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Appendix for Section 33 AETs Developed using Reference Condition Draft Technical Report for Tentative Cleanup and
 Abatement Order No. R9-2005-0126

Arsenic Copper Lead Mercury PPAH
PCB 

Congeners TBT Zinc
Units ppm ppm ppm ppm ppb ppb ppb ppm

AET Benthic
BRI > 27.2 > 1,880 > 482 > 3.92 > 29,071 > 5,635 > 2,800 > 1,200

Abundance > 27.2 > 1,880 > 482 > 3.92 > 29,071 > 5,635 > 2,800 > 1,200
# Taxa > 27.2 > 1,880 > 482 > 3.92 > 29,071 > 5,635 > 2,800 > 1,200

SWI > 27.2 1,030 248 > 3.92 > 29,071 > 5,635 1,900 > 1,200
AET Toxicity

Amphipod > 27.2 > 1,880 > 482 > 3.92 > 29,071 > 5,635 > 2,800 > 1,200
Bivalve > 27.2 > 1,880 > 482 > 3.92 > 29,071 > 5,635 > 2,800 > 1,200

Echinoderm > 27.2 > 1,880 > 482 > 3.92 > 29,071 > 5,635 > 2,800 > 1,200

 Low AET > 27.2 1,030 248 > 3.92 > 29,071 > 5,635 1,900 > 1,200

Exponent LAET 27 1000 250 3.2 na 3000 1900 1200
> = No hit sample exceeds this value

Outlier Removed from 
Data Set

Yes No No No No No No Yes

Concentration deemed 
as an outlier

95.5 4,600

AETs Developed Using Reference Sediment Quality Conditions
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POST-CLEANUP PCB CANCER AND NONCANCER RISKS TO 
RECREATIONAL & SUBSISTENCE ANGLERS

Recreational Angler (fillet): C (1) IR ED BW AT BSAF (2) FL (3) UCF RfD CPF Cancer Risk Noncancer Risk
mg/kg g/day years kg years unitless unitless g/kg (mg/kg-day) (mg/kg-day)-1

Total PCB Congeners 0.217 21 30 70 70 1.65 0.003 1000 0.00002 2 2.76E-07 1.61E-02

Subsistence Angler (whole body): C (1) IR ED BW AT BSAF(2) FL (3) UCF RfD CPF Cancer Risk Noncancer Risk
mg/kg g/day years kg years unitless unitless g/kg (mg/kg-day) (mg/kg-day)-1

Total PCB Congeners 0.217 161 30 70 70 1.84 0.0174 1000 0.00002 2 1.37E-05 7.99E-01

(1)  From NOAA June 2, 2005 MacDonald email to Carlisle. "Post-Remediation Area Weighted Averages" Lipid (FL) SB Whole SB Fillet

(2) From "Site-specific BSAFs for primary organic contaminants in sand bass fillets" table in Appendix for Finding 34 and 3.2 0.19
   Carlsbad Fish and Wildlife Office Technical Memorandum CFWO-EC-TM-04-01 in Appendix for Finding 33. 1.4 0.41

(3) From Lipid table to right using data from Exponent, 2003a. 0.9 0.26
1.8 0.44
1.4 0.2

Ave (%) 1.74 0.3
Ave (dec) 0.0174 0.003
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Craig Carlisle - Post-Remed Area Wt Averages Page 1

From: "Donald Macdonald" <Donald.Macdonald@noaa.gov>
To: Craig Carlisle <CCarlisle@waterboards.ca.gov>
Date: 6/2/2005 9:34:59 AM
Subject: Post-Remed Area Wt Averages

Craig,

The attached table contains the post-remediation area weighted averages 
for 5 organics and 9 metals for three different scenarios.  I chose to 
do multple scenarios because the post-remediation area weighted averages 
are highly dependent on the concentrations remaining in the remediated 
SMUs.  The basic approach for calculating the area weighted average was:

    1.  Determine the average concentration in each SMU;
    2.  Multiply the average concentration for each SMU by the its 
respected areal fraction;
         ( Avg Conc SMU) X (Area SMU/Total Area) =  Areal fraction 
concentration
    3.  Sum up the resulting values for all SMUs.

