STANDARD OPERATING PROCEDURES

Methods for Preparation of Test Solutions and Mixtures
Preparation of the test solutions

Analytical grade compounds (Aroclor 1254 and solutions of PAHs and CBDs) will be mixed together in a
solution of methylene chloride and added to fish pellets in the proportions described above (in the section
Determining Dosages) to generate the dosed food. The pellets will be mixed thoroughly and the methylene
chloride will be allowed to dry completely. Individual compounds for these classes are listed in Table 2. Results of
the initial Pilot study determined that this method for dosing fish pellets was successful.

Sample Analyses
Analysis of organic chemical concentrations in tissue

Fish liver or whole bodies will be analyzed for chlorinated compounds using the methods described by
Krahn et al. (1988) and Sloan et al. (1993). Analytes measured are listed in Table 2. Liver or whole bodies will be
extracted by grinding tissue, sodium sulfate, dichloromethane, and surrogate standards with a Tekmar Tissumizer.
Tissue extracts are filtered through silica-alumina and concentrated to 1 mL for further cleanup using size exclusion
chromatography. The extract is concentrated and exchanged into hexane for analysis using GC/MS for aromatic

hydrocarbons and GC with electron capture detection for chlorinated pesticides and hydrocarbons.

Measurements of FACs in bile

FACs including benzo[a]pyrene (BaP), phenanthrene (PHN) and naphthalene (NPH) equivalents in bile will
be analyzed by HPLC based on the methods described by Krahn et al. (1986). For each sample, 3-5 pL of
thawed, untreated bile is injected onto the analytical column and eluted with an HPLC linear gradient (flow rate of
0.7 mL/min) beginning with 100% solvent A (water containing 5 ppm acetic acid) to a final composition of 100%
solvent B (methanol) during a period of 15 min. After holding the mobile phase at 100% solvent B for 10 min,
solvent conditions are returned to 100% solvent A during a period of 3 min. The system is then allowed to re-
equilibrate for 10 min at 100% solvent A before the next sample is injected. The total area for all peaks in the
region of the chromatogram where FACs are known to elute (> 9 min) are integrated. Quantification of analytes is
performed according to Krahn et al. (1986). If the fluorescence response in a sample is sufficiently high that a
detector response reaches its maximum (saturated), the sample is re-analyzed using a smaller injection volume.
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Lipids

Lipids will be determined with a modified Bligh and Dyer technique (Herbes and Allen 1983) and will be
analyzed by Columbia Analytical Services in Kelso, Washington. The SOP for lipid analysis is in Appendix C of the
QAP.

Growth Studies for Juvenile Chinook Salmon
Fish collection and maintenance

Fish will be obtained from the Soos Creek Hatchery, which is operated by the Waéhington Department of
Fish and Wildlife. Approximately 6,000 fish will be netted from holding ponds. The fish will be transferred, about
1,000 fish at a time, in a 3000 L tank designed for transporting large numbers of juvenile salmon. The water will be
constantly aerated during the one-hour transport to the Mukilteo Field Facility where they will be placed in three 6-
foot diameter tanks filled with fresh water. After acclimitizing the transferred fish to the holding tanks at the field
facility, the fish will be gradually acclimated to saltwater by constant addition of running seawater to the tanks
reaching ambient salinity (28 - 30 ppt) in approximately 48 hours. Thereafter, the fish will be held in running

seawater at ambient conditions. Fish will be acclimated for another two to four weeks before the exposure begins.

Distribution and Exposure of fish

Fish and treatments will be randomized within the prescribed area to avoid potentially confounding factors
such as light and temperature gradients, differential feeding, and disturbance. Details of this are provided in the
SOP on randomization of fish and treatments. The procedure for adding fish to the individual 1,500 L tanks for the
pilot study is shown in Figure 2 and described as follows. Individual fish will be weighed, measured, and if within
prescribed size and weight parameters (initially determined by measuring a randomly selected 100 individuals),
added to 20 L buckets until 100 have accumulated. The size and weight of each fish added to the 20L buckets will
be recorded onto a personal computer in the lab via a LabVIEW™ software program (Appendix B). This group of
100 fish will then be added to atank. The order of adding the fish to the tanks will be done with a random number
generator. The purpose of this is to completely randomize the fish in the experimental tanks as they are selected
from a common pool of fish. After all of the fish have been dispersed to the 1,500 L tanks, the assignment of
treatments and replicates will be accomplished with a random number generator.

