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MEMORANDUM  
  
To:  Elly Hale, EPA 
From: Windward on behalf of LDWG 
Subject: LDW pre-design studies: fish and crab compositing plan  
Date: October 13, 2017 
  

Fish and crab were collected throughout the Lower Duwamish Waterway (LDW) from 
August 29 to September 5, 2017, as described in the approved quality assurance project 
plan (QAPP). This memorandum presents the compositing plan for the collected fish 
and crab for approval by the US Environmental Protection Agency (EPA). The available 
field data for all of the individual fish and crab, as well as maps of the fish trawls and 
crab traps, are provided in Attachment A. 

The target and actual numbers of fish and crab collected in each reach of the LDW are 
summarized in Table 1. Target numbers of all species were collected, with the exception 
of Dungeness crab. In the QAPP, graceful crab was identified as a surrogate species for 
Dungeness crab. As there were very few Dungeness crabs collected, it was determined 
in consultation with EPA that the analysis of graceful crab composites would be 
necessary. Sufficient graceful crabs were collected in both reaches (Table 1).  

Table 1. Target and actual numbers of target species by reach 

Speciesa Size (cm) 
Reach 1 Reach 2 

Target Actual Target Actual 
English sole ≥ 20b 60 60c 60 70 

Shiner surfperch ≥ 8 90d 120e 90d 120e 

Dungeness crab ≥ 9 30 1 30 8 

Graceful crab 
(alternate species) ≥ 9 42 56e 42 56e 

a In addition to the target species listed, starry flounders were collected as a potential surrogate species for 
English sole, and sand soles were collected for archiving by King County. 

b English sole from 17 to 20 cm in length were also collected for potential inclusion if insufficient English soles 
≥ 20 cm in length were collected. 

c Two English soles from the 17–20-cm group (one 19.4 and one 19.9 cm) were included, total, for Reach 1. 
d Shiner surfperch was collected within four subreaches. Each reach contains two subreaches, each with a target 

of 45 individuals. 
e Additional shiner surfperch and graceful crab were collected for archival.  
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With respect to English sole in Reach 1, the total number of individuals in the ≥ 20-cm 
size class was 58. Two English soles from the 17–20-cm size class (one 19.4 and one 
19.9 cm) were included in the composite samples to meet the target number of 60. The 
inclusion of these fish was discussed with EPA and did not affect the composite 
characteristics (see following section). 

ENGLISH SOLE AND SHINER SURFPERCH COMPOSITES 
The composites for English sole and shiner surfperch are summarized in this section. 
The English sole composites represent two reaches, and the shiner surfperch composites 
represent four subreaches, per the QAPP. The composites have been created to have 
comparable fish sizes (English sole and shiner surfperch) and gender compositions 
(English sole only). In order to represent the spatial extent of the reach or subreach, each 
composite contains individuals collected from different trawls distributed throughout 
the reach or subreach. 

Six composites of 10 English sole each have been selected for both Reach 1 and Reach 2, 
for a total of 12 English sole composites (Table 2). The same 10 fish for each composite 
will be used to create both a fillet composite and a remainder composite, the latter of 
which will be used with the fillet composite to calculate whole-body concentrations. 
The average lengths and masses and gender compositions of all the composites are 
similar within each reach.  

The English sole collected in Reach 2 were generally heavier than those collected in 
Reach 1. This difference is reflected in the average masses of the Reach 2 composites, 
which are greater than the average masses of the Reach 1 composites. Also, more male 
fish were collected in Reach 1, as reflected in the composite samples (Table 2). 
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Table 2. English sole composites  

