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NORTHWESTERN AQUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 686-38
Title: Lamprey (Lampetra sp.) definitive 96-hr flow-through acute toxicity test of copper.
Protoco] No.: NAS-686-Lamprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119.
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing Laboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365,
Test Location: Newport Laboratory.
Laboratory's Study Persomnel: G. A. Buhler, B.S., Proj. Manager; R. S. Caldwell, Ph.D., Study Director; L.K.
Nemeth, B.A., M.B A., QA Officer; G.I. Irissarri, B.S., Aq. Toxicol.; L.P. Sandoval, B.S., Tech.
Study Schedule:
Test Beginning: 9-14-07, 1320 hus.
Test Ending: 9-18-07, 1330 hrs.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
973065,
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
{GLP} as defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 792).
Statement of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurale reflection of the raw data.

TEST MATERIAL
Description: Copper prepared from CuSOy4- 5H,O (Argent Chemical Laborataries, Tnc., Redmond, WA, Lot No.
0195).
Preparation of Working Stock Solution and Test Concentrations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit er a/., 1982). The diluter was sct up to
deliver a 0.5 dilution sertes with a flow rate of approximately 80 ml/mun per toxicant concentration. The diluter
design was such that 160 ml/min of the toxicant solution at the highest test concentration (nominal 0.2 mg/L as
copper) was required to be continuously delivered to the toxicant supply chamber of the diluter. To accomplish
this, a large mixing reservoir, approxtmately 54L capacity, of nominal 0.2 mg/L copper solution in dilution
water was maintained at test temperature. This was done by metering, at a rate of 1.0 ml/min, a constant supply
of a 32 mg/L. working copper stock solution into the large toxicant reservoir with vigorous mixing, while also
replacing, under float valve control, dilution water to replace delivery of the nominal 0.2 mg/L. copper solution
to the diluter. The 32 mg/L working copper stock solution was prepared daily by dilution of a 1,000 mg/L
concentrated copper stock solution with dilution water,

DILUTION WATER
Source: City of Newport municipal tap water, treated as below, was supplied continuously to the toxicant
diluter throughout the study.
Pretreatment: The water was dechlorinated by carbon filtration, particle filtered to 1 pm, and adjusted to a
target water hardness of 23-30 mg/L as CaCOs;. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Age/Size: Ammocoetes; target size range, 4-6 ¢m; actual size of 10 ammocoete subsample, 4.9 £ 0.7 cm.
Source: Ammocoetes were field collected in approximately equal numbers from the Trask, Nestucca, Siletz,
and Alsea Rivers, Oregon. Field collection was by electoshocking and only 4-6 cm size ammocoetes were
retained. Personnel of Windward Environmental performed the ammocoete collections,
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Acclimation: Upon receipt, animals were removed from the collection site sediment and placed in 10-gallon
aquaria supplied under flow-through conditions with dilution water. Water supply was sufficient {30-50
ml/nun} to accomplish two volume changes of water per day. Approximately 30 lamprey were placed in each
tank. Tanks contained an approximate 8 cm deep layer of sediment (Sandtastic Play Sand, Waupaca Materials)
covered with approximately 26L of test water and were supplied with aeration. Normal behavior for the
lamprey ammocoetes was to immediately bury in sediment and remain there. Any that did not immediately
bury were discarded as potentially damaged. Ammocoetes were not fed during acclimation. Water quality
conditions during the two weeks prior to testing (8-31-07 to 9-14-07) were: temperature, 16.8 + 0.3°C;
dissolved oxygen, 8.8 + 0.5 mg/L; pH, 7.5 £+ 0.4; specific conductance, 169 £ 24 pmhos/cm; hardness, 43 + 13
mg/LL as CaCOys; and alkalinity, 31 * 3 mg/L as CaCOs.

TEST PROCEDURES AND CONDITIONS
Test Chambers: The test chambers were two-gallon glass aquaria capable of holding 5.8 L of test solution.
Test chamber placement in the test area was random.
Test Concentrations: The nominal test concentrations were (.20, .10, 0.05, 0.025, 0.0123, and 0 mg/L.
(control) copper.
Replicates/Treatment: 4
Organisms/Treatment: 40
Loading: 0.38 g¢/L.
Aeration: None,
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 ml/min of test solution, or 115 L/day, at each
test concentralion. At this rate of flow, test solution supply to each replicate aquarium was 5.0 volumes per
day.
Effects Criteria: The effect criterion used in the lamprey ammocoete acute toxicity test was mortality, defined
as a lack of visible respiratory movement and absence of response to tactile stimulation. [n addition to mortality,
qualitative observations of sublethal responses were recorded when observed.
Target Water Quality Conditions: Water quality measurements were taken daily as specified in the protocol
{Physical and Chemical Data, Ttems 1 and 2). The target water quality conditions were as follows:
Temperature, 17 + 1°C; dissolved oxygen, 24.0 mg/L; hardness, 25-30 mg/L as CaCO;. Actual test conditions
are reported in the Test Results section.
Photoperiod: The photoperiod was total darkness except for approximately 2-3 hours per day for observations
and test exposure system maintenance. Light intensity at the aquarium level was 15.1 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measured copper concentrations for each treatment level. The LC50 (survival) was calculated by the Trinuned
Spearman-Karber method. An arcsine square root (angular) transformation was performed on the data prior to
statistical analysis. The NOEC and LOEC were calculated according to U.S. Environmental Protection Agency
{2002) methods. In this procedure, the NOEC and LOEC values were computed using either Dunnett's test, T-
test with Bonferroni's adjustment, Steel's Many-One Rank Test, or Wilcoxon Rank Sum Test with Bonferroni
Adjustment. The appropriate test was selected after evaluating the data for normality and homogeneity of
variance. The statistical software employed for these calculations was ToxCale, v.5.0.23N, Tidepool Scientific
Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES

Test solutions were sampled once daily for copper from each test concentration by pooling samples from each
of the four test replicate aquaria. Subsamples were pooled into new disposable plastic beakers from which the
pooled sample was transferred to the analytical laboratory supplied sample bottles containing acid preservative
and shipped under chain-of-custody procedures to the analytical chemistry laboratory (Columbia Analytical
Services) at Kelso, WA. Both filtered and unfiltered samples were prepared for shipping. Samples were kept
refrigerated at <4°C. Sample volumes were 100 ml. Filtration consisted of collecting two 50 ml aliquots of
pooled sample in a B-D Lot No. 7179829 disposable 60-ml plastic Luer-Loc syringe. The sample was then
expelled through a PALL 0.45um ion chromatography Acrodisc filter directly into the sample bottle.
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Additional samples were taken of the dilution water ont day O of the test for analysis of particulate matter, TOC,
and ammonia-N, and from the control and highest test concentration treatments after 96-hr for measurement of
ammonia-N. These samples also were shipped to Columbia Analytical Services for analysis.

PROTOCOL DEVIATIONS

1. The protocol specified "constant dark, except during monitoring activities", and also that light intensity
should be 50-75 ft-c. when light was on. These specifications were judged to be contradictory and led to
the following action. Based on best professional judgment of the investigators, we reduced the light
intensity from that given in the protocol i order to minirnize fright behavior responses of the ammocoetes
during the short period of lighting associated with daily observations.

2. The protocol states: "At the end of the test, all surviving control ammocoetes arc weighed and measured for
length by replicate.” Through a laboratory esror, a subsample of 10 ammocoetes were weighed and
measured at the beginning of the test instead. This is a minor deviation and is without consequence for
interpretation of the study results.

TEST RESULTS
Water quality conditions measured in test aquaria during the 96-hr toxicity test arc summarized in Table 1. The
temperature specification was met during the study. Dissolved oxygen remained near safuration throughout the
test. The pll ranged from 7.0 - 8.5, Hardness also was in the specified range of 25-30 mg/L as CaC0Os;.

The concentrations of dissolved copper measured during the toxicity test are summarized in Table 2. Mean
measured concentrations in the test ranged from 0.013 + 0.001 mg/L at the lowest level to 0.164 + 0.036 mg/L at
the highest exposure level. Generally, the dilution series was in good agreement with nominal concentrations.

A summary of the 96-hr ammocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival {100%) met the test acceptability criteria of 290%. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occurred in the two highest, and 0% mortality was observed in the two
lowest, test concentrafions. Partial mortality was observed in the middle (0.043 mg/L) test concentration.

The toxicity of disselved copper to lamprey (Lampetra sp.) ammocoetes as the 26-hr LC50 was 0.046 mg/L
(95% confidence limits, 0.042 - 0.051 mg/L). The NOEC and LOEC concentrations were .023 and 0.043
mg/L copper, respectively.

LITERATURE CITED
Benoit, D., V. Mattson, and D. Olson. 1982. A continuous-flow mini-diluter system for toxicity testing. Water
Res. 16:457-464.

EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms, Fifth edition, EPA-821-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of copper to
lamprey ammocoetes.

Parameter Mecan + 5.D. N Range
Temperature (°C) 16.9£0.2 3 166-174
Dissolved oxygen {mg/L) 8.6£0.5 30 76-96
pH 7.8+0.4 30 7.0-85
Specific conductance (mhos/cm) 102 £7 10 S0 -110
Hardness (mg/L as CaCQ;) 27x1 10 25-28
Alkalinity (mg/L as CaCO,) 18+ 4 10 12 —24

Table 2. Measured concenirations of dissolved copper during the 96-hr acute toxicity test of |
copper to lamprey ammocoetes. Measurements performed by Columbia Analytical Services.
Normunal (mg/L) Measured (mg/L)
Mean + S.D. N ‘ Range
0.2 0.164 £ 0.036 5 0.120 - 0.201
0.1 0.088 + 0.009 5 0.077 - 0.099
0.05 0.043 + 0.003 5 0.038 - 0.046
0.025 0.023 = 0.001 5 0.022 - 0.024
00125 0.013 £ 0.001 5 0.012-0.014
0 0.001 £0.001 5 0.000 - 0,002
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to dissolved copper.

Dissolved Ammococtes Ammocoetes Percent Mean %
Copper (mg/L) Replicate  cxposed Surviving Survival Survival

0.164 A 10 0 0.0

B 10 0 0.0

C 10 0 0.0

D 10 0 0.0 0.0 *
0.088 A 10 0 0.0

B 10 0 0.0

C 10 0 0.0

D 10 0 0.0 0.0 *
0.043 A 10 4 40.0

B 10 8 80.0

C 10 7 70.0

D 10 4 40.0 57.5 *
0.023 A 10 10 100.0

£} 10 10 103.0

C 10 10 100.0

D 106 10 100.0 100.0
0.013 A 10 10 100.0

B 10 10 100.0

C 10 10 100.0

D 10 10 100.0 100.0
0.001 A 10 10 100.0

(Control) B 10 10 100.0
C 10 10 100.0
D 10 10 100.0 100.0

* Mean significantly (p—0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
September (2, 2007

STUDY PROTOCOL

LAMPREY (LAMPETRA sp.)
FLOW THROUGIT ACUTE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is w determine the acute toxicily of six chemicals, representing a
range of toxic modes of action, to lamprey (Lampetra sp.) ammocoetes. The study will be performed using
methods based on the methods for measuring acute toxicity with other fish species as described in U.S.
Environmental Protection Agency {2002) and American Society [or Testing and Materials (ASTM) (1996)
guidance.

Summary of Method: In definitive tests. lamprey ammocoetes arc exposed far 96 hours to five concentrations
of test material and a dilution water control. The test concentrations are arranged in a logarithmic serics based
on the results of range finding tests. Four replicates, each with 10 organisms, are employed at each test
concentration, if there are sufficient numbers of ammococtes. Flow-through exposures are employed. Test
chambers are glass aquaria less than or equal to two gallous in volume. Mortality is the cffect criterion. The
data analysts consists of calculating means and standard deviations for survival, An LC30 with 95%
confidence intervals may be calculated along with the NOEC and LOEC concentrations.

STUDY MANAGEMENT

Sponsor's Namc and Address:
Windward Environmental LLC
200 West Mercer Street, Suite 401
Seattle, WA 98119

Sponsor's Study Monitor:
Ms. Helle Andersen

Name of Testing Laboratory:
Northwestern Aquatie Sciences
3814 Yaquina Bay Road
P.O. Box 1437
Newport, OR 97365

Test [.ocation: Newport, OR.

Laboratory's Key Personncl to be Assigned to the Study:
Laboratory Director: Richard S. Caldwell, Ph.D.
Project Manager/Study Director: Gary A. Buhler, B.S.
QA Officer/Toxicology Program Vgr: Linda K. Nemeth. B.A., M.B.A.
Aguatic Toxicologist: Gerald I. Irissarri. B.S.

Proposed Study Schedule: July 2007 through September 2007.

Good Laboratory Practices: The test is conducted following the principles of Good Laboratory Practices (GLP) as
defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR Part 792).
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September 12, 2007

TEST MATERIAL

Description: Chemicals to be tested include aniline. copper, pentachlorophencl. lindane, diazinon and
naphthalene.

Preparation of Working Stock Solution and Test Concentrations: Test materials will be administered using a
constant-flow diluter based on the design of Benoit ef /. (1982).  Stock selutions of the sparingly soluble
organic compounds. ¢.g. naphthalene. pentachtorophenol, lindane, diazinon, will be prepared continuously by
recirculation of dilution water/toxicant stock solution through a column of toxicant coated glass beads (Veith
and Comstock, 1975} this is a conceptual approach in which the specific column, flow rates, glass bead
sizes, etc. need to be devceloped empirically, with analytical feedback, for each study considering such
variables as chemical solubility, test temperature, desired highest test concentration, stock toxicant
consumption rate, etc. Given the above, some modifications are anticipated as the studies progress. Initial
system characteristics are as follows: 1) the toxicant mixing tank will have a 60-liter capacity; 2) a 20 x 280-
cm glass column will be employed {10 x 200-cm and 40 x 560-¢m columns are also available), 3} the column
packing will employ 5-mm glass beads coated with the test compound: 4) particulates will be filtered out
through glass wocl; 5} flow through column will be controlled by a variable-speed peristaltic pump or by
intermittent pumping; and 6) tubing will be glass and silicone rubber. GC/MS analysis of toxicant in the
toxicant mixing tank will be used to optimize the system for each chemical noted above prior to test
initiation. The contents of the stock toxicant reservoir will be constantly replenished with fresh dilution water
as toxicant solution 1s supplicd to the diluter. The aniline stock solution will be prepared similarly, but by
volumetric addition of aniline, using a metering pump, to the stock toxicant reservoir in fict of the Veith
column. The copper working stock solution will be prepared in the same apparatus by metering pumyp addition
of & concentrated copper stock solution to the stock taxicant reservoir. All toxicant working stock solutions
will be prepared and maintained under the same conditions as in the test exposures and delivered continuousiy
to the toxicant chamber of the diluter at an appropriate rate.

DILUTION WATER

Dilution water will be dechlorinated City of Newport municipal tap water adjusted to a water hardness of 25-30
mg/L as CaCO,.

TEST ORGANISMS
Species: Lamprey. Lampetra sp.

Source; Ammococtces will be collected by Windward staff and delivered to the laboratory each day of
collection. The ammocoetes will be collected from several rivers including the Siletz River, which was the site
for Phase T ammocoetes.

Age: ammocoetes (Juvenile prior to metamorphosis)

Acclimation and Pretest Observation: Test organisms will be held in the laberatory in order to acclimate 1o test
temperature. Lpon receipt, animals are removed from the sediment they are received in and placed in 10-gallon
tanks under flow-through conditiens (~35 mL/minute, or ~ 2 volume changes per day, with onc additional daily
siphon and replacement of 273 volume of each tank}. Approximately 50 lamprey are placed in each tank.
Tanks will cantain at least 3 inches of sediment (Sandtastic Play Sand, Waupaca Materials. or similar material)
covered with approximately 261 of test water and supplied with acration. The maximum temperature variation
during holding will be £ 1° C, The ammococtes will be acclimated to the laboratory test conditions for a
minimum of 5 to 7 days prior to test initiation. This minimum number of days applies only to the first toxicity
test conducted on each batch of field-collected organisms. For all other tests, the ammococtes will be held for at
least 13 days prior (o test initiation. When a temperature adjustment of more than 3 to 5°C is required. the
transfer from field collection watcer to laboratory dilution water will be gradual. Normal behavior for lamprey
ammocoetes is 10 immediately bury in sediment and remain there. Any dead animals observed on the sediment
surface are removed daily. Past experience suggests that mortality is minimal during short-term holding and
any mortality (s likely due to damage fram field collection. I ammocoetes do not bury or there is excessive

Page 2 of ¢



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
September 12, 2007

mortality in any tank, animals from that tank will not be used for testing. Ammocoetes will not be fed since
they arc being held short-term.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrations: Test materials will be administered using a constant-flow diluter based cn
the design of Benoit ¢f o (1982).  The diluter will be calibrated te deliver a 0.3 dilution series. Flow rates
will be adjusted 1o deliver at least five test chamber volumes per concentration per day. Diluter flow rates will
be measured and documented at the beginning and coenclusion of each 96-hour test. This will be done by
measuring individual diluter capillary tube flows, When the flow rates are entered into an Excel” spreadsheet,
the actual difutions of the toxicant stock can be computed. Actual test chemical concentrations (organic
chemicals) i the toxicant mixing chamber (toxicant stock solution) and in exposure aquaria will periodically be
measured on a real-time basis at NAS to verify that nominal concentrations are being routinely achieved.
Definitive concentration documentation in test aquaria will result from daily samples shipped for analysis to
CAS.

Test Chambers and Environmental Control: Test chambers used in the toxicity study are glass aquaria less than
or equal to two gallens in volume. The test system is housed in a constant-temperature, photoperiod-controlled
room. Aeration is not employed. The photoperiod is constant dark except during monitoring activities when
ambient (50-75 {i-¢) lighting is used.

Cleaning: All laboratory glassware, including test chambers and toxicant dilution system, will be cleaned based
on the methods described in U.S. Environmental Protection Agency (2002). Initial cleaning incerporates the
use of a laboratory detergent followed by multiple tap water rinses. Subsequently, either dilute (10%. V:V}
acid (hydrochloric or nitricy or acctone is used to remove metals or oreanic contaminants, respectively. Further
multiple tap water rinses are employed afler each acid or acetone treatment. Sodium hypochlorite bleach may
be employed on a limited basis to ensure that microorganisins that could metabolize organic toxicants. e.g.
naphthalene, are not present. Exhaustive tap water rinsing is always employed following any chemical cleaning

treatment. A final dilution water rinse of the exposure apparatus will precede initiation of each study.
EXPERIMENTAL DESIGN AND TEST PROCEDURES

Experimental Design: The definitive test involves exposure of lamprey ammocoetes to five test concentrations,
using a 0.5 dilution series. and a dilution water control. bxposures are for 96 hours. Each treatment consists of
four replicates, each containing 10 ammocoetes. if there are sufficient numbers of ammaocoetes. 1f there are not
cnough ammocoetes for [0 per replicate, then at least 20 per treatment (5 per replicate) is the minimum number
preferred. Test chambers are randomly distributed in the test area. Ammocoetes are impartially distributed to
each aquarium by adding one or two animals to cach test replicate and repeating the process until each contains
10 organisms.

Effect Criterion: The effect criterion used in the lamprey ammocoete acute toxicity test is mortality, defined as
a lack of visible respiratory movement and absence of response to tactile stimulation. The mortality data will be
used to compute LC50s for each exposure period. In addition to mertality, qualitative observations of sublethal
responses consisting of erratic swimming, hyperventilation. hemorrhaging, and hyper/hypoactivity (compared
1o the activity of the organisms in the control group) will be recorded if observed.

Test Conditions: The dissolved oxygen concentration in each test container must be > 4.0 mg/L throughout the
test. The test temperature emploved is 17 = 1°C. A photoperiod of constant darkness is used, except during
monitoring activities when tllumination is supplied by daylight fluorescent lamps at an intensity of 50-75 ft
candles. Loading should nat exceed 6.1g/L at 17°C according to EPA. ASTM recommends loading not exceed
g/l of solution passing through the ¢chamber in 24 hours or 10g/L of solution in the chamber at any time.

Beginning the Test: Adding the organisms te the equilibrated test containers as previously described begins the
test.

Feeding: None.
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Analysis of Test Concentrations: During cach test. samples will be collected for chemical analysis, held at 4°C
and shipped by overnight delivery to Columbia Analytical Services in Kelso, WA, The sampling schedule and
procedure will follow the project QAPP.

Test Duration, T'ype and Frequency of Observations, and Methods: The test duration of the acute toxicity test
is 96 hours. The type and frequency of observations 1o be made during the test are summarized as follows:

Type of Observation Times of observation
Biological Data
1. monality {each test container) 0,24, 48, 72, and 96 hr
2. subiethal observations (qualitative} 0,24, 48, 72, and 96 hr o

Physical and Chemical Data .
1. Dissolved oxygen. pH, & temperature, (in onc 0. 24, 48,72, and 96 hr

replicate of each test level and the control)
2. Conductivity, hardness & alkalinity {in one 0,24, 48,72, and 96 hr

replicate of highest concentration and control)
3. Toxicant cancentration sampling {(in one replicate 0,24, 48. 72, and 96 hr

of each test concentration and the control)
4. Dilution water sample for particulate matter, TOC G hr

and ammonia
5. Sample for ammonia taken from one replicate of 96 hr

control and hghest test concentration

During the test, dead organisms are removed every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxygen is measured using a pelarographic oxygen probe calibrated according to the manufacturer's
recommendations. The pH and temperature are measured using a pH probe and a properly calibrated meter with
scale divisions ol 0.1 pH units. Conductivity is measured using a calibrated conductivity meter. Samples for
chemical analysis will be collected. preserved, and sent to Columbia Analytical Services following the recommended
procedures of the analytical laboratory.

Test Termination: At the end of the test, all surviving control ammocoetes are weighed and measured for length by
replicate. All surviving or dead test organisms will be frozen by concentration for possible later tissue analysis by
Columbia Analytical Services.

Criteria of Test Acceplance: The test results are acceptable if survival in the controls is at least 90%. The
toxicity tests will be performed as a 50% dilution series, it is anticipated that each test will have at least one or
possibly twao partial martality concentrations. Nominal concentrations of cach toxicity test have be reviewed
and approved by EPA (EPA 2007). However, because of the experimental nature of the study and the limited
supply of ammocoetes. the acceptability of the toxicity tests will be based only on the 2 90% survival in control
group.

DATA ANALYSIS

The percent of live ammocoetes is calculated for each treatment replicate from the raw data and the means are
obtained for each treatment level. An LOS0 (mortality) is calculated using Probit or Trimined
Spearman-Karber methods. The NOLC and LOEC are caleulated for each endpaint according to U.S,
Environmental Protection Agency (2002) methods. In this procedure, the NOEC and LOEC values are
computed using either Dunnett's test, T-test with Bonferroni's adjustiment, Steel's Many-One Rank Test, or
Wilcoxon Rank Sum Test with Bonferroni Adjustment. Fhe appropriate test is selected after evaluating the
data for normality and homogeneity of variance. An arcsine-squarc root transformation is performed on the
percentage effect data prior to statistical analysis. The statistical software employed for these calculations is
Texcale, v.5.0.23N, Tidepool Scientific Software.

REPORTING
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The final report of the study results must include all of the following standard information at a minimum:
1. Name and identification of the test;
2. The investigator and labaratory:
3. Information on the toxicants;
4. Information on the dilution water;
5. Detailed information about the test erganisms;,
6. Description of the test system and its calibration, including test chambers and dilution system;
7. A description of the experimental design and other test canditions including water quality;,
8. Definition of the effect criteria and any other observations:
9. Responses. if any. in the contrel treatment;
10. Tabulation and statistical analysis of measured responses:
11. A description of the statistical methods used;
2. Any unusual information about the test or deviations {rom procedures:

The final study report will include the study protocol and all study raw data as appendices.

STUDY DESIGN ALTERATION

Amendments made to the protocol must be approved by the sponsor and study director and should include a
description of the change; the reason for the change; the date the change took effect; and the dated signatures of
the study director and sponsor. Any deviations in the protocol must be described and recorded in the study raw
data.

REFERENCED GUIDELINLES
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Benoit. [J., V. Mattson. and 1D, Olson. 1982, A continuous-flow mini-diluter system for toxicity testing.
Water Res. 16:457-464.

EPA. 2002, Mcthods for Measuring the Acute Toxicity of Effluents and Receiving Waters to I'reshwater and
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Agency, Washington, DC.
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Appendix A
Test Conditions Sutnmary

1. Test species: Lampeira sp.

2. Testtype: Flow-through

3. Test duration: 96 hr

4. Temperature: 17 £ 1°C

5. Dissolved oxygen: > 4.0 mg/L

6.  Light quality & intensity: Ambicnt laboratory light (30-75 ft-c)

7. Photoperiod: Constant dark, except during monitoring activitics

8. Test chambers: glass aquaria less than or equal to two gallons in
volume.

9. Test chamber volumes per day: At least §

10. Replicates per treatment; 4

11. Organisms per replicate: 10

12, Age of test organisms: ammococte

13, Feeding regime: None

14. Acration: None

15, Dilution water: Dechlorinated City of Newporl tap watet: hardness
adjusted 1o 25-30 mg/L as CaCO,

16. Test concentraticns: 5 and a dilution water control

7. Water quality: Temperature. pH. & dissolved oxygen in one replicate
of each test concentration daily. Coenductivity,
hardness & alkalinity in one replicate of highest
concentration and control daily

18. Special controls: Nong

19. Endpoint: , Mortality

20. Test acceptability criteria: 290% centrol survival
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST J \4(/(‘/ ((
Ey 3
-1 I E
Test No. 686-38 Client Windward Investigator L// L /
STUDY MANAGEMENT:

Client: _Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119
Client’s Study Monitor: _Ms. Helle Andersen

Testing Laboratory: Northwestern Aquatic Sciences

Test Location: 3814 Yaquina Bay Road, Newport, OR 97365

Laboratory’s Study Personnel:

Project Manager: Gary A. Buhler A Study Director: Richard S.Caldwell GZV

QA Officer: LK. Nemeth . € .5 \E1soHpRy &8
2 4. dendod S 3.
4. 5.
Study Schedule: » 7
Test Beginning:_ 7- 7/t ? /3 2¢7 _ Test Ending: q-1fJvy 3%
TEST MATERIAL:

Description:_Copper as CuSO,e51,0, Argent Lot No. 0195.

DILUTION WATER:
Description:_Dechlorined City of Newport tap water

Date of Preparation/Collection: Confivengs L1
Water Quality: Cond. (umhos/cm) ;01 4+ 2 pH 74 £ J.y
Hardness (mg/L as CaC0;) 27.5 7 ; ¢ _ Alkalinity (mg/Las CaCO;) £ 6 * 7. {7
Treatments: Hardness adjusted to 25-30 mg/L with a Cullican® water treatment system.
TEST ORGANISMS:
Species: _Lamprey ammocoetes (Lampetrasp.)  Age: Size: 4-6 cm 4

Source: 7rmi Ky Mihviea, b, e Fy el A5 pavevs
Acclimation Data: See pages: = i

" _4
—#

TEST PROCEDURES AND CONDITIONS:
Test Concentrations (nominal):__ 0.2, 0.1, 00.05, 0.025, 0.0125 & 0 mg/L (i
Test Chambers (description):_ 2% gallon glass aguaria_ Test Volume (ml): 580L  ° -

PTI
Replicates/treatment: 4 Organisms/treatment: 40 (10/replicate) Ly
Test water changes: _flow through ) ( &
Aeration during test:__none unless DO drops below 60% saturation QO /oy f = o o i ft "
Temperature (°C): 17+ 1°C

Feeding: None Photoperiod: Darkness except for WO & chemistry measurements
Test Duration (hr)_ 96 hours Tank Placement: Complete randomization

Randomization Chart:

957

- #

L

Diluter ¥

H

-Q

&

]
v . . e | = P . s |«
s 8|8 |2l |8l l8|l2 8|82 22l8&8|ls]|8]8]| < SO
sl sl g | = o Slel e s |l | 2|2 ]lel|lZ]|&]| | e I
k=] [=1 e | = = | o = o
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NORTHWESTERN AQUATIC SCIENCES

PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-38 Client Windward Investigator
TEST SOLUTION PREPARATION: i

See page 5. for details
Weight of 10 animals at test initiation & -7 ¢~ F 5/3

weight (g) Length (cm) Comments
1 0.1 S-}
2 &1 -
3 0-3% -2
4 2.1y S5 -5
5 O 40 o7
6 Oy -5
7 015 &_:f
8 031 5-¥
9 DIy -
10 0310 ~ f
Mean 0.2 o S
S.D. 2.04 o F
(N) 10 yie]

L T
foudilg = 0.2V G X )9 g 3p sl
-— L‘_ - t}—
S . ¥

MISCELLANEOUS NOTES:
Room light intensity (fc): /5| 9=/ Yo ?‘ &4:7

Chemistry samples for copper both filtered and unfiltered taken daily.

/OC i“*./( -(:E.;-_/\

Chemistry samples for particulate matter, TOC & ammonia in dilution water taken on test day 0.

Chemistry samples for ammonia taken in control & 0.20 A-replicate on test day 4.

) —_—, : " P S
T U Rt A U e R A G .
T s : . . - .
[ b - - Tveig Ny § T
(' / .;-’i‘ n—; : (:)(t--"\ ‘,vl-c'l' 6" . ’?(" ,7("‘ Teo "‘{/’:-’""1 V—P\!‘\ ( v ’.h/T ‘I“. =~ h’".?r" e 40 o T cG ,Hﬂ “H/ .
af ¥ | it oo £ HJ R AT R R ST ¥ P S D e A (3 'N(f”?*")-
} ( ; ,
. 3 - . . Aol Ao
3 N BV Y PRl | . PP N2 PR RS -
(‘, YR (’I J‘__',-,l_. '} :-‘*i}’}‘ﬁj‘ly /__.l/[n’ [ P
- oo r e f< s l,'n_.'A
_/,fcmﬁ.n [__*in,/,‘)‘.{,f Gt - X
Error codes: !
1) Correction of handwriting error
2)  Written in wrong location; entry deleted
3)  Wrong date deleted; replaced with correct date
4)  Error found in measurement; measurement repeated
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NORTHWESTERN AQUATIC SCIENCES

PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-38 Client Windward Investigator
WATER QUALITY DATA SHEET
DAY 0(§ /14 /e¥) (/2
Conc. Total Total Survivors
s Temp. Cond. DO "
- pH ) Hardness Alkalinity Comments
[fﬁ/ 9 pbosfem | (R | g/ (me/L) A B ¢ D
20 I}O ‘71"{ I’O i U'Z T /J 13 f‘;_ ‘_-}
010 1,2 2% 3.7 ] e li? | e?
0.05 vl & g,)’ 72 (= /2=
0025 | jpa| g 9 ~ - w |
O |l Helpno (2.4 ] 28 13 ¢ L= 1w o7
Filtered/unfiltered chemistry samples taken { i /id /o 4)  Las
Particulate matter, TOC, and ammonia samples taken in dilution water {1 /t4/¢¢) _Car
Hours of light:
DAY 1(4D /y5! e
Conc. Total Total Survivors
Temp. Cond, DO .
(mg/L} . pH i Hardness Alkalinity Comments
O wmhosfem | (mg/L) (mg/L) (rr.1 o/L) A B C D
020 |)(,4 49 V| 2y /7 0| 90| joi/C
010 |y ¥ |§-0 3 RN ANEANT,
005 | Mg : /210 |0 | 1O
0025 |y |§-3 g /¢ 1 /0 |ro |/0
0-0125 | j i HE s o o |/° |0 | /O
¢ oyl 00 26| 2¢ 19 lyp 1w o 14O
Filtered/unfiltered chemistry samples taken (<7 /, y7¢}) (/D
Hours of light:__ L .O
DAY 2 (f /ib /04) L33
Cone - Total Total Survivors
) Temp. Cond. DO .
(mg/L) °C) rH pmhosicm | (mg/L) H(E:;(;I;E;S Aléaérlil)ty A B c D Comments
020 |1.¢ | 12! ‘o3 | 2 1w i e | e | g | PNMALD aiEARER
0.10 !b.q '{-‘f, %.d e (6 te 1 TE TR
0.05 1164 [3.49 EAn i¢c | ic | |10
0025 Jje.6p (19 3 ic |16 o o
00123 | ye 9 |90 $ L o C | Iv o
0 112 1.4 105 4 2y /1y 'O s} L7 fTe)

Filtered‘unfiltered chemistry samples taken (7 /i /o §) _ Lok

Hours of hight: 1 ¢

- L e {,‘O

. ‘ ‘ A!’ («,rf. m</L o (t’b« “y_, 4}1’/7
-~ f ext ("’f, b.ld,[}ngﬂ ¢ J

-)( (‘,_,nc»-d(fr&r“ 3 K
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NORTHWESTERN AQUATIC SCIENCES

Test No. 686-38

PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Client Windward Investigator
WATER QUALITY DATA SHEET
DAY 3( A/t }/ 0377
Cone. - Total Total Survivors
’ Temp. Cond. DO -
{(mg/L) . pH Hardness Alkalinity Comments
°C) umhos’:"cm (mg/L) (me/L) (mg,/LL) A B C D | .
020 [ 7072|085 | Tk 2 ¥ 18 | P0wo) w Bl (90) | taw) | g1 sevviven Te g,
0.10 |y |t/ ! Pt qP) TLO)SIEP|IBY| Ml (ovugind « Hauie
0.05 ¥ |k 1. | /0 | Y
0025 | .- - | FH » /¢ |G |0 | O
00125 Iy, 7 3.4 AL JO |12 |tV |1
0 A | F-| I 4 15 21 rlc ¢ o o J
Filtered/unfiltered chemistry samples taken ( /7 Yo _&¥>
Hours of light: /. 1.~
DAY 4 (F /1Y 1operS
C one. Temp. Cond. DO Total Tot.a]. Survivors
(me/t) 0 P umhos/c/m (mg/L) H(?,:;?SS A:::;}T)ty A B C D Comments
020 3o |21 5 [4. 2 i & | etw)| 2wy puy
010 |1,y Fe j- plunt |Eeyny| COD T g e
= S : T Ty 7
0.05 /Q’ v | q-1 Aot |29 H e éﬂ‘f‘ %f/;wmw 1t Fliuvgeeg, falecdr
0.025 /‘b": ,?-,"/ £ - f 0 /U 4 o /‘J /‘fk‘ll’s;& /1’14 (l.‘/‘-'"
0.0125 [ jp. o | 37 ¥ AN EE
| 5 - s ,
O |5l |34 ] T 1Y 0l yqo | e | e
Filtered/unfiltered chemistry samples taken (5 4 ¥/ € _ (V5
Ammonia samples taken in control and 0.2 mg/L (5 /¢ 7 ¢ %
Hours of light: . £
£ :
. 7 i f r;(' T
- ] f oy 2t f ‘f‘ (ﬂ(y C,)h‘fz ?ZI-GC'E ( )
e e /
~ et £ (s) (720
. ' . . . '.,"
r;.H— 7.‘; £ 2 *f ((?; )’\ i (”i"J / -
[fl PR PRI . / ((-(“ )
L SR <)
ﬂ_{/«...fh'“é} R S
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NGO, NAS-6386-Lamprey FT acute
LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-38 Client Windward Investigator
NOTES ON PREPARATION OF 0.2 MG/L COPPER STOCK

SYSTEM DESIGN

The objective 1s to deliver 0.2 mg/L of copper, prepared from reagent grade CuSQ - 51150, to the diluter
toxicant chamber at a nonunal constant rate of 160 mbismin. To accomplish this, a large mixing reservoir,
approximately 541 capacity. o 0.2 mg’l. Copper solution in dilution water is maintained at test temperature.
This is done by metering a constant supply of coacentrated copper stock solution into the large toxicant
reservoir with vigorous mixing. while also replacing. under float valve control, dilution water to replace
delivery of the 0.2 mg 1. copper solution to the diluter. Concentrated copper stock solutions will be maintained
by daily preparation et 1-21. voiumes of the stock solution.

