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INTRODUCTION 

The State of Alaska Department of Environmental Conservation (ADEC) is investigating 

emissions and wastewater from commercial passenger vessels in Alaska.  As part of this 

investigation, wastewater samples of graywater (a combination of laundry, galley and 

accommodation water) and blackwater (wastewater discharged from the sanitation 

system), or mixed grey and black water were collected from six commercial cruise ships 

which discharge into marine waters of Southcentral Alaska.  These samples were 

evaluated for acute and chronic toxicity using whole effluent toxicity tests with 

representative marine organisms.  The results of these tests are presented in this report. 

 

METHODS 

Sample Collection and Transport 

Seven samples of effluent were collected from six commercial passenger vessels.  Six of 

the samples were collected between June 9 and 20, 2003, and the remaining sample 

was collected on September 12, 2003.  Graywater and black water samples were 

collected from the Spirit of Columbia and mixed effluent samples were collected from the 

Spirit of Oceanus, Sun Princess, Norwegian Wind, Ryndam and Carnival Spirit.  Detailed 

sample information including water quality parameters measured upon receipt of the 

samples is provided in Table 1.   

Samples were collected in 20-L polyethylene collapsible cubitainers.  Once collected, 

samples were placed in an ice bath and cooled to 2 to 4°C.  Samples were then packed 

in coolers containing icepacks, which were sealed and delivered to the Juneau Airport 

for transport to the laboratory.  All samples were shipped by air express (Alaska Airlines 

“Goldstreak”) and collected by AMEC personnel from the Seattle Tacoma International 

Airport.  Appropriate chain-of-custody procedures were employed during collection and 

transport.  Chain-of-custody documentation is provided in Appendix D.    

Sample Receipt 

Upon arrival at AMEC, the coolers were opened, samples were inspected and the 

contents compared with the chain-of-custody forms.  Receipt temperature was measured 

in a temperature blank contained in each cooler and recorded on the chain-of-custody 

form.  Standard water quality parameters were measured in a subsample collected from 

each effluent sample and recorded in a bound logbook.  Receipt temperatures and initial 
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water quality measurements are provided in Table 1.  Samples were held in a 4°C cold 

room until used for testing. 

 

Table 1. Sample Receipt Information 

 Spirit of 
Columbia 

Spirit of 
Columbia 

Spirit of 
Oceanus 

Sun 
Princess 

Norwegian 
Wind 

Ryndam Carnival 
Spirit 

Sample Type Black 
water 

Gray 
water  

Mixed 
effluent 

Mixed 
effluent 

Mixed 
effluent 

Mixed 
effluent 

Mixed 
effluent 

Collection Date 06/09/03 06/09/03 06/12/03 06/16/03 06/18/03 06/20/03 09/12/03 

Collection Time 09:35 11:15 09:15 13:15 09:30 12:10 14:15 

Receipt Date 06/10/03 06/10/03 06/13/03 06/17/03 06/19/03 06/21/03 09/13/03 

Receipt Time 08:45 09:00 09:00 17:00 1 11:30  1 08:15 10:00 

Receipt Temp. 
(qC) 

1.0 2.1 1.6 0  2 4.1 2.0 2.0 

Dissolved 
Oxygen (mg/L) 12.4 2.4 0.7 5.6 10.6 6.4 11.1 

pH 8.04 6.47 7.05 7.40 6.41 7.57 6.88 

Conductivity 
(PS/cm) 

25400 140 1281 2010 747 495 98 

Salinity (ppt) 22.1 - 1.0 1.4 0.4 - - 

Hardness  
(mg/L CaCO3) 

> 400 120 112 148 64 32 32 

Alkalinity   
(mg/L CaCO3) 

80 20 256 496 44 320 20 

Chlorine (mg/L) < 0.03 0.17 < 0.03 < 0.03 0.05 < 0.03 0.03 

Ammonia 
(mg/L) 0.1 4.4 64.2 142.8 35.8 9.5 3.8 

1   Samples received 2 - 4 h after the targeted 24-h shipping time had elapsed; however, toxicity tests 
were initiated within the 36-h holding time recommended by USEPA. 

2   A small amount of ice was observed in this sample upon receipt. Additional details are provided in the 
QA/QC section. 

