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ABSTRACT

Sedinent trace netal results followed expected trends. Rel i abl e
concentration data for total and |eachable (1 N HNO,), sedimentary
vanadium (V) , barium ( Ba) , alumnum (Al) , chromiwm (Cr) , and iron
( Fe) have been obtained by neutron activation analysis (NAA) . In
general, geographic differences can be seen, isolating sites wth
apparent anthroopogenic inputs fromthose with natural geochemical
controls. Vanadi um trends coherently wth the other transition
metal s assayed for in this program (Cr and Fe). The nost striking
contrast is that between the high carbonate sedinents of the outer
regions (low in V) and the clay-rich sedinments of the inner basins
(high in V). Bari um concentrati ons can be seen to rel ate nost
closely to sedinentary CaCo,.

Extremely |ow metal concentrations were found in virtually all the
fish liver sanples. Conpounded by small sanple size, large replicate
variances |argely obscured geographical, seasonal and intraspecies
compari sons even though the nost sensitive NAA techniques available
were utilized. Nevertheless, a definite seasonal contrast (higher
V and Ba in winter) was seen. This is thought to be brought about by
a general reduction in the liver weight in the wnter, acconpanied by
a resultant decrease in elenmental concentrations.
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9.0 VANADI UM, BARI UM AND OTHER TRACE METALS IN
SEDI MENT AND Bl OLOG CAL SAMPLES USI NG NAA

9.1 | NTRODUCTI ON

Petrol eum expl oration and recovery in the Quter Continental Shelf
(OCS) are potential contributors of certain trace nmetals to the
marine environnent. Among these are barium (Ba), exi sting as barite
(as high as 90% by weight) in drilling muds, and vanadi um (V),

notoriously enriched in crude oils fromits association with organic
por phyrin systens (Krauskopf, 1967). Because of the potentia

I njections of these two elenents into nmarine systems being exploited
for petroleum the Bureau of Land Managenment (BLM) has included them
in their list of geochemical paraneters to be surveyed and
investigated wunder the OCS Environnental Studies program Vhi l e
nei ther of these elenents has been denonstrated to be particularly
toxic to marine biotal systens (or individuals), little is known
about their toxic thresholds (if there are any) or of any long-term
chronic effects that abnormal anounts of either m ght have on
bi ol ogi cal conmmunities.

This is especially true in the case of Ba where it has been shown
that drilling activity can alter the nornal geochemical |evels of
that elenent remarkably.  Unpublished data from the OCS Environnental
Study sponsored by BIM in the eastern Gulf of Mexico (MAFLA) during
1975/ 76 (Presley et al., 1976a) conpares the distribution of whole
sedinent Ba |evels sanpled on a 2000-m di anmeter grid about a
proposed drilling site, the same grid three nonths later during
drilling operations, and six nonths |ater after drilling operations
There were found significant perturbations of the resident |evels of
Ba within the near vicinity of the rig site. \Wat the environnental
effect of such a Ba elevation mght be is unknown, but at |east we
nmust be aware that it is possible to alter the geochemical system
noticeably froma nmass bal ance standpoint.

In the marine environnent, trace elements nay enter the biosphere
through a nunber of pathways. One such pathway that has come about
with the increased demand for energy, is the possible introduction of
potentially toxic nmetals via offshore drilling and production.
Metals, both dissolved and particulate, may enter the water colum
and bi osphere through resuspension of reduced bottom sediments due to

drilling and/or by crude oils which have been shown to contain as
much as 300 ppm V (Yen, 1975).

Several conditions are desireable in order to usefully evaluate the
distributions of netals in organisms for baseline (and subsequently,
nonitoring) purposes. The organi sm should concentrate the netals of
Interest. The elements of interest nust be in sufficient concen-

11-9.0-1



tration iNn the test organism to be above anal ytical background
| evel s. Al'so the test organismshould be readily available for
continued sanpling from control and polluted areas.

Al t hough several test organisns were proposed, the two that were
finally decided upon were two fish: Sebast es saxicola, Stripetail
rockfish whi ch feeds on macroplankton and Lyopsetta exilis, sl ender
sol e which feeds on infauna (Phillips, 1964 and Best 1961).

The main purpose of this study was to provide background information
on the levels of Ba and V in several individuals of each species of
fish from several locations in the California Bight area during the
W nter and sunmer seasons. A secondary purpose was to test for
trends both geographical and seasonal.

This report provides data which characterizes the Southern California
OCS (Figure 11-9.0-1) with respect to surficial sediment and demersal
fish Ba and V levels. The area surveyed by bottom sanpling in this
study is one of the nmost conplex outer continental shelves found in
the world s oceans (Shepard, 1973). It is an environnment containing
coasts and subnarine terraces of w de geochemical variety, deep
basins which are efficient sedinent traps and which have steep slopes
that are sedimentologically unstable, and a series of islands of
varied origin and m neral ogy. In addition to the conplexity of the
setting, the geochemical sources contributing to the submarine
sediments are equally varied, including as exanple the organically
rich, wupwelled waters filling the nore seaward areas, the Poll utant
effluents draining fromthe highly urban coastal areas, the erosive
volcanigenic substrates found on the mainland and inland shores, and
the natural petrol eum seeps near the mainland coast in the northern

regions.

The conplexity just described makes an inpossible task of trying to
assign geochem cal distributions either a priori or froma few data
points as can often be done in nore homogeneous Settings. Therefore
in this continued effort to establish a useable baseline of barium
and vanadium distributions for the Bill, sanpling was performed in a
design to provide substantial infornmation about certain areas (e.g.
coastal zones, the pristine area south of the Channel Islands, the
Tanner Bank region, the Los Angel es area shelf) and nore cursory data
to represent other selected environnments (e.g., the offshore basins).
Figure 11-9.0-2 shows the benthic sanpling stations.

