 £ 0.31 1922.71
10-11. 10.5 47.76 5.9279 8.56 597 +0.29 1913.10
11-12. 11.5 47.89 6.6610 5.84 3.25+0.19 1903.39
12-14, 13 46.84 7.7813 4.00 141 +0.11 1888.54
14-17. 15.5 45.68 9.7059 391 132 +0.11 1863.03
17-20. 18.5 44.41 12.0889 2.59 1831.44
* Calculated using S = 75.4 mg/cm2/y
NOAA-I
100 3
%‘D :. *e see
S § = 75.4 mglemA2/y
o
F 103
-y :
i
L J
I EEEENSNESS M R S A Eaas
0 1 2 S 7 8 9

Cumulative mass (g/fcm”2)
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Table 3

NOAA-II (33°41.00'N, 118°56.22'W; water depth = 905 m)

Pb-210ex

Depth Mid-depth % H20 Cumulative mass Pb-210 Time of deposition
(cm) (cm) {g/cm2) (dpm/g) {dpm/g) (A.D.)
0-0.5 0.25 83.41 0.0376 128.8 1237 £1.2 1989.72
0.5-1 0.75 77.81 0.1309 110.9 1057 £ 1.1 1984.86
1-1.5 1.25 76.33 0.2474 93.3 90.1+1.3 1978.79
1.5-2 1.75 75.76 0.3709 80.7 756 +1.1 1972.35
2-2.5 225 75.60 04970 76.8 71.6 +1.1 1965.78
25-3 275 73.95 0.6294 58.2 53110 1958.88
34. 35 73.23 0.8418 40.7 35.6 0.8 1947.81
4-5. 4:5 7239 1.1347 26.4 213104 1932.54
5-6. 5.5 72.43 1.4333 19.7 145 £04 1916.98
6-17. 6.5 70.57 1.7452 12.5 7.33 £0.30 1900.73
7-8. 1.5 69.50 2.0790 11.6 6.45 £0.27 1894.39
8-10. 9 70.41 2.5780 9.50 4.34 £0.19 1884.92

10-12. 11 69.15 3.2533 8.26 3.10 £0.15 1872.11

12-14. 13 61.69 4.0680 5.13 1856.65
14-17 15.5 41.74 5.8421 2.54 182298
17-20 18.5 34.41 8.7381 5.27 1768.02

NOAA-II
100 ;
S =19.2 mg/fcm™2/y

i
g
g
=) S =527 mg/emM2/fy
el 10 1
) ]
Py
(723
48]

0.5

........

Cumulative mass (g/cm”2)
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' Table 4

NOAA-II (33°36.01'N, 118°40.48'W; water depth = 585 m)

Depth Mid-depth % H20 Cumulativemass Pb-210 Pb-2i0ex  Time of deposition*
(cm) (cm) (gfcm?2) (dpm/g) (dpm/g) (AD)
0-05 0.25 69.34 0.0861 21.5 18.1 +04 1990.36
0.5-1 0.75 60.48 0.2942 19.6 16.2 £ 04 1987.17
1-1.5 1.25 59.31 0.5436 19.3 15.9 £0.4 1983.35
1.5-2 175 5754 0.8060 19.6 16.2 +0.4 1979.33
2-2.5 2.25 58.52 1.0720 19.1 15.8 £ 0.5 1975.25
2.5-3 275  57.10 1.3400 18.2 14.8 0.5 1971.14
3-4, 35  56.63 1.7559 15.9 12.5 £ 0.4 1964.76
4-5. 4.5 56.30 2.3165 14.5 11.1+0.3 1956.17
5-6. 55 56.12 2.8819 12.3 8.86 +0.30 1947.51
6-7. 6.5 54.74 3.4619 9.89 6.50 £0.25 1938.62
7-8. 15 54.41 40582 8.12 473 £0.20 1929.48
8-10. 9 5455 49545 7.25 3.86 +0.19 1915.74
10-12. 11 52.22 6.1933 5.01 1.62 +0.11 1896.75
12-14. 13 49.33 7.5366 3.88 1876.16
14-17 15.5 50.81 9.2436 3.60 1849.99
17-20 18.5 50.40 11.2682 3.41 1818.96

* Calculated using S = 65.2 mg/cm2/y.

