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Abstract — Sediment toxicity to the amphipod Eohaustorius estugrius, sediment contamination, and the abundance of amphi~
pods were examined aiong a contamination gradient in the Lauritzen Channel and adjacent parts of Richmond Harbor, Cali-
fornia, Dieldrin and DDT were formulated and ground at this site from 1945 to 1966. Sediment contamination by both dieidrin
and the sum of DDT and its metabolites {LDDT) was positively correlated with sediment toxicity and negatively correlated with
the abundance of amphipods excluding Grandidierella japonica. The maximwn dieldrin and ZDDT concentrations in toxic units
were 0.018 and 9.43, respectively, indicating that ZDDT was the dominant ecotoxicological factor. Concentrations of PAHs,
PCBs, and metals were not sufficient to cause apprecizbie toxicity, except at one PAH-contaminated station. Relations between
TDDT, sediment toxicity, and amphipod abundance are similar at three LDD7T-contaminated sites. The 10-d LCS0 for TDDT
in field-collecied sediment was 2,500 ug/g organic carbon {(QC) for Evhaustorius estuariys in this study, 1,040 pg/g OC for
Rhepoxynius abronius exposed to Palos Verdes Shelf, California, sediment, and 2,580 ug/g OC for Hyalells azteco exposed
to sediment from a freshwater stream sysiem near Hunisville, Alabama. The threshold for 16-d sediment toxicity occurred at
about 300 pg £DDT /g OC. The abundance of amphipods (except Grendidierelia japonicay was reduced at LDDT concentrations
>100 ug/g OC. Correlations between toxicity, contamination, and biology indicate that acute sediment toxicity to Eohaustorius
estuarius, Rhepoxynius abronius, or Hyalella azteca in lab tests provides reliable evidence of biologically adverse sediment
contamination in the field.

KeywardsmSédimem LOXicity DT Dieldrin San Francisco Bay Amiphipods

INTRODUCTION drin; acute sediment toxicity to the amphipod, £ohausiorius
estugrius; and the field abundance of amphipods at nine sites
in the Lauritzen Channel/Santa Fe Charmel/Richmond Har-
bor area. The second objective was to identify the lowest
DDT and dieidrin concentrations that were associated with
effects on the survival of amphipods in I2b toxicity tests and
the abundance of amphipods in the field. The final objec-
tive was to evaluate the relative contribution of DD, diel-
drin, PAHs, PCBs, and metals to sediment toxicity and
effects on amphipod abundance in the study area.

A portion of San Francisco Bay, California, including the
Lauritzen Channel, Santa Fe Channel, and part of Richmond
Inner Harbor, has been designated by the U.S. Environmen-
tal Protection Agency {EPA) as a Superfund site because of
historic contamination by organochlorine compounds {1].
Property adjacent to the Lauritzen Channel was used by var-
ious corporations to formulate and grind DDT and dieldrin
from approximately 1945 to 1966 [2]. This activity resulted
in substantial contamination of the soils and sediments of
the Lauritzen Channe] and adjacent Santa Fe Channel and METHODS
Richmond Harbor. Remedial action in 1990 removed the
worst contamination from the embankment of the Lauritzen
Channel, where in some areas the DDT concentration in the
soil was virtually 100%. Despite this action, the sediments
in the area remained contaminated by DDT and dieldrin,
with g gradient of decreasing concentrations from the Lau-
ritzen Channel to the Santa Fe Channel to the Richmond
Harbor [21.

The first objective of the preseni research was 1o examine
relations between sediment contamination by DDT and diel-

Sediment and macrobenthos samples were collected from
Getober 7to 10, 1991, at a total of nine stations: four in the
Lauritzen Channe]l (LC1-4), two in the Sants Fe Channel
{S8F5 and 6}, and three in the Richmond Harbor Channel
{RHT7-9} (Fig. 1). Five sediment grabs were taken with a
0.1-m? van Veen grab at each station except LCI, where
eight grabs were taken. The following cores were taken from
each grab: three (8 cm diameter, 10 cm deep, plastic corer)
for macrobenthos; one {7.6 cm, 10 cm deep, glass corer) for
sediment toxicity; and one (7.6 cm, 10 cm deep, glass corer)
for dieildrin, DDT, and total organic carbon {OC) analyses.
Sediment in the three macrobenthos cores from each grab
was combined and sieved through stacked 1.6- and 0.5-mm-
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Environmental Research Laboratory, Narragansett, Rhode istand/ mesh screens. Material retained on the screens was preserved

Newport, Oregon. in the field in 10% buffered formalin. The toxicity and chem-
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Fig. 1. Location of sediment sampling stations in the Lauritzen

istry samples were placed in glass jars and transported in ice
chests (~4°C) to the lab for analyses.

Macrobenthos specimens were transferred in the lab to
70% ethanol, Amphipods were identified to the species level
and enumerated. The combination of three macrobenthos
cores from each grab represented the fauna from an area of
0.015 m?. Data presented in this report are for the combi-
nation of specimens retained on the §.5- and | .0-mm screens.

Ten-day sediment toxicity tests were conducied with the
amphipod E. estuarius according to the American Society for
Testing and Materials (ASTM) [3] guide. On October 14,

1991, each sediment sampie was mixed by hand with a spat-
. Large pieces of shell or other debris were removed, and
approximaiely | 7’5 mi sediment was siaced in a i-L glass bea-
ker to form a 2-crn-deep layer e sediment was covered by
775 mi fiitered, 28-p cawatu, which was ama‘a°d through
a i-mi glass pipeiie, The beakers were piaced in a 15°C
water bath.

On October 9, 1991, approximately 2,000 £, estugrius
{3-5 mm total lengih) were collected from the shallow sub-
tigdal area along the northern bank of Beaver Creek at Ona

Beach State Park, Oregon, The amphipods were counted and

Channel, Santa Fe Channel, and Richmond Inner Harbor.

placed in glass bowls containing Z-cm-deep layers of §.5-mum-
screened sediment from the Ona Beach site, The bowlis were
submerged in 2 flowing seawater tabie until the initiation of
the experiment,

Omn October 15, 1991, the amphipods were recovered from
sediment by sieving the contents of the bowls through a 1.0-
mun screen. Amphipods were setmenf'iai?y sorted into iots of
20 individuals and recounted, then each ot was placed into
a randomly assigned i-L experzm&nt‘ ! beaker Most amphi-
d&" auif%?w swam or sank o the bottom and buried in the

t. Afier 10 d the contents of the beakers were sieved
fi‘wmgz & G.5-mm screen and the survivors counted. Individ-
uals that appeared to be dead were examined under & 1micro-
scope for signs of life. Missing amphipods were co
dead [4}. Survivors were subjected 10 4 behavioral test to see
if they were able to bu.y in clean sediment [3]. Because
99.2% of the survivors were able to rebury, we report only
the mortality data.