Fish will be held for up to 91 days in ambient flowing seawater and fed once daily a ration that is
approximately two percent of the estimated biomass of the tank. Biomass will be estimated based on data from
previous studies and estimated from the growth rate expected in this work. The tank dimensions will be identical
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for each test: 4 ft diameter circular, with a tapered bottom, and containing 1,500 L of seawater. Note: each tank has
a capacity of 2,000 L; however, they will only be filled to 2/3 capacity to retain any fish that attempt to jump out of

the tanks. Water temperature will be maintained between approximately 10° and 12° C. In-line chillers will be used

to ensure the water temperatures do not exceed 12° C. Because water will flow through each tank at 8 liters per
minute, no depletion in oxygen is expected. Water will be passed through an ultraviolet sterilizer designed to
remove pathogens that may affect the fish. Natural light will determine the light/dark period. Human interaction will

be kept at a minimum to reduce stress in the fish. Mortalities will be recorded daily (Monday - Friday) and once
during the weekend.

Sample collection

At the end of the test (day 91), all remaining fish from each tank will be weighed and measured for fork
length. Some of these fish will be composited into one sample for chemical determination. Chemical sampling will
occur at time zero (start of the experiment), at day 45 (the end of the contaminated pellet feeding phase), and on
day 91. For tissue residue determination, 5 fish from a selected tank will be composited to produce one composite
sample. On day zero, three composites of 5 fish each will be taken from the general pool of fish for tissue residue
analysis. Each tank will be sampled on day 45, producing three replicates per treatment. See Table 1 for a list of
tanks that will be sampled on Days 45 and 91. Samples will be placed in methylene-chloride rinsed jars and kept
frozen at-20° C in a locked freezer for storage until analysis.
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Disease Resistance Studies in Juvenile Chinook Salmon

Determination of lethal concentrations (LC) of Vibrio anquillarum.

Lethal concentrations (LC) of V. anguillarum for juvenile chinook salmon will be determined as described in
a previous study at the Northwest Fisheries Science Center (Arkoosh et al. 1998). This information was used to
determine the appropriate V. anguillarum concentrations for use in the disease resistance portion of Round If
studies.

Growth curve determination of V. anquillarum.
A growth curve for V. anguillarum strain 1575 at 20°C will be determined to ensure that at the time of

challenging the salmon, the bacteria are approaching the peak of their exponential growth phase. In brief, 2 ml of
the stock culture will be placed into 500 mi TSB supplemented with 0.5% NaCl and placed on a shaker at 20°C.
After the initial 9 hours of culturing, 2.0 ml aliquots will be removed every hour from the 500 ml of bacterial
suspension and the turbidity of the cultufe determined with a UV-VIS recording spectrophotometer (Shimadzu
Scientific Instrument, Columbia, MD) at a wavelength of 525 nm until just after the beginning of the stationary
phase.

Infection of salmon with V. anquillarum

Selected Juvenile chinook salmon will be exposed to two concentrations of V. anguillarum (LC30 and
LC50) at the end of the 45-day contaminant dosing. The disease challenge studies will be performed in tandem
with fish exposed to the treatment and control diets. A non-feeding period not to exceed 24 hours will be imposed
just prior to the disease challenge. Bacteria will be grown to an optimal optical density prior to use, and duplicate
tanks of 20 fish per tank will be exposed to the bacteria. Duplicate control tanks with fish that were not exposed to
bacteria will also established. Salmon will be placed in 2-gallon buckets with 4 L of seawater containing the
bacteria. The fish will be exposed to the bacteria for | hour with constant aeration. After the | hour exposure, the
salmon will be immediately placed back into their respective tanks. Mortalities will be collected daily for the duration

of the experiment, which is up to 14 days.
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Necropsy

Necropsies will be performed on one out of three mortalities to ensure that the dead fish had been infected
with V. anguillarum. The dead fish will be sprayed with 75% ethanol. A small incision will be made ventrally with a
sterile scalpel blade taking care not to damage any of the internal organs. A sterile loop will be inserted into the
kidney and then aseptically struck onto a TSA plate supplemented with 3.0% NaCl. Bacterial colonies from the will
then be examined for sensitivities to the vibriocidal agents novobiacin™ (Bio-Whittaker, Walkersville, MD) and
0129™ (Sigma Chemical Co. St. Louis, MO). Salmon will be considered to have died from’exposure toV.
anguillarum if both novobiacin and 0129 inhibit the bacterial growth.

