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EXECUTIVE SUMMARY
Introduction

In the summer of 1978, a study was performed to determine the
acute toxicity of Prudhoe Bay crude oil and the dispersant, Corexit 9527,
alone and in combination, to several species of arctic marine invertebrates
and one species of fish. The research was carried out in the Ikaluit
Research Laboratory in Frobisher Bay, N,W.T., with Tocally collected test
species. This study was conducted as part of. the Arctic Marine 0iTspill
Program {AMOP) and was intended to verify and expand on results obtained
in an earlier study (Foy 1978).

It is emphasized that studies of this nature have limitations
and that great care must be taken in using 96 h LC50 values to predict
the effects of contamination in a natural situation. The main values of
such studies are in establishing the relative sensitivities of different
species and 1ife stages, in determining relative toxicities of different
contaminants and in defining concentrations of toxicants to be used in
subsequent studies of sublethal effects.

Materials and Methods

The toxicities of Prudhoe Bay crude oil, Corexit 9527 and the
two in combination were investigated using 96 h semi-static acute bioassays
to determine the median Tethal concentrations (96 h LC50). In bioassays
using oil as a toxicant, either alone or in combination with Corexit, the
96 h LC50 was determined on the basis of measured {using fluorescence
spectroscopy) concentrations of oil in the water column. Methods were
basically the same as those described by Foy (1978).

0il-water or oil-Corexit-water mixtures were prepared by adding
the toxicant(s) to filtered seawater (salinity from 24.1 °/co t0 32.2 °/ao}s
shaking on a reciprocating shaker (0.5 h) and allowing to stand undisturbed
in a separatory funnel for 3.5 h. At the end of this time, the lower,
aqueous phase was withdrawn and evenly distributed into three vessels
(polyethylene food bags supported in jars) which served as replicates.

Species and sizes of test organisms are listed in Table 1. The
amphipod species Anonyx laticoxae and Gammarus oceanicus were found, upon
positive identification of test organisms, as contaminant species in bio-
assays using 4. nugax and ¢. setosus, respectively. Separate data analyses
were performed for these 'contaminant' species even though the numbers
of animals were small. Two size classes of 0. litoralis were used in the
bioassays; the smaller animals were referred to as juveniles, the larger
as adults.



TABLE 1.
Animals Used in Toxicity Tests.
Species - Range in Length.an)
Amphipods '
Anonyx laticoxae Gurjanova 21-35
Anonyx nugax (Phipps) 15-45
Boeckogimus Sp. 9-24
Gammarus oceantcus Segerstrale 21-37
Cammarus setosus Dementieva | 16-40
onisimus litoralis (Kroyer) 6-9 and 13-19
Fish .
Myoxocephalus quadricornis
quadricornis (Linnaeus) 14-23

From 5 to 10 animals were normally used in each replicate test
mixture. Most bioassays consisted of

- three replicates of each of four toxicant concentrations,
- five control replicates of filtered seawater and

- three replicates of one concentration of a reference
toxicant, sodium lauryl sulphate (SLS).

Every 24 h, dead animals were counted, removed and preserved for subsequent
measurement and verification of identification; the remaining live animals
were transferred to freshly prepared toxicant mixtures. Animals were not
fed during the bioassays.

An attempt was made to maintain an experimental temperature of
4.5°C by circulating cold water around the bicassay vessels, Due to on-
off cycling of the cooling unit, temperatures regularly varied by + 0.5°C.
The maximum range of temperature variation recorded in any single experi-
ment (with two exceptions) was 2.9°C; this temperature instability was
caused by adding or removing bioassay vessels. Toxicant mixtures were
not aerated during the bioassays but dissolved oxygen levels were
monitored and were always greater than 4.0 ppm.

0i1-water and oil-Corexit-water mixtures were sampled immediately
after toxicant mixture preparation (0 h) and at the end of each 24 h period
within the 96 h bioassays. 0i1 in these samples was extracted with spec-
trophotometric-grade hexane and the fluorescence of the extract was measured
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using a spectrofluorometer. Concentration was determined by applying the
relative fluorescence readings to a calibration equation determined by.
measuring the fluorescence of known concentrations of oil in hexane.
Efficiency of extraction was checked by repeatedly extracting the same
samples of oil-water mixtures with hexane. All hydrocarbon concentra-
tion determinations were corrected for efficiency of extraction.

In 0il or oil-Corexit toxicity biocassays, the exposure concen-
tration of o0il used in the calculation of LC50 values was determined by
averaging the mean 0 h and 24 h fluorometrically measured concentrations.
The 96 h LC50 levels of sodium Tauryl sulphate and Corexit 9527 were
determined on the basis of their nominal concentrations.

Mortality in toxicant mixtures was corrected for control
mortality by using Abbot's formula (A.P.H.A. 1976). When possible, 96 h
LC50 values were determined using a computerized probit analysis (Davies
1971). Otherwise, a graphical probit analysis (Litchfield and Wilcoxon
1949) or a 10% trimmed Spearman-Karber calculational method (Hamilton
et al. 1977) was used to determine median lethal concentrations. If ail
of the above methods failed due to limitations of the data, the 96 h
LC50 was interpolated from a graph of mortality versus concentration on
semi-1og paper.

Two additional procedures were used to gain more information
from the toxicity bioassays. In most bicassays, animals that were still
alive after 96 h in the toxicant mixtures were transferred to clean
seawater for a period of 24 h to cbserve post-exposure mortality. To
gain more information on the nature of the oil-water and oil-Corexit-
water emulsions, gas chromatography was performed on samples taken at
both 0 h and 24 h.

Results and Discussion

Resutts of all biocassays are summarized in Table 2.

Sodium Lauryl Sulphate

Concentrations of the synthetic detergent, sodium lauryl
sulphate, lethal to 50% of the animals in 96 h ranged from 1-5 ppm in
tests with young-of-the-year Myomocephalus quadricornis to 89 ppm in
tests with Gammarus setosus. 1t was impossible to determine a 96 h
LC50 for Boeckosimus sp. because a precipitate formed in concentrations
high enough to produce mortality, and the actual exposure concentrations
were therefore uncertain. The 96 h LC50 values of SLS for adult Onisimus
litoralis (28 ppm) and dnonyx nugax (16 ppm) were similar to those of
4 to 40 ppm and 24 ppm, respectively, found for the same species in a
previous study (Foy 1978). The sensitivity of fourhorn sculpin (M.
quadricornis) young-of-the-year was similar to the responses that have
been reported for several species of fish from other Tatitudes.
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TABLE 2.

Median Lethal Concentrations (96 h LC50) of Four Toxicant Mixtures for the Test Species. Ninety-six h LC50
values of o1l in oil-water and oil-Corexit-water mixtures are based on measured oil concentrations in the
water column. Unless otherwise indicated, 96 h LC50 values were calculated using a computerized probit

analysis (Davies 1971). Values within round brackets after the 96 h LC50 are 95% confidence limits. A1l
values are in ppm,

Toxicant
Sodium Laury]l Prudhoe Bay Crude Prudhoe Bay Crude
Species Sulphate Corexit 9527 0il 0i1-Corexit 9527
Amphipods
Anonyx laticozae 411 35- 45]! >140 >51 112 [73-169]1
Anonyz nugax 16[15- 251 104(97-111) 32(27-37) 45 (34--61)
Gammarus oceanicus 30[25- 353! >80 >55 105 (75-153)°
Gommarus setosus 89(42-186)2 56(51-62) 138(114-168)
12(39- 46)  179(38-803) >53 83 (70- 98)
Onietmie Litoralis {adult) roon. a9)  1sla0-1601" >47 138(118-161)
Onisimus litoralis (juvenile) 22(19- 26) - 68(62-75)2 o -
Boeckosimus Sp. >50 >175 >59 162{135-195)
Fish ‘
Myoxocephalus quadricornis 1-5% <40 . 43{37-49) 59 (40- 87)
42(39-46) ‘ .

! Interpolated from data plotted on semi-log paper; figures in square brackets give the vange of concentrations
within which 50% mortality would occur.

2 Graphical probit analysis estimate (Litchfield and Wilcoxon 1949),
3 10% trimmed Spearman-Karber estimate (Hamilton et ai. 1977).

* 50% mortality most 1ikely to occur within this range on basis of mortality observed in concentrations of
1 and 5 ppm used as controls in several experiments.




Corexit 9527

. Median lethal concentrations of Corexit 9527 in 96 h for the
amphipod species tested were all greater than 80 ppm. Of the amphipod
species for which a 96 h LC50 could be determined, Anonyz nugaz was the
most sensitive (96 h LC50 = 104 ppm}. Boeckosimus sp. appeared to be
the most resistant amphipod species tested (96 h LC50 > 175 ppm). The
fourhorn sculpin was much more sensitive to this dispersant than were
the amphipods; the 96 h LC50 of Corexit 9527 for this species was less

than 40 ppm.

vOiT—water Mixtures

With the methods used to prepare oil-water mixtures, measured
oil concentrations approached a maximum at about 150 ppm added oil
(Figure 1). Increases in added oil above this concentration resulted
in only a very slight increase in measured oil concentration in the water
column. With several of the test species, this maximum measured oil
concentration produced Tittle or no mortality. As a result, 96 h LC50
values of Prudhoe Bay crude oil in oil-water mixtures could not be
determined for these species.

Of the animals used as test organisms, 4nonyxr nugax appeared
to be most sensitive to Prudhoe Bay crude oil (96 h LC50 = 32 ppm). This
is similar to the 96 h LC50 of 32 to 43 ppm found in a previous study
(Foy 1978). The 96 h LC50 of Prudhoe Bay crude oil for juvenile Onisimus
litoralis was B8 ppm; this is a Tesser sensitivity than was exhibited
by 0. litoralis (96 h LC50 = 49 ppm) in a previous study (Foy 1978).

Dil1-Corexit-Water Mixtures

Measured oil concentrations in the water column of oil-Corexit-
water mixtures, unlike oil-water mixtures, increased throughout the range
of concentrations of added oil (Figure 1). This resulted in measured
hydrocarbon concentrations as much as 7 times greater (at 640 ppm added
0i1) than those in oil-water mixtures of the same nominal oil concentra-
tion. Thus, the higher mortality observed in oil-Corexit-water mixtures
than in oil-water mixtures of the same nominal oil concentration was
probably due to higher actual oil concentrations in the water column of
0i1-Corexit-water mixtures. A

The 96 h LC50 values of Prudhoe Bay crude oil dispersed by
Corexit 9527 ranged from 45 ppm for Aronyx nugax to 162 ppm for Boeckosimus
sp. For at least three species (A. nugax, Gammarus setosus and Myowocephalus
quadricornis), the 96 h LC50 values of oil in oil-Corexit-water mixtures
were greater than those in oil-water mixtures. Results for the other
species were less well defined since mortalities (other than 100%) did
not occur in enocugh concentrations of oil in oil-water mixtures to
determine 96 h LCBO values. However, mortalities in oil-water mixtures
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determinations.




were generally greater than those in oil-Corexit-water mixtures of similar
measured hydrocarbon concentrations. Foy (1978) reported that oil-Corexit
water mixtures were less toxic, based on measured concentrations of o1l

in the water column, than oil-water mixtures to. the amphipod dnonyzx

nugax and the copepod Calanus hyperboreus and concluded that 'more of

the Tess soluble and less toxic o1l components were entrained in the
water column by using a dispersant, thus decreasing toxicity on a measured
0il basis'. .

The results of analysis by gas chromatography indicated that
the ratio of dissolved to total hydrocarbons was greater in the oil-water
mixtures than in the oil-Corexit-water mixtures, It is assumed that
aromatic compounds, dissolved in the water phase of such oil-in-water
mixtures, are the primary lethal components of crude oils, at least in
short-term toxicity tests. Thus, a higher ratio of dissolved to total
hydrocarbons in oil-water mixtures than in oil-Corexit-water mixtures
indicates a greater proportion of toxic components. This difference is
probably the reason oil-water mixtures appear to be more toxic than oil-
Corexit-water mixtures with the same fotal measured hydrocarbons in the
water column.

Relative Sensitivity

Anonyz nugax and young-of-the-year Myoxocephalus quadricornis
were the most sensitive of the test species to the four toxicant mixtures.
Myoxocephalus quadricormis appeared to be particularly susceptible to
mortality caused by detergents (sodium lauryl sulphate and Corexit 9527),
whereas Anonyx nugax was more affected by oil in both the oil-water and
oil-Corexit-water mixtures. While not as well defined as the least
resistant species, Boeckosimus sp. appeared to be the species most
resistant to the toxicant mixtures. The intertidal amphipods Gammarus
oceanicus, G. setosus and Onisimus litoralis and the benthic amphipod
Anonyx laticozae were intermediate in their sensitivities to the toxicants
used in this study.
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ABSTRACT

The toxicity of Prudhoe Bay crude oil and the dispersant, Corexit
9527, separately and in combiration, to several arctic marine amphipods and
one arctic marine fish was investigated. Toxicity was evaluated in semi-
static 96 h bioassays in which exposure concentrations of hydrocarbons were
measured by fluorescence spectroscopy. Mortality results were analyzed
by probit analysis to determine the concentration which would be expected .
to cause 50 percent mortality in 96 h (96 h LC50), In addition, the
toxicity of a reference toxicant, sodium lauryl sulphate, was determined.

Mortality in oil-Corexit-water mixtures was much higher than in
oil-water mixtures of the same nominal oil concentration. However,
measured oil concentrations in the water column were much higher in
mixtures dispersed with Corexit than in mechanically dispersed mixtures
when the same amounts of o0il were added initially. Therefore, the higher
mortality observed in the oil-Corexit-water mixtures than in the oil-
water mixtures is thought to reflect the higher concentrations of oil to
which the organisms were exposed,

When based on actual hydrocarbon concentrations in the water
column {as determined by fluorescence spectroscopy), the toxicity of
the pil-Corexit-water mixtures was Zess than that found for the oil-
water mixtures. This is thought to be a result of the smaller ratio of
dissolved hydrocarbons {including toxic water-soluble aromatics} to
total measured hydrocarbons in the oil-Corexit-water mixtures than in
the oil-water mixtures.
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FOREWORD

In the fall of 1977, LGL Limited was contracted by the Environ- -

mental Protection Service to conduct a study, as part of the Arctic Marine

0i1spill Program (AMOP), on the acute toxicity of crude o1l and dispersants a

to arctic marine organisms. Research was carried out in Resolute Bay .,
N.W.T., during the winter of 1977-78 and the results were reported in
the spring of 1978 (Foy 1978}.

LGL Limited was subsequently contracted to continue the afore-
mentioned research with the purpose of verifying results, expanding the
Jist of test organisms and determining seasonal or regional variations
in sensitivity. Research was carried out in Frobisher Bay, N.W.T.,
during August and September 1978. The results of that research are
detailed in this report.
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1 INTRODUCTION

Developmént and” transportaticr of petroleum resources in the
Canadian Arctic will almost certainly result in accidental spillages of
petroleum hydrocarbons into the marine environment. High priority must be
given to the development of technology to minimize such accidents. However,
we must also be prepared to deal with large-scale hydrocarbon contamination
resulting from imperfections in technology or from human error.

The costs of o0ilspill cleanup in temperate latitudes are
enormous. Because of remoteness and inhospitable climatic conditions,
costs of cleanup in arctic regions can be expected to he even greater.

In all likelihood, the question will not be one of how to completely
remove the contaminant, but one of which geographical and ecological
areas have priority in cleanup and protection. The identification of
priority ecological areas or communities must be based on the sensitivity
and vulnerability of those communities to hydrocarbon contamination.

To identify sensitive ecological areas, one must have a sound
knowledge of the individual components of that community (e.g. their life
histories, physiology, distribution, etc.) and of the interactions among
individual components (e.g. trophic relationships) that make up the
community. In addition, it is important to know how and to what degree.
individuals and, ultimately, the community react to the presence of
hydrocarbons. This study, in determining concentrations of crude oil
that are lethally toxic to individual species and in contributing some
information on Tife histories, is one small step in that direction.

It must be emphasized, however, that acute toxicity tests of
the type reported herein are of value only if their limitations are
recognized. Their main values lie in establishing the relative
sensitivities of different species and 1ife stages, and in determining
relative toxicities of different contaminants. They can also be used
to define concentrations of contaminants to be used in subsequent
studies of sublethal effects. It is not desirable to use the results
of these studies to predict the effects of contamination in a natural
situation or to use the 96 h LC5H0 values obtained to derive meaningful
water quality criteria.



2 MATERIALS AND METHODS

2.1 Study Area

This study was performed in Frobisher Bay, N.W.T., from 2 August-

to 25 September, 1978. Collections of test animals were made in upper
Frobisher Bay and toxicity bioassays were carried out in the Ikaluit
Laboratory, which is managed by the Department of Indian Affairs and -
Northern Development.

Many sites in upper Frobisher Bay were sampled in an attempt
to collect a wide variety of organisms in numbers sufficient for bioassay
purposes. The locations of the sites at which successful collections were
made are indicated in Figure 1,

2.2 Test Species

Experiments were performed with six species of benthic amphipods
and one species of fish. The amphipod species were Anonyx laticoxae
Gurjanova, Anonyx nugaxr (Phipps), Boeckosimus Sp., Gammarus ocearicus
Segerstrale, Gammarus setosus Dementieva, and Onisimus litoralis (Kroyer).
The fish species was the fourhorn sculpin, Myoxocephalus quadricornis
quadricornis (Linnaeus). Animals were identified using standard taxonomic:
reference material and all identifications were verified by the Canadian
Aquatic Identification Centre. Locations and dates of capture of the
test animals are summarized in Table 1.

TABLE 1. -
Test Species Collection Information.
Site Depth Species Collected Date Collected
1 Intertidal Gammarus Spp. 3 to 23 Aug.
Intertidal Onisimus Litoralis 3 Aug. to 19 Sept.
2 Bottom (10 m) Anonyx SPP. 15 Aug. to 2 Sept.
3 Bottom (10 m) Anonyx Spp. 2 to 11 Sept.
Bottom (10 m) Boeckosimuis Sp. 5 Sept.
Surface (0 m) Myoxocephalus quadricornis 2 to 17 Sept.
4 Bottom (10 m) Anonyx SPP. 11 to 20 Sept.
Boeckosimis Sp. 11 Sept.
b Intertidal Onisimus litoralis 15 Sept.
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2.3 . .Animal Collection, Maintenance and Acclimation

Amﬁhipods were collected by a variety of methods. Gammarus Spp; .

were collected from under rocks and from shallow tidal pools. Onisimus
litoralis were collected in basically the same way, but small pieces’ of
bait (sardines, seal meat, char, etc.} were sometimes thrown into the
pools to attract and concentrate this species. Anomyx spp. and
Boeckosimus sp. were collected in standard cylindrical wire minnow traps-
which were covered with 1 mm mesh netting. These traps were baited with
seal meat or char and left for at Teast 24 h in 10 m of water.

Fourhorn sculpins, Myozxocephalus quadricornis, were collected
with dip nets when observed in large numbers in surface waters.

Animals were transported, in water collected from the Tocation
of their capture, using insulated containers. If animals were needed
immediately for toxicity bioassays, they were transported to the labora-
tory where they were separated by species and held for acclimation. If .
a longer time between collection and use in bicassays was anticipated,
animals were held in submerged minnow buckets at Site 1 and were fed
periodically with sardines, seal meat and char. Amphipods were
maintained in this manner for periods of up to 7 days. It was not
necessary to hold sculpins in this way.

After test organisms were brought into the Taboratory, they
were separated by species and placed in freshly collected seawater 1in
polystyrene animal cages which were kept in the cold-water bicassay
baths (see p. 11). Water in the cages was changed every 1 to Z days
and aerated continuously using an aquarium air pump {Silent Giant).
The length of the acclimation period varied among bioassays and these
times are reported with the experimental results (Tables 13 to 48,
Appendix A). Animals were not fed during the acclimation period.

2.4 Toxicants

The toxicants used in the present study are the same as those
used by Foy (1978} and are described in detail in that report. Prudhoe
Bay crude oil (AtTantic Richfield Co., Ferndale, Washington), from the
same batch used by Foy (1978), was employed in nominal concentrations from
30 to 640 ppm (u1/1). Corexit 9527 (ESSO Chemicals, Sarnia, Ontario) was
used in concentrations from 10 to 640 ppm (u1/1) and, when used to
disperse the oil, was used in an amount equal to 1/10 the volume of
0i1. A1l concentrations of Corexit referred to in this study are pl
of Corexit concentrate per liter of water and not concentrations of a
diluted formulation. A reference toxicant, sodium lauryl sulphate
(BDH chemicals, specially pure), was used in concentrations from 0.5 to

50 ppm (mg/1)}.

|



2.5 Test Mixture Preparation

_ . Methods for the preparation of the toxicant mixtures are modi~
fied from those of Percy and Mullin (1975) and are described in detail
by Foy (1978). Only a brief description of the methods, including
modifications, is presented here. o

Water used in the preparation of all test mixtures was taken
from the surface of nearshore sampling Site 1. Its salinity was measured
periodically using an Endeco hand-held refractometer/salinometer accurate
to $0.5%/00. Salinity varied from 24,1 to 32.2% .0 (n=26).

*Semi-stable dispersions' of oil in water or of oil and
Corexit in water were prepared by adding the oil or oil and Corexit to
1.5 1 of filtered seawater which had been previously cooled to experi-
mental temperature, shaking on a reciproc#gting shaker for 0.5 h and
'settling' in a stoppered separatory funnel. At the end of the settling
period (3.5 h), the lower oil-water or oil-Corexit-water phase was
sampled for determination of initial o0il concentration and placed into
plastic bags (polyethylene food bags, Rapid Packaging Systems Ltd.,
Scarborough, Ontario) supported in glass jars. The mixture was
distributed evenly among three containers to provide replicates.
Control water, SLS solutions and Corexit mixtures were prepared as
described by Foy (1978), but in plastic bags supported in glass jars.
The above preparations took place at room temperature (~20°C). Jars
containing the test solutions were then placed in a water bath (see
p. 11) at the experimental temperature and allowed to reach this
temperature (about 2 h) before test animals were added.

Glassware used in the preparation of the toxicant mixtures was
washed as described by Foy (1978). Polyethylene bags used in the bioassays
were replaced when a fresh toxicant mixture was prepared (every 24 h).

2.6 Hydrocarbon Analysis

2.6.1 Fluorescence Spectroscopy

As in Foy (1978), hydrocarbon concentrations in experimental
mixtures were-monitored by fluorescence spectroscopy using a Turner
Model 430 spectrofluorometer. Optimum excitation and emission wave-
Tengths for assay of Prudhoe Bay crude oil were determined as described
by Foy (1978) and found to be 355 nm and 410 nm, respectively. All
hydrocarbon determinations were made using these excitation and emission
wavelengths.

During the study period, several calibration curves were prepared
by determining relative fluarescence of known concentrations of Prudhoe
Bay crude oil in spectrophotometric grade hexane (J.T. Baker Chemical.
Co.). A summary of these results is presented in Table 2. Calibration
data were combined for calculation of a linear regression egquation.
Since the relationship between oil concentration and relative fluores-
cence becomes non-linear (due to quenching of fluorescence) at high
concentrations, only determinations at concentrations of 0.01 wl/ml
and less were used to calculate the regression line.