A toxicity test beaker was prepared for cach sediment
sam \piﬂ from each grab. Thus, there were eight replicates for

@ *:s

station LC! and five replicates for the other eight stations
{LO2-RHES). In addition, negative and positive controls were




DDT- and dieldrin-contaminaied sediment

conducted. Megative controls were 10-d mortality tests in five
beakers with amphipod collection site {Ona Beach) sediment.
The QA/QC requirement for the negative control is <10%
mean mortality [3]. Positive controls were 4-d mortality tests
in an unreplicated dilution series of cadmium {spiked as
CdCl,} in 28-ppt seawater (without sediment} at nominal
concentrations of 30, 15, 7.5, 3.8, 1.9, .94, and §.00 mg
Cd/ L. The QA/QC requirement for the positive conirol is
that the Cd 4-d LC50 be within 2 sps of the mean Cd 4-¢
LC50 in previous tests. The mean Cd 4-d LC50 for the pre-
vious 16 positive control tests with B estugrius in our lab is
11,8 mg/L {mean + Zsp =6.3-17.2 mg/L}. The negative and
positive control beakers were processed exactiy the same as
the beakers containing sediment from stations LC1 to RHS,
except for the lack of sediment and shorter test duration of
the positive control.

Percentage sand-sijt-clay in sediment samples from all
grabs at each station was determined by the sieve and pipett
methods [3]. Cadmium concentrations in the positive con-
trol seawater were determined by flame AA (Perkin Elmer
iNorwalk, CT? 53100 AA spectrophotometer). Sediment OC
was determined by the combustion method using 2 Perkin
Eimer 2400 CHN slemental analyzer after the samples were
acidified to pH <2 with HCI to remove carbonates [6}. Sed-

.iment samples were centrifuged at ~3,200 g for 90 min at
4°C, and the interstitial water (IW} was collected by aspira-
tion {R.J. Ozretich and D.W. Schults, in preparation). The
W was split into two 12-ml subsamples for analysis of the
total {IW-total) and bound (JW-bound) phases. The I'W-
bound subsample was passed through g cartridge containing
& Cyq solid-phase resin to retain the freely dissolved com-
pounds and allow the compounds bound to dissolved organic
matter 1o pass through. Both phase subsampies were pro-
cessed by gentle overnight iguid-Hauid extraction to avoid
emulsions. The freely dissolved compounds (IW-free) were
guantified as the difference between TW-total and I'W-bound.
Organic chemicals were extracted from bulk sediment sam-
ples with acetonitrile using sonication, and were cleaned using
C,q solid-phase columns {71, All IW and bulk extracts were
guantified by capillary GC (Hewlett Packard 583011; Avon-
dale, PA) with selected mass detection {Hewlett Packard 5970
MSD). Although the degradation of DDT within the GC av-
eraged only 8% {range 3-10%, with 75% as DDD and the
remainder as DDE), 2 peak area correction was made to the
isomers of DDD to compensate for the creation of BDD
from the dehalogenation of DDT in the instrument. The pres-
ence of potentighy high and variabie DDT concentrations
necessitated this correction, which is not accomplished by
standardization alone. All concentrations were corrected on
the basis of the recovery of internal standards added before
extraction. Concentrations of organic compounds are re-
poried in dry-weight-normalized {micrograms per dry kilo-
gram} and organic-carpon-normalized (micrograms per gram
OC) units, because the latier may best reflect bicavailability
81, DT concentrations in sediment and interstitial water are
reported as the sum of DDT and its metabolites (ZDDT:
L{2,4-DDE, 4,4-DDE, 2,4-DDD, 4,4-DDD, 2,4-DDT,
4.4'-DDTY; ZDDT-0OC = organic-carbon normalized ZDDT
sediment concentration; LDDT-IW = interstitial water ZDDT
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concentration}. LDDT and dieldrin were determined in sam-
pies from all grabs at all stations because previous studies in-
dicated that these chemicals were the dominant sediment
contaminanis §2,91. PAH and PCB {(Arocior mixtures) sed-
iment concentrations were determined at stations LC2, SFs,
and RHY to represent sites of high, intermediate, and low
ZDDT and dieldrin contamination. SF6 was selected for
PAH analyses also because of the presence of ¢if on the
surface of the sediment sampie from that station. The ana-
iyzed PAH compounds were naphthalene, acenaphthyiene,
acenaphthene, flnorene, phenanthrene, anthracene, fluoran-
thene, pyrene, benzialanthracene, chrysene, benzofsifluoran-
thene, benzoikifluoranthene, and benzo{eipyrene. Arocior
1247, Aroclor 1254, and Arocior 1260 concentrations {free
of contributions from other Aroclor mixtures) were estimated
using the weight percentages of individual PCB congeners in
standard solutions in specific Arocior mixtures {10},
Acid-volatile sulfide {AVS) and simultanecusly extracied
metals {(SEM) were determined in g sediment sample from
each station. The samples were placed in a set of sediment
toxicity test beakers set up for the purpose of determining
AVS and SEM at the initiation of the toxicity tesis. Overlying
water in these beakers was removed on day §, then a sedi-
ment sample was drawn intc an open-barre! 16-cc plastic
syringe and frozen. AYS was determined by converting the
solid-phase sulfide to hydrogen sulfide (H,8) using cold 1 M
HCL. The released H,S was trapped in suifide antioxidant
buffer, and the sulfide was measured using a suifide-specific
electrode. The SEM were determined by ICP spectrometry
from g filtered sample of the sediment/acid solution after the
AVS was released {111 The SEM analysis included six metals
expected to be AVS-reactive {Cu, Cd, Mi, Ph, Zn, and Ag).
The relative toxicological importance of different sedi-
ment contaminants can be evaluated by converting chemical
concentrations to toxic units. A toxic unit {TU) is the con-
centration of a chemical that kills 50% of test specimens in
a toxicity test {12}, The number of TUs is, therefore, the
measured chemical concentration divided by the LC50.
Toxicological data for the amphipods Hyalelle azieco and
Rhepoxynius abronius were used to estimate TUs because
LC50s for the tested chemicals were not available for £, es-
tuerius. The mean 10-d LCS0s of dieldrin in sediment and
interstitial water ({W-total) to H. azteco are 1,955 ug/g OC
and 245.2 ug/L., respectively 1131, The mean 10-d LC30s
of DDT in sediment and interstitial water {({W-total) to H.
azieca are 371 ug/g OC and 1.07 ug/L., respectively {14}, The
mean 10-d LCSC of DDT in interstitial water (§W-totzl) fo
R. abronius is 2.65 pg/L [15]. Combining the data for H.
azieca and R, abronius gives 2 mean 10-d LC50 of DDT (IW-
totafy of 1.86 ug/l., which was used in subseguent calcula-
tions and discussion. Use of DDT LCS50s to calenlate the
LDDT T concentration assumes that the toxicities of DT,
DD, and DDE in sediment are approximately egual (sup-
ported by Hoke et al. {16]) and additive (supported by Swartz
et al. [171 for other sediment contaminants}. The 10-d LC30
of PCB (Arocior 1254) in sediment 1o R. abronius is 2,600
/g OC [171. Sediment concentrations of the 13 PAH com-
pounds listed above were converted to TUs by the EPAH
model developed by Swartz et al. {in review}. This model pre-
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dicts {a) 10-d LC30 (IW-free) for PAH compounds from a
OSAR regression, (b PAH TUs by dividing interstitigl-water
PAH concentrations by the predicted 16-d LC50 {1W-free),
and {c) total TUs for the 13 PAH compounds by addition.