 

 

 



2003 Cruise Ship Wastewater WET Testing 

AMEC Northwest Bioassay Laboratory  3 

Test Organisms 

Mysids (Mysidopsis bahia) and larval topsmelt (Atherinops affinis) were obtained from 

Aquatic Biosystems (Fort Collins, Colorado).  Bivalve tests used blue mussels, Mytilus 

galloprovincialis, which were obtained from Carlsbad Aquafarms (Carlsbad, California), 

or Pacific oysters (Crassostrea gigas), which were obtained from M-REP (Carlsbad, 

California).  Purple sea urchins (Strongylocentrotus purpuratus), were collected by 

AMEC personnel off the Mission Bay Jetty in San Diego, California, for use in the 

echinoderm tests.  The organisms were transported to AMEC in insulated coolers and 

shipped by overnight delivery service.  Upon arrival at AMEC, organism receipt 

information, including physical parameters and observations of organism health, was 

recorded.  Mysids and topsmelt were acclimated to test conditions and held until test 

initiation and bivalves and echinoderms were spawned on the day of receipt or held 

overnight in a room maintained at 12°C and used the next day.   

Sample Preparation and Handling 

The salinity of each sample was adjusted to 30±2 parts per thousand (ppt) prior to 

preparing dilutions.  The salinity of samples in the acute toxicity tests was adjusted by 

addition of artificial seasalts (40 Fathoms Crystal Sea Marinemix) and mixing the sample 

on a stir plate for a minimum of 1 hour (h).  Hypersaline brine was used to adjust the 

salinity of samples for the bivalve and echinoderm tests.  Hypersaline brine was made by 

freezing natural seawater to obtain concentrated brine with a final salinity of 60 to 100 

ppt.  

Test Procedures 

Acute toxicity tests were conducted using mysids (M. bahia) and topsmelt (A. affinis) 

according to procedures presented by USEPA (1993) and summarized in Tables 2 and 

3, respectively.  The mysid test involved an exposure of 3- to 5-day old organisms for 48 

h and the topsmelt test involved an exposure of 9- to 14-day old larvae for 96 h.  An 80 

percent solution renewal was conducted at the mid-point of the tests and test organisms 

were fed during the exposure by addition of brine shrimp nauplii to the test chambers 

approximately two hours prior to solution renewal.  Water quality parameters 

(temperature, dissolved oxygen, pH, and salinity) and survival were monitored and 

recorded daily.   
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Table 2.  Mysidopsis bahia 48-hour Acute Toxicity Test Procedure 
Test Organism: Mysidopsis bahia 

Test Organism Source: Aquatic Biosystems; Fort Collins, Colorado 

Test Organism Age: 3-5 days post hatch 

Test Duration: 48 hours with solution renewal at 24 hours 

Feeding: Artemia nauplii during holding time and 2 hours prior to solution 
renewal 

Test Chamber: 1-L polypropylene beaker 

Test Solution Volume: 500 mL 

Dilution Water: 40 Fathoms Artificial seawater 

Test Temperature: 25 ± 1°C 

Salinity: 30 ± 2 ppt 

Test Concentrations (% sample): 50, 25, 12.5, 6.25, 3.12, 1.55, control 

Number of Organisms/Chamber: 5 

Number of Replicates/Concentration: 4 

Illumination: 16 hours light/ 8 hours dark 

Aeration: Spirit of Oceanus, Spirit of Columbia (graywater), Ryndam and 
Sun Princess samples required aeration prior to exposure. 
Spirit of Oceanus and Spirit of Columbia (graywater) samples 
required aeration during exposure 

Test Protocol: EPA/600/4-90/027F 

Test Acceptability: > 90% control survival  

Reference Toxicant: Copper chloride 

Table 3.  Atherinops affinis 96-hour Acute Toxicity Test Procedure 
Test Organism: Atherinops affinis 

Test Organism Source: Aquatic Biosystems (Fort Collins, Colorado) 

Test Organism Age: 7-14 days post hatch 

Test Duration: 96 hours with solution renewal at 48 hours 

Feeding: Artemia nauplii during holding and 2 hours prior to solution 
renewal 

Test Chamber: 1-L polypropylene beaker 

Test Solution Volume: 500 mL 

Dilution Water: 40 Fathoms Artificial seawater 

Test Temperature: 20 ± 1°C  

Salinity: 30 ± 2 ppt 

Test Concentrations (% sample): 50, 25, 12.5, 6.25, 3.12, 1.55, control 

Number of Organisms/Chamber: 5 

Number of Replicates/Concentration: 4 

Illumination: 16 hours light/ 8 hours dark 

Aeration: Spirit of Oceanus, Spirit of Columbia (graywater), Ryndam and 
Sun Princess samples required aeration prior to exposure. 
Spirit of Oceanus and Spirit of Columbia (graywater) samples 
required aeration during exposure 

