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This booklet contains guidance on the direct toxicity as@sment of aqueous
environmental samples using the juvenile Daphnia na immobilisation test. Using the
procedures described in this booklet should ena boratories to satisfy the requirements
of the Environment Agency’s Monitoring Certi n Scheme (MCERTS) for laboratories
undertaking direct toxicity assessment of ef ts(". However, if appropriate, laboratories
should clearly demonstrate they are able eet the MCERTS requirements. Two

documents have already been publish%in his series® ® and further documents are being
produced and include:

The direct toxicity assessment fﬁjeous environmental samples using the freshwater
algal growth inhibition test Vé seudokirchneriella subcapitata

The direct toxicity asse nt of aqueous environmental samples using the marine algal
growth inhibition tes Skeletonema costatum

No perforﬁ\@e data are included with this method which has been rigorously tested
unde y funded development work® ®. However, inter- and intra-laboratory data are

being cdllected under the MCERTS scheme. Information on the routine use of this method
is welcomed to assess its full capability.

Whilst this booklet may report details of the materials actually used, this does not
constitute an endorsement of these products but serves only as an illustrative example.
Equivalent products are available and it should be understood that the performance
characteristics of the method might differ when other materials are used. It is left to users
to evaluate methods in their own laboratories.
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About this series

Introduction

This booklet is part of a series intended to provide
authoritative guidance on recommended methods of
sampling and analysis for determining the quality of
drinking water, ground water, river water and sea
water, waste water and effluents as well as sewage
sludges, sediments, soil (including contaminated
land) and biota. In addition, short reviews of the
most important analytical techniques of interest to
the water and sewage industries are included.

Performance of methods

Ideally, all methods should be fully evaluated with
results from performance tests. These methods
should be capable of establishing, within specified
or pre-determined and acceptable limits of deviation
and detection, whether or not any sample contains
concentrations of parameters above those of
interest.

For a method to be considered fully evaluated,
individual results from at least three laboratories
should be reported. The specifications of
performance generally relate to maximum tolerable
values for total error (random and systematic errors)
systematic error (bias) total standard deviation and
limit of detection. Often, full evaluation is not
possible and only limited performance data may be
available.

In addition, good laboratory practice and analytical
quality control are essential if satisfactory results

are to be achieved. %
Standing Committee of Analy s$
The preparation of booklets within th ies
“Methods for the Examination of Waiets*and

Associated Materials” @

O

and their continuing revision is the responsibility of the
Standing Committee of Analysts. This committee was
established in 1972 by the Department of the
Environment and is now managed by the Environment
Agency. At present, there are nine working groups,
each responsible for one section or aspect of water
quality analysis. They are

1 General principles of sampling and accuracy of

results
2 Microbiological methods

3 Empirical and physical methods % .

4 Metals and metalloids '\

5 General non-metallic substances Q

6 Organic impurities

7 Biological methods \il/

8 Biodegradability and inhibiti nh#qt ods

9 Radiochemical methods ?\

The actual methods an gal&éws are produced by
smaller panels of experts ™ the appropriate field, in co-
operation with the wWoNsing group and main committee.

The names of th embers principally associated
with this boo@a listed at the back of the booklet.

Publigat% new or revised methods will be notified
toth tﬂ nical press. If users wish to receive copies
or advance notice of forthcoming publications, or

&ﬂetails of the index of methods then contact the

(ashecretary on the Agency’s internet web-page

ttp://www.environment-agency.gov.uk/nls) or by post.

Every effort is made to avoid errors appearing in the
published text. If, however, any are found, please notify
the Secretary.

Dr D Westwood
Secretary
December 2004

A\

Warning tQ rs

The analyti edures described in this booklet
should ¢ arried out under the proper
supervisiorhof competent, trained analysts in
properly equipped laboratories.

