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1.0  INTRODUCTION 
 

 
Northwestern Aquatic Sciences (NAS) was retained by Windward Environmental LLC to 
determine the sensitivity of lamprey (Lampetra sp.) larvae (ammocoetes) to various chemicals as 
part of the Portland Harbor RI/FS Round 3 Project.  Lamprey tests were conducted in two 
phases:  Phase 1 explored methods for successful holding in the laboratory, generated range-
finding data for five chemicals (aniline, lindane, pentachlorophenol, copper and diazinon), and 
evaluated ammocoete sensitivity to elevated temperatures (17 and  22°C).  Phase 2, conducted 
during the end of 2007 and early 2008, determined the toxicity of the same five chemicals, plus 
naphthalene, using definitive flow-through tests.   NAS is a State of Washington accredited 
laboratory (Lab ID number C1238, expiration: 30 September 2008) and is certified to perform a 
wide range of bioassay testing of water, effluents, and sediments.  A copy of NAS’ accreditation 
certificate and Scope of Accreditation appears in Appendix 1.  There is no similar certification 
program in the State of Oregon. 
 
This report summarizes the Quality Assurance/Quality Control (QA/QC) evaluations of the 
Phase 2 testing conducted by NAS.  A previous QA/QC report was submitted for the Phase 1 
testing (Dinnel Marine Resources 2007)  The QA steps taken to ensure high quality data and 
maximum data completeness before, during and after Phase 2 testing are described in this report.  
Major QA tasks included the following: 
 

• One audit of a test in progress, 
• An initial evaluation of all data for completeness, correct data entries, and accurate 

transcription to an electronic database, 
• A check of all corrections to NAS’ data reports, 
• A final QA evaluation of overall data quality and usability (this report). 

 
 

2.0  QUALITY ASSURANCE AUDIT RESULTS 
 
 
2.1  REVIEW OF THE TEST PROTOCOL AND SOPs 
 
There are no published protocols for conducting toxicity tests with lampreys, other than the 
ASTM and EPA generic protocols for conducting tests with fish and other aquatic life (ASTM 
1996; EPA 2002).  For this testing program, general guidance was provided by Windward 
Environmental (2006) and a draft protocol was written by NAS (Protocol No. NAS-686-
Lamprey-rf) and reviewed by Dinnel Marine Resources prior to beginning the Phase 1 chemical 
range finding and elevated temperature testing.  DMR found NAS’ draft protocol to be well 
written and reasonably complete given the lack of previous test experiences with this species. 
 
 
2.2  TEST-IN-PROGRESS AUDIT 
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A test-in-progress audit was conducted by Dr. Paul Dinnel on 2 October 2007 during which time 
an aniline flow-through toxicity test was being run.  The findings of this audit appear in 
Appendix 2.  All testing procedures appeared to conform to NAS’ lamprey protocol with only 
one exception: the light intensity in the constant temperature room was less than 50 foot candles 
during the test monitoring period.  The protocol calls for constant dark conditions during testing 
except that during monitoring the light level should be between 50 and 75 foot candles.  This 
protocol deviation was considered to be of no consequence.  Indeed, the lower light levels during 
monitoring likely served to minimize any stresses that may have been caused by turning on the 
lights during monitoring. 
 
During the test audit, one additional observation was made:  The inflows of toxicant and dilution 
water from the mixing tanks were situated close to the outflows of the exposure tanks.  It was 
suggested that the toxicant inflows be moved to another area of the exposure tanks to avoid the 
possibility that some of the new toxicant solutions might make an early exit from the exposure 
tank.  The suggested modification to the plumbing design would help to maintain the toxicant 
concentrations as close to the nominal concentrations as possible.  However, a plumbing change 
would not affect the calculation of the LC50s since the effect levels were based on the actual 
measured toxicant concentrations in the exposure tanks. 
 
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 and checks were made of all Excel spreadsheet calculations and 
formulae.  All errors, omissions, clarifications, or changes needed were documented and 
communicated to NAS.  Only a few corrections to the draft data reports were needed.  A copy of 
DMR’s two comment letters to NAS appear in Appendix 3. 
 
 
2.4  FINAL QA EVALUATION OF OVERALL DATA QUALITY AND USABILITY  
 
Following corrections to the data report by NAS personnel, a 100% check of the corrections was 
made on 4 April 2008 to verify each correction.  All corrections made by NAS were deemed 
satisfactory.  Following this, an overall evaluation of data completeness and quality was 
accomplished.  DMR’s 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 test animals (from 
Windward Environmental) and toxicant samples for chemical analyses (to Columbia Analytical 
Services).   
 
