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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.
Protocol No.: NAS-686-Lamprey FT acute, September 12,2007

STUDY MANAGEMENT
Studlr Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401 , Seattle, WA 98 I 19.
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing Laboratorv: Northwestern Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Studv Personnel: G. A. Buhler, B.S., Proj. Manager; R. S. Caldwell, Ph.D., Study Director; L.K.
Nemeth, B.A., M.B.A., QA Ofhcer; G.J. Irissarri, B.S., Aq. Toxicol.; L.P. Sandoval, B.S., Tech.
Study Schedule:
Test Beginning: 9-14-07 , I 320 hrs.
Test Ending: 9-18-07, 1330 hrs.
Disposition of Study Records: Al1 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
91365.
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
Part792).
Statement of Oualit-y 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 ofthe raw data.

TEST MATERIAL
Description: Copper prepared from CuSOa.5H2O (Argent Chemical Laboratories, Inc., Redmond, WA, Lot No.
01 e5).
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 al., 1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 mVmin per toxicant concentration. The diluter
design was such that 160 mVmin 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, approximately 54L capacity, of nominal 0.2 mglL copper solution in dilution
water was maintained at test temperature. This was done by metering, at arate 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 mglL 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 I pm, and adjusted to a
target water hardness of 25-30 mg/L as CaCO3. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.

TEST ORGANISMS
Species: Lamprey \Lanpelra sp.)
Aee/Size: Ammocoetes; target size range, 4-6 cm]' 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 anmocoetes 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 lO-gallon
aquaria supplied under flow-through conditions with dilution water. Water supply was sufficient (30-50
rnl/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 priorto testing (8-3 l-07 to9-14-07) were: temperature, 16.8 + 0.3'C;
dissolved oxygen, 8.8 I 0.5 mg/L; pH, 7.5 + 0.4; specific conductance, 169 1:24 pmhos/cm; hardness, 43 X 13
mg/L as CaCO3; and alkalinity, 31 + 3 mgll- as CaCO3.

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 0.20, 0. 10, 0.05, 0.025, 0.0125, 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 mVmin of test solution, or 1 15 Llday, 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.
Tareet Water Qualitv Conditions: Water quality measurements were taken daily as specified in the protocol
(Physical and Chemical Data, Items I and2). The target water quality conditions were as follows:
Temperature, 17 + l"C; dissolved oxygen, 24.0 mg/L; hardness, 25-30 mglL as CaCO3. 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 I 5. 1 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treafment replicate from the raw survival data and the
measured copper concentrations for each treatment level. The LC50 (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 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 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 fwo 50 ml aliquots of
pooled sample in a B-D Lot No. 1179829 disposable 60-m1 plastic Luer-Loc syringe. The sample was then
expelled through a PALL 0.45pm ion chromatography Acrodisc filter directly into the sample bottle.
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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 Analyical Services for analysis.

PROTOCOL DEVIATIONS
l. 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 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 safliration throughout the
test. The pH ranged from 7.0 - 8.5. Hardness also was in the specified range of 25-30 mg/L as CaCO3.

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 t 0.001 mglL atthe lowest level to 0.164 x 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 290o/o. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occurred in the two highest, and0%o mortality was observed in the two
lowest, test concentrations. Parlial mortality was observed in the middle (0.0a3 mg/L) test concentration.

The toxicity of dissolved copper to lamprey (Lampetra sp.) ammocoetes as the 96-hr LC50 was 0.046 mglL
(95% conhdence limits, 0.042 * 0.051 mg/L). The NOEC and LOEC concentrations were 0.023 and 0.043
mg/L copper, respectively.

LITERATURE CITED
Benoit, D., V. Mattson, and D. Olson. 1982. A continuous-flow mini-diluter system for toxicitv testins. Water
Ptes. I6:451-464.

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

l J  t  z

l(, {,..1t4. y't'/ *ti u/r' v'
Laboratory Director 

'Date
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Table 1. Measured water quality conditions during the 96-hr acute toxicity tert of *ppe. to
lamprev ammocoetes.

Parameter Mean + S.D. N Range
Temperature (oC) 16.9 ! 0.2 30 16.6 - 17.4
Dissolved oxygen (mg/L) 8 .6  t  0 .5 30 7 . 6 - 9 . 6
pH 7.8 !  0.4 30 7.0  -  8 .5
Specifi c conductance ( umhos/cm) t 0 2  t 7 l 0 9 0 -  1 1 0
Hardness (mg/L as CaCO3) 2 7  ! l l 0 2 s - 2 8
Alkalinity (mg/L as CaCO3) 1 8 1 4 t 0 t 2 - 2 4

Table 2. Measured concentrations of dissolved copper during the 96-hr acute toxicify test of
copper to lamprey ammocoetes. Measurements performed by Columbia Analytical Services

Nominal (mg/L) Measured (mg/L)

Mean + S.D. N Range
0.2 0 .164 t  0 .036 5 0.120 -  0 .201
0 . 1 0.088 r 0.009 5 0.077 - 0.099
0.05 0.043 t 0.003 5 0.038 - 0.046
0.025 0.023 r 0.001 5 0.022 - 0.024

0.0125 0.013 r  0 .001 0.012 -  0 .014
0 0.001 I  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

Copper (mg/L)
Ammocoetes Ammocoetes Percent Mean%o

Replicate exposed Surviving Survival Survival

0. t64

0.088

0.043

0.023

0 . 0 1 3

0.001
(Control)

A
B
C
D

A
B
U
D

A
B
L,

D

l 0
l 0
1 0
l 0

l 0
1 0
l 0
l 0

l 0
1 0
1 0
1 0

1 0
1 0
l 0
1 0

l 0
1 0
1 0
l 0

1 0
l 0
l 0
t 0

0
0
0
0

4
8
7
4

l 0
1 0
1 0
l 0

1 0
1 0
1 0
1 0

1 0
1 0
1 0
l 0

0.0

0
0
0
0

0.0
0 .0
0 .0
0.0

0 .0
0 .0
0 .0
0 .0

40.0
80.0
70.0
40.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

57 .s

r00.0

100.0

100.0

0 .0

A
B
C
D

A
B
C
D

A
B
L

D

* Mean significantly (p-0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO

STUDY PROTOCOL

NAS-686-Lamprey FT acute
September 12,2007

LAMPREY (LAMPETRA sp.)
FLOW THROUCH ACLITE TOXICITY TEST

INTRODUCTION

P u r p o s e o f S t u d y :  T h e p u r p o s e o f t h i s s t u d y i s t o d e t e r r n i n e t h e a c u t e t o x i c i t y o f s i x c h e m i c a l s , r e p r e s e n t i n g a
range of toxic modes of act ion, to lantprey (Lampetra sp.) amntocoetes. The study wil l  be performed using
methods based on the rnethods for measuring acute toxicity with other f ish species as described in U.S.
Env i ronnrenta l  Pro tec t ion  Agency  (2002)  and Amer ican Soc ie ty  fo rTes t ing  and Mater ia ls  (ASTM) (1996)
gu idance.

SummaryofMethod:  Indef in i t i ve tes ts ,  lampreyammocoetesareexposec l fo rg6hours to f i veconcent ra t lons
of test nraterial and a di lut ion water control.  The test concentrat ions are arranged in a logarithmic series based
on the results of range f inding tests. Four repl icates, each with l0 organisms, are employed at each test
concentrat ion, i f  there are suff icient numbers of ammocoetes. Flow-through exposures are employed. Test
chambers are glass aquaria less than or equal to two gal lons in volunre. Mortal i ty is the effect cr i ter ion. The
data  ana lys is  cons is ts  o f  ca lcu la t ing  means and s tandard  dev ia t ions  fo r  surv iva l .  An  LC50 w i th  95%
confidence intervals may be calculated along with the NOEC ancl LOEC concentrat ions.

STUDY MANAGEMENT

Sponsor 's  Name and Address :
Windward  Env i ronmenta l  LLC
200 West Mercer Street. Suite 40 I
S e a t t l e .  W A  9 8 1 1 9

Sponsor 's  S tud_y  Mon i to r :
Ms.  He l le  Andersen

Nanre of Testinq Laborator-v:
Nor thwestern  Aquat ic  Sc iences
3 8 1 4  Y a q u i n a  B a y  R o a d
P . O .  B o x  1 4 3 7
Newpor t .  OR 97 i65

Test Location: Newport,  OR.

Laboratorly 's Key Personnel to be Assiened to the Study:
Labora tory  D i rec tor :  R ichard  S.  Ca ldwe l l ,  Ph .D.
Pro.ject Manager/Study Director: Gary A. Buhler, B.S.

QA Of f i cer /Tox ico logy  Program Mgr :  L inda K.  Nemeth ,  8 .A . ,  M B.A.
Aquat ic  1 -ox ico log is t :  Gera ld  J .  I r i ssar r i .  B .S .

Proposed Studl r  Schedule:  Ju ly  2007 through September 2007.

Good Laboratory Practices: The test is conducted following the principles of Good Laboratory Practices (CLP) as
defined in the EPA/TSCA Good Laboratorl Practice regulations revised August 17, 1989 (40 CFR Part792).
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TEST MATERIAL

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

Descr ip t ion :  Chemica ls  to  be  tes ted  inc lude an i l ine ,  copper ,  pentach lo ropheno l ,  I indane,  d iaz inon and
naphtha lene.

Preparation of Workinq Stock Solut ion and Test Concentrat ions: Test rnaterials wil l  be adrninistered using a
cons tan t - f low d i lu te r  based on  the  des ign  o f  Beno i t  e t  a l .  (1982) .  S tock  so lu t ions  o f  the  spar ing ly  so lub le
organ ic  cornpounds.  e .g .  naphtha lene,  pentach lo ropheno l ,  l i ndane,  d iaz inon,  w i l l  be  prepared cont inuous ly  by
recirculat ion of di lut ion water/toxicant stock solut ion through a column of toxicant coated glass beads (Veith
and Comstock,1975). This is a conceptual approach in which the specif ic column, f low rates, glass bead
sizes, etc. need to be developed empir ical ly, with analyt ical feedback, for each study considering such
variables as chemical solubi l i ty, test temperature, desired highest test concentrat ion, stock toxicant
consumption rate, etc. Given the above, some modif icat ions are anticipated as the studies progress. Init ial
systern characterist ics are as fol lows: I  )  the toxicant mixing tank wil l  have a 60- l i ter capacity; 2) a 20 x 280-
c r r  g lass  co lunrn  w i l l  be  en tp loyed (10  x  200-c rn  and 40  x  560-c rn  co lun t r rs  a re  a lso  ava i lab le ) ;  3 )  the  co lumn
pack ing  w i l l  employ  5- rnm g lass  beads coated  w i th  the  tes t  cor r lpound;4)  par l i cu la tes  w i l l  be  f i l te red  ou t
th rough g lass  woo l ;  5 )  f low th rough co lunrn  w i l l  be  cont ro l led  by  a  var iab le -speed per is ta l t i c  pump or  by
in tenx i t ten t  purnp ing ;  and 6)  tub ing  r .v i l l  be  g lass  and s i l i cone rubber .  GC/MS ana lys is  o f  tox icant  in  the
toxicant rnixing tank wil l  be used to optinrize the systern for each chentical noted above prior to test
init iat ion.The contents of the stock toxicant reservoir wi l l  be constantlv replenished with fresh di lut ion water
as  tox icant  so lu t ion  is  supp l ied  to  the  d i lu te r .  The an i l ine  s tock  so lu t ion  w i l l  be  prepared s imi la r ly ,  bu t  by
vo lumet r ic  add i t ion  o f  an i l ine ,  us ing  a  r re te r ing  pump.  to  the  s tock  tox icant  reservo i r  r r  / le i l  o f  the  Ve i th
co lu rnn .  The copperwork ing  s tock  so lu t ion  w i l l  be  prepared in  the  sarne  appara tus  by  nre ter ing  purnp add i t ion
of a concentrated copper stock solut iolr to the stock toxicant reservoir.  Al l  toxicant working stock solut ions
wi l l  be  prepared and main ta ined under  the  sante  cond i t ions  as  in  the  tes t  exposures  and de l i vered  cont inuous lv
to the toxicant chamber of the di luter at an appropriate rate.

DILUTION WATER

Dilut ion water wi l l  be dechlorinated City of Newporl municipal tap water adjusted to a rvater hardness of 25-30
mg/L as CaCOr.

T E S T  O R G A N I S M S

Species: Lanrprey. l .attrp, '  I  t ' t t  sp.

Source: Ammocoetes wil l  be col lected by Windward staff and del ivered to the laboratory each day of
col lect ion. The amt.uocoetes wil l  be col lected frorn several r ivers includine the Si letz River. which was the site
for Phase I arnrnocoetes,

Ase:  amrnocoetes  ( juven i le  p r io r  to  metamorphos is )

Accl imation and Pretest Observation: Test organisms wil l  be held in the laboratory in order to accl imate to test
ten tpera ture .  LJponrece ip t ,an i t 'na lsareremovedf romthesed iment theyarerece ived inandp laced in  I0 -ga l lon
tanks  under  f low- th rough cond i t ions  ( -35  rnL / rn inu te ,  o r  -  2  vo lume changes per  day ,  w i th  one add i t iona l  da i l y
siphon and replacement of 2/3 volume of each tank). Approximately 50 lamprey are placed in each tank.
Tanks wil l  cotttain at least - l  inches of sediment (Sandtastic Play Sand, Waupaca Materials, or sirni lar rnaterial)
covered rvith approximately 26L of test water and supplied with aeration. The maxinturn temperature variat ion
during holding rvi l l  be + lo C. The arnrnocoetes wil l  be accl imated to the laboratory test condit ions for a
min i rnum o f  5  to  7  days  pr io r  to  tes t  in i t ia t ion .  Th is  min imum number  o f  days  app l ies  on ly  to  the  f i rs t  tox ic i t y
test conducted on each batch of f ield-col lected organisms. For al lother tests, the ammocoetes wil l  be held for a1
least l3 days prior to test ini t iat ion. When a ternperature adjustrnent of more than 3 to 5uC is required, the
transfer from f ield col lect ion water to laboratory di lut ion water wi l l  be gradual. Nornral behavior for larnprey
anlrnocoetes is to irnnrediately br.rry in sedinrent and remain there. Any dead anirnals observed on the sediment
sttrface are removed dai ly. Past experience suggests that mortal i ty is nrinimal during short-terrn holding and
a n y m o f t a l i t y i s l i k e l y d u e t o d a m a g e f r o n l f l e l d c o l l e c t i o n .  I f a n r r r o c o e t e s d o n o t b u r y o r t h e r e i s e x c e s s i v e

Paoe )  o f  1 \



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NA5-686-Larrrprey FT acute
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mortal i ty in any tank, animals from that tank wil l  not be used for test ing. Anrmocoetes wil l  not be fed since
they are being held short-ternt.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrat ions: Test materials wil l  be administered using a constant-f low di luter based on
t h e d e s i g n o f B e n o i t e t a l  ( 1 9 8 2 \ .  T h e d i l u t e r w i l l  b e c a l i b r a t e d t o d e l i v e r a 0 . 5 d i l u t i o n s e r i e s .  F l o w r a t e s
wil l  be adjusted to del iver at least f ive test chamber voluures per concentrat ion per day. Di luter f low rates wil l
be measured and documented at the beginning and conclusion of each 96-hour test. This r.vi l l  be done by
measuring individual di luter capi l lary tube f lows. When the f low rates are entered into an Excel 'B spreadsheet,
the actual di lut ions ofthe toxicant stock can be computed. Actual test chentical concentrat ions (organic
chemica ls )  in  the  tox icant  n r ix ing  chamber  ( tox icant  s tock  so lu t ion)  and in  exposure  aquar ia  w i l l  per iod ica l l y  be
measured on a real-t ime basis at NAS to veri fy that nominal concerrtrat ions are being routinely achieved.
Definit ive concentrat ion docurnentation in test aquaria wil l  result from dai ly samples shipped for analysis to
C A S .

Test Charnbers and Environnrental Control:  Test chambers used in the toxicity study are glass aquaria less than
or equal to two gal lons in volunte. The test systenl is housed in a constant-temperature, photoperiod-control led
room. Aeration is not employed. The photoperiod is constant dark except during monitoring activi t ies when
ambient  (50-75  f t -c )  l igh t ing  is  used.

C lean inq :  A l l  labora tory  g lassware ,  inc lud ing  tes t  chambers  and tox icant  d i lu t ion  sys tem,  w i l l  be  c leaned based
on the methods described in U.S. E,rrvironnrental Protection Agency (2002). Init ial  cleaning incorporates the
use o f  a  labora tory  de tergent  fo l lowed by  mul t ip le  tap  water  r inses .  Subsequent ly ,  e i ther  d i lu te  (10%,  V:V)
ac id  (hydroch lo r ic  o r  n i t r i c )  o r  ace tone is  used to  remove nre ta ls  o r  o rgan ic  cor r tanr inants ,  respec t ive ly .  Fur ther
rnult iple tap water r inses are employed after each acid or acetone treatnlent. Sodium hypochlori te bleach rnay
be employed on a l inr i ted basis to ensure that uricroorganisrns that could ntetabol ize organic toxicants, e.g.
naphthalene, are not present. Exhaustive tap water r insing is alrvays employed fol lowing any chenrical cleaning
treatment. A f inal di lut ion water r inse of the exposr.rre apparatLrs wil l  precede init iat ion of each study.

EXPERIMENTAL DESIGN AND TEST PROCEDURES

Experimental Design: The definit ive test involves exposure of lanrprey antntocoetes to f ive test concentrat ions,
us ing  a  0 .5  d i lu t ion  ser ies ,  and a  d i lu t ion  water  cont ro l .  E ,xposures  are  fo r  96  hours .  Each t rea tment  cons is ts  o f
four repl icates, each containing l  0 anrmocoetes, i f there are suff icient nuurbers ofamrnocoetes. I f there are not
enough alnmocoetes for l0 per repl icate, then at least 20 per treatment (5 per repl icate) is the minimum number
preferred. Test chantbers are randomly distr ibuted in the test area. Amrnocoetes are irnpart ial ly distr ibuted to
each aquariurn by adding one or two animals to each tesl repl icate and repeating the process unti l  each contains
l0  o rgan isms.

Effect Criterion: The effect cr i ter ion used in the lamprey ammocoete acute toxicity test is nroftal i ty, defined as
a lack of visible respiratory movenrent and absence of response to tact i le st intulat ion. The rrrortal i ty data wil l  be
u s e d t o c o m p u t e L C 5 0 s f o r e a c h e x p o s u r e p e r i o d .  I n a d d i t i o n t o m o r t a l i t y , q u a l i t a t i v e o b s e r v a t i o n s o f s u b l e t h a l
responses consist ing of errat ic swirnming, hyperventi lat ion. hemorrhaging, and hyper/hypoactivi ty (conipared
to the activi ty of the organisms in the control group) wil l  be recorded i f  observed.

Test Condit ions: The dissolved oxygen concentrat ion in each test container must be > 4.0 rng/L throughout the
test. The test ternperature errrployed is l7 + l 'C. A photoperiod of constarrt darkness is used, except during
moni to r ing  ac t iv i t ies  when i l lunr ina t ion  is  supp l ied  by  day l igh t  f luorescent  lanrps  a t  an  in tens i ty  o f  50-75  f t
cand les .  Load ing  shou ld  no t  exceed 6 . lg /L  a t  l7 'C  accord ing  to  EPA.  ASTM recommends load ing  no t  exceed
lg /L  o f  so lu t ion  pass ing  th rough the  chamber  in  24  hours  o r  l0g /L  o f  so lu t ion  in  the  chanrber  a t  any  t i rne .

Beg inn ing  the  Tes t :  Add ing  the  organ is rns  to  the  equ i l ib ra ted  tes t  cor r ta iners  as  prev ious ly  descr ibed beg ins  the
test.

Feed ing :  None.
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NORTHWESTERN AQUATIC SCIENCES

Analys is  of  Test  Concentrat ions:  Dur ing each test ,  santp les wi l l  be
and shipped by overnight  del ivery to Columbia Analyt ica l  Serv ices
procedure wi l l  fo l low the pro jecr  QAPP.

PROTOCOL NO. NA5-686-Lamprey FT acute
September 12.2007

co l lec ted  fo r  chent ica l  ana lys is ,  he ld  a t  4 "C
in  Ke lso ,  WA.  The sarnp l ing  schedu le  and

Test Duration. Type and Frequency of Observations. and Methods: The test duration of the acute toxicity tesr
is 96 hours. The type and frequency of observations to be rnade durine the test are summarized as fol lows:

Tvpe o f  Observa t ion Times of observation
Biological Data
l.  rnortal i ty (each test container) 0 ,24 .  48 .72 .  and  96  h r
2 .  sub le tha l  observa t ions  (qua l i ta t i ve) 0 .21 .  48 .72 .  and  96  h r
Phys ica l  and Chemica l  Data
l .  D isso lved oxygen,  pH,  &  tempera ture ,  ( in  one

repl icate ofeach test level and the control)
2 .  Conduct iv i t y ,  hardness  & a lka l in i ty  ( in  one

repl icate of highest concentrat ior.r and control)
3 .  Tox icant  concent ra t ion  sanrp l ing  ( in  one rep l i ca te

ofeach test concentrat ion and the control)
1. Di lut ion water sample fbr part iculate rnatter, TOC

and ammonia
5. Sarnple for arnmonia taken front one repl icate of

control and highest test concentrat ion

0.24,  48,72,  and 96 hr

0 ,24 .  18 ,72 ,  and  96  h r

0. 2.1, 48. 72. and 9(t hr

0 h r

96 hr

During the test, dead organisms are removed every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxygen is rrreasured using a polarographic oxygen probe calibrated according to the manufacturer's

reconrmendations. The pH and tentperature are nreasured using a pH probe and a properly calibrated rneter with
sca led iv is ionsof0 . lpHut r i t s .  Conduct iv i t y ismeasuredus ingaca l ib ra tedconduct iv i t ymeter .  Samples fbr
cherrical analysis wil l  be col lected, preserved, and sent to Columbia Analyt ical Services fol lowing thi recommended
procedures of the analytical laboratory.

Test Termination: At the end of the test, all surviving control anrrnocoetes are weighed and measured for length by
replicate. All surviving or dead test organisms rvil l  be frozen by concentration for possible later t issue analysis by
Colurr rb ia Annl l  t ica l  Serv ices.

C r i t e r i a o f T e s t A c c e p t a n c e :  T h e t e s t r e s u l t s a r e a c c e p t a b l e i f s u r v i v a l  i n t h e c o n t r o l s i s a t l e a s t g 0 % .  T h e
tox ic i ty  tes ts  w i l l  be  per fonred  as  a  50%o d i lu t ion  ser ies ,  i t  i s  an t ic ipa ted  tha t  each tes t  w i l l  have a t  leas t  one or
possibly two part ial  moftal i ty concentrat ior.rs. Norninal concentrat iorrs of each toxicity test have be reviewecl
and approved by  EPA (EPA 2007) .  However ,  because o f the  exper in ren ta l  na ture  o f the  s tudy  and the  l im i tec l
supply of arnrnocoetes, the acceptabi l i ty of the toxicity tests wil l  be based only on the>90oh survival in control
g roup.

D A T A  A N A L Y S I S

The percent of l ive antntocoetes is calculated for each treatment repl icate f iorn the raw data and the lreans are
obtained for each treatment level.  An LC-50 (nrortal i ty) is calculated using Probit or Trirnmed
Spearntalr-Karber Inethods. The NOEC and LOEC are calculated for each endpoint according to U.S.
Environnrental Protection Agency (2002) rrethods. In this procedure, the NOEC and LOEC values are
conlputed using either Dunnett 's test, T-test with Bonferroni 's adjr.rstment, Steel 's Many-One Rank Test, or
Wilcoxon Rank Surn Test with Bonferroni Adjustment. The appropriate test is selected after evaluating the
data for nornlal i ty and lronrogetteity of variance. An arcsine-square root transformation is perfonned on the
percentage effect data prior to stat ist ical analysis. The stat ist ical software entployed for these calculat ions is
Toxca lc .  v .5 .0 .23N.  T idepoo l  Sc ien t i f l c  Sof twar -e .

REPORTING
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NORTHWESTERN AQUATIC SCI ENCES PROTOCOL NO. NAS-686-Lamprey FT acute
Seotember 12.2007

The f inal report of the study results mr.rst include al l  of the fol lowing standard information at a rninirnuln:
l .  Name and identi f icat ion of the test:
2. The investigator and laboratory;
l .  Inforr.nation on the toxicants:
4. lnformation on the di lut ion water:
5. Detai led information about the test organisrns;
6 .  Descr ip t ion  o f  the  tes t  sys tem and i t s  ca l ib ra t ion ,  inc lud ing  tes t  chambers  and d i lu t ion  sys ten t ;
7 .  A  descr ip t ion  o f  the  exper in ren ta l  des ign  and o ther  tes t  cond i t ions  inc lud ing  water  qua l i t y ;
8. Definit ion ofthe effect cr i ter ia and any other observations;
9. Responses, i fany, in the control treatnlent;
10 .  TabLr la t ion  and s ta t i s t i ca l  ana lys is  o f  measured responses ;
I  l .  A  descr ip t ion  o f  the  s ta t i s t i ca l  methods  used,
12 .  Any  unusua l  in fo r rna t ion  about  the  tes t  o r  dev ia t ions  f ro rn  p rocedures ;

The f inal study report wi l l  include the study protocol and al l  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
descript ion ofthe change; the reason for the change; the date the change took effect; and the dated signatures of
the study director and sponsor. Any deviat ions 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 f ishes, rnacroinverlebrates,
and arnphibians. F.729-96. American Society for Testing and Materials. Phi ladelphia, PA.

Beno i t ,  D . ,  V .  Mat tson,  and D.  O lson.  1982.  A  cont inuous- f lo rv  n r in i -d i lu te r  sys tem fo r  tox ic i ty  tes t ing .
Water  Res.  l6 :457-464.

EPA. 2002. Methods for Measuring the Acute Toxicity of Eff luents and Receiving Waters to Freshwater and
Mar ine  Organ isms.  F i f th  ed i t ion .  EPA-821-R-02-0  12 .  Of f i ce  o f  Water ,  U .S.  Env i ronrnenta l  Pro tec t ion
Agency ,  Wash ing ton ,  DC.

EPA. 2007. Letter to Lower Wil lamette Group frorn C. Humphrey and E. Bl ischke dated August 17,2007 regarding
Port land Harbor RI/FS: Lamprey toxicity test f ield sampling plan and QAPP Phase 2 addenda (approval letter).  US
Environmental Protection Agency Region 10, Oregon Operations Offrce, Poft land, OR.

Veith C.D. and V"M. Conrstock. 1975. Apparatus for continuously satr"rrat ing water with hydrophobic organic
chemicals. J Fish Res Board Can 32:l  849- I  85 I .

I 3 .  A P P R O V A L S

Narne Date
for Windwa rd Environmental

fbr Northwestern Aquat ic Sciences
Nanre Date
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
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Appendix A
Test Condit ions Summary

l .  Test  soecies: Lumpctra sp.
2-  Test  type: Flow-throuuh
i .  Test  durat ion: 96 hr
1. Temperature: l 7  +  l ' c
5.  Dissolved oxygen: > 4.0 nre/L
6 .  L i e h t  q u a l i t v  &  i n t e n s i t v : Ambient laboratory l ieht (50-75 ft-c)
7 .  Photooer iod : Constant dark, except during monitorine activi t ies
8.  Test  chambers: glass aquaria less than or equal to two gallons in

volume.
9. Test charrrber volumes per dav: At least 5

0. Replicates per treatment: 4
I .  Orqanisnrs per repl icate: l 0
2 .  Age o f  tes t  o rgan isn ts ammocoete
L  Feed ins  res in te : None
4. Aeration None

15 .  D i l u t i on  wa te r : Dechlorinated City of Newport tap water; hardness
adiusted to 25-30 nts/L as CaCO.

I 6. Test concentrat ions: 5 and a di lut ion water control
17.  Water  qual i ty : Temperature, pH, & dissolved oxygen in one replicate

of  each test  concentrat ion dai ly .  Conduct iv i ty ,
hardness & a lkal in i ty  in  one repl icate of  h ighest
concentlation and control dailv

18.  Specia l  contro ls : None
19.  Endpo in t : Mortal i t l
20 .  Tes t  acceotab i l i t v  c r i te r ia : >90%o control survival
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAS-686-LampreyrET acute -

LAMPREY SURVIVAL FLow-THRoUGH TEST 
,,J 

{A/\r '  
,  r /

<  |  i  n , l  r \
Test No. 686-38 Client Windward Investigator s| |

STUDY MANAGEMENT:
Client: Windward E{rvironmen West Mercer Street. Suite 401. Seajtle. WA 98119
Client's Study Monitor: N[!-[Iqllc ]\ndersen
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road, Newport, OR 97365
Laboratory's Study Personnel: Jr,1-, r  4 l v t  r Y  J  O T U U J  f  g I ) U l U I g l .  

^ ,  / - V

Project Manager: Saryt\-Buhler ty'? Srudy Director: Riqbard.s.lealdwell r6q

QA Off,rcer: LK-NEmeIh 1.
2 .  ! . "1  " '  t - .

C , . i .  t f - r  1 . ; t r g p 1  C . \ ' l

4 .
Studv Schedule:
Test'Beginning, /- i i/ v7 ,i 

'J 
Z-O Test Ending: cj -t { v-Y I  j 3 . )

TEST MATERIAL:
Description: Copper as CuSOgo5HeO. Areent Lot No. 0195.

DILUTION WATER:

Date of Prenaration/Collection:
Water Quality: Cond. (pmhos/cm) pH

Hardness(mg/LasCaCO:) 'a?.c+ 
i  V Alkal ini ty(mg/LasCaCO.) f f i t t '  j .

Treatments: Hardness adiusted to 25-j0 me/Lyith a Culligan@ water treatment svsteln.

TEST ORGANISMS:
Species: la 4-6 cm
Source: Trai k
Acclimation Data: See pages:

TEST PROCEDURES AND CONDITIONS:
Test Concentrations (nominal): O2-Q-1,QQ.05- !.025. 0.0125 & 0 ms/L
Test Chambers (description): 2/ eallon elass aauaria* Test Volume (ml): 5.80 L
Replicatesitreatment: 4 Organisms/treatment: 40_.!SQtgBlicAlq)_
Test water changes: {lel tbrrewh_
Aera t i ondu r i ng tes t :  noneun lessDOdropsbe low60Tosa tu ra t i on  D t )  t , i . . . ' l  : 1 , r , . - t , : l t
Temperature ('C): _l_Zl_llQ "t

Feeding: Nanq Photoperiod: Darkness except for WO & chemistrv measurements
Test Duration (hr) 96 hOurs Tank Placement: Complete randomization

Randomization Chart:

Diluter

( e.-
7f:l '' ''

I
'i

, i

$

;  : ^ ; ^

la

$.
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TEST SOLUTION PREPARATION: '/
See paee \ for details

NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamprev FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-38 Client Windward Investigator

Weight of l0 animals at test initiation g - t . / o T  c , 4

weieht (e) Lensth (cm) Comments
I 0 L,-l
2 O ,  l c l u- "f
t
J D . Z  \ 9 - +
4 n, L* , -5-
5 f)- t (-) '-/ -
o t-/ f
1 O ' t , 9 S .
8 0 . \ z - t - Y
9 0 . t  " i 7- )
1 0 o . ' l o " L l

Mean O .  L L 4-dl

S.D. n D q /b. y
(N) l o t o

fooJti"1 0 , , 1 v  t J  x  ) J O, ,JF It-
S .

I
I t--

MISCELLANEOUS NOTES:

Roomlight intensity (tq: I f, I I - / V p7 U\9

Chemistry samples for copper both frltered and unfiltered taken daily. / C r ,^.'( / ' ;,:' l''

Chemistry samples for particulate rnatter, 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.

( - . r f  / .n - .  
r : ' r * - i .  i . .  

{  , .  ,  4 .  . t . .  
i  " '  , . ' '  

: ' ' ^ ' - r !  i1  "  " ' . i  t ) - '  ; / '+  /  { " ' " ^  z  ' :  ' :  { ' - , ( ; i

{ " t . - - .  
r , L .  

( ,  .  4 ,  i \ , ^ r , , . -  , / n , . r .  . - - ' / ' ,  { . u  , " . /  t i :  D  ^ {  : , .  - ( , . " . ,  , .
I J

e - ! f , t l l , - . 1  . , .  l -  . i . - - - r , r  1 ; , , 1 i . -  l t .  t ' .  ' t  F  
' i ' 4  

l ^ ] -  , - '  t ' '  ,  . ' " J .

c\

/

'  ,  
a - i .  

t ? g / f - : .  
" -  - -

{ ,  .
| r ' . / t .  i ' i ,  r . . -  i u  , l - . J

, t l c  . , / , , i  (  t  . , , , t , . r i ) -

I
j  '  .  )  . ^ , r l r .  , t it /  f  . 1 ,  l  r - 6 , t 1 , , , ; t l  L ' :

l \ ^ . , ' L ' ( : t '  
! ! . ' l ' t '

I a ' ' t r ' , , , . , . ,  1 - { r , ,  1 , i , , ' , t  
' i t ; ' t t ' ' ,  ( " t ' -  

i
Error codes: l

l) Correction ofhandwriting error
2) Written in wrong location; urtry deleted
3) Wrong date deleted; replaced with conect date
4) Error found in measurement; measurement repeated

, ' , , t ' l u " ' l  , . ,  , . r 1  , r l t l ' l ' t "  1 ; ,
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NORTHWESTERN AQUATIC SCIENCES

Test No. 686-38 Client

LAMPREY SURVIVAL FLOW-THROUGH TEST

Windward

WATER QUALITY DATA SHEET

PROTOCOL NO. NAs-686-Lamprev FT acute

Investigator

Filtered,/unfiltered chemistry samples taken ('i /d lat) {-.rt
Particulate matter, TOC, and ammonia samples taken in dilution water (.i ltl. lt i) au t
Hours of lisht: 4 O

DAY 1
Conc.
(mg/L)

Temp.

fc)
pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(ms/I-)

Total
Alkalinity

(msll -)

Survivors

CommentsB D

0.20 I  t . h 4 t q { d - l / v ,o / o /<) / a
0.  l0 t b,) fl-c { , , lo /0 /a to
0.05 fi-.4 7 -a /o /a i 0 I O
0.025 I tt -lt 8 -3 I z-- /o

-/0
/0 /o

0.0125 I  h,1 t < *-o rc /o /Q /o
0 t'p I  " t t too 7" Qr Ttto lc j t l? ro t0 / o

Filtered/unfiltered 5 a taken / f1ocheriristry mples (./ l,11 l)
Hours of light: L -O

DA 11o /0i I

Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness

(mqlLl

Total
Alkalinity

(me.L\

Survivors

CommentsA B C D

0.20 17.( 7 - L :o t " l ,J L6 t ( " l g t c ic\ iL'
AN rrVl'AL: it {'irr:r}P at'>

0 . 1 0 l{r .1 7 , 7 t:6 l r : r o l b tL)
0.05 l lo,1 7.r1 a , b , c t c t c , o
0.02s l b , G 1.t l r .4 i c r c , l o
0.0125 tb -n t..; 8 . t f o I D I D t o

0 t7"L 1.q , o:; ' l c lr5? t * ! o ! o l u J(,
Filtered/unfiltered chemistry samples taken (t /,u la l) ; 

€'|
IH o u r s o f l i g h t :  t c  

,  I

*  ( . r * .<u  - - ' ( ' i ' r '  ' '  - t '  C / (  t l J t t l r t a l  t t - - t l  f ' r < ' 'ol- 7-:; (.' L- , fS^- tf f t-tl 
o I

P a g e 3 o f  l L l



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamprev FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-38 Client Windward Investigator

WATER QUALITY DATA SHEET

D A Y 3 t l l r ? l D l L f l 1
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(ms/L)

Total
Alkalinity

(ms/L)

Survivors

CommentsA B L D

0.20 l 7 a ?,L , O 5 h L T t ? 0Ltc, l ) uy0)| ft01 t LLtr)l f t / /  tvrvlvL.t l .  Arrro,c

0 . 1 0 t74 +/) c l - | bt q0, 1 t to) f(fDr +qo) tl'rl \ tv-vt vurl z f1
0.05 lo

'h"l q . l /0 1 O / ( ) / i )
0.025 |-t, t 8 ie t ( ) l() /O
0.0125 a.b t r t t It) l i) l L ) t ()

0 +-4 ? . b l € < +,.') 1;l 2r / t 1 L lU t o
Filtered/unfiltered chemistry samples taken ( J I t VoV
Hours of lighr: l - 72

DAY 4 t t9
Conc.
(mg/L)

Temp
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(ms/L)

Total
Alkalinity

(ms/L)

Survivors
CommentsA B c D

0.20 lT4 ?- l
"7) q .< "/-rb l7-. o otLd) C, Ltn 0t t0)

0 .  l 0 t u i l-7- 0 ( ttt)l tt ( qlt {,t)vt O{TE) i ,
0.05 l u b 2,"4 Li. ' l Liloot nLzaT{91)ff"1( 'n?t/trr-i' 

/ t rl,rn, - . pal<u
0.025 I i'- tr) t q- t 0 /d t L J /afAar"), t"'i/. r.,/".
0 .0125 tb. T, t o l J t 0 t '

0 r7 , l *,5 q 0 * . q 7/ t ) t d T C
Filtered/unfi ltered chemistry samples taken h yt ctl
Ammonia samples taken in control and 0.2 mg/L (1 I l t "l> A&
nours OI l lgnt :  L- .

