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Standard Practice for
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Evaluating an Effluent for Flavor Impairment to Fish Flesh
This standard is issued under the fixed designation D 3696; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
J] 1 Scope*

1.1 This practice describes procedures for determining the potential of an effluent to cause flavor impairment of fish flesh.
Caged-ish Fish can be exposed to effluent either-in-the-effluent, caged-at-various contaminated-sites relative adjacent to the
discharge, or to dilutions ef-the an effluent in a laboratory. Depending upon the uptake rate of the chemieals-inte the flesh from
the-diseharge—from discharge into the flesh, 1 day to several weeks might be reguired-for-a-detectable before an off flavor i
detectable. However, an exposure of 10 days is usually adequate. This practice is applieable-te-respective fish in either fresh
salt water.

1.2 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use Specific hazard statements are given in Section 7.

2. Referenced Documents
2.1 ASTM Standards:

on Aquatic Assessment and Toxicology.

1 This practice is under the jurisdiction of ASTM Committee E-47 on Biological Effects and Environmental Fate and is the direct responsibilitynofn@teec&47.01
Current edition approveeJan—+5-1995. Oct. 10, 2000. Published-Mareh 1995. January 2001. Originally published as D 3696 — 78. Last previo@§@6liti@9h

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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D 1125 Test Methods for Electrical Conductivity and Resistivity of Water

D 1126 Test Method for Hardness in Weter

D 1129 Terminology Relating to Water

D 1192 Specification for Equipment for Sampling Water and Steam

D 1252 Test Method for Chemical Oxygen Demand (Dichromate Oxygen Demand) of*Water

D 1293 Test Methods for pH of Water

D 1888 Test Methods for Particulate and Dissolved Matter, Solids, or Residue inWater

D 2579 Test Methods for Total and Organic Carbon in Whater

D 3250 Test Method for Total Oxygen Demand in Water

D 3370 Practices for Sampling Water

E 729 Guide for Conducting Acute Toxicity Tests with Fishes, Macroinvertebrates, and Amphibians

E 943 Terminology Relating to Biological Effects and Environmental Fate

E 1192 Guide for Conducting Acute Toxicity Tests on Aqueous Effluents with Fishes, Macroinvertebrates, and Antphibians
I E 1810 Practice for Evaluating Effects of Contaminants on Odor and Taste of Exposéd Fish

3. Terminology

3.1 Definitions—For definitions of terms used in this practice, referto—FerminotogiesbB-1129 and E 943.
I 3.2 Description of Terms Specific to This Standard

3.3 flavor impairment—a detectable flavor deterioration between a test and control sample. Flavor tainting, off flavor, and
undesirable flavor are considered synonyms.

3.4 The words “must,” “should,”™ may,” “can,” and “might” have very specific meanings in this practice. “Must” is used to
express an absolute requirement, that is, to state that the test ought to be designed to satisfy the specified condition, unless the
purpose of the test requires a different design. “Must” is only used in connection with factors that directly relate to the acceptability
of the test. “Should” is used to state that the specified condition is recommended and ought to be met if possible. Although violation
of one “should” is rarely a serious matter, violation of several will often render the results questionable. Terms such as “is
desirable,” “is often desirable,” and “might be desirable” are used in connection with less important factors. “May” is used to mean
“is (are) allowed to,” “can” is used to mean “is (are) able to,” and “might” is used to mean “could possibly.” Thus the classic
distinction between “may” and “can” is preserved, and “might” is never used as a synonym for either “may” or “can.”

4. Summary of Practice

4.1 Fish are exposed to an effluent or dilutions of an effluent either in the field or in the laboratory. After an exposure sufficient
to allow tainting, fish areremeved—¢cleaned removed-and-eviscerated—double-wrapped fillets are evaluated for flavor impairment
using the practice described—r—metatfoil, E 1810. Fillets are those portions of a fish exclusive of scales, bones, head and
refrigerated—Each fins that are normally consumed. Only live-fish-sampte—ireluding-eontrot-fish,is-encoded should be used for
identification—ish-are-baked-at-190°CHor-20-to-30-minthentasted by-the-testing-panelHavert+esults-are-evaluated-statistically

to-detect-flavor-impairment. taste test.