Test Protocol: EPA/600/4-90/027F 

Test Acceptability: > 90% control survival  

Reference Toxicant: Copper chloride 
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Chronic toxicity tests using bivalve larvae and echinoderm gametes were conducted 

according to USEPA (1995) and these procedures are summarized in Tables 4 and 5, 

respectively.  The bivalve larval development tests involved a 48-h exposure of blue 

mussel or oyster larvae that were less than 4 hours post-fertilization at test initiation.  

The larvae were preserved at test termination and evaluated microscopically for survival 

and normal development.  The percentage of larvae that survived and the percentage of 

surviving embryos that developed normally were calculated.  Water quality parameters 

were monitored daily in surrogate test chambers.  The echinoderm fertilization test 

involved exposure of sperm cells to the test solutions for 20 minutes, at which point eggs 

were added and the solutions left for an additional 20 minutes for fertilization to occur.  

The embryos were then preserved and examined microscopically to assess the 

percentage of eggs that were successfully fertilized.  Water quality parameters were 

measured at test initiation. 
 

Table 4.  Bivalve Larval Development Test Procedure  
Test Organism: Mytilus galloprovincialis; Crassostrea gigas 

Test Organism Source: Carlsbad Aquafarms (Carlsbad, CA) ;  M-REP (Carlsbad, CA)  

Test Organism Age: <4 hours post-fertilization 

Test Duration: 48 hours 

Test Chamber: 30-mL glass vials 

Test Solution Volume: 10 mL 

Test Temperature: 15 ± 1°C 

Dilution Water: Seawater collected off Dash Point, Washington and filtered 
through a 0.5-µm screen 

Salinity: 30 ± 2 ppt 

Source of Salinity: Hypersaline brine made by freezing dilution water to a salinity 
of 60-100 ppt 

Test Concentrations (% sample): 50, 25, 12.5, 6.25, 3.12, 1.56, plus laboratory and brine 
controls 

Number of Organisms/Chamber: 150-300  

Number of Replicates/Concentration: 5 

Illumination: 16 hours light/ 8 hours dark 

Aeration: Spirit of Oceanus, Spirit of Columbia (graywater), Ryndam and 
Sun Princess samples required aeration prior to exposure. 

Test Protocol: EPA/600/R-95/136 

Test Acceptability: > 70% normal development in control 

Reference Toxicant: Copper chloride 
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Table 5.  Echinoderm Fertilization Test Procedure  
Test Organism: Strongylocentrotus purpuratus 

Test Organism Source: Mission Bay Jetty, San Diego, California 

Test Organism Age: <4 hours post gamete collection 

Test Duration: 40 minute total (20 min. sperm exposure; 20 min. fertilization) 

Test Chamber: 30-mL glass vials 

Test Solution Volume: 10 mL 

Test Temperature: 12+1°C 

Dilution Water: Seawater collected off Dash Point, Washington and filtered 
through a 0.5-µm screen 

Salinity: 30 ppt 

Source of Salinity: Hypersaline brine made by freezing dilution water to a salinity 
of 60-80 ppt 

Test Concentrations (% sample): 50, 25, 12.5, 6.25, 3.12, 1.56, plus laboratory and brine 
controls 

Number of organisms/chamber: 1500-2000 eggs 

Sperm:Egg Ratio: 200:1  

Number of Replicates/Concentration: 5 

Aeration: Spirit of Oceanus, Spirit of Columbia (graywater), Ryndam and 
Sun Princess samples required aeration prior to exposure 

Test Protocol: EPA/600/R-95/136 

Test Acceptability: > 70% control fertilization 

Reference Toxicant: Copper chloride 

 

Reference toxicant tests were conducted in conjunction with this study to assess the 

health and sensitivity of the test organisms.  Bivalve and echinoderm reference toxicant 

tests were conducted concurrently with each sample.  Mysid and topsmelt acute 

reference toxicant tests were conducted within one week of tests with the samples.   
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RESULTS 

Results of toxicity tests with samples collected from the commercial cruise ships are 

summarized in Tables 6 through 9. Summaries of data are also provided in Appendix A. 