All three scenarios use the proposed dredge area of Scenario A5X from 
NOAA's memo dated 2/23/05.  The scenarios differ in the determination of 
the post-remediation average concentration in the remediated SMUs. The 
5X Criteria scenario assigned the 5X baseline criteria as the 
post-remediation average concentration in the remediated SMUs. The 5X 
Average scenario assigned either the 5X baseline criteria or the 
pre-remediation average concentration, whichever was lower, as the 
post-remediation average concentration in the remediated SMUs.  The 5X 
Baseline scenario assigned the baseline criteria as the post-remediation 
average concentration in the remediated SMUs.  In all scenarios the 
pre-remediation average concentration was used for all unremediated SMUs.

Because in many cases contaminant concentrations increase with depth the 
post-remediation average concnetration could actually be higher for some 
contaminants in some SMUs and this could result in an increase or no 
change in the area weighted average concentration for some contaminants 
following remediation.  This is demonstrated by the 5X Criteria scenario 
where post-remediation area weighted averages showing an increase are 
highlighted in red on the table while those remaining unchanged are 
highlighted in blue.

By having the post-remediation averages in the remediated SMUs meeting 
the baseline criteria, as in the 5X Baseline scenario, the 
post-remediation area weighted averages may either approach or meet 
(green highlight) the baseline criteria. In other words the baseline 
criteria could be said to have been achieved without dredging the entire 
study area.

Remember ALL numbers are only estimates based on specific assumptions 
stated here and in the previous NOAA memos.

                                                                         
      Don
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CC: Tom Alo <TAlo@waterboards.ca.gov>, Denise Klimas <Denise.Klimas@noaa.gov>, 
Benjamin Shorr <Benjamin.Shorr@noaa.gov>



Analyte
Before 

Remediation
5x 

Criteria
5X 

Average
5X 

Baseline
Before 

Remediation
5x 

Criteria
5X 

Average
5X 

Baseline
Before 

Remediation
5x 

Criteria
5X 

Average
5X 

Baseline Baseline ERL ERM
TBT 150 85 76 28 270 110 110 24 70 70 56 31 22

HPAH 2600 2500 1900 710 4100 3300 2500 690 1600 1900 1400 730 673 1700 9600
PPAH 4200 4500 3200 1300 6600 6100 4500 1300 2600 3400 2400 1300 1234 4022 44792

BAP 540 720 460 200 870 1000 660 210 340 550 330 190 202 430 1600
PCB 310 310 220 97 430 420 300 86 240 250 170 100 84 23 180

Arsenic 9.3 9.0 8.4 7.3 11 10 9.3 7.5 8.1 8.3 7.8 7.2 7.5 8.2 70
Cadmium 0.29 0.71 0.28 0.28 0.37 0.98 0.36 0.33 0.25 0.54 0.23 0.25 0.33 1.20 9.6

Chromium 51 67 51 52 59 81 59 57 46 59 46 48 57 81 370
Copper 190 180 160 120 250 200 180 120 150 160 140 130 121 34 270

Lead 74 78 70 55 91 90 82 53 64 72 62 55 53 47 218
Mercury 0.75 0.64 0.59 0.56 0.82 0.70 0.61 0.57 0.71 0.61 0.58 0.55 0.57 0.15 0.71

Nickel 15 17 13 13 16 20 16 15 14 15 12 13 15 21 51.6
Silver 0.94 1.3 0.93 0.99 1.1 1.5 1.1 1.1 0.85 1.1 0.83 0.93 1.10 1.00 3.7

Zinc 260 260 230 190 330 300 270 190 210 240 200 190 192 150 410

Study Area

The 5X Criteria values were calculated by assigning the appropriate 5X baseline criteria as the average SMU concentration post-remediation for all SMUs 
remediated under the scenario; SMUs not remediated retained their pre-remediation average concentration.

The 5X Average values were calculated by assigning either the appropriate 5X baseline criteria or the pre-remediation average, which ever was lower, as 
the average SMU concentration post-remediation for all SMUs remediated under the scenario; SMUs not remediated retained their pre-remediation average 
concentration.

The 5X Baseline values were calculated by assigning the appropriate baseline criteria as the average SMU concentration post-remediation for all SMUs 
remediated under the scenario; SMUs not remediated retained their pre-remediation average concentration.