5. Significance and Use

5.1 Thispraetice, methodology, although subjective;might can deteetqualitative contamination of a fishery resource. E Varying
results may be obtained depending on the selection of fish and the sensitivity of participants in the taste panel. Nevertheless,
enforcement agencies usualty-+receghize as a consider-water-guality-standarg-thatno-substance-shal-be-diseharged-into water the
tmparts produces an undesirable flavor-te-fish.

5-2—This-practice-doesnoet-eliminate-att-bias. fish flesh to violate water quality standards.

6. Apparatus

6.1 Field Study
6.1.1 Cages—Cages should be large enough to allow free swimming of the fish. The wire mesh or holes used to provide water
circulation into and out of the cage should be small enough to retain small minnows, yet large enough to allow free passage of
stream drift organisms. A 5-mm screen has proven satisfactory. See Fig. 1 for a typical fish exposure cage.
I 6.1.2 Nets—Nets used to capture and handle test animals should be pocketed to retain fish. Use soft nets to prevent abrasion

of the test fish during handling. Thoroughly wash new nets to remove any textite-finish—present. finish.
6.1.3 Chest Waders or Hip Boats
6.1.4 Boat—Depending upon the nature of the study, especially when large +ivers or, lakes or estuaries are being investigated,
I a boat is-a-necessary-piece-of-equipment. necessary. The type of boat necessary must be matched to the type and size of the wat
body.

2 Annual Book of ASTM Standardgol 11.01.
3 Annual Book of ASTM Standardgol 11.02.
4 Annual Book of ASTM Standardgol 11.05.
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5mm mesh

Eye Bolt -
for Ancharing Cage

FIG. 1 Fish Cage

6.1.5 Life Preservers-There shall be one for each person.

6.1.6 Holding Cages or TankageFish should be held in cages or pens placed at clean sites in the river or in aquaria of
appropriate size for the fish for at least 10 days before testing. The grams of fish per liter volume of cage, pen, or aguarium shoul
not be so high that it affects the results of the test. Therefore, the loading should be limited to ensure that (1) the concentration
of dissolved oxygen and test material do not fall below acceptable levels, (2) concentrations of metabolic products do not excee
acceptable levels, and (3) the test organisms are not stressed because of aggression or crowding. Suggested loadings for aqu
found in E 729 based on temperature regime should be applied to both cages and aquaria unless data are provided to justify sol
other loading.

6.2 Laboratory Study

6.2.1 Flow-Through SystemMany metering systems can be used—Referdice2Pand-Guige Guides E 729 and E 1192
describe suitable systems that are or can be modified for effluents.

6.2.2 Compressed Air (oil-free)—A low-pressure high-volume air blower system is ideal for providing air to support life in
laboratory aquaria.

6.2.3 Exposure Aquariaz=Aquaria should be large enough to provide an adequate volume of water and sufficient room space
for the-fish;—sueh-as-35-by-35-by-50-em-ortarger. fish being exposed.

6.2.3.1 Aguaria and other equipment that will contact stock solutions, test solutions, or any water into which test organisms will
be placed should not contain substances that can be leached or dissolved by aqueous solutions in amounts that adversely affect
organisms. In addition, aquaria that contact test solutions should be chosen to minimize sorption of test materials from water. Glas
Type 316 stainless steel, nylon, and fluorocarbon plastics should be used whenever possible to minimize dissolution, leaching, a
sorption, except that stainless steel should not be used in tests on metals in salt water. Concrete and rigid plastics may be used
holding and conditioning tanks and in the water-supply system, but they should be soaked, preferably in flowing dilution water,
for a week or more before use (E 729). Brass, copper, lead, galvanized metal, cast-iron pipe, and natural rubber should not conte
test solutions before or during the exposture—See 7.3 Items made-ef-Guide-E729-concerning-additional neoprene rubber and ott
materials not mentioned above should not be used unless it has been shown thad)eithied(individuals of a sensitive aquatic
species do not show more signs of stress, such as discoloration, unusual behavior, or death, when held for at least 96 h in sta
dilution water in which the item is soaking than when held in static dilution water that does not contain the itdahthai use
will not adversely affect survival, growth or reproduction of a sensitive species.

