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Toxicity Summary Tables 
  



Harbor Strata Station ID

Mean 

Control % 

Survival

Mean 

Sample % 

Survival

% of 

control

t-test 

(unequal 

variance)

Significant?

Deep B18-10068 100 95 90 100 100 90 95 100 90 100 97 95 98 0.26 No

Freshwater-Influenced B18-10066 100 95 90 100 100 95 95 100 95 95 97 96 99 0.34 No

Marina B18-10067 100 95 90 100 100 100 90 100 85 90 97 93 96 0.15 No

Shallow B18-10065 100 95 90 100 100 100 85 90 90 80 97 89 92 0.04 Yes

Deep B18-10071 100 95 90 100 100 100 80 100 100 95 97 95 98 0.33 No

Freshwater-Influenced B18-10070 100 95 90 100 100 100 100 90 95 100 97 97 100 0.50 No

B18-10069 100 95 90 100 100 100 100 100 100 95 97 99 102 0.20 No

B18-10072 100 95 90 100 100 70 60 60 85 75 97 70 72 0.00 Yes

B18-10019 95 100 95 95 90 100 100 100 90 90 95 96 101 0.37 No

B18-10020 95 100 95 95 90 95 100 100 95 100 95 98 103 0.09 No

Freshwater-Influenced B18-10015 95 100 95 95 90 85 100 95 100 85 95 93 98 0.31 No

B18-10074 95 100 95 95 90 95 100 100 95 100 95 98 103 0.09 No

B18-10075 95 100 95 95 90 95 95 95 100 95 95 96 101 0.31 No

B18-10016 95 100 95 95 90 100 100 85 100 90 95 95 100 0.50 No

B18-10017 95 100 95 95 90 75 75 80 85 90 95 81 85 0.00 Yes

B18-10073 95 100 95 95 90 100 90 100 100 100 95 98 103 0.14 No

B18-10438 95 100 95 95 90 95 90 95 95 100 95 95 100 0.50 No

B18-10022 100 100 100 95 100 100 95 95 100 100 99 98 99 0.27 No

B18-10023 100 100 100 95 100 95 95 100 100 100 99 98 99 0.27 No

B18-10024 100 100 100 100 95 100 95 95 100 100 99 98 99 0.27 No

B18-10030 100 100 100 95 100 100 100 100 95 100 99 99 100 0.50 No

B18-10112 100 100 100 100 95 100 95 95 95 100 99 97 98 0.12 No

B18-10113 100 100 100 100 95 95 95 100 100 95 99 97 98 0.12 No

B18-10116 100 100 100 100 95 95 95 95 95 95 99 95 96 0.01 Yes

B18-10117 100 100 100 95 100 100 95 95 85 90 99 93 94 0.04 Yes

B18-10029 100 100 100 100 95 90 100 95 100 100 99 97 98 0.20 No

B18-10076 100 100 100 95 100 100 100 100 100 100 99 100 101 0.19 No

B18-10114 100 100 100 100 95 100 95 95 95 95 99 96 97 0.03 Yes

B18-10115 100 100 100 100 95 95 100 90 90 95 99 94 95 0.03 Yes

B18-10078 100 100 100 95 100 95 95 100 100 100 99 98 99 0.27 No

B18-10079 100 100 100 95 100 100 100 95 100 100 99 99 100 0.50 No

B18-10080 100 100 100 95 100 95 85 100 95 95 99 94 95 0.06 No

B18-10081 100 100 100 95 100 90 100 100 100 100 99 98 99 0.34 No

B18-10082 100 100 100 95 100 90 100 100 100 95 99 97 98 0.20 No

B18-10083 100 100 100 95 100 100 95 95 100 95 99 97 98 0.12 No

B18-10084 100 100 100 95 100 100 95 100 90 100 99 97 98 0.20 No

Shallow B18-10077 100 100 100 95 100 95 100 100 100 95 99 98 99 0.27 No

Mission Bay

San Diego Bay - North

Toxicity - Amphipod 10-Day Test

Oceanside Harbor

Marina

Deep

Marina

Shallow

Deep

Freshwater-Influenced

Industrial/Port

Marina

2018 RHMP Sediment Quality Objectives (SQO) Assessment

Table G-1. 

Control % Survival Sample % Survival

Dana Point Harbor



Harbor Strata Station ID

Mean 

Control % 

Survival

Mean 

Sample % 

Survival

% of 

control

t-test 

(unequal 

variance)

Significant?

Toxicity - Amphipod 10-Day Test

2018 RHMP Sediment Quality Objectives (SQO) Assessment

Table G-1. 