NOAA-III
100 ;
b
g
s [reecen $ = 65.2 mglomn
— L4 = 0.
S 101 mg/cm"2/y
L ]
Bu
8
Y
m L
[ ————————— .
0 1 2 3 4 5 6 7

Cumulative mass (g/cm"2)
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Table 5

NOAA-IV (33°41.67'N, 118°22.78'W; water depth = 457'm)

Depth Mid-depth % H20 Cumulativemass Pb-2i0 =  Pb-210ex  Time of deposition
(cm) (cm) - __(gfem2) (dpm/g) (dpm/g) - AD)
0-0.5 0.25 73.98 0.0690 419 37.8 £0.5 1991.26
0.5-1 0.75 63.45 0.2475 39.6 355 £0.5 1990.18
I-1.5 1.25 61.81 0.4733 38.1 340 0.5 1988.80
1.5-2 1.75 61.08 0.7092 38.1 34.0 +0.4 1987.37
2:2.5 2.25 60.34 0.9514 38.4 34.3 0.5 1985.90
2.5-3 2.75 59.93 1.1987 36.3 32205 1984.39
34, 3.5 57.08 15978 32.9 288+05 198197
4-5. 4.5 53.90 2.1770 28.5 24.4 +0.5 1978.45
5-6. 55 51.44 2.8106 27.0 229 £0.4 1974.60
6-7. 6.5 49.63 3.4870 25.4 213 +04 1970.49
7-8. 1.5 47.17 4.2081 189 14.8 +0.4 1960.48
8-9. 8.5 46.25 49654 14.7 10.6 £0.3 1949.97
9-10. 9.5 44.99 5.7468 10.1 6.02:£0.27  1939.13
10-11. 10.5 4436 6.5496 9.95 5.86 £0.23 1927.99
11-12. 115 43.79 7.3660 6.12 2.03 +0.12 1916.67
12-14. 13 41.85 8.6460 6.44 2.35 £0.12 1898.91
14-16. 15 40.73 10.4101 4.12 1874.43
16-19. 175 41.5 12.6209 4.06 - 1843.75
NOAA-IV
100

S = 164.5 mg/em™2/y

)

g

< .

S S =72,1 mg/cm"2/y

¢ 103

a -

M/ .
1 N ———

0 1 2 3 4 5 6 7 8

Cumulative mass (g/cm”2)
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Table 6

NOAA-V (33°34.87'N, 118°25.58'W; water depth = 887 m) _

Depth Mid-depth % H20 Cumulative mass Pb-210 Pb-210ex  Time of deposition
(cm) (cm) (gfem2) (dpm/g) (dpm/g) (A.D.)
0-0.5 0.25 86.71 0.0275 107.6 100.7 = 1.4 1990.88
0.5-1 0.75 7%.11 0.1064 107.0 100.2 + 1.3 - 1988.59
1-1.5 1.25 75.57 02212 94.8 879116 1985.25
1.5-2 L.75 74.26 0.3526 87.2 804 +14 1981.43
2-25 2.25 74.44 0.4880 74.0 67.1 1.2 1977.49
2.5-3 2.75 74.16 0.6238 62.2 554 +1.2 1973.54
3-3.5 325 7464 0.7588 624 53.6+1.3 1969.62
354 3.75 . 73.92 0.8947 57.0 502 £1.0 1965.66
4-5. 4.5 74.58 1.0977 45.0 38.2 0.7 1959.76
5-6. 55 71.80 1.3852 28.6 21.8 £ 0.5 1942.10
6-7. 6.5 70.98 1.6988 18.6 11.8 £0.3 1922.83
7-8. 1.5 68.87 2.0343 13.6 6.77 £0.24 1902.23
8-9. 8.5 67.63 2.3953 10.2 3.36 £0.15 1880.05
9-10. 9.5 66.16 27775 8.28 1.43 £0.07 1856.58
10-12. 11 65.67 3.3760 6.80 1819.81
12-14. 13 64.96 4.1907 6.90 1769.76
NOAA-V
S =34.4 mg/cm"2/y

100 3

Excess Pb-210 (dpm/g)

10 3

S =16.3 mg/em"2/y

0.5

1

1.5

2

Cumulative mass (gfcm”2)
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Table 7

NOAA-VI(33°29.80'N, 118°19.92'W; water depth = 889 m) _
Depth Mid-depth % H20 Cumulative mass Pb-210 Pb-210ex Time of deposition*

(cm) (cm) (g/cm2)  (dpm/g) (dpmv/g) (A.D.)

0-0.5 0.25 81.49 0.0437 76.39 67.5+1.0 1987.13
0.5-1 0.75 76.13 0.1488 7442 65.5 1.1 1983.60
1-1.5 1.25 66.16 0.3087 52.42 43.2 £1.0 1980.00
1.5-2 1.75 71.27 0.4360 65.25 56.2+1.0 1977.70
2-25 225 73.68 0.6349 81.03 722+14 1975.43
2.5-3 275 73.67 0.7750 62.48 534%1.1 1960.79
3-3.5 3.25 72.99 0.9177 41.34 320038 1945.89
354 3.75 71.48 1.0683 29.56 20.1 £0.5 1930.17
4-5, 45 - 7101 1.3059 18.18 8.58 £0.31 1505.36
5-6. 55 69.80 1.6341 14.98 5.34 £0.18 1888.57
6-7. 6.5 68.86 1.9786 13,34 3.68 +0.11 - 1870.95
7-8. 75 67.88 2.3377 11.50 1.82 £ 0.06 1852.58
8-9. 8.5 66.87 27123 9.73 1833.42
9-10. 9.5 59.87 3.1531 10.37 ' 1810.87

* Ages in the top 2 cm can not be dated by Pb-210 due to the presence of a turbidite layer (centered
in 1-1.5 cm) deposited in the winter of 1979-80 (Huh et al., 1990); they are estimated from interpolation
by assuming time of deposition (A.D.) = 1991,68 at zero depth and 1980 at 1.25 cm.
Time of deposition below the turbidite layer is calculated using 120 dpm/g, the highest excess Pb-210
observed in the San Pedro Basin (Huh et al., 1990), as the initial (i.e. zero-time) concentration.

