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Abstract. Marine sediment toxicity tests are widely applied in monitoring programs, yet relatively
little is known about the comparability of data from different laboratories. The need for comparabil-
ity information is increased in cooperative monitoring programs, where multiple laboratories (often
with variable skill levels) perform toxicity tests. An interlaboratory comparison exercise was con-
ducted among seven laboratories in order to document the comparability of sediment toxicity mea-
surements during the Bight’98 regional sediment survey in southern California. Sediments from four
stations in Los Angeles and Long Beach Harbors were tested using a 10-day survival test of the
amphipod Eohaustorius estuarius. All laboratories successfully performed the sediment test and
associated reference toxicant test. Statistically significant differences were found in mean amphipod
survival rates among some laboratories for the field-collected sediments, but there was little evi-
dence of a consistent bias among laboratories. Although the reference toxicant test indicated a five-
fold variation in test sensitivity among laboratories, these results were not accurate predictors of
interlaboratory performance for the sediment tests. The laboratories demonstrated excellent concor-
dance (Kendall’s W = 0.91) in ranking the field-collected sediments by toxicity. Agreement on clas-
sifying the sediments into categories (nontoxic, moderately toxic, and highly toxic) based upon the
percent of survival was best for highly toxic sediments. An analysis of test precision based upon the
variance among replicates within a test indicated that the measured survival rate for a sample may
vary by up to 12 percentage points from the actual response.
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1. Introduction

Laboratory tests that measure the toxic effects of sediments on benthic organisms,
such as amphipod crustaceans, are integral components of national programs to
assess sediment quality in coastal areas of the United States (Long, 2000). Amphi-
pod toxicity tests have been used in southern California to examine temporal changes
in sediment quality associated with pollution reduction (Swartz et al., 1986; Bay,
1992), identify toxic hot spots (Fairey et al., 1996), and estimate the spatial extent
of sediment toxicity (Anderson et al., 1997; Bay et al., 1998). Amphipod toxicity
tests were an integral part of the Bight’98 regional survey, a cooperative regional
survey that included the testing of 241 sediment samples from the Southern Cali-
fornia Bight (Figure 1, Bight *98 Steering Committee, 1998).

Cooperative integrated regional monitoring studies conducted in southern Cali-
fornia are distinguished by the extensive participation of local agencies in the col-
lection and analysis of samples. Over 60 stakeholder agencies participated in the
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planning and sampling activities during the Bight’98 regional survey, and seven
local laboratories analyzed the sediment samples for toxicity to amphipods. Such
a high level of cooperation in these studies provides great advantages in terms of
cost sharing, methods standardization, and communication of the results. The ac-
tive involvement of diverse agencies also presents a concern regarding the integ-
rity of the data collected, however. Stakeholder agencies may have varying de-
grees of expertise with the range of sample types or analyses utilized in a regional
survey, resulting in a greater chance for technical errors or noncomparable data.
Consequently, there is an increased need for method standardization and quality
assurance programs in cooperative regional surveys. Similar concerns regarding
data comparability also arise when the results of environmental studies from di-
verse programs are combined for higher level analyses to describe spatial patterns
or derive sediment quality guidelines (e.g. Long et al., 1995; 1998).

Information regarding the comparability of sediment toxicity data is especially lack-
ing. Although standard amphipod test methods are available (ASTM, 1992; USEPA,
1994a), few interlaboratory comparison studies have been conducted (Mearns et al.,
1986; Schlekat et al., 1995; USEPA, 2001). While these studies demonstrate that am-
phipod toxicity tests are reliable and reproducible, they may not be applicable to data
produced by a cooperative regional study for two reasons. First, highly experienced
laboratories participated in the previous studies, which may not be the case in a coop-
erative study. For example, of the seven Bight’98 toxicology laboratories, only one
had previously worked with the specific test species used (Eohaustorius estuarius),

Ventura County

Los Angeles County

AN

g 0

Kilometers

Figure 1. Location of stations analyzed for sediment toxicity during the Bight 98 regional survey of
southern California.
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and two of the laboratories had not previously conducted sediment toxicity tests with
amphipods. Second, most of the existing interlaboratory test data were generated us-
ing either spiked or diluted sediment samples. The use of such highly manipulated
samples may produce results different from those obtained with field-collected sedi-
ments that are handled differently.