Raw data from the tests and printouts of statistical analyses are provided in Appendix B. 

 

Table 6.  Acute Toxicity Test Results Using Mysidopsis bahia. Data are presented 
as percent effluent with 95% confidence limits, where applicable. 

 
Spirit of 

Columbia 
blackwater 

Spirit of 
Columbia 
graywater 

Spirit of 
Oceanus 

Sun 
Princess 

Norwegian 
Wind Ryndam Carnival 

Spirit 

LC50 > 50 
16.3 

(13.5-19.4) 

26.7  

(20.5-33.9) 
21.0 > 50 > 50 > 50 

NOEC 50 12.5 25 12.5 50 50 50 

LOEC > 50 25 50 25 > 50 > 50 > 50 

 
 
Table 7.  Acute Toxicity Test Results Using Atherinops affinis. Data are presented 
as percent effluent with 95% confidence limits, where applicable. 
 

 
Spirit of 

Columbia 
blackwater 

Spirit of 
Columbia 
graywater 

Spirit of 
Oceanus 

Sun 
Princess 

Norwegian 
Wind Ryndam Carnival 

Spirit 

LC50 > 50 
24.0 

(19.2-29.9) 

14.2  

(9.8-18.6) 
11.0 

25.5  

(16.5-34.2) 
> 50 > 50 

NOEC 50 25 12.5 12.5 12.5 50 50 

LOEC > 50 50 25 25 25 > 50 > 50 
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Table 8.  Toxicity Test Results for the Bivalve Larval Development Test. Data are 
presented as percent effluent with 95% confidence limits, where applicable. Data 
presented for the Sun Princess are for an echinoderm larval development test.  
 

 
Spirit of 

Columbia 
blackwater 

Spirit of 
Columbia 
graywater 

Spirit of 
Oceanus 

Sun 
Princess 

Norwegian 
Wind Ryndam Carnival 

Spirit 

Species Mussel Mussel Oyster Sea urchin Oyster Oyster Mussel 

Normality        

EC50 > 50 
8.7  

(8.6-8.8) 
< 1.56 

1.8  

(1.8-1.9) 

12.4  

(12.1-12.7) 

21  

(18.4-23.2) 

31.7  

(31.1-32.3) 

NOEC 50 6.25 < 1.56 1.56 6.25 12.5 25 

LOEC > 50 12.5 1.56 3.12 12.5 25 50 

Survival        

EC50 > 50 > 50 
28.7 

(NC) 
> 50 > 50 > 50 > 50 

NOEC 50 25 12.5 50 50 50 50 

LOEC > 50 50 25 > 50 > 50 > 50 > 50 

NC Not calculable 
 
 
Table 9.  Toxicity Test Results for the Echinoderm Fertilization Test. Data are 
presented as percent effluent with 95% confidence limits, where applicable. 
 

 
Spirit of 

Columbia 
blackwater 

Spirit of 
Columbia 
greywater 

Spirit of 
Oceanus 

Sun 
Princess 

Norwegian 
Wind Ryndam Carnival 

Spirit 

EC50 > 50 1.5 
5.0 

(NC) 
< 1.56 

40.0  

(38.7-41.4) 
> 50 NT 

NOEC 25 <1.5 < 1.56 < 1.56 25 50 NT 

LOEC 50 1.5 1.56 1.56 50 > 50 NT 

NC Not calculable 
NT Not tested 
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QUALITY ASSURANCE 

All test containers were received in good condition in sealed coolers with appropriate 

chain-of-custody documentation consistent with the identification on the sample 

containers themselves.  Samples were received within 24 h of collection, with the 

exception of the samples from the Sun Princess and Norwegian Wind, which were 

received approximately 28 and 26 h after collection, respectively.  The temperature of 

the samples upon receipt ranged from 0 to 4.1°C, which is within the range of 0 to 6°C 

recommended by the USEPA (1994, 1995).  A small amount of  ice was observed in the 

sample from the Sun Princess, which was received with a temperature of 0°C.  Tests 

were conducted with this sample following discussions with ADEC and technical 

advisors from Shannon and Wilson.   

All toxicity tests were initiated within the recommended holding time of 36 h. There were 

no deviations from testing protocols and all water quality parameters remained within 

ranges specified in the corresponding protocols.  

The bivalves obtained for the test with the Sun Princess sample did not spawn.  