NOAA-VI

100 ;
o 1Tt
oh - )
g
Z
> .
S 10 S =19.6 mg/cm"2/y
L ]
A~
3
=
[£9]

L]
0 0.5 1 15 2

Cumulative mass (g/cm/2)
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Table 8

CaBS XI-1 (33°45.54'N, 118°50.88'W; water depth = 904 m)

" Depth Mid-depth % H20 Cumulative mass Pb-210 Pb-210ex  Time of deposition
_(cm) (cm) ' (g/cm?2) (dpm/g) (dpm/g) (AD)

0025 0125  87.70 0.0123 109.3 100.8 £ 0.5 1989.32
02505 0375 8741 0.0373 102.5 94.0 £ 0.6 1987.79
0.5-0.75 0.625 - 87.38 0.0627 110.4 101.9 = 0.6 1986.24
0.75-1 © 0875  85.64 0.0909 118.0 109.5 £ 0.6 1984.51
1-1.25 1125  84.88 0.1227 126.9 118.4 £0.6 1982.56
125-1.5 1375  83.74 0.1575 1315 123.0 £0.7 1980.43
15-1.75 1.625 8170 0.1973 135.2 126.7 £ 0.6 1978.00
1752 -~ 1875 - 79.36 0.2441 131.8 1233 £0.8 1975.13
225 225 7118 0.3252 1160  107.5£0.56 1970.16
2.5-3 275 78.04 0.4360 103.0 94.5 + 0.4 1963.38
3-3.5 325 7122 0.5487 90.4 81.9 +£0.3 1956.47
354 ° 375 7602 0.6683 74.6 66.1 £0.3 1949.15
4-4.5 4.25 72.47 0.8046 40.0 31.5 £0.3 1940.81

. 4.5-5 475 7106 0.9586 523 438 £0.3 1931.37

5-6. 55 7180 1.1920 31.7 23.2£0.2 1917.08
6-7. 6.5 69.92 1.5135 20.4 11.9 £0.11° 1897.40
7-8. 75  68.64 1.8587 139 539 £0.11 1876.26
8-9. 85 . 69.40 12,2078 11.4 2.89 1854.88
9-10. 9.5 71.24 25373 10.8 2.29 1840.25
11-12. 115 69.95 3.0302 9.54 1.03 1818.36
13-14. 135 70.10 3.6979 8.90 0.39 1788.71
15-16. 155 70.32 4.3601 8.51 1759.31
CaBS XI-1
1000
o0 = A5
E 100 S =16.3 mg/em™2/y
=) ®
=4
8 10
o S = 22.5 mg/cm2/y
a
4
L% 1
[ I, EENNINENEE-————————

2

Cumulative mass (g/cmh2)
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Table 9

XI-4 (33'41.78'N, 118°30.78'W; water depth =780 m)

Depth  Mid-depth % H20 Cumulative mass Pb-210

Pb-210ex  Time of depbsition

(cm) (cm) (g/em2) (dpm/p) (dpm/g) (A.D)
0-0.5 0.25 86.25 0.0289 713 67.6 £ 0.4 1988.70
0.5-1 0.75 82.31 0.0988 68.8 59104 1985.35
1-1.5 1.25 79.33 0.1905 67.4 577104 1980.97
1.5-2 1.75 71.09 0.2994 60.7 51.1£03 ' 1975.76
225 225 75.32 0.4218 65.9 56.2£0.3 1969.90
2.5-3 275 74.13 0.5546 64.4 547 %03 1963.56
3-3.5 325 72.50 0.6974 70.2 60.5 0.4 1956.73
354 3.75 71.73 0.8488 64.0 544 £04 1949.49 -
4475 4.375 69.81 1.0524 51.7 420+03 1939.75
4.75-5 4.875 67.61 12252 40.8 31.1£0.3 1931.49
5-6. 55 65.49 1.4738 31.6 21.9+£0.3 1919.60
6-7. 6.5 64.70 1.8847 23.7 14.0 £0.3 1899.95
7-8. 75 65.00 2.2996 16.8 7.1x0.1 1880.11
8-9. 8.5 64.32 2.7753 14.6 49 +£0.1 1857.36
9-10. 9.5 63.47 3.1481 1839.54
10-11. 10.5 62.94 3.5901 1818.40
11-12. 11.5 61.81 4,0460 9.69 1796.60
CaBS XI-4
100 l
o [%Cec e S =22.8 mg/cm”2/y
g
-
S
¢ 104
= 3
@ J
3
i
1 AT T T T ier—r——r——
0 0.5 1 1.5 2 2.5 3 3.5 4

Cumulative mass (g/cm/2)

36




Table 10. Calibration results for Sediment R .