Sample ID 
Individuals per 

Composite 
Mass (g) Length (cm) No. of 

Males  
No. of  

Females  Min. Max. Average Min. Max. Average 
Reach 1          

LDW17-R1-ESFL-comp01 
LDW17-R1-ESRM-comp01 

10 74 272 163 20.1 29.1 24.7 8 2 

LDW17-R1-ESFL-comp02 
LDW17-R1-ESRM-comp02 

10 100 208 160 20.4 27.0 24.2 8 2 

LDW17-R1-ESFL-comp03 
LDW17-R1-ESRM-comp03 

10 80 248 173 19.4 28.4 25.0 7 3 

LDW17-R1-ESFL-comp04 
LDW17-R1-ESRM-comp04 

10 73 440 171 20.0 34.9 25.0 8 2 

LDW17-R1-ESFL-comp05    
LDW17-R1-ESRM-comp05 

10 90 340 175 20.1 29.9 25.0 6 4 

LDW17-R1-ESFL-comp06 
LDW17-R1-ESRM-comp06 

10 78 616 185 19.9 35.3 24.2 7 3 

Reach 2          

LDW17-R2-ESFL-comp01 
LDW17-R2-ESRM-comp01 

10 108 450 224 20.9 36.8 26.6 5 5 

LDW17-R2-ESFL-comp02 
LDW17-R2-ESRM-comp02 

10 82 456 192 20.3 33.4 25.5 6 4 

LDW17-R2-ESFL-comp03 
LDW17-R2-ESRM-comp03 

10 103 382 220 21.4 32.0 26.8 5 5 

LDW17-R2-ESFL-comp04 
LDW17-R2-ESRM-comp04 

10 92 536 269 20.8 36.8 27.9 4 6 

LDW17-R2-ESFL-comp05 
LDW17-R2-ESRM-comp05 

10 80 448 227 20.4 36.0 25.7 6 4 

LDW17-R2-ESFL-comp06 
LDW17-R2-ESRM-comp06 

10 81 749 208 20.0 40.6 25.9 5 5 

Sample ID key: ESFL – English sole fillet, ESRM – English sole remainder 
ID - identification 
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Three composites of 15 shiner surfperch each have been selected for each of the four 
subreaches sampled (Table 3). The shiner surfperch composites will be homogenized to 
create whole-body composites for analysis. The composites for each of the subreaches 
are very similar in average mass and length. The shiner surfperch collected were 
generally similar in size among subreaches; the largest surfperch was collected in 
Subreach 2A and the smallest surfperch was collected in Subreach 1A.    

Table 3. Shiner surfperch tissue composites 

Sample ID 

Individuals 
per 

Composite 

Mass (g) Length (cm) 

Min. Max. Average Min. Max. Average 
Subreach 1A        

LDW17-1A-SSWB-comp01 15 10 26 17 9.4 12.0 10.9 

LDW17-1A-SSWB-comp02 15 8 30 16 9.2 13.0 10.6 

LDW17-1A-SSWB-comp03 15 8 22 15 9.6 12.0 10.5 

Subreach 1B        

LDW17-1B-SSWB-comp01 15 12 34 20 9.6 13.5 11.3 

LDW17-1B-SSWB-comp02 15 12 28 17 9.3 12.7 10.7 

LDW17-1B-SSWB-comp03 15 8 29 17 9.3 11.8 10.7 

Subreach 2A        

LDW17-2A-SSWB-comp01 15 16 48 26 11.0 15.3 12.3 

LDW17-2A-SSWB-comp02 15 16 32 23 10.3 14.2 12.1 

LDW17-2A-SSWB-comp03 15 10 34 22 11.2 12.8 12.0 

Subreach 2B        

LDW17-2B-SSWB-comp01 15 10 26 19 10.0 12.5 11.3 

LDW17-2B-SSWB-comp02 15 12 24 17 10.5 11.9 11.1 

LDW17-2B-SSWB-comp03 15 14 30 19 9.8 12.8 11.1 

Sample ID key: SSWB – shiner surfperch whole body 
ID – identification 

CRAB COMPOSITES 
Dungeness crab was the target crab species, and graceful crab was the surrogate species 
to be collected if there were insufficient numbers of Dungeness crab. Very few 
Dungeness crabs were collected, so graceful crab was used as the surrogate species. 