Conditions at the Lauritzen Channel/Santa Fe Channel/
Richmond Harbor stations are compared in this report with
similar surveys of sediment mxiéiiy, chemistry, and amphi-
pod abundance in & rarine system on the Palos Verdes Shelf,
California, and with sediment foxicity ang¢ chemistry in a
freshwater stream system, Huntsville Spring Branch-Indian
Creek, Alabama. ZDDT is 2 major contaminant in all three
systems {2,9,16,18-21]. The major differences between the
present survey and those on the Palos Verdes Shelf were the
use of R. abronius as the toxicity test species for Shelf sedi-
ments and the vse of 2 1.0-mm screen, rather than 0.5-mm
screen, to collect amphipods on the Shelf. The freshwater
amphipod H. azfeca was used as the toxicity test species in
the Huntsville study. Also, there were differences in the rel-
ative concentrations of DDT metabolites; 4,4'-BDDE was
dominant on the Palos Verdes Shelf {18-21], wheress 4,4'-
DT and 4,4-DDD were dominant at Huntsville {16} and
the Lauritzen Channel {22].

The organic carbon/water partition coefficient for ZDDT
{K,c) was estimaied using the eguilibrium partitioning
model [8]:

Koc = Cs/gciw Xfoc} s

where
K. = organic carbon/water partition coefficient for
ZDDT, {L/kg OC)
< LODT-IW {mg/L}
C, = LDDT concentraticn in sediment {mg/dry kg)
Joe = OC in sediment expressed as a fractional mass, (kg
OC/dry kg sediment).

I

EDDT K, estimates were derived separately from Gy, &,
and f,, data for individua! LDDT-contaminated sediment
samples in the Lauritzen Channel/Santa Fe Channel/Rich-
mond Harbor and in the Huntsville streams {16]. Statistical
analyses were based on arithmetic expression of K, values.
Confidence limits and mean K, values are given as log-
transformed values.

Relations among chemical, toxicological, and biological
variables from grab samples {(n = 48) were determined by
product—moment correlation (/) or, when paired varigbie dis-
tributions were not bivariate normal, by Kendall’s {7y} co-
efficients [23,241. In the latter case the tested hypotheses were
{a} there is no association between the presence and absence
of Grandidierellg japonica and the presence and absence of
sl orher amphipods; and (b) there is no association between
the presence and absence of amphipods, excluding G. japon-
ira, and low (=20%) and high {=25%) mortality in sediment
toxicity tests with £, estuarius. Differences among stations
in mean percentage mortality in the sediment toxicity tests
were determined by ANOVA and Newman-¥euls multiple-
range test [251. The significance level was p < 0.05 in ali tests.
£.C50s were calculated by probit analysis [26].

Cur evaluations of the interstitial water data are based pri-
marily on I'W-free rather than IW-tota!l concentrations be-

cause IW-free is the better indicator of bicavailability [8].
However, 1W-iotal data were used 1o compare our results
with those of studies that reporied only [W-iotal concenira-
tions [13-16}.

RESULYTS
Sediment ioxicity

The control results of the sediment toxicily {est with £
estuarius met alt QA/QC requirements. Mean mortality in
the negative control sediment was 3.0%, whichis well within
the ASTM [3] requirement of <10% negative control mor-
tality (Table 1}. The Cd 4-d LC50 in seawater was 16.9 mg/L,
which is within the accepiabie range.

Mean mortality of £, estuarius exposed to sediment from
the Lauritzen Channel/Santa Fe Channel/Richmond Har-
bor stations ranged from 23.0 10 66.2% (Tabie 1). Mean mor-
tality in sedimnent from station LI was significantly higher
than the negative control sediment and sediment from all
other stations. Sediment from two of the eight grab sampies
from station LC1 caused 100% mortality of test specimens.
Mezan mortality in sediment from stations LCI, LC2, LC3,
and 3F6 was significantly higher than that in the negative
controi sediment.

The bicassay data indicate a toxicity gradient along four
stations from the head to the mouth of Lauritzen Channel
{Table 1). Also, the sequence in mean mortality was Laurit-
zen Channel {42.0%) > Santa Fe Channel {30.0%) > Rich-
mond Harbor Channel (23.7%).

Amphipod founa

Eight species of amphipods were coliected in this study
{Table 2). Three species were found in the Lauritzen Chan-
nel, two in the Santa Fe Channel, and seven in the Richmond
Harbor Channel. Only two individuals of 2 single species
were collected at station RHS, a site at which the bottom sed-
irnent is greatly disturbed by prop scour {27}, Only one am-
phipod species, G. jgporica, was abundant in the Lauritzen
Channel. Corophium heieroceratuyrn was abundant in the
Santa Fe and Richmond Harbor Channels. Amipelisco abdite
was abundant at station RHS.

The distribution of G. japonice was very different from
that of other amphipods (Fig. 2 and Table 2). Where G. jo-
ponica was abundant or common (stations LC1-4}, gli other
amphipods were rare or absent. Where other amphipods were
abundan! or common {stations 8FS and 6, RH7 and 9), G.
Jjaponice was rare or absent.