QUALITY ASSURANCE PROCEDURES

Quality assurance procedures will be followed to monitor (1) the performance of the measurement systems
in order to maintain statistical control and provide rapid feedback so that corrective measures can be taken before
data quality is compromised and (2) verify that reported data are sufficiently complete, comparable, representative,

unbiased, and precise so as to be suitable for their intended use.

Analysis of Dosed Fish Pellets

The Aroclor 1254, PAHs, and CBD amended fish pellets will be analyzed to determine the type and
concentration of chlorinated hydrocarbon compounds present. One sample of each dose will be analyzed at the
beginning of the dose-response range-finding experiments. Three of the treatments will be analyzed in duplicate.

Pellets will be kept at -20° C to avoid degradation of the contaminants.

Growth Studies

Balances will be calibrated at the beginning of each measuring session and all weight and length
measurements, feeding, and routine husbandry will be done by the same group of persons. Water quality will be
monitored routinely at the laboratory facility. Temperature will be determined continuously. Salinity, pH, and
oxygen content of the seawater will be measured at least three times per week. Tanks will be cleaned every other
day to remove uneaten pellets and feces.
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Disease Resistance Studies

Two control treatments will be conducted to determine background levels of mortality due to exposure to V.
anguillarum (Table 3). One control treatment will include contaminant-fed fish not exposed to the bacteria, the
second control treatment will consist of fish fed with the solvent treated pellets. The three V. anguillarum treatments
to be tested for each PCB or CBD dose will consist of 20 fish/tank with two tanks/reatment. Every third mortality
will be examined biochemically and microscopically to ensure that the deaths are from exposure to the pathogen V.
anguillarum. Water quality will be monitored to assure that the water-flow and UV sterilization systems are working

properly. The same individual will supervise the all phases of the disease challenge study.

Chemical and Biochemical Analyses

Chemical analyses of whole-body and liver

The quality assurance criteria are listed in detail in the Quality Assurance Plan (QAP). The QAP contains
sections that address the assessment of data quality, the quality control procedures, data reduction methods, and
the procedures for corrective action, if needed. A detailed description of the GC/MS method for analysis of organic
analytes is presented in Appendix A of the QAP.

Analysis of Bile FACs
The quality assurance criteria for bile are listed in Table 2 of the QAP. Quality control procedures include

analyses of High Pressure Liquid Chromatography (HPLC) calibration standards (CS), method blanks, replicates,
and the bile reference materials (BRM). If the RSD for any analyte in the initial calibration is > 15% or in the
continuing calibration is > 25% (during the period of analyzing a sample set), corrective maintenance will be
performed and the bile samples re-analyzed. One mcthod blank is analyzed at the beginning of each set of
samples. A bile reference material (BRM) is also analyzed in duplicate with each set of samples. The
concentrations of FACs from each analysis of the BRM are then compared to the results from an interlaboratory
quality assurance exercise which included two laboratories from the Environmental Conservation Division and one
laboratory from Texas A & M University (Krahn et al. 1991). If the BRM concentrations vary by more than +2
standard deviations from the historical mean of previously analyzed BRMs, corrective action is taken, including
instrument maintenance or repair and re-analysis of samples. One replicate bile sample is analyzed for each group

of 20 samples.
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Lipid Analysis

Standard materials of known lipid content will be analyzed concurrently to assure accurate determinations.
The instruments used to make lipid determinations will be calibrated before each use. See the QAP for details on
the method of analysis for lipids and the quality controf procedures and criteria.

Chain of Custody Procedures

Chain of custody procedures will be used for all samples and for all data and data documentation, whether
in hard copy or electronic format. For samples collected as part of the dose-response study, each container is
considered to be an individual sample and is assigned a unique ID number. A sample is considered in "custody" if:
a) itis in the custodian's actual possession or view, b) it is retained in a secured place (under lock) with restricted
access, or ¢) it is placed in a container and secured with an official seal(s) such that the sample cannot be reached
without breaking the seal(s). _

Samples are kept in the custody of designated sampling personnel until transfer to the laboratory. The
original signed and dated chain of custody record accompanies the sample(s). The laboratory sample custodian or
designee maintains a laboratory sample-tracking record, similar to the chain of custody record, that will follow each
sample through all stages of laboratory processing.