Consequently, the bivalve larval development test with this species was replaced with an 

echinoderm larval development test using S. purpuratus gametes.  Although this is not a 

bivalve, the larval development test with this species would be expected to exhibit a 

similar degree of toxicity to the bivalve larvae.  For example, the mean and standard 

deviation of reference toxicant tests conducted by this laboratory for larval development 

tests with M. galloprovincialis and S. purpuratus are 13.4 ± 2.2 and 2���� �� ����� J�/�

copper, respectively.  

The S. purpuratus and Dendraster excentricus (an alternative echinoderm species used 

in toxicity evaluations) that were received for the echinoderm fertilization tests with the 

sample from the Carnival Spirit would not spawn.  Consequently, there are no data for 

this toxicity test for the Carnival Spirit sample. 

Results for reference toxicant tests conducted as part of this testing program were within 

acceptable ranges of test performance (mean ± two standard deviations for historical 

tests conducted in this laboratory).  Data from these tests are provided in Appendix C.   
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Appendix A 
 

Summary Tables of Toxicity Test Results 



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 5 100 4 80
2 5 100 5 100
3 5 100 5 100
4 5 100 4 80
1 5 100 5 100
2 5 100 4 80
3 5 100 4 80
4 5 100 5 100
1 5 100 5 100
2 5 100 4 80
3 5 100 4 80
4 4 80 4 80
1 5 100 5 100
2 5 100 5 100
3 5 100 5 100
4 5 100 2 40
1 5 100 5 100
2 5 100 5 100
3 5 100 5 100
4 5 100 4 80
1 5 100 2 40
2 4 80 3 60
3 5 100 4 80
4 5 100 3 60
1 5 100 4 80
2 5 100 4 80
3 5 100 4 80
4 5 100 4 80

85

95

60

90

85

80

>50

6.25

12.5

25

Appendix Table A-1. Acute Toxicity Tests
Spirit of Columbia Blackwater

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

>50

90

June 2003

100

95

100

100

100

95

100

50

3.125



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 99 85
2 95 87
3 98 81
4 95 77
5 97 80
1 99 82
2 92 79
3 97 80
4 98 78
5 97 86
1 96 85
2 96 75
3 97 75
4 93 80
5 99 88
1 100 83
2 96 83
3 97 90
4 98 76
5 97 78
1 96 73
2 98 81
3 96 82
4 98 80
5 97 80
1 92 84
2 97 84
3 97 84
4 96 84
5 94 82
1 98 76
2 95 73
3 96 83
4 98 80
5 99 82
1 96 66
2 98 78
3 96 68
4 96 73
5 98 68

>5097

96

>50

50

98

97

95

97

97

3.125

6.25

12.5

25

Appendix Table A-2. Chronic Toxicity Tests
Spirit of Columbia Blackwater

82

81

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

71

82

79

84

79

June 2003

Brine Control 97 81



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 4 80 5 100
2 5 100 5 100
3 5 100 4 80
4 5 100 4 80
1 5 100 4 80
2 5 100 5 100
3 5 100 4 80
4 5 100 3 60
1 5 100 4 80
2 5 100 5 100
3 5 100 4 80
4 5 100 2 40
1 3 60 5 100
2 5 100 5 100
3 5 100 4 80
4 4 80 4 80
1 5 100 4 80
2 4 80 4 80
3 3 60 3 60
4 4 80 5 100
1 4 80 2 40
2 4 80 4 80
3 3 60 3 60
4 4 80 3 60
1 3 60 0 0
2 1 20 0 0
3 0 0 0 0
4 3 60 0 0

75

80

45

90

90

0

39.2

6.25

12.5

25

Appendix Table A-3. Acute Toxicity Tests
Spirit of Columbia Graywater

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

27.4

80

June 2003

80

5

0

95

100

100

85

50

3.125



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 95 80
2 97 78
3 95 78
4 98 75
5 94 79
1 95 74
2 96 86
3 98 78
4 91 71
5 93 81
1 92 0
2 94 0
3 98 0
4 93 0
5 92 0
1 92 0
2 97 0
3 90 0
4 95 0
5 90 0
1 95 0
2 98 0
3 89 0
4 95 0
5 90 0
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0