All possible safety precautions should be followed
and appropriate regulatory requirements complied
with. This should include compliance with the Health
and Safety at Work etc Act 1974 and regulations
made under this Act, and the Control of Substances
Hazardous to Health Regulations 2002 (Sl
2002/2677). Where particular or exceptional
hazards exist in carrying out the procedures
described in this booklet, then specific attention is

noted. Numerous publications are available giving
practical details on first aid and laboratory safety. These
should be consulted and be readily accessible to all
analysts. Amongst such publications are; “Safe
Practices in Chemical Laboratories” and “Hazards in
the Chemical Laboratory”, 1992, produced by the Royal
Society of Chemistry; “Guidelines for Microbiological
Safety”, 1986, Portland Press, Colchester, produced by
Member Societies of the Microbiological Consultative
Committee; and “Safety Precautions, Notes for
Guidance” produced by the Public Health Laboratory
Service. Another useful publication is “Good Laboratory
Practice” produced by the Department of Health.


http://www.environment-agency.gov.uk/nls

Glossary

Aqueous environmental samples
ASTM

ASV

daphnid

DTA

EC1o

ECy

ECso

EDTA

gravid Daphnia magna
ISO

LOEC

neonate
NOEC

OECD

Static test

TIE

TSE X,

these include effluents, leachates, receiving waters
and discharges.

American Society for Testing and Materials.

air saturation value.

Individual Daphnia.

direct toxicity assessment.

the concentration that results in an effect on 10 % of
the exposed organisms.

the concentration that results in an effect m%) Jo Of
the exposed organisms.

the concentration that results in an effi
the exposed organisms. (1/
ethylendiamine tetraacetic acid.

female Daphnia bearing deve oug mbryos.
International Standards Or
lowest concentration wher,%tﬂm
effect compared to control
juvenile Daphnia, les
highest concentratio
effect compared %
Organisation f

n 50 % of

e is an observed
utions.

24 hours old.
here there is no-observed
ontrol dilutions.
conomic Co-operation and

Develop .
a test p@ure where no further replacement or
replen‘ﬂ ent of the test solutions is carried out after
starl@ he test.
icity identification evaluation — a procedure for
ntifying the toxicants responsible for the
ecotoxicity of samples.
toxicity source evaluation — a procedure for
identifying the origins of toxicants present in samples
that comprise fractions derived from unrelated and
often geographically separated processes.



The direct toxicity assessment of aqueous environmental samples using the
juvenile Daphnia magna immobilisation test

1 Introduction

The procedures described in this document enable direct toxicity assessments to be carried
out on aqueous environmental samples using the freshwater cladoceran Daphnia magna.
The procedures described are based on an Environment Agency project ® but also take
into account existing guidelines(e' ) and more recent method developments.

The juvenile Daphnia magna immobilisation test can be used in the following roles:

(i) effluent screening and characterisation; Cb ’
(ii) monitoring effluent toxicity against a toxicity limit; Q
(i)  assessing the impact of point source discharges on receiving wateys;
(iv)  providing a general quality assessment of receiving waters (for :ilfe within
monitoring programmes). t\
2 Collection, transport, storage and treatment of q{;lous environmental
samples

the material being sampled. Depending upon the desi f the sampling programme,
different approaches may need to be adopted®. T ocedures used for the collection,
storage and preparation of samples should er&”& at the toxicity of the sample does not

Aqueous environmental samples submitted for toxicity §s@1 should be representative of

change significantly before the test is conduc Il reports should contain details of the
collection, storage and preparation of sam%{ sed in the toxicity assessment.

21 Collection of environme@ samples

Environmental samples should ngTPe'cted in accordance with existing guidance given
elsewhere® 1% 1), X

Environmental samples
that are inert and do n
should be new (or t
be collected. If a

be collected in containers, typically screw top glass bottles,
versely affect the sample or sample toxicity. The container
ghly cleaned) and rinsed at least three times with the sample to
ies of bottles is used for the collection of one sample, the portions
should be com@ and mixed before testing begins in order to ensure the pooled sample
is homogengous™ The minimum sample volume collected should be 1 litre. Containers
should ﬁ@ completely to minimise any air space into which volatile components of the
sam %ht diffuse.