All unanalyzed samples and unutilized sample aliquots or extracts are held by the laboratory in a manner to
preserve sample integrity at a secure location with chain of custody procedures for one (1) year after the QA
Contractor has validated the data package for that particular set of samples.

All data and data documentation, whether in hard copy or electronic format, is the responsibility of the QA
Coordinator acting on behaif of Counsel to the Case Management Team. These materials will all be clearly marked
with "Attorney Work Product”

18



REFERENCES

ARKOOSH, M. R., CASILLAS, E., HUFFMAN, P., CLEMONS, E., EVERED, J., STEIN, J.E. and U. VARANASI. 1998.
Increased susceptibility of juvenile chinook salmon (Oncorhynchus tshawytscha) from a contaminated estuary to
the pathogen Vibrio anguillarum. Trans Amer Fish. Soc. 127:360-374

ARKOOSH, M. R., CASILLAS, E., CLEMONS, E., McCAIN, B. and U. VARANASI. 1991. Suppression of

immunological memory in juvenile chinook salmon (Oncorhynchus tshawytscha) from an urban estuary. Fish
and Shellfish Inmunology. 1:261-277

ARKOOSH, M. R., E. CLEMONS, M. MYERS and E. CASILLAS. 1994. Suppression of B-cell mediated immunity in
juvenile chinook salmon (Oncorhynchus tshawytscha) after exposure to either a polycyclic aromatic hydrocarbon
or to polychlorinated biphenyls. Immunopharmacology and Immunotoxicology. 16(2):293-314.

COLLIER, T.K., L.L. JOHNSON, M.S. MYERS, C.M. STEHR, MM. KRAHN, and J.E. STEIN. 1998. Fish injury in the
Hylebos Waterway of Commencement Bay, Washington. NOAA Tech. Memo. NMFS/NWFSC-36. §42p.

DI TORO D.M,, C.S. ZARBA, D.J. HANSEN, W.J. BERRY, R.C. SWARTZ, C.E. COWAN, S.P. PAVLOV, H.E. ALLEN,
N.A. THOMAS, P.R. PAQUIN. 1991. Technical basis for establishing sediment quality criteria for nonionic
organic chemicals using equilibrium partitioning. Environ. Toxicol. Chem. 10:1541-1583.

GOBAS, FAP.C., X. ZHANG, and R. WELLS. 1993. Gastrointestinal magnification: the mechanism of
biomagnification and food chain accumulation of organic chemicals. Environ. Sci. Technol. 27:2855-2863.

GULLAND, F.M.D. 1995. The impact of infectious diseases on wild animal populations—a review. In Ecology of
Infectious Diseases in natural population. Edited by B.T. Grenfell and A.P. Dobson. pp. 20-51.

HERBES, S.E. and C.P. ALLEN. 1983. Lipid quantification of freshwater invertebrates: Method modification for
microquantitation. Can. J. Fish. Aquatic Sci., Vol. 40, pp. 1315-1317.

KERR, D. and J. P. MEADOR. 1996. Modeling dose-response with generalized linear models. Environ. Toxicol.
Chem. 15: 395-401.

KRAHN, MM., L.K. MOORE, and W. D. MacLEQD, Jr. 1986. Standard Analytical Procedures of the NOAA National

Analytical Facility, 1986: Metabolites of aromatic compounds in fish bile. NOAA Technical Memorandum NMFS
FINWC-102, 25 pp.

KRAHN, M. M,, L. K. MOORE, R. G. BOGAR, C. A. WIGREN, S-L. CHAN and D. W. BROWN. 1988. High-

performance liquid chromatographic method for isolating organic contaminants from tissue and sediment
extracts. J. Chromatogr. 437:161-175.

KRAHN, M.M., T. HOM, G. YLITALO, S-L. CHAN AND U. VARANASI. 1991. Report on Quality Assurance for bile
measurements: Alaska oil spill damage assessment program. NOAA/NMFS/NWFSC/ECD.