Toreplace 160 mi/min of 0.2 mg/L Cu withdrawn {rom the toxicant mixing reservoir, the concentrated stock
solution will be prepared at a concentration of 32 mg'L. and metered into the mixing reservoir at a rate of 1.0
mlinin. The concentrated stock copper solution will be prepared as needed by dilution of 32 mI/L of 1.00
mg/mi copper selution.

RECORD OF SOLUTION PREPARATIONS~ oy
1.0 mg/m! Cu (2o d G A e - i

.y

lca apefvr joor by - /&
,‘J‘)S't ‘7/,7/\].: AR Te &/ _ Z,L.

mhe

32 mgfl. Cu Cence. Stock ‘

(Re efrzfon 1700 ke
fise dlmfon  16iss by -
e (J\/}S_'/U‘_f fa .y s

DILUTER CALIBRATIONS RECORD

DILUTER CAPILLARY FLOWS

i Date G/ [ Time /oo by " b &EC- Date 7/i® /v: Time 1965 | Init. |5 4
© Drams : Supply Tank  Diluter Tank Drain ! Supply Tank | Diluter Tank
Y S ip0 ¥R
' 2 Fo € 2 g o
i 3 Y ¢ 3 £ i
T - B L A ¢, 3
s i fo | 5 2 37

6 /D s ; o B Nl ____EL o

i Flow rates in ml‘min

. — — e

FLOWS TO REPLICATE AQUARIA !
Date ﬁ?/f’S/u—; Time /€:ws b Init. (;‘,STL

Relative Concentration (%a)
Replicate 100 50 23 2.3 I 6.25 0
A 240 740 TV Tl 4T Y TG
B ‘ 7 v T Gt LE P
¢ P R o 2y 0 ey sy e
IR T - A - T N ) 2 252
pawe Gfrefoq time (€90 i {(Ex _ o
Relative Concentration (Ys)
Replcate | 1000 |50 R 125 6.25 0
A 45 240 289 o X 285 R%;_
B 200 2FQ 230 | 2wy Y| dye 0 29
Y . 320 4D ER. 220 1 <30
D 3i0Q =20 305 a8y A0 A3y

Page S of 714




f’(’:F-"’Z’fr

g

jo

Hoidis

4 SCTES | 55T [ B E s bt — . _
F - T o TEL T L e e AL WIS ] WL ately
il IETho | oI | 3557 T 0 e ] B e [ St [ SF L e ee
3T [IS 0 b1 T el Wm },.l_,mu,nﬁ o] ) .m,% mw s&t [ TS (TR T5 B
FF T TS | Shtes g Wil g Hunw.::r&.,. 5 | Wk [T b koo
% ST [ ST]Y ,ﬁw M.e\. .\_ i :E..N&. T/ JOF | ST 1p b T
T P50k | 54T | 50 [T 3P 7| b Lo : T o7 | S ros [VE[CT ETW
; W ivd B A R RS . L B of |95 | v 3o/ ivosigs
i R A AV A% i /A 3T [ | =5 [T [ THPST
2id EF %7 [ 50 | bb[caaw seidl BT ¥ | v | TT [ I7ISE LW PHY
o LR ¥ | 351 [ Fp[8[27ee il i Thes | st [ IpIe 4 e
if4 EF (09 [ sAf [0 1 3[TTEEHT " L§ a5 | SST b o [03[ T o7
<¢ (97 [ 007 | SL 53 - Ok TFE T ast | sh[THaE A0
I[85 S5 [ &b et 7sTiges i . LETES| ST Colaf]| b7 ina
FR (RS | SH [£F FE[T53e ) A a7 2 R E FFART AN ek
¥ OF a5 [ S¥7 | B [EE[C e o B T L R S
+< [ 8F MRS EEE b oS 2% 56t | S'h[hE|op peta
Vil RIS st o | gL] 76 fe oo u“.m.. i VBT hA o | Ablee] 19 0y
377 T | Sk Grr | 36 ise| S d rall X washy o] 2l | Qb [he] B NS
%\ e A [§f | oF7 | bh (£ P oyl wﬂu o ISk | OZ7 [ <L |EH T
omong | Bepe | O | ATV ainog iy | (1) sogart) [ (/Rs) [y BJ [ 2ivg e v = Q\x MMM Fb T ot gt
L o | moon F1¥ | quvH aNoo od dWIL oy nnalxGo womwodsc _FE M.ﬁi..n—v .“ud“_« saanos ﬁ,ﬂu. ﬁeh_. ?Mﬂo.__uz._ ...%M._ he ._n_ﬂ_vh aLva
T U PHERET ARE] S0 3dS
WALV RHSTED - DNIQIOHLITIITE TV HINY .
.IU.UI
. o
~ ,lu_
7 —T— | st [eh[asyee f T . e ™
w;tn,.h-. v a0 | b vr_ T (gt | AL [ AFe 1 " I EEZANER T.T T 0L B4
= ¥ T fk| ORT [ At e 4 ! : 3¢ o2 | S&T mm. g1] R
| ag LA [=}]] 3 1| B¥H[HoEY ..\ /. ! | - Iy N A,W E 0...1@\
0 3 & L TR 1] PO ! il Il A N ¥ TS LY
y IO ] 57 |5 EEF 0L L N B B K PR
W AL gh| OFT [ 56 [ BT i . ot BRI 5 X
l o | ph | SpC | S EETET B ci] bS] Sgr | R |SE £ty
il AN oA mﬁr mrﬁh‘.\t. P L ,_. " ce | e 0 v PR TP 4y
5 L[ AR | OF [ [EH T PE) 2 ML " A W R B T
X Gz TR o] [T75[lA] 1 frate - o : ou“_ a.“ M” H.“” o«..“.”
A - 1T AR opl |5 |4 CeTiP TS e _ - |- N -
. _,,e,._,.w..w%w\ﬁf Fe AT 30 | a4 [LE[ 78 [ty : T e LRt
™ W T e [ BE | S [T [THEH N S : cll pael Tt g
1 (7] be | oel i AEOL] i el r —ey W | LT TE] @7 T AN e
n ot | Th | O%F | ¥y || Vel fodry | A . | CE el o2 [ R et <orf-R
AL ot h s | 76 ] T3 oLl [0 mk %) Phdalcd ] A._;,e,,. e | at | 21| 69 (i8] T )
B — | = | o Tk | i} Mt i P o : fl& e oy | e Al [ [ s
Pt 7 W B e Lk i (U] e N A R I 3 I ST G IR S
= oF s | ol | 0% TP o I T S R o¢ [P ST [aplidlgafent
. Hﬁsmw Ry N S‘m_..;:..mi.. ST ST R R 52 e tew hﬁ,.ﬂ.wu. s | Ty Ames SOy e ~n AR et
woutsSTL | FORIG g L o e s NIV aquh: ason oa 1M | awal EE_ = R EC TG - T [ E ] e a | LR =
- ,M..H A0 uotsodne | BRI | e ] e oon e wy Jowvk | ovo R R T iava

T AT SIS
A DAL R VRIS




) j
- P L ] (AN ST |57 [SLHE7 Fr
1 I E/ AR m RS [0 5k PIL W D2
_ _ L ! | - I " OF &1 | S5 L L |FEP [T
|A i ) B TG [ S0 | 56 [& Lo[B ke
; i - 1 GE 0D [ odr [ Xk [FE| 3ot o ¢
[ o ) e Al o To [ T 55T 75 el 8 Wart
- T ﬁ - - W — ) \ oF [ W .,M._.Mw_bu L il I i
: : e “ - — : o A ; Q5 JW%\ <o YN EELZE
4 T . L4 " qs i g7 R | ke |o%| b |2 xn
B ] [ h LE TE& | Sh1 | L Vg ZIfvr
. ) S I . | 7l I CCAr | AT 5L [og o TR
-2 R S Teh (X1 S9r T ERlGR A g ] 'l " Dh (37| ShT ] £ [Fs| TR T
|2 - ‘1 b | ST PR LT G s p L] " Qs [FL | eor [TV FTEFTD
0@_ e o ﬁu._chw QA g hgl TR e " R 3l e [1e]| & [emsrn
[ ¥ 1TCF g od7 W\Jmﬁlm..w,w\&\&:- 1o R 35 L out FEWS ISP TR PRy
Y y _ : TT [ BET VL T e i .  TED | sel [ se o4 TG fear
L " _ & &w\ﬁ_nl S R N Y R T FPER I Ot Skt | g Lot @t/
N FERCH [ o |Va | var T e : T [PE] v | oam| fo oy
NI " b [Bh | F#7 ool B30 ean o » AR 7B T = [vo e
“w 1wy | Anieon — eI r&\ﬂ LT nol | py] oSt e 1*a J— = T v ou | bb |£L| 7S pewr
VAR ol o e B A sl il A B —y p— e i e i o A el A T A
[CUEEETES IREEIC LY S | b B B i G RO T R e i B
,.»IM\:IV WA VAMHETAI ONITTOH/1dIETY TV ININY W3 Y AHSIYI ONIAIOHLAITITY TVIRINY WII
!mr
) ¥
2
IT 7
~I ) .
P " STFESV [ 7 FIS 7P, i — L A B A R 3l il
v |E0 : FE [ 77| o7 [ 56 [T P i - St 7] SH [Thlod] ST
[y B Sk AT Sb L] gm jeret \ﬁﬂ. = LR OR] o b 0d] 7 qﬁﬂi
"ﬂr [ [ P Q.Nv. Sqi | oG % o mm: " F 17 LT Sh ¥ 5ot H
_W. i Y TT \?Q A2 Ve [l s {delen) -4 ! TW ..m.mu IW\,.. v .H:m. ln...a\.*..u.mw.:
,/.n e " m:T ﬁ@ ol P Tl | L .“_ i 7| GE r..r i d~¢.. et all
[l b [ BC| A | 5b[rt] Stfenem 5 VA ANE AT 2R R 4l
,_ bl b T ol RN TR e wﬂ.w —zl |7 [bE1d i
N TR0 3[R R [ T e ’y A LES A - K R
; Tre It WT mﬂa SEO | OB | KL su fabu - ” m.mlﬂuq S7 T Ee L FEET]
e . OF &%) 77 ) g TR ST Ler™ Pl Y be AR Il I IRCINA il
n 2k {07 | 3T b PP T Een 2 " FF1 09| O [£5]03 FeT
I’ . TE | ot [ wh [14] veprw i - gallkZa T LR
wid : LE T 257 [TL g E5TesT) ad " M_m. = AR X A
7 SHOY| 391 | Wh 52| TI0HY - 5t Mw ST ¥hoR B[O
[ i L1170 | FT [FLLE YT halid Sk b [TE Fo-u-n
e DFET ¢! T |06 o [y o : mT A5 PRy w._o T+ ol
X 0| BL7 1§ eIk i ! Q- [Ta | O | L[ EH L]
" - L 9% Tl B -
7 . G| S| COREoUP® AL . | of =EIREINE B
o H x| T TR A FH e £E CRLEIEEA 45U
Doy | [ Tehan | e | ChRRE | g | ihr i . uontsadug | dopaag .Hms.wu .ﬂ:ﬂ« amos Fis | nﬁdﬁ“—:i:_ i | g | 300
,-IH _ [T T Ll .‘Hi s g T Ny i1 pd L hmt..c s hRLS ¥y SR g AL
S AR

(FHERE IR AR VRS




Tt No CFE-2F

plos shipped +2 CAS

W i

<

_ | ” _ T T T T L e N . ,
R

X _ _ | y paa13aay i ' [T
§ ot iy — - ————— s :
Q| andZ) MEAIW | 2100 ) [F LT I 10
. ! ) L 0 payFInbul ¥ R ELE T B oh Tl | < sty
iy RN 1 430 | . \\ * apsveneg |- B ' Wy L
—_— — T N 5600 .
MLy W ¢ R apso [Eb1-L ety &)
_ (R i . S35 JERbY WINSIMGLON ::.ﬂ:_v_.:uum . s W) R wessiprean | - F Sl peefilen
_ e A o o 301 R
—_— = - CMELL FawN 4
N DT v -
_ _ [ LTSN - R
_ ; LHILEL v . ) ° - -
— - - LY —_—— - N
, ' Tt esvn )| |
L - ! Lo = —
R ! ] Huddh e \’
-~ = . LTTE VN o 1300 LR
.||,H\\ _ . TET ASVN e ” i i frg RNV |
1 g TE1 ISV . _ = ! L0 4 ARD Dl esvM
H . -
e - * — v el Yy iwo - rwa
T ! Sl . B Aﬁ
_ Tauary, . ] uN
L I ) : | 7 |t s ey P ey
: mﬂ g (TR | z m Y & gl = HuspUY SH
I 7 HE _ HEIREIEIER i
1% ‘ . gl 2,315l 8%
5 : g Fy . kil _ = = 5!
H B ETLIATEAT | H ] _ -
T e e =
i .v pee [ o= el _ _ CEROIZLD
o s v do by ]
L SHCL6 WD "UAGWAN LEPL ¥OH () PY SUH UL PIRD T WieS HITARTA wa Gt 55T (FS YT —
i K U. 4P ‘ . ‘ [ conLe U0 vodwond ‘LIE] ¥0E N d MY Sug Panbed £ 15c 4
UG IVENDLY UAISIMYILON QAQIAH ATOLSND 3O NIVHD 5300155 dnenby wansasmIoN GHOIIN AJQLSND JONIVHY) -~

= h T _ - e . ﬁ H ) ) ) N
§ - i
: . i L Caonanin sy Frong
x_ _— . o g pavy 1
| _ i i I .
| — — sy 1 u
X : e Py
L K T —_—— 9 prasssry b ulny A _—
Do ey senmadun | o) e _ tr  wed [y i | 350 ruIs)
—_— _ . s s gy
_ - _ —_— - . Ay page by :
. eI L TN . * ‘ e ) 7
: - — R MBI
Mg ion, g opLo jEobim] st o, s | stor go-kl-g1 N
| awapg by mamonquay YT YFSII @29 e s © | sa302135 aenny st wape
mag e 3 ooy IR _I_..:l i o s dpesn sy T e g ieddue Y

_ T _ T ,
, I ,.

—— | 4 — S S —
% _ :
— Po——— _ _ —_ -
- m 4 S 4 [
' o : - . _—
| s e — ! H DALL: WSV
e ‘14 _ | X ) ) t _ e IR
DRI 0
e T (i P

1
|
1
i
|
L]
T
I
.

st e

aomgnigg

1B 3G K a3y

" " L4

$2UNIG JnenbY UMY GUOXTY AQOLSD 40 KIVID

oIy
Auwryigeny

a1 Loy

ES PO BT ID!
s

SaY u_—ﬂ:mqf., UIREIAMY L0

n,

Ad0ITY AAOCLEND A0 NIVHD



£ £y A4s

b
jf

Sp

/wﬂfobi

Lt damay
Y B0 AR s g,

Gra PR ey

re—
/

P

D IO 1T - - - _
1130354 W oUBALY -1 TR Y VTS
i 52002135 ek CIaIMYLN,
[ R EAN S N TR ] Tocdhed 3
! |
| [x] « P
- _ X | L PN
. x L : Dust e
V X L LAl P L) L Te R LY _
' X 1 R AR kL THATE BN, _
' i .
[ } . X PR e R TSR AN w
' _l Pxo R LEN I R TYEIN RGeS
: X ! ny 1AL i au,_i,z_
i : - - S
— - X | B R S I
' X ! % STAR DAGEE e A
—_— [ x| ! T et
_ X [ _1 FE R S ST RSN
- . X 1 ! N3 AR ETING L led TRl esvy ! LOels L
. N oayl ! 1
- _ X 1 e 1MW - i EETE ey ' orgls !
: _ : L 1
. =
I 3 P g oy
= " g e | v, gy
clo| |2l e AF
| B E|Z 3 & prercoaimuea uStiapuYy A[SH ¢
z 3 = = & 3 . e s
i 132|133 ¥ % L. _ s
gleld| s i, i LRTLLSIOL |
H z Lo [ T ey
, 2 i Arilr)
: _ I sy paees
| Panshay 1 i oy

WA HIEnDEMU A "§a LI 50

B F R

S9EL6 WO UCEMIN LEP| X0Q (d T PY AT RUInhe L £1g]

533u31g onunby wiasamylaey

QHOYIY AQOLSND 10 NIVHD

]
w _ -
12} ooy
] wndgy aumressduiay, oo ) pracen __apamnhuy
LT ] _ qpumny
|
WL KON 7 TR @- 41 reboErgl THORT
e sakr b & £230a135, I0TADY LISt ARKLION ! i - L parpadbiragy
pog dporny ey | amn TESwoy T | B <
# _ 1 | tna 14w b e ¥ e R0 s =V Ul
_ 1 ﬁ ARSI FUcidny - 34t 0001 ASVN Uﬂﬂ—
x| 1 BRI 1) I L0 - 1 ael DILDI SRVN u 1L
_ 4 X _ 1 Foosiprgng LB L 0 - el D] SV
X , 1 P s 0 bR ORNET NN
— — . | .
| X 1 0 A g L N
_ I x|l
X L .
X i B +
_ X ] SR _
' i
| i x [ LRR ST ey a§lb)
x| t © T NITNT ANV LhRich !
J— ! — . Lk
X ] LR ST T R Y TR I L o]
4 X | o ea
X . 3 vhyamans peed wagteyex 210! | RUe
T |
| I |
< v > g oal
2 L[5 2 B gHrcmavmers i
; s ozlEl2 50 e |
g &
_ PR e b s
. e !
i , rouniesy Roms RN
s g S BRLT S9T SISy L

SYCLG U0 U CLFE VI O [ AR

s 1,56
sauady agenby wiazsanyisuy

UHOIY AQOLEND 40 XIVHD

9 1y



Water Quality Computation - Test No. 686-38

Temp DO pH Cond Hard Alk
1 17.0 8.7 7.8 110 28 24
2 17 1 88 7.9 110 28 23
3 172 85 8.2 95 26 17
4 16.9 86 82 100 28 19
5 17 1 B85 8.2 105 28 16
6 17.4 8.4 8.2 105 28 18
7 16.9 8.1 7.8 105 28 18
8 16.8 83 8.0 105 28 21
9 16.7 8.1 83 95 26 12
10 16.6 §2 83 90 25 13

11 16.7 80 8.5

12 170 76 8.4

13 170 g4 7.2

14 169 88 7.7

15 16.9 86 7.9

16 16.6 84 7.9

17 16.9 82 8.C

18 17.2 8.0 79

19 17.0 9.6 72

20 17.0 9.1 7.0

21 17.0 9.1 7.4

22 17.0 8.8 7.4

23 171 8.6 76

24 17.4 83 7.6

25 17.0 9.5 71

26 16.8 9.3 7.2

27 166 9.2 7.4

28 16.6 9.1 7.4

29 16.8 88 7.3

30 17.1 84 7.5

31
32
mean 16.9 86 78 102 27 18
sd 0.2 05 04 7 1 4
N 30 30 30 10 10 10
min 16.6 78 70 90 25 12
max 17 4 96 85 110 28 24
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WQ Computation - acclimation (8-31-07 to 9-14-07) - Test No. 686-38

Temp DO pH Cond Hard Alk
1 16 8 75 7.2 135 34 30
2 16.9 7.4 71 140 34 30
3 16.7 91 786 160 34 30
4 16.7 92 77 160 34 30
5 16.2 8.8 7.5 185 26 30
6 16.3 9.1 7.2 170 80 35
7 16.8 9.0 7.3 185 80 38
8 18.9 9.1 7.0 155 55 3¢
9 17.0 9.3 75 160 48 29

10 16.7 8.8 75 170

11 16.7 89 7.2 175

12 17.4 9.0 7.6 235

13 17.0 9.4 8.0 185

14 17.1 9.0 8.0 170

15 17.1 9.1 g2 155

16
17

mean 16.8 8.8 7.5 169 43 31
s.d. 0.3 0.6 04 24 13 3
N 15 15 15 15 9 9
min 162 7.4 7.0 135 26 29
max 17 4 9.4 82 235 50 38
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Acute 96-hr Toxicity Test-86 Hr Survival

Start Date: 9/14/07 13:20
End Date: 9/18/07 13:30

Test ID; 686-38
l.ab ID: ORNAS-Northwestern Aquati Sample Type:

Sample ID;

CUSO-Copper sulfate

Sample Date: Protocol: NAS-686-Lamprey Ft acute Test Species: LY-Lampetra sp.
Comments:
Conc-mg/L 1 2 3 4
D-Control  1.0000 1.0000 1.0000 1.0000
0013 10000 1.0000 1.0000 1.0000
0.023 1.0000 1.0000 1.0000 1.0000
0.043 04000 0.8000 0.7000 0.4000
0088 00000 0.0000 00000 0.0000
0.184 0.0000 0.0000 0.0000 Q.0000
Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-mg/L.  Mean N-Mean Mean Min Max CV% N Sum _ Critical Resp Number
D-Contral  1.0000 1.0000 14120 14120 14120 0.000 4 0 40
0.0t3 1.0000 1.0000 1.4120 14120 1.4120 0.000 4 18.00 10.00 0 40
0.023 1.0000 1.0000 11.4120 1.4120 1.4120 0.000 4 18.00 10.00 0 40
*0.043 05750 05750 08669 0.6847 1.1071 24.877 4 10.00 10.00 17 40
0.088 0.0000 00000 0.1588 ©(.1588 0.1588 0.000 4 40 40
0.164 0.0000 0.0000 (1588 0.1588 0.1588 0.000 4 40 40
Auxiliary Tests Statistic Critical Skew Kurt
Shapire-Wilk's Test indicates non-normal distribution (p <= 0.01}) 0.70838 0.844 0.31227 293727
Equality of variance cannot be confirmed -
Hypothesis Test {1-tail, 0.05) NOEC LOEC ChV TU
Steel's Many-One Rank Test .. 0.023  0.043 7 0.03145
ﬂ )
LOYY Nk Trimmed Spearman-Karber
Trim Level _EE30 85% CL
0.0% 0.0463 0.0416 0.0514
50% 00464 (00413 0.0521
10.0% 0.0465 0.0407 0.0531 1.0 » —&
20.0% 0.04 0.0380 0.0561 09 :
Auto-0.0% 0463) 0.0416 0.0514 =]
) 0.8 -
0.7 1
% 06 )
% Q.5 ]
& 04 ]
0.3 1
0.2 1
0.1 +
0.0 +—o—& T T
0.01 0.1 1
Dose mg/L

ToxCale v5.0.23N

Page /’S of e



Test: AT-Acute 96-hr Toxicity Test

Species: LY-Lampetra sp.

Test ID: 686-38
Protocol: NAS-686-Lamprey Ft acute

Sample ID: Sample Type: CUSO-Copper sulfate
Start Date: 9/14/07 13:20 End Date: 9/18/07 13:30 Lab ID: ORNAS-Northwestern Aquatic Sciences
Pos| ID | Rep Group Start 24 Hr | 48 Hr 72 Hr 96 Hr Notes

1 1 D-Control 10 10

2 2 D-Centrol 10 10

3 3 D-Contro! 10 10

4 4 D-Control 10 10

5 1 0.013 10 10

6 2 0.013 10 10

7 3 0.013 10 10

8 4 0.013 10 10

9 1 0.023 10 10

0] 2 0.023 10 10

11 3 0.023 10 10

12| 4 0.023 10 10

13 1 0.043 10 4

14 ] 2 0.043 10 8

15[ 3 0.043 10 7

16 | 4 0.043 10 4

17 1 0.088 10 0

18 | 2 0.088 10 0

19| 3 0.088 10 0

20| 4 0.088 10 0

21 1 0.164 10 0

22 2 0.164 10 0

23| 3 0.164 10 0

24 | 4 0.164 10 0
Comments:

ToxCalc 5.0.23N
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LAMPREY (LAMPETRA SP.) DEFINITIVE 96-HR
FLOW-THROUGH ACUTE TOXICITY TEST OF ANILINE

NAS Test No. 686-39

Submitted to

Windward Environmental LL.C
200 West Mercer Street, Suite 401
Seattle, WA 98119

Submitted by

Northwestern Aquatic Sciences
3814 Yaquina Bay Road
P.O. Box 1437
Newport, OR 97365

April 3, 2008



NORTHWESTERN AQUATIC SCIENCES___

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 686-39
Title: Lamprey {Lampeira sp.) definitive 96-hr flow-through acute toxicity test of aniline.
Protocol No.: NAS-686-T.amprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401, Scattle, WA 98119,
Sponsor's Study Menitor: Ms. Helle Andersen.
Testing [ aboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Study Personnel: G. A. Buhler, B.S., Proj. Manager; R. 5. Caldwell, Ph.D., Study Director; L K.
Nemeth, B.A., M.B.A., QA Officer; G.J. Inssarri, B.S., Aq. Toxicol.
Study Schedule:
Test Beginning: 10-1-07, 1615 hrs.
Test Ending: 10-5-07, 1600 hrs.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
97365.
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
{GLP) as defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 7923,
Statement of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurate reflection of the raw data.

TEST MATERIAL
Description: Aniline (Fisher Scientific, Lot No. 072020).
Preparation of Working Stock Solution and Test Concentrations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit ef ¢/., 1982). The dilutcr was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 ml/min per toxicant concentration. The diluter
design was such that 160 mil/min of the toxicant solution at the highest test concentration (normnal 1200 mg/L
aniline) was required to be continuously delivered to the toxicant supply chamber of the diluter. To accomphsh
this, a large mixing reservoir, approximately 541 capacity, of nominal 1200 mg/L aniline solution in dilution
water, was maintained at test temperature. This was done by metering, at a rate of 5.5 ml/min, a constant
supply of a saturated solution (ca. 35 g/L) of aniline in deionized water into the large toxicant reservoir with
vigorous mixing, while also replacing, under float valve control, dilution water to replace delivery of the
nominal 1200 mg/L aniline solution to the diluter. The saturated aniline solution was prepared daily.

DILUTION WATER
Source: City of Newport municipal tap water, treated as below, was supplicd continuously to the toxicant
diluter throughout the study.
Pretreatmient: The water was dechlorinated by carbon filtration, particle filtered to 1 pm, and adjusted to a
targel water hardness ot 25-30 mg/L as CaC(;. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Ape/Size: Ammocoetes; target size range, 4-6 cmy; actual size of 10 ammocoete subsample, 5.0 £ 0.5 cm,
Source: Ammococtes were field collected in approximately equal numbers from the Trask, Nestucca, Siletz,
and Alsea Rivers, Oregon. Field collection was by electoshocking and only 4-6 cm size ammocoetes were
retained. Personnel of Windward Environmental performed the ammocoete collections.
Acclimation: Upon receipt, animals were removed from the collection site sediment and placed in 10-gallon
aguaria supplied under flow-through conditions with dilution water. Water supply was sufficient (30-50

Test No. 686-39 Page 2 of 6



NORTHWESTERN AQUATIC SCIENCES

ml/min) to accomplish two volume changes of water per day. Approximately 50 lamprey were placed in each
tank. Tanks contained an approximate 8 cm deep layer of sediment (Sandtastic Play Sand, Waupaca Materials)
covered with approximately 26L of test water and were supplied with aeration. Normal behavior for the
lamprey ammocoetes was to immediately bury in sediment and remain there. Any that did not immediately
bury were discarded as potentially damaged. Ammocoetes were not fed during acelimation. Water quality
conditions during the two weeks prior to testing (9-15-07 to 9-30-07) were: temperature, 17.1 £ 0.2°C;
dissolved oxygen, 9.1 £ 0.2 mg/L; pH, 7.8 £ 0.3: specific conductance, 134 + 12 pmhos/cm; hardness, 44 + 4
mg/L as CaCO;; and alkalinity, 32 < 4 mg/L as CaCO;.

TEST PROCEDURES AND CONDITIONS
Test Chambers: The test chambers were two-gallon glass aquaria capable of holding 5.8 L of test solution.
Test chamber placement in the test area was random.
Test Concentrations: The nominal test concentrations were 1200, 600, 300, 150, 75, and 0 mg/L (control}
aniline.
Replicates/Treatment: 4
Organisms/Treatment: 40
Loading: 0.40 /L
Aeration: None,
Feeding: None.
Water Volume Changes: The diluter supplicd approximately 80 ml/min of test solution. or 115 L/day, at cach
test concentration. At this rate of flow, test solution supply to each replicate aquarium was 5.0 volumes per
day.
Effects Criteria: The effect criterion used in the lamprey ammocoete acute toxicity test was mortality, defined
as a lack of visible respiratory movement and absence of response to tactile stimulation. In addition to mortality,
qualitative observations of sublethal responses were recorded when observed.
Target Water Quality Conditions: Water quality measurements were taken daily as specified in the protocol
(Physical and Chemical Data, Items 1 and 2). The target water quality conditions were as follows:
Temperature, 17 £ 1°C; dissolved oxygen, >4.0 mg/L.; hardness, 25-30 mg/L as CaCQ;. Actual test conditions
are reported in the Test Results section.
Photoperiod: The photoperiod was total darkness except for approximately 2.3 hours per day for observations
and test exposure system maintenance. Light intensity at the aquarium level was 15.7 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measured aniline concentrations for each treatment level. The LC50 (survival) was calculated by the probit
method. An arcsine square root {(angular) transformation was performed on the data prior to statistical analysis.
The NOEC and LOEC were calculated according to U.S. Environmental Protection Agency (2002) methods. In
this procedure, the NOEC and LOEC values were computed using either Dunnett's test, T-test with Bonferroni's
adjustment, Steel's Many-One Rank Test, or Wilcoxon Rank Sum Test with Bonferroni Adjustment. The
appropriate test was selected after evaluating the data for normality and homogeneity of variance. The
statistical software employed for these calculations was ToxCale, v.5.0.23N, Tidepoo! Scientific Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES
Test solutions were sampled once daily for aniline from each test concentration by pooling samples from each
of the four test replicate aquaria. Subsamples were pooled into new disposable plastic beakers from which the
pooled sample was transferred to the analytical laboratory supplied sample bottles and shipped under chain-of-
custody procedures to the analytical chemistry laboratory (Columbia Analytical Services) at Kelso, WA, No
preservative was employed. Samples were kept refrigerated at <4°C. Sample volumes were 1 L. Additional
samples were taken of the dilution water on day 0 of the test for analysis of particulate matter, TOC, and
ammonia-N, and from the control and highest test concentration treatments after 96-hr for measurement of
ammonia-N. These samples also were shipped to Columbia Analytical Services for analysis.

PROTOCOL DEVIATIONS

Test No. 686-39 Page 3 of 6



NORTHWESTERN AQUATIC SCIENCES

1. The protocol specified "constant dark, except during monitoring activities”, and also that light intensity
should be 50-75 (i-c. when light was on. These specifications were judged to be contradictory and led to
the following action. Based on best professional judgment of the investigators, we reduced the light
intensity from that given in the protocol in order to minimize fright behavior responses of the ammococtes
during the short period of lighting associated with daily observations.

2. The protocol states: "At the end of the test, all surviving control ammaocoetes are weighed and measured for
length by replicate.” Through a {aboratory error, a subsample of 10 ammocoetes were weighed and
measured at the beginning of the test instead. This is a minor deviation and is without consequence for
interpretation of the smdy results.

TEST RESULTS

Water quality conditions measured in test aquaria during the 96-hr toxicity test are summarized in Table 1. The
temperature specification was met during the study. Dissolved oxygen remained near saturation throughout the
test. The pH ranged from 6.2 — 6.7. Mean hardness also was in the specified range of 25-30 mg/L as CaCO.

The concentrations of aniline measured during the toxicity test are summarized in Table 2. Mean measured
concentrations in the test ranged from 113 £ 16 mg/L at the lowest level to 1300 + 187 mg/L at the highest
exposure level. Generally. the dilution series was in good agreement with nominal concentrations.

A summary of the 96-hr ammocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival (100%) met the test acceptability criteria of 290%. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occurred in the highest, and 0% mortality was observed in the two lowest,
test concentrations. Partial mortality was observed in the middle {318 mg/L) and second highest (634 mg/L) test
concentrations.

The toxicity of aniline to lamprey (Lampetra sp.) anmunocoetes as the 96-hr LC50 was 430 mg/L. (95%
confidence limits, 381 — 486 mg/L). The NOEC and LOEC concentrations were 318 and 634 mg/L aniline,
respectively.

LITERATURE CITED
Benoit, D., V. Mattson, and D. Olson. 1982. A continuous-flow mini-diluter system for toxicity testing. Water
Res. 16:457-464.

EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organismms. Fifth edition. EPA-821-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of aniline to
lamprey ammocoetes.

Parameter Mean + S.D, N Range

| Temperature (°C) 16904 30 16.2-17.6

Dissolved oxygen (mg/L) 9.2+0.2 30 88-906
pH 6.4+0.2 30 6.2-67
Specific conductance (punhos/cm) 98 +2 10 87100
Hardness (mg/L as CaCOs) 261 10 24 -28
Alkalinity (mg/L as CaCO3) 21+1 5 20-123

Table 2. Measured concentrations of aniline during the 96-hr acute toxicity test of aniline to
lamprey ammocoetes. Measurements performed by Columbia Analytical Services.
Nominal (mg/L) Measured (mg/L)
Mean + S.D. N Range
1200 1300 £ 187 5 1100 — 1500
600 634 + 85 5 530 - 730
300 318425 5 300 - 360
150 | 176 + 23 5 150 — 200
75 113+ 16 5 95 - 130
0 0.5+0.7 5 0.1-1.8
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to aniline.

Aniline Ammocoetes Ammocoetes Percent Mean %
{mg/L) Replicate  exposed Surviving Survival Survival

1300 A 10 0 0.0

B 10 0 0.0

C 10 0 0.0

D 10 0 0.0 0.0 *
634 A 10 2 20.0

B 10 2 200

C 10 0 0.0

D 10 3 30.0 17.5 *
318 A 10 7 70.0

B 10 7 70.0

C 10 6 60.0

D 10 10 100.0 75.0
176 A 10 1¢ 100.0

B 10 10 100.0

C 10 10 100.0

D 10 10 100.0 100.0
113 A 10 10 100.0

B 10 10 100.0

C 10 10 100.0

D 10 10 100.0 130.0
0.5 A 10 10 100.0

(Control) B 10 10 100.0
C 10 10 100.0
D 10 10 100.0 100.0

* Mean significantly (p=0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
September 12. 2007

STUDY PROTOCOL

LAMPREY (LAMPETRA sp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is to determine the acute toxicity of six chemicals, representing a
range of toxic modes of action, to lamprey (Lampetra sp.y ammocoetes. The study will be performed using
methods based on the methods for measuring acute toxicity with other fish species as described in U.5.
Environmental Protection Agency (2002) and American Society for Testing and Materials (ASTM) (1996)
guidance.

Summary of Method: [n definitive tests, lamprey ammoecoetes are exposed for 96 hours to five concentrations
of test material and a dilution water control. The test concentrations are arranged in a logarithmic series based
on the results of range finding tests. Four replicates, each with 10 organisms, are employed at cach test
concentration, if there are sufficient numbers of ammocoeetes. Flow-through exposures are employved. Test
chambers are glass aquaria less than or equal to two gailons in volume. Maortality is the cffect critecion. The
data analysis consists of calculating means and standard deviations for survival. An 1.CS0 with 93%
confidence intervals may be calculated along with the NOEC and LOEC concentrations.