0,  / r ' t ' ' ' ** i " ' t " \ i "

/", ,,J ,

rrH
( '1 '  " \ 'w '  '

V' i l ' '  f  
'"^ ' ' {  

f

,l/n l ,: l' , (t, .'" :r'n { r ' t

r a ' L -  !  (  ( t )

? , ' l  3  3- t  ( , : , ' )

i . .1  " ;  t  |  
' l  ( ' : " )

i F . t r : :  
" : , . y  ( (  J

4'8x",

/ ; : L , , , ,  .  . \
t . /

f r"t-r''\ ( {
,  ,  I  . r '- i  
l " ; . r  1 ' " '
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NORTHWESTERN AQUNTIC  SCI  ENCES

I -AMPREY S t ]RV IVAL

PROTOCIOL NO. NAS-686-l-ar.nprey' FT acute

FL,OW-TI IROUGTI TI ]S ' I

' Iesr  
No,  686- i8 C l i en t Windward I nvestigator

NOTES ON PREPARATION OF 0.2 MGiL COPPER STOCK

SYSTEM DESICN
1'he objective is to deliver 0.2 nrg/L of copper. prepared frorn reagent grade CLTSOq' 5H2O. to the diluter
krx icant  chanrber  at  a norn inal  constant  rate o{ '160 rn l r ' rn in.  To accornpl ish th is .  a large rn ix ing reselvoi r .
approximately '54[-  capaci t l , ' .  o f  0.2 mg, ' l -  Copper solut ion in  d i lLr t ion watef  is  nra inta ined at  test  temperature.
This is  done bv nreter ing a constant  suppl l 'o1 'concentratec l  copper s toc l< solut ion in to the large tox icant
reservoi r  wi th v igolorrs  mix ing.  rv l r i le  a lso replac ing.  under t loat  va lve contro l .  d i lLr t ion water  to replace
del iven of  the 0.2 rng '1.  copper solut ion to the d i lu ter .  Concentrated copper s tock solut ions wi l l  be main la ined
by dai l i  preparat ion o1 '  l -2 t -  vo lur les of  the stock solut ion.

To replace 160 rn l inr in  of  0.2 r rg/L Cu wi thdrawr. r  f ionr  the tox icant  mix ing reservoi r ,  the concentrated stock
solut ion u ' i l l  be prepared at  a concentrat ion of  32 mg, l l -  and rnetered in to the mix ing reservoi r  at  a rate of  1.0
rn l / r n i n . ' l ' l r econcen t r -a teds toc l<coppe f  so lu t i on l v i l l  bep repa redasneededbyd i l L r t i ono f32 rn l / Lo f  1 .00
nrg/rn l  copper solut ion.

RECORD OF SOLTJTION PREPARATIONS-.
1.0 rrgirnlCu i i" '1' : ' ,1 ?fu"1/u"l tF<

32 nre/ l  .  Cu Conc.  Stock
( j v  " ! / t 7 / ; :  t 1 ' l , s t , , ' -  t L -

( t< qi4f t .)  /( ' : ' \sr-r" ' '  '  L, l
(6r - -  i ; i ' t !1" -  td  ; ' ; - t 'u  -  tL

DILUTER CAPILLARY FLOWS

! o

? u

.l lott 1qlq11n 'rf l

FLOWS TO REPLTCATE AQUAI i lA

D I  LUTER CAL I  BRATIONS ITECOI ID

D i l u te r  Tank
Tr

Di luter  Tank

l lO  I
t"

._ / [,j",.-

l,<n- 4ftalt-t
t"fL. c11n I ,tt

rv /

r,",it. dE'</
Rela t ive  Concent ra t ion  (o  d )

xtrd r, . r" ]

3no _ j ,rqo__L_
.- t jo I  3()s-

; . 9 !
i 3 0  ,
5l;___ __,

I ,-l

D a t e 9 r i  ? ;
Drain #

Tirne lgf>
Sunnlv J 'ank

Qr:, 'lLj

Renl icate

d ?_ -f inre /C : JJ /  - '  l l l i t .  0 (J-<- -
Relat ive Conc.ntrf f i"  (9i l  

-

r 0 0 50 25 1 2 . 5 6 t5 U

A ?,./ o l  J l l ? r  ' J ' " 7 L1-7 a L t c

B Z T I , 3 t o < 1  / n z . r ' ]
C

'-) z-c a , - - ^ ,, (''i i  ( \

t ) ] r , - t ?,.'-l 0 = 4  f i
L ( . J

'r ' r
) t -  s
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Water Qual i ty Computat ion -  Test No. 686-38

Temp DO pH Cond Hard Atk
1
2

4
5
6
7
8
9

1 0
1 1
1 2
I J

1 4
'15

t o
4 - 7

1 B
1 9
20
2 1
22
Z J

24
z 3

26
Z I

28
Z V

30
3 1
32

1 7 . 0
1 7  1
1 7 2
1 6 . 9
1 7  1
1 7  . 4
1 6 . 9
1 6 . 8
t o .  /
1 A  A

t o .  /

1 7 . 0
1 7 0
1 6 . 9
1 6 I
1 6 . 6
t o . Y

1 7 2
1 7 0
1 7 . 0
1 7 . 0
1 7 . 0
l I . l

1 7 . 4
1 7 . 0
1 6 . 8
t o . o

t o . o

1 6 . 8
1 7  . 1

8 . 7
8 . 8
8 . 5
8 . 6
8 . 5
8 .4
8 . 1
8 . 3
a 1

6 . 2

8 . 0
7 . 6
9 4
8 8
o . o

8 .4
B 2
8 .0

o l

9 . 1
8 . 8
8 .6

9 . 5
9 . 3
Y . Z

9 ' 1
8 . 8
B 4

7 . 8
7 . 9
o . z

6 . 2

8 . 2
o . z

7 .8
8 .0
8 . 3
8 . 3
R 6

8 4
L Z

7 . 7
7 . 9
7 A

8 0
7 9
7 . 2
7 . 0
7 .4
7 . 4
7 . 6
L O

7 . 1
7 . 2
7 . 4
7 . 4
t . J

7 . 5

1  '10
'1  10
95

1 0 0
1 0 5
'105

1 0 5
1 0 5
95
V U

28
z6
zo
zo
28
z 6

28
2 8
26
2 5

24
23
4 - 7

1 9
'16

1 8
1 8
2 1
1 2
4 ?

mean
s . d
N
mrn
max

1 6 . 9
0 2
J U

t o . o

1 7 . 4

B 6
0 . 5
J U

7 6

7 B
0 .4
30
7 0
8 5

27
1

1 0
25
z o

,18
A

1 0
t z

24

102
7

1 0
90

1 1 0

[ )r't'' t  ( * i ' l t ' l ' l /

l o  u (  t 7



WQ Gomputat ion -  accl imation (8-31-07 to 9-14-07) -  Test No. 686-38

Temp DO pH Cond Hard Atk
30
30
30
30
30
? 6

38
J U

29

34
34
34
34
zo
60
60
55
48

I
a

4
5
6
7
8
I

1 0
1 1
1 2
I J

1 4
1 5
1 6
1 7

1 6 8
1 6 9
1 6 7
16.7
t o . z

1 6  3
1 6 . 8
t o .  Y

1 7 . 0
1 6 7
16.7
1 7 . 4
1 7 . 0
1 7 . 1
1 7  . 1

7 5
7 4
9 1
9 . 2
8 . 8

9 . 0
9 . 1

8 . 8
o . Y

9 .0
9.4
9 .0
o l

t . z

7 1
7 6
7 7
7 . 5
7 . 2

7 0
7 5
7 5
t . z

7 .6
8 .0
8 .0
6 . 2

1 3 5
140
r o u
1 6 0
1 R 6

170
1 8 5
1 5 5
1 6 0
170
1 7 5
235
1 8 5
170

mean
s . d .
N
m l n
max

1 6 . 8
0 3
1 5

t o z

1 7 4

8 . 8
u . o
1 5
/ 4
9 . 4

7 5
0 4
1 5

7 0
8 . 2

1 6 9
24
1 5

1 3 5

3 1

9
29
38

43
1 3

v

26
60

(t; ' -'  
t  l u ' l ' t '

l t  j (  t 7
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Acute 96-hr Toxicitv Test-95 Hr Survival

End Date: gl18lo7 13.30 Lab lD: ORNAS-Northwestern Aquati Sample Type: CUSO-Copper sulfate

Sample Date
Comments:

Protocol: NAS-686-Lamprey Ft acute Test Species: LY-Lampetra sp.

1 2 4
D-Control

0 . 0 1 3
0.023
0.043
0.088
0.164

1.0000
1.0000
1.0000
0.4000
0.0000
0.0000

1.0000
'1.0000

1.0000
0.8000
0.0000
0.0000

1.0000
1.0000
1.0000
0.7000
0.0000
0.0000

1.0000
1.0000
1.0000
0.4000
0.0000
0.0000

Transform: Ar@ Rank l-Tailed Number Total
Conc-mg/L Mean N-Mean fvlean Min Max CVTo_. N Sum Critical Resp - Number

1.4120 0.000 4 0 40

0.013 1 .0000 1 .0000 1.4120 1.4120 1 .4120 0.000 4
0.023 1.0000 1.0000 1.4120 1.4120 1.4120 0.000 4

.0.043 0.5750 0.5750 0.8669 0.6847 1.1071 24.877 4
0.088 0.0000 0.0000 0.1588 0.1588 0.1588 0.000 4
0 .164 0 .0000 0 .0000 0 .1588 0 .1588 0 .1588 0 .000 4

18.00  10 .00
18.00  10 .00
10.00  10 .00

0 4 0
0 4 0

1 7  4 0
40 40
40 40

Statistic Crit ical Skew KurtAuxil iary Tests
Shapiro-Wi lk 's  Test  ind icates non-normal  d is t r ibut ion (p '=  0.01) 0.70838 0.844 0.31227 2.93727

alitv of variance cannot be confirmed
Hvpothesis Test (1 -tail, NOEC LOEC h

Steel's Manv-One Rank Test 0.023 0.043 0.03145

5.O% 0.0464 0.0413 0.0521
10.0% 0.0465 0.0407 0.0531
20.0% 0

Auto-0.0%

o  n A
o  " ' "

O n 6

o
I 0 . 4

E

1 . 0

0.9

0.8

0.7

n ?

0.2

0 .1

0 .0
0 .01

ToxCalc v5.0.23N

Trimmed Spearman-Karber

Trim Level -l€5d . 997" Cf _ _ . .
0 0%- 0.0463 0.0416 0.05'14

0.0390 0.0561
b463 ,)  0.0416 o.o5'14

e^g"  i i  or  tLJ



Test: AT-Acute 96-hr ToxicitY Test

Species: LY-Lampetra sP.
Samole lD:
Start Date: 9114107 13:20 End Date:  9/18/07 13:30

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

Sample Type: CUSO-Copper sulfate
Lab lD: ORNAS-Northwestern Aquatic Sciences

Pos I D Rep Group Start 24 Hr 48 Hr 7 2 H r 96 Hr Notes

1 1 D-Control 1
,|

2 z D-Control 1C 1 (

J D-Control ,IC 1

4 4 D-Control ' lc ' l t

6 1 0 . 0 1 3 1C 1

o z 0 . 0 1 3 1 1

7 0 . 0 1 3 1 1 (

8 4 0 . 0 1 3 1 1
o 1 0.023 1 1C

1 0 z 0.023 1 1C
1 1 o.023 1C

t z 4 o.o23 1 1C
4
I 0.043 1 A

1 4 z 0.043 1 8

t 3 0.043 I

t o 4 0.043 1 4

1 7 1 0.088 1 L

1 8 2 0.088 c
1 9 0.088 't(

20 4 0.088 1 (

21 I 0.164 1

zz a 0 .1  64 ' t (

z 5 0. '164 1C

24 4 0.164 1C

Comments:

ToxCalc 5.0.23N

ease l1 "t I 1



LAMpREy (LAM2ETRA Sp.) DEF|NTT|VE 96-HR
FLOW.THROUGH ACUTE TOXICITY TEST OF ANILINE

NAS Test No. 686-39

Submitted to

Windward Environmental LLC
200 West Mercer Street, Suite 401

Seatt le, WA 98119

Submitted bv

Northwestern Aquatic Sciences
3814 Yaquina Bay Road

P.O. Box 1437
Newport, OR 97365

Apri l3,  2008



NORTHWESTERN AQUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test  No. :  686-39
Title: Lamprey (Lampetra sp.) definitive 96-hr flow-through acute toxicity test of aniline.
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 Stud), Monitor: Ms. Helle Andersen.
Testing Laboratory: Northwestem Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newporl Laboratory.
Laboratory's Study Personnel: 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., Aq. Toxicol.
Study Schedule:
Test Beginning: 10-l-07, 1615 hrs.
Test Ending: 10-5-07, 1600 hrs.
Disposition of Sfudlz Records: All specimens, raw data, reporls and other study records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
9736s.
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
ParI792).
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 ofthe raw data.

TEST MATERIAL
Description: Aniline (Fisher Scientihc, Lot No. 012020).
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 al., 1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 mlimin per toxicant concentration. The diluter
design was such that 160 ml/min of the toxicant solution at the highest test concentration (nominal 1200 mglL
aniline) was required to be continuously delivered to the toxicant supply chamber of the diluter. To accomplish
this, a large mixing reservoir, approximately 54L capacify, of nominal 1200 mglL 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 mglL 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 supplied continuously to the toxicant
diluter throughout the study.
Pretreatment: The water was dechlorinated by carbon filtration, particle filtered to I pm, and adjusted to a
target water hardness of 25-30 mg/L as CaCO3. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization carlridges.

TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Age/Size: Ammocoetes; target size range, 4-6 cm; actual size of 10 ammocoete subsample, 5.0 + 0.5 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
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rnl/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 fwo weeks prior to testing (9-15-01 to 9-30-07) were: temperature, l7.l + 0.2oC;

dissolvedoxygen,9.1 t0.2mglL;pH,7.8+0.3;  speci f icconductance,  134X12 pmhos/cm; hardness,44+4

mg/L as CaCO3; and alkalinity,32 + 4 mglL as CaCO3.

TEST PROCEDURES A.ND 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, 150,15, and 0 mg/L (control)

aniline.
Replicates/Treatment: 4
OrganismsiTreatment: 40
Loadinq: 0.40 glL
Aeration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 nrl/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 mortalify,
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 I and2). The target water quality conditions were as follows:

Temperature, 1l + loc; dissolved oxygen, >4.0 mglL; hardness, 25-30 mglL as CaCO3. 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 freatment 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
adjusfment, 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 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 anall.tical chemistry laboratory (Columbia Analytical Services) at Kelso, WA. No

preservative was employed. Samples were keptrefrigerated 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
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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
intensify 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.
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 l0 ammocoetes were weighed and
measured at the beginning of the test instead. This is a minor deviation and is without consequence for
intemretation of the sfudv results.

TEST RESULTS
Water quality conditions measured in test aquaria dunng 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 ftom6.2 - 6.J. Mean hardness also was in the specified range of 25-30 mg/L as CaCO3.

The concentrations of aniline measured during the toxicity test are summarized in Table 2. Meanmeasured
concentrations in the test ranged from 1 13 t 16 mglL at the lowest level to 1 300 + 187 mglL 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 >90o/o. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occuned in the highest , and 0%o mortality was observed in the two lowest,
test concentrations. Partial mofiality was observed in the middle (3 l8 mgil) and second highest (634 mgil-) test
concentratlons.

The toxicity of aniline to lamprey (Lampetra sp.) ammocoetes as the 96-hr LC50 was 430 mglL (95%
confidence limits, 381 - 486 mglL). 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
P.es.16:451-464.

EP A. 2002. Methods for Measuring the Acute Toxicify of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Ofttce of Water, U.S. Environmental Protection Agency,
Washington, DC.
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Table L Measured water quality conditions during the 96-hr acute toxicity test of aniline to
lamorev ammocoetes.

Parameter Mean + S.D. N Range

Temperature (oC) 16.9 t0.4 30 16.2 - 17.6
Dissolved oxygen (mg/L) 9 . 2  ! 0 . 2 30 8.8  -  9 .6
pH 6.4 !  0 .2 30 6.2 -  6.1
Spec ifi c conductance ( umhos/cm) 9 8  ! 2 l 0 97 - 100
Hardness (mg/L as CaCO:) 2 6 + l l 0 2 4 - 2 8
Alkalinity (mg/L as CaCO:) 2 l + l 5 2 0 - 2 3

Table 2. Measured concentrations of aniline during the 96-hr acute toxicity test of aniline to
lamprev ammocoetes. Measurements performed bv Columbia Analytical Services.

Nominal (mgil-) Measured (mg/L)

Mean + S.D. N Range

l 200 1 3 0 0  +  1 8 7 5 I  100 -  1500
600 634 I  85 5 s30 -  730
300 318 t25 5 300 - 360
1 5 0 1 7 6  ! 2 3 5 150 - 200
15 1 1 3  r  1 6 95 -  130
0 0.5  1  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
(mg/L)

Ammocoetes Ammocoetes Percent Meanoh
Replicate exposed Su l i v i ng Survival Survival

r 300

634

0.5
(Control)

A

B
(-
D

A
B
C
D

A
B
L ,

D

A
B
L

D

A
B
L

D

B
C
D

1 0
1 0
l 0
l 0

1 0
1 0
1 0
1 0

1 0
1 0
l 0
l 0

l 0
l 0
1 0
1 0

l 0
l 0
t 0
1 0

l 0
1 0
1 0
1 0

0
0
0
0

2
z

0
a
J

1 0
1 0
l 0
l 0

l 0
1 0
t 0
1 0

l 0
1 0
l 0
l 0

0.0
0 .0
0 .0
0 .0

20.0
20.0
0.0
30.0

70.0
70.0
60.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

17.5

75.0

100.0

100.0

100.0

0 .0

7
1
6
1 0

3 1 8

l / o

1 1 3

* Mean significantly (p:0.05) different from the control.
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STUDY PROTOCOL

LAMPREY (LAMPETRA sp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose of Study: The purpose of this study is to deternrine t lre acute toxicity of six chemicals, representing a
range of toxic rrrodes of act iot. t ,  to lamprey (Lampelra sp.) anrmocoetes. The study wil l  be performed using
rnethods based on the methods for nreasuring acute toxicity with other f ish species as described in U.S.
Env i ronmenta l  Pro tec t ion  Agency  (2002)  and Amer ican Soc ie ty  fo r  Tes t ing  and Mater ia ls  (ASTM) (  1996)
gu idance.

Summar l lo fMethod:  Indef in i t i ve tes ts .  lanrpreyammocoetesareexposedfor96hours to f i veconcent ra t ions
of test rnaterial and a di lut ion water control.  The test concentrat ions are arranged in a logarithmic series based
on the results of rarrge f inding tests. Four repl icates, each with l0 organisms, are employed at each test
concentrat ion, i f  there are suff icient nunrbers of ammocoetes. Flow-through exposures are employed. Test
chambers are glass aquaria less than or equal to two gal lons in volurne. Mortal i ty is the effect cr i ter ion. The
data  ana lys is  cons is ts  o f  ca lcu la t ing  nreans  and s tandard  dev ia t ions  fo r  s r r rv iva l .  An  LC-50 w i th  95%
confidence intervals nrav be calculated alorrg with the NOE,C and LOE,C concentrat ions.

STUDY MANAGEMENT

Sponsor's Nanre and Address:
Windward  Env i ronmenta l  LLC
200 West Mercer Street. Suite 40 |
S e a t t l e .  W A  9 8 1 1 9

Sponsor 's  S tud-v  Mor r i to r :
Ms.  He l le  Andersen

Name of Testing Laboratory:
Nor thwestern  Aquat ic  Sc iences
3 8 1 4  Y a q u i n a  B a y  R o a d
P.O.  Box  I '137
Newpor t ,  OR 97365

Test [ ,ocatiorr:  t ' \ewport,  OR.

Laboratorl l 's Key Personnel to be Assigned to the Study:
Labora tory  D i rec tor :  R ichard  S.  Ca ldwe l l ,  Ph .D.
Project Manager/Study Director: Gary A. Buhler, B.S.

QA Of f i cer /Tox ico logy  Program Mgr :  L inda K.  Nemeth ,  8 .A . ,  M.B.A.
Aquat ic  Tox ico log is t :  Gera ld  J .  I r i ssar r i ,  B .S .

Proposed Stud-y  Schedu le :  Ju ly  2007 th rough Septen iber  2007.

Good Laborator:- Practices: The test is conducted fol lowing the principles of Good Laboratory Practices (GLP) as
deflned in the EPA/' |SCA Goocl Laboratory Practice regulat ions revised August 17, 1989 (40 CFR Pan792).
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TEST MATERIAL

PROTOCOL NO. NAS-686-Lamprey FT acute
September 12.2007

Descr ip t ion :  Chern ica ls  to  be  tes ted  inc lude an i l ine ,  copper ,  pentach lo ropheno l ,  l i ndane,  d iaz inon and
naphthalene.

Prepara t ion  o f  Work ing  Stock  So lu t ion  and Tes t  Concent ra t ions :  Tes t  mater ia ls  u , i l l  be  admin is te red  us ing  a
cons tan t - f low d i lu te r  based on  the  des ign  o f  Beno i t  e t  a l  (1982) .  S tock  so lu t ions  o f  the  spar ing ly  so lub le
organ ic  compounds,  e .g .  naphtha lene,  pentach lo ropheno l ,  l i ndane,  d iaz inon,  w i l l  be  prepared cont inuous ly  by
recirculat ior.r of di lut ion water/toxicant stock solut ion through a colunrn of toxicant coated glass beads (Veith
and Co l rs tock .  1975) .  l -h is  i s  a  conceptua l  approach in  wh ich  the  spec i f i c  co lumn,  f low ra tes ,  g lass  bead
s izes ,  e tc .  need to  be  deve loped enrp i r i ca l l y .  w i th  ana ly t i ca l  feedback .  fo r  each s tudy  cons ider ing  such
variables as chemical solubi l i ty. test temperature, desired highest test concentrat ion, stock toxicant
consumption rate, etc. Given the above, sorne modif icat ions are anticipated as the studies progress. lni t ial
sys tem charac ter is t i cs  a re  as  fo l lows:  l ) the  tox icant  mix ing  tank  w i l l  have a  60- l i te r  capac i ty ;  2 )  a20 x2B0-
crn  g lass  co lu rnn  w i l l  be  ernp loyed (10  x  200-cm and 40  x  560-cm co lumns are  a lso  ava i lab le ) ;3 )  the  co lu rnn
pack ing  w i l l  employ  5- r t r tn  g lass  beads coated  w i th  the  tes t  conrpound;  4 )  par t i cu la tes  w i l l  be  f i l te red  ou t
th rough g lass  woo l ;  -5 )  f low th rough co lu r rn  w i l l  be  cont ro l led  b i r  a  var iab le -speed per is ta l t i c  punrp  or  by
in tenn i t ten t  pumping ;  and 6)  tub ing  rv i l l  be  g lass  and s i l i cone rubber .  GC/MS ana lys is  o f  tox icant  in  the
tox icant  mix ing  tank  w i l l  be  used to  op t in r ize  the  sys tem fo r  each chemica l  no ted  above pr io r  to  tes t
in i t ia t ion .The conten ts  o f  the  s tock  tox icant  reservo i r  w i l l  be  cons tan t ly  rep len ished w i th  f resh  d i lu t ion  water
as  tox icant  so lu t ion  is  sLrpp l ied  to  the  d i lL r te r .  The an i l ine  s tock  so lL r t ion  w i l l  be  prepared s i r r i la r l y ,  bu t  by
vo lunre t r i c  add i t ion  o f  an i l ine .  us ing  a  rne ter ing  pump,  to  the  s tock  tox icant  reservo i r  in  l ieu  o f  theye i th
co lun l t r .  The copperwork ing  s tock  so lu t ion  w i l l  be  prepared in  the  sanre  appara tus  by  r re te r ing  purnp add i t ion
of a concentrated copper stock solut ion to the stock toxicant reservoir.  Al l  toxicant working stock solut ions
wi l l  be  prepared and n ta in ta ined under  the  same cond i t ions  as  in  the  tes t  exposures  and de l i vered  cont inuous ly
to the toxicant charlber of the di luter at an appropriate rate.

D I L U T I O N  W A T E R

Di lu t ion  rva ter  rv i l l  be  dech lo r ina ted  C i ty  o f  Newpor t  n run ic ipa l  tap  water  ad jus ted  to  a  water  hardness  o f  25- j0
mg/L  as  CaCOr .

T E S T  O R G A N I S M S

Spec ies :  Larnprey .  Lur r rp r '  I t ' t t  sp .

Source: Arnmocoetes wil l  be col lected by Windward staff and del iverecl to the laboratory each day of
co l lec t ion .  The a l t tn tocoetes  rv i l l  be  co l lec ted  f ronr  severa l  r i vers  inc lud ing  the  S i le tz  R iver ,  r .vh ich  was the  s i te
for Phase I arrntocoetes.

Age:  a rnrnocoetes  ( iuven i le  p r io r  to  metarnorphos is )

Acc l imat ionandPre tes tObserva t ion :  Tes torgan ismswi l l  behe ld in the labora tory inorder toacc l imate to tes t
temperatt lre. Upon receipt. anirnals are removed frorn the sedinrent they are received in and placed in l0-gal lon
tanks  under  f low- th rough cond i t ions  ( -35  r r rL / rn inu te ,  o r  -  2  vo lunre  changes per  day ,  w i th  one add i t iona l  da i l y
s iphon and rep lacernent  o f  2 /3  vo lunre  o f  each tank) .  Approx imate ly  50  lamprey  are  p laced in  each tank .
l 'anks  w i l l  con ta i r r  a t  leas t  3  inches  o f  sed in ren t  (Sandtas t ic  P lay  Sand,  Waupaca Mater ia ls ,  o r  s i rn i la r  mater ia l )
covered with approxirnately 26L of test water and supplied with aeration. The rnaxirnurr temperature variat iol
d u r i n g h o l d i n g r ' v i l l  b e +  l ' C . T h e a n r n . r o c o e t e s w i l l  b e a c c l i m a t e d t o t h e l a b o r a t o r y t e s t c o n d i t i o n s f o r a
nrinimum of 5 to 7 days prior to test ini t iat ion. This rninirnum nurnber of days applies only to the f irst toxici ty
test conducted on each batch of f leld-col lected organisms. For al l  other tests, the ammocoetes wil l  be held for at
least I  3 days prior to test in i t iat ion. W hen a temperature adj ustment of nrore than 3 to 5'C is required, the
transfer fronr f ield col lect ion water to laboratory di lut ion water wi l l  be gradual. Normal behavior for lamprey
amnlocoetes  is  to  i r t - rmed ia te ly  bury  in  sed i tnent  and remain  there .  Any  dead an i rna ls  observed on  the  sed imer r t
sur face  are  ren toved da i l y .  Pas t  exper ience suggests  tha t  mor la l i t y  i s  min in ra l  dur ing  shor t - te r rn  ho ld ing  and
a n y m o f t a l i t v i s l i k e l y d u e t o d a r n a g e f i o m f i e l d c o l l e c t i o n .  I f a m r n o c o e t e s d o n o t b u r y o r t h e r e i s e x c e s s i v e
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mortal i ty in any tank. animals from that tank r.vi l l  not be used fbr test ine. Arnr.nocoetes wil l  not be fed since
they are being held shorl-terrrr.

DESCRIPTION OF TEST SYSTEM

P r e p a r a t i o n o f T e s t C o n c e n t r a t i o n s :  T e s t r n a t e r i a l s w i l l b e a d m i n i s t e r e d u s i n g a c o n s t a n t - f l o w d i l u t e r b a s e d o n
t h e d e s i g n o f B e n o i t c t u l  ( 1 9 8 2 ) .  " [ ' h e d i l u t e r w i l l  

b e c a l i b r a t e d t o d e l i v e r a 0 . 5 d i l u t i o n s e r i e s .  F l o w r a t e s
wi l l  be  ad . lus ted  to  de l i ver  a t  leas t  f i ve  tes t  chamber  vo lu r res  per  concent ra t ion  per  day .  D i lu te r  f low ra tes  rv i l l
be  measured and documented a t  the  beg inn ing  and conc lus ion  o f  each 96-hour tes t .  Th is  w i l l  be  done by
measuring individual di luter capi l lary tube f lows. When the f low rates are entered into an Excel@ spreadsheet,
the actual di lut ions of the toxicant stock can be computed. Actual test chemical concentrat ions (organic
chenr ica ls )  in  the  tox icant  mix ing  chamber  ( tox icant  s tock  so lu t ion)  and in  exposure  aquar ia  w i l l  per iod ica l l y  be
measured on a real-t ime basis at NAS to veri fy that nominal concentrat ior.rs are being routinely achieved.
Definit ive concentrat ion docunrentation in test aquaria lvi l l  result  f iorn dai ly sarnples shipped for analysis to
C A S .

Test Chanrbers and Environrnental Control:  Test chambers used in the toxicity study are glass aquaria less than
or eclual to two gal lons in volurne. The test system is housed in a constant-tenrperature, photoperiod-control led
roonr .  Aera t ion  is  no t  enrp loyed.  The photoper iod  is  cons tan t  dark  except  dur ing  nron i to r ing  ac t iv i t ies  when
ambient  (50-7-5  f t -c )  l igh t ing  is  used.

C lean ins :  A l l  labora tory  g lassware .  inc lud ing  tes t  chambers  and tox icant  d i lu t ion  sys tem,  w i l l  be  c leaned based
on the rrtethods described in U.S. Environlnental Protection Agency (2002). Init ial  cleaning incorporates the
use o f  a  labora tory  de terger r t  fo l lowed by  nru l t ip le  tap  water  r inses .  Subsequent ly ,  e i ther  d i lu te  (10%,  V:V)
ac id  (hydroch lo r ic  o r  n i t r i c )  o r  ace tone is  used to  remove rne ta ls  o r  o rgan ic  contan l inants ,  respec t ive ly .  Fur lher
mul t ip le  tap  water  r inses  are  enrp loyed a f te r  each ac id  o r  ace tone t rea tment .  Sod iur r r  hypoch lor i te  b leach rnay
be employed on  a  l i rn i ted  bas is  to  ensure  tha t  mic roorgan is rns  tha t  cou ld  n . re tabo l i ze  o rgan ic  tox icants .  e .g .
naphtha lene,  a re  I ro t  p resent .  E ,xhaus t ive  tap  water  r ins ing  is  a lways  employed fo l low ing  any  chent ica l  c lean ing
t rea tn te t t t .  A  f ina l  d i lu t ion  rva ter  r inse  o f the  exposure  appara tus  w i l l  p recede in i t ia t ion  o feach s tudy .

EXPERIMENTAL DESIGN AND TI ]ST PROCEDURES

Exper in ren ta l  Des iqn :  Thedef in i t i ve tes t invo lvesexposureof lampreya ln rnocoetes to f i ve tes tconcent ra t lons ,
using a 0.5 di lut ion series, and a di lut ion water control.  Exposures are for 96 hours. Each treatment consists of
four repl icates. eaclr containing l0 amrnocoetes. i f  there are sul ' f ic ient nunrbers of ammocoetes. I f  there are not
enough a t rn tocoetes  fb r  l0  per  rep l i ca te ,  then a t  leas t  20  per  t rea tment  (5  per  rep l i ca te )  i s  the  min in tu r r  nunrber
preferred. Test chanrbers are randomly distr ibuted in the test area. Anrmocoetes are irnpart ial ly distr ibuted to
each aqua l iumr  by  add ing  one or  two an imals  to  each tes t  rep l i ca te  and repeat ing  the  process  un t i l  each conta i r rs
l0  o rgan isms.

Effect Criterion: The effect cr i ter ion used in the larrprey amnrocoete acute toxicity test is mo(al i ty, defined as
a lack of visible respiratory nrovenrent and absence of response to tact i le st imulat ion. The mortal i ty data wil l  be
used to  cornpute  LC,50s  fo r  each exposure  per iod .  In  add i t ion  to  n ror ta l i t y .  qua l i ta t i ve  observa t ions  o f  sub le tha l
responses consist ing of errat ic srvinrr.nirrg. hyperventi lat ion. hernorrlraging, and hvper/hypoactivi ty (compared
to  the  ac t iv i t y  o f  the  organ isnrs  in  the  cont ro l  g roup)  w i l l  be  recorded i f  observed.

Tes t  Cond i t ions :  The d isso lved orygen concer r t ra t ion  in  each tes t  con ta iner  rnus t  be  >  4 .0  n rg /L  th roughout  the
test. The test temperature errrployed is l7 + l 'C. A photoperiod of constzrnt darkness is used, except during
nton i to r i t rg  ac t iv i t ies  when i l lumina t ion  is  supp l ied  by  day l igh t  f luorescent  lamps a t  an  in tens i ty  o f  50-75  f t
cand les .  Load ing  shou ld  no t  exceed 6 . lg /L  a t  lToC accord ing . to  EPA.  ASTM recommends load ing  no t  exceed
lg /L  o f  so lu t ion  pass inq  th rough the  charnber  in  2z l  hours  o r  l0g /L  o f  so lu t ion  in  the  chanrber  a t  any  t i tne .

Beg inn ing  the  Tes t :  Add ing  the  organ isnrs  to  the  equ i l ib ra ted  tes t  con ta iners  as  prev ious ly  descr ibed beg ins  the
test.

Feed inq :  None.
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Analys is  o f  Tes t  Concent ra t ions :  Dur ing  each tes t ,  sanrp les  w i l l  be
and sh ipped by  overn igh t  de l i very  to  Co lunrb ia  Ana ly t i ca l  Serv ices
procedure rvi l l  fol low the project QAPP.

PROTOCOL NO. NA5-686-Lamprey FT acute
Seoternber 12.2007

co l lec ted  fo r  chemica l  ana lys is .  he ld  a t  4 'C
in  Ke lso .  WA.  The sarnp l ins  schedu le  and

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 observatiorrs to be rrade during the test are sumnrarized as fol lows:

Type o f  Observa t ion T imes o f  observa t ion
Biological Data
l .  n ro f ta l i t v  (each tes t  con ta iner 0. 24. 48. 72. and 96 hr
2 .  sub le tha l  observa t ions  (qua l i ta t i ve) 0.  24.  48.  72.  and96 hr
Phys ica l  and Chemica l  Data
l .  D isso lved oxygen,  pH,  &  tenrpera ture ,  ( in  one

repl icate ofeach test level and the control)
2 .  Conduct iv i t y ,  hardness  & a lka l in i ty  ( in  one

repl icate of highest concentrat ion and control)
3 .  Tox icant  concent ra t ion  sanrp l ing  ( in  one rep l i ca te

o feach tes t  concent ra t ion  and the  cont ro l )
1. Di lut ion water santple for part iculate nratter. TOC

and amnror r ia
5. Sample for ammonia taken frorr one repl icate of

control and hishest test concentrat ion

0,24,  48,72,  and 96 hr

0 ,21 ,48 ,72 ,  and  96  h r

0.21,  18,72,  and 96 l t r

0 h r

96 hr

During the test, dead organisms are rernoved every 24 hours arrd f iozen by concentrat ion for possible t issue analysis.
Dissolved oxygen is nreasured r.rsing a polarographic oxygen probe cal ibrated according to the manuf-acturer 's
recornmendations. The pH and temperature are measured using a pH probe and a properly cal ibrated meter with
sca led iv is ionsof0 . lpHun i ts .  Conduct iv i t y isnreasuredus ingaca l ib ra tedconduct iv i t yn te te r .  Samples for
chemical analysis wil l  be col lected, pleserved, and sent to Colunrbia Analyt ical Services fol lowing the recommendecl
procedures of the analyt ical laboratory.

Test Terrnination: At the end of the test, all surviving control ammocoetes are weighed and nreasured for length by
replicate. All surviving or dead test organisms wil l be frozen by corrcentration for possible later t issue analysis by
Colunrbia Analytical Sen,rces.

Criteria of Test Acceptance: The test results are acceptable i f  survival in the controls is at least 90%. The
toxicity tests wil l  be perfbrrned as a 50o/o di lut ion series, i t  is anticipated that each test wi l l  have at least one or
possibly tr,r 'o paft ial  mortal i ty concentrat ions. Nominal concentrat ions of each toxicity test have be reviewed
and approved by  EPA (EPA 2007) .  However ,  because o f the  expe l in ren ta l  na ture  o f the  s tudy  and the  l in r i ted
supp ly  o f  amrnocoetes ,  the  acceptab i l i t y  o f  the  tox ic i ty  tes ts  w i l l  be  based on ly  on  the  >  90% surv iva l  i r r  con t ro l
groLlp.