6.3 Equipment Required for Taste Evaluation

6-3-1-Oven-capable-of-196=-52CH{electric-or-gas).

633 Metaleil

6-3-4-Cookie-Sheetls

6.3.1 See ASTM E 1810.

7. Hazards

7.1 Follow local water safety laws and practices in field studies. Check with local enforcement agencies, since these laws var
from one area to another. When wading in water, wear boots or chest high waders. Wear a life vest or preserver when wading i
deep water or in a boat.

7.2 Do not wash fish that are being cleaned in the field with effluent or the dilution water (river, lake, etc.). Use paper towels
to wipe the fish clean. Do not taste fish that are dead in the exposure tank or show any signs of toxic effects, because they migl
be toxic to the taster or possible tissue deterioration might influence the test results.

723 Minimize personal contact with the effluent or dilutions of the effluent because it is always possible that some hazardous
material, bacterial, or viral pathogen might be present. Thoroughly clean hands, clothing, and equipment after contact.
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- i ne area to
; ots mrcrobroloqrcal anaIysrs of effluent should be undertaken before exposing fish.
Chemlcal analytes should |nclude metals volatlle and semi- volatlle orqanlc compounds pest|C|des and any other chemicals

7—4—A—etrrrent—feed—hand+er—s—eertrﬁeate—may beIreved te—be—reerurred—by—leeal—law for pre sent—m—the—eteanrng—handlrng, exposure
medium. Use appropriate safety equipment when handling effluent and fish.

7.5 When sampling, preparating and performing odor and f flavor evaluationsh, follow-all samfety plrecautions described in
E 1810.

8. Field and Dilution Water

8-1—TFhe-minimal

8.1 Ata minimum, water quality-eriteria for field or laboratory water in which fish are exposed for any flavor impairment testing
are—t-hat—the tests must allow fish-will to surV|ve Wlth no obV|ous internal or external IeS|ons formlnq For field or d|Iut|on water

i b eria are that

Iaboratory tests flrst |nstar (newa hatched) daphnrds will must be able to survwe—rn—the—d#utren water for 48 h wrthout food (see
Guide E 729). The water must be free of taint producing materiats-Alse-sample Sample water for chemical analysis in accordance
with Specification D 1192 and Practices D 3370. Some suggested chemical analyses are given in Test Methods D 2579, D 1252,
D 3250, D 1293, D 1126, D 1125 and—D—}888

82Fresh D 1888 0

. use appropriate EPA methods.

9. Test Organisms (Fish)

I 9.1 Any edible fresh or salt water fish available in sufficient numbers is an acceptable test species. Cultured fish, such as
rainbow trout,Oncorhynchus mykisRichardson, and bluegill,epomis macrochiruRafinesque, are two freshwater species that
have commonly been used. Fish selected for exposure should be large enough to previde-a-fair-sized fillet. 10 g fillet per panelist.
Trout 200 to 300 mm or bluegill 150 to 200 mm are of sufficient-size.

9-2—Prier size. In the absence of specific information relating fish length to fillet size, the user of this designation should first
determine that fish of the size selected will yield fillets of the appropriate size. The size of each fish should be recorded along with
data regarding age and life cycle stage. For field exposures, the season(s) during which the fish were exposed should be recordec
Gender of each exposed fish should be determined at the time that fillets are removed from the fish.

9.2 Before testing, hold fish for at least 10 days-ira-flew-through flowing water-system of simitar water quality-to that of the
experimental-exposudre dilution water to be usedferatdeast-10 days. experimental exposure. Maintain a suffieienrt-flew-in and out
of-the-helding-tank water te-provide maintain the dissolved oxygen-ef-at least or above 60 % saturation and to flush out fish
excretory products. Holding temperature should:1i#°C of the exposure temperature.