This article presents the results of an interlaboratory comparison study that was
conducted to accomplish three objectives. The first objective was to determine
whether laboratories having limited sediment testing experience were able to per-
form the 10-day Eohaustorius test in accordance with pre-established test accept-
ability criteria. The second objective was to assess the degree of agreement among
laboratories for sediment toxicity samples typical of those encountered in a coop-
erative regional survey. The third objective was to evaluate whether the participa-
tion of multiple laboratories introduced greater variability in test results compared
to analyses by a single laboratory.

2. Methods
2.1 SAMPLE COLLECTION AND HANDLING

Sediment samples were collected on May 7, 1998 from four locations in Los An-
geles/Long Beach Harbor, California (Figure 2). Station locations were selected
based upon prior data to represent a gradient of toxicity ranging from highly toxic
(< 50% survival) to moderately toxic (approximately 70% survival). Elevated con-
centrations of metal and organic contaminants were present at each of the sites,
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Figure 2. Location of sites sampled in Los Angeles/Long Beach harbor for interlaboratory toxicity
comparison.
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although the greatest contamination was expected at stations 1 and 3, which re-
ceive inputs from large urban stormwater discharges and also from port activities.
Station 1 is downstream of a USEPA Superfund site for DDT contamination and
also contains elevated concentrations of metals (copper), chlordane, PAHs, and
total organic carbon. Station 2 was expected to contain higher concentrations of
PCBs (from shipyard operations), relative to the other stations. The principal con-
taminants at station 3 were metals (lead and zinc) and PAHs. Station 4 was located
distant from specific sources of contaminants and was expected to contain the
lowest concentrations of contaminants, relative to the other stations. The samples
collected for this study were not chemically analyzed.

Sediment samples were collected with a 0.1 m? modified Van Veen grab. Mul-
tiple grab samples were taken at each station to provide 12 L of surface sediment
(top 4 cm of grab). The sediment was placed in polycarbonate containers, chilled
on ice, and transported to the laboratory for storage at 4°C in the dark. Each sedi-
ment sample was homogenized using an overhead mixer on the following day,
split into subsamples, and then distributed to the testing laboratories within 48
hours. The test sediments were kept chilled during transport and storage at the
testing laboratories.

2.2 TEST PROCEDURES

Sediment toxicity was determined using a 10-day amphipod survival test (USEPA,
1994a; ASTM, 1992). Test organisms, Eohaustorius estuarius, were obtained from
Beaver Creek, Oregon. The animals were shipped by overnight courier to each
laboratory, where they were acclimated under conditions of 20 g/kg salinity, aera-
tion, constant illumination, and 15°C until the initiation of the test on May 12,
1998. Each laboratory received animals from the same collection batch and sorted
the specimens to exclude gravid females and specimens outside of the recom-
mended 3-5 mm length range from use. Sediment toxicity tests were conducted in
1 L glass test containers containing a 2 cm layer of sediment. The overlying water
was filtered coastal seawater collected by each laboratory. Five replicates were
tested for each sediment sample. A negative control (consisting of test animal col-
lection site sediment) was included in each batch of samples tested. At the end of
the 10 day exposure period, the sediment was screened through a 0.5 mm-mesh
screen and the number of surviving amphipods was recorded.