TABLE

Relative F]uorescence'of Various Concentrations of 011
Calibration Curve.* -

2.

Used in Producing .

0i1 Concentration

Relative Fluprescence

ul 0il/ml hexane n Range Mean s.d.
0.00062 4 0.0034- 0.0703 0.0068 0.0029
0.00005 4 0.0049- 0.0360 0.0169 0.0135
0.00008 3 0.0070- 0.0182 0.0740 0.0061
0.00010 7 0.0120- 0.0264 0.0175 0.0061
0.00020 8 0.0142- 0.0422 0.0263 0.0079
0.00050 8 0.0580- 0.1190 0.0737 0.0200
0.00080 8 0.0910- 0.7670 0.1259 0.0272
0.00100 8 0.1300- 0.2020 0.1505 0.0233
0.00200 8 0.2600- 0.3860 0.3095 0.0451
0.00500 8 0.6220-. 0.9420 0.7566 0.1104
0.00800 8 0.9790~ 1.3600 1.1286 0.1542
0.017000 8 1.1700- 1.7100 1.3988 0.2016
0.02000 8 2.1900- 3.2000 3.7025 0.3761
0.04000 8 3.8000- 5.7000 4,.7950 0.6963
0.06000 8 5.1100- 7.7000 6.4788 0.8997
0.08000 8 - 6.1700-. 9.1600 7.8125 1.0658
0.10000 8 6.8900~10.0000 8.7500 1.7320
¢.20000 3 11.2000-173.17000 11.8667 1.0693
0.40000 3 10.9000-12.2000 11.4333 0.6807
0.60000 3 8.9000- 9.8000 9.3333 0.4509
0.80000 3 7.0000- 7.3000 7.2000 0.1732
1.00000 3 5.2000- 5.4700 5.2900 0.1559

* Calibration equation (based on concentrations up to 0.01 ul/ml}) was
-0.00008 + 0.00711x where y = 0il concentration (u1/ml hexane) and x

relative fluorescence.

y:



Samples of all oil-water and oil-Corexit-water mixtures used
in biocassays were taken immediately after mixture preparation and after
a 24 h exposure period. Hydrocarbons in these samples were extracted.
once with spectrophotometric grade hexané as described by Foy (1978)
and the fluorescence of the -hexane extracts determined. Samples were
diluted with hexane, if necessary, to produce fluorescence readings
that would fall within the linear portion of the calibration curve
and not in the area of quenching. A1l hydrocarbon concentrations 1in
bioassay mixtures were calculated from relative fluorescence readings
using the regression equation determined as described above.

To determine the efficiency of oil extraction when a single
hexane extraction of each sample is used, a minimum of five tests was
run at each nominal ol concentration for both oil-water and oil-
Corexit-water mixtures. Samples were taken immediately after prepara-
tion of the mixture (0 h) and after 24 h exposure, before animals were
transferred. These tests were performed as described by Foy (1978)
except that hexane extractions were repeated on the same sample until
the hydrocarbon concentration in the final extract approximated 10%
of the hydrocarbon concentration in the extract with the highest
concentration. The resulting concentrations of hydrocarbons were
summed and the concentration 1n the first extract expressed as a per-
centage of the total.

The efficiency of the first hexane extraction of 01l from the
oil-water mixtures varied from 85.4% to 97.6% in the samples taken at
0 h {n=27) and from 82.1% to 100.0% in the samples taken at 24 h (n=24).
Efficiencies for samples taken at either 0 h or 24 h showed no signifi-
cant relationship to added oil concentration when the data were analyzed
by either 1inear or exponential regression (Table 3).

TABLE 3.

Regression Coefficients for the Regression of Efficiency of Extraction on
Added 011 Concentration in 0il-Water Mixtures at 0 h and 24 h. Signifi-
cance was determined using a two-tailed t-test.

Linear Regression Exponential Regression
Exposure -
Time d.f. b t P b t p
0 h 2 2.78x1073%  0.874 >0.4 3.13x107° 0.893 >0.4
24 h 2 9.59x1072  1.809 >0.2 1.05x107% 1.802 >0.2
Abbreviations: d.f. = degrees of freedom; b = reqgression coefficient;
t = t-statistic; P = probability.



- A two-sided Mann-Whitney U-test detected no significant differ-
ence between the values from 0 h ‘and 24 h samples {(P>0.2). Therefore,
extraction efficiencies from all added oil concentrations and from both
0 h and 24 h determinations were combined and averaged (mean = 91.2%,
s.d.=4.8%) and a single carrection factor (1.096) determined; this
factor was applied to all oil concentrations measured in the extracts
of oil-water mixtures to determine more realistic exposure concentrations.

Extractions of hydrocarbons from oil-Corexit-water mixtures
were less efficient and the efficiencies more variable than those of the
oil-water mixtures. In order to determine factors to correct for
extraction efficiencies, exponential curves were fit by regression
analysis to the data from samples taken at O h (Figure 2) and 24 h
(Figure 3). Correction factors for each nominal o1l concentration were

determined from these curves {Table 4).

A1l hydrocarbon measurements made on samples of oil-water and
oil-Corexit-water mixtures were multiplied by the appropriate correction
factors to determine oil concentration. Because of the great variability
in efficiencies of first extractions, this resulted in a few individual
measured concentrations that were greater than the nominal concentration
(e.g. Table 45, Appendix A). However, it was felt that even with these
incansistencies, the effect of averaging to determine exposure concentration
for each experiment would reduce these errors and that the resultant 96 h
LC50 values would be more accurate than if no correction factor were used.
A1l measured concentrations of oil from oil-water and oil-Corexit-water
mixtures reported herein have been corrected for extraction efficiency.

2.6.2 Gas Chromatography

In order to gain additional information on the nature of the
toxicant mixtures, samples of oil-water and oil-Corexit-water mixtures
with a nominal (added) concentration of 200 ppm Prudhoe Bay crude oil
were analyzed by gas chromatography. These analyses were performed by
the 011 and Gas Working Group, Institute for Environmental Studies,
University of Toronto. Qil-water and oil-Corexit-water mixtures were
prepared as described for bioassay mixtures, and sampled at 0 h and
after 24 h (without test animals) under bioassay conditions. Artificial
seawater (35°/cc) was used to make up the mixtures. In addition. a
sample of the oil was analyzed by gas chromatography to determine if it
had been weathered to any extent prior to use in bipassays. :

Hydrocarbons were extracted from the oil-water or oil1-Corexit-
water mixtures using the gas stripping technique described by Mackay and
Shiu (1976). This method extracts efficiently only those hydrocarbons
of volatility greater than naphthalene, which are generally low and
medium molecular weight hydrocarbons {Mackay and Shiu 1976).

TR
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TABLE 4. Efficiencies of Initial 0f1 Extraction and Resultant Correction
Factors for 0i1-Corexit-Water Mixtures at Exposure Times of O-h -

and .24 h. -

Exposure Time
Added 0 h 24 h “
(ppm) Efficiency(%)* Correction Factor Efficiency(%)* Correction Factor

30 62.1 . 1.6103 53.8 1.8587 .
45 61.2 1.6340 53.0 1.8868 ?
60 60.3 1.6584 52.2 1.9157 | -
75 59.5 1.6807 51.4 1.9455 L
80 59.2 1.6892 51.2 1.9531 ]
100 58.1 1.7212 50.2 1.9920 -
160 54.9 1.8215 47.3 2.1142 iE
175 54.1 1.8484 16.7 2.1413 .
250 . 50.4 1.9847 43.4 2,3041 L
320 47.1 2.1231 40.5 2.4691 -
325 46.9 2.1322 40.3 2.4814 .
640 34,7 2.8818 29.6 3.3784 ?i

* Based on curves in Figures 2 and 3.
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. Chromatography was performed using a Hewlett-Packard Model 5750
gas chromatograph as described by Mackay and Shiu (1976). The temperature-
of the column was increased from 50°C to 280°C at 15°C/min and held at
280°C for 20 min. Concentrations were determined by measuring peak areas
using a Hewlett-Packard Model 3371 integrator. The error in these
quantities is probably on the order of z50% (D. Mackay, University of
‘Toronto, pers. comm.).

In order to differentiate between dissolved and particulate
hydrocarbons, oil-water or oil-Corexit-water mixtures were filtered through
a 5 um pore size filter. Hydrocarbon concentrations in the filtrate
{determined by gas chromatography) were considered to be concentrations
of dissolved hydrocarbons. The concentration of the particulate (dispersed)
hydrocarbon fraction was calculated as the difference between total
hydocarbon concentration (determined in an unfiltered sample} and dissolved
hydrocarbon concentration. '

2.7 Bioassays

Bioassays were conducted as semi-static 96 h acute bioassays,
basically as described by Foy (1978}. Each experiment consisted of three
replicates at each of four toxicant concentrations, in addition to five
control replicates. Normally, each replicate contained 5 to 10 animals
in a 440 mi volume of test mixture. Animals were not fed during the
bioassays. At the end of every 24 h period during the tests, dead
animals were counted, removed and preserved, and the 1iving organisms ,
transferred to freshly prepared toxicant mixtures. Animals were considered
dead if they displayed no movement of appendages in response to touch.

In most experiments, living animals were transferred to toxicant-free
seawater at the end of 96 h for a post-exposure period of 24 h to observe
delayed mortality. At the end of this period, all animals were preserved
for measurement of length and verification of identification. Lengths

of amphipods were measured from the tip of the rostrum to the end of the
telson. Fish lengths were measured from the tip of the snout to the

end of the caudal fin.

In most tests of toxicity of oil, oil-Corexit and Corexit,
three replicates of a single concentration of SLS were included as a
second control. The concentration was chosen to produce a partial
mortality of the test species. It was hoped that by comparing the
mortality in this control with that in other experiments or with that
expected from the results of the SLS bicassays, gross differences in
the condition or 'healthiness' of the test animals during different
experiments would be detected if present.

Experimental temperatures were maintained by placing bioassay
vessels in water baths. Water was cooled using a water chilling unit -
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(Mode1 D-100, Frigidunits Inc., Toledo, Ohio) and circulated through the
tanks with a Model 3E-12NR Little Giant submersible water pump. Water
temperatures were continucusly monitored in the water baths using record- . -
ing thermometers {United Electric Co.) with an accuracy of +0.7°C. '
Differences between water bath temperatures and biocassay mixture -
temperatures were checked with hand-held laboratory thermometers having .

an accuracy of +0.5°C.

The temperature at which bicassays were conducted was intended
to be 4.5°C. Temperature fluctuation attributable to on-off cycling of
the cooling unit was approximately #0.5°C. Further temperature variation
occurred when bioassay vessels were added to or removed from the cooling
tanks. The range of temperature fluctuation in a single experiment varied
From 1.0°C to 2.9°C, except in two experiments. In the two exceptions
{experiments 23 and 24), conducted at the beginning of the study when
the temperature control system was still being stabilized, temperatures
rose to approximately 13°C on two occasions for periods of 2 to 3 hours.
Experimental temperatures of individual toxicity bioassays are reported
in tables summarizing the biocassay results in Section 3.3 of this report.

The water temperature at a depth of 0.5 m at Site T was 3.5°C
on 11 August. Grainger (1971) recorded temperatures as high as 5.7°C .
in surface waters ciose to the present study area. Surface water immediately
adjacent to shore, and particularly in tidal pools, probably reaches tempéra-
tures higher than these. A1l test animals used in this study, except
Anonyz spp. and Boeckosimug SpP., WEre collected from either nearshore
surface waters or from intertidal pools. Therefore, the temperatures
at which biocassays were conducted are within the range of temperatures
normally encountered by these species in their natural environment.
Anonyx rugax, A. laticomae and Boeckosimus Sp. Were collected only
from depths of about 10 m. Temperatures at these depths would not be
expected to be as high or as variable as those in the intertidal region.
In stations close to the present study area, Grainger (1971) recorded
a maximum temperature of 1.2°C at a depth of 10 m, during the summer
months. Bioassays using these animals were probably conducted at
temperatures above those which they would normally encounter.

Test mixtures were not aerated during the biocassays and
dissolved oxygen concentration was checked periodically using a HACH
oxygen kit (accuracy of %l ppm). In all experiments, dissolved oxygen
levels remained above 4.0 ppm, the minimum level recommended by LaRoche
et al. (1970) for oil-dispersant bioassays. In some cases, OXygen
concentration increased during the 24 h exposure periods. Only in
bioassays using Anonyx spp. did dissolved oxygen levels decrease
significantly during the 24 h period.

2.8 Calculation of 96 h LC50 Values

In determining median lethal concentrations, mortality data’
from all replicates at each concentration were combined and averaged.
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Corrections for mortality in control vessels were made using Abbot's
formuta (A.P.H.A. 1976). Exposure concentrations in oil-water and oil-
Corexit-water mixtures were calculated as the average of the mean O h
and meah 24 h 011 concentration determinations for each experiment.

For comparative purposes, estimates of 96 h LC50 values were
calculated by three methods when possible: a computerized probit analysis
(Davies 1971), a graphical probit analysis {Litchfield and Wilcoxon 1943),
and a 10% trimmed Spearman-Karber calculational method (Hamilton et at.
1977). 1In most experiments one or more of the three methods could not
be used because of methodological Timitations of the various analysis
techniques. Only in one instance did the 96 h LC50 estimated by graphical
probit analysis differ from the estimate obtained using computerized probit
analysis by more than 10%. This occurred in experiment 42, in which the
toxicity of SLS to young-of-the-year sculpins was tested. In this instance,
the 96 h LC50 values were low (8.5 and 4.8 ppm using computerized probit
analysis and graphical probit analysis, respectively) and the highest
mortality observed was 30.3%. This required that the 96 h LC50 be
estimated by extrapolation. In thirteen other comparisons of 96 h
LC50 estimates obtained by computerized and graphical probit analyses,
percent differences ranged from 0.4 to 9.7%. Seven 96 h LC50 values were
estimated using both the computerized probit analysis and the 10% trimmed
Spearman-Karber method. In these comparisons, the percent differences
between LCH0 estimates ranged from 0.0 to 5.9%.

Because the 96 h LC50 estimates obtained by all three methods
were similar and because more estimates could be calculated using the
computerized probit analysis, all estimates of 96 h LC50 values and
their 95% confidence 1imits reported herein are those determined by
the computerized probit analysis unless otherwise indicated. In some
instances, 96 h LC50 values could not be calculated by the computerized
probit analysis but could be estimated by one of the other two methods.
In other cases, too few partial mortalities occurred to use any of the
above methods. In these cases, whenever possible, estimates of the median
mortality were interpolated from a graph of percent mortality and oil
concentration on semi-Tog paper. However, this method does not allow
the calculation of confidence Timits. -

Some bioassays were inadvertently conducted with mixtures of
two species (i.e. Anonyz nugax and Anonyx laticomae; Gammarus setosus and
Gammarus oceanicus ). In analyzing results from these tests, percent
mortalities and median lethal concentrations were calculated separately
for each species. As a result, numbers of test organisms for each species
were sometimes small, and the statistical reliability of the results
questionable. However, since consistent patterns of relative species
sensitivity were observed in these results, it was felt worthwhile
to include them.



3 RESULTS AND DISCUSSION

3.1 Test Species

. Toxicity bioassays were conducted using six species of benthic
or intertidal amphipods and one species of fish as test organisms.

3.7.1 Anonyx laticozae

Anonyx laticoxae was caught with dnomyx nugaex in baited minnow
traps set at depths of approximately 10 m. During the bioassays, it was
not recognized as being a separate species and therefore occurred as a
‘contaminant' in the toxicity tests with 4. nugax. Separate data analyses
were conducted using 4. laticoxae, but the numbers of animals were too
small to yield reliable results from individual bioassays.

Body lengths of Anonyx laticoxae used in these experiments
ranged from 21 to 35 mm with 89% falling between 26 and 35 mm (Figure 4).
Very Tittle is known about the Tife history of this amphipod. Steele
and Brunel {1968) state that this species apparently matures when
greater than 30 mm in length and D. Thomson (LGL Ltd., pers. comm. )
found a brooding female, 32 mm in length, near Cape Warrender, Devon
Island. Mo ovigerous or brooding females were found in the present
collection although several exceeded 32 mm in length.

There do not appear to be any published reports identifying
Anonyx laticoxae as a food item for other marine organisms in eastern
arctic waters. However, some food organisms identified as 4. nugax
before the genus revision of Steele and Brunel (1968) could have been
4. laticoxae (see below).

3.1.2 Anonyx nugax

Large numbers of Anonyx nugax were caught throughout the study

‘period using baited minnow traps set in about 10 m of water at Sites

2, 3 and 4.  Test animals appeared to include individuals of two size
classes: 15 to 34 wm and 36 to 45 mm (Figure 5). The wide size range
of animals collected over a relatively short period (15 August to 20
September) is thought to be indicative of a lengthy breeding period
(Steele 1961). This is corroborated by reports of ovigerous females
(40 to 41 mm long) taken near Resolute, Cornwallis Island, in December
(Foy 1978), mature males taken from Barrow Strait in May (D. Thomson,
LGl Ltd., pers. comm.) and brooding females captured in Brentford Bay,
Boothia Peninsula, in August (LGL Ltd., unpubl. data). Aronyx nugax
is generally regarded as a benthic scavenger. However, it has been
collected in the plankton {Green and Steele 1975) and on the undersurface
of ice (Thomson et al. 1975), and has been reported to consume diatoms
(Thomson et al. 1975). :

14
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: Anomyx nugax has been recorded, generally in small numbers,
from stomachs of eider ducks, cod, bearded seals (Dunbar 1954); ringed

- seals (Mclaren 1958) and -arctic char (Grainger 1953). However, these

reports preceded the genus revision of Steele and Brunel (1968) and

it 1is -possible that some amphipods identified as 4. nugax were actually

other, less common, species known to occur in arctic waters. There are
some more recent reports of 4. nugax being utilized as food. Bain and
Sekerak {1978) found small numbers of this species in the stomach caontents
of arctic cod, and Sekerak et al. (1976) found that fourhorn and arctic
sculpins had consumed small numbers of 4. nugaw.

3.1.3 Boeckosimus Sp.

On the basis of the shape of the telson, the lateral head Tobes
and epimeron 3, and on the basis of the current distribution records,
these specimens most clearly resembled Boeckosimus affinis (Hansen}).
However, they also resembled Boeckosimus derjugini (Gurjanova) and
Boeckosimus dubius (Schellenberg) in some characteristics. Until the
taxonomic problems of this group of lysianassids are solved, it is
impossible to assign a specific name to this organism (D. Laubitz,
Canadian Aquatic Identification Centre, pers. comm. ).

Individuals of this species ranged in length from 9 to Z4 mm
(Figure 6). A few mature brooding females were found in the 22 to 24
mm size range. This species appeared to favour the same habitat as
Anonyx spp. and was collected only in traps set at about 10 m depth.

3.1.4 Gamnarus OCeanicus

Garmarus oceanicus is a euryhaline intertidal amphipod which
is confined to the Atlantic Ocean and adjacent seas. It is the most
numerous Gemmarus species from Newfoundland south but is Tess abundant
than ¢. setosus in the northern region of its range (Steele and Steele
1972). In this study, G. oceanicus was collected, along with G. setosus,
in the intertidal region from under small rocks and algae.

Like 4nonyx laticoxzae, this species appeared as a "contaminant'
species; it was found upon positive identification of the test organisms
used in the toxicity tests on Gammarus setosus. Interestingly, it only
appeared in the early stages of the study. Although separate analyses
of the data on G. oceanicus have been performed, it is emphasized that
the number of organisms was small and that the reliability of the
results is therefore questionable.

Individuals of ¢. oceanicus varied from 21 to 37 mm in Tength
(Figure 7). Steele and Steele (1972) speculate that in 1ts northern
range, G. oceanicus may take 4 years to reach lengths of 30 mm for
females and 35 mm for males.
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Because the habitat of Ganmarus oceanicus is similar to that
of G. setosus, it is probably utilized as food by inshore feeding birds,

fish and mammals, as is G. setosus. MclLaren (1958) found this species
in the stomach of one ringed seal taken off southwest Baffin Island

and recorded unidentified gammarids in stomachs of ringed seals from
Ungava Bay and Northern Labrador. Grainger (1953) reported relatively
large numbers of Gammarus sp. in the stomach contents of arctic char
taken in Frobisher Bay. It is possible that some of these unidentified
gammarids were G. oceanicus. However, it is expected that G. setosus,
because of its greater numbers, is a more important food item in these

regions.

3.1.5 - Gammarus setosus

The amphipod Gammarus setosus has a circumpolar distribution
and is the most common species of Gammarus from Labrador north (Steele
and Steele 1974). It is found primarily in intertidal and shallow
water regions (ETT1is and Wilce 1961; Steele and Steele 1970).

Body lengths of G. setosus used in the toxicity bioassays
varied from 16 to 40 mm (Figure 8). Steele and Steele (1970) reported
that at 3°C, in the laboratory, G. setosus reached maturity at mean
body lengths of 14 mm for males and 12 mm for females. It ig 1ikely
that the individuals used in this study were adults, some of which
would breed in the fall and winter. :

Gammarus setosus is an important food item for many species
of vertebrates. Fish which have been found to consume this amphipod
include arctic cod (Bain and Sekerak 1978), arctic char (Sekerak et al.
1976), arctic cisco (Craig and Griffiths 1978) and several species of
sculpins (Sekerak et al. 1976). Cammarus setosus is also consumed by
several bird species, including the Qldsquaw (Alliston et al. 1976;
Johnson 1978), Red Phalarope (Alliston et al. 1976), Northern Fulmar,
Thick-billed Murre and Black Guillemot (Bradstreet 1976, 1977). Ringed
seals have also been known to consume this species {McLaren 1958).

3.1.6 Onisimus Litoralis

Onisimus litoralis is a common arctic Tittoral and intertidal
amphipod, generally restricted to nearshore shallow waters 30 m or.less
in depth (Stephensen 1935; Dunbar 1954; MacGinitie 1955; Sekerak et al.
1976). It has generally been regarded as a scavenger (Steele 1961) but
has been observed to feed on ice algae (Foy 1978).

Foy (1978) reported catching 0. Iitoralis in baited traps.
In the present study, this species did not seem to be attracted to such
traps and was therefore collected from tidal poels. Frequently, indivi-
duals were buried in the sand, as has been noted by Steele (1961), and.
would sometimes move from the sand into the open after small pieces of
vaw Tish or seal were placed in the pools.
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: Body lengths of individuals used in the toxicity tests fell
into two distinct size classes; 6 to 9 mm and 13 to 19 mm (Figure 9).
Based on Tife history information on.this species compiled by Foy (1978)
and Steele (1961), the smaller animals were immature young that had been
spawned in the winter or spring. The larger individuals would 1ikely
mate in the coming autumn or early spring. The smaller animals are
referred to as juveniles, the larger ones as adults.