June 2003

Brine Control 95 78

0

0

0

0

0

Appendix Table A-4. Chronic Toxicity Tests
Spirit of Columbia Graywater

78

0

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

50

93

93

0

0

0

3.125

6.25

12.5

25

96

94

8.7 <1.5



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 4 80 3 60
2 5 100 5 100
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 5 100 4 80
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 4 80 5 100
3 5 100 5 100
4 5 100 4 80
1 5 100 3 60
2 5 100 4 80
3 5 100 3 60
4 5 100 4 80
1 5 100 5 100
2 1 20 2 40
3 5 100 3 60
4 5 100 3 60
1 5 100 1 20
2 5 100 1 20
3 3 60 1 20
4 1 20 1 20
1 0 0 0 0
2 1 20 0 0
3 0 0 0 0
4 0 0 0 0

June 2003

80

70

5

95

100

95

100

50

3.125

Appendix Table A-5. Acute Toxicity Tests
Spirit of Oceanus - Combined

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

14.2

95

6.25

12.5

25

90

70

0

26.7

95

65

20



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 90 99
2 89 98
3 94 99
4 91 95
5 93 97
1 89 100
2 94 91
3 84 92
4 93 91
5 90 91
1 20 82
2 28 71
3 19 72
4 17 88
5 34 82
1 0 81
2 0 70
3 0 82
4 0 87
5 0 85
1 0 29
2 0 9
3 0 28
4 0 22
5 0 29
1 0 2
2 0 1
3 0 0
4 0 3
5 0 2
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
1 0 0
2 0 1
3 0 0
4 0 0
5 0 0

5.091

23

<1.5

50

0.0

0.0

0.0

0.0

0.0

3.125

6.25

12.5

25

Appendix Table A-6. Chronic Toxicity Tests
Spirit of Oceanus - Combined

98

79

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

0.2

81

23

1.6

0.0

June 2003

Brine Control 90 93



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 5 100 5 100
2 5 100 5 100
3 5 100 5 100
4 5 100 3 60
1 5 100 5 100
2 5 100 5 100
3 5 100 5 100
4 5 100 5 100
1 5 100 4 80
2 5 100 3 60
3 5 100 4 80
4 5 100 4 80
1 5 100 4 80
2 5 100 4 80
3 5 100 3 60
4 5 100 4 80
1 5 100 3 60
2 5 100 1 20
3 5 100 2 40
4 5 100 2 40
1 2 40 0 0
2 1 20 0 0
3 1 20 0 0
4 1 20 0 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0

75

40

0

90

75

0

21.0

6.25

12.5

25

Appendix Table A-7. Acute Toxicity Tests
Sun Princess - Combined

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

11.0

100

June 2003

100

25

0

100

100

100

100

50

3.125



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 93 100
2 93 100
3 90 100
4 90 100
5 93 100
1 90 98
2 91 91
3 84 85
4 93 90
5 92 96
1 71 39
2 98 26
3 53 34
4 77 19
5 78 37
1 2.6 8
2 1.8 1
3 1.2 3
4 0.6 1
5 0 0
1 0 0
2 0 0
3 0 0
4 0 1
5 0 0
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0
1 0 0
2 0 0
3 0 0
4 0 0
5 0 0

June 2003

Brine Control 90 92

0.0

2.6

0.2

0.0

0.0

Appendix Table A-8. Chronic Toxicity Tests
Sun Princess - combined

100

31

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

50

1.2

0.0

0.0

0.0

0.0

3.125

6.25

12.5

25

92

75

1.8 1.1



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 5 100 5 100
2 5 100 5 100
3 5 100 3 60
4 5 100 5 100
1 5 100 5 100
2 5 100 4 80
3 5 100 4 80
4 5 100 5 100
1 5 100 5 100
2 5 100 3 60
3 5 100 4 80
4 5 100 3 60
1 5 100 5 100
2 5 100 5 100
3 5 100 4 80
4 5 100 5 100
1 4 80 4 80
2 5 100 5 100
3 5 100 3 60
4 5 100 2 40
1 5 100 3 60
2 5 100 2 40
3 5 100 3 60
4 5 100 2 40
1 4 80 1 20
2 4 80 0 0
3 3 60 0 0
4 5 100 1 20