Accepted Number of Number of OSU data*

o value results rejections Mean Std. dev.
A% 000 2.19%044 22 6 2.075 +0.003
Cr (ppm) 37.5 £ 123 29 9 31.4 09
Mn (ppm) 217 £ 50 24 8 242 +2
Fe (%) 1.88 £0.25 27 6 1.96 £0.01
Ni (ppm) 20.6 £2.9 27 3 28.9 £0.5
Cu (ppm) 9.81 £ 1.84 31 6 8.66 +0.21
Zn (ppm) 44,2 +10.8 - 31 4 49.1+15
Ag(pm)  0.040 £0.022 .16 5 0.042 +0.006
Cd (ppm) 0.138 £0.051 27 5 0.173 £0.009
Pb (ppm) 104 + 5.1 27 2 7.9 £0.3
* Based on five replicates
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Table 20. Inventories (ug/cm2) of excess metals in cores collected at key locations in different times

Location Time collected Cr Zn Ba Pb Sb
Eastern slope of Santa Monica Basin
NOAA-I Sept., 1991 200 220 60 0.6
CaBS I-40 Oct., 1985 193 50 0.5
Central Santa Monica Basin
CaBS XI-1 Jan., 1990 49 49 190 26
CaBS III-1 May, 1986 36 23 193 16
CaBS III-31 May, 1986 44 32 220
Southern San Pedro Basin
NOAA-VI Sept., 1991 48 44 140 16
CaBS V-9 Apr., 1987 40 28 169 19
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Part II: Historical Trends in the Deposition of Organic Pollutants in the
Southern California Bight

Principal Investigator: M.I. Venkatesan
Institute of Geophysics and Planetary Physics
University of California at Los Angeles
Los Angeles, CA 90024-1567







EXECUTIVE SUMMARY

In 1991, a study was initiated to construct the historic profiles of organic contaminants such as
polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and chlorinated
pesticides in the sediments of Santa Monica and San Pedro basins, off the California coast.
Surface intact box core sediments were collected from six sites both for trace organic and trace
metals contaminants. The cores were subsectioned to yield ~2-4 yrs interval in the recent years and
the organic analyses was conducted with sections dating back to 1900-while sections down to 1800
yr from the glass subcores were sent to Oregon State University for Pb-210 and trace metals
analyses. The samples were also analyzed for total organic carbon and nitrogen.

The total polycyclic aromatic hydrocarbons (PAHs) range in concentration from 20 to 5000
ng/g. Their content increases steadily and rapidly from early 1900s and reaches a maximum
between 1960-1980. This coincides with the onset and the increase of industrial activities. The
general trend of subsurface maximum also reflects the wastewater inputs into the bight and
subsequent improvement in the wastewater treatment technology. Some offshore cores have
organic carbon and contaminants derived from dumpsites.

Concentrations of total PCBs between 50 to 250 ng/g are common in the study sites. The core
profiles exhibit an increase and a subsequent decrease of PCB content in recent times. However,
decline in PCB content in surface sediments has been slow and not proportionate to the recent
decreased inputs from the outfalls (i.e. JWPCP), The historic trends in the distribution of the more
highly chlorinated species (PCBs with 4-7 chlorine atoms) is very similar to that of total PCBs
since commercial PCBs contained the former congeners as their major constituents.

The total chlorinated pesticides range in concentration from 1 to 13800 ng/g, of which DDTs
constitute ~98% in most 6f the upper sections. Sediments of early 1900s contain 70-80% of
DDTs. The non-DDT pesticides range in their content from the limit of their quantitation to ~40
ng/g, most of them ~1 ngfg. Currently, agricultural runoff and airborne transport from land are the
major conduits of inputs to the ocean sediments. The content of chlorinated pesticides

progressively increases to a maximum around 1965-70 and decreases steadily in recent times.




In summary, the distribution of PCBs and DDTs in some cores mimic the wastewater input
and subsequent source control in the region. Specific sections in a few cores also represent
significant to major inputs from dumpsites in the region, consistent with high Ba levels reported by
others. The anomalousiy high concentration of DDTs (especially DDT isomers) derived from
dumpsites is further documented by the specific ratios of 2,4'-DDT to 4,4'-DDT characteristic of
caustic or acid wastes from DDT manufacture. The elevated PAH contents in the same horizons
suggests that the DDT wastes were dumped along with petroleum refinery wastes. From the

available data, a rough estimate of dumpsite inputs into these sediment horizons could be made.




