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1.0  INTRODUCTION 

 
 
Northwestern Aquatic Sciences (NAS), Newport, Oregon was contracted by Windward 
Environmental LLC to conduct amphipod and polychaete bioassays of sediments collected from 
the Lower Duwamish Waterway in January 2005.  NAS is a State of Washington accredited 
laboratory (Lab accreditation number C042, expiration: 30 September 2005) and is certified to 
perform amphipod and polychaete tests using the Puget Sound Estuary Program (PSEP 1995) 
protocols.  A copy of NAS’ accreditation certificate and Scope of Accreditation appears in 
Appendix 1. 
 
This report summarizes the Quality Assurance/Quality Control (QA/QC) evaluations of the first 
of two rounds of amphipod (Eohaustorius estuarius) and polychaete (Neanthes arenaceodentata) 
bioassays of sediments collected from the Lower Duwamish Waterway in January 2005.  Testing 
during Round 1 was completed in three test batches; these were initiated on 3, 8 and 11 March 
2005, respectively. 
 
The QA steps taken to ensure high quality data and maximum data completeness before, during 
and after this round of testing are described in this report.  Major QA tasks by Dinnel Marine 
Resources (DMR) included the following: 

 
• A pre-test review of NAS’ Standard Operating Procedures (SOPs) 
• Pre-test coordination with NAS and Windward Environmental 
• An initial evaluation of all data for completeness, correct data entries, and accurate 

transcription to electronic formats 
• A final QA evaluation of overall data quality and usability (this report) 

 
 
 

2.0  QUALITY ASSURANCE AUDIT RESULTS 
 
 
2.1  LABORATORY PROTOCOLS AND SOPs 
 
The PSEP protocols (PSEP 1995) for conducting amphipod and polychaete bioassays and NAS’ 
laboratory SOPs (NAS-XXX-EE4, Rev. 3 and NAS-XXX-NA4, Rev. 4) for the Eohaustorius 
and Neanthes tests were reviewed in detail prior to the initiation of testing.  NAS’ SOPs were in 
excellent condition, and no changes were needed other than the addition of some project-specific 
provisions requested by Windward Environmental.  A letter detailing the project-specific test 
provisions was sent to NAS on 23 February 2005 (Appendix 2). 
2.2  TEST-IN-PROGRESS AUDITS 
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An unannounced test-in-progress audit of all three batches of tests was conducted by Dr. Paul 
Dinnel on 11 March 2005 (two of each test type in progress, two others being set up).  All PSEP 
and project-specific protocol provisions were being followed without any apparent deviations.  
Completed test-in-progress audit checklists for the amphipod and polychaete bioassays appear in 
Appendix 3. 
 
2.3  INITIAL DATA EVALUATIONS 
 
All raw data forms and electronic database files were reviewed for completeness and fidelity of 
transcription to electronic formats.  A 100% check was made of all data entered into NAS’ 
internal electronic database.  All errors, omissions, clarifications, or changes needed to NAS’ 
draft report were documented and communicated to NAS.  A copy of the initial data evaluation 
report to NAS appears in Appendix 4.  All needed corrections to the data report were made by 
NAS and subsequently verified by DMR (see NAS response letter in Appendix 4). 
 
PSEP (1995) water quality assurance parameters were primarily used for QA assessments of the 
sediment tests.  Where specific values were lacking in PSEP, PSDDA (1994) values were used.  
These values are summarized in Table 1 for the Eohaustorius and Neanthes tests.  Note that 
these protocol provisions have occasionally been modified via clarification and issue papers 
prepared by the U.S. Army Corps of Engineers (USACOE) and the other relevant sediment 
management agencies (USACOE 1991-2005). 
 
 
2.4  FINAL QA EVALUATION OF OVERALL DATA QUALITY AND USABILITY  
 
Following corrections to the data reports by NAS personnel, a 100% check was made to verify 
each correction.  Following this, an overall evaluation of data completeness and quality was 
accomplished (this report).  Conclusions regarding data completeness and quality follow below. 
 
 
2.4.1  Chain of Custody and Sample Holding 
 
All chain of custody protocols were properly observed in transfers of sediment samples from 
Windward Environmental to NAS.  The test and reference sediments were stored at 4° C in a 
locked cold room until testing was initiated.  If samples contained significant headspaces, these 
head spaces were purged of air with nitrogen gas prior to storage. 
 
 
 
 
 
 
Table 1.  PSEP (1995) and PSDDA (1994) water quality assurance parameters for the 

Eohaustorius and Neanthes tests, as occasionally modified by USACOE 
clarification and issue papers. 
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   Parameter        Eohaustorius        Neanthes           
 
Temperature, °C              14 – 16         19 - 21 
 
Salinity, ppt                     Ambient         28 – 35 (PSDDA) 
        Interstitial*         26 – 30 (PSEP) 
 
Dissolved oxygen, mg/liter               >4.0           >4.5     
 
pH                   7 – 9           7 - 9 
 
Total Ammonia, mg/liter                60**           ≤10*** 

10-20*** 
Total Sulfide, mg/liter               0.5#           3.4*** 

 
* A project-specific salinity of 28 ± 1 ppt was chosen for the Eohaustorius tests 
** U.S. EPA No Effect Concentration (EPA 1994) (Discussed in Barton 2002) 
*** DMMP No effects (≤10) and possible minor effects (10-20) thresholds (Kendall and      

Barton 2004) 
# Based on values for Rhepoxynius and Ampelisca 
 
 
2.4.2  Eohaustorius Test 725-1 
 
1.  A Eohaustorius estuarius bioassay was conducted on 13 Lower Duwamish River sediment 

samples, plus 3 reference sediments.  A negative control, and two positive (toxic) controls 
with cadmium and ammonia were run concurrently with the Lower Duwamish test sediments. 