Due to the insensitivity of atom c absorption spectrophotonmetry in
the analysis of Ba and v, neutron activation analysis (NAA) was used
to obtain concentration data for these elenents from the sediment and
biota sanples collected during this study (as well as for suspended
particulate and particle interceptor trap (PIT) sanples; see Vol unme
111, Appendix to Report 7.0

I1-9.0-2
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9.2 METHODS

Instrumental neutron activation analysis (INAA) is a highly sensitive
and reliable analytical technique. It involves only irradiation of
the sanple and ganma-ray spectroscopy of the activated sanple. It is
i nherently free fromall yield and blank errors. In this study, for
| NAA the sanples were sinply and accurately weighed into acid-cleaned
conventional polyethylene vials and sealed, all under clean room
conditions. Sanples were then taken to the nuclear reactor facility
at either thes qzurl (mM)y of California, Irvine (UCI) or the
Uni versity of Moi and 1
for .jrrawidtions \\© ectivea eyt

g%lené?srog]::oply was then perfoimab@l th@ic ®dn£ach rryaehgxs%@m lety ( fg?/
short-lived isotopes) or at SAI's counting |aboratory (for long-Ilived
isotopes) . The data thus acquired was stored on seven-track magnetic
tape, and processed by conputer using spectral analysis conputer
progranms designed to enhance accuracy and reproducibility.

I NAA could only be used, however, on sanples that contained
relatively | ow anounts of elenents (such as Na) that can interfere
with the gamma-ray spectroscopy. Benthic biota for exanple, present
difficulties in determning the short-lived elenents such as V and Al
by INAA. 1INAA was able to be used on the benthic sedinent leachates
and totals for both short-lived (V and Al) and long-lived (Ba, Cr, Fe
and Zn) el enents. The long-lived elenments in the benthic Dbiota,
however, required the enhanced sensitivity afforded by the barium

sul fate radiochemical technique (Volunme I11, Report 9.0).

An acid | each was performed on each sedi ment sanple to approxi mate
the portion of trace metals that mght be available to biol ogical
systems under naturally occurring conditions. The |eaching procedure
i nvol ved shaking the dry unpulverized sedinments with 1 N HNO, for two
hours at room tenperature, and then centrifuging and separ&tlng t he
aci d leachate fromthe solid sedinent for subsequent analysis. Al
sanmpling procedures are detailed in Volume 111, Reports 2.0, 8.0 and
10.0; all sanple processing and analysis procedures are detailed in
volume 111, Reports 8.0, 9.0 and 10.0.

9.3 RESULTS

9.3.1 Trace Metals in Surficial Sedi nents

Al the benthic sedinent and biota, trace netal concentrations
determned in this study using neutron activation analysis are |isted
in Volume |V, Report 9.0 (Tables 1v-9.0-15 and 1Iv-9.0-16). The
sedi ment | eachable fraction of these netals has proven to be an
interesting parameter for the indication of anthropogenic influences,
on such elenents as V, Ba, and Cr. Table 11-9.0-1 lists all the
stations having a leachable V fraction of greater than 20% This is

11-9.0-5



9-0"6-11

Table 11-9.0-1L  Benthic Geochemical Stations Having <20% Leachabl e

Vanadi um
Station Remar ks
803 Santa Barbara Basin off Coal GO Point
804* Santa Barbara Basin off Coal GO Point
812 Santa Crus Basin
813* San Nicolas Basin
817 San Pedro Basin
823% San Pedro Basin
829* Santa Monica Basin
841 Santa Rosa Ridge
848 Santa Rosa Ridge

*Age-date core taken



a somewhat arbitrary cut-off, but it results in sone clear trends.
The menbers of this <20% group are all basinal stations with the
exception of the two Santa Rosa Ridge sites. These two samples ,
however , can be readily differentiated geochemically by their
sedi ment characterization parameters (see Volume |V, Report 9.0,
Tables 1V-9. O-15 abnd |1V-9. O 16. Their high CaCC, and | ow clay
(percent fines) contents are exactly opposite to thegasinal sedi nent
characterization parameters.

Table 11-9. 0-2 conpares Ba and V concentrations in sedinents
characterized by either high caco,or high clay content (greater than
50% fines). Again, the clay-rich sedinments show el evated V and Ba
concentrations. Tabl e 11-9.0-3 conpares these trace nmetal concen-
trations to other reported concentrations of Ba and V in marine
sedinents fromthe Gulf of Mexico and other |ocations.

The Southern California OCS can be segregated into four geographic
regions to further facilitate conparisons. Table 11-9.0-4 summarizes
the mean concentrations of five trace metals analyzed by NAA in the
sedi ments of these regional groups. These groupings can then be
compared to neans of all benthic stations. The Santa Monical/ San
Pedro basinal V and O leachate concentrations are strikingly high,
but the nornmally unpersistent Fe concentrations are also relatively
high in these leachates. Sedinentary Fe, which naturally occurs at
percent concentration levels, is normally considered to be inpervious
to observable alterations by anthropogenic perturbations.

Tables 11-9.0-5 through 11-9.0-8 list the concentrations of the five
NAA trace netal according to their station water depth and with
respect to these physiographic divisional groupings. For exanpl e,
Station 876 in the Santa Barbara Basin has unusually low V and Ba

but it can be inferred by the high caCo, and coarse texture that the
mneral matrix is dom nated by metal-poor island shelf materials.

