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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Sediment in the aquatic environment serves as a reservoir for agricultural, industrial, and municipal
contaminants. Contaminated sediment adversely affects the benthic community directly and acts as
a source of contamination for the overlying water, often negatively impacting pelagic communities as
well. Sediment toxicity tests are used globally to determine and monitor the toxic effects of discrete
substances or complex mixtures that might be harmful to indigenous life in the aquatic and benthic
environments. This International Standard outlines procedures for conducting 14 d and/or 28 d tests
for sediment toxicity, using the fresh water amphipod Hyalella azteca. The biological end points for the
tests include mortality and growth.
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INTERNATIONAL STANDARD

ISO 16303:2013(E)

Water quality — Determination of toxicity of fresh water
sediments using Hyalella azteca

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This International Standard does not purport to address all of the safety problems, if
any, associated with its use. It is the responsibility of the user to establish appropriate safety and
health practices and to ensure compliance with any national regulatory conditions.

IMPQRTANT — Itis absolutely essential that tests conducted in accordance with this In
Standard be carried out by suitably trained staff.

1
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This|International Standard specifies a method for the determination of teXicity to young Hy|
in whole sediment based on survival and growth inhibition after 14 d and/or 28 d.
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gamples of contaminated whole fresh water sediment,

hemical, industrial, or municipal sludge, or other solidrwastes that may combine with|

sediments, and

hemicals or preparations spiked into clean sediment.

International Standard is applicable to the testing of sediment samples from the
onment. Hyalella azteca can be used in'the testing of brackish waters up to a maximy
careful acclimation. This InternationalStandard is not applicable to the testing of sedin
the marine and estuarine envireninent with a salinity of > 15 %..

method is a 14 d and/or 281d survival-and-growth test applicable to the sediment s
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Normative references

following documeénts, in whole or in part, are normatively referenced in this docunj
pensable fordits application. For dated references, only the edition cited applies. I
ences, thelatest edition of the referenced document (including any amendments) appl
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059, Water quality — Determination of the sum of calcium and magnesium — EDTA titrim

ISO 10523, Water quality — Determination of pH

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

artificial sediment
mixture of materials that mimic the physical components of natural sediment

Note
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iment

sediment (natural or artificial) that is used to assess the performance of the test organisms and test
acceptability (i.e. clean)

Note 1 to entry: The results of control sediment testing are used for comparison to response of organisms in the
contaminated test sediment(s) and for evaluating test validity.

Note 2 to entry: Used routinely to assess the acceptability of a test (6.2).
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Young fresh water amphipods, Hyalella azteca, aged 2 d to 9 d and ranginginage by 1 d to 2 d, are exposed
in groups of 10 organisms to a contaminated sediment or a test-chemical spiked sediment for 14 d and/or
28 d.[1] [2] [3] The end points for the test are percent mortality and growth inhibition assessed relative
to organisms exposed concurrently to control sediment. The test is performed in glass containers with
the ratio of sediment to water (volume:volume) being either 1:1,75 or 1:4 (e.g. 100 ml of sediment with
175 ml of overlying water or 100 ml of sediment with 400 ml of overlying water). Comparative testing
of the two recommended sediment-to-water ratios showed no significant difference in test results using
Hyalella azteca.[4] One advantage of the 1:4 sediment-to-water ratio is greater overlying water volume
for chemical analysis. The exposure is primarily static unless renewal is triggered by deterioration of
water in the control treatment (e.g. shifting pH affecting the form of background ammonia).
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A long-term test option (i.e. 42 d) for whole sediment toxicity testing using Hyalella azteca is described
in Annex E. End points of this long-term test include survival (Days 28, 35, and 42), growth (Days 28 and
42), and reproduction (number of young per female produced from Days 28 to 42).

A water-only method using Hyalella azteca is also described in Annex F. This method is a 14-day test of
survival and growth using young amphipods exposed to samples of industrial or sewage effluents, fresh
waters (e.g. receiving water), aqueous extracts, or chemical substances which are soluble or which can
be maintained as stable suspensions or dispersions under the conditions of the test.

5 Test environment

5.1 | Facilities

The fest facility shall be well ventilated, isolated from physical disturbancespand fre¢ from dust
and fumes. Tests shall be carried out in a temperature-controlled room or chaniber that jmaintains a
temperature of (23 * 2) °C in the test containers.

5.2 | Lighting

All t¢st containers shall receive direct, overhead illumination that provides normal laboratory lighting
(i.e. 100 1x to 1 000 Ix) at the air/water interface. llluminatien<should be uniform and ghall have a
day/hight cycle (photoperiod) of 16 h of daylight and 8 h of dapkness.

6 Reagents, test organisms, and materials

Use ¢nly reagents of recognized analytical grade, unless otherwise specified.

6.1 | Test organism

Hyalella azteca is an epibenthic sedimént-burrowing detritivore that lives in close contact with the
surficial 1 cm or 2 cm of fresh watep sediments. They reside in temperate lakes, pond, and slow-
flow]ng streams and are widely distributed on the North and South American continents.[1][2] [3] Young
Hyalella azteca are obtained frem:laboratory cultures maintained under the conditions of temperature,
photpperiod, and food identical to those in the test. The species identification should b¢ confirmed
by qgpalified personnel experienced in identifying fresh water amphipods using the di$tinguishing
taxonomic features des€ribed in Annex A and in previous publications.[2] [5]

6.1.1 Life stage and size

Amphipods used for the test shall be between the ages of 2 d and 9 d and shall not vary in pge by more
than|2 d. Amethod for culturing Hyalella azteca and for obtaining known-age test organisms is provided
in Afjnet.B! If growth is expressed as mean size at the end of the test, a mean length of orgarlisms should
be d¢termined at test initiation.