 
2.  Testing was initiated within 46 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with no protocol deviations and one water quality deviation.  

Beginning on Day 5, several overlying water salinity measurements exceeded the project-
specific guideline of 28 ± 1 ppt, with the maximum measured value being 30.5 ppt.  These 
minor salinity deviations are probably of no concern for two reasons: 1) the PSEP/PSDDA 
protocol guidelines for salinity are vague for Eohaustorius (use interstitial salinity of the test 
animal collection site) and 2) percent effective mortality in the control and reference 
sediments were all <10%.  Note:  the test animals were gradually acclimated to 28 ppt salinity 
following their collection from Yaquina Bay, where the interstitial salinity at the time of 
collection was 29 ppt. 
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4.  The reference toxicant 50% Lethal Concentration (LC50) for the cadmium test was 2.04 
mg/liter.  This result was within NAS’ control chart warning limits of 0.56 – 5.89 mg Cd/liter.  
The ammonia EC50 was 101 mg/liter total ammonia.  This result was within NAS’ control 
chart warning limits of 82.7 – 191 mg/liter total ammonia. 

 
5.  Negative control mean mortality (2.0 %) was  <10% for this test and thus acceptable by 

present PSEP and PSDDA criteria.  The mean mortality responses for the reference sediments 
ranged from 1.0 to 7.0 %, which were within the PSDDA limit of ≤ 25 %.   

 
6.  The maximum ammonia concentration measured in the overlying water during this test in any 

one sample was 13.4 mg/liter total ammonia.  This is well below the EPA NOEC threshold 
concentration of 60 mg/liter and well below NAS’ reference toxicant test LC50 of 101  
mg/liter.  Thus, ammonia concentrations were not high enough to cause significant stresses in 
this test. 

 
7.  No sulfides were detected in any of the test sample overlying waters (detection limit 0.02 

mg/liter).  Thus, sulfide levels in this test were not high enough to interfere. 
 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 16 (plus control) samples tested with Eohaustorius was >99 %. 
 
10.  Final QA determination:  All data are of excellent quality and fully usable for any purpose. 
 
Table 2.  Summary of Eohaustorius Test 725-1. 
 
Eohaustorius estuarius, 4 -14 March 2005: 

Number of test samples, including reference sediments:  16 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?:  No 
Average negative control mortality:  2.0 % 
Average reference sediment mortality ≤ 25 % ?: Yes 
Reference toxicant LC50:  2.04 mg/liter cadmium and 101 mg/liter total ammonia.  These 

values are within NAS’ control chart warning limits. 
Water quality parameter deviations: Salinity in some beakers was as high as 30.5 ppt from 

Day 5 to Day 10.  These minor salinity deviations did not appear to affect the results of 
this test. 

Ammonia and sulfide concentrations < critical limits?:  Yes, for both ammonia and sulfide. 
 
QA reviewer conclusion:  All data are of excellent quality and fully usable for any purpose. 
2.4.3  Eohaustorius Test 725-3 
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1.  A Eohaustorius estuarius bioassay was conducted on 13 Lower Duwamish River sediment 
samples, plus 3 reference sediments.  A negative control, and two positive (toxic) controls 
with cadmium and ammonia were run concurrently with the Lower Duwamish test sediments. 

 
2.  Testing was initiated within 48 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with one protocol deviation and two water quality deviations. The 

protocol deviation was that the test water was three days old, slightly exceeding the ≤ 2 days 
specified in the protocol.  The water quality deviations were: 

 
• Day zero overlying water salinity was slightly below the project-specified 28.0 ± 1.0 ppt 

by up to 1 ppt for samples 9781F, 9822F, and 9827F.  All three of these sediments had 
low interstitial salinity (5-9 ppt), and the slightly low overlying water salinity was 
attributed to the salinity adjustment procedure used for these sediments. 

 
• Beginning on Day 3, several overlying water salinity measurements exceeded the project-

specified salinity range by up to 2.5 ppt. 
 

None of these protocol or water quality deviations are deemed to be significant.  Eohaustorius 
is tolerant of a wide range of salinities (it is the recommended amphipod species for tests 
where salinities are <25 ppt), the control/reference sediment mortalities were very low (< 10 
%) and mean daily emergence values were also very low (< 2). 

 
4.  The reference toxicant 50% Lethal Concentration (LC50) for the cadmium test was 3.47 

mg/liter.  This result was within NAS’ control chart warning limits of 0.43 – 5.84 mg Cd/liter.  
The ammonia LC50 was 151 mg/liter total ammonia.  This result was within NAS’ control 
chart warning limits of 75.4 – 188 mg/liter total ammonia. 

 
5.  Negative control mean mortality (2.0 %) was <10% for this test and thus acceptable by 

present PSEP and PSDDA criteria.  The mean mortality responses for the reference sediments 
ranged from 0 to 7.0 %, which were within the PSDDA limit of ≤ 25 %.   

