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19.0. Appendix C. P99-10-01; (Hanford);" e Potential for iromium to Adversely ffect
_..inook Salmon (Oncorhynchus tshawystcha) ur :r Exposure Conditions ! nulating the
Hanford Reach of the Columbia River, Washington, USA.

63







. «ble of Contents age Number

l te:  TPUMPOSE Of SIU /o 3

2. Identification of test and cONtrol SUDSLANCES......ccovvruiiiiiiiriiiiieiee e 6

3. Name and address of sponsor and facility...........cocvecvniiiiiiiieiic e 6

4. Propo [Istarting and completion dates............cccoeiiivniiinieiieiinc e 7

5. Justification for selection Of teSU SYStEM........cvevirreceeeerireninririieresiererertsiene e sseereeenes 7

6. Species number, body weight, SEX, SOUICE.....c..ovcviirierrrriiiimreniirreeeei e 7

7. ocet re fori ntification Of teSt SYSIEM....cuiviviniiiriiieiiiiiireeeiceee et e 7

8. Experimental design.......ccccoviiioioiiimiiiirceie e 7

Q. DHEt, SOIVENIS...oieeiiieeeieee ettt ctee s eae e e e st be s s s sesearteeeneere e e 14

10. Route of adminiSration........oeeeuereieriiriiiiiiie et

[1. Dosage level of cONtrol SUbSLANCE...........cccccvviimirivriimniiciec s 14

[2. Method to measure degree of absorption............cccoevieiiiniiene, 14

13. Type and frequency of t s, an. ’/SiS, MEASUTEMENIS.....cccouerviiiivneiiniiieniiineinie. 14

14. Reco v S OO RR 14

15. Date of approval of protocol..........cccoviiiiiivivniic 14

16, SHALSHICS. ...eeeeveriiiieieciii it b s 14

17, LMerature Ciled..........coouiiiriiceeicrciiciiieectictviioneieas s sneeses bt saranss 14
BMALUTES. ....oeteeeeie e et eeeiee e st ee e et e ettt emeesesn e et b bt o b e eb b e e b esett s es bt e s s aa e bR e e s R b e s nabe sbaes 17

AtaChMEnt L. ... o e 18

ALAChMENt I ... 20

65



1. Title and Purpese of Study: Title ofStudy: P99-10-01; (Hanford); The Potential for
Chromium to Adversely Affect Chinook Salmon (Oncorhynchus tshawystcha) under Exposure
Conditions Simulating the Hanford Reach of the Columbia River, Washington, USA.

The Hanford Nuclear Reservation in south central Washington is a 900 square kilometer
area claimed by the federal government in 1943 as a site for the production of plutonium (Figure
1)(Geist 1995). The location was ideal because it was i Hte, sparsely popu ed, and most
i Hortantly, had a readily availal : supply of cold water from the Columbia River. Because of
national security concerns, public access and river development projects were restricted until
1971 (Dauble and Watson, 1997). Extensive dam building and development occurred throughout
the Columbia River Basin from 1943 to 1971 and led to severely reduced populations of chinook
salmon (Ocorhynchus tshawystcha). The 90 km section within the Hanford Reservation was not
developed, and today, the Hanford Reach remains a free flowing stretch of the Columbia River
and is the only remaining area where significant mainstem spawning occurs in the Columbia
River (Dauble and Watson 1990). The Hanford Reach of the Columbia River is regulated by
upstream dams, but is the last unimpounded stretch of the mainstem Columbia River.

Large quantities of Columbia River water were used to cool nuclear reactors and cooling
water was treated with sodium dichromate to prevent corrosion and mineral collection within the
pipes (Peterson et al. 1996). During operations, cooling water wi  associated radionuclides and
chromium were discharged directly to the river and also entered ground water through leakage of
pipes and seepage from retention areas. Today, groundwater at the Handford site continues to be
contaminated with chemical and radiological constituents (Geist et al. 1994).  he hydraulic head
of the ground water aquifers in the 100 Area (National Priority List Site) are higher in elevation
than that of the Columbia River and resulits in discharge from the aquifer into the Columbia
River through shoreline springs and seeps (Figure |). The ground water is hydraulically
connected to the river with peak aquifer discharges occurring during low river flows (fall and
winter) and minimum aquifer discharges occurring during high river flows (spring and summer)
(Geist et al. 1994).

The use of the Hanford Reach for fall chinook spawning and rearing has dramatically
increased since 1960 (Becker 1985, Dauble and Watson 1990). The 10 year average adult
escapement increased from 27,660 (1964-1973) to 54,661 (1983-1992). 1is increase is
pronounced when compared with the rest of the mid and upper Columbia River where chinook
runs have declined during the same t : period. Spawning occurs in close proximity tott )0
Area where contaminated ground water is entering the River. Adult chinook spawn in var e
water depths, water velocities, and substrate types (Swan et al. 1988). Spawning in the Hanford