Also, the mneralogy of island shelf sediments is characterized by
metal contents which are relatively inpervious to weak acid |eaching.
In the case of Stations 802, 875 and 833, a reasonable explanation
for the high | eachable V could be related to the unusually high
organic content and percent fines (particles of diameter less than 62
um) .

Figures 11-9.0-3 through 11-9.0-14 are maps show ng el ement by
el ement distributions of several trace netals in the benthic
sedi ment s. Figures 11-9.0-8 and 11-9.0-13 show areal distributions
of Al and Fe, respectively.

In the Southern California OCS, as on nost oceanic continental
shel ves (see Table 11-9.0-3), sedinmentary geochemstry is controlled
predom nantly by the source naterial. It is often possible to
pinpoint anthropogenic influence by exam ning chem cal character-
istics associated with particle surfaces and/or by ratioing

11-9.0-7



Tabl e 1II-9.0-2. Conparative Barium and Vanadi um Concentrations
in Mjor Sediment Characterizations of Southern
California OCS Benthic Sedinents.

H gh Carbonate (>50% CaCo, G ay Rich (>50% fines)
Station Ba (ppm) vV (ppm) Station Ba (ppm) vV (ppm)
809 467 30 802 606 163
816 255 41 803 601 119
841 557 53 804 596 126
870 607 12 811 930 112

+156 t18 812 1150 112
813 1340 52
814 1265 61
821 910 104
823 996 135
825 760 75
827 625 100
828 1170 75
829 839 173
832 830 61
833 652 84
834 589 83
851 591 143
852 460 79
853 314 123
854 640 79
873 853 91
874 554 99
875 517 116

773 104
+270 +32

11-9.0-8
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Global Marine Sedi nents

Thi's study

hi gh carbonate
clay rich

Southern California, Year |

hi gh carbonate
clay rich

heavy mneral rich
pol luted

sandy beach

Hol mes, 1973

(N.w. Qul f of Mexico avg.):

Hol mes, 1973

(N.E. Gulf of Mexico avg.):

Hol mes, 1973
(S. Florida Shelf avg.):

Horn and Adans, 1966

(wor | dw de carbonate avg.)

Horn and Adans, 1966
(Mobile Bay sedinent):

Presley, et _al., 1976=
(E. Gulf of Mexico):

carbonate rich
clay rich
quartz sand

Presley, et al., 1976
(N.w. Qul f of Mexico):
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Total Ba (ppm)

300- 600

500- 1000

100- 200
<B(.)(3
400- 600
600- 900
600- 900

509

140

66

35

133

<50

400
<50

700

Table 11-9.0-3.  Conparative Barium and Vanadi um Concentrations of

Total V (ppm)

30-70
70-140

20- 30
140- 160
20- 80
80-120
30-50

54

91

25

13
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Table 11-9.0-4.

Mean concentrations of five trace metals in SCOS sedi nents.

%< 62 um

% CaC0q %70C

ALL BENTHIC STATIONS

Leachable
Total
Percent Leachable

11+16{n=49) 44+ 27{n=49) 1381 +683(n=49) 11+16(n=49)  3694+4801 (n=49)
75¢40(n=48) 697%342(n=48) 104 ,700+43,200(n=48) 71+39(n=27) 21 ,800+9800(n=28)
15% 6% 1% 15% 173

16.3420.0(n=55) 54.9+38.3(n=55) 1.94+11 .4B(n=55)

SANTA BARBARA BASIN

7.3+12.3(n=13) 63.1434.2(n=13) 1.94+1.00(n=13)

Leachable 11+12 n=13; 38+ 14(n=13) 1338 + 587(n=13) 6+ 4 n=13) 3229~1411 (n=l3;
Total 85t40(n=13) 677¥210(n=13) 114,500+39,160( n=13) 89% 8|n=5) 22,440%9588(n= 5
Percent Leachable 13% 6% 34% 7% 14%
SANTA MONICA & _ - -
AN PEORO BASHS 8.1410.7(n= 9) 656.5+34.7(n= 9) 2.24+1.57(n= 9)
Leachable 20+29(n=12 50t 25(n=12) 1867 + 595(n=12) 23+28(n=12) 6871+8873 (n=12)
Total

Percent Leachable

97+36(n=12)929%464(n=1 2) 108,230+32,700 (n=12) 77+36(n= 6) 29,01748237 (n= 6 )
21% 5% 2% 30% 24%

GULF OF SANTA CATALINA
& SAN DIEGO TROUGH

Leachable
Total
Percent Leachable

5+ 3(n= 8) 42+ 29( n= §) 1322 + 757(n= 8) 6+ 3(n= 8) 2323+1043(n= 8)
81+43(n= 8) 507+113(n= 8) 13 8,000+58,000(n= 8) 39+23(n= 6) 23,100+11,800(n=7)
6% 8% 1% 15% 104

6.4+ 5.1(n= 8) 54.6+36.4(n= 8) 1.72+1.47(n= 8)

OUTER REGIONS

Leachable
Total
Percent Leachable

7+ 7(n=16; 47+ 36({n=16
&

'+ + 1081 + 633 n=16; 8+ 7 n=16; 2374+1672(n=16
48t2?(n=] 6 48+348(n=16 7 16
5% 7%

77,900+29,800(n=16 7+49(n=10 ,800+8200(n=10
1% 10% - -14%

35.142.05(n=15) 35.7+39.0(n=15) 1.79+1.90(n=15)
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Table 11-9.0-5.

Vanadi um barium alunium, chromium and iron concentrations in
the sediments of the Santa Barbara Basin.