 
6.  The maximum ammonia concentration measured in the overlying water during this test in any 

one sample was 4.2 mg/liter total ammonia.  This is well below the EPA NOEC threshold 
concentration of 60 mg/liter and well below NAS’ reference toxicant test LC50 of 151  
mg/liter.  Thus, ammonia concentrations were not high enough to cause significant stresses in 
this test. 

 
7.  The maximum sulfide concentration measured in overlying water during the test in any one 

sample was 0.18 mg/liter.  This is well below the limit of 0.5 mg/liter set by PSDDA/PSEP 
(based on two other amphipod species).  Thus, sulfide levels in this test were probably not 
high enough to interfere. 
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8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 16 (plus control) samples tested with Eohaustorius was >99 %. 
 
10.  Final QA determination:  All data are of excellent quality and fully usable for any purpose. 
 
 
Table 3.  Summary of Eohaustorius Test 725-3. 
 
 
Eohaustorius estuarius, 8 -18 March 2005: 

Number of test samples, including reference sediments:  16 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?:  Yes.  Age of test water was 3 days instead of ≤ 2 days 
Average negative control mortality:  2.0 % 
Average reference sediment mortality ≤ 25 % ?: Yes 
Reference toxicant LC50:  3.47 mg/liter cadmium and 151 mg/liter total ammonia.  These 

values are within NAS’ control chart warning limits. 
Water quality parameter deviations: Salinity in some beakers was up to 2.5 ppt high or low 

during the test and the test water was 3 days old instead of ≤ 2 days.  These minor salinity 
and water age deviations did not appear to affect the results of this test. 

Ammonia and sulfide concentrations < critical limits?:  Yes, for both ammonia and sulfide. 
 
QA reviewer conclusion:  All data are of excellent quality and fully usable for any purpose.  

The slight salinity and water age deviations are deemed insignificant. 
 
 
2.4.4  Eohaustorius Test 725-5 
 
1.  A Eohaustorius estuarius bioassay was conducted on 1 Lower Duwamish River sediment 

sample, plus 1 reference sediment.  A negative control, and two positive (toxic) controls with 
cadmium and ammonia were run concurrently with the Lower Duwamish test sediment. 

 
2.  Testing was initiated 49 days following sediment collection, which was within the 8 week 

limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with no protocol deviations and one water quality deviation.  The 

water quality deviation was that on Days 7-10, several overlying salinity measurements 
exceeded the project-specified 28.0 ± 1.0 ppt by up to 1.5 ppt. 

 
4.  The reference toxicant 50% Lethal Concentration (LC50) for the cadmium test was 2.27 

mg/liter.  This result was within NAS’ control chart warning limits of 0.51 – 5.87 mg Cd/liter.  
The ammonia LC50 was 226 mg/liter total ammonia.  This result exceeded NAS’ control 
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chart warning limits of 80.3 – 188 mg/liter total ammonia.  However, NAS’ ammonia control 
chart for Eohaustorius only had 8 data points; thus, variability may be somewhat greater than 
presently indicated. 

 
5.  Negative control mean mortality (1.0 %) was <10% for this test and thus acceptable by 

present PSEP and PSDDA criteria.  The mean mortality response for the reference sediment 
was 5.0 %, which was within the PSDDA limit of ≤ 25 %.   

 
6.  The maximum ammonia concentration measured in the overlying water during this test in any 

one sample was 22.5 mg/liter total ammonia.  This is well below the EPA NOEC threshold 
concentration of 60 mg/liter and well below NAS’ reference toxicant test LC50 of 226  
mg/liter.  Thus, ammonia concentrations were not high enough to cause significant stresses in 
this test. 

 
7.  No sulfides were detected in any of the test sample overlying waters (detection limit 0.02 

mg/liter).  Thus, sulfide levels in this test were not high enough to interfere. 
 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 2 (plus control) samples tested with Eohaustorius was 100 %. 
 
10.  Final QA determination:  All data are of excellent quality and fully usable for any purpose. 
 
 
Table 4.  Summary of Eohaustorius Test 725-5. 
 
 
Eohaustorius estuarius, 11 - 21 March 2005: 

Number of test samples, including reference sediments:  2 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?:  No 
Average negative control mortality:  1.0 % 
Average reference sediment mortality ≤ 25 % ?: Yes 
Reference toxicant LC50:  2.27 mg/liter cadmium and 226 mg/liter total ammonia.  The 

cadmium LC50 is within NAS’ control chart warning limits but the ammonia response is 
higher than the control chart upper limit; however, the control chart only had eight data 
points at the time. 

Water quality parameter deviations: Salinity in some beakers was as high as 1.5 ppt above the 
project-specified range.  These minor salinity deviations probably did not significantly 
affect the results of the test. 

Ammonia and sulfide concentrations < critical limits?:  Yes, for both ammonia and sulfide. 
 
QA reviewer conclusion:  All data are of excellent quality and fully usable for any purpose. 
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2.4.5  Neanthes Test 725-2 
 
1.  A Neanthes arenaceodentata bioassay was conducted on 13 Lower Duwamish River 

sediment samples, plus 3 reference sediments.  A negative control, and two positive (toxic) 
controls with cadmium and ammonia were run concurrently with the Lower Duwamish test 
sediments. 