Graceful crab are expected to be a good surrogate for Dungeness crab, based on their 
foraging behavior and range, and as supported by Washington Fish and Wildlife crab 
experts. The life expectancy for graceful crab is much shorter than for Dungeness crab (3  
to 6 years as compared to 6 to 8 years) and they may differ in other ways due to 
physical characteristics.  The degree of trophic similarity between graceful and 
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Dungeness crabs will be evaluated through nitrogen and carbon stable isotope analysis 
of the crab edible meat composite samples of both species. Stable nitrogen isotopic 
signatures supply information about the trophic position and diet of consumers 
(Peterson and Fry 1987; Fry 1988; Peterson et al. 1985), while stable carbon isotopic 
signatures help distinguish among food webs based on different types of primary 
producers, or the location where consumers feed along a salinity gradient (e.g., Stewart 
et al. 2004; France 1995). Stable isotope plots will be used to assess the trophic similarity 
between the Dungeness and graceful crabs collected in the LDW. These data will be 
used as a line of evidence in determining the comparability of the data from these two 
species. 

For chemical analysis, there are two types of composites for crab: edible meat and 
hepatopancreas. From each of the two reaches, six graceful crab edible meat composite 
samples and three hepatopancreas composite samples have been selected for analysis of 
the analytes specified in the QAPP. The edible meat composites will each contain seven 
graceful crabs. The hepatopancreas composites each contain 14 graceful crabs. The 
results from the edible meat and hepatopancreas composite samples will be used to 
calculate graceful crab whole-body concentrations.  

In addition to the graceful crab composites, three site-wide composites of edible meat 
and three site-wide composites of hepatopancreas with three Dungeness crabs each will 
be analyzed for PCB congeners and dioxins and furans. While not required by the 
QAPP, these samples are being analyzed because Dungeness crab are preferred relative 
to graceful crab for human consumption.  

PCB congeners and dioxins and furans are the only chemicals of concern (COCs) with 
crab tissue target tissue levels (TTLs) for human health. Three Dungeness crabs will 
provide sufficient tissue mass for these analyses in both edible meat and 
hepatopancreas samples; the same three crabs will create an edible meat and a 
corresponding hepatopancreas composite sample. The eight Dungeness crabs collected 
from Reach 2 and the one Dungeness crab collected from Reach 1 will be combined in 
the composites because the crab home range is believed to be greater than a single reach 
based on existing data.  

Crab edible meat composites are summarized in Table 4 and hepatopancreas 
composites are summarized in Table 5.  The compositing scheme results in a balanced 
set of composites with respect to crab masses and lengths, and includes input from EPA 
regarding spatial coverage. 
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Table 4. Crab edible meat composites  

Sample ID 

Individuals 
per 

Composite 

Mass (g) Length (cm) 

Min. Max. Average Min. Max. Average 
Graceful crabs        
Reach 1        
LDW17-R1-GCEM-comp01 7 180 265 210 95 111 101 

LDW17-R1-GCEM-comp02 7 175 271 203 96 106 99 

LDW17-R1-GCEM-comp03 7 169 227 195 92 103 98 

LDW17-R1-GCEM-comp04 7 173 258 201 90 105 99 

LDW17-R1-GCEM-comp05 7 173 238 202 94 103 98 

LDW17-R1-GCEM-comp06 7 141 267 205 90 109 100 

Reach 2        
LDW17-R2-GCEM-comp01 7 157 212 183 93 103 96 

LDW17-R2-GCEM-comp02 7 164 220 182 92 108 97 

LDW17-R2-GCEM-comp03 7 137 244 188 93 107 100 

LDW17-R2-GCEM-comp04 7 139 252 184 93 108 99 

LDW17-R2-GCEM-comp05 7 146 290 184 93 100 96 

LDW17-R2-GCEM-comp06 7 149 222 185 91 105 99 

Dungeness crabs        
LDW17-DCEM-comp01 3 296 832 636 125 184 162 

LDW17-DCEM-comp02 3 538 728 640 156 175 168 

LDW17-DCEM-comp03 3 580 893 689 161 184 170 

Sample ID key: GCEM – graceful crab edible meat, DCEM – Dungeness crab edible meat 
ID – identification 