Like Gammarue setosus, Onisimus Litoralis appears to be an
important food item for several species of vertebrates. It has been
found to be a major food item of arctic char (Grainger 1953, Sekerak et
al. 1976), arctic cod (Bain and Sekerak 1978), arctic cisco {(Craig and
Griffiths 1978) and several species of sculpins (Sekerak et al. 1976).
Alliston et al. (1976) found that in Creswell Bay, Somerset Island,
several species of shorebirds fed on this amphipod. It has also been
found to be a food item of the Thick-billed Murre, Black Guillemot,
Northern Fulmar and Black-legged Kittiwake (Bradstreet 1976, 1977).
Johnson {1978) found it to be an important food item of the 0ldsquaw.
The ringed seal also has been found to consume this amphipod species

(McLaren 1958).

3.1.7 Myozocephalus guadricornis

The sculpin Myozocephalus quadricornis is considered to have
two forms, one marine and the other freshwater (Scott and Crossman 1973).
The marine form is called the fourhorn sculpin (M. quadricornis
quadricornis) and the freshwater form is called the deepwater sculpin
(M. ‘quadricornis thompsonit). It is the marine form that has been
used as a test organism in this study.

The fourhorn sculpin has a circumpolar distribution, commonly
inhabiting cold brackish coastal waters (Kendel et al. 1975; Percy 1975).
Adults are generally bottom feeders while fry may be pelagic as well as
bottom feeders (Kendel et aZ. 1975}.

Total lengths of M. quadricornis used in the toxicity bioassays
varied from 14 to 23 mm (Figure 10). Fish of this size class would be
young-of-the-year that had probably been spawned during late winter
or early spring {Knan and Faber 1974; Kendel e? ai. 1975).

Kende] et al. (1975) found that fry of 12 to 20 mm in length,
taken off the Yukon coast in late July, had not commenced feeding. Since
individuals used in the toxicity tests reported here were only slightly
longer, it is reasonable to assume that they had not, or had only recently,
started to feed. Fish used in the present study may have been at a stage
of greatest sensitivity to pollutants. Rice et al. (1975) found that
alevins of pink salmon were most sensitive to crude oil at completion
of yolk absorption. In studies on the effects of dispersants, larvae of
cevera] marine fish reached their greatest sensitivity at, and immediately
subsequent to, their first feeding (Wilson 1977}. Sensitivity declined
once successful feeding had been established.



Numbear

360~

340+

320+

300

280+

260+

240+

220+

200+

|BO-

160

140

120

elody

21

FIGURE 9.

‘] [} L 1N T
9 10 I 12 I3 14 15 16 IT 18 19
Length {mm)

Length Frequency of Onisimus
litoralis Used in 96 h Bioassays.



Numbef

200+

180+

160+

1404

1204

o
@)
1

@
T

60+

40+

20+

22

FIGURE 10.

0 k= l* -”-.‘| T
14 {5 16 17 1B 19 2021 2223

Length {(mm)

Length Frequency of
Myoxocephalus quadricornis
Used in 96 h Bioassays.



23

At some times, fourhorn sculpins may be important as food for
other vertebrate species. Griffiths et aZ. (197%) found that this species
was an important food item of arctic char in Nunaluk Lagoon, Yukon Territory.
Kendel et aZ. {1975} describe it as being an important forage food for
other species of fish along the Yukon coast. In the central and eastern
arctic regions of Canada, unidentified sculpins have been reported,
generally in small numbers, in the stomach contents of the Black-legged
Kittiwake, Thick-billed Murre and Biack Guillemot (Bradstreet 1977), arctic
char (Grainger 1953), arctic cod (Bain and Sekerak 1978) and ringed seal
(McLaren 1958). :

3.2 Bioassays

The raw data from all bioassays are presented in Tables 13 to
48, Appendix A. It is emphasized that total numbers of some test species
(i.e. Anonyx laticoxae and Gammarus oceanicus) used in the bioassays were
extremely small and that the 96 h LC50 values given for these species can
only be considered gross estimates.

3.2.1 Sodium Lauryl Sulphate

The use of a reference toxicant has been recommended as a basis
for comparing results of different investigations and for checking the
relative 'healthiness' of test organisms (Tarzwell 1969; LaRoche et al.
1970; Wilson et aZ. 1973). Sodium lauryl sulphate (dodecyl sodium
sulphate), a synthetic anionic detergent of the Tinear alkylate
sulphonate type (Tatem et aZ. 1976), has been suggested for use as a
reference toxicant in oil and oil-dispersant toxicity bioassays (Tarzwell
1969; LaRoche et al. 1970).

Results of the 96 h biocassays with sodium Tauryl sulphate (SLS)
are shown in Table 5. The fourhorn sculpin, Myozocephalus quadricornis,
was more sensitive to SLS than were the amphipod species tested. From
the results of two bioassays, it appeared that the 96 h LCH0 of SLS for
M. quadricormis was between 3 and 9 ppm. However, SLS concentrations of
4 and 5 ppm used as controls in other experiments caused 100% mortality
(Tables 39 and 48, Appendix A). For the most sensitive amphipod tested,
Anonyx nugax, the 96 h median lethal concentration of SLS was between
15 and 25 ppm. Juvenile Onisimus litoralis appeared to be slightly more
sensitive to SLS than the adults (96 h LC50 values of 22 and 28 ppm,
respectively). In two separate biocassays (experiments 21 and 34),
Gammarus setosus exhibited different sensitivities to SLS, with calculated
86 h LC50 estimates of 89 and 42 ppm. It is possible that in experiment
34 the relatively long acclimation period of 120 h contributed to a
greater sensitivity and thus a Tower 96 h LC50. Of the species tested,
Boeckosimus sp. and Gammarus setosus appeared to be most resistant to
SLS. '

The acute response of Myoxocephalus quadricornis to SLS was
similar to that which has been reported for fish species from other latitudes.



TABLE 5.

Median Lethal Concentrations (96 h LC50) of Sodium Lauryl Sulphate for Test Species, and Conditions. Under
Which They Were Determined. Unless otherwise indicated, 96 h LC50 values were calculated using a computer-
ized probit analysis (Davies 1971). Values within round brackets after the 96 h LC50 are 95% confidence 1imits.

Animal Length (mm)

96 h LC50 Temperagure :
Species , Exp. # N {ppm) Mean s.d. Range Range (°C) A.P. (h)
Amphipods ' f
Anonyx laticoxae 26 19 41[35-45]1 28.0 3.1 21-34 4,1-7.0 70
Anonyx nugax 26 38 16[15-25]1 32.6 5.7 22-44 4.1-7.0 70
Boeckosimus sp. 50 30 >50 17.4 2.7 12-23 4,5-5.5 196
Gammarus cceanicus 21 19 30[25-35]11 29.4 3.8 23-36 3.6-5.0 16 .
Gommarus setosus 21 40 89(42-186)2 26.2 2.9 20-33 3.0-5.0 16
34 83 42(39-46) 22.7 16-33 4.5-6.5 12Q
Onigimus litoralis 25 120 28(26-30} 16.8 1.0 13-19 3.9-6.0 52
(adult) 29 120 28(26-29)  16.6 0.9 15-19 3.8-5.3 44
Onisimus litoralis 33 134 22(19-26) 6.9 0.7 6-9 4.0-5.5 32
(juvenile)
Fish
Myoxocephalus 39 72 <b 17.1 1.3 14-20 4,5-5.5 36
' guadricornis

42 60 5(3-9)2 19.6 1.1 17-22 3.5-5.7 - 24

Abbreviations: N=number of animals;: s.d.=stahdard deviation; A.P.=accilimation period,

Interpolated from data plotted on semi-log paper; figures in square brackets give the range of concentrat1ons
within wh1ch 50% mortality would occur.

2fstimate from graphical probit analysis (Litchfield and Wilcoxon 1949).

¥e
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Doe and Harris (1976} reported 96 h LC50 values of SLS for Saimo gairdneri
fingerlings of 3.2 to 5.0 mg/1. For this sdme species and toxicant, -
Fogels and Sprague (1977) calculated a 96 h LC50 of 4.6 mg/1. LaRoche

et al. {1970} found the 96 h LC50 of SLS for the estuarine fish Fundulus
heteroclitus to be between 4.5 and 5.6 mg/1. Wells and Doe (1976)
reported a 96 h LC50 of 6.2 mg/1 for the same species. Menidia beryllina,
Fundulus similus and Cyprinodon variegatus exhibit similar sensitivities
to this chemical; reported 96 h LC50 determinations are 3, 5 and 10 ppm,
respectively (Anderson 1975). Fogels and Sprague (1977) reported the

96 h LC50 levels of SLS to be 8.0 and 8.1 mg/1 for zebrafish (Brachydanio
rerio) and flagfish (Jordanella floridae), respectively. In the list
given by Abel (1974), determinations of the 96 h median lethal concen-
trations of linear alkylate sulphonate detergents for seven species of
fish vary from 0.6 to 6.4 mg/%. -

There is little information on the effects of SLS on marine
amphipods. Foy (1978) reported 96 h LC50 levels of SLS for Omisimus
litoralis, Boeckosimus edwardsi and dnonyx nugax of 4 to 40 ppm, greater
than 40 ppm, and 24 ppm, respectively. These are very similar to values
of the 96 h LC50 of SLS determined for amphipods in the present study.

Sensitivities of other aquatic invertebrates to SLS vary
considerably. Tatem et al. (1976) reported 96 h TLm! values for the
grass shrimp, Palaemonetes pugio, of 69 to 162 ppm. For the sandworm,
Nereis virens, LaRache et al. (1970) reported a 96 h median lethal
concentration of 13.5 ppm. Wells and Sprague {1976) found that first
stage larvae of the American lobster (Homarus americanus) Were compara-
tively sensitive to SLS (96 h LC50 of 0.72 ppm), whereas Wells and Doe
(1976) found that fourth stage larvae were much less sensitive (96 h
LC50 of 18.7 ppm). Tatem et al. (1976) cited Zillioux et al. {1973)
as finding a 48 h TLm of 3.4 ppm SLS for the brine shrimp, Artemia sp.,
and Anderson (1975) reported a 24 h TLm of 2 ppm SLS for the opossum
shrimp, Mysidopsis almyra.

Because of time and space limitations, it was not possible to
perform a complete SLS biocassay with each Corexit, oil, or oil and Corexit
bioassay. Therefore, SLS biocassays were carried out separately on each -
species, and three replicates of a single concentration of SLS were used
concurrently with most bioassays of other toxicants. Expected mortality
for the single concentration was estimated from the SLS bioassay results
for each species and compared to the mortality observed in each test with
a single concentration. Results are shown in Table 6.

Because dnonyx laticoxae and Gammarus oceanicus Were found as
'contaminant' species, the concentrations of SLS used as controls in oil,
Corexit and oil-Corexit bioassays were those chosen for 4. nugax and
G. setosus, respectively. Therefore, 4. laticoxae, on the basis of SLS

! TLm = median tolerance limit and has the same numerical value as LCAH0.
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TABLE 6. _ A
Differences between Expected and Observed Mortality in Sodium Lauryl Sulphate
Controls. ' o : .
Expected Observed
SLS Concentration _ Mortality?! Mortality?2 . :
for each Species Exp.# N (%) (%) . Difference
Amphipods
Anonyx laticoxae
25 ppm 51 3 0 0 0
25 ppm 40 3 0 0 0
Anonyx nugox -
25 ppm 51 12 100 67 -33
25 ppm 40 12 100 100 0
25 ppm 48 15 100 49 -51
Boeckosimus Sp.
50 ppm 46 30 3 3 0
50 ppm 45 30 3 3 0
Garmmarus oceanious s
35 ppm 23 5 100 60 =40
35 ppm 22 4 100 100 0
35 ppm 24 3 100 22 -78
Gcmma:ms setosus
35 ppm 23 16 22 42 +20
35 ppm 31 15 22 40 +18
35 ppm 22 11 22 27 + 5
35 ppm 24 12 22 48 +26
35 ppm 3B .. 2] 22 14 -8
Onisimus litoralis (adult)
35 ppm 27 30 88 90 + 2
25 ppm 32 30 29 63 +34
25 ppm 30 30 29 40 +11
Onisimus Litoralis
{juvenile)
25 ppm 36 21 59 80 +21
Fish
Myoxocephalus
quadricornis -
5 ppm 38 18 100 100 0
T ppm 43 15 0 0 0
1 ppm 44 15 0 0 0
4 ppm 55 18 100 100 0

Abbreviations: N = number of animals.

1 Expected mortality calculated from equation of probit line, when possible.
Otherwise, expected mortality was that observed for the same concentration

in the SLS bioassay.

2 Observed mortality calculated from combined replicate data, including adjustment

for mortality in seawater controls.
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bioassay results, was not expected to exhibit any mortality in 25 ppm SLS
and, indeed, did not. Gammarus oceanicus, on the basis of SLS bioassay
results, was expected to exhibit 100% mortality in control SLS concentra-
tions of 35 ppm, Observed mortality, however, was up to 78% less than
expected. It is not possible to determine whether these differences
between observed and expected mortality reflected differences in condition
of test animals, because the nuwber of animals used in the control SLS .
mixtures was small, and the death of a single animal, therefore, made

a large difference in percent mortality.

Gammarus setosus and Onisimus Llitoralis appeared to be of
relatively uniform condition in- different experiments. 1In the SLS
controls of all toxicity tests with these organisms, the maximum
difference in mortality was 34% of that which was expected on the basis
of the SLS bioassays. The condition of Boeckosimus sp. appeared to
be even less variable; this species demonstrated 3% mortality in 50 ppm
SLS in three experiments, incliuding the SLS bioassay.

The SLS concentrations used as controls in bioassays using
Myoxocephalus quadricornis were all either above or below the range of
concentrations which produced partial effects. Therefore, the difference
of 0% between observed and expected effects does not indicate a uniform
sensitivity of the test animals in these cases.

Recently, there has been some question as to the suitability
of sodium lauryl sulphate as a reference toxicant. Fogels and Sprague
(1977) cite Pessah et al. (1975} as reporting that SLS in solution
decreased in toxicity with time and that SLS biocassays failed to detect
differences in sensitivity between healthy and diseased fish. Five-year-
old SLS, stored as a powder, has been reported to be approximately one-
third as toxic as 1~year-old SLS to zebrafish, flagfish and rainbow
trout (Fogels and Sprague 1977). 1In solution, SLS may not have a
homogeneous distribution; detergents tend to concentrate at the sides
of vessels, at the air-water interface, and perhaps on the surfaces of
test organisms (Abel 1974). In the present study, the formation of a
precipitate was noted in SLS concentrations of 50 ppm and higher.

Such precipitate formation has also been reported by Rice et al.
(1977) and Foy (1978). When precipitate formation occurs, the
concentration of SLS is not known with certainty. It is evident from
the foregeing that the actual concentrations of SLS to which test
animals are exposed in a biocassay will be somewhat uncertain and
variable.

3.2.2 Corexit 9527

Results of bicassays conducted to determine the acute effects
of Corext 9527 on the test species are summarized in Table 7. The one
fish species tested, Myozocephalus quadricornis, was far more sensitive



TABLE 7.

Median Lethal Concentrations (96 h LC50) of Corexit 9527 for Test Species and Conditions Under Which They Were
Determined. Unless otherwise indicated, 96 h LC50 values were calculated using a computerized probit analysis
{Davies 1971). Values within round brackets after the 96 h LC50 are 95% confidence limits.

SLS Control Animal Length (mm)

96 h LC50 Temperature A.P.
Species Exp.# N (ppm) Conc. (ppm) %D Mean s.d. Range Range {°C) (h)
Amphipaods | | o
Anonyx laticoxae 40 13 >140 25 0.0 30.1 2.0 25-34 4.0-5.5 . 18
Anonyx nugax 40 47 104(97-111) 25 100.0 35.1 5.2 25-44 4.0-5.5 - 18
Boackosimus sp. 53 96 >175 - - 13.9 3.2 9-23 4.4-55 120
Gammarus cceanicus 22 15 >80 35 100.0 29.8 3.2 22-36 3.0-5.2 16
Gammarus setosus 22 44 175(38-803) 35 27.3 26.9 3.8 20-35 3.0-5.2 16
Onitaimus litoralis 32 119 115[80-16011 25 63.3 16.6 0.9 14-19 3.8-6.3 36 3
(adult)
Fish
Myoxocephalus 44 60 <4 1.0 0.0 19.8 1.0 17-22 3.5-5.7 16
quadricornis

Abbreviations: N = number of animals; Conc. = concentration; %D = percent mortality; s.d. = standard deviation;
A.P. = acclimation period. -

1 Interpolated from data plotted on semi-Tog paper; figures in square brackets give the range of concentratﬁons
within which 50% mortality would occur. ‘
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to this dispersant than were the amphipod species tested; the calculated

96 h LC50 was less than 40 ppm {u1/1), or less than 39.8 mg/1 based on a
density of 0.996 g/cm® (ESSO Chemicals 1976). This is a greater sensitivity
than that found by Doe and Harris (1976) for Salmo gairdneri fingerlings

(96 h LC50 of 140 to 233 mg/1) and probably greater than that found for

the fresh water zebrafish {Brachydanio rerio), for which a 48 h LC50

was calculated as 550 ppm (ESSO Chemicals 1976). Amphipods were more
resistant to Corexit 9527. The 96 h LC50 determinations for the species
tested were all greater than 80 ppm. Boeckosimus sp. exhibited no

mortality during 96 h at a concentration of 175 ppm.

Little information on the acute toxicity of Corexit 9527 to
marine invertebrates can be found in the literature. Foy (1978) reported
96 h LC50 levels of Corexit for two species of amphipods, Onisimus
litoralis and Boeckosimus edwardsi, as greater than 70 and greater than
80 ppm, respectively. A 48 h LC50 of 6600 ppm of Corexit 9527 was
reported by ESSO Chemicals (1976) for the brown shrimp, Crangon crangon,
but it is not clear whether this was calculated as ppm of Corexit 9527
concentrate or as ppm of a diluted formulation.

3.2.3 Prudhoe Bay Crude 011

Analysis by gas chromatography confirmed the presence of volatile
aromatics in the Prudhoe Bay crude 011 used in the toxicity biocassays and
indicated that the oil had not been 'weathered' significantly prior to
use (Figure 11).

3.2:3.a Hydrocarbon Analysis of the Test Mixtures

The relationship between nominal (added) oil concentration and
measured exposure oil concentration {average of mean 0 h and mean 24 h
concentration determinations for each experiment) in the oil-water and
oil1-Corexit-water mixtures is illustrated in Figure 12. Measured hydro-
carbons in oil-Corexit-water mixtures increased in a 1inear fashion,
as nominal oil concentration increased, throughout the range of nominal
0il1 concentrations used in the toxicity bioassays. In contrast, measured
hydrocarbons in the oil-water mixtures increased only siightly with
increasing nominal oil concentrations. It is evident that the addition
of Corexit to oil-water mixtures substantially increased the concentra-
tions of hydrocarbons in the water column over those in oil-water
mixtures that had been dispersed solely by mechanical means. At a
nominal oil concentration of 640 ppm, the measured oil concentration in
the water column was approximately 7 times greater in oil-Corexit-
water mixtures than in oil-water mixtures. This is similar to the
factor of approximately 6 times reported by Foy (1978) for the same
nominal oil concentration.

One oil-water mixture and one oil-Corexit-water mixture (both
with a nominal oil concentration of 200 ul/1) were analyzed by gas chroma-
tography. The results indicate that concentrations of particulate
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{(dispersed) hydrocarbons were much higher in the oil-Corexit-water mixture
than in the oil-water mixture (Table 8). Concentrations of "dissolved'
hydrocarbons were also higher in the oii-Corexit-water mixture, However,
"dissolved' hydrocarbons were defined as those hydrocarbons that passed
through a filter which had a 5 um diameter pore size, and dispersed

011 droplets can be smaller than 5 um. Stokes and Harvey (1973) found
that the addition of detergents to oil-water mixtures increased the
number of oil droplets in the small-diameter size range (as small as

2 to 3 um). It is thought, therefore, that the apparently higher 'dis-
solved' hydrocarbon concentration in the oil-Corexit-water mixture was
due, at least in part, to particulate oil less than 5 um in diameter

that passed through the filter.

TABLE 8.

Concentration of Gas-Strippable Hydrocarbons (mg/1), as Determined by
Gas Chromatography, in Oil-Water and Oil-Corexit-Water Mixtures at 0 h
and after 24 h. Nominal oil concentration was 200 ul/1.

Concentration of Concentration of

'Dissolved’ Particulate
- Sample Hydrocarbons Hydrocarbons Total
0il-Water, O h 1.20 4.20 5.40
011-Water, 24 h 0.32 2.80 3.10
0i1-Corexit-Water, 0 h 3.50 17.90 21.40
011-Corexit-Water, 24 h 0.81 12.30 13.10 _

The much higher concentration of total hydrocarbons, as
measured by gas chromatography, in the oil-Corexit-water mixture than
in the oil-water mixture was due primarily to the higher concentration
of particulate hydrocarbons in the oil-Corexit-water mixture. Total
hydrocarbon concentration was approximately 4 times greater in the
011-Corexit-water mixture than in the oil-water mixture, and approximately
90% of the total hydrocarbons in the oil-Corexit-water mixture were of
a particulate nature (Table 8). The ratio of dissolved to particulate
hydrocarbons was greater in the oil-water mixture (1:3.5 at 0 h and
1:8.8 at 24 h) than in the oil-Corexit-water mixture (1:5.1 at O h

and 1:15.2 at 24 h).

Aromatic compounds were the predominant gas-strippable
hydrocarbons in both the oil-water and oil-Corexit-water mixtures
(Figures 13 and 14) and were found in the following approximate propor-

tions:

H P
& emad

PR

[




e}
e
Isobutene
O
o
)
»

Benzane

Tolusne

Methyleyclohexans

cr

Methylcyclopentane

m,p~Xylene

= 0-Xylene

Cumens

Ethyl benzene

Peak Attenuation: 2
Rungein4

Time —»

Naphthalene

FIGURE 13.

Gas Chromatogram of an Unfiltered Sample of a Mixture of Prudhoe

Bay Crude 011 and Water.

The sample was taken at 0 h.

£g



L» Peak Attenuation: 8

Peak Attenuation:|

Benzene

Naphthalene

m,p-Xylene
o=Xylene

Ethylbenzene

Range: 104

A

FIGURE 14. Gas Chromatogram of an Unfiltered Sample of a Mixture of Prudhoe
Bay Crude 011, Corexit 9527 and Water. The sample was taken at 0 h.

Time ——

wE




35

benzene 4
toluene 4
m- and pQXyléhes 2
o-xylene 1
naphthalene 1

The oil1-Corexit-water mixture contained a higher concentration of alkanes
than did the oil-water mixture. These alkanes, because of their low
aqueous solubility, would presumably be present in the particulate
fraction.