INTRODUCTION

Coastal sediments in southern California receive contributions of organic pollutants from a
variety of sources such as sewage outfalls, storm runoff, dredge disposal, industrial wastes, etc.
Historic profiles of selected contaminants in the region have been documented using dated
sediment cores because sediments integi‘ate and retain records of toxic pollutants influx. Such
historical studies have resulted in stringent laws as well as improved technologies in curtailing
waste disposal into the ocean waters in particular, from pesticides manufacturers since the late
1970's. Heavy contamination of sediments with DDT in the southern California coast in the 1950-
1970's was determined to be from the discharge of wastes from the Montrose Chemical Company,
the world's largest manufacturer of DDT's at that time via Los Angeles County sewer system
(Redner and Payne, 1971). About 250-300 kg/day of DDT was estimated to be discharged
through the facility (Carry and Redner, 1970; MacGregor, 1976). Beginning early 1971, the
wastes of DDT manufacture were diverted to a landfill and the amount entering the ocean dropped
drastically, concomitant with improved sewage treatment and source control measures (SCCWRP
Reports, 1972-1989; Stull et al., 1986).

Study on historical trends in the distribution of polycyclic aromatic hydrocarbons (PAHs) in
the southern California Bight has been very intermittent at best (Reed et al., 1977; Venkatesan et
al., 1980; Shaltiel et al., 1979; Amit et al., 1980; Shokes and Mankiewicz, 1979). A systematic
data base is certainly lacking in this area. The past studies from sediment cores from San Pedro
and San Nicolas Basins (Venkatesan et al., 1980; Shokes and Mankiewicz, 1979) suggest that
PAHs from both petroleum as well as combustion of fossil fuels are present in the region and that
more recent sediments dominate in pyrolytic PAHs than deeper horizons, aithough input of these
compounds from sewage outfalls cannot be overlooked. Studies by Simoneit and Kaplan (1980)
further substantiate the long range transport of terrigenous biogenic PAHS, i.e. retene and
pyrolytic PAHSs via currents and/or by atmosphere. Anderson and Gossett (1987) found highest
concentrations of total PAHs (15 ug g-1) in the vicinity of sewage outfails, harbors, and at the

mouths of urban drainage channels.




A number of surveys of chlorinated hydrocarbons have been conducted in the region (Hom et
al., 1974; MacGregor, 1974, 1976; Young et al., 1977; Brown et al., 1986; Stull et al., 1988).
Decrease in DDT contents of mussels collected in 1974 relative to 1971 established the Los
Angeles County outfalls as the point source (Young et al., 1976; Risebrough et al., 1967).

PCBs were synthesized from ca. 1929 to 1977 as commercial mixtures {(Aroclor) primarily for
industrial use as insulating fluid in transformers and condensers mainly by Monsanto Chemical
Company. PCB contamination caused severe poisoning incidents in the late 1960's, which led to
the ultimate baﬁ on their manufacture and usage in the 1970's (Cairns and Siegmund, 1981; Alford-
Stevens, 1986 and references therein). The earliest measurements of PCBs in Southern California
from various sources were made only in 1973 by Young et al. (1975) in spite of the historical use .
of these compounds from the late 1920's. Subsequent studies documented the PCB contamination
in sediments accumulating near submarine sewer dischargers (Young et al., 1975; Young and
Heesen, 1978; Word and Mearns, 1979). A survey of surface sediments by Word and Mearns
(1979) pointed towards a concentration of contaminants in the vicinity of Los Angeles and San
Diego with total PCBs as high as 10.9 pg g-1 in San Pedro Shelf. The persistence of these hot
spots was later confirmed by Thompson et al. (1987). The measurements of Young et al. (1975)
showed that in 1971 the top 2 cm contained the highest PCB content but the amount declined
dramatically downcore. Recently, Stull et al. (1986, 1988) demonstrated that the TWPCP
emissions of PCBs and their steady recent decline paralleled vértical PCB content profiles in shelf
sediments collected in the vicinity.

The limited studies on the organic contaminants along with extensive data on trace metals
show that the pollutants level peaked in the 1960-1970s (Mearns et al., 1991; Valette-Silver,
1992). Further, most of the analytical studies discussed above were performed in the 1970's and
early 1980's. Except for isolated reports by NOAA (NOAA Technical Memorandum, 1988), new
data on these components from recently cored sediments, especially from deeper waters,
documenting the effects of improved technologies or any detailed studies to differentiate their

source inputs are lacking. This investigation was undertaken to measure the abundance and to




understand the depositional history and fate of these chemicals (PAHs, chlorinated pesticides and
PCBs) in fine resolution sediment sections each representing a period of 3-5 yrs and dating back to
~1900 from selected locations of the Santa Monica and San Pedro basins. Complimentary organic
geochemical data for some of these samples are also aQailable from our earlier studies performed

under California Basins Study (CaBS) program.




ANALYTICAL METHODS

1. Introduction

Many toxic components such as polycyclic aromatic hydrocarbons (PAHs) and chiorinated
hydrocarbons [pesticides and polychlorinated biphenyls (PCBs)] have to be measured at trace
levels from parts per billion to parts per trillion to provide a meaningful basis for environmental
assessment. Apparently, extreme care and caution are required while making these measurements
to gather reliable and reproducible data.