2.2 Monitoring of water quality parameters in test samples

The determination of selected parameters (see Table 1) should be carried out at the
location where the sample is taken (i.e. on-site determination) and on receipt of the sample
at the laboratory. This enables changes (which may occur during transportation) in the
water quality parameters to be assessed, and if necessary, appropriate measures taken if
these changes are considered to impact on the toxicity test. The on-site determinations
should be accompanied with details of a description of the sample and whether the sample
contains or comprises an emulsion. Details of appropriate methodology can be found
elsewhere!'?- "%, Samples should be labelled appropriately with such details as the name



and location of the site where each of the samples were taken and the date and time when
each sample was taken. Any other relevant information, such as the name of the sampling
officer and chain of custody details should also be recorded.

Table 1 Water quality parameters to be determined on-site and in the laboratory

pH

Temperature
Dissolved oxygen
Total hardness

23 Transport and storage cb

Samples should be transported to the laboratory within 24 hours of being takQ]
addition, testing should commence within 48 hours of sampling. In situat'((ﬁt6
testing is not started within 48 hours of sampling appropriate details sh&
the test report. During transportation, samples should be stored in th
temperatures between 2 - 8 °C.

ere
recorded in
k at

Samples requiring immediate testing on receipt at the Iaborator;%hould be allowed to
equilibrate to 20 £ 2 °C. If the sample is not to be tested imn@diately, it should be stored
in the dark at temperatures between 2 - 8 °C. 6

24 Preparation of samples @

L

The extent to which environmental samples a@&ted prior to testing depends on the
objectives of the study. &

Samples may be tested unadjusted to gain information on the total biological effects
including the influence of water qua iﬁrameters such as pH, dissolved oxygen and total
hardness, however, this is not re ended for regulatory effluent assessments.

Table 2 Threshold crit or selected water quality parameters for the Daphnia
magna imrg@&ation test

Threshold criteria

Parameter 0
O 7.4-8.5

pH
Dissolved oxy@s a percent of the ASV)at20+2°C >60

Total hardness {€xpressed as mg "' CaCO3) 140 - 320
Whilst no va ave been specified for colour and suspended solids content, these parameters
canh ect on the physical observation of the organisms.

For regulatory DTA testing (i.e. tests conducted on effluents), modification or adjustment of
the sample, or its dilutions, should be made so that all criteria for all the parameters listed
in Table 2 are met and the influence of these parameters is removed. Test results will
therefore reflect the residual chemical toxicity of the discharge at the water quality ranges
specified in Table 2. These ranges are generally representative of the conditions found in
the receiving environments to which effluents are likely to be discharged. If these ranges
are not representative of the known water quality in the area of discharge of a particular
effluent, the actual measured water quality values should be substituted for those given in
Table 2.

Sample modification is not generally recommended for tests conducted on receiving waters.



The influence of water quality parameters on the toxicity of the sample will typically be
more pronounced for effluents than receiving waters, and direct modification (as outlined
below) will generally only be necessary if toxicity occurs at higher effluent concentrations.
For samples where toxicity is evident at lower sample concentrations, dilution will often
mean that the water quality parameters in the test dilutions meet the limits specified in
Table 2.

Where adjustment is required, this should, wherever possible, be restricted to the specific
test dilutions rather than to the whole sample and, if possible, both adjusted and
unadjusted dilutions should be tested concurrently. For any adjustment, a record of
adjustment should be made which includes the extent of any resultant further dilytipon of
samples or changes in other water quality parameters arising from the adjustm&

procedure. Q

The measurement of the toxicity of an effluent under environmentally up*e\/{kic water
quality conditions and the effect on toxicity caused by the modificati ngf ater quality
parameters are not relevant to the regulatory DTA process. This ess is concerned
primarily with assessing the dilution at which an effluent ceases| a;g acutely toxic under
conditions likely to be encountered in the receiving environment. The results of toxicity
tests undertaken with effluents at extreme water quality vaﬁﬁequire additional
interpretation and should not be used in environmentalg d and risk assessments.