sach begins in mid-October, peaks in mid-November, and ends in late November (Dauble and
Watson 1997). Egg and fry development within the redds take place from mid-October to May
during low river flows that result in peak aquifer discharges. Based on the mid-November peak
redd abundance and ambient temperatures, eggs would become eyed in early December, hatch in
late December, and alevins would emerge from the redds in late February. Upon emergence, fry
move out of the main river channel into shallow, slow moving, near shore and backwater habitat
(Dauble and Watson 1990, Dauble et al. 1989). Juveniles remain in the Hanford Reach from
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February to mid-July feeding on macroinvertebrates (Becker 1973). Outmigrating begins in May
and is usually completed by July at 5-7 months of age, 60-70mm in length, and 3-4 gm in weight
(Olson and Foster 1956). One contaminant of major concern, and associated with the 100 Area
groundwater and seeps, is chromium. The concentrations of chromium in the groundwater
upwellings (Hope and Peterson 1996) exceed the chronic ambient water quality criteria (AWQC,
Il ug/L) for the protection of aquatic life, established by the U.S. Environmental Protection
Agency (USEPA 1986) and the State of Washington (WAC-173-201A-040). The Department of
Energy currently has activities underway to pump and treat chromium at the Hanford facility, and
reduce the amounts of hexavalent chromium released into the Hanford Reach. However, the
critical nature of the Hanford Reach as spawning habitat for the chinook salmon, makes it
essential to determine if current water quality standards protect chinook salmon (Geist 1997). In
particular, additional information is needed to determine if the current standai . protect early life
stage survival and development. While some data do exist on the effects of hexavelent
chromium on salmon (Olson and Foster 1956, B' 1 and Hamilton 1991), previous studies did not
investigate the direct effects on fertilization, effects on alevin exposure only, recovery of exposed
alevins, or physiologic: impairment.

The early life stages of chinook salmon are most likely to come in constant contact wi
elevated chromium and these stages have been shown to be the most sensitive to contaminants
(McKim 1977). Chromium may hamper fertilization success by directly acting on the fertilized
egg to cause death of the embryo (Billard and Roubaud 1985). Or chromium n v react with the
sperm and egg individually to impede fertilization. If fertilization is successful, chromium may
affect the survival of early lifestages (Olson and Foster 1956, Benoit 1976). While it has been
documented that elevated concentrations of chromium reduce survival (Buhl 1991), and to a
lesser extent, growth (Olson 1956, Benoit 1976), information has not been gathered on the
relevance of recovery periods on these toxicological effects. In the Hanford Reach, chromium
that moves from the ground water upwellings becomes d  ed extensively. T| , as young fry
begin to emerge from the redds, they may no longer be exposed to elevated concentrations of
chromium. The effects of chromium exposure to alevins, as monitored by post-exposure
recovery of fry during later development, will mimic e exposure situatic  present in
Hanford Reach.

_ Chinook salmon will be present in the Hanford Reach for 5-7 months, and it is important
to understand health effects as related to chromium exposure. It is unclear what the exposure
¢t entration might be through ct  aminated surface water or diet, but long-term health  fects
from continuous exposure is not well understood in either early life or parr stages (Geist et al.
1994). An understanding of the physiological responses (pathology) associated wi  chromium
exposure can be used to supplement fish population or water and sed  :nt monitoring.
Evaluations based on the residue concentrations and physic gical condition (e.g. increased lipid
peroxidation) of fish integrate the actual exposure to pollutants (dose) and effects of these
exposures on fish survival and growth (Farag et al. 1994, Farag et al. 1995). Further associations
of tissue chromium accumulation, oxidative stress, and growth reduction would add more weight
to a determination of fish health impairment. This weight of evidence approach es all of the
information gathered to determine the health status of a fish population.
We will meet two objectives by investigating the health status of salmon exposed to
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4. Proposed starting and completion date-" .
PROJECT > HEDUH K

ITEM START END .

Study Design and

Organization Apr 98 Sep 98

TASK 1: Fertilization

perform tests .~ Nov9s8 - Dec98

data analyses Jan 99 Mar 99

TASK 2: Early Life Stage

perform test Nov 98 Mar 99

tissue analyses - Mar 99 Sep 99

data analyses Oct 99 Dec 99

TASK 3: Parr Heal

perform tests Mar 99 Jun 99

tissue analyses Jun 99 Dec 99

data analyses Jan 00 Mar 00

TASK 4: Reports

Submit draft report Mar 00 Jun 00

Submit final report 90 days after receipt of
comments

5. Justification for selection of test system:
Procedures described in ASTM Guide E 1241-92, "Standard Guide for Conducting Early

Life-Stage Toxicity Tests with Fishes” (ASTM, 1993), applicable ECRC Standard Operating
Procedures (SOPs), and references cited in this Protocol will be used to conduct the test.

6. Species number, body weight, sex, source:
See Section 8, Experimental ‘esign.

7. Procedure for identification of test system:
The test system was selected :d on :w of the available literature or = Hanford

zach of the Columbia River and as sult o isultations with personnel from the inford
Natural Resource Trustee Council.

8. Experiment: design:

GENERAL: -
Experimental water will simulate that of the Columbia River surface and pore water in

the Hanford Reach and known to be associated with the location of spawning redds (Hope and
Peterson 1996, Geist 1997). Experimental water will be adjusted to a hardness of 80 mg/L as
CaCO;; pH, alkalinity, and conductivity will be in a range consistent with Columbia River
conditions. Experimental water temperature will match seasonal conditions: December through

March, 5°C; March through July, 10°C (Wiggins et al. 1997). Geist (1997) documented that the
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solution followed by insemination with 1ml of intact sperm. This will be a 15 min ovum
exposure. o

Sperm surviv~' *est. Sperm will be diluted with PS/SE containing the appropriate
chromium concentration (Iml sperm: [0ml PS/SE) to obtain 24 treatment lots. The sperm,
PS/SE, and chromium will be mixed, and left standing for 15 min. Sperm will be separated from
the PS/SE exposure treatments by centrifuging for [0 min at 1800g, followed by replacement of
10m| fresh uncontaminated PS/SE. The exposed sperm will be used to inseminate 24 lots of
about 150-200 ova, each previously diluted in 10m! of PS. This will be a |5 min sperm
exposure.