Reference ValuesInside Leaseholds Outside Leaseholds

These area weighted averages are based on the A5X scenario  (see NOAA Memo 2/23/05) designated dredge area based on the footprint derived from the 
exceedance of the 5X baseline criteria for PCB, TBT, PPPAH and HMWPAH (accompaning Dredge Map) and were calculated based on the average 
concentration in each SMU before and after remeditation.

Red indicates an increase in area weighted 
average

Blue indicates no change in area weighted 
average

Green indicates an area weighted average 
equal to or less than baseline
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Site-Specific BSAFs for PCBs in Sand Bass Fillet
Study Area Total Solids f-solids Lipid f-lipid PCB Aroclors PCB Aroclors PCB Aroclors PCB Congeners PCB Congeners PCB Congeners

wet dry ppb wet ppm dry ppm/lipid ppb wet ppm dry ppm/lipid

Reference 20.1 0.201 0.3 0.0149 40 0.199004975 13.33333333 120 0.597014925 40
19.9 0.199 0.2 0.0101 12 0.060301508 6
20.5 0.205 0.4 0.0195 31 0.151219512 7.75 55 0.268292683 13.75
20 0.2 0.27 0.0135 19 0.095 7.037037037 40 0.2 14.81481481

20.8 0.208 0.48 0.0231 55 0.264423077 11.45833333 110 0.528846154 22.91666667

NASSCO 1 19.8 0.198 0.19 0.0096 27 0.136363636 14.21052632 27 0.136363636 14.21052632
19.7 0.197 0.41 0.0208 34 0.172588832 8.292682927 46 0.233502538 11.2195122
16.6 0.166 0.26 0.0157 38 0.228915663 14.61538462 68 0.409638554 26.15384615
21.7 0.217 0.44 0.0203 46 0.211981567 10.45454545 64 0.294930876 14.54545455
19.4 0.194 0.2 0.0103 18 0.092783505 9 17 0.087628866 8.5

NASSCO 2 20.7 0.207 0.46 0.0222 57 0.275362319 12.39130435 160 0.77294686 34.7826087
20.1 0.201 0.19 0.0095 40 0.199004975 21.05263158 76 0.378109453 40
20.1 0.201 0.11 0.0055 35 0.174129353 31.81818182 100 0.497512438 90.90909091
19.3 0.193 0.39 0.0202 27 0.139896373 6.923076923 51 0.264248705 13.07692308
19.7 0.197 0.28 0.0142 32 0.162436548 11.42857143 110 0.558375635 39.28571429

SWM 1 19.4 0.194 0.38 0.0196 27 0.139175258 7.105263158 50 0.257731959 13.15789474
19.8 0.198 0.26 0.0131 190 0.95959596 73.07692308 270 1.363636364 103.8461538
19.1 0.191 0.18 0.0094 69 0.361256545 38.33333333 55 0.287958115 30.55555556
19.5 0.195 0.17 0.0087 400 2.051282051 235.2941176 370 1.897435897 217.6470588
21.6 0.216 0.9 0.0417 140 0.648148148 15.55555556 220 1.018518519 24.44444444

SWM 2 18.3 0.183 0.15 0.0082 110 0.601092896 73.33333333 160 0.87431694 106.6666667
19.3 0.193 0.37 0.0192 69 0.357512953 18.64864865 63 0.32642487 17.02702703
18.7 0.187 0.25 0.0134 41 0.219251337 16.4 33 0.176470588 13.2
20.3 0.203 0.2 0.0099 41 0.201970443 20.5 120 0.591133005 60
19.7 0.197 0.27 0.0137 39 0.197969543 14.44444444 73 0.370558376 27.03703704