Sediment and FW chemistry

The mean sediment concentrations of dieldrin, ZDDT,
OC, and sediment fines {(silts + clays) at the Lauritzen Chan-
nel/Banta Fe Channel/Richmond Harbor stations are given
in Table 3. The percentage of fines at all stations was =279%,
with no obvious gradient. OC was highest at siations SF¢
{2.98%) and LC1 {2.38%), and lowest in the Richmond Har-
bor stations {0.87-1.18%}, About 90% of the total I'W con-
centrations of both dieldrin and ZDI¥T were freely dissolved.
There was a very sirong gradient of chemical contamination.
The first three stations in the Lauritzen Channel (LCi1-3)
were highly contaminated by both dieldrin (25.8-35.2 ug/g
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Table 1. Mortality of the infaunal amphipod Echaustorius estuarius during 10 ¢ exposure to sediment
from the Lauritzen Channel/Sante Fe Channel/Richmond Harbor stations
No. dead (N = 28} for grab no. Student~Newman-Keuis
Mean multiple-range test®
Sration i 2 3 4 3 & 7 8 no. dead {percen! moriality}
LCi 20 i4 g il 12 i3 7 20 13.2 66.2
LC2 3 it 8 S iz 8.6 43.0A
£C3 5 10 7 8 & 7.2 36.0A
LC4 é 7 3 4 5 4.6 23.0A8
SFS 3 4 5 g 5 5.6 28.0A8B
SFe 5° i2 8 3 4 6.4 3204
RH7 2 S 2 6 8 4.6 23.0AB
RHS 5 2 8 2 7 4.8 24 0OAB
RHS i 5 7 4 7 4.8 24 AR
MNegative conirol 4] i 0 G 2 0.6 3.08
Positive control—Cd {mg/L) 35 (8 8.7 4.6 2.2 1.i 00
No. dead (N = 20} 19 6 7 3 2 1 i

4-d LCSC (295% CL} = 16.9 (13.1-21.7) mg/L Cd.

“Means with the same letter are not significantly differen: {p = 0.05).

“Mortality adjusted for double seeding.

OC in sediment, 0.067-0.251 pg/L IW-free) and ZDDT
{1,520-3,500 ug/g OC, 0.89-4.49 ug/L IW-free}. The diel-
drin and ZDDT concenirations at the other six stations were
about an order of magnitude or more below the concentra-
tions at stations LLCI to LC3. However, a sediment contam-
ination gradient is evident even at these six stations, with
lowest concentrations of dieldrin {0.07 ug/g OC, 0.060 pg/L
IW-free) and ZDDT (1.34 up/g OC, §.003 pg/L ITW-free} oc-
curring at station RHS, farthest from the Lauritzen Channel

Application of the equilibrium partitioning model to the
Ciw, Cs, and £, data for ZDDT-contaminated sediment in
the Lauritzen Channel/Santa Fe Channel/Richmond Har-
bor sediment {Table 3} resulted in an estimated log K.
6.15 {95% confidence limits 6.04-6.24, n = 41) for ZDDT-
IW-free and log K. = 6.07 (95% C.L. 5.97-6.16, n = 41}
for ZDDT-IW-total. We estimated a log K. = 6.14 (95%
C.L. 5.94-6.27, n = 10} for ZDDT-IW-total for the Hunts-
vilie stream sediments [16]. There was no significant differ-
ence betweer the estimates of log K. for ZDDT-IW-total
for the Lauritzen and Huntsville sediments { p = 0.52). Data
were not available to estimate log K. for ZDDT-IW-free for
Huntsvilie stream sediments.

The Arocior 1254 concentration was 120 ug/kg (6.7 ug/sg
OC) at station LC2 and 610 ug/kg 20 ug/g OC) at station
SF4. The Aroclor 1260 concentration was about half that of
Arocior 1254 at stations LC2 and SF§ (Table 4). The pres-
ence of neither Aroclor 1254 nor Aroclor 1260 was confirmed
in the sediment from station RH9. Aroclor 1242 was not de-
tected at stations LCZ, SF4&, or RHY. PAK concentrations
were substantially higher at station 576 than at station LC2,
and lowest at station RH9 (Table 4.

The concentrations of AVS and most metals were high-
est at stations 1LCI and SF6, and lowest at stations RH8 and
RHS (Table 5). The ratio of total 3EM/AVS on a molar ba-
sis ranged from 0.05 at station LCI to 0.48 at station RHS.

Relations among chemistry, toxicity
and amphipod abundance

EDDT-QOC, DDDT-IW-free, dieldrin-OC, and dieldrin-
IW-free ar the nine stations were highly correlated {r = 0.83-
0.93, p < §.001; Table 6. OC was significantly correlated
with EDDT-OC, ZDDT-IW-iree, dieldrin-OC, and dieldrin-
IW-free {r = §.31-0.61, p < £.05}. The fine sediment frac

Table 2. Species composition and abundance of amphipods ai the
Lauritzen Channel/Santa Fe Channel/Richmond Harbor stations

No. of individuals/0.075 m? at siations
Amphipod species LCH LC2 LC3 LC4 875 SF6 RH7 RHB RH9
Grandidierella jeponica 28 64 14 6 2 i
Caprella mutica 2
Corophinm heterocerativim i 7 34 75 2 i8
Ampelisca ebdite H 3 77
Listriefla goleta i

Dudickia rhabdoplastis
Caprelig incisg
Aoroides cofumbiae

[N e
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Fig. 2. The mean abundance of Grandidgierella japonica in relation to the mean abundance of other amphipods.

tion was not significantly correlated with any variable except
the abundance of amphipods other than G. japonica.
Because the pattern of dieldrin and ZDDT sediment con-
tamination was viriually identical, relations between dieldrin
and ZDDT and sediment toxicity and amphipod field abun-
dance were also almost identical (Table 6). There were no
substantial differences in mortality of £, estugrius at-diel-
drin concentrations <3 ug/g OC (<0.05 ug/L IW-freej or
at TODT concentrations <200 ug/g OC (<0.4 ug/L IW-free)
{Tables 1 and 3; Figs. 3 and 4). Sediment toxicity was sig-
nificantly greater at stations LC1, -2, and -3, where the di-
eldrin and ZDDT concentrations ranged from 25 t0 35 ug/g
OC (0.07-0.25 ug/L TW-free) and 1,500 to 3,500 ug/g OC
(0.9-4.5 pg/l. IW-free), respectively (Tables | and 3). The
field-derived 10-¢ LC50 for ZDDT-OC to E. estuorius was
2,500 pg/g OC, and the 10-d LCSO for ZDDT-IW-free was
2.70 ug/L (2.88 ug/L for IW-total). There were highly sig-
nificant, positive correlations between sediment toxicity and

thie concentrations of both dieldrin and ZDDT in sediment
and interstitial water {Tabie 6).

Sediment toxicity was significant at station SF6, even
though dieldrin and TDDT concentrations were about an
order of magnitude below those at stations LCI, -2, and -3
(Tables | and 3). Concentrations of Arcclor 1254; Aroclor
1260; and, especially, PAHs were substantially higher at sta-
tion SF6 than at station LC2 {Teble 4}.

