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SUMMARY

Chapman, P.M. and C.T. Barlow. 1984. Sediment bioasays in various B.C.
coastal areas. Report prepared for the Environmental Protection Service,
West Vancouver, B.C. by E.V.S. Consultants Ltd., North Vancouver, B.C.

22 pp + appendix.

Sediment bioassays using the sensitive amphipod Rhepoxynius abronius were used

to test the toxicity of composite sediment samples collected from |2 marine
sites in B.C. Nine of the 12 sites were significantly (P = 0.01) toxic compared to
controls. The three most foxié sites were located in the area of Vancouver
Harbour: Vancouver Wharves, Neptune Terminals and the East Basin of False
Creek. Bioassay results were compared with the results of chemical analysis of
the sediments for metals (including nine Priority Pollutants) and other inorganic
elements. The single composite sediment sample with the highest levels of
Priority Pollutant metals (including Cd and Hg) had 0% amphipod survival, but
low survivals were also recorded in samples with lower measured sediment
contaminant levels. The results indicated that the sediment bioassay measures a
biological response to combinations of chemicals, and toxicity was not related to
present ODCA criteria for Hg and Cd. These data indicated a potentially serious
sediment toxicity problem in the Vancouver Harbour area, which should be
addressed. The ODCA criteria would require revision to be consistent with

sediment toxicity tests such as the biéossoys used herein.
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1.0

INTRODUCTION

This report documents the results of a study commissioned by the
Environmental Protection Service (EPS) to determine the acute tfoxicity
of marine sediments collected from six different B.C. coastal areas. A
total of 12 sediments (2 from each of 6 sites) were tested for toxicity

using the infaunal amphipod Rhepoxynius abronius. Sediment bioassays,

particularly with this amphipod, are assuming increasing importance in
the United States for regulatory purposes. The present preliminary
study represents the first broad-scale use of these techniques in

Canada.

Testing involved 10-d exposure of the amphipod R. abronius to test
sediments, with determination of daily emergence patterns and final
mortality using techniques developed by Swartz et al. (1979, 1981,
1982, in press). Test sediments were selectively analysed for chemical
contaminants by the EPS and these results were compared with the
toxicity data. The relevance of study results to similar studies in

contaminated areas of the United States is discussed.
Objectives
The objectives of the present study were:

I. To determine the acute toxicity of 12 field-collected marine

sediments to a sensitive infaunal amphipod.
2. To compare toxicity data with selected sediment chemistry data.

3. To compare results with similar data for other areas.




2.0

2.1

2.2

2.3

METHODS
Field Collections

Sediment collections were conducted by the EPS, using either a Ponar
or Smith-Mclntyre benthic grab. Four separate grab samples were
collected from each of |2 stations (6 sites; Figs. | - 6) on the following
dates: March 28 - Vancouver Harbour, March 29 - False Creek, April 0l
- Alberni Inlet, April 03 - Victoria Harbour, April 04 - Powell River,
April 05 - Port Mellon.

Four separate grab samples were composited for each site, subsamples
were removed by the EPS for chemical analysis, and the remaining
sediment was sealed in clean labelled polyethylene bags. Samples were

stored at 4°C in the dark prior to testing.

Sediment Chemistry Analyses

Chemical analyses were conducted by the EPS.  Sediments were
extracted using a combination of nitric and perchloric acids, and the
extracts analysed for metals using Inductively Coupled Argon Plasma

(ICAP). Standard reference sediments were analysed to determine

analytical efficiency and precision.

Sediment Bioassays

The infaunal amphipod Rhepoxynius abronius was collected subtidally

from West Bay on Whidbey Island (Washington State) using a bottom
trawl. Amphipods were maintained and transported in clean coolers
with ice, and were returned to the E.V.S. Consultants Laboratory within

6 h of collection.
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Following their arrival in the laboratory, amphipods were hand sorted
from sediments and identifications were confirmed with a Wild M5
dissecting microscope. Damaged and dead individuals were discarded,
the remaining amphipods being placed in clean polyethylene containers
provided with clean natural substrate and seawater (28 ppt salinity).
Cultures were acclimated for 48 h in a constant environmental room
adjusted to |5 + 1°C under continuous light. Cultures were aerated but

not fed during acclimation.