 
2.4.2  Ammocoete Holding and Feeding 
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Lamprey ammocoetes were successfully held in a sand substrate in laboratory tanks supplied 
with flowing seawater.  NAS followed the methods outlined in their draft protocol for holding 
and acclimation of the ammocoetes except that the feeding regime was modified based on 
information supplied by Mr. William Swink, a lamprey expert with the USGS. 
 
2.4.3 Flow-Through Toxicity Tests 
 
2.4.3.1  Protocol Deviations 

 
Two protocol deviations were apparent for all six of the toxicity tests.  First, the light intensity in 
the constant temperature room was less than 50 foot candles during all test monitoring periods.  
The protocol calls for constant dark conditions during testing except that during monitoring the 
light level should be between 50 and 75 foot candles.  This protocol deviation was considered to 
be of no consequence.  Indeed, the lower light levels during monitoring likely served to 
minimize stresses that may have been caused by turning on the lights during monitoring. 
 
The second protocol deviation was that instead of measuring and weighing all control 
ammocoetes at the end of the test, subsamples of 10 larvae were measured at the beginning of 
the test.  This deviation should have no adverse consequences for the validity of the test data for 
several reasons: 1) this was an acute test and not a survival and growth test that would have 
required the final length and weight data, 2) all 60 control larvae (10 each test) measured for the 
six tests were in the protocol-specified range of 4 to 6 cm length, 3) there would be little, if any, 
change in larval lengths and weights during the 4-day test periods, and 4) it probably makes 
more sense to measure the larvae at test initiation so as to ensure that they are in the proper size 
range. 
 
A third “protocol deviation” occurred for the lindane test (Test No. 686-40) when staff failed to 
measure the diluter flow rates at the end of the test.  This error by staff appears to have no 
negative consequences for the test results for the following reasons: 1) Staff found that “there 
was no evidence that flows were impaired and the water quality and lindane concentration data 
all confirm satisfactory performance of the diluter”, 2) the lindane concentration data used for 
the final data analyses came from actual measured toxicant concentrations and not from 
calculated nominal concentrations, and 3) the only mortality observed in the test was an average 
of 12.5% in the highest test concentration; thus, an LC50 could not be calculated for this test. 
 
2.4.3.2  Water Quality 
 
All water quality measurements for temperature and dissolved oxygen in all six toxicity tests 
were maintained within the protocol-specified limits of 17 ± 1°C for temperature and >4.0 
mg/liter for dissolved oxygen. 
 
 
 
2.4.3.3  Loading Densities 
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The test animal loading densities for all six tests ranged from 0.33 to 0.40 g/liter of tank capacity 
and approximately 0.07 g/29 liters of solution passing through each exposure tank/day.  These 
loading rates are well below the EPA (2002) loading rate limit of 6.1 g/liter/tank capacity and the 
ASTM (1996) recommendation of <1 g/liter of solution passing through the exposure tanks in 24 
hours. 
 
2.4.3.4 Control Survival 

 
Control survival in all six tests was 100%, which meets the protocol requirement that control 
survival be ≥90%. 
 
2.4.3.5  Outlier Toxicant Concentration Value for the Diazinon Test 
 
One measured concentration of diazinon from the highest concentration (40 mg/liter nominal) 
measured 0.04 mg/liter, approximately 1000 times less than what it should have been.  NAS staff 
labeled this an outlier value and deleted it from the daily values that were used to determine an 
average daily diazinon concentration.  This is of little concern in calculation of the test LC50 
since there were four other values to average and there was 100% mortality in the highest 
concentration.  The probit methodology for calculating LC50s primarily uses concentrations with 
partial responses and gives little or no weight to 0 or 100% responses. 
 
2.4.3.6  Data Completeness 

 
Data completeness for all six flow through toxicity tests was >99%.  The only measurements 
missing were a few hardness and alkalinity measurements during the ammocoetes holding and 
acclimation period and the deleted outlier value for diazinon. 
 