 
2.  Testing was initiated within 46 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with no protocol deviations and one water quality deviation.  NAS’ 

report mentions a protocol deviation about not holding test animals under constant light.  To 
this reviewer’s knowledge, neither PSEP nor PSDDA has any requirement for holding 
Neanthes under constant light during acclimation, nor is it a provision in NAS’ SOP for the 
Neanthes test.  The one water quality deviation was that one salinity measurement on Day 3 
exceeded the protocol-specified 28.0 ± 2.0 ppt by 0.5 ppt.  This salinity deviation is deemed 
insignificant. 

 
4.  The reference toxicant 50% Lethal Concentration (LC50) for the cadmium test was 8.63 

mg/liter.  This result was within NAS’ control chart warning limits of 4.4 – 11.1 mg Cd/liter.  
The ammonia LC50 was 183 mg/liter total ammonia.  This result was below NAS’ control 
chart warning limits of 286 - 477 mg/liter total ammonia.  However, NAS’ ammonia control 
chart for Neanthes only had 5 data points; thus, variability may be somewhat greater than 
presently indicated.  In addition, the mean control survival in the ammonia reference toxicant 
test was only 85 % (100 % and 70 % for the two replicates), which was less than the protocol-
specified 90%.  Neither the low ammonia test LC50 or the slightly low survival in the 
ammonia test controls are deemed significant since the test negative control performance was 
excellent (100 % survival and an individual growth rate of 1.12 mg/day/worm). 

 
5.  Negative control mean mortality (0 %) was <10% for this test and thus acceptable by present 

PSEP and PSDDA criteria.  The control mean individual growth rate was 1.12 mg/day/worm, 
which is substantially greater than the 0.72 mg/day/worm recommended by PSDDA/PSEP.  
The mean mortality responses for the 3 reference sediments were also 0 %, which was within 
the PSDDA limit of ≤ 25 %.  The mean individual growth rates for the 3 reference sediments 
were 87.5, 100 and 76.8 % of the negative control growth rate.  The growth rate in the third 
reference sediment (LDW-SSMSMP43-010) did not quite meet the PSDDA requirement that 
mean growth should be ≥ 80 % of the negative control growth.  However, it should be noted 
that the control growth rate was substantially higher than the recommended rate of 0.72 
mg/day/worm and that the reference sediment in question also had a growth rate (0.86 
mg/day/worm) higher than that recommended for the control.  Thus, the slightly low growth 
rate in the one reference sediment should pose no problems for data interpretation. 
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6.  The maximum ammonia concentration measured in the overlying water during the test in any 
one sample was 9.9 mg/liter total ammonia.  This is below the DMMP no effects threshold 
concentration of 10 mg/liter and well below NAS’ reference toxicant test LC50 of 183  
mg/liter.  Thus, ammonia concentrations were not high enough to cause significant stresses in 
this test. 

 
7.  No sulfides were detected in any of the test sample overlying waters (detection limit 0.02 

mg/liter).  Thus, sulfide levels in this test were not high enough to interfere. 
 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 16 (plus control) samples tested with Neanthes was 100 %. 
 
10.  Final QA determination:  All data are of good quality and fully usable for any purpose.  

Note should be taken of the slightly low mean individual growth rate for reference sediment 
LDW-SSMSMP43-010, although this slightly low growth rate should be of little 
consequence for data interpretation. 

 
 
Table 5.  Summary of Neanthes Test 725-2. 
 
 
Neanthes arenaceodentata, 4 -24 March 2005: 

Number of test samples, including reference sediments:  16 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?:  No 
Average negative control mortality:  0 % 
Average control individual growth rate ≥ 0.72 mg/day/worm?:  Yes 
Average reference sediment mortality ≤ 10 %?:  Yes 
Average reference sediment individual growth rates ≥ 80 % compared to the negative 

control?: Yes, for two of the three samples.  The third sample (LDW-SSMSMP43-010) 
was slightly less than 80 % (76.8 %).  Although the growth rate in this reference sample 
is probably satisfactory, some care should be used in the data interpretation.  

Reference toxicant LC50:  8.63 mg/liter cadmium and 183 mg/liter total ammonia.  The 
cadmium LC50 is within control chart warning limits but the ammonia response is lower 
than the control chart lower limit; however, the ammonia control chart only had five data 
points at the time. 

Water quality parameter deviations: Salinity in one beaker was 0.5 ppt above the protocol-
specified range.  This minor salinity deviation should not have significantly affected the 
results of the test. 

Ammonia and sulfide concentrations < critical limits?:  Yes, for both ammonia and sulfide. 
 
QA reviewer conclusion:  All data are of good quality and fully usable for any purpose.  Note 

should be taken of the slightly low mean individual growth rate for reference sediment LDW-
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SSMSMP43-010, although this slightly low growth rate should be of little consequence to 
data interpretation. 

 
 
 
2.4.6  Neanthes Test 725-4 
 
1.  A Neanthes arenaceodentata bioassay was conducted on 13 Lower Duwamish River 

sediment samples, plus 3 reference sediments.  A negative control, and two positive (toxic) 
controls with cadmium and ammonia were run concurrently with the Lower Duwamish test 
sediments. 