6.1.2 Source

All amphipods used in a test shall be derived from the same population and source. Sources of animals
to be used to establish cultures include government or private laboratories which are culturing Hyalella
azteca for sediment toxicity tests or a reputable biological supply company.[1] [2] [3] A list of possible
sources of Hyalella azteca is provided in Annex C.

6.2 Control sediment

Each sediment toxicity test shall include a control with a minimum of five replicate test containers
containing control sediment. Responses of organisms exposed to control sediment during a test provide
measurements for determining test validity (see 10.3), evidence of the health and normal behaviour of

© IS0 2013 - All rights reserved
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the test organisms, and a basis for interpreting data derived from the test sediments. Control sediment
is either natural sediment or artificial (i.e. formulated) sediment.

6.2.1 Natural sediment

Natural sediment taken from a fresh water or slightly brackish (< 15 %o) collection site removed from
known sources of contaminants, and for which there is known control performance with Hyalella
azteca, can be used as the control sediment for a test or as a clean material for spiking a test chemical.
If sediment pore water has any measureable salinity, the testing laboratory shall follow a suitable
acclimation procedure to ready adult Hyalella azteca for use as brood organisms and to ensure salinity-
adapted young amphipods are used during testing.

6.2.2 Artificial sediment

The followinjg artificial sediment can be used as a control for fresh water sediment tests or asd ¢lean material
for spiking atest chemical. This recipe is based on the artificial sediment recommended.in}SO 10872

Mix the follgwing components thoroughly in the given proportions.

Al03: 20 %
CaCO3: 1%

Dolomite (clay): 0,5%
Fe;03: 4,5 %
Silica sand (mean particle size 0,063 mm): 30 %
Silica sand (0,1 mm to 0,4 mm): 40 %

Peat (deconiposed peat from a raised bog, untreated; finely ground and < 1 mm sieved): 4 %

There are anumber of acceptable approaches.to preparing and conditioning artificial sediment. In ge:Leral,
the following attributes should be considered when selecting a formulation for a control or test sediment.

a) should gupport the survival, growth, or reproduction of a variety of benthic organisms;
b) should provide consistentdcceptable biological end points for a variety of species;

c) should ¢omprise standard constituents that are readily available to test laboratories;
d) shouldhe free fre@mconcentrations of contaminants that might cause adverse effects to testorganjsms.

Acceptable artificial sediment options are outlined in Environment Canada guidance on this subject,
including teflihiques for spiking test chemicals into sediment.[€]

6.3 Overlying water

6.3.1 Natural fresh water

Natural fresh water includes an uncontaminated supply of groundwater or surface water. If the objective
of testing is to simulate field site conditions, natural water can be diluted with a high purity distilled
or deionized water until a desired hardness is achieved. Water taken from the site where sediment is
collected can also be used. Surface water should be filtered through a fine-mesh net (e.g. 30 um) to
remove potential predators or competitors. Dechlorinated water is not recommended as overlying
water because its quality is often quite variable and it could contain unacceptably high concentrations
of chlorine, chloramines, fluoride, copper, lead, zinc, or other contaminants.
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6.3.2 Reconstituted water

If reconstituted fresh water is used as overlying water in Hyalella azteca tests, the following artificial

medium shall be prepared in deionized water:[Z]

CaCly 110,98 mg/1

NaHCO3 84,01 mg/!1

MgS04 30,09 mg/l1

KCl 3,728 mg/1

NaB 1,029 mg/1

The ixture is aerated for 24 h before use to adjust the dissolved oxygen (DO)-and to stabilize pH. The
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bver, the Ca:Br ratio shall be kept constant because these ions are essential for Hyalell
be present together.[8] Na+ and HCO3~ are the most essential ions for-Hyalella azteca S
and K+ are needed for optimal growth and reproduction.[Z] [2] Dueto lack of confirmé
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5 for Hyalella azteca. Conductivity, pH, hardness, DO, and alkalinity are measured in e
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d influence,
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1 weeks.

DO content of the water overlying the sediment'is ideally to be 90 % to 100 % of the a
e at test initiation and throughout the test.period. This level of DO is maintained by ge
b filtered, oil-free compressed air. The (fate of aeration should not suspend the sedi
les/s to 3 bubbles/s).

Food

e are two food options for@se in the Hyalella azteca test. Both commercial fish food and
nixture of yeast, Cerophyll™1), and trout chow (YCT) have been proven suitable for Hy
r the defined test condijtions.[1] [2] [3] [10] [11] [12]

e are also two gptipns for the frequency of feeding. Test organisms are fed either once d
5 weekly (onnen-consecutive days) throughout the test. An identical food ration is ad
thamber onséach feeding occasion.[11] The ration provided shall be adequate to enabl
val and.growth of Hyalella azteca during the test period, but must not be excessive.