SEDI MENT TRACE METAL MEANS
SITE K/EEF)TTEHRS Leach/ Total , % Leachabl e SEDI MENT CHARACTERI ZATI ON
V(ug/a) Ba(ug/g) Al(ug/g) cr(ng/g) Fe(ug/g) % CaC0; | % < 62 um 3 TOC
¥ 3 28 19/ 944 394/119, 000 20 & 1113/ 7900 1.3 11.6 1.60
800 % 1/1 4 2% 0.3% 3% 14%
8o * 68 41 49 45/977 - 899/ 122, 000 4/104 3015/ 17, 500 0.9 25.8 0.87
9% 50% 0.7% 4% 17%
873 78 8l 91 43/ 853 1516/ 145, 000 9/ND 3740/ND 2.1 81.7 1.09
8% 5% 1%
876 85 2/ 39 10/ 218 506/ 80, 800 3IND 1035/ND 47.6 21.1 0.83
6% 5% 0.6%
831 102 3 47 31/ 864 590/ 118, 000 3IND 1878/ ND 2.3 15.1 0.48
6% 4% 0, 5%
874 190 8/ 99 29/ 554 1610/ 147,000 3/ND 3564/ ND 3.9 81.0 1.76
8% 5% 1%
832 21 8/ 61 54/ 830 1422/ 129, 000 6/ ND 2847/ ND 3.8 63.7 1.76
13% 7% 1%
802* 31 13/163 41/ 606 2205/ 199, 000 8/ 84 4104/ 30, 800 3.9 97.7 2.80
8% 7% 1% 10% | %
875 335 10/ 116 44517 1637/ 127,000 8/ ND 3570/ ND 7.3 98. 4 3.20
9% 9% 1%
833 355 10/ 84 25/ 652 1319/ 60, 800 6/ ND 3109/ ND 2.8 99.7 2.10
11% 4% 2%
834 451 7/ 83 55/ 589 1354/ 53, 500 6/ ND 3718/ ND 4.2 75.1 1.99
8% 9% 3%
803+ 501 25/119 57/601 2123/ 83,500 13/ 84 6517/ 28, 300 5.0 51.5 3.32
1% 9% 3% 16% 23%
804* 574 47/126 42/ 596 1819/ 104, 000 13/88 3762/ 27,700 9.2 97,6 3.44
3% 7% 2% 15% 14%
Mean S.D. 11+12/85+40 | 38+14/677+210 | 1338+ 87/114,500+39,1 50 |6+4/89+8 |[3229+1411/22,440+9588 | 7.3+12.3 | 63.1+34.2 1.94_151300
133 ) 34% =% 14% n=13 n=13 =
Transect Of f Coal O| Point




Table 11-9.0-6. Vanadi um barium alumnum chromium and iron concentrations in
the sedinents of the Santa Mnica and San Pedro Basins.

Z1-0 6-1*

DEPTH SEDI MENT TRACE METAL MEANS
LTE WVETERS Leach/ Total, %Leachable SEDI MENT CHARACTERI ZATI ON
V(ug/g) Ba(ug/g) Al(ug/g) Crlug/g) Fe(ug/g) % CaCO |%6 2 m |% ToC

824* | 32 2/ 56 60/ 1315 923/ 112,000 7/ 40 1164/ 18, 600 0.6 13.4 0.41
4% 5% 0.8% 17% 6%

819 33 3 67 28/ 846 1056/ 154, 000 13/ 46 2581/ 20, 100 0.7 15.2 0.57
4% 3% 0.7% 28% 13%

820 89 3/ND 48/ ND 1 539/ND 1 3/ND 3987/ ND ND ND ND

825* | 255 5 15 26/ 760 1968/ 1 09, 000 5/ 64 1748/ 29, 300 2.2 61.7 1.31
% 34% 2% 9% 6%

871 | 312 4 65 14/ 180 991/ 76,500 7IND 1739/ND 35.5 40.7 1.14
6% 8% 1%

826% | 436 7t 92 44/ 584 2109/ 66, 800 8/ ND 2590/ND ND ND ND
8% 8% 3%

827* 1 502 8/100 47 625 2214/ 144,000 6/ 72 2422/32,200 55 94.3 2.51
8% 8% 2% 9% 8%

828* | 539 11 75 4511170 2051/ 140, 000 4/ ND 2160/ ND 7.6 77.1 2.17
1 o% 44 1%

821 | 696 121104 42/ 910 2618/ 137,500 21/ 106 3916/ 34, 200 4.5 91.1 3.07
12% 5% 0.2% 19% 11%

822 1 870 32/125 102/ 1990 2394/ 59,300 69/ ND 19, 278/ ND ND ND ND
26% 5% 4%

823 | 880 58/ 135 91 /996 2469/ 97,400 88/ND 29,467/ND 9.2 98.1 3.98
43% 9% 3%

829 | 895 94/ 173 51/ 839 2073/ 94,000 35/134 11, 405/ 39, 700 7.4 98.2 5.00
54% 6% _ 2% 26% 33%