Control % Survival Sample % Survival

Dana Point Harbor

B18-10133 100 100 100 80 100 85 90 85 95 90 96 89 93 0.08 No

B18-10141 100 100 100 80 100 100 100 85 100 95 96 96 100 0.50 No

B18-10144 100 100 100 80 100 95 90 100 95 95 96 95 99 0.41 No

B18-10031 100 100 100 100 95 95 100 100 100 95 99 98 99 0.27 No

B18-10178 100 100 100 100 95 90 70 90 95 75 99 84 85 0.02 Yes

B18-10119 100 100 100 100 95 90 85 85 95 95 99 90 91 0.01 Yes

B18-10121 100 100 100 100 95 90 90 100 100 100 99 96 97 0.15 No

B18-10123 100 100 100 100 95 100 90 95 85 90 99 92 93 0.02 Yes

B18-10124 100 100 100 80 100 85 70 95 95 90 96 87 91 0.09 No

B18-10126 100 100 100 80 100 100 85 95 90 90 96 92 96 0.21 No

B18-10127 100 100 100 80 100 95 100 100 90 95 96 96 100 0.50 No

B18-10132 100 100 100 80 100 100 100 85 90 90 96 93 97 0.28 No

B18-10136 100 100 100 80 100 85 100 90 95 85 96 91 95 0.17 No

B18-10137 100 100 100 80 100 95 85 90 85 95 96 90 94 0.12 No

B18-10139 100 100 100 80 100 100 100 90 90 90 96 94 98 0.34 No

B18-10140 100 100 100 80 100 85 95 100 100 95 96 95 99 0.42 No

B18-10142 100 100 100 80 100 90 100 80 90 100 96 92 96 0.24 No

B18-10143 100 100 100 80 100 90 100 95 95 90 96 94 98 0.33 No

B18-10032 100 100 100 100 95 95 100 100 95 85 99 95 96 0.11 No

B18-10034 100 100 100 80 100 90 100 90 100 100 96 96 100 0.50 No

B18-10035 100 100 100 80 100 90 100 95 95 95 96 95 99 0.41 No

B18-10036 100 100 100 80 100 95 85 95 75 80 96 86 90 0.06 No

B18-10037 95 95 100 95 95 100 90 90 100 100 96 96 100 0.50 No

B18-10040 75 95 95 95 95 95 90 85 90 90 91 90 99 0.41 No

B18-10044 75 95 95 95 95 70 80 100 85 70 91 81 89 0.09 No

B18-10179 95 95 100 95 95 100 90 100 95 90 96 95 99 0.35 No

B18-10180 95 95 100 95 95 85 100 100 85 95 96 93 97 0.22 No

B18-10181 95 95 100 95 95 95 100 90 100 85 96 94 98 0.27 No

B18-10200 100 100 95 95 95 80 90 80 90 70 97 82 85 0.01 Yes

B18-10085 95 95 100 95 95 95 100 100 100 90 96 97 101 0.34 No

B18-10086 95 95 100 95 95 90 80 90 90 100 96 90 94 0.07 No

B18-10087 95 95 100 95 95 90 90 100 80 75 96 87 91 0.05 No

B18-10038 95 95 100 95 95 100 100 100 100 95 96 99 103 0.03 Yes

B18-10039 100 100 100 80 100 95 90 95 95 85 96 92 96 0.20 No

B18-10041 95 95 100 95 95 100 100 90 100 95 96 97 101 0.34 No

B18-10042 95 95 100 95 95 90 95 95 95 85 96 92 96 0.06 No

B18-10043 75 95 95 95 95 90 95 85 90 75 91 87 96 0.23 No

B18-10088 95 95 100 95 95 70 95 90 70 80 96 81 84 0.02 Yes

San Diego Bay - Central

San Diego Bay - South

Deep

Freshwater-Influenced

Industrial/Port

Shallow

Freshwater-Influenced

Marina

Shallow



Harbor Stratum Station ID

Mean Control 

Combined % 

Normal and 

Alive

Mean Sample 

Combined % 

Normal and 

Alive

% of 

Control

t-test 

(unequal 

variance)

Significant?

Deep B18-10068 96 88 82 96 94 87 93 75 85 83 91.1 84.7 93 0.07 No

Freshwater-Influenced B18-10066 96 88 82 96 94 77 95 80 96 83 91.1 86.2 94.59 0.17 No

Marina B18-10067 96 88 82 96 94 87 95 77 87 84 91.1 86.1 94 0.12 No

Shallow B18-10065 96 88 82 96 94 94 86 78 73 85 91.1 82.8 91 0.05 No

Deep B18-10071 96 88 82 96 94 82 87 82 81 75 91.1 81.5 89 0.01 Yes

Freshwater-Influenced B18-10070 96 88 82 96 94 90 73 96 88 87 91.1 87.1 95.56 0.20 No

B18-10069 96 88 82 96 94 72 74 74 95 85 91.1 80.2 88 0.04 Yes

B18-10072 96 88 82 96 94 81 83 85 95 89 91.1 86.5 95 0.12 No

B18-10019 98 94 98 96 77 93 84 89 92 93 92.4 90.0 97 0.30 No

B18-10020 98 94 98 96 77 77 94 87 86 87 92.4 86.1 93 0.12 No

Freshwater-Influenced B18-10015 98 94 98 96 77 98 94 94 92 97 92.4 94.9 102.68 0.29 No