MACKAY D. and S. PATERSON. 1981. Calculating fugacity. Environ. Sci. Technol. 15:1006-1014.
19



McCAIN, B. B., MALINS, M. M. KRAHN, D. W. BROWN, W. D. GRONLUND, L. K. MOORE and S-L. CHAN. 1990.
Uptake of aromatic and chlorinated hydrocarbons by juvenile chinook salmon (Oncorhynchus tshawytscha) in an
urban estuary. Arch. Environ. Contam. Toxicol. 19:10-16.

MALINS, D.C., B.B. MCCAIN, D.W. BROWN, A.K. SPARKS, H.0. HODGINS, AND S-L. CHAN. 1982. Chemical
contaminants and abnormalities in fish and invertebrates from Puget Sound. NOAA Technical Memorandum
OMPA19.

SIBLY, RM. 1996. Effects of pollutants on individual life histories and population growth rates. In: Ecotoxicology: a
hierarchical treatment. Newman, M.C. and C.H. Jagoe (eds). Lewis Pubs. Boca Raton, FL. pp. 197-223.

STEIN, J. E.,, T. HOM, T. K. COLLIER, D. W. BROWN, AND U. VARANASI. 1995. Contaminant exposure and
biochemical effects in outmigrant juvenile Chinook salmon from urban and non-urban estuaries of Puget Sound,
WA. Environ. Toxicol. Chem. 14:1019-1029.

SLOAN, C.A., N.G. ADAMS, R.W. PEARCE, D.W. BROWN and S.-L. CHAN. 1993. Northwest Fisheries Science
Center Organic Analytical Procedures. In: Sampling and Analytical Methods of the National Status and Trends
Program, National Benthic Surveillance and Mussel Watch Projects, 1984-1992. Volume IV. Comprehensive
Descriptions of Trace Organic Analytical Methods. NOAA Tech. Memo. NOS ORCA 71.

VARANASI, U., E. CASILLAS, M. R. ARKOOSH, T. HOM, D. A. MISITANO, D. W. BROWN, S-L. CHAN, T. K.
COLLIER, B. B. MCCAIN, and J. E. STEIN. 1993. Contaminant exposure and associated biological effects in

juvenile chinook salmon (Oncorhynchus tshawytscha) from urban and nonurban estuaries of Puget Sound. U. S.
Dept. of Commerce, NOAA Tech. Memo. NMFS-NWFSC-8, 112 p.

20



‘G Ke(q pue o Ke(q uo pazAeur AJJEoTIISYS 34 [[Im SjUSWILaT) [J8 W sio[fed poog—
*(L-S) syusuneax) sa1y) Jo syue) Apmys mold om] woly yoeos ale [ Aeg uo sansodiiod 9 oY) pue ‘(9-p) SJUSUNESI) I21Y) JO SHUB)
23usy[eyo ISBISIP OM] Iy} WOX YoBd Al ¢p A U0 9 Y1 ‘Ysy Jo Jood uowwos Yy woxy a1 A uo saysodwoo saxy) sy :sodures apg--
‘ansshy Ul sqgD pue SHYd
‘(3u0o) s1oua3u0d [BNPIAIPUT ‘SO 18101 ‘Juauod pidy Apog-o[oym Joj pazA[eue pue ‘ysy Jo jood uowioo woyy sansodwoo ¢ are Ansiuayo ansst 10j sojdures g Keg—
"ysy ¢ jo sopsoduioo wioy peauop sopdutes uo pouwojrod ae sasA[eue [eolWAYD [[V--
‘ss[dwies JoAT] 218 M pue ‘sojdwres ofiq = (p ‘ANSTWSYD INSSI) JOf YSY S[oym =X
*Kpms 98usyey osBISIP OY} J0] PAsn oq J[IM 9 PuB ‘G ‘p ‘g ‘7 sjuowsjeal], J0J s2)8o1dal oAl oY) JO om], “Apmis o3 oy) JoJ 2q T[4 JUSUNED]} Yord Ul $31BoTjdal JAl) 9Y) JO SAIY L
-aduoqreyo oseostp = op ‘Apms Ymord = 13 :odf -
SA.LON T19V.L YJH.LO
‘S AB( uo Jusu0d pidi] Apog-ojoym Joj paxisodurod pus USNR) 18 Ysy 33IY) YOIYM WO SYURL, x«
*o1tsodwos auo Jo saskjeue ojeorjdal 3BIY ], «