2.4.1 pH . AQ)

The pH of test dilutions may potentially affect £$§\peciation of substances (for example
ammonia and certain heavy metals) contai ih the sample and result in the observation
of different toxic effects. For example, thé’&icity of ammonia increases with increasing
pH values, principally in the range 6.0 .5. This is due to an increasing proportion of the
ammonia being present in the test i@ons in the unionised (toxic) form.

The pH of acidic test dilutions %{'samples, should be adjusted with 1M sodium hydroxide
solution, whilst the pH of alkaiine test dilutions, or samples, should be adjusted with

1M hydrochloric acid solytigh! Certain test dilutions, or samples, for example effluent
samples with highly b d pH capacities, may require the use of stronger acid or
alkaline solutions. ts of test dilutions, or samples, that are pH-adjusted should be
allowed to equili fter each incremental addition of acid or base!'®. Test dilutions that
have been pH- ted should only be used when the pH has stabilised.

24.2 ‘@ssolved oxygen
Q

If the&solved oxygen concentration in any of the test dilutions prior to testing is less than
60 % of the air saturation value (ASV) at 20 £ 2 °C the dilution should be aerated, even
though this may result in the potential loss of volatile substances from the solution. To
achieve this, oil-free compressed air should be dispensed through a clean silica-glass air
diffuser or disposable glass pipette. Any aeration of test dilutions should be at a rate
within the range 25 - 50 ml min™ I until a dissolved oxygen concentration greater than

60 % of the ASV is reached. The duration of aeration should not exceed 30 minutes. Any
aeration of test dilutions should be discontinued following this period and the test initiated.
Test dilutions with dissolved oxygen concentrations greater than 60 % of the ASV should
not be aerated.



24.3 Hardness

Modifying the hardness of test solutions can modify the speciation and toxicity of certain
heavy metals (for example cadmium, chromium, copper and zinc). The toxicity of these
metals decreases with increasing water hardness due to the changes in the proportion of
the metals present in the form of toxic species.

The hardness of the test dilutions should be adjusted to be within the limits specified in
Table 2 and also within the limits specified in Table 3 (see section 3.3.3). Total hardness
may be increased by the addition of appropriate concentrated stock solutions. Hardness
may be reduced by addition of distilled or deionised water. In both cases, the additional
dilution arising from the additions should then be calculated and used to determing, the
concentration after adjustment. 'r\%

2.4.4 Suspended solids \(I/Q

Suspended solids may be removed in most cases by allowing the t shgil ions to settle
until there is a noticeable reduction in the suspended solids cont If ho apparent
clearing of the sample is noticeable after 2 - 4 hours, an alterna}'%e proach should be
used. These may include:

(i) Filtering the sample through a cellulose acetate o ce@ose nitrate membrane filter
(nominal size 0.45 pm) using a vacuum filtration L@

centrifuge. Centrifuging the sample at | eeds (3000 - 5000 g) for longer periods
(60 minutes) may be used as an altern{ approach to high speeds for short
periods (10000 g for 15 minutes). E@tlons should, ideally, be centrifuged in a
cooled state to avoid adverse eff@ occurring due to rising temperatures during
centrifugation.

(i) Centrifuging the sample at 5000 - 10000 g ;@5 - 60 minutes using a suitable

or samples, and the same dure should be used when testing a series of samples

Filtration and centrifugation&gxhibit different effects on the chemistry of test dilutions,
from the same location.

245 Colour Q
O

Highly coIoure@tions may impair visual observation of Daphnia magna in the test
vessels. The obServation of the organisms may be facilitated by temporary illumination
either fro side or below the vessel.

2.4.6& Oily substances

The presence of oily substances, or any substance present as a saturated salt, may cause
Daphnia magna to float to the surface of the test dilution. These substances may adhere
to the carapace and other body appendages, and effectively change the density of the
organism in the test solution. In these circumstances, the interpretation of test data can be
difficult, as immobility may be influenced by the flotation. Tests can be carried out in
sealed vessels (for example, a glass vessel with a septum cap) where air bubbles have
been excluded, which should inhibit flotation. Before sealed vessels are used, appropriate
checks should be made to ensure the survival of Daphnia magna in the controls is not
affected. The number of organisms in each vessel used in the test should not deplete the
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available dissolved oxygen during the test period.