Acute lethality of whole fresh (unfrozen) sediments was measured by
the methodology of Swartz et al. (1982, in press), which involved a 10-d
exposure to test sediments. A 2 cm layer of test sediment was placed
in | L glass beakers, and covered with 800 mL of clean seawater (28 ppt
salinity). Each beaker was seeded with 20 amphipods and aerated. Six
replicates (20 amphipods each) were run per test sediment. Five
beakers served to determine toxicity, while the sixth beaker served as a
reference for daily measurement of water chemistry (pH, DO, salinity,
temperature). Testing was conducted at 15 + 1°C under constant light.
Test containers were checked daily to establish eoi’ly trends in mortal-
ity and sediment avoidance, and also to gently sink any amphipods
which had left the sediment surface overnight and become trapped by
surface tension at the air/water interface. A control sediment (from
the amphipod collection site) was run concurrently with the test

sediments.

Bioassay tests were terminated after 10 d when sediments were sieved
(0.5 mm screen), and live and dead amphipods removed and counted.
Amphipods were considered dead when there was no response to
physical stimulation or microscopic examination revealed no evidence
of pleopod or other movement. Missing amphipods were assumed to

have died and decomposed prior to the termination of the bioassay
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(Swartz et al., 1982, in press). Any significant differences in survivor-
ship between test sediments was determined by analysis of variance.
Differences in mean survival between test _and control sediments was
determined by Dunnett's procedure (Steel and Torrie, 1960). One-tailed
Dunnett tables were used to determine if mean survival in each test

series was significantly less than control values.
RESULTS

Sediment Chemistry

Results of the sediment chemistry analyses for Priority Pollutant
metals are provided in Table |I. Results of analyses for other elements
are provided in Table 2. Complete data sheets are provided in Appendix '
A.

All of the sediments tested contained cadmium concentrations
exceeding the Ocean Dumping Control Act (ODCA) criteria of 0.6 ug/g.

Two of the sediments also contained mercury concentrations exceeding

the ODCA criteria of 0.75 ug/g.

Sediment Bioassays

Sediment bioassay results are provided in Table 3. Complete data

sheets are provided in Appendix B.

Statistical data analysis indicated that amphipod survivals in 9 of the 12
sediments tested were significantly (P = 0.01) lower than controls.
Survivals in sediments from the Powell River dock (PR-D), Port Mellon
scow area (PM-S) and False Creek Area C (FC-C) were not significantly

different than controls.
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TABLE 2

SEDIMENT LEVELS OF NON-PRIORITY
POLLUTANT METALS AND

INORGANIC ELEMENTS
Concentration Range Station with
Element (ug/g dry wt.) Highest Concentration
Ba 13.4 - 148. FC-E
Co 4,5 - 86. VW
Mn 4.0 - 504. PA-O
Mo 3.9 - 239. VW
P 510.0 - 12,800. NT
Sn L 0.2 - 31. FC-E
Sr 27.3 - 238. FC-C
Ti 318.0 - 1,950. PA-D
\Y 41.0 - 131. PA-D
Al 5,120.0 - 27,300. PA-D
Fe 12,000.0 - 76,400. VW
Si 130.0 - [,760. FC-E
Ca 100.0 - 101,000. PM-D
Mg 4,890.0 - 12,400. PA-D
Na 2,790.0 - 15,400. PA-O
a. L = less than
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Data for avoidance (amphipods emerging from the sediments, Table 3)
showed a good correspondence with the survival data. For instance, the
two stations with no amphipod survivals (NT and VW) showed the
highest avoidance response. Two of the three stations with survivals
similar to controls showed low avoidance responses, also similar to
controls. However, two exceptions to this correspondence were noted:
station PR-D showed no significantly lower survival than controls but
there was a relatively high avoidance response o the sediments; and,