A cadmium reference toxicity test was conducted concurrently with each sediment
toxicity test. The aqueous phase reference toxicant test consisted of three replicates of
five concentrations (0.3, 1.0, 3.2, 5.6, and 10.0 mg Cd/L) plus a control sample. The
test concentrations were prepared from a common stock solution that was provided to
each laboratory. The number of surviving animals was recorded at the end of 4 d and
the LC, (Lethal Concentration, 50% mortality) was calculated. Statistical analysis
was conducted using the procedures recommended by USEPA (1994a).
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3. Results

All of the participating laboratories met the test acceptability criteria for the sedi-
ment and reference toxicant tests, which included (USEPA, 1994a): = 90% sur-
vival in controls, water quality parameters within the tolerance range of the test
species, and reference toxicant LC_, within 2 SD of prior tests. Each laboratory
obtained nearly 100% survival in the collection site control sediment and recorded
at least 90% survival for the reference toxicant seawater control. The laboratories
reported that all of the experiments were conducted within the parameters of the
test protocol (including water quality) and that no tests had to be repeated.

3.1 INTERLABORATORY COMPARABILITY
3.1.1 Reference Toxicant

Results of the reference toxicant tests varied approximately five-fold among labo-
ratories. The cadmium LC,; for each laboratory (calculated using the Spearman-
Karber method) ranged from 1.8 to 9.4 mg/L (Figure 3). The most sensitive test
result (lowest LC, ) was reported by Laboratory 1; its LC,, was significantly less
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Figure 3. Cadmium reference toxicant test results from the interlaboratory comparison (circles) and
from multiple tests conducted by laboratory 6. Error bars indicate the 95% confidence limits. The
95% confidence limits for laboratory 1 are 1.6—-1.9 mg/L. Means for the interlaboratory and
intralaboratory data are shown by the solid and dashed lines, respectively.
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than the values reported by the other laboratories. The LC,, for Laboratory 2 was
significantly greater than five of the other laboratories. The 95% confidence limits
for the results from the other laboratories overlapped one another, indicating that
the results were similar. None of the results were classified as an outlier, since all
were within two standard deviations of the mean value (USEPA, 1994a). How-
ever, inclusion of the data for Laboratory 1 inflated the standard deviation to 2.4.
Laboratory 1 would have been classified as an outlier if the standard deviation
based on laboratories 2—7 (1.9) was used to establish the control limits.

The reference toxicant test results reported by the interlaboratory study partici-
pants were similar to the results of multiple tests conducted by a single laboratory
(Laboratory 6) over a period of several years (Figure 3). Both the intralaboratory
and interlaboratory LC,, data sets had similar means (5.6 mg/L and 5.4 mg/L,
respectively) and ranges (1.8-9.4 and 2.2-10, respectively), indicating that testing
by multiple laboratories had little effect on the accuracy or precision of the results.

3.1.2 Sediments

Each of the four sediments was consistently identified as toxic by the laboratories.
A statistically significant difference in amphipod survival relative to the control
sample (t-test, p < 0.05) was obtained for all but one of the 28 samples evaluated in
the study (4 sediments x 7 laboratories). High mortality (< 35% mean survival
among laboratories) was produced by sediments from two stations, 1 and 3 (Fig-
ure 4, Table 1). Sediment from station 1 was most toxic; a mean survival of 11%
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Figure 4. Survival results for Eohaustorius estuarius exposed to field sediments. Bars represent the
mean (+ 1 standard deviation) of five replicates tested at each laboratory.
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Table 1. Summary of toxicity test results for harbor sediment samples.

Percent Survival Variance
Station Mean Range 95% CI Intralab Interlab
1 11 0-34 +13 41 188
2 79 65-90 9 80 98
3 33 19-54 +15 180 269
4 80 55-92 +12 74 169

was obtained for this sample and two laboratories reported 0% survival. Low-
moderate toxicity was detected in the remaining stations (2 and 4). The laborato-
ries reported 55-92% survival in tests with these samples (Figure 4).

There was little correspondence between the reference toxicant results and the rela-
tive response to sediment reported by each laboratory. For example, the reference
toxicant results indicated that the amphipod test conducted by Laboratory 1 was sig-
nificantly more sensitive than the other laboratories’ tests, yet the sediment test results
for Laboratory 1 were similar to those of most of the other laboratories (Figure 4).