Water soluble aromatics are generally considered to be the
compounds that cause toxicity in oil-water mixtures. Their toxicity,
in the short-term at Teast, is greatest when they are dissolved in the
aqueous phase, from which they can be readily incorporated by aquatic
organisms. Therefore, oil-water emulsions with a high dissolved to
particulate hydrocarbon ratio would be expected to be more toxic than
emulsions with the same actual measured hydrocarbon concentration but
with a Tower dissolved to particulate hydrocarbon ratio.

3.2.3.b Median Lethal Concentrations

Results of the biocassays using Prudhoe Bay crude oil in oil-
water mixtures are summarized in Table §. In several cases, the highest
hydrocarbon concentrations attained in the water column, in oil-water
mixtures, were not high enough to produce mortality. In these instances
96 h LC50 values could not be determined.

0f the species tested, Anonyx nugax appeared to be the most
sensitive to measured hydrocarbons in oil-water mixtures. The 96 h LC50
was calculated as 32 ppm, with 95% confidence Timits of 27-37 ppm. This
appears to be similar to the 96 h LC50) of between 32 and 43 ppm reported
for this species by Foy (1978). The fourhorn sculpin was the next most
sensitive test species; 96 h LCH0 levels of measured hydrocarbons were
43 and 42 ppm in two separate bicassays. CGammarus setosus and Onisimus
litoralis juveniles were more resistant, with 96 h LC50 levels of 56 and
68 ppm, respectively. The 96 h LC50 of Prudhoe Bay crude oil (in oil-
water mixtures) for 0. litoralis was reported by Foy (1978) to be 49 ppm.
The difference between the 96 h LC50 for 0. litoralis detewmined in the -
present study and that given by Foy (1978) can be accounted for by the
fact that measured hydrocarbon concentrations reported by Foy (1978)
were not corrected for extraction efficiency.

It was not possible to calculate reliable 96 h LC50 estimates
for the remaining test orgariisms since, generally, mortality was observed
in only the highest 011 concentrations used.

As discussed by Foy (1978}, comparison of these results with



TABLE 9.
Median Lethal Concentrations {96 h LC50) of Prudhoe Bay Crude 0i1 in Oil-Water Mixtures for Test Species, and
Conditions Under Which They Were Determined. Unless otherwise indicated, 96 h LC50.values were calculated using

a computerized probit analysis (Davies 1971). Values within round brackets after the 96 h LC50 are 95% confidence
Timits. '

SLS Control Animal Length(mm)
) 9 h LC50 Temperatgre A.P.
Species Exp.# N {ppm) Conc. (ppm) %D Mean s.d. Range Range ("C) (h)
Amphipods .
Anonyx laticoxae - 51 6 >b1 25 0.0 31.3 2.1 28-35 4.5- 6.5 72
Anonyx nugax 51 54 32(27-37) 25 66.7 26.8 4.6 15-40 4.5- 6.5 72
Boeckosimus sp. 46 119 >59 50 3.3 16.4 2.9 11-24  4.2- 6.5 100
Gammarus cceanicus 23 10 >55 35 60.0 28.3 3.0 23-3p 5.0-13.0 37
Gammarus setosus 23 47 56(51-62) 35 41.6 29.1 3.6 22-38 5.0-13.0 37
31 84 >53 35 26.5 23.9 3.3  18-36 3.8- 5.2 24
Onieimus Iitoralis 27 108 >47 35 90.0 16.6 0.8 14-19 3.9- 6.5 85
(adult)
Onisimus litoralis 36 124 68(62~75)1 25 80.0 6.9 0.7 6-9 4.2- 5.5 70
(juvenile)
Fish
- Myoxocephalug 38 72 43(37-49) 5 100.0 18.0 1.3 14-21 4,5- 6.0 72
quadricornis 43 60  42(39-46) 1 0.0 19.8 1.1 16-23  3.5-5.7 64

Abbreviations: N = number of animais; Conc. = concentration; %D = percent mortality; s.d
A.P. = acclimation period.

! Estimate from graphical probit analysis (Litchfield and Wilcoxon 1949).

. = standard déviatidh;

9¢
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those of other workers is difficult because of varying methods and
analytical procedures. Percy and Mullin (1975), using methods and
analytical techniques similar to those used in the present study,
investigated the effects of crude oils on arctic marine invertebrates.
Using their data, Foy (1978) calculated a 96 h LC50 of 32 ppm of Norman
Wells crude oil for the amphipod Boeckosimus affinis. Linden (1976)
found that the 96 h median Tethal concentration of a Venezuelan crude
0il, in the form of an oil-water mixture, for adult Gammarus oceantcus
was 550 ul/1 {calculated on the basis of nominal oil concentration).
This appears to be similar to the 96 h LC50 of Prudhoe Bay crude ofil
determined in the present study for Gammarus setosus; a measured
concentration of 56 ppm (Table 9) represents a nominal concentration
of approximately 575 ppm (see Figure 12).

Results of bioassays determining the toxic effects of Prudhoe
Bay crude oil dispersed in oil-Corexit-water mixtures are summarized in
Table 10. Again, dnomyz nugax was the most sensitive species tested
(96 h LC50 = 45 ppm) and Myoxocephalus quadricornis was the next wost
sensitive (96 h LC50 = 59 ppm). Of the species tested, Boeckosimus sp.
seemed to be the most resistant to the oil-Corexit-water mixtures; the
96 h LC50 of measured hydrocarbons for this species was 162 ppm.

The 96 h LC50 determinations, when based on hydrocarbon concen-
trations measured by fluorescence spectroscopy, were lower, for at least
three species (Anonyx nugar, Gammarus setosus, and Myozocephalus
quadricornis), in oil-water mixtures than in oil-Corexit-water mixtures
(Tables 9 and 10). Although results for the other species tested are
Tess well defined, they are generally consistent with the conclusion
that the toxicity of Prudhoe Bay crude oil hydrocarbons (as measured by
fluorescence spectroscopy) is somewhat greater in ofl-water mixtures
than in oil-Corexit-water mixtures (see Tables 31 to 48, Appendix A).
These results confirm the preliminary findings of Foy (1978).

The higher toxicity of hydrocarbons (based on measured exposure
concentration) in the oil-water mixtures, compared to the oil-Corexit-
water mixtures, may have resulted from a higher proportion of water-
soluble aromatic compounds in the oil-water mixtures (see p. 32).

It is generally thought that the water soluble aromatics in crude oils
are the agents causing mortality in oil-water mixtures.

In the present study, mortalities observed in oil-Corexit-water
mixtures were higher than those in oil-water mixtures of the same nominal
0il concentration. Similar results have been obtained in other studies
{e.g., Swedmark et a?. 1973; Linden 1975; Percy and Mullin 1975; Foy
1978). This higher mortality observed in oil-dispersant mixtures is
thought to be merely a result of much higher oil concentrations in the
water column of chemically dispersed mixtures. The results of some other
studies support this interpretation. Trudel (1978) found that Lago Medio
crude 0il was equally toxic, based on measured concentrations, to natural
phytoplankton populations (based on inhibition of carbon-14 uptake) whether
chemically dispersed using Corexit 9527, or mechanically dispersed. Vaughan
(1973) found that, when based on nominal concentration, South Louisiana



TABLE 10.

Median Lethal Concentrations (96 h LC50) of Prudhoe Bay Crude 0il in 0i1-Corexit-Hater Mixtures for Test Species
and Gonditions Under Which They Were Determined. Unless otherwise indicated, 26 h LC50 values were calculated

using a computerized probit analysis (Davies 1971). Values within round brackets after the 96 h LC50 are 95%
confidence Timits. '

SLS Control Animal Length (mm) _
96 h LC50 Temperature
Species Exp. # N {ppm) Conc. (ppm) %D Mean s.d. Range Range (°C) A.P. {h)
Amphipods |
Anonyx laticoxae 48 5  112[73-169]2 - - 30.7 1.8 28-33 4.4-6.5 20
Anonyx nugaz 48 b5 45(34-61) 25 48.9 35.9 5.3 25-45 4.4-6.5 20
Boeckosimus Sp. 45 120 162(135-195) 50 3.3 17.8 2.4 13-23 4.0-5.5 52
Gammarus peeanicus 24 20 105(73-153)2 35 33.3 27.9 4.7 21-37 - 5.0-13.0 47
Gammarus setosus 24 55 - 138(114-168) 35 48.2 28.3 4.0 21-40 5.0-13.0 a1
35 84 83(70-98) 35 i4.3 24.5 - 4.1 17-37 4,.8-6.5 120
Onigimus litoralis |
{adult) 30 118  138(118-161) 25 40.0 16.5 0.9 14-18 3.7-5.2 72
Fish
Myoxocephalus
quadricornis 5 71 59{40-87) 4.0 100.0 19.6 0.9 16-21 4.4-5.5 96

Abbreviations: N=pumber of animals; Conc.=concentration; %D=percent mortality; s.d.=standard deviation; A.P.=
acclimation period. : : ‘

! Interpolated from data plotted on semi-log paper; figures in square brackets give the range of concentrations
within which 50% mortality would occur,

A

2 Estimate from‘]O% trimmed Spearman-Karber analysis (Hamilton et a%.‘]977).
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crude 071 had a 96 h TLm for shiner perch (Cymatogaster ammwmmawpv
juveniles of 100 ppm when chemically dispersed and 840 pbm when
mechanically dispersed. However, when based on estimated exposure
concentrations of oil, chemically and mechanically dispersed o0il had

96 h TLm levels of 14 ppm and 15 ppm, respectively. Venezia and
Fossato (1977) concluded from a study of the effects of Kuwait crude
0il and Corexit 7664 on the harpacticoid copepod Tisbe bulbisetosa that
"the reinforcement of the toxic effect of oil plus Corexit is due...to
the higher actual hydrocarbon concentration in a suspension resulting
from such a mixture'.

3.3 Post-Exposure Period

In many of the biocassays, animals remaining alive after the
96 h exposure period were transferred to fresh seawater for a 24 h
observation period. Mortality data recorded during this period are
given in Tables 13 to 48, Appendix A, and summarized by combining
the replicate data, in Table 11. :

The sole purpose of such a post-exposure period was to determine
if mortality of animals continued after they were returned to clean water,
following the 96 h exposure period. In many cases, mortality exceeding
that in seawater controls was observed during the post-exposure period,
indicating that irreversible damage had been caused by exposure to the
toxicants for 96 h. The absence of mortality during the 24 h post-
exposure period does not necessarily indicate that the effects of the
toxicant had been mitigated; mortality might have occurred if the animals
had been kept for longer than 24 h after exposure to the toxicants.

3.4 Relative Species Sensitivity

It must be emphasized that the sensitivity of an organism to a
given toxicant is not constant. Fogels and Sprague (1977) cited Brown
{1968) as finding that 48 h LC50 values of various toxicants varied by
a factor of 2.5 over a period of 9 months. Tatem et al. (1976} found that
grass shrimp (Palaemonetes pugio), collected at various times of year,
varied in their sensitivity to SLS by as much as a factor of 2.3.
Sensitivity to a given toxicant may even vary at different times of
day (Spieler et aZ. 1977). Fogels and Sprague (1977) state that 'results
of short-term bioassays should...be regarded only as estimates, within
approximately one order of magnitude, of the acute toxicity of a substance'.

With this variability in wmind, the sensitivities, to a
particular toxicant, of all species tested in this study were remarkably
similar (Table 12). Only the sensitivity of the fourhorn sculpin to
the detergent SLS and possibly to Corexit 9527 was markedily agﬁﬁmﬁm:ﬁ
from the reactions of the amphipod species.



TABLE 11.

Percent Mortality (Calculated from Combined Replicate Data) During the Post-Exposure Period after 96 h Exposure to

Various Toxicant Concentrations for Each Species-Toxicant Combination. Each block of numbers represents results
of one experiment. -

Toxicants
Sodium Prudhoe Bay Prudhoe Bay Crude
Lauryl Sulphate Corexit 9527 Crude 011 011 and Corexit
Conc. Conc. Conc. Coné.
Species (ppm} N %D (ppm) N %D (ppm)! N %D (ppm)l N 4D
Amphipods

Anonyx laticoxae 02 4 0 ¢ 3 0 No Post- No Post-
15 8 0 80 4 0 Exposure Exposure
25 4 0O 100 1 0O Period Period
35 3 0 120 2 0
45 1 0 140 5 80

Anonyx nugax 0 21 O 0 22 0 :
15 4 0 80 11 9 No Post- No Post-
25 0 - 100 7 0O .Exposure Exposure
3% 0 - 120 3 33 Period Period
45 0 - 140 0 -

Gammarus cceanicus g 3 0 : 0 3 0 g 9 0 0 7 14
15 4 25 10 4 0 25 2 0 61 6 0
25 7 29 20 2 0 40 2 0 134 T 0
3% 0 - 40 3 0O 53 1 0 264 0 -
45 1 100 80 4 0 5 3 0 621 g -

Gammarus setosus 0 21 0O 0 21 @O 0 26 0 0 27 0
15 10 0O 10 10 0 25 13 © 61 14 0
25 7 29 20 11 0O a0 4 0 134 6 33
35 8 0 40 11 9 53 11 0 232 1 0
45 8 50 8 9 0 65 10 O 621 Q -

O



TABLE 11. (Cont'd)

Toxicants
Sodium Prudhoe Bay Prudhoe Bay Crude
Lauryl Sulphate Corexit 9527 Crude 0il Qi1 and Corexit
_ Conc. Conc. Conc. “Conc.

Species (ppm) N %D (ppm) N %D (ppm)! N %D (ppm)! N %D
0 34 0 0 34 0 0 35 0
20 21 O No 24 21 O 3 19 5§
30 18 0 Experiment 44 21 0 87 11 18
40 14 0 53 20 10 113 7 14
50 4 25 56 21 0 147 1 0

onisimus litoralis (adult) 0 47 © ¢ 49 0 0 49 0 0 49 O
15 29 0O 80 30 7 28 30 O 36 28 O
25 27 4 160 1 O 40 28 4 84 25 O
3% 2 0 320 0 - 46 30 O 162 12 25
a5 0 - 640 0 - 47 29 O 293 1 100
0 49 2
20 27 4 No No No
24 25 4 Experiment Experiment Experiment
28 15 13
32 5 20
Onisimus litoralis (juvenile) 0 52 0 0 42 0

20 20 10 No 28 31 O No
24 14 7 Experiment 43 29 O Experiment
28 10 10 57 23 13 :
32 10 40 60 23 9

]



TABLE 11. (Cont'd)

Toxicants
Sodium ' Prudhoe Bay Prudhoe Bay Crude
Lauryl Sulphate Corexit 9527 Crude 011l 0il and Corexit
) ‘ Conc. Conc. Conc. Conc.
Species (ppm) N %D (ppm) N %D (ppm)! N %D (ppm)! N %D
Fish _
Myoxocephalus quadricornis 0 22 5 0 30 0 ‘ :
- 0.5 13 8 No Post- 23 16 0 No Post-
0.8 13 0 Exposure 38 12 0 ‘ Exposure
1.0 11 9 Period 56 9 11 Period
3.0 10 10 - v

58 0

Rbbreviations: Conc. = Concentration; N = number of animals alive after 96 h exposure to toxicant; %D = percent
mortality during 24 h post-exposure period.

! Concentration in oil-water and oil-Corexit-water mixtures represents measured exposure concentration.

2 Concentration of O ppm represents control seawater solution.

Y




TABLE 12.

Median Lethal Concentrations (96 h LC50) of Four Toxicant Mixtures for the Test Species.

Unless otherwise

indicated, 96 h LC50 values were calculated using a computerized probit analysis (Davies 1971). Values

within round brackets after the 96 h LC50 are 95% confidence limits.

A1T values are in ppm.

Toxicant

Sodium Lauryl

Prudhoe Bay Crude

Prudhoe Bay Crude

Species Sulphate Corexit 9527 011 0i1-Corexit 9527
Amphipaods
Anonyx laticoxae 41[ 35- 451! >140 >5] 112 [73-169]%
Anonyx nugas 16[15- 251> 104(97-111) 32(27-37) 45 (34- 61)
Gommarus oceant.ceus 30[ 25~ 35]1 >80 >55 105 (75—153)3
Gammarus setosus 89(42-186)% 56{51-62) 138(114-168)
42(39- 46y  17°(38-803) 253 83 (70- 98)
Onisimus litoralis {juvenile) 22{19- 26) - 68(62-75)% -
Boeckosimus Sp. >50 >175 >59 162{135-195)
Fish
Myoxocephalus quadricornis 1-5% <40 43(37-49) 59 (40- 87)
' 42(39-46) - :

! Interpolated from data plotted on semi-log paper; figures in square brackets give the range of concentrations

within which 50% mortality would occur.
2 Graphical probit analysis estimate (Litchfield and Wilcoxon 1949).

3 10% trimmed Spearman-Karber estimate (Hamilton et al. 1977).

% 50% mortality most likely to occur within this range on basis of mortality observed in concentrations of

1 and 5 ppm used as cantrols in several experiments.

Ly
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: , ‘Some ‘consistent patterns in relative sensitivity can be -
discerned, however. Of the organisms tested, fourhorn sculpin: (Myoxocephalus
quadricornis) young-of-the-year and the large amphipod Anonyx nugax .
appeared to be the most sensitive to all four toxicant mixtures (Table 12).
Myomocephalus quadricornis was more sensitive to sodium Tauryl sulphate
and Corexit 9527, while Anomyx nugax appeared to be slightly more
sensitive to the Prudhoe Bay crude oil in both ofl-water and 0il-Corexit-
water mixtures. This reversal in order of sensitivity may be a result
of different modes of toxic action for the detergents and oil mixtures.

There is no reason to expect that invertebrates and fish will react in

the same way to a given toxicant (Sprague 1970).

Other amphipods tested were slightly more resistant to the
toxicant mixtures. Beoeckosimus sp. appeared to be one of the most
resistant species tested and Anomyx laticoxae also appeared to be ,
reTatively resistant, compared to 4. nugaxz. It 1is interesting to note
that, while these three species were all collected from approximately
the same depth in the sublittoral zone, their sensitivities to the
toxicant mixtures were different. This seems to contradict the theory
that sublittoral species are generally more sensitive to poliution than
Tittoral species because of their adaptation to a Tess variable environ-
ment (Swedmark et aZ. 1973). However, the biology of Boeckosimus sp. '
and Anonyx laticozae is not well known and it may be that these species
do inhabit some areas of more variable nature. The three intertidal
amphipods tested, Onisimus litoralis, Gammarus oceanicus and G.
setosus, appeared to be relatively similar in sensitivity to the
foxicant mixtures. MNone of these species were the most or least sensitive

to any of the toxicants.

3.5 Relative Life Stage Sensitivity

Many workers have indicated that juvenile or larval stages of
many marine organisms are more sensitive to pollutants than the adults
(e.g. Moore and Dwyer 1974; Rice et gl. 1975; Linden 19765 Wilson 1977).
In the present study, the 96 h LC50 of SLS for juvenile Onisimus Ilitoralis
was only slightly, but significantly (test of significant difference,
A.P.H.A. 1976, p. 737) lower than that for adult 0. litoralis. Linden
(1976) found that 4 to 6 day old Gammarus oceanicus (v mm in length)
were about 700 times more sensitive to crude oil, based on added oil
concentrations, than adult G. oceanicus. It is probable that the
juvenile 0. litoralie (6-9 mm} used in this study were well past the

stage of greatest sensitivity.

3.6 Chemical Dispersion of 0i1 in Arctic Waters

Cleanup of oil in temperate latitudes has proved to be an
expensive undertaking. Cleanup under arctic conditions, because of the
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logistic difficulties, can be expected to be even more expensive. Coupled
with this is an inadequate technology for dealing with spilled oil in

an ice-infested cold-water environment. It is anticipated that only a
partial cleanup of oil or protection of some priority ecological or
geographical areas would be attempted. The characteristics of such areas
will determine, to some extent, the cleanup methods used in the event of |
a spill.

One method used in dealing with oil spills 1is the application
of oil dispersants before the slick reaches nearshore regions. Ever
since the 'Torrey Canyon' spill, the use of dispersants has been a
controversial subject; much of the mortality observed after that spill
was attributable to the highly toxic dispersants used in cleanup opera-
tions {Smith 1968). Since that time, 'second generation' dispersants,
which are much lower in inherent toxicity, have been developed.. The
toxicity of the dispersants themselves may no longer be a strong argument
against using them.

The use of dispersants on oil spilied in arctic waters might
be indicated in some instances. Birds have been the most obvious and
immediate victims of surface oil spills in waters of other latitudes.
Holmes and Cronshow {1977) state that between 1955 and 1672, one
million bird deaths were recorded following oil spills. Nettleship
(1977) states that 'pollution of the seas by oil poses the largest
single threat to seabirds'. The Targe populations of seabirds that
inhabit some areas of the arctic archipelago, such as Lancaster Sound
(Johnson et al. 1976), could be severely affected by a large spill of
0il. Rapid use of dispersants to break up and emulsify the surface
stick would help to minimize bird mortality in such a case.

Dispersal of oil in offshore areas may, in some cases, seem
preferable to contamination of the shoreline and nearshore waters. 1In
arctic regions, Tittoral areas and shallow water regions are sometimes
important as feeding areas for vertebrates.  Several of the amphipod
species used in the present study are found in large numbers in the
intertidal zone and have been identified as important food items for
a number of fish, birds and marine mammals. The greatest damage to
these communities may not be caused by direct lethal toxicity of the
petroleum hydrocarbons. [In many cases, oil slicks that reach the
shoreline wiil have been weathered and will have lost a large propor-
tion of their most toxic components as a result of several processes,
including dissolution and evaporation {Clark and MacLeod 1977). However,
0il that reaches the shoreline in arctic areas may be persistent. Owens
(1978) states that a heavy oil, stranded on a low-energy shoreline in
arctic regions, may be expected to last for decades with 1ittle loss of
volume. The alteration of habitat may result in desertion of the area
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by its residents or in a gradual decline in numbers of the inhabitant
populations as a result of damage caused by chronic exposure to sub- . .
lethal levels of hydrocarbons. The ultimate consequence is a disrup- - . -
tion of the food chain. -

The use of chemicals to disperse petroleum hydrocarbons in
offshore waters does present some hazards, however. The results
detailed in the present report, and the results of other toxicity
studies in which exposure concentrations of hydrocarbons were measured,
indicate that the use of a 'second generation' dispersant does not
increase the toxicity of a crude oil. The use of a dispersant does,
however, greatly increase the amount of oil entrained in the water
column, thereby increasing the availability to aquatic organisms.

If left as a siick on the water surface, a significant proportion of

the volatile and most toxjc components would normally be lost in a

short time as .a result of evaporation. Virtually all hydrocarbons
smaller than C g can evaporate from a sea surface within 10 days and

the lightest c&mpounds can completely volatilize within hours {(Clark

and MacLeod 1977). The rate of evaporation varies with conditions

such as the type of petroleum, wave state, wind speed and water tempera-
ture (Clark and Macleod 1977). If the oil is dispersed, a greater
quantity of the more toxic compounds becomes dissolved in the water .
column. In the dissolved form, these compounds are easily incorporated

by aguatic organisms.