9.3 Fish should be fed an uncontaminated food during-the-steck fish initial quarantire-and-these-being-expesed,ifpractical, but
t-mustberecognized-thatmaterials test exposure periods. Materials in food might be bioaccumulated from thefeed and also cause
flavor impairment.

I 9.4 Conducting fish-taste-tainting studies might require a permit of some type; therefore, notify the—-teeal-eenservation

department-or-enforeement-agency. health and environmental regulatory agencies.

10. Procedure

10.1 Field-Studies—Using-Caged Exposure of Fish

10 1—A-common-fieldtechnigque-of-evaluating

10.1.1 To test for taste and odor tainting, place-fish-flesh—tainting—can-be-aceomplished-by—placing fish in cages at various
locations+etative-to-the-outfallH-troutare-exposed in streams, rivers or estuaries receiving discharge from an outfall. Cages should
be made of wire mesh-cages;-relude small enough to retain minnows or other items provided as food and strong enough to retain
the test species. In a river or stream, place cages upstream of the outfall, at the outfall, and at one or more sites downstream. In
an estuary, place cages at the outfall and at a series of locations fanning out at increasing distances from the outfall. The number
of cages placed-abeve-and-below around an outfall and the distances of sites from the outfall may vary depending upon the
hydrology of the—river—n-atake-or-targeriver-the water body. The average wind velocity and direction and other factors might
also affect the effluent concentration to which the fish are exposed. Placement of the cages with respect to the area of study and
depth is at the discretion of the investigator. An exposure of 10 days is accepted as adequate.

10.1.2 —PFor tests in rivers and streams, place at least one cage of fish as a control in the water upstream from the outfall. For
tests in estuaries, place at least one cage of fish as a controtin wayter remote from-the-influence of outfall, but with similar salinity.
If not possible within the study estuary, select a clean site in a nearby estuary with similar temperature, salinity, dissolved oxygen,
and pH to the test site. Each cage or pen should be constructed and located to ensure access to natural food supplies. No effor
should be made to ensure quantitatively equivalent food supplies at test and reference sites. Food supplementation with commercia
food should be avoided.

10.1.3 The number of fish per cage is dependent upon the size of the test species and the number of taste panel members. Pla




A8y D 3696 — 9500

to provide at least a 10-g fish portion per taster per exposure concentration.

10.2 Laboratory Studies

10.2.1 Pump a representative sample (Practices D 3370) of effluent from the discharge or storage containers through
flow-through system capable of providing a series of effluent dilutions. Include a dilution water control in the test series. Place fish
in each dilution and control. See 10.1.3 for suggested number of fish per concentration. Feed the fish once a day throughout t
exposure. The food should be appropriate to the species of fish and free of measurable contaminants.

10.2.2 Allow sufficient flow through the test aquaria to maintain a dissolved oxygen concentration of at least 60 % saturation.
Do not aerate aquaria because the flavor test material might be volatilized from the test water.

10.2.3 Maintain the test temperature of the aquaria &°C of the average receiving water temperature outside the effluent
mixing zone. If a test temperature other than that of the receiving water is used, report the reason and temperature.

10.3 The uptake of materials by fish from water varies from one material to another. Because of this variation, no one exposur
period will cover all situations. However-tis+ecommended the an exposure period be of 10 days is recommended.

10.4 After exposure, remove;kilh-filetwrap, process-and-refrigerate-the-fish—ifthe-flaverimpairment-evatluationis-performed
within2-days-{(48-h);itis-desirableto-keep-t he Qre erveﬂs#reéﬁgeFa{ed{eHeeeB—ra%heFmaﬁ#eeang—FreeangﬂebeHwed by som

h sample!

mpart flavor. as describe

in E 1810.