The abundance of amphipods {excluding G. japonica) in
the field was reduced at dieldrin and LDDT concenirations
iower than those at which E, estugrius mortality began to in-
crease in lab sediment toxicity tests. Amphipod abundance
was variable, but often >40 individuals per 0.1 m? at diel-
drin and EDDT concentrations <3 ug/g OC {<0.02 ug/L
I'W-free} and <100 ug/g OC {<0.4 ug/L IW-free), respec-
tively {Tables 2 and 3; Fig. 5). The rarity of amphipods at
stations SFS and RH8 (Table 2, where dieldrin and ZDDT
concentrations were relatively low {Table 3), may be associ-

Table 3. Mean concentration of sediment fines,? total organic carbon (OC), dieldrin, and £pDT?
at the Lauritzen Channel/Santa Fe Channel/Richmond Harbor stations

Sediment Interstitial water {pg/L)
Dieldrin EDDT Dieldrin LoDT
sy o -
Fines OC (ug/dry kg} (pp/g OO (p/dry kg) {ug/g OO total free total free
92.3 2.38 748 35.2 77,706 3,500 0.257 0.251 LT 4.49
85.2 178 528 28.7 47,800 2,710 0.168 G168 12 .95
85.9 173 447 25.8 726,000 1.520 9.102 3.067 977 $.890
89.5 t.46 35.7 2.46 2,745 189 6.017 6.0i6 $.123 0.102
9.6 ;.48 5.54 05.37 420 28.3 3,001 $.000 8.058 0.05
7%.6 2.98 78.4 2.5% 2,340 90.2 8.007 3.062 $.463 $.381
83.2 1.08 §.46 $.8% 368 34.8 $.001 $.0014 $.028 0.024
94.6 1.1% 1.73 C.15 82.5 .99 0.066 0.060 (.0667 5.607
B81.7 0.87 .63 0.07 fi.6 1.34 0.060 8.600 G.004 0.003

“8 silt + Y clay
"L{2,4-DDE, 4,4-DDE, 2,4-DDD, 44-DDD, 2,4-DDT, 4,4-DDT),
“CC-normalized concentration is the mean of the OC-normalized concentratrions for all grabs taken at each station.
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Table 4. Concentrations of 13 PAHs and three Aroclor mixtures
of PCB congeners at three of the Lauritzen Channel/
Santa Fe Channel/Richmond Harbor stations

Conen. {pg/g OC)

Station L.C Siation SF6 Station RHY
Cormpound/mixiure {GC = 1.78%) {OC = 2.98%) {OC = ¢.87%}
MNaphthalene 8.6 450 2.8
Acenaphthylene 8.2 18 1.2
i.7 340 0.82
4.0 370 (.66
i6 660 4.8
18 160 1.2
Fluoranthene 41 580 i3
Pyrene 69 550 18
Benz{aanthracene 25 566 7.3
Chrysene 57 340 8.2
Benzo! biflucranthene g7 250 9.6
Benzol k1fldcranthene 5 69 8.4
Benzo{glpyrene 72 i8¢ 12
Aroclor 1242 ND ND NP
Aroclor 1254 6.7 20 ND

Aroclor 1260 34 8.5 ND

OC = total organic carbon.
ND = not detected.

Table §, Acid-volatile sulfide (AVS) and simultaneously exiracted metals (SEM) at
the Lauritzen Channel/Santa Fe Channel/Richmond Harbor stations®

Metal conen. {ug/g sediment)

AVS Total SEM SEM-AVS
iation {pmol/g) Cu Zn Py Ni Cd {pmol/g) ratio
1.C1 135 68.1. 326 32.8 2%.4 i.d 7.02 0.05
LC2 27.8 50.4 174 65.9 28.2 .2 4.40 G.16
1LC3 440 7 51.6 142 52.8 34.7 . 3.83 8.0%
1.C4 22.1 303 102 379 22.7 0.0 2.66 G.12
SF5 206.2 33.4 80.0 35.2 7.9 ¢.0 2.38 0,12
SF6 i3 47.6 298 11t 25.3 1.4 6.28 8.06
RET7 259 38.9 ° 119 41.7 27.8 Q.1 3.16 0.10
RHS8 11.0 29.5 89.% 30.2 26.7 6.0 2.44 0.22
RHY 2.3 0.1 49.9 11.2 8.6 0.0 111 (.48

2 Ag was not detected in any sample.

Table 6. Produci-moment correlation () or Kendall’s {7} coefficients between log,({ EDDT? + 1) freely dissolved in interstitial

water (W ng/L), log;(EDDT in sediment (pg/g OC), logo(dieldrin

+ 1} freely dissolved in interstitial water (IW; ng/L},

iogo(dieldrin + 1} in sediment {pg/g OC), sediment toxicity {percentage mortality of Eohaustorius estuarius if r;
tow [0-20%1 or high [=25%] if 7,), amphipods excluding Grendidierella japonica {number/0.015 m? if r;
present or absent if 7,,), and G. japonica {number/0.015 m? if r; present or absent if 7}, organic carbon (QC),
and sediment fines (% silt + % clay} at the Lauritzen Channel/Santa Fe Channel/Richmond Harbor siations

TDODT-IW LRDT-OC Dieldrin-IW  Dieldrin-OC Toxicity Amphipods G. jeponica oC

IDDT-0C 5 = 0.93%%

Dieldrin-iW r = 0.83%%*
Dieldrin-OC 7= 0.89%%
0. 8G%% r

Toxicity
Amphipods

i

QC
Fines

-
-

G. japonica r= 3.49%%%  r=
r= 0.6 pe= 057 = 030 r
r= =004 NS =004 NS r

;= 091
= 0.930 = 0,930
= 05800y QSPRRE = 0.64%%E
= <09 = 048 p = ~038% = —0.37%
05449 P = 0.60%F  p= 0580
= §.46%%*

= —0.04 NS r= —0.11 NS

r= —-0.06 NS

NS = not significant.

“L{2,4-DDE, 4,4-DDE, 2,4-DDD, 4,4-DDD, 2,4-DDT, 4,4-DDT)

< 0.05, *Fp < 0.01; p < 0,001
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Fig. 3. Mean mortality of Eohaustorius estugrius in Lauritzen Channel/Santa Fe Channel/Richmond Harbor sediment, Rhepoxynius abronius
in Palos Verdes Shelf sediment, and Hyalella azteco in Huntsville stream sediment in relation to the mean sum of the organic-carbon-normalized
concentrations of DDT and its metaboilites in sediment.
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Fig. 4, Mean mortality of Eohaustorius estuarius in Lauritzen Channel/Santa Fe Chapnel/Richmond Harbor sediment, and Hyalelie azteca
in Huntsville stream sediment in relation 10 the mean sum of the concentrations of DDT and its metabolites in interstitial water.
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Fig. 5. The mean abundance of amphipods {excluding Grandidierelle jeponica) in relation to the mean sum of the organic-carbon-normatized
concentrations of DDT and its metabolites in Palos Verdes Shelf and Lauritzen Channel/Santa Fe Channel/Richmond Harbor sediment.
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ated with factors other than sedirnent contamination, such
gs prop scour at station RHE {27]. Few or no amphipods
{except G. japonicay were collected at stations LCI to LC4,
where dieldrin and LDDT concentrations were very high (di-
eldrin, 2.46-35.2 ug/g OC [0.02-0.25 ug/L IW-freel; LDDT,
189-3,500 ug/g OC {0.10-4.5 pg/L IW-free}}.