 
2.  Testing was initiated within 48 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with minor protocol deviations and two water quality deviation.  The 

minor protocol deviations were that some water quality measurements were missed or 
mistakenly taken following water renewal changes instead of before.  In one case, interstitial 
salinity and pH could not be measured due to insufficient amount of sample.  These deviations 
resulted in a few missing water quality data.  NAS’ report mentions a protocol deviation about 
not holding test animals under constant light.  To this reviewer’s knowledge, neither PSEP 
nor PSDDA has any requirement for holding Neanthes under constant light during 
acclimation, nor is it a provision in NAS’ SOP for the Neanthes test.    

 
The two water quality deviations were: 1) two overlying water salinity measurements on Day 
12 exceeded the protocol-specified 28.0 ± 2.0 ppt by 0.5 ppt and 2) Day 0 overlying salinity 
was up to 1.0 ppt low in 5 of the samples.  These samples all underwent salinity adjustment 
due to low interstitial salinities and the slightly low overlying water salinities are likely the 
result of the initial low interstitial salinities.  It is likely that these slightly low salinities did 
not affect the test results significantly.  In one case NAS points out an apparent aberrant 
salinity measurement (Day 6, sample 9842F = 25.0 ppt).  The salinity in this beaker was 29.0 
and 30.0 on Days 3 and 9 respectively; thus, the likely salinity in this beaker was 29-30 ppt on 
Day 6. 

 
4.  The reference toxicant 50% Lethal Concentration (LC50) for the cadmium test was 8.06 

mg/liter.  This result was within NAS’ control chart warning limits of 4.4 – 11.1 mg Cd/liter.  
The ammonia LC50 was 344 mg/liter total ammonia.  This result was within NAS’ control 
chart warning limits of 286 - 477 mg/liter total ammonia. 

 
5.  Negative control mean mortality (4 %) was <10% for this test and thus acceptable by present 

PSEP and PSDDA criteria.  The control mean individual growth rate was 0.95 mg/day/worm, 
which is greater than the 0.72 mg/day/worm recommended by PSDDA/PSEP.  The mean 
mortality responses for the 3 reference sediments were all 0 %, which was within the PSDDA 
limit of ≤ 25 %.  The mean individual growth rates for the 3 reference sediments ranged from 
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96.8 to 102 % of the negative control growth rate, which meets the PSDDA requirement that 
mean reference sample growth should be ≥ 80 % of the negative control growth. 

 
6.  The maximum ammonia concentration measured in the overlying water during this test in any 

one sample was 10.3 mg/liter total ammonia.  This is very slightly above the DMMP no 
effects threshold concentration of 10 mg/liter but at the bottom end of the possible DMMP 
minor effects threshold of 10-20 mg/liter total ammonia.  It is also well below NAS’ reference 
toxicant test LC50 of 344 mg/liter.  Thus, ammonia concentrations were likely not high 
enough to cause significant stresses in this test. 

 
7.  The maximum overlying water sulfide concentration measured in this test was 0.02 mg/liter, 

which is substantially below the DMMP limit of 3.4 mg/liter.   Thus, sulfide levels in this test 
were not high enough to interfere. 

 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 16 (plus control) samples tested with Neanthes was about 99 %. 
 
10.  Final QA determination:  All data are of good quality and fully usable for any purpose.  

The slight salinity deviations (0.5 to 1.0 ppt) in a few of the samples on some days and a 
few cases of missing water quality data should pose no significant problems for data 
interpretations. 

 
 
Table 6.  Summary of Neanthes Test 725-4. 
 
 
Neanthes arenaceodentata, 8 -28 March 2005: 

Number of test samples, including reference sediments:  16 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?:  Yes.  A few water quality measurements were missed or collected 

following water renewal (affected measurements on Day 3 only).  These deviations are 
very minor. 

Average negative control mortality:  4 % 
Average control individual growth rate ≥ 0.72 mg/day/worm?:  Yes 
Average reference sediment mortality ≤ 10 %?:  Yes 
Average reference sediment individual growth rates ≥ 80 % compared to the negative 

control?: Yes 
Reference toxicant LC50:  8.06 mg/liter cadmium and 344 mg/liter total ammonia.  Both 

values are within NAS’ control chart warning limits. 
Water quality parameter deviations: A few overlying salinity values were up to 1.0 ppt high or 

low on a few days during the test. 
Ammonia and sulfide concentrations < critical limits?:  Yes for sulfide and probably for 

ammonia. 
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QA reviewer conclusion:  All data are of good quality and fully usable for any purpose.  The 
minor salinity deviations should not have affected the quality of the results. 

 
 
2.4.7  Neanthes Test 725-6 
 
1.  A Neanthes arenaceodentata bioassay was conducted on 1 Lower Duwamish River sediment 

sample, plus 1 reference sediment.  A negative control, and two positive (toxic) controls with 
cadmium and ammonia were run concurrently with the Lower Duwamish test sediment. 

 
2.  Testing was initiated within 49 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with one protocol deviation and one water quality deviation.  The 

protocol deviation was that water quality measurements on Day 15 were taken after water 
renewal instead of before.  This resulted in a few missing data.  The one water quality 
deviation was that two overlying salinity measurements on Day 18 exceeded the protocol-
specified 28.0 ± 2.0 ppt by 1.0 ppt.  These salinity deviations are deemed insignificant. 

 
4.  The reference toxicant 50% Lethal Concentration (LC50) for the cadmium test was 7.70 

mg/liter.  This result was within NAS’ control chart warning limits of 4.43 – 11.2 mg Cd/liter.  
The ammonia LC50 was 350 mg/liter total ammonia.  This result was within NAS’ control 
chart warning limits of 284 - 466 mg/liter total ammonia. 