10.5 On the day of the flavor evaluatl%%#b%s—%ezen—maw—ﬁmﬁ—mfaai—peﬁwns—ﬁ%m g) and
debrblre-WFap—m—me%al—fal—w& Qregaret i 60 My
packet-of fish-to- i i i

ﬁsh—was—e*pesed—Pfe\ﬁde—eﬂeugh—paeke%s—ef—eeﬁfrel fIS-h—fGFKHGW-H—&Hd—H-HKHGWH—GGH%FGB—pJ-HS—ﬂ—fGW extra

quality
ortion tasfrng—rn—a—s&ﬁa&e—pekyeﬂ%yleﬂe—eepoly(vmyl

A cooking

167 accordance with E 1810.
10.6 Flavor Impalrment Panel

v ewer than
s ish. Member
e o forth, i
anel at the

&me—ef—tasfe—tesfmg—sheu’:d—be—ea se Qrotocols—feepfeventmg establlshmg—a—membeﬁfrem—aetwe-pameﬂeaﬂeﬁ—at—the—&me of testing

PO
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view-the tasting and

%9—7—7—Be#6fe—tasfemg—begﬂ°rs—ﬁete—the—edor all aspects of performing-the-fish-—tf-any-eder-is-detected;taste samples test are
descrlbed m—aﬂ—erdef—ef—rﬁereasmg—edor

he-nrext sample.

M manuals

(3)4)-E 1810.

11. Calculation of Results

0 v vatuatio imi Sy ix abulated, it
Hr 2 is—deteetet Frsed : =i of analysis
ess consisten

11.1 See ASTM E 1810.

12. Report

: g
12.1 For field-collected fish, report the geographic coordinates of the collection site, a thorough description of the site, any
known history of the location and adjacent land use, all available-data—teo-be-tncluded characterizing the water and underlying
sediment, the method of collection and handling in-the—+epertis-given field, list all persons involved-in-—TFable X1.4.
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XI2—Caledlate collecting the-abselute-differences—between fish, and include-the—rank-sum for chain-of-custody form. For
laboratory-contaminated fish, report the-eentret and exposure protocek-the-rank sum nature-ef-the-ether-cencentrations.

X1-3—Compare material to which the-caleulated—results—with-—Tables X1.1 fish are exposed, the hominal-anrd-%1-p where:
—=number measured exposure concentrations, duratien-ef-effluenteoeneentrations exposure, dates of the-stantamser end
of the exposure, technical staff responsible for the exposure, and include the chain-of-custody form.X

1242 Include in the report the protocol for the taste test performed under ASTM E 1810, all results, and statistical evaluation:s
made. If statistical procedures beyond those recommended in ASTM E 1810 are utilized, describe these in sufficient detail that th

caleutatedresultis-equat-to-or-greaterthan analysis can be duplicated from-the-tabled-{(criticat-difference)resultthen-a significar
difference-exists. raw data independently.
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| REFERENCES

| (HShumwayD—t—and-Palensky 3—R-"+tmpairment

| SUMMARY OF CHANGES

(1) The removal of specific instructions for the-Havor performance-ef-Fish-by-WaterPollutants;EPA-R3-73-010,National
:Feehmeal—m#eﬁﬂaﬁaa—Semee—Spmgﬁeld—‘#«—]:g%—p— 80
(—2)—Metrm—B—|— the taste test ant i i i i WaterResearch 6 1967, pp.

(—3)—Ba5+c—|1|=merp+es substitution with reference to a companion standard (E 1810) written specifically to be a companion to this standard.

(2) A variety of-Sensery-Evaluation, ASTM-STP-433,-ASTM1968.

Mantal editorial changes have been made.

(3) The References section was removed because all citations had been eliminated from the narrative.

(4) Information or-Sensery-—Testing-Methods;-ASTHM-STR434-ASTM-1968.

f5)‘WI'|'Cﬁ‘X‘Oﬁ—F' methodoloqmal issues related speCIflcaIIy to estuanne SItuatlons have been added to sections 6.1.4,-10-11and-Witcox; R. A., “Some
¥, 1964. 10.1.2.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).