station VH-O showed significantly lower survival but a relatively low

avoidance response.
DISCUSSION

Toxic Areas

Although bioassays have been used extensively to document water
column toxicity related to specific discharges, sediment bioassays
involving laboratory exposures of fest species to field-collected sedi-
ments have only recently been applied to the marine environment.
Because sediments are a major repository for persistent aquatic con-
taminants, sediment bioassays provide data on the toxicity of contami-
nants which may be released to the water column through dredging or
natural scouring processes, and which may be affecting marine fauna

living in, on or near the bottom sediments.

The most sensitive species used in acute lethal sediment bioassay tests
conducted to date is the phoxocephalid amphipod Rhepoxynius abronius
(Chapman et al., 1982, in press g; Chapman and Fink, 1983, R. Swartz

and J. Cummins, EPA, pers. comm.). This sensitivity is reaffirmed by
field observations that this species and phoxocephalids as a group are
not found in contaminated areas of Puget Sound, Washington (Swartz et

al., 1982; Comiskey et al., in press; Chapman et al., in press b).
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The results of the present study, using R. abronius as a test organism,
indicate that nine areas caused significant amphipod mortality, and
hence can be classified as acutely toxic. Three of these areas were
characterized by less than 15% amphipod survival: Vancouver Wharves,
Neptune Terminals and the East Basin of False creek. Sediments from
two areas were characterized by 42-45% survival: the outfall area at
Port Alberni and inner Victoria Habour. The remaining four areas were
characterized by survivals of between 60 and 70%. Data on avoidance
generally supported this characterization. Sediments from the Powell
River dock area, which were not actually acutely toxic, induced a high

level of avoidance suggestive of sublethal effects.

The above results are based on composite samples and do not serve to
characterize the extent of toxicity in each area tested. Such charac-
terizotibh, including d'elinecn‘ion of the depth and aereal extent of
toxicity, is required to accurately delineate areas of concern.
However, the results of the present study do serve to prioritize areas of

concern as follows:

[. Vancouver Wharves, Neptune Terminals;

2. East Basin of False Creek,

3. Outfall area in Port Alberni, inner Victoria Harbour;

4. Port Alberni dock area, Powell River Stillwater Division, outer

Victoria Harbour, Port Mellon dock area.
Comparisons Between Sediment Chemistry and Toxicity

Previous attempts to correlate sediment bioassay results with sediment

contaminant concentrations have been largely inconclusive. Tsai et al.
(1979) determined 48 h LC50 values for the mummichog (Fundulus




16

heteroclitus), spot (Liostomus xanthus) and a mollusc (Mya arenaria)

exposed to constantly mixed Baltimore Harbor sediment concentrations
of between 79 and 0.63 g/L. There was no correlation between bioassay
results and measured concentrations of Pb, Cr, Zn, Cd, Hg, Ni, Cu, Mn,
As and PCBs in the sediment. However, bioassay results did show a
significant correlation with species diversity indices for the tested
sites. Tsai et al. (1979) concluded that no single chemical contaminant

accounted for sediment toxicity.

Similar results have been obtained for the New York Bight. Wurster
(1982) tested eight sediment samples from the Hudson-Raritan estuary
using a two species phytoplankton bioassay. He found no correlation
between bioassay results and PCB and PAH concentrations, but did note

some correspondence with levels of total heavy metals in sediments.