B18-10074 98 94 98 96 77 85 85 89 78 87 92.4 84.7 92 0.07 No

B18-10075 98 94 98 96 77 76 94 87 97 81 92.4 86.8 94 0.17 No

B18-10016 98 94 98 96 77 93 96 90 97 77 92.4 90.6 98 0.37 No

B18-10017 98 94 98 96 77 85 87 93 91 94 92.4 90.2 98 0.32 No

B18-10073 98 94 98 96 77 93 78 73 78 77 92.4 79.6 86 0.02 Yes

B18-10438 98 94 98 96 77 78 98 93 89 91 92.4 89.6 97 0.30 No

B18-10022 73 75 79 76 77 77 77 79 83 78 76.0 78.7 104 0.07 No

B18-10023 73 75 79 76 77 78 83 89 81 92 76.0 84.7 111 0.01 Yes

B18-10024 71 73 69 79 85 73 69 85 85 64 75.4 75.0 99 0.47 No

B18-10030 73 75 79 76 77 79 79 88 79 81 76.0 81.3 107 0.02 Yes

B18-10112 71 73 69 79 85 80 77 86 79 84 75.4 81.2 108 0.07 No

B18-10113 71 73 69 79 85 71 82 91 82 38 75.4 72.9 97 0.40 No

B18-10116 71 73 69 79 85 88 84 61 73 80 75.4 77.2 102 0.38 No

B18-10117 73 75 79 76 77 64 71 81 77 70 76.0 72.7 96 0.17 No

B18-10029 71 73 69 79 85 77 71 57 64 70 75.4 67.7 89.69 0.06 No

B18-10076 73 75 79 76 77 77 86 75 79 84 76.0 80.2 105.63 0.06 No

B18-10114 71 73 69 79 85 68 82 71 75 66 75.4 72.4 96 0.24 No

B18-10115 71 73 69 79 85 86 87 89 84 70 75.4 83.5 111 0.06 No

B18-10078 73 75 79 76 77 78 77 71 78 89 76.0 78.9 104 0.19 No

B18-10079 73 75 79 76 77 91 88 83 76 81 76.0 83.7 110 0.02 Yes

B18-10080 73 75 79 76 77 88 85 70 66 83 76.0 78.5 103 0.30 No

B18-10081 73 75 79 76 77 66 78 73 85 75 76.0 75.6 99 0.46 No

B18-10082 73 75 79 76 77 40 64 53 65 70 76.0 58.1 77 0.01 Yes

B18-10083 73 75 79 76 77 68 69 80 73 63 76.0 70.9 93 0.08 No

B18-10084 73 75 79 76 77 73 76 84 71 79 76.0 76.6 101 0.40 No

Shallow B18-10077 73 75 79 76 77 77 79 85 77 77 76.0 79.1 104 0.07 No

Dana Point Harbor

Oceanside Harbor

Mission Bay

San Diego Bay - North

Control Combined % Normal and Alive Sample Combined % Normal and Alive

Table G-2. 

2018 RHMP Sediment Quality Objectives (SQO) Assessment

Toxicity - Bivalve Sediment Water Interface Test

Marina

Deep

Marina

Shallow

Deep

Freshwater-Influenced

Industrial/Port

Marina



Harbor Stratum Station ID

Mean Control 

Combined % 

Normal and 

Alive

Mean Sample 

Combined % 

Normal and 

Alive

% of 

Control

t-test 

(unequal 

variance)

Significant?

Dana Point Harbor

Control Combined % Normal and Alive Sample Combined % Normal and Alive

Table G-2. 