D A T A  A N A L Y S I S

The percent of l ive amntocoetes is calculated for each treatnrent repl icate frorrr the raw data and the rneans are
obta ined fo r  each t rea t rnent  leve l .  An  l -C50 (mor ta l i t y )  i s  ca lcu la ted  us ing  Prob i t  o r  Tr immed
Spearman-l(arber tnethods. The NOEC and LOEC are calculated for each endpoint according to U.S.
Environtnental Protection Agency (2002) rnethods. In this procedure, the NOEC and LOE,C values are
conrputed using either Durrnett 's test, T-test with Bonferroni 's adjustment, Steel 's Many-One Rank Test, or
Wilcoxon Rank Sr"rrn Test with Borrferroni Adjustment. The appropriate test is selected after evaluating the
d a t a f b r n o r n r a l i t y a n d h o m o g e n e i t y o f v a r i a n c e .  A n a r c s i n e - s q u a r e r o o t t r a n s f o r m a t i o n i s p e r f o r m e d o n t h e
percentage effect data prior to stat ist ical analysis. The stat ist ical softrvare ernployed for these calculat ions is
Toxca lc .  v .5 .0 .23N,  T idepoo l  Sc ien t i f i  c  Sof tware .

REPORTING
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NORTHWESTERN AQUATIC SCIENCES PROTOCOI- NO. NA5-686-Larnprey FT acute
Seotenrber 12.2007

The f inal report of the study results must include al l  of the fol lowing standard information at a mrnlrruln:
l .  Name and ident i f i ca t ion  o f  the  tes t ;
2. The investigator and laboratory;
3 .  In fo rmat ion  on  the  tox icants :
4 .  In fo rmat ion  on  the  d i lu t ion  water :
5 .  Deta i led  in fo rmat io r r  about  the  tes t  o rgan isms;
6 .  Descr ip t ion  o f  the  tes t  sys tem and i t s  ca l ib ra t ion ,  inc lud ing  tes t  charnbers  and d i lu t ion  sys tern ;
7 .  A  descr ip t ion  o f  the  exper i rnenta l  des ign  and o ther  tes t  cond i t ions  inc lud ing  water  qua l i t y ;
8. Definit ion of the effect cr i ter ia and ar.ry other observations;
9. Responses, i f  any, in the control treatment;
10 .  Tabu la t ion  and s ta t i s t i ca l  ana lys is  o f rneasured responses ;
I  l .  A  descr ip t ion  o f  the  s ta t i s t i ca l  methods  used;
1 2. Any unusual inforrnation about the test or deviat ions from procedures;

The f inal study repoft wi l l  include the study protocol and al l  study raw data as appendices.

STUDY DESICN ALTERATION

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

R E F E R E N C E D  G U I D E L I N E S

ASTM. 1996. Standard guide for conducting acute toxicitv tests on test nraterials with f ishes. macroinverlebrates,
and anrphibiars. E729-96. Arrrerican Sociefy for Testing and Materials, Phi ladelphia, PA.

Beno i t ,  D . ,  V .  Mat tson.  and D.  O lson.  1982.  A  cont inuous- f low nr in i -d i lu te r  sys tem fo r  tox ic i ty  tes t i r )g .
Water  Res.  l6 :457-161.

EPA. 2002. Methods for Measuring the Acute Toxicity of Eff luents and Receiving Waters to Freshwater and
Mar ine  Organ is rns .  F i f th  ed i t ion .  EPA-821-R-02-0  12 .  Of f i ce  o f  Water .  U .S.  E ,nv i ronrnenta l  Pro tec t ion
Agency .  Wash ing ton ,  DC.

EPA. 2007. Letter to Lorver Wil lamette Group frorn C. Hurnphrey and E. Bl ischke dated August 17,2007 regarding

Port land Harbor RI/FS: Lanrprey toxicity test f ield sampling plan and QAPP Phase 2 addenda (approval letter).  US
Environnrental Protection Agency Region 10, Oregon Operations Off ice. Port land, OR.

Veith C.D. and V.M. Comstock. 1975. Apparatus for continuously satulat ing \vater with hydrophobic organic
cheur ica ls .  J  F ish  Res Board  Can 32 :1849-  l85 l

I 3 .  A P P R O V A L S

Narne

for Windward Environmental

for Northwcstern Aquatic Sciences
Nanre

Date

Date
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NA5-686-Lamprey FT acute
Seoternber 12.2007

Appenclix A
Test Conditions Summarv

l .  Tes t  soec ies : I.ampetra sD.
2 .  Tes t  tvoe : F low- th roueh
i .  Test  durat ion: 96 hr
4. Temperature: t 7 + l ' c
5 .  D isso lved oxyqen: > 4.0 me/L
6.  L ieht  c lual i tv  & in tensi tv : Anrb ien t  labora tor l  l i gh t  1 -s9-75  1-1- . ;
7 .  Photoper iod : Constant dark, except durinq nronitoring activi t ies
8. Test charnbers: g lass  aquar ia  less  than or  equa l  to  two ga l lons  in

vo lnme.
9 .  Tes t  chamber  vo lumes oer  dav : At least 5

0 .  Rep l ica tes  Der  t rea t rnent : 4
I .  Organisrrrs per repl icate: t 0
2.  Age o f  tes t  o rgar r is rns anlmocoete
3 .  Feed ing  reg in re : None
4.  Aera t ion None

1 5 .  D i l u t i o n  w a t e r Dechlorinated City of Newport tap water; hardness
adiusted to 25-30 nre/l-  as CaCOr

16.  Tes t  concent ra t ions : 5 and a di lut ion water control
17.  Water  qual i ty : Tempera ture ,  pH,  &  d isso lved oxygen in  one rep l i ca te

o f  each tes t  concent ra t ion  da i l y .  Conduct iv i t y ,
hardness  & a lka l in i ty  in  one rep l i ca te  o f  h ighes t
concent ra t ion  and cont ro l  da i l v

I  8 .  Soec ia l  con t ro ls : None
I9 .  E ,ndpo in t : Mortal i ty
20. Test acceptabil ity criteria: >90?ir control survival
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamprey FT acure /

LAMPREY suRVrvAL FLow-rHRoucH rESr t /9/

Test No. 686-39 Client Windward tnu"rtigutor-�L f 
t]/Jf

STUDY MANAGEMENT:
Client: Windyiarl-Environmental. 200 West Mercer Street. Suite 401. Seattle. WA 981l9
Client's Study Monitor: -lvl!-Helle Andersen
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road, Newport, OR 97365
Laboratory's Sfudv Personnel:

Project Manager: lGaly :\-Buhler
QA Officer: L.K-\le!qq!h

Study Djrector: Richard S.Caldwell GL
r - G J , f f i
3 .
5 .

2 .
4 .

Study Schedule:
Test Beginning:

' t  i - , . t )  lU l f TestEnding: /O-;7rV /U O0

TEST MATERIAL:
Description: Aniline Fisher Scientific Lot # 072020

DILUTION WATER:
Description: Dqqhledued
Date of Preparatior/Collection:
Water Quality: Cond. (pmhos/cm) ,'L f - *. J . t

Hardness (mgil as CaCO3) l{- td Alkalinity (mg/L as CaCQ) Ll . z-t l_ t
Treatments: Hardness adiusted to 25-30 me/L with a Cullisan@ water treatment svstem.

TEST ORGANISMS:
Species: Lamprey ammocoetes sp.) Age:
Sources: Alsea rivers
Acclimation Data: See pages:

Size: 4-6 cm

TEST PROCEDURES AND CONDITIONS:
Test Concentrations (nominal): I2QQ-5QQ-3QQ-150. 75 & 0 me/L
Test Chambers (description): 2.5 eallon slass aquaria Test Volume (ml): j.80 L
Replicates/treatment: 4 Offir"rVtt.atmeni: 4S tS0teplieatd 

-

Test water changes: flew lhrcugL
Aeration duringlest: none unless DO dr saturation lbO /, "1' r :
Temperature ("C): _1_Zl_1'Q

ft'-' .
Lf  ' ' t  f  ' t

i-)FC.' J  { -y . j  "v . .  l t . .  , r f t l r t '
I

Feeding: NOne Photoperiod: Darkness except for WO & chemistrv measurements
Test Duration (hr) 96 bOurs Tank Placement: QqnqBlqle r4ndomization

Randomization Chart:

Diluter

1 1  u J * / |

8
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NORTHWESTERN AQUATIC SCIENCES

Test No. 686-39 Client

LAMPREY SURVIVAL FLOW-THROUGH TEST

Windward

PROTOCOL NO. NAS-686-Lamprey FT acute

Investigator.

TEST SOLUTION PREPARATION: ./
Sqe pase 5 for details

/u'-/ a, 4+>
weisht (e) Lensth (cm) Comments

I a r .  L l
2 O 

'Lu" t - (
3 r j . .  : 1  |

4 C f-r
5 f) 

-t ',') q . (
6 0  - ' t  . q ? t
7 h  t 4 t'r

6 ( l <. - trz
9 C,. L/, X
1 0 C  L " [ \ - - , 2
Mean i l  1 , \ +1'
S.D. n .ov u,5
(N) L .  U l r  l o \

Weight of 10 animals at test initiation

MISCELLANEOUS NOTES:

Room light intensity 1tq' / f' 7 to- q t y(#

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.

I ,,1l,{7 '/' l ,-

Error codes:
I ) Correction of handwriting enor
2) Written in wrong location; entry deleted
3) Wrong date deleted; replaced with correct date
4) Enor found in measurement; measurement repeated

4
v
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamprev FT acute

Investigator

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-39 Client Windward

WATER QUALITY DATA SHEET

DAY O L
Conc.
(mg/L)

Temp
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(me/L)

Total
Alkalinity

(me/L)

Survivors
CommentsB D

1200 tb:* L - L lo L) (t- | au 7|bct tc /o k) l o Al/ z" ' t t4,r .4/ '  /  - , , ' - , , , ,  J<

600 lu."l b .b f .,t t4) /() /0 ; 7 1
4 / l  ^ , - w / ,  / . J , . ^ v e l 2

300 I b - r b t t a ' l /o tc ^) ,/ c,

1 5 0 11. .  1 I ' U f l4 /a l r /L) t o
75 lt."1 b l I't) r O /J i O TO
0 t b ( l/-? i 0 0 t L^4 Z4 lCI l L )

] ; - \
l L ) /o

Chemistry samples taken(l'4 1 /c,)
Particulate rratter, TOC, and arnmonia samples taken in dilution water (0 / I /oU tn l-t
Hours of l ighri J - 

di

o

Hours of light: /- ()

DA o
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(mslL\

Total
Alkalinity

(me/L)

Survivors

CommentsA B C U

1200 ,?-t ld Il I oo 7.o L V >qt() o(nDt t(tot) Cf,. t1JO) O tt Vj)

600 lu/ 14,,1 ci .  7
I L/ ltl /() t.D ,L. tliv, .?.t/r, t - /-.-, lptt.n l^. r,1

300 I +tl b,'4 i-.c le) l1 ' ) /a /.' " '-t 'u-(t . e*"en', i--to..L",,.L

1 5 0 , h L V") t . 1" r r ) t o / O 1 l J / 4-)

75 l?r 6 ; q . l r 'O / O r . A /7)
0 l7-{d It.Lt l o a d'i" L l r t 2 - l 10 lo t 0 fa

Chemrstry samples taken (i I / L. I aT

L

DAY2 (  tu l  \  l c ,
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(ms/L)

Total
Alkalinity

(mslL)

Survivors

CommentsA B C D

1200 /v" l t -11 '1 ? c i , l zu > < @
,0 o o o

600 'l t ' "1 b 4 '7.U quat lo {trot Qt fil I'q l*iJc,t/telzsr"t. un^ yt*uJ
300 tVLt b-t 9 * /r) IJ lo tt) li;/4atu, r,/. ./1.-' 4 z. h,.q i n'^, ^.1
t 5 0 /L t l v , ) , 7 O /o /o /o /o /t t ' t,,"- i" pz,/./qnut. I-,tz l.,-tt
75 170 ' 1  . . - lo to to t o i. io,  I ,e" , t
0 t 1 - i u.l'l 9 + J . 9 2,; 2-\ t0 /o /o i(\

Chemistry samples taken (rf /3 hT) t6 th ' ^< ,^ece/ "a  t , t * f

4
4

Hours of light: /' ul
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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_

WATER QUALITY DATA SHEET

ry

Chemistry samples take"(Plt {,} ) (lS
Hours of l isht: / '  u

DAY 3 la?)  u
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness

{ m g / I . )

Total
Alkalinity

(mg/L)

Survivors

CommentsA B D

1200 I t > u4 q+ 9l , t 2 S 7:5 es ,ilJ
r ' ' o () a O

600 i u  Q (,, r{ ?-{fl,) s'(\n ilL'ot ,rlr0) l,'.j,f ,f"rt *,---, ;*.u33it!.'.
300 r l ' i L" "\ 4 . 5 t t o 4t,tot ,Nt za la l, e rl ;J-t. n -(., *,- -n. r.:. . ':-1:.n:,
1 5 0 l]'7- c7- E

/a
/0 / o t'J ju;;k /'n-ya./r'L,,,. .. E_t*Fe-l

75 ll,, > (..2, 9 - q /o /i) fcl 9.'.'ts2. Ki*r.J
0 | 1 - L . (,t,/ 1 7 . L L,S z - l /(7 /o /Q /4.)

1 o+ (4,

Ammonia samples taken in control and 1200 mglLQ,:, I r'/,h Lr't
Hours of light: l. U

$, /, ,n,. '  i  r, : '1 t '  . '  t  ' t4 ( F' / ;  ' / '  l  / : f""^ l

( " , , t j  4? , " ' : !  f . (  ( - t t )  QtL l

F+ i  ( - , (  t  c  r  r : . )  , {  ' l - t '

' ' r *4 
t  "  r (" i ' !  t 'Y { i - )

{fi " '1 rr: : '

l i L ,  l , 7 . ,  2 t ' a " t  t ' i  ( t ' )

DAY 4  (  IO I / u (
Conc.
(mg/L)

Temp.
("c) p H Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(me/L)

Total
Alkalinity

(mg/L)

Survivors

Comments

v

B D

r200 / t . 1 b " l 1 T - t ,LL )S-uo o o o o
600 /u.')b r . - 1 U 3 D \ 'u ) t r l a(.2-ol jtro)

I  / " 1u  ,  ^ t r L  v \> .< .  t , ' i l ' "
300 l b q I t L cl  . . t ) ( t o t

'7/Lol $ ( w t /t) /.>..1rt-,4,?,1:?- , ̂  '.'.:*,
1 5 0 at- L r Q N) /.- {r k,-'<Jt /, n'rO, . 1,1^t ,'-t - ,

15 ! T\) b - t / . q 1c ) ta\ r\ kr*ke ./

0 12 "t b-< ')+ L)- 'L.f i > io va t . )

Chemistry samples taken (,i, '  l i  lry) i/ '
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NORTH WT]STERN AQIJ A-f IC SC I I]NCES PRO'|OCOL NO. NA5-686-Lamprev FT acute

LAMPREY S IJRVIVAI -  FLOW-THROUGH TEST

Test No. i&6--39 __Client_ W' indrr  ard lrrvestigator

at  a nominal  constant  rate of  160 r l l / rn in.  To acc{rnpl ish th is .  a large mix ing reservoi r .  approximately  54L

capaci ty .  of  1200 rns/ l ,  an i l ine solut ion in  d i lu t ior f  water  is  nra inta ined at  test  temperature.  This is  done by

metering a coustant suppll '  of a saturated soltrt i o f  ani l ine in  water  in to the larse tox icant

reservoi r  rv i th  v igolous mix ing.  a l  a  rate of  192 n{} i rn in (or  -5. -5 ml /min)  as ani l ine.  Makeup d i lu t ion water  is

a lso added as needed r . rnc ler  f ' loa l  va lve contro l .  Approxi rnate ly '9 .5 t ,  o f  ani l ine saturated stock solut ion is
prepared dai l r

NOTES ON PREPARATTON OF 1200 MG/L ANILINE } !OCK -  .  r  t i /
/ '  -  -  -  -  t , ' t  (&t/ul ' ' \""

SYSTEM DESIGN 1 
( ('ti '3s^'L/c-,

/ " " '
The objective is to deliver 1200 mg/L of aniline (tJre highest test concentration) to the diluter toxicant charnber

{f, ,1,1;* ,h.c.{r ' \  ?'Y (i  'v '  (v't  ) w'-)

s-: (
s-. (
s-. c
d {

DI  I .TJTER CAT, I I }RAT IONS RECORD

/  t )  \

3  ( l uv / t a t *1

10f1f,-t
| "lL lr1
r ofs f o't
I ol,l 1"1

D I L U

FLows ro REpLtcATE Aet i , . \RtA ( rd c  1. .L)
Ot: /ll4_t'I __r n'ne1't!,J,t

Repl icatr '
Relat ive Concentrat io t t

'3'7
6.25

l e i  r  3 z ' -
3L

7-ll!t!) --'lgv-----L- --aa:J ,-

E R LLARY T. .LOWS
Dare Ll lt- /t/t) T i r r re /  C 'L J lnit. \tV/ Date t o/<7s7 Time /  7. : i , , I n i t . \ ( ) '

Dra in # Supplv l -ank Di luter  Tank Drain # Supply Tank Di luter  Tank
/  a ' J 8 o / ( ' v 7 r

2 Pa- 3 t 2 : f t 1 r
J tr\ r4.. ) k ' / 7 {
.l YU 1 { 4 tu
) 7 7 9 ' t ) a ?
o

-lJ<
" (

Flow rates in  tn l 'n t in

Relative Concentration ( ozo)

Repl icatc
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Water Qual i ty Computat ion -  Test No. 686-39

Temp DO pH Cond AtkHard
1

4
6

6
7
a

v

1 0
1 1
1 2
4 a

I t
t +

t o

, I

1 8

20
2 1
z z

23
24
25
zo
27
28
Z V

J U

3'1
J Z

1 6 . 8
16.4
t o .  c

t o . z

16.4
t o .  c

1 7 . 5
1 7  . 4
17.4
1 7 . 2
1 7 . 5
1 7 6
1 7  . 1
1 6 I
1 7 . 0
1 6  9
1 7 . 0
1 7 . 3
16.7
t o . o

t o . o

t o . o

l o .  /

1 7 . 2
t o . Y

1 6 . 9
1 6 . 9
1 6 . 8
1 7 0
1 7 . 2

9 . '1
8 . 9
8 . 8
8 . 9
9 . 0
8 . 8
9 . 0
Y . Z

9 . 0

9 . '1
9 . 1
9 0
8 9
v . z

9 . 0
8 . 8
9 . 6
Y . O

9 . 5
9 3
9 . 4
Y . Z

9 . 5

9 .4
9 . 2
9 . 4
9 . '1

o . l

o . o

o . o

6 . 7
6 7
6 . 6
6 . 4
6 .4
O , J

6 . 3
6 . 6
o . 4

6 . 4
6 . 3

6 . 3
6 . 4
6 4
6 . 4

o . z

o . l

6 . 4
6 . 4
6 . 3
o . z

6 .3
6 4
6 5

1 0 0
1 0 0
1 0 0
1 0 0

97
97
97

97

20
z l

2 1
2 1
Z J

zo

24
zo
zo

zo

2 5
2 8
zo

2 8

mean
s .o .
N
m r n
max

1 6 . 9
0 .4
J U

to .z

t  / . o

9 .2
0 .2
30
8 .8
v . o

6 . 4
0 . 2
? n

6 . 2
6 7

98
2

1 0

1 0 0

zo

1
1 0
. ) A

28

2 1
4

6

Z U

Z J

, 1 . . .

\ # -
t tl'51 r r

' l  r

. i l
/ " t, ll u  ' (



WQ Computat ion -  accl imation (9-15-07 to 9-30-07) -  Test No. 686-39

Temp DO pH Cond Hard Atk
1
2

4
5
6
7
8
I

1 0
1 1
1 2
4 2 .

1 4
4 q

1 6
1 7

1 7  1
1 7 . 0
1 7  1
1 7 0
1 7 7
1 7  1
1 7 0
1 7  1
1 7  1
1 6  8
1 7  . 1
1 7 . 2
1 7 . 4
1 7 . 2
1 6 . 9
1 7 . 0

J . Z

9 . 2
8 . 8
9 1
Y .  I

9 0

9 . 4

Y . J

8 . 8
Y . J

v . J

8 . 8
8 8

8 . 3
8 . 1
7 7
7 8
7 6
7 9
6 . 2

7 9
7 7
7 . 9
7 7

7 . 7
7 . 8

a a

124
1 1 5
120
120
125
1 2 5
140
1 3 0
140
140
145
140
145
1 5 0
1 5 0
140

A 4

4 1
39

36
44
42
46
44
44
4B
4B
4B
48
48

30
30
2 1
34
34

Z Y

28
Z V

30

J I

JO

36
J /

mean
s . o .
N
m t n
max

1 7  . 1
0 .2

t o

1 6  8
1 7  . 7

9 ' r
0 .2

t o

8 . 8
9 . 5

7 . 8

t o

7 2
8 3

I JZ+

1 2
1 6

1 1 5
1 5 0

44
4

t c

36
4B

J Z
^

,1 q

2 1

fi1r,'J t/
,  / . ! '-rl.-., ,
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Start Date.
End Date:
Sample Date:
Comments:

10t1t07 16.15
10t5t07 16.00

Test lD
Lab lD:

96-hr Toxic Test-96 Hr Survival
Sample lD:

ORNAS-Northwestern Aquati Sample Type:
Protocol N45-686-Lamprey Ft acute Test Species:

Ani l ine
LY-Lampetra sp.

C o n c - m q / 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 0.7000 0.7000 0.6000 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 l-Tailed Number
Conc-mq/L Mean N-Mean Sum Critical Resp

Total
Number

D-Control  1.0000 1.0000 1.4120 1.4120 1.4120 0.000 4
' l  13 1.0000 1 .0000 1.4120 1.4120 I  .4120 0.000 4
176 1.0000 '1.0000 1.4120 1.4120 1.4120 0.000 4
318 0.7500 0.7500 1 .0701 0.8861 1.4120 21.798 4

"634 0.1750 0.1750 0.4164 0.1588 0.5796 43.287 4
1 300 0.0000 0.0000 0.1 588 0.1 588 0. ' l  588 0.000 4

18.00
18.00
12.00
10.00

10.00
1 0 . 0 0
10.00
10.00

0
0
0

1 0

40

40
40
40
40
40
40

Critical Skew KurtAuxil iary Tests
Shapiro-Wi lk 's  Test  ind icates non-normal  d is t r ibut ion (p <= 0.01)
Equalitv of variance cannot be
Hvoothesis  Test  (1- ta i l .  0 chv TU
Steel's Many-One Rank Test 318 634 449.012

*-*--/
Maximum

Intercepl
TSCR

-10 .825  2 .15221  -15 .044  -6 .607

Statistic
79057 0.868

100

Dose mg/L

0.73529 4.14079

1 000 1 0000

Point P.obits -g/L 95% Fiducial L s

EC05 3.355 228.742 176.868 269.738
EC10 3.718 262.9 212.002 303.692

1 . 0

0 .9

0 .8

0.7
t r U  I J

EC20
EC25
EC4O

3.964 288.784 239.043 329.71
4.1 58 31 1 .162 262.499 352.606
4.326 331.737 283.974 374.133
4.747 38q.819 343.031 438.412
5.OOO (429.551) 381.302 486.1 05
sz1Tffis'is 421.177 542.3s7
5.674 556.206 491 .045 658.522
5.842 592.984 520.273 713.426
6.036 638.934 555.664 784.47
6.282 701.84 602.52 885.627
6.645 806.649 677.532 1062.86
7.326 1047.3 840.06 1504j8

o  o A
a - -
e

o  o 6
c L - -
o
o  n a
t -

0.2

0 . 1

0.0

C ' A A

ECSO
EC85
EC90
EC95
EC99

1 0

ToxCalc v5.0.23N

Parameter Value SE 95% Fiducial Limits Gontrol Chi-Sq Ctit ica
0. '16638 4
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Test: AT-Acute 96-hr Toxicity Test
Species: LY-Lampetra sp.
Samp le  lD :
Star t  Date:  1011lO7 16.15 End Date:  10/5/07 16:00

Test rD(686-39 l
Protocol: NAS-686-Lamprey Ft acute
Sample Type: Anil ine
Lab lD: ORNAS-Northwestern Aquatic Sciences

Pos I D Rep Group Start 24 Hr 48 Hr 7 2 H r 96 Hr Notes

1 1 D-Control ' lc 1 t

2 z D-Contro 1C 1
J D-Control 1C 1 (

4 4 D-Control 1C 1 (
6 1 ' l  13.000 I L 1C

o z 1  13 .000 1C 1C

7 1 13 .000 1C 1C

8 4 1 13 .000 1 t 1C

9 1 176.000 1C 1C
't0

z 176.000 1C 1C

1 1 176.000 1C 1C

1 2 4 176.000 1C 1C

1 3 1 318.000 . l r

1 4 z 318.000 1C
'15 318.000 1C €
t o 4 318.000 1C 1C

1 7 1 634.000 1C
'18 z 634.000 1C z

1 9 634.000 1C

20 4 634.000 1C

2 1 I 1300.000 1C C

22 z 1300.000 ' lc c
Z J 1300.000 1C L

24 4 1300.000 1C c
Comments:

ToxCalc 5.0.23N

eage /4 or lL/



LAMPREY (LAMzETRA Sp.) DEF|NtTtVE 96-HR
FLOW.THROUGH ACUTE TOXICITY TEST OF LINDANE

NAS Test No. 686-40

Submitted to

Windward Environmental LLC
200 West Mercer Street, Suite 401

Seatt le. WA 98119

Submitted bv

Northwestern Aquatic Sciences
3814 Yaquina Bay Road

P.O. Box 1437
Newport, OR 97365

April3, 2008



NORTHWESTERN AQUATIC SCIENCES

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 12,2001

STUDY MANAGEMENT
Studv Sponsor: Windward Environmental,200 West Mercer Street, Suite 401, Seattle, WA 98119.
Sponsor's Studv Monitor: Ms. Helle Andersen.
Testing Laboratory: Northwestem Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Studlz Personnel: 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, 8.S., Aq. Toxicol.
Studv Schedule:
Test Beginning: 1 0- I 8-07, 1 100 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 Norlhwestern 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
ParI 792).
Statement of Qualitv Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was perforrned in accordance with the protocol and standard operating procedures. This reporl is an
accurate reflection ofthe raw data.

TEST MATERIAL
Description: Lindane (1,2,3,4,5,6-Hexachlorocyclohexane, y-isomer, 97%) Aldrichl-otNo. 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 et a1.,1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 rnl/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 capacify, to contain the saturated solution of lindane 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
paddle, 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 sfudy, 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 lindane water saturation level under test conditions may be approximately 5 mglL.

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 I pm, and adjusted to a
target water hardness of 25-30 mg/L as CaCO3. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridges.
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TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
AgeiSize: Ammocoetes; target size range, 4-6 cm; acfual size of l0 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 ffom 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 + 0.2oCl
dissolved oxygen, 9.3 1 0.3 mg/L; pH, 7.4 + 0.4; specific conductance, 133 !28 pmhos/cm; hardness, 46 + 12
mg/L as CaCO3; and alkalinity, 40 t 13 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 8, 4,2, 1,0.5, and 0 mg/L (control) lindane.
Replicates/Treatment: 4
Organisms/Treatment: 40
Loading: 0.34 glL
Aeration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 rnl/min of test solution, or 115 Llday, at each
test concentration. At this rate of flow, test solution supply to each replicate aquarium was 5.0 volumes per
duy.
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 ofsublethal responses were recorded when observed.
Target Water Ouality 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:
Temperahrre. I 7 + 1 'C; dissolved oxygen, >4.0 mglL; hardness, 25-30 mglL as CaCO3. 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 heatment replicate from the raw survival data and the
measured lindane concentrations for each treatment level. No attempt was made to compute an LC50 because
less than 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. Tideoool Scientific Software.

TOXICANT AND OTHER CHEMISTRY ANALYSES
Test solutions were sampled once daily for lindane 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
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preservative was employed. Samples were kept refrigerated at <4"C. Sample volumes were I 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 intensify

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
intensify 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 arffnocoetes are weighed and measured for
length by replicate." Through a laboratory error, a subsample of l0 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 CaCO3.

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 mglL at the highest
exposure level. Measured dilutions were roughly 25-35% of nominal test concenfrations. 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 arnmocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival (100%) met the test acceptability criteria of >90o/o. Therefore, the test meets the protocol criterion of a
valid test. Parlial mortality was observed in the highest (2.68 mglL) test concentration. No mortality occurred in
any other test concentrations.

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

LITERATURE CITED
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Table 1. Measured water quality conditions during the 96-hr acute toxicity test of lindane to
lamorev ammocoetes.

Parameter Mean + S.D. N Range

Temoerafure (oC) 11.3 + 0.2 30 1 6 . 8  -  1 7 . 6
Dissolved oxvsen (ms/L) 8.9 t  0.4 30 7.9  -9 .7
pH 6 . 9  ! 0 . 2 J U 6.4 -  7.2
Soecihc conductance (umhos/cm) 9 6 + 4 t 0 89 - 102
Hardness (mg/L as CaCO:) 2 6 + l l 0 2 6 - 2 8
Alkalinity (mg/L as CaCO:) 1 5 + l t 0 1 3 - 1 1

Table 2. Measured concentrations of lindane during the 96-hr acute toxicity test of lindane to
lamorev ammocoetes. Measurements oerformed bv Columbia Analr,tical Services.

Nominal (mg/L) Measured (mg/L)

Mean + S.D. N Range

8 2.68 !  0 .73 5 1.60  -  3 .60
4 1 . 1 5  t  0 . 3 4 5 0.16 - |  .60
2 0.56  1  0 .08 5 0.44 - 0.67

0.28  1  0 .12 0.07 - 0.36
0 . 5 0 .21  +  0 .05 ( 0 .15  0 .26
0 0.0 r  0 .0 5 0.0  -  0 .0
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to lindane.

Lindane Ammocoetes Ammocoetes Percent Mean"/o
(mg/L) Replicate exposed Surviving Survival Survival

2 .68

1 . 1 5

0 . 5 6

0.28

0 .2 r

0 .0
(Control)

A
B
C
D

A
B
( .

D

A
B
L ,

D

A
B
C
D

A

B
C
D

A
B
C
D

1 0
l 0
1 0
1 0

1 0
l 0
l 0
1 0

1 0
1 0
1 0
l 0

l 0
1 0
1 0
1 0

1 0
l 0
t 0
l 0

l 0
1 0
l 0
l 0

6
9
l 0
l 0

l 0
1 0
1 0
1 0

1 0
l 0
l 0
l 0

1 0
1 0
1 0
l 0

1 0
t 0
t 0
l 0

l 0
t 0
l 0
t 0

60.0
90.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

87.5

100.0

100.0

100.0

100.0

r00.0

* Mean significantly (p:0.05) different from the control.
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STLJDY PROTOCOL

LAMPREY (LAMPETRA sp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purposeo fS tud ) , :  Thepu rposeo f th i ss tudy i s tode te r rn ine theacu te tox i c i t yo f s i xchemica l s , rep resen t i nga
range of toxic modes of action, to lamprev (Lontpetra sp.) amrnocoetes. The study wil l be performed using
methods based on the methods fbr nreasuring acute toxicity with other fish species as described in U.S.
Envi ronmental  Protect ion Agency (2002) and Amer ican Society for  Test ing and Mater ia ls  (ASTM) (  1996)
guidance.

Sun tmaryo fMe thod :  l nde f i n i t i ve tes t s .  l an rp reyammocoe tesa reexposed fo r96hou rs to f i veconcen t l a t i ons
of test rnaterial and a dilution water control. The test concentrations are arranged in a logarithmic series based
on the resul ts  of  range f ind ing tests.  Four  repl icates,  each wi th l0  organisrns,  are employed at  each test
concentration, if there are sufficient nunrbers of ammocoetes. Flow-through exposures are errplol,ed. Test
chanrbers are g lass aquar ia less than or  equal  to  two gal lons in  volurne.  Morta l i ty  is  the ef fect  cr i ter ion.  The
data analys is  consists  of  ca lculat ing means and standard deviat ions fbr  surv iva l .  An LC-50 wi th 95%
conf idence intervals  mav be calculated a lons wi th the NOEC and LOEC concentrat ions.

STUDY MANAGEMENT

Sponsor's Narne and Address:
Windward Envi ronrr renta l  LLC
200 West  Mercer  Street .  Sui te 40 I
Sea t t l e .  WA 98119

Sporrsor 's  StudJ Moni tor :
Ms.  Hel le  Andersen

Name of Testine Laboratory:
Northwestern Aquatic Sciences
3814 Yaquina Bay Road
P.O.  Box  1437
Ner.vport, OR 97365

Test  Locat ion:  Newport ,  OR.

Laboratory's Ke)' Personnel to be Assigned to the Study:
Laboratory Director :  Richard S.  Caldwel l ,  Ph.D.
Project  Manager/Study Director :  Gary A.  Buhler ,  B.S.
QA Off icer /Toxicology Prograrn Mgr:  L inda K.  Nemeth,  B.A. ,  N, l .B.A.
Aquat ic  Toxicologis t :  Gerald J.  I r issarr i .  B.S.

Proposed Study Schedule:  Ju ly  2007 through September 2007.

Good Laboratory Practices: The test is conducted fbllowing the principles of Good Laboratory Practices (GLP) as
defined in the E,PA/TSCA Good Laboratory Practice regulations revised August 17. 1989 (40 CFR Part792).
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TEST MATERIAL

Descr ip t ion :  Chenr ica ls  to  be  tes ted  inc lude an i l ine ,  copper ,  pentach lo ropheno l .  l i ndane,  d iaz inon and
naphtha lene.

Preparation of Working Stock Solut ion and Test Concentrat ions: Test rraterials wi l l  be adrninisterecl using a
cons tan t - f low d i lu te r  based on  the  des ign  o f  Beno i t  e t  a l  (1982) .  S toc l<  so lu t io r rs  o f  the  spar ing ly  so lub le
organ ic  contpounds.  e .g .  naphtha lene.  pentach lo ropheno l ,  I indane.  d iaz inon.  w i l l  be  prepared cont inuous ly  by
rec i rcu la t ion  o f  d i lu t ion  water / tox icant  s tock  so lu t ion  th rough a  co lu r rn  o f  tox icant  coa ted  g lass  beads (Ve i th
and Cot t ts tock ,  1975) .  Th is  i s  a  conceptua l  approach in  wh ich  the  spec i f i c  co lumn,  f low ra tes .  g lass  bead
s izes ,  e tc .  need to  be  deve loped empi r i ca l l y .  w i th  ana ly t i ca l  feedback .  fo r  each s tudy  cons ider ing  such
var iab les  as  chent ica l  so lub i l i t y .  tes t  te rnpera ture ,  des i red  h ighes t  tes t  concent ra t ion ,  s tock  tox icant
consulnption rate, etc. Given the above. sonre modif icat ions are anticipated as the studies progress. Init ial
sys tem charac ter is t i cs  a re  as  fo l lows:  l )  the  tox icant  n r ix ing  tank  w i l l  have a  60- l i te r  capac i ty ;  2 )  a  20  x  2g0-
cnr  g lass  co lumn wi l l  be  employed (10  x  200-cm and 40  x  560-cn  co lu r .uns  are  a lso  ava i lab le ) ;  3 )  the  co lunrn
pack ing  w i l l  e rnp loy  5-mm g lass  beads coated  r .v i th  the  tes t  compound;4)  par t i cu la tes  w i l l  be  f i l te red  ou t
th rough g lass  woo l ;  5 ) t lo rv  th rough co lu rnn  w i l l  be  cont ro l led  by  a  var iab le -speed per is ta l t i c  pump or  by
in te r rn i t ten t  punrp ing ;  and 6)  tub ing  w i l l  be  g lass  and s i l i cone rubber .  GC/MS ana lys is  o f  tox icant  in  the
tox icant  mix ing  tank  w i l l  be  used to  op t im ize  the  sys tenr  fb r  each chemica l  no ted  above pr io r  to  tes t
in i t ia t ion .The conten ts  o f  the  s tock  tox icant  reservo i r  w i l l  be  cons tan t ly  rep len ished w i th  f resh  d i lu t ion  water
as  tox icant  so lu t ion  is  supp l ied  to  the  d i lu te r .  The an i l ine  s tock  so lu t io r r  w i l l  be  prepared s imi la r ly ,  bu t  by
vo lumet r ic  add i t ion  o f  an i l ine ,  us ing  a  rne ter ing  pun lp ,  to  the  s tock  tox icant  reservo i r  ln  / rcu  o f  the  Ve i th
co lumn.  The copper  work ing  s toc l<  so lu t ion  w i l l  be  prepared in  the  same appara tus  by  n te te r ing  pump add i t ion
o f  a  concet r t ra ted  copper  s tock  so lu t ion  to  the  s tock  tox icant  reservo i r .  A l l  tox icant  work ing  s tock  so lu t ions
wi l l  be  prepared and tna i l r ta ined under  the  sarne  cond i t ions  as  in  the  tes t  exposures  and de l i verec l  con t inuous ly
to the toxicant chantber ofthe di luter at an appropriate rate.

D I L U T I O N  W A T E R

Dilut ion r.vater r 'vi l l  be dechlorinated Cii ty of Newporl rnunicipal tap water ad.justed to a water hardrress of 25-30
mg/L as CaCOr.

T E S T  O R G A N I S M S

Species: Larnprey. [ .ontpett 'a sp.