Fert zation test. Ova (150-200), sperm (1ml), and 10ml of PS containing the
appropriate chromium concentrations will be mixed together to achieve the 24 treatment lots.
This will be 2 65 min exposure of egg and sperm during fertilization and water hardening.

In all three tests, ova and sperm will be mixed for 5 min followed by rinsing and water
hardening in Hanford experimental water according to standard procedures (Piper et al. 1982).
Water hardening will last for one hour and is the process by which water is absorbed into the
eggs and fills the perivitelline space between the shell and yoke. The eggs become turgid during
this process and additional water exchange is minimal during further development. In the
fertilization test, exposure to chromium will continue through water hardening. After water
hardening, eggs will be rinsed and transferred into incubators.

E; from all three tests will be incubated in McNenny hatchery water (temperature,
11°C; hardness, 360 mg/L as CaCO,; alkalinity, 210 mg/L; and pH, 7.6) for 1C 1ys. The eggs
will be cleared in 10% acetic acid solution for 2 min 1d percent fertilization will be determined.
The embryo of fertilized eggs will turn an opaque white and become visible through the
transiucent chorion. At 10 days the embryo will have a definite optic lobe developed with an
elongated somite and will be easily distinguished from an unfertilized germinal disk.

TASK 2: EARLY LIFE STAGE: '
Eyed eggs of chinook salmon will be exposed to 5, 11, 24, 54, and 120 ug/L of chromium

and a control treatment with no chromium added. The test will be conducted in a modified
Mount and Brungs (1967) flow-through diluter system (ECRC SOP F20.E18,"Construction,
Operatic  Calibration, And Maintenance of the Proportional Diluter"). Temperature will
maintained at 5+2 °C by chilling the exposure water befo itent t diluterandsul _:
the exposure aquaria in a temperature-controlled water bath.

To initiate the test, two groups of 50 eggs each will be placed into 177-mL glass hatching
containers and suspended into each of four exposure aquaria. The aquaria will be covered with
black plastic to shield the eggs from light during inc1  ation, and gentle aeration will be used to
provide continuous circulation of the exposure water. On the median hatch date, the alevins will
be released into the exposure aquaria. On the median swim-up date, the chromium exposure will
be discontinued and the alevins w  be maintained in the aquaria in chromium-free water until 30
days after the medium swim-up date. ,

During the exposure, egg mortality and itching will be monitored and recorded daily.
Dead eggs will be removed from the hatching containers and discarded. Alevin mortality and
deformities will be monitored daily and dead alevins will be removed from the aquaria and
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chromium exposures and analyzed for speciation of chromium (SOP P.454). For analysis of
chromium in tissue, samples will be iyophilized (SOP C5.36 ), acid digested with microwave
heating (SOP CS5.94), and analyzed by either ICP-MS (SOP CS5.212) or graphite furnace atomic
absorption spectrophotometry (SOP C5.163).
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TASK 3 - PARR HEALTH : I

SAMPLE DAY TISSUE CONCENTRATION (pg/L) RUTUN
" L
Skin 8x2 |8x2 8 x 2 48

LP= npid peroxidation; Total tissue metal, DNA, and LP for Task 3 = 140; Total histology
for Task 3 = 288.
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9. Diet, solvents:
Fish will be fed 5% of their body weight on a daily basis with a commercial trout diet.

Chromium in the salt form will be dissolved in a water stock solutjon.

10. Route of administration:
Fish will be exposed through an aqueous solution.

11. Dosage level of control substances:
The control aqueous solution will be the experimental water with 0 chromium added.

12. Method for measure degree of absorption of test substances by test system:
Metal adsorption to plastic or glass aquaria will not be measured directly.

13. Type and frequency of tests, analysis, measurements:
See Section 8, Experimental design, this protocol.

14. Records:
File folders from this study will be stored at the USGS/BRD, Environmental and

“ntaminants Research Center, Columbia, Missouri and the Jackson Field Station, Jackson,
Wyoming. Handwritten material will be stored according to ECRC SOP B5.230 and chain of

custody procedures will be followed (ECRC SOP AQ 5.1)

15. Date of approval of Protocol:
See "Approved by" entry in this Protocol under Signatures.

16. Statistics:
Statistical analyses will be performed using SAS system software, version 6 [ (SAS

Institute Inc., Cary, North.Carolina) or SYSSTAT (SPSS, Chicago, Illinois). Multivariate
Analysis of Variance (MANOVA) followed by Tukey means comparisons will be p¢  yrmed on
data that meet the assumptions of homogeneity and normality. The dependent variables
include percent fertilization, survival, growth, DNA strand breakage, and lipid peroxidation. The
ot oer of replicates foreact . in  itis four. If the data do et the ior 1
cannot be transfi  d to do so, non-parametric statistical analyses will be p tal il
significance will be assigned at P < 0.05. Acceptance or rejection of test results will be
determined from statistical analyses and peer review of the methods, data, and results.