w v [ 22 6T 6T 1 62 6 6 3 6 (£poq s[oym pus A1) s[z0L, 19sEIRq
X X X S0 ST V€€ | sagow ‘sHVd ‘s90d LT 13 L
/X @/MX hx  dyx X X X i S0 ST ¥'€€| sagow ‘sHvd ‘sdod (A 13 L
X o/h/X L S ¢ X X X p'e X X S0 ST ¥'€E| sagowsHvda‘sadd | 0T 18 L
" o/h h S0 ST 86| sadgD® 'SHVd ‘s8dd | **0l op 9
h o/h h S0 ST 86| sado® 'sHVd ‘*gdd s o 9
X X X X S0 ST 86| sado® *HVd ‘°d0d 8¢ 13 9
A/x o/hX X Ayx X X X X S0 ST 86 | sagow ‘sHvd ‘sgod Ll 13 9
Mx o/tX LD LY ¢ X X X X X X X X S0 ST 86 | sago® Hvd ‘s9dd 81 13 9
h O/h ) S0 ST 6'C| sado® ‘*HVd ‘*4dd ¥ op S
h o/t M S0 ST 6C| sagow'sHvd‘sgdd | %9 P S
X X X X S0 ST 67| sado® ‘sHVd ‘sg0d ¥ 13 S
X o/NX X MX X X X X | S0 ST 67| sadd®'sHVd “4dd 1£3 13 S
X DlehieX X MeX X X X X X X X b S0 ST 67| sado® ‘sHvd ‘“dod S1 13 S
A o/h h S0 ST S8°0| sagO®'sHVd ‘s@Dd | *xlL P v
A @/h h S0 ST $8°0| sago® 'sHVd “g0d A v
X X X X S0 ST S8°0| =agd® ‘sHVd “8dd 9z 13 b
X X X X X X X X S0 ST $8°0| sadd® sHVd “gdd (54 13 v
X X X X X X X eX *X +X X eX S0 ST  S8°0| sagd® ‘sHvd ‘*dadd 4! 13 ¥
S0 (Y4 ST0 SQ9D % 'SHVd ‘s9Dd 8 op €
() (YA YA SAHD % SHVd ‘s80d | x| op €
X X X S0 ST STO| sadd® ‘sHvd ‘s4dd 91 13 €
X b X X X X S0 ST SZT0| sagd® ‘sHVd ‘sddd 6T 13 £
X X X X X X X X X S0 ST ST'0| sa"d® SHVd “*ddd w 13 €
031UOD JUSAJOS 6 op r4
[OXBO00 JUIAIOB | sk op 4
X X X 101U JUvAJOR vl 13 T
X X X X X X 10100 oA 61 13 T
X X X X X X X X X J0a1u00 FuoA0R ST 13 T
X X X Joru0s o€ 3 I
b'¢ X X X X b'¢ jonmos 17 13 I
X X X X X X X X X | Jonuoo £1 13 I
CER) SHvd __ 8900 oL sado SHvd _ 305 10l | sdao  *HvVd __ 805 0L | sadp __ SHvVd _ sdod Jeunwewoy | JuvL  9dAL 18Il

sgOd sg0d sg0d @3n)
16 Aeq ystd Sv Aeq ysty 0 £e pood POOJ UT [BUTION

*ApmIS J0[id 111 PUNOY ACMIDIEA SOGIIKH 94 Yaim PIJEID0SSE SISAEUT [EJILIDY) PUE SISOP JO ATeuruing [ e L




Table 2. List of Organic Analytes

Detailed Organic Analyses (Food, liver tissue, and whole bodies of chinook juvenile salmon will be analyzed)

PAHs
2-methylnaphthalene, acenaphthene, fluorene, anthracene, phenanthrene, pyrene, fluoranthene, chrysene,

benz[a]anthracene, benzo[a]pyrene,
PCBs
PCB congeners (Nos. 18, 28, 44, 52, 66, 101, 105, 118, 128, 138, 153, 170, 180, 187, 195)

Chlorobutadienes (pentachloro-, and hexachlorobutadiene).
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Figure 1.—Schematic Chart of Round lil Pilot Study Design
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Figure 3.—~Schematic diagram of the disease challenge portion of the Round Ill Pilot Study
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