Mean, s.D. 20+29/97+36 50+25/929+464 1867+595/108,230+32,700 23+28/77+36 6871+8873/29,017+8237 8.1+10.7 65.5+34.7 2.24+1.5
21% 5% 2% 30% 24%

n=12 n=6 n=12 n=6 n=9 n=9 n=9

*San Pedro Basin
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Table 11-9.0-7. Vanadi um barium alum num chromum and iron concentrations in the sedinents
of the Qulf of Santa Catalina and San Diego Trough.
SEDI MENT TRACE METAL MEANS
Leach/ Total, % Leachable SEDI MENT CHARACTER! ZATI ON
115 \ETERS
V(ug/g)| Ba(ug/g) Al (ug/g) Cr(ug/g) Fe(ug/g) % CaCO4 (%< 62 ym | % TOC
861* 33 2/ 28 2615 59,500 1/13 767/ 11,900 1.5 9.5 0.09
5% <1% 0. 2% 1 ot 6%
862* 58 3 47 22/ 557 517/ 122,000 4/ND 1270/ 18, 700 2.7 16.4 0.41
6% 4% 0. 4% 7%
851 139 51143 20/ 591 1674/ 219, 000 3/ 64 1970/ 40,500 2.5 77.9 1.40
1% 30 0. B% 5% 5%
868* 158 5 79 24/ 475 1194/ 141,000 5/55 2040/ 26, 000 6.9 4.7 1.1
6% 5% 0. B% 1 o% 8%
869* 184 3 36 52/ 408 959/ 65, 600 7/ 54 2225129, 100 17.2 18.8 0.76
1 o 13% 1% 13% 80
852 447 8/ 117 80/ 460 1994/ 207, 000 7141 3135/ 29, 700 4.8 83.3 2.42
6% 17% ) 17% 11%
853 654 8/ 123 58/ 314 2013/ 159, 000 8/ ND 3550/ ND 6.2 88.6 3.30
7% 18% 1%
854 746 9/ 79 76/ 640 2131/ 129, 000 11/9 3630/ 5600 9.5 97.9 4,25
11% 12% 2% 113% 65%
Mean, S.0. 5+3/81+43 42+429/507+113 1322+757/138,000458,000 6+3/39+23 2323+1043/23, /loom ,800 6.4+6.1 54.6+36.4 1.72t1 |47
-8 6% 8% 1% n:815:é:6 -8 10% =7 18 -8 -

*San Diego Trough
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Table 11-9.0-8.

Vanadi um barium al um num chrom um,
the sediments of the Outer Shelves,

and iron concentrations in
Banks and Basi ns.

seonent TRACE METAL MEANS
e P, Leach/ Total , % Leachabl e SEDI MENT  CHARACTER ZATI ON
VETERS
V(ug/g) Ba(ug/g) Al{ug/g) Cr(vg/g) Fe(ug/g) % CaC0y %< 62 um 7 TOC

848 | 68 y 17 2/ 730}30 ny 53,100 2/ 8 617/ 5800 ND ND ND
20% { 0. 2% 20% 11

Bl6| 75 | 27 41 10/ 255 338/ 72,000 1/ 30 650/ 9080 69.2 0.1 0.22
4% 1% 0.5% 59 7%

806 | 98 3/ 37 14/ 528 1291/117,000 41 73 1740/11,800 19.2 36.6 0.84
% k) 1% 5% 15%

87| 102 | 37 40 33/ 517 1251/ 89,000 6/ 71 2533/1 1,500 16.5 22.5 0.81
8% 6% 1% 8% 20%

808 | 105 | 4/ 45 24/ 478 782/1 05,000 yny 1311/18,800 28.7 8.5 0.53
9% 5% 0.7% 3 ™%

844 | 111 3/ 2 30/ 741 350/ 93,000 5INO 940/NO 37.8 23.1 0.58
122 4% 0.43

818 | 174 | 37 14 13/ 167 329/ 20,500 4IND 505/ND 57.3 0.3 0,23
19% 8% 2%

805 | 237 3/ 25 43/ 445 792/ 85,000 7/ 62 2319/12,600 32.2 17.0 0.94
13% 10% 0.9% 12% 18%

809 | 259 5/ 30 50/ 467 886/ 43,000 9/ 64 3335/27,800 64.9 6.8 0.68
18% 11% ) 14% 12%

841 | 340 | 14/ 53 156/ 557 1124/ 28,700 18/ND 3667/ND 51.2 0.4 0.90
2% 28% 4

870| 385 y 7N 34/ 607 1895/ 77,900 2IND 507/ND 56.8 26.6 0.63
5% 6% 2

817| s20 | 8/ 35 63/ 544 1041/ 76,000 277190 2953/17,400 36.7 10.5 131
23% 129 1% 142 173

814| 943 | 8/ 61 7011265 1352/ 65,000 7/ &8 2658/21 ,700 22.4 95.5 4.8a
132 6% 2 102 12%

s11| 1718 | wnz 59/ 930 2069/112,000 12/ 87 6030/31 ,100 7.5 98.4 4.88
15% % 2% 142 %

813[ 1740 | 22/ 52 79/ 1340 1448/ 91,700 7IND 2907/ND 19.1 92.1 4.79
42% 6% 2%

812| 1866 | 221112 4711150 22221 17,000 9/ND 5306/ND 7.7 97.7 4.66
20% 1% 2%

Mean, 5.D. 7+7/48+29 47+36/648+348 1081+633/77,900+29,800 8+7/77+49 2374+1672/16,800+8200 | 35.1%20.5 36.7+¢39.0  1.79+1.90
15% % % 1o% 14%

n=16 n=10 =10 n=15 n=15 n=15

Channel Islands Seaward Sheif - 805, 806, 807, 808, 809

Santa Cruz Basin -

811, 812, 870

Santa Rosa, Cortes Ridge - 816, 818, 841, 844, 848
San Nicolas Basin - 813, 814, 817

i)

{r {1 i)
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Figure 11-9.0-5. Distribution of |eachable sedinmentary barium (ug/g dry weight).
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Figure 11-9.0-11.