Table 5. Crab hepatopancreas composites 

Sample ID Count 
Mass (g) Length (cm) 

Min. Max. Average Min. Max. Average 
Graceful crabs        
Reach 1        
LDW17-R1-GCHP-comp01 14 175 271 207 9.5 11.1 9.9 

LDW17-R1-GCHP-comp02 14 169 258 198 9.2 10.5 9.8 

LDW17-R1-GCHP-comp03 14 141 267 203 9.0 10.9 9.9 

Reach 2        
LDW17-R2-GCHP-comp01 14 157 220 182 9.2 10.8 9.7 

LDW17-R2-GCHP-comp02 14 137 252 186 9.3 10.8 9.9 

LDW17-R2-GCHP-comp03 14 146 222 184 9.1 10.5 9.7 

Dungeness crabs        

LDW17-DCHP-comp01 3 296 832 636 125 184 162 

LDW17-DCHP-comp02 3 538 728 640 156 175 168 

LDW17-DCHP-comp03 3 580 893 689 161 184 170 
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Bold indicates Dungeness crab samples. 
Sample ID key: GCHP – graceful crab hepatopancreas, DCHP – Dungeness crab hepatopancreas 
ID – identification 
 



Lower Duwamish Waterway Fish and Crab Tissue Homogenization.  
 
 
Revised 18-Jan-2018 to include a page of the original chain of custody that was 
inadvertently omitted from the data package. 
 
Revised 07-Dec-2017 to correct the client sample IDs for SGS-AXYS samples L28215-34 
through L28215-38. These corrections were made to the table below, the SGS-AXYS 
sample login report and in the LIMS system so that all data reported will reflect the 
corrected sample IDs documented here. 
 
Revised 05-Dec-2017 to include the documentation for the Shiner surf perch (L28215-28 to 
L28215-39). These were inadvertently omitted from the original submission. 
 
All samples were received frozen and maintained frozen prior to and after homogenization. 
See sample receiving documents for details.  
 
Samples were processed (composited and homogenized) following SGS-AXYS’ SOPs, and 
the Lower Duwamish Waterway Group Baseline Fish and Crab Tissue Collection and 
Chemical Analyses - Quality Assurance Project Plan. Key to this was the requirement to 
prepare the fillet composites, carcass remainder composites and whole fish composites by 
taking equal portions of each of the individual specimens. Crab and hepatopancreas 
composites did not require equal portions of the individuals. All weights, dates of processing, 
equipment used and subsamples prepared are documented in the records in this package. 
 
Samples were received as whole specimens. Fillet and remainder samples and crab edible 
meat and hepatopancreas samples were created during homogenization. Each composite 
was logged into the laboratory system as follows: 
 

Client ID SGS-Axys ID Sample Type 
LDW17-R1-ESFL-comp01 L28215-1 English sole fillet 
LDW17-R1-ESFL-comp02 L28215-2 English sole fillet 
LDW17-R1-ESFL-comp03 L28215-3 English sole fillet 
LDW17-R1-ESFL-comp04 L28215-4 English sole fillet 
LDW17-R1-ESFL-comp05 L28215-5 English sole fillet 
LDW17-R1-ESFL-comp06 L28215-6 English sole fillet 
LDW17-R2-ESFL-comp01 L28215-7 English sole fillet 
LDW17-R2-ESFL-comp02 L28215-8 English sole fillet 
LDW17-R2-ESFL-comp03 L28215-9 English sole fillet 
LDW17-R2-ESFL-comp04 L28215-10 English sole fillet 
LDW17-R2-ESFL-comp05 L28215-11 English sole fillet 
LDW17-R2-ESFL-comp06 L28215-12 English sole fillet 
LDW17-R1-GCEM-comp01 L28215-13 Graceful crab edible meat 
LDW17-R1-GCEM-comp02 L28215-14 Graceful crab edible meat 
LDW17-R1-GCEM-comp03 L28215-15 Graceful crab edible meat 
LDW17-R1-GCEM-comp04 L28215-16 Graceful crab edible meat 
LDW17-R1-GCEM-comp05 L28215-17 Graceful crab edible meat 
LDW17-R1-GCEM-comp06 L28215-18 Graceful crab edible meat 
LDW17-R2-GCEM-comp01 L28215-19 Graceful crab edible meat 