Source: Anrrnocoetes wil l  be col lected by Windward staff and del ivered to the laboratory each day of
co l lec t ion .  The amntocoetes  w i l l  be  co l lec ted  f ronr  severa l  r i vers  inc lud ine  the  S i le tz  R iver .  wh ich  was the  s i te
for Phase I anrmocoetes.

Age:  a r r rmocoetes  ( juven i le  p r io r  to  metamorphos is )

Accl irnation and Pretest Observation: Test organisms wil l  be held in the laboratory in order to accl intate to test
tempera ture .  Uponrece ip t ,an i l ra lsareremovedf iomthesed i r ren t theyarerece ived inandp laced in  l0 -ga l lon
tanks  under  f low- th rough cond i t ions  ( -35  mL/ rn inu te ,  o r  -  2  vo lume changes per  day ,  w i th  one add i t iona l  da i l y
s iphon and rep lace lnent  o f  2 /3  vo lume o f  each tank) .  Approx i rna te ly  50  lamprey  are  p laced in  each tank .
Tanks  w i l l  con ta i r t  a t  leas t  3  inches  o f  sed in ren t  (Sandtas t ic  P lay  Sand.  Waupaca Mater ia ls ,  o r  s in r i la r  n ra te r ia l )
covered w i th  approx imate ly  26L o f  tes t  r ' va te r  and supp l ied  w i t l r  aera t ion .  The nrax i rnunt  tempera ture  var ia t ion
d u r i n g h o l d i n g w i l l  b e +  l ' C . T h e a m r n o c o e t e s w i l l  b e a c c l i r n a t e d t o t h e l a b o r a t o r y t e s t c o n d i t i o n s f o r a
rn in i tnum o f  5  to  7  days  pr io r to  tes t  in i t ia t ion .  Th is  r r r in i r lunr  nunrbero f  days  app l ies  o r r l y  to  the  f i rs t tox ic i ty
test conducted on each batch of f ield-col lected organisrrs. For al l  other tests, the antmocoetes wil l  be held lor at
leas t  l3  days  pr io r to  tes t  in i t ia t ion .  When a  tempera ture  ad jus tment  o f  rnore  than 3  to  5"C is  requ i red ,  the
transf 'er frorn f ield col lect ion water to laboratory di lut ion water wi l l  be gradual. Norrral behavior for lamprev
anlmocoetes is to imnrediately bury in sedinrent and remain there. Any dead anintals observed on the sediment
srtrface are rernoved dai ly. Past experience suggests that morlal i ty is nrinirnal during shorl-term holding and
any n lo r ta l i t y  i s  l i ke l l ' due  to  damase f iom f le ld  co l lec t ion .  I f  anrnrocoetes  do  no t  bury  o r there  is  excess ive
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rnorlal i tv in any tank. animals frorr that tank wil l  not be used for test ins. Amrnocoetes wil l  not be fed since
they are being held shoft-ternr.

DESCRIPTION OF TEST SYSTEM

P r e p a r a t i o n o f T e s t C o n c e n t r a t i o t . t s :  T e s t r n a t e r i a l s w i l l  b e a d n t i n i s t e r e d u s i n g a c o n s t a n t - f l o w d i l u t e r b a s e d o n
the  des ign  o f  Beno i t  e t  o l  (1982) .  The d i lu te r  rv i l l  be  ca l ib ra ted  to  de l i ver  a  0 .5  d i lu t ion  ser ies .  F low ra tes
rv i l l  be  ad jus ted  to  de l i ver  a t  leas t  f i ve  tes t  char rber  vo lun tes  per  concent ra t ion  per  day .  D i lu te r  f low ra tes  w i l l
be  measured and docr tn ten ted  a t  the  beg inn ing  and conc lus ion  o feach 96-hour  tes t .  Th is  w i l l  be  done by
measur ing  ind iv idua l  d i lu te r  cap i l la ry  tube f lows.  When the  f low ra tes  are  en tered  in to  an  Exce l4  spreadsheet ,
the  ac tua l  d i lu t ions  o f the  tox icant  s tock  can be  computed.  Ac tua l  tes t  chenr ica l  concent ra t ions  (o rgan ic
chemica ls )  in  the  tox icant  r r r i x ing  chanrber  ( tox icant  s tock  so lu t ion)  and in  exposure  aquar ia  w i l l  per iod ica l l y  be
measured on a real-t i lne basis at NAS to veri fy that nominal corrcerrtrat ions are being routinely achieved.
Def in i t i ve  concent ra t ion  doc t r t ren ta t ion  in  tes t  aquar ia  w i l l  resu l t  f ronr  da i l y  sanrp les  sh ipped fo r  ana lys is  to
C A S .

Test Chanlbers and Ettvironntental Control:  
' fest 

chanrbers used in the toxicity study are glass aquaria less than
or equal to two gal lons in volur.t te. The test systenr is housed in a constarrt-tetnperature, photoperiod-contr-ol led
room.  Aera t ion  is  t ro t  employed.  The photoper iod  is  cons tan t  dark  except  dur ing  n ton i to r ing  ac t iv i t ies  when
arnb ien t  (50-75  f t -c )  l igh t ing  is  used.

C lean ing :  A l l  labora tory  g lassware ,  inc lud ing  tes t  charnbers  and tox icant  d i lu t ion  sys tem,  w i l l  be  c leaned based
on the nrethods described in U.S. Environnrental Protection Agency (2002). Init ial  cleaning incorporates the
u s e o f a l a b o r a t o r y d e t e r g e n t f o l l o w e d b y m L r l t i p l e t a p w a t e r r i r r s e s .  S u b s e q r - r e n t l y , e i t h e r d i l u t e ( 1 0 % . V : V )
ac id  (hydroch lo r ic  o r  n i t r i c )  o r  ace tone is  used to  renrove meta ls  o r  o rgan ic  contan t inants .  respec t ive ly .  Fur ther
mult iple tap water r inses are enrployed after each acid or acetone treatrnent. Sodiurn hypochlori te bleach nray
be employed on  a  l im i ted  bas is  to  ensure  tha t  rn ic roorgan is rns  tha t  cou ld  metabo l ize  organ ic  toxrcanrs .  e .g .
naphtha lene,  a re  no t  p resent .  Exhaust ive  tap  water  r ins ing  is  a lways  ernp loyed fo l low ing  any  chemica l  c lea l ing
t rea tment .  A  i lna l  d i lu t ion  water  r inse  o f  the  exposure  appara tus  w i l l  p recede in i t ia t ion  o f  each s tudy .

EXPERIMENTAL DESIGN AND TEST PROCEDURES

Exper imenta l  Des iqn :  The de f ln i t i ve  tes t  invo lves  exposure  o f  lanrprey  anrmocoetes  to  f i ve  tes t  concent ra t igns .
us ing  a  0  5  d i lu t ion  ser ies .  a t rd  a  d i lu t ion  water  cont ro l .  E ,xposures  are  fo r  96  hours .  Each t rea tment  cons is ts  o f
four repl icates, each cotrtaining l0 arnmocoetes. i f  there are suff icient nurnbers of arnmocoetes. I f  there are not
enough amlnocoetes for I  0 per rep I icate, then at least 20 per treatment (5 per repl icate) is the m in imunr number
preferred. Test charrbers are randortr ly distr ibuted in the test area. Arnntocoetes are impart ial ly distr ibuted to
each aquariumr by adding one or two aninrals to each test repl icate and repeating the process unti l  each contains
l0  o rgan is rns .

Effect Criterion: The effect cr i ter ion r-rsed irr the lamprey anlrocoetc acute toxicity test is mortal i ty. defined as
a lack of visible respiratory Inovernent and absence of response to tact i le st intulat ion. The mortal i ty data wil l  be
used to col l lpute LC-50s fbr each exposure period. In addit ion to nrortal i ty, qual i tat ive observations of sublethal
responses consist ing of errat ic swimr.tr ing, hyperventi lat ion, hentorrhaging, and hyper/hypoactivi ty (compared
to the activi ty of the organisms in the control group) wil l  be recordecl i f  observecl.

Tes t  Cond i t ions :  The d isso lvec l  oxygen concent ra t ion  in  each tes t  con ta iner  r r rus t  be  >  4 .0  rng /L  th roughout  the
tes t .  The tes t  te r rpera ture  employed is  l7  +  l 'C .  A  photoper iod  o f  cons tar r t  darkness  is  used,  except  dur ing
nron i to r ing  ac t iv i t ies  when i l lunr ina t ion  is  supp l ied  by  day l igh t  f luorescer r t  lamps a t  an  in tens i ty  o f  50-75  f t
cand les .  Load ing  shou ld  no t  exceed 6 . lg /L  a t  l7 'C  accord ing  to  EPA.  ASTM recornmends load ing  no t  exceed
lg /L  o f  so lu t ion  pass ing  th rough the  charnber  in  24  hours  o r  l0g /L  o f  so lu t ion  in  the  char r rber  a t  any  t ime.

Beg inn inq  the  Tes t :  Ac id ing  the  organ isnrs  to  t l ie  equ i l ib ra ted  tes t  con ta iners  as  prev ious ly  descr ibed beg ins  the
tes t .

Feed ing :  Nor re .
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Ana lys is  o f  Tes t  Concent ra t ions :  Dur ing  each tes t ,  samples  w i l l  be  co l lec ted  fo r  chemica l  ana lys is ,  he ld  a t  4 'C
and sh ipped by  overn igh t  de l i very  to  Co lumbia  Ana ly t i ca l  Serv ices  in  Ke lso ,  WA.  The sarnp l ing  schedu le  and
procedure  w i l l  fo l low the  pro jec t  QAPP.

Test Duration. T-vpe and Frequency of Observations. and Methods: The test duration of the acute toxicity test
is 96 hours. The type and fr"equency of observations to be u.rade during the test are sumrnarized as fol lows:

Tvpe of Observation Times of observation
Bio loe ica l  Data
l.  mortal i tv (each test container) 0,  24,  ,18,  72,  and 96 hr
2 .  sub le tha l  observa t ions  (qua l i ta t i ve) 0 ,24 ,  48 ,72 .  and  96  h r
Phvs ica l  and Chemica l  Data
1 .  D isso lved oxygen.  pH.  &  tenrpera ture ,  ( in  o r re

rep l i ca te  o feach tes t  leve l  and the  cont ro l )
2 .  Conduct iv i t y ,  hardness  & a lka l in i ty  ( in  one

repl icate of highest concentrat ion and control)
3 .  Tox icar . r t  concent ra t ion  sampl ing  ( in  one rep l i ca te

o feach tes t  concent ra t ion  and the  cont ro l )
4. Di lut ion water sarnple fbr part iculate rnatter, TOC

and arnnronia
5. Sample for arnmonia taken fronr one repl icate of

control and hiehest test concentrat ion

0.  2 '+.  48.  72,  and 96 hr

0, 24, 48. 72, and 96 hr

0.24.  48.72,  and 96 hr

0 h r

96 hr

During the test, dead organisrns are rernoved every 24 hours and frozen by concentration for possible tissue analysis.
Dissolved oxygen is measured using a polarographic oxygen probe cal ibrated according to the rnanufacturer 's

recomnrendations. The pH and tenrperature are measured using a pH probe and a properly calibrated meter with
sca led iv is ionsof0 . lpHun i ts .  Conduct iv i t y ismeasuredus ingaca l ib ra tedconduct iv i t ymeter .  Sarnp les for
chenrical analysis wil l  be col lected, preserved, and sent to Columbia Analyt ical Services fol lowing the recomnrended
orocedures of the analvt ical laboratorv.

Test Terurination: At the end of the test, al l  surviving control anrrrrocoetes are weighed and measured for length by
repl icate. Al l  surviving or dead test orgarrisnrs wil l  be f i 'ozerr by concentrat ion for possible later t issue analS.sis by
Colurnbia Analyt ical Seryrces.

Criteria of Test Acceptance: The test results are acceptable i f  survival in the controls is at least 90%. The
tox ic i ty  tes ts  w i l l  be  per fo rmed as  a  50%o d i lu t io r r  ser ies .  i t  i s  an t ic ipa ted  tha t  each tes t  w i l l  have a t  leas t  one or
possibly two part ial  nrortal i ty concentrat ions. Norrr inal concentrat ions of each toxicity test have be reviewed
and approved by  EPA (EPA 2007) .  However ,  because o f  the  exper imenta l  na ture  o f  the  s tudy  and the  l im i ted

supp ly  o f  ammocoetes .  the  acceptab i l i t y  o f  the  tox ic i ty  tes ts  w i l l  be  based on ly  on  the  >  907o surv iva l  in  cont ro l
g roup.

D A T A  A N A L Y S I S

The percent of l ive arnr.nocoetes is calculated for each treatment repl icate from the raw data and the rneans are
obta ined fo reach t rea t rnent  leve l .  An  LC50 (mor ta l i t y )  i s  ca lcu la ted  us ing  Prob i to rTr imr r red
Spearman-Karber rnethods. The NOEC and LOEC are calculated for each endpoint according to U.S.
Env i ronmenta l  Pro tec t ion  Agency  (2002)  n re thods .  l r r  th is  p rocedure ,  the  NOEC and LOEC va lues  are
conrputed using either Dunrrett 's test, T-test with Bonferroni 's adjustment, Steel 's Many-One Rank Test, or
Wilcoxon Rank Sunr Test with Bonferroni Adjustnrent. The appropriate test is selected after evaluating the
data for nornral i t l 'and honrogeneity of variance. An arcsine-square root transforrnation is performed on the
percentage effect data prior to stat ist ical analysis. The stat ist ical softu'are enrplol,ed fbr these calculat iorrs is
Toxca lc ,  v .5 .0 .23N.  T idepoo l  Sc ien t i f l c  Sot iware .

REPORl ' ING
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The f ina l  repor t  o f  the  s tudy  resu l ts  u rus t  inc lude a l l  o f  the  fo l low ing  s tandard  in fb r rna t ion  a t  a  min i r t runr :
l .  Name and identi f icat ion of the test;
2. The investigator and laboratory;
3. Inforrnation on the toxicants,
4. Inforrnation on the di lut ion water:
5. Detai led infbruration about the test organisrns;
6 .  Descr ip t ion  o f the  tes t  sys tem and i t s  ca l ib ra t ion ,  inc lud ing  tes t  chanrbers  and d i lu t ion  sys ten l ;
7 .  A  descr ip t ion  o f  the  exper i rnenta l  des ign  and o ther  tes t  cond i t ions  inc lud ing  water  qua l i t y ;
8. Definit ion of the effect cr i ter ia and any other observations:
9. Responses, i f  any, in the control treatrnent;
10 .  Tabu la t ion  and s ta t i s t i ca l  ana lys is  o fn teasured respo l lses ;
I l .  A descript ion of the stat ist ical rnethods used;
12. Any unusual information about the test or deviat ions frorn procedures;

The f lna l  s tudy  repor l  w i l l  inc lude the  s tudy  pro toco l  and a l l  s tudy  raw data  as  append ices .

STUDY DESIGN ALTERATION

Arr rendtnents  Inade to  the  pro toco l  rnus t  be  approved by  the  sponsor  and s tudy  d i rec to r  and shou ld  inc lude a
descript ion ofthe change; the reason for the cl iange; the date the change took effect; and the dated signatures of
the study director and sponsor. Any deviat ions in the protocol nrust be described and recorded in the study rar.v
data.
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Appendix A
Test Conditions Summarv

I .  Test species Lamnelra so.

2 .  Tes t  t vpe : Flow-thror.rsh
3.  Test  durat ion: 96 hr
4. TemDerature: t 7  +  l ' c
5 .  D isso lved oxygen: > 4.0 ms/L
6 .  L i c h t  c r r r a l i t r  &  i n t e n s i t v : Anrb ien t  labora tory  l iqh t  (50-7 .s  l t -c )

7 .  Photooer iod : Constan t  dark .  except  dur in r l  r lon i to r inq  ac t iv i t ies

8.  Test  chaurbers: g lass  aquar ia  less  than or  equa l  to  two ga l lons  in

vo lume.

9 .  Tes t  chamber  vo lu rnes  per  dav : At  least  5
0.  Rep l ica tes  per  t rea t rnen l : 4
I .  Organisms rrer repl icate: l 0
2 .  Ace o f  tes t  o rqan is rns ammocoete

L  Feed ine  re ! . r i r re : None

4.  Aera t ion : None

I  5.  Di lu t ion water : Dechlorinated City of Newpoft tap water; hardness
adiusted to 25-30 rnc/L as CaCO,

16.  Tes t  concer t t ra t io r rs : -5 and a di lut ion water control

17 .  Water  qua l i t y : Ternperature, pH. & dissolved oxygen in one repl icate

o f  each tes t  concent ra t ion  da i l y .  Conduct iv i t y .
hardness  & a lka l in i ty  in  one rep l i ca te  o f  h ighes t

concent ra t ion  and cont ro l  da i l v

I 8. Special controls None

1 9 .  E n d p o i n t : Morra l i t
20.  Test  acceotabi l i tv  cr i ter ia : >907o control survival
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NORTHWESTERN AQUATIC  SC IENCES PROTOCOL NO. NAS-686-Lamprey FT acute

I ,AMPRI ]Y  SLJRVIVAI ,  FLOW-THROIJGHTEST

Test No. 686-40--Clicnt--- Windtt 'ald - Invest igator

STUDY MANAGEMENT:
Cl ient :  WindwardEnvironm
Cl ient 's  Study Morr i tor :_ Ms.  Hel le  Andersen
Testi n s Laboratorl '  : Northwestern Aq tratic Sc iences
Test  l -ocat ion:  3814 Yaquina Bay Road" Ner.vpor t .  OR 97i6-5
I  ab,r ra lo | r ' r  St r rdr  Pc|sot t t te l :  -  -Aa ( - -L

Proicct Marrager: Caly!--Btrl-r let'LVfs Sttrclr Dircctor: qtqll4rd-!93ld}glJ \(;/\

QA Officer: L.l(. Nenreth I G.t-]-4fS -tt-s^L

2 .
.1.

S t r rd r  Sc l rc t l r r le :  i
l c s t  B c g i r t t r i r r r : :  l v l t f / 0 7  l / O C

l ' a

TEST MATERIAL :

- [cst  
I : r rd inc:  IL t  zz/ r ,- - T T

( :J5

Descripriol: _L,indancll, l-L:L5li-l igrachloroc-r'clohq.\ane. 1-i lq.prer.979lo). Aldrich Lot No. 0732-5DI)

D ILUT ION WATER:
Desc r i pt i on : __Drdfler-t rt  taD \\ 'atcr

D r t e  o f ' P r c p a ' n t i o r r  c " r f f i ' t '  { - / " r ;
w a t e r t l r n l i t l :  (  o r r t l .  ( t , , ; i ; ; - . ' n  r - T f  ;  !  d l " ' i  

'  
n l '  r : .  3  - c  ! ' '  -

l iardness (nig/L as CaCO,) 2d.F-i-S ..; Alkalinitl '(nrgil- aiC.aC"O.i-f-v,g: i.4
Treatrrents: I laldness adju qr.g'[!]! I Ctrlligarr 

' 
watgl-!e41lll9-11!l]l!9l1r

TEST ORGANISMS:
4-6 crn

TEST PRO( ] I . ]D t ]RF ,S  AND CONDIT IONS:
'l 

csr Concerrlrarions (norninal): _EJ, l. l . 0.5. & ()-lffgl- {. lV'-. -;
Test Clrarlbers (dcscription): $galpn glqsS ilg!4lj ir Test Voltrtrie (rnl): -5.8Q L tf t , l  , i t

Rep licatcsi treattxent: . 4 Organ islr s itreatlrent: ;rc-1-l!)lre pliqqtg)

I cst $ irtcr clrarrscs: Lle\ l l l lotlglt i  6 € (
Aclar iorr  drr r i r rg t . r r ,= u-1.  

. -  " . -W 
11) t ' i l  Z ' / '  J  l , t t " lL  " ' \Sa1"! '

Ternperaturc (oC): 17 !-l:C,_
Ireeding: Npu_e , Plrotoperiod: Darlqrqss g.rcqt ftr WQ &-.llsr!r!rJ]rE4!1119!!9lll!

' l 'est 
Duration (hr) !!- lfa!$ 

' lanl< 
Placetl lerlt: Qrllplete rari lp1ffiZ--altSff

I larrdorr ization (. ' lr irrl :

t Dtluter 
---l

lilIffi
I ' a g c  l o f  / 9



NORTI ' IWESI 'ERNAQIJAT IC  SCIE .NCES PROTOCOL NO. NAS-686-Larnorev FT acute

LAMPREY SURVIVAL FLOW-THROUGH TESI-

Test  No.  686-40 Cl ient Windr.vard Investigator

W E I G H T  O F  I O  A N I M A L S  A T  T E S I ' I N I T I A T I O N

MISCELLANEOUS NOTES:

Roonr  l i gh t  i n tens i t \ ' ( l t ) :  l { . 1  l o ,  r ! r c {  6 r  i

Chemist r l  sar lp les takc-n c la i ly .

Chernis t ry  santp les for  par t icu late nrat ter .  TOC & arnrnonia in  c l i lu t ion rvater  taken on test  day 0

Chemistry ,samples fbr  arr r lor r ia  taken in contro l  & 8 nrg iL A repl icate on test  day ' t1.

l C  l ! - c  {  G s t

th (crn) Comments

[:r r t l r  codcs:
I  )  ( 'orrcct ion ol  handrvrr t ing error
l )  \ \ ' r i t tcn rn urong loci t t io t r .  cntrr  t ie lc tcd

l )  Wrong  da te  de ie ted ;  r ep laced  l v i t h  co r rec t  da ta

4) L,r ror  fbund in nreasuretnent .  nteasurelr tetr t  repeated
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LAMPRF-Y  S [ - IRV IVA I -  FLOW. I 'HROL]GH TEST

Test  No.  686- ,10 Cl ierr t  Windrvard Invest igator

WATER QUALITY  DATA SHEET
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I -AMPREY SURVIVAL  FLOW-THROUGH TEST

Test  No.  686- .10 Cl ient  Windrvard I r )ves t  iga lo r '

wATER Qt iAr - lTY DATA SHEET
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NORTHWESTtrRN AQTJATIC SCI ENCI]S PROTOCOL NO. NAS-686-Latnprev FT acute

I ,AMPREY S{JRVIVAI ,  F I -OW-T IJROLJGI I  TEST

Test  No.  686-40 Cl ient  Windward Invest igator

NOTES ON PREPARATION OF 8  rne /L  L INDANE STOCK

Sr stem Design

t i  4 1 z " i ' ' t t l
1 'he ob. ject ive is  to  del iver-S lng/L of  l indane to the d i lu ter  tox icant  chantbcr  at  a nominal  constant  rate of  160

rnl r ' r r in .  To accornpl ish t l {1 \ .  a  Iarge reservoi r ' .  approxi rnate l l , '54t ,  capaci ty .  of  l i r rdane solut ion in  d i lu t ion rvater

is  rnainta ined at  test tempel 'a ture.  As solut ion is  rerroved to the d i lu ter .  makeup rvater  is  in t rodtrced under f loat
valve contro l .  

' l 'he 
concentrat ion of  l indane in the rcservoi r  is  r ra inta ined b-v c i rcu lat ion of  the contents through

i l  co lutn l l  o f  s lz iss beads coated lv i th  l indane (Vei th colLI Inn) .
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Water Qual i ty Gomputat ion -  Test No. 686-40

Temp DO pH Cond Hard Ark
1
z

4
5

6
7

8
I

'10

1 1
4 a
t z

I J

1 5
t o

1 7
1 8
1 9
Z U

a 4

22
23
24
25
26
27
28
zv
30
3 1
J Z

4 a  2 .

1 7  1
1 7  . 1
'16 8
1 6 . 9
1 7  . 0
1 7 . 5
1 7 . 4
1 7 . 4
1 7 . 4
1 7 4
1 7 . 6
1 7 6
1 7 4
t / . J

1 7 4
t /  J

1 7 . 4
1 7 . 4
1 7 . 3
1 7 . 2
1 7 . 2
1 7 . 2
1 7 . 0
1 7 . 4
1 7 . 2
1 7 . 2
1 7 . 0
1 7 2
1 7 5

v . l

9 . 4
9 . 3
v . J

J . Z

9 . 1
7 . 9
8 . 7
6 /

8 8
9 . 5
9 3
J . Z

9 . 0
8 . 8

B . B
8 . 6
8 6
8 2
6 . 2

8 . 9
8 . 8
8 . 8
o . o

8 . 7
8 6

7 .2
7 .2
7 2
I _ Z

7 1
o . o

7 . 4
o . v
6 . 9
6 . 8

o . 4

7 .0
o . Y

6 . 9
6 . 8
6 . 8
6 7
6 . 8
6 8
6 . 8
6 . 8
o . Y

7 . 0
6 . 8
6 . 8
6 . 8
6 . 8
6 . 8
6 . 9

t o

I J

1 1
I I

t c
4 E

1 6

1 4
1 4
1 E

1 5

26
/ n

zo

zo

zo

26
zo
z 6

zo

zo

97
99
94
96

1 0 0
95
99

102

mean
s .o .
N
m i n
max

t / . J

0 2
30

1 6 . 8
1 7 . 6

B 9
0 4
30
7 . 9
9 . 7

6 . 9
0 . 2
J U

o . 4

7 .2

26
1

1 0
z o

28

4 q

I
1 0
1 3
1 7

96
4

1 0
B9

102

%, ,

t  h  , , (  / ' - lt u  -  |



WQ Computation - acclimation (10-3-07 to 10-17-07) - Test No. 68640

Temp DO pH Cond Hard Atk
1
2

4

6
7
B
9

1 0
4 4

12
I J

1 4
1 5
1 6
1 7

1 7  . 0
1 6 . 9
1 6 . 9
t o . o

1 7  . 0
1 7 0
1 7 0
1 6  9
1 7 . 0
1 7  . 1
1 7  . 1
1 6 . 9
1 7 . 0
1 7  . 1
1 7 . 3

9 . 1
9 2
9 . 0
9 4
9 . 5
9 2
9 5
9 . 2
9 5
9 . 4
9 . 1
9 . 6

9 . 4
8 . 5

7 . 8

7 . 4
7 2
7 4
7 9
7 . 6

7 . 1
8 . 0
7 . 1

6 . 9
6 . 7

1 3 0
l a a
t L v

1 3 0
1 3 0
t J c

1 4 5
1 5 0
1 5 5
1 5 0
1 5 5
1 5 0
1 6 n
'155

65

46
42

44
60
50
E A

54
E A

50
52
52
6n

20
22

q 6

38

4 1
50
48
3t

49
40
39
40
2 a

1 2
1 4

mean
s .o .
N
min
max

1 7 0
0 . 2
1 5

t o . o
1 7 ?

9 3
0 . 3
1 5

8 5
9 6

7 . 4
0 4
1 5

8 . 0

46
1 2
1 4
20
60

40
I J

1 4
1 2
55

28
1tr ,

65
t 3 c

ft,
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t l  * ' t L t



^ LIC6eal,::,,*"
Q<:-

/a/iLn, t L, n,4a n^-

o o o d o l o o  o o  o o o l o  o o o o o l o  o  o  o  o o o l o  o o o o o
f ,  =  r  -  - l -  -  f  r  =  j : l j  f  j  r  -  = l =  ,  I  I  r  r  r l r  r  r  f ,  f ,  r

t t t l
-  " 1  = " 1  ̂ = = l * ^ ^ = ^ = l  - - ^ R PE s E F Rl: E 3 E $ F Rl; R s B E sl: R ; E : HHI: N : H 3 E

t t l l
z  z  z  z  = l =  =  =  =  =  =  = l =  z  z  z  z  = l =  =  =  =  =  =  = l =  z  z  z  z  z

u l u  u  u  u  w  v  v l v  w t !  u  s  s  w  9  s l e

i  S  s  e  i l p  r  i  s  i  i  s l e  p  F  p  p  F l p  p  F  e  e  e  e l e  p  p  p  p :
:  =  :  =  =  = t >  =  =  =  =  =  ; t =  =  =  =  =  =I t s  t r  t r  E  t r  i l c  E  -  E  -  t r  C I E  C  C  C  C  C

N  o  o  o  N l d  N  o  o  N  o  r c 1 6  o  o  o  o  6 1 6  o  N  o  6  q  c l o  c  N  d  o  N
o  o  o  o  o l o  o  o  o  o  o  o l o  o  o  o  o  o l o  o  o  o  o  o  o l o  o  o  o  o  o

o  o  o  o  - l -  -  o  o  -  - - l o  o  o  o  o  o l o  o  o  o  o  o q , l q  o  q q  o  q
o o S o ! o i o l o o o o o o o i l o S o  o o o o l o  o  o a a a e l a q q q  g o
d t  o 9  € " 9  " 9 1 " 9  @  " 9  0 9  o ?  o ?  q l o p  I  0 9  @  0 9  q l q  q  q  q  q  ? g l q  I  T  q  @  T
@ @ @ @ @ l @ @ @ @ @ @ @ l @ @  6 @ @ @ l @  @  Q € q c q c 9 @ l @ @ @  @ @ @

6  6  6  6  6 l ! -  6  o , r -  6  o  o l o  o  o  6  o  0 1 6  o  o  o  o  o  6 l o  o  o  6  o  o

3  3  3  3  3 l S  3  3  3  3  3  3 1 3  3  3  3  E  3 1 3  3  3 3 6 ! 3 1 6 ! ! E - 6 8n n n - 6 l n i n n o n € l D  a a o  o E l E  o  E  ! ! ! o l E  E !  E !  o
-  -  -  -  - l -  6  6  6  -  -  6 1 6  6  o  6  Q  E l o  a  a  Q  E . Q  6 l o  6  6  6  -  o
i  i  i  i  i l i  E  E  i  E  E ' . l e  i .  E  = ,  B  B16  6  a
o  o  o  o  o r o  o  o  o  o  o  a r o  o  o  o  o  o l o  o  @  .  t  t  - 3 1 - 3  - 3  ̂ 3  ̂ 3  ̂ 3  ̂ 3d r  L a  o l " " o .  o . " l o  c  o L c . l . .  " . . . . 1 * r r  L o L

3  3  5  N  3 l ?  8  !  :  3  K  ; l ?  I  3  :  g  3 l ' "  F  R  g  e  3  ; 1 3  5  N  3  e  g
- - N N s l *  o o c  o o o l o -  -  s  s o l L r o o  o s  o s l -  q ! 9 ! q ! ! 2 t ?
o O o o o l o o o - o o o l -  - l * - -
*  +  r  * * l +  +  +  *  *  +  * l *  *  *  *  +  r + l *  $ t  + +  l t  *  l l  $ l t +  f r  * +  +  l +
* * t{ *{ jtli+ i* +l i* rl rt r+l+f tt + 1} *! i+l{* r+ 1t + + 1* l*l+t + r+ + + +
s s * * i{ lts i{ + + + {l t l l+{ # # # * *ltr # * * + J+ #l+ + + lt +i l+

$$$$$l$ $ $ $ $ $$l$ * $ $ $$l$ $$$$ $$l$$ $$$ $
s s  s s s l s s =  s  s  s  s l s  s  :  s s s l s  *  * s s  : s l s s s  s  s  s
o i o o r i o o l o o o  @  @ @ @ l @  F  F F 3 F | F 3 3 3 3 3 3 1 3 3 3 8 3  3o O o O O I O O O Q O O O I U

x ; F ; 5lH H ; ; ; ; ;F 3,7,=.r;F ; ; ; ; ; ;F ; ; ; ; ;
t t t l

-l- - - - - - -l= z z z z =l= = = = = = -l-z z z z z l z z z z z z z l  
|  

= l z z z z z z

t l t l
l . l r l
|  5  |  I  " F , l  e e P e PH H  H  H  H l ,  H  H  H  H  H  H l "  e  s  e  e  e l "  e  e  c  H  H

: ! ! i lle : I i i I lle i i : ::le i : : : : :le : : : : :
FgEEglEFgEggSlEFss s slP: : : : : : lg: : : : :
3 ; : : : l : :  :  :  :  : : l : : i  i : : l : :  ;  i i  J 3 l 3  3  ;  i  : :
BA A BAIBA s s s BAIA A B B BslA A A ABS BIAA g BA B
g S H H HIB H H H H H EIH H E E E gIE E E E g EEIg g E $ g E
Ea6tult t a DDDaIE6D6 6Dlq bDDDEtlltQtIe
t 55 S tls t t t t t >12 > 5 5 2 llt 1 1 5 1 > >l>

|  |  |  ^ l^^^^^^e s e g:p :: s s s sls s s s sels e : s s s sls ss s s s
l l l r

ssss:p: : ssssls ss g ssls s s g e s glsss gss
t t t l

E ;EE ; | : : : : : : : | ;  E  iEE ; IgaAaaEa IE  EEE Eg
FF FB FIs s s s H H HIs s s s s sIF F F F F F FIF s s s s s
F F F E FIE E E F F E El8 a 3 i E ;li i i E E E EIa i E D i E

r i l l - - - - - -

-

o
a
o

*
o

F

o
c
E
o

J

t
a
o
N

I

/ G

; t
t o

:: o o
I :

:

o

6 c

o
o

o
o o o

o
@

a

:
ts
o
o

c
o

o
N

o
@

o
q

G
o o o

o

o
a

@\ o

ai

ai
q

ci

o
l

z
I

E
E
6
o

o

@
E

a
o
0

o
o

s

o

=
a

z

6
!

:

E
o

o
o

@

z

B

t:
t x
le
t "

I X

wf rIo*

A F

Z E

@ i i

z -

/ L - c {  t r l



tart
End Date:
Sample Date
Comments:

10118107 11:00
10122107 12:15

Test lD
Lab lD:

est-96 Hr Survival
Sample lD:

Northwestern Aquati Sample Type: LINDANE
LY-Lampetra sp.Protocol NAS-686-Lamprey Ft acute Test Species:

C o n c - m g / L 1 2 3 4
D-Control  '1.0000 1.0000 1.0000 1.0000

0.21  1 .0000 1 .0000 1 .0000 1 .0000
0.28 1.0000 1.0000 1.0000 1.0000
0.56 1.0000 1.0000 ' � I .0000 1.0000
1.15  1 .0000 1 .0000 1 .0000 1 .0000
2.68 0.6000 0.9000 1.0000 1.0000

Conc-mq/L
Transform: Arcsin Square Root

Mean N-Mean
Rank 1-Tai led
Sum Critical

D-Control  1.0000
0.21  1 .0000
0.28  1 .0000
0.56 1.0000
1 . 1 5  1 . 0 0 0 0
2.68 0.8750

18.00  10 .00
18.00  10 .00
18.00  10 .00
18.00  10 .00
14.00  10 .00

1.0000 1.4120 1.4120 1.4120 0.000 4
1 .0000 1.4120 1.4120 1.4120 0.000 4
1.0000 1 .4120 1.4120 1.4120 0.000 4
1 .0000 1 .4120 1 .4120 1 .4120 0 .000 4
1 .0000 1.4120 1 .4120 1.4120 0.000 4
0.8750 1.2398 0.8861 1.4120 20.004 4

0 4 0
0 4 0
0 4 0
0 4 0
0 4 0
5 4 0

@ statistig c=rili=c?t .s!9y. ,ffI=
� a | d i s t r i b u t i o n ( p . = 0 . 0 t ) 0 . 4 6 2 1 6 0 . 8 8 4 - 2 ' 2 4 6 5 1 1 . 8 4 0 8
Equality of variance cannot be confirmed -
Hypothesis  Test  (1- ta i | ,0 .05)  NOEC LOEC ChV TU
Steel's Manv-One Rank Test 2.68 >2.68

Dose-Response Plot

1

0 9

0 .8

0 .7
6
)  n a

E  " "
U) U.C

L

r  o.a(o
o)

0 .3

0 2

0 . 1

0

--cfo 7L6r 
w' ' l /-

W_ zfvl,?-

ToxCalc v5.0.23N

ease /3 ot lLl



Test: AT-Acute 96-hr Toxicity Test
Species: LY-Lampetra sp.
Samp le  lD :
Start Date: 10118107 11:0O

Test lD(686-40)
P rotocoFlrtl€1686- Lam prey Ft acute
Sample Type:  L indane

End Date: 10122107 12:15 Lab lD: ORNAS-No(hwestern Aquatic Sciences

Pos I D Reo Group Start 24 Hr 48 Hr 7 2 H r 96 Hr Notes

1 1 D-Control 1

z z D-Control I 1

J D-Control 1

4 D-Control
5 I 0.210 1 ( 1

z o.210 1C
7 o.21C 1C 1

8 4 0.21C 1 1
q 1 0.28C 1 t 1

1 0 2 0.28C 1

1 1 0.28C 1 (
,|

1 at z 4 0.28C 1
1 0.56C 1 ( 1

1 4 z 0.56C 1 ( 1

1 5 U . C O L I 1

4 0.56C 1 ( 1

1 7 1 1  . 1 5 C 1 I

1 8 z 1  . 1 5 C 1 ( 1

I Y 1  . 1 5 C 1 1

20 4 1  . 1 5 C 1 ( 1

2 1 2.68C I

22 2 Z . O 6 L 1C
Z J z.o6L 1C 1

24 4 z .odL 1C 1

Comments:

ToxCalc 5.0.23N

ease i Ll ot ltf



























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

NAS Test No. 686-42

Submitted to

Windward Environmental LLC
200 West Mercer Street, Suite 401

Seatt le. WA 98119

Submitted bv

Northwestern Aquatic Sciences
3814 Yaquina Bay Road

P.O. Box 1437
Newport, OR 97365

Apri l3,  2008



NORTHWESTERN AOUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 686-42
Title: Lamprey (Lampetra sp.) definitive 96-hr flow-through acute toxicify 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 9g119.
Sponsor's Sfud)' Monitor: Ms. Helle Andersen.
Testing Laboratory: Norlhwestern Aquatic Sciences, P.O. Box 1437, Newpoft, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Sfud), Personnel: G. A. Butrler, 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., Aq. Toxicol.
Study Schedule:
Test Beginning: 11-14-07, 1330 hrs.
Test  Ending:  I  l -18-07,  1430 hrs.
Disposition of Study Records: All specimens, raw data, reports and other study records are stored according to
Good Laboratory Practice regulations at Northwestem Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
91365.
Good Laboratorll 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 , lgSg (40 CFR
Part792).
Statement of Oualif-v 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 ofthe raw data.