Distribution of total sedinmentary chromum (ug/g drv weight).
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potentially perturbable chem cal constituents to others which are
usually immune to alteration by virtue of their high natural
concentration levels (e.g. , metal/Fe or netal/A ratios; Shokes et
al., 1978).

9.3.2 Trace Metals in Benthic Biota

Volume |V, Report 9.0 contains all the raw tabul ated data which
I ncl udes: Ba and V concentrations in replicate sanples of Sebastes
saxicola |iver tissue (Tables IV-9.0-8 through IV-9.010; Ba and V
concentrations in replicate sanples of Lyopsetta exilis (Tabl es
Iv-9.0-11 t hrough 1v-9.0-14).

The results of the geographic conparison of the mean Ba and V val ues
for Sabastes saxicola are presented in Table 11-9.0-9. Since only
two SItes were sanpled during the March 1977 (winter) collection (MIG
and PC), only this conparison is made and statistically (at P < 0.05)
there are no significant differences in the mean Ba and V concen-
trations in the sanples collected fromthese two sites.

In contrast, the nean Ba contents in S. saxicola livers anong the
three sites sanpled during July 1977 (summer) are hi ghest in the
sanples collected from COP. Al'so, the sanples fromPC, while they
contain less Ba than those from COP, are greater than the sanples
fromMIG. The mean V concentrations are not significantly different
anong the sanples collected fromthe three sites.

Table 11-9.0-10 presents the results from the geographical conparison
of winter Lyopsetta exilis. There are statistically no differences
in the mean Ba values anong the sanples collected from MG NTAN and
PC. However, the sanples from COP are |ower in Ba. Vanadi um
concentrations follow a somewhat simlar trend in that the sanples

from NTAN,. MG and COP are not statistically different anong
themsel ves but are all significantly greater than the sanples from

PC.

There are no significant geographical differences in either the
Ba or V concentrations in the sanples collected in July 1977
(sumer).

In all instances where the Ba and V nean values are significantly
different, the winter sanples contain greater values than the summer
sanples. This is true for both S. saxicola and L. exilis (Tables II-
9.0-11 and 11-9.0-12. Sinmilar trends Were observed for other netals
(Volume |1, Report 10.0).

Table 11-9.0-13 presents the results of intraspecies conparison of
Ba and V values for S. saxicola and L. exilis. In all but two cases,

there is no difference in the nean Ba and V concentrations between
the two. L. exilis is significantly higher in V than S saxicola

11-9.0-27



Table 11-9.0-9. Seasonal Conparisons of Mean Values for Barium and Vanadi um
in the Liver of _S._Saxicola (congnetrations in ug/g dry e
wei ght) March versus July 19777 ‘'~

Barium Vanadi um

MG 0.38-0.04" 0.27-0,10
PC 0.49-0.08 ns

%ns= not significant at (P £0.05) First and second mean val ues

correspond to March and Jul'y collections, respectively.

Table 11-9.0-10. Seasonal Conparisons of Mean Values for Barium and Vanadi um
in the Liver-of L. Exilis (concentrations in ug/g dry
wei ght (March versus July 1977.

Bari um Vanadi um
MG nsa b ns
PC 0.12~0.05 ns
cop 0.07-0.03 0.96-0.17
418 = not significant at (P < 0.05) First and second mean val ues

correspond to March and July col lections, respectively.

T1-9.0-28
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Met al

Bari um
Vanadi um

Bari um
Vanadi um

Table 11-9.0-11

Speci es Conparison of Mean Barium and Vanadi um Val ues
in Livers fromS. Saxicola and L._ Exilis (concentrations

in ug/g dry weight).

W NTER (MARCH 1977)

San M guel Poi nt Conception

S. Saxicola

0.38+0.31
0.27£0.12

0.04£0.02
0.10%0.15

‘No sanples collected

b

L. Exilis S_ Saxicola L. Exilis S. Saxicola

0.38%0.77 0.49t0.51  0.12%0.07
1.39+1.44° 0.2330.12  0.24+0.22

SVER (JULY 1977)

0.06*0.06  0.08+0.05 0.05*0.05
0.76x1.84 0.12%0.15 0.23*0.35

Significant difference between species at (P So. 05).

Coal 011 Poi nt

a

0.31%0.30
0.15%0.073

L. Exilis

0.03i0.02b

0.170.27
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Table 11-9.0-12.  CGeographical Conparisons of Man Values for Barium and Vanadi um
in the Liver of_S. Saxicola (concentrations in ug/g dry weight).

Bari um Vanadi um
March 1977
MIG VS. PC ns 2 ns
July 1977
MIG vs. PC 0.04-0.08° ns
MIG VS. COP 0.04-0. 31 ns
PC vs. COP 0.08-0.31 ns

'ns = not significant at (P s 0.05)

First and second nean wvalues correspond to frst and second |ocation
respectively.
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Table 11-9.0-13

March 1977

NTAN VS. COP
NTAN VS. MS
NTAN VS. PC
COP vs. MG
COP vs. Pc
MG vs. pc

July 1977

COP vs. MG
COP vs. Pc
MG VS. PC

CGeogr aphi cal Conparisons of Mean Val ues for Barium and Vanadi um
in the Liver of L. Exilis (concentrations in ug/g dry weight).

Bari um

0.17-0.07°
ns
ns
0.07-0.38
0.07-0.12
ns

ns
ns
ns

‘ns = not significant at (P < 0.05).

bFirst and second nean val ues correspond to a first and second | ocation,

Vanadi um

1.61-0.24

0.96-0. 24
1.39-0.24

respectively.

()



from MIG during the winter (March 1977) sanpling period and S.

saxicola is greater than L. exilis in Ba from COP during the summer
(Jul'y 1977) sanpling period.