Option 1: Fish food

ir-saturation
|Etnle aeration

ent (e.g. 2

hn inoculum
nlella azteca

pily or three
lded to each
b acceptable

Commercial fish food flakes (e.g. Tetrafin™, Tetramin™, or Nutrafin™)?) can be used as a food source for
test organisms during the test. Food can be ground and sieved so that flakes are uniform in size or can
be prepared as a slurry by mixing the fish flakes with clean water. Fish food flakes should be stored at
room temperature in a sealed container.

If daily feeding is chosen, 2,7 mg of fish flakes (dry weight) is added to each test container on the first day
of the test (the day the amphipods are placed in the test containers), as well as once per day thereafter
until the day the test ends. If the option of feeding three times per week is chosen, 6,3 mg of fish flakes

1) Cerophyll™ can be obtained from Ward’s Scientific as “Cereal Grass Media - Cerophyll”. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

2) Tetrafin™, Tetramin™, and Nutrafin™ are examples of fish food flakes available commercially. This
information is given for the convenience of users of this document and does not constitute an endorsement by 1SO
of these products.
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(dry weight) is added three times per week (starting on the first day of the test) to each test chamber
on non-consecutive days (e.g. on Mondays, Wednesdays, and Fridays), until the day the test ends. Both
rations provide approximately the same overall feeding rate; however, daily feeding might be preferred
because food is then always available.[€]

6.4.2 Option 2: Yeast/Cerophyll™3) /trout chow (YCT)

A second food combination based on the U.S. Environmental Protection Agency (U.S. EPA) and
Environment Canada test methodsl1 [2] is also recommended.

The formula for preparing YCT is given in Annex D. If daily feeding is chosen, an inoculum of 1,5 ml
(equivalent ffo Z,7 mg food, dry weight] of a mixture of yeast, Cerophyll™sJ), and trout chow is,added
daily to each test chamber on the first day of the test (i.e. the day the amphipods are placed inth¢ test
containers),[as well as once per day thereafter until the day the test ends. If the option of feeding three
times per week is chosen, an inoculum of 3,5 ml YCT (equivalent to ~ 6,3 mg food, dry weight) is added
three times|per week (starting on the first day of the test) to each test chamber onA1on-consecptive

days (e.g. o
approximat
then always

YCT can be
be discarde

h Mondays, Wednesdays, and Fridays), until the day the test ends. BothTrations pr
bly the same overall feeding rate; however, daily feeding might be preferred because fg
available.

tored frozen. Thawed aliquots of unused YCT can be stored in dagkness at (4 = 3) °C but
| after 14 d.

vide
odis

shall

6.5 Refenence substance

bride
hese

Cadmium chloride (CdCly), copper sulphate (CuSO4), sodium.€hloride (NaCl), and potassium chl
(KCI) are all acceptable reference substances.[1] [2] [3] [10] Material Safety Data Sheets (MSDS) for {
substances $hould be consulted prior to use by laboratorypersonnel, as necessary.

7 Apparptus

Ordinary laporatory apparatus is used for organism culturing and testing.

7.1 Tempgrature-controlled room;-chamber, or water bath.

The system [chosen shall maintaip-a témperature of (23 + 2) °C in the test containers.

7.2 Measyring apparatus.

Use the apparatus andfor instruments for measuring DO, pH, hardness, conductivity, alkaljnity,
ammonia, light intengsity, and temperature as specified in ISO 10523, ISO 5814, and ISO 6059.
7.3 Test containers.

All containers and accessories such as sieves that might contact the organisms, control or test sediment,
and overlying water during sorting, handling, and testing shall be made of non-toxic materials (e.g.
glass, stainless steel, Nalgene™4) nylon, porcelain, polyethylene, polypropylene, fibre-glass) cleaned and
rinsed with distilled water, deionized water, dechlorinated laboratory water, reconstituted water, or
natural water from an uncontaminated source. Materials such as copper, zinc, brass, galvanized metal,
lead, and natural rubber shall not come in contact with this apparatus and equipment or with samples
of control, reference or test sediment, overlying water, or test containers. Before initiating a test, ensure
all test containers and associated labware are clean and free of all contaminants from previous use.

3) Cerophyll™ can be obtained from Ward’s Scientific as “Cereal Grass Media - Cerophyll”. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

4) Nalgene™ is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.
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Glass containers (beakers or wide-mouthed jars) with internal diameter of approximately 7 cm to 10 cm
and a volume of 300 ml to 1 000 ml are recommended for use as test vessels. Test container shall allow
a sediment depth of 1,5 cm to 2,5 cm, and a ratio of sediment to water (volume:volume) of 1:1,75 or 1:4.
Each test container may be covered with a glass or a plasticlid to reduce the possibility of contamination
of the contents, to reduce evaporation, and to minimize loss of volatiles from the sediment.

Prior to use, rinse the containers with the overlying water (6.3) or with deionized or distilled water.

7.4 Device, for delivering aeration of overlying water in each test container during testing, if necessary.

7.5 Pippﬂ'p for frnncﬁarring Hvalella azteca with a5 mm to 6 mm diameter opening for capturing the
animlals while allowing transfer of only a small volume of water.