17. Literature Cited:
Aiyar, J., H.J. Berkovits, R.A. Floyd, and K.E. Wetterhahn. 1990. Reactions of Chromium (VI)

with hydrogen peroxide in the presence of glutathione: Reactive intermediates and
resulting DNA damage. Chem. Res. Toxicol. 3:595-603.

ASTM (American Society for Testing and Materials). 1993. Standard Guide for Conducting
Ear Life-Stage Toxicity Tests with Fishes. Philadelphia, Pennsylvania.

Becker, C.D. 1973. Food and growth parameters of juvenile chinook salmon, Oncorhynchus

79



tshawytscha, from the central Columbia River. U.S. National Marine Fisheries Service
Fishery Bulletin 71:387-400.

Becker, C.D. 1985. Anadromous salmonids of the Hanford Reach, Columbia River: 1984
status. Battelle, Pacific Northwest Laboratory, PNL-5371 Richland, Washington.

Benoit, D.A. 1976. Toxic effects of hexavalent chromium on brook trout (Salvelinus fontinalis)
and rainbow trout (Salmo gairdneri). Water Research 10:497-500.

Billard, R. an P. Roubaud. 1985. The effects of metals and cyanide on fert zation in rainbow
trout (Salmo gairdneri). Water Research 19:209-214,

Buhl, K.J. and S.J. Hamilton. 1991. Relative sensitivity of early life st s of arctic grayling,
coho salmon, and rainbow trout to nine inorganics. Ecotoxicology and Environmental
Safety 22:184-197.

Dauble, D.D. and D.G. Watson. 1997. Status of fall chinook salmon populations in the
Columbia River, 1948-1992. North American Journal of Fisheries Management 33-
300.

Dauble, D.D. and D.G. Watson. 1990. Spawning and abundance of fall chinook salmon
(Oncorhynchus tshawytscha) in the Hanford Reach of the Columbia River, 1948-1988.
PNL-7289, Pacific Northwest Laboratory, Richland, Washington.

Dauble, D.D., T.L. Page, and R.W. Hanf, Jr. 1989. Spatial distribution of juvenile salmonids in
the Hanford Reach, Columbia River. U S. National Marine Fisheries Service Fishery
Bulletin 87:775-790.

Dill, P.A. 1977. Development of behavior in alevins of Atlantic salmon, Salmo salar, and
rainbow trout, §. Gairdneri. Animal Behavior, 25:116-121.

Farag, A.M., C.J. Boese, D.F. Woodward, and H.L. Bcrg’man. 1994. Physiological changes and
tissue metal accumulation in rainbow trout exposed to foodborne and waterborne metals.
~ ivironmental Toxicology and Chemistry, 13:2021-2029. '

Farag, A.M., M.A. Stansbury, C. Hogstrand, Elizabeth MacConnell, and H.L. Bergman. 1995.
The physiological impairment of free ranging brown trout exposed to metals in the Clark
Fork River, Montana. Canadian Journal of Fisheries and Aquatic Sciences 52:2038-2050.

Geist, D.R. September 1997. Characterization of spawning habitat within a high and a low
density of fall chinook salmon spawn 1 area in the Hanford Reach, Columbia River.
Unpublished report by Battelle Pacific Northwest National Laboratory.

Geist. D.R. )5. ..ie Hanford | 1 whatdov stand to lose? Illahee 2:1. 141,

Geist, R., T.M. _ Jston and D.1 uble. 1994. Assessment of potential impacts of major
ground water contaminants to fall chinook salmon (Oncorhynchus tshawytscha in the
Hanfoc Reach, Columbia River. Pacific Northwest Laboratory, PNL-9990, Richland,
Washington.

Halliwell, B, and J.M.C. Gutteridge. (Editors). 1985. Free radials in biology and medicine.
Clarendon Press, Oxford. pp. 139-170.

Hope, S.J., and R.E. Peterson. S. ember 1996. Chromium in river substrate pore water and
adjacent ground water: 100-D/DR Area, Hanford Site, Washington.

Marr, 1., J. Lipton, and D. Cacela. 1995. Fisheries Toxicity Injury Studies Blackbird Mine Site,
Idaho. National Oceanic and Atmospheric Administration. Report No. 50-DGNC-|-
00007, Washington, D.C.

80




McKim, J. M. 1977. Evaluation of tests with early life stages of fish for predicting long-term
toxicity. Journal of the Fisheries Research Board of Canada 34:1148-1154.

Mount, D.I. and W.A. Brungs. 1967. A simplified dosing apparatus for fish toxicology studies.
Water Research 1:21-29.

Olson, P.A. and R.F. Foster. 1956. Effect of chronic exposure to sodium dichromate on young
chinook salmon and rainbow trout. /n Hanford Biological Research Annual Report,
1955. Atomic Energy Commission, HW-41500, Richland, Washington.

Outridge, P.M. and A.M. Scheuhammer. 1993. Bioaccumulation and Toxicology of ( omium:
Implications for Wildlife. Reviews of Environmental Contamination and Toxicology
130:31-77.

Peterson, R.E., R.F. Raidle, and C.W. Denslow. 1996. Conceptual Site Models for
Groundwater Contamination at 100-BC-5. 100-KR-4, 100-HR-3, and 100-FR-3 Operab
Units. Bechtel Hanford, Inc., BHI-00917, Richland, Washington.

Piper, R.G., .B. McElwain, L.E. Orme, J.P. McCraren, L.G. Fowler, and J.R. Leonard. 1982.
Fish hatchery management. U.S. Fish and Wildlife Service, Washington, D.C.