9.4 DI SCUSSI ON

9.4.1 The Benthic Surficial Sedi nents

Some sanpl e areas were designated as benchmark sites and these areas
(28 stations) were sanpled once in the wnter and again in the
sumrer . Six replicate sediment sanples were collected during each
sanmpling; the sumer benchmark replica tes were pooled (Volume |1,
Report 8.0) and analyzed as a single sanple, whereas the w nter
replicates were anal yzed individually. Mst benchmark stations were
| ocations re-occupied from the initial (just prior) year's sanpling

Sanples from 21 descriptive sites were all collected during the

W nter cruise. Six replicates fromnine of these stations were
conbined (Volume Il, Report 8.0) to make a single pooled sanple.
Single replicates were analyzed fromthe other 12 stations. Only

one descriptive area was a re-occupation Of the previous year’ s
sites.

9.4.1.1 Santa Barbara Basin Surficial Sedinents

Santa Barbara Basin was sanpled in this study by three traverses (13
stations) extending southerly from the mainland. The first traverse
is off Point Conception at the basin's western nargin. The second is
off Coal G| Point and the third traverse extends out to Santa Cruz
Island (Station 876) on the eastern margin of the area (Figure I1-9.0-
2 shows the station |ocations). Table 11-9.0-5 presents neans of
three sedi nent characterization parameters: per cent cCaC0,, percent
fines (grain dianeter less than 62 um), and percent total organic
car bon (TOC). These are arranged in order of increasing station
wat er dept h. The Santa Barbara Basin sediments (Table 11-9.0-4) are
seen to be relatively lowin CaCO, (except the Santa Cruz Island
station), high fines (clay-rich) egpecially in the deeper sanples,
and also, tending toward high TOC with increasing water depth.

Following these ambient sedinent trends, one can observe sinilar
patterns in the mean concentrations of V, Ba, Al, C, and Fe in both
the total sedinent and the sedi ment leachate (relative to water depth
(Table I1-9. O5) . The nean | eachable fraction of each netal can
serve as an indicator of abnormal anthropogenic inputs; however the
mean percent |eachable fractions presented in Table 11-9.0-4 show no
unusual values for this basin, despite the fact that Station 804 in
the mddle of the basin off Coal QI Point (Table 11-9.0-5 and Figure
11-9.0-2) has elevated concentrations of |eachable V and Cr.




9.4.1.2, Santa Mnica and San Pedro Basin Surficial Sedi nents

The 12 stations that describe Santa Mnica and San Pedro Basins are
arranged in two traverses extending westerly and southerly from the
same point on the mainland (Long Beach); Station 829, however, lies
by itself in the deep waters of Santa Mnica Basin. Table 11-9.0-6
presents the average sedinment characteristics and trace netal
concentrations fromthis area in order of increasing water depth.
These two basins contain sedinents having some of the highest clay
and total organic carbon content in the entire Southern California
(cs. Also, Santa Mnica and San Pedro Basins are deepepr than Santa
Barbara Basin, and their sediments are lower in CaCO4.

Santa Monica and San Pedro trace netal concentrations are char-
acterized by unusually high mean | eachable V and cr values (Table I1I-
9.0-4). Interestingly, Stations 819 and 824 are |ocated on the
mai nl and shelf rather than within the basins proper. Al though the
sedinents of these tw stations are expected to be dominated by
terrigenous materials, their netal contents and proximty to the Los
Angel es are suggest anthropogenic effects.

9.4.1.3 @ulf of Santa Catalina and San D ego Trough Surficial
Sedi nent s

The Gulf of Santa Catalina and the San Diego Trough were each sanpl ed
at four stations traversing each region (Figure 11-9.0-2). Table II-
9.0-7 presents their sedinment characterizations and the NAA trace
metal concentrations in order of increasing depth. Table 11-9.0-4
conpares the nmean concentrations of these data wth the other regions
described in this study. Exam nation of these paranetric neans
indicates that this area is characterized by lower trace netal
concentrations than are the inner basins previously described and
that they conpare favorably with the “pristine’” outer regions. The
percent fines and organic content are again seen to increase wth
depth; however, Station 869, the deepest in the San Diego Trough, is

seen to have high CaCco, when conpared to the other nenbers of this
set.

9.4.1.4 Surficial Sedinents of the Quter Regions

The “outer regions” are actually several areas, each with its own
characteristic geology. They are reported here as a single grouping
so as to differentiate these stations fromthose | ocated near
potential mainland anthropogenic inputs. There are five stations
covering the Channel Islands seaward shelf (805, 806, 807, 808, and
809), three stations in the Santa Cruz Basin (811, 812, and 870), and
five stations in the San Nicolas Basin (817, 814, 813). Tabl e
11-9.0-4 conpares their nean NAA trace netal concentrations with the
other regions described above, and Table 11-9.0-8 presents these data
station by station, along with the appropriate sediment character-
I zation paranmeters, in order of increasing water depth.

11-9.0-33



These sedinents are high in CaCO, with concomtant |low fine
fractions and TOC. The heavy rretaf contents are generally |ow as
typical for high carbonate sedinents. However, the Ba concentrations
are the highest observed in the Southern California OCS, trending
positively with the high CaCo, concentrations.

9.4.2 The Benthic Biota

The results of the Ba and V data obtained during this study are
extremely difficult to interpret for several reasons.