The ghundance of G. japonice was positively correlated
with sediment toxicity and dieldrin and ZDDT contamina-
tion {Table & and Fig, 6). The abundance of amphipods other
shan G. japonica was negatively correlated with sediment tox-
isity and dieldrin and ZDDT contamination (Table 6; Figs.
2 and 7). Mortality of E. estuarius was highest at stations
LClto LC3, where few or no amphipods except G. japon-
ica were coliected {Tables 1 and 2). Grandidierella japonica
was most abundant at stations LCI to LC3, where the ZDDT
concentration exceeded 1,500 ug/g OC (0.89 pg/L [W-free},
the disidrin concentration exceeded 25 ug/g OC (0.07 pg/L
IW-free}, and the mortality of £, estugrius in sediment tox-

o

100

100 800 1,000 3.000 10,000
IDDT, SEDIMENT, pg/g OC

Fig. 6. The mean abundance of Grandidierella japorice ix: relation to the mean sum of the organic-carbon-normalized concentrations of DDT

icity tests exceeded 35% (Tables 2 and 3; Fig. 6). The pres-
ence/absence of (. japonica was inversely related to the
presence/absence of all other amphipoeds (Tabie 6 and Fig. 2).

Sediment fines and sediment OC were not significantly
correiated with the abundance of G. japorica {Table 6). Sed-
iment OC was not but sediment fines were significantly cor-
related with the abundance of all other amphipod species.
Sediment toxicity was significantly correlated with sediment
OC but not with sediment fines.

DISCUSSION

Relative contributions of LT and dieldrin
to biciogical impuacts

The correlations between sediment contamination, sedi-
ment toxicity, and amphipod abundance that we observed
in samptles from the Lauritzen Channel/Santa Fe Channel/
Richmond Harbor stations are typical of compiex sediment

4
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Yg. 7. Mean mortality of Echaustorius estuariys in Lauritzen Channel/Santa Fe Channel/Richmond Harbor sediment and Rhepoxynius
abronius in Paios Verdes Sheif sediment in relation to the mean abundance of amphipods (excluding Grandidierelic japonica)
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contamination gradients in which variables are affected by
interrelated factors {181, The correlations demonstrate co-
nce, not causality. Experimental evidence is necessary
0 c_z scriminate the relative contributions of covarying chem-
wals to biclo effects. Fortunately, experimental and sup-
poriing ueiﬂ data are available to make this discrimination.
2 he experimental daia come from sediment toxicity testis
which DDT, dieldrin, Aroclor 1254, PAHS, or metals were
amingted sediment

\' oot

Cal

iy
ﬁ'{)

spiked into uncont i11,13-15,171. The
supporting field data come from the studies of the DDT con-

tamination gradient on the Palos Verdes Shelf {18-21] and
the Huntsville stream system {16}, °

The relative toxicological importance of TDDT, dieldrin,
Aroclor 1254, and ZPAH can be compared by converting
chemical concentrations to toxic units {Table 7). For exam-
ple, there were abowl nine sediment TUs of ZDDT-0OC at sta-
tionn LCY [{chemical concentration)/LC50 = {3,500 ug/g
OCY (37 ug/g OC) = 9.43}. The sediment TUs of ZDDT-
OC at stations LC1, LCZ, and LC3 ranged from 4.10 10 9.43,
more than suf?zcx@m to account for the observed mortality
of E. estuarius in the sediment collected at these stations. In
contrast, the concentration range for dieldrin-OC at stations
LCi-3 was 0.013 to 0.018 sediment TUs. At station LC2
there were 0.003 sediment TUs of Aroclor 1254-0C and
(.284 sediment TUs of ZPAH-OC (Table 7). Thus, at station
L£CZ, the ZDDT-OC TU concentration was about 25X that
of DPAH-OC, 500X that of dieldrin-OC, -and 2,500 that
of Aroclor 1254-0OC.

AYS is the sediment phase that determines the toxicity of
metals that form insoluble sulfides [11]. No metal toxicity is
expected when the sum of the molar concentrations of diva-
tent metals i3 less than that of AVS. Recause the metal-to-
AVE molar ratio in this study was always <0.48 (Table 3},

Table 7. Toxic unit concentrations of organic-carbon-normalized sediment and inters
zen Channel/Santa Fe Channel/Richmond Harbor stati

contaminants at the Laurit

Tit.

SwWall

T

s there were 1.66 TUs of LPAH-OCH

Lo A
metals (Cu, Zn, Pb, Ni, Cd, Ag) are unlikely cau
observed sediment toxicity {Table 1}
The ZDDT-OC TUs at stations § C»’
and (.24, respectively (Table 7). Such T
els of contamination that might cause a <izg*1 increase in sed-
imem toxicity. Significant toxicity at station SF6 { a@ie i},
however, is probably due primarily to ?"’Ari contamination,
ediment af that

station {Table 7). Sediment toxicity at stations 8FS, RH7,

RHSE, and RHY was not significantly different from the con-
trol {Table 1), and the sediments from these stations sach
contained <0.1 TU of EDDT-0OC and dieldrin-OC (Table 7).
Sediment at station RHSY had <0.05 TU of Aroclor 1254-OC
and LPAH-OC (Table 7.

The spatial distribution and relative magnitude of dieldrin
and ZDDT TUs in W are similar to those for sediment TUs
based on OC-normalized sediment LC30s (Table 7). TUs of
LDDT-IW-total ranged from 0.5 10 2.6 at stations LCI, LCZ,
and LC3 and 0.0 to 0.25 at the other six stations. There was
<0.01 dieldrin-1W-total TU at all stations.

Qur TU estimates were obtained by applying LC50s for
H. azteca or R. abronijus 1o E. estuariys. This introduces a
potential source of error in our TU analysis. Available com-
parative toxicological data, however, show that {m i6-d
LC50 for fluoranthene in sediment differs only by a factor

of three among these species (15.4, 10.6, and 5.1 mg/kg for
H. gzteca, E. estuarius, and R. abronius, respectively [281).
Thus, the potential error resuiting from our use of LC50s for
other species is probably small refative to the major differ-
ences in the TUs of ZDDT compared to TUs of dieldrin, Aro-
clor 1234, and ZPAH (Table 7).