7.6 | Binocular magnifying glass/dissecting microscope, with a magnification pf atleast| 7,5 X.
7.7 | Sieve(s), e.g. 300 pm or 425 pm, to remove Hyalella azteca from sedimentat the end of the test.
7.8 | Drying oven, capable of drying test organisms at 60 °C to 90 °C for24 h prior to weigljing.

7.9 | Desiccator, for holding dried test organisms at test end during weighing.

7.10| Balance, capable of measuring Hyalella azteca to the neatrest 10 pg.

8 Treatment and preparation of samples

8.1 | General

Field-collect sediment from reference, control, and test sites following established prjactices (see
ISO $667-16 and References [1], [5], [10}7[13], [14], [15], and [16]) or, if required, add a t¢st chemical
or pfeparation to a sample of contrelsediment.[2] [5] [13] [15] For site-specific investigations, similar
sediment collection and handling.procedures are to be used for both test and referencg sediments.
Sample containers are made gf\inert, non-toxic material and are new or thoroughly cleaped. Sample
contdiners are filled complétely to exclude air and immediately sealed and labelled or ¢oded. Store
collerted sediment in a s€aled container in darkness at (4 + 2) °C until required for the foxicity test.
Drying, freezing, and coldstorage all affect toxicity and bioavailability of chemicals in sediment. Initiate
sediment tests as soof as possible to maintain chemical integrity but preferably within[5 d and not
after] 30 d unless~cheémical stability can be ensured. Analysis of known chemical contaminants may
be canducted onysediment samples from the field and results compared to analysis of sedjment at the
beginning and end of the test to quantify any changes in chemical concentration or form.

8.2 | Test sediment

Collect test sediment from the site to be evaluated using apparatus such as coring (e.g. box, Phleger)
or grab (e.g. Ekman, Ponar, Van Veen, Petersen, Shipek, Kajak-Brinkhurst) devices. Sediment is taken
from the middle of the sampler that has not been in contact with the apparatus. Typically, the top 2 cm
to 4 cm of sediment representing the oxic zone is collected and composited from sufficient samples
of the site to meet the needs of the test. Several litres (i.e. 51 to 7 1) of sediment is normally required
to carry out a Hyalella azteca toxicity test; however, the amount of sediment required will depend on
the study objectives, study design, and the nature of the chemical analyses to be performed. To obtain
enough sediment, it is often necessary to combine subsamples retrieved using the sampling device. For
chemical analyses, transfer the sediment with a non-reactive, pre-cleaned scoop to an inert vessel and
mix the composited sample until colour and texture are uniform. Store the composited sample in a clean
brown glass container (if organics are suspected contaminants) or in a clean high-density polyethylene
or polycarbonate container (if metals are suspected contaminants). Fill containers to capacity and
transport to the laboratory at (4 + 2) °C.

© IS0 2013 - All rights reserved 7
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Apparatus should be cleaned between sites to prevent cross-contamination. Retain any solvent cleaning
wastes and return to the laboratory for disposal.

8.3 Preparation of sediment samples

Remove large debris (> 1 cm) and indigenous organisms by hand sorting using tweezers or similar
instruments. Wet sieving the sediment is not recommended because water-soluble contaminants and
fine non-settling clay particles could be lost. Each sediment sample is homogenized in the laboratory
before use,[1]1[2] [14] [15] unless study objectives dictate otherwise. Immediately following sample mixing,
subsamples of test material for chemical and physical analyses are removed and placed in labelled

containers a
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ion exchange capacity, acid volatile sulphides, metals, synthetic orgahic compounds, oi
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[ts. Samples of pore water can be obtained from control or,réference sediment by i
b. peepers) or ex situ methods (e.g. centrifugation or squeeziifg).[13] [14] [15]

[ive of the study is to spike a sediment with a chemigal' or preparation, procedures
steps involved in sediment spiking, homogenization;.chemical equilibration, the use
lvent, verification, and data analysis are available;(see References [1], [2], [5], [13]
rer, for this International Standard, a sediment wet-spiking procedure is recommended,
approaches which can lead to losses of the test chemical. The sediment is spiked wit
] or substance, either directly to the sediment or as a sediment:water slurry, prior t
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limans and aquaticorganisms, and biodegradability. Further information such as struc
hture and percentage of significant impurities, presence and amounts of additives
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ire of the:Chemical or material being tested.[5]
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evaporated before the addition of overlying water. A solvent-only control sediment shall be prepared
and tested concurrently with the test sediment treatments. The solvent-only control treatment shall
contain the highest concentration of solvent used in preparing the test sediment treatments.[5]

9 Test procedure

9.1 Preparing the test containers

Mix each sediment sample thoroughly on the day preceding the test and add an aliquot of sediment to
each test container (e.g. 100 ml). Distribute test sediment in a uniform layer, which allows amphipods to
burrow (minimum 1,5 cm in depth). Prepare a minimum of five laboratory replicates for each treatment
or test sample and growth measurement period (i.e. Day 14 and Day 28), plus, if necessary, one or more
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replicates per treatment for monitoring chemical characteristics of the sediment and the overlying
water during the test. Replicates set up for monitoring of chemistry shall receive amphipods, as in other
test replicates.