STUDY MANAGEMENT

Sponsor's Name and Address:
Windward Environmental LLC
200 West Mcrcer Strect. Suite 401
Seattle, WA 98119

Sponsor's Study Monitor:
Ms. Helle Andersen

Name of Testing Laboratory:
Northwestern Aquatic Sciences
3814 Yaquina Bay Road
P.Q. Box 1437
Newport, OR 97363

Test Location: Newport, OR.

Laboratory's Key Personnel to be Assigned to the Study:
Laboratory Direclor: Richard S. Caldwell, Ph.D.
Project Manager/Study Director; Gary A. Buhler, B.S.
QA Officer/Toxicology Program Mgr: Linda K. Nemeth. B.A.. M.B.A.
Aquatic Toxtcologist: Gerald ). Irissarri, B.S.

Proposed Study Schedule: July 2007 through September 2007.

Good Laboratory Practices: The test is conducted following the principles of Good Laboratory Practices (GLP) as
defined in the EPA/TSCA Good Laboratory Practice regulations revised August |7, 1989 (40 CFR Part 792).
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TEST MATERIAL

Description: Chemicals to be tested include aniline, copper. pentachlorophencl, lindane, diazinon and
naphthalenc.

Preparation of Working Stock Solution and Test Concentrations: 'est materials will be administered using a
constant-flow diluter based on the design of Benoit ef ¢/ (1982).  Stock solutions of the sparingly soluble
organic compeunds. ¢.g. naphthalene, pentachlorophenol, lindane. diazinon, will be prepared continuously by
recirculation of dilution water/toxicant stock solution through a cotumn of toxicant coated glass beads (Veith
and Comstock. 1975}, This is a conceptual approach in which the specific column, flow rates, glass bead
sizes, ete, need to be developed empirically. with analytical feedback, for each study considering such
variables as chemical solubility, test temperature. desired highest test concentration, stock toxicant
consumption rate, elc. Given the above, some modifications are anticipated as the studies progress. Initial
sysiem characteristics are as follows: 1) the toxicant mixing tank will have a 60-liter capacity; 2) a 20 x 280-
cm glass column will be employed (10 x 200-cm and 40 x 560-cm columns are also available): 3) the column
packing will employ 5-mm glass beads coated with the test compound: 4) particulates will be filtered out
through glass wool; 5) flow through column will be controlled by a vartable-speed peristaltic pump or by
imtermittent pumping: and 6) tubing will he glass and silicone rubber. GC/MS anafysis of toxicant in the
toxicant mixing tank will be used to optimize the system for each chemical noted above prior to test
initiation. The contents of the stock toxicant reservolr will be constantly replenished with fresh dilution water
as toxicant solutton is supplicd to the diluter. The aniline stock solution will be prepared similarly. but by
volumetric addition of aniline. using a metering pump. to the stock toxicant reservoir ix lew of the Veith
column. The copper working stock solution will be prepared in the same apparatus by metering pump addition
of a cancentrated copper stock solution to the stock toxicant reservoir. All toxicant working stock solutions
will be prepared and maintained under the same conditions as in the test exposures and delivered continuously
to the toxicant chamber of the diluter at an appropriate rate.

DILUTION WATER

Dilution water will be dechlorinated City of Newport municipal tap water adjusied to a water hardness of 25-30
mg/L as CaCO,.

TEST ORGANISMS
Species: Lamprey, fampetre sp.

Source: Ammocoetes will be collected by Windward staftf and delivered to the laboratory each day of
collection. The ammocoetes will be collected from several rivers including the Siletz River, which was the site
for Phase | ammocoetes.

Age: ammocoetes (juvenile prior to metamorphosis)

Acclimation and Pretest Observation: Test crganisms will be held in the laboratory in order to acclimate to test
temperature. Upon receipt. animals are removed from the sediment they are received in and placed in 10-gallon
tartks under flow-through conditions (~35 mL/minute, or - 2 volume changes per day. with one additional daily
siphon and replacement of 2/3 volume of each 1ank). Approximately 50 lamprey are placed in each tank.
Tanks will contain at least 3 inches of sediment (Sundtastic Play Sand, Waupaca Materials, or similar materiai)
covered with approximately 26L of test water and supplied with acration. The maximum lemperature variation
during holding will be = [° C. The ammocoetes will be acclimated to the laboratory test conditions for a
minimum of 5 to 7 days prior to test initiation. This minimum number of davs applies enly to the first toxicity
test conducted on each batch of tield-collected organisms. For all other tests. the ammocoetes will be held for at
least 13 days prior to test initiation, When a temperature adjustment of more than 3 to 5°C is required, the
transfer from field cellcction water ta laboratory dilution water will be gradual. Normal behavier for lamprey
ammocoetes s 10 immediately bury in sediment and remain there. Any dead animals observed on the sediment
surface are removed daily. Past experience suggests that mortality is minimal during short-term holding and
any mortality is likely due to damage from ficld collection. If ammococtes do not bury cor there 1s excessive
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mortality in any tank. animals from that tank will not be used for testing. Ammococtes will not be fed since
they are being held short-term.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrations: Test materials will be administered using a constant-flow diluter based on
the design of Benoit et af (1982). The diluter will be calibrated to deliver a 0.5 dilution series. Flow rates
will be adjusted to deliver at least five test chamber volumes per concentration per day. Diluter flow rates will
be measured and documented at the beginning and conclusion of each 96-hour test. This will be done by
measuring individual diluter capillary tube flows. When the flow rates are entered into an Excel® spreadsheet,
the actual dilutions of the toxicant stock can be computed. Actual test chemical concentrations (organic
chemicals) in the toxicant mixing chamber (toxicant stock solution) and in exposure aquaria will periodically be
mcasured on a real-time basis at NAS 1o verify that nominal concentrations are being routinely achieved.
Definitive concentration documentation in test aquaria will result from daily samples shipped for analysis 10
CAS.

Test Chambers and Environmental Contrel: Test chambers used in the toxicity study are glass aquaria less than
or equal to two gallons o volume. The test system is housed in a constani-lemperature, photoperiod-controlled
rcom. Aeration is not employed. The photoperiod 1s constant dark except during monitoring activities when
ambient (50-75 fi-¢) lighting 15 used.

Cleaning: All laboratory glassware, including test chambers and toxicant dilution system, will be cleaned based
on the methods described in U.S, Environmental Protection Agency (2002). Imitial cleaning incorporates the
use of a laboratory detergent fellowed by multiple tap water rinses. Subsequently. cither dilute (10%. V:V)
acid {(hydrochloric or nitric) or acetone is used to remove metals or organic contaminants, respectively, Further
multiple tap water rinses arc emploved after each acid or acetone treatment. Sodium hypochlorite bleach may
be employed on a limited basis to ensure that microorganisms that could metabolize organic toxicants. e.g.
naphthalene, are not present. Exhaustive tap water rinsing is always employed following any chemical cleaning
treatment. A final dilution water rinse of the exposure apparatus will precede initiation of each study,

EXPERIMENTAL DESIGN AND TEST PROCEDURES

Experimental Design: The definitive test involves exposure of lamprey ammocoetes to five test concentrations,
using a 0.5 dilution serics. and a dilution water control. Exposures are for 96 hours. Each treatment consists of
tour replicates, each containing 10 ammocoetes. it there are sufficient numbers of ammocoetes. If there are not
enough ammocoetes tor 10 per replicate, then at least 20 per treatment (3 per replicate) is the minimum number
preferred. Test chambers are randomly disiributed in the test area. Ammocoetes are impartially distributed to
each agquarium by adding onc or two animals to each test replicate and repeating the process until each contains
10 organisms.

Effect Criterion: The effect eriterion used in the lamprey ammococte acute toxicity test is mortality, defined as
alack of visible respiratory movement and absence of response to tactile stimulation. The mortality data will be
used to compute 1.0505 for each exposure period. In addition to mortality. qualitative aobservations of sublethal
responses consisting of erratic swimnting. hyperventilation, hemorrhaging. and hyper/hy poactivity (compared
to the activity of the organisms in the control group) will be recorded if observed.

Test Conditions: The dissolved oxygen concentration in each test container must be = 4.0 mg/L throughout the
test. The test temperature employed is 17 = 1°C. A photoperiod of constant darkness is uscd, except during
monitoring activities when iltumination is supplied by daylight fluorescent lamps at an intensity of 50-75 fi
candies. Loading should not exceed 6.1g/1L at 17°C according.to EPA. ASTM recommends loading not exceed
1g/L of solution passing through the chamber in 24 hours or 10g/L of solution in the chamber at any time.

Beginning the Test: Adding the organisms to the equilibrated test containers as previously described begins the
test.

Feeding: None.
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Analysis of Test Concentrations: During each test. samples will be collected for chemical analysis, held at 4°C
and shipped by overnight delivery to Columbia Analytical Services in Kelso, WA. ‘The sampling schedule and
procedure will follow the project QAPP.

Test Duration. Type and Frequency of Observations, and Methods: The test duration of the acute toxicity test
i5 96 hours. The type and frequency of observations to be made during the test are summarized as follows:

B Type of Observation Times of observation
Biological Data
I.  mortality (each test container) 0, 24, 48, 72, and 96 hr
2. sublethal observations (qualitative) 0. 24,48, 72 and 96 hr
Physical and Chemical Pata
1. Dissolved oxygen, pH. & temperatare, (in one 0.24.48. 72, and 96 hr
replicate of each test level and the control)
2. Conductivity. hardness & alkalintty (in one 0.24,48,72 and 96 hr
replicate of highest concentration and control)
3. Toxicant concentration sampling (in one replicate 0.24, 48, 72, and 96 hr
of each test concentration and the control}
4. Dilution water sample for particulate matter, TOC 0 hre
and amnmonia
5. Sample for ammonia taken from one replicate of 96 hr
contrel and highest test concentration

During the test, dead organisms are removed every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxygen is measured using a polarographic oxygen probe calibrated according to the manutacturer's
recommendations. ‘The pll and temperature are measured using a pH probe and a properly calibrated meter with
scale divisions of 0.1 pH units. Conductivity is measured using a calibrated conductivity meter. Samples for
chemical analysis will be collected, preserved, and sent to Columbia Analvtical Services following the recommended
procedures of the anafytical laboratory.

Test Termination: At the end of the test, all surviving control ammocoetes arc weighed and measured for length by
replicate. All surviving or dead test organisms will be frozen by concentration for possible later tissue analysis by
Columbia Analytical Services.

Criteria of Test Acceptance: The test results are acceptable if survival in the controls is at least 90%. The
toxicity tests will be performed as a 50% dilution series, it 15 anticipated that each fest will have at Icast one or
passibly two partial mortality concentrations. Nominal concentrations of cach toxicity test have be reviewed
and approved by EPA (EPA 2007). However, because of the experimental nature of the study and the limited
supply of ammocoetes, the acceptability of the toxicity tests will be based only on the = 96% survival in control
group.

DATA ANALYSIS

The pereent of live ammocoetes is calculated for each treatment replicate from the raw data and the means arc
obtained for each treatment level. An LOCS0 (mortality) is calculated using Probit or Trimmed
Spearman-Karber methods. The NOEC and LOEC are calculated for each endpoint according 1o 11.5.
Environmental Protection Agency (20023 methods. In this procedure, the NOEC and LOEC values are
computed using cither Dunnett's test. T-test with Boaferroni's adjustment, Steel's Many-One Rank Test, or
Wilcoxon Rank Sum Test with Bonferroni Adjustment. The appropriate test is selected after evaluating the
data for normality and hemogeneity of variance. An arcsine-square rool transformation is performed on the
percentage effect data prior 1o statistical analysis. The statistical software employed for these calculations is
Toxcale. v.3.0.23N, Tidepoo! Scientific Software.

RLEPORTING
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The final report of the study results must include all of the following standard information at a minimum:
1. Name and identification of the test;

The investigator and laboratory;

Information on the toxicants;

[nformation an the dilution water;

Detailed information about the test organisms:

Description of the test system and its calibration, including test chambers and dilution system;

A description of the experimental design and other test conditions including water quality;

Definition of the effect criteria and any other observations:

9. Responses, if any. in the control treatment;

10. Tabulation and statistical analysis of measured responses;

11. A description of the statistical methods used:

12, Any unusual information about the test or deviations from procedures;

LN [ = SV R N SER I

The final study report will include the study protocel and all study raw data as appendices.

STUDY DLESIGN ALTELRATION

Amendments made to the protocol must be approved by the sponsor and study director and should include a
description of the change; the reason for the change; the date the change took effect: and the dated signatures of
the study director and sponsor. Any deviations in the protocol must be described and recorded in the study raw
data.

REFERENCED GUIDELINES

ASTM. 1996. Standard guide for conducting acute toxicity tests on test matetials with fishes. macrommvertebrates,
and amphibians. £729-96. American Society for Testing and Materials. Philadelphia, PA.

Benoit. D., V. Mattson, and D. Olson. 1982, A continuous-flow mini-diluter system for toxicity testing.
Water Res. 16:437-4064.

EPA. 2002, Metheds for Measuring the Acute Toxicity of Effluents and Receiving Waters to I'reshwater and
Marine Organisims. Fifth edition, FPA-821-R-02-012. (Hffice of Water, [).S. Environmental Protection
Ageney, Washington, DC.

EPA.2007. Letter to Lower Willamette Group from C. Humphrey and E. Blischke dated August 17, 2007 regarding
Portland Harbor RI/FS: Lamprey toxicity test field sampling plan and (QAPP Phase 2 addenda (approval letter). US
Environmental Protection Agency Region [0, Oregon Opcerations Office, Portland, OR.

Veith G.D. and V.M. Comstock. 1975, Apparatus for continuously saturating water with hydrophobic organic
chemicals. J Fish Res Board Can 32:1849-1851.

. APPROVALS
for Windward Environmental
Name Date
for Northwestern Aquatic Sciences
Name [Jate
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Appendix A
Test Conditions Summary

1. Test species: Lampetra sp.

2. Testtype: Flow-through

3. Test duration: 96 hr

4. Temperature: 17 x1°C

5. Dissolved oxygen: | =40mgll

6. Light quality & intensity: Ambient laboratory light {50-75 ft-c)

7. Photoperiod: Constant dark, except during monitoring activities

8. Test chambers: glass aquaria less than or equal to twoe gallons in
volunie.

9. Test chamber volumes per day: At least 5

10. Replicates per treatment: 4

11. Organisms per replicate: 10

12. Agc of test organisims: ammocoete

13. Feeding regime: None

14. Acration: Nong

5. Dilution water: Dechlorinated City of Newport tap water: hardncss
adjusted to 25-30 me/L as CaCO),

16. Test concentrations: 5 and a dilution water controi

17. Water quality: Temperature, pH. & dissolved oxvgen in one replicate
of each test concentration daily. Conductivity,
hardness & alkalinity in one replicate of highest
concentration and control daily

18. Special contrels: Nong

19, Lidpoint: Mortality

I 20. Test acceplability criteria: >90% control survival
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LAMPREY SURVIVAL FLOW-THROUGH TEST

{ 58
Test No. 686-39 Client Windward Investigator (TAd

STUDY MANAGEMENT:
Client:_ Windward Environimental, 200 West Mercer Street, Suite 401, Seattle, WA 98119
Client’s Study Monitor: Ms. Helle Andersen
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road, Newport, OR 97365
Laboratory’s Study Personnel: @ G‘ﬁ
Project Manager:_ Gary A. Buhler & Study Dijrector:_Richard S.Caldwell @’(/

QA Officer: LK. Nemeth S G I Tvissarri cab
2. 3. —
4, 5,

Study Schedule: ' ' o
Test Beginning: Pyt G /S’_ Test Ending; /e=-Sv3 [ 0D

TEST MATERIAL:
Description:__Aniline Fisher Scientific Lot # 072020

DILUTION WATER:
Description: Dechlorined City of Newport tap water
Date of Preparation/Collection: Con Fovignws o w -
Water Quality: Cond. (umhos/em) ¥ & 7 £ pH (£ §4 5.4 o

Hardness (mg/L as CaCO3) 2. ;L/_ ¥ Alkalinity (mg/L as CaCO,) 217. 22 {

Treatments: Hardness adjusted to 25-30 mg/L with a Culligan® water treatment system.

TEST ORGANISMS:
Species:  Lamprey ammocoetes (Lampetrasp.)  Age: Size:  4-6cm

Sources:_Trask, Nestucca, Siletz and Alsea rivers
Acclimation Data: See pages: CJ,, 7; i

TEST PROCEDURES AND CONDITIONS:

Test Concentrations (nominal); 1200, 600, 300, 150, 75 & 0 mg/L fb’
Test Chambers (description): 2. gallon glass aquaria _ Test Volume (ml}: 5.80 L a o / 4
Replicates/treatment: 4 Organisms/treatment: 40 (10/replicate) "'/ ~
Test water changes: flow through e LIEC .
Aeration during test: _none unless DO drops below 60% saturation W frrr ' 2 Y, J e L,/“/.,r
Temperature (°C): 17+ 1°C
Feeding:  None Photoperiod: Darkness except for WQ & chemistry measurements

Test Duration (hr) 96 hours Tank Placement: Complete randomization
Randomization Chart:

Diluter
21 E|8 |8 | |E|=|2|r|8|- & |8|e)lr §|2|8 B|E|- 2|} =
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-39 Client Windward Investigator
TEST SOLUTION PREPARATION: {

See page for details
Weight of 10 animals at test initiation

ot o }‘ (jq';

weight (g) Length {cm) Comments
1 & L 5. T
2 O Ly -5
3 ey ¢
4 ¢ £ g
5 O 3 7
6 S ¥
7 D /_l"f |
g 035 <G
9 (CaN A b3
10 o Lo L
Mean 2 15 5.0
S.D. p-ow U-
(N) (.0 i fO)
MISCELLANEOUS NOTES:
Room light intensity (fc): /5. ? /0= }'(24’27

Chemistry samples for aniline taken daily.

Chemistry samples for particulate matter, TOC & ammonia in dilution water taken on test day 0.

Chemistry samples for ammonia taken in control & 1200 A-replicate on test day 4.

] oadiy ”_O,%Q?%’ = 0.99 g/c_.

Error codes:
1} Correction of handwriting error
2} Written in wrong location; entry deleted
3} Wrong date deleted; replaced with correct date
4)  Error found in measurement; measurement repeated
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LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-39 Client Windward Investigator

WATER QUALITY DATA SHEET

DAYO(JO/ | 4P ¢

Conc. Total Total Survivors
2Ly || P | mnose | gy | Honess | Ay T T T Comments
1200 (7, g2 (JOV _ _ ' 1% O | O | & | (0 |84 corspmahs :ammé{
600 \Jp.of |b-¢ ' ' ' O | 2 | iU 191 giymat, Convejsing
300 1 lyylbe © | a3 (v
150 g2y /0 | 0| 0 | 0
D o L bf B /o |/ |0 | O
0 Nwylezlico | & o o o [ /O
Chemistry samples taken (/9 j /o}B (4%
Particulate matter, TOC, and ammonia samples taken in dilution water ¢ /¢ /0N _ {705
Hours of light: /- <]
DAY 1 (/0 / ¢ /on g¥%
(fnm;?) Temp. | op Cond. bo H:;E'?it:tlss AIE;tiﬂit _— Comments
/1. oy | T pmhos/cm (:‘ng/L) (gl e IL)Y A B C D
1200 s || loo 4.0 2 00 Jebrod) |ocredy| etivy
600 | /Y | oo g1 10 | 4O 1O | (0 |Fukbiy, pule sy bemomiyitd s,
300 i34 16y 9-C 20 Lo 1p0 | 0 [puiotesy smmmiy ccptin)
150 (1 R2 7! e 7 O '/0 Lo | sU 4 ’ 4
5 | )5 63 4./ (2 o |40 |10
0 Drelew oo g4 2w {2t | g0 lw [ 1o [

Chemistry samples taken (jo/ /o3 __ 1%

Hours of light: /~ ¢/
DAY2( v/ §/eD Mjé - .
Conc. Total ota urvivors
@00 || P o | gty | Mot | abaliy [T T Comments
1200 V3 4| 97 1 4-1]1 Z¢ goo | O 0lo | ©
600 | e | L of 28 Glig) | 10 |10y | Girt) |15 M iderel, F pfuns, 1ooos smi W*
300 |y70 |&-) < [0 | LD 19 | 40 Vipdetocd duitebvg,joves .mzu:,;
150 1L [hed 9L /O | 19 | 49 O |Jettuusle g3 /efanns, Bonctonied
735 { #U ¥ 3 7.2 0|0 10 {9 | o #imedio bouf |
O (33 leyl 9% [ 32| 23 2y | |0l
Chemistry samples taken (¢ /3 &}) uﬂ:l K iy wonnecl o heat

Hours of light: ;. «f
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Test No. 686-39

LAMPREY SURVIVAL FLOW-THROUGH TEST

PROTOCOL NO. NAS-636-Lamprey FT acute

Client Windward Investigator
WATER QUALITY DATA SHEET
DAY 3( ;0 i w7
Conc. ) Total Total Survivors
Temp. Cond. DO o
(mg/L) . pHl Hardness Alkalinity Comments
(°C) umhas/em | (mg/L}) (mg/L) (mg/L) V\(A B C D
600 oL oy o 2| 5| YN SO ot clocrmoeos s in F5T20
300 ! 6 e C-’ } ,:’- , /0 q‘lﬂ} f”t Hy j2 J;‘?VU}LH“/; M«-«->>nthu~ + Z;v:j‘:nj"'f
B0 it - /O /9 /Q [~ Jw/wf""y ”/c’fr;.zuj kel
3 /e ¥ e : /’J /0 /("‘ (% Seving. quult. e
O ywprled| 9 [9- 1] Zi | O | O o
Chemistry samples taken ( £/ YY) S
Fiours of light: /-
DAY 4 (1S S16F O
Cone. Total Total Survivors
Temp. Cond. DO "
(rg/L) =y pH umhos/em | (mg/L) l-t;:c;?ﬁjs A(Iifgl};\_l)ty A B C D Comments
1200 [ /0. 49| 9 e >5e0 0 o O | o
600 /{»l'i b 5 ‘ - 2{3pY [43n) | £L29) SUD) frsat sedor, mocon i 4y i’:’”/ sy
00 e alpl : Yesoy |[H20) [blzo) | 19 | byt 0 S W
150 |,,-4 b.,' g z = P A Y Y
o |6 X e Lo R Krnke o
0 pales| 9F (94 25 [ 22 [ > |0 vl o .
Chemistry samples taken (,v/5 ))&
Ammonia samples taken in controt and 1200 mg/L §¢/ 7«1 _o®
Hours of light:_}, U
- ¥ (,‘ / - /1' \.‘1/ ( /,'.'.. s |
{J;)r_{(‘l'; g e i/ Fr N /( ]
! /(/
Coard 2y -z [.¢ (g g’} .
(< N A
F'."-f - ¢ = It " v
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NORTHWESTERN AQUATIC SCIENCES

Test No. _686-39

PROTOCOL NO. NAS-686-1.amprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Client

Windward

NOTES ON PREPARATION OF 1200 MG/L. ANILINE S
({’(r ?ﬂ {7/‘/““)

‘The oblective is to deliver 1200 mg/L of aniline (the highest test concentration) to the diluter toxicant chamber
at a nominal constant rate of 160 ml/min. To accgmplish this, a large mixing reservoir. approximately 541,
capacity, of 1200 mg/T. aniline solution in dilutiog water is maintained at test temperature, This is done by
metering a constant supply of a saturated solutionlt33 gid~ttterckn of aniline in water into the large loxicant
reservoir with vigorous mixing, at a rate of 192 mig/min (or 5.5 ml/min) as aniline. Makeup dilution water is

SYSTEM DESIGN

also added as needed under float valve control.

prepared datls.

OCK

//b”’

Investigator

Approximately 9.5 L of aniline saturated stock solution is

VLTI sh‘o{e»"\\ P'T fisvs (iﬂ]F)HL\J

! O/f/\ﬂ $” (’/
,o/q, /o7 .3
1o for Sk
10/ 8

DILUTER CALIBRATIONS RECORD

DILUTER CAPILLARY FLOWS (vl /i Q

Date Y7/2 4/57] Time 7610 | 1. § 8¢~ Date /94797 | Time /7av | Init. §C3~7
Drain # Supply Tank | Diluter Tank Drain # Supply Tank | Diluter Tank
1 e 9 - | 60 e
2 §7- £ 2 Fo 7
i s ¢ 3 £y 7§
- 1 77 o % 28
5 |27 ! 5 Fé 77
o 195 (A4 6 799 7€
Flow rates in mbmin. o
FLOWS TO REPLICATE AQUARIA { mﬂ7 coeld)
Date L?/L’f/a"] Tme /g4e it | -
i ' o Relative Concentration (%o}
Replicate 100 50 35 123 6.25 0 |
A _golb Lo g Y T 275
. B 229 e _Fro Zt’ g 27 o¥
C L.ug/ I LS’S ‘7Ls ‘34"/ —q5 i
DT ey 3w 249 LCr | reyT | %we
Date /0/3’/07 Time f773Y  init 6‘(5"/
Relative Concentration {%o) ‘
Replicate 100 ED 25 12.5 6.25 ' 0 !
A 21V TS 15 27 e 239 '
B 1S 139 70 oY st P23
¢ 2785 15§ il 240 743 )79
D = et 710 ins 25§ 799
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Water Quality Computation - Test No. 686-39

mean
s.d.
min
max

o~ h Wk —

WWWRNMNMNMRBNMNMNMNRNNDRMOORN 24 a2 o a3 & a2 a4
N 20O~ UMb WN-2 0O~k WK = OO

Temp DO pH Cond Hard Alk
16.8 9.1 6.7 100 26 20
16 4 89 6.6 100 24 21
16.5 8.8 6.6 100 26 21
162 8.9 6.6 100 26 21
16.4 9.0 5.7 97 26 23
16.5 88 6.7 a7 25
17.5 2.0 6.6 97 25
17.4 g2 64 97 28
17.4 20 6.4 97 26
172 9.3 6.3 97 28
17.5 9.1 6.3
176 9.1 6.6
171 9.1 6.4
169 9.0 6.4
17.0 89 6.3
16.9 9.2 6.3
17.0 9.0 6.3
173 88 6.4
16.7 96 6.4
16.6 9.6 6.4
16.6 9.5 6.3
16.6 9.3 6.2
18.7 9.4 8.2
17.2 g2 6.4
169 9.5 6.4
18.9 9.3 6.3
18.9 94 6.2
16.8 9.2 6.3
17.0 G4 6.4
17.2 9.1 65
16.9 g2 6.4 98 26 21
0.4 0.2 0.2 2 1 1

30 30 30 10 10 5
16.2 88 6.2 97 24 20
17.6 9.8 6.7 100 28 23
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WQ Computation - acclimation {9-15-07 to 9-30-07) - Test No. 686-39

Temp DO pH Cond Hard Alk
1 17 1 9.2 8.3 120
2 17.0 92 8.1 115 41 30
3 171 8.8 77 120 41 30
4 17.0 9.1 7.8 120 39 21
5 177 8.1 76 125 39 34
6 171 9.0 79 125 36 34
7 17.0 9.5 82 140 44 31
8 171 9.4 7.9 130 42 29
9 171 9.3 77 140 46 28
10 168 93 7.9 140 44 29
11 17 1 8.8 77 145 44 30
12 17.2 9.3 7.8 140 48 36
13 17.4 93 7.7 145 48 37
14 17.2 93 7.8 150 48 36
15 16.9 8.8 7.5 150 48 36
16 17.0 88 72 140 48 37
17
mean 17.1 91 7.8 134 44 32
s.d. 0.2 0.2 0.3 12 4 4
N 16 16 18 16 15 15
min 16.8 8.8 7.2 115 36 21
max 177 9.5 B3 150 48 37
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___Acute 96-hr Toxicity Test-96 Hr Survival

Start Date:  10/1/07 16:15 Test 10:{686-39 7 Sample ID:
End Date: 10/5/07 16:00 Lab ID: ORNAS-Northwestern Aquati Sample Type: Aniline
Sample Date: Protocol: NAS-686-Lamprey Ft acute Test Species: LY-Lampetra sp.
Comments:
Conc-mg/L 1 2 3 4
D-Control 1.0000 1.0000 1.0000 1.0000
113 1.0000 1.0000 1.0000 1.0000
176 1.0000 1.0000 1.0000 1.0000
318 07000 0.7000 06000 1.0000
634 (0.2000 0.2000 0.0000 0.3000
1300 0.0000 0.0000 0.0000 0.0000
Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-mg/L  Mean N-Mean Mean Min Max CV% N Sum__ Critical Resp Number
D-Control  1.0000 1.0000 1.4120 14120 1.4120 0.000 4 0 40
113 1.0000 1.0000 14120 1.4120 14120 0Q.000 4 18.00 10.00 0 40
176  1.0000 1.0000 1.4120 1.4120 14120 0.000 4 18.00 10.00 0 40
318 0.7500 0.7500 1.0701 0.8861 1.4120 21.758 4 12.00 10.00 10 40
*634 01750 0.1750 04164 0.1588 05796 43.287 4 10.00 10.00 33 40
1300 00000 0.0000 0.1588 0.1588 0.1588  0.000 4 40 40
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normai distribution (p <= 0.01) 0.79057 0.868 0.73529 4.14079
Equality of variance cannot be confirmed - SN
Hypothesis Test (1-tail, 0.05) ;° NOEC LOEC \ ChV TU
Steel's Many-One Rank Test Qs 634 '449.012
Maximum Likelihood-Probit
Parameter Value SE  95% Fiducial Limits Control Chi-Sq Critical P-value Mu Sigma Iter
Slope 6.01036 0.81925 4.40464 7.61608 0 0.88158 7.81472 0.83 2.63301 0.16638 4
Intercept -10.825 2.15221 -15044 -6.607
TSCR 1.0 . g
Point Probits mgflL 95% Fiduciat Limits 09:
ECO1 2674 176.181 125131 217.282 T
ECO05 3.355 228.742 176.868 269.738 0.8 -
EC10 3.718 2629 212.002 303.692 0.7:
EC15 3.064 288.784 239.043 329.71 1
EC20 4158 311.162 262.499 352.606 061
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Test; AT-Acute 96-hr Toxicity Test
Species: LY-Lampetra sp.

Test ID{686-39 )
Protocol: NAS-686-Lamprey Ft acute

Sampie 1D: Sample Type: Aniline
Start Date: 10/1/07 16:15 End Date: 10/5/07 16:00 Lab ID: ORNAS-Northwestern Aquatic Sciences
Pos| ID | Rep Group Start 24 Hr | 48 Hr 72 Hr 96 Hr Notes
1 1 D-Control 10 10
2 2 D-Control 10 10
3 3 B-Control 10 10
4 4 D-Control 10 10
5 1 113.000 10 10
6 2 113.000 10 10
7 3 113.000 10 10
8 4 113.000 10 10
9 1 176.000 10 10
10 2 176.000 10 10
11 3 176.000 10 10
| 12| 4 176.000 10 10
131 1 318.000 10 7
| l1a] 2 318.000 10 7
15 3 318.000 10 6
16 | 4 318.000 10 10
17 1 634.000 10 2
18 2 634.000 10 2
19| 3 634.000 10 0
20| 4 634.000 10, 3
21 1 1300.000 10 0
22| 2 1300.000 10 0
23 3 1300.000 10 0
24 | 4 1300.000 10 0
Comments:

ToxCalc 5.0.23N
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TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 686-40
Title: Lamprey {Lampetra sp.) definitive 96-hr flow-through acute toxicity test of lindane.
Protocol No.: NAS-686-Lamprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119,
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing Laboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365,
Test Location: Newport Laboratory.
Laboratory's Study Personncl: G. A. Buhler, B.S., Proj. Manager; R. S. Caldwell, Ph.D., Study Director; L.K.
Nemeth, B.A,, M.B.A,, QA Officer; G.J. Irissarri, B.S., Ag. Toxicol.
Study Schedule:
Test Beginning: 10-18-07, 1100 hrs.
Test Ending: 10-22-07, 1215 hrs.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
97365.
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
(GLP) as defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 792},
Statermnent of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assurc that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurate reflection of the raw data.

TEST MATERIAL
Description: Lindane (1,2,3.4,5,6-Hexachlorocyclohexane, y-isomer, 97%) Aldrich Lot No. 07325DD.
Preparation of Working Stock Solution and Test Concentrations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit ef af., 1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 ml/min per toxicant concentration. The diluter
design was such that 160 ml/min of the toxicant solution at the highest test concentration {(i.e. the water
saturation level of lindane initially estimated to be approximately 8 mg/L at the test temperature} was required
to be continuously delivered to the toxicant supply chamber of the diluter. To accomplish this, a large mixing
reservoir, approximately 54L capacity, to contain the saturated solution of lindance in dilution water, was
maintained at test temperature. The approach to preparing the saturated lindane solution in the mixing tank
involved continuous recirculation of the tank contents through one or more columns of lindane coated glass
beads (Veith and Comstock, 1975). The tank contents were continually mixed using a stainless steel stirring
puddle, while also replacing, under float valve control, dilution water to replace delivery of the nominal 8 mg/L
lindane solution to the diluter. Actual saturation of the tank contents with lindane could probably not be fully
achieved due a limited rate of recirculation through the Veith columns, and to the constant addition of make-up
water to replace solution delivered to the diluter. Note: From numerous unvalidated direct measurements by
NAS of lindane concentration in the Veith column eluates during progress of the study, and in the mixing tank
following a full 24 hour cessation of solution delivery to the diluter at the end of the study, we have evidence
that the lindanc water saturation level under test conditions may be approximately 5 mg/L.

DILUTION WATER
Source: City of Newport municipal tap water, treated as below, was supplicd continuously to the toxicant
diluter throughout the study.
Pretreatment: The watcr was dechlorinated by carbon filtration, particle filtered to ! um, and adjusted to a
target water hardness of 25-30 mg/L as CaCO;. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

Test No. 686-40 Page 2 of 7
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TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Age/Size: Ammocoetes; target size range, 4-6 ¢m; actual size of 10 ammocoete subsample, 4.8 + 0.6 cm.
Source: Ammocoetes were field collected in approximately equal numbers from the Trask, Nestuccea, Siletz,
and Alsea Rivers, Oregon. Field collection was hy clectoshocking and only 4-6 cm size ammocoetes were
retained. Personnel of Windward Environmental performed the ammocoete collections.
Acclimation: Upon receipt, animals were removed from the collection site sediment and placed in 10-gallon
aquaria supplied under flow-through conditions with dilution water. Water supply was sufficient (30-50
ml/min} to accomplish two volume changes of water per day. Approximately 50 lamprey were placed in each
tank. Tanks contained an approximate 8 cm deep layer of sediment (Sandtastic Play Sand, Waupaca Materials)
covered with approximately 26L of test water and were supplied with aeration. Normal behavior for the
lamprey ammocoetes was to immediately bury in sediment and remain there. Any that did not immediately
bury were discarded as potentially damaged. Ammocoetes were not fed during acclimation. Water quality
conditions during the two weeks prior to testing {10-3-07 to 10-17-07) were: temperature, 17.0 £ 0.2°C;
dissolved oxygen. 9.3 + 0.3 mg/L; pH, 7.4 £ 0.4; specific conductance, 133 + 28 umhos/cm; hardness, 46 + 12
mg/T. as CaCOy; and alkalimity, 40 + 13 mg/L as CaCOs.