By definition, the nominal LC3C for chemical concen-
trations expressed as toxic units is §.0 TU. The estimated

water

Toxic units

Sediment Interstitial water®
Station PCB-OCP LPAH-OCT Dieldrin-0C LDDT-0C¢ Dieidrin LRDTS
0.018 9.43 0.001 2.55
0.003 0.284 6.015 7.30 0.001 114
0.013 4.10 0.000 0.525
0.061 0.509 3.000 6.066
0.000 0.076 0.000 0.631
0.008 1.663 0.001 £.243 0.000 0.249
0.000 0.094 0.000 0.015
0.060 0.019 0.006 0.004
0.000 0.047 0.000 0.004 0.000 6.002
<002 6.74 <0.61 1.55
IYW-total
®Aracior

hthe

“Li{mMaphthalene, acenaphthylene, acenaphth

bcwga lanthracene,
B
“TU LC50s calculated by probit

ene, fluorene,
chrysene, benzol b fluoranthene, benzol & Jfluos
{2,4-DDE, 4 4-DDE, 2,4-DDD, 4 4-DDD, 2,4-DDT, 4 115’ DDTY
-.aiys,s {26} from mort

phenanthrene, anthracene, {luoranthene, pyrene,
nthene, benzolalpyre

nel.

v {Table 1} and TU concentrations at each station
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TU LC50s for ZDDT-0OC and ZDDT-IW-total were 6.74
and 1.58 TU, respectively {Table 7). The difference from
the expected LC50 of 1.0 TU could be explained by inter-
taboratory differences in the measurement of DDT, inter-
species extrapolations used to make the TU LCS50 estimates,
and/or noneguilibrium of ZDDT in test sediment. No con-
clusion should be drawn from these data about the rsia-
tive importance of sediment vs. interstitial water routes of
exposure.

Further evidence that DD is the primary cause of toxic
effects in the Lauritzen Channel is the agreement between
LDDT-toxicity relations in the Lauritzen Channel, the Palos
Yardes Shelf, and the Hunteville streams. ZDDT is 2 domi-~
nant contaminant at all of these sites. In surveys of surficial
sediment on the Palos Verdes Shelf, mortality in toxicity tesis
with the amphipod R. gbronius never exceeded 23%, ZDDT
never exceeded 300 pg/g OC, and there was no significant
correlation between TDDT and toxicity {18,19,21}. However,
in a study of 50-cro-deep cores collected on the Shelf (Fig. 3}
1201, LDDT in some core sections was as great as 2,000 pg/g
QC, R. abronius mortality in toxicity tests was as high as
90% , and sediment toxicity was significantly correlated with
EDDT. CODT in sediments from the Huntsville streams
ranged from 0 to 7,922 pg/g OC (0-11.27 pg/L IW-total) and
was significantly correlated with sediment toxicity to H.
azteca (Figs. 3 and 4) [16]. The relations between ZDDT and
sediment toxicity to amphipods in this study are similar to
those observed on the Palos Verdes Shelf and in the Hunts-
viile streams (Figs. 3 and 4). The fieid-derived 16-d LCS0 for
EDDT-0OC for the Lauritzen {2,500 pg/g OC), Huntsville
{2,580 ug/g CC), and Palos Verdes (1,040 pg/g OC) agree
within a factor of 2.5, despite differences in test species, hab-
itats, and relative concentrations of DDT metabolites in
LDDT (Fig. 3). ZDDT in I'W was not analyzed in the Palos
Verdes investigations, but the field-derived 10-d LC50s for
LDDT-IW-total in the Lauritzen Channel (2.88 ug/L) and
Huntsville streams {1.57 zg/L) agree within a factor of two
{Fig. 4.

There is also good agreement between ZDDT-0OC and the
abundance and distribution of amphipods in this study and
on the Palos YVerdes Shelf (Fig. 5) [18,19,21,291, In this study
few or no amphipods {except G, joponica) were collected at
LBDT greater than about 100 pg/g OC (>0.4 pg/L TW-iree},
whereas on the Palos Verdes Shelf few or no amphipods were
collecied at ZDDT greater than about 200 pg/g OC.

In summary, there are experimental and corroborative
field daza that indicate DD is the major factor causing sed-
iment toxicity and 2 depression in amphipod populations in
the Lauritzen Channel. First, the metal-10-AVS molar ratio
and the TUs of dieldrin, Aroclor 1254, and ZPAH are too
low, whereas the TUs of ZDEDT are sufficient to exert acute
toxicity {Table 7). Second, the patterns of ZDDT concentra-
tion response {sediment toxicity and amphipod abundance},
the thresholds of response, and the field-derived LCS50s for
LDDT are similar at three sites of LDDT contamination
{Figs. 3 and 4}. Together, these data provide good evidence
that ZDDT is the dominant ecotoxicological factor in the
Lauvritzen Channel

Partitioning of LDDT

Partition coefficients are usually estimated for individ-
ual compounds {8}, However, because DDDT was found
to be predictive of toxicological and biological responses
{Tables 1-3, &, 7; Figs. 3-5), we calculated apparent LDDT
partition coefficients based on OC, IW, and sediment ZDDT
concentrations for each sampie in the Lauritzen and Hunts-
vilie studies {Table 3} {16}, The mean ZDDT-I'W-total log
K, values for the Lauritzen and Huntsville sediments (6.07
and 6.14, respectively) were not significantly different. The
mean LDDT-IW-free log K, for the Lauritzen sediment was
6.15. These field-derived K, estimates should be applied to
other sediments with caution, especially when 4,4-DDT and
4,4"-DDD are not dominant DDT metabolites, as they were
at Huntsville [16] and the Lauritzen Channel [22].

Comparison of sediment toxicity o other coastal sites

Few data are available on the toxicity of sediment from
contaminated field sites to F. estuarius. However, the present
bicassay data can be compared with sediment toxicity sur-
veys conducted with R. abronius, as E. estugrius is typically
only slightly less sensitive than R. gbronius [28]. Station LCI,
with a mean mortality of 66.2%;, is a severe case of sediment
toxicity, It ranks among the worst cases of sediment toxic-
ity reported by Swartz et al. [30] (Table 8}. The mean mor-
tality in sediments from all stations in the Lauritzen Channel/
Santa Fe Channel/Richmond Harbor {33.2%) is typical of
highly urbanized embayments that contain some sites of
severe sediment contamination {e.g., San Diegoe Bay, CA;
Table 8). The mean mortality of E, estuarius in the present
study is similar to the mean mortality of this species at an-
other Superfund site in the Hylebos Waterway, Washington
{38.3%:) [28].