247 Other parameters

Further information on other parameters which may need consideration in specific
circumstances can be obtained elsewhere!"” ~'¥ including guidance on the testing of
effluents containing sparingly soluble substances®”

25 Disposal of samples

Test dilutions and samples should be disposed of according to documented procedures.
3 Juvenile Daphnia magna immobilisation test '\Cb ’
3.1 Introduction Q

freshwater cladoceran Daphnia magna, and for conducting static ity tests to assess
the effects of aqueous environmental samples on their mobility '\

O

The species generally used in the test is Daphnia m Straus) clone A which should
have previously been identified by genotyping. Th ormance of clone A has been
shown to meet, consistently, the test and culture s&na outlined in this booklet.

Based on previously published gwdance(4 ® procedures are descrl;el\f%culturlng the

3.2 Test organism

Other species (for example Daphnia pulex cqhg) also be used provided they are shown to
meet the quality and validity criteria for cu g and testing. It should, however, be
recognised that different species may fgduce different results®",

At the start of the test, the test org@isms must be less than 24 hours old.

Test organisms should be @ed from healthy stock cultures that should be maintained
under specified culture ¢ ons, similar to those used in the test. If the Daphnia magna
culture medium to be In the test is different from that used for routine Daphnia magna
culture a pre-test a% tion period of 2 - 3 weeks should be included to avoid stressing
the test organis nly juvenile Daphnia magna derived from each female’s third to
seventh brood @eny should be used, and should be derived from female Daphnia
magna whi% between 2 - 5 weeks old.

An a t| e approach is to use juvenile Daphnia magna derived from dormant (i.e.
cryptobidtic) eggs, and hatch these prior to the start of the test. Dormant eggs are
protected by a chitinous capsule (the ephippium) and can be stored for long periods
without loss of viability. When the ephippia are placed in specific environmental conditions
they are triggered to develop (within 3 - 4 days) into neonates which can be used
immediately for toxicity testing. The ephippia may be supplied as part of a kit and can be
used as required. The process of producing ephippia may have an effect on the genetic
purity of a particular Daphnia magna clone, and contamination might occur. Neonates
obtained from ephippia may be more or less sensitive to toxicants than those obtained by
more traditional procedures and may require more careful handling. The results of
reference toxicant tests (for example with zinc) should be used to demonstrate that sample
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tests using ephippial juveniles are likely to generate results which are comparable to those
generated using juveniles produced by laboratory cultures.

3.21 Daphnia magna biology and life-cycle

Daphnia magna (Crustacea, Brachiopoda, Diplostraca, Cladocera) are small freshwater
crustaceans inhabiting hard water streams, ponds and lakes in Europe and North America,
at latitudes ranging from Mexico to the Arctic regions. The organisms feed on water-borne
suspensions of bacteria, algae, zooplankton and detritus.

Under optimal conditions, the reproductive pattern of Daphnia magna (see Figure 1) is
parthenogenetic (asexual) and diploid eggs hatch into females. A single female ggn thus
produce a succession of genetically identical broods. Development is direct (i. %
distinct life stages) and when the young leave the brood chamber beneath th@carapace,
the skeleton is moulted and a new batch of eggs is released into the bro d@nber.
Certain factors, such as temperature or decrease in food supply induce O\ pearance of
males, and fertilised eggs are produced. The fertilised eggs are lar et\aan only two are
produced in a single clutch. The walls of the brood chamber are transformed into a
protective capsule, the ephippium. This is cast off at the next mpuliéand usually sinks
where it can withstand drying and freezing. By means of such protection, Daphnia magna
may be dispersed for some distances and can survive cert verse conditions.

3.3 Culturing of Daphnia magna @6

The following procedures enable Daphnia magna e laboratory cultured and used for
assessing toxicity of aqueous environmental es.