2018 RHMP Sediment Quality Objectives (SQO) Assessment

Toxicity - Bivalve Sediment Water Interface Test

B18-10133 89 87 78 87 80 84 87 79 76 90 84.2 83.1 99 0.37 No

B18-10141 89 87 78 87 80 79 80 88 75 82 84.2 80.9 96 0.16 No

B18-10144 87 89 82 85 85 81 84 75 82 71 85.4 78.4 92 0.02 Yes

B18-10031 71 73 69 79 85 72 76 86 81 77 75.4 78.5 104.12 0.22 No

B18-10178 71 73 69 79 85 78 78 92 82 81 75.4 82.1 108.83 0.06 No

B18-10119 71 73 69 79 85 88 87 81 70 75 75.4 80.2 106 0.16 No

B18-10121 71 73 69 79 85 75 77 83 77 81 75.4 78.5 104 0.20 No

B18-10123 71 73 69 79 85 78 84 75 87 88 75.4 82.3 109 0.06 No

B18-10124 89 87 78 87 80 83 96 86 91 83 84.2 88.0 104 0.15 No

B18-10126 89 87 78 87 80 67 88 91 84 87 84.2 83.5 99 0.44 No

B18-10127 89 87 78 87 80 82 83 91 85 88 84.2 85.5 102 0.33 No

B18-10132 89 87 78 87 80 79 90 73 85 78 84.2 81.1 96 0.21 No

B18-10136 89 87 78 87 80 86 90 83 90 67 84.2 83.2 99 0.42 No

B18-10137 89 87 78 87 80 89 88 61 87 82 84.2 81.6 97 0.33 No

B18-10139 89 87 78 87 80 84 83 73 80 78 84.2 79.6 95 0.08 No

B18-10140 89 87 78 87 80 78 95 82 73 80 84.2 81.6 97 0.28 No

B18-10142 89 87 78 87 80 69 85 81 83 70 84.2 77.5 92 0.07 No

B18-10143 87 89 82 85 85 83 85 95 88 87 85.4 87.7 103 0.19 No

B18-10032 71 73 69 79 85 83 77 75 84 75 75.4 78.7 104 0.19 No

B18-10034 87 89 82 85 85 79 85 68 93 81 85.4 81.0 95 0.18 No

B18-10035 87 89 82 85 85 83 85 76 90 79 85.4 82.6 97 0.18 No

B18-10036 87 89 82 85 85 86 82 91 78 84 85.4 84.2 99 0.33 No

B18-10037 70 85 83 82 91 86 80 76 87 78 82.0 81.3 99.03 0.43 No

B18-10040 98 97 97 89 91 86 92 85 87 80 94.1 86.0 91.39 0.01 Yes

B18-10044 98 97 97 89 91 87 85 95 99 95 94.1 92.1 97.88 0.27 No

B18-10179 70 85 83 82 91 76 79 70 77 77 82.0 75.8 92.39 0.08 No

B18-10180 70 85 83 82 91 79 92 74 83 82.0 81.9 99.85 0.49 No

B18-10181 70 85 83 82 91 79 94 94 92 89 82.0 89.6 109.19 0.07 No

B18-10200 83 96 86 96 84 77 70 68 75 68 89.0 71.5 80.36 0.00 Yes

B18-10085 70 85 83 82 91 90 82 75 78 82.0 81.0 99 0.42 No

B18-10086 70 85 83 82 91 83 78 75 74 89 82.0 79.8 97 0.32 No

B18-10087 70 85 83 82 91 82 64 92 91 73 82.0 80.3 98 0.40 No

B18-10038 70 85 83 82 91 75 85 80 78 82.0 79.5 97 0.27 No

B18-10039 87 89 82 85 85 88 78 86 74 93 85.4 83.8 98 0.34 No

B18-10041 70 85 83 82 91 80 91 76 79 83 82.0 81.8 100 0.48 No

B18-10042 70 85 83 82 91 73 73 78 79 81 82.0 76.8 94 0.11 No

B18-10043 98 97 97 89 91 93 97 81 86 92 94.1 89.7 95 0.12 No

B18-10088 70 85 83 82 91 82 83 77 81 82 82.0 80.8 98 0.37 No

San Diego Bay - Central

San Diego Bay - South

Deep

Freshwater-Influenced

Industrial/Port

Shallow

Freshwater-Influenced

Marina

Shallow



Toxicity 
SQO Line of Evidence 

Matrix 
 

  



Harbor Strata Station ID

Eohaustorius 10-Day 

Test: Toxicity 

Category

Mytilus SWI Test: 