The use of teleost fish as indicator species has its advantages and

di sadvant ages. It is true that fish normally contain valid |evels of
trace el ements such as Ba and V when conpared to sessile or true
benthic invertebrates. Most benthic invertebrates have been

docunented to contain high levels of metals as a result of sedinent

entrainment in their digestive tracts, rendering attenpts to classify
their tissue invalid (Brooks and Rumsby, 1965; Presley et al., 1972,

Sims and Presley, 1976). However, when tissues are carefully
di ssected, cleaned and anal yzed one can obtain valid concentrations
for benthic i nvertebrates (Shokes et al., 1978). It is also true

that fish are extremely nobile and nove from area to area when
conpared to benthic invertebrates. Thus, one obtains integrated data
over a larger area making geographic trends |ess distinct. Benthic

i.nvertebrates in contrast are |ess nobhile.

Gordon et al. (Volume Il, Report 10.0) have observed that factors
such as age (length), sex, spawning cycle, geographic |ocation,
feed ing habits, season, and chem cal stress (pollution) may all
interact to influence trace elenent levels in organisms.

9.4.2.1 GCeographical Conparisons

only tw sites were sampled for S. saxicola during wWinter 1977 (MG
and PC). From the data presented in Table 11-9.0-9 it can be seen
that there are no significant differences (at P < 0.05) in the nean
Ba and V val ues between the two sites. Also, during the sumrer 1977
sanmpling period there are no differences in the nean V val ues anong
MG PC and CCP. [t nust be renenbered that nost of the Ba and
V val ues obtained are extrenely low, in nost cases being at or near
the detection limt, thus adding to the relative error and
statistical insignificance of the data. However, geographical

differences were seen in the mean Ba val ues anong the sites sanpl ed.

Sanpl es from MIG contain the |east anount of Ba, while samples from
PC contained a higher level and those from COP contained the highest.

There were no significant differences in the sizes of the fish
collected fromthese three sites. Therefore the differences in the
mean Ba values may indeed be due to geographically-related
i nfl uences. This is not surprising since MIGis known to be a
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relatively pristine area. Gordon et al. have noted sinilar trends
for other trace netal values in S. saxicola from these sites (Volume
I, Report 10.0).

In the case of L. exilis, there are no significant differences in the
mean winter 1977 Ba val ues anong MIG, NTAN and BC. However, there is
a significant difference in the levels of Ba between these sites and
CoP*  This is sonewhat of a paradox; even though L. exilis is known
to be a bottom feeder (Frey, 1971), MIG iS a relatively "clean” area
and COP is an oil-inpacted area.  Thus, if L.exilis, because of its
feeding habits, can concentrate Ba, it would be expected that sanples
fromMic and COP wuld show different results. However, levels for V
in L. exilis show simlar winter 1977 results, with the nmean val ues
among NTAN, MIG and COP being statistically the sane, although
sanples from PC are significantly |ower than those from the other
sites. In contrast, there are no differences in either the Ba or V
level s in the sanples collected from anong the various sites during
the sunmer 1977 col | ecti on. This does not deviate drastically from
the observed results during the winter 1977 in which tw out of three
sites also sanpled during the summer 1977 (MiG and PC) are statis-
tically the sane in their Ba |evels. For V, the COP and MIG sites
show no difference in their mean values (as is the case during the
winter 1977).

9.4.2.2 Seasonal Conparisons

The mean Be and V levels for both S. saxicola and L. exilis were
greater (for all sites) in the livers—fromthe wi nter 1977 collection
than they were in the sumer 1977 (Tables 11-9.0-10 and 11-9.0-11).
Several possible explanations exist. Gordon et _al. (Volume II,
Report 10.0) have shown that in sonme cases length of fish appeared to
show positive correlations with netal levels, whereas in other cases
the correlation was mnimal. However, correlations among nean |iver
wei ght, season and netal level (Ba and V) are, in npbst cases, quite
posi tive. This is true not only for S. saxicola but also for L.
exilis. During collection, it was observed t hat gonadal maturation
in both S saxicola and L. exilis was quite distinct in wnter 1977

when com_Sared_to sumer 1977. The livers were greatly reduced in
size during winter 1977, possibly related to this trend in gonadal
mat uration. It is not unreasonable to suggest that a decrease in

mean liver weight in wnter 1977 may be a dominant factor in
controlling the mean Ba and V levels. This is especially true if the
total anounts of these metals, as neasured during the sunmer, were
retained in the smaller “winter livers.

9.5 CONCLUSI ONS
9.5.1 The Benthic Sedinents
Surficial sedi mentary concentrations of V, Ba, A1, Cr, Fe and Zn were

seen to relate closely to the geochemical and geographi cal sedi nent
character zations, The fine grained (clay-rich) and high organic
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carbon sediments were found to have highest concentrations of V, A,
Cr and Fe. El evated val ues were also seen in the pollution zones

surrounding Coal QI Point and the Los Angel es Shel f. Barium was
seen to be nore directly related to carbonate content than to grain

Si - ze.

The | eachabl e fractions of the benthiec sediments provided an inter-
esting paraneter for geographical conparisons. Wien nornalized to
its total netal concentration, the percent |eachable can be used as
an indicator of a perturbed environnent.

9.5.2 The Benthic Biota

Geographi calsaxicola from MG contain the [owest |evels of
Ba. Vanadi um [ evel s were not significantly different anong the
sites. In general there are no geographical trends in Ba and V
levels in L. exilis, with many of the nean values being statistically
the sane.

In all cases, seasonal comparisons in the two fish species show a
definite decreases in both Ba and V fromthe winter to sumrer 1977.
This is probably due to reduction in the liver weight which is in
turn related to gonadal maturation.

Speci es conparisons, for the nost part, show no differences in the
| evel s of Ba and V between the two species.
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