Smooth the sediment surface flat in each container and ensure there is minimal disturbance of the test
or control sediment during the addition of overlying water. One technique for minimizing the disruption
of sediment is pouring the water over a disc [polyethylene, nylon, or polytetrafluoroethylene (PTFE)
sheeting of 4 mm to 6 mm thickness] lying on the sediment surface that fits the inside diameter of the
test container.[1] [3] Overlying water is added to each test container such that the sediment:water ratio
is 1:1,75 or 1:4. The disc is removed and rinsed with overlying water between replicates of a treatment.
A separate clean disc is used for each treatment. The water overlying the sediment in each test chamber
shoufd be renewed on the day preceding the test, as well as throughout the test (4]

The {
shou

[ treatments
In each block.

reatments should be positioned for easy observation of amphipods. Preferably, the,tes
d be placed in randomized order or in a random block design with one replicate treatment i

9.2 | Introducing the organisms
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" suitable device and distribute them directly to the testwvessels. Amphipods are placg
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bst containers. Transfer amphipods to the test chamber by gently pouring the water ang
the sorting dish. Use a disc as described in 9.1:te prevent disturbance of the sedimer
nipods remaining in the dish into the test container using more overlying water. Increas
e test container to the appropriate level (Water plus sediment), if necessary, remove {
covers on the test containers, if using. Because replicate containers are used, amphipo
d at the same time to each set or block of test containers representing each treatment
pmized block design.

ice any amphipods that have notburied into the sediment within 1 h, unless they are
hitedly burrow into the sedimentand immediately emergein anavoidance response to the teg
hipods displaying this avoidance behaviour during the initial hour of the test should not i

Test conditions

duration is 14 dyand/or 28 d. The test can be terminated at 14 d; however, it may b
d. If the latter is chosen, an extra five replicates are prepared for each treatment
tion so that five replicates may be processed and survival and growth data collected
ining five'replicates remain intact for a further 14 d, for end point determination at 28

est.is to be conducted at a daily mean temperature of (23 £ 2) °C. The instantaneous f

must-awaysbe-within+3-°Cef23°cH

o a transfer
ransfer into
| amphipods
t. Wash any
b the volume
he disc, and
s should be

following a

observed to
stsubstrate.
e replaced.

e continued
brior to test
at 14 d. The
d.

emperature

TVt =

Solutions overlying sediments are aerated to maintain DO concentration ideally between 90 % and 100 %
saturation. Air should be delivered to the overlying water at a continuous, gentle rate as described in 6.3.3.

Lighting intensity is between 100 Ix to 1 000 Ix at the surface of the overlying water. [llumination should
be uniform and shall have a day/night cycle as outlined in 5.2.

Food is to be provided three times a week on non-consecutive days or daily throughout the test as
described in 6.4.

For testing of field-collected sediments, five replicate containers per treatment is optimum for a 14-day test
and 10 replicate containers per treatment is optimum for a 28-day test (i.e. five replicates for data collection
at 14 d and 5 replicates for data collection at 28 d); however, a minimum of three laboratory replicates shall
be tested for each treatment or test sample and data collection episode (i.e. Day 14 and Day 28).
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9.4 Renewal of overlying water

Although the test described in this International Standard is primarily a static test, renewal of overlying
water may be necessary on an intermittent basis if the water overlying control sediment deteriorates
or becomes fouled due to natural background levels of ammonia or build up of ammonia from uneaten
food. The overlying water is typically replaced manually but could be renewed using an apparatus for
timed and intermittent automatic renewals of water in each chamber at an appropriate rate.[1l Daily
water renewal is initiated if ammonia in the control or reference sediment reaches a concentration
of 2 0,2 mg/] unionized ammonia at test initiation or during the test.[2] If the overlying water needs to
be renewed, usually a manual siphon system is used to remove < 90 % of the water to be replaced by
clean water from a similar source as the original overlying water. The end of the siphon cannot contact

the sedimer
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vided elsewhere.[1]
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visable.[1] [2] Conductivity, pH, and ammonia concentrations, ‘as well as hardness ar
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test chamber representing each treatment exposure. For Spiked sediment tests, alig
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he high, medium, and low test concentrations at a minimum, for confirmation of thg
ns. If amphipods are floating at the water surfaceand trapped due to surface tension, g
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test organisms and determine if they are dead or alive. Additional overlying water m
sieving. Determine the total numberlof live and dead amphipods. Some test organisms
rly and their bodies disintegrated\by’test end. Animals are considered to be dead if the
movement (e.g. slight movement-of pleopod) in response to gentle prodding (a low-p
hicroscope or hand-held magnifying glass is useful for this examination). All live ani
om a single test chamberzare counted and placed together in a numbered weighing bg
] holding receptacle and rinsed with overlying water to remove any sediment adheri
 of the animal. The group of surviving amphipods are then transferred to a clean, alumi
eighing boat that.hds been previously numbered, weighed, and held in a desiccator

ss of
lying

record the temperature and DO concentration of the overlying waterat the beginning ¢f the

utive
ation
\d /or
stin
juots
nd of

test
ently

en to
hy be
may
y fail
pwer
mals
ator
hg to
nium
It is

Ce to pre-dry edeh of the weighing boats before adding the test animals. Weighing loats

urviving amphipods recovered from each test chamber are placed in an oven and drig
C to 90 °C. Upon removal, the boats are moved to a desiccator and, following cooling,

d for
each

bmly removed from the desiccator and weighed to the nearest 10 pg. The first boat weighed

turned to the desiccator after the weight measurement and reweighed at the end of all ¢
hts'in 'order to check the gain of water by the boats in the desiccator. If the change is >

fthe
5 %,

then all of t}

le boats are redried for > 2 h and reweighed.