Toxicity Category
Integrated Toxicity Indicator

Deep B18-10068 Nontoxic Nontoxic Nontoxic

Freshwater-Influenced B18-10066 Nontoxic Nontoxic Nontoxic

Marina B18-10067 Nontoxic Nontoxic Nontoxic

Shallow B18-10065 Low Toxicity Nontoxic Low Toxicity

Deep B18-10071 Nontoxic Nontoxic Nontoxic

Freshwater-Influenced B18-10070 Nontoxic Nontoxic Nontoxic

B18-10069 Nontoxic Nontoxic Nontoxic

B18-10072 Moderate Toxicity Nontoxic Low Toxicity

B18-10019 Nontoxic Nontoxic Nontoxic

B18-10020 Nontoxic Nontoxic Nontoxic

Freshwater-Influenced B18-10015 Nontoxic Nontoxic Nontoxic

B18-10074 Nontoxic Nontoxic Nontoxic

B18-10075 Nontoxic Nontoxic Nontoxic

B18-10016 Nontoxic Nontoxic Nontoxic

B18-10017 Low Toxicity Nontoxic Low Toxicity

B18-10073 Nontoxic Nontoxic Nontoxic

B18-10438 (overdraw) Nontoxic Nontoxic Nontoxic

B18-10022 Nontoxic Nontoxic Nontoxic

B18-10023 Nontoxic Nontoxic Nontoxic

B18-10024 Nontoxic Nontoxic Nontoxic

B18-10030 Nontoxic Nontoxic Nontoxic

B18-10112 Nontoxic Nontoxic Nontoxic

B18-10113 Nontoxic Nontoxic Nontoxic

B18-10116 Nontoxic Nontoxic Nontoxic

B18-10117 Nontoxic Nontoxic Nontoxic

B18-10029 Nontoxic Nontoxic Nontoxic

B18-10076 Nontoxic Nontoxic Nontoxic

B18-10114 Nontoxic Nontoxic Nontoxic

B18-10115 Nontoxic Nontoxic Nontoxic

B18-10078 Nontoxic Nontoxic Nontoxic

B18-10079 Nontoxic Nontoxic Nontoxic

B18-10080 Nontoxic Nontoxic Nontoxic

B18-10081 Nontoxic Nontoxic Nontoxic

B18-10082 Nontoxic Moderate Toxicity Low Toxicity

B18-10083 Nontoxic Nontoxic Nontoxic

B18-10084 Nontoxic Nontoxic Nontoxic

Shallow B18-10077 Nontoxic Nontoxic Nontoxic

B18-10133 Nontoxic Nontoxic Nontoxic

B18-10141 Nontoxic Nontoxic Nontoxic

B18-10144 Nontoxic Low Toxicity Low Toxicity

B18-10031 Nontoxic Nontoxic Nontoxic

B18-10178 Low Toxicity Nontoxic Low Toxicity

B18-10119 Nontoxic Nontoxic Nontoxic

B18-10121 Nontoxic Nontoxic Nontoxic

B18-10123 Nontoxic Nontoxic Nontoxic

B18-10124 Nontoxic Nontoxic Nontoxic

B18-10126 Nontoxic Nontoxic Nontoxic

B18-10127 Nontoxic Nontoxic Nontoxic

B18-10132 Nontoxic Nontoxic Nontoxic

B18-10136 Nontoxic Nontoxic Nontoxic

B18-10137 Nontoxic Nontoxic Nontoxic

B18-10139 Nontoxic Nontoxic Nontoxic

B18-10140 Nontoxic Nontoxic Nontoxic

B18-10142 Nontoxic Nontoxic Nontoxic

B18-10143 Nontoxic Nontoxic Nontoxic

B18-10032 Nontoxic Nontoxic Nontoxic

B18-10034 Nontoxic Nontoxic Nontoxic

B18-10035 Nontoxic Nontoxic Nontoxic

B18-10036 Nontoxic Nontoxic Nontoxic

B18-10037 Nontoxic Nontoxic Nontoxic

B18-10040 Nontoxic Nontoxic Nontoxic

B18-10044 Nontoxic Nontoxic Nontoxic

B18-10179 Nontoxic Nontoxic Nontoxic

B18-10180 Nontoxic Nontoxic Nontoxic

B18-10181 Nontoxic Nontoxic Nontoxic

B18-10200 Low Toxicity Low Toxicity Low Toxicity

B18-10085 Nontoxic Nontoxic Nontoxic

B18-10086 Nontoxic Nontoxic Nontoxic

B18-10087 Nontoxic Nontoxic Nontoxic

B18-10038 Nontoxic Nontoxic Nontoxic

B18-10039 Nontoxic Nontoxic Nontoxic

B18-10041 Nontoxic Nontoxic Nontoxic

B18-10042 Nontoxic Nontoxic Nontoxic

B18-10043 Nontoxic Nontoxic Nontoxic

B18-10088 Low Toxicity Nontoxic Low Toxicity

San Diego Bay - North

San Diego Bay - Central

San Diego Bay - South

Table G-3. 

2018 RHMP Sediment Quality Objectives (SQO) Assessment

Toxicity Scores

Dana Point Harbor

Oceanside Harbor

Mission Bay

Marina

Deep

Marina

Shallow

Deep

Freshwater-Influenced

Shallow

Freshwater-Influenced

Marina

Shallow

Industrial/Port

Marina

Deep

Freshwater-Influenced

Industrial/Port
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1.0 INTRODUCTION 

The Regional Harbor Monitoring Program (RHMP) was developed by the Port of San Diego, City 

of San Diego, City of Oceanside, and County of Orange (RHMP Agencies) in response to a July 

24, 2003, request by the San Diego Regional Water Quality Control Board (SDRWQCB) under 

§13225 of the California Water Code. The RHMP is a comprehensive effort to survey the general 

water quality and condition of aquatic life in Dana Point Harbor, Oceanside Harbor, Mission Bay, 

and San Diego Bay and to determine whether beneficial uses are being protected and attained. 

Monitoring efforts in 2018 were fulfilled by the RHMP agencies through participation in the 

Southern California Bight 2018 Regional Marine Monitoring Survey (Bight ’18) coordinated by the 

Southern California Coastal Water Research Project (SCCWRP).  Program management and 

sample collection for the RHMP agencies was performed by Wood Environment and Infrastructure 

Solutions, Inc. (Wood).  Sediment toxicity testing was performed by Wood’s in-house Aquatic 

Toxicology Laboratory (Wood Lab) in San Diego.  Since the RHMP program coincided with the 

region-wide Bight ’18 survey, in addition to standard USEPA testing protocols, specific testing 

guidelines provided by SCCWRP for Bight ’18 were also followed for this monitoring event 

(SCCWRP 2018).  Furthermore, toxicology and analytical laboratories were required to participate 

in a laboratory intercalibration exercise to ensure standard practices between labs and 

comparability of data generated throughout the region. The Wood Lab passed intercalibration 

testing for all toxicity test methods used during Bight ‘18.  A total of 75 samples were collected 

throughout the RHMP area between July and September 2018.  Sediments sampled for toxicity 

testing were collected in five batches to ensure that all samples were tested within the program 

specified two-week holding time. All sediment samples were evaluated using two test methods.  

These included:    

 10-Day amphipod Eohaustorius estuarius (Eohaustorius) solid-phase test (USEPA 1994; 

SCCWRP 2018)  

 48-hour mussel Mytilus galloprovincialis (Mytilus) larvae development sediment-water 

interface (SWI) test (Anderson et al., 1996; SCCWRP 2018)    

2.0 MATERIALS & METHODS 

The methods employed to evaluate sediment toxicity are described below.  

2.1 Sample Collection, Receipt, and Preparation 

Test site sediments for RHMP program samples were collected by Wood personnel.  

Approximately five liters of sediment were provided from each site in chemically inert PTFE 

(Teflon) containers.  Samples were delivered in coolers with wet ice to the Wood Aquatic 

Toxicology Laboratory by Wood personnel following each collection event.  Upon receipt, contents 

of coolers were verified against chain of custody forms.  Temperatures were measured and 

recorded on a sample check-in form.  All samples were stored at 4 ± 2°C in the dark until used 
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for testing.  Copies of chain of custody forms and sample check-in data sheets are provided in 

Appendix A.  For the entire testing program, each sample was sieved through a 1-mm Nitex® 

mesh screen to remove potential native organisms and ensure reliable test organism recovery.  

Following homogenization and sieving, interstitial pore water samples were collected and 

analyzed for unionized and total ammonia content.  Prior to testing, each sample was thoroughly 

homogenized. 

2.2 Toxicity Test Methodology  

Test methods and acceptability criteria for the 10-day amphipod and the mussel SWI are 

described in Tables 1 and 2, respectively.  Additional guidance for the regional program was 

developed by SCCWRP in collaboration with participating laboratories and is outlined in the Bight 

’18 Toxicity Testing Manual (SCCWRP 2018).  The solid-phase amphipod tests were conducted 

with two concurrent controls.  The primary lab control sediment consisted of coarse sand collected 

in the same location as the amphipods.  The lab control sand from the amphipod collection site 

is composed of nearly 100 percent sand and lacks silt and clay fractions.  Therefore, an additional 

“fine grain size” control sediment was tested to better represent the fine sediments commonly 

found within bays and harbors. 
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Table 1. Test Conditions for the 10-Day Sediment Test  
Using Eohaustorius estuarius 