Susa, N., S. Ueno, Y. Furukawa, and M. Sugiyama. 1996. Protective effect of vitamin E on
chromium (VI)-induced cytotoxicity and lipid peroxidation in primary cultures of rat
hepatocytes. Archives of Toxicology, 71:20-24.

Swan, G.A., E.M. Dawley, R.D. Ledgerwood, W.T. Norman, W.F. Cobb, and D.T artman.
1988. Distribution and relative abundance of deep-water redds for spawning fall chinook
salmon at selected study sites in the Hanford Reach of the Columbia River. Report E86-
87-3082, U.S. Army Corps of Engineers and U.S. National Marine Fisheries Service.

USEPA (United States Environmental Protection Agency). 1986. Quality Criteria for Water
1986. EPA Report 440/5-86-001, Office of Water Regulations and St.  {ards,
Washington, D.C. '

Wiggins, W.D., G.P. Ruppert, R.R. Smith, L.L. Reed, L.E. Hubbard, and M.L. Courts. 1997.
Water Resources Data Washington Water Year 1996. U.S. Geological Survey Water
Data Report WA-96-1, Tacoma, Washington.

Wills, E.D. 1985. The role of dietary con _ »nents in oxidative stress in tissue. In: ( dative
Stress in tissues. Edited by H.Sies, Academic Press, New York.

81






ATTACHMENT [ To Protocol P99-10-01:
LIST OF APPLICABLE STANDARD OPERATING PROCEDUF

B4.1  Instrument Design, | iintenance, and Calibration - General

B4.6  The Mettler PL 200 Top-Loading alance

B4.9 pH Determination of Aqueous Samples with the Orion* Model 901 Microprocessor
Ionalyzer and Ross® Model 82-01 Combination pH Electrode

B4.14 Maintenance and Storage of Ross Combination pH Electrode

B4.15 Measuring the Conductivity of Aqueous Samples with the YSI Model 35 Conductance
Meter and the YSI 3418 Conductivity Cell

B4.16 Alkalinity: Burette Method

B4.18 Measuring Dissolved Oxygen with the YSI® Model SB4ARC Dissolved Oxygen Meter

B4.23 Instruction Manual for the Calibration, Maintenance, and Use of the Top Loading
Balance (Mettler AE163)

B4.29 Mettler AE163 Dual Range Pan Balance

B4.32 The Mettler P 1200 Top-Loading Balance

B4.47 Operation and Calibratic of Rainin Digital Pipettes .

B4.52 Holding Facilities For Cultured Fish

B5.1 Feed and Animal Care Materials, Specifications, Storage

B5.2 Documentation of S¢ )le Receipt

Cs5-212 Environmental Sample Analysis Using the Elan 6000 ICP-MS

B5.4 Control of Pesticides and Other Environmental Contaminants in Feed Supplies

B5.7 Acquisition & Receipt of Fish

B5.12 Labeling Procedure for Reagents and Solutions

B5.13 Procedures for Keeping Fish Culture and Acclimation Records

B5.14 . c:mperature Monitoring of Freezers and Refrigerators at NFCRC

B5.16 Glassware Washing Procedure for Analytical Biology Section (Rm. 40)

B5.63 Storage, Handling, and Retrieval of Hand Written Material

B5.69 Assignment of Animals to Test Systems

B5.93 Purchasing, Logging in, and Storage of Toxic Chemicals

B5.94 Checking Out and Handling of Toxic Chemicals

B5.102 Procedure for Determining the Length and Weight of Fish from Chronic Flow-Through
Toxicity " _

B5.106¢ ety Plan for the Fish and Invertebrate Toxicology Section

B5.131Glassware Cleaning Procedure -

B5.132Equipment Disinfection

B5.143Diet for Fishes

BS.147 Permanent Archiving of Handwritten Material

B5.148 Humane Disposal of Fish

BS5.154 Humane Procedures for Anesthetization and Handling of Fish for Sampling Purposes

B5.160Reporting Deficiencies in Animal Care and Treatment

B5.161 Maintenance and Replacement of Well Water Filters Located in the Wet Laboratory

B5.165 Acclimation of Fish to Research Waters
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B5.167Reverse Osmosis Units - Quality Control Procedures for Sanitizing and Filter Changes
B5.168 Replacing Exchange Beds for D.I. Water

F20.EI8
F20.P15
QAS.]
QAS.20
QA4.0
F.EOl:
F.E02;
F.E03:
F.E04:
'F.E05:
F.E06:
EF.EO7:
F.EOS8:

F.EI0:
F.EL3:

F.El4:
FE!S:
FE17:
F.E18:
EEI19:

F.E20:

F.E21:
F.E22:

F.E23:

Construction, Operation, Calibration, And Maintenance of the Proportional
Diluter

Procedure for Reconstituting Test Water from RO/DI Water, Raw Water and Salts
Chain of Custody

Tamper Indicating Security Seals for Sample Containers

Employee Training Records (In-house)

Operation and maintenance of the Walter Louis Chemical Water Softener with
Aqua Matic Model 514 Regeneration Controller.

Operation and maintenance of the Walter Louis Chemical Reverse Osmosis water
filtration unit. '
Operation, maintenance, and backwash of the Walter Louis Chemical twin-bed
deionization water treatment units.

Operation and maintenance of the sand filtration system for discharge water
treatment.