After a large spill of petroleum hydrocarbons, one would
expect some initial and localized mortality of planktonic organisms
in the area of the spill. However, because of natural variability in
planktonic populations and the dynamic nature of the aquatic environ-
ment, in which concentrations of pollutants and populations of planktonic
organisms are constantly changing in time and space, it is extremely
difficult to quantify the impact.

Some proportion of petroleum hydrocarbons dispersed in off-
shore waters will eventually reach the bottom sediments. As the Tighter
fractions of the petroleum dissolve or evaporate, the specific gravity
of the oil increases. Dispersed particles may aggiomerate, and absorp-
tion or adsorption of oil by particulate matter may occur. The result
is a net downard movement of the oil (Clark and MacLeod 1977; Karrick
1977). The effect of such contamination on the sublittoral benthos 1is
not well known. Possible effects are mortality due to toxicity, sublethal
damage and mechanical injury caused by coating. Sanborn (1977) has
speculated that anoxia may result in some areas because of the high
biochemical oxygen demand of oil. In any case, the ultimate conse-
quences of such pollution are not likely to be immediately obvious
but may be significant, none the less.

Thus, despite the low toxicity of recently developed dispersants,
the consequences of using them are still uncertain. In arctic regions,
for which an understanding of basic biological relationships is often
inadequate, the problem is compounded.

------



4 . LITERATURE CITED

Abel, P.D. 1974. Toxicify of synthetic detergents to fish and aquatic
invertebrates. dJ. Fish Biol. 6: 279-298.

Alliston, W.G., M.S.W. Bradstreet, M.A. MclLaren, R.A. Davis and W.J.
Richardson. 1976. HNumbers and distribution of birds in the
central District of Franklin, N.W.T. June-August, 1975. Unpubl.
Rept. by LGL Ltd. for Polar Gas Project. 583 p.

Anderson, J.W. (ed.). 1975. Laboratory studies on the effects of oil
on marine organisms: an overview. American Petroleum Institute
Publication No. 4249, 70 p.

A.P.H.A., AM.W.A. and W.P.C.F. 1976. Standard methods for the examina-
tion of water and wastewater, 14th. ed. American Public Health
Association, Washington, D.C. 1193 p.

Bain, H. and A.D. Sekerak. 1978. Aspects of the biology of Arctic cod,
Boreogadus saida, in the central Canadian Arctic. Unpubl. Rept.
by LGL Ltd. for Polar Gas Project. 104 p.

Bradstreet, M.S.W. 1976. Summer feeding ecology of seabirds in eastern
Lancaster Sound, 1976. Unpubl. Rept. by LGL Ltd. for Norlands
_Petro]eums Ltd. 187 p. '

Bradstreet, M.S.W. 1977. Feeding ecology of seabirds along fast-ice
edges in Wellington Channel and Resolute Passage, N.W.T. Unpubl.
Rept. by LGL Ltd. for Polar Gas Project. 149 p.

Brown, V.M. 1968. The calculation of the acute toxicity of mixtures of
poisons to rainbow trout. Water Res. 2: 723-733.

Clark, R.C. Jr. and W.D. Macleod, Jr. 1977. Inputs, transport mechanisms,
and observed concentrations of petroleum in the marine environment.
Tn: D.C. Malins (ed.), Effects of Petroleum on Arctic and Subarctic
Marine Environments and Organisms. VYol. I, Nature and Fate of
Petroleum. Academic Press, Inc., New York. 321 p.

Craig, P.C. and W. Griffiths. 1978. Ecology of fishes in Simpson Lagoon,
1977. In: Annual Report, Beaufort Sea Barrier Island - Lagoon
Ecological Process Studies 1976-1977. Unpubl. Rept. by LGL Ltd.
U.S., Inc. for Quter Continental Shelf Environmental Assessment
Program, National Oceanic and Atmospheric Administration, Boulder,
Colorado. 71 p.

Davies, R.G. 1971. Computer programming in quantitative biology.
Academic Press, New York. 492 p.

Doe, K.G. and G.W. Harris. 1976. Toxicity and effectiveness acceptability
ratings for Corexit 9527. Unpublished Report for Toxicity Evaluation
Section; Environmental Services Branch, Environmental Protection
Service, Halifax. 74 p.

47



48

Dunbar, -M.Jd. 1954. The amphipod crustacea of Ungava Bay, Canadian
. eastern Arctic. J. Fish. Res. Board Can. 11: 709-798. .

ETlis, D.V. and R.T. Wilce. 1961. Arctic and subarctic examples of
intertidal zonation. Arctic 14: 224-235.

ESSO Chemicals. 1976. Corexit 9527 oil dispersant. Product informa-
tion. ESSO Chemical Supply Company, Inc., New Jersey. 3 p.

Fogels, A. and J.B. Sprague. 1977. Comparative short-term tolerance
of zebrafish, flagfish, and rainbow trout to five poisons including
potential reference toxicants. Wat. Res. 11: 811-817.

Foy, M.G. 1978. Acute lethal toxicity of Prudhoe Bay crude 011 and
Corexit 9527 on four arctic marine invertebrates. Unpubl. Rept.
by LGL Ltd. for the Environmental Protection Service. 98 p.

Grainger, E.H. 1953. On the age, growth, migration, reproductive
potential, and feeding habits of the arctic char (Salvelinus
alpinus) of Frobisher Bay, Baffin Island. dJ. Fish. Res. Board

Can. 10: 326-370.

Grainger, E.H. 1971. Biological oceanographic observations in
Frobisher Bay. 1. Physical, nutrient and primary production data,

1967-1971. Fish. Res. Board Can. Tech. Rept. No. 265. 75 p.

Green, J.M. and D.H. Steele. 1975. Observations on marine 1ife beneath
sea ice, Resolute Bay, N.W.T. Section II: Marine ecology. Proc.
Circumpolar Conference on Northern Ecology, Ottawa. p. 77-86.

Griffiths, W., P.C. Craig, G. Walder and G. Mann. 1975. Fisheries
investigations in a coastal region of the Beaufort Sea {Nunaluk
Lagoon, Y.T.). In: P.C. Craig (ed.), Fisheries Investigations
in a Coastal Region of the Beaufort Sea. Canadian Arctic Gas
Study Ltd. (Calgary, Alta.). Biol. Rept. Series 34(2): 219 p.

Hamilton, M.A., R.C. Russo and R.V. Thurston. 1977. Trimmed Spearman-

¢arber method for estimating median lethal concentrations in toxicity

bioassays. Env. Sci. Tech. 11: 714-719.

Holmes, W.N. and J. Cronshaw. 1977. Biclogical effects of petroleum
on marine birds. Im: D.C. Malins (ed.), Effects of Petroleum

on Arctic and Subarctic Marine Environments and Organisms. ¥ol. II,

Biological Effects. Academic Press, Inc., New York. 500 p.
Johnson, S.R. 1978. Avian ecology in Simpson Lagoon, 1977. In: Annual

Report, Beaufort Sea Barrier Island-Lagoon Ecological Process Studies
1976-1977. Unpubl. Rept. by LGL Ltd. U.5., Inc. for Outer Continental
Shelf Environmental Assessment Program, National Oceanic and Atmospheric

Administration, Boulder, Coiorado. 112 p.



49

Johnson, S.R., W.E. Renaud, W.J. Richardson, R.A. Davis, C. Holdsworth
and P.D. Hollingdale. 1976. Aerial surveys of birds in eastern -
Lancaster Sound, 1976.- Unpubl. Rept. by LGL Ltd. for Norlands
Petroleums Ltd. 365 p.

Karrick, N.L. 1977. Alterations in petroleum resulting from physico-
chemical and microbiological facters. In: D.C. Malins (ed.),
Effects of Petroleum on Arctic and Subarctic Marine Environments
and Organisms. Vol. I, Nature and Fate of Petroleum. Academic
Press, Inc., New York. 321 p.

Kendel, R.E., R.A.C. Johnston, U. Lobsiger, and M.D. Kozak. 1975. Fishes
of the Yukon coast. Beaufort Sea Project Tech. Rept. No. 6. Environment

Canada, Yictoria, B.C. 114 p.

Khan, N.Y. and D.J. Faber. 1974. A comparison of larvae of the deepwater
and fourhorn sculpin, Myoxocephalus quadricornis L. from North
America. 1. Morphological development. In: J.H.S. Blaxter {ed.),
The Farly Life History of Fish. Springer-Yerlag, New York. p. 703-712.

LaRoche, G., R. Eisler and C.M. Tarzwell. 1970. Bioassay procedures
for oil and oil dispersant toxicity evaluation. J. Wat. Poll.
Cont. Fed. 42: 1982-1989.

Linden, 0. 1975. Acute effects of oil and oil/dispersant mixture on
tarvae of Baltic herring. Ambio 4: 130-133. '

Linden, 0. 1976. Effects of oil on the amphipod Gammarus oceanicus.
Env. Poll1. 10: 239-250.

Litchfield, J.T. and F.-Wilcoxon. 1949. A simplified method for evaluating
dose effect experiments. J. Pharmac. exp. Therap. 96: 99-113.

MacGinitie, G.E. 1955. Distribution and ecology of the marine invertebrates
of Point Barrow, Alaska. Smithsonian Misc. Coll. 128(9). 201 p.

Mackay, D. and W.Y. Shiu. 1976. Agueous solubilities of weathered northern
‘ crude oils. Bull. Env. Cont. Tox. 15: 101-109.

McLaren, I.A. 1958. The biology of the Ringed seal (Phoca hispida
Schreber) in the eastern Canadian Arctic. Bull. Fish. Res. Board
Canada No. 118: 97 p.

Moore, S.F. and R.L. Dwyer. 1974. Effects of oil on marine organisms:
a critical assessment of published data. Wat. Res. 8: 819-827.

Nettleship, D.N. 1977. Seabird resources of eastern Canada: status,
problems and prospects. In: T. Mosquin and C. Suchal {eds.),
Proc. Symposium on Canada's Threatened Species and Habitats.
Canadian Nature Federation, Ottawa. p. 96-108.

Owens, E.H. 1978. Mechanical dispersal of oil stranded in the littoral
zone. J. Fish. Res. Board Can. 35: 563-572.



50

Percy, J.A. and T.C. Mullin. 1975.. Effects of crude ails on arctic
marine invertebrates. Beaufort Sea Project Tech. Rept. No. 11.
Environment Canada, Yictoria, B.C. 167 p..

Percy, R. 1975. Fishes of the outer Mackenzie delta. Beaufort Sea Project
Tech. Rept. No. 8. Environment Canada, Victoria, B.C. 114 p..

Pessah, E., P.G. Wells and J.R. Schneider. 1975. Dodecy]l sodium
sg]phate (DSS) as an intralaboratory reference toxicant in
fish bioassays. Proc. Second Annual Aguatic Toxicity Workshop,
2\'975[.1 Ontario Ministry of the Environment, Toronto, Ontario,
anada.,

Rice, S.D., D.A. Moles and J.W. Short. 1975. The effect of Prudhoe Bay
crude 0il on survival and growth of eggs, alevins, and fry of pink
salmon, Oncorhynchus gorbuscha. In: Proc. 1975 Conference on
Prevention and Control of 0il1 Pollution. American Petroleum Institute,

Washington, D.C. p. 503-507.

Rice, S.D., J.W. Short and J.F. Karinen. 1977. Comparative 0il toxicity
and comparative animal sensitivity. Inm: D.A. Wolfe. (ed.), Fate .
and Effects of Petroleum Hydrocarbons in Marine Ecosystems and o
Organisms. p. 78-94.

Sanborn, H.R. 1977. Effects of petroleum on ecosystems. In: D.C. Malins
(ed.), Effects of Petroleum on Arctic and Subarctic Marine Environments
-and Organisms. Vol. II, Biological Effects. Academic Press, Inc.,
New York. 500 p.

Scott, W.B. andnE.J. Crossman. 1973. Freshwater fishes of Canada.
Bull. Fish. Res. Board Can. No. 184: 966 p.

Sekerak, A.D., D. Thomscn, H. Bain and J. Acreman. 1976. Summer surveys
of the marine ecology of Creswell Bay, Somerset Island and Assistance
Bay, Cornwallis Island, N.W.T. 1975. Unpubl. Rept. by LGL Ltd.
for Polar Gas Project. 215 p.

Smith, J.E. 1968. ‘Torrey Canyon' pollution and marine Tife. Cambridge
University Press, London. 210 p.

Spieler, R.E., T.A. Moecke and G.L. Seegert. 1977. Diel yariations
in sensitivity of fishes to potentially Jethal stimuli. Progr,
Fish-Cult. 39: 144-147.

Sprague, J.B. 1970. Measurement of pollutant toxicity to fish. TII.
Utilizing and applying bicassay results. Wat. Res. 4: 3-32.

Steele, D.H. 1961. Studies in the marine Amphipoda of eastern and
northeastern Canada. Ph.D. Thesis, McGill University, Montreal.

350 p.

Steele, D.H. and P. Brunel. 1968, Amphipoda of the Atlantic and Arctic
coasts of North America: Anomyz (Lysianassidae). J. Fish. Res.
Board Can. 25: 943-1060.

P



Steele, D.H. and V.J. Steele. 1974. The biclogy of Gammarus (Crustacea,
Amphipoda) in the northwestern Atlantic. VILI. Geographic distribution
of the northern species. Can. J. Zool.-52: 1115-1120. i

Steele, V¥.J. and D.H. Steele. 1970. The biology of Gammarus (Crustacea,
Amphipoda) in the northwestern Atlantic. II. CGammarus setosus
Dementieva., Can. J. Zool. 48: 659-671.

Steele, V.J. and D.H. Steele. 1972. The biology of Gammarus {Crustacea,
Amphipoda) in the northwestern Atlantic. V. Gammarus oceanicus
Segerstrale. Can. J. Zool. 50: 801-813.

Stephensen, K. 1935, 1938, 1940 and 1942. The Amphipoda of north Norway
and Spitzbergen with adjacent waters. Tromsg Museums Skrifter
3. 526 p.

Stokes, V.K. and A.C. Harvey. 1973. Drop size distributions in o071 water
mixtures. Proc. Joint Conference on Prevention and Control of 01l
Spills. American Petroleum Institute, Washington, D.C. p. 457-465.

Swedmark, M., A. Granmo and S. Kollberg. 1973. Effects of oil dispersants
and oil emulsions on marine animals. Wat. Res. 7: 1649-1672.

Tarzwell, €C.M. 1969. Standard methods for the determination of relative
toxicity of o1l dispersants and mixtures of dispersants and various
0i1s to aquatic organisms. Proc. Joint Conference on Prevention
and Control of 0i1 Spills. American Petroleum Institute. p. 179-186.

Tatem, H.E., J.W. Anderson and J.M, Neff. 1976. Seasonal and laboratory
variations in the health of grass shrimp Palaemonetes pugio: dodecyl
sodium sulfate bioassay. Bull. Env. Cont. Tox. 16: 368-375.

Thomson, D., 5. Woods and J. Acveman. 1975. Marine ecology survey in
the central portion of the Canadian Arctic Islands, 1974. Unpubl.
Rept. by McGill University for Polar Gas Project. 77 p.

Trudel, B.K. 1978. The effect of crude oil and crude oi11/Corexit 9527
suspensions on carbon fixation by a natural marine phytoplankton
community. Spill Technology Newsletter 3(2): 56-64.

Vaughan, B.E. (ed.). 1973. Effects of oil and chemically dispersed o1l
on selected marine biota - a laboratory study. Battelle, Pacific
Northwest Laboratories Report to American Petroleum Institute.

API Publication No. 41971.

Venezia, L.D. and V.U. Fossato. 1977. Characteristics of suspensions
of Kuwait oil and Corexit 7664 and their short- and long-term
effects on Tishe bulbisetosa (Copepoda: Harpacticoida). Mar. Biol.
42: 233-237.



52

Wells, P.Q. and K.G. Doe. 1976. Results of the E.P.S. 011 dispersant
testing program: concentrates, effectiveness testing and toxicity
to marine organisms. Spill Technology Newsletter 1(5): 9-16.

Wells, P.G. and J.B. Sprague. 1976. Effects of crude oil on American
" Jobster (Homarus americanus) larvae in the laboratory. J. Fish.
Res. Board Can. 33: 1604-1614.

Wilson, K.W. 1977. Acute toxicity of oil dispersants to marine fish
larvae. Mar. Biol. 40: 65-74.

K.W., E.B. Cowell and L.R. Beynon. 1973. The toxicity testing
Proc. Joint Conference

American Petroleum

Wilson,
of oils and dispersants: a European view.

on Prevention and Control of 0il Spills.
Institute. p. 255-261.

H.R. Faulk, J.C. Prager and J.A. Cardin. T1973.

Zillioux, E.d.,
1 dispersant toxicities. J. Wat. Poll.

Using Artemic tO assay oi
Cont. Fed. 45: 2389-2396.



5 ACKNOWLEDGEMENTS

" Many people were invalved in this Study and I wish to grate~ .
fully acknowledge their contributions. .

Dr. Gilles LaRoche of McGill University and Dr. Aaron Sekerak
of LGL Limited contributed to the design of the study and made helpful
suggestions while the work was being performed. The co-operation of Andy
Pelletier, manager of the Ikaluit laboratory, and the staffs of the
Arctic Biological Station and Maclaren Marex Inc., with whom we shared
the laboratory facilities, made our stay in Frobisher Bay a pleasant one.
Joyce Buck, Nell Stallard and Gary Miller, all of LGL Limited and Gyta
Eeseemailee, a resident of Frobisher Bay, provided excellent assistance
in the field and in the laboratory.

Identifications of test organisms were provided by Nell Stallard,
Hugh Bain and Denis Thomson, all of LGL Limited. Diane Laubitz and Dr. Dan
Faber of the Mational Museum of Matural Sciences, verified the amphipod
and fish identifications, respectively. Gas chromatography analyses
were conducted by Dr. Don Mackay and Ms. Magda Medir of the University
of Toronto.

Valrie Casile drafted the figures for this report. Heather
Crajg and Irene Reinson typed the manuscript. Drs. John Richardson
and Gordon Walder of LGL Limited are especially thanked for their help
with statistical analyses and for editing the report. I also wish to
thank Drs. Gille LaRoche, Don Mackay, Jon Percy and Aaron Sekerak
for reviewing and commenting on the draft of the manuscript.

53



APPENDIX A

54



55

TABLE 13. o
Toxic Effects of Sodium Lauryl Sulphate on Anonyx laticoxae, Experiment #26.
Mortality
R1 R2 R3
SLS Concentration - ———e
and Day ' D/N %D - D/N %D D/N %D
15 ppm
1 0/3 0.0 0/2 0.0 0/3 0.0
2 0/3 0.0 0/2 0.0 G/3 0.0
3 0/3 0.0 0/2 0.0 0/3 0.0
4 0/3 0.0 0/2 0.0 0/3 0.0
5 (PE) 0/3 0.0 0/2 ¢.0 0/3 0.0
25 ppm
1 0/1 0.0 0/2 0.0 0/1 0.0
2 0/1 0.0 0/2 0.0 0/1 0.0
3 0/1 0.0 0/2 0.0 0/1 0.0
4 ' 0/1 0.0 0/2 0.0 0/1 0.0
5 (PE) 0/1 0.0 0/2 0.0 0/1 0.0
35 ppm
1 i 0/1 0.0 0/1 0.0 0/1 0.0
2 0/1 0.0 0/1 0.0 0/1 0.0
3 0/1 0.0 0/1 0.0 0/1 0.0
4 g/1 0.0 0/1 0.0 0/1 0.0
5 (PE) 0/1 0.0 0/1 0.0 0/1 0.0
45 ppm
1 0/1 0.0 0/2 0.0 0/1 0.0
2 0/1 0.0 0/2 0.0 0/1 0.0
3 /1 100.0 0/2 0.0 /1 100.0
4 1/1  100.0 1/2 50.0 1/1 100.0
5 (PE) /1 100.0 1/2 50.0 1/1  100.0

Control mortality was 0/4 (0.0%) after 4 days and 0/4 {(0.0%) after the post-
exposure period.

Acclimated for 70 h; bioassay temperature = 4.1°C to 7.0°C.

Abbreviations: R1 = replicate 1; O/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.



56

TABLE 14, : ,
Toxic Effects of Sodium Lauryl Sulphate on 4dronyx nugax, Experiment #26.
Mortality
R3
SLS Cencentratioen
and Day D/N A D/N %D D/N %D
15 ppm
1 ' 0/2 0.0 0/3 0.0 0/2 0.0
2 0/2 0.0 0/3 0.0 0/2 0.0
3 0/2 0.0 0/3 0.0 0/2 0.0
4 172 50.0 1/3 33.3 1/2 50.0
5 (PE) 1/2 50.0 1/3 33.3 1/2 50.0
25 ppm
1 Q/4 0.0 0/2 0.0 0/4 0.0
2 1/4 25.0 0/2 0.0 1/4 25.0
3 . 4/4  100.0 2/2 100.0 2/4 50.0
4 ' 4/4  100.0 2/2 106.0 4/4  100.0
5 (PE) 4/4  100.0 2/2 100.0 4/4  100.0
35 ppm '
1 - 0/3 0.0 0/4 0.0 1/3 33.3
2 G/3 g.0 /74 25.0 3/3 100.0
3 2/3 66.6 3/4 75.0 3/3  100.0
4 . 3/3  100.0 4/4  100.0 3/3 100.0
5 (PE) 3/3  100.0 474 100.0 3/3  100.0
45 ppm
1 2/4 50.0 1/3 33.3 3/4 75.0
2 3/4 75.0 3/3 100.0 4/4  100.0
3 : 4/4  100.0 3/3  100.0 4/4  100.0
4 4/4  100.0 3/3  100.0 4/4  100.0
5 (PE} 4/4  100.0 3/3  100.0 4/4  100.0

Control mortality was 0/21 (0.0%) after 4 days and 0/21 (0.0%) after the

paost-exposure period.

Acclimated for 70 h; bioassay temperature

4.1°C to 7.0°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =

Sodium Lauryl Suiphate.



TABLE 15.
Toxic Effects of Sodium Lauryl Sulphate on Boeckosimus sp., Experiment #50.

Mortality
: R1 R2 R3
SLS Concentration —_—_— _
and Day D/N %D 0/N %D D/N %0
50 ppm
1 0/10 0.0 0/10 0.0 0/10 0.0
2 0/10 0.0 0/10 0.0 0/10 0.0
3 0/10 0.0 /10  10.0 0/10 0.0
4 0/10 0.0 1/10  10.0 1/10  10.0
5 (PE) - - - - - -

Higher concentrations used in this experiment produced precipitate in
experimental solutions. Because the true concentration of SLS in solution
is not known, results are not reported.

Control mortality was 0/50 (0.0%) after 4 days.

Acclimated for 196 h; bicassay temperature = 4.5°C to 5.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs to@a] number
of animals exposed; %D = percent mortality. PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 16.
Toxic Effects of Sodium Lauryl Sulphate on Gammarus oceanicus,

Experiment #21.