 
2.5  CONCLUSIONS 
 
NAS successfully completed flow-through toxicity tests of the six toxicants and all test data have 
been reviewed and validated.  However, the test with lindane failed to produce an LC50 because 
the highest toxicant concentration caused only 12.5% mortality.  This test will have to be 
repeated to determine an LC50, although any future tests may also fail if higher dissolved 
lindane concentrations cannot be achieved.  The test with naphthalene produced a LC50 based 
on the observation that 50% of the larvae died in the highest concentration and not based on 
probit (or other) analysis.  It is likely that this is a reasonably good estimate of the toxicity of 
naphthalene, although this LC50 should be used with some caution. 
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DMR 
Dinnel Marine Resources 
1519  13th St. 
Anacortes, WA  98221 
360-299-8468 
 
26 March 2008 
 
Mr. Gary Buhler 
Northwestern Aquatic Sciences 
PO Box 1437 
Newport, OR  97365 
 
Dear Gary: 
 
I have completed my audit of the first five of your Portland Harbor Lamprey Ammocoete 
flow-through toxicity test draft reports.  As usual, your draft data reports are in excellent 
shape, with just a few minor items needing further attention.   
 
The following two comments apply to all five of the test reports (copper, aniline, lindane, 
naphthalene, and pentachlorophenol): 
 

1. NAS’ lamprey test protocol (NAS-686-Lamprey FT acute) lists the lower limit for 
dissolved oxygen as 4.0 mg/liter.  However, in each of your draft reports under 
“Test Procedures and Conditions” you list the lower limit as 6.0 mg/liter.  And in 
another place in several of the reports (Bench Sheet: Lamprey Survival Flow 
Through Test) you mention the limit as being 60% saturation.  I suggest that you 
correct the draft reports to read “>4.0 mg/liter” unless you have discovered that 
>6.0 mg/liter is more appropriate. 

 
2. Under “Data Analysis Methods”, I suggest that, for the sake of clarification, you 

change the following wording (end of line 1) “….replicate from the raw data and 
means….” to “replicate from the raw survival data and the measured [specific 
toxicant tested] concentrations….  This will clarify that you used the measured 
toxicant concentration for data analyses instead of the nominal concentrations. 

 
 
 
 
 
 
 
           Page 2 
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Additional comments for two of the data reports: 
 
Test 686-39 (aniline): 
 
Water Quality Computation table, page 10 of 14:  Temperature observation #24 is listed 
as 16.2 but should be 17.2.  The mean and s.d. for temperature are, however, okay as 
shown. 
 
Test 686-40 (lindane): 
 
Really nit picking here – you might want to add a “c” to “hemicals” in the Veith and 
Comstock citation on page 4 of 7. 
 
The other three data reports did not appear to need any further corrections.  Please 
forward a record to me of the changes that you make to these five data reports.   
 
Should you have any questions, please call me at 360-299-8468 or contact me via e-mail 
at padinnel@aol.com.  Thank you and your staff for your excellent work. 
 
 
Sincerely, 
 

 
Paul Dinnel, Project QA Monitor 
 
CC:  Helle Andersen, Windward Environmental 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DMR 
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Dinnel Marine Resources 
1519  13th St. 
Anacortes, WA  98221 
360-299-8468 
 
30 March 2008 
 
Mr. Gary Buhler 
Northwestern Aquatic Sciences 
PO Box 1437 
Newport, OR  97365 
 
Dear Gary: 
 
I have completed my audit of the sixth and last of your Portland Harbor Lamprey 
Ammocoete flow-through toxicity test draft reports.  As was the case with the first five 
draft reports, the following two comments apply to the diazinon draft report as well. 
 

3. NAS’ lamprey test protocol (NAS-686-Lamprey FT acute) lists the lower limit for 
dissolved oxygen as 4.0 mg/liter.  However, in each of your draft reports under 
“Test Procedures and Conditions” you list the lower limit as 6.0 mg/liter.  I 
suggest that you correct the draft reports to read “>4.0 mg/liter” unless you have 
discovered that >6.0 mg/liter is more appropriate. 

 
4. Under “Data Analysis Methods”, I suggest that, for the sake of clarification, you 

change the following wording (end of line 1) “….replicate from the raw data and 
means….” to “replicate from the raw survival data and the measured diazinon 
concentrations….  This will clarify that you used the measured toxicant 
concentration for data analyses instead of the nominal concentrations. 

 

Other than these two comments, I did not detect any need for further changes to this draft 
report.  Should you have any questions, please call me at 360-299-8468 or contact me via 
e-mail at padinnel@aol.com.  Thank you and your staff for your continuing excellent 
work. 
 

Sincerely, 
 

 
Paul Dinnel, Project QA Monitor 
 

CC:  Helle Andersen, Windward Environmental 