Sediment Sample Information 

Test sediment holding time 

requirements 
2 weeks, maximum 4 weeks 

Test sample storage conditions 4C, dark, minimal head space 

Lab control sediment source From E. estuarius supplier 

Fine grain size control source Locally collected by Wood Lab personnel in Mission Bay, CA 

Test Species E. estuarius 

Supplier Northwestern Aquatic Sciences; Newport, Oregon 

Test Procedures USEPA 1994; SCCWRP 2018 

Acclimation/holding time 

2-10 days, including holding time required to adjust to test 

temperature and salinity (adjust by changing <3°C per day, and 

<5 ppt per day); measure water quality (DO, pH, salinity, and 

temperature) daily while holding 

Age & Size class Mature, 3–5 mm 

Test type/duration Acute solid phase (SP) / 10 days 

Overlying water 

Natural seawater collected off the SIO Pier in La Jolla, CA. 20μm 

filtered and diluted to 32 ppt with deionized water prior to 

testing. 

Test temperature 15  2C 

Test dissolved oxygen (DO) >90% saturation (~8.0 mg/L) 

Test pH 7.7-8.3 (pH not adjusted if outside the specified range)  

Test interstitial total ammonia <60 mg/L 

Test interstitial un-ionized ammonia <0.8 mg/L  

Test photoperiod Constant light to encourage amphipods to stay buried 

Illuminance 500-1000 lux 

Test chamber  1-L glass test chamber 

Replicates/treatment 5 

Organisms/replicate 20 

Exposure volume 2 cm sediment; 800 mL water 

Feeding 

No feeding during testing. Organisms in holding fed once, 

immediately upon receipt. 0.25g TetraMin® slurry in 100 mL 

seawater, for ~1000 animals. 

Water renewal None 

Reference Toxicant Test 

Reference toxicant Ammonia  

Range of concentrations 
Control, 15.6, 31.2, 62.5, 125, and 250 mg  

total ammonia (NH3)/L, 4 replicates at 32 ± 2 ppt 
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Table 1. Test Conditions for the 10-Day Sediment Test  
Using Eohaustorius estuarius (Cont.) 

Water Quality Measurements 

Porewater: ammonia, pH, salinity At sample receipt and on Day 0 

Overlying water: ammonia Start and end of test (Day 0 and Day 10) 

Overlying water:  

pH, temperature, DO, salinity 

Every other day, in 1 replicate  

or surrogate from each treatment  

Test Acceptability Criteria 
Control survival >90%; coefficient of variation (CV) ≤11.9 in 

the lab control 
Notes: 
ºC - degrees Celsius L - liter(s) 
<  - less than mg/L - milligrams per liter  
> - greater than or equal to mL - milliliter(s)  
< - less than or equal to mm - millimeter(s) 
µm - micrometer(s) NH3 - ammonia  
DO - dissolved oxygen ppt - parts per thousand 
g - gram(s)  
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Table 2. Test Conditions for the 48-Hour Sediment-Water Interface Test  
Using Mytilus galloprovincialis 

Sediment Sample Information 

Test sediment holding time requirements 2 weeks, maximum 4 weeks 

Test sample storage conditions 4C, dark, minimal head space 

Test Species Mytilus galloprovincialis 

Source Locally collected by Wood Lab personnel in San Diego, CA  

Test procedures 
Anderson, 1996 (modified); USEPA 1995; SCCWRP 

2018 

Test type: Static non-renewal 

Salinity: 32 ± 2 ppt 

Temperature: 15 ± 2 °C 

Test dissolved oxygen: ≥4.0 mg/L 

Test pH: 
pH 7.6-8.3 (pH not adjusted if outside the specified 

range) 

Light quality: Ambient laboratory light 

Light intensity: 740 -1480 lux (ambient) 

Photoperiod: 16h light 8h dark 

Number of replicates: 5 

Organisms/replicate ~250 

Overlying water: 

Natural seawater collected off the SIO Pier in La Jolla, 

CA. 1μm filtered and diluted to 32 ppt with deionized 

water prior to testing. 

Test duration: 48-54 hours 

Endpoint Survival & normal shell development 

Test chamber 
7.5-cm diameter x 14-cm-high glass container; 600-mL 

tall-form beakers recommended 

Sediment depth 4-5 cm 

Water volume 300 mL 

Reference Toxicant Test 

Reference toxicant Ammonia 

Range of concentrations 
Control, 2, 4, 6, 8, 10, and 20 mg total NH3/L, 

5 replicates at 32 ±2 ppt 

Water Quality Measurements 

Overlying water: ammonia Start and end of test (Day 0 and Day 2) 

Overlying water: pH, temperature, DO, 

salinity 
Daily, in 1 replicate or surrogate from each treatment 

Test Acceptability Criteria Control %normal-alive must be ≥ 70% 

Notes: 
ºC - degrees Celsius mg/L - milligrams per liter  
> - greater than or equal to mL - milliliter(s)  
µm - micrometer(s) ppt - parts per thousand 
cm - centimeter USEPA - U.S. Environmental Protection Agency 
DO - dissolved oxygen  
h - hour(s) 
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2.3 Statistical Analyses  

For the amphipod tests, survival in each sample was compared to survival in the lab control.  Per 

standard EPA methods, amphipod survival data (expressed as a proportion) were arcsine square-

root transformed prior to analysis to normalize the distribution of the data and satisfy statistical 

assumptions for analysis. Unpaired t-test comparisons assuming unequal variance were 

performed to identify significant differences between the amphipod survival in the laboratory 

control and individual samples.  