TEST PROCEDURES AND CONDITIONS
Test Chambers: The test chambers were two-gallon glass aquaria capable of holding 5.8 L of test solution.
Test chamber placement in the test area was random.
Test Concentrations: The nominal test concentrations were 8, 4, 2, 1, 0.5, and 0 mg/L (control) lindane.
Replicates/Treatment: 4
Organisms/Treatment: 40
Loading: 0.34 g/L
Aeration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 ml/min of test solution, or 115 L/day, at each
test concentration. At this rate of flow, test solution supply to each replicate aquarium was 5.0 volumes per
day.
Effects Criteria: The effect criterion used in the lamprey ammocoete acute toxicity test was mortality, defined
as a lack of visible respiratory movement and absence of response to tactile stimulation, In addition to mortality,
qualitative observations of sublethal responses were recorded when observed.
Target Water Quatity Conditions: Water quality measurements were taken daily as specified in the protocol
{Physical and Chemical Data, Items 1 and 2). The target water quality conditions were as follows:
Temperature, 17 + 1°C; dissolved oxygen, 24.0 mg/L; hardness, 25-30 mg/L as CaC0,. Actual test conditions
are reported in the Test Results section.
Photoperiod: The photoperiod was total darkness except for approximately 2-3 hours per day for observations
and test exposure system maintenance. Light intensity at the aquarium level was 14.1 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measured lindane concentrations for each treatment level. No attempt was made to compute an LCS50 because
less than 50% mortalily occurred at the highest test concentration employed. The NOEC and LOEC were
calculated according to U.S. Environmental Protection Agency (2002} methods. In this procedure, the NOEC
and LOEC values were computed using either Dunnett's test, T-test with Bonferront's adjustment, Steel's Many-
One Rank Test, or Wilcoxon Rank Sum Test with Bonferroni Adjustment. The appropriate test was selected
after evaluating the data for normality and homogeneity of variance. The statistical software employed for these
calculations was ToxCale, v.5,0.23N, Tidepool Scientific Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES
Test solutions were sampled once daily for lindane from each test concentration by pooling samplcs from each
of the four test replicate aquaria. Subsamples were pooled into new disposable plastic beakers from which the
pooled sample was transferred to the analytical laboratory supplied sample bottles and shipped under chain-of-
custody procedures to the analytical chemistry laboratory (Columbia Analytical Services) at Kelso, WA. No
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preservative was employed. Samples were kept refrigerated at <4°C. Sample volumes were 1 L. Additional
samples were taken of the dilution water on day 0 of the test for analysis of particulate matter, TOC, and
amumoenia-N, and from the contrel and highest test concentration treatments after 96-hr for measurement of
ammeonia-N. These samples also were shipped to Columbia Analytical Services for analysis.

PROTOCOL DEVIATIONS

1. The protocol specified "constant dark, except during monitoring activities”, and also that light intensity
should be 50-75 ft-c. when light was on. These specifications were judged to be contradictory and led to
the following action. Based on best professional judgment of the investigators, we reduced the light
mtensity from that given in the protocol in order to minimmze fright behavior responses of the ammocoetes
during the short period of lighting associated with daily observations.

2. The protocol states: "At the end of the test, all surviving control ammocoetes are weighed and measured for
length by replicate." Through a laboratory error, a subsample of 10 ammocoetes were weighed and
measured at the beginning of the test instead. This is a minor deviation and is without consequence for
interpretation of the study results.

3. Diluter flows were not performed at the end of the test through a lab oversight. There was no evidence that
flows were impaired and water quality and lindane concentration data all confirm satisfactory performance
of the diluter.

TEST RESULTS
Water quality conditions measured in test aquaria during the 96-hr toxicity test are summarized in Table 1. The
temperature specification was met during the study. Dissolved oxygen remained near saturation throughout the
test. The pH ranged from 6.4 — 7.2, Mean hardness also was in the specified range of 25-30 mg/L as CaCO,.

The concentrations of lindane measured during the toxicity test are summarized in Table 2. Mean measured
concentrations in the test ranged from 0.21 = 0.05 mg/L at the lowest level to 2.68 £ 0.73 mg/L at the highest
exposure level. Measured dilutions were roughly 25-35% of nominal test concentrations. Higher test
concentrations could not be achieved because of solubility limits of lindane along with limitations on the rate of
operation of the Veith columns, and the high rate of utilization of toxicant stock by the diluter.

A summary of the 96-hr anunocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival (100%) met the test acceptability criteria of 290%. Therefore, the test meets the protocol criterion of a
valid test. Partial mortality was observed in the highest (2.68 mg/L) test concentration. No martality occurred in
any other test concentrations.

The toxicity of lindane to lamprey (Lampetra sp.} ammocoetes as the 96-hr LC50 was >2.68 mg/L.. The NOEC
and LOEC concentrations were 2.68 and >2.68 mg/L lindane, respectively.

LITERATURE CITED
Benoit, D., V. Mattson, and D. Olson. 1982, A continuous-flow mini-diluter system for {oxicity testing. Water
Res. 16:457-464.

EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marme Organisms. Fifth edition. EPA-821-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.

Veith G.D. and V.M. Comstock. 1975, Apparatus for continuously saturating water with hydrophobic organic
chemicals, ] Fish Res Board Can 32:1849-1851,
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of lindane to
lamprey ammocoetes.

Paramcter Mean £ S.D. N Range
Temperature (°C) 17.3+0.2 30 168 -17.6
Dissolved oxygen {mg/L) 89+04 30 7.9-97
pH 09102 30 6.4-72
Specific conductance (pmhos/cm}) 96+ 4 10 89 --102
Hardness (mg/L as CaCOy) 20+ 1 10 26-28
Alkalinity (mg/L as CaCOs5) 15+1 10 1317

Table 2. Measured concentrations of lindane during the 96-hr acute toxicity test of lindane to
lamprey ammococtes. Measurements performed by Columbia Analytical Services.
Nominal {(mg/L} Measured (mg/L)
Mean + S.D. N Range
8 2.68 £0.73 5 1.60 - 3.60
4 1.15+0.34 5 0.76 - 1.60
2 0.56 + 0.08 5 0.44 - 0.67
1 0.28 £0.12 5 0.07 -0.36
0.5 0.21 £ 0.05 3 0.15-0.26
0 0.0+00 5 0.0 -0.0

Test No. 686-40
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Table 3. Survival of lamprey ammocoeles, Lampetra sp. exposed for 96 hours to lindane.

Lindane Ammocoetes Ammocoetes Percent Mean %
{mg/L) Replicate  exposed Surviving Survival Survival

2.68 A 10 6 60.0
B 10 9 90.0
C 10 0 100.0

D 10 10 100.0 87.5
1.15 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 160.0 100.0
0.56 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

1)} 10 10 100.0 100.0
0.28 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0
0.21 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 104.0
0.0 A 10 10 100.0
{Control) B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0

* Mean significantly {p=0.03} different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey I'T acute
September 12, 2007

STUDY PROTOCOL

LAMPREY (LAMPETRA sp.)
FLLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is to determine the acute toxicity of six chemicals, representing a
range of toxic mades of action. to lamprey (Lampetra sp.) ammocoetes. The study will be performed vsing
methods basced on the methods for measuring acute oxicity with other fish species as described in U.S,
Environmental Protection Agency (2002) and American Society for Testing and Materials (ASTM) (1996)
guidance.

Summary of Method: In definitive tests, lamprey ammocoetes are exposed for 96 hours o five concentrations
of test material and a dilution water contral. The test concentrations are arranged in a logarithmic series based
on the results of range finding tests. Four replicates, each with 10 arganisms, are employed at each test
concentration, if there are sufficient numbers of ammococtes. Flow-through exposures are emploved. Test
chambers are glass aquaria less than or equal to two gallons in volume. Mortality is the effect criterion. The
data analysis consists of calculating means and standard deviations for survival. An LO50 with 95%
confidence intervals may be calculated along with the NOEC and LOLC concentrations.

STUDY MANAGEMENT

Sponsor's Name and Address:
Windward Environmental LLC
200 West Mercer Street, Suite 401
Scattle, WA 98119

Sponsor's Study Monitor:
Ms. Helle Andersen

Name of Testing Laboratory:
Northwestern Aquatic Scienccs
3814 Yaquina Bay Road
P.O. Box 1437
Newport, OR 97365

Test Location: Newport, OR.

Laboratory's Key Personnel 1o be Assigned (o the Study:
[.aboratory Director: Richard S. Caldwell. Ph.ID.
Project Manager/Study Director: Gary A. Buhler, B.S.
QA Officer/Toxicology Program Mgr: Linda K. Nemeth. B.A, M.B.A.
Aquatic Toxicologist: Gerald J. Irissarri, B.S.

Proposed Study Schedule: July 2007 through September 2007

Good laboratory Practices: The test is conducted following the principles of Good Laboratory Practices (GLP) as
defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR Part 792).
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TEST MATERIAL

Description: Chemicals to be tested include aniline, copper, pentachlorophenol. lindane. diazinen and
naphthalene.

Preparation of Working Stock Solution and Test Concentrations: Test materials will be administered using a
constant-flow diluter based on the design of Benoit er «f (1982).  Stock solutions of the sparingly soluble
organic compountds, ¢.g. naphthalene. pentachlorophenol. lindane. diazinon, will be prepared continuously by
recirculation of dilution water/toxicant stock solution through a column of toxicant coated glass beads (Veith
and Comstock. 1975). This is a conceptual approach in which the specific column, flow rates. glass bead
sizes, etc. need to be developed empirically. with analytical feedback, for each study considering such
variables as chemical solubility, test temperature, desired highest test concentration, stock toxicant
consumption rate, ete. Given the above. some modifications are anticipated as the studies progress. [nitial
system characteristics are as follows: 1) the toxicant mixing tank will have a 60-liter capacity: 2) a 20 x 280-
cm glass column will be employed (10 x 200-cm and 40 x 360-cim columns are also available): 3) the column
packing will employ S-mm glass beads coated with the test compound: 4) particulates will be filtered out
through glass wool; 5) fTow through column will be ¢ontrolled by a variable-speed peristaltic pump or hy
intermittent pumping: and 6) tubing will be glass and silicone rubber. GC/MS analysis of toxicant in the
tosxicant mixing tank will be used Lo optimize the system ftor each chemical noted above prior to test
initiation. The contents of the stock toxicant reservoir will be constantly replenished with fresh dilution water
as loxicant solution is supplied to the diluter, The aniline stock solution will be prepared similarly, but by
volumetric addition of aniline, using a metering pump, ta the stock toxicant reservoir is ficy of the Vcith
column, The copper workimg stock solution will be prepared in the same apparatus by metering pump addition
of a concentrated copper stock solution to the stock toxicant reservoir. All toxicant working stock solutions
will be prepared and maintained under the same conditions as in the test exposures and delivered continuously
to the toxicant chamber of the diluter at an appropriate rate.

DILLUTION WATER

Dilution water will be dechlorinated City of Newport municipal tap water adjusted to a water hardness of 25-30
mg/l as CaC O,

TEST ORGANISMS
Spectes: Lamprey. Lampetia sp.

Source: Ammocoetes will be collected by Windward staff and delivered to the laboratory each day of
collection. The ammococtes will be collected from several rivers including the Siletz River, which was the site
for Phase | ammocoetes.

Age: ammacoetes (Juvenile prior to metamorphosis)

Acclimation and Pretest Obscrvation: Test organisms will be held in the laboratory in order to acclimate to test
temperature. Upon receipt. animals are removed from the sediment they are recetved in and placed in 10-gallon
tanks under flow-through conditions (~ 35 ml./minute, or ~ 2 volume changes per day, with one additional daily
siphon and replacement of 2/3 volume of each tank). Approximately 50 lamprey are placed in each tank.
Tanks will contain at least 3 inches of sediment (Sandtastic Play Sand, Waupaca Materials, or similar material)
cavered with approximately 260, of test water and supplied with aeration. The maximum temperature variation
during holding will be = 1° C. The ammocoetes will be acclimated to the laboratory test conditions for a
minimum ot 5 to 7 days prior to test initiation. This minimum number of days applies only to the first toxicity
test conducted on each batch of ficld-collected organisms. For all other tests, the ammocoetes will be held for at
ieast 13 days prior to test initiation. When a temperature adjustment of more than 3 to 5°C is required, the
transfer from field collection water to laboratory dilution water will be gradual. Normal behavior for lamprey
ammocoetes is 10 immediately bury in sediment and remain there. Any dead animals observed on the sediment
surface are removed daily, Past experience suggests that mortality is minimal during short-term holding and
any mortality is likely due to damage from ficld collection. [f ammocoetes do not bury or there is excessive
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mertality in any tank. animals from that tank will not be used for testing. Ammococtes will not be fed since
they are being held short-term.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrations: ‘T'est matertals will be administered using a constant-flow diluter based on
the design of Benoit er g (1982).  The diluter will be calibrated to deliver a 0.5 dilution series. IFlow rates
will be adjusted to deliver at least five test chamber volumes per concentration per day. Diluter flow rates will
be measured and documented at the beginning and conclusion of cach 96-hour test. This will be done by
measuring individual diluter capillary tube flows, When the flow rates are entered into an Excel™ spreadsheet,
the actual dilutions of the toxicant stock can be computed. Actual test chemical concentrations (organic
chemicals) in the toxicant mixing chamber (toxicant stock solution) and In exposwre aquaria will periodically be
measured on a real-time basis at NAS to verify that nominal concentrations are being routinely achieved.
Definitive concentration documentation in test aquaria will result from daily samples shipped for analysis to
CAS.

Test Chambers and Environmental Control: Test chambers used in the toxicity study are glass aguaria less than
or equal to twa gallons in velume. The test system is housed in a constant-temperature, photoperiod-controlled
room. Aeration is not employed. The photoperiod is constant dark except during monitoring activities when
ambient (30-75 fi-c) lighting is used.

Cleaning: All laboratory glassware, including test chambers and toxicant dilution system, will be ¢leancd based
on the methods described 1n U.S. Environmental Protection Agency (2002). Initial cleaning incorporates the
use of a laboratory detergent followed by multiple tap water rinses. Subsequently, cither dilute (10%, V:V)
acid (hydrachloric or nitric) or acetone is used to remove metals or organic contaminants. respectively. Further
multiple tap water rinses are employed after each acid or acetone treatment. Sodium hypochlorite bleach may
be empioyed on a limited basis to ensure that microorganisms that could metabolize organic toxicants, ¢.g.
naphthalene, are not present, Lxhaustive tap water rinsing is always employed following any chemical ¢leaning
trcatment. A final dilution water ninse of the exposure apparatus will precede initiation of each study.

EXPERIMENTAL DESIGN AND TEST PROCEDURES

Experimental Design: The definitive test involves exposure of lamprey ammocoetes to five test concentrations,
using a 0.3 dilution series. and a dilution water control. Exposures are for 96 hours. Each treatment cousists of
four replicates. cach containing 10 ammococtes, if there are sufficient numbers of ammocoetes. [f there are not
enough ammocoetes for L0 per replicate, then at Icast 20 per treatment (3 per replicate) is the minimum number
preferred. Test chambers are randomly distributed in the test area. Ammocoetes are impartially distributed to
each aquarium by adding one or two animals to cach test replicate and repeating the process until cach contains
10 organisns.

Effect Criterion: The effect criterion used 1n the lamprey ammococete acute toxicity test is mortality. defined as
a lack of visible respiratory movement and absence of response to tactile stimulation. The mortality data will be
used to compute LCS0s for each exposure period. In addition to mortality, qualitative observations of sublethal
responses consisting of erratic swimming, hyperventilation. hemorrhaging, and hyper/hypoactivity (compared
to the activity of the erganisms in the control group) will be recorded if observed.

Test Conditions: The dissolved oxygen concentration in each test container must be = 4.0 mg/L throughout the
test. The test temperature employed is 17 + 1°C. A photoperiod of constant darkness is used. except during
monitoring activities when illuniination is supplied by davlight fluorescent lamps at an intensity of 50-75 fi
candles. Loading should not exceed 6.1¢/L at 17°C according to EPA. ASTM recommends loading not exceed
[¢/1. of solution passing through the chamber in 24 hours or 10g/L of sclution in the chamber at any time.

Beginning the Test: Adding the organisms to the equilibrated test containers as previously described begins the
test.

Feeding: None.
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Analysis of Test Concentrations: During each test. samples will be collected for chemical analysis, held at 4°C
and shipped by overnight delivery to Columbia Analytical Services in Kelso, WA, The sampling schedule and
procedure will fellow the project QAPP,

Test Duration, Type and Frequency of Observations, and Methods: The test duration of the acute toxicity test
is 96 hours. The type and frequency of observations to be made during the test are summarized as follows:

Type of Observation Times of observation
Biological Data
1. mortality (each test container) 0,24, 48, 72, and 96 hr
2. sublethal observations {qualitalive) 0,24, 48, 72, and 96 hr
Physical and Chemical Data
1. Dissolved oxygen. pH. & temperature, (in one 0.234.48.72 and 96 hr
replicate of each test level and the control)
2. Conductivity, hardness & alkalinity (in one 0,24, 48,72, and 96 hr
replicate of highest concentration and control}
3. Toxicant concentration sampling (in one replicate 0,24, 48,72, and 96 hr
at cach test concentration and the control)
4. Dilution water sample for particulate matter, TOC 0 hr
and ammonia
5. Sample for ammonia taken from one replicate of 96 hr
control and highest test concentration

During the test, dead organisms are removed every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxygen s measured using a pelarcgraphic oxygen probe calibrated according to the manufacturer's
recommendations. The pH and temperature are measured using a pl1 probe and a properly calibrated meter with
scale divisions of 0.1 pH units. Conductivity is measured using a calibrated conductivity meter. Samples for
chemical analysis will be callected, preserved, and sent te Columbia Analvtical Services following the recommended
procedures of the analytical laboratory.

Test Termination: At the end of the test, all surviving control ammocoetes are weighed and measured for length by
replicate. All surviving or dead test organisms will be frozen by concentration for possible later tissue analysis by
Columbia Analytical Services.

Criteria of Test Acceptance: The test results are acceptable if survival in the controls is at least 90%. The
toxicity tests will be performed as a 50% dilution series. it is anticipated that each test will have at least cne or
possibly two partial mortality concentrations. Nominal concentrations of each toxicily test have be reviewed
and approved by EPA (EPA 2007). However, because of the experimental nature of the study and the limited
supply of ammocoetes. the acceptability of the toxicity tests will be based only on the = 90% survival in control
group.

DATA ANALYSIS

The percent of live ammocoetes is calculated for each treatment replicate from the raw data and the means are
obtained for each treatment level. An LC50 {mortality) (s calculated using Probit or Trimmed
Spearman-Karber methods. The NOEC and LOLC are calculated for each endpoint according to U.S.
Environmental Protection Agency (2002) methods. n this procedure, the NOEC and LOEC values are
computed using either Dunnett's 1est, T-test with Bonferroni's adjustment, Steel's Many-One Rank Test, or
Wilcoxon Rank Sum Test with Bonferroni Adjusoment. The appropriate test is selected atter cvaluating the
data for normality and homogeneity of variance. An arcsine-square root transformation is performed on the
percentage effect data prior to statistical analysis. The statistical software employed for these calculations is
Texcale. v.5.0.23N. Tidepool Scientific Software.

REPORTING
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The final report of the study results must include all of the following standard infarmation at a minimum:
1. Name and identification of the test;
2. The investigator and laboratory;
3. Information on the toxicants;
4. Information on the dilution water;
5. Detailed information about the test organisms,
6. Description of the test system and its calibration, including test chambers and dilution system:;
7. A description of the experimental design and other test conditions including water quality:
§. Decfinition of the effect criteria and any other observations:
9. Responses, if any, in the control treatment;
10. Tabulation and statistical analysis of measured responses;
I'l. A description of the statistical methods used:
12. Any unusual information about the test or deviations from procedures;

The final study report will include the study protocol and all study raw data as appendices.
STUDY DESIGN ALTERATION

Amendments made to the protocol must be approved by the spensor and study director and should include a
description of the change: the reason for the change: the date the change took effect; and the dated signatures of
the study director and sponsor. Any deviations in the protocol must be deseribed and recorded in the study raw
data.

REFERENCED GUIDELINES

ASTM. 1996, Standard guide for conducting acute toxicity tests on test materials with fishes, macroinvertebrates,
and amphibians. E729-96. American Society for Testing and Materials, Philadelphia. PA.

Benoit. D., V. Mattson. and D. Olson. 1982, A continuous-flow mini-diluter system for toxicity testing.
Water Res. 10:457-464.

EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms, Fifth edition. EPA-821-R-02-012. Office of Water. U.S. Environmental Protection
Agency, Washington, DC.

EPA. 2007, Letter to Lower Witlamette Group from C. Humphrey and F. Blischke dated August 17, 2007 regarding
Portland Harbor RI/FS: Lamprey toxicity test field sampling plan and QAPP Phase 2 addenda (approval letter). US

FEnvironmental Protection Agency Region 10, Oregon Operations Office. Portland, OR.

Veith G.D. and V.M. Comstock. 1975 Apparatus for continucusly saturating water with hydrophebic erganic
chemicals. J Fish Res Board Can 32:1849-1851,

13. APPROVALS

for Windward Environmental

Name Date

for Northwestern Aquatic Sciences

Name Date
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
September 12, 2007

Appendix A
Test Conditions Summary

. Test species: Lampeira sp.

2. Testiype: Flow-through

3. Test duration: 96 hr

4. Temperature: 17 +1°C

5. Dissolved oxygen: > 4.0 mg/l

6. Light quality & intensity: Ambient laboratory light (50-75 fi-¢)

7. Photoperiod: Constant dark. except during monitoring activitics

8. Testchambers: glass aquaria less than or equal to two gallons in
volume.

9. Test chamber volumes per day: Atleast 5

10, Replicates per treatiment: 4

[1. Organisms per replicate; 10}

12. Age of test organisms: ammocoete

3. Feeding regime: None

4. Acration: None

L5 Dilution water: Dechlorinated City of Newport tap water: hardness
adjusted to 25-30 mg/L as CaCO;

’ 6. Testconcentrations: 3 and a dilution water conurol

7. Water quality: Temperature, pH. & dissolved oxygen in one replicate
of each test concentration daily. Conductivity,
hardness & alkalinity in one replicate of highest
concentration and control daily

I8. Special controls: None

19. Endpoint: Mortality

20. Test acceptability criteria: 290% control survival
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-68a-L.amprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

STUDY MANAGEMENT:

(A

Client:__Windward Environmental, 200 West Mercer Strect, Suite 401, Seattle, WA 98119

Client’s Study Monitor:__Ms_ Helle Andersen
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road. Newport, OR 97365

[aboratory s Study Personnel: v
Project Manager: Gary A, BLIDJ_QI_'LLW__ Study Dm.um _Richard S.Caldwell ¥
QA Officer: LK. Nemeth I Y < _[_(rf\'( i Eat
2. 3. _

Study Sdmdule

l'est Beginning: U/l MO I fIO O Test Ending: J_.L/o (215

TEST MATERIAL:

Description: Lindane (1,2,3.4.5 6-Hexachlorocvelohexane, y-isomer.97%), Aldrich Lot No. 0732500,

DILUTION WATER:
Description: Dechlorined City of Ne\\ port tap water

Date of Preparation/Collection: ( 2 Es) t oy ey J{- faks

Water Quality: Cond. (iunhos/ un) ‘,( 2 4.1 - pH £k 40 = L
Hardness (mg’L as CaCO:) é vyt < ’f Alknlmlr\ {mg L .|s(.aLU ) YT ;‘-_H;KL )
Treatments:  Hardness ad] ustu 1o 25- u()mg_L\_wth_ﬂ. Culligan ™ water treatment sy s[a@‘ B
TEST ORGANISMS:
Species:  Lamprey ammogcoetes (Lampetra ___ Size: 4-6 cm
Source: Fresk_ ,J?’f’i‘/v(’(--.ﬂ fj‘fnfﬂ’ £t e e d erf

Acclimation Data: Sce pages:

TEST PROCEDURES AND CONDITIONS:

Test Concentrations inominal 8.4, 2. L05S &0Omel 's ‘7(/»/
Test Chambers (description): 2 gallon glass aquaria - Test Volume (mly: S.80 1 L/" ‘/

Replicatesitreatment: 4 Organisms/treatment: . 30 (107 replicate)

Test water changes: flow lhrourrh + oy / 95——
Acration during test:  none_ 3%/ e /o0 e /e =f

Femperature {(°Cy. 17 = 1°C

Feeding:  Nong l’hnmpumd D'nl\ncq& except for WO & chemistry measurgments
Test Duration (hry - 96 hours  Tank Placement: - Complete randomization

Randomization Chart.

Phluter

Puge 1 ot 14

o

I
. [P
Test No. 686-40 Client Windward ] Investigator_ ’{



NORTHWESTERN AQUATIC SCIENCES

LAMPREY SURVIVAL FLOW-THROQUGH TEST

Test No. 686-10 Client Windward

WEIGHT OF 10 ANIMALS AT TEST INITIATION
e F%-c 3 LAl

Investigator_

PROTOCOL NO. NAS-6806-Lamprey 11 acute

weight (mg) ! [.ength (em} Comments

’ C it 5.4
2 o1 4.0
3 [N | R
4 C. = .1
5 st 4%
6 ¢ty 4.+
J bl A
8 s o %
) k- LS|
o oLl 5.6
Ta  Méen LLLO g . 7Y
Avsrreeamimal S 0L 0.0€ H.6/

N ID io

MISCELLANEQUS NOTES:

Rooni fight intensity (foi; v4 1014 &3t

Chemistry samples taken dailv.

Chemustry samples for particulate matter. TOC & ammonia i dilution water taken on test dav 0.

Chemistry samples for ammonia taken in control & 8 mg/L A replicate on test day <1,

Lv-‘/[(_ ¢ 7
L

Frrer codes
11 Correction of handwriling error
2p 0 Writenin wrong locauon. entrs deleted

3 Wrong date deleted: replaced with correct data
4y Error found in measurement: measurement repeated

Page 2 of /"1



NORTHWESTFERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute

[LAMPRFY SURVIVAL FLOW-THROUGH TLEST

Test No. 086-40 Cliem Windward _[nvestigator
WATER QUALITY DATA SHEET
DAY 0 (J( % 7)) CF feu3]
. - -
boCone Temy Cond no T'ntal Tatal Survivors B
: [ pll - Ny T lardness Alkahnis . Comments
mx |t y_\Thns-\.m gl (el ) el A 1 ( D
I - - : . s ;-
(LR EAR S R R 1P IR ST
1 I’, f i 7 "I/ - | L ¥ (3] < iC
2 J7l0 724 ' i i g ‘
l G977 Y 5 _ ic o T '
g T -~y . Tl 3 B o I
0.5 |a’¢’~q ,,’ TN 1. sEu ic 4 it 14 _
\70 7 e Sﬁq ji( [ < 'L o e o -
Chemistry samples taken ¢79 475 3 633 @ ’:S'-—
Particulate matter. TOC, and ammonia samples taken in dilution water (19 4% °21) €57
Hours of light: 1.&
DAY I (/%49 2%, &1/ (s
Cone I . 1 L Total lotal SUPVIVOTS
b3 -
R ! ]:’!(”‘[)’ ! pll un(ﬂ:ziq-‘ln tn];"fjl ) Hardness Afhaluniry A B ¢ [p] Comments
I o ‘ T o imgfl) img/l ) ’ ’
77777 t - . £ ! T . . : , "B i
i 5 127 204 ‘il T CJ i Z‘@ I F [/ 1 U R4 Jed tador e temea) et ol
i i P v . G i N : ! - ’ . i !
! 11 L ’75{1‘ L. : ?',"‘ T e - Y I _g;grr;lf‘: LA
) - - - . L .
- WA i~ 7’] Hej S G dteddf, O 4 4ioten
i e S """: T e T T 7 )j" Tt R et
L 7w ® v 616 e o
B EA N R 4 I 70 A L% W o T
BT . ¥y - -
NI IEERE: Ze | /s Lo 1w e e B
Chemistry samples taken ijo v ey) 63l
HNours of light:_ §,& a6 H¢ . 0 ¢ g
, N [“'«_&_,‘-
DAY 2(1c we wi gl o ] _ ]
Cope ! o Fotal |l Survivors '
lemp Cond (3 e ) e gt —_—— N
(meil) ) pll | Jmbosem | net) Haulajm Akahmi \ I . n Comments
ngdloy tmgrl) | |
. 7T ' | - T
- N Y . r : . ] - 1
S_ e 1 c,!;.i L d@: /; tC 1 ¢ ;F i ]y’,‘f]&! s [ e ic
4 !?."; La U5 ‘ e e . e " ‘Ii:l{,-/;,.k; srld fe Tm
T e 1.2 e iG i I okdy gl it A Toe J
D U A 1.0 T L B TSN 1T /A AT U ¢ S LU
IR N L U B AT i
0 ’ 3 < e e e
et e o L 48 G I U L |
Chemistry samples taken g e ¢4 4.

Hours of light: 2.0 ks w mav @1
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NORTHWESTERN AQUATIC SCIENCES

PROTOCOL NO. NAS-686-T.amprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST
Iest No. 686-10 Client Windward Investigator L
WATER QUALITY DATA SHEFET
DAY 3(ic % ©7)éal [
Cane Temn ¢ ond ! DO Foral Total ! Survnors M
{masLy 0(.1} pl m\];m’cm (marl) Flardness Alkalunn N | N : p N g."nmmi,nls ‘
! } - c (mgit ) (mg‘l ) ] i ,' i Ao Lo ;
R - [ P : T . : (I nn Bt e 1T A eite il
8 ! i" b8 i b e I Lf 3 bk‘!n) (t (’h) ie e »"\\ [ "O‘H—h—tw—ﬁ—i—!*ﬁl'h—b—'"
4 it> o6 ‘ : te (e 116 | few oo g il gy meis
2 7‘1’.‘_ E‘B EO i< {G L,'fol,.c ,!.-’!‘i 'f‘m4~i,
‘ 3.7 | a % O | e | g e AT o
(.5 .r“i T i CI , 1 o o FESE] -;é' o Tad . ’
0 Tite jte| 45 b ot e | |
Chemistry samples taken (10 4 a4) bd
Hours of light: 2 ¢ dis 18 maw ot
DAVS(1E e ep (7B o o .
e ' cetal latal , SUrvIvors ]
! Lemp Cond no - B
gt} [ Pt winhosaem ima:[ Hardness Mhaliniy A R ( I [ TJ Comments
B o ‘_L mg T omg I ) | -
8 j;“M K4 P 1849 Zu 15 64 i ie _gpteree s e B
+ lL}i/ &’ x : g v 1] B 10 i [c o A {z S ¥ ~I:({_1'u7_7:;f
FL| G 3 4 6 g e [ e e
: f? b {A‘j ¥ O o it < Lerie s 4o el ‘
(.5 1!? b;'g e . o e Ic ¥ i [T 0ot '-,‘fr! T, tef r-:'
7 ; o : o : - 3
0 rsie pr by /& ic o ic o | T
Chennstry samples taken (jo 2 0¢F) £2e
Ammonia samples taken in control and 8 mg 1.0z 22 = (R
Hours of hight. Yoo
e { nd AN z A
et T ()
/ iy . }
L - / (/
v - ’ "\
F_,'ﬂ AR 2% () )
ol ‘.-/ o
! < (r' E L/
Hoodoo 26w I fo0s)
\ r e 3
/é; i P~ PR (,{ 1 O i ( /
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NORTHWESTERN AQUATIC SCIENCES

Test No. 656-40

PROTOCOL NO. NAS-686-1.amprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

_Client___

Windward

NOTES ON PREPARATION OF 8 mg/L. LINDANE STOCK

System Design

£ o 2

Investigator

The objective 15 to deliver 8 mg’L of lindane to the diluter toxicant chamber at a nominal constant rate of 160

mlmin. To accomplish tln”s, a large reservoir. approximalely 541 capacity. of imdane solution in dilution water
is maintained at test temperature. As solution is removed to the dituter. makeup water is introduced under float
valve control. The concentration of lindane in the reservoir is maintamed by circulation of the contents through

a column of glass beads coated with lindane (Veith column).