TEST MATERIAL
Description: Naphthalene (Fisher Scientific, Lot No. 056112).
Preparation of Working Stock Solution and Test Concenhations: Test solutions were prepared for continuous
supply to the test aquaria using a Benoit constant flow diluter (Benoit et al., 1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 mVmin per toxicant concentration. The diluter
design was such that 160 nil/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
reservolr, 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 quaniity
(>100 g) of crystalline naphthalene. The tank contents were continually mixed using a stainless stiel stirring
paddle, while also replacing, under float valve control, dilution water to replace delivery of the nominal 20
mg/L naphthalene solution to the diluter. Unvalidated GCMS analysis of the mixing tank contents by the
testing laboratory showed that concentrations ranging from 14.1 to 17 .5 mglL were achieved during the study,
but that highest test concentrations in the test aquaria were 35.9 + 3.7yo less than measured in the mixing tank.
It is presumed that the loss was due to volatilrzation 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 to the toxicant
diluter throughout the sfudy.
Pretreatment: The water was dechlorinated by carbon filtration, particle filtered to I pm, and adjusted to a
target water hardness of 25-30 mglL as CaCO3. Hardness adjustment was accomplished by passage of a
portion of the dilution water through deionization cartridses.
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TEST ORGANISMS
Species: Lamprey (Lampetra sp.)
Age/Size: Ammocoetes; target size range,4-6 cm; actual size of l0 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 l0-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 (l l-1-07 to I l-14-07) were: temperature, 16.8 + 0.1oC;
dissolved oxygen, 9.6 !0.2 mg/L; pH, 8.1 + 0.2; specific conductance, 160 t 10 prmhos/cm; hardness,5T t 5
mg/L as CaCO3; and aikalinity, 4l + 5 mg/L as CaCO3.

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/Treafment: 4
Organisms/Treatment: 40
Loading: 0.38 g/L
Aeration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 mlimin of test solution, or 1 l5 Llday, 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 Quality Conditions: Water quality measurements were taken daily as specified in the protocol
(Physical and Chemical Data, Items I and 2). The target water quality conditions were as follows:
Temperature, 17 + 1"C; dissolved oxygen, 24.0 mglL; hardness, 25-30 mglL as CaCOr. 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 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
LC50 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 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-
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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 <4oC. Sample volumes were 1 L. Additional
samples were taken of the dilution water on day 0 of the test for analysis of particulate mafter, 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 Analyical Services for analysrs.

PROTOCOL DEVIATIONS
l. 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 suruiving 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 qualify 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 fiom 7.0 to 7.6. Mean hardness also was in the specihed range of 25-30 mg/L as CaCO3.

The concentrations of naphthalene measured during the toxicity test are summarized in Table 2. Mean measured
concentrations in the test ranged from 0.70 t 0.10 mg/L at the lowest level to 10.18 t 1.93 mglL 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 naphthalene and the high rate of utilization of
toxicant stock by the diluter.

A summary of the 96-hr arnmocoetes survival results is shown in Table 3. In this study, the 96-hr control
survival ( 100%) met the test acceptability criteria of 290%o. 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 concentralions.

The toxicity of naphthalene to lamprey (Lampetra sp.) ammocoetes as the 96-hr LC50 was estimated by data
inspection to be 10. 1 8 mg/L. The NOEC and LOEC concentrations were 5.32 and 10. 1 8 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.  l6 :457-464.

EP A. 2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-82 1-R-02-012. Office of Water, U.S. Environmental Protection Agency,
Washington, DC.
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Table l. Measured water quality conditions during the 96-hr acute toxicity test of
naphthalene to lamprev ammocoetes.

Parameter Mean + S.D. N Range

Temperature ("C) 17.2 + 0.4 30 1 6 . 8  -  1 7 . 8
Dissolved oxygen (mg/L) 9.4 r0.2 30 9 .0  -  9 .8

PH 7 . 3 ! 0 . 2 30 7 . 0 - 7 . 6
Speci f i c conductance (umhos/cm) 109  !1 l 0 t 0 l t20
Hardness (mg/L as CaCOr) 2 8 + 2 l 0 2 4  - 3 2

Alkal in i ty  (mg/L as CaCO3) 1 6 rI l 0 I J 1 8

Table 2. Measured concenfrations of naphthalene during the 96-hr acute toxicity test of
naphthalene to lamprey ammocoetes. Measurements performed by Columbia Analyical
Services.

Nominal (mg/L) Measured (mg/L)

Mean + S.D. N Range

z0 1 0 . 1 8 1  1 . 9 3 7.40 - 12.00
1 0 5 .32 !  0.63 5 4.50  -  6 .20
5 2 .64  +  0 .28 5 2.30  -  2 .90

2 . 5 1 . 2 4  +  O . t g 5 1.00  -  1 .40
t . 2 5 0.70  r  0 .10 5 0.58 -  0 .8 r
0 0.0 t  0.0 5 0.0  -  0 .0
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to naphthalene

Naphthalene Ammocoetes Ammocoetes Percent Mean o%

(me/L) Replicate exposed Surviving Survival Survival

1 0 . i 8

5 . 3 2

z . o +

0 .70

0.0
(Control)

A
B
C
D

B
t-

D

A
B
C
D

A
B
U
D

B
C
D

A
B
L

D

1 . 2 4

1 0
1 0
1 0
1 0

l 0
1 0
1 0
1 0

1 0
1 0
1 0
l 0

l 0
l 0
1 0
1 0

1 0
l 0
1 0
1 0

1 0
1 0
l 0
l 0

4
5
6

1 0
1 0
1 0
1 0

1 0
l 0
1 0
l 0

1 0
1 0
1 0
l 0

1 0
l 0
1 0
1 0

l 0
l 0
1 0
1 0

50.0
40.0
50.0
60.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

50.0

100.0

100.0

100.0

100.0

100.0

* Mean significantly (p:0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Larnprey FT acute
Seotember 12.2007

STUDY PROTOCOL

LAMPREY (LAMPETRI rp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose o f  S tud) r :  The purpose o f  th is  s tudy  is  to  de termine the  acu te  tox ic i ty  o f  s ix  chemica ls ,  represer r t i r rg  a
range of toxic modes of act ion, to lamprey (Lumpetra sp.) arnmocoetes. The study wil l  be performed using
methods based on the methods fbr measuring acute toxicity with other f ish species as described in U.S.
Env i lonrnenta l  Pro tec t ion  Agency  (2002)  and Amer ican Soc ie ty  fo r  Tes t i r rg  and Mater ia ls  (ASTM) (1996)
gu idance.

Sumnrary of Method: In definit ive tests. larnprey arnrrocoetes are exposed fbr 96 hours to f ive concentrat ions
of test nraterial and a di lut ion watcr control.  The test concentrat ions are arranged in a logarithmic series based
on the results of range f inding tests. Four repl icates, each with l0 organisrns, are employed at each test
concentrat ion, i f  there are suff icient rrumbers of ammocoetes. Flow-through exposures are employed. Test
chanlbers are glass aquaria less than or equal to two gal lons irr volunre. Mortal i ty is the effect cr i ter ion. The
data  ana lys is  cons is ts  o f  ca lcu la t ing  nreans  and s tandard  dev ia t ions  fo r  surv iva l .  An  LC50 w i th  95%
confidence intervals may be calculated alone \.vi th the NOE,C and LOEC concentrat ions.

S T U D Y  M A N A G E M E N T

Sponsor 's  Nanre  and Address :
Windward  E,nv i ronmenta l  LLC
200 West Mercer Stfeet. Suite '10 I
S e a t t l e ,  W A  9 8 1  l 9

Sponsor's Study Monitor:
Ms.  He l le  Andersen

Nanre of Testing Laboratory:
Nor thwestenr  Aquat ic  Sc iences
38 l4  Yaqu ina  Bay  Road
P.O.  Box  l , l -17
Nervport,  OR 9736-5

Test Location: Nervport.  OR.

LaboratorJ's l(e-v Personnel to be Assisned to the Stud)' :
Laboratory Director: Richard S. Caldr.r 'el l ,  Ph.D.
Pro jec t  Manager /S tudy  D i rec tor :  Gary  A .  Buh ler ,  B .S.

QA Of f i cer / - l ' ox ico logy  Program Mgr :  L inda K.  Nerneth ,  8 .A . .  M.B.A.

Aquat ic  Tox ico log is t :  Gera ld  J .  I r i ssar r i ,  B .S .

Proposed Stud) '  Schedu le :  Ju ly  2007 th rough Septernber  2007.

Good Laboratory Practices: The test is corrducted fol lowing the principles of Cood Laboratory Practices (GLP) as

defined in the E,PA/I 'SCA Good Laboratory Practice regulat ions revised August I7, 1989 (40 CFR Pat792).
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TEST MATERIAL

PROTOCOL NO. NA5-686-Lamprey FT acute
Seotember 12.2001

Descr ip t ion :  Chemica ls  to  be  tes ted  inc lude an i l ine ,  copper ,  pentach lo ropheno l .  l i ndane,  d iaz inon and
naohtha lene.

Preparation of Workins Stock Solut ion and Test Concentrat ions: Test nraterials wi l l  be adntinistered using a
constant-f ' low di luter based on the design of Benoit et al.  (1982). Stock solut ions of the sparingly soluble
organ ic  compot tnds ,  e .g .  naphtha lene.  pentach lo ropheno l ,  I indane,  d iaz i r ron .  w i l l  be  prepared cont inuous ly  by
recirct l lat ion of di lut ion water/toxicant stock solut ion through a colunrr.r of toxicant coated glass beads (Veith
and Cor ls tock ,  I975) .  Th is  i s  a  conceptua l  approach in  wh ich  the  spec i f i c  co lunrn ,  f low ra tes ,  g lass  bead
s izes ,  e tc .  need to  be  deve loped ernp i r i ca l l y .  w i th  ana ly t i ca l  feedbac l< ,  fo reach s tudy  cons ider ing  such
var iab les  as  chetn ica l  so lub i l i t y ,  tes t  ten lpera ture ,  des i red  h ighes t  tes t  concent ra t ion ,  s tock  tox icant
consumption rate. etc. Given the above, sonre modif icat ions are anticipated as the studies progress. Init ial
sys ten l  charac ter is t i cs  a re  as  fo l lows:  l )  the  tox icant  mix ing  tank  w i l l  have a  60- l i te r  capac i ty ;  2 )  a  20  x  280-
c rn  g lass  co lun tn  w i l l  be  e lnp loyed (10  x  200-cnr  and 40  x  5 ( r0 -cnr  co lu rnr rs  a re  a lso  ava i lab le ) :  3 )  the  co lunrn
pack ing  rv i l l  employ  5-mrr  g lass  beads coated  w i th  the  tes t  compound;  4 )  par r i cu la tes  w i l l  be  f i l te red  ou t
th rough g lass  woo l t  5 )  f low th rough co lunrn  w i l l  be  cont ro l led  by  a  var iab le -speed per is ta l t i c  purnp  or  by
i r r te rmi t ten t  pumping ;  and 6) tub ing  w i l l  be  g lass  and s i l i cone rubber .  GC/MS ana lys is  o f  tox icant  in  the
tox icant  n r ix ing  tank  w i l l  be  used to  op t im ize  the  sys tem fo r  each chern ica l  no ted  above pr io r to  tes t
in i t ia t ion .The conte l t t s  o f  the  s tock  tox icant  reservo i r  w i l l  be  cons tan t ly  rep len ished w i th  f resh  d i lu t ion  water
as  tox icant  so lu t ion  is  supp l ied  to  the  d i lu te r .  J 'he  an i l ine  s tock  so lu t ion  w i l l  be  prepared s imi la r ly ,  bu t  by
voluntetr ic addit ion of ani l ine. using a metering purlrp, to the stock toxicant reservoir in l ieu of theYeith
co lu r r rn .  The copper rvork ing  s tock  so lu t ion  w i l l  be  prepared in  the  sanre  appara tus  by  meter ing  purnp add i t ion
of a concentrated copper stock solr-rt ion to the stock toxicant reservoir.  Al l  toxicant working stock solut ions
wi l l  be  prepared and nra i r r ta ined under  the  sanre  cond i t ions  as  in  the  tes t  exposures  and de l i vered  cont inuor . rs ly
to the toxicant chamber of the di luter at an appropriate rate.

DILUTION WATER

Dilut ion water wi l l  be dechlorinated City of Newport nrunicipal tap water adjusted to a water hardness of 25-30
nrg/l .  as CaCO:.

T E S T  O R G A N I S M S

Species: Larnprey, Lantpetru sp.

Source: Anrnrocoetes wil l  be col lected by Windrvard staff and del ivered to the laboratory each day of
co l lec t ion .  The amntocoetes  w i l l  be  co l lec ted  f l ' om severa l  r i vers  inc lud ine  the  S i le tz  R iver .  wh ich  was the  s i te
lo r  Phase I  a r r r r r rocoetes

Age:  anrnrocoetes  ( - jL rven i le  p r io r  to  n re tan torphos is )

Acc l imat ionandPre tes tObserva t ion :  Tes torgan is r rsw i l l  behe ld in the labora tory inorder toacc l i rna te to tes t
temperature. Upon receipt, aninrals are rernoved from the sedinrerrt they are received in and placed in l  O-gal lon
tanks  under  f low- th rough cond i t ions  ( -35  nrL /minu te ,  o r  -  2  vo lunre  changes per  day ,  w i th  one add i t iona l  da i l y
siphon and replacement of 2/3 volume of each tank). Approxirnately 50 lantprey are placed in each tank.
Tanks  w i l l  co l t ta in  a t  leas t  3  inches  o f  sed in ren t  (Sandtas t ic  P lay  Sand.  Waupaca Mater ia ls .  o r  s i rn i la r  mater ia l )
covered with approximately 26L of test water and supplied with aeration. The rnaxirnurn terrperature variat iou
dt r r ing  ho ld ing  w i l l  be  +  lo  C.  The ammocoetes  w i l l  be  acc l in ra ted  to  the  Iabora tory  tes t  cond i t ions  fo r  a
miu imu ln  o f  5  to  7  days  pr io r  to  tes t  in i t ia t ion .  Th is  n r in imurn  number  o f  days  app l ies  on ly  to  the  f i rs t  to r ic i t y
test conducted on each batch of f ield-col lected organisrns. For al l  other tests, the antmocoetes wil l  be held for at
least l3 days prior to test ini t iat ion. When a tenrperature adjustrnent of nrore than i  to 5nC is required, the
t rans fer  f io rn  f re ld  co l lec t ion  water  to  labo la to ry 'd i lu t ion  water  w i l l  be  gradua l .  Normal  behav io r  fo r  ra rnprey
amtrocoetes  is  to  in rmed ia te ly  bury  in  sed i rnent  and renra in  there .  Any  dead an in ra ls  observed on  the  sed i rnent
surface are renroved dai ly. Past experierrce suggests that mortal i ty is rnirr inral during shorl-ternr holding and
any r ro r la l i t y  i s  l i ke ly  due to  danrage f iom f ie ld  co l lec t ion .  I f  a rn lnocoetes  do  no t  bury  o r there  is  excess ive
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mor ta l i t y  in  any  tank .  an in ta ls  f ron t  tha t  tank  w i l l  no t  be  used fb r  tes t ing .  Arnr r rocoetes  w i l l  no t  be  fed  s i l ce
they are being held short-terrrr.

DESCRIPTION OF TEST SYSTEM

P r e p a r a t i o n o f T e s t C o n c e n t r a t i o n s :  T e s t t n a t e r i a l s w i l l  b e a d m i n i s t e r e d u s i n g a c o n s t a n t - f l o w d i l u t e r b a s e d o n
t h e d e s i g n o f B e n o i t e l  a l  ( 1 9 8 2 ) .  T h e d i l L r t e r w i l l  b e c a l i b r a t e d t o d e l i v e r a 0 . 5 d i l u t i o n s e r i e s .  F l o w r a t e s
wil l  be adjusted to del iver at least f ive test chan.rber volumes per concelttrat ion per day. Di luter f low rates wil l
be  meast t red  and docut len ted  a t  the  beg inn ing  and conc lus ion  o f  each 96-hour  tes t .  Th is  w i l l  be  done by
measur ing  ind iv idua l  d i lu te r  cap i l la ry  tube f lows.  When the  f low ra tes  are  en tered  in to  an  Exce lE  spreadsheet ,
the actual di lut ions of the toxicant stock can be cornputed. Actual test chemical concentrat ions (organic
chemica ls )  in  the  tox icant  n ix ing  chamber  ( tox icant  s tock  so lu t ion)  and in  exposure  aquar ia  w i l l  per iod ica l l y  be
measured on a real-t inte basis at NAS to veri fy that nominal concentrat ions are being routinely achieved.
Definit ive concentrat ion docurnentation in test aquaria wil l  result fronr dai ly sanrples shipped for analysis to
C A S .

Test  Char .nbers  and Env i ro l tmenta l  Cont ro l :  Tes t  char rbers  used in  the  tox ic i ty  s tudy  are  g lass  aquar ia  less  than
or  equa l  to  two ga l lons  in  vo lume.  The tes t  sys tem is  hoLrsed in  a  cons tan t - ten tpera ture .  photoper iod-cont ro l led
room. Aeration is not enrployed. The photoperiod is constarrt dark except during nronitoring activi t ies rvhen
ambient  (50-75  f t -c )  l igh t ing  is  used.

C lean ins :  A l l  labora tory  g lassware ,  inc lud ing  tes t  chambers  and tox icant  d i lu t ion  sys tem,  w i l l  be  c leaned based
on the rnethods described in U.S. Environlnental Protection Agency (2002). Init ial  cleaning incorporates the
u s e o f a l a b o r a t o r y d e t e r g e n t f o l l o w e d b y r n u l t i p l e t a p w a t e r r i n s e s .  S u b s e q u e n t l y , e i t h e r d i l u t e ( 1 0 % , V : V )
ac id  (hydroch lo r ic  o r  I r i t r i c )  o r  ace tone is  used to  remove r -ne ta ls  o r  o rgan ic  contaminants ,  respec t ive ly .  Fur lher
nru l t ip le  tap  water  r i t rses  are  enrp loyed a f te r  each ac id  o r  ace tone t rea tn ten t .  Sod ium hypoch lor i te  b leach rnay
be employed on  a  l in r i ted  bas is  to  ensure  tha t  n r ic roorgar r is rns  tha t  cou ld  n te tabo l i ze  organ ic  tox icants ,  e .g .
naphtha lene,  a re  no t  p resent .  Exhaust ive  tap  water  r ins ing  is  a lways  employed fo l low ing  any  chemica l  c lean ing
t rea t rxent .  A  f ina l  d i lu t ion  water  r inse  o f  the  exposure  appara tus  w i l l  p recede in i t ia t ion  o f  each s tudy .

EXPERIMENTAL DESIGN AND TEST PROCEDURES

E x p e r i n l e n t a l  D e s i g n :  T h e d e f i n i t i v e t e s t i n v o l v e s e x p o s u r e o f l a m p r e y a l r m o c o e t e s t o f i v e t e s t c o n c e n t r a t i o r r s ,
us ing  a  0 .5  d i lu t ion  ser ies ,  and a  d i lu t ion  water  cont ro l .  Exposures  a le  fo r  96  hours .  Each t rea tnren t  cons is ts  o f
four repl icates, each containing l0 amnrocoetes, i f  there are suff icient nurrrbers of arrrrrrocoetes. I f  there are not
enough a lnn locoetes  fo r  l  0  per  rep l i ca te ,  then a t  leas t  20  per  t rea tn ten t  (5  per  rep l i ca te )  i s  the  nr in imunr  number
preferred. Test chambers are randotr ly distr ibuted in the test area. Ar.nr.r.rocoetes are impart ial ly distr ibuted to
each aquar iunr  by  add ing  one or  two ar r i rna ls  to  each tes t  rep l i ca te  and repeat ing  the  process  un t i l  each conta ins
l0  o rgan isn ts .

Effect Critel ion: The effect cr i ter ion used in the lamprey ammocoete acute toxicity test is mortal i ty, defined as
a lack of visible respiratory nlovenrent and absence of response to tact i le st irrrulat ion. The nrorlal i ty data wil l  be
used to  co l t tpu te  LC50s fo r  each exposure  per iod .  ln  add i t ion  to  n to r ta l i t y ,  qua l i ta t i ve  observa t ions  o f  sub le tha l
responses consist ing of errat ic swimnring, hyperventi lat ion, hentorr lraging, and hyper/hypoactivi ty (contparecl
to  the  ac t iv i t y  o f  the  organ isns  i r r  the  cont ro l  g roup)  w i l l  be  recorded i f  observed.

Tes t  Cond i t ions :  The d isso lved oxygen concent ra t ion  in  each tes t  con ta iner  must  be  >  4 .0  mg/L  th roughout  the
t e s t .  T h e t e s t t e l t t p e r a t u r e e r n p l o y e d i s l T + l ' C .  A p h o t o p e r i o d o f c o n s t a n t d a r k n e s s i s u s e d , e x c e p t d u r i n g
moni to r ing  ac t iv i t ies  when i l lumina t ion  is  supp l ied  by  day l igh t  f luorescent  lamps a t  an  in tens i ty  o f  50-75  f t
cand les .  Load ing  shou ld  no t  exceed 6 . lg lL  a t  l7 'C  accord ing  to  EPA.  ASTM recornrnends load ing  no t  exceed
I  g /L  o f  so lu t ion  pass ing  th rough the  chanr  ber  in  24  hours  o r  |  0g /L  o f  so lu t ion  in  the  cham ber  a t  any  t i rne .

Beg inn ing  the  Tes t :  Add ing  the  orga t t i snrs  to  the  equ i l ib ra ted  tes t  cor r ta iners  as  prev ious ly  descr ibed beg ins  thc
test.

Feed ing :  None.
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Ana lys is  o f  Tes t  Concent ra t ions :  Dur ing  each tes t .  sarnp les  w i l l  be  co l lec ted  fo r  chemica l  ana lys is .  he ld  a t  4 'C
and sh ipped by  overn igh t  de l i very ' to  Co lunrb ia  Ana ly t i ca l  Serv ices  i r r  Ke lso .  WA.  The santp l ing  schedu le  a r rd
procedure  w i l l  fo l lo rv  the  pro . jec t  QAPP.

Test Duration. Type and Frequenclr of Observations. and Methods: The test duration of the acute toxicity tesl
is 96 hours. The type and frecluency of observatiorrs to be made during the test are sur.umarized as fol lows:

Type o f  Observa t ion T imes o f  observa t ion
Bio log ica l  Data
l .  mona l i t v  (each tes t  con ta iner ) 0. 24, 48. 72. and 96 hr
2.  sublethal  observat ions (qual i ta t ive) 0. 24. 48. 72. and 96 hr
Phvs ica l  nnd Chemica l  Dnta
l .  D isso lved oxygen.  pH,  &  te r rpera ture ,  ( in  one

rep l i ca te  o feach tes t  leve l  and the  cont ro l )
2 .  Conduct iv i t y .  hardness  & a lka l in i ty  ( in  one

rep l i ca te  o f  h ighes t  concent ra t ion  and cor r t ro , ,
3 .  Tox icant  concent ra t ion  sampl ing  ( in  one rep l i ca te

o feach tes t  concent ra t ion  and the  cont ro l )
1. Di lut ion water sarnple for part iculate nratter. TOC

and ammonia
5. Sample for ammonia taken fronr one repl icate of

control and hiehest test concentrat ion

0 .24 ,  48 ,72 ,  and  96  h r

0. 2,1. 48, 72. and 96 hr

0 .  2 ' 1 ,48 .  72 ,  and  96  h r

0 h r

96 hr

Dtlr ing the test. dead organist ls are rernoved every 24 hours and f iozen by concentrat ion for possible t issue analvsis.
Dissolved oxygen is nreasured using a polarographic oxygen probe cal ibrated according to the manufacturer 's

recontntendations. The pH and terrperature are nreasured using a pFl probe and a properly cal ibrated meter with
sca led iv is ionsof0 . l  pHun i ts .  Conduct iv i t y isnreasuredus ingaca l ib ra tedconduct iv i t ymeter .  Sarnp les tbr
chemical analysis wil l  be col lected, preserved, and sent to Colurnbia Analyt ical Services fol lowing the recontntended
Drooedures of the analvtical laboratorrr.

Test Termination: At the end of the test. al l  sur.r iving corrtrol arnmocoetes are weighed and rreasured for length by
repl icate. Al l  surviving or dead test organisrns wil l  be frozen b1, concentrat ion for possible later t issue analysis by
Colurnbia Analyt ical Servrces.

Cr i te r ia  o f  Tes t  Acceptance:  The tes t  lesu l ts  a re  acceptab le  i f  surv iva l  in  the  cont ro ls  i s  a t  leas t  g0%.  l 'he
tox ic i ty  tes ts  w i l l  be  per fb rnred  as  a  -50%o d i lu t ion  ser ies .  i t  i s  an t ic ipa ted  tha t  each tes t  w i l l  have a t  leas t  one or
possibly trvo part ial  mortal i ty concentrat ions. Nominal concentrat ions of each toxicity test have be reviewed
and approved by EPA (EPA 2007). Horvever, because of the experirrental nature of the study and the l i rnited
supp ly  o f  ammocoetes ,  the  acceptab i l i t y  o f  the  tox ic i t l , tes ts  w i l l  be  based on ly  on  the  >  907o surv iva l  in  cont ro l
g roup.

D A T A  A N A L Y S I S

The percent of l ive amn.tocoetes is calculated fbr each treatnrelrt  repl icate frorn the raw data and the lreans are
obtained for each treatnrent level.  An l-C50 (rnortal i ty) is calculated using Probit or Trirnmed
Spearnra t r -Karber  rne thods .  The NOEC and LOEC are  ca lcu la ted  fo r  each endpo in t  accord ing  to  U.S.
Env i ronnrenta l  Pro tec t ion  Agency  (2002)  rne thods .  In  th is  p rocedure ,  the  NOE.C and LOE,C va lues  are
colttputed using either Dunnett 's test. T-test with Bonferroni 's ad.justment, Steel 's Many-One Rank Test, or
Wilcoxon Rank Sur.u Test "vith Bonferrorr i  Ad.justrnent. The applopriate test is selected after evaluating the
data fbr normali ty and holnogeneity of variance. An arcsine-square root transforrnation is performed on the
percentaqe effect data prior to stat ist ical analysis. The stat ist ical softwarc employed for these calculat ions is
Toxca lc ,  v . -5 .0 .23N.  T idepoo l  Sc ien t i f i c  Sof iware .

RI]PORTING
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The f ina l  repor t  o f  the  s tudy  resu l ts  must  inc lude a l l  o f  the  fo l low ing  s tandard  in fo rmat ion  a t  a  t l in imut t t :

l .  Name and ident i f i ca t ion  o f  the  tes t ;
2. The investigator and laboratory;

3 .  In fo rmat ion  on  the  tox icants ;
1 .  In fo rmat ion  on  the  d i lu t ion  water ,

5 .  Deta i led  in fo rmat ion  about  the  tes t  o rgan isms;

6. Descript ion of the test systeln and i ts cal ibrat ion, including test chanrbers and di lut ion systertr;

7 .  A  descr ip t ion  o f  the  exper imenta l  des ign  and o ther  tes t  cond i t ions  inc lud ing  water  qua l i t y ;

8. Definit ion ofthe effect cr i ter ia and any other observations;
9. Responses, i f  any. in the control treatment;
10 .  Tabu la t ion  and s ta t i s t i ca l  ana lys is  o f tneasured responses ;

I  l .  A  descr ip t ion  o f  the  s ta t i s t i ca l  r r . re thods  used;

12. Any unusual information about the test or deviat ions from procedures;

The f inal study report r.vi l l  include the study protocol and al l  study rar.v data as appendices.

STUDY DESIGN AT,TERATION

Amendrnents  made to  the  pro toco l  n rus t  be  approved by  the  sponsor  and s tudy  d i rec to r  and shou ld  inc lude a

descript ion ofthe change; the reason for the change; the date the change took effect; and the dated signatures of

the study director and sponsor. Any deviat iorrs in the protocol must be described and recorded in the study raw

data.
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Mar ine  Organ is r .ns .  F i f th  ed i t ion .  EPA-82 l -R-02-0  12 .  Of f i ce  o f  Water ,  U .S.  Env i ronmenta l  Pro tec t ion

Agency ,  Wash ing ton ,  DC.
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Appendix A
Test Conditions Summarv

l .  Tes t  spec ies Lctnoelrct so.
l .  T e s t  t v p e : Flow-throuqh
3.  Test  durat ion: 96 hr
4 .  Ternpera ture : 1 7  +  l ' c
5 .  D isso lved oxygen: > 4.0 ms/L
6.  L ish t  oua l i t v  &  in tens i tv : Ambient  laboratorv l ieht  (50-75 f t -c)
7 .  Photoper iod : Constan t  dark .  except  dur inq  mon i to r ins  ac t iv i t ies
8 .  J 'es t  charnbers : g lass  aquar ia  Iess  thar r  o r  equa l  to  two ga l lons  in

vo lume.
9 .  Tes t  chamber  vo lumes oer  dav : At least 5

0. Replicates per treatment: 4
I.  Orqanisms per repl icate: l 0
2 .  Aqe o f  tes t  o rqan is r r rs : alTtmocoete

i .  Feed ine  res ime : None
4.  Aera t ion : None

15.  Dih. r t ion water : Dechlorinated City of Newport tap wateri  hardness
ad ius ted  to  25-30 rne /L  as  CaCO.

I  6 .  Tes t  concent ra t ious : 5  a r rd  a  d i l r r t ion  *a le r  con t lo l
17 .  Wa te r  qua l i t y : Tempera ture ,  pH,  &  d isso lved oxygen in  one rep l i ca te

o f  each tes t  concent ra t ion  da i l v .  Conduct iv i t y ,
hardness  & a lka l in i ty  in  one rep l i ca te  o f  h ighes t
concentrat ion and control dai lv

I 8. Special controls None
1 9 .  E n d p o i n t : Mor ta l i t v
20.  Test  acceotabi l i tv  cr i ter ia : >90%o control survival
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamprey FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST (?*'
rnu "rt' guto, -7- tgt- C YTest No. 686-42 Client Windward

STUDY MANAGEMENT:
Client: Windward Environmental. 200 West Mercer Street, Suite 401, Seattle. WA 98119
Client's Study Monitor: \4s-Helle 4nde$en
Testing Laboratory: Northwestern Aquatic Sciences
Test Location: 3814 Yaquina Bay Road, Newport, OR 97365
Laboratorv's Sfudv Personnel:

QA Officer: LK. Nemeth l. C".). t €lggApet bJ.t_
J .

5 .
2 .
A

Study Schedule:
Test Beginning: ! i  ;  u1--6, '1  l9Jc Test Ending: t /-r f,-lT r 

''l'i 
o

TEST MATERIAL:
Description: _l{aphlqlg4e_l[Q1pH3) Fisher Scientific lot # 056112

DILUTION WATER:
Description: DBqbler:i4ed tQily o:lN
Date of Preoaratior/Collection:
Water Quality: Cond. (pmhos/cm) pH '7 . 'L  *  0 , 'L ' '

Hardness (mg/L as CaCO)Zf,.Hardness (mg/L as CaCQ)Zf. { t' '3. o Alkalinity (m-gl{. as CaCO) /(.1 t t. I
Treatments: Hardness adiusted to 25-30 me/L with a Qulligan@ water rreatment system.

TEST ORGANISMS:
Species: Size: 4-6 cm
Source: 'fratk

Acclimation Data: See pages:

TEST PROCEDURES AND CONDITIONS:
Test Concentrations (nominal) :
Test Chambers (description): Test Volume (rnl): 5.80 L
Replicatesitreatment: 4 Otgilf nt: 4O00teplicate)
Test water chanses: flow throush

{/ bo r,'v,1,1 '-'( o hItrlL tfil trr'Aeration during test: nene 4-,: lt ' '
Temperature ("C): l_ZlljC
Feeding: None Photoperiod: Darkness except for WO & chgmistrv measurements

Test Duration (hr) 96 trOulq Tank Placement: Qenoplellqlaldgmization
Randomization Chart:

Diluter

2 .5 20 2.5 l 0 0 20 0 2.5 | . 2 5 5 0 20 l 0 1 . 2 5 t .2s l 0 2 .5 5 5 20 0 5 l 0 | . 2 5
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamnrev FT acure

LAMPREY SURVIVAL FLOW-THROUGH TEST

Test No. 686-42 Client Windward Investigator

WEIGHT OF 10 ANIMALS AT TEST INITIATION
// -/"/-al 

64j

MISCELLANEOUS NOTES:

Room light intensity (fQ: | ) l- l /- / t ,  o r 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.

^/ l o

weisht (s) Lensth (cm) Comments
I 0 .  )q a- l
z O . 2 . 3 c - 7
J h . ' t o { - 4
A O - t f 4 - t
5 D .  t - 1 Co
6 a  > l 4 - d
7 O . t T U . \
8 b . ' t - l v -7
9 0 - t \ q-L
1 0 D . t , a L/- Lf

Ta615l l/11 t., t'n 0 . L'1-- 1 . ,
Atier.a^c€-ard.ra*al )- O O . r : I 0 - L

0 ,3r  * lu

Error codes:
l) Correction of handwriting error
2) Written in wrong location; entry deleted
3) Wrong date deleted; replaced with correct data
4) Enor 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. 686-42 Client Windward Investigator

WATER QUALITY DATA SHEET

DAY O t4 I 61)
Conc

(')6)
Temp.
("c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
{ms/1.)

Total
Alkalinity

(meiL)

Survivors

CommentsA B C D

20 r? -3 Lto t t a cl.5 L ] I L t / /-) 1 \ ) 1 e (o /r^t^h2"2 ,} o,r u-J,
l 0 i ] , L ) l"{ 9 - b /o (o /<) [<:

5 . 0 4
t ' t T f q . 'T / E ) f.) fc)

2 . 5 t + t +5 q - 5 /o /q! 1o / 3

t . 2 5 t ] - t T . t cl. b f< ) lA /\) ( < )

0 / b . 8 l-: t r 0 1 { 9o 1 l,- /a / n /<) l<2
Chemistry samples taken (l 1 /1,4 / c7) t2'L
Particulate matter, TOC, and ammonia samples taken in dilution water ( h I t 1l u) _I:&f ,4,t <_
Hours of light: l, O

{

Hours of light: J" O

DAY I ( tt l tS l,-t I

Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(ms/I-)

Total
Alkalinity

(molL)

Surv ivors

CommentsA B D

20 /+ { +Ll I a,O .4 -u 3"1 / , , a ) / o t o / o nor Arn/",5 ua /.,, ",,-,lL l-. tt,(. 91,qt
1 0 17..r>-l ., t ) 1 C i o 1 7 ln-l  at-Ft-q, .+tt  k-h 1 

'

5 . 0 t ? ' ? 5 . 1 / (7 t o / o / c ) ?SD'/o r'r- n-e,,J
2 . 5 1'?-'l +4 oj. la l o / o t o /o
t . 2 5 lT."t 75 q . < /o / O /o /o
0 !+.5 7f l1'o q.,4 i 1 - IL r J P ln /o /o

Chemistry samples taken (/t I lsl+)

D A Y 2 ( i t t l b l 0
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mgiL)

Total
Hardness
(ms/I.)

Total
Alkalinity

(msll.)

Survivors

CommentsA B C D

20 , 7 9 +-2 . H < 7-b ,\o t - t /o Y(zo) Ttnj /o t"hul4t , /r ' /* -"n*-l*+^*i
l 0 / 7 v 7 L , 1 - 4 rO / i ) / C ) ( o

a.hVlq5onh;, , ,rnL n-bJ ,f lA,:: ,^
5 . 0 7 f ?-a ,i- ) / o to t o t o
2 . 5 t 7 b 7u 4 1 1 to t O l o l o
| . 2 5 iT.b V L ' / " / /o /r) r 0 / o
0 i 7 - 4 TL \ t 0 t1..t t f t

) L , t I X t ) t 0 t o tc
Chemistry samples taken (7 I rc/e) q./
Hours of light: I a
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NORTHWESTERN AQUATIC SCIENCES

Test No. 686-42 Client

LAMPREY SURVIVAL FLOW-THROUGH TEST

Windward

WATER QUALITY DATA SHEET

PROTOCOL NO. NAs-686-Lamprev FT acure

Investigator

D A Y 3  (  u  i l 1 t (_-
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

Total
Hardness
(ms/1.)