Sediment core samples were processed following methods optimized at UCLA to analyze
aromatic and chlorinated hydrocarbons from the Santa Monica and San Pedro basins from the

southern California borderland.

2. Sample Collection and Preservation
Sediment cores were collected by UCLA team in September 1991 onboard R/V Seawatch
using slow-entry Soutar Box corer to ensure collection of undisturbed surface horizons from
SM/SP basins (Fig. 1). Onboard the ship, supernatant water was carefully. siphoned off so as not
to disturb the surface layer. Aluminum and glass core liners were used respectively to subsample
for organics and trace metals measurements. The cores were sealed with teflon liners and. plastic
caps and frozen upright immediately onboard the ship and transported frozen to UCLA in dry ice.
The cores were slightly thawed and subsectioned into 0.5 to 2 cm slices and collected onto
teflon sheets very carefuily using stainless steel wires and thick teflon spatula. The near surface
- sections were expected to correspond to 2-4 yrs.of time interval (especially after 1970) based on
' sedimentation rate data known for the general sampling sites in the basin. The sections were stored
frozen in organically clean glass jars. All subsections from glass cores were processed similarly
and transported frozen to Dr. Huh, Oregon State University for -trace metals and Pb-210
measurements. Aliquots of selected subsections from aluminum cores were also dated by Pb-210

to crosscheck for accuracy and homogeneity in the subcores within the box core.” -




3. % TOC and N Analysis

About a gram of wet sediment was freeze-dried and shipped to Marine Science Institute,
‘UCSB for % TOC and N measurements by their automated CHN analyzer. Samples were
pretreated with acid to remove carbonate. A precision of +0.5 weight percent or better is achieved
with sample sizes greater than 500 microgram. The absolute limits are about +2 microgram for
carbon and +! microgram for nitrogen. 'Citrus', a NIST reference material, is used as control.

Several duplicate samples were also run to check for precision.

4. Removal of Matrix Interferences and Potential Contaminants

Contaminants in reagents, solvents, glassware and other hardware coming in contact with
sample during processing may cause interference in instrumental analysis. Some contaminants
could even lead to false positives. Only reagent grade reagents were used and necessary
precleaning of ali reagents were performed. Procedural bianks were run with every batch of

analysis (one blank for every 15-20 samples analyzed in a-batch) to check for interferences.
Elemental sulfur and asphaltenes were frequently occurring matrix interferences in these
samples. Activated copper was used to remove sulfur. Asphaltenes were precipitated with hexane

from the concentrated methylene chloride extract of the sediment.

5. Glassware, Reagents and Apparatus
5.1. Glassware

Glassware was cleaned with soap and water, soaked in chromerge for at least one hour, rinsed
with tap water, deionized water and Milli-Q+ water and methanol and dried in the oven. They
were stored capped with aluminum foil. Just before use, glassware was rinsed once with methanol
and twice with methylene chloride.

Two ml vials for storing fractions were bought precleaned with teflon lined septum caps. The
vials were sonicated twice with 1:1 mixture of methylene chloride and methanol.

Chromatographic column was 300 mm x 10 mm ID with a funnel fused on the top for solvent




reservoir and a teflon stopcock at the bottom.

5.2. Reagents

Milli-Q+ water contained no analytes above the method detection limit. However, it was
always extracted with methylene chloride three times before use.

Hexane, methylene chloride and methanol were Fisher Optima grade. Alumina (activated,
neutral, Brockmann I, standard grade, 150 mesh, Aldrich) and silica gel (40-140 fnesh, Baker

analyzed) were sonicated twice with 1:1 CH2Cl,:MeOH and dried in the drying oven.

Subsequently, alumina was stored at 120°C and only required amount was deactivated with 1%
water and equilibrated at least overnight prior to use. Silica gel was activated at 235°C for 16 hrs
and used up within five days after activation. Sodium sulfate and sodium chloride (analytical
reagent grade) were also cleaned by sonication as above and dried in the drying oven. Sodium
sulfate was further baked at 450°C overnight and stored at 120°C and-cooled in dessicator just
before use. Glasswool was baked overnight at 400°C. Fine copper granules (Mallinckrodt) were
soaked in 6N HCI for about 15 min and the acid decanted off. Excess acid was washed six times
each with methanol and then methylene chloride and stored in CH,Cl,, stoppered tight and used
the same day.

All standards and surrogate spiking solutions were made from analytical reagent grade
chemicals purchased from Ultra Scientific or AccuStandards. For details see under "Analyses of

Target Compounds.”

5.3. Apparatus

A Virtis homogenizer with stainless steel shaft and blade was used to extract sediments with
organic solvents.

Finnigan 4000 GC/MS with INCOS data system and a 9600 Varian chromatograph was used
~ for the determination of PAHs,

Varian 3500 GC/ECD, interfaced with a Star Work Station, was used to determine chlorinated




hydrocarbons.

6. Procedure: Wet Extraction
6.1. Dry weight determination

Frozen sediment was thawed, stirred and an aliquot (~1 g) was transferred to a preweighed
watch glass and heated overnight at 105°C. Then cooled in a dessicator and weighed. The loss of

weight was used to calculate the dry weight equivalent of the -wet sediment.