NOTES ON )’]AINTFNANCE OF THE LINDANE DELIVERY SYSTEM | > ) .
gjdf¢ e &_,_(\ . JJ L ’(L-‘ I Jome  in g {"f’if‘m [ /_{i’ S ,j: o T ’ .
R Y N A ¥ < SR N 1T
DILUTER CALIBRATIONS RECORD
DILUTER CAPILLARY FLOWS oyl
CDate g vy Time_ysy il GIETY Date Time [ Init
L [)miihif-:u Supply Tank  Diluter Tank Drain # Supply Tank | Diluter Tank
e L s 19 : ~
_ 2 L 3% £l 2 I
3 pid 3+ 3
4 3 1 4
5 ¥ 1 5
B 6 _ 1ous 1S 6 |
Flow rates in ml-min

FLOWS TO REPLICATE AQUARIA

Dute [ * /r’tf/i'.'?' Time 3773 tnit, '\ ,-'}g"t....»- o
Relative Concentration (%a)
Replicate 100 50 25 12.5 6.25 0
A Teo | weld e T RE L
B ?"“;f I _:‘ > Y I | S '}' L HINTI
c e Ty T a T
D R “ T ‘ L ) NG
Date Time Init .
] i Relative Concentration (™) L
!I{cplhnuc ? 100 50 253 12.5 6.23 0
e __ _
- S
! 13 i ~ B -
F’ ¢ ol | —
b _1
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Water Quality Computation - Test No. 636-40

mean
s5.d.
min
max

O o~ WN

Temp DO pH (ond Hard Alk
17.3 9.7 7.2 93 26 16
171 96 7.2 89 28 13
171 95 7.2 97 26 17
16.8 94 7.2 99 26 15
16.9 9.3 71 g4 26 15
17.0 9.3 6.8 96 26 15
17.5 9.2 7.0 100 28 14
174 9.1 6.9 95 28 14
17.4 7.9 6.9 99 26 15
17.4 8.7 58 102 26 15
17.4 8.7 5.8
176 8.8 64
176 9.5 70
17.4 93 6.9
17.3 92 6.9
17.4 9.0 6.8
17.3 88 6.8
17.4 8.9 8.7
17.4 88 6.8
17.3 8.6 6.8
17.2 8.6 6.8
17.2 82 6.8
17.2 8.2 6.9
17.0 8.3 7.0
17.4 8.9 8.8
17.2 8.8 6.8
17.2 8.8 6.8
17.0 8.6 6.8
17.2 8.7 6.8
175 86 6.9
173 8.9 6.9 96 26 15

02 0.4 0.2 4 1 1
30 30 a0 10 10 10
16.8 7.9 6.4 89 26 13
17.6 97 7.2 102 28 17

;o ¢ Y



WQ Computation - acclimation {10-3-07 to 10-17-07) - Test No. 686-40

Temp DO pH Cond Hard Alk
1 17.0 9.1 7.8 130 48 55
2 16.9 9.2 7.9 120 42 38

3 16.9 9.0 7.4 130
4 16.6 9.4 7.2 130 44 41
5 17.0 9.5 74 135 60 50
6 170 g.2 7.9 145 50 48
7 17.0 g5 78 150 54 52
8 16.9 §.2 7.4 155 54 49
9 17.0 9.5 7.1 120 54 40
10 171 g4 8.0 155 50 39
i 17.1 9.1 71 150 52 40
12 16.9 9.6 75 150 52 38
13 17.0 9.5 7.6 155 50 38
14 171 9.4 6.9 65 20 12
15 17.3 8.5 6.7 75 22 14

16
17
mean 170 93 7.4 133 48 40
s.d. 0.2 0.3 04 28 12 13
N 15 15 15 15 14 14
min 16.6 8.5 6.7 65 20 12
max 17.3 9.6 280 155 &0 55
(k-
>
e / A ; - !
[
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,_%te 96-hr Toxicity Test-96 Hr Survival
Start Date:  10/18/07 11:00 Test ID:(_686-40 Sample ID:

End Date: 10/22/07 12:15 Lab ID: AS-Northwestern Aquati Sample Type: LINDANE
Sample Date: Protocol: NAS-686-Lamprey Ft acute Test Species: LY-Lampetra sp.
Comments:

Conc-mg/L 1 2 3 4

D-Centrol  1.0000 1.0000 1.0000 1.0000
0.21 1.0000 1.0000 10000 1.0000
0.28 1.0000 1.0000 1.0000 1.0000
0.56 1.0000 1.0000 1.0000 1.0000
1.15 1.0000 1.0000 1.0000 1.0000
288 06000 0.9000 1.0000 1.0000

Transform: Arcsin Square Root Rank 1-Tailed

Conc-mg/L  Mean N-Mean Mean Min Max CV% N Sum  Critical
D-Control  1.0000 1.0000 14120 14120 1.4120 0.000 4 0 40
021 1.0000 1.0000 1.4120 14120 1.4120 0.000 4 18.00 10.00 0 40
028 1.0000 1.0000 14120 14120 14120 0.000 4 18.00 10.00 0 40
0.56 1.0000 1.0000 1.4120 14120 14120 0.000 4 18.00 10.00 0 40
115 1.0000 1.0000 14120 1.4120 14120 0.000 4 18.00 10.00 0 40
268 08750 08750 1.2398 08861 14120 20.004 4 14.00 10.00 5 40

Auxiliary Tests Statistic Critical Skew Kurt

Shapirc-Wilk's Test indicates non-normal distribution {(p <= 0.01) 0.46216 0.884 -2.2465 11.8408

Equality of variance cannct be confirmed .
Hypothesis Test (1-tail, 0.05) NOEC LOEC Chv TU
Steel's Many-One Rank Test 268 >2.68

Dose-Response Plot

ol ] Pag > 267 g |-

e e

06 3 +

0.5 3

96 Hr Survival

0.4 3
0.3 ]
027
0.1 ]

0.21 4
0.28 4
0.56 1
1.15
268

D-Control

ToxCalc v5.0.23N
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N

Test: AT-Acute 96-hr Toxicity Test Test ID(686-40)
Spectes: LY-Lampetra sp. Protocol:\NFS%BS-Lamprey Ft acute
Sample |D: Sample Type: Lindane
Start Date: 10/18/07 11:00 End Date: 10/22/07 12:15 Lab ID: ORNAS-Northwestern Aquatic Sciences
Pos| ID | Rep Group Start 24 Hr | 48 Hr 72Hr | S6Hr Notes

1 1 D-Centrol 10 10

2 2 D-Control 10 10

3 3 D-Control 10 10

4 4 D-Control 10 10

5 1 0.210 10 10

B 2 0.210 10 10

7 3 0.210 10 10

8 4 0.210 10 10

9 1 0.280 10 10

10| 2 0.280 10 10

11 3 0.280 10 10

12| 4 0.280 10 10

13 1 0.560 10 10

141 2 0.560 10 10

151 3 0.560 10 10

16 | 4 0.580 10 10

17 1 1.150 10 10

18| 2 1.150 10 10

19 [ 3 1.150 10 10

20| 4 1.150 10 10

21 1 2.680 10 &)

2| 2 2.680 10 9

23| 3 2.680 10 10

24 | 4 2.680 10 10

Comments:

ToxCalc 5.0.23N
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APR-15-20B8 13:18 F.a2

NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey-rf /
' i

LAMPREY SURVIVAL RANGE-FINDING TEST ’z
Test No. 6386-41 | Client Windward = . Investigator ™* W

STUDY MANAGEMENT:
Client: Windward Environmentaj, 200 West Mercer Street. Suite 401, Seattle, WA 98119
Clicnt's Study Monitor:_Ms. lelle Andersen
Testing Laboratory: Northwestern Aquartic Sciences
Test Location: Newport Laboratory
Labaratory's Study Personnel: s R.;L
Project Manager/Swuidy Dircotor: . G A, Buhlar/R.S. Caldwell

QA Officer,_ LK. Nemeth l Jp_ N ARSSRRRLEL
P ‘ >

Study Schedule: o " f e——
Test Beginning: /- 3 T 1520 T'est Ending: ”/3/37 S35

TEST MATERIAL: Fisker Seaatiéie
Description;____ Naphthalens, A_fﬁr"r 4 fp’ Lof Ve, 05 61~
NAS Sampiz No.:

Dute of Preparation: 5%_&;__1»—_ . o

DILUTION WATER:
Description: _ City of Newport tap water

Datc of Preparation/Collection: 10—-hu-0 ) )
Water Quality: Cond. (pmhos/em) d) 2 plt “?w

Hardness (mg/L as CaCOy)__ 1/ Z— _ Allatinity (mg/L as CaCOn)_ g;

Total Chlorine (mg/L, DL 0.02 mg/1. ). < Q- [ -

Treatments: Dechlorinated, aerated 2 24 iwurs

TEST ORGANISMS:
Species: Lampgira sp. Age/Size: "/“[; o nA

Sousce; 7hns Ky Areshurce,. ..&f.".l@,_i_ﬂﬁe_«n rppers
Acciimation Data; )

Bale i h_mp i SRR “ffl'}nﬁmcti»'ity Mardress | Alkatinily .
o0 (mes]) {prrthosicm) 1mg/l.) i/l SO { IS

Ve e |94 i,’;f ' @0 53 fflestreca G,?.,\-({fw )
e BB 0. 7| 45 | i35 s | <% e ps

logfo7| 1.t | 24 |9a 130 L.H7 Pl

lotasr| 33 |35 | 95 | e vy Il
| fprom oL | FF o | 14 o 3¥
wat| Mt [, | 49 132 97|35

ozt Pt | 3% | 9o 1357 oMo

ool v | 74 | 4.3 195 S el

oy | 83 g, 1— . I ¥ 4 Y3
FERLETZERE TR S 7 o 53 ..

W | Ty g | 84 ;‘7»,6 fey Yo | v
hecvir ] tee& | g3 ‘) Vs bL 9
oot 1p (o | £-3 _ bes” | b2 | M
sy | Jo | 4o ﬁnfu Tei IZ ?; - ‘fl:b:ﬁ
ey | L6 .2 9. N

Nlean ‘%’_ﬁ_ 79 4. | 197 SL L YL

N AT ESRY | ) 7 1

NS T | s T TR

page | of § 1~ Revised 10/30/07
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NORTHWESTERN AQUATIC SCIENCES

LAMPREY SURVIVAL RANGE-FINDING TEST

Test No, 686-41  Cliem . . Windward

FROTOCOL NO. NAS-686-Lamprey-rf

[nvestigator

TEST PROCEDURES AND CONDITIONS:
Test Concentrations (10% seriss recommended): 30. 3.0, 0.3, 0.03 and 0 mg/L (control) All

gancentrations ure nominal,

Test Chambers (description):_2.3 gallon gluss aquaria covered with plastic wrap and plastic lids

Test Volume (mL): 2.8 L. Replicates/treatment; 1
Organisms/treatment: 5 (5/repl) Temperature (°C)_17 + |

Test water changes: ___dalily Acration during test None
Foeding:_Nong. Test Duration: | 96 hi

Phataperiod (L/D); Congstant darkness (except fur daily ohservations = | hiry

Light intengity (ft.c.): /{:
Beaker Placement: Steatified randomizulion

Randomization chart: Location: Room |

)@/ 0.3 70 Q.37 T 0 -

STOCK SOLUTION PREPARATION:

[ ]

Day0:  vrepd /v [rro M s [0 L

Day 1 - e rded /g .,,,19-/’ Ljfrd [Z._ ng:»——
Day 2 10/4?1 Y7o (0.8 S Fee
ay 2 "

Day 3

TEST SOLUTION PREPARATION:

>

Day0: 1 zifsr  jys0  foe
pay1  sofmafy ryie AdEt-
Day 2 H/I/‘)"? S S Il

Dy 3 oy 15 IR
nf/f;[q(o?'

LOADING (g/L): M T .
(weigh and measure fength Tros at end of test) g

. st
Length (wfi) [ Weight (a) l

Ervor codes.

5.0 a3 P €hn <, o
S la e @3 C.D. 0.5
| .
i S i D"J '5 N r
Yoy 63>
. ‘Lfr'r i 0 'i C‘
1y Correcting of handwriting ertor . 0. '2-(
2y Writien i wrong Jocation; enlry deloted 124 i\ —
kS Wronp date delete): replaced wilh corect dote

‘ =
4y Frror fouad jg measuremenly measurement repsiid {<)££( 5

Page 2 of { -

e /f/; AN N 15473 "

weag it (?)
p. 2%
0.97)

57

.r'sL x S-'F;“"‘
1.8l

Revised {0/30/07

F.B83
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APR-15-2888 13:18 P.a4d
NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey-Ti

LAMPREY SURVIVAL RANGE-FINDING TRST

Test No, 686 41 Client Windward Investigator

WATER QUALITY DATA SHEET

DAY 040/ 3 1s3) 643

Cong. Temp . Conductivity R o
ag ptl 00 " Hardness | Alkalingy # .
{ngdla) 1Y (ma/t) (wmhossemy (ma/L) I Survivins Comnmetts

" U %3 8-0] jos

7 5 S

o4 e 9

m_ma: -3 2 310 fmligf . v
Control ”05/ ?\ f 3 Li ﬁo Z,Z/

‘NOTES: Sampls new solutions at ezu,h concentration and ship o CAS,

DAY 1L (19 (/a3 >
Cong, Temp b
(mesL) oy 1P

Alkalinity #

Comdustivity

(gl (semhas/em) g/l b g/l Survivars

e Havdness

Comment;

3.0 /pa ?-'ZF ':?.LL, ; 5 ; : z‘
Jer| 71 PE

e 2k H 2»7 ‘{

T3

. |
30 pr Es RVES FEbE : ] [T .
i‘?,i ?"Z’ ?*?‘ L ..‘ ke s... 1.1. Y ”"4'// aeiorsh  fe Fhows L |l
Sl I
|

i i
______ e | #2129 "H‘i% ﬁ

NOTES: Sample new solutions at cach conce n[mnon and ship to LA::..

Lo

DAY 2() /1 6t -

ooty | o | o] pe %;i’.:‘ﬁ‘::i‘f;iia”{ s | s’ | sursvrs M
30 ) b3 j’} - a4 YR M'“‘ff”';:?f’ “le ¢
ey 23 5

I‘J..'i‘m /L""{ ;"L’ “LS" —
e ey B -

e iR DY AN

NOTES: Sample new and old solutions at each concentration and ship o CAS.

Paze 3 of 1T~ Revised 10730/07
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NORTHWRESTERN AQUA LIC sCitNLe> P.e5

LAMPREY SURVIVAL RANGE-FINDING TEST

Test No. 686-41 Clieny__ Windward ... lnvestigator

WATER QUALITY DATA SHEFRT
DAY 3 { W/ 1t 5 /4:.31

( S I W e gty | suos S ]
| ;; W 4 (1) iﬂépﬁ:ﬁ;‘:‘(;mt’%ftﬁ?p
" e Al 5 e
Ll F219.3 I >
b 7—»..‘8«“’ s _
Conteo i 7_:' ?’} ?’ “f 5» i

NOTES: Sample new solugions At ¢ cac h cnmannamon Ltml qlup' o CAS. ' l . N

Dw4(;t 1} /oR w’y/%‘“

S N N i ROl I — |
T AR g T3 s ACh A
NEYIEA 5 f , ]
kAL P g s ]
L’::::a; ”,P] 9’1'} 3’6)_ d —l

R RAZIR Y s |

NOTES: Sample old solutions at ench conﬁ@&hon and ship 1o CAS. Weigh and measure lengths on

WﬂTfV «@zol _les VUWWA"’I, ,5?:? . .
Menn 71U Y1 ¥ P 2t 11—
<D o:s o] 0% |w / K¢
~ 25| 87| o s I &,
Jow 64 70| 26| P 2| ¥

ik 7 7.3 e oS | 2% | 8T

Page 4 of 2 T~
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i3:

2

NORTHWESTERN AQUATIC SCIENCESN

Test No, 686-41 Client |

P.B6

PR LA vy Iy Mo was Gl sy xe

LAMPREY SURVIVAIL, RANGE-FINDING TEST

Windwargd

WATER SAMPLING RECORD

investigator_ |

NAS :;?fanmle by DCB““‘g’;ﬁ? (/L) Date Time initials Commenls 1
| imde. Day O-new 30 1e-2a 97| ieoe —y +
135 L Day O-new 3.6
1BEF g | DayOnew 0.3 ’ T -
 1BEFe | DayO-new 0.03 : B ) ]
1384 (- | Day 0-new control . Ik
13as¢e | Day |-new B 10-310F | jSon &5%
13946 | Day 1-new 3.0 ] L
1343 & | Day f-new 0.3 e N
ian¢ | hay l-new 0.03 [ )
13alG Day 1-new controf v i b ﬁ{
| 140Sg Paydmew 30 Bl o3| 1540 | b ]
;4',!04{,. D_asy l-new‘ 3.("1” | L
1403¢ | Day Z-new 0.3 ‘—_— ]
0z e | Day 2-new 0.03
14061 | Day 2-new  conmol T S
jdoo & Dfiy 2-old ' 30 1420 |
1 BGS g | Day 2-0id 3.0
12984 | Day 2-old 03
1393¢ [Day2old 005 | -
T—‘I;b‘?b & | Day 2-0ld contral { b y y ' R
| die | Payimew 30 22-0F | 1530 | ) | 11 senie
| tHing | Dayl-ew 3.0 1 oL EITESS
14 o6 Ly J-new 0.3 _BS DAYD- wgw) |
1409 ¢ T Day 3-new 0.03 ) | B aveafi Duru-ug'ﬁ
1409 e Day 3-new control _IF I 1
ivi8e | Daviold | 30 43P | 11e0 | 4% —
| i Day 4-ald 3.0 N .
! i bir | Doy 4-old 0.3 { ] ]
My U Day 4-oid .03 , . T B —_
7 M | Day 4-old gontral \ T | \ |
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_ TECrEs | BT [Tk b Vg S .\
IR 2RI A e Ry = MUY o Tee]a] m oy
IR o [ FLEH 1T ki el . 71ET | 5t | SF 1A TUEw
s e A s Sl i Pt B AR R I RS
EF T ST S35 i1 pRgra N EL & | Vs (79 pyi poown
e S | Th ] | (G 7 [0 | 2 I
IR S [ e oo iy E% o7 [Si7 T or b2 e
o L Il B G AR R P h g el 2 KN EE (T
PR T | B 1S B T x4 ’” 41| 357158 TEF
LY 177 | _5h | b6 a7 1 u 5% | &7 T FHETES
7 Y9 | S5f | BR[| FufEE . GFes | s DI T pea
4 TF{or S0 [ e | i — T R R U
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Acute 96-hr Toxicity Test-96 Hr Survival

Start Date:  10/30/07 1520 Test ID: 586-41 Sample 1D
End Date: 11/3/07 15:00 Lab iD:  ORMNAS-Northwestarn Aguati Sample Type! Naphthalene
Sarmple Date: Protecol: NAS-G86-Lampray-if Test Species: LY-Lampetra sp.
Comments:
Conc-mg/l, 1
D-Control  1.0000
0.03  1.0000
0.14 1.0000
144  1.0000
14.9  0.4000
Not Fisher's 1-Tailed Number Total
Conc-mg/L  Mean N-Mean Resp Resp Total N Exact P Critical Resp Number
D-Control 1.0000 1.0000 0 5 5 1 o 5
0.03  1.0000 1.6000 0 5 5 1 1.0000 0.0500 0 5
014 1.0000 1.00600 0 5 5 1 1.0000 0.0500 ° §
144 10000 1.0000 0 5 5 1 1.0000 0.0500 O 5
14.9 04000 0.40C0 3 2 5 1 0.0833 0.0500 3 5
Hypothasis Test (1-ail, 0.05) NOEC LOEC ChV TU
Fisher's Exact Test 14.9 >14.9
RN o
LCs0 Rk ThN Trimmed Spearman-Karber
Trim Level  _WESO 95% CL
0.0%
5.0%
10.0% 1.0
20.0% 09 ]
Auto-40.0%  10.094 2.435 41.848 -
0.8 1
0.7 4
o
g 2.5 1
o 0.4 j
0.3 4
0.2 4
0.1 4
0.0 rrromeder rret T
0.01 0.1 1 10 100
Dose ma/l.

ToxCale v5.0.23N

Page /! of i



APR-15-2693

Test: AT-Acute 96-hr Toxicity Test
Species: LY-Lampetra sp,

Sample (D:

13:23

P.13

Start Date: 10/30/07 15:20

End Date: 11/3/07 15:00

Test iD: 68641
Frotocol; NAS-686-Lamprey-rf
Sample Type: Naphthalene

Lab |D: ORNAS-Northwestern Aquatic Sciances

Poes| iD | Rep Group Start 24 Hr 48 Hr 72 Mr 98 Hr Notes
1 1 D-Contrel 5 5
2 1 0.030 5 5
3 1 0.140 5 §
4 1 1.4440 5 5
[ s 14.900 5 2
Comments:

ToxCalg 5.0.23N

Page / 1 of /L~

TOTARL P.13



LAMPREY (LAMPETRA SP.) DEFINITIVE 96-HR FLOW-
THROUGH ACUTE TOXICITY TEST OF NAPHTHALENE

NAS Test No. 686-42

Submitted to

Windward Environmental L1.C
200 West Mercer Street, Suite 401
Seattle, WA 98119

Submitted by

Northwestern Aquatic Sciences
3814 Yaquina Bay Road
P.O. Box 1437
Newport, OR 97365

April 3, 2008



NORTHWESTERN AQUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 086-42
Title: Lamprey (Lamperra sp.} definitive 96-hr flow-through acute toxicity test of naphthalene.
Protocol No.: NAS-686-Lamprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119.
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing [aboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test I.ocation: Newport Laboratory.
Laboratory's Study Personnel: G. A. Buhler, B.S., Proj. Manager; R. 8. Caldwell, Ph.D., Study Director; L.K.
Nemeth, B.AL M.B.A., QA Officer; G.J. Irissarri, B.S,, Aq. Toxicol.
Study Schedule:
Test Beginning: 11-14-07, 1330 hrs.
Test Ending: 11-18-(7, 1430 hrs.
Disposition of Study Records: All spectmens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
97365,
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
{(3L.P) as defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 792).
Staterment of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurate reflection of the raw data.

TEST MATERIAL
Description: Naphthalene (Fisher Scientific, Lot No. 056112).
Preparation of Working Stock Solution and Test Concentrations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit et /., 1982). The diluter was sct up to
deliver a 0.5 dilution series with a flow rate of approximately 80 ml/min per toxicant concentration. The diluter
design was such that 160 ml/min of the toxicant solution at the highest test concentration (i.e. the water
saturation level of naphthalene estimated to be approximately 20 mg/L at the test temperature) was required to
be continuously delivered to the toxicant supply chamber of the diluter. To accomplish this, a large mixing
reservoir, approximately 54L capacity, to contain the saturated solution of naphthalene in dilution water, was
maintained at test temperature. The approach to preparing the saturated naphthalene solution in the mixing
tank involved continuous recirculation of the tank contents, at an estimated rate of 1000 ml/min, through a
commercial carbon water filter in which the activated carbon contents were replaced with a large quantity
(=100 g) of crystalline naphthalene. The tank contents were continually mixed using a stainless steel stirring
paddle, while also replacing, under float valve control, dilution water 1o replace delivery of the nominal 20
mg/L naphthalene solution to the diluter. Unvalidated GCMS analysis of the mixing tank contenis by the
testing laboratory showed that concentrations ranging from 4.1 to 17.5 mg/L were achieved during the study.
but that highest test concentrations in the test aquaria were 35.9 £ 3.7% less than measured in the mixing tank.
It 1s presumed that the loss was due to volatilization of naphthalene during passage through the diluter and
distribution system.

DILUTION WATER
Source: City of Newport municipal tap water, treated as below, was supplied continuously te the toxicant
diluter throughout the study.
Pretreatment: The water was dechlorinated by carbon fiftration, particle filtered to 1 um, and adjusted to a
target water hardness of 25-30 mg/L as CaCQ;. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

Test No. 686-42 Page 2 of 6



NORTHWESTERN AQUATIC SCIENCES

TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Age/Size: Ammocoetes; target size range, 4-6 cm; actual size of 10 ammocoete subsample, 4.8 £ 0.6 cm.
Source: Ammocoetes were field collected in approximately equal numbers from the Trask, Nestucca, Siletz,
and Alsea Rivers, Oregon. Field collection was by electoshocking and only 4-6 cm size ammocoetes were
retained. Personnel of Windward Environmental performed the ammocoete collections.
Acclimation: Upon receipt, animals were removed from the collection site sediment and placed in 10-gallon
aquaria supplied under flow-through conditions with dilution water. Water supply was sufficient {30-50
ml/min) to accomplish two volume changes of water per day. Approximately 50 lamprey were placed in each
tank. Tanks contained an approximate 8 cm deep layer of sediment (Sandtastic Play Sand, Waupaca Materials)
covered with approximately 261 of test water and were supplied with aeration. Normal behavior for the
lamprey ammococtes was to immediately bury in sediment and remain there. Any that did not immediately
bury were discarded as potentially damaged. Ammocoetes were not fed during acclimation. Water quality
conditions during the two weeks prior to testing (11-1-07 to 11-14-07) were: temperature, 16.8 £ 0.1°C;
dissolved oxygen, 9.6 + 0.2 mg/L; pH, 8.1 + 0.2; specific conductance, 160 + 10 umhos/cm; hardness, 57 £ 5
mg/lL as CaCOs; and alkalinity, 41 + 5 mg/L as CaCO;.

TEST PROCEDURES AND CONDITIONS
Test Chambers: The test chambers were two-gallon glass aquaria capable of holding 5.8 L of test solution.
Test chamber placement in the test area was random.
Test Concentrations: The nominal test concentrations were 20, 10, 5, 2.5, 1.25, and 0 mg/L. {(control)
naphthalene.
Replicates/Treatment: 4
Orgamisms/Treatment: 4{)
Loading: 0.38 g/L
Aeration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 ml/min of test solution, or 115 L/day, at each
test concentration. At this rate of flow, test solution supply to each replicate aquarium was 5.0 volumes per
day.
Effects Criteria: The effect criterion used in the lamprey ammocoete acute toxicity test was mortality, defined
as a lack of visible respiratory movement and absence of response to tactile stimulation. 1n addition to mortality,
qualitative observations of sublethal responses were recorded when observed.
Target Water Quality Conditions: Water quality measurcments were taken daily as specified in the protocol
(Physical and Chemical Data, Ttems 1 and 2). The target water quality conditions were as follows:
Temperature, 17 + 1°C; dissolved oxygen, 24.0 mg/L; hardness, 25-30 mg/L as CaCOs;. Actual test conditions
arc reported in the Test Results section.
Photoperiod: The photoperiod was total darkness except for approximately 2-3 hours per day for observations
and lest exposure system maintenance. Light intensity at the aquarium level was 13.2 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measured naphthalene concentrations for each treatment level. The statistical software could not compute an
[.C50 because only 50% mortality occurred at the highest test concentration employed. The NOEC and LOEC
were calculated according to U.S. Environmental Protection Agency (2002) methods. In this procedure, the
NOEC and LOEC values were computed using either Dunnett's test, T-test with Bonferroni's adjustment, Steel's
Many-One Rank Test, or Wilcoxon Rank Sum Test with Bonferroni Adjustment, The appropriate test was
selected after evaluating the data for normality and homogeneity of variance. The statistical software employed
for these calculations was ToxCalc, v.5.0.23N, Tidepool Scientific Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES
Test solutions were sampled once daily for naphthalene from each test concentration by pooling samples from
each of the four test replicale aquaria. Subsamples were pooled into new disposable plastic beakers from which
the pooled sample was transferred to the analytical laboratory supplied sample bottles and shipped under chain-

Test No. 686-42 Page 3 of 6
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of-custody procedures to the analytical chemistry laboratory {Columbia Analytical Services) at Kelso, WA, No
preservative was employed. Samples were kept refrigerated at <4°C. Sample velumes were 1 L. Additional
samples were taken of the dilution water on day 0 of the test for analysis of particulate matter, TOC, and
ammonia-N, and from the control and highest test concentration treatments after 96-hr for measurement of
ammonia-N. These samples also were shipped to Columbia Analytical Services for analysis.

PROTOCOL DEVIATIONS

1. The protocol specified "constant dark, except during monitoring activities”, and also that light intensity
should be 50-75 fi-c. when light was on. These specifications were judged to be contradictory and led to
the following action. Based on best professional judgment of the investigators, we reduced the light
mtensity from that given in the protocol in order to minimize fright behavior responses of the ammocoetes
during the short period of lighting associated with daily observations.

2. The protocol states: "At the end of the test, all surviving control ammocoetes are weighed and measured for
length by replicate." Through a laboratory error, a subsample of 10 ammocoetes were weighed and
measured at the beginning of the test instead. This is a minor deviation and is without consequence for
interpretation of the study results.

TEST RESULTS
Water quality conditions measured in test aquaria during the 96-hr toxicity test are summarized in Table 1. The
temperature specification was met during the study. Dissolved oxygen remained near saturation throughout the
test. The pH ranged from 7.0 to 7.6. Mean hardness also was in the specitied range of 25-30 mg/L as CaCO,.

The concentrations of naphthalene measured during the toxicity test are swrnmarized in Table 2. Mean measured
concentrations in the test ranged from 0.70 £ 0.10 mg/L at the lowest level to 10.18 + 1.93 mg/L at the highest
exposure level. Measured dilutions were roughly 50% of nominal test concentrations. Higher test concentrations
could not be achieved because of solubility limits and volatility of naphthalenc and the high rate of utilization of
toxicant stack by the diluter,

A summary of the 36-hr ammoacoetes survival results is shown in Table 3. In this study, the 96-hr control
survival (100%) met the test acceptability criteria of 290%. Therefore, the test meets the protocol criterion of a
valid test. A 50% mortality was observed in the highest {10.18 mg/L) test concentration. No mortality occurred in
any other test concentrations.

‘The toxicity of naphthalene to lamprey (Lampetra sp.) ammocoetes as the 96-hr 1L.C50 was estimated by data
inspection to be 10.18 mg/L. The NOEC and LOEC concentrations were 5.32 and 10.18 mg/L. naphthalene,
respectively.

LITERATURE CITED

Benoit, D., V. Mattson, and D. Olson. 1982. A continuous-flow mini-diluter system for toxicity testing. Water
Res. 16:457-464,

EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of
naphthalene to lamprey ammococtes.

~ Parameter Mean + S.D, ‘ N Range
Temperature (°C) 17.2+04 30 168-17.8

| Dissolved oxygen (mg/T.) 94+02 ‘ 30 9.0-938
pH 73402 30 7.0-7.6
Specific conductance (pumhos/cm) 109+ 7 10 101 - 120
Hardness (mg/L as CaCOs) 28+12 | 10 24 - 32
Alkalinity (mg/T. as CaCQ;) 16+ 1 | 10 13— 18

" Table 2. Measured concentrations of naphthalene duning the 96-hr acute toxicity test of
naphthalene to lamprey ammocoetes. Measurements performed by Columbia Analytical
Services.

Nominal (mg/L) Measured (mg/L.)
"~ Mean+SD. - N e Range
20 10.18 +1.93 5 7.40 - 12.00
10 532+ 0.63 3 4.50 - 6.20
5 2.64+0.28 5 2.30 - 2.90
2.5 1.24 £ 0.18 5 1.00 - 1.40
1.25 0.70+0.10 5 0.58 -- 0.81
0 0.0x00 5 0.0-0.0
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NORTHWESTERN AQUATIC SCIENCES

Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to naphthalene.

Naphthalene Ammocoetes Ammocoetes Percent Mean %
(mg/L) Replicate  exposed Surviving Survival Survival
10.18 A 10 5 50.0
B 10 4 40.0
C 10 5 50.0
D 10 6 60.0 50.0 *

5.32 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0
2.64 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0
1.24 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0
0.70 A i0 10 100.0
B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0
0.0 A 10 10 100.0
(Control} B 10 10 100.0
C 10 10 100.0

D 10 10 100.0 100.0

* Mean significantly (p=0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
September 12, 2007

STUDRY PROTOCOL

LAMPREY (LAMPFPETRA sp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is to determine the acute toxicity of six chemicals, representing a
range of toxic modes of action, to lamprey {Lamnpeira sp.y ammococetes. The study will be performed using
methods based on the metheds for measuring acute toxicity with other fish species as described in U.S.
Enviranmental Protection Agencey (2002) and American Society for Testing and Matcerials (ASTM) (1996)
guidance.

Summary of Method: In definitive tests, lamprey ammaocoetes are exposed for 96 hours to five concentrations
of test material and a dilution water control. The test concentrations are arranged in a logarithmic series based
on the results of range finding tests. Four replicates, cach with 10 organisms, are ecmployed at cach test
concentration, if there are sufficient numbers of ammocoetes. IFlow-through exposures are employed. Test
chambers are glass aquaria less than or equal to two gallons in volume, Mortality is the effect ¢criterion. The
data analysis consists of caleulating means and standard deviations for survival. An LC50 with 95%
confidence intervals may be calculated along with the NOEC and LOLC concentrations.

STUDLY MANAGLEMENT

Sponsor's Name and Address:
Windward Environmental LLC
200 West Mcrcer Street. Suite 401
Seattle, WA 98119

Sponsor’s Study Monitor:
Ms. Helie Andersen

Name of Testing Laboratory:
Northwestern Aquatic Sciences
3814 Yaguina Bay Road
P.O. Box 1437
Newport. OR 97365

Test Location: Newporl, OR.

Laberatory's kev Personnel 1o be Assigned to the Study:
I.aboratory Director: Richard S. Caldwell, Ph.D.
Project Manager/Study Director: Gary A. Buhler, B.S.
QA Officer/Toxicology Program Mgr: Linda K. Nemeth, B.A.M.B.A.
Aquatic Toxicologist: Gerald I. [rissarri, B.S.

Proposed Study Schedule: July 2007 threugh September 2007.

Good l.aboratory Practices: The test is conducted following the principles of Good Laberatory Practices {GLP) as
defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR Part 792).
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-680-Lamprey FT acute
Seplember 12, 2007

TLST MATERIAL

Description: Chemicals to be tested include aniline, copper. pentachlorophenol, lindane. diazinon and
naphthalene.

Preparation of Working Stock Solution and Test Concentrations: Test materials will be administered using a
constant-flow diluter based on the design of Benoit er af. (1982).  Stock solutions of the sparingly soluble
organic compounds, ¢.g. naphthalene. pentachlorophenot, lindane. diazinon. will be prepared continuously by
recirculation of dilution water/toxicant stock solution through a column of toxicant coated glass beads (Veith
and Comstock, 1975), This is a conceptual approach in which the specific column, flow rates. glass bead
sizes, etc. need Lo be developed empirically, with analytical feedback, for cach study considering such
variables as chemical solubility. test temperature. desired highest test concentration. stock toxicant
consumption rate. ete. Given the above, some modifications are anticipated as the studies progress, Initial
system characteristics are as foilows: 1} the toxicant mixing tank will have a 60-liter capacity; 2) a 20 x 280-
cm glass column will be employed (10 x 200-cm and 40 x 360-cm columns are also available): 3) the column
packing will employ 5-mm glass beads coated with the test compound: 4) particulates will be [1ltered out
through glass wool: 31 flow through column will be controlled by a variable-speed peristaltic pump or by
intermittent pumping: and 6) tubing will be glass and silicong rubber. GC/MS analysis of toxicant in the
toxicant mixing tank will be used to optimize the system for each chemical noted above prior to test
initiation. T'he contents of the stock toxicant reservoir will be constantly replenished with fresh dilution water
as toxicant solution is supplied to the diluter. The aniline stock solution will be prepared similarly, but by
volumetric addition of aniline, using a metering pump, to the stock toxicant reservoir in fien of the Veith
column. The copper working steck solution wiil be prepared in the same apparatus by metering pump addition
of a concentrated copper stock solution to the stock toxicant reservoir. All toxicant working stock solutions
will be prepared and maintained under the same conditions as in the test exposures and delivered continuously
to the toxicant chamber of the diluter at an appropriate rate.

DILUTION WATER

Dilution water will be dechlorinated City of Newport municipal tap water adjusted to a water hardness of 25-30
mg/l. as CaCOs;.

TEST ORGANISMS
Species: Lamprey. Lampefro sp.

Seurce: Ammocoetes will be collected by Windward staft and delivered to the laboratory each day of
collection. The ammocoeles will be collected from several rivers including the Siletz River, which was the site
for Phase 1 ammocoetes.

Age: ammocoetes (juvenile prior o netamorphosis)

Acclimation and Pretest QObservation: Test arganisms will be held in the laboratory in order to acchimate to test
temperature. Upon receipt, animals are removed from the sediment they are received in and placed in 10-gallon
tanks under flow-through conditions (-35 mL/minute, or ~ 2 volume changes per day, with one additional daily
siphon and replacement of 2/3 volume of each tank). Approximately 50 lamprey are placed in each tank.
Tanks will contain at least 3 inches of sediment (Sandtastic Play Sand. Waupaca Materials. or similar material)
coverced with approximately 26L. of test water and suppliecd with acration. The maximum temperature variation
during holding will be = 1° C. The ammocoetes will be acclimated to the laboratery test conditions for a
minimum of 5 to 7 days prior to test initiation. This minimum number of days applies only to the first toxicity
test conducted on each batch of field-collected organisms. For all other tests, the ammocoetes will be held for at
least 13 days prior to test initiation. When a temperature adjustment of more than 3 to 3°C is required, the
rransfer from field collection water to laboratory dilution water will be gradual. Normal behavior for lamprey
ammococtes is to immediately bury in sediment and remain there. Any dead animals observed on the sediment
surface are removed daily. Past experience suggests that mortality is minimal during short-term holding and
any mortality is likely due to damage from field collection. [f ammaocoetes do not bury or there is excessive
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mortality in any tank. animals from that tank will not be used for testing. Ammocoetes will not be fed since
they are being held short-term.

DESCRIPTION OF TEST SYSTEM

Preparation of l'est Concentrations: Test materials will be administered using a constant-flow diluter based on
the design of Benoiter af (1982).  The diluter will be calibrated to deliver a (0.5 dilution series. Flow rates
will be adjusted to deliver at Jeast five test chamber volumes per concentration per day. Diluter flow rates will
be measured and documented at the beginning and conclusion of each 96-hour test. This will be done by
measuring individual diluter capillary tube flows. When the flow rates arc entered into an Excel® spreadsheet.
the actual dilutions of the toxicant stock can be computed. Actual test chemical concentrations {(organic
chemicals) in the toxicant mixing chamber {toxicant stock solution) and in exposure aquaria will periodically be
measured on a real-time basis at NAS to verify that nominal concentrations are being routinely achiceved.
Definitive concentration documentation in test aquaria will result from daily samples shipped for analvsis Lo

CAS.

Test Chambers and Environmental Control: Tesl chambers used in the toxicity study are glass aquaria less than
or equal to two gallons in volume. The test system is housed in a constant-temperature. photoperiod-controlied
room. Aeration is not employed. The photoperiod is constant dark except during monitoring activities when
ambient (50-75 fi-c) lighting is used.