10 Expression of results

10.1 Survi

val

Calculate the mean percentage (+ standard deviation) of amphipods that survived during the 14 d and /or
28 d exposure for each treatment. Missing individuals are assumed to have died and disintegrated
during the test and are included in the number of dead individuals for a replicate.

The mean values of the replicates for each test sediment or each treatmentare then compared statistically
with corresponding values for amphipods held in control sediment and reference sediment (if part of the
study design).
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10.2 Growth

The mean dry weight (+ standard deviation) per surviving amphipod is calculated from the total weight
of each replicate group of survivors. The mean values of the replicates for each test sediment or each
treatment are then compared statistically with corresponding values for amphipods held in control
sediment and reference sediment (if part of the study design). Growth can also be estimated through

measurement of organism length. A recommended acceptable mean length is approximately 3,5 mm.

10.3

Validity of the test

Consider the test valid when the average percent survival for amphipods held in the control sediment

for the duration of the test (14 d or 28 d) is 80 % or higher at the end of the test. In additien
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Analysis and interpretation of results

b this biological test method, pairwise comparisons of supvival and growth data f
ment are normally made against survival and growth data'derived for a particular

‘ol sediment. Initially, test all data for normality using thé Shapiro-Wilk test and for hor
nce using Bartlett’s test or other suitable tests.[1] [2] [2d]
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nce (ANOVA), followed by-Dunnett’s test or Williams’ test.[2] [21] However, if the d
heet the requirements for-normality and homogeneity of variance and data transfo
elped in meeting thesé requirements, other suitable non-parametric procedures

termine if the efid point values for different treatments differ significantly (see ISO/
rence [21]).

ny test that'includes testing of a dilution series, it is possible to estimate the concent
d causex% mortality, LCy (e.g. LCs50) or x % growth inhibition, ECy (e.g. EC19, EC20, or
C1p; 1€30, or ICs50). Many statistical methods are available for interpreting concentrati
ps”and estimating a statistical end point (i.e. a concentration causing an y % effect).
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11.2 Non-contaminant factors

There are a number of non-contaminant factors that may influence amphipod survival and growth in
this test. The most important factors include sediment particle size and pore water ammonia.[2] Hyalella
| Concentrations of pore
water ammonia can be elevated in samples of field-collected sediment. The elevated levels might be due
to organic enrichment from natural and/or anthropogenic sources. The tolerance limits of the Hyalella
azteca to ammonia depends on pH and the concentration of sodium and potassium.[2][8] In four-day
water-only tests, the LCsq values ranged from 20 mg/l to > 200 mg/1 depending on numerous factors,
including water hardness and pH.[1] Although these numbers provide benchmark concentrations that
may be of concern in sediment pore waters, the relationship between four-day water-only LCs¢ and
those measured in sediment exposures is variable.[1] All of these factors should be considered together
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with the measured levels of toxic constituents when appraising their significance in influencing the
results of a test.[14]

12 Reference substance

Tests with reference substances are useful to assess the relative sensitivity of the population of
organisms intended to be used to study the toxicity of test substances and the precision and reliability
of data produced by the laboratory.[3] [15] [24] A static four-day water-only reference toxicity test shall
be routinely conducted along with sediment toxicity tests using Hyalella azteca.ll] The recommended
frequency of testing is once per month during the period when the laboratory is conducting Hyalella

azteca sedi
spiked sedi

12.1 Wate

Water-only
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cadmium (a
are recomm
only LCso r
Clause 9 exq
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ent tests with a reference toxicant.[1] [2] [5] [15]
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-growth tests which measure toxicity to Hyalella azteca.lll [2] [3] 0] Reagent-g
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ended as reference toxicants for this test.[1] [2] [3] [24] When conducting a four-day wj
bference toxicity test, conditions and procedures shall be idefitical to those describ
ept that sediment is not added to the test vessels; some typ¢€ of substrate is provided
fe of 500 um nylon mesh), a larger volume of test solution\is used (e.g. 200 ml), feedi
0,5 ml YCT per test vessel at test initiation and on Daj.2), and only mortality is meas
A minimum of five test concentrations plus a control @ré tested. The test is a static expq

I for a test to be valid, there must be = 90 % sur¥ival in the control containers.

of two replicates should be exposed to each concentration of reference toxicant te
hely performing tests with reference toxicant(s), laboratory personnel should prepar
arate control chart for each reference toxicant used.