6.2, Sample preparation
. A larger aliquot ~20-30 g wet weight was transferred to a preweighed centrifuge jar. The wet

sediment was spiked with surrogate mixture, stirred and sonicated for 5 min and let sit for 15 min.

6.3. Extraction and concentration

The sediment was thén homogenized with 120 ml methanol, centrifuged and the methanol
extract saved in a 500 mi round bottom flask. The extraction was repeated three times with 100 ml
methylene chloride which was collected in a 1 L round bottom flask using a 10 ml syringe to filter
through glasswool.

The methylene chloride extract was transferred to a 1 L separatory funnel and extracted with

100 ml saturated NaCl solution and 100 ml Milli-Q water. The CH,Cl, layer was collected in the

same round bottom flask. Methanol layer was extracted into hexane after partitioning from the

same saturated NaCl used with CH,Cl, phase. The hexane phase was added to the CH2Cl2
extract. This total lipid extract was rotoevaporated to ~20 ml. About 40 ml of Na,SQ4 was added

and left overnight covered with stopcock.

6.4. Asphaltene removal

The clear solvent layer was transferred to 2 200 ml round bottom flask, rotoevaporated to ~3

ml. This was transferred to a 40 m] centrifuge tube, asphaltenes precipitated with 25 ml of hexane,




shaken and left in the freezer for an hour. Asphaltene precipitate was centrifuged and washed with
.5 'ml of hexane three times. The hexane fraction and the rinsings were reduced to ~2 ml and
transferred to 4 ml vial and made up to 4 ml. One to 2 ml aliquot was accurately measured into
another 4 ml vial, concentrated to ~400 ui and treated with 1 g of activated copper. More Cu was
added, if necessary, to remove elemental sulfur. Most of the samples'had, significant amount of

sulfur. The samples were left overnight in the freezer.

6.5. Column chromatog' raphy

The glass column was rinsed with methanol and methylene chloride. With half the column
filled with methylene chloride, it was slurry packed with alumina (3.5 g) first and then with silica

gel (7 g). About a gram of Na,SO4 was added on the top. The solvent was then exchanged into
pentane. The sample in hexane was charged on to the column. Aliphatic fraction (f) was eluted

with 20 ml of pentane.  Aromatic fraction containing all PCBs;, chlorinated pesticides and PAHs

was eluted with 70 ml of 1:1 pentane:CH,Cl;. The polar fraction was eluted with 35 ml of 1:1

'CH,Cly:MeOH and stored frozen.

6.6. Precautions

To prévent intercontamination of samples, same r.ound'bottbrh flask and syringe were used for
a given sample throughout from the beginning to the end. Separate, clearly labelled microsyringes
were kept dedicated exclusively for designated surrogété or stanciard solutions.

It was important not to disturb the silica/alumina chromatographic column wile running.
Otherwise the column tended to crack,rpossibly affecting the separation. Occasionally when this
.happenéd, the column was repeated.

The deeper. sections dating older than 1950, in the cores, where contaminants level was
expected to be relatively lower were processed in two batches before the analyses post 1950
sections to obtain good background data. This was done to ensure that the older sediments were

absolutely free of any potential contamination from the heavily polluted samples of 1960s and




1970s, although extreme care was exercised even otherwise in handling all the samples to avoid
intercontamination throughout the project. The clean laboratory procedure blanks indeed glocurnent

I
this careful processing. = . -

6.7. Fraction preparation for instrumental analysis -

The aromatic fraction eluted from the column was rotoevaporated to ~2. ml and then blown
down to near dryness under nitrogen and made up accurately with hexane to 200-500 pl,
depending on the %TOC and chronology of the core interval, in 2 ml vial with teflon coated

- septum and ~1/2 g of activated copper was added; shaken to ensure removal of residual sulfur and
stored frozen until the time of GC/MS and GC/ECD analyses.

7. Quality Control Measures

Quality control samples were processed along with ﬁe_ld samples following identical protocol.
Procedure blank was run with every batch of sample set of 15-20. Acceptable blank.levels were
below 2x MDL. If level of any interfering target compound exceeded this limit, samples in that
batch would have to be re-extracted and reprocessed. Matrix spike was run in every batch with
target analytes spiked at the level of 10x MDL. Surrogate spikes at the level of 10x MDL were
used in every sample. Surrqgate and matrix spike recovery acceptance criteria will be described
under analyses of specific target compounds.

Sediment reférence rﬁatcﬁal (SRM 1941) with cex_'tiﬁed aromatic and chlorinated hydrocarbons
concentrations was analyzed to establish control reference data for the working protocol.

Quﬁntitation of chiorinated hydrocarbons _énd PAHs obtained for the interlaboratory calibration
- exercises (August 1992), using tﬁe protocoi established at UCLA, were reported-to NIST. From
the interlaborator.y comparison statistics, it appeared that UCLA was one of the Jaboratories to have
produced acceptable data conforming ivith the consensus values.