 
5.  Negative control mean mortality (0 %) was <10% for this test and thus acceptable by present 

PSEP and PSDDA criteria.  The control mean individual growth rate was 0.87 mg/day/worm, 
which is greater than the 0.72 mg/day/worm recommended by PSDDA/PSEP.  The mean 
mortality response for the reference sediment was also 0 %, which was within the PSDDA 
limit of ≤ 25 %.  The mean individual growth rate for the reference sediment was 93.1 % of 
the negative control growth rate, which meets the PSDDA requirement that mean growth 
should be ≥ 80 % of the negative control growth. 

 
6.  The maximum ammonia concentration measured in the overlying water during this test in any 

one sample was 5.0 mg/liter total ammonia.  This is below the DMMP no effects threshold 
concentration of 10 mg/liter and well below NAS’ reference toxicant test LC50 of 350  
mg/liter.  Thus, ammonia concentrations were not high enough to cause significant stresses in 
this test. 

 
7.  No sulfides were detected in any of the test sample overlying waters (detection limit 0.02 

mg/liter).  Thus, sulfide levels in this test were not high enough to interfere. 
 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 2 (plus control) samples tested with Neanthes was about 99 %. 
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10.  Final QA determination:  All data are of excellent quality and fully usable for any purpose.  

The minor salinity deviations (up to 1.0 ppt) in two samples are of no consequence. 
 
 
Table 7.  Summary of Neanthes Test 725-6. 
 
 
Neanthes arenaceodentata, 11 - 31 March 2005: 

Number of test samples, including reference sediments:  2 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?:  Yes.  On Day 15, water quality measurements were collected after 

water renewals instead of before, resulting in missing data on that day. 
Average negative control mortality:  0 % 
Average control individual growth rate ≥ 0.72 mg/day/worm?:  Yes 
Average reference sediment mortality  ≤ 10 %?:  Yes 
Average reference sediment individual growth rate ≥ 80 % compared to the negative control?: 

Yes 
Reference toxicant LC50:  7.70 mg/liter cadmium and 350 mg/liter total ammonia.  Both 

values are within NAS’ control chart warning limits. 
Water quality parameter deviations: Two overlying salinity measurements on Day 18 

exceeded the protocol-specified 28.0 ± 2.0 ppt by 1.0 ppt.  These salinity deviations are 
deemed insignificant. 

Ammonia and sulfide concentrations < critical limits?:  Yes, for both ammonia and sulfide. 
 
QA reviewer conclusion:  All data are of excellent quality and fully usable for any purpose.  
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1.0  INTRODUCTION 

 
 
MEC Analytical Systems-Weston Solutions (MEC-Weston), Tiburon, California was contracted 
by Windward Environmental LLC to conduct larval mussel bioassays of sediments collected 
from the Lower Duwamish Waterway in January 2005.  MEC-Weston is a State of Washington 
accredited laboratory (Lab accreditation number C284, expiration: 3 September 2005) and is 
certified to perform larval tests using the Puget Sound Estuary Program (PSEP 1995) protocols.  
A copy of MEC-Weston’s accreditation certificate and Scope of Accreditation appears in 
Appendix 1. 
 
This report summarizes the Quality Assurance/Quality Control (QA/QC) evaluations of the first 
of two rounds of mussel (Mytilus galloprovincialis) larval development bioassays of sediments 
collected from the Lower Duwamish Waterway in January 2005.  Testing during Round 1 was 
completed in two test batches, the first initiated on 9 March and the second initiated on 15 March 
2005. 
 
The QA steps taken to ensure high quality data and maximum data completeness before, during 
and after this round of testing are described in this report.  Major QA tasks by Dinnel Marine 
Resources (DMR) included the following: 
 

• A pre-test inspection of MEC-Weston’s laboratory capabilities, equipment and personnel 
• A pre-test review of MEC-Weston’s Standard Operating Procedures (SOPs) 
• Pre-test coordination with the MEC-Weston and Windward Environmental 
• An initial evaluation of all data for completeness, correct data entries, and accurate 

transcription to electronic formats 
• A final QA evaluation of overall data quality and usability (this report). 

 
 
 

2.0  QUALITY ASSURANCE AUDIT RESULTS 
 
 
2.1  PRE-TEST LABORATORY INSPECTION 
 
A pre-test inspection of MEC-Weston’s Tiburon bioassay laboratory, equipment, and personnel 
qualifications was conducted by Dr. Paul Dinnel on 28 February 2005.  A summary of the 
inspection was recorded in checklist form (Appendix 2).  MEC-Weston’s bioassay laboratory, 
equipment, and credentials of the testing personnel all appeared to be in excellent order.  No 
modifications to the laboratory or equipment were required. 
2.2  LABORATORY PROTOCOLS AND SOPs 
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The PSEP protocol (PSEP 1995) for conducting larval mussel bioassays and MEC-Weston’s 
laboratory SOP (MEC-Weston SOP BIO073.00) for this test were reviewed in detail prior to the 
initiation of testing.  MEC-Weston’s SOP was in excellent condition, and my suggestions for 
revisions/clarifications were minor.  My comments to MEC-Weston were contained in a letter to 
Mr. Bill Gardiner dated 26 February 2005 (Appendix 2).  Comments received from Bill Gardiner 
in an e-mail message dated 27 February 2005 (Appendix 2) clarified several questions about 
their SOP regarding randomization and use of a perforated plunger for sampling larvae.  
Subsequent discussion with Windward Environmental staff clarified the issue related to aeration 
during testing. 
 