Tietjen and Lee (in press) used free-living nematodes as bioassay
organisms to determine the relative toxicity of eight sediment samples
from the New York Bight representing a grrodien'r of stations from
lightly to heavily impacted by pollution. Sediment contaminants
measured were PCBs, PAHs, Cd, Cr, Cu, Hg, Pb and Zn. The natural
daily increase in number of nematode generations was used as a
measure of sediment quality. Population growth was found to be less
than half when PCB concentrations were greater than 270 ppb, and
when PAH concentrations were greater than 8700 ppb. Highest levels
of sediment contamination for particular compounds were (in ppb):
PCBs, 1560; PAHSs, 15200; Cd, 32; Hg, 23.

Swartz et al. (1982) have sediment bioassay data for Commencement
Bay and Waterways, Puget Sound. Sediment chemistry data relevant to

these bioassays is reviewed by Schultz et al. (in prep.). Swartz (pers.

comm.) is presently preparing a report on benthic community data
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relevant to both the bioassays and the chemistry and will be attempting
to correlate all three data sets using multivariate analyses. However,
the results of these analyses are not expected to be available until mid-

1984 (Swartz, pers. comm.).

Attempts by other Puget Sound investigators {(i.e. Quinlan et al., in
press; Chapman et al., in press b) to correlate sediment bioassay results
with particular individual or combined sediment chemical con'rcmindnts
have been unsuccessful. However, broad-scale comparisons of sediment
bioassay results with sediment chemistry and fish histopathology data
have shown correspondences (Quinlan et al., in press), while-Chapman et
al. (in press b) have shown that areas characterized as toxic in sediment
bioassays are also characterized by changes in benthic infaunal compo-

sition and high overall sediment chemistry levels.

The results of the above analyses indicate that sediment bioassays
provide data representative of in situ toxic conditions, but that the
measured toxicity cannot be ascribed to any particular chemical
compound or groups of compounds. As noted by Swartz et al. (1984),
"the sediment bioassay is a method of pollution assessment whose

validity is not dependent on correlation with sediment chemistry."

In the pi'esenf study, only the results of testing at Vancouver Wharves
(0% survival) were intuitively predictable based on the fact that this
sediment had the highest levels of 6 of 9 Priority Pollutants measured,
including cadmium (18.7 ug/g) and mercury (2.47 ug/g). In contrast,
Neptune Terminals sediments, which also had 0% survival in the
bioassays, had the second lowest levels of cadmium (l.l ug/g) and the
lowest levels of mercury (0.21 ug/g). Extremely high levels of
phosphorous were, however, noted in the Neptune Terminal sediments,

which may be significant.
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The metals cadmium and mercury are regulated under the ODCA.
When sediment levels exceed 0.75 ug/g mercury andfor 0.6 ug/g
cadmium, more extensive testing may be required and/or site specific
information may be considered during the evaluation for ocean disposal.
In the present study, all sediments exceeded the cadmium criteria, but
not all sediments exceeding the criteria showed tfoxicity. The range of
cadmium concentrations noted for toxic responses was |.I - 18.7 ug/q,
and overlapped with the range for non-toxic responses, which was 1.0-
3.0 ug/g. Only two sediments exceeded the mercury criteria, and both
showed toxic responses. The range of mercury concentrations noted for
toxic responses was 0.21 to 2.47 ug/g, and overlapped with the range for

non-toxic responses, which was 0.37-0.59 ug/g.

Previous sediment bioassays in the East Basin of False Creek showed
toxicity at the following sediment contaminant levels (in ug/g dry
weight): Cd, 4.3; Pb, 206; Hg, 0.44 (R. Waters, B.C. Place, uhpub.
data). No toxicity was noted at the following sediment contaminant
levels: Cd, 0.87; Pb, 39.2; Hg, 0.18 (R. Waters, unpub. data).

Based on the present results and those of previous studies, it is apparent
that sediment bioassay toxicity responses are not related to concentra-
tions of individual compounds such as the metals Cd and Hg. Rather,
the response is to overall sediment contamination which includes
organic compounds in addition to synergistic/antagnostic reactions
between chemicals. As such, the toxicity response provides data of
more direct relevance to environmental effects of ocean dumping than

do chemical analyses alone.
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Comparisons with Other Areas

Comparisons between the results of sediment bioassay tests for dif-
ferent areas are commonly undertaken on the basis of number of
stations showing toxicity and the overall degree of toxicity. However,
comparisons here are made on the basis of single composite samples,

and only for the most toxic areas.