Cleaning: All laboratory glassware, including test chambers and toxicant dilution system, wili be cleaned based
on the methods described in U.S. Environmental Protection Agency (2002). Initial cleaning incorporates the
use of a labaratory detergent followed by multiple tap water rinses. Subsequently, either dilute (10%, V:V)
acid (hydrochioric or nitric) or acetone is used to remove metals or organic contaminants, respectively. Further
multiple rap water rinses arc emploved after each acid or acctone treatment. Sodium hypochlorite bleach may
be employed on a limited basis to ensure that microorganisms that could metabolize organic toxicants. e.g,
naphthalene, are not present. Exhaustive tap water rinsing is always cmployed following any chemical cleaning
treatment. A final dilution water rinse of the exposure apparatus will precede initiation of each study.

EXPERIMENTAL DESIGN AND TEST PROCEDURES

Experimental Desien: The definitive test involves exposure of lamprey ammocoetes to five test concentrations,
using a 0.5 dilution series, and a dilution water control. Exposures are for 96 hours. Each treatment consists of
four replicates, each containing 10 ammocoetes, if there are sutficient numbers of ammocoetes. 1 there are not
cnough ammocoetes for 10 per replicate, then at least 20 per treatment (5 per replicate) is the minimum number
preferred. Test chambers are randomly distributed in the test area. Ammocoetes are impartially distributed to

cach aquarium by adding one or two animals to each test replicate and repeating the process until each containg

10 organisms.

Effect Criterion: The effect criterion used in the lamprey ammococte acute toxicity test is mortality. defined as
a lack of visible respiratory movement and absence ot response to tactile stimulation. The mortality data will be
used to compute LC50s for each exposure period. In addition to mortality, qualitative observations of sublethal
responses consisting of crratic swimming, hyperventilation, hemorrhaging, and hyper/hypoactivity (compared
to the activity of the organisms in the control group) will be recorded if observed.

Test Conditions: The dissalved oxygen concentration in each test container must be > 4.0 mg/t. throughout the
test. The test temperature employed is 17 + 1°C. A photoperiod of constant darkness is used, except during
manitoring activities when illumination is supplicd by davlight fluorescent lamps at an intensity of 50-73 ft
candles. Loading should not exceed 6.1¢/1. at 17°C according to EPA. ASTM recommends loading not exceed
1g/L of solution passing through the chamber in 24 hours or 10g/L. of selution in the chamber at any time.

Beginning the Test: Adding the organisms to the cquilibrated test containers as previously described beging the
test.

Feeding: None.

Page 3 of 6



NORTHWESTERN AQUATIC SCIENCES PROTOCOL. NG, NAS-086-Lamprey FT acute

September 12, 2007

Analysis of Test Concentrations: During each test, samples will be collected for chemical analysis. held at 4°C

and shipped by overnight delivery to Columbia Analytical Services in kelso. WA, The sampling scheduie and
procedure will follow the project QAPP.

Test Duration, Type and Frequency of Observations, and Methods: The test duration of the acute toxicity test
is 96 hours. The type and trequency of observations to be made during the test are summarized as follows;

Type of Observation Times of observation
Biological Data
1. mortality (each test container) ] 0.24,48.72, and 96 hr
2. sublethal observations (qualitative) 0,24, 48,72, and 96 hr
Physical and Chemical Data
1. Dissolved oxygen. pH, & temperature. {in one 0. 24,48, 72, and 96 hr
replicate of each test level and the control)
2. Conductivity. hardness & alkalinity (in onc 0.24, 48. 72, and 96 hr
replicate of highest concentration and control)
3. Toxicant concentration sampling (in one replicate 0,24, 48. 72, and 96 hr
of each test concentration and the control}
4. Diluton water sample for particulate matter, TOC O hr
and ammonia
5. Sample for ammania taken from one replicate of 96 hr
control and highest test concentration

During the test, dead organisms are removed every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxvgen is measured using a polarographic oxygen probe calibrated according to the manufacturer's
recommendations. The pl{ and temperature are measured using a pH probe and a properly calibrated meter with
scale divisions of (.1 pH units. Conductivity is measured using a calibrated conductivity meter. Samples for
chemical analysis will be collected, preserved. and sent ta Celumbia Analytical Services following the recommended
procedures of the analytical laboratory,

Test Termination: At the end of the test. all surviving contrel ammococtes are weighed and measured for length by

replicate. All surviving or dead test organisms will be frozen by concentration for possible later tissue analysis by
Columbia Analytical Services.

Criteria of Test Acceptance: The test results are acceptabie if survival in the contrals is at least 90%. The

DA’

toxicity tests will be performed as a 50% dilution serics. it is anticipated that each test will have at least one or
possibly two partial mortality concentrations. Nominal concentrations of cach toxicity test have be reviewed
and approved by IPA (EPA 2007). However, because of the experimental nature of the study and the limited
supply of ammocoetes. the acceptability of the toxicity tests will be based enly on the 2 90% survival in control
group.

‘A ANALYSIS

The percent of live ammocoetes is calculated for each treatment replicate from the raw data and the means are
obtained for gach treatment level. An LC30 (mortality) is calculated using Probit or Trimmed
Spearman-Karber methods, The NOEC and 1LOEC are caleulated for each endpoint according to U.S.
Environmental Protection Agency (2002} methods. In this procedure. the NOFEC and LOLC values are
computed using either Dunnctt's test, T-test with Bonferroni's adjustment, Steel's Many-One Rank Test, or
Wilcoxen Rank Sum Test with Bonferroni Adjustment. The appropriate test is setected after evaluating the
data for nermality and homogeneity of variance. An arcsine-square root transformation is performed on the
percentage effect data prior to statistical analysis. The statistical software employed for these caleulations is
Toxecale. v.5.0.23N. Tidepool Scientific Sottware.

REPORTING
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PROTOCOL NO. NAS-686-Lamprey FT acute
September (2, 2007

The final report of the study results must include all of the following standard information at a minimum:

9

10.
L.

12

Name and identification of the test:

The investigator and laboratory;

Information on the toxicants:

Information on the dilution water:

Detailed information about the test organisms;

Description of the test system and its calibration, including test chambers and dilution system;
A description of the experimental design and other test conditions including water quality;
Definition of the effect criteria and any other observations:

Responses, if any, in the control treatment,

Tabulation and statistical analysis of measured responses:

A description of the statistical methods used;

Any unusual information about the test or deviations from procedures:

The final study report will include the study protocol and all study raw data as appendices.

STUDY DESIGN ALTERATION

Amendments made to the protocol must be approved by the sponsor and study director and should include a
description of the change: the reason for the change; the date the change took effect; and the dated signatures of
the study director and sponsor, Any deviations in the protocol must be described and recorded in the study raw

data,

REFERENCED GUIDELINES

ASTM. 1996. Standard guide for conducting acute toxicity tests on test materials with fishes, macroinvertebrates,
and amphibians. E729-96. American Society for Testing and Materials. Philadelphia, PA.

Benoit, D.. V. Mattson. and D. Olsen. 1982, A continuous-flow mini-diluter system for toxicity testing.
Water Res. 16:457-464.

EPA. 2002, Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Office of Water. .S, Environmental Protection
Agency, Washington. DC.

EPA. 2007, Letter to Lower Willamette Group from C. Humphrey and E. Blischke dated August 17. 2007 regarding
Portland Ilarbor RUFS: Lamprey toxicity test field sampling plan and QAPP Phase 2 addenda (approval letter). US
Environmental Protection Agency Region 10, Oregon Operations Office. Portland, OR.

Veith G.D. and V.M. Comstock. 1975, Apparatus for continuously saturating water with hvdrophobic organic
chemicals. J Fish Res Board Can 32:1849-1851.

13. APPROVALS

for Windward Environmental

Name

Name

Date

) for Northwestern Aquatic Sciences
Date
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Appendix A
Test Conditions Summary

1. Test species: Lampetra sp.

3. Testtype: Flow-through

3. Test duration: 96 hr

4. Temperature: 17 £ 1°C

5. Dissolved oxygen: > 4.0 mg/L

6. Light quality & intensity: Ainbient laboratory light {50-75 ft-¢)

7. Photaperiod: Constant dark, cxeept during monitoring activities

8. Test chambers: glass aquaria less than or equal to two gallons in
volume.

9.  Tesi chamber volumes per day: At leasl 5

L. Replicates per treatment: 4

L1. Organisms per replicate: 10

2. Age of test organisms: ammaococte

13. Feeding regime: None

4, Aegration: None

15. Dhlution water: Dechlorinated City of Newport tap water: hardness
adjusted to 25-30 mg/l. as CaCQ,

16. Test concentrations: 5 and a dilution water control 7

17. Water quality: Temperature, pH, & dissolved oxygen in one replicate
of each test concentration daily. Conductivity,
hardness & alkalinity in one replicate of highest
concentration and contrel daily

[8. Special controls: None

19. Endpoint: Mortality

20. Test acceptability criteria: 290% control survival
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. _686-42 Client Windward Investigator LZ 1—3{ ‘33/

STUDY MANAGEMENT:
Client:  Windward Environmental, 200 West Mercer Street. Suite 401, Seattle, WA 98119
Client’s Study Monitor:_Ms. Helle Andersen
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road, Newport, OR 97365

Laboratory’s Study Personnel: Qﬁ
Project Manager: Gary A. Buhler Study Director:_Richard S.Caldwell =/
QA Officer: L.K. Nemeth 1. &3 IEisSARE 5L
2. 3.
4. 5.

Study Schedule:

Test Beginning; v 1330 ey Ending; ¥V i149 3o

TEST MATERIAL.:
Description:__Naphthalene (C1,Hg) Fisher Scientific lot # 056112

DILUTION WATER:
Description:_Dechlorined City of Newport tap water
Date of Preparation/Collection: (jugf: Gwwe o FE_4
Water Quality: Cond. (umhos/fem) jO & + ¥ pH 7.t 20 v
Hardness (mg/L as CaCO5) 26. £ 4 ¢ o Alkalmlty(mg/L as CaCO3) [e.qt 1}
Treatments: Hardness adjusted to 25-30 mg/L with a Cullican® water treatment svstem

TEST ORGANISMS:
Species: Lamprey ammocoetes (Lampetra sp.) Age: Size: 4-6 cm
Source:_[vask, Alestoccen, $ile /'-, Y Alyees  vute
Acchmation Data: See pages: ﬂ y 7} “ /1l
TEST PROCEDURES AND CONDITIONS:
Test Concentrations (nominal): 20, 10, 5.0, 2.5, 1.25, & 0 mo/L
Test Chambers (description): 2,5 gallon plass aquaria_ Test Volume (ml):_5.80 L

Replicates/treatment; 4 Org Wﬂnt 40 (10/replicate)

Test water changes:_flow through . ey e [ e
Aeration during test: _none DO friet =Y O 11-1") g xibd
Temperature (°C):__ 17 + 1°C
Feeding: None Photoperiod: Darkness except for W & chemistry measurements

Test Duration (hr) 96 hours Tank Placement:  Complete randomization

Randomization Chart:

Diluter

25020125 (1010 (2070251255020 |10 | 125 (t25]10|25 |5 |5(20]0]5]10
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NG. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-42 Client Windward Investigator
WEIGHT OF 10 ANIMALS AT TEST INITIATION .
177 5
weight (g) Length (cm) Comments

1 O. i1 .1

2 0.27% C-7

3 .30 -4

4 0" 3 r j—* Zr"

8] o013 o

6 01 H5-%

7 o1 F -5

8 O v} Y. ¥

9 6-19 AL

10 0 L5 .y

Fotal W o un 0.17- .Y

Average-animal Sq D .ok b.¢

~ Fd iv

MISCELLANEOUS NOTES:
Room light intensity (fc): / ) U 11160} (4‘“}

Chemistry samples taken daily.

Chemistry samples for particulate matter, TOC & ammonia in dilution water taken on test day 0.

Chemistry samples for ammonia taken in control & 8 mg/L A replicate on test day 4.

0.1+ % X )2 ~
L-"’“‘J{RI e r}/ = 08¢ (}/L
J 2.0 -

Error codes:
t}  Correction of handwriting error
2}  Written in wrong location; entry deleted
3} Wrong date deleted; replaced with correct data
4}  Error found in measurement; mcasurement repeated
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-42 Client Windward Investigator -
WATER QUALITY DATA SHEET
DAY O0(;} i1/ eD ¥y

Cone. | Temp. Cond. DO Total Tot_alA Survivors

(%o} “C) pH pt-nhos fom | (mg/L) l-l(a:;ir/lzis Ag:f;}rllx)ty N B c D Comments
20 171¥3 | o 95 ’ AL /e (o Frodtdoy (5 st _opend;
10 3.0 ks L [Clro Jyo (o

50 12y -} fplye | |9

25 | et |35 L . e e |19 ys

125 2y [y piEEad 90 e ol | |te

O T+ mo [97 ] 30 [ 1 [ lev]m]p

Chemistry samples taken (/y /r+/¢7) _[ﬂ’yﬁ'&.,
Particulate matter, TOC, and ammonia samples taken in dilution water { & /t14/c3) _5 s
Hours of light:_/,

DAY 1{ i /1S 19 m

1

Cone. Total Total Survivors
ey | gy | o S | e Hargress | Alatiny [T T T e [ p Comments |
20 1y 9""/ Lo 21| 5D = 212 0 | o |mshile VLG;JMFL, Pl wm—fg s
0 jzv3 2 (9 142 1o |02 |t achesadd bokile
50 |y FH2S 1-% SO WO 10 |y | 5D% Awpay
51,7329 3.0 /9 1o [0 /@
125 1y #S g /0 /O | [0 | /O
0 i3 [#S] /1;0 avq | 32 | e lse (g [ (9 1/9
hemistry samples taken (/¢ o Ciﬁ[
Icloflrs of {1ght pg ey
DAY 2 ( j; / /b 6P EAS — ] -
Conc. otal Tota Survivors
(mg/L) T(e?g’ pH “nfh"o"s‘}ém (;L?L) H(z::;?lci;s A(I:.lagljif;i)ty R 5 o 5 Comments
20 29 +2bi 7¢ | o 1 F 70 [700) BUo) | 10 [avbunley i momentiden®iiid
0 /2 #? -4 /0 |10 10 (T | porialysatyy opnly pabad J52 2 50M
5.0 f?,)f % gy 0| 50 |10 |0 A 4
25 P | F 4. ol 0] 0]jo
125 | 340 7 ] 19 p| 40 o
o 1M Ferpo 1 94| 30 5 AR CANE ]

Chemistry samples taken (; / 7/e) ey
Hours of light: /

o
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NORTHWESTERN AQUATIC SCIENCES

LAMPREY SURVIVAL FLOW-THROUGH TEST

PROTOCOL NO. NAS-686-Lamprey FT acute

Test No. 686-42 Client, Windward Investigator
WATER QUALITY DATA SHEET
DAY 3 (/170 Tis i~
Cone - Total Total Survivors
o Temp. Cond. DO . S
(mgd) | eey | PH O imhosiem | (mg/L) H(‘;‘;‘;?S‘ A(Igf‘g'}'{‘)‘y A B c D Comments
20 [z /09 [0 | 20 | fb 4@ |7 [T 900 Pele 7 f00] Teremd
10 /70027 4% [0 | iu ] 5 [0 [MenEy suer g R T
50 [769] 73 a4 FO L0 | o | Q| eyl e semeaTes
2.5 /(. ¥ 7. f.‘r'{ 7 J J O / ] / \)
L2s 405 |7 i 9 i /9 [0 | 17170
0 7o 7o F O oy 7 173+ W@ ro PO
Chemistry samples taken (1§ /"3/¢3) st
Hours of light: ) ¢
DAY 4 ('t 'Y P e
Cone Total Total Survivors
e Temp. Cond. DO A
(mg/L} °C} pHl umhos/em | (me/L) }-[(:::;?E;S A(]i(;gl;r]'.lj)ly A B c D Comments
f “F ¥ i . Ll A 4 Ve (DL s ;
20 [+31]31] 101 d] Tk S{40) [4010) | S0 | (O et il gt ot vyt
0 |/eq Fr- Lz 0 1 fo | iR | PR RS ST y
5.0 /&,_h’ :}_7 . 1o /O J & v, 5/!’7‘“/41 fess ceitrre B
SR IEE: N 01 L1 rl o |
125 {1,431 0 9.0 e °ol,oliolio
0 oA Y| fet-] G| 1Y LS 1o | D /0,0

Chemistry samples taken ( f1/ /3/(p) U7

Ammonia samples taken in control and 20 mg/L (;y/ 17 <D Lffz
Hours of light: .-+

k!

St e WX (e contei apec)

(‘7.')”64(.
f)ll/

/(r‘f,(%nfg“’
Aleelind
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LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-42 Client Wmdward
(( ‘ 1 o\

NOTES ON PREPARATION OF }’0 mg/L NAPHTHALENE STOCK

Investigator

System Design

The objective is to deliver 20 mg/L of naphthalene to the diluter toxicant chamber at a nominal constant rate of
160 ml/min. To accomplish this, a large reservoir, approximately 54L capacity, of naphthalene solution in
dilution water is maintained at test temperature. As solution is removed to the diluter, makeup water is
introduced under float valve control. The concentration of naphthalene in the reservoir is maintained by high
volume circulation of the contents through a cartridge contammg c stalline n pht}ml e.

Hlaal A alnt—
NOTES ON MAINTENANCE OF THE t:l:émdﬂ DELIVERY SYSTEM

(iortridea, Flled oW > (36 4 WPappdf s el cHeo pooof
NV RIS Y N T P ey
[ oatedy, Hoar zadt adyeld P e vl K f\j{ P -b’/\ﬂ
J 'IK&K '—;Mj ((('"<3 J" e S ]lj___'j{‘ "}/1/,(75\1/( lo— (_"_r.,-,c,_._qff N
Cond ool Aol Levil LN Wg mile wros o el st
DILUTER CALIBRATIONS RECORD
DILUTER CAPILLARY FLOWS s -
[ Date #¢/13{97] Time Init. §X¢_ Date f¢/14/7; | Time Init. S¢E2_
" Drain# Supply Tank | Diluter Tank Drain # Supply Tank | Diluter Tank
1 €9 7 d 1 1Y e
2 ¢ 70 2 2 72
3 ge yid 3 i 7¢
4 A 79 4 i /9
5 79 16 5 77 2.0
6 Y 1 6 9.0 Y
Flow rates in ml/min ]
FLOWS TO REPLICATE AQUARIA )
Date 72/ 1'3/)7Time Init. (\(?
! Relative Concentration (%)
Replicate 100 50 25 12.5 6.25 0
A -4 9 s 270 ) ‘?«.j 5 58 =70
B 7S 24U 7.7% 7470 2.5< TV
C Iyl ray Zy S Ak T 535
D >0 7% 275 T 395 2w
Date ;'1/2‘1/97 Time Init, 0 (?‘/
Relative Concentration (%)
Replicate 100 50 25 12.5 0.25 0
A ) 78S 228 7Y PR Y
B ;257 240 LYY TTO T 0
C LS 277 P 75 27 Ty
D 25 258 27 Eaa 25 )
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Water Quality Computation - Test No. 686-42

mean
s d.
min
max

—_—
DO O ~NAHA Db WK -

G LI W RN MNMNMNMRMNAMNMNRNMN A 3 3 b o s
N2 OO WN 2000~ KA~ WN =

Temp DO pH Cond Hard AlK
17.3 g5 76 110 28 18
17.0 96 75 110 30 16
171 97 75 120 30 15
171 95 7.5 120 32 16
171 96 7.5 115 30 17
16.8 9.8 75 110 30 18
17.8 9.2 7.4 104 26 16
17.4 9.5 7.4 101 28 17
17.7 9.3 7.5 101 26 13
17.8 96 74 102 24 15
17.7 9.5 7.5
17.3 5.4 7.5
17.8 9.6 7.2
17.7 9.4 7.2
17.5 95 7.2
17.6 94 7.2
17.6 9.4 7.2
17 4 94 72
17.2 g6 74
17.0 9.6 74
16.9 9.4 7.3
16.8 94 7.2
16.9 a.5 7.2
17.0 9.4 7.0
17.1 9.4 71
16.9 9.2 7.2
16.8 9.3 7.2
16.8 9.1 7.0
16.9 9.0 71
168 9.2 7.0
17.2 94 7.3 109 28 16

04 02 0.2 7 2 1
30 30 30 10 10 10
16.8 9.0 70 101 24 13
17.8 98 76 120 32 18
)Cy'
- ¢
n,/,/ml/"“

A 1Y



WQ Computation - acclimation (11-1-07 to 11-14-07) - Test No. 686-42

Temp DO pH Cond Hard Alk
1 16.8 9.8 82 165 62 45
2 16.8 95 82 165 62 47
3 166 92 g1 160 56 38
4 16.8 96 8.3 180 64 48
5 16.9 9g 8.1 180 86 49
6 16.¢ 98 8.2 155 52 35
7 17.0 04 8.1 155 54 37
8 16.9 83 8.1 155 56 39
9 16.7 99 8.6 160 62 46
10 16.7 98 8.1 155 56 43
11 16.7 99 81 145 52 39
12 16.8 97 80 155 56 38
13 16.8 97 76 155 54 38
14 16.8 97 7.9 150 52 36
15
16
17
mean 16 8 96 8.1 160 57 41
s.d. 01 0.2 02 10 5 5
N 14 14 14 14 14 14
min 16.6 92 76 145 52 35
max 17.0 99 86 180 66 49
o~
1 /fu /QV
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Acute 96-hr Toxicity Test-96 Hr Survival

Start Date: 11/14/07 13:30 Test ID: 686-42 Sample ID:
End Date: 11/18/07 14:30 Lab ID:  ORNAS-Northwestern Aquati Sample Type: Naphthalene
Sample Date: Protocol: NAS-686-Lamprey Ft acute Test Species: LY-Lampetra sp.
Comments:
Conc-mgy/L 1 2 3 4
D-Control  1.0000 1.0000 1.0000 1.0000
0.7 1.0000 1.0000 1.0000 1.0000
1.24 1.0000 1.0000 1.0000 1.0000
264 1.0000 1.0000 1.0000 1.0000
532 1.0000 1.0000 1.0000 1.0000
10.18 05000 0.4000 05000 0.6000
Transform: Arcsin Square Root Rank 1-Tailed
Conc-mg/L  Mean N-Mean Mean Min Max CV% N Sum  Critical
D-Control  1.0000 1.0000 1.4120 14120 14120 0.000 4
07 1.0000 1.0000 14120 14120 14120 0.000 4 18.00 10.00
1.24 1.0000 1.0000 14120 1.4120 14120 0.000 4 18.00 10.00
264 1.0000 1.0000 14120 14120 14120 0.000 4 18.00 10.00
532 1.0000 10000 14120 14120 14120 0.000 4 18.00 10.00
*10.18 0.5000 05000 0.7854 0.6847 0.8861 10.467 4 10.00 10.00
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.40374 0.884 -BE-15 1.5

Equality of variance cannot be confirmed

Hypothesis Test {1-tail, 0.05) NOEC LOEC _ ChV TU

Steel's Many-One Rank Test 532 10.18 7.35818

Dose-Response Plot

1 < —e- g
C.8 3
0‘73: bp (4 %‘\ tngﬁj(/(rldﬂ
% 0.6—3 IS W //Q/OY/
U?J 0.55 b \ \ ?/
R A
zz g (qa. .1 AA —f( m f‘{'{f(
0] : . ; .
B 5 3 3 3 2
§ — ™~ I’y ?
a
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Test: AT-Acute 96-hr Toxicity Test Test ID: 686-42

Species: LY-Lampetra sp. Protocol: NAS-686-Lamprey Ft acute
Sample ID: Sample Type: Naphthalene
Start Date: 11/14/07 13:30 End Date: 11/18/07 14:30 Lab ID: ORNAS-Northwestern Aquatic Sciences
Pos| ID |Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes

1 1 D-Caontrol 10 10

2 2 D-Contro! 10 10

3 3 D-Cantrol 10 10

4 4 D-Control 10 10

5 1 0.700 10 10

5 2 0.700 10 10

7 3 0.700 10 10

8 4 0.700 10 10

9 1 1.240 10 10

10| 2 1.240 10 10

11 3 1.240 10 10

12| 4 1.240 10 10

13 1 2.640 10 10

14 | 2 2.640 10 10

15| 3 2.640 10 10

16 | 4 2.640 10 10

17 1 5.320 10 10

18 | 2 5.320 10 10

19 [ 3 5.320 10 10

20| 4 5.320 10 10

21 1 10.180 10 5

22| 2 10.180 10 4

23| 3 10.180 10 5

24 | 4 10.180 10 3]
Comments:

ToxCalc 5.0.23N
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NORTHWESTERN AQUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.; 686-43
Title: Lamprey (Lampetra sp.) definitive 96-hr flow-through acute toxicity test of pentachlorophenol.
Protocol No.: NAS-686-T.amprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119,
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing Laboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Study Personnel: G. A. Buhler, B.S, Proj. Manager; R. S. Caldwell, Ph.I>., Study Director; LK.
Nemeth, B.A, MB.A., QA Officer; G.J. Irissarri, B.S,, Ag. Toxicol.
Study Schedule:
Test Beginning: 12-16-07, 1130 hrs.
Test Ending: 12-20-07, 1200 hrs.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
97365.
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
(GLP) as detined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 792).
Statement of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurate reflection of the raw data.

TEST MATERIAL
Description: Pentachlorophenol, 99.2% (Chem Service, WestChester, PA, Lot No. 360-83B).
Preparation of Working Stock Solution and Test Concentrations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit ¢7 af., 1982). The diluter was sct up to
deliver a 0.5 dilution series with a flow rate of approximately 80 ml/min per toxicant concentration. The diluter
design was such that 160 ml/min of the toxicant solution at the highest test concentration (nominal 0.2 mg/L
peniachlorophenol} was required to be continuously delivered to the toxicant supply chamber of the diluter. To
accomplish this, a large mixing reservoir, approximately 541 capacity, of nominal 0.2 mg/L pentachlorophenol
solution in dilution water, was maintained at test temperature. This was done by metering, at a rate of 1.6
ml/min, a constant supply of 20 mg/L pentachlorophenol concentrated stock solution in dilution water into the
large toxicani reservoir with vigorous mixing, whiie also replacing, under float valve control, dilution water to
replace delivery of the norminal 0.2 mg/L. pentachlorophenol solution to the diluter. 'The pentachlorophenol
concentrated stock solution was prepared daily.

DILUTION WATER
Source: City of Newport municipal tap water, treated as below, was supplied continuously to the toxicant
diluter throughout the study.
Pretreatment; The water was dechlorinated by carbon filtration, particle filtered to 1 um, and adjustedto a
targel water hardness of 25-30 mg/L. as CaCQO.. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Age/Size: Ammocoetes; target size range, 4-6 cm; actual size of 10 ammocoete subsample, 5.0 £ 0.7 cm.
Source: Ammocoetes were field collected in approximately equal numbers from the Trask, Nestucca, Siletz,
and Alsea Rivers, Oregon. I'ield collection was by electoshocking and only 4-6 cm size ammocoetes were
retained. Personnel of Windward Environmental performed the ammocoete collections.
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Acclimation: Upon receipt, animals were removed from the collection site sediment and placed in 10-gallon
aquaria supplied under tflow-through conditions with dilution water. Water supply was sufficient (30-50
ml/min) to accomplish two volume changes of water per day. Approximately 50 lamprey were placed in each
tank. Tanks contained an approximate 8 cm deep layer of sediment (Sandtastic Play Sand, Waupaca Materials)
covered with approximately 26L of test water and were supplied with aeration. Normal behavior for the
lamprey ammocoetes was to immediately bury in sediment and remain there. Any that did not immediately
bury were discarded as potentially damaged. Ammocoetes were not fed during acclimation. Water quality
conditions during the two wecks prior to testing (12-1.07 to 12-16-07) were: temperature, 16.5 £ 0.7°C;
dissolved oxygen, 9.5 £ 0.3 mg/L; pH, 7.5 + 0.3; specific conductance, 169 + 9 pmhos/cm; hardness, 62 + 4
mg/L as CaCOs; and alkalinity, 43 + 2 mg/L as CaCQO;,

TEST PROCEDURES AND CONDITIONS
Test Chambers: The test chambers were two-gallon glass aquaria capable of holding 5.8 L of test solution.
Test chamber placement in the test arca was random.
Test Concentrations: The nominal test concentrations were 0.2, 0.1, 0.05, 0.025, 0.01235, and 0 mg/L (control)
pentachlorophenol.
Replicates/Treatment: 4
Organisms/Treatment: 40
Loading: 0.33 g/L
Aeration: None,
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 ml/min of test solution, or 115 L/day, at each
test concentration. At this ratc of flow, test solution supply to each replicate aquarium was 5.0 volumes per
day.
Effects Criteria: The eftect criterion used in the lamprey ammocoete acute toxicity test was mortality, defined
as a lack of visible respiratory movement and absence of response to tactile stimulation. In addition to mortality,
gualitative observations of sublethal responses were recorded when observed.
Tarpget Water Quality Conditions: Water quality measurements were taken daily as specified in the protocol
(Physical and Chemical Data, ltems 1 and 2). The target water quality conditions were as follows:
Temperature, 17 + 1°C; dissolved oxygen, >4.0 mg/L; hardness, 25-30 mg/L as CaCO;. Actual test conditions
arc reported in the Test Results section.

and test exposure system maintenance. Light intensity at the aquarium level was 14.9 foot-candles,

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measured pentachlorophenol concentrations for each treatment level. The LC50 (survival) was calculated by
the probit method. An arcsine square root (angular) transformation was performed on the data prior to
statistical analysis. The NOEC and LOEC were calculated according to U.S. Environmental Protection Agency
(2002} methods. In this procedure, the NOEC and LOEC values were computed using either Dunnett's test, 1'-
test with Bonferroni's adjustment, Steel's Many-One Rank Test, or Wilcoxon Rank Sum Test with Bonferroni
Adjustment. The appropriate test was selected after cvaluating the data for normality and homogeneity of
variance. The statistical software employed for these calculations was ToxCale, v.5.0.23N, Tidepool Scientific
Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES
Test selutions were sampled once daily for pentachlorophenol from each test concentration by pooling samples
from cach of the four test replicate aquaria. Subsamples were pooled into new disposable plastic beakers from
which the pooled sample was transferred to the analytical laboratory supplied sample bottles and shipped under
chain-of-custody procedures to the analytical chemistry laboratory {Columbia Analytical Services) at Kelso,
WA, No preservative was employed. Samples were kept refrigerated at <4°C. Sample volumes were 1 L.
Additional samples were taken of the dilution water on day 0 of the test for analysis of particulate matter, TOC,
and ammonia-N, and from the control and highest test concentration treatients after 96-hr for measurement of
ammenia-N. These samples also were shipped to Columbia Analytical Services for analysis.
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PROTOCOL DEVIATIONS

1.

The protocol specified "constant dark, except during monitoring activities”, and also that light intensity
should be 30-75 ft-c. when light was on. These specifications were judged to be contradictory and led to
the following action. Based on best professtonal judgment of the investigators, we reduced the light
intensity from that given in the protocol in order to minimize fright behavior responses of the ammocoetes
during the short period of lighting associated with daily observations.

2. The protocol states; "At the end of the test, all surviving control ammocoetes are weighed and measured for

length by replicate.” Through a laboratory error, a subsample of 10 ammocoetes were weighed and
measured at the beginning of the test instead. This is a minor deviation and is without consequence for
interpretation of the study results.

TEST RESULTS

Water quality conditions measured mn test aquaria during the 96-hr toxicity test are summarized in Table 1. The
temperature specification was met during the study. Dissolved oxygen remained near saturation throughout the
test. The pll ranged from 6.3 — 6.9. Mean hardness also was in the specified range of 25-30 mg/L as CaCO,.

The concentrations of pentachlorophenol measured during the toxicity test are summarized in Table 2. Mean
measured concentrations in the test ranged from 0.017 + 0.004 mg/L at the lowest level to 0.230 £ 0.025 mg/L. at
the highest exposure level. Generally, the dilution series was in good agreement with nominal concentrations.

A summary of the 96-hr ammocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival (100%) met the test acceptability criteria of 290%. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occurred in the two highest test concentrations, and (% mortality was
observed in the lowest. test concentration. Partial mortality was observed in the third {0.056 mg/L) and fourth
highest (0.030 mg/L) test concentrations.

The toxicity of pentachlorophenol to lamprey (Lampetra sp.) ammocoetes as the 96-hr LC50 was 0.031 mg/L.
(95% confidence himits, 0.028  0.034 mg/L). The NOEC and LOEC concentrations were 0.017 and 0.030
mg/L. pentachlorophenol, respectively.

LITERATURE CITED

Benoit. D)., V. Mattson, and D. Olson. 1982. A continuous-flow mint-diluter system for toxicity testing. Water
Res. 16:457-464.

LEPA. 2002, Mcthods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of
pentachlorophenol to lamprey ammocoetes.

Parameter Mean + S.D. N Range
Temperature (°C) 17003 30 16.3-17.6
Dissolved oxygen (mg/1.) 99+0.1 30 9.7-10.1
pH 6.6+£02 30 63-69
Specific conductance (umhos/cm) 12542 10 120 - 128
Hardness (mg/1. as CaCO;) 302 10 26 - 32
‘Alkalinity (mg/L as CaCO3) 15+1 10 13-15

Table 2. Measured conceuntrations of pentachlorophenol during the 96-hr acute toxicity test
of pentachlorophenol to lamprey ammocoetes. Mcasurements performed by Columbia
Analytical Services.
Nominal (mg/L} Measured {mg/L)
Mean = §.D. N Range
(.2 0.230 + 0.025 5 0.200 - 0.260
0.1 0.110 £ 0.014 5 0.095 - 0.130
0.05 0.056 £ 0.012 5 0.045-0.073
0.025 0.030 £ 0.006 5 0.023 — 0.038
0.0125 0.017 £ 0.004 5 0.014 - 0.022
0 (.000 £ 0.000 5 (.000 - 0.000
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to pentachlorophenol.

Pentachlorophenol Ammocoetes Ammocoetes Percent Mecan %

(mg/L) Replicate  exposed Surviving Survival Survival
0.230 A 10 0 0.0

B 10 0 0.0

C 10 0 0.0

D 10 0 0.0 0.0 *
0.110 A 10 0 0.0

B 10 0 0.0

C 0 0 0.0

D 16 0 0.0 0.0 *
0.056 A 10 0 0.0

B 10 0 0.0

C 10 0 0.0

D 10 1 10.0 2.5 *
0.03¢ A 10 3 30.0

B 10 3 80.0

C 10 4 40.0

D 10 5 50.0 50.0 *
0.017 A 10 10 100.0

B 10 10 100.0

C 10 10 100.0

D 10 10 100.0 100.0
(4.000 A 10 10 100.0

{Control) B 10 10 100.0
C 10 10 100.0
D 10 10 140.0 106.0

* Mean significantly {p=0.05) diffcrent from the control.

Test No. 686-43 Page 6 of 6



APPENDIX I

PROTOCOL



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
September 12, 2007

STUDY PROTOCOI.

LAMPREY (LAMPETRA sp.)
FLOW THROUGH ACUTLE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is to determine the acute toxicity of six chemicals, representing a
range of toxic modes of action. o lamprey (Lampetra sp.) ammocoetes. The study will be performed using
methods based on the methods for measuring acute toxicity with other fish species as described in U.S.
Environmental Protection Agency (2002) and American Society for Testing and Materials (ASTM) (1996)
guidance.