A similar amount of variation among laboratories was present for each sample.
Standard deviations for stations 1, 2, 3, and 4 were 14, 10, 16, and 13, respectively.
The 95% confidence interval for survival ranged from 9—15% among the stations
(Table 1), while an overall confidence interval of = 12% was calculated based on
the grand mean variance of the means for all samples. Thus, the percentage of
survival measured by a laboratory is expected to lie within 12 percentage points of
the true value 95% of the time.

The variation in the sediment test data attributable solely to interlaboratory vari-
ability could not be calculated because repeated analyses of the same sample by a
single laboratory were not conducted. As an alternative, the pooled variance among
replicates within each laboratory was compared to the pooled variance in mean
survival among laboratories for each station. The interlaboratory variance was higher
than the replicate variance for each of the four sediment samples (Table 1). Station
1 (the most toxic sample) showed the greatest difference, with the interlaboratory
variance being 4.5 times greater than the within-replicate variance. The
interlaboratory variance was 1.2 to 2.3 times greater than the replicate variance for
the other three stations.

The individual sample results among laboratories were compared using three ap-
proaches, each reflecting a different method of data interpretation. For the first ap-
proach, the percent of survival results among laboratories was compared. Examina-
tion of the survival results indicated that some bias may have been present in the data
from two laboratories. Laboratory 7 reported the lowest or second lowest survival rate
for each of the sediment samples and the results for Laboratory 2 were within the top
three for each sample (Table 2, Figure 4). These differences were not statistically
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Table 2. Laboratories arranged by order of survival results. Laboratories not significantly different
from one another (Tukey pairwise comparison, p > 0.05) are underscored.

Station Laboratory Number
Highest Survival Lowest Survival
1 4 S 2 1 3 6 7
2 2 ] 6 3 S 4 7
3 4 2 S 3 6 7 1
4 1 2 3 4 (&) 7 5

significant, however. Analysis of variance followed by Tukey pairwise comparisons
indicated that the results for Laboratories 2 and 7 were similar to those for most of the
other laboratories (Table 2). Significant differences in the percent of survival were
detected between laboratories in 25% of the 84 possible pairwise comparisons, but no
consistent pattern was observed among laboratories in these differences. Only one
case (Laboratory 5 for station 4) was encountered where the results for a laboratory
were different from all other laboratories (Table 2).

The second evaluation approach examined the ability of the laboratories to as-
sess the relative toxicity of the four samples. The sediments were assigned ranks
based upon the survival results. Each of the seven laboratories ranked stations 1
and 3 as the most toxic and next most toxic samples, respectively (Table 3). Four
of the laboratories ranked the sediments in exactly the same order and a fifth only
differed in that stations 2 and 4 were tied in the rankings. The Kendall coefficient
of concordance based upon these data was 0.91, indicating a high level of agree-
ment (p < 0.01) among laboratories.

The final assessment approach examined the ability of the laboratories to clas-
sify the degree of sediment toxicity using response thresholds (nontoxic, moder-
ately toxic, and highly toxic) typical of regional monitoring programs. The agree-
ment among laboratories in classifying the samples varied and was dependent upon
the magnitude of toxicity. All seven laboratories classified sediment from station 1
(the most toxic sediment) as highly toxic (Table 3). Relatively consistent results
were also obtained for station 3; all seven laboratories classified this station as
toxic, with five classifying it as highly toxic and two as moderately toxic. The
classification results were more variable for stations 2 and 4; approximately half
of the laboratories placed these sediments into the nontoxic category (Table 3).
The mean survival rate (among laboratories) for these two stations was 80%, the
same as the response threshold used to distinguish between nontoxic and moder-
ately toxic samples.
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Table 3. Classification of the test sediments based on either relative toxicity (rank) or response-
based categories.