The fact that two stations in Vancouver Harbour had 0% survival and
one station in False Creek had less than |5% survival is of concern. It
is relatively rare to obtain such low survival values in replicated
amphipod bioassays. For instance, in recent studies at Commencement
Bay in Puget Sound, designated by the EPA as among the top ten
priority foxic waste dumpsites in the United States requiring remedial
action, a total of 50 stations were tested for toxicity using the
amphipod bioassay. Of these, only one station showed 0% survival with
the two next most toxic stations showing survivals of 5 and 23%

(Chapman, unpub. data).

It is therefore recommended that the three most toxic sites in the
Vancouver Harbour area be given priority for additional studies.
Specifically, toxicity tests should be undertaken at each site to

determine the areal extent of the toxic response.

CONCLUSIONS

The following major conclusions can be derived from the results of this

study, related to the study objectives.
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. Sediment bioassay tests served to prioritize the following tested
areas on the basis of decreasing acute lethality (toxic = signifi-
cantly lower survival than in controls) :

. Vancouver Wharves, Neptune Terminals;
. East Basin of False Creek;
Outfall area in Port Alberni, inner Victoria Harbour;

Fw N

. Port Alberni dock area, Powell River Stillwater Division, outer
Victoria Harbour, Port Mellon dock area;

Non-Toxic

S. Powell River dock, Port Mellon scow area, False Creek Area C.

2. Sediment bioassays indicated that the highest toxicity occurred at
the site (Vancouver Wharves) with the highest concentrations of
Priorify Pollutant metals. However, toxicity was not related to
concentrations of particular chemicals, and there was not relation-
ship between the ODCA criteria for mercury and cadmium, and

sediment toxicity.

3. The three most toxic sites, located in the Vancouver Harbour area,
may be indicative of serious contamination problems; the toxicity
data from this general area suggested a comparable level of

sediment toxicity as the U.S. marine Superfund site in

Commencement Bay.
6.0 RECOMMENDATIONS
The following major recommendations result from the present study.

. Sediment biaossays with the amphipod Rhepoxynius abronius pro-

vide information on sediment toxicity, and should be used in future

assessments by the EPS, to supplement chemical analyses.
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Following the recommendations of Chapman and Long (1983) and
consistent with present techniques in the United States, it is
further recommended that sublethal and genotoxic bioassay tests

also be used, to provide complete information on sediment toxicity.

2. Additional sediment bioassay testing should be conducted on a grid
of samples collected from at least the three most toxic areas:
Vancouver Wharves, Neptune Terminals, and the East Basin of
False Creek. Samples for testing should also be taken at different
depths in the sediment, where possible, to determine the extent of
toxic sediment deposition. Sampling design should endeavour to
identify whether the cause(s) of contamination are historical, point
source (storm, sewer, effluent discharge) or non-point source

discharges.

3. The present ODCA criteria for Ocean Dumping are based on
chemical analyses, most notably for Cd and Hg. These criteria

should be reviewed and amended to reflect toxicity criteria.
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APPENDIX A
SEDIMENT CHEMISTRY DATA SHEETS®

Lab. ldentification

Station (8404960 - )
PM-D 01, 02
PM-S 03, 04
PA-D 05, 06
PA-O 07, 08
FC-E 09, 10
FC-C i, 12
NT 13, 14
VW 15, 16
- PR-S 17, 18
PR-D 19, 20
VH-0O 21, 22
VH-I 23, 24

Reference Material

MESS-1 25, 26, 27
BCSS-1 28, 29, 30

a. Two replicates, plus random split samples analysed.
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APPENDIX B