Total
Alkalinity

(me/L)

Survivors

CommentsB D

20 |  7 . n 7 . { / J J ("-k) LG l b q(a €
5 Y ( ) ,lUb) rr,e' ttt:t 1't/-.. 5{n.i€ Te:T(.{6(

C A e d  . d b 6 4 ; \

l 0 / t- t't ; . ' f ( t .6
1 t ) l c ,,.i;tftv,d.E:v- +'U6n7ci r.!Le -h.:i(t

'd i{f L\ i rLblfi i , f i l*t l /rruxritr + r.r
5 . 0 / Q 1 7.-j , l - l f ' l l ' ) / j ) , J

lC ! iL. j r(  <"6'" f ; t f }-&?r. :" /

2 . 5 l c . > 4 7 .v t J 7 O 1 C / J
1 . 2 5 /cq '7 L- I / \ ) 1 r ) l ; ) i . J

0 I^? .  t ' . ; i 0 i 1l '{ L , t 7 t c , / 9 r 0 r O
Chemistry samples taken ( n lftlc i) frsl
Hours of l ight: l.rt

D A Y 4 c '  t ! d t
Conc.
(mg/L)

Temp.
('c) pH Cond.

pmhos/cm
DO

(mg/L)

I otal
Hardness
(mqll )

Total
Alkalinity

(ms/L)

Survivors

CorrunentsB D

20 |  ? .1 ?-l t o l q 4 .L la \ i 9-kol u|4 0) t()o LTJO)
t rar-?.'lvt t , trtL<- e"/-, t ttTuT ra Jal

i y l r n  a a Y e , ( ,  o . . L . - i , '  .  L  u * *

1 0 tb.1 ]-t- l-u | ' L ) /t-t p ':ix^t, -q 
!:.*- /er-hi1

5 .0 I  b- ' l Tt, c ) . \ 1 o / a T ( r J 5/; iL. lq / . ,5 a.

2 . 5 I t - Yh) q .  I /o p lo ro
I . Z ) i  ( r .q 'hl q{) /o / Q t 4-) t o
0 ,, ] +a l c z - ci..t ,?,4 r f I Q / o / Q t o

Chemistry samples taken ( lll lllty
Ammonia samples taken in control
Hours of l ieht: 1..-r

and 20 mglL ( 1 tl tl /f) (-

' , ,
/ - \ l , i - ''D 

' (,/t ' '- '- lnt ' lt"

Cr,, /.

r t l
f l'"1*tt

1,li l.,l i "',4*,

t r \

/ 0 1
'7 'r

L T , Y

/ c, . ,1

(€,' . , ,  7 att l" ' ' ' -  i

L r ( o
t o .a* (.)

t  s .o  ( ( J

x  / . (  ( r )

O1r.','^)

Qs"
r't I ,,"l ' t l  "y
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamnrev FT acute

LAMPREY SURVIVAL FLOW-THROUGH TEST

rest No. 686-42 ctient 
, ,rY)!\:rrlU. 

Investigator_

+,  \ (V oi ' ' \  
" '

NOTES ON PREPARATION Ot /O mg/L NAPHTHALENE STOCK

System Design

The objective is to deliver 20 mglL of naphthalene to the diluter toxicant chamber at a nominal constant rate of
1 60 mVmin. 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 arcartridee containins crvstalline naphthalene.

l laPAlieL'^t- 
- 

5'&P' a(' '"( '(
NOTES ON MAINTENANCE OF THETffilANtJqE DELIVERY SYSTEM

DILUTER CALIBRATIONS RECORI)

DILUTER CAPILLARY FLOWS

FLOWS TO REPLICATE AQUARIA
Date l3 lJT t lme

, t t
. .  t  / '

J i J  , h ^  
/ t ' v. t ( r . / r ^  f f - i '  / t . 4  I

Date tt lt3l,)1 Time Init. 0)ft- Date l l l14/J ' j Time Init. ' ,&t-t
Drain # Suoolv Tank Diluter Tank Drain # Supolv Tank Diluter Tank
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Relative Concentration
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Water Quality Computation - Test No. 686-42

Temp DO pH Cond ArkHard
1
z

4
5
o

7

9
1 0
1 1
1 2
I J

1 4
1 5
t o

1 7
1 B
1 9
20
a 4
L I

22
z 5

z.+

25
zo
27
z 6

Z Y

JU

3 1

1 7 3
1 7 . 0
1 7  I
1 7  1
t t  I

t o . t

1 7 . 8
1 7 . 4
1 7 . 7
1 7 . 8
1 7  " 7
1 7 L

1 7 . 8
1 7 . 7
1 7 5
1 7 . 6
1 7 . 6
1 7 . 4
1 7 2
1 7 . 0
1 6 . 9
1 6 . 8
1 6 . 9
1 7 . 0
1 7 . 1
'16 .9

1 6 . 8
1 A  R

t n v

1 6 8

Y . O

9 /

9 5
9 6
9 . 8
Y . Z

v . b
9 . 5
9 . 4
9 . 6
9 4
9 5
9 4
9 4
9 4
9 . 6
9 6
9 . 4
9 4
q 6

9 . 4
9 . 4
Y . Z

9 . 3
v .  I

9 .0
9 .2

7 6

7 5

7 5
7 5
7 4
7 . 4
7 . 5
7 4
7 . 5
7 5
7 . 2
7 . 2
7 . 2
7 2
7 2
7 . 2
7 4
7 4
7 . 3
7 . 2
7 . 2
7 . 0
7 4

I . Z

7 .2
7 .0
- 7 4

7 0

1 1 0
1 '10

120
120
t t c

1 1 0
104
1 0 1
1 0 1
102

1 6
1 6
1 5
t h

1 7
1 8
t o

1 7
1 3
1 5

28
30
30
32
?n

30
26
z 6

zo

z+

mean
s o .
N
min
max

1 7 . 2
0 4
30

1 6 . 8
1 7 . 8

9 .4
0 .2
J U

9 0
9 B

0 .2
30
7 . 0
7 6

1 0 9
7

1 0
1 0 ' 1
120

28
a
z

1 0
24
J Z

1 6
1

1 0
1 ?

1 8

Q)g-.
n f  a ' r f  ' r

, l ){  |L/



WQ Gomputation - acclimation (11-1-07 to 11-'14-07 ) - Test No. 68642

Temp DO pH Cond Hard Atk
1
2

4
5
6
7
B
q

'10

1 1
1 2
,t 2.

1 4
1 6

t o

1 7

1 6 . 8
1 6 . 8
t o . o

t o . o

t o . Y

1 6 9
1 7 . 0
t o .  Y

t o .  /

l o .  /

t o .  /
' 16 .8

t o . o

1 6 . 8

q x

9 . 5
9 . 2
v . o
9 9
9 8
9 4
9 3
9 9
9 . 6
9 9
q 7

9 . 7
9 . 7

6 . 2

8 .2
8 1

R 1

6 . 2

8 . 1
8 . 1
8 . 6
8 . 1
8 . 1
8 . 0
t . o

7 . 9

t o c

1 6 5
1 6 0
1 8 0
1 8 0

'155

1 6 0
1 6 (

4 r ' ,8

1 5 5
1 6 4

1 5 0

45
47
38
48
49
2tr

5 l

46
43
39

38
?A

oz
oz
56
64

52
54
56
oz
56
52
56
54
52

mean
s .o .
N

1 6 8
0 . 1
1 4

1 6 . 6
17.0

o 2
1 4

9 . 2
9 9

8 . 1

1 A

7 6
8 6

1 6 0
1 0
1 A

145
1 8 0

q7

1 4
52
oo

4 1
5

1 4

49
mtn
max

fk/
'v 

ln-,f"(

/ )  o (  
r \
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Acute 96-hr Toxicitv Test-96 Hr Survival

End Date: 11118107 14:30 Lab lD: ORNAS-Northwestern AquatiSample Type: Naphthalene

Samole Date: Protocol: NAS-686-Lamprey Ft acute Test Species: LY-Lampetra sp

Comments:
C o n c - m g / L 1 2 3 4

D-Control  1.0000 1.0000 1.0000 '1.0000

o.7  1 .0000 1  .0000 1 .0000 1 .0000
1.24  1 .0000 1 .0000 1 .0000 1 .0000
2.64  1 .0000 1 .0000 1 .0000 1 .0000
5.32 1.0000 1.0000 ' �1.0000 1.0000

10.18 0.5000 0.4000 0.5000 0.6000

Transform: Arcsin Square Root Rank 1-Tai led
Sum CriticalConc Mean N-Mean Mean Min Max CYY' N

D-Control
v . t

1 . 2 4
2.64
5.32

. 1  0 . 1  8

1 .0000
'1.0000

1.0000
1.0000
1.0000
0.5000

1.0000
1.0000
1.0000
1.0000
1.0000
0.5000

1.4120
1 .4120
1.4120
1.4120
1 .4120
0.7854

1.4120 1.4120 0.000
1.4120 1.4120 0.000
1.4120 1.4120 0.000
1.4120 1.4120 0.000
1.4120 1.4120 0.000
0.6847 0.8861 10.467

18.00  10 .00
18.00  10 .00
18.00  10 .00
18.00  10 .00
' r0 .00  10 .00

4
4
4
4
4
4

Shapiro-Wi lk 's  Test  ind icates non-normal  d is t r ibut ion (p '=  0.01) o.40374 - 6 E - 1 5  1 1 . 5

Equality of variance cannot be confirnled
Hypo[hesis  Test  (1- ta i1,0.05)  NOEG LOEC GhY -  TU
Steel 's  Manv-One Rank Test  5.32 10.18 7.35918

Dose-Response Plot

I.CY\)
0.8

0 .7
(!

. Z  o n
L

U) U.3
L

(o
o)

0 .3

0 2

0. 'r

0

5 r" lo t tns Y' l '  
o- '

'fk-- zlrcl ov

1/lt t/5 -/o ( -
' ' r t  

, '  u '  t 'n  '  n '  "kJ "
4to/,

(/ tJ rnCL'
\
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;
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o
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Test: AT-Acute 96-hr Toxicity Test Test lD: 686-42

Species: LY-Lampetra sp. Protocol: NAS-686-Lamprey Ft acute

Sample lD:  SamPle TYPe: NaPhthalene

Start Date: 11114107 13:30 End Date: 11118107 14:30 Lab lD: ORNAS-Northwestern 4q!g!i9sgl9!999

Pos I D Rep Group Start 24 Hr 48 Hr 7 2 H r 96 Hr Notes
1 1 D-Control ,l 1

z z D-Control 1

D-Control 1 1

4 4 D-Control I
I
I

5 1 0.70c 1 ( 1

z 0.70c 1C 1

7 0.70c 1C 1

8 4 0.70c 1C 1
q 1 .24C 1C

1 0 z 1 .24C 1C 1

1 1 1 .24C 1C
1 a
t z 4 1 .24C 1C 1

I J 2.64C 1C

t q 2 2.64C I L I

I J 2.64C 1C
t o 4 2.64C 1C 1

1 7 1 5.32C 1C

1 8 5.320 1C 1

1 9 5.320 ' lc 1 (

20 4 5.320 1C 1

21 1 1  0 .1  80 1C

L Z z 1  0 .1  80 1C

Z J 10 . ' 180 1C

24 4 1  0 . 1  8 0 1C 6

Comments:

ToxCalc 5.0.23N
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LAMPREY (LAM2ETRA Sp.) DEFtNtTtVE 96-HR
FLOW.THROUGH ACUTE TOXICITY TEST OF

PENTACHLOROPHENOL

NAS Test No. 686-43

Submitted to

Windward Environmental LLC
200 West Mercer Street, Suite 401

Seatt le, WA 98119

Submitted by

Northwestern Aquatic Sciences
3814 Yaquina Bay Road

P.O. Box 1437
Newport, OR 97365

Apri l3,2008



NORTHWESTERN AQUATIC SCIENCES

TOXICITY TEST REPORT

TEST IDENTIFICATION
Test No.: 686-43
Title: Lamprey (Lampetrtt sp.) definitive 96-hr flow-through acute toxicity test of pentachlorophenol.
Protocol No.: NAS-686-Lamprey FT acute, September 12,2001

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401 , Seattle, WA 98 I 19.
Sponsor's Study Monitor: Ms. Helle Andersen.
Testing Laboratorv: Norlhwestem Aquatic Sciences, P.O. Box 1437, Newport, OR 97365.
Test Location: Newport Laboratory.
Laboratory's Studlr Personnel: 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., Aq. Toxicol.
Study Schedule:
Test Begiruring: 12-16-07, 1130 hrs.
Test Ending: 12-20-01,1300 hrs.
Disposition of Study Records: A11 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
91365.
Good Laboratorlr 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
Part792).
Statement of Qualitlr 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 ofthe raw data.

TEST MATERIAL
Description: Pentachlorophenol, 99 .2oh (Chem Service, WestChester, PA, Lot No. 360-838).
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 al., 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 0.2 mglL
pentachlorophenol) was required to be continuously delivered to the toxicant supply chamber of the diluter. To
accomplish this, a large mixing reservoir, approximately 54L capacify, of nominal 0.2 mglL 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 mglL pentachlorophenol concentrated stock solution in dilution water 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 mglL pentachlorophenol solution to the diluter. The pentachlorophenol
concentrated stock solution was prepared daily.

DILUTTON 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 

.l 
pm, and adjustedto a

target water hardness of 25-30 mg/L as CaCO3. 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. 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 sufhcient (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 (12-l-07 to 12-16-07) were: temperature, 16.5 + 0.7oC;
dissolved oxygen, 9.5 t 0.3 mglLl'pH,7.5 + 0.3; specific conductance, 169 X9 pmhos/cm; hardness, 62 + 4
mg/L as CaCOrt and alkalinity,43 + 2 mg/L as CaCO3.

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 placen-rent in the test area was random.
Test Concentrations: The nominal test concentrations were 0.2, 0.1, 0.05, 0.025, 0.0125, and 0 mg/L (control)
pentachloropheno L.
Replicates/Treatment: 4
Organisms/Treatment: 40
Loading: 0.33 g/L
Aeration: None.
Feeding: None.
Water Volume Changes: The diluter supplied approximately 80 mVmin of test solution, or I I 5 Llday, 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 morlality,
qualitative observations ofsublethal responses were recorded when observed.
Target Water Qualitv Conditions: Water quality measurements were taken daily as specified in the protocol
(Physical and Chemical Data, Items 1 and2). The target water quality conditions were as follows:
Temperature, 17 + 1'C; dissolved oxygen, >4.0 mglL1' hardness, 25-30 mglL as CaCO3. Acfual 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 14.9 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treafment 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 Dumett'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 pentachlorophenol from each test concentration by pooling samples
from each ofthe 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 chemrstry laboratory (Columbia Analyical 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.
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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 specifrcations 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 anmocoetes are weighed and measured for
length by replicate." Through a laboratory error, a subsample of l0 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
temperafure specification was met during the study. Dissolved oxygen remained near saturation throughout the
test. The pH 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 0.01 7 t 0.004 mglL at the lowest level to 0.230 + 0.025 mgT- 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 290o/o. Therefore, the test meets the protocol criterion of a
valid test. Additionally, 100% mortality occurred in the two highest test concentrations, and 0%o morlality was
observed in the lowest, test concentration. Partial mortality was observed in the third (0.056 mg/L) and fouth
highest (0.030 mg/L) test concentrations.

The toxicity of pentachlorophenol to lamprey (Lampetra sp.) ammocoetes as the 96-hr LC50 was 0.03 I mg/L
(95% confidence limits, 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 mini-diluter system for toxicity testing. Water
P.es.16:451-464.

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

r-\ n
{ f , {. , ..i "/ . /,r t/,., i, ,// ,, ' 'r
Lrb"r"!"ry-ilAt- Date

n t n
b,t,rt,�,,/ /J. (74',,tt qf /l 'f

Unit Date

Test No. 686-43 Page 4 of6



NORTHWESTERN AQUATIC SCIENCES-

Table 1. Measured water quality conditions during the 96-hr acute toxicity test of
pentachlorophenol to lamprey ammocoetes.

Parameter Mean + S.D. N Range

Temoerature (oC) 17 .0  I  0 .3 30 16.3 -  l t .6
Dissolved oxygen (mg/L) 9 .9  t  0 .1 30 9.7 -  10.1
pH 6.6 + 0.2 30 6.3 -  6.9
Spec i fi c conductance (umhos/cm) 1 2 5  L 2 1 0 120 - 128
Hardness (mg/L as CaCO3) 3 0 + 2 l 0 2 6 - 3 2
Alkal in i ry  (mg/L as CaCO3) 1 5 + l l 0 1 3 - 1 5

Table 2. Measured concentrations of pentachlorophenol during the 96-hr acute toxicity test
of pentachlorophenol to lamprey ammocoetes. Measurements perforrned by Columbia
Analvtical Services.

Nominal (mg/L) Measured (mg/L)

Mean + S.D. N Range

0.2 0.230 !0.025 0.200 - 0.260
0 . 1 0 . 1  1 0  t  0 . 0 1 4 5 0.095 -  0 .130
0.05 0.056 I  0 .012 5 0.045 - 0.073
0.025 0.030 I  0.006 5 0.023 - 0.038
0 . 0 1 2 5 0.017 I  0.004 5 0.014 - 0.022

0 0.000 1 0.000 0.000 - 0.000
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to pentachlorophenol.

Pentachlorophenol Ammocoetes Ammocoetes Percent Mean %o
(mg/L) Replicate exposed Surviving Survival Survival

0.230

0 . 1  1 0

0.056

0.030

0 . 0 1 7

0.000
(Control)

B
t .

D

1 0
1 0
1 0
1 0

l 0
l 0
1 0
1 0

1 0
1 0
l 0
l 0

1 0
l 0
l 0
l 0

1 0
l 0
l 0
1 0

1 0
1 0
1 0
1 0

0
0
0
0

0
0
0
0

3
8
4
5

1 0
t 0
l 0
t 0

t 0
t 0
l 0
l 0

0 .0
0 .0
0 .0
0.0

0 .0
0 .0
0.0
0.0

0 .0
0 .0
0.0
10.0

30.0
80.0
40.0
50.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

50.0

100.0

100.0

0 .0

0 .0

A
B
L

D

2.5

0
0
0
I

A

B
C
D

A
B
L,

D

A
B
L

D

A
B
C
D

* Mean significantly (p:0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Lamprey FT acute
Seoterrber 12.2007

STUDY PROTOCOI-

LAMPREY (LAMPETRA sp.)
FLOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose o f  S tudy :  The purpose o f  th is  s tudy  is  to  de ter rn ine  the  acu te  tox ic i ty  o f  s ix  chemica ls ,  represent ing  a

range of toxic modes of act ior.r.  to larnprey ( l ,anpetra sp.) arrrmocoetes. The study wil l  be performed using
methods based on the rnethods for rneasuring acute toxicity with other f ish species as described in U.S.
Env i ronrnenta l  Pro tec t ion  Agency  (2002)  and Amer icau Soc ie ty  fo r  Tes t ing  and Mater ia ls  (ASTM) (  1996)
gu idance.

S u m n t a r y o f M e t h o d :  I n d e f i n i t i v e t e s t s ,  l a r n p r e y a m m o c o e t e s a r e e x p o s e d f b r 9 6 h o u r s t o f i v e c o n c e n t r a t i o n s

of test rnaterial and a di lut ion water control.  The test concentrat ions are arranged in a logarithrnic series based

on the results of range f inding tests. Four repl icates, each with l0 organisrrs. are enrployed at each test

concentrat ion, i f  there are suff icient nurnbers of amrnocoetes. Flow-through exposures are ernployed. Test

charnbers  a re  g lass  aquar ia  less  than or  equa l  to  two ga l lons  in  vo lunre .  Mor la l i t y  i s  the  e f fec t  c r i te r ion .  The

data  ana lys is  cons is ts  o f  ca lcu la t ing  rneans  and s tandard  dev ia t ions  fo r  surv iva l .  An  LC50 w i th  95%

confidence intervals rnay be calculated along with the NOE.C and LOEC concentrat ions.

STUDY MANAGEMENT

Sponsor 's  Name and Address :
Windward  Env i ronmenta l  LLC
200 West  Mercer  S t ree t .  Su i te  40  I
S e a t t l e .  W A  9 8 1 1 9

Sponsor 's  S tudy  Mon i to r :
Ms.  He l le  Andersen

Narne of Testins Laboratorv:
Nof thwestern  Aquat ic  Sc iences
3 8 1 4  Y a q u i n a  B a y  R o a d
P . O .  B o x  1 4 3 7
Newporl,  OR 97365

Test  Locat ion :  Newpor t ,  OR.

Laborator:- 's Key Personnel to be Assigned to the Stud)' :
Labora tory  D i rec tor :  R ichard  S.  Ca ldwe l l ,  Ph .D.

Pro jec t  Manager /S tudy  D i rec tor :  Gary  A .  Buh ler ,  B .S.

QA Of f i cer /Tox ico logy  Program Mgr :  l - inda  K.  Nemeth ,  8 .A . ,  M.B.A.

Aquat ic  Tox ico log is t :  Gera ld  J .  I r i ssar r i ,  B .S .

Proposed St r . rdy  Schedu le :  Ju ly  2007 th rough September  2007.

GoodLabora torvPrac t ices :  Thetes t isconducted fb l low ing thepr inc ip leso fGoodLabora toryPrac t ices(GLP)as

defined in the EPA/TSCA Good Laboratory Practice regulatiot.ts revised Atrgust 17, 1989 (40 CFR Pan792).
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T E S T  M A T E R I A L

Descr ip t ion :  Chemica ls  to  be  tes ted  inc lude an i l ine ,  copper ,  pentach lo ropheno l ,  l i ndane,  d iaz inon and
naphtha lene.

Prepara t ion  o f  Work inq  Stock  So lu t ion  and Tes t  Concent ra t ions :  Tes t  n ta te r ia ls  w i l l  be  admin is te red  us ing  a
cons tan t - f low d i lu te r  based on  the  des ign  o f  Beno i t  e t  a l .  (1982) .  S tock  so lu t ions  o f the  spar ing ly  so lub le
organ ic  compounds.  e .g .  naphtha lene,  pentach lo ropheno l .  l i ndane.  d iaz inon,  w i l l  be  prepared cont inuous ly  by
rec i rcu la t ion  o f  d i lu t ion  water / tox icant  s tock  so lu t ion  th rough a  co lunrn  o f  tox icant  coa ted  g lass  beads (Ve i th
and Con ls tock ,  1975) .  Th is  i s  a  conceptua l  approach in  wh ich  the  spec i f i c  co lunrn .  f low ra tes ,  g lass  bead
s izes .  e tc .  need to  be  deve loped empi r i ca l l y .  w i th  ana ly t i ca l  feedback ,  fb r  each s tudy  cons ider ing  such
var iab les  as  chemica l  so lub i l i t y ,  tes t  tempera ture ,  des i red  h ighes t  tes t  concent ra t ion ,  s tock  tox icant
col lsumption rate, etc. Given the above, some modif icat ions are anticipated as the studies progress. Init ial
sys ten l  charac ter is t i cs  a re  as  fo l lows:  l )  the  tox icant  rn ix ing  tank  w i l l  have a  60- l i te r  capac i ty ;  2 )  a20 x2g0-
cm g lass  co lumn wi l l  be  employed (10  x  200-cm and 40  x  560-c rn  co lumns are  a lso  ava i lab le ) ;  3 )  the  co lumn
packing wil l  ernploy 5-mm glass beads coated with the test cornpound; 4) part iculates wil l  be f i l tered out
through glass wool; 5) f low through colurrn r.vi l l  be control led b1, a variable-speecl peristalt ic pump or by
in te rn l i t ten t  purnp ing :  and 6)  tub ing  w i l l  be  g lass  and s i l i cone rubber .  GC/MS ana lys is  o f  tox icant  in  the
toxicant mixing tank wil l  be r-rsed to optimize the system for each chenrical noted above prior to test
in i t ia t ion .The conten ts  o f  the  s tock  tox icant  reservo i r  w i l l  be  cons tan t ly  rep len ished w i th  f iesh  d i lu t ion  water
as  tox icant  so lu t ion  is  supp l ied  to  the  d i lu te r .  The an i l ine  s tock  so lu t ion  w i l l  be  prepared s imi la r ly ,  bu t  by
v o l u m e t r i c a d d i t i o n o f a n i l i n e , u s i n g a m e t e r i n g p u l x p , t o t h e s t o c k t o x i c a n t r e s e r v o i r  i n l i e t r o f  t l - t e y e i t h
co l t tmn.  The copper  work ing  s tock  so lu t ion  w i l l  be  prepared in  the  sanre  appara tus  by  meter ing  pump add i t ion
of a cotrcentrated copper stock solut ion to the stock toxicant reservoir.  Al l  toxicant working stock solut ions
wi l l  be  prepared and nra in ta ined under  the  sanre  cond i t ions  as  in  the  tes t  exposL l res  and de l i vered  cont inuous ly
to  the  tox icant  chantber  o f  the  c l i lu te r  a t  an  appropr ia te  ra te .

DILUTION WATER

Di lu t ion  water  rv i l l  be  dech lo r ina ted  C i tv  o f  Newpor l  mun ic ipa l  tap  water  ac l jus ted  to  a  water  hardness  o f  25-30
mg/L as CaCOr.

T E S T  O R G A N I S M S

Spec ies :  Lar t tp re l  .  l . r tn r l r r '1111 5p .

Source: Alnrnocoetes wil l  be col lected by Windward staff and del ivered to the laboratory each day of
co l lec t ion .  The a tn l rocoetes  rv i l l  be  co l lec ted  f rom severa l  r i vers  inc lud ing  the  S i le tz  R iver .  wh ich  was the  s i te
for Phase I ammocoetes.

Aqe:  amrnocoetes  f iuven i le  p r io r  to  metanrorphos is )

Accl imation and Pretest Observation: Test organisnrs wil l  be held in the laboratory in order to accl irnate to test
temperature. Upon receipt, anintals are renroved fronr the sedirnent they are received in and placed in I  0-gal lon
tanks  under  f low- th rough cond i t ions  ( -35  r rL /minu te ,  o r  -  2  vo lume changes per  day ,  w i th  one add i t iona l  da i l y
siphon and replacenrent of 2/3 volurre of each tank). Approxirnatel l ,  50 lanrprey are placed in each tank.
Tanks  w i l l  con ta in  a t  leas t  3  inches  o f  sed i rnent  (Sandtas t ic  P lay  Sand,  Waupaca Mater ia ls .  o r  s im i la r  mater ia l )
covered with approxirrately 26L of test water and supplied with aeration. The maximunl temperature variat ion
dur ing  ho ld ing  w i l l  be  +  lo  C.  The a tnmocoetes  w i l l  be  acc l in ra ted  to  the  labora tory  tes t  cond i t ions  fo r  a
t l l i l l i t ru t . t r  o f  5  to  7  days  pr io r  to  tes t  in i t ia t ion .  Th is  n r in i rnunt  nunrber  o f  days  app l ies  on ly  to  the  f i rs t  tox ic i t y
tes t  conducted  on  each ba tch  o f  f ie ld -co l lec ted  organ isms.  For  a l l  o ther  tes ts ,  the  ammocoetes  w i l l  be  he ld  fo r  a t
least I- l  days priorto test ini t iat ion. When a ternperature adjustrrent of nrore than 3 to 5oC is required, the
transfer from f ield col lect ion water to laboratory di lut ion water wi l l  be gradual. Normal behavior fbr lanrprey
anllr locoetes is to imntediately bury in sedirnent and remain there. Any dead animals observed on the sedirnent
surfhce are removed dai ly. Past experience suggests that morlal i ty is nt inirrral during short-ternt holding and
any mor ta l i t y  i s  l i ke ly  due to  dar r rage f ronr  f ie ld  co l lec t ion .  I f  amntocoetes  do  no t  bury  o r there  is  excess ive
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rrrorlal i ty in any tattk. arr imals f i 'orn that tank wil l  not be used for test ing. Ammocoetes wil l  not be fed since
they are being held short-ternr.

DESCRIPTION OF TEST SYSTEM

Preparation of Test Concentrat ions: Test r.naterials wil l  be adnrinistered using a constant-f low di lr .r ter based on
t h e d e s i g n o f B e n o i t e t a l . ( 1 9 8 2 ) .  T h e d i l u t e r w i l l  b e c a l i b r a t e d t o d e l i v e r a 0 . 5 d i l u t i o n s e r i e s .  F l o w r a t e s
wi l l  be  ad jus ted  to  de l i ver  a t  leas t  f i ve  tes t  char rber  vo lunres  per  concent ra t ion  per  day .  D i lu te r  f low ra tes  w i l l
be  measured and documented a t  the  beg inn ing  and conc lus ion  o f  each 96-hour  tes t .  Th is  w i l l  be  done by
measuring individual di luter capi l lary tube f lorvs. When the f ' lorv rates are entered into an Excel ' l t  spreadsheet.
the  ac tua l  d i lu t ions  o f the  tox ica l r t  s tock  car r  be  conrputed .  Ac tua l  tes t  chenr ica l  concent ra t ions  (o rgan ic
cher r r i ca ls )  in  the  tox icant  rn ix ing  charnber  ( tox icant  s tock  so lu t ion)  and in  exposure  aquar ia  w i l l  per iod ica l l y  be
measured on a real-t inre basis at NAS to veri fy that nonrinal concentrat iorrs are being routinely achieved.
Definit ive concentrat ion docunrentation in test aquaria r.vi l l  result  f i 'om dai ly sarnples shipped for analysis to
C A S .

Test Chambers and Environrrrental Control:  Test charnbers used in the toxicity study are glass aquaria less than
or equal to two gal lons in volutne. The test systern is housed in a constant-tentperature, photoperiod-control lecl
roo l l l .  Aera t io t r  i s  no t  enrp loyed.  The photoper iod  is  cons tan t  dark  except  dur ing  rnon i to r ing  ac t iv i t ies  when
ar .nb ien t  (50-75  f t -c )  l igh t ing  is  used.

C lean ins :  A l l  labora tory  g lassware ,  inc lud ing  tes t  char rbers  and tox icant  d i lu t ion  sys tem,  w i l l  be  c leaned based
on the  methods  descr ibed in  U.S.  Env i ronnrenta l  Pro tec t ion  Agency  (2002) .  In i t ia l  c lean ing  incorpora tes  the
u s e o f a l a b o r a t o r y d e t e r g e n t f o l l o w e d b y n u l t i p l e t a p w a t e r r i n s e s .  S u b s e q u e n t l y , e i t h e r d i l u t e ( 1 0 % , V : V )
ac id  (hydroch lo r ic  o r  n i t r i c )  o r  ace tone is  used to  remove nre ta ls  o r  o rgan ic  contanr inants ,  respec t ive ly .  F1r - ther
mul t ip le  tap  water  r inses  are  en tp loyed a f te r  each ac id  o r  ace tone t rea t r ren t .  Sod iunr  hypoch lor i te  b leach may
be enrp loyed on  a  l i rn i ted  bas is  to  ensure  tha t  n r ic roorgan isnrs  tha t  cou ld  r re tabo l i ze  o rgan ic  tox icants .  e .g .
naphtha lene.  a re  l to t  p resent .  Exhaust ive  tap  water  r ins ing  is  a l rvays  en tp loyed fo l low ing  an1,  chemica l  c lean ing
t rea tn len t .  A  f ina l  d i lu t ion  water  r inse  o f  the  exposure  appara tus  w i l l  p recede in i t ia t ion  o f  each s tuc ly .

EXPERIMENTAL DESICN AND TEST PROCEDURES

Exper imenta l  Des iqn :  Thedef ln i t i ve tes t invo lvesexposureof lanrpreyarnmocoetes to f i ve tes tconcent ra t ions ,
t - ts ing  a  0 .5  d i lu t ion  ser ies ,  and a  d i l t r t ion  rva ter  cont ro l .  Exposures  are  fo r  96  hours .  E ,ach  t rea tpren t  cons is ts  o f
four repl icates, each containing I 0 anrmocoetes. i f there are suff icient nurrbers ofanrmocoetes. I f there are not
enough alnrrocoetes for l  0 per repl icate, then at least 20 per treatnlent (5 per repl icate) is the nrinirnunt nurnber
preferred. Test chalnbers arc randotnly distr ibuted in the test area. Arr.rr.nocoetes are impanial ly distr ibuted to
each aquariuln by adding one or two art iurals to each test repl icate arrcl repeating the process unti l  each contains
l0  o rgan is rns .

Effect Criterion: The effect cr i ter ion used in the larnprey anrrocoete acute toxicity test is mortal i ty. defined as
a lack of visible respiratory Inovernent and abserrce of response to tact i le st irnulat ion. The mortal i ty data wil l  be
used to  co lnp t l te  LC50s fb r  each exposure  per iod .  In  add i t ion  to  mor la l i t y .  qua l i ta t i ve  observa t ions  o f  sub le tha l
responses  cons is t ing  o f  e r ra t i c  sw inrnr ing .  hypervent i la t ion ,  henror r l rag ing ,  and hyper /hypoact iv i t y  (cornpared
to  the  ac t iv i t y  o f  the  organ is rns  in  the  cont ro l  g roup)  w i l l  be  rccorded i f  observed.

Tes t  Cond i t ions :  The c l i sso lved oxygen concent ra t ion  in  each tes t  con ta iner  must  be  >  z l .0  mg/ [ ,  th roughout  the
tes t .  The tes t  te tnpera ture  employed is  |  7  r  I  "C .  A  photoper iod  o f  cons tan t  darkness  is  used,  except  dur ing
nron i to r ing  ac t iv i t ies  when i l lumina t ion  is  supp l ied  by  day l igh t  f luorescent  lanrps  a t  an  in tens i ty  o f  50-7-5  f t
cand les .  Load ing  shot r ld  no t  exceed 6 .  lg /L  a t  I  7oC accord ing  to  EPA.  ASTM reconrnrends  load ing  no t  exceec l
lg /L  o f  so lu t ion  pass ing  th rough the  charnber  in  t4  hours  o r  l0g /L  o f  so lu t ion  in  the  chamber  a r  any  t in re .

Beg inn ing  the  Tes t :  Add ing  the  orgar r isnrs  to  the  equ i l ib ra ted  tes t  con ta iners  as  prev ious ly  descr ibed beg ins  the
test.

Feed ing :  None.

Page -i of 6



NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NA5-686-Lamprey FT acute
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Analvsis of Test Concentrat ions: During each test, samples wil l  be col lected for chemical analysis, held at 4'C

and sh ipped by  overn igh t  de l i very  to  Co lun tb ia  Ana ly t i ca l  Serv ices  in  Ke lso .  WA.  The sampl ing  schedu le  and

procedure wil l  fol low 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 rnade during the test are sunlmarized as fol lows:

Tvpe of Observation T imes o f  observa t ion

Biological Data

l.  rrroftal i ty (each test container) 0 , 2 1 , 1 8 , 7 2 , a n d 9 6 h r

2.  sublethal  observat ions (qual i ta t ive) 0.  24.  48,  72,  arrd 96 hr

Phvs ica l  and (  hemicn l  Data

l .  D isso lved oxygen,  pH.  &  ten tpera ture ,  ( in  one

repl icate ofeach test level and the corrtrol)

2 .  Conduct iv i t y ,  hardness  & a lka l in i ty  ( in  one

repl icate of highest concentrat ion and controi, l

3 .  Tox icant  concent ra t ion  sarup l ing  ( in  one rep l i ca te

ofeach test concelttrat ion and the control)

4. Di lut ion water sarnple for part ictr late tnatter, TOC

and ammonia
5. Sample for aml.nonia taketr fronr one repl icate of

control and highest test concentrat ion

0, 24, 48, 72, and 96 hr

0,24,  18,72,  and 96 hr

0, 24. ,18, 72, and 96 hr

0 h r

96 hr

During the test, dead organisnts are removed every 24 hours and frozen by concentrat ion for possible t issue anal5rsis.

Dissolved oxygen is measured using a polarographic oxygen probe cal ibrated according to the manufacturer 's

recommeldations. The pH and ternperature are trreasured using a pH probe and a properly cal ibrated rneter rvi th

sca led iv is ionsof0 .1  pHun i ts .  Conduct iv i t y is rneasuredus ingaca l ib ra tedcor rduc t iv i t y r le te r .  Sa t lp les fo r

chenrical alalysis lvi l l  be col lectecl.  preserved. and sent to Colunrbia Analyt ical Services fol lowing the recommerrded

procedures of the analyt ical laboratory.

Test Termination: At the end of the test, al l  surviving control arnnrocoetes are weighed and rneasured for length by

repl icate. Al l  surviving or dead test organisnrs wil l  be frozen by concentrat ion for possible later t issue analysis by

Co lurnb ia  Ana lv t i ca l  Ser rv ices .

Cr i te r ia  o f  Tes t  Acceptance:  The tes t  resu l ts  a re  acceptab le  i f  surv iva l  in  the  cont ro ls  i s  a t  leas t  90%.  The

tox ic i ty  tes ts  w i l l  be  per fo rmed as  a  50?o d i lu t ion  ser ies ,  i t  i s  an t ic ipa ted  tha t  each tes t  w i l l  have a t  leas t  one or

possibly two part ial  morlal i ty concentrat iorrs. Nominal concetrtrat iorrs of each toxicity test have be reviewed

and approved by  EPA (EPA 2007) .  However ,  because o f the  exper imenta l  na ture  o f the  s tudy  and the  l in r i ted

supply of arnrnocoetes. the acceptabi l i ty of the toxicity tests wil l  be based only on the> 90o/o survival in control

group.