Category by Laboratory’ Category by Laboratory”
Station 1 2 3 4 5 6 7 1 2 3 4 5 6 7
1 4 4 4 4 4 4 4 H H H H H H H
2 2 1.5 2 2 1 1 2 N N N M M N M
3 3 3 3 3 3 3 3 H M H M H H H
4 1 1.5 1 1 2 2 1 N N N M M M M

“ Rank is based on the relative survival percentage for the four stations tested by the laboratory, with a rank of 4 corresponding to
the lowest survival (most toxic). In the case of ties (same survival for two stations) the mean of the ranks involved is assigned
to each station (e.g., stations 2 and 4 for laboratory 2).

" N = nontoxic, M = moderately toxic (survival = 79-50% of control and significantly different from control), H = highly toxic
(< 50% of control survival).

4. Discussion

This study has shown that the E. estuarius amphipod toxicity test can be con-
ducted with a high degree of success and reproducibility, even among laboratories
with varying levels of experience with the method. Each laboratory met the per-
formance criteria specified by the protocol (USEPA, 1994a) and was able to dis-
criminate statistically between the control sediment and moderately toxic field-
collected sediments.

Variable results were obtained among some of the laboratories, as shown by statis-
tically significant differences in the results (percent of amphipod survival) for the
same sediment sample. However, the variability measured in this study was similar to
that found in previous studies (Mearns et al., 1986; Schlekat et al., 1995). This finding
is especially noteworthy considering that several of the laboratories participating in
this study had limited or no experience conducting the test procedure. Laboratory 5
had no prior sediment testing experience, Laboratory 3 had no amphipod test experi-
ence, and Laboratory 1 had less than one year of amphipod test experience. The re-
sults for these laboratories were comparable to those from the remaining laboratories,
which had at least five years of amphipod test experience. All of the laboratories had
multiple years of aquatic toxicity test experience.

No specific cause was identified for the variability in sediment test results ob-
served among laboratories. The lack of a strong bias in the interlaboratory results,
indicated by the similarity of station rankings (Table 3), and the similarity of
intralaboratory and interlaboratory reference toxicant results, indicates that labo-
ratory-specific differences in organism sensitivity or test methods were not a ma-
jor factor. The variability may have been due to factors such as changes in con-
taminant bioavailability due to sediment storage and handling or may reflect the
inherent variability of the test organism response.
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While these results indicate that precision within one test is greater than the
precision within multiple tests conducted by different laboratories, the data cannot
be used to determine whether this variability is introduced by multiple tests or by
multiple laboratories. Multiple tests within one laboratory may produce a similar
level of variability. A measurement of intralaboratory variability, obtained through
the repeated measurement of the same sample, is needed to provide a comparison
with the interlaboratory variability measured in this study. Such a study is difficult
to conduct with sediments because toxicity may be altered by long-term sediment
storage. An alternative approach for estimating intralaboratory variability is to
simultaneously test splits of the same sample, using different personnel and batches
of test organisms (USEPA, 1994b).

A degree of uncertainty must be expected for any study that employs tests that
have variability (Mearns et al., 1986). The significance of this variability depends
on the way in which the data are used. If the results are used to rank or otherwise
describe the relative toxicity of multiple stations, then there is good agreement
among laboratories, especially regarding the identification of the most toxic sta-
tions (“hot spots”). For regional assessments, thresholds based upon percentage of
survival are often used to identify one or more levels of toxic response (Fairey et
al., 1996; Long et al., 1998). Our data, representing contaminated field sediments
spanning the range of toxicity typically encountered, indicate that survival mea-
surements are likely to vary among laboratories by approximately 12 percentage
points from the mean value. This variability may alter the classification of a sedi-
ment sample whose true level of toxicity is near a threshold value. This uncer-
tainty is not a unique problem to toxicity tests and can be minimized by stratified
sampling designs that utilize the information from multiple sediment samples to
characterize the extent and magnitude of toxicity within a region.
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