For the mussel tests, percent normal-alive (# normal embryos/ # initial embryos) in each sample 

was compared to percent normal-alive in the lab control.  Per standard EPA methods, percent 

normal-alive results were arcsine square-root transformed prior to analysis to normalize the 

distribution of the data and satisfy statistical assumptions for analysis. Unpaired t-test 

comparisons assuming unequal variance were performed to identify significant differences 

between mussel survival and development in the laboratory control and individual samples. 

Statistical analyses of test data for both species were performed using GraphPad Prism, Version 

7.04.  Statistical analyses for the reference toxicant data were performed using Comprehensive 

Environmental Toxicity Information System Software (CETIS™), version 1.9.3.0 (Tidepool 

Scientific Software 2012).   

2.4 Testing Schedule  

Tests for all samples were initiated within two weeks of sample collection for both species.  A 

summary of the sample identification numbers, sample collection and receipt dates, and chain of 

custody forms is provided in Appendix A.    
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3.0 RESULTS 

Results for all test batches are summarized below. Each control group represents the group of 

samples randomized with that specific control on the same shelf within the environmental 

chamber.   All lab controls for both species met test acceptability criteria as defined in the Bight 

’18 Toxicity Testing Manual. A summary of toxicity test results is discussed below and detailed 

summaries, statistical results, and raw data sheets are provided in Appendix B (amphipods) and 

Appendix C (mussels).    

3.1 Solid-Phase Tests  

Mean Eohaustorius survival for each of the eight test batches is provided in Table 3, and detailed 

results are available in Appendix B. A total of sixteen samples exhibited statistically significant 

effects to survival compared to the respective lab control; one from Oceanside Harbor (B18-

10072), one from Mission Bay (B18-10017), five from San Diego Bay North (B18-10080, B18-

10117, B18-10114, B18-10115, and B18-10116), seven from San Diego Bay Central (B18-10178, 

B18-10119, B18-10123, B18-10124, B18 10133, B18-10137, and B18-10036), and two from San 

Diego Bay South (B18-10088 and B18-10200).  Mean survival in the Fine Grain Size Control across 

all test batches ranged from 90 to 99 percent, indicating that the organisms were not particularly 

sensitive to fine grain size throughout this study. 

 

Table 3. Summary of Amphipod Survival Test Results 

Test Batch # Test Date 

Mean Percent Survival 
# Samples Statistically 

Reduced from Control Lab Control 
Result 

Samples (Range 
of Results) 

1 (LC#1) 7/13/18 97 70-99 1 

2 (LC#1) 7/17/18 95 81-98 1 

3 (LC#1) 7/24/18 99 93-100 2 

4 (LC#1) 7/26/18 99 84-98 6 

5 (LC#1) 8/3/18 96 86-96 4 

6 (LC#1) 8/10/18 96 81-99 1 

7 (LC#1) 8/22/18 91 81-90 0 

8 (LC#1) 10/10/18 97 82 1 

 
 

3.2 Sediment-Water Interface Tests  

A summary of mean percent normal-alive mussel embryos for each of the six test batches is 

provided in Table 4, and detailed results are available in Appendix C.  A total of nine samples 

were found to be statistically reduced from the control; one from Dana Point Harbor (B18-10065), 

two from Oceanside Harbor (B18-10069 and B18-10071), two from Mission Bay (B18-10073 and 
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B18-10074), one from San Diego Bay North (B18-10082), one from San Diego Bay Central (B18-

10144), and two from San Diego Bay South (B18-10040 and B18-10200). 

Table 4. Summary of Bivalve Sediment Water Interface Test Results 

Test Batch # Test Date 

Mean Percent Normal-Alive 
# Samples Statistically 
Reduced from Control Lab Control 

Result 
Samples (Range 

of Results) 

1 (LC#1) 7/18/18 91 80-87 3 

1 (LC#2) 7/18/18 92 80-95 2 

2 (LC#1) 7/26/18 76 58-85 1 

2 (LC#2) 7/26/18 75 68-84 0 

3 (LC#1) 8/2/18 84 78-88 0 

3 (LC#2) 8/2/18 85 78-88 1 

4 (LC#1) 8/14/18 82 76-90 0 

5 (LC#1) 8/17/18 94 86-92 1 

6 (LC#1) 9/14/18 89 72 1 

Following guidance from SCCWRP, unpaired t-test comparisons assuming unequal variances were 

also performed for each sample using untransformed data for both amphipod survival and mussel 

survival and development (percent normal-alive).  Using untransformed data for statistical 

comparisons resulted in fewer statistically significant effects in both the amphipod test and mussel 

test.  These unpaired t-test comparisons identified 11 samples that exhibited statistically 

significant effects to amphipod survival and 7 samples that resulted in statistically significant 

effects to mussel survival and development.  A table summarizing statistical results using arcsine 

square-root transformed data compared untransformed data is provided in Appendix D. 

4.0 QUALITY ASSURANCE 

All data presented has been thoroughly reviewed and deemed acceptable for reporting in 

accordance with relevant protocols and Wood’s internal QA/QC program.  Any deviations with 

respect to test conditions and acceptability criteria are summarized below by test type.  All were 

determined to be minor with no impact on the final data or its interpretation.  A list of laboratory 

qualifier codes can be found in Appendix E.  

4.1 Sample Receipt, Handling and Holding Time  

Samples were received and processed according to protocol described in previous sections.  All 

tests were initiated within the recommended holding time of two weeks as suggested in the 

SCCWRP Bight ’18 Toxicology Laboratory Manual (SCCWRP 2018).     All samples were received 

on ice and held at 4 ± 2°C in the dark until used for testing.   All total and unionized ammonia 

values were below reported thresholds for both test species (SCCWRP 2018; USEPA 1994).  All 
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ammonia calculations and raw ammonia data sheets are included with raw bench data sheets for 

each batch of amphipod and mussel tests.  