DATA ANALYSIS

The percent of l ive anrnrocoetes is calculated for each treatmeltt  repl icate fronr the raw data and the means are

obtained for each treatntent level.  An LC50 (mortal i ty) is calculatecl using Probit or Trimmed

Spearnran- l (a rber  methods .  The NOEC and LOEC are  ca lcu la ted  fb r  each endpo in t  accord ing  to  L l .S .

Environntental Protection Agency (2002) methods. In this procedr.tre, the NOEC and LOEC values are

conrputed using either Dunnett 's test, T-test lvi th Bonferroni 's adjLrstrnent. Steel 's Many-One Rank Test. or

Wilcoxon Rank Surn Test with Bonferroni Adjustment. The appropriate test is selected after evaluating the

data fornor r r ra l i t yandhomogene i tyo fvar iance.  Anarcs ine-squareroo t t rans for tna t ion isper fo r rnedonthe

percentage effect data prior to stat ist ical analysis. The stat ist ical softrvare enrployed for these calculat ions is

Toxca lc ,  v .5 .0 .23N.  T idepoo l  Sc ien t i f i c  Sof iware .

REPORTING
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NA5-686-Lamprey FT acute
Seotember 12.2007

The f inal report of the study results rnust include al l  of the fol lowing standard information at a lrrnrmunl:

l .  Nar re  and ident i f i ca t ion  o f  the  tes t ;
2. The investigator and laboratory;

3 .  ln fo rmat ion  on  the  tox icants t
4. Information on the di lut ion wateri

,5. Detai led infbrtnation about the test organisnts;

6. Descript ion of the test systern and i ts cal ibrat ion, including test char.nbers and di lut ior l  systenl,

7  .  A  descr ip t ion  o f  the  exper imenta l  des  ign  and o ther  tes t  cond i t ions  inc lud  ing  water  qua l i t y ;

8. Definit ion of the effect cr i ter ia and any other observations;

9. Responses, i f  any, in the control treatment;
10 .  Tabu la t ion  and s ta t i s t i ca l  ana lys is  o f  measured responses ;

I  l .  A  descr ip t ion  o f the  s ta t i s t i ca l  n re thods  used;

12 .  Ar ry  unusua l  in fo rmat ion  about  the  tes t  o r  dev ia t ions  f rom procedures l

The f inal study report wi l l  include the study protocol and al l  study I 'aw data as appendices.

STUDY DESICN ALTERATION

Amendments rnade to the protocol must be approved by the sponsor and study director and should include a

descript ion ofthe change; the reason forthe change; the date the change took effect; and the dated signatures of

the study director and sponsor. Any deviat iorrs in the protocol nrust be described and recorded in the study raw

data.
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Appendix A
Test Conditions Summarv

l .  T e s t  s p e c i e s : Lamnelro so.

l .  Tes t  type : F low- th roush

3.  Test  durat ion: 96 hr
1 .  TernDera ture : t 7 f l " c
5.  D isso lved oxygen: > 4.0 nre/L
6 .  L i sh t  oua l i t r  &  i n tens i t v : Ambient  labora torv  l ieh t  (50-75  f t -c )

7 .  Photooer iod : Clonstant dark. except durins nronitoring activi t ies

8 .  Tes t  chambers : g lass  aquar ia  less  than or  equa l  to  two ga l lons  in

vo lume.

9.  Test  charrrber  volunres oer  dar  : A t  leas t  5

0. Reolicates Der treatnlent 4
I . Orsanisrrs oer reolicate: l 0
2 .  A * a  o f  t e s t  o r q a n i s n r s : alTlnl0coete

3 .  Feed ing  reg ime: None
zl. Aeration: None

I  5.  Di lu t ion water : Dechlorinated City of Newport tap water; hardness
adiusted to 25-30 rng/L as CaCOr

16.  Tes t  concent ra t ions : 5 and a di lut ion water control

1 7 .  W a t e r  q u a l i t y : Tenrperature, pH, & dissolved oxygen in one repl icate

o f  each tes t  concent ra t ion  da i l y .  Conduct iv i t y ,
hardness  & a lka l in i ty  in  one rep l i ca te  o f  h ighes t
concentrat ion and control dai lv

I 8. Special controls: None

19.  E ,ndpo in t : Mortalitv
20.  Test  acceotabi l i tv  cr i ter ia : >907o cont ro l  sLr rv  i va l
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NORTI- IWESI 'ERN AQUATIC SCIENCES PROTOCOL

I-AMPREY SURVIVAL FLOW-THROIJGH

NO. NAS-686- l ,arnPI 'w FT actr te

rESr t ){, ,/
" - } t t ' l  :  {

Test No. 68(r-43 ,-- Client--=-WrqdrUird

S T T ] D Y  M A N A G E M E N T :
Clicnt: i l l !rc\ULcl Envirorrmerrtal. 200 West MerQer Strect. SLritc 40 l. Seattle. WA 981 l9

Cl ient 's  Studl  Moni tor :  Ms.  l - le l le  Andersen
Testing Lirboratorl : Northu'estertr Aquatic Scieltces
' fest  

l -ocat ion:  i8 l4 Yaqir ina t3a1'  Road.  Ner 'vpor t .  OR 97365

Investigator

L t l . o l l r t o l r ' s  S t t t t l r  P e t ' s r l t l n e l :
p ; ' r r ject  l \ lanrr . :er ' :  Clu-r  A.  I l t rh ler&@

Of tlcer: L.\,j!elt19!lt

S tuc i r ' [ ) i rec to t
{ }

:  $ ichard  S. ta lc lue l l  ; ' 81
t l .  I  : - , . *s ] r - ' r  ( t  :1 -QA

L
,1.

I  e )
-).

Studv Scheclu le:
Test'Becinni "g I |(:L-r

rf --Iesr Ending: . +til IJ-: ' '--t ! " ; a , :

TEST MA ' I 'ER IAL :  -  /  . ; ->  . r> \

Descr ipr ion:  -Pentacl r lorophenol- (PCP)ChemServ ice ,  ! , l t t l  r :hr , l : t *? 'A (  t " l  Io ,  l i '  ; - " ' r  {  i5 ' l

D I I ,UT ION WATER:
Dcscr ip l i ( ) r ' l :  Dqchlor i r tcd Ci t -y  o l 'Ne\)pol ' l  lqr  \ \a lc f

D l t c  o l  l ' r c p a r l t i o n  (  o l l e c t i o t r :  (  u  , ' ! t L ,  t  ; , .  i  l . l '  - t t

\\ 'ater (lualit\ ' : Cot1d. lptnrhos"cnr)-iT,.* j- 
-*- 

pH ,J;;*j.- i '  -
f l i r r c l ncss ( rng  l . asCaCO, )1 ,  t , t -S -_  ! , . l i  A l ka l i n i t y ' ( r n - -q ' l - asCaCOr )  / ' 1 . , 1  t  i .  / i

'l-reatnrcnts: 
J Iar,d4es14dlrledjQ :Ll0]rlgf - vl ith iL -Qdlrl+ur tvAtel!' r4lff9rt-lyltll]]

TES 'T  ORGANISMS:
S 1re c i e s : [,4uprc)_rt Iu r]pqggl es U, ulp glJJLsp)
i";;.., f-|,i;. , .fr.'t " it
A c c l i r r r r r t i o r t  l ) a t a :  S c ( '  p a g e s ) s-L

Ternperature (oC): lzl] 'e-
Feeding:  .  \ !one--  -  l )hotoPer iod:

'l 
esr Drn'ation (hr) 96_lfq!E

Ranrlonr izit l iott C'ltart :

Darkness except for WQ a cnemistt-l '
T'ank Placernent: eqnd ic-&tfdatfuza!19!

Aqe:  Size
.r" -  hrv"r.- * /.t/f*, Ct'),,_->

z1-6 cnr

TEST PROCEDTIRES AND CONDIT IONS:
Test C o n cc n t rat i on s i rr o nr i rr a I I :- q-f-qJ. 0 Q:*0-a?l-A-qLI. -& OilClL
' fest  

Chantbers (c lesc l ip t ion) :  
l /n( !J l lor r  s lass aqLr4l ' !q . . -  

' fest  
VolLrnre ( r l l l ) :

Repl icates ' t reatnrcnt :  {  Orgi \sn ls- t reat l l lent :  4 ! ( l0repl t f4 !g)
Test r.r'ater cltattses: Ibfullf'olglf " A:'-"'
Ac ra t i on  dL r r i ng  t es t :  - r t onc  : -1  , - ' 7 "<  DC |7 " , , t  l  y  .

I 8 Q L

/ ' (  L ' -
., lr,. -

; \ :  / ; .  
-  

r  J' t  " ! / . ! I '

[ ) i l u t e r  _ . _

l 'age I o1' t '  
- i



N O R T I I W E S - f  E R NAQt  IAT I ( '  SC I I IT . "CES

t .AMPRLY S t , iRV IVA I -  t j l .OW-THROIJGH TESI

Test  No.  686--+ l  _Cl ient_ W-indward

W E I G H T  O F  I O  A N I M A L S  A T  T E S T  I N I T I A T I O N

PROTOCOL NO. NAS-686-Lanrorev FT acute

I  nvest igator

IY
M I S C E L L A N E O U S  N O T E S :

Roorrr  l ight  in tensi ty  ( fc) :  !LL_" i  _  * {-,k " St- ,i i-.tt f ., i

Chernis t ry  samples taken dai l l ' .

Chentistrv sarnples for particulate ntatter. TOC & alr'ur.ronia in diltrt ion u'ater taken on test dat 0

Cherrr is t r r , 'samples for  arr r rnonia taken in cont fo l  & 0.4 mg/ l -  A repl icatc on test  dav 4.

" !.]-? ';,lt-

weight  (g) Length (on) Comrnents
I /? L-t : - , 1
a

;
J

a  t - l
0 - ' 1 1

_ 4-o
{ 1 - t

4 a-o )  - \
5 /) ?-L' ("- 8
6 D. -  I  

- l
f/, n

7 c -  t  ) v -1
8 o- L-t \  - 7
I 7
l 0  T  , ^ , 2 3 .  (

i o

l ' . r ror  codcs:
|  )  (  o l l c c t i on  o1 ' ha r r r l t i r i t i ng  e r ro t '

) . )  \ \ ' f  l t te r )  u l  \ \  rong loci r l ron.  cntn r . le lc lcc l

- l  )  \ \  rorrg t latc dclctcr i :  rcplacccl  r i  i th corrccl  dat i t
- { )  I : r lo l  l i r t r r td tn nrc l tsurc l t tc t t t :  t t tc l tsurct l le t l l  t -c l . tc l t tc t l

n a g e 2 o f i J



NORTHWESTEI I .T , \  AQUA. I . IC  SCIENCF,S PRO |OCOL NO.  N.A5-68( I -LANTPTCY,  FT ACUTC

LAMPREY SURVIVAI -  FLOW-THROUC] I ' I  TEST

Test  No.  686-43--Cl ient-  Windward Invest igator

WATER QTIAL ITY  DATA SHEET

D A Y 0 ( i l ' {"+:<*t6 " : i )
(  ( ) l t 0

1  n rg i  I . )
I'ernp
('(- ) P I I

!  o l l ( l .

1rr l l ros, 'crr t

t x )
( rng i  I .  )

Total
I  I  ardncss
tnrg, l I -  t

fot  a l
i \ l ka l i n  i t r

i l r g / 1 . )

S tr rv r vors
Conrrnents

I] C I)

0 .2 'r.L' j t r "i . I 3c, I t a

0 . 1 [ * . . :  T . a , ! J

0 .05 l \ . '  ) L ( q ( : ; .  - ,
0.02-5 I ' ( , + - q t ,fi r i

0 .012-5 t. 1 3
0 i c  l

' . 1  
t

.! ir' L--. 4.1,' -J tr t 7
Chenristry sanlples taken f :"1t4 i" i)
Par t icu late lnat ter .  TOC. and a ' r l r . , roni i  samples takerr  in  d i lu t ion water  ( '  - ' r  " ' r i )
t-lours of l ight: ' i-

DAY I 1.t L t'\ ;-i 1 {g"t-
(  o l l c .

( n l g ' l  )

' f  
ernp
( ' (  )

, ,  I  ( ( ) n d
l l r l  I  f r n rh ( ) \ i cn r

I X )
( n l g / 1 . )

I o l a l
I  Iar t lncss
( nrs/ l  .  )

I o t a l
\  l L  a l i n  r 1 \
(  n ls/ l - )

5Ur \  ' \  ( ) l  s

Conttnents
t l ( i)

0 .2 l - ? . i I  v , l I
V O l r  t r : {.:i t,tl ') C  { ; ,  i1

0 . 1
J ( :  )

( . t ;  a .  / rl 6 ft,:\ C(,nt f {:.;>j

0.0-5 ! 1  | r  J , c ' l )

0 .025 / 1  I i , , )  t l l ( ) , J
't

0 . 0 1 2 5 l , /
/ [ ;  - ! e

(; ( 1

JT0 t 
-7 .'I i t r  r  ! L < - - '  t J . L l ! t - / { i c

C les Jtfy sanlp ! t-: l ' i  ;1 / ' L ' ' " '
Houls of l ight: ;1.- -

DAY 2 1 t l i t t  , t71 f , f r

Cornnrents

, a" t .

lc't

\ /() a

l__ oJt hbs' ''i"o )/o-g 
't 

3:L'- i-)! ,
Cl rc r t t i s t t ' r  s l tnp lc r  la l i c r t  7*  ,  Y  

' r l  l r ' t1

Hours o l - l ight :  az

P a g c  i  o f  / ' /
,
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NOI{  f  l iWIS' f  EI tN A(. ) t  rA I ' l ( '  S(- l t rNCF]S

Test  No.  686-4i  Cl ient

I -AMPR[Y  SL I t {V IVNI ,  F I -O \ \ ' - I ' T IROL ]GH TEST

Windrvard

WATER QUALITY  DATA SHEET

PROTOCOL NO. NAS-68(r-LanrDrev FT acute

Irrvestigator

D A Y  3  1 ' -  1 t 1  t

Lf
0.025 it i  A*L,f

Hours  o f  l i gh t :  ,  3_

s0ot

D A Y , I
' l 'o ta l

I  Iar t lncss
( nrs/ l-  ) (  t ] I 9 . /  l .  )

4
t- I

--?.L-J-l

----

O
i i

LO

, . /  1 1 - ' t  " r )

Conrtnents
[ 'o t l r I

A l k a l i n  r t r

L}

. ' l' u

C h e n r i s t r v  s a m p l e s  t a k e n  ( r 1 - ' 7 t ' 1 1  t ( 1 " . ) t t

Arnr t ton ia  sanrp les  ta l<en in  c t ' t t t to I  r r tc l  ( ) . /n tg , ' t -  t ' i . ' ' l " t ' ' ] -  i  )  i  
' i  ' ' "

H t r r r r s  o l  l i ! l t l . '  3  i ,

'3[,,,,,f;t,"" Irirl '" Cdo+

C,,r, t .  /  i ' i  t

i t ,H (,s-- t

li,r."/,r"'t 
'-t:t 

. (. t

/ ll, ̂  ll'"''{ t t 'l '.-l t'

(  (  - : - ,

'2- " :.;'

/ t  ? z
v ,  - '

0 ,  o t

^ q. / ,  i

\ li-rtl
. t  l ' , - , { '

(  " " ' { '

q \ l

/ ( , ' I
l , ) , /

(  . - ' \
\ * , /

'r/
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NORTHWESTERN AOUATIC SCIENCES PROTOCOL NO. NA5-686-Larnorev FT acute

LAMPREY SURVIVAL  FLOW-THROUGH TEST

Test  No.  686-43 Cl ient Windward lnvest igator

NOTES ON PREPARATION OF 0.2 me/L PENTACHLOROPHENOL STOCK

System Design

The object ive is  to  del iver  0.2 mg/L of  pentachlorophenol  to  the d i lu ter  tox icant  chamber at  a nominal  constant
rate of  160 ml /min.  To accompl ish th is ,  a large reservoi r .  approximately  54L capaci ty ,  of  pentachlorophenol
solution in dilution water is rnaintained at test temperature. As solution is removed to the diluter, makeup water
is introduced under float valve control. The concentration of pentachlorophenol in the reservoir is rnaintained
by metering L6 rnl/rnin of a 20 mg/L pentachlorophenol concentrated stock solution into the rnixing tank.

NOTES ON MAINTENANCE OF THE PENTACHLOROPHENOL DEL IVERY SYSTEM
7i. , , ,o"- -J , r . . ' t t - l  i51 , \  1J. ; ) . *  \ i , ; , ,  " ,  l i  J" t , i .  ! . . t t  / : . , -  r - , . , , . . "  1)  t ) -1, - .

- (  l l t  <  1 ' :  u ' f  i  , ' " v

D I  LUTER CA L I  BRATIONS RECORD

DILUTE

FLOWS

R CAP ARY FLOWS
oarc l4r;iu! Time .1(, j In i t . "Aa- Date r' l /t ,1"? Time r  5 Init. \ 4,'--/

Drain # Suoolv Tank Di luter  Tank Drain # Suoplv Tank Diluter Tank

1(. ,) 1 ( ' /
I Y / c l 7 ' l

2 /1
t r 2 1 4 l i '

J
' 7 '

7 1 l
-"f  /?

4 ^ a ) 6 4 r a -i {

5
"1 a,tl

I J 7 i 5 '*) { "1 
€.

o
, ! a r 0 Y , l t j

F low rates in  ml /min

' W S  I O F E t r L I ( A I I . A Q
Date  /  t / t t  / ; ' ,  T i r ne  /6 '

U A R I A
; )  t r i r .  J ( ( {

Repl icate
Relat ive Concentrat ion (%o)

1 0 0 5 0 25 12.5 6 .25 0
( .  ! \

- ?  7 \ i-4 !)
'  A \ " r 7 i  < '

B i . . l u r i {
t t

* r  
a( 1 ? i

C
-( '  

t  i
' l c \

i ' t . { a ,,,,
D ' f  u r

's t . t I t:" 7 , ( t t . . j , j

Da te  1 t i I  I " i ! ' 'T i rne  f ( : ' ; l u  In i t Ezt-'

Replicate

Relative Concentration (o%)

1 0 0 5 0 2 5 12.5 625 0
A ' i . . . i . r i t i l . (  " r - l t ]

B i . }  i
" : 1 j n)' ) ' i ,  ) r ' )  - l, {, .:

C ,/ :: 'Lnt L ' ]  O - f ) L \ ' )
D t t - i / r t .4{ 'L ai ,t ? 3 J " , f  \

P a g e 5  n f  " 1



ws { .tr *

I
d ilI* l  I
T

!. ti
f
t

Ei' c
, l*l

I
d I s
< t *l; * f rf f0

\a
$ -] *

?
& .+

f V
V r+t-( &-l (t

Y

rj ltqE'll="t- N p u
V

{
{ s

.( .{ c(

i € (
FI

IT{ ,{

. a l
3; | |  S
J  ? [  _

\ l. s
S

rQ
s \\" v

s
V
\i

( \,
t .l

t,
C
:

r i s lr'
c f

t
s

v
G g

o-
(J- i : c-

Ox

s
v F I

(i G-

b.

s
s
(> r

n
F

q

ri { t; o ; u C!
4

':r
v v

l

o
j

c
tf

6 {
dt

s -:
I o

\
: 9 !

\
1r
t

,i

$
's

E

:a \
I

t ' l x
i

q
):

\I

t
4 ;i

-

|  7 7,,, ,4\ ("r g ',1 3

fi
F

>
t

()
Z
3
E
E
O
q

z

&
F:

7

x.
1
J

Etr
q
Ua

4
z

t q6 ! ,

r l

r . a

., '1

r- -1

a l
i : ' 4
- ;
4 v '/

; s l
: I
: ::1
L ' )

i
,

: a
7



I
trnl|\

1 i
+ i
< : t
a 3
; i l
, s

1 )

= c

6 l
! ? ;
a ! !
J U
< H

2

;. :.i

j l

- {
i l
" l

: f ,

, ,
I

>

Z
A

r

)

z

+ R a{ t
\

N i
.3 +s t \

!

F
j

a.

+

5

! t ! *

t
3
a

< E
+ G-

ra
t o.

a(
-l uq s r

YI
{
:t

D.
I

ra )

. 3
N\

"(
s r.l

k V r: v
tc

cr
Lf s

r|. cr ? 1 .: it J

^ t

. 1
v]
r C l" ( \A: L

!
! F s o v.: t

F n ri
t" t

: 6
V
1

- a
c

s J 6
tt- rl- $

*
c

i
O. FI o

G, f

n
G

aE rt ts
q

rt .t d
G

r| \.1

a a
ir 6

:
t+
s

o

s
q
{ s

o t G

d
d.s

V
\ v

$
U

*
,
d

e

=
l

a t I

rl

l
d
7:

E
:

c
5

s
1

( \E

5



So-fL" r|,pp I -t" CAs fls/ .'i l,t 6{6 ^,1?

I

I
I-+-
I

t

- l

l-

U

)()

z

U

:
:
a

r ' J

F

z

i l

i i
i i
i l
i t -
1 !

ir +
I r f

- l t l
I

r]-T
-+-+ 1..

i
l i

l ; tr l
i l

t =
i  t ;

i . l ;  J

3 t c  o  r

? l -  ' .  -

t t i  i  t
l T t
l l .

r l
r-"-l

a - l  - r
l t i l

l i l
l t

i i
t t lr - +  i -  i
l l l ; ,
l ' i i

T T  I i-+ -+  I  l, 7 t r l
I  i - [  l -
- t | r I
; * , l - - - t - r
r l l
l l - l-1--l-T -r--

l i
1 . 1
t , i l

1 - - 1 . ) -

1 :  r l r :
z t i ?  1 : = t i z  i 2

$ l u F : i l - . E - ' i
:  :  :  x  6  t a  .  i  E

r | ; t t ' t 1 i t  : !

S i  : i
I

i l
l - - 1
J 

rur l tq tq r ta

= i 
lourzrro

" - a  t -  -  I
; ! " 1  I

a r i ' i l - -  |
E r  ; :  l , , r  i {d , - ' rq )u i ' r . r  i /

u r . , i -  j

Q : 1 -' t : :  -  I
= :  ; rr  ' ! r  rol

< : .  =  I : :

= ; . i l !  r  t i -
n : : :  a  !  ; + -
; , l i i :  ) .  t 1  |

! i i ;  i s  t i  I
i :;f -:- r-=J I
9 :  I  {z n E r Y = l  I  l . -

. ' : t  . . .  I  t '  :
s : l : lJ. l:;

Lii l ;F, $; lt;
"  l ;9 i l ! ;  ,2 lZ  l ' .
5 f=i t;; l= | r
3  I  I  i : l = r l ?c  |  _ ' .1 ,  , r  l ' _
e  I  : l
P i  i l l = i
? , = i  i r
u  L l  l l z l  :
5 i ;  i1=.?1,- ,  i
= 1, ,  ; l : t :F-  -
3 l i  1  . .? , i  i l  :
6  1 : i  = - z : l l t j ;

q X

< :

t E

z 2

I

F

Z

w

l  
_ _ r  

T
l

r i

I
I
I

I

I r l  I
l )  l

T ; t -  l
r l  I. t  I

;--t
l i l
l t i
1 ; t i
2 t

i , l
: l l
-T-T
{ l
3 r  l
{ l  l
j
s
J l  I

a ' a

: : '
: l

:  a l

i 5 l

: r :1

l

f, "{ trl



a |  - t  !n4 loLs SA,p ft t +' (A S 6 "l 'tiu. ((( - 13

L
|_t
I L

I

l
- l

Q

F

)
U

z

U

4  " (  ) L l
I I



( . tG -  ' i3

Water Quality Computation - Test No. 686-43

Temp DO pH Cond AtkHard
1
a
Z

4
5

o

7
.'
v

1 0
1 1
1 2
'13

1 4
1 5
1 6
1 7
1 8
1 9
20
2 1
22
Z J

24
25
zo
27
28
zv
30
J I

32

1 7 2
1 7 0
16.7
1 7 2
t o . Y

t o . J

1 7 . 0
1 6 . 8
16.7
1 7 . 0
t o . c

1 7 3
1 7  . 0
16.7
1 6 8
1 6 I
t o . o

1 6  B
1 7 4
1 7 2
1 7 . 0
1 7 . 5
1 7 . 2
t o . o

1 7 . 6
1 6 . 9
1 6 . 9
1 7 . 5
1 7 . 2
t o .  /

9 . 7
9 . 8

9 . 8
9 8
9 . 8

10.1
1 0 . ' 1
1 0 . 0
1 0 . 0
9 . 9

1 0 . 0
9 . 9

1 0  0
1 0 1

1 0 . 0
1 0 . 0
'10  1
9 . 9
9 7
o q
9 . 8

1 0 . 0
9 . 8
o 7

v . d

9 . 7
9 . 8
9 9

6 . 6
o . o

6 . 5
o . 4

6 . 5
6 . 3
6 8
o . l

6 . 7
6 . 5
6 . 5
6 . 4
o . o

6 . 6
6 5
6 5
6 . 5
6 5
6 . 6
o . o

6 . 5
6 . 5
6 . 5
6 . 5
6 . 9
b . v

o. : ,

o . o

o . o

1 2 5
1 2 2
128
l z o

125
120
1 2 4
1 2 5
125
t z c

1 4
1 3
1 5
1 5
1 6

'15

t c

1 A

1 q

1 4

30
J U

J Z

32
JU

5Z

28
J Z

zo
a.)

mean
s d .
N

1 7 . 0
0 .3
30

1 6 3
t t . o

0 1
30

9 7
1 0 1

b . b

0 . 2
30

6 3
6 . 9

125
.)

1 0
120
128

1 5
1

1 0
1 3
1 5

30
.)

'10

26
32

m i n
max

(lrL
'u.l t t l o i t

I

/'
I f\ . .\{..
I  v  v i , . f
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WQ Gomputation - acclimation (12-1-07 to 12-16-07 ) - Test No. 686-43

Temp DO pH Cond Hard Atk
4
I

2

4
5
6
7
I
I

1 0
1 1
1 2
I J

1 4
1 q

t o

1 7

1 6 . 0
1 6 . 0
16.2
'15 .8

1 5 7
1 5 I
1 6 2
15.7
1 7 . 8
1 7 . 1
1 7  . 1
|  / . J

16.7
1 6 . 8
1 7 . 0
1 6 . 5

9 . 7
Y . I

9 7
9 . 4
9 6
9 B
9 . 9
9 9
o n
b . d

9 . 4
9 . 5
9 4
9 . 1
9 . 0

7 . 8
R N

7 9
7 . 5
B 2
7 7
7 . 6
7 6
I . .+

/ / . J

7 . 2
7 4
7 . 2
t . 5

7 .2
7 2

174
1 8 5
1 R 6

t o c

t c c

1 7 0
1 6 5
'160

1 7 5

170
'160

170
174
1 6 5
1 8 0

60
oz

70
O U

60
O U

60
58
64
oz

58
64
64
56
70

43
46
47
A1.

JY

.+z

+z

40
43
+z

4 1
40
43
44
44
45

mean
s . d .
N
min
max

1 6 . 5
0 . 7
1 6

15.7
1 7 8

q 6

0 .3
t o

8 . 8
9 . 9

1 6 9
v

1 6
1 5 5
1 8 5

62
4

t o

56
70

43
z

1 6

47

7 . 5
0 . 3

t o

7 . 2
6 . 2
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Date
End Date:
Sample Date

12116107 11:30
12120107 13:00

Acute 95-hr T
Test lD: 686-43
Lab lD:  OR
Protocol: -NAS-686-LAMPREY FT LY-Lampetra sp.

Test-96 Hr Survival
Sample lD:

Comments
Conc-mg/L

D-Control 1.0000
0.017 1 .0000
0.03 0.3000

0.056 0.0000
0.11  0 .0000
o.23 0.0000

1.0000 1.0000 1.0000
1.0000 1.0000 1.0000
0.8000 0.4000 0.5000
0.0000 0.0000 0.1000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

Transform: Arcsin Square Root Rank 1-Tai led 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 1.4120 1.4120 0.000 4 0 40
0.017 1.0000 1.0000 1.4120 1.4120 1.4120 0.000 4 18.00 10.00 0 40
.0.03 0.5000 0.5000 0.7892 0.5796 1.1071 28.888 4 10.00 10.00 20 40

-0.056 0.0250 0.0250 0.1995 0.1588 0.3218 40.840 4 10.00 10.00 39 40
0.1 1 0.0000 0.0000 0. 1 588 0.1 588 0.1 588 0.000 4 40 40
0.23 0.0000 0.0000 0.1588 0.1588 0.1588 0.000 4 40 40

s Test  (1- ta i l .  0
Steel's Many-One

Parameter Value SE 95% Fiducia l  L imi P-value Mu
Slope
Intercept
TSCR
Point Probits mg/L 95% Fiducial Limits

8.58843 1.45508 5.73646 11.4404
17.9763 2.21935 13.6263 22.3262

.74 -1 .5109 0.11644

EC05
E C l O
E C 1  5
EC2O
EC25

3.355 0.01984 0.01566 0.02265
3.718 0.02187 0.018 0.02454
3.964 0.02336 0.01974 0.02594
4.158 0.02461 0.0212 0.02716
4.326 0.02574 0.02251 0.0283

1 . 0

0 .9

0.8

0 .7

c ,  n A
o  " ' "

o n 6
o - - -
o

& .0 .4
0 .3

0.2

0 . 1

0.0

EC40 4.747 O.O288J 0.02594 0.03164
E€€€ Lcso 5.000/6.0304.4 O.OzAOS 0.03411
EC60 r:4
ggTg 2-LTo7

ECSO
EC85
trUYU

EC95
EC99

5.253 0.03301
5.674 0.03695
5.842 0.03865
6.036 0.04072
6.282 0.04348
6.645 0.04793
7.326 0.05754

0.0301 0.03701
0.03348 0.04288
0.03483 0.04559
0.03642 0.04903
0.03847 0.05382
0.04162 0.06'191
0.04806 0.08085

0 .01 0.' l

Dose mg/L

ToxCalc v5.0.23N
Paqe/7 of  tL l

Auxil iary Tests Statistic Crit ical Skew Kurt

Equalitv of variance cannot be conffidd \r
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Test: AT-Acute 96-hr Toxicity Test Test lD: 686-43
Species: LY-Lampetra sp. Protocol: -NAS-686-LAMPREY FT ACUTE
Sample lD: Pentachlorophenol Sample Type:
Start Date: 12116107 11.30 End Date: 12l2OlO7 13:00 Lab lD: ORNAS-Northwestern Aquatic Sciences

Pos I D Rep Group Start 24 Hr 48 Hr 72 Hr 96 Hr Notes
1 D-Control 1 0 1 0
z 2 D-Control 1 0 1 0
? ,l D-Control 1 0 1 0
4 4 D-Control 1 0 1 0
b 0.017 1 0 1 0

2 0.017 1 0 1 0
J o.o17 1 0 1 0

8 4 0 .017 1 0 1 0
o 1 0.030 1 0
1 0 2 0.030 1 0 d

1 1 ? 0.030 1 0 4

t z 4 0.030 1 0 5
l a 0.056 1 0 0
1 4 z 0.056 1 0 0
1 6 0.056 1 0 0
1 6 4 0.056 1 0 1
1 7 0 . 1 1 0 1 0 0
1 8 z 0 . 1 1 0 1 0 0
1 0 0 . 1  1 0 1 0 0
20 4 0 . 1 1 0 1 0 0
21 I 0.230 '10 0
22 2 0.230 1 0 0
23 ? 0.230 1 0 0
24 4 0.230 1 0 0

Comments:

ToxCalc v5.0.23N
Page /4 ofA
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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.

BfSlorSlNo. : NAS-68 6-Lamprey FT acute, September 12, 2007

STUDY MANAGEMENT
Study Sponsor: Windward Environmental, 200 West Mercer Street, Suite 401 , Seattle, WA 98 I 19.
Sponsor's Study Monitor: Ms. Helle Andersen.
Testins Laboratorv: Northwestem Aquatic Sciences, P.O. Box 1437, Newpoft, OR 97365.
Test Location: Newporl Laboratory.
Laboratory's Stud-.1 Personnel: G. A. Buhler, B.S., Proj. Manager; R. S. Caldwell, Ph.D., Study Director; L.K.
Nemeth, B.A., M.B.A., QA Ofhcer;G.J.Irissani, B.S., Aq. Toxicol.
Stud)z Schedule:
Test Beginning: 1 - I 6-08, 1 600 hrs.
Test Ending: 1-20-08, 1600 hrs.
Disposition of Studv Records: All specimens, raw data, reports and other sfudy records are stored according to
Good Laboratory Practice regulations at Northwestern Aquatic Sciences, 3814 Yaquina Bay Rd., Newport, OR
91365.
Good Laboratory Practices: The test was conducted following the principles of Good Laboratory Practices
(GLP) as dehned in the EPA/TSCA Good Laboratory Practice regulations revised August 17,1989 (40 CFR
Partl92).
Statement of Quality Assurance: The test data were reviewed by the Quality Assurance Unit to assure that the
study was perforned in accordance with the protocol and standard operating procedures. This report is an
accurate reflection ofthe 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 et al., 1982). The diluter was set up to
deliver a 0.5 dilution series with a flow rate of approximately 80 mVmin per toxicant concentration. The diluter
design was such that I 60 ml/min of the toxicant solution at the highest test concentration (nomin al 40 mglL
diazinon) was required to be continuously delivered to the toxicant supply chamber of the diluter. To
accomplish this, a large mixing reservoir, approximately 54L capacify, of nominal 40 mglL diazinon solution in
dilution water, 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 sfream of water from the mixing reservoir. Make-up dilution water was replaced, under float
valve control, to replace delivery of the nominal 40 mglL 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 I pm, and adjusted to a
target water hardness of 25-30 mgil as CaCO3. 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; acfual size of 10 ammocoete subsample,4.9 + 0.8 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.

Test No. 686-44 Page 2 of 6
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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/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 qualify
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 + l7 pmhos/cm; hardness, 54 + 7 mglL as
CaCO;; and alkaliniry,3l + 1 mg/L as CaCOr.

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 glL
Aeration: None.
Feeding: None.
Water Volume Chanses: The diluter supplied approximately 80 rnl/min of test solution, or 115 Llday, ateach
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 I and2). The target water quality conditions were as follows:
Temperature, 17 + 1'C; dissolved oxygen, )4.0 mg/L; hardness, 25-30 mglL as CaCO3. 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 15.2 foot-candles.

DATA ANALYSIS METHODS
The 96-hr proportion survival was calculated for each treatment replicate from the raw survival data and the
measured diazinon concentrations for each treatment level. The LC50 (survival) was calculated by the
Trimmed Spearman-Karber method. An arcsine square root (angular) hansformation 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 Bonfenoni Adjustment. The appropriate test was selected after evaluating the data for normality and
homogeneity of variance. The statistical soffware 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 diazinon 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 Analyical Services) at Kelso, WA. No
preservative was employed. Samples were kept refrigerated at <4oC. Sample volumes were I 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 analysrs.

Test No. 686-44 Page 3 of6
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PROTOCOL DEVIATIONS
l. 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 oflighting 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 elror, a subsample of l0 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 dwing the 96-hr toxicify 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 6.9 - 7.5. Mean hardness also was in the specihed range of 25-30 mgil as CaCO3.

The concentrations of diazinon measured during the toxicity test are summarized in Table 2. An outlier
measurement in the nominal 40 rrrglL concentration on Day 3 was omitted flom the computation of the mean and
standard deviation. No explanation for the outlier could be found. Mean measured concentrations in the test
rangedfroml.T+0.1mg/Lat thelowest level to28.8!T.TmglLat thehighestexposurelevel .  Measuredtest
concentrations were from 630/o to 72Yo of nomtnal.

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 290o/o. 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 fwo lowest test concentrations. Partial mortality was observed in the second (12.5 mglL) and third highest
(6.3 mg/L) test concentrations.

The tor-icity of diazinon to lamprey (Lampetra sp.) ammocoetes as the 96-hr LC50 was 8.90 mglL (95%
confidence limits, 8.46 * 9.36 mglL). The NOEC and LOEC concentrations were 6.31 and 12.5 mglL
diazinon, respectively.

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

8P1'.2002. Methods for Measuring the Acute Toxicity of Effluents and Receiving Waters to Freshwater and
Marine Organisms. Fifth edition. EPA-821-R-02-012. Offrce of Water, U.S. Environmental Protection Agency,
Washington, DC.

STUDY APPROVAL

./t /'1w. t/

Study Dfector
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Table L Measured water quality conditions during the 96-hr acute toxicify test of diazinon
to lamprey ammocoetes.

Parameter Mean + S.D. N Range

Temperafure ("C) t6 .9  t  0 .4 30 16.2 * t7.6
Dissolved oxvsen (ms/L) 9 . 8 1 0 . 1 3 0 9.6  -  10 .0
pH 7 . 3  t  0 . 1 3 0 6 . 9 - 7 . 5
Specifi c conductance (umhos/cm) 1 1 4 + 6 t 0 100 -  120
Hardness (mg/L as CaCO:) 3 0 + l 1 0 2 8 - 3 2
Alkalinity (mg/L as CaCOr) l 0 + l l 0 9 -  1 1

Table 2. Measured concentrations of diazinon during the 96-hr acute toxicity test of diazinon
to lamprey ammocoetes. Measurements performed bv Columbia Analvtical Services.