TISSUE
NASSCO Mean (ppm/lipid dry) 14.01869054 29.26836762

SWM Mean (ppm/lipid dry) 51.26916192 61.35818381

SEDIMENT
NASSCO Mean (ppm/toc dry) 26.123 15.348

SWM Mean (ppm/toc dry) 73.875 44.019

BSAF
NASSCO Mean 0.536641677 1.906982514

SWM Mean 0.693998808 1.393902265
Shipyard Site Mean 0.615320243 1.650442389
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Wildlife Risk-Based Sediment Screening 
Levels for the Shipyard Sediment Site
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The Carlsbad Fish and Wildlife Office (CFWO) prepared Technical Memorandum 
CFWO-EC-TM-04-01 to assist CFWO staff in identifying sites in San Diego Bay that 
may pose a potential risk to Fish and Wildlife Service trust resources due to the presence 
of pollutants in sediments (provided in the Appendix for Section 34).  The Technical 
Memorandum presents the results of initial efforts by CFWO to develop risk-based 
screening levels for San Diego Bay sediments including details on the process and data 
used to develop the levels.  While the Regional Board clearly understands that these 
levels are intended for screening purposes only, the 7-step process used by CFWO in 
deriving the levels is considered applicable for development of site-specific, risk-based 
sediment screening levels for the Shipyard Sediment Site. 
 
Based on the Tier II wildlife risk assessment results, as discussed in Section 25, the 
Regional Board determined that ingestion of prey caught within all four assessment units 
at the Shipyard Sediment Site poses a theoretical risk to the aquatic-dependent wildlife 
receptors of concern (excluding the sea lion).  The chemicals in prey tissue posing a risk 
include benzo[a]pyrene (BAP), total polychlorinated biphenyls (PCBs), copper, lead, 
mercury, and zinc.  Risk-based sediment screening levels for the Shipyard Sediment Site 
were developed for these contaminants using CFWO’s 7-step process.     
 
Step 1 – Identify receptors of concern. 
 
As discussed in Section 25, fish-eating marine birds and mammals, mollusk-eating birds, 
and sea grass-eating reptiles were identified as important groups of aquatic-dependent 
wildlife that could be at risk due to exposure to chemicals in prey species at the Shipyard 
Sediment Site (Exponent, 2003).  Six species have been identified as suitable 
representative receptors for assessing potential risk to these groups as approved by the 
Natural Resource Trustee Agencies (U.S. Fish and Wildlife, Department of Fish and 
Game, and National Oceanic and Atmospheric Administration).  The six species are 
shown below.  These receptors were selected based on characteristics such as their 
presence at the site, feeding habits, known adverse effects from exposure to 
bioaccumulative contaminants, the availability of ample life history information in the 
literature, and federal or state listings of species as threatened or endangered. 
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Receptor Scientific Name Representative of Comments 

California least tern Sterna antillarum 
brownie 

Marine birds that may 
feed on small fish 

Federal and California 
listed endangered 
species 

California brown 
pelican 

Pelecanus occidentalis 
californicus 

Marine birds that may 
feed on small- to 
medium-sized fish 

Federal and California 
listed endangered 
species 

Western grebe Aechmophorus 
occidentalis 

Diving marine birds that 
may feed on small fish  

Surf scoter Melanitta perspicillata Diving marine birds that 
may feed on mollusks  

California sea lion Zalophus californianus 
Marine mammals that 
may feed on medium-
sized fish 

 

East Pacific green turtle Chelonia mydas 
agassizii 

Marine reptiles that may 
feed on sea grasses 

Listed as threatened 
wherever found and 
listed as endangered in 
Florida and on the 
Pacific coast of Mexico 

    
 
Step 2 – Identify basic approaches for developing sediment cleanup levels. 
 
Combine benchmark toxicity values (i.e., daily contaminant dose rates, mg/kg-day) with 
literature-based exposure factors to establish contaminant concentrations in the receptor’s 
diet (mg/kg in the diet).  Then, use locally-derived (i.e., Shipyard Sediment Site) biota-to-
sediment accumulation factors (BSAFs) to back-calculate from the contaminant 
concentration in the diet to a corresponding cleanup level in sediment. 
 
 
Step 3 -  Develop equations for calculating cleanup levels. 
 
For organics: 
 

ppmsed = TRV / [(sediment ingestion rate) + (BSAF)(f-lipid/f-toc)(food ingestion rate) 
 
For inorganics (and organics for herbivorous receptors): 
 

ppmsed = TRV / [(sediment ingestion rate) + (BSAF)(food ingestion rate) 
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Step 4 – Identify literature-based benchmark toxicity values. 
 
The TRVs that were used to calculate the sediment screening levels are those presented in 
Technical Memorandum CFWO-EC-TM-04-01.     
 