SEDIMENT BIOASSAY DATA SHEETS




E.V.S. CONSULTANTS
AMPHIPOD BIOASSAYS - COMMENCEMENT BAY
BIOASSAY DATA AND DAY 10 WATER CHEMISTRY

SAMPLE __ VH-1

NUHBER OF AMPHIPODS EMERGED NUMBER | NUHBER [WATER CHEMISTRY AT 10 0
LAB | REP.| FROM SEDIMENTS AT DAYS 0-10 ALIVE { FAILING
NO. — : _ AT 10 10 TEHP | SAL { 0.0. | pH

of«1| 2{ 3] a|s|6|7]{8]9fio] pars |resurrow| (°C) | (ppt){(mgsL)

1 A 6 1110 11 15 15.6 | 27 8.0 | 8.5
2 8~ |1]5]3 | nli i} s |15.2}27 8.0 | 8.5
3 {7167 {57 |3 | | s 15.1 |27 8.0 | 8.5 -
4 5133 {2 2 1 3|2 4 |15.0728 7.8 | 8.7
5 Istefsfefrja i i l2p | 10 11s.3 727 8.2 | 8.5

* all replicates of DAY 1 samples exposed to 14:10 light/dark photoperiod- all following
days were continuous light exposure. '

SAMPLE __VH-0
NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER |WATER CHEMISTRY AT 10 0
LAB | ReP. FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING ,
NO. AT 10 10 TEMP | SAL | 0.0. pH
ol 1] 2)3]elsle|7]8]glio] oars |resurrou] (°C) | (ppt)|(mg/L)
7 A tj212131 {213 |s 5 ~115.3]27 8.0 | 8.6
8 8 6 |6 2 1 2 13 15.4 |26 [*7.3] 8.4
9 c 2 1 |2 14 115.2 27 8.0 | 8.7
10 0 RLhIhhilepnpBeh 14 15.3 |26 8.2 | 8.7
11 £ 122 h 1 B p | 15 15.4 |26 8.1 | 8.6

¥ aeration stopped overnight

SAMPLE __ PR-D
NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER |WATER CHEHISTRY AT 10 0
LAB | REP. FROM SEDIMENTS AT DAYS 0-10 .| ALIVE | FAILING
NO. 2 AT 10 10 TEMP | SAL | D.0.| pH
ol 1|21 3141sl6j72l8l9fto] oavs resURROM] (°C) | {ppt) |{mg/L)
13 A 9l21ai3i3|3ls 2]z 14 15.41 26 7.91 8.6
14 8 41313 (2 1 11 18 15.0 | 26 8.0} 8.6
15 c 1017 |s 212133 b 18 15.2 | 26 7.9 | 8.5
16 ) 6la 21 |22 ]2 1 19 15.3 | 26 8.0 | 8.5
17 4 9 4 2 1 12 17 15.1 |26 8.2 | 8.5




SAMPLE PR-SD

saMpLe  FC-EAST

NUMBER OF AMPHIPODS EMERGED. NUMBER | NUMBER ~ [WATER CHEMISTRY AT 10 D
LA8 | REP.| FROH SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. : “AT 10 10 TEMP | SAL | 0.0. | pH

ol 1Tzl 3l alsl6]7]8[ofo| oars |resurrow| (°C) (ppt){{mg/L)

37 A 3 32 |3 3 |4 1 15.1 |27 8.1 | 8.7
38 8 10]4 3 4 6 15.1 (27 7.8 | 8.7
39 ¢ 5 2 1 s 4 |7 4 15.2 | 26 7.8 | 8.7
40 0 4 2| s 1 15.0 {27 8.1 ] 8.6 :
a € slalzl2tt1f2]3 1 “115.3 {26 | 7.2 ]8.6