Operation and maintenance of the carbon filtration system for discharge water
treatment. '

Operation and maintenance of the Culligan mixed bed deionized unit with
Sybron/Barnstead purity meter.

Operation and maintenance of the Remcor model CFF liquid circt tor,
heater/chiller

Operation, calibration, and maintenance of the Model 2500 Micromedic automatic
pipette and associated pumps

Operation, calibration, and maintenance of the Orion Model EA 940 Ionanalyzer.
Operation, calibration, and maintenance of the Satorius L420P electronic top
loading scale

Operation, calibration, and maintenance of the YSI Model 54ARC dissolved
oxygen meter and probes

Operation and maintenance of the Panasonic Coltor Video Camera (WV-
3250/8AF), Panasonic Video Recorder (AG-2400), Par  »nic AC Adapter (AG-
B12), and the Panasonic Video Monitor (ST-1000M)

Underground Emergency oxic Storage Tank

Construction, operation, calibration, and main 1ance of the proporti 1l diluter.
Operation am maintenance of the VWR Model 640 manufactured by Amber
Science, Inc., Eugene, Oregon

Operation, Calibration, and Maintenance of the Lotek SRX_ 400 Radio Telemetry
Receiver

Operation and maintenance of the REVCO ELITE 500 Model Ulta-cold Freezer.
Operation and Maintenance of the Sensidyne Pump Model 800 and Gastec
Precision Gas Detection System

Operation and Maintenance of the Hitachi Model F-2000 Fluorescence
Spectrophotometer '

84




F.E24:
. .26
F.POIl:
F.PO2:

F.PO3:
F.P04:

F.PO7:

F.P08:
F.P09:
F.P10:
FPll]:
F.P12:
F.Pl4;
E.P15:
F.P16:
FP19:

F.P21:
FP22:
E.P23:
F.P24.

Operation and Maintenance of the Bio-Rad .odel 3550-UV Microplate Reader
Maintenance and operation of Flowmelter

Culture and handling of test fish

Humane proce 1res for anesthetization and handling of fish for sampling
purposes '

Humane disposal of fish

Procedure for determining the toxicity of chemical substances to early life-stages
of fishes :

Sediment handling for toxicity studies: preventing potential for fish disease
contamination

Procedure for measuring water temperature

Procedure for measuring dissolved oxygen in water

Procedure for determining total water hardness

Procedure for determining alkalinity in water

Procedure for pH determination - ORION EA 940

Procedure for conductivity determination

Procedure for Reconstituting Test Water from RO/DI Water, Raw Water and Salts
Operation of Automatic Controllers for Reconstituted Test Water System
Procedure for Dry Diet Preparation at Bozeman from Field collected Fish Food
Organisms: Preventing Disease and Assuring Presence of Necessary Vitamins
and Minerals

Sampling Procedure for Biofilm and Benthic Macroinvertebrates

Procedure for Force-feeding Fish

Procedure for Collecting Intestinal Fluids from Fish

Procedure for Collecting Water Samples when Sterile Conditions are Requir
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ATTACHMENT To Protocol P99-10-01: PROCEDURES FOR PRETESTING

A Pretest For Early Life Stage Experiment:

Test procedures: To assess stability of Cr species (e.g., total Cr vs. Cr (VI)
exposure concentrations), a 96-hour flow-through test will be conducted prior to

“conducting the definitive Hanford Protocol. The procedures for pretest will be

identical to those used to conduct the definitive Hanford Protocol except that test
duration will be shorter (96-h) and the exposure water will be sampled more
frequently for analysis of total Cr and Cr (VI). Before beginning the retest the
automatic pipettes used to deliver the sod n dichromate stock solution and the
diluter system will be calibrated. The calibrations are performed to ensure that
appropriate amounts of the stock solution are delivered to the chemical mixing
chambers of the diluter and that the diluter delivers the appropriate volumes of
exposure water to each treatment. During the pretest eyed eggs of surrogate
salmonid species will be exposed to 5, 1, 24, 54, and 120 xg/L of Cr and a
control treatment with no Cr added. Four replicates of each Cr treatment will be

tested.

2. Test initiation: To initiate the pretesi, on day minus 2 the waterbath and exposure
chambers will be filled to begin temperature regulation and the Cr stock solution
will be mixed and metered to each treatment. The diluter system will be . ow
to equilibrate for 48 hours. On day 0 of the pretest two groups of 50 eyed eggs
will be placed into 177-mL glass hatching containers and randomly suspended
into each of four replicate exposure chambers per treatment (40C  gs per
treatment). The exposure chambers will be covered with black plastic to shield"
the eggs from light during the exposure and gentle aeration will be used to provide
continuous circulation of the exposure water.

C. Sampling regime:

Chromium concentration (ug/L) and nvumber of samples

Days of —
Exposure 0.00 5 I 24 54 120 Total
| | total 2 total 2 total 2 total 2total 2 total 11

2 Cr (V] 2 Cr (VD 2Cr (VD) 6
3 | total 2 total 2t 1 2total 2total 2 total 1

2 Cr (VD) 2Cr (VL 2Cr(vVI) 6
4 | tot 2 total 2 total 2 total 2 total 2 total 11

2Cr (VD 2Cr (VD 2Cr (VD 6
Total 3 12 6 12 6 12 51
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Mombane _~- Parr Health Experiment:
Experimental units in study design: 12 experimental units; four each of 0, I | and

24 pg/L Cr in water treatments.
Experimental units will be maintained separately and randomly assigned to 2
holding tanks.
Fish will be fed at 2.5% body weight at 8:00am and 1 1:00am; tanks will be
cleaned at 1:00pm; and water will be sampled at 3:00pm.