Nominal (mg/L) Measured (mgil)

Mean + S.D. N Range

40 28.8  !1 .7 4 L J - 4 0
20 12.5  X2.8 5 8 . 5  *  l 6
1 0 6.3  r  0 .5 5 5.5-  6 .7
5 3.2  X0.2 5 3 . 0  -  3 . 5

2 . 5 1 . 7  +  0 . 1 5 1 . 5  -  1 . 8
0 0.0 I  0.0 5 0.0  -  0 .0

Test No. 686-44 Page 5 of6
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Table 3. Survival of lamprey ammocoetes, Lampetra sp. exposed for 96 hours to diazinon.

Diazinon
(mg/L)

Ammocoetes Ammocoetes Percent Mean"/o
Replicate exposed Surviving Survival Survival

28 .8

12.5

l . t

0 .0
(Control)

0.0

2 . 5

0
I
0
0

A
B
C
D

A
B
U
D

A
B
L

D

6 . 3

A
B
C
D

A
B
C
D

B
C
D

) . L

1 0
1 0
l 0
l 0

l 0
l 0
1 0
1 0

l 0
l 0
1 0
1 0

1 0
l 0
l 0
1 0

1 0
1 0
l 0
l 0

t 0
1 0
1 0
l 0

0
0
0
0

9
1 0
1 0
1 0

1 0
1 0
1 0
1 0

1 0
l 0
l 0
l 0

1 0
1 0
l 0
l 0

0.0
0 .0
0 .0
0 .0

0 .0
10.0
0 .0
0 .0

90.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

100.0
100.0
100.0
100.0

91.5

100.0

100.0

100.0

* Mean significantly (p:0.05) different from the control.
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NORTHWESTERN AQUATIC SCIENCES PROTOCOL NO. NAs-686-Larnprey FT acute
Seotember 12.2007

STLJDY PROTOCOL

LAMPREY (LAMPETRI sp.)
F 'LOW THROUGH ACUTE TOXICITY TEST

INTRODUCTION

Purpose o f  S tud) , :  The purpose o f  th is  s tudy  is  to  de termine the  acu te  tox ic i ty  o f  s ix  chemica ls .  represent ing  a
range of toxic modes of act ior.r,  to larnprey (Lampetra sp.)amrnocoetes. The study wil l  be performed using
methods  based on  the  methods  fo r  rneasur i r rg  acu te  tox ic i ty  w i th  o ther ' f i sh  spec ies  as  descr ibed in  U.S.
Env i ronmenta l  Pro tec t ion  Agenc l ,  (2002)and Anrer ican  Soc ie ty  fo r - les t ing  and Mater ia ls  (ASTM)(1996)
gu idance.

Surnmary of Method: In definit ive tests, Iamprey anrmocoetes are exposed for 96 hours to f ive concentrat ious
of test material and a di lut ion water control.  The test concentrat ions are arranged in a logarithmic series based
on the  resu l ts  o f range f ind ing  tes ts .  Four  rep l i ca tes ,  each w i th  l0  o rgan isnrs .  a re  e rnp loyed a t  each tes t
concentrat ion. i f  there are suff icient numbers of amnrocoetes. Flow-through exposures are employed. Test
charnbers are glass aquaria less than or equal to two gal lons irr volurre. Mortal i ty is the effect cr i ter ion. The
data  ana lys is  cons is ts  o f  ca lcu la t ing  means and s tandard  dev ia t ions  fo r  surv iva l .  An  LC50 w i th  95%
confidence intervals rrray be calculated along with the NOE,C and LOEC concentrat ions.

STUDY MANAGEMENT

Sponsor's Narrre and Address:
Windward  Env i ronmenta l  LLC
200 West Mercer Street. Suite 40 I
S e a t t l e ,  W A  9 8 1  l 9

Sponsor 's  S t r rd t  Mor r i to r ' :
Ms.  He l le  Andersen

Name o f  Tes t ine  Labora tory :
Norlhlvestern Aquatic Sciences
3 8 1 4  Y a q u i n a  B a y  R o a d
P . O .  B o x  1 4 3 7
Newpor t ,  OR 97 i65

Test Location: Newport.  OR.

Laborator-y's Key Personnel to be Assigned to the Stlrdy:
Labora tory  D i rec tor :  R ichard  S.  Ca ldwe l l ,  Ph .D.
Project Manager/Study Director: Gary A. Buhler, B.S.

QA Of f i cer /Tox ico logy  Program Mgr :  L inda K.  Nemeth ,  8 .A . .  M.B.A.
Aquat ic  Tox ico log is t :  Gera ld  J .  I r i ssar r i ,  B .S .

Proposed Stud-v  Schedu le :  Ju ly  2007 th rough September  2007.

Good Laborator) '  Practices: The test is conducted fol lowing the principles of Cood Laboratory Practices (CLP) as
defined in the EPA/TSCA Cood l .aboratory Practice regulat ions revised August 17. 1989 (40 CFR Part792).
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TEST MATERIAL

PROTOCOL NO. NA5-686-Lamprev FT acute
Septernber 12.2007

Descr ip t ion :  Chemica ls  to  be  tes ted  inc lude an i l ine ,  copper .  pentach lo ropheno l .  l i ndane,  d iaz inon and
naphtha lene.

Prepara t ion  o f  Work inq  Stock  So lu t ion  and Tes tConcent ra t ions :  Tes t  r ra te r ia ls  w i l l  be  admin is te red  us ing  a
cons tan t - f low d i lu te r  based on  the  des ign  o f  Beno i t  e t  a l  (1982) .  S tock  so lu t ions  o f the  spar ing ly  so lub le
organ ic  compounds,  e .g .  naphtha lene.  pentach lo ropheno l ,  l i ndane,  d iaz inon,  rv i l l  be  prepared cont inuous ly  by
recirculat iou of di lut ion water/toxicaut stock solut ion through a column of toxicant coated glass beads (Veith
and Conrs tock ,  1975) .  Th is  i s  a  conceptua l  approach in  wh ich  the  spec i f i c  co lu rnn ,  f low ra tes ,  g lass  bead
s izes .  e tc .  need to  be  deve loped empi r i ca l l y ,  w i th  ana ly t i ca l  feedback ,  fo r  each s tudy  cons ider ing  such
var iab les  as  chern ica l  so lub i l i t y ,  tes t  tempera ture ,  des i red  h ighes t  tes t  concent ra t ion ,  s tock  tox icant
consumpt ion  ra te ,  e tc .  G iven the  above,  sonre  nrod i f i ca t ions  are  an t ic ipa ted  as  the  s tud ies  progress .  In i t ia l
sys tem charac ter is t i cs  a re  as  fo l lows:  l )  the  tox icant  n ix ing  tank  w i l l  have a  60- l i te r  capac i ty ;  2 )  a  20  x  280-
cm g lass  co lumn wi l l  be  enrp loyed (10  x  200-c rn  and,10  x  -560-cnr  co lunrns  are  a lso  ava i lab le ) :  3 )  the  co lumn
pack ing  w i l l  employ  5-mrr r  g lass  beads coated  w i th  the  tes t  co l rpound;  4 )  par t i cu la tes  w i l l  be  f l l te red  ou t
th rough g lass  woo l ;  5 )  f low th rough co lumn wi l l  be  cont ro l led  by  a  var iab le -speed per is ta l t i c  pump or  by
in tenn i t teu t  pumping :  and 6)  tub ing  w i l l  be  g lass  and s i l i cone rubber .  GC/MS ana lys is  o f  tox icant  in  the
tox icar r t  r r i x ing  tank  w i l l  be  used to  op t in r ize  the  sys tem fo r  each chern ica l  no ted  above pr io r  to  tes t
in i t ia t ion .The conten ts  o f  the  s tock  tox icant  reservo i r  w i l l  be  cons tan t ly  rep len ished w i th  f resh  d i lu t ion  water
as  tox icant  so lu t ion  is  supp l ied  to  the  d i lu te r .  The an i l ine  s tock  so lu t ion  w i l l  be  prepared s imi la r ly ,  bu t  by
vo lunre t r i c  add i t ion  o f  an i l ine ,  us ing  a  meter ing  pump,  to  the  s tock  tox icant  reservo i r  ln  / i c r r  o f  the  Ve i th
co lun tn .  The copperwork ing  s tock  so lu t ion  w i l l  be  prepared in  the  sarne  appara tus  by  meter ing  pump add i t ion
ofa concentrated copper stock solut ion to the stock toxicant reservoir.  Al l  toxicant rvorking stock solut ions
wi l l  be  prepared and rna in ta ined under  the  sarne  cond i t ions  as  in  the  tes t  exposures  and de l i vered  cont inuous ly
to the toxicant charnber of the di lr .r ter at an appropriate rate.

DILUTION WATER

Di lu t ion  r .va ter  w i l l  be  dech lo r ina ted  C i ty  o f  Newpon nrun ic ipa l  tap  water  ad jus ted  to  a  water  hardness  o f  25-30
mg/L  as  CaCOr .

T E S T  O R C A N I S M S

Species: Lamprey, Lantpelra sp.

Source :  Ammocoetes  w i l l  be  co l lec ted  by  Windward  s ta f iand de l i vered  to  the  labora tory  each day  o f
co l lec t ion .  The amrnocoetes  w i l l  be  co l lec ted  f ro rn  severa l  r i vers  inc lud i r rq  the  S i le tz  R iver . ' "vh ich  was the  s i te
fol Phase I anrnrocoetes.

Age:  anrnrocoetes  ( juven i le  p r io r  to  rne tar ro rphos is )

A c c l i n r a t i o n a n d P r e t e s t O b s e r v a t i o n :  T e s t o r g a n i s n r s w i l l  b e h e l d i n t h e l a b o r a t o r y i n o r d e r t o a c c l i m a t e t o t e s t
tempera ture .  Uponrece ip t ,an i rna lsareremovedf ronr thesed i r r re r r t theyarerece ived inandp laced in  l0 -ga l lon
tanks  under  f low- th rough cond i t ions  ( . -35  mL/ rn inu te ,  o r  -  2  vo lun . re  changes per  day ,  w i th  one add i t iona l  da i l y
s iphon and rep lacement  o f  2 /3  vo lume o f  each tank) .  Approx in ra te ly  50  lamprey  are  p laced in  each tank .
Tanks  w i l l  con ta in  a t  leas t  3  inches  o f  sed i r ren t  (Sandtas t ic  P lay  Sand,  Waupaca Mater ia ls ,  o r  s im i la r  n ra te r ia l )
covered with approximately 26L of test water and supplied wit l .r  aeration. The maximum temperature variat ion
d u r i n g h o l d i n g w i l l  b e +  l ' C . T h e a m n r o c o e t e s w i l l  b e a c c l i m a t e d t o t h e l a b o r a t o r y t e s t c o n d i t i o n s f o r a
min imunr  o f  5  to  7  days  pr io l  to  tes t  in i t ia t ion .  Th is  n r in in rur r  nurnber  o f  days  app l ies  on ly  to  the  f i rs t  tox ic i t l ,
test conducted on each batch of f ield-col lected organisr.ns. For al l  other tests, the anrrLrcoetes rvi l l  be held for at
least l3 days prior to test ini t iat iorr.  Wherr a tenrperature ad.justnrent of rrore than 3 to 5' 'C is rcqr-r ired, the
transf 'er f iom f ield col lect ion water to laboratory di lut ion water rvi l l  be graclual.  Nornral behavior for lamprel '
ammocoetes is to iurmediately bury in sedirnent and renrairr there. Any dead anirnals observed on t lre sedinterrt
surface are rerrroved dai ly. Past experience sLlggests that mortal i ty is nrinimal during short-term holding and
any mor la l i t y  i s  l i ke ly  due to  damage f rom f ie ld  co l lec t ion .  I f  anr rnocoetes  do  no t  bury  o r there  is  excess ive
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rnorlal i ty in any tank. anirrrals frorn that tarrk wil l  not be used for test ing. Arnrnocoetes wil l  not be f-ed since
they  are  be ing  he ld  shor t - te rm.

DESCRIPTION OF TEST SYSTEM

Prepara t ion  o fTes t  Concent ra t ions :  Tes t  n ra te r ia ls  w i l l  be  adnr in is te red  us ing  a  cons tan t - f low d i lu te r  based on
t h e d e s i g n o f B e n o i t e t  u l  ( 1 9 8 2 ) .  T h e d i l u t e r w i l l  b e c a l i b r a t e d t o d e l i v e r a 0 . 5 d i l u t i o n s e r i e s .  F l o w r a t e s
wil l  be adjusted to del iver at least f ive test chamber volumes per concentrat ion per day. Di luter f low rates wil l
be  rneasured and documented a t  the  beg inn ing  and conc lus ion  o f  each 96-hour  tes t .  Th is  w i l l  be  done by
nteasur ing  ind iv idua l  d i lu te r  cap i l la ry  tube f lows.  When the  f low ra tes  are  en tered  in to  an  Exce l "  spreads l tee t ,
the actual di lut ions of the toxicant stock can be conrputed. Actual test cher.nical concentrat ions (organic
chemica ls )  in  the  tox icant  mix ing  chanrber  ( tox icant  s tock  so lu t ion)  and in  exposure  aquar ia  w i l l  per iod ica l l y  be
rneasured on  a  rea l - t i tne  bas is  a tNAS to  ver i f y  tha t  nomina l  concent ra t ions  are  be ing  rou t ine ly  ach ieved.
Deflnit ive concerrtrat ion docun.rer.rtat ion in test aqualia wil l  result f iom dai ly samples shipped for analysis to
C A S .

Test  Chambers  and Env i ronrnenta l  Cont ro l :  Tes t  chambers  used in  the  tox ic i ty  s tudy  are  g lass  aquar ia  less  thar r
o r  equa l  to  two ga l lons  in  vo lume.  The tes t  sys ter r  i s  housed in  a  cons tan t - tempera ture ,  photoper iod-cont ro l led
rootn. Aeration is not enrployed. The photoperiod is constant dark except during nronitoring activi t ies when
ambient  (50-75  f t -c )  l igh t ing  is  used.

C lean ing :  A l l  labora tory  g lassware ,  inc lud ing  tes t  chambers  and tox icant  d i lu t ion  sys tem,  w i l l  be  c leaned based
on the  methods  descr ibed in  U.S.  E ,nv i ronmenta l  Pro tec t ion  Agency  (2002) .  In i t ia l  c lean ing  incorpora tes  the
u s e o f a l a b o r a t o r y d e t e r g e n t f o l l o w e d b y m u l t i p l e t a p u , a t e r r i n s e s .  S u b s e q u e n t l y . e i t h e r d i l u t e ( 1 0 % , V : V )
ac id  (hydroch lo r ic  o r  n i t r i c )  o r  ace tone is  used to  remove r re ta ls  o r  o rgan ic  contarn inar r ts ,  respec t ive ly .  Fur ther
mult iple tap water r inses are ernployed after each acid or acetone treatment. Sodiunr hypochlori te bleach rray
be employed on  a  l in r i ted  bas is  to  ensure  tha t  rn ic roorgan isms tha t  cou ld  r re tabo l i ze  o rgan ic  tox icants ,  e .g .
naphtha lene.  a re  no t  p resent .  Exhaust ive  tap  water  r ins ing  is  a lways  enrp loyed fo l low ing  any  chemica l  c lean ing
t rea tn len t .  A  f lna l  d i lu t ion  water  r inse  o f  the  exposure  appara tus  w i l l  p recede in i t ia t ion  o f  each s tudy .

EXPERIMENTAL DESIGN AND TEST PROCEDURES

E,xper imenta l  Des ign :  The de f in i t i ve  tes t  invo lves  exposure  o f  lanrprey  a ln r rocoetes  to  f i ve  tes t  concent ra t ions .
us ing  a  0 .5  d i lu t ion  ser ies .  and a  d i l r . r t ion  water  cont ro l .  E ,xposures  are  fb r  96  l rours .  Each t rea tment  cons is ts  o f
fou l  rep l i ca tes ,  each conta in ing  l0  amnrocoetes .  i f there  are  su f f i c ien t  nurnbers  o fanrmocoetes .  I f there  are  no t
enough amrnocoetes  fb r  l0  per  rep l i ca te ,  then a t  leas t  20  per  t rea t rnent  (5  per  rep l i ca te )  i s  the  min imum nuntber
preferred. Test chanrbers are rarrdomly distr ibLrted in the test area. Arnrrocoetes are irrrpart ial ly distr ibuted to
each aqr.rariunr by adding one or two aninrals to each test repl icate and repeating the process unti l  each contains
l0  o rgan is rns .

Effect Criterion: The effect cr i ter ion used in the lamprey amnrocoete acute toxicity test is mortal i ty, defined as
a lack of visible respiratory nrovenrent and absence of response to tact i le st imulat ion. The nrortal i ty data wil l  be
r , tsed  to  conrpute  LC50s fo r  each exposure  per iod .  In  add i t ion  to  n ror ta l i t y ,  qua l i ta t i ve  observa t ions  o f  sub le tha l
responses consist ing of errat ic swinrnrirrg, hyperventi lat ion, hernorrhaging. and hyper/hypoactivi ty (compared
to  the  ac t iv i t y  o f  t l i e  o rgan is r r rs  in  the  cont ro l  g roup)  w i l l  be  recorded i f  observed.

Tes t  Cond i t ions :  The d isso lved oxygen concent ra t ion  in  each tes t  con ta iner  must  be  >  4 .0  mg/L  th roughout  the
test. The test temperature employed is l7 + l"C. A photoperiod of constant darkness is used, except during
nron i to r ing  ac t iv i t ies  when i l lumina t ion  is  supp l ied  by  day l igh t  f luorescent  la rnps  a t  an  in tens i ty  o f  50-75  f t
candles. Loading should not exceed 6. l  g/L at l  ToCl according to EPA. ASTM reconrrnends loading not exceed
lg /L  o f  so lu t ion  pass ing  th rough the  chanrber  in  24  hours  o r  l0g /L  o f  so lu t ion  in  the  chamber  a t  a r ry  t in te .

Beg inn ing  the  Tes t :  Add ing  the  organ isnrs  to  the  equ i l ib ra ted  tes t  con ta iners  as  prev ious ly  dcscr ibed beg ins  the
test.

Feed ing :  None.
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Ana l ) , s i so fTes tConcen t ra t i ons :  Du r i ngeach tes t , samp lesw i l l  beco l l ec ted fo rche rn i ca l  ana l ys i s ,he lda t4 'C

"nd,h 'pp.d by ou.rn ight , l . l i * ry  to Columbia Analyt ica l  Serv ices in  I (e lso.  WA. The sampl ing schedule and

procedure wil l follow the project QAPP.

Test Duration. Type and Frequenct- of Observations. and Methods: The test duration of the acute toxicity test

ir 96 hourr. The type una frol*u.V of observations to be nrade during the test are sutlrmarized as follows:

Type of Observation Times of observation

Bio los ica l  Data

l.  nrortal i tv (each test contalner 0 .  24 .48 .  72 .  and  96  h r

2 .  sub le tha l  observa t ions  (q t ra l i ta t i ve) 0,  14.  -18,  72,  and 96 hr

Phvs ica l  and Chemica l  Data

l .  D isso lved oxygen,  pH,  &  tempera ture ,  ( in  one

repl icate ofeach test level and the control)

2 .  Conduct iv i t y ,  hardness  & a lka l in i ty  ( in  one

repl icate of highest concentrat ion and control)

3 .  Tox icant  concet r t ra t ion  sar rp l ing  ( in  one rep l i ca te

o f  eac l t  les t  co l l cen t ra t io r t  a t ld  t l te  cor r t ro l )

4. Di lut ion water sar.t lple for part icrr late matter, TOC

and anrmonia

5. Sarnple for atnrnonia taken f i 'onr one repl icate of

cont ro l  and h is ,hes t  les t  co l tce l l t ra t io l l

0 .  21,  18,  72.  and 96 hr

0,  24.  48,  72.  and 96 hr

0, 24, 48, 72. and 96 ltr

0 h r

96 hr

Duri 'g the test, dead organisnrs are removed every 24 hours and f i 'ozen by concentrat ion for possible t issue analysis'

Disso' ived oxygen is rneasured using a polarographic oxygen probe cal ibrated according to the manufacturer 's

recomrrendations. The pH and temperature are measured using a pH probe and a properly calibrated meter with

scale divisions of 0.1 pl i  units. Co,iductivi ty is measured using a cal ibrated conductivi ty meter. Samples ibr

chemical analysis wil i  be col lected, preservecl.  and sent to colunrbia Analyt ical Services fol lowing the recommended

procedures of the arralyt ical laboratory.

Test Tenninatior.r: At the end of the test, all surviving control aurnrocoetes are weighed and rrreasured for length by

repl icate. Al l  survivi lg or dead test orgauisms wil l  be frozen by concentrat ion for possible later t issue analysis by

Columbia AnalYtical Sen"ices

Cr i te r ia  o f  Tes t  Acceptance:  The tes t  resu l ts  a re  acceptab le  i f  surv iva l  in  the  cont ro ls  i s  a t  leas t  90% The

tori . , ty t .r t .  * i t t  U.i .r for,.necl as a -507o di lut ion series. i t  is anticipated that each test wi l l  have at least one or

possibly trvo parl ial  r iror-tal i ty concentrat ions. Norninal concentrat ions of each toxicity test have be reviewed

and approved by  BpA (EpA 2007) .  However ,  because o f  the  exper imer l ta l  na ture  o f  the  s tudy  and the  l im i ted

supply of.amp1ocoetes, the acceptabi l i ty of the toxicity tests wil l  be based only on the > 90%o survival in control

group.

D A T A  A N A L Y S I S

The percent of l ive anrmocoetes is calculated for each treatment repl icate f iom the raw data and the means are

obta ined fb r  each t rea tment  leve l .  An  t ,C50 (mor ta l i t y )  i s  ca lcu la ted  us ing  Prob i t  o r  Tr i rnmed

Speannan-l(arber methods. The NOEC and LoEC are calculated for each endpoint according to U S'

Environnrental protectiol Agency (2002) methods. In this proceclure, the NOEC and LOEC values are

compr.rted using either Dunnelt 's test, T-test r.vi th Bonferroui 's adjustment, Steel 's Many-One Rank Test '  or

Wilcoxon Rank Sum Test with Bonferroni Ad.iustment. The appropriate test is selected after evaluating the

data for no.nal i ty ancl horrogeneity of variarrce. An arcsine-square root transformation is performed on the

percentage eff 'ect data prior to stat ist ical analysis. The stat ist ical software employed for these calcr 'r lat ions is

Toxcalc, v. 5.0.23N, Tidepool Sc ienti  f i  c Softr 'vare

REPORTING
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The f ina l  repor t  o f  the  s tudy  resu l ts  n . rus t  inc lude a l l  o f  the  fb l lo rv ing  s tandard  in fonnat ion  a t  a  n r rn rn tu l t l :

l .  Narne and identi f icat ion of the test;
2. The investigator and laboratory:
3 .  In fb rnra t ion  on  the  tox icants ;
4. Infornratiorr on the di lut ion waterl

5 .  Deta i led  in fb rmat ion  about  the  tes t  o rgan isms;

6 .  Descr ip t ion  o f  the  tes t  sys tem and i t s  ca l ib ra t ion ,  inc lud ing  tes t  chambers  and d i lu t io l l  sys tem;

7 .  A  descr ip t ion  o f  the  exper imenta l  des ign  and o ther  tes t  cond i t ions  inc lud ing  water  qua l i t y ;

8. Definit ion of the effect cr i ter ia and any ot lrer observatiot. ts;

9. Responses, i f  any, in the control treatrr lent,
10 .  Tabu la t ion  and s ta t i s t i ca l  ana lys is  o f  rneasured responses ;

I  I .  A  descr ip t ion  o f  the  s ta t i s t i ca l  methods  used:

12 .  Any  unusua l  i r r fo r rna t ion  about  the  tes t  o r  dev ia t ions  f ro r r  p rocedures ;

The f inal study reporl wi l l  include the study protocol and al l  study raw data as appendices.

STUDY DES IGN ALTERATIOT' r -

Antendrnents made to the protocol rnust be approved by the sponsor and study director and should include a

descript ion ofthe change; the reason for the change: the date the change took effect; and the dated signatures of

the study director and sponsor. Any deviat iorrs in the protocol rrust be described and recorded in the sttrdy rarv

data.

R E F E R E N C E D  G U I D E L I N E S

ASTM.  1996.  S tandardgu ide forconduct ingacute tox ic i ty tes tsontes t rna ter ia lsw i th f i shes ,macro inver lebra tes ,
and amphibians. E729-96. Aurerican Society fr lr  Testing and Materials, Phi ladelphia, PA.

Beno i t ,  D . .  V .  Mat tson,  and D.  O lson.  1982.  A  cont inuous- f low rn in i -d i lu te r  sys tem fo r  tox ic i ty  tes t ing .

Water Res. 16:457-461.

E P A . 2 0 0 2 .  M e t h o d s f o r M e a s u r i n g t h e A c u t e T o x i c i t y o f E f f l u e n t s a n d R e c e i v i n g W a t e r s t o F r e s h w a t e r a n d
Mar ine  Organ isn ts .  F i f th  ed i t ion .  EPA-821-R-02-012.  Of f i ce  o f  Water ,  U .S.  Env i ronmenta l  Pro tec t ion

Agency .  Wash ing ton ,  DC.

EPA. 2007. Letler to Lower Wil larnette Group fronr C. Hunrphrey and E. Bl ischke dated August 17.2007 regarding

Port land Harbor RI/FS: Larrprey toxicity test f ield sarnpl ing plan and QAPP Phase 2 addenda (approval lel ter).  US

E,nvironrnental Protection Agency Region 10. Oregon Operations Off lce, Port land, OR.

Veith C.D. and V.M. Comstock. 1975. Apparatus for continuously saturating water with hydrophobic organic

chemica ls .  J  F ish  Res Board  Can 32 :  l8 '19-  185 l .

I 3 .  A P P R O V A L S

Nanre Date
for Windward Bnvironmental

for Northwestern Aquatic Sciences
Nanre Date

P a r r e  5  n f  6" ' 5 ' _  \ ] ' '



NORTHWESTERN AQL]ATIC SCIENCES PROTOCOL NO. NAS-686-Lamprey FT acute
Septernber 12,2007

Appendix A
Test Conditions Summarv

l .  Tes t  soec ies : LLttttDetrtt sl't.

2 .  Tes t  tvDe: Flow-throLrsh

3.  Tes t  dura t ion : 96 hr
4. Ternoerature: t 7 +
5.  Dissolved oxygen: 2 4.0 ms/L
6 .  L i rh t  oua l i t v  &  i n te r r s i t r : Ambient laboratorv l ieht (50-75 ft-c)
7 .  Photooer iod : Constan t  dark ,  e rcept  dur ing  nron i to r in r :  ac t i v i t ies

8 .  Tes t  chambers g lass  aquar ia  less  than or  equa l  to  two ga l lons  in
volur-ne.

9 .  Tes t  chanrber  vo lunres  oer  dav : At  least  5
0. Reolicates Der treatlnent: I

|  .  Orsarr isrns oer  reol icr te: l 0
2 .  A s e  o f  t e s t  o r u a r r i s n r s . arTllnocoete

i .  Feed ine  res iu re : None
4.  Aera t ion : None

1 5 .  D i l u t i o n  w a t e r : Dechlorinated City of Newport tap water; hardness
ad ius ted  to  25-30 mq/L  as  CaCOr

16.  Tes t  concent ra t ions : 5 and a di lut ion water control

17 .  Wa te r  qua l i t y : Ternpera ture ,  pH.  &  d isso lved oxygen in  one rep l i ca te
o f  each tes t  concent ra t ion  da i l y .  Conduct iv i t y ,
hardness  & a lka l in i ty  in  one rep l i ca te  o f  h ighes t
concentrat ion and control dai lv

| 8. Special controls None

1 9 .  E n d o o i n t : Mortalit
20 .  Tes t  acceotab i l i t v  c r i te r ia : >90%o contrr: l l  surv ival
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NORTHWESTERN AQUATTC SCIENCES PROTOCOL NO. NAs-686-Larnprey FT acute

LAMPREY SI .JRVIVAI-  F ' I ,OW-TI- IROIJGH TEST

Test  No.  686-4,1 Cl l ient  Windr l '4r  d Invest igator

NOTES ON PREPARATION OF 40 ms. lLDIAZINON STOCK

System Design

The object ive is  to  del iver .40 rng/1.  of  d iaz inon to the d i lu ter  tox icant  chamber at  a nominal  constant  rate of  160

rr l /min.  To acconrpl ish th is .  a large reservoi r .  approxi r r rate l , " -  54L capaci ty .  of  d iaz inon solut ion in  d i lu t ion

water is rnaintairred at test tentperature. As solution is rernoved to the diltrter. rlakeup rvater is introduced under

floatvalve control. The concentration of diazinon in the reservoir is to be rnaintained by rr.reterin-e 0.344 rnl/hr

of  pure d iaz inon into the mir ing tank.  This addi t ion ' ,vas accorrp l ished using a s ingle channel  syr inge pump

(Cole-Parrner) f itted with a l0 rnl gas-tight Harnilton syringe rvhich is refi l led daily. The actual delivery rate is

set  s l ight ly  in  excess at  0.4 rn l /hr  s ince a set t ing of  0.344 ml /hr  is  not  avai lable.  The pure d iaz inon is  in jected

thror-rgh 0.042 in l.D. PTFE tubing into a recirculatins strearn of watef f l 'orn the mixing reservoir. The mixing

tank contents are v igorously  s t i r red to fac i l i ta te rapid solut ion of  d iaz inon.
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Water Quality Computation - Test No. 686-44

Temo DO PH Cond Hard Atk
32
30
30
28
JU

1 n

J U

30
30

1
2

4
5
o
7
I

q

'10

1 1
l z
1 ?

1 4
'1 6

t o

1 7
1 8
1 9
20
2 1
22
z 3

24
25
26
27
z 6

29
30
c l

JZ

1 6 5
t o . o

1 6 5
'16 .6

t o . o

1 6 . 5
1 6 . 5
l o . o

1 6 . 5
to .z

16.4
t o . o

1 7 . 6
1 7 . 2
1 7 4
1 7 5
1 7 4
1 7 3
1 7 3
1 6 . 9
'16 .8

1 6 . 9
'16 .8
1 4  O

1 7  . 3
1 6 . 8
1 6 . 9
1 6 . 8
1 6 8
1 7 0

9 . 8

9 . 8
9 8
9 . 8
9 . 7
O R

9 . 8
9 . 9
9 . 7
9 . 8
9 . 8
9 6
9 . 8
9 . 7
9 . 6
9 6
9 8
9 , 8
9 . 8
9 . 7
q R

9 . 9
9 . 8
9 . 8

1 0  0
9 . 9
9 . 9
9 . 9
9 . 8

7 .2
7 .2
7 .2
7 2
7 . 1

7 3
7 .2
7 .2
7 2
7 .2
7 1
7 .4
7 5
7 5
7 4
7 .4
7 2
7 3
7 3
t . J

t . 5

7 . 3

7 3

7 .2
7 2
7 2

1 1 3
1 1 3
1 1 5
1 1 0
120
t z u

1 1 5
1 0 0
1 1 5
1 1 5

'10
, t n

1 0
9

1 n

1 0
v

1 1
1 0
1 0

mean
s . o .
N
m r n
max

1 6 . 9
0 4
30

to .z

1 7 6

9 B
0 1
30
9 6

1 0  0

7 3
0 ' 1
30

6 . 9
7 . 5

1 1 4
o

1 0
1 0 0
120

30
1

1 0
2B

1 0
1

1 0
9

1 1

{l'k"-
l f  t ' l

o (  ) l
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WQ Computat ion -  accl imation (1-1-08 to 1-16-08) -  Test No. 686-44

Temp DO Hard AtkCondp H
1
.)

3
/

5
o
7
B
I

1 0
1 1
1 a

1 A

t c

t o

1 7

4 7 4

t o . o

l o . o

l o .  /

l O .  r /

I  O . : '

t c . o
1 6  0

t o . J
'16 .0

to .z

t o .  c

to .z

16.4

9 . 6
9 6
9 7
9 . 8
9 7
q q

q 5

'10  6
1 0 2
1 0  3
1 0 2

v . o

9 9
9 7
9 . 9

8 . 0
8 . 2
8 3
8 . 2
8 . 4
8 . 4
8 . 1
8 . 4
8 . 0
8 . 1
8 . 4
8 . 1
8 . 2
8 . 2
8 . 2

1 9 0
1 8 5
1 8 0
1 7 5
1 5 5
1 6 0
t o c

1 6 5
145
145
t o c

170
t o u

t o u

t z c

o/+

oo

60
62
4B
54
6 n

56
44
r',1

56

52
50
40

43
4 1

J O

30

J J

30
24
Z 4

3 1
5Z

2 9
'15

mean
J . U .

N
m i n
max

1 6 . 5
0 . 4
1 5

1 7 . 0

o o

U . J

t u . o

8 .2
0 . 1
1 5

8 .0
8 .4

t o J

1 7
1 5

t z c

1 9 0

53
B

1 5
40
66

3 1
7

z+J

/ l  - , f  t ( f
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End Date:
Sample Date:
Comments:

1/16/08 16:00
112010816:00

Date:
Acute 96-hr Tox est-95 Hr Survival
-44

Lab lD: ORNAS-Northwestern AquatiSaffi-ple Type:
Protocol: -NAS-686-LAMPREY FT ACl. Test Species:

Diaz inon
LY-Lampetra sp.

Conc-mq/L
D-Control

1 . 7
3 .2
o . J

I  z . J

28.8

1 .0000 1 .0000
1.0000 1 .0000
1.0000 1 .0000
0.9000 1.0000
0.0000 0.1000
0.0000 0.0000

1.0000 1.0000
1.0000 1 .0000
1.0000 1 .0000
1.0000 1 .0000
0.0000 0.0000
0.0000 0.0000

Transform: Ar""in Squ"t" Root Rank 1-Tailed Number Total
Sum Crit ical ResP NumbrConc-mo/L Mean N-Mean Mean Min Max CV% N Sum Critical Resp Number

ff iooo 1.4120 1.4i20 i .4120 0.000 4 0 40
1.7  1 .0000 1 .0000 1 .4120 1 .4120 1 .4120 0 .000 4
3.2 1 .0000 I  .0000 1.4120 1.4120 1 .4120 0.000 4
6.3 0.9750 0.9750 1.3713 1.2490 1.4120 5.942 4

*12.5 0.0250 0.0250 0.1995 0.1588 0.3218 40.840 4
28.8 0.0000 0.0000 0.1588 0.1588 0.1588 0.000 4

'r8.00 10.00
18.00  10 .00
16.00  10 .00
10.00  10 .00

0 4 0
0 4 0
1 4 0

39 40
40 40

Aux
Shaoiro-Wilk's Test indicates non-

of variance cannot be
is  Test  (1- ta i l ,  0 .05)

Steel 's  Manv-One Rank Test

(p .=  o .o t ) 0.81129

chv
8.87412

Trimmed Spearman-Karber

Statistic Crit ical Skew Kurt
.868 -6E-14 4.06699

Trim Level
L '  \ ( ' : ' -  . t  J /

-  - r 4 . !  "

E c s o "  I g s % c t
0 .0% 8 .8916  8 .4547  9 .3511
5 .0%

10.0%
20.0%

Auto-0.0%

8.8741 8.6535 9.1004
8.8741 8.6535 9.1004

8.6535 9.1004
8 .4547  9 .3511

1 . 0

0 .9

0 .8

0 .7

o  n Aa - -
O n A
c L " "
o
-�0) 0.4

L

0.2

0 1

0 .0

ToxCalc v5.0.23N
, ,  t

p ^ o e / J  o t l - l-
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Test: AT-Acute 96-hr Toxicity Test Test lD: 686-44
Species: LY-Lampetra sp. Protocol: -NAS-686-LAMPREY FT ACUTE

Sample lD:  SamPle TYPe: Diaz inon
Start Date: 1/16/08 16:00 End Date: 1/20108 '16:00 Lab lD: ORNAS-Northwestern Aquatic Sciences

Pos I D Rep Group Start 24 Hr 48 Hr 7 2 H r 96 Hr Notes
I 1 D-Control 1 0 1 0
z z D-Control 1 0 1 0

D-Control 1 0 1 0
4 4 D-Control 1 0 1 0
6 4 1 .700 1 0 1 0
o z 1 .700 1 0 1 0
-7 1 .700 1 0 1 0
8 4 1.700 1 0 1 0

1 3.200 1 0 '10

1 0 z 3.200 1 0 1 0

1 1 3.200 1 0 1 0
1 2 4 3.200 1 0 1 0
12, 1 6.300 1 0 9
1 4 z 6.300 1 0 1 0
1 5 6.300 1 0 1 0
t o 4 6.300 1 0 1 0
1 7 1 12.500 1 0 0
1 8 z 12.500 1 0 1
, to 12.500 1 0 0
20 4 12.500 1 0 0
2 1 1 28.800 1 0 0
22 z 28.800 1 0 0
Z J 28.80C 1 0 0
24 4 28.80C 1 0 0

Comments

ToxCalc 5.0.23N
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