2.3  TEST-IN-PROGRESS AUDITS 
 
No test-in-progress audits of the larval mussel tests were conducted due to the travel distance 
involved and the very short duration of the larval tests (48 hours). 
 
2.4  INITIAL DATA EVALUATIONS 
 
All raw data forms and electronic database files were reviewed for completeness and fidelity of 
transcription to electronic formats.  A 100% check was made of all data entered into MEC-
Weston’s internal electronic database.  All errors, omissions, clarifications, or changes needed to 
MEC-Weston’s draft report were documented and communicated to MEC-Weston.  A copy of 
the initial data evaluation report to MEC-Weston appears in Appendix 3.  All needed corrections 
to the data report were made by MEC-Weston and subsequently verified by DMR.   
 
PSEP (1995) water quality assurance parameters were primarily used for QA assessments of the 
sediment tests.  Where specific values were lacking in PSEP, PSDDA (1994) values were used.  
These values are summarized in Table 1 for the Mytilus test. 
 
 
2.5  FINAL QA EVALUATION OF OVERALL DATA QUALITY AND USABILITY  
 
Following corrections to the data report by MEC-Weston personnel, a 100% check was made to 
verify each correction.  Following this, an overall evaluation of data completeness and quality 
was accomplished.  Conclusions regarding data completeness and quality follow below 
(summary details for the Mytilus larval tests are given in Tables 2 and 3). 
 
 
 
 
 
 
 
2.5.1  Chain of Custody and Sample Holding 
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All chain of custody protocols were properly observed in transfers of sediment samples from 
Windward Environmental to MEC-Weston.  The test and reference sediments were stored at 4° 
C in a locked cold room until testing was initiated.  If samples contained significant headspaces, 
these headspaces were purged of air with nitrogen gas prior to storage. 
 
 
Table 1.  PSEP (1995) and PSDDA (1994) water quality assurance parameters for the 

Mytilus larval bioassay. 
                                                                                                                       

   Parameter                                  MytilusTest           
 

Temperature, °C              15-17 
 

Salinity, ppt                      27-29 
 

Dissolved oxygen, mg/liter                    60% saturation 
 

pH                     7-9 
 
Total Ammonia, mg/liter           None   

 
Total Sulfide, mg/liter           None 

                                                                                      
 
 
2.5.2  Larval Mussel Bioassay, Batch 1 
 
1.  A mussel larval bioassay was conducted on 20 Lower Duwamish River sediment samples, 

plus 3 reference sediments.  A negative (seawater only) control, and two positive (toxic) 
controls with copper and ammonia were run concurrently with the Lower Duwamish test 
sediments. 

 
2.  Testing was initiated within 51 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with no protocol or water quality deviations.  However, two test 

chambers (SS22, replicate 5 and SS37, replicate 5) were double inoculated with eggs at test 
initiation and two test chambers (SS89, replicate 1 and SS37, replicate 1) were not inoculated 
at test initiation.  Results from these replicates were treated as statistical outliers and were not 
included in the mean calculations for their respective samples. 

 
4.  The reference toxicant 50% Effective Concentration (EC50) for the copper test was 9.6 

µg/liter.  This result was within MEC-Weston’s control chart warning limits of 5.7 to 15.4 µg 
Cu/liter.  The ammonia EC50 for the mussel larval test was 5.7 mg/liter total ammonia.  
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MEC-Weston does not have enough data points as yet to establish control chart limits for 
ammonia for the mussel larval test. 

 
5.  Negative (seawater only) control combined mortality/abnormality (1.8 %) was  <30% for this 

test and thus acceptable by present PSEP and PSDDA criteria.  The mean combined 
mortality/abnormality responses (normalized to the seawater control) for the reference 
sediments ranged from 18.5 to 26.4 %, which were within the PSDDA limit of ≤35 %.   

 
6.  The maximum total ammonia concentration measured in the overlying water during the test in 

any one sample was 1.24 mg/liter total ammonia.  This is well below the EC50 of 5.7 mg/liter  
and below the NOEC of 2.5 mg/liter measured in the parallel ammonia positive control test.  
Thus, ammonia concentrations were probably not high enough to cause significant stresses in 
this test. 

 
7.  The maximum total sulfides concentration measured in the overlying water during the test in 

any one sample was 0.145 mg/liter.  There currently are no PSEP or PSDDA protocol 
guidelines for sulfides, but an equivalent guideline for the echinoderm larval bioassay is a 
maximum of 0.5 mg/liter sulfides.  In addition, the sediment test samples with the highest 
initial overlying water sulfides (1.45 and 1.40 mg/liter) did not have unusually high mortality 
or abnormality responses.  Thus, sulfide levels in this test probably were not high enough to 
interfere. 

 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 23 (plus control) samples tested with mussel larvae was >99 %. 
 
10.  Final QA determination:  All data are of excellent quality and fully usable for any purpose. 
 
 
Table 2.  Summary of the Batch 1 mussel larval bioassay. 
 