Mortality

R1 RZ R3
SLS Concentration _—
and Day D/N %D D/N %D D/N %D

15 ppm

1 0/1 0.0 0/1 a.0 0/2 0.0
2 0/1 0.0 0/1 0.0 0/2 0.0
3 0/1 0.0 0/1 0.0 Q/2 0.0
4 0/1 0.0 0/1 0.0 0/2 0.0
5 (PE) 0/1 0.0 0/1 0.0 1/2 £0.0
25 ppm :

1 0/3 0.0 /2 0.0 0/2 0.0
pd 0/3 0.0 /2 0.0 0/2 0.0
3 0/3 0.0 0/2 g.0 a/2 0.0
4 ’ 0/3 0.0 /2 0.0 0/2 0.0
5 (PE) 1/3 33.3 0/2 0.0 142 50.0
35 ppm

1 . 0/2 0.0 0/1 0.0 Q/1 0.0
P 0/2 0.0 0/1 0.0 1/1 100.0
3 1/2 50.0 1/1 100.0 1/1 100.0
4 2/2 100.0 1/1 100.0 1/1 100.0
5 (PE) 2/2 100.0 1/1 106G.0 1/1 100.0
45 ppm

1 1/2 50.0 0/2 0.0 - -

2 1/2 50.0 G/2 0.0 - -

3 1/2 50.0 1/2 50.0 - -

4 1/2 50.0 2/2 100.0 - -

5 (PE} 2/2  100.0 2/2 100.0 - -

Control mortality was 0/3 (0.0%) after 4 days and 0/3 (0.0%) after the post-
exposure period.

Acclimated for 16 h; bioassay temperature = 3.0°C to 5.0°C.

Abbreviations: R1 = repiicate 1; D/N = number of animals dead vs tqta] number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 17. . -
Toxic Effects of Sodium Lauryl Sulphate on Gammarus setosus, Experiment #21.
Mortality
R1 R2 R3
SLS Concentration ————————— e
and Day D/N %D D/N %D D/N %0
15 ppm
i 0/4 0.0 0/4 0.0 0/3 0.0
2 1/4 25.0 0/4 0.0 0/3 0.0
3 1/4 25.0 G/4 0.0 0/3 0.0
4 1/4 25.0 0/4 0.0 0/3 0.0
5 (PE) 1/4 25.0 0/4 0.0 0/3 0.0
25 ppm
1 1/2 50.0 0/3 0.0 0/3 0.0
2 i/2 50.0 0/3 0.0 0/3 0.0
3 /2 50.0 073 0.0 0/3 0.0
4 1/2 50.0 0/3 0.0 0/3 0.0
5 (PE) 2/2 100.0 0/3 0.0 1/3 33.0
35 ppm
1 0/3 Q.0 0/4 0.0 0/4 0.0
2 1/3 33.3 1/4 25.0 1/4 25.0
3 1/3 33.3 1/4 25.0 1/4 25.0
4 1/3 33.3 1/4 25.0 1/4 25.0
5 (PL) 1/3 33.3 1/4 25.0 1/4 25.0
45 ppm
1 - 0/3 0.0 0/2 0.0 0/5 0.0
Z 0/3 0.0 0/2 0.0 0/5 0.0
3 0/3 0.0 0/2 0.0 1/5 20.0
4 0/3 0.0 1/2 50.0 1/5 20.0
5 (PE) 2/3 66.7 1/2 50.0 3/5 60.0

Control mortality was 0/21 (0.0%) after 4 days and 0/21 (0.0%) after the
post-exposure period.

Acctimated for 16 -h; bioassay temperature = 3.0°C to 5.0°C.

-Abbreviations: R1 = replicate 1; DB/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Suiphate.
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TABLE 18. _
Taxic Effects of Sodium Lauryl Sulphate on Gammarus setosus, Experiment #34.

Mortality
R1 R2 R3
SLS Concentration :
and Day 0/N %D D/N %D B/N %D
20 ppm
1 0/7 0.0 0/7 0.0 0/7 0.0
2 0/7 0.0 /7 0.0 0/7 0.0
3 0/7 0.0 0/7 0.0 /7 0.0
4 0/7 0.0 0/7 0.0 0/7 0.0
5 (PE) 0/7 0.0 /7 0.0 0/7 0.0
30 ppm
1 0/7 0.0 0/7 0.0 0/6 0.0
2 Q/7 0.0 1/7 14.3 0/6 0.0
3 0/7 0.0 1/7 14.3 0/6 0.0
4 ' Q/7 0.0 2/7 28.6 0/6 0.0
5 (PE) _ 0/7 0.0 2/7 28.6 0/6 0.0
40 ppm
1 ) 0/7 0.0 0/7 0.0 0/7 0.0
2 0/7 0.0 0/7 0.0 0/7 0.0
3 1/7 14.3 2/7 28.6 0/7 0.0
4 : 3/7 42.9 3/7 42.9 1/7 14.3
5 (PE) 3/7 42.9 3/7 42.9 1/7 14.3
50 ppm
1 a/7 0.0 0/7 0.0 1/7 14.3
2 1/7 14.3 2/7 28.6 3/7 42.9
3 1/7 i4.3 3/7 42.9 4/7 57.1
4 5/7 71.4 6/7 85.7 6/7 85.7
5 (PE) 6/7 85.7 6/7 85.7 6/7 85.7

Control mortality was 0/34 (0.0%) after 4 days and 0/34 (0.0%) after the
post-exposure period.

Acclimated for 120 h; bioassay temperature = 4.5°C to 6.5°C.

Abbreviations: Rl = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 19. . ’
Toxic Effects of Sodjum Lauryl Sulphate on Onisimus litoralis, Experiment #25.
Mortality
R1 R2 R3
SLS Concentration —_— —_—
and Day D/N %D D/N %0 D/N %0
15 ppm
1 0/10 0.0 0/10 0.0 0/10 0.0
pd 0/10 0.0 a/10 0.0 0/10 0.0
3 0/10 0.0 0/10 0.0 110 10.0
4 0/10 0.0 0/10 0.0 1/10  10.0
5 (PE) g/10 0.0 0/10 0.0 /10  106.0
25 ppm
1 /10 0.0 0/10 0.0 0/10 0.0
2 0/10 0.0 0/10 0.0 0/10 Q.0
3 0/10 0.0 a/10 0.0 0/140 0.0
4 2/10  20.0 /10 0.0 1/10  10.0
5 (PE) 3/10  30.0 /10 0.0 1710 10.0
35 ppm
1 ’ 0/10 0.0 0/10 0.0 g/10 0.0
2 - 0/10 0.0 3/10  30.0 5/10  50.0
3 2/10 20.0 6/10 60.0 7710 70.0
4 9/10  90.0 /10 90.0 10/10 100.0
5 (PE) 8/10  90.0 /10  90.0 10/10 100.0
45 ppm
1 2/10  20.0 1710 10.0 3/10  30.0
2 6/10 60.0 9/170  90.0 10/10 100.0
3 9/10  90.0 10/10 100.0 10/10 100.0
il 10/10 100.0 10/10 100.0 10/10 100.0
5 (PE) 10/10 100.0 10/10 100.0 10/10 100.0

Control mortality was 0/47 (0.0%) after 4 days and 0/47 (0.0%) after the
post-exposure period.

Acclimated for 52 h; bioassay temperature = 3.9°C to 6.0°C.

Abbreviations:- R1 = replicate 1; D/N = number of animals dead vs total nhmber
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 20. . o :
Toxic Effects of Sodium Lauryl Sulphate on Onisimus litoralis, Experiment #29.
Mortality
R1 R2 R3
SLS Concentration :
and Day b/N %D D/N %D D/N %D

20 ppm

1 0/10 0.0 0/10 0.0 0/10 0.0
2 0/10 0.0 0/10 0.0 1/10  10.0
3 1/10  10.0 0/10 0.0 1/10  10.0
4 1710 10.0 0/10 0.0 2/10  20.0
5 (PE) 2/10 20.0 0/10 0.0 2710  20.0
24 ppm

1 0/10 0.0 0/10 0.0 0/10 0.0
2 0/10 0.0 1710 10.0 0/10 0.0
3 0/10 0.0 1/10  10.0 /10 10.0
4 ’ 1/10  10.0 2/10  20.0 2/10 20.0
5 (PE) 2710 20.0 2/10  20.0 2/10 20.0
28 ppm

1 ) 0/10 0.0 0/10 0.0 0/10 0.0
2 /10 0.0 1710 10.0 1/10  10.0
3 2/10  20.0 3/10  30.0 2/10  20.0
4 6/10  60.0 5/10  50.0 4/10  40.0
5 {PE) 6/10  80.0 6/10 60.0 5/10  50.0
32 ppm

1 0/10 0.0 0/10 0.0 1710 10.0
2 2/10  20.0 2/10 20.0 6/10 60.0
3 4/16  40.0 4/10  40.0 6/10 60.0
4 8/10  80.0 9/10 90.0 8/10 80.0
5 (PE) g/10  90.0 /10  90.0 8/10 80.0

Control mortality was 0/49 (0.0%) after 4 days and 1/49 (2.0%) after the
post-exposure period.

Acclimated for 44 h; bioassay temperature = 3.8°C to 5.3°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.

b
v .
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TABLE 21.
Toxic Effects of Sodium Lauryl Sulphate on Onisimus Iitoralis Juven11es
Exper1ment #33.

.Morta11ty

R} R? R3
SLS Concentration ——— -
and Day /N %0 D/N %0 D/N %D
20 ppm
1 0/11 0.0 0/12 0.0 0/11 0.0
2 0/11 0.0 /12 0.0 0/11 0.0
3 0/11 0.0 1/12 8.3 0/ 0.0
4 4/11  36.4 5/12  41.7 5/11 45,5
5 (PE) 4/11  36.4 6/12  50.0 6/11  54.6
24 ppm
1 0/10 0.0 0/13 0.0 0/1 0.0
2 1/10 10.0 0/13 0.0 g/ 0.0
3 3/10  30.0 4/13  30.8 311 27.3
4 5/10  50.0 9/13  69.2 6/11  54.6
5 (PE) 6/10 60.0 9/13  69.2 6/11 54.6
28 ppm
1 ’ 0/11 0.0 0/11 0.0 0/11 0.0
2 : 0/11 0.0 /11 0.0 0/1 0.0
3 3/11  27.3 /11 27.3 2/11  18.2
4 8/11  72.7 7/11  63.6 8/11 72.7
5 (PE) 8/11 72.7 8/11 72.7 8/11  72.7
32 ppm
1 0/11 0.0 1/11 9.1 0/11 0.0
2 1/11 9.1 1/11 9.1 0/11 0.0
3 5/11  45.5 2/11  18.2 /17 27.3
4 8/11 72.7 7/11  B3.6 8/11  72.7
5 (PE) 9/11  B81.8 B/1Y  72.7 10/11  90.9

Control mortality was 0/52 (0.0%) after 4 days and 0/52 (0.0%} after the
post-exposure period. |

Acclimated for 32 h; bioassay temperature = 4.0°C to 5.5°C.

Abbreviations: R1 = replicate- 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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Toxic Effects of Sodium Laury] Sulphate on Myomocephalus quadrzcornzs young of-=
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Control mortality was 0/30 (0.0%) after 1 day.

“the- year Experiment #39.
Mortality
R3
SLS Concentration ' —
and Day D/N %D D/N %D D/N %D
5 ppm
1 6/6  100.0 &6/6 100.0 6/6  100.0
2 6/6 100.0 6/6 100.0 6/6 100.0
3 €/6 100.0 6/6 100.0 6/6  100.0
4 6/6 100.0 6/6 100.0 6/6 100.0
5 (PE}) 6/6  100.0 6/6 100.0 6/6 100.0
10 ppm
1 6/6 100.0 6/6 100.0 6/6 100.0
2 6/6 100.0 6/6 100.0 6/6 100.0
3 6/6  100.0 6/6 100.0 6/6 100.0
4 &6/6  100.0 6/6 100.0 6/6  100.0
5 (PE) 6/6 100.0 6/6 100.0 6/6  100.0
20 ppm
1 6/6 100.0 6/6 100.0 6/6 100.0
2 6/6 100.0 6/6 <00.0 6/6  100.0
3 6/6 100.0 6/6 100.0 6/6 100.0
4 6/6 100.0 6/6 100.0 6/6  100.0
5 (PE) 6/6  100.0 6/6 100.0 6/6 100.0
40 ppm
1 6/6 100.0 6/6 100.0 6/6  100.0
2 6/6 100.0 6/6 100.0 6/6 100.0
3 6/6 100.0 6/6 100.0 6/6  100.0
4 6/6 100.0 6/6 100.0 6/6 100.0
5 (PE) 6/6 100.0 6/6 100.0 6/6 100.0

Acclimated for 36 h; bioassay temperature = 4.5°C to 5.5°C.

number of animals dead vs total nhmber

R} = replicate 1; D/N =
= post-exposure period; SLS =

Abbreviations:
percent mortality; PE

of animals exposed; %D =
Sodium Lauryl Sulphate.
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TABLE 23.

Toxic Effects of Sodium Lauryl Sulphate on Myoxocephalus quadrtcornzo young- Of-
the-year, Experiment #42.

Mortality
R1 R2 R3
SLS Concentration _ ———— :
and Day D/N %D D/N %D D/N %0
0.5 ppm
1 1/5 20.0 /5 20.0 0/5 0.0
2 1/5 20.0 1/5 20.0 0/5 0.0
3 1/5 20,0 1/5 20.0 0/5 0.0
4 1/5 20.0 1/5 20.0 0/5 0.0
5 (PE) 1/5 20.0 1/5 20.0 1/5 20.0
0.8 ppm
1 0/5 0.0 0/5 0.0 1/5 20.0
2 0/5 0.0 0/5 0.0 1/5 20.0
3 0/5 0.0 0/5 0.0 1/5 20.0
4 0/5 0.0 1/5 20.0 1/5 2G.0
5 (PE) 0/5 0.0 1/5 20.0 1/5 20.0
1.0 ppm
1 1/5 20.0 1/5 20.0 1/5 20.0
2 1/5 20.0 1/5 20.0 1/5 20.0
3 1/5 20.0 1/5 20.0 1/5 20.0
4 1/5 20.0 1/5 20.0 2/5 40.0
5 (PE) 2/5 40.0 1/5 20.0 2/5 40.0
3.0 ppm
1 1/5 20.0 /5 0.0 0/5 0.0
2 1/5 20.0 /5 0.0 1/5 20.0
3 1/5 20.0 0/5 0.0 1/5 20.0
4 ' 1/5 20.0 a/5 0.0 4/5 80.0
5 (PL) 1/5 20.0 1/5 20.0 4/5 20.0

Control mortality was 3/25 (12.0%) after 4 days and 4/25 (16.0%} after the
post-exposure period.

Acclimated for 24 h; bicassay temperature = 3.5°C to 5.7°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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- TABLE 24. : ,
Toxic Effects of Cofexit 9527 on dnonyx laticoxae, Experiment #40.
Mortality
R1 R2 R3
Corexit Concentration ' '
and Day D/N %D D/N %D O/N %D
80 ppm
1 0/2 0.0 0/2 0.0 - -
2 0/2 0.0 0/2 0.0 - -
3 0/2 0.0 0/2 0.0 - -
4 0/2 0.0 0/2 0.0 - -
5 (PE) 0/2 0.0 0/2 0.0 - -
100 ppm
1 0/1 0.0 - - - -
2 0/1 0.0 - - - -
3 0/1 0.0 - - - -
4 ' 0/1 0.0 - - - -
5 (PE) 0/1 0.0 - - - -
120 ppm
1 i - - 0/1 0.0 0/1 0.0
2 - - 0/1 .0 0/1 0.0
3 - - 0/1 0.0 0/1 0.0
4 - - G/1 0.0 0/1 0.0
5 (PE} - - 0/1 0.0 0/1 0.0
140 ppm
0/3 0.0 0/2 0.0 0/1 0.0
2 0/3 0.0 0/2 0.0 /1 0.0
3 1/3 33.3 Q/2 0.0 0/1 0.0
4 1/3 33.3 0/2 0.0 0/1 0.0
5 {PE) 3/3 100.0 1/2 50.0 0/1 a.0

Control mortality was 0/3 (0.0%) after 4 days and 0/3 (0.0%) after the
post-exposure period. Mortality in SLS (25 ppm) was 0/3 (0.0%) after
4 days and 0/3 {(0.0%) after the post-exposure period.

Acclimated for 18 h; bioassay temperature = 4.0°€ to 5.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 25. _ . L
Toxic Effects of Corexit 9527 on dnonyx nugaz, Experiment #40.
Mortality
R1 R2 R3
Corexit Concentration —_— —_—
and Day D/N %D D/N %D D/N %D
80 ppm
1 0/3 0.0 0/3 0.0 0/5 0.0
2 0/3 0.0 0/3 0.0 a/5 G.0
3 0/3 0.0 0/3 0.0 0/5 0.0
4 0/3 0.0 a/3 0.0 0/5 0.0
5 (PE) 0/3 0.0 /3 0.0 1/5 20.0
100 ppm
0/4 0.0 0/5 0.0 0/5 0.0
2 1/4 25.0 1/5 20.0 o/ 0.0
3 3/4 75.0 1/5 20.0 2/5 40.0
4 3/4 75.0 2/5 40.0 2/5 40.0
5 (PE) 3/4 75.0 2/5 40.0 2/5 40.0
120 ppm :
1 ’ /5 0.0 0/4 0.0 0/4 G.0
2 1/5 20.0 o/4 - 0.0 2/4 50.0
3 3/5 60.0 3/4 75.0 3/4 75.0
4 475 80.0 3/4 75.0 3/4 75.0
5 (PE) 475 80.0 474 100.0 3/4 75.0
140 ppm
0/2 0.0 0/3 0.0 0/4 0.0
2 0/2 0.0 2/3 66.7 3/4 75.0
3 2/2 100.0 3/3  100.0 4/4  100.0
4 2/2 100.0 3/3  100.0 4/4  100.0
5 (PE) 2/2 100.0 3/3 100.0 474 100.0

Control mortality was 0/22 (0.0%) after 4 days and 0/22 (0.0%) after the post-
exposure period. Mortality in SLS (25 ppm) was 12/12 (100%) after 4 days.

Acclimated for 18 h; bioassay temperature = 4.0°C to 5.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 26.
Toxic Effects of Corexit 9527.on Boeckosimus Sp, Experiment #53.

Mortality
R1 R2 R3
Corexit Concentration B
and Day D/N %0 D/N %D D/N %D

100 ppm

1 0/8 0.0 0/8 0.0 0/8° 0.0
2 0/8 0.0 0/8 0.0 0/8 0.0
3 0/8 0.0 0/8 0.0 0/8 0.0
4 0/8 0.0 0/8 0.0 0/8 0.0
5 {PE) - - - - - -
125 ppm

1 0/8 0.0 0/8 0.0 0/8 0.0
2 0/8 0.0 (/8 0.0 0/8 0.0
3 0/8 0.0 0/8 0.0 0/8 0.0
4 0/8 0.0 0/8 0.0 0/8 0.0
5 {PE) - - - - - -
150 ppm

1 ' 0/8 0.0 0/8 0.0 0/8 0.0
2 0/8 0.0 0/8 0.0 0/8 0.0
3 0/8 0.0 0/8 0.0 0/8 0.0
4 0/8 g.0 0/8 0.0 0/8 0.0
5 (PE) - - - - - -
175 ppm

1 0/8 0.0 0/8 0.0 0/8 0.0
2 0/8 0.0 0/8 0.0 0/8 0.0
3 0/8 0.0 0/8 0.0 0/8 0.0
4 0/8 0.0 0/8 0.0 0/8 0.0
5 (PE) - - - - - -

Control mortality was 0/40 (0.0%) after 4 days. Animals were not exposed to
a SLS control.

Acclimated for 120 h; bioassay temperature = 4.4°C to 5.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 27.
Toxic Effects of Corexit 9527 on Gammarus oceanicus, Experiment #22.
Mortatity
R1 R2 R3
Corexit Concentration — —_—_
and Day D/N %0 D/N %D D/N %D
10 ppm
1 0/2 0.0 a/2 0.0 0/1 0.0
2 0/2 0.0 /2 0.0 0/1 0.0
3 0/2 0.0 0/2 0.0 0/1 0.0
4 1/2 50.0 0/2 0.0 0/1 0.0
5 (PE) 1/2 50.0 0/2 0.0 0/1 0.0
20 ppm
1 0/1 0.0 0/1 0.0 0/1 0.0
2 0/1 0.0 /1 100.0 0/1 0.0
3 0/1 0.0 /1 100.0 0/1 0.0
4 0/1 0.0 /1 100.0 0/1 0.0
5 (PE) 0/1 g.0 /1 100.0 0/1 0.0
40 ppm
1 ’ 0/1 0.0 0/2 0.0 - -
2 0/1 0.0 Q/2 0.0 - -
3 0/1 0.0 Q/2 0.0 - -
4 0/1 0.0 0/2 0.0 - -
5 {PE) 0/1 0.0 0/2 0.0 - -
80 ppm
1 0/1 0.0 - - 0/3 0.0
2 0/1 0.0 - - 0/3 0.0
3 0/1 0.0 - - a/3 0.0
4 , _ 0/1 0.0 - = 0/3 0.0
5 (PE) 0/1 0.0 - - /3 0.0

Control mortality was 0/3 (0.0%) after 4 days and 0/3 {0.0%) after the
post-exposure period. Mortality in SLS (35 ppm) was 4/4 (100.0%) after
4 days. '

Acclimated for 16 h; bioassay temperature = 3.0°C to 5.2°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total nﬁmber
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 28.

Toxic Effects of Corexit 9527 on Gammarus setosus, Experiment #22.

Mortality
: Ri R2 R3
Corexit Concentration
and Day D/N %D D/AN %0 D/N %D

10 ppm

1 0/3 0.0 0/3 0.0 0/4 0.0
2 0/3 0.0 0/3 0.0 0/4 0.0
3 0/3 0.0 0/3 0.0 0/4 0.0
4 0/3 0.0 0/3 0.0 0/4 0.0
5 (PE) : 0/3 0.0 0/3 0.0 0/4 0.0
20 ppm

1 0/4 0.0 0/4 0.0 0/3 0.0
2 G/4 0.0 0/4 0.0 6/3 0.0
3 0/4 0.0 /4 0.0 0/3 0.0°
4 ' 0/4 0.0 0/4 0.0 0/3 0.0
5 (PE) 0/4 0.0 0/4 0.0 0/3 0.0
40 ppm

1 0/4 0.0 0/3 0.0 0/5 0.0
2 0/4 0.0 0/3 0.0 1/5 20.0
3 0/4 0.0 0/3 0.0 1/5 20.0
4 0/4 0.0 0/3 0.0 1/5 20.0
5 {PE) 1/4 25.0 0/3 0.0 1/5 20.0
80 ppm

1 0/4 0.0 0/5 0.0 1/2 50.0
2 0/4 0.0 1/5 20.0 1/2 50.0
3 0/4 0.0 1/5 20.0 1/2 50.0
4 0/4 0.0 1/5 20.0 1/2 50.0
5 (PE) 0/4 0.0 1/5 20.0 1/2 50.0

Control mortality was 0/21 (0.0%) after 4 days and 0/21 {0.0%) after the post-
exposure period. Mortality in SLS (35 ppm) was 3/11 (27.3%) after 4 days and
3/11 (27.3%) after the post-exposure period.