General water 1ality sam; ng will be performed as identified in Protocol.

A.

B.

C.

Pretest will last S days.

1.

Day O: initiate cycling of water through diluter.

2. Day I: initiate metering Cr.
3. Day 2: sample for total Cr (all tanks) and Cr VI (randomly selected tank of
the 11 and 24 ug/L treatment) prior to adding fish
4 Day 2: add fish to tanks at | gm/liter
5 Day 3: sample as in Day 2
6. Day 4: sample as in Day 2
7. Day S: sample as in Day 2
8. Day 5: sample as in Day 2, but just prior to cleaning at 1:00pm.
Sampling regime:
Chromium concentration (u«g/L) and number of
samples
Day of
Pretest - 0.00 11 24 Total
2 4 total 4 total - 4 total 12
1Cr (VD 1 Ce(VD) 2
2 4 total 4 total 4 total 12
| Cr (VD) | Cr (VD) 2
3 4 total 4 total 4 total 12
| Cr (V]) 1 Cr(VD) 2
4 4 total 4 total 4 total (2
I Cr (V) 1 Ce (VD) 2
5 4 total 4 total 4 total 12
1.Cr (8 1Cr (VD) 2
5 4 total 4 total 4 total 12
1 Cr(VI) 1Cr(VD) 2
Total 24 30 30 84
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Iv.

Samyp'- 7" tior J-~*~ -~~~ Targets; ly Life = " Marr Health Experiments:

The samples collecte  for Cr(VI) analysis will be filtered as described in the Hanford
Protocol for total Cr, then immediately put on ice (without acidification) and shipped by
overnight carrier {or hand delivered) to the analytical laboratory. Upon receipt, the
analytical laboratory will immediately conduct extraction or ion-exchange separation of
the Cr(VI) species. The extracted sample containing only the Cr(VI) species will then be
acidified to 1% HNO3 for analysis by ICP-MS or graphite furnace atomic absorption
spectrophotc etry. The target variation between total Cr and Cr (VI) within the medium
and high treatment replicates is + 20 % over the duration of the exposure (i.e., mean total
Cr and Cr (VI) should not differ by more than 20 %). Higher variation may be observed
in the low Cr treatments due the limitations of the analytical method. = : target variation
between nominal and measured concentrations of Cr for all treatments is + 25 %.

Validatir~ ~f Cr and Cr(VI) Sampling and Measurement
A. Analysis Methods: Inductively coupled plasma-mass spectrometry (ICP-MS) or

graphite furnace atomic absorption spectrophotometry (GFAAS) will be used for
analysis. Each method essenti: y detects both ionic species of Cr equally,
therefore, the analysis Hrindividual species is preceded y a separation
procedure. It is anticipated that the optimum analytical method will be dependant
on the choice of separation method, i.e., GFAAS determination may be required if
an extraction method is utilized because traces of solvent can hinder analysis by
ICP-MS. Quality control for all analyses will include duplicates, spikes, reference
solutions, and blanks according to EPA-CLP guidelines.

B. Speciation Method: Low pressu  column ion-exchange and/or extraction with
APDC/MIBK will be evaluated for separation of Cr (II) and Cr (VI). Each
method will be assessed based on precision, accuracy, blank values, 1 species
discrimination. A report outlining the performance of the method to be used will
be issued before initiation of the pre-testing phase.

C. (VI) Speciation Method Validation: Three simulated test waters (80 ppm

hardness) will be prepared including: 1) 100 pg/L Cr(II) as Cr(NO,);, 2) 10 pg/L
Cr(VD) as K,Cr,0,, and 3) 100 g/l Cr(VI) as K,Cr,0,. Each of the three spiked
test waters and one blank test water will be determined in triplicate. Each replicate
san e (100 mL) will be filtered through a 0.4 pm polycarbonate membrane to
simulate actual test water sampling. Recovery checks will be assessed at 0, 24,
and 48 hr for Cr(\  spiked water samples stored at 4°C in order to simulate

behavior of shipped samples.

D. Target Values:

1. Cr(VI) mean recovery: 90 - 110 % @ [0 pg/L;95-105% @ 100 pg/L.
2. Cr(VI) precision: RSD < 15 % @ 10 pg/L; <10 % @ 100 pg/L.
3. Cr(II) discrimination: < 5% recovery @ 100 pg/L Cr(Il).
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. 4. Mean Blank Value: < | pg/L.
5. Storage Test: < 10% difference between means for 0 and 24 hr samples.
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INSTRUMENT DESIGN, MAINTENANCE, AND CALIBRATION - GENERAL

I All equipment used for the generation, measurement, or assessment of data will be of
appropriate design and of adequate capacity to fulfill the operations of the protocols
and be located to facilitate operation, inspection and maintenance.

2. Equipment involved in the generation and measurement of data shall be tested,
calibrated, standardized, inspectt  cleaned and maintained after each use and/or on-a

routine basis.

3 A written standard operating procedure outlining methods, materials, and schedules
used in the routine inspection, cleaning, maintenance, testing and calibration will
accompany the equipment. Manu. ; from the manufacturer can be used with proper
identification of their location and any changes in the manuals noted.