Pinza et al, [9] conducted sediment toxicity tests with R,
abronius on composites of sediment samples from each of
three groups of five stations in Richmond Inner Harbor.
They found no significant difference from their reference
sediment at two sets of stations within the Richmond Inner
Harbor Channel {mean percentage mortality 17 and 13%).
There was 2 statistically significant increase in mortality of
amphipods exposed to a composite sediment sample from
five stations on the southeastern bank of the Richmond In-
ner Harbor Channel (mean percentage mortality 42%5. The
mean percentage mortality of R. abronius for all of the Pinza
et al. 191 toxicity tests of Richmond Harbor sediment {24.0%)
is virtually identical to the mean percentage mortality of £,
estuarius m the present toxicity tests of Richmond Inner Har-
bor gediment (23.7%; Table §).

Sediment contamination and toxicity ¢an be very paichy,
even on small spatial scales {30,311, Parchiness is shown at
station LCY, where mortality varied from 35 to 100% in sed-
iment sampiles taken, at most, only meters apart {Tables | and
8). Mortality was 100% in sediment from two of the eight
grabs at station LCI, indicating the occurrence of small
patches of sediment that cause extremely high toxicity.

in the absence of chemical contamination, E. estuarius
tolerates g very broad range of sediment conditions. Mortal-
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Table 8. Comparison of mortality of Evhaustorius estuarius in sediment from

the Lauritzen

Channel/Santa Fe Channel/Richmond Harbor stations® with
the mortality of Rhepoxynius abronius at

other U.S coasral sites {30}

Percent mortality

Sediment source mean range Comment
Yaquinz Bay, OR 2 G-5 Amphipod coilection site
NW Santa Monica Bay, CA 7 -5 Reference site
Palos Verdes Shelf, CA 16 0-40 Near sewage ouifall
San Diego Say, CA 28 6-100 56 stations

“mean LCi-4, SF5-6, RH7-9 33.2 5-100 Mean for present siudy
Near-shore Commencement Bay, WA 38 5-95 9 stations

South San Francisco Bay, C 45 20-100 26 stations
Hylebos Waterway, WA 52 5-100 26 stations, Superfund site
Houston Ship Channel, TX 60 45-80 5 stations

#{.auritzen Channel L] 66.2 35-100 Worst case, present study
EBlizabeth River, VA 78 30-100 Creosote contamination
New York Bight, NY 88 80-95 Shidge dump site

San Diego, CA station 28 97.5 50-100 Worst case, San Diego
Eagle Harbor, WA station 8 100 Creosote contamination

%PData, this study.

ity of E. estugrius in-apparently uncontaminated sediment
collected in Pugst Sound and the central Oregon coast av-
eraged 5.6% and rarely exceeded 20% {28]. In contrast, even
at stations with low DDRDT, dieldrin, Aroclor 1254, and
LPAH concentrations in Richmond Inner Harbor, mean
mortality of £, estuarius was 223% (Tables 1 and 3; Figs.
3 and 4). Apparently some unknown factor(s) is causing a
higher background level of mortslity in the present study
than in the Puget Sound/Oregon reference stations. The
grain size and saﬁmf‘y of our sediment samples are within the
iolerance range of £. estuarius (28], ZDDT, dieldrin, Aroclor
1254, and LPAH vymbab‘}y do not contribute substantislly to
the background toxicity level because those contaminants col-
lectively contribute only about §.05 TU to sedimment at sta-
tion RH9, where mean mortality of E. estuarius was 24%
{Tables 1 and 7). In addition, metals are probably not in-
volved because the metal-to-AYVS molar ratic was <<0.5 at al
stations. The unknown factor(s) causing the high background
toxicity may be unmesgsured contaminants, natural sedi-
ment features, or interactions between severa} parameters

& toxicity identification evaluation {32] of the sediment in
Richmond Inner Harbor might help identify the factor(s) re-
sponsible for the background toxicity,

Field validation of sediment toxicity tesis

The ecological refevance of a sediment toxicity test can be
evaluated by comparing tesi results with gradients of sedi

{ contamination’ and biclogical effects in the field. R«
sponses of valid tests should be negatively related 1o the field
distribution of poliution-sensitive species and positively re-
lated to chemical contamination 118]. Positive correlations
have been demonstrated between LDDT concentrations in
field sediment and the percentage mortality of F. estuarius,
R. abronius, and H. gzteca in acute sediment toxicity iests
{Fig. 3 and Tabie 6} {16,18-21]. Megative correiations have
been demonstrated between abundance of sensitive amphi-

men -

pods in the field sediment and percentage mortality of £.
estuarius and R. abronius in acute sediment toxicity tesis
{Fig. 4 and Table 8} [18-21}. These results indicate that sig-
nificant acute sediment toxicity to these three amphipod
species in lab tests provides reliable »vxdeace of biciogically
adverse sediment contamination in the field.

Grandidierelia joponica has been recommended as a sed-
iment toxicity test species {3,33-351. Toxicological compar-
isons have shown that the sensitivity of G. japonice tc
contaminated field sediments and reference toxicants is com-
parable 1o that of other amphipods [36-38]. In the present
study, however, the occurrence of G. japonica was negatively
refated to the occurrence of other amphipods (Fig. 2 and
Table 6), and the abundance of G. japonica was positively

correlated with sediment toxicity and ZDDT contamination
{’5;50 & and Table 6). Further research is needed 10 resolve the
apparent paradox of the tolerance of G. japorica to LDDT-
contamingted sediment in the Lauritzen Channel and the use
of this species to test sediment {OXiCity.

Sumimary of effect concentrations for LDDT

mean 10-d LCSC for ZRDT-0OC for amphipods ex-

posed to ;;eid collected sedimenis from the Lauritzen Chan-
nel, Hunisville, and Palos Verdes studies was 2,040 ug/g OC

The

{Fig. 3). The threshold for 10-d sediment {oxicity occurred
at about 300 pg DDDT/g OC. The mean 10-d LCS50 for
LBDT-IW-total in } tsville

the Lauritzen Channel ¢ :
was 2.27 pg/L. ick ireshold at abouwt
4.5 pe/L (Fig, 4). Chronic effects of £DDT op amphipod
populations in the field were evident at concentrations lower
than those that caused acute toxicity in the lab Amphipod
abundance sharply declined at ZDDT concentrations between
100 and 200 pg/g OC on the Palos Verdes Sheif and in the
fauritzen Channel (Fig. 5). The minimum ecotoxicological
effect concentration appears (o be abou! 100 pug ZDDT/g
OC.

With 2 1o
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