 Birds Mammals 

Chemical Low TRV 
(mg/kg-day) 

High TRV 
(mg/kg-day) 

Low TRV 
(mg/kg-day) 

High TRV 
(mg/kg-day) 

Copper 2.3 52.3 2.67 632 
Lead 0.014 8.75 1.0 241 

Mercury 0.007 (n*), 
0.021 (p*) 0.018 0.018* 0.27 

Zinc 17.2 172 9.6 411 
Benzo[a]pyrene -- -- 1.31 32.8 
PCBs 0.09 1.27 0.36 1.28 

 
*  TRV-L is substituted with NOAELs derived from the same studies as those used by EPA Region 9 

BTAG, but using different uncertainty factors to address concerns about Service trust resources.  The 
NOAELs are recommended by USFWS (Zeeman, 2003).  Two values are recommended for avian 
receptors, one for piscivorous birds (p), such as terns and pelicans, and the other for non-piscivorous 
birds (n) such as scoter.   

 
 
Step 5 – Select literature-based wildlife exposure factors. 
 
Sediment screening levels are computed using equations that incorporate assumptions 
about how much food and sediment each species ingests per day from the area of 
concern.  The following food ingestion and sediment ingestion rates are those presented 
in Technical Memorandum CFWO-EC-TM-04-01. 
 

Receptor 
Food Ingestion Rate 

(kgfood/kgBW-d) 
dry weight 

Sediment Ingestion Rate 
(kgsed/kgBW-d) 

dry weight 
Surf Scoter 0.0757 0.0038 

Western Grebe 0.0743 0.0037 
Least Tern 0.2492 0.0050 

Brown Pelican 0.0812 0.0016 
Sea Lion 0.0238 0.00048 

Green Turtle 0.0047 0.00024 
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Step 6 – Derive biota-to-sediment accumulation factors (BSAFs) for sediments from 
the Shipyard Sediment Site. 
 
The following NASSCO and Southwest Marine BSAFs are those presented in 
Attachment B of Technical Memorandum CFWO-EC-TM-04-01.  Bivalve BSAFs are 
provided in Tables B6 and B7, demersal fish BSAFs are provided in Table B10, and 
eelgrass BSAFs are provided in Table B13.  
 
Bivalve BSAFs for inorganic analytes (kgsediment/kgtissue) 

 Cu Pb Hg Zn 
NASSCO 

mean 0.14 0.05 0.19 0.42 

SWM mean 0.09 0.03 0.11 0.28 
SY Sediment 

Site mean 0.12 0.04 0.15 0.35 

 
Bivalve BSAFs for organic analytes (kgtoc/kglipid) 

 f-lipid/f-
toc TPAH PCB 

Congeners 
PCB 

Aroclors 
PCB 

Homologs 
NASSCO 

mean 2.50 0.27 0.38 0.40 0.37 

SWM mean 2.21 0.27 0.40 0.41 0.42 
SY Sediment 

Site mean 2.355 0.27 0.39 0.405 0.395 

 
Demersal fish BSAFs for inorganic analytes (kgsediment/kgtissue) 

 Cu Pb Hg Zn 
NASSCO 

mean 0.019 0.009 0.660 0.194 

SWM mean 0.021 0.007 0.427 0.109 

SY Sediment 
Site mean 0.02 0.008 0.5435 0.1515 

 
Demersal fish BSAFs for organic analytes (kgtoc/kglipid) 

 f-lipid/f-
toc TPAH PCB 

Congeners 
PCB 

Aroclors 
PCB 

Homologs 
NASSCO 

mean 2.902 -- 3.379 2.144 2.689 

SWM mean 3.154 -- 0.690 0.688 0.526 
SY Sediment 

Site mean 3.028 -- 2.0345 1.416 1.6075 
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Eelgrass BSAFs for inorganic analytes (kgsediment/kgtissue) 

 Cu Pb Hg Zn 
NASSCO 

mean 2.016 0.365 0.538 1.834 

SWM mean 0.733 0.235 0.187 1.086 
SY Sediment 

Site mean 1.3745 0.3 0.3625 1.46 

 
Eelgrass BSAFs for organic analytes (kgtoc/kglipid) 

 f-lipid/f-
toc TPAH PCB 

Congeners 
PCB 

Aroclors 
PCB 

Homologs 
NASSCO 

mean not done 0.282 0.591 0.242 0.607 

SWM mean not done 0.117 0.038 0.056 0.035 
SY Sediment 

Site mean not done 0.1995 0.3145 0.149 0.321 

 
Step 7 – Develop sediment cleanup levels. 
Risk-based sediment screening levels were developed for the chemicals in prey tissue 
posing a theoretical risk to the receptors of concern (identified in Section 25) using the 
equations provided in Step 3 above.  The screening levels are shown in the table below 
and the calculations are attached.     
 