Acclimated for 16 h; bioassay temperature = 3.0°C to 5.2°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 29.
Toxic Effects of Corexit 9527 on Onisimus Llitoralis, Experiment #32.
Mortality
R1 R2 R3
Corexit Concentration —_— —_—
and Day D/N %0 O/N %0 D/N %D
80 ppm
] /10 0.0 0/10 0.0 0/10 0.0
2 0/10 0.0 a/10 0.0 0/10 0.0
3 0/10 0.0 0/10 0.0 a/10 0.0
4 0/10 0.0 0/10 0.0 0/1a 0.0
5 (PE) a/10 0.0 0/10 0.0 2/10  20.0
160 ppm
/10 0.0 0/10 0.0 0/10 G.0
2 5/10  50.0 5/10 50.0 4/10  40.0
3 7/10  70.0 8/10 80.0 9/10  90.0
4 9/10  90.0 16/10 100.0 16/10  100.0
5 (PE) 9/10  90.0 10/10 100.0 10/1¢  100.0
320 ppm
’ 6/10  60.0 8/10 80.0 5/10  50.0
2 10/10 100.0 10/10 100.0 10/10  100.0
3 . 10/10 100.0 10/10 100.0 10/10 100.0
4 16/10 100.0 10/10 T100.0 10/10 100.0
5 (PE) 10/10 100.0 10/10 100.0 10/10 1060.0
640 ppm
1 9/10  90.0 9/9  100.0 9/10  90.0
2 10/10 100.0 9/9 100.0 10/10 100.0
3 10/10 100.0 9/9  100.0 10/10 100.0
4 10/10 100.0 9/9  100.0 10/10 100.0
5 (PE) 10/10 100.0 9/9 100.0 10/10 100.0

Control mortality was 0/49 (0.0%) after 4 days and 0/49 (0.0%) after the
post-exposure period. Mortality in SLS (25 ppm) was 19/30 (63.3%) after
4 days and 20/30 (66.7%) after the post-exposure period.

Acclimated for 36 h; bicassay temperature = 3.8°C to 6.3°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; 5LS =
Sodium Lauryl Sulphate.
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TABLE 30.
Toxic Effects of Corex1t 9527 on Myoxocephalus quadricornis young of- the—

year, Exper1ment #44.

Mortality

: : R1 , R2 R3
Corexit Concentration :
and Day ) D/N %0 D/N %D D/N %D
40 ppm
1 0/5 0.0 0/5 0.0 a/5 0.0
2 4/5 80.0 4/5 80.0 3/5 60.0
3 _ 4/5 80.0 4/5 80.0 3/5 60.0
1 5/5 100.0 4/5 80.0 4/5 80.0
5 (PE) - - - - - -
60 ppm
1 0/5 0.0 0/5 0.0 1/5 20.0
2 4/5 80.0 3/5 60.0 5/5  100.0
3 5/5 100.0 5/6 100.0 5/5  100.0
4 ' 5/5 100.0 5/5 100.0 5/5  106.0
5 (PE) - - - - - -
80 ppm
1 ) 3/5 60.0 0/5 0.0 1/5 20.0
2 5/5 100.0 5/5 100.0 5/5 100.90
3 5/6  100.0 5/5  100.0 5/5 100.0
4 5/5 100.0 5/5 100.0 5/5  100.0
5 (PE) - - - - - -
100 ppm
1 1/5 20.0 2/5 40.0 2/5 40.0
2 5/5% 100.0 4/5 80.0 5/5 100.0
3 5/6 100.0 5/5 100.0 5/5 100.0
4 5/5 100.0 5/5 100.0 5/5 100.0
5 (PE) - - - - - -

Control mortality was 0/25 (0.0%) after 4 days. Mortality in SLS (1.0 ppm)
was 0/15 (0.0%) after 4 days.
Acclimated for 16 h; bicassay temperature = 3.5°C to 5.7°C.

Abbreviations: R1 = replicate 1:; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; PE = post-exposure period; SLS =
Sodium Lauryl Sulphate.
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TABLE 37. . . _
Toxic Effects of Prudhoe Bay Crude 011 on Anonyx laticomae, Experiment #57.

Mortality -
) : Measured Hydrocarbon
Added 011 R1 R2 R3 Concentration
and ———
Day D/N %D O/N %D D/N %D MC® MC24 MC
30 ppm 20.7
1 0/2 0.0 - - - - 34.0 6.8
2 0/2 0.0 - - - - 34.0 7.1
3 0/2 0.0 - - - - 34.9 6.6
4 0/2 0.0 - - - - 35.5 6.8
5 (PE) - - - - - - x=34.t 6.8
160 ppm 3.4
1 - - - - 0/1 0.0 66.7 12.9
2 - - - - 0/1 0.0 63.5 6.4
3 - - - - a/7 0.0 67.3 6.2
4 - - - - 0/1 0.0 61.7 6.2
5 (PE) - - - - - - ¥=64.8 7.9
320 ppm 45,5
1 0/1 0.0 - - - - 86.6 15.6
2 o/1 0.0 - - - - 79.8 15.8
3 0/1 0.0 - - - - 75 .4 7.3
4 0/1 0.0 - - - - 73.5 9.8
5 (PE) - - - - - - x=78.8 12.1
640 ppm ' 50.8
1 0/1 0.0 0/1 0.0 - - 92.2 13.0
2 0/% 0.0 0/1 0.0 - - 94.1  29.1
3 0/1 0.0 a/1 0.0 - - g81.6 13.8
4 0/1 0.0 0/1 0.0 - - 76.0 6.1
5 (PE) - - - - - - ®x=86.0 15.5

Control mortality was 0/4 (0.0%) after 4 days. Mortality in SLS (25 ppm) was
0/3 (0.0%) after 4 days. _

Acclimated for 72 h; biocassay temperature = 4.5°C to 6.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); M{2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = wean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 32. _
Toxic Effects of -Prudhoe Bay Crude 011, on Anonyx nugazx, Experiment #51.

Mortality -

Measured Hydrocarbon
Added 011 R1 R2 _ R3 Concentration
and
Day © D/N %D D/N %D D/N %D MC® MC2% MC
80 ppm 20.7
1 0/3 0.0 0/5 0.0 a/5 0.0 34.0 6.8
2 0/3 g.0 0/5 0.0 0/5 0.0 34.0 7.1
3 0/3 0.0 0/5 0.0 0/5 0.0 34.9 6.6
& 0/3 0.0 1/5 20.0 1/6 20.0 _ 35.5 6.8
5 (PE) - - - - - - =34.6 6.8
160 ppm : , 36.4
1 0/5 0.0 /5 0.0 /4 0.0 66.7 12.9
2 0/5 0.0 0/5 0.0 0/4 0.0 63.5 6.4
3 1/5 20.0 3/5 60.0 0/4 0.0 67.3 6.2
4 3/5 60.0 3/5 60.0 1/4 25.5 _61.7 6.2
5 (PE) - - - - - - =64 .8 7.9
320 ppm 45.5
1 0/4 0.0 Q/5 0.0 2/6  40.0 86.6 15.6
2 1/4 25.5 1/5 20.0 3/5 60.0 79.8 15.8
3 2/4  50.0 1/5 20.0 4/5 80.0 75.4 7.3
4 474 100.0 4/5 -80.0 4/5  80.0 73.5 9.8
5 (PE) - - - - - - x=78.8 12.1
640 ppm 50.8
1 0/4 0.0 3/4 75.5 0/5 0.0 92.2 13.0
2 2/4 50.0 3/4 75.5 4/5 80.0 94.1 22.1
3 3/4 75.5 3/4 75.5 5/5 100.0 81.6 13.8
4 4/4 100.0 4/4  100.0 5/5 100.0 76.0 6.1
5 {PE) - - - - - - %=86.0 15.5

Control mortality was 0/21 (0.0%) after 4 days. Mortality in SLS {25 ppm) was
8/12 (66.7%) after 4 days.

Acclimated for 72 h; bioassay temperature = 4.5°C to 6.5°C.

Abbreviations: Rl = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h}; MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 33. . _ _
Toxic Effects of Prudhoe Bay Crude 01l on Boeckosimus sp., Experiment #46.

Mortality -
Measured Hydrocarbon
Added 011 R1 R2 R3 Concentration
and —— —_—
Day D/N %D /N %0 D/N %D MC®  MC2+ MC
80 ppm 21.8
1 0/10 0.0 0/9 0.0 0/10 0.0 4.9 11.5
2 0/10 0.0 0/9 0.0 0/10 0.0 15.6 10.3
3 0/10 0.0 0/8 0.0 0/10 0.0 34.0 11.8
4 0/10 0.0 0/9 0.0 g/1¢ 0.0 38.6 17.6
5 (PE) - - - - - -  ¥®=30.8 12.8
160 ppm 44 .9
1 0/10 0.0 0/10 0.0 0/10 0.0 63.5 19.2
2 6/10 0.0 0/10 0.0 0/16 0.0 67.9 28.0
3 0/10 0.0 0/10 0.0 0/10 0.0 61.7 28.9
4 0/10 0.0 0/10 0.0 0/10  G.0 67.3 22.5
5 (PE) - - - - - - ¥X=65.1 24,7
320 ppm 55.1
1 0/¢ 0.0 /10 0.0 0/11 0.0 76.0 34.2
pa /9 0.0 Q/10 0.0 0/11 0.0 72.9  34.9
3 0/9 0.0 0/10 0.0 0/11 0.0 88.5 27.4
4 0/9 0.0 /10 0.0 0/11 0.0 75.4  31.3
5 {PE) - _— - - - -  x=78.2 32.0
640 ppm 59.0
1 0/10 0.0 0/10 0.0 /10 0.0 94.7 32.2
2 g/10 0.0 a/10 0.0 /10 0.0 86.0 40.4
3 0/10 0.0 0/10 0.0 G/10 0.0 88.5 18.3
4 0/10 0.0 0/10 0.0 1/10 10.0 91.6 19.8
5 (PE) - - - - - - x=90.2 27.7

Control mortality was 0/50 (0.0%) after 4 days. Mortality in SLS (50 ppm)
was 1/30 (3.3%) after 4 days.

Acclimated for 100 h; biocassay temperature = 4.2°C to 5.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC24 = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 34. L
Toxic Effects of Prudhoe Bay Crude 01 on Gammarus oceanicus, = Experiment #23.
Mortality
: : Measured Hydrocarbon
Addedd0i1 R1 R2 - R3 Concentration
an
Day D/N %D D/N %D D/N %D MC® MC2tk MC
80 ppm 24.8
1 0/1 0.0 0/1 0.0 - - 39.9  18.1
2 0/1 0.0 0/1 0.0 - 47.1 -
3 0/1 0.0 0/1 0.0 - - 3%.8 12.1
4 0/1 0.0 0/1 0.0 - - 32.7 5.6
5 (PE) 0/1 0.0 0/1 0.0 - - ¥=37.6 11.9
160 ppm 39.7
1 - - - - 0/2 0.0 56.7 34.9
2 - - - - 0/2 0.0 6£2.9 -
3 - - - - 0/2 0.0 62.3 29.9
4 - - - - 0/2 0.0 34.9 10.5
5 (PE) - - - - 0/2 0.0 x=54.2 25.1
320 ppm . 52.7
1 - - 0/1 0.0 - - 61.7 35.5
2 - - 0/1 0.0 - - B8.5 -
3 - - 0/1 0.0 - - 76.6 26.1
4 - - 0/1 0.0 - - 81.0 23.6
5 (PE) - - 0/1 0.0 - - x=77.0 28.4
640 ppm 54.6
1 0/2 Q.0 0/1 - 0.0 0/2 0.0 63.5 36.1
2 /2 0.0 0/1 0.0 0/2 0.0 87.9 -
3 0/2 0.0 0/1 0.0 0/2 0.0 72.3  32.4
4 0/2 0.0 /1 100.0 1/2 50.0 86.6 26.2
5 (PE) 0/2 0.0 /1 100.0 1/2 50.0 *X=77.6 31.6
Control mortality was 0/9 {0.0%) after 4 days and 0/9 (0.0%) after the post-
exposure period. Mortality in SLS (35 ppm) was 3/5 (60.0%) after 4 days and

3/5 (60.0%) after the post-exposure period.
Acclimated for 37 h; bioassay temperature = 5.0°C to 13.0°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration- of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 35. .
Toxic Effects of Prudhoe Bay Crude 011 on Gamnarus setosus, Experiment #23.

Mortality
— Measured Hydrocarbon
Added 041 R1 R2 "~ R3 Cancentration
and — —_———
Day D/N %D D/N %0 D/N %D Mce MC24 MC
80 ppm 24 .8
1 0/6 0.0 /7 0.0 - - 39.9  18.1
2 0/6 0.0 Q/7 0.0 - - 41.1 -
3 0/6 0.0 /7 0.0 - - 36.8  12.7
4 0/6 0.0 /7 0.0 - - 32.7 5.6
5 {PE) 0/6 0.0 0/7 0.0 - - x=37.6 11.9
160 ppm 39.7
1 - - - - 0/4 0.0 56.7 34.9
2 - - - - 0/4 0.0 62.9 -
3 - - - - 0/4 0.0 62.3 29.9
4 - - - - 0/4 0.0 34,9 10.5
5 (PE) - - - - 0/4 0.0 x=54.2 25.1
320 ppm 52.7
1 - - 0/7 0.0 /7 G.0 61.7 35.5
2 - - 0/7 0.0 1/7  14.3 88.5 -
3 - - 0/7 0.0 2/7 2B.6 76.6  26.1
4 - - 0/7 0.0 3/7 42.9 81.0 23.6
5 (PE) - - 0/7 0.0 37 42,9 x=77.0 28.4
640 ppm 54.6
1 0/5 0.0 0/6 0.0 0/5 0.0 63.5 36.1
2 0/5 0.0 0/6 0.0 0/5 0.0 87.9 -
3 0/5 0.0 0/6 0.0 2/5 40.0 72.3  32.4
4 ) 2/5 40.0 2/6 33.3 2/5 40,0 8.6 26.2
5 (PE) 2/5 40.0 2/6 33.3 2/5 40,0 x=/7.6 31.b

Control mortality was 1/27 (3.7%) after 4 days and 1/27 (3.7%) after the post-
exposure period. Mortality in SLS (35 ppm) was 7/16 (43.8%) after 4 days and
7/16 (43.8%) after the post-exposure period.

Acclimated for 37 h; bicassay temperature = 5.0°C to 13.0°C.

Abbreviations: R1 = replicate T; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC°® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 36. . , .
Toxic Effects of Prudhoe Bay Crude Qi1 on Gammarus setosus, Experiment #31.
Mortality - _
— . Measured Hydrocarbon
Added 011 R1 R2 R3 Concentration
and -
Day D/N %D D/N %D D/N %D MC® MC24 MC
80 ppm 24.3
1 0/7 0.0 0/7 0.0 /7 0.0 40.8 9.9
2 0/7 0.0 0/7 0.0 0/7 0.0 38.3 12.4
3 0/7 0.0 0/7 0.0 0/7 0.0 49.2 16.2
4 0/7 0.0 0/7 0.0 0/7 0.0 19.6 7.4
5 (PE) 0/7 0.0 /7 0.0 0/7 0.0 %=37.0 11.5
160 ppm 44 .2
1 0/7 0.0 0/7 0.0 0/7 0.0 £9.2 14.9
2 0/7 0.0 0/7 0.0 0/7 0.0 64.8 19.9
3 0/7 0.0 0/7 0.0 0/7 0.0 76.6 21.1
4 /7 0.0 G6/7 0.0 G/7 0.0 68.5 18.6
5 (PE) 0/7 0.0 0/7 0.0 0/7 0.0 xX=b9.8 18.6
320 ppm _ 55.7
1 0/7 0.0 0/7 0.0 0/7 0.0 99.7 18.0
2 0/7 0.0 0/7 0.0 0/7 0.0 88.5 13.6
3 0/7 0.0 0/7 0.0 0/7 0.0 81.6 24.9
4 0/7 0.0 0/7 0.0 0/7 0.0 96.0 23.0
5 (PE) 0/7 0.0 0/7 0.0 0/7 0.0 x=91.5 19.9
640 ppm 53.1
1 0/7 0.0 0/7 0.0 0/7 0.0 93.5 12.4
2 0/7 0.0 0/7 0.0 0/7 0.0 82.3 22.4
3 0/7 0.0 1/7 14.3 a/7 0.0 80.4 16.1
4 0/7 0.0 1/7 14.3 0/7 0.0 97.9 19.3
5 {(PE} 0/7 0.0 2/7 28.6 1/7 14.3 %=88.5 17.6

Control mortality was 1/35 (2.9%) after 4 days and 1/35 (2.9%) after the post-
exposure period. Mortality in SLS (35 ppm) was 6/15 (40.0%) after 4 days and
9/15 (60.0%) after the post-exposure period.

Acclimated for 24 h; bioassay temperature = 3.8°C to 5.2°C.

Abbreviations: Rl = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-expsoure
perjod; SLS = Sedium Lauryl Sulphate.
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TABLE 37. , A_
Toxic Effects of Prudhoe Bay Crude 0il on Onisimus Iitoralis, Experiment #27.

Mortality
‘ _ Measured Hydrocarban
Addedd011 R1 R2 R3 Concentration
an S —_—
Day D/N %D D/N %0 D/N %D MCe MC24 MC
80 ppm 28.4
1 0/10 0.0 0/10 0.0 0/10 0.0 24.0 12.4
2 0/10 0.0 b/10 0.0 a/10 0.0 4.0 24.0
3 0/10 0.0 0/10 0.0 3/10 0.0 33.0 22.4
4 0/10 0.0 0/10 0.0 - 0/10 0.0 50.2 26.8
5 (PE) 0/10 0.0 0/10 .0 0/10 0.0 %=35.3 21.4
160 ppm 3G.7
1 0/9 0.0 /9 0.0 a/10 0.0 35.5 14.9
2 0/9 0.0 /9 0.0 g/10 0.0 48.0 24.9
3 0/9 g.0 0/9 0.0 0/10 0.0 6.4 31.7
4 0/9 g.0 0/9 0.0 0/10 0.0 77.3  24.9
5 (PE) 0/9 0.0 1/9 11.1 0/10 0.0 %=55.3 24.17
320 ppm 46.5
1 0/10 0.0 0/10 0.0 a/10 0.0 34.2 18.0
2 0/10 6.0 0/10 0.0 0/10 0.0 5.4  30.5
3 0/10 0.0 0/10 0.0 6/10 0.0 66.7 43.6
4 0/10 0.0 0/10 0.0 0/10 0.0 97.9 25.5
5 (PE) 0/10 © 0.0 0/10 0.0 0/10 0.0 %=63.6 29.4
640 ppm 45.6
1 0/10 0.0 0/10 0.0 0/10 0.0 36.7  19.3 :
P 0/10 0.0 0/10 0.0 0/10 0.0 49.8 24.9
3 0/10 0.0 0/10 0.0 0/10 0.0 68.5 36.7
4 1/10 10.0 /10 0.0 0/10 0.0 105.3 23.6
5 (PE) 1/10 10.0 g/10 0.0 g/10 0.0 %=65.1 26.1

Control mortality was 0/49 (0.0%) after 4 days and 0/49 (0.0%) after the post-
exposure period. Mortality in SLS (35 ppm) was 27/30 (90.0%) after 4 days
and 29/30 (96.7%) after the post-exposure period.

Acclimated for 85 h; bioassay temperature = 3.9°C to 5.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 38. '
Toxic Effects of Prudhoe Bay Crude 071 on Onzstmus litoralts Juven11es,

Experiment #36.

Mortality
- e Measured Hydrocarbon
Addedd011 R1 R2 R3 Concentration
an
Day . D/N %D b/N %D D/N HD MC® MC24 MC
80 ppm 28.3
1 0/10 0.0 0/11 0.0 0/10 0.0 37.1 14.6
2 0/10 0.0 0/11 0.0 0/10 0.0 40.5 22.9
3 0/10 0.0 0/11 0.0 -0/10 0.0 40.8 19.0
4 0/10 0.0 g/11 0.0 0/10 0.0 33.6  17.7
5 (PE) 0/10 0.0 /11 0.0 0/10 0.0 %x=38.0 18.6
160 ppm 42.6
1 0/11 0.0 0/9 0.0 6/10 0.0 71.0  23.1
2 0/11 0.0 0/9 0.0 0/10 0.0 59.8 24.3
3 a/11 0.0 0/9 0.0 0/10 0.0 56.1 19.4
4 0/11 0.0 1/9 11.1 0/10 0.0 66.0 21.1
5 (PE) 0/11 0.0 1/9 11.1 0/10 0.0 X=63.2 22.0
320 ppm 56.5
1 /10 0.0 0/11 0.0 a/11 0.0 83.5 14.8
2 2/10 20.0 1/11 9.1 o/11 0.0 92.2 26.8
3 3/10 30.0 1/11 9.1 47171 36.4 92.2  27.9
4 3/10 30.0 2/11  18.2 4711 36.4 91.6 22.8
5 (PE) 4/10 40.0 /11 27.3 5/11 45.5 %x=89.9 23.1
640 ppm 59.5
1 0/11 0.0 0/10 0.0 g/10 0.0 106.6 16.7
2 0/11 0.0 /10 0.0 1/10 10.¢ 101.0 27.9
3 2/11 18.2 2/10  20.0 2/10 20.0 98.5 20.5
4 3/11 27.3 3/10  30.0 2/10 20.0 89.1 15.5
5 (PE) 4/11 36.4 3/10  30.0 3/10 30.0 x=98.8 20.2

Control mortality was 0/42 (0.0%) after 4 days and 0/42 (0.0%) after the post
exposure period. Mortality in SLS (25 ppm) was 17/21 (81.0%) after 4 days
and 18/21 (85.7%) after the post-exposure period.

Acclimated for 70 h; bjoassay temperature = 4.2°C to 5.5°C.

Abbreviations: R1 = replicate T; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals {0 h); MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodjum Lauryl Sulphate.
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TABLE 39.
Toxic Effects of Prudhoe Bay Crude 01 on Myowocephalus quadflcornts yeung-
of-the-year, Experiment #38.