4. Equipment SOP's shall specify the action to be taken in the event of a malfunction.

5. Equipment SOP's will designate by title or function personnel who are responsible for
its operation.

6. A log shall be maintained near the instrument during the length of the study giving a

history of its maintenance, inspection, testing, and calibration. Routine or narrative
operation sl | be noted and any corrections of malfunctions will be explained and the
dates of their occurrence logged in.

Prepared by: -
Paul Heine Date
General Biologist

Approved by:

Jim Fairchild Date
Ecologist, Community Ecology
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Ed Little Date
Branch Chief, Ecology

Linda Sappington Date
Quality Assurance Officer
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ALKALINITY: BURETTE METHOD

General.

The alkalinity of an aqueous sample is a measurement of its capacity to neutralize acid. The
alkalinity of a sample is the measurement of the sum total of titratable bases present. In surface
walters, carbonates, bicarbonates, and hydroxyl groups primarily contribute to alkalinity. To a
lesser extent, boron, phosphates, silicates, and other ions may contribute to alkalini

The measurement of alkalinity is based on the incremental addition of acid to a solution until an
arbitrary inflection point in the titration curve is reached. The inflection point of a titration curve
is the point at which the shape of curve changes from concave to convex or vice versa. Two
inflection points are commonly associated with the measurement of alkalinity; 8.3 (phenol-
phthalein alkalinity) and 4.5. This document describes the method for  :termining the alkalinity
of a sample to pH 4.5 with a burette.

Required Equipment.

A. One calibrated pH meter
B. Calibrated burette (graduated to 0.1 ml)
C. Magnetic stirrer and stir bar

Required Solutions.

A, 0.02 N sulfuric acid

‘Procedure for Determining Alkalinity.
A.  Calibrate pH meter with 4 and 7 pH buffers (see ECRC SOP B4.56).
B.  Fill burette to zero mark with 0.02 N sulfuric acid.

C.  Add 100 ml of sample to clean beaker.
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D.  Pla magnetic stir bar in sample and gently stir sample with magnetic stir plate

E.  Place calibrated pH probe in stirred sample and wait for stable reading. ECRC SOP B4.16
F.  Add 0.02 N sulfuric acid to sample from burette slowly until pH 5.8 is reached.

G.  Add0.1-ml increments of acid to sample until pH 5.0 is reached.

H.  Add 0.02 N sulfuric acid dropwise until pH 4.5 is reached.

L Record total vi 1me of 0.02 N sulfuric acid added to sample to reach pH 4.5.

J. Calculate total alkalinity as ppm CaCO, by multij ring the volume of 0.02 N sulfuric acid
required to reach a pH of 4.5 times 10.

K.  Record calculated alkalinity value for sample
L. Remove and rinse electrode with RO water.

M.  See ECRC SOP B4.56 for pH meter and electrode maintenance and storage.

Prepared by:

Dave Whites Date
Biological Lab Technician

Approved by:

Christopher Ingersoll Date
Branch Chief, Toxicology

Linda Sappington Date
Quality Assurance Officer

Reference:

SOP B4.56 “Combination pH Electrode, Ross Sure-Flow Model 81-72 Preparation,
Maintenance and Storage”
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Prepared by:

Approved by:
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Eugene Greer
Fishery Biologist

Paul M. mehrle
Chief Biologist

James W, Hogan
Quality Assurance Officer
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Attachment A
Hatching of Brine Shrimp Eggs
1. Put approx. 3000 mis. of H,O in a clear glass, one gallon bottle.

2. Put 20 mls. of brine shrimp eggs and 80 mls. of plain salt (no iodine) into a beaker and pour into the
HZO-

3. SHAKE WELL!

4. Place bottle in a water bath at 30°F and using a airstone, moderately bubble air into the H,O for 48
hrs.

3. After 48 hrs. pour the H,O + brine shrimp into a separatory funnel that has had the top 3/4 taped or
covered to keep out light.

6. Let the separatory funnel set until the brine shrimp have settled to the bottom (10 min.). Then draw
off the brine shrimp into a beaker and feed. (The dark colored dead brine shrimp eggs at the ttom
should be discarded).
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Attachment C

Prophylactic and Therapeutic Treatments
for Freshwater Fish used at NFCR

mg/|

Disease Chemical Concentration Application
External KMnQO4 2-4 60 min
bacteria
Monogenetic Formalin 150-250 30-60 min
trematodes,
fungi, and Potassium permanganate 2-6 30-60 min
external
protozoa Sodium chloride 15000-30000 5-10 min dip

. 2000-4000
Eggs
upon arrival Betadine 100 10 min
Parasitic Trichlorfon 0.25 Al
copepods (Masoten®)
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TEMI RATURE MONITORING OF FREEZERS AND REFRIGERATORS AT ECRC

General:

A. The monitoring of the large walk-in freezer and refrigerator will be carried out
by the temperature sensors located within and connected to the Sonitrol security
system.

Procedure:

A. If it is deemed necessary for daily documentation of temperature levels, a log
book will be established and date, temperature, time of day, and person
recording the temperature wi  be recorded in a bound log book.

B. Recordings of temperatures of the above units will be performed by a member
of the research staff..

C. All temperature records will be kept in the Q.A. files.

Prepared by:

Paul Heine Date
General Biologist

Approved by: ‘
: Jim Fairchild Date
Ecologist, Community :ology

Ed Little Date
Branch Chief, Ecology

Linda Sappington Date
Quality Assurance Officer
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