12.2 Who
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Alternativelly, or in addition to the water-only reference toxicant tests, control sediment may be spiked

with copper
toxicant shd
Toxicity test

When selec
of the final

candidate ¢
and percent|
standardize
the use of a

sediment test

or cadmium and used todetermine a 14 d or 28 d LCsg.[2] [13] Any test with the refer
uld be initiated within-1 d of starting the 14 d and/or 28 d assay with test substa
s using control sedimént spiked with copper have been performed.[3]

fing control sédiment for spiking with a chemical, it should be demonstrated in ady

with

with
rade
bride
ater-
bd in
(&g.
ng is
ured
sure

Gels are normally covered to reduce evaporation, Test containers are not aerated durinig the

sted.
b and

ence
nces.

ance

selection to.efiable acceptable survival of Hyalella azteca (i.e. > 80 %) (6.2). At a mini

um,

bntrol sediment should be characterized for TOC content, particle size distributior|, pH,
watersThe moisture content of the control sediment shall be determined before spikipg to
spiking on a dry weight basis. However, for spiking experiments with reference substances,
Ftificial (formulated) control sediment is recommended because properties that inflyence

binding and

equilibration is given in 8.3.

bioavallabllity oI chemicals are Known. Guidance on spikKing techniques and chemical

The nominal concentration of the spiked reference substance should be confirmed by actual
measurements of the substance in the test sediment through chemical analysis. This step will confirm
the accuracy of the spiking technique used.

Guidance on the selection and use of reference toxicants for estimating the precision of toxicity tests is
provided in two companion documents (see References [5] and [24]). While routinely performing tests
with reference toxicant(s), laboratory personnel should prepare and update a separate control chart for
each reference toxicant used.
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13 Test report

This test report shall contain at least the following information:

a)
b)
‘)
d)

test method used, together with a reference to this International Standard (i.e. ISO 163
name and location of test facility and date of the study;

name(s) or identity of the sample and sample source;

03);

physical-chemical properties measured [e.g. particle size distribution, percent water content, TOC,
ore water pH, and pore water ammonia (total and unionized), total inorganic carbon, total volatile

q
q

ulphides, metals, synthetic organic compounds, oil and grease, petroleum hydrocarb

E}rocedures for collection, handling, and storage of sediment or procedures fonspiking
if conducted;

source of culture;

gpecies and taxonomic verification;

rocedures for culturing test organisms;
escription of culture water;

hysical conditions measured during the test (photeperiod, light intensity, temperat
ardness, and ammonia) and test duration;

ethods of chemical analyses and the analytical sample design;
xposure design (organisms per treatment;nnumber of replicates, number of discreet s4
escription of sediment sample prepakation;

escription of overlying water andmethod of intermittent renewal for sediment test an
sed in reference substance test;

esults of chemical and physical analyses of test sediments;

escription of test conditions (DO, temperature, pH, hardness, TOC/dissolved organic c4
mmonia, nitrite,sulphide);

ortality of gpganisms results (number and dates);
rowth of organisms results (number and dates);

tatistical analysis used to analyse mortality and growth data; calculation of LCsg
ediment spiking or reference toxicant testing;

olids, biochemical oxygen demand, chemical oxygen demand, cation exchange capacity,|acid volatile

nsj;

pf sediment,

ure, pH, DO,

imples);

d test water

rbon (DOC),

and ECsg, if

exposure method (water only or sediment) and results of reference toxicity test;
comment on any other biological effects observed or measured;

description of any deviations from the method and explanation.
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Annex A
(informative)

Description of Hyalella azteca

A.1 Diagnosis of Hyalella azteca (Saussure, 1858), taken from Annex F Environ-

ment Can

Body lengthf:

2, occasiond
lightly and €

Antenna 1, |
slender, seg
long, exceed

Gnathopod ]

In female, p
broadest; p(
deep. In fem

Peraeopods
5to 7, basis
posterior m
subquadratg

Uropods 1 and 2, both rami with two slender marginal spines. Uropod 3, ramus and peduncle subé

in length, af

Coxal gills o
3to5and?7

With resped
differs in ug
and 2 (occag
gnathopod ]

ada, 2012; modified from Bousfield, 1973[4] (see Figure A.1)

lly on 3, or smooth (form inermis). Coxal plates very deep, fourth largest; Jower ma
venly spinose. Head, eye subovate, black, slightly larger in male.

peduncular segments 1 and 2 subequal, flagellum 8 to 10 segmented. Antenna 2, ped
ment 5 longer than 4; flagellum 9 to 10 segmented. Maxilliped, palp'segment 2 wider
ing outer plate.

(male), propod shorter and less deep than carpus, expandingdistally; palm oblique, co
‘opod narrow, short; palm vertical, convex. Gnathopod 2{male), propod very large, di
sterior margin slightly concave; palm convex, with largeslow tooth near hinge; carpal
ale, propod slender, elongate, expanding distally; palmyshort, convex.

broadly expanded, posterior margin with 4 to0 weak serrations; segments 5 and 6 la
arginal spines or setae. Abdominal side pldtes (epimera) 2 and 3, hind corners sh
e, not produced.

ex with long spine(s). Telson, apex:rounded, with two slender side-set spines.

are regular in form, not elonigated or strongly curved.

t to other known North.American species of the genus Hyalella, Hyalella azteca (Saus
ually possessing aGiiigle posterodorsal tooth or mucronation on each of pleon segme
ionally, also on_3};and in the relatively elongated, narrow form of the propod and carp

in the femalej\among other items.

Male, to 8 mm; female, to 6 mm. Body small, dorsally mucronate on pleon segments 1

and
rgins

incle
than

hvex.
tally
lobe

3 and 4, posterior margins of segments 5 and 6,with 3 to 5 short, stout spines. Peraeopods

rking
hrply

pqual

h peraeopods 2 to 6 normal, sac-like, smallest on 6. Paired sterna gills at bases of peraeopods

sure)
nts 1
us of
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Figure A.1 — Outline of body, appendages, and mouthparts of Hyalellai@azte¢
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Annex B
(informative)

Culturing Hyalella azteca

B.1 Culturing conditions

Allequipme
facility are g
Hyalella aztd

(described in 6.3). In order to maintain good water quality, the water within the cultire chan

should be rd
for continud
of water) us

Overhead f]
photoperiod
culture char

culture chambers should be (23 * 2) °C and the instantaneous water temperature should be (23 *

Substrates {

culture chamber and replaced as necessary.