Mortality
S . Measured Hydrocarbon
Added 0i1 R1 R2 R3 Concentration
and —_— —_—
Day D/N %D D/N %0 D/N %D MC® MC24 MC
80 ppm 23.0
] 0/6 0.0 0/6 - 0.0 0/6 0.0 35.8 12.3
2 0/6 0.0 0/6 0.0 0/6 0.0 37.4  12.6
3 0/6 0.0 0/6 0.0 0/6 0.0 6.5 13.7
4 2/6 33.3 0/6 0.0 0/6 0.0 25.3 9.9
5 (PE} 2/6 33.3 0/6 0.0 0/6 0.0 %=33.8 12.1
160 ppm 37.6
1 0/6 0.0 0/6 0.0 0/6 0.0 5.0 19.0
2 0/6 0.0 0/6 0.0 0/6 0.0 £3.5 18.9
3 0/6 0.0 1/6 16.7 0/6 0.0 62.3 18.1
4 1/6 16.7 3/6 50.0 2/6 33.3 47.5 15.0
5 (PE) 1/6 16.7 3/6 50.0 2/6 33.3 %=57.3 17.8
320 ppm : 55.5
1 0/6 0.0 0/6 0.0 0/6 0.0 79.8 22.4
2 1/6 16.7 0/6 0.0 0/6 0.0 81.6 28.0
3 2/6 33.3 0/6 0.0 1/6 16.7 82.9 17.3
4 3/6 50.0 3/6 50.0 3/6 50.0 104.7 26.7
5 (PE) 3/6 50.0 4/6 66.7 3/6 50.0 x=87.3 23.6
640 ppm : 57.5
1 3/6 50.0 1/6 16.7 1/6 16.7 90.4 22.9
2 476 66.7 5/6 83.3 2/6 33.3 93.5 18.6
3 5/6 83.3 5/6 83.3 6/6 100.0 2.9 19.2
4 6/6 100.0 6/6 100.0 6/6 100.0 99.1 22.9
5 (PE) 6/6 100.0 6/6 100.0 6/6 100.0 x=94.0 20.9

Control mortality was 0/30 (0.0%) after 4 days and 0/30 (0.0%) after the post-
exposure period. Mortality in SLS (5.0 ppm) was 18/18 (100.0%) after 2 days.

Acclimated for 72 h; bioassay temperature = 4.5°C to 6.0°C.

Abbreviations: R1 = rep11cate 15 D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 40.
Toxic Effects of Prudhoe Bay Crude (il on Myoxoecephalus quadricornis young-

of-thé-year, Experiment #43. :

Mortality

" ‘Measured Hydrocarbon
Added 011 R1 RZ R3 Concentration
and ' :
Day D/N %D D/N O D/N %D MC® MC2Y% MC
80 ppm 27.0
1 0/5 0.0 0/5 0.0 /5 0.0 37.1 14.3
2 0/5 0.0 0/5 0.0 0/5 0.0 40.8 15.6
3 0/5 0.0 1/5 20.0 0/5 0.0 44.9 13.6
4 0/5 0.0 1/5 20.0 0/5 0.0 37.3  12.0
5 {PE) - - - - - -  x=40.0 13.9
160 ppm 39.5
] 0/5 0.0 0/5 0.0 /5 0.0 62.0 18.4
2 0/5 0.0 0/5 0.0 Q/5 0.0 68.5 19.2
3 0/5 G.0 0/5 0.0 /5 0.0 56.7 12.4
4 0/5 0.0 1/5 20.0 /5 a.0 62.3 16.2
5 (PE) - - - - - - X=62.4 16.6
320 ppm 49.6
1 0/5 0.0 0/5 0.0 0/5 0.0 99.1 14.7
2 2/5 40.0 0/5 0.0 1/5 20.0 87.3 15.6
3 4/5 . 80.0 1/5 20.0 3/5 60.0 75.4  11.3
4 4/5 80.0 5/5 100.0 4/6 80.0 79.8 13.0
5 (PE) - - - - - -  %=85.4 13.7
640 ppm 52.1
] 1/5 20.0 0/5 0.0 2/5  40.0 941 13.6
2 4/5 80.0 3/5 60.0 5/5 100.0 87.3 1le.1
3 5/% 106.0 5/5 100.0 5/5 100.0 91.6 9.6
4 5/5 100.0 5/5 100.0 5/5 100.0 - -
5 (PE) - - - - - - %=91.0 13.1

Control mortality was 0/25 (0.0%) after 4 days. Mortality in SLS (1.0 ppm)
was 0/15 (0.0%) after 4 days.

Acclimated for 64 h; bioassay temperature = 3.5°C te 5.7°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 86 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 471.

Toxic Effects of Prudhoe Bay Crude Oil=Corexit 9527 Mixtures on Anonym

laticorae, Experiment #48,

Mortality - :
_ . - Measured Hydrocarbon

Added Qil/ R1 R? R3 Concentration

Corexit —m— ——

and Day /N %D D/N %D D/N %D - MC®  MCc2% WO
100/10 ppm 32.8

1 - - - - 0/1 0.0 35.1  29.3

2 - - - - 0/1 0.0 57.7 37.8

3 - - - = 0/1 0.0 51.8 14.0

4 - - - - 0/7 0.0 28.8 7.8

5 (PE) - - ~ - - - x=43.4 22.2
175/17.5 ppm 72.6

1 0/3 0.0 - - - - 83.0 83.9

2 0/3 0.0 - - - - 107.1  63.2

3 0/3 0.0 - - - - 100.9 24.8

il 0/3 0.0 - - - - 84.6 33.1

5 (PE} - - - - - - x=93.9 51.3
250/25 ppm 109.2

] - - - - - - 109.4 77.9

2 - - - - - - 150.6 T110.7

3 - - - - - - 113.4  68.7

4 - - - - - - 124.1 118.5

5 (PE) . - - - - - - x=124.4 94,0
325/32.5 ppm 169.1

1 0/1 0.0 - - - - 217.7 133.3

? 0/1 0.0 - - - - 193.4 127.6

3 0/ 0.0 - - - - 154,0 181.3

4 ~1/1 100.0 - - - - 206.1 138.9

5 (PE) - - - - - - x=192.8 145.3

Control mortality was 0/2 (0.0%) after 4 days.

Acclimated for 20 h; bicassay temperature = 4.4°C to 6.5°C.

Abbreviations: R1 = replicate 1; OD/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h}; MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h. exposure period; PE =

period; SLS = Sodium Lauryl Sulphate.

post-exposure
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TABLE 42. , A | |
Toxic Effects of Prudhoe Bay Crude 0i1-Corexit 9527 Mixtures on. Anonyx nugaz,

Experiment #48.

Mortality
) , Measured Hydrocarbon

Added 01/ R1 R2 R3 Concentration

Corexit ‘ . :

and Day 0/N Wl D/N %D D/N %D MC® Mc24 MC
100/10 ppm ' 32.8

1 0/5 0.0 0/5 0.0 1/4 25.0 3.1 29.3

2 0/5 0.0 0/5 0.0 1/4 25.0 57.7 37.8

3 1/5 20.0 1/5 20.0 1/4 25.0 51.8 14.0

4 1/5 20.0 2/5 40.0 2/4 50.0 28.8 7.8

5 (PE) - - - - - - X=43.4 22.2
175/17.5 ppm . 72.6

1 0/2 0.0 1/5 20.0 0/5 0.0 83.0 83.9

2 1/2 50.0 2/5 40.0 3/5 60.0 107.1 63.2

3 1/2 50.0 3/5 60.0 475 0.0 100.9 24.8

4 1/2 50.0 4/5 80.0 4/5 80.0 g4.6  33.1

5 (PE) - - - - - - %x=93.9 51.3
250/25 ppm 109.2

1 0/5 .0 2/5 40.0 2/5 40.0 109.4 77.9

2 3/5 60.0 2/5 40.0 4/5 80.0 150.6 110.7

3 4/5 80.0 4/5 80.0 5/65 100.0 113.4 68.7

4 5/5 100.0 5/5 100.0 5/5 100.0 124.1 118.5

5 (PE) - - - - - - x=124.4 94.0
325/32.5 ppm - 167.9

1 174 25.0 3/5 60.0 3/5 60.0 217.7 133.3

2 4/4  100.0 5/5 100.0 4/5 80.0 193.4 127.6

3 4/4  100.0 5/5 100.0 5/5 100.0 154.0 181.3

4 474 100.0 5/5 100.0 5/5 100.0 - -

5 (PE} - - - - - - %=188.4 147.4

Control mortality was 2/23 (8.7%) after 4 days. Mortality in SLS (25 ppm)
was 8/15 (53.3%) after 4 days.

Acclimated for 20 h; bicassay temperature = 4.4°C to 6.5°C,

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-

tion of hydrocarbons 24 h after animals were addeds MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure

period; SLS = Sodium Lauryl Sulphate.



TABLE 43.

Toxic Effects of Prudhoe Bay Crude Gi1-Corexit 9527 Mixtures on Boeckos¢mus

Sp., Experiment #45.

Mortality
Measured Hydrocarbon
Added 011/ R1 R2 Concentration
Corexit - —_——
and Day D/N %0 B/N %D D/N MC® MC24 MC
80/8 ppm 33.4
1 0/10 0.0 0/10 0.0 0/10 43.7 22.7
2 0/10 0.0 0/10 0.0 0/10 47.1 34.0
3 0/10 0.0 0/10 0.0 0/10 31.6 17.8
4 g/10 0.0 0/10 0.0 0/10 49.0 21.1
5 (PE) - - - - - x=42.9 23.9
160/16 ppm 68.4
1 0/10 0.0 0/10 0.0 0/10 81.3 37.2
2 0/10 0.0 0/10 0.0 0/10 110.8 42.0
3 0/10 0.0 0/10 0.0 0/10 73.5 58.8
4 0/10 0.0 1/10 10.0 0/10 77.1 66.0
5 (PE} - - - - - x=85.7 51.0
320/32 ppm 129.3
1 0/10 0.0 0/10 0.0 0/10 167.8 146.7
2 3/10 30.0 0/10 0.0 0/10 137.6 143.9
3 5/10 50.0 0/10 0.0 1/10 151.5 69.4
4 6/10 60.0 5/10 50.0 1/10 132.8 84.8
5 (PE) - - - - - t47.4  111.2
640/64 ppm 348.5
1 g/10 0.0 0/10 0.0 4/10 466 .4  222.8
2 5/10 50.0 7/10 70.0 6/10 310.6  344.9
3 7710 70.0 8/10 80.0 8/10 363.9 250.7
4 9/10 90.0 10/10 100.0 8/10 365.5 463.1
5 (PE) - - - - - %=376.6 3?U7¢

Control mortality was 0/5Q (0.0%) after 4 days.
was 1/30 (3.3%) after 4 days. :

Acclimated for 52 h; bioassay temperature

4.0°C to 5.5°C.

Mortality in SLS (50 ppm)

Abbreviations:
of animals exposed;

R1

repticate 1; D/N
% =

percent mortality; MC°®
hydrocarbons at time of addition of animals {0 h);

= number of animals dead vs total number
measured concentration of
MC2% = measured concentra-

tion of hydrocarbons 24 h after animals were added: MC = mean measured con-

centration of hydrocarbons over the 96 h exposure period; PE =
period; SLS =

Sodium Lauryl Sulphate.

post-exposure.
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TABLE 44.
Toxic Effects of Prudhoe Bay Crude Oil-Corexit 9527 Mixtures on Gammarus

cceanicus, Experiment #24.

Mortality
: Measured Hydrocarbon
Added 0i1/ R1 ~ Rz R3 Concentration
Corexit , :
and Day D/N %D D/N - %D D/N %D MC® MC24 MC
80/8 ppm 60.8
1. 0/3 0.0 0/1 0.0 0/2 0.0 91.3 59.4
2 0/3 g6.0 0/1 0.0 0/2 0.0 51.9 57.2
3 0/3 0.0 0/1 0.0 0/2 0.0 61.5 74.4
4 0/3 0.0 0/1 0.0 0/2 0.0 47.5 42.7
5 (PE) 0/3 0.0 0/i 0.0 0/2 0.0 *x=63.1 58.4
160/16 ppm 133.5
1 - - 0/1 0.0 0/3 0.0 165.2 173.7
2 - - 0/1 0.0 0/3 0.0 139.3 137.6
3 - - 0/1 0.0 0/3 0.0 134.1 71.4
4 - - 1/1 100.0 2/3 66.7 144.5 101.5
5 (PE) - - 1/1 100.0 2/3 66.7 x=145.8 121.1
320/32  ppm 263.6
1 0/1 0.0 072 0.0 0/3 0.0 331.5 273.1
2 1/1 T00.0 2/2 100.0 3/3 100.0 204.7 245.0
3 1/1 100.0 2/2 100.0 3/3  100.0 - -
4 1/1 1006.0 2/2 100.0 3/3  100.0 - -
5 (PE) 1/1 100.0 2/2 100.0 3/3 100.0 x=268.1  259.1
640/64 ppm 620.6
1 2/4 50.0 - - - - 737.0  517.9
2 4/4 100.0 - - - 728.8 498.6
3 4/4 100.0- - - - - - -
4 4/4 100.0 - - - - - -
5 {PE) 4/4 100.0 - - - - %=732.9 508.3

Control mortality was 0/7 (0.0%) after 4 days and 1/7 (14.3%) after the post-
exposure period. Mortality in SLS (35 ppm) was 1/3 (33.3%) after 4 days and
2/3 (66.7%) after the post-exposure period.

Acclimated for 41 h; bioassay temperature = 5.0°C to 13.0°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were addeds MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
perjod; SLS = Sodium Lauryl Sulphate.

—
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TABLE 45.
Toxic Effects of Prudhoe Bay Crude 0iT1=Corexit 9527 Mixtures on. Gamiarus
setosus, Experiment #24.

Mortality

Measured Hydrocarbon
Added 011/ R1 RZ - R3 Concentration
Corexit ————————o —
and Day D/N %D D/N %D /N %D MC° MC 2 MC
80/8 ppm ' 60.8
1 0/3 0.0 0/6 0.0 0/5 0.0 891.3 59.4
2 0/3 0.0 0/6 0.0 0/5 0.0 51.9 57.2
3 a/3 0.0 0/6 0.0 0/5 0.0 61.5 74.4
4 0/3 0.0 0/6 0.0 0/5 0.0 47.5 42,7
5 (PE) 0/3 0.0 0/6 0.0 /5 0.0 x=63.T B58.
160/16 ppm 133.5
1 0/7 0.0 0/6 0.0 0/3 0.0 165.2 173.7
2 1/7 14.3 0/6 0.0 0/3 0.0 139.3 137.6
3 2/7 28.6 0/6 0.0 0/3 0.0 134.1 71.4
4 3/7 42.9 5/6 83.3 G/3 g.0 144.5 101.5
5 (PE) 477 57.1 6/6 100.0 0/3 0.0 x=145.8 121.1
320/32 ppm 231.7
1 1/6 16.7 a/5 0.0 0/4 0.0 331.5 273.1
2 3/6 50.0 2/5 40.0 1/4 25.0 204.7 ?245.0
3 6/6 . 100.0 4/5 80.0 1/4 25.0 228.8 195.9
4 6/6 100.0 5/5 100.0 3/4 75,0 234.9 139.7
5 {PE) 6/6  100.0 5/5 100.0 3/4 75.0 x=250.0 213.4
640/64 ppm 620.6
1 2/3 66.7 - - 2/7 28.6 737.0 517.9
2 3/3  100.0 - - 7/7 100.0 728.8 498.6
3 3/3  100.0 - - 7/7 100.0 - -
4 3/3  100.0 - - 7/7 100.0 - -
5 (PE) 3/3  100.0 - - 7/7 100.0 ¥=732.9 508.3

Control mortality was 1/28 (3.6%) after 4 days and 1/28 (3.6%) after the post-
exposure perfod. Mortality in SLS (35 ppm) was 6/12 (50.0%) after 4 days and
8/12 (66.7%) after the post-exposure period.

Acclimated for 41 h; bivcassay temperature = 5.0°C to 13°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals {0 h); MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.
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TABLE 46.

" Toxic Effects of Prudhoe Bay Crude 0il1-Corexit 9527 Mixtures on Gammarus

setosus, Experiment #35.

Mortality |

- : Measured Hydrocarbon -

Added Ci1/ R1 R2 R3 " Concentration

Corexit . —

and Day D/N %D D/N %D D/N %D MC® MC2% MC
100/10 ppm 38.7

1 /7 0.0 1/7 14.3 0/7 0.0 52.3 34.6

2 0/7 0.0 1/7 14.3 0/7 0.0 43.0 45.5

3 0/7 0.0 2/7 28.6 0/7 0.0 35.0  36.2

4 0/7 0.0 2/7 28.6 0/7 0.0 29.8 32.9

5 {PE) 0/7 0.0 3/7 42.9 0/7 0.0 %=40.0 37.3
175/17.5 ppm 86.7

1 1/7 14.3 0/7 0.0 0/7 0.0 120.3 74.2

2 1/7 14.3 0/7 0.0 1/7 14.3 90.3 78.5

3 1/7 14.3 2/7 28.6 1/7 14.3 73.5 91.3

4 a/7 57.1 3/7 42.9 3/7 42.9 79.3 85.8

5 (PE) 477 57.1 5/7 71.4 3/7 42.9 x=90.9 82.5
250/25 ppm 112.7

1 1/7 14.3 - 0/7 0.0 1/7 14.3 123.5 113.9

2 2/7 28.6 1/7 14.3 1/7 14.3  123.5 112.6

3 3/7 42.9 1/7 14.3 5/7 71.4  133.1 77.2

4 3/7 42.9 477 57.1 7/7 100.0 102.6 115.2

5 (PE) a/7 57.1 477 57.1 7/7 100.0 x=120.7 104.7
325/32.5 ppm 147.1

1 0/7 0.0 0/7 0.0 377 42.9  169.1 130.5

2 777 100.0 4/7 57.1 6/7 85.7 143.7 122.7

3 7/7 100.0 a4/7 57.1 7/7 100.0 175.2 93.0

4 7/7 100.0 6/7 85.7 7/7 100.0 186.7 1565.9

5 (PE) 7/7  100.0 6/7 85.7 7/7 100.0 x=168.7 125.5

Control mortality was 0/35 (0.0%) after 4 days and 0/35 (0.0%) after the post-
exposure period. Mortality in SLS (35 ppm) was 3/21 (14.3%) after 4 days and
10/21 (47.6%) after the post-exposure period.

Acclimated for 120 h; bioassay temperature = 4.8°C to 6.5°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortaiity; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.

......
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TABLE 47.
Toxic Effects of Prudhoe Bay Crude 01l Corex1t 9527 Mixtures on Onisimus
litoralis, Experiment #30.

Mortality
Measured Hydrocarbon
Added 0i1/ R} R2 R3 Concentration
Covrexit
and Day D/N %D D/N %D /N %D MC®  MC2+  MC
80/8 ppm 35.6
1 0/8 0.0 0/19 0.0 0/10 0.0 37.9 31.1
2 0/8 0.0 0/10 0.0 0/10 0.0 32.1 42.7
3 0/8 0.0 0/10 0.0 /10 0.0 49.9 33.8
4 0/8 0.0 1/10 10.0 0/10 0.0 33.6 23.3
5 (PE) 0/8 0.0 1/10 10.0 0/10 0.0 %=38.4 32.7
160/16 ppm 93.7
1 /10 0.0 0/9 0.0 /10 0.0 103.0 107.5
p 0/10 0.0 0/9 0.0 1/10 10.0 103.0 107.5
3 0/10 0.0 1/9 11.1 1/10  10.0 87.5 77.5
4 0/10 0.0 2/9 22.2 2/10 20.0 97.8 65.4
5 (PE} 0/10 0.0 2/9 22.2 2/10 20.0 %=97.8 89.5
320/3Z ppm _ 161.6
1 0/10 0.0 0/11 0.0 /10 0.0 168.4 202.9
2 3/10  30.0 /11 9.1 0/10 0.0 162.4 160.7
3 5/10  50.0 6/11 54,6 3/10 30.0 156.3 132.6
4 8/10  80.0 8/11 72.7 3/10  30.0 162.4 146.7
5 (PE) 8/10 80.0 9/11 81.8 5/10  50.0 ¥=162.4 160.7
640/64 ppm _ 292.6
1 2/10  20.0 2/10 20.0 3/10 30.0 2B3.2  373.7
2 g8/10 80.0 10/10  100.0 8/10 80.0 269.6 373.7
3 8/10 80.0 10/10 100.0 9/10  90.0 228.6  364.1
4 10/10 100.0 10/10 100.0 9/10 90.0 228.6 248.8
5 (PE) 10/10 100.0 10/10 100.0 10/10 100.0 %x=245.0 340.1

Control mortality was 0/49 (0.0%) after 4 days and 0/49 (0.0%) after the post-
exposure period. Mortality in SLS (25 ppm) was 12/30 (40.0%) after 4 days and
15/30 (50.0%) after the post-exposure period.

Acclimated for 72 h; bioassay temperature = 3.7°C to 5.2°C.

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MC2% = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 96 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.



TABLE 48.

Toxic Effects of Prudhoe Bay Crude 0il1-Corexit 9527 M
quadricornis young-of-the-year, Experiment #55.

90

ixtures on Myoxocephalus - . -

Mortality
: . Measured Hydrocarbon -

Added 071/ Rl R2 R3 Concentration

Corexit = -

and Day = D/N %D D/N %D D/N %D Mc® MC2k MC
30/3.0 ppm 15.4
1 0/5 0.0 0/6 0.0 0/6 0.0 10.1  14.1

2 0/5 0.0 0/6 0.0 0/6 0.0 15.6 19.7

3 0/5 0.0 0/6 0.0 0/6 0.0 16.0 15.2

4 0/5 0.0 0/6 0.0 0/6 0.0 15.4 17.0

5 (PE) - - - - x=14.3 16.5
45/4.5 ppm 28.2
1 0/6 0.0 0/6 0.0 0/6 0.0 28.8 24.3

d 0/6 0.0 0/6 0.0 0/6 0.0 23.9 20.9

3 0/6 0.0 0/6 0.0 0/6 0.0 32.3 28.7

4 0/6 0.0 0/6 0.0 a/6 0.0 35.3 30.8

5 (PE) - - - -  X=30.1T 26.2

60/6.0" ppm 34.7
] 0/6 0.0 0/6 0.0 0/6 0.0 33.9 18.5

2 1/6 16.7 0/6 0.0 0/6 0.0 39.6  30.5

3 1/6  16.7 0/6 0.0 0/6 0.0 23.1 50.5

4 2/6  33.3 0/6 0.0 0/6 0.0 41.9 39.8

5 {PE) - - - - x=34.6 34.8

75/7.5 ppm

1 0/6 0.0 1/6 16.7 1/6  16.7 47.3 42.6 48.4
2 1/6 16.7 1/6 16.7 /6 16.7 59.2 44.5

3 1/6  16.7 1/6 16.7 /6  16.7 48.7 35.7

4 ' /6 16.7 1/6 16.7 3/6 50.0 62.1 47.0

5 (PE) - - - - - x=54.3 42.5

Control mortality was 1/30 (3.3%) after 4 days.
was 18/18 (100.0%) after 4 days.

Acclimated for 96 h; bioassay temperature = 4.4°C to 5.5°C.

Mortality in SLS (4.0 ppm}

Abbreviations: R1 = replicate 1; D/N = number of animals dead vs total number
of animals exposed; %D = percent mortality; MC® = measured concentration of
hydrocarbons at time of addition of animals (0 h); MCZ* = measured concentra-
tion of hydrocarbons 24 h after animals were added; MC = mean measured con-
centration of hydrocarbons over the 36 h exposure period; PE = post-exposure
period; SLS = Sodium Lauryl Sulphate.