| I . NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER [WATER CHEHISTRY AT 10 O
| LAB |, REP.| FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
‘ NO. : . at10 | t0 |VEMP| sAL | D.0. } pH
| l ol 1] 213lejsle]l7|8]9fiof DAYS resurrow] (°C) | (ppt)|(mg/L)
| 19 A alafzizlzleti |z 1|2 13 15.3126 8.1 | 8.6
20 8 5 2 afs 13 ]z )3 11 T15.3{27 . [ 8.0 8.6
| l 21 3 12|1 2 14 15.1 | 26 8.1 | 8.6
22 0 11fs |2 |a 4 [2 14 12 15.2 |26 8.2 | 8.6
23 £ Isfjzlz 12 15.3 |26 B0 |8.6
I saupLe _PM-D
NUMBER OF AMPHIPODS EMERGED | NUMBER | NUMBER [WATER CHEMISTRY AT 10 D
LAB | REP. FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING ‘ .
HO. . AY 10 10 TEMP | sAaL | 0.0. | pH
ol 1] 2] 3 e[sTel2]8]ofo] oars ]resurrowi (°C) | (ppt){(mg/L)
I 25 A | {8la]n 2P ft] 10 15.2 |26 | 7.8 | 8.8
% | 8 srhhhfiplss | 16 J15.3127 leol8
27 c 2leh el 13 b 18 15.2 126 8.0 |R
I 28 | o 5 2| Wl bbbl 1a 154 126 | 7.9 |8.8
29 3 slsfhilefhifele 3 g5 12 . l15.4 |26 7.6 |8.7
|I SAMPLE _PM-S
NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER [WATER CHEMISTRY AT 10 D
LAB | REP. FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
l NO. » at10 | 1o |tewe | sau |o.0.| pu
olil 2l 3Telstel718]olo] oavs |resurrou] (°C) | (ppt)|(mg/L)
31 A 4 1 19 15.21 26 8.4 | 8.7
l 32 8 12 2l n 17 15.3] 26 8.1 8.7
33 c 3 2lifzhh i 1 20 15.4 | 26 8.0 8.6
34 ) 11 {1 {1 17 15.4 | 26 8.1 8.7
II 35 £ 4 ]2 114 (31411 18 | 15.2 | 26 8.3 ] 8.7




saMpLE _ FC-C
l NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER |WATER CHEMISTRY AT 10 D
LAB | ReP.| FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. : 1 At 10 10 TEMP | SAL | 0.0. | pH
ol 1l 23T ¢l slsl7]8]alto] oavs |resurrow| (°C) | (ppt){(mg/L)
43 A 1 1 18 15.1} 26 8.1 8.4
_ 44 8 2 1 17 15.0§ 27 8.2 | 8.4
45 C 1 15 15.3] 26 8.1 8.4
46 ) efzfrjr |2 19 15.3 | 26 8.0 | 8.4
47 £ 4 1 18 15.4 | 26 8.0 | 8.2
l SAMPLE _PA-0
‘ NUMBER OF AMPHIPODS EHERGED NUMBER | MUMBER |WATER CHEMISTRY AT 10 O
I LAB | REP.{  FROM -SEDIMENTS AT DAYS 0-10 ALIVE { FAILING :
NO. : AT 10 { T0 TEMP | SAL | 0.0. | pH
of 1] 2] 3lals|e{7]8]9fo] oars |resurrow| (°C){(ppt)|(mg/L)
a9 | A | P9t RI1I2] 11 14 153126 | eo0l87
50 8 52133 |4 3k h P 8 _ 15.4 |26 8.0 |8.7
1 1141 >
52 0 elsfala3faai Pt} 9 15.3 | 26 8.0 | 8.7
I 53 £ Tis[13[8 {5 |7 [11f7 |7 |4 |3 7 15.1 | 26 7.9 [ 8.7
l SAMPLE _PA-D
NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER |WATER CHEMISTRY AT 10 D
LAB | REP.| FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. AT 10 T0 TEMP | SAL | D.0. | pH
ol 1l2l3lelslsl2|s]oho]| oars |resurrow| (°C) | (ppt)|(mg/L)
55 A slaflal3fal2]|3]|s |8 14 ‘ 15.1| 26 8.0 | 8.
56 8 1[1(3]1 1 2 |3 13 15.1] 26 8.1] 8.5
l 57 c 33|sTn(ris|3 |2 11 15.1 27 B.0| 8.6
58 0 18 |1 31114 |2 13 13 15.3 [ 27 8.1] 8.5
l | 59 £ 7 h 11 1313 15 . 15.5 | 26 8.0 | 8.6
SAMPLE ___NT
l NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER ~ {WATER CHEMISTRY AT 10 D
LAB | REP.| FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. : “AT 10 10 TEMP | SAL | 0.0. | pH
ol 1l 23l alslel7[8]ofo]| oars |resurrow| (°C) | (ppt)|(mg/L)
l 61 A 1116 |4 1nfiojiofizfiofin} o ’ 15.0 | 26 8.0 | 8.3
62 B 15]7 spppllp 0 15.3 | 26 8.2 | 8.2
63 c 12 s BRI 1] o 15.3 | 26 8.2 | 8.3
' 64 0 wlalzlele s 561615 0 15.2 |26 8.1 | 8.5
65 E 1419 n1ja |7 pp 2 Is 2 0 115.2 |26 8.2 | 8.3