4.2 Solid-Phase Toxicity Tests 

All water quality parameters were within required ranges as defined by the test protocol for the 

entirety of the test.  

Due to insufficient sample volume, a Fine Grain Size Control could not be tested concurrently with 

the final batch of amphipod tests on 10/10/18.  However, mean survival in the Fine Grain Size 

Control of all other batches was at least 90 percent, indicating that the amphipods were not 

adversely affected by the fine grain size throughout the study. 

4.3 Sediment-Water Interface Tests  

All water quality parameters were within required ranges as defined by the test protocol for the 

entirety of the test.  

4.4 Reference Toxicant Tests  

Concurrent reference toxicant tests and control charts for both test species are provided in 

Appendix F.  All reference toxicant tests met test acceptability criteria, and median effect (EC50) 

concentration values for the reference toxicant tests were within ± two standard deviations of 

internal control chart means for both species.    
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APPENDIX A 

Chain of Custody Forms and Sample Receipt Information 

  















































































 

 

APPENDIX B 

Statistical Analyses and Raw Data Packages for Amphipod 

(Eohaustorius) 
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APPENDIX C 

Statistical Analyses and Raw Data Packages for Bivalve (Mytilus) 

Sediment-Water Interface 
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APPENDIX D 

Statistical Comparison Summary 

  



p-value

Statistically Signif. 

Decrease From 

Control? (Y/N)

p-value

Statistically Signif. 

Decrease From 

Control? (Y/N)

Oceanside Harbor B18-10072 70.0 97.0 0.72 0.000 Y 0.001 Y

Mission Bay B18-10017 81.0 95.0 0.85 0.003 Y 0.003 Y

B18-10080 94.0 99.0 0.95 0.030 Y 0.057 N

B18-10114 96.0 99.0 0.97 0.033 Y 0.033 Y

B18-10115 94.0 99.0 0.95 0.023 Y 0.028 Y

B18-10116 95.0 99.0 0.96 0.002 Y 0.008 Y

B18-10117 93.0 99.0 0.94 0.024 Y 0.039 Y

B18-10036 86.0 96.0 0.90 0.020 Y 0.058 N

B18-10119 90.0 99.0 0.91 0.001 Y 0.006 Y

B18-10123 92.0 99.0 0.93 0.018 Y 0.025 Y

B18-10124 87.0 96.0 0.91 0.028 Y 0.090 N

B18-10133 89.0 96.0 0.93 0.021 Y 0.083 N

B18-10137 90.0 96.0 0.94 0.031 Y 0.118 N

B18-10178 84.0 99.0 0.85 0.001 Y 0.017 Y

B18-10088 81.0 96.0 0.84 0.008 Y 0.020 Y

B18-10200 82.0 97.0 0.85 0.002 Y 0.007 Y

p-value

Statistically Signif. 

Decrease From 

Control? (Y/N)

p-value

Statistically Signif. 

Decrease From 

Control? (Y/N)

Dana Point Harbor B18-10065 83 91 0.91 0.050 Y 0.053 N

B18-10069 80 91 0.88 0.040 Y 0.037 Y

B18-10071 82 91 0.89 0.008 Y 0.010 Y

B18-10073 80 92 0.86 0.016 Y 0.020 Y

B18-10074 85 92 0.92 0.036 Y 0.068 N

San Diego Bay - North B18-10082 58 76 0.76 0.005 Y 0.014 Y

San Diego Bay - Central B18-10144 78 85 0.92 0.013 Y 0.019 Y

B18-10040 86 94 0.91 0.008 Y 0.008 Y

B18-10200 72 89 0.80 0.001 Y 0.001 Y

red = statistically significant effect (one-tailed t-test)

Table 2.  Bivalve Embryo Development (Mytilus galloprovincialis ) -  48-Hour Sediment -Water Interface Toxicity Test

San Diego Bay - South

red = statistically significant effect (one-tailed t-test)

Untransformed Data

Harbor Area Location
Site Mean Normal-

Alive (%)

Control Mean 

Normal-Alive (%)

Site Mean / 

Control Mean

Arcsine Square Root Transformed 

Data

Statistical Results Comparison - Arcsine Square-Root Transformed Data vs. Untransformed Data

Oceanside Harbor

Mission Bay

Untransformed Data

San Diego Bay - North

San Diego Bay - Central

San Diego Bay - South

bold values for the Site Mean = less than 90% survival

Table 1.  Amphipod Survival (Eohaustorius estuarius ) - 10-Day Acute Survival Sediment Toxicity Test

Harbor Area Location
Site Mean Survival 

(%)

Control Mean 

Survival (%)

Site Mean / 

Control Mean

Arcsine Square Root Transformed 

Data
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List of Laboratory Qualifier Codes 
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Test Qualifier Codes 

QC1: Temperatures out of recommended range; corrective action taken 

QC2: Temperatures out of recommended range; no action taken, test terminated  

QC3: Test initiated on aeration due to anticipated drop in dissolved oxygen  

QC4: Dissolved oxygen percent saturation <110 

QC5: Survival counts not recorded due to poor visibility 

QC6: Inadequate sample volume remaining; 50% renewal performed 

QC7: Inadequate sample volume remaining; no renewal performed  

 

 

 



 

 

APPENDIX F 

Reference Toxicant Tests & Control Charts 
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