Risk-Based Sediment Screening Levels  
for Shipyard Sediment Site  

(mg/kg dry weight) Receptors Primary Contaminant 
Drivers (1) 

Low TRV-based High TRV-based 
Lead 6.22 3,890 

Mercury 0.15 0.39 
Total PCB Aroclors 0.26 3.63 

Brown Pelican 

Total PCB Congeners 0.18 2.53 
Lead 2.0 1,250 
Zinc 402 4,020 

Total PCB Aroclors 0.08 1.18 
Least Tern 

Total PCB Congeners 0.06 0.83 
Sea Lion NONE Not Applicable Not Applicable 

Copper 184 4,180 
Lead 2.05 1,280 Surf Scoter 

Benzo[a]pyrene See Footnote (2) See Footnote (2) 
Lead 3.26 2,040 

Total PCB Aroclors 0.28 3.94 Western Grebe 
Total PCB Congeners 0.20 2.75 

Green Turtle Lead 8.48 5,300 
(1) The primary contaminant driver(s) listed for each receptor of concern are those identified in Section 

25. 
(2) Risk-based screening levels for benzo[a]pyrene (BAP) could not be calculated because there are no 

BAP toxicity reference values available for birds. 



Aquatic Dependent Wildlife Risk-Based Screening Levels 
for the Shipyard Sediment Site (ppm dry-weight)

TRV-low 
(mg/kg-day)

TRV-high 
(mg/kg-day)

Sediment 
Ingestion Rate 
(kg/kgBW-day)

Food Ingestion 
Rate                        

(kg/kgBW-day)
BSAF 

(unitless)
f-lipid/toc 
(unitless)

Low TRV-based 
Cleanup Level                   

(mg/kg dry-weight)

High TRV-based 
Cleanup Level                

(mg/kg dry-weight)

Brown Pelican
Lead 0.014 8.75 0.0016 0.0812 0.008 -- 6.22E+00 3.89E+03
Mercury 0.007 0.018 0.0016 0.0812 0.5435 -- 1.53E-01 3.94E-01
Total PCB Aroclors 0.09 1.27 0.0016 0.0812 1.416 3.028 2.57E-01 3.63E+00
Total PCB Congeners 0.09 1.27 0.0016 0.0812 2.0345 3.028 1.79E-01 2.53E+00

Least Tern
Lead 0.014 8.75 0.005 0.2492 0.008 -- 2.00E+00 1.25E+03
Zinc 17.2 172 0.005 0.2492 0.1515 -- 4.02E+02 4.02E+03
Total PCB Aroclors 0.09 1.27 0.005 0.2492 1.416 3.028 8.38E-02 1.18E+00
Total PCB Congeners 0.09 1.27 0.005 0.2492 2.0345 3.028 5.84E-02 8.25E-01

Sea Lion
NONE -- -- -- -- -- -- Not Applicable Not Applicable

Surf Scoter
Copper 2.3 52.3 0.0038 0.0757 0.115 -- 1.84E+02 4.18E+03
Lead 0.014 8.75 0.0038 0.0757 0.04 -- 2.05E+00 1.28E+03
Benzo[a]pyrene Not Available Not Available 0.0038 0.0757 -- #VALUE! #VALUE!

Western Grebe
Lead 0.014 8.75 0.0037 0.0743 0.008 -- 3.26E+00 2.04E+03
Total PCB Aroclors 0.09 1.27 0.0037 0.0743 1.416 3.028 2.79E-01 3.94E+00
Total PCB Congeners 0.09 1.27 0.0037 0.0743 2.0345 3.028 1.95E-01 2.75E+00

Green Turtle
Lead 0.014 8.75 0.00024 0.0047 0.3 -- 8.48E+00 5.30E+03