Summary of Method: In definitive tests. lamprev ammocoetes are exposed for 96 hours to five concentrations
of test matenal and a dilution water contral. The test concentralions are arranged in a logarithmic series based
on the results of range finding tests. Four replicates, each with 10 organisms, are employed at cach test
concentration, if there are sufficient numbers of ammocoetes. Flow-threugh exposures are emploved. Test
chambers are glass aquaria less than ot equal 1o two gallons in velume. Mortality is the effect criterion. The
data analysis consists of calculating means and standard deviations for survival. An LC50 with 95%
confidence intervals may be calculated along with the NOEC and LOLC concentrations.

STUDY MANAGEMENT

Sponsor's Name and Address:
Windward Environmental [LI.C
200 West Mercer Street. Suite 401
Seattle, WA 98119

Sponsor's Study Monitor:
Ms. Helle Andersen

Name of Testing Laboratory:
Northwestern Aquatic Sciences
3814 Yaguina Bay Roead
P.O. Box 1437
Newport, OR 97365

Test Location: Newport, OR.

Laboratory's Key Personnel to be Assigned to the Study:
l.aboratory Director: Richard 5. Caldwell, Ph.D.
Project Manager/Study Director: Gary A. Buhler, B.S.
QA Officer/Toxicology Program Mer: Linda K. Nemeth, B.A.. M.B.AL
Aquatic Toxicologist: Gerald I. Irissarri. B.S.

Proposed Study Schedule: July 2007 through September 2007.

Good Laboratory Practices: The test is conducted following the principles of Good Labaratory Practices (GLI) as
defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 {40 CFR Part 792).
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamiprey FT acute
September 12, 2007

TEST MATLERIAL

Description: Chemicals to be tested include aniline, copper, pentachlorophenol. lindane, diazinon and
naphthalene.

Preparation of Working Stack Solution and Test Congentrations: Test materials will be administered using a
constant-flow diluter based on the design of Benoit ef o/, (1982).  Stock solutions of the sparingly soluble
organic compounds, e.g. naphthalenc, pentachlorophenol. lindane, diazinon, will be prepared continuously by
recirculation of dilution water/toxicant stock solution through a column of toxicant coated glass beads (Vcith
and Comstock. 1975). This is a conceptual approach in which the specific column. flow rates. glass bead
sizes. etc. need to be developed empirically, with analytical fecdback, for each study considering such
variables as chemical solubility. test temperature, desired highest test concentration. stock toxicant
consumption rate, etc. Given the abeve, some modifications are anticipated as the studies progress. Initial
system characteristics are as follows: 1} the toxicant mixing tank will have a 60-liter capacity; 2} 2 20 x 280-
em glass column will be emploved {10 x 200-cm and 40 x 560-cm columns are also available); 3) the column
packing will employ 5-mm glass beads coated with the test compound; 4) particulates will be filtered out
through glass wool: 5) flow through column will be controlled by a variable-speed peristaltic pump or by
intermittent pumping: and 6) tubing will be glass and silicone rubber. GC/MS analysis of toxicant in the
toxicant mixing tank will be used to optimize the system for each chemical noted above prior to test
initiaticn. The contents of the stock toxicant reservoir will be constantly replenished with fresh dilution water
as toxicant solution is supplied to the diluter. The aniline stock solution will be prepared similarly. but by
volumetric addition of aniline, using a metering pump. to the stock toxicant reservoir in fiew of the Veith
column. The copper working stock solution will be prepared i: the same apparatus by metering pump addition
of a concentrated copper stock solution to the stock toxicant reservair. All toxicant working stock solutions
will be prepared and maintained under the same conditions as in the test exposures and delivered continuously
to the toxicant chamber of the diluter at an appropriate rate.

DILUTION WATER

Dilution water will be dechlorinated City of Newport municipal tap water adjusted to a water hardness of 25-30
mg/l. as CaCOys.

TEST ORGANISMS
Species: Lamprey, Lampeira sp.

Source: Ammocoetes will be collected by Windward staff and delivered to the laboratory each day of
collection. The ammuocoetes will be collected from several rivers including the Siletz River, which was the site
for Phase | ammocoetes.

Age: ammocoetes (juvenile prior to metamorphosis)

Acclimation and Pretest Qbservation: Test organisms will be held in the laboratory in order to acelimate to test
temperature, Upon receipt, animals are removed from the sediment they are received in and placed in 10-gallon
tanks under flow-through conditions (35 mL/minute, or - 2 volume changes per day. with one additional daily
siphon and replacement of 2/3 volume of cach tank). Approximately 50 lamprey are placed in each tank.
Tanks will contain at least 3 inches of sediment (Sandtastic Play Sand. Waupaca Materials, or similar material}
covered with approximately 261, of test water and supplied with aeration. The maximum temperature variation
during holding will be + 1¢ C. The ammococtes will be acclimaled to the laboratory test conditions for a
minimum of 3 to 7 days prior to test initiation, This minimum number of days applies only to the first toxicity
test conducted on each batch of field-collected organisms. For all other tests, the ammocoetes will be held for at
least 13 days prier to test initiation. When a temperature adjustment of more than 3 to 5°C is required, the
transfer frem ficld collection water 10 laboratory dilution water will be gradual. Normal behavior for lamprey
ammocoetes is to immediately bury in sediment and remain there, Any dead animals observed on the sediment
surface are removed daily. Past experience suggests that mortality is minimal during short-term helding and
any mortality is likely due to dammage from ficld collection. [f ammocoetes do not bury or there is excessive
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mortality in any tank. animals from that tank will not be used for testing. Ammococtes will not be fed since
they are being held short-tern.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrations: Test materials will be administered using a constant-flow diluter based on
the design of Benoit er o/ (1982).  The diluter will be calibrated to deliver a 0.5 dilution series. Flow rates
will be adjusted to deliver at least five test chamber volumes per concentration per day. Diluter flow vates will
be measured and documented at the beginning and conclusion of each 96-hour test. This will be donc by
measuring individual diluter capillary tube flows. When the flow rates are entered into an Excel® spreadshect.
the actual dilutions of the toxicant stock can be computed. Actual test chemical concentrations (organic
chemicals}) in the toxicant mixing chamber (toxicant stock selution) and in exposure aquaria will periodically be
measured on a real-time basis at NAS to verify that nominal concentrations are being routinely achieved.
Definitive concentration documentation in test aquaria will result from daily samples shipped for analysis to

CAS.

Test Chambers and Environmental Contrel: Test chambers used in the toxicity study are glass aquaria less than
or cqual to two gallons in volume. The test system is housed in a constani-temperature, photoperiod-controlled
room, Acration is not employed. The photoperiod is constant dark except during monitoring activities when
ambient (50-73 ft-¢) lighting is used.

Cleaning: All laboratory glassware, including test chambers and toxicant dilution system, will be ¢leancd based
on the methods described in U.S. Environmental Protection Agency (2002}, [nitial cleaning incorporates the
use of a laboratory detergent foilowed by multiple tap water rinses. Subsequently. cither dilute {10%, V:V)
acid (hydrochloric or nitric) or acetone is used to remove metals or organic contaminants, respectively. Further
multiple tap water rinses are employed after each acid ot acetone treatment. Sodium hypochlorite bleach may
be employed on a limited basis to ensure that microorganisms that could metabolize organic toxicants. e.g.
naphthalene. are not present. Exhaustive tap water rinsing is always employed following any chemical cleaning
treatment. A final dilution water rinse of the exposure apparatus will precede initiation of cach study.,

EXPERIMENTAL DESIGN AND TEST PROCEDLURES

Experimental Design: The definitive test involves exposure of lamprey ammocoetes to five test congentrations.,
using a 0.5 dilution series, and a dilution water control. Exposures are for 96 hours. Each treatment consists of
four repiicates, each containing 10 ammocoetes, {( there are sufficient numbers of ammocoetes. If there are not
enough ammeocoetes for 10 per replicate, then at least 20 per treatment (5 per replicate) is the mimimum number
preferred. Test chambers are randomly distributed in the test area. Ammocoetes are impartially distributed o
each aquarium by adding one or two animals to cach test replicate and repeating the process until each contains
10 organisms.

Effect Criterion: The effect criterion used in the lamprev ammocoete acute toxicity test is mortality, defined as
a lack of visible respiratory mavement and absence of response to tactile stimulation. The mortality data will be
used to compute LCS50s for each exposure period. In addiuon to mortality, qualitative observations ol sublethal
responses consisting of erratic swimming, hyperveatilation. hemorrhaging, and hypet/hypoactivity (compared
te the activity of the organisms in the contrel group) will be recorded it observed.

Test Conditions: The dissolved oxygen concentration in cuch test container must be = 4.0 mg/LL throughout the
test. The test temperature emploved is 17 = 1°C. A photoperiod of constant darkness is used. except during
monitoring activities when illumination is supplied by daylight fluorescent lamps at an intensity of 30-75 fi
candles. Loading should not exceed 6.1g/L at 17°C according to EPA. ASTM recemmends loading not exceed
[g/L of solution passing through the chamber in 24 tiours or 10¢/L of solution in the chamber at any time.

Beginning the Test: Adding the organisms (o the equilibrated test containers as previously described begins the
1est.

Feeding: None.
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Analysis of Test Concentrations: During each test, samples will be collected for chemical analysis, held at 4°C
and shipped by overnight delivery to Columbia Analytical Services in Kelso, WA. The sampling schedule and
procedure will follow the project QAPP.

Test Duratton. Type and Frequency of Observations, and Methods: The test duration of the acute toxicity test
is 96 hours. The type and frequency of observations to be made during the test are summarnized as follows:

Type of Observation Times of observation
_Biological Data
I.  mortality (each test container) 0,24 48,72, and 96 hr
2. sublethal observations (qualitative) 0, 24, 48, 72, and 96 hr
Physical and Chemical Data
1. Dissolved oxygen, pH. & temperature. (in one 0,24, 48.72, and 96 hr
replicate of cach test level and the control}
2. Conductivity, bardness & alkalinity (in one 0,24, 48, 72, and 96 hr
replicate of highest concentration and control)
3. Toxicant concentration sampling (in one replicate G, 24, 48, 72, and 96 hr
of each test concentration and the control)
4. Dilution water sample for particulate matter, TOC 0 hr
and ammonia
5. Sample for ammonia taken from one replicate of 96 hr
control and highest test concentration

During the test, dead organisms are removed every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxygzen is measured using a polaregraphic oxygen probe calibrated according to the manufacturer's
recommendations. The pH and temperature are measured using a pH probe and a properly calibrated meter with
scale divisions of 0.1 pH units. Conductivity is measured using a calibrated conductivity meter. Samples for
chemical analysis will be collected. preserved. and sent to Columbia Analytical Services following the recommended
procedures of the analytical laboratory,

Test Termination: At the end of the test. all surviving control ammocoetes are weighed and measured for length by
replicate. All surviving or dead test organisms will be frozen by concentration for possible later tissue analysis by
Columbia Analytical Services.

Criteria of Test Acceptance: The test results arc acceptable if survival in the controls s at Jeast 90%. The
toxicity tests will be performed as a 50% dilution series. it is anticipated that each test will have at least one or
possibly two partial mortality concentrations. Nominal concentrations of each toxicity test have be reviewed
and approved by EPA (EPA 2007). However. because of the experimental nature of the study and the limited
supply of ammocoetes. the acceptability of the toxicity tests will be based anly on the > 90% survival in control
group.

DATA ANALYSIS

The percent of live ammocoetes is calculated for each treatment replicate from the raw data and the means are
obtained for cach treatment level. An LC50 (mortality) is calculated using Probit or Trimmed
Spearman-Karber methods. The NOEC and LOEC are calculated for cach endpoint according to U8,
Enviranmental Protection Agency (2002) methods. In this procedure. the NOEC and LOEC values are
computed using either Dunnett's test, T-test with Boaferroni's adjustment. Steel's Many-One Rank Test. or
Wilcoxon Rank Sum Test with Bonferroni Adjustment. The appropriate test is selected afier evaluating the
data for normality and homogeneity of variance. An arcsine-square root transformation is performed eon the
percentage effect data prior to statistical analysis. The statistical soltware emploved for these calculations is
Toxcale. v.5.0.23N. Tidepool Scientific Software.

REFPORTING
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The final report of the study resutts must include all of the following standard information at a minimum:
. Name and identification of the test;
2. The investigator and laboratary:
3. Information on the toxicants;
4. Information on the dilution water:
5. Detailed information about the test organisms;
6. Description of the test system and its calibration, including test chambers and dilution system;
7. A description of the experimental design and other test conditions including water quality,
8. Definition of the effect criteria and any other observations;
9. Responses, if any. in the control treatment;
10. Tabulation and statistical analysis of measured responses:
I'1. A description of the statistical methods used:
12 Any unusual information about the test or deviations from procedures:

The final study report will include the study protocol and all study raw data as appendices.
STUDY DESIGN ALTERATION

Amendments made to the pretocel must be approved by the sponsor and study director and should include a
description of the change, the reason for the change; the date the change took effect; and the dated signatures of
the study director and sponsor. Any deviativns in the protocol must be described and recorded in the study raw
data.
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, ~ for Northwestern Aquatic Sciences
Name Date
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NORTHWLUSTERN AQUATIC SCIENCES

PROTOCOL NO. NAS-686-Lamprey FT acute

Appendix A
Test Conditions Summary

September 12, 2007

1. Teslspecies: Leampehra sp.

2. Testtype: Flow-through

3. Test duration: 96 hr

4. Temperature: 17 = 1°C

5. Dissolved oxvgen: > 4.0 mg/L

6. Light quality & intensity: Ambient laboratory light (50-75 ft-¢)

7. Photoperiod: Constant dark, except during monitoring activities

8. Test chambers: slass aquaria less than or equal to two gallens in
volume,

9. Test chamber volumes per day: At least 5

19. Replicates per treatment: 4

I1. Organisms per replicate: 10

12, Ape of test organisms: ammocoele

13. Feeding regime: None

14. Aeration: None

15, Dilution water: Dechlorinated City of Newport tap water; hardness
adjusted to 25-30 mg/L as CalCO;

16, Test concentrations: 5 and a dilution water control

17. Water quality: Temperature, pH. & dissolved oxygen in onc rephicate
of cach test concentration daily. Conductivity,
hardness & alkalinity in onc replicate of highest
concentration and control daily

I8. Special controls: None

19, Endpoint: Mortality

20, Test acceptability criteria: =90% control survival

Page 6 ol 6



APPENDIX IT

RAW DATA



NORTHWESTERN AQUATIC SCIENCES

PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPRLY SURVIVAL FLOW-THROUGH TEST

Test No. 686-43  Client

Windward

STUDY MANAGEMENT:

Windward Environmental, 200 West Mercer Strect, Suite 401, Seattle, WA 98119

Client:
Client’s Study Monitor: Ms. Helle Andersen
Testing Laboratory: Northwestern Aquatic Sciences

Test Location
Laboratory s Study Personnel:

Project Manager: Gary A, Buhlq%m

QA Officer:

-1,

L.k Nemeth

Study Schedule:
Test Beginning: ff/f’/« L

TEST MATERIAL:

Description;_Pentachlorophenol (PCP}ChunSmwce e f cheser A (o1 N,

DILUTION WATER:
Description:
Date of Preparation Collection:
Water Quality: Cond. (umhos. cm)
Hurdoess (mg 1L as CaC O )

Treatments:

/z
ff*

TEST ORG -\I\'IQMS'
Species:
Source: )//fg,c Ve 31. cee.
Acclimation Data: St{ pages:

ULy

o+

G /

TEST PROCEDURES AND CONDITIONS:

Test Concentrations (nmuinal)’

Dechlorined City o Neu oIt fap water_
wF L,

,&Jm’ﬂs BN /uf/cu Lo

3814 Yaguina Bay Road. Newport, OR 973065

£ -
Study Director: Richard S Caldwell &=+

R S R T A RS NI AT
3.
s
. L. . / [ -1
Vestlinding: | " if Wy 3/ 470727

.

__Investigator

Age: Size:

02,00, 0.05,0.025, 0.0125, & 0 mg/L

Test Chambers (description):
Replicates treatment: 4

eallon glass aquaria
Ol”'ll smg/treatment:

Test water changes: [low through A
Acration during test: _none it
Temperature (°C). l7+ t1°c.

Feedimg: None _Photoper iod:

Test Volume (ml). 580 [L

4010 replicate)

5L

- . . L.
L e i

Test Duration (} )
Rundomization Chart:

¥%houls’ o

A-b6em

i ‘.N_r, // ..

Darkness except for WQ & chemistry measurements
Tank Placement:

_{*f [ e - S
..ff'_,,,, pH__ 4 S f g -
f\lkalmm (mn 1. as CaCOy) /'5 f T o1

~ Complete randomization

Diluter ]

L-PTR)

N ERER

‘():3 1} ni= 24

(s

|
SRR R N B A |
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NORTIHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No.o 686-13 Client Windward Investigator

WEIGHT OF 100 ANIMALS AT TEST INITIATION

i weight (g) Length (cm) Comments
| g i <5
2 a2 B g0
3 O/ “o-
4 o §-5
3 O 2 I5E%
6 .- / -’L —--‘?-;..,‘f
7o - 13 -3
8 & L S o
Y i o- 28R S(s L
L S . S S -5
B Weph | 0.14 5.0
Avermmranoml Dy | g .96 0.7
X /9 /o
MISCELLANEOLS NOTES:
ea daond o
Room light intensity (fey f "’f—‘ G ,,L‘}{?'_ Aot

Chemistry samples taken daily.
Chemistry samples for particulate matter. TOC & ammonia in dilution water taken on test day 0.

Chemistry samples for ammonia taken in control & 0.4 mg/l. A replicate on test dav 4.

Error codes:
Iy Correction of handwriting error
21 Worilten s wrony location: entry deleted
3 Woreng date deleted: replaced with correct data
41 Foror foand momeasurement: nieasurement repeated
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NORTHWESTERN AQUATIC SCIENCES

PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGIT TEST

Test No. 086-43 Client Windward [nvestigator
WATER QUALITY DATA SHEET
DAY 0 (7L /6 U G{‘Q
[ Cone . T o ' Total ' [otal Survivors !
g IILDILTI: pll 1‘ H:ll::l!l:-lcnl 117]1?:-‘)[ : | Tardness Alkaliny A n ¢ 1 Comments
] ! N B LIS tmg'l g . |
0.2y ek /IS8 TV Ly v Y
0.1 17 L 7 v . o b
0.G65 )G ‘i q 7 " u' ; 7 v 3
0025 'yr oz 9.7 .. N v
00125 ¢ . 17 - 1 v Y . ‘
0 e ¢ gi s e 3> /13 pe Lol oo, |
Chemistry samples taken g &€ v iy 7 ol s
Particulate matter. TOC. and ammonia samples taken in dilution water " ~¢ . 7y + 2. '~
Hours ol light: "2~
o - ]
DAY | /i 11 55 ihots - B B
Cone R i | f Lol Iutal SUIY Iy
Temp i | — .
g | t‘ltnla |’ | L|n(t]:¢:]:-iun mllg):’“! ) ‘ ltirlllldlll;"? \(”::““]“:\ A 13 ( r 13 Comments
H ; — . ¥ me/l
02 o C7 0 | i L PST ey oinl 7 e Cf e
0l e (ol e Y Wa L GOy Gy 1o |50
0.05 Tty Ly rd.C ) R RN, . .
0025 7 3 (7 5O {9 R N B - -
0.0125 4% 225 B e [0 148 0 ] 0 ]‘
” ) % — o 7 T “*‘
017 '}:"Y( XSRS g1 /8 P B Y s .
Chemistry samples taken (fi-'f »7) //1, s
Hours of light: .
DAY 2( 117§ ¢4) €7 o
Cone . rotal 0 ol ] )  Sunvivar ) i 7 ‘
tneddl I;T.;: pH mu(wl;:il\dun ! ||1I|?_-(')I : Iimdr1[m~. \H\.:In[m\ '\ B c 5 Comments
e e LS -
b2 130 e 1Ty 1.9 3 > e o o v
- . - L e | -
00 rp F ol 4 o9} Y wl) | gl gt eo) o(¥y
0.05 | jg ¥ 5| /01 Ylog | Yiay 70
5 N PR - . - -
005 Jesy b - 194 JU | 49l /9 1O .
— _ e — R P .
0012 | owe s | oL 3/ /0 o o /Y |
[0S . s e - | - - - i
O el 51 000 T 3 0 /[o e Jo

. ¥ Wad
Chemistrs samples taken (v ¥ ) Hes

Hours of hght:

i1
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NORFHWLESTERN AQUATIC SCIENCES PROTOCOIL. NO. NAS-686-Lamprey FT acute
LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-43 Client Windward Investigator  _ N

WATER QUALITY DATA SHEET

DAY 30« 44 ¢} 1

- - T = B ~} . VA
| (:llt ) Temp ull Lona Do H 13[“1 \Ilioltl‘rl'tI 5} e Comments
I n ardies Alkaling
tmgsl.) 190 i pmhosfem | (mail) Arciless A A B ¢ P
(mgl.) tmarl )

02 Dy L/(/.l?,bf e 1 < ol U |¢

(LN T
0.05 s e
0.025 ;)5—“_!_

00125 1) 3.0 C i
LT s i 3% 1S je
Chemisers samples taken ¢& 14 37 1§47
Hours of light. 37

DAY d( s Ze'cp) 0 L _ B}
[ Cone Femp Cond DO Total Fenl SUNVIVOrs :
(mg/L) } o0 nH anihosem | imel ) Hardness Alkafms ; i ¢ o Comments

mgil) img/l.)

A
15 TGy e s TS To Ul ¢

0 QD O e

0.1 LM .
o el gro)dn)

0.025 ” s S130) Ity 157 ¥/

p\’bﬁ—r’wd\f‘

l
005 4 gl
b
v,

bonas vz A A RN A
O i M’yb 943zl gy L2 [ f2] se i ]
Chemistry samples taken (Fe. &+ T

Ammonia samples taken in control’ and ()/ me LT
Hours of light, 3 i

Cond g o+ 2. (<) (o
K L 2 /f 7
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NORTHWESTERN AQUATIC SCIENCLS

Test No. 686-43

PROTOCOL NO. NAS-686-Lamprey FT acute

LAMPRLY SURVIVAL FLOW-THROUGH TEST

Client

Windwa

rd

Investigat

NOTES ON PREPARATION OF 0.2 mg/l. PENTACHILLOROPHENOL STOCK

System Design

ar

The abjective is to deliver 0.2 mg/L of pentachlorophenol to the diluter toxicant chamber at a nominal constant
rate of 160 ml/min. To accomplish this, a large reservoir, approximately 541, capacity, ol pentachlorophenol
solution in dilution water is maintained at test temperature. As solution is removed to the diluter, makeup water

is introduced under float valve control.

The concentration of pentachlorophenol in the reserveir is maintained

by metering 1.6 ml/min of a 20 mg/L pentachlorophenol concentrated stock solution into the mixing tank.

NOTES ON MAINTENANCE OF THE PLVTA(HLOROPHU\OL DELIVERY SYSTEM

Cort ga ot ’\(1 SYes b S -1" /1 £ooos j: “ (‘- PP 5 lJH“"
(i< v poned  prarican? -"r' = c’a ™y Je 4 L/h — ;z./,
CaY ronrray G070 Poty Gome Ag S o B LT e L[5~ rrfl
DILUTER CALIBRATIONS RECORD
DILUTER CAPILLARY FLOWS 5 o
| Datef tfr5fuf | Time /€5 Init. "RE- Date s /2 #v| Time +37-° [ Init. L/~
Drain # Supply Tank | Diluter Tank Drain # Supply Tank | Diluter Tank
I [C U i ] [ f G 79
2 7 77 2 77 I
3 7 i 3 e 277
4 Fo 76 4 i3 75
5 17 75 S Vi 7€
6 ¥/ 77 6 b (2]
Flow rates in mbmin
FLOWS TO REPLICATE AQUARIA
Date /¢ Ii'{/‘-)? Time (&2 7 Init. Q&
’ Relative Concentration (%)
Replicate 100 50 25 2.5 625 0
A e i CRS 290 . e T
B iy i v I 780 27
C s Ly 715 7 < fz./ Ceoll
o Z N N A N i N X R N T R
Date [ 1«1,5 [ Time /€708 it QZ’/‘/
Relative Concentration (%)
Replicate 100 50 25 12.5 625 0
A e e e Y9 o b L
B i3 T ! 2.5 190 L6
C e P R 179 Ty (o
D 7 TAT 74, 7730 i¢
D
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Water Quality Computation - Test No. 686-43

mean
s.d.
min
max

-
OO~ WM =

W W WNMNRONNNINRODNRDN 3 Ao Qo aaa
N 2000 NOOMBBEWN 200 O~ 0EA&WN =

Temp DO oH Cond Hard Alk
17.2 9.7 6.6 125 30 14
17.0 9.8 6.5 122 30 13
16.7 98 6.5 128 32 15
17.2 9.8 6.4 126 32 15
16.9 9.8 6.5 125 30 15
16.3 98 6.3 120 32 15
17.0 101 68 124 28 15
16.8 101 6.7 125 32 15
16.7 10.0 6.7 125 26 15
17.0 10.0 6.5 125 32 14
16.5 8.9 6.5
17.3 10.0 6.4
17.0 9.9 6.6
16.7 10.0 6.6
16.8 10.1 8.5
16.9 9.9 65
16.6 10.0 65
16.8 10.0 65
17 4 10.1 6.6
17.2 99 6.6
17.0 97 6.5
17.5 99 65
17.2 9.8 6.5
16.8 10.0 6.5
17.6 98 6.9
16.9 9.7 6.9
16.9 9.8 6.9
17.5 9.7 5.8
17.2 9.8 68
16.7 99 8.8
17.0 9.9 6.6 125 30 15

0.3 0.1 02 2 2 1
30 30 30 10 10 10
16.3 97 8.3 120 26 13
176 10.1 5.9 128 32 15
7y
/¢ (.
. o
’L/‘L—i/ v e
0 of i



WQ Computation - acclimation (12-1-07 to 12-16-07) - Test No. 686-43

Temp DO pH Cond Hard Alk
1 16.0 97 7.8 170 60 43
2 16.0 9.7 8.0 185 62 46
3 16.2 97 79 185 70 47
4 15.8 9.4 7.5 165 60 43
5 157 96 8.2 155 60 39
6 15 8 6.8 77 170 60 42
7 162 59 7.6 165 60 42
8 157 89 76 160 58 40
9 17.8 9.0 7.4 175 64 43
10 171 88 73 165 62 42
11 17.1 94 7.2 170 56 41
12 17.3 9.5 74 160 58 40
13 16.7 94 7.2 170 64 43
14 16.8 91 7.3 170 64 44
15 17.0 9.0 7.2 165 56 44
16 16.5 95 7.2 180 70 45
17
mean 16.5 95 7.5 169 62 43
sd. 0.7 0.3 0.3 g 4 2
N 16 16 16 16 16 16
min 15.7 8.8 72 155 56 39
max 17.8 9.9 82 185 70 47
)
s
c/mV“(
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Acute 96-hr Takicity Test-96 Hr Survival
Start Date: 12116/07 11:20 Test ID: 686-43 Sample ID: entachlorophenol
End Date: 12/20/07 13:00 Lab ID: ORNAS-Northweste uati Sample Typg;
Sample Date: Protocal: -NAS-686-LAMPREY FT A est species: LY-Lampetra sp.
Comments:
Conc-mg/L 1 2 3 4
D-Control 1.0000 1.0000 1.0000 1.0000
0.0177 10000 1.0000 1.0000 1.0000
0.03 0.3000 08000 04000 0.5000
0.056 0.0000 0.0000 0.0000 0.1000
0.11 0.0000 0.0000 0.0000 0.0000
0.23 0.0000 0.0000 0.0000 0.0000
Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-mg/L  Mean N-Mean Mean Min Max CV% N Sum__ Critical Resp Number
D-Control 1.0000 1.0000 1.4120 14120 14120 0.000 4 G 40
0.017 1.0000 1.0000 1.4120 14120 14120 0.000 4 18.00 10.00 0 40
*0.03 05000 05000 07892 05796 1.1071 28.888 4 10.00 10.00 20 40
*0.056 00250 00250 01995 0.1588 0.3218 40.840 4 10.00 10.00 39 40
0.11 0.0000 00000 0.1588 0.1588 0.1588  0.000 4 40 40
023 00000 0.0000 0.1588 0.1588 0.1588 0.000 4 40 40
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-normal distribution (p <= 0.01) 0.76072 0.844 1.40502 5.34963
Equality of variance cannol be confirfied "\~ 7 N\
Hypothesis Test (1-tail, 0.05) / NOEC }/LOEC } ChV TU
Steel's Many-One Rank Test 0.017 0.03 02258

SE  95% Fiducial Limi(:I

aximum Likelihood-Probit

Chi-Sq C@al P-value

Parameter Value Control Mu Sigma Iter
Slope 858843 145508 573646 114404 —~———__ 0 _ 124782781472 074 -15109 0.11644 4
Intercept 17.9763 2.21935 13.6263 22.3262
TSCR 1.0 *~——o
Point Probits mg/L 95% Fiducial Limits 09:
ECO1 2674 0.01653 0.01201 0.0196 ]
EC05 3.355 0.01984 0.01566 0.02265 0.8
EC10 3.718 0.02187  0.018 0.02454 071
EC15 3964 0.02336 0.01974 0.02594 ]
EC20 4.158 0.02461 0.0212 0.02716 B 0.6 1
EC25 4326 0.02574 0.02251 0.0283 505
EC40 4.747% 0.02594 0.03164 @
EGHO besp 5000 ¢6.03084 0.02803 0.03411 e 047
ECB0 o% 5253 0.03301 0.0301 0.03701 0.3
EC75 2°¥%99 5874 0.03695 0.03348 0.04288 02 ]
EC80 5842 0.03865 0.03483 0.04559 ]
EC85 £.036 0.04072 0.03642 0.04903 0.1 1
EC90 6.282 0.04348 0.03847 0.05382 00 1—& rr— .
ECO5 6.645 0.04793 0.04162 0.06191 0.01 0.1 4
EC99 7.326 0.05754 0.04806 0.08085
Dose mg/L

ToxCale v5.0. 23N
Page/ X of fﬁl
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Test: AT-Acute 96-hr Toxicity Test

Species: LY-Lampetra sp.
Sample ID: Pentachlorophenot
Start Date; 12/16/07 11:30

End Bate: 12/20/07 13:00 Lab |D: ORNAS-Northwestern Aquatic Sciences

Test ID: 686-43

Pratocol: -NAS-686-LAMPREY FT ACUTE

Sample Type:

Pos| ID |Rep Group Start 24Hr | 4BHr | 72Hr | 96 Hr Notes
1 1 D-Contral 10 10
2 2 D-Control 10 10
3 3 D-Control 10 10
4 4 D-Contral 10 10
5 1 0.017 10 10
6 2 0.017 10 10
7 3 0.017 10 10
8 4 0.017 10 10
9 1 0.030 10 3
0] 2 0.030 10 8
11 3 0.030 10 4
121 4 0.030 10 5
13 1 0.056 10 0
14 1 2 0.056 10 0
151 3 0.056 10 0
16 | 4 0.056 10 1
17 1 0.110 10 0
18 2 0.110 10 0]
19 3 0.110 10 0
20| 4 0.110 10 0
21 1 0.230 10 0
22| 2 0.230 10 0
23 3 0.230 10 0
24| 4 0.230 10 0

Comments:

ToxCalc v5.0.23N
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NORTHWESTERN AQUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 686-44
Title: Lamprey {Lampetra sp.) definitive 96-hr flow-through acute toxicity test of diazinon.
Protocol No.: NAS-686-Lamprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401, Seattle, WA 98119.
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing Laboratory: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365,
Test Location: Newport Laboratory.
Laboratory's Study Personnel: G. A, Buhler, B.S., Proj. Manager; R. 8. Caldwell, Ph.D., Study Director; L.K.
Nemeth, B.A., M.B.A., QA Officer; G.J. Irissarri, B.5., Aq. Toxicol.
Study Schedule:
Test Beginning: 1-16-08, 1600 hrs,
Test Ending: 1-20-08, 1600 hrs.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
97365,
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
(GLP) as defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFR
Part 792).
Statement of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was performed in accordance with the protocol and standard operating procedures. This report is an
accurate reflection of the raw data.

TEST MATERIAL
Description: Diazinon, 99.5% (Chem Service, WestChester, PA, Lot No. 393-91A).
Preparation of Working Stock Solution and Test Concentrations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit ef «f., 1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 ml/min per toxicant concentration. The diluter
design was such that 160 ml/min of the toxicant solution at the highest test concentration (nominal 40 mg/L
diazinon) was required to be continuously delivered to the toxicant supply chamber of the diluter. To
accomplish this, a large mixing reservoir, approximately 54L capacity, of nominal 40 mg/i. diazinon solution in
dilution watcr, was maintained at test temperature. This was achieved using a Cole-Parmer single channel
syringe pump, fitted with a 10 mL gas-tight Hamilton syringe and refilled daily, to deliver 0.4 ml/hr of pure
diazinon to the mixing tank. The pure diazinon was injected through 0.042 in I.D. PTFE tubing into a
recirculating stream of water from the mixing reservoir. Make-up dilution water was replaced, under float
valve control, to replace delivery of the nominal 40 mg/L diazinon solution to the diluter. The mixing tank
contents were vigorously stirred using a stainless steel paddle to facilitate rapid solution of diazinon,

DILUTION WATER
Source: City of Newport municipal tap water, treated as below, was supplied continuously to the toxicant
diluter throughout the study.
Pretreatment: The water was dechlorinated by carbon filtration, particle filtered to 1 pm, and adjusted to a
target water hardness of 25-30 mg/1. as CaCO;. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

TEST ORGANISMS
Species: Lamprey {Lampetra sp.)
Age/Size: Ammocoetes; target size range, 4-6 cin; actual size of 10 ammococte subsample, 4.9 £ 0.8 cm.
Source: Ammococtes were field collected in approximately equal numbers from the Trask, Nestucca. Siletz,
and Alsea Rivers, Oregon. Field collection was by electoshocking and only 4-6 cm size ammococtes were
retained. Personnel of Windward Environmental performed the ammocoete collections.

Test No. 686-44 Page 2 of 6



NORTHWESTERN AQUATIC SCIENCES

Acclimation: Upon receipt, ammals were removed from the collection site sediment and placed in 10-gallon
aquaria supplied under flow-through conditions with dilution water. Water supply was sufficient (30-50
ml/min) to accomplish two volume changes of water per day. Approximately 50 lamiprey were placed in each
tank, Tanks contained an approximate 8 cm deep layer of sediment {Sandtastic Play Sand, Waupaca Materials)
covered with approximately 26L of test water and were supplied with aeration. Normal behavior for the
lamprey ammocoetes was to immediately bury in sediment and remain there. Any that did not immediately
bury were discarded as potentially damaged. Ammocoetes were not fed during acclimation. Water quality
conditions during the two weeks prior to testing (1-1-08 to 1-16-08) were: temperature, 16.5 £ 0.4°C; dissolved
oxygen, 9.9 £ 0.3 mg/L; pH, 8.2 + 0.1; specific conductance, 163 £ 17 umhos/cm; hardness, 54 £ 7 mg/L. as
CaC0s; and alkalinity, 31 4 7 mg/L as CaCO,.