SAMPLE _ VW

NUMBER OF AMPHIPODS EMERGED NUMBER | HUMBER |WATER CHEMISTRY AT 10 D
LAB | REP. FROHM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. : -] AT 10 10 TEMP | SAL { D.0. | pH

ol 1l 21 3lays]6]7]|8|9fio] DAYS resURROM| (°C) | (ppt){(mg/L)

67 A 13 15| 158 113|8 {9 {5 |6 |4 0 15.3] 26 8.1 7.2
68 8 12 11l 10} 1018 19 {5 |4 |4 |5 0 15.3 ] 26 g.2 | 7.7
69 ¢ 1a}14]12l9 j10]7 |7 |5 |7 |3 0 15.4 | 26 *6.9 | 7.2
70 0 sisl1|1lal13181i5] |2 0 15.2 | 26 8.0 | 7.7
71 3 g8 [13l8 |6 [10|2 |10{8 5 ] 15.3 | 26 g.2|7.4

* aeration stopped overnight

SAMPLE _CONTROL

NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER |[WATER CHEMISTRY AT 10 0
LAB | REP.| FROM SEDIHMENTS AT DAYS 0-10 ALIVE | FAILING .
NO. : AT 10 10 TEMP [ sAL | 0.0. | pH
ol 1] 2] 3] alslel7]8lofio] oars |resurrou| (°C) | (ppt){(mg/L)

73 A tj2dei i hfije] 18 15.1 126 8.3 | 8.3
74 B 1|2 2 |2 |2 18 15.0 | 26 8.3 | 8.3
75 ¢ 213 3134331333 17 15.0 | 26 8.4 | 8.2
76 0 1221 ) 17 15.0 |26 8.4 |8.2
77 € 20 . [14.4 |26 8.4 |8.3
SAMPLE

NUMBER OF AMPHIPODS EMERGED NUMBER | NUMBER |WATER CHEMISTRY AT 10 D

LAB | REP.| FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. AT 10 10 TEMP | sAL [ 0.0. | pH
ol 1l 2] 3lelsTel7]8]sho| oavs |resurrow| (°C) | (ppt)|(mg/L)

mlo|lolo >

SAMPLE

NUMBER OF AHPHIPODS EMERGED- NUMBER | NUMBER |WATER CHEHISTRY AT 10 D

LAB | REP. FROM SEDIMENTS AT DAYS 0-10 ALIVE | FAILING
NO. - AT 10 10 TEMP | SAL | D.O. pH

ol 1T 21 31alslsl718]9fo| oars |[resurrouj (°C) | (ppt)|img/L)

mlolale >
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