75

70

50

90

95

10

>50

6.25

12.5

25

Appendix Table A-9. Acute Toxicity Tests
Norwegian Wind - Combined

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

25.5

90

June 2003

95

100

80

100

100

100

100

50

3.125



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 91 90
2 93 83
3 93 81
4 95 82
5 82 80
1 96 77
2 94 86
3 96 78
4 89 77
5 96 67
1 87 80
2 88 65
3 90 86
4 62 66
5 93 79
1 90 75
2 92 75
3 91 76
4 92 81
5 90 69
1 92 66
2 87 79
3 95 75
4 92 77
5 92 76
1 31 81
2 43 75
3 21 76
4 61 76
5 70 70
1 0 86
2 0 78
3 0 87
4 0 74
5 0 61
1 0 20
2 0 22
3 0 21
4 0 38
5 0 27

June 2003

Brine Control 94 77

26

75

75

76

77

Appendix Table A-10. Chronic Toxicity Tests
Norwegian Wind - Combined

83

75

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

50

91

92

45

0.0

0.0

3.125

6.25

12.5

25

91

84

12 40



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 5 100 5 100
2 5 100 5 100
3 5 100 4 80
4 5 100 5 100
1 5 100 4 80
2 5 100 4 80
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 5 100 5 100
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 5 100 5 100
3 4 80 5 100
4 5 100 5 100
1 5 100 5 100
2 4 80 5 100
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 3 60 5 100
3 5 100 5 100
4 5 100 3 60
1 5 100 5 100
2 5 100 5 100
3 5 100 4 80
4 5 100 5 100

100

100

90

95

100

95

>50

6.25

12.5

25

Appendix Table A-11. Acute Toxicity Tests
Ryndam - Combined

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

>50

90

June 2003

95

90

100

100

100

100

95

50

3.125



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 97 97
2 88 93
3 79 98
4 92 94
5 97 90
1 98 87
2 92 93
3 75 94
4 97 88
5 95 91
1 94 94
2 96 95
3 90 89
4 78 96
5 95 92
1 83 94
2 98 93
3 97 90
4 96 88
5 81 94
1 85 93
2 96 97
3 87 94
4 89 91
5 91 92
1 79 93
2 83 96
3 72 97
4 84 93
5 78 90
1 36 94
2 25 89
3 51 89
4 13 94
5 46 93
1 0 94
2 0 93
3 0 92
4 0 96
5 0 93

June 2003

Brine Control 91 91

94

92

93

94

92

Appendix Table A-12. Chronic Toxicity Tests
Ryndam - Combined

94

93

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

50

91

90

79

34

0.0

3.125

6.25

12.5

25

91

91

21 >50



Concentration Mean % LC50 Mean % LC50

% Replicate # Survivors % Survival Survival (% effluent) # Survivors % Survival Survival (% effluent)
1 5 100 5 100
2 5 100 5 100
3 4 80 4 80
4 5 100 5 100
1 5 100 5 100
2 5 100 3 60
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 5 100 5 100
3 5 100 3 60
4 5 100 5 100
1 5 100 5 100
2 4 80 4 80
3 5 100 5 100
4 5 100 5 100
1 5 100 4 80
2 5 100 4 80
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 5 100 4 80
3 5 100 5 100
4 5 100 5 100
1 5 100 5 100
2 4 80 5 100
3 5 100 5 100
4 5 100 4 80

September 2003

100

100

95

95

100

100

95

50

3.125

Appendix Table A-13. Acute Toxicity Tests
Carnival Spirit - Combined

Control

1.5

Atherinops affinis
Survival

Mysidopsis bahia
Survival

>50

90

6.25

12.5

25

95

95

95

>50

90

90

95



Concentration Mean  EC50 Mean EC50

% Replicate % Normal % Normal (% effluent) % Fertilized % Fertilized (% effluent)

1 75
2 76
3 85
4 70
5 83
1 86
2 86
3 81
4 83
5 75
1 74
2 84
3 84
4 84
5 88
1 88
2 81
3 81
4 80
5 79
1 88
2 79
3 80
4 81
5 84
1 77
2 75
3 86
4 83
5 90
1 80
2 74
3 74
4 86
5 62
1 0
2 0
3 0
4 0
5 0

*78

83

1.8

50

82

82

82

75

0.0

3.125

6.25

12.5

25

Appendix Table A-14. Chronic Toxicity Tests
Carnival Spirit - combined

Control

1.5

Echinoderm 
Sperm Cell Fertilization

Bivalve 
Larval Development

September 2003

Brine Control 82



 

 

Appendix B 
 

Statistical Summaries and Raw Bench Sheets 



 

 

Atherinops affinis 96 h Survival 





















































 

 

Mysidopsis bahia 48 h Survival 
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