Replicate analyses of a few samples were performed to check for reproducibility of results.




8. Procedure: Instrumental Analysis

8.1. Quantitation of polycyclic aromatic hydrocarbons (PAHs) by gas chromatography/mass

spectrometry (GC/MS)
PAHs were quantitated by GC/MS in the selected ion monitoring (SIM) mode using internal

standard mixtures. . Target analytes, surrogate spikes and internal standards are listed in Table 1.
Matrix recovery spike and external standards solution contained the same components made to
order quantitatively from Supelco.

The surrogate solution spiked was adjusted. initially such that the solution gave a final
concentration of 5 ng/ul in the aromatic fraction. A solution of internal standard was prepared by
diluting a certified standard solution in a volumetric flask to known volume with methylene
chloride. They eluted close to but resolved well from the target analytes. Internal standard was
coinjected with the fraction such that in each analysis, the final concentration of the internal
standard was 15 ng/ul.

Matrix recovery spike solution was diluted to the working concentration level and added to the
wet sediment to give a final concentration of ~10x to 20x MDL. For samples of high %TOC
content, the matrix spike concentration was appropriately increased.

Routine analyses of PAHs were performed in a splitless mode in the Varian 9600 gas
chromatograph interfaced with MS. A 30 m DB-5 fused silica capillary (0.25 mm LD., 0.25
micron film, J&W Scientific) column was used. An electron energy of 70 eV was used and was
tuned according to the manufacturer's specifications to maximize the sensitivity of the instrument.
‘An INCOS 4000 data system allowed contiﬂuous acquisition, storage and retrieval of all data
during and after the GC/MS analyses.

GC/MS operating conditions are as follows: injector temperature 290-C; transfer line
temperature 280°C; initial oven temperature 35°C; initial hold time 6 min; 4°C/min to 280°C;
2°C/min to 310°C. Em voltage 1400v; electron energy 70 eV. Source temperature 240°C; scan
speed 2s scan-! from 50 to 550 amu. The MS was operated on SIM mode using appropriate

optimum windows to include the quantitation and confirmation masses for the analytes.
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A five-point response factor calibration curve was established which demonstrated the linear
range of the detector. Standard concentrations used to construct the calibration curve were: 1, 3,
10, 20 and 50 ng/ul. The identification of compounds detected at concentration above the MDL
was double checked by the confirmation ions. If the concentration of the target analyte exceeded
the linear range of the calibration standards, the fraction was either concentrated or dilufed and
reanalyzed.

After every 6-8 samples, a calibration check standard (10 ng/ul) was run to check the response
for the PAHs relative to internal standards. Daily response factor for each analyte was compared to
the initial calibration curve. Analyses would proceed only if the average daily response factors for
the analytes fell within +10-15% of the calibration curve. If it exceeded i20% of the calibration
curve, a five-point calibration was repeated for that analyte in question prior to sample analysis.

The target compounds were identified quantitatively based on relative retention time (RRT)
falling within acceptable window. The characteristic masses of each analyte should maximize in
the same or within one scan of each other. The retention time should fall within +12 s (peak width
at half height x 3.5) of the retention time of the authentic standard. The mass spectrometer was
tuned to perfluorotributylamine (PFTBA) criteria established by the manufacturer., The relative
peak heights of the primary ion and secondary ion masses were examined for confirming the
identity of the compound.

The response factors of the internal standard relative to each of the calibration standards was |
calculated using the formula: -

RF; = (Ax x Mstq) / (Astd X Mx)
where RF, = response factor; Ay = area of compound; Mg = concentration of internal standard;

Agq = area of internal standard; MX = concentration of the compound.
The actual concentration of the analyte was calculated using the formula:
- Mx=(Axx Mad) / (Aqa X RFy)
All analyte concentrations were adjusted to the average recovery of the matrix spike analyses listed
in Table 2.
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Corrective measures should be taken if the target analytes are found in concentrations three
times greater than MDL in procedural blank fractions. This was not found necessary in any of our
analyses.

The recovery of the surrogate spikes was monitored in each sample by quantitating with-
reference to the response of the internal standard. Corrective action should be taken whenever the
recovery of the surrogates was less than 30% or greater than 130% as follows..

Calculations were double checked for potential errors. Internal standards and surrogate
solutions were rerun separately to find out if there was contamination, degradation, etc.
Calibration check sample was rerun to check the performance of the instrument. If these checked
out correct, it implied possible potential interference to the surrogate but not to the other target
analytes. If sample was diluted such that surrogate could not be measured, surrogate recovery was
calculated from the run with the concentrated fraction. If there was a real problem, the sample was
reanalyzed.

Matrix spike analyses were done with every batch of sample analysis (Table 2). The
acceptable matrix spike recovery criteria were that the average recoveries for all 25 compounds
must fall between 50 and 120 percent. Any analysis not meeting this criterion was repeated or
appropriately qualified.

Standard reference materia