B.2 Food

A single ration diet such as commercial fish food\flakes (e.g. Tetramin™>)) or a mixed diet such as y

Cerophyll™4
maintains h
food distrib
of organism

B.3 Mixe

Mixed-age c
provide freg
of a particu
maintained
available fo
further desd

ht, containers, and accessories that might contactthe organisms or water within the cult
lean, rinsed as appropriate, and made of non-toxic materials. Sources of water for.cult
ca may be an uncontaminated supply of groundwater, surface water, or reconstittted y

newed routinely either manually or automatically, using suitable apparatus’and techn
us or intermittent renewal. Cultures should be aerated gently (i.e. 1 bubble/s for each
ing filtered, oil-free compressed air to maintain the DO at 80 % to 100-% saturation.

1ll-spectrum lights (fluorescent or equivalent) should illuminate the culture w
of 16 h of light and 8 h of darkness. The light intensity adjacent to the water surface i

uch as gauze strips, nylon mesh, plastic mesh, or shredded paper towels are placed in

and feeding

), and trout chow (YCT) are proyided to the cultures on a regular basis using a ration
palthy cultures. If YCT is used, it should be prepared as described in Annex D. The amoy
uted to each culture chambetrwill vary with the age of the Hyalella azteca and the nu
5 in the chamber.

d-age and known-age cultures

ultures should\be maintained and represent a mass culture of amphipods of various ag
h organisms{or creating the known-age cultures. Known-age cultures contain indivi
ar age class (e.g. 2 d to 14 d) and age range (e.g. 1 d to 2 d) that have been segregatec
in separate culture chambers until they are used in a toxicity test. There are many mef]
- culturing Hyalella azteca for use in toxicity tests.[1] [2] [3] [10] The following meth

;
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3) °C.
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ribed in Reference [1].

To prepare a known-age culture with young Hyalella azteca that are within 1 d to 2 d of each other in
age, mature amphipods are isolated by pouring the contents of the culture chamber(s) through a 710 um
sieve. The sieve is held in a shallow pan containing culture water overnight. Any newborn amphipods
that are released after 24 h are collected by moving the sieve up and down several times to rinse the
newborns into the surrounding water in the pan. The sieve is then removed from the pan and the mature
amphipods are returned to the mixed-age culture or the sieve containing the adults is moved to a new
pan for another 24 h for the production of more young.

5) Tetramin™ is an example of fish food flakes available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by ISO of this product.

6) Cerophyll™ can be obtained from Ward’s Scientific as “Cereal Grass Media - Cerophyll”. This information is
given for the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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The newborn amphipods that passed through the sieve are transferred using a pipette into a fresh
culture chamber and held until they are at the desired age for use in the toxicity test. Approximately
1500 (750 mating pairs) adults will provide about 800 newborn amphipods in 24 h.

Alternatively, 50 mature amphipods (i.e. > 30 d old) are placed in 2 1 beakers with 11 of water, 10 ml of
YCT, and a piece of nylon substrate. Adults are moved into fresh containers daily or every 2 d by pouring
the contents of the beaker into a shallow pan and transferring the adults into fresh culture media. The
young remaining in the pan will range in age by < 1 d to 2 d. Young amphipods can be held until the
desired age is reached and are fed 1,0 ml YCT daily until used in the test.
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quality of water in the culture chambers should be monitored and recordedcrout
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tion of the water is replaced[3] and/or more frequent renewals arehecessary.
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ly), preferably daily. Individuals that appear dead or inactive are not used for testing.
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Annex C
(informative)

Sources of Hyalella azteca

United Stat

es

U.S. Geologi
Columbia Eq
4200 New H
Columbus, N

website: htt

U.S. Environ
Office of Ref
Mid-Conting
6201 Congd
Duluth, MN,

website: htt

Canada

Environmer

Atlantic Lab

Water Scien|

Cal Survey

jvironmental Research Center
aven Road

10, USA, 65201

p://ww.cerc.usgs.gov

mental Protection Agency
earch and Development
nt Ecology Division

bn Blvd.

USA, 55804

p://ww.epa.gov/med/overview

t Canada
oratory.foy Environmental Testing

ce ahd Technology Directorate

Environme
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Moncton, NB, Canada

website: S&T@ec.gc.ca

Environment Canada

Aquatic Ecosystems Protection Research Division

Water Science and Technology Branch

867 Lakeshore Rd.
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Burlington, Ontario, Canada

website: S&T@ec.gc.ca

INERIS

Ecotpxtcotogy taboratory
Chropnic Risk Branch
Parc[Technologique Alata, BP2
F-60p50, Verneuil-en-Halatte
Franfe

webgite: www.ineris.fr

ECT Pekotoxikologie GmbH
Bottgerstr. 2-14

D-65439, Flérsheim/Main
Germpany

webdite: www.ect.de
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