TEST PROCEDURES AND CONDITIONS
Test Chambers: The test chambers were two-gallon glass aquaria capable of holding 5.8 L of test solution.
Test chamber placement in the test area was random.
Test Concentrations: The nominal test concentrations were 40, 20, 10, 5, 2.5, and 0 mg/L (control) diazinon.
Replicates/Treatment: 4
Organisms/ Treatment: 40
Loading: 0.36 g/L
Aecration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approxtmately 80 ml/nun of test solution, or 115 L/day, at each
test concentration. At this rate of flow, test solution supply to each replicate aquarium was 5.0 volumes per
day.
Effects Critenia: The effect criterion used in the lamprey ammocoete acute toxicity test was mortality, defined
as a lack of visible respiratory movement and absence of response to tactile stimulation. In addition to mortality,
qualitative observations of sublethal responses were recorded when observed.
Target Water Quality Conditions: Water quality measurements were taken daily as specified in the protocol
{Physical and Chemnical Drata, Items 1 and 2). The target water quality conditions were as follows:
Temperature, 17 + 1°C; dissolved oxygen, 4.0 mg/L,; hardness, 25-30 mg/L as CaCO;. Actual test conditions
are reported in the Test Resulls section.
Photoperiod: The photoperiod was total darkness except for approximately 2-3 hours per day for observations
and test exposure system maintenance. Light intensity at the aquarium level was 15.2 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measurcd diazinon concentrations for each treatment level, The T.C50 (survival) was calculated by the
Trimmed Spearman-Karber method. An arcsine square root (angular) transformation was performed on the
data prior to statistical analysis. The NOEC and LOEC were calculated according to 11.S. Environmental
Protection Agency {2002) methods. In this procedure, the NOEC and LOEC values were computed using either
Dunnett's test, T-test with Bonferroni's adjustment, Steel's Many-One Rank Test, or Wilcoxon Rank Sum Test
with Bonferroni Adjustment. The appropriate test was selected after evaluating the data for normality and
homogeneity of variance. The statistical software employed for these calculations was ToxCale, v.5.0.23N,
Tidepool Scientific Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES
Test selutions were sampled once daily for diazinon from each test concentration by pooling samples from cach
of the four test replicate aquaria. Subsamples were pooled into new disposable plastic beakers from which the
pooled sample was transferred to the analytical laboratory supplied sample bottles and shipped under chain-of-
custody procedures to the analytical chenustry laboratory (Columbia Analytical Services) at Kelso, WA. No
preservative was employed. Samples were kept refrigerated at <4°C. Sample volumes were 1 L. Additional
samples were taken of the dilution water on day 0 of the test for analysis of particulate matter, TOC, and
ammonia-N, and from the control and highest test concentration treatments after 96-hr for measurement of
ammonia-N. These samples also were shipped to Columbia Analytical Services for analysis.

Test No. 686-44 Page 3 of 6
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PROTOCOL DEVIATIONS
1. The protocol specified "constant dark, except during monitoring activities", and also that light intensity
should be 50-75 ft-c. when light was on. These specifications were judged to be contradictory and led to
the following action. Based on best professional judgment of the investigators, we reduced the light
intensity from that given in the protocol in order to minimize fright behavior responses of the ammocoetes
during the short period of lighting associated with daily observations.

2. The protocol states: "At the end of the test, all surviving control ammocoetes are weighed and measured for
length by replicate." Through a laboratory error, a subsample of 10 ammocoetes were weighed and
measured at the beginming of the test instead. This is a minor deviation and is without consequence for
interpretation of the study results.

TEST RESULTS

Water quality conditions mieasured in test aquaria during the 96-hr toxicity test are sumimarized in Table 1. The
temperature specification was met during the study. Dissolved oxygen remained near saturation throughout the
test. The pH ranged from 6.9 - 7.5. Mean hardness also was in the specified range of 25-30 mg/L as CaCO;.

The concentrations of diazinon measured during the toxicity test are summarized in Table 2, An outlier
measurement n the nominal 40 mg/L concentration on Day 3 was omitted from the computation of the mean and
standard deviation. No explanation for the outlier could be found. Mean measured concentrations in the test
ranged from 1.7 £ 0.1 mg/L at the lowest level to 28.8 £ 7.7 mg/L at the highest exposure level. Measured test
concentrations were from 63% to 72% of nominal.

A summary of the 96-hr ammocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival {100%) met the test acceptability criteria of 290%. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occurred in the highest test concentration, and 0% mortality was observed
in the two lowest test concentrations. Partial mortality was observed in the second (12.5 mg/1.) and third highest
(6.3 mg/L) test concentrations.

The toxicity of diazinon to lamprey (Lampetra sp.} ammocoetes as the 96-hr LC50 was 8.90 mg/L (95%
confidence limits, 8.46 - 9.36 mg/L). The NOEC and LOEC concentrations were 6.31 and 12.5 mg/L.
diazinon, respectively.

LITERATURE CITED
Benoit, D., V. Mattson, and I. Olson. 1982, A continuous-flow mini-diluter system for toxicity testing, Water
Res. 16:457-464.

EPA. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.

STUDY APPROVAL
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Pro'cc?ﬁanager Date Study Director Date
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Laboratory Difector Quality Assurance Unit Date
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of diazinon
o lamprey ammocoetes.
Parameter Mean + S.D. N Range
Temperature (°C) 16.9 £ 04 30 16.2-17.6
Dissolved oxygen (mg/L) 98+0.1 20 9.6-10.0
pH 7.310.1 30 6.9-7.5
Specific conductance (pmbos/cm) 114+ 6 10 100 - 120
Hardness (mg/L as CaC(0;) 0+1 10 28 - 32
Alkalinity (mg/L as CaC0y5) 10+ 1 10 9-11

Table 2. Measured concentrations of diazinon during the 96-hr acute toxicity test of diazinon
1o lamprey ammococtes. Measurements performed by Columbia Analytical Services.
~ Nominal {mg/L} Measured (mg/L)
Mean = 5.D. N Range
40 28.8+7.7 4 2340
20 125+£28 5 85-16
10 6.3 +0.5 5 5.5-6.7
3 3.2+02 5 3.0-35
j 2.5 1.7£0.1 5 1.5-1.8
0 0.0£0.0 5 0.0 -0.0

Test No. 686-44 Page 5 of 6
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Table 3. Survival of lamprey ammocoetcs, Lampetra sp. exposed for 96 hours to diazinon.

Diazinon Ammocoetes Ammocoetes Percent Mcan %
{mg/L) Replicate  exposed Surviving Survival Survival
28.8 A 10 0 0.6
B 10 0 0.0
C 10 0 0.0
D 10 0 0.0 0.0 *
12.5 A 10 0 0.0
B 10 1 10.0
C 10 0 0.0
D 10 0 0.0 2.5 *
6.3 A 10 9 90.0
B 10 10 100.0
C 10 10 10(0.0
D 10 10 100.0 97.5
32 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0
D 10 10 100.0 100.0
1.7 A 10 10 100.0
B 10 10 100.0
C 10 10 100.0
D 10 10 100.0 100.0
0.0 A 10 10 100.0
{Control) B 10 10 100.0
C 10 10 100.0
D 10 10 100.0 100.0

* Mean significanily (p=0.05} different from the control.

Test No. 686-44 Pape 6 of 6
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey |1 acute
September 12, 2007

STUDY PROTOCOL

LAMPREY (LAMPETRA sp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is to determine the acute toxicity of six chemicals, representing a
range of toxic modes of action. to lamprey (Lampeira sp.) ammocoetes. The study will be performed using
methods based on the methods for measuring acute toxicity with other fish specics as described in U.S.
Environmental Protection Agency {2002) and American Society for Testing and Materials (ASTM) (1996}

guidance.

Summary of Method: In definitive tests, lamprey ammocoetes are exposed for 96 hours to five concentrations
of test material and a dilution water control. The test concentrations are arranged in a logarithmic sertes based
on the results of range finding tests. Four replicates, each with 10 organisms, are employed at each test
concentration. if there are sufficient numbers of ammocoetes. Flow-through exposures are employed. Test
chambers are glass aquaria less than or equal to two gallons in volume. Mortality is the effect criterion, The
data analysis consists of calculating means and standard deviations for survival. An LC50 with 95%
confidence intervals may be calculated along with the NOEC and LLOEC concentrations.

STUDY MANAGEMENT

Sponsor's Name and Address:
Windward Environmental 1LI.C
200 West Mercer Street. Suite 401
Seattle, WA 98119

Sponsor's Study Monitor:
Ms. Helle Andersen

Name of Testing Laboratory:
Northwestern Aquatic Sciences
3814 Yaquina Bay Road
P.O. Box 1437
Newport, OR 97365

Test Location: Newport, OR,

Laboratory's Key Personnel to be Assigned to the Study:
Laboratory Director: Richard S, Caldwell. Ph.D.
Project Manager/Study Divector: Gary A. Buhler, B.S.
QA Officer/Toxicolegy Program Mgr: Linda K. Nemeth, B.ALMB.AL
Aquatic Toxicologist: Gerald J. Irissarri, B.S.

Proposed Study Schedule: July 2007 through September 2007.

Good Laboratory Practices: The test 15 conducted {ollowing the principles of Good Laboratory Practices (GLP) as
defined in the EPA/TSCA Good Laboratory Practice regulations revised August 17, 1989 (40 CFFR Part 792).
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TEST MAVYERIAL

Description: Chemicals to be tested include aniline. copper. pentachlorophenol. lindane, diazinon and
naphthalene.

Preparation of Working Stock Solution and Test Concentrations: Test materials will be administered using a
constant-flow diluter based on the design of Benoit es e/ (19827, Stock solutions of the sparingly soluble
organic compounds, ¢.g. naphthalene. pentachlorophenol. lindane. diazinon. will be prepared continuously by
recirculation of dilution water/toxicant stock solution through a column of toxicant coated glass beads (Veith
and Camstock, 1975). This is a conceptual approach in which the specific column, flow rates. glass bead
sizes. etc. need to he developed empirically, with analytical feedback, for cach study considering such
variables as chemical solubility. test temperature, desired highest test concentration, stock toxicant
consumption rate. etc. Given the above. seme modifications are anticipated as the studies progress. Initial
system characteristics are as follows: 1) the toxicant mixing tank will have a 60-liter capacity: 23 1 20 x 280-
cm glass column will be employed (10 x 200-¢m and 40 x 360-cm columns are also available): 3} the column
packing will employ S-mm glass beads coated with the test compound; 4) particulates will be filtered out
through glass wool; 5) flow threugh column will be controlled by a variable-speed peristaltic pump or by
intermittent pumping: and 6) tubing will be glass and silicone rubber. GC/MS analysis of toxicant in the
toxicant mixing tank will be used to optimize the system for each chemical noted above prior to test
initiation. The contents of the stock toxicant reservoir will be canstantly replenished with fresh dilution water
as toxicant solution is supphied to the diluter. The aniline stock solution will be prepared similarly, but by
volumetric addition of aniline, using a metering pump, to the stock toxicant reservoir in ficu of the Veith
column. The copper working stock solution will be prepared in the same apparatus by metering pump addition
of a concentrated copper stock solution to the stock toxicant reserveir. All toxicant working stock solutions
will be prepared and maintained under the same conditions as in the test exposures and delivered continuously
to the toxicant chamber of the diluter at an appropriate rate.

DILUTION WATER

Dilution water will be dechlorinated City of Newport municipal tap water adjusted to a water hardness of 25-30
mg/L as CaCOs.

TEST ORGANISMS
Species: Lamprey. Lampefra sp.

Source: Ammocoetes will be collected by Windward staff and delivercd to the Jaboratory each day of
collection. The ammocoetes will be collected from several rivers including the Siletz River, which was the site
for Phase 1 ammocoetes.

Ager ammocoetes (juvenile prior to metamorphosis)

Acclimation and Pretest Observation: Test organisms will be held in the laboratory in order ta acclimate to test
temperature. Upon receipt, animals are removed from the sediment they are received in and placed in 10-gallon
tanks under flow-through conditions (~35 ml./minute. or ~ 2 volume changes per day. with one additional daily
siphon and replacement of 2/3 volume of each tank). Approximately 50 lamprey are placed in cach tank.
Tanks will contain at least 3 inches of sediment (Sandtastic Play Sand, Waupaca Materials, or similar material)
covered with approximately 26L of test water and supplied with aeration. The maximum temperature variation
during holding will be + 1° C. The ammocoetes will be acclimated to the laboratory test conditions for a
minimum of 3 to 7 days prior to test initiation. This minimum number of days applies only to the first toxicity
test conducted on each batch of field-collected organisms, For all other tests, the ammococetes will be held for at
least |3 days prior to test inttiation. When a temperature adjustment of more than 3 to 5°C is required. the
transter from field collection water to laboratory dilution water will be gradual. Nermal behavior for lamprey
ammocoetes is to immediately bury in sediment and reniain there. Any dead animals observed on the sediment
surface are removed daily. Past experience suggests that mortality is ninimal during short-term holding and
any mortality is likely due to damage from field collection. 1f ammocoetes do not bury or there is excessive
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mortality in any tank. animals from that tank will not be used for testing. Ammocoetes will not be fed since
they are being held shart-term.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrations: Test materials will be administered using a constant-flow diluter based on
the design of Benoit ef of (1982).  The diluter will be calibrated to deliver a (.5 dilution series. Flow rates
will be adjusted to deliver at least five test chamber volumes per concentration per day. Diluter flow rates will
be measured and documented at the beginning and conclusion of each 96-hour test, This will be done by
measuring individual diluter capillary tube lows. When the {low rates are entered into an Excel” spreadsheet,
the actual dilutions of the toxicant stock can be computed. Actual test chemical concentrations (organic
chemicals) in the toxicant mixing chamber {toxicant stock solution} and in exposure aquaria will periodically be
measured on a real-lime basis at NAS to verify that nominal concentrations are being routinely achieved.
Definitive concentration documentation in test aquaria will result frem daily samples shipped for analvsis to
CAS.

Test Chambers and Environmental Control: Test chambers used in the toxicity study are glass aquaria less than
or equal to two gallons in volume. The test system is housed in a constant-temperature, photoperiod-controlled
room. Aeration 15 not employed. The photoperiod is constant dark except during monitoring activities when
ambient (30-75 fl-¢) lighting is used.

Cleaning: All laboratory glassware, including test chambers and toxicant dilution system, will be cleaned based
on the methods deseribed in LS. Environmental Protection Agency (2002). [nitial cleaning incorporates the
use of a laboratory detergent followed by multiple tap water rinses. Subsequently, either dilute (10%, V:V)
acid (hydrochloric or nitric} or acetone is nged to remove metals or organic contaminants, respectively. Further
multiple tap water rinses are employed after cach acid or acetone treatment. Scodium hypochlorite bleach may
be emploved on a limited basis to ensure that microorganisms that could metabolize organic toxicants, e.u.
naphthalene, are not present. Exhaustive tap water rinsing 1s always emploved following any chemical cleaning
treatment. A final dilution water rinse of the exposure apparatus will precede initiation of each study,

EXPERIMENTAL DESIGN AND TEST PROCEDURES

Experimental Design: The definitive test involves exposure of lamprey ammococtes (o five tesi concentrations,
using a 0.5 dilution serics. and a dilution water control. FExposures are for 96 hours. Each treatment consists of
four replicates. each containing 10 ammocoetes. if there are sufficient numbers of ammocoetes. 1t there are not
chough ammacoetes for 10 per replicate. then at least 20 per treatment (3 per replicate) is the minimum number
preterred. Test chambers are randomly distributed in the test area. Amimocoetes are impartially distributed to
each aquarium by adding one ar two animals 1o each test replicate and repeating the process until each contains
10 arganisms.

Effect Criterion: The effect eriterion nsed in the lamprey ammaocoete acute toxicity test is mortality, defined as
alack of visible respivatory movement and absence of responsc to tactile stimulation, The mortality data will be
used to compute 1.C50s for each exposure peried. In addition to mortality. qualitative observations of sublethal
responses consisting of erratic swimming, hyperventilation, hemorrhaging. and hyper/hypoactivity (compared
to the activity of the arganisms in the control group) will be recorded it observed.

Test Conditions: ‘The dissolved oxygen concentration in each test container must be = 4.0 mg/L throughout the
test. The test temperature emploved is 17 + [°C. A photoperiod of constant darkness is used, except during
monitering activities when illumination is supplied by daylight fluorescent lamps at an intensity of 50-73 fi
candles. Loading should not exceed 6.1¢/L at 17°C according to LPA. ASTM recommends loading not exceed
1g/L of solution passing through the chamber in 24 hours or 10g/1. of solution 1n the chamber at any time,

Beginning the Test: Adding the organisms to the equilibrated test containers as previously described begins the
test.

Feeding: None,
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Analysis of Test Coneentrations: During each test, samples will be collected for chemical analysis, held at 4°C
and shipped by avernight delivery to Columbia Analytical Services in Kelso. WA, The sampling schedule and
procedure will follow the project QAPP.

Test Duration, Type and Frequency of Observations, and Methods: The test duration of the acute toxicity test
is 26 hours. The type and trequency of observations (o be made during the test are summarized as follows:

Type of Observation Times of observation
Biological Data
. mortality {each test container} 0,24, 48,72 and 96 hr
2. sublethal observations {qualitative) 0,24, 48,72, and 96 hr .

| Physical and Chemical Data

I, Dissolved oxygen, pH. & temperature, (in one 0.24, 48, 72, and 96 hr
replicate of cach test level and the contral)

2. Conductivity, hardness & alkalinity (in one 0,24.48.72. and Y6 hr
replicate of highest concentration and control)

3. Toxicant concentration samphng {in one replicate 0,24, 48. 72, and 96 hr
of each test concentration and the control)

4. Dilution water sample for particulate matter. TOC 0 hr
and ammonia

5. Sample for ammonia taken from one replicate of 96 hr

L contro] and highest test concentration

During the test, dead organisms are removed every 24 hours and frozen by concentration for possibie tissue analysis.
Dissolved oxygen is measured using a polarographic oxygen probe calibrated according to the manufacturer’s
recommendations. The pH and temperature are measured using a pH probe and a properly calibrated meter with
scale divisions of 0.1 pH units. Conductivity is measured using a calibrated conductivity meter. Samples for
chemical analysis will be collected, preserved. and sent to Columbia Analytical Services following the recommended
procedures of the analytical laboratory.

Test Termination: At the end of the test, all surviving control ammocoetes are weighed and measured for length by
replicate. All surviving or dead test organisms will be trozen by concentration for possible fater tissue analysis by
Columbia Analytical Services.

Criteria of Test Acceptance: The test results are acceptable if survival in the controls is at least 90%. The
toxicity tests will be performed as a 50% dilution series. it is anticipated that each test will have at least one or
possibly two partial mortality concentrations. Nominal concentrations of each toxieity test have be reviewed
and approved by EPA {(EPA 2007). However, because of the experimental nature of the study and the limited
supply of ammocoetes. the acceprability of the toxicity tests will be based only on the = 90% survival in control
group.

DATA ANALYSIS

The percent of live ammocoetes is calculated for each treatment replicate from the raw data and the means are
obtained for each weatment level. An LOS0 {mortality) 1s calculated using Probit or Trimmmed
Spearman-Karber methods. The NOEC and LOEC are calculated for cach endpoint according to U.S,
Environmental Protection Agency {2002) methods. In this procedure, the NOLC and LOLC values are
computed using either Dunnett's test, T-test with Benferroni's adjustment, Steel's Many-One Rank Test, or
Wilcoxon Rank Sum Test with Bouferroni Adjustment. The appropriate test is selected afler evaluating the
data for normality and homogeneity of variance. Anp arcsine-square root transformation is performed on the
percentage effect data prior to statistical analysis. The statistical soflware employed for these calculations is
Toxcale, v.5.0.23N. Tidepoo! Scientific Sotftware.

REPORTING
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The tinal report of the study results must include all of the follewing standard information at a minimum:
1. Name and identification of the test;
2. The investigator and laboratory:
3. Information on the toxicants;
4. Information on the dilution water:
5. Detailed information about the test organisms;,
6. Description of the test system and its calibration, including test chambers and dilution system;
7. A description of the experimental design and other test conditions including water quality:
8. Definition of the effect criteria and any other observations:
9. Responscs, if any, in the control treatment;
10. Tabulation and statistical analysis of measured responscs:
Il A description of the statistical methods used:
12, Any unusual information about the test or deviations from procedures:

The final study report will inelude the study protocol and all study raw data as appendices.

STUDY DESIGN ALTERATION
Amendments made to the protocol must be approved by the sponsor and study director and should include a
description of the change: the reason for the change: the date the change took effect: and the dated signatures of
the study director and sponsor. Any deviations in the protocal tnust be described and recorded in the study raw
data.

REFERENCED GUIDELINES

ASTM. 1996, Standard guide for conducting acute toxicity tests on test materials with fishes. macroinvertebrates,
and amphibians. E729-96. American Society for Testing and Materials. Philadelphia, PA.

Benoit, D V. Mattson, and D. Glson. 1982 A continuaus-flow mini-diluter system for toxicity testing,
Water Res. 16:457-464.

EPA. 2002. Mcthods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Office of Water, UJ.S. Environmental Protection
Agency. Washington. DC.

EPA. 2007. Letter to Lower Willamette Group from C. Humphrey and E. Blischke dated August 17, 2007 regarding
Portland Harbor RI/FS: Lamprey toxicity test field sampling plan and QAPP Phase 2 addenda (approval letter). US

Covironmental Protection Agency Region 10, Oregon Operations Otfice, Portland, OR.
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for Windward Environmental

Name Date

_for Northwestern Aquatic Sciences
Name Date
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Appendix A
Test Conditions Summary

1. Test species: Lampetia sp.
2. Test type: Flow-through
3. Test duration: 96 hr

4. Temperature: 17 11°C

5. Dissolved oxygen: z4.0mg/l

6. Light quality & intensity: Ambient laboratory light {50-75 ft-c}

7. Photoperiod: Constant dark, except during monitoring activities

8. Testchambers: glass aquaria less than or cqual to two gallons in
volume.

9. Test chamber volumes per day; At least 5

10. Replicates per treatment: 4

11. Organisims per replicate: 10

12. Age of test organisms; ammocoete

13. Feeding regime: None

i4. Acration: None

15, Dilution water: Dechlarinated City of Newport tap water; hardness
adjusted to 25-30 mg/l. as CaCO;

16, Test concentrations: 5 and a dilution water control

17. Water quality: Temperature, pll. & dissolved oxvgen in one replicate
of each test concentration daily. Conductivity,
hardness & alkalinity in ene replicate of highest
concentration and control daily

i8. Special controls: None

19. Endpoint: Mortality

20. Test acceptability criteria: 290% control survival
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LAMPREY SURVIVAL FLOW-THROUGH TEST b gt"' .
— {15 / AF
Test Ne. 686-44 Client Windward Investigator ~

STUDY MANAGEMENT:
Chient:  Windward Environmental, 200 West Mercer Street, Suite 401 _Seattle, WA 98119
Chent’s Study Menitor:. Ms. Helle Andersen
Testing Laboratery: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road. Newport. OR 97363
Laberatory’s Study Personncl:

Project Manager: _Gary A. Buhler [V (1_-_’__~____Stud}_- Director: Richard S.Caldwell stl/

QA Officer: LN, Nemeth - | N T Y ¥ N TR ~
4 s

Study Schedule: f

Test Bezinning: Q’_—'_‘_Z_j ’ o J __Test Ending: /Z K/ K ff - .

TEST MATERIAL:
Description:  Diazinon  Chem Service 1ot & 393-91A

DILUTION WATER:
[description: Dechlorinated City of New port [dp wiler )
Date of Preparation Collection: TN N s
Water Qualitv: Cond. (pmhosem) v - _':"j pHl % 4 = & 1’
Hurdness (mg'T. as CaCOy) 222 ¢ Q.4 AII(alinilv(mU'L as CaCOx g,g T 2 p;
Treatments:  Hardness adjusted to 25-30 my/l. with a Culligan water treatment sxstem.__”

TEST ORGANISMS;
Species: L ampu.\. ammocoeetes (Lgmpetra sp.)  Agel Stze: . 4-6cm
Souree: //z:{!' '}/(\f \ti..,} S.;uv-gx J—/{ _14{*,“_ {I(}y'ri: o
Acchmation Data: See pages.

TEST PROCEDLRES AND CONDITIONS:
Test Concentrations (nominal): 40,20 10. 3. 2.5 & 0 mg/L.
Test Chambers {(description): Yua Hlon Ol”ass aquaria__ Test Volume {ml): 580 L
Replicates/treatment: 4 ()lm‘\qsms Treatment: 4() (L0 replicatey

Test water changes: ﬂo\\ily,ouwh NG -« . ) xR
u ~ {v t 4 =y 5 o AP
Acration during test: - nong. / S ST G iy L ' '/r:/o H
Temperature (°C)y: 174 1°C '
Feeding.  None Photoperiod: Darkness except for WO & chemistry measurements
Fest Duration thry 96_hours Fank Placement:  Complete randomization -

Randomization Chart
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Test No. 686-44 Client_ ~ Windward Investigator

WEIGHT OF 10 ANIMALS AT TEST INITIATION

ey
i weight (g1 Length {cm) Comments
b A A i i
3 oLy .5
3 S 3y 59
1 ok - ¥ -
3 & e 55
6 21 59 —
7 o &-c v i
8 o o3 A%
G i 5 -l
10 faR | -1
Total Weam e.+f | o .‘gi, . _—
Average animal - £ 5 .10 | 0.8
1 /o ;0

MISCELLANEQUS NOTES:

| - Lo ¥
Room light intensity (fc): /Ji-}__ (—a:t’_l/ {

Chemistry samples taken daily.
Chemistry samiples for particulate matter, TOC & ammonia in dilution water taken on test day 0,

Cherustry samples tor ammonia taken in control & 40 me 1A replicate on test day 4.

— /
e e

, D.2p ¢ X 1D
ond Lg,g.m_-: i x - 9 36 -

Frror codes
L Correction of liandwriting error
2y Written inwrong Tocation: entry deleted
3 Wrong date deleted: replaced with correct data
A1 Lrror found in measurenment. meisurament repeated
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LAMPREY SURVIVAL

PROTOCOIL. NO. NAS-686-Lamprey FT acute

FLOW-THROUGH TEST

Test No. 686-41  Chent Windward Investigator ~
WATER QUALITY DATA SHEET
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Chemistry samples taken (¢ /& 03 .[’é 2
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FILOW-TTIROUGH TEST

Test No. 68644 Client Windward . Investigator o
WATER QUALITY DATA SHEET
DAY 3( 444 & W7 .
I Cone Lemp ! Cond Lo Folal lotal SUMVIVOT
tmg/l) e M eeen gl I1J]l1l:|l;,l'][t“]w :\1_]:;::”;,':‘\ \ i . T 5 Comments
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Chemistry samples taken (/74 0% /2.3
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Test No. 686-41 Client__ Windward Investigator

NOTES ON PREPARATION OF 40 mg/L. MAZINON STOCK
System Design

The objective is to deliver 40 mg/L of diazinon to the diluter toxicant chamber at 2 nominal constant rate of 160
mi‘min. To accomiplish this, a large reservoir, approximately 34L capacity. of diazinon salution in dilution
water is maintained at test temperature. As solution is removed to the diluter. makeup water is mtroduced under
float valve control. The concentration of diazinon in the reservoir is to be maintained by metering 0.344 ml‘hr
of pure diazinon into the mixing tank. This addition was accomp!ished vsing a single channel svringe pump
{Cole-Parmer) fitted with a 10 ml gas-tight Hamilton syringe which is refilled daily. The actual delivery rate is
set slightly in excess at 0.4 ml/hr since a setting of (0.344 ml/hr is not available. The pure diazinon is injected
through 0.042 in I.D. PTFE tubing into a recirculating stream of water from the mixing reservoir. The mixing
tank contents are vigorousiy stirred to facilitate rapid solution of diazinon.

NOTES ON VIAINTENANCE OF THE DIAZINON DELIVERY SYSIEM
Hyrnmr ot 1o, The gress Wy o ooy ( bt recocricton ey fok
('f»'f.:_»—m.. f“\F‘S B L F"'L"/ e b C/“‘l".@_'}' et boes Jur o e L f“’" '“‘"/\

! 1"“/«'\ I ’7 st e ¢,'l"-/{fJ!w-';-‘/{ //;,-_-;,.._ Tude L r_":‘-:’?’»-m . Yo o
P IR ;'__ I PRt VAPRTE o3y vwa? ¥ (’;-q_(_-,(ﬂ_J,--,-‘:"-,__ NI XS ez |
e mfs—n-f N LAl SR - PRl E
e | /
"./”"'/a ' DILUTER CALIBRATIONS RECORD
DILUTER CAPILLARY FLOWS - ;.
Date if/e/s§ | Time (T2 | Init, 043 Date ¢+ /13f9F ] Time /€% Init { @+
Drain # Supply Tank | Dijuter Tank Drdin # Supply Tank Diluter Tank
i /6L ¢ l It s
g ki 75 > Fy = ~a
- S
4 P! 79 4 28 /7
5 7§ (o 5 i 74
6 | F 77 6 | /oY 7L
Flow rates in mlimin
FLOWS TO REPLICATE AQUARIA -
Date /"(- 58 Time ST it §
- ' Relative Concentration (%)
Replicate 100 50 | s 125 615 0
A 20 CET sy 140 s £
) AN SO B 24D St 2?0 7
C Z_(_".‘ . ';'JS I :"?)‘ ?{ M) “ ,{’ ",‘j/ P
D T | pay” TN 3y 7 L
Date /[/Lef9Y Lime s# u¥ fnit, ¥ &5
' ) Relative Concentration (%)
Replicate | 100 T s R 12‘5 P 6.25 0 B
A s 94 . %Pt 245 T | 2.7V
B 44 2 ’fq e 7 fU 2 Au, TN
C TR Ay, | €9 LY L TTeY 275
| D Tl f;/{ R L7 T
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Water Quality Computation - Test No. 686-44

mean
s.d.
min
max

WP BR WM

W WRMRINMNMNINMNMNDMNMNMRND S 22 2 v -
PR 2O w0 bAWNMKM 20 OCOO~-N®EMBEWN-=OO

Temp DG pH Cond Hard Alk
165 9.8 7.2 113 32 10
16.6 9.8 7.2 113 30 10
16.5 9.8 7.2 115 30 10
16.6 9.8 72 110 28 9
16.6 9.8 7.1 120 30 10
16.5 9.7 69 120 30 10
165 9.8 73 115 30 9
16.6 9.8 7.2 100 30 11
16.5 9.8 7.2 115 30 10
16.2 97 7.2 115 30 10
16.4 9.8 7.2
16.6 9.8 71
17.6 9.6 7.4
17.2 9.8 75
17 4 87 7.5
17.5 98 7.4
17 4 98 7.4
17.3 9.8 7.2
173 9.8 7.3
16.9 9.8 7.3
16.8 97 7.3
16.9 9.8 7.3
16.8 9.9 7.3
16.9 9.8 73
17.3 9.8 73
16.8 10.0 7.3
16.9 9.9 7.3
16.8 9.9 7.2
16.8 5.9 7.2
170 9.8 72
16.9 98 7.3 114 30 10

g4 0.1 01 6 1 1
30 30 30 10 10 10
162 9.6 6.9 100 28 9
176 100 75 120 32 11
e
{ Je

/d o( /i{
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WQ Computation - acclimation (1-1-08 to 1-16-08) - Test No. 686-44

Temp Do pH Cond Hard Alk
1 17.0 96 8.0 190 64 43
2 16.8 96 8.2 185 66 41
3 16.8 9.7 83 180 60 3%
4 169 9.8 8.2 175 62 36
5 16.7 97 8.4 155 48 30
s} 16.7 99 8.4 160 54 32
7 16.9 95 8.1 165 50 33
8 156 10.6 8.4 165 56 30
9 15.9 102 8.0 145 44 24
10 16.3 10.3 8.1 145 42 24
11 16.0 102 8.4 165 56 31
12 16.2 98 8.1 170 54 32
13 16.5 9.9 8.2 160 52 32
14 16.2 9.7 82 160 50 29
15 16.4 9.9 82 125 40 15
16
17
mean 16.5 99 8.2 163 53 31
s.d 0.4 0.3 0.1 17 8 7
N 15 15 15 15 15 15
min 156 9.5 8.0 125 40 15
max 17.0 10.6 8.4 190 66 43
ioof 1Yy
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Acute 96-hr Toxicity’Test-96 Hr Survival )

Start Date: 1/16/08 16:00 Test ID: 686-44 Sample (D
End Date; 1/20/08 16:00 Lab ID: ORNAS-Northwestern Aquati ple Type: Diazinon

Sample Date: Protocol: -NAS-686-LAMPREY FT ACL Test Species: LY-Lampetra sp.
Comments:
Conc-mg/L 1 2 3 4

D-Control  1.0000 1.0000 1.0000 1.0000
1.7 1.0000 1.0000 1.0000 1.0000

3.2 1.0000 1.0000 1.0000 1.0000

6.3 09000 1.0000 1.0000 1.000C

12.5 0.0000 0.1000 0.0000 0.0000

288 00000 00000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tailed Number Total
Conc-mg/L  Mean N-Mean Mean Min Max CV% N Sum  Critical Resp Number
D-Control  1.0000 1.0000 1.4120 14120 14120 0.000 4 0 40
1.7 1.0000 1.0000 1.4120 14120 14120 0.000 4 1800 10.00 0 40
32 1.0000 1.0000 1.4120 14120 1.4120 0.000 4 18.00 10.00 0 40
6.3 09750 0.9750 1.3713 1.2490 14120 5942 4 16.00 10.00 1 40
*12.5 0.0250 0.0250 0.1995 01588 0.3218 40.840 4 1000 1000 39 40
28.8 0.0000 0.0000 0.1588 01588 0.1588  0.000 4 40 40
Auxiliary Tests Statistic Critical Skew Kurt
Shapiro-Wilk's Test indicates non-ngfmal distribytieq (p <= 0.01) 0.81129 0.368 -6E-14 4.06699
Equality of variance cannot be con((:‘r:@H \
Hypothesis Test (1-tail, 0.05) \NOEC /] LOEC | ChV TU
Steel's Many-One Rank Test W @ 8.87412
£
i ‘*f;-;:_{;u?" Trimmed Spearman-Karber
Trim Level EC50 " | 95% CL
00% 88916 84547 93511
50% 88741 86535 91004
10.0% 8.8741 86535 H5.1004 1.0 »>
20.0% %&]ﬁ% 86535 9.1004 0.9 ]
Auto-0.0% 8916 ] B.4547 9.3511 o
T s ns 4
0.7 +
EO.B:
O _
%0.5_
&0.41
0.3 4
0.2 1
0.1
0.0 —Frrm T
1 10 100
Dose mg/L

ToxCalc v5.0.23N
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Test: AT-Acute 96-hr Toxicity Test Test ID: 686-44
Species: LY-Lampetra sp. Protocol: -NAS-686-LAMPREY FT ACUTE
Sample ID: Sample Type: Diazinon
Start Date: 1/16/08 16:00 End Date: 1/20/08 16:00 Lab ID; ORNAS-Northwestern Aquatic Sciences
Pos| ID | Rep Group Start 24Hr | 48Hr | 72Hr | 96 Hr Notes

1 1 D-Ceontrol 10 10

2 2 D-Control 10 10

3 3 D-Control 10 10

4 4 D-Control 10 10

5 1 1.700 10 10

6 2 1.700 10 10

7 3 1.700 10 10

8 4 1.700 10 10

9 1 3.200 10 10

0] 2 3.200 10 10

11 3 3.200 10 10

12| 4 3.200 10 10

13| 1 6.300 10 9

14 | 2 £.300 10 10

15[ 3 6.300 10 10

16 | 4 6.300 10 10

171 1 12.500 10 0

18| 2 12.500 10 1

9] 3 12.500 10 0

20] 4 12.500 10 0

21 1 28.800 10 0

22 ] 2 28.800 10 0

23| 3 28.800 10 0

24 | 4 28.800 10 0

Comments:

ToxCalc 5.0.23N

Page /_Lt ofﬁ