www.axysanalytical.com
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LDW17-R2-GCEM-comp02 L28215-20 Graceful crab edible meat 
LDW17-R2-GCEM-comp03 L28215-21 Graceful crab edible meat 
LDW17-R2-GCEM-comp04 L28215-22 Graceful crab edible meat 
LDW17-R2-GCEM-comp05 L28215-23 Graceful crab edible meat 
LDW17-R2-GCEM-comp06 L28215-24 Graceful crab edible meat 
LDW17-DCEM-comp01 L28215-25 Dungeness crab edible meat 
LDW17-DCEM-comp02 L28215-26 Dungeness crab edible meat 
LDW17-DCEM-comp03 L28215-27 Dungeness crab edible meat 
LDW17-R1a-SS-comp01 L28215-28 Shiner surf perch whole body 
LDW17-R1a-SS-comp02 L28215-29 Shiner surf perch whole body 
LDW17-R1a-SS-comp03 L28215-30 Shiner surf perch whole body 
LDW17-R1b-SS-comp01 L28215-31 Shiner surf perch whole body 
LDW17-R1b-SS-comp02 L28215-32 Shiner surf perch whole body 
LDW17-R1b-SS-comp03 L28215-33 Shiner surf perch whole body 
LDW17-R2b-SS-comp01 L28215-34 Shiner surf perch whole body 
LDW17-R2b-SS-comp02 L28215-35 Shiner surf perch whole body 
LDW17-R2a-SS-comp01 L28215-36 Shiner surf perch whole body 
LDW17-R2a-SS-comp02 L28215-37 Shiner surf perch whole body 
LDW17-R2a-SS-comp03 L28215-38 Shiner surf perch whole body 
LDW17-R2b-SS-comp03 L28215-39 Shiner surf perch whole body 
R2-GC-bag1 L28215-40 unused 
R2-GC-bag2 L28215-41 unused 
R2-GC-bag3 L28215-42 unused 
R2-GC-bag4 L28215-43 unused 
LDW17-R1-ESRM-comp01 L28258-1 English sole remainder 
LDW17-R1-ESRM-comp02 L28258-2 English sole remainder 
LDW17-R1-ESRM-comp03 L28258-3 English sole remainder 
LDW17-R1-ESRM-comp04 L28258-4 English sole remainder 
LDW17-R1-ESRM-comp05 L28258-5 English sole remainder 
LDW17-R1-ESRM-comp06 L28258-6 English sole remainder 
LDW17-R2-ESRM-comp01 L28258-7 English sole remainder 
LDW17-R2-ESRM-comp02 L28258-8 English sole remainder 
LDW17-R2-ESRM-comp03 L28258-9 English sole remainder 
LDW17-R2-ESRM-comp04 L28258-10 English sole remainder 
LDW17-R2-ESRM-comp05 L28258-11 English sole remainder 
LDW17-R2-ESRM-comp06 L28258-12 English sole remainder 
LDW17-R1-GCHP-comp01 L28417-1 Graceful crab hepatopancreas 
LDW17-R1-GCHP-comp02 L28417-2 Graceful crab hepatopancreas 
LDW17-R1-GCHP-comp03 L28417-3 Graceful crab hepatopancreas 
LDW17-R2-GCHP-comp01 L28417-4 Graceful crab hepatopancreas 
LDW17-R2-GCHP-comp02 L28417-5 Graceful crab hepatopancreas 
LDW17-R2-GCHP-comp03 L28417-6 Graceful crab hepatopancreas 
LDW17-DCHP-comp01 L28417-7 Dungeness crab hepatopancreas 
LDW17-DCHP-comp02 L28417-8 Dungeness crab hepatopancreas 
LDW17-DCHP-comp03 L28417-9 Dungeness crab hepatopancreas 
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