 
Mytilus galloprovincialis, 9 – 11 March 2005: 

Number of test samples, including reference sediments:  30 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?  No 
Average negative control combined mortality/abnormality:  1.8 % 
Average reference sediment combined mortality/abnormality ≤35% normalized to the 

seawater negative control?: Yes 
Reference toxicant EC50:  9.6 µg/liter copper and 5.7 mg/liter total ammonia.  The copper 

EC50 is within MEC-Weston’s control chart warning limits.  There are no established 
control chart warning limits for ammonia yet. 

Water quality parameter deviations: None 
Ammonia and sulfide concentrations < critical limits?:  Yes for ammonia and probably for 

sulfides. 
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QA reviewer conclusion:  All data are of excellent quality and fully usable for any purpose. 
 
 
 
 
2.5.3  Larval Mussel Bioassay, Batch 2 
 
1.  A second mussel larval bioassay was conducted on 7 Lower Duwamish River sediment 

samples, plus 3 reference sediments.  A negative (seawater only) control, and two positive 
(toxic) controls with copper and ammonia were run concurrently with the Lower Duwamish 
test sediments. 

 
2.  Testing was initiated within 56 days following sediment collection, which was within the 8 

week limit specified in Windward Environmental’s Quality Assurance Project Plan (QAPP) 
(Windward 2005). 

 
3.  This test was completed with one protocol deviation and one water quality deviation.  The 

protocol deviation was that the stocking density (13.4 eggs/ml) was about 33 % below the 
recommended stocking density of 20-40 eggs/ml.  To the best knowledge of this reviewer, the 
larval stocking density was arbitrarily set, and a density of 13.4 larvae/ml will still yield 134 
larvae to be counted in the controls (using 10 ml subsamples).  This number is quite sufficient 
for assessing any toxicant effects since most bioassays rely on a sample size of only 5-10 
animals/chamber. 

 
The water quality deviation was that water temperatures in the test chambers fell up to 0.6 °C 
below the specified range of 15-17 °C on test days 1 and 2.  These slightly low temperatures 
may have slightly retarded the development rate of the larvae, but should not have had any 
significant effects on survival or abnormality rates. 

 
4.  The reference toxicant 50% Effective Concentration (EC50) for the copper test was 5.9 

µg/liter.  This result was within MEC-Weston’s control chart warning limits of 5.7 to 15.4 µg 
Cu/liter.  The ammonia EC50 for the mussel larval test was 6.7 mg/liter total ammonia.  
MEC-Weston does not have enough data points as yet to establish control chart limits for 
ammonia for the mussel larval test. 

 
5.  Negative (seawater only) control combined mortality/abnormality (14.7 %) was  <30% for 

this test and thus acceptable by present PSEP and PSDDA criteria.  The mean combined 
mortality/abnormality responses (normalized to the seawater control) for the reference 
sediments ranged from 18.1 to 27.0 %, which were within the PSDDA limit of ≤35 %.   

 
6.  The maximum total ammonia concentration measured in the overlying water during the test in 

any one sample was 0.54 mg/liter total ammonia.  This is well below the EC50 of 6.7 mg/liter 
and below the NOEC of 2.5 mg/liter measured in the parallel ammonia positive control test.  
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Thus, ammonia concentrations were probably not high enough to cause significant stresses in 
this test. 

 
7.  The maximum total sulfides concentration measured in the overlying water during the test in 

any one sample was 0.155 mg/liter.  There currently are no PSEP or PSDDA protocol 
guidelines for sulfides, but an equivalent guideline for the echinoderm larval bioassay is a 
maximum of 0.5 mg/liter sulfides.  In addition, the sediment test samples with the highest 
initial overlying water sulfides (two of the reference sediments at 1.50 and 1.55 mg/liter) did 
not have unusually high mortality or abnormality responses.  Thus, sulfide levels in this test 
probably were not high enough to interfere. 

 
8.  Replication was five-fold for all samples as specified by PSDDA. 
 
9.  Data completeness for the 10 (plus control) samples tested with mussel larvae was 100 %. 
 
10.  Final QA determination:  All data are of excellent quality and fully usable for any purpose. 
 
Table 3.  Summary of the Batch 2 mussel larval bioassay. 
 
 
Mytilus galloprovincialis, 15 – 17 March 2005: 

Number of test samples, including reference sediments:  10 
Sediment holding time <8 weeks?:  Yes 
Protocol deviations?  Yes.  The initial egg stocking density was about 33% below the 

protocol-recommended density of 20-40 eggs/ml.  This deviation is considered minor 
since plenty of eggs (about 130 per 10 ml subsample) still remain for accurate assessment 
of any toxicant effects. 

Average negative control combined mortality/abnormality:  14.7 % 
Average reference sediment combined mortality/abnormality ≤35% normalized to the 

seawater negative control?: Yes 
Reference toxicant EC50:  5.9 µg/liter copper and 6.7 mg/liter total ammonia.  The copper 

EC50 is within MEC-Weston’s control chart warning limits.  There are no established 
control chart warning limits for ammonia yet. 

Water quality parameter deviations: Temperatures on days 1 and 2 were up to 0.6 °C below 
protocol specifications.  These slightly lower temperatures should not have significantly 
affected the results of the test. 

Ammonia and sulfide concentrations < critical limits?:  Yes for ammonia and probably for 
sulfides. 

 
QA reviewer conclusion:  All data are of good quality and fully usable for any purpose. 
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