The management of Daphnia magna CU|tL®§ can be achieved in a number of different
ways without detriment to the quality ofsvenile animals produced for tests. The following
guidance is provided to enable the ishment of an effective set of culture procedures
where required, but does not pre the use of different methods where these have
been shown to be effective in pfoducing good quality juvenile Daphnia magna.

3.31 Maintenanc ultures

Daphnia magna sh
1-2 litres of cultur,
controlled envi

e cultured in glass or polystyrene vessels capable of holding
dia. The culture should be maintained at 20 + 2 °C in a temperature-
ent, and should be protected from direct sunlight.

The med"\%éd to culture Daphnia magna should be similar to that used for toxicity
testi (\léfor test controls and the dilution of samples).

Deficiency in vitamin B1, or selenium (an essential trace element) can result in poor health
of daphnids. Insufficient water-borne selenium may cause deterioration of the cuticle of
daphnids, shorter life, and failure of progeny to mature and reproduce® ?®. Deprivation of
vitamin B12 may cause delayed reproduction, infrequent moulting, and reproductive failure
or progeny®® 2" These substances should therefore be added to media used to culture
Daphnia magna. Selenium should be added to provide a concentration of 2 pg I" and
vitamin B12 should be added to provide a concentration of 2 pg I'' as cyanocobalamin.
Stock solutions of vitamin B4, can be unstable and should not be stored for more than two
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weeks unless frozen. Frozen stock solutions may be stored for up to six months but should
not be used for longer than two weeks after thawing.

Water used in the preparation of culture medium should be aerated vigorously just before
use to ensure the dissolved oxygen content is at least 90 % of the ASV. Other water
quality parameters should comply with the criteria shown in Table 2.

At the water surface of each Daphnia magna culture the light intensity should be within the
range of 400 - 800 lux, and, ideally, should be skewed towards the blue end of the
spectrum (colour rendering index > 90). Cool white fluorescent lights have been found
suitable, although other light sources (for example, full-spectrum fluorescent lights) may be
used. The photo-period should comprise 16 + 1 hours of illumination and 8 £ 1 rs,of
darkness.

Culture information, such as the time taken to produce the first brood, juv{@roductivity

and the mortality of adults and juveniles should be recorded. f\
Figure 1 Development of Daphnia magna \'\
Geneficolly identical 9 s \(L

7%, Baf
) S g 600
- f Q Q'snnd oL a

L @ @ repsrzzz::ion N
Unfavourable i @@@ t/’-_ : ‘ dorr;mnl

conditions
Dormant eggs
Favourable conditions ‘ ‘ ‘

5 mm
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3.3.2 Feeding

Cultures of adult Daphnia magna should be fed concentrated freshwater suspensions of
unicellular green algae at a rate equivalent to 0.1 - 0.2 mg of carbon per adult per day.
Feeding should take place on a daily basis unless over-feeding is suspected when the
feeding rate should be reduced (for example, if the culture media is very green or large
amounts of accumulated algae are present on the base of the culture vessel).

A uni-algal or mixed feeding regime of freshwater algal species such as Chlorella vulgaris,
Scenedesmus subspicatus or Pseudokirschneirella subcapitata is ideal, see Appendix A.
However, any combination of freshwater unicellular species found to maintain the-gulture
at sufficient quality and fed at the prescribed rate is suitable. ®

Freshwater suspensions of yeast cells, seaweed extract solution or infusqfi y also be
fed as nutritional supplements but their contribution to the overall carbo"\&t n should be
accounted for.

\'\
3.3.3 Culture management '\(1/

The media in each culture should be completely renewed @ervals not exceeding

14 days and replaced with fresh media. Prior to renewal, ples of both original and fresh
media should be taken and appropriate water quality n’ésurements performed (see Table 3)
and details recorded. Significant differences in theﬁx@&r quality between the old and

fresh media can impose considerable stresses updr*Daphnia magna and adults should
therefore only be transferred between old and@ media if the differences in the water
quality results are within the maximum diffeﬁ s shown in Table 3. If the differences in
the specified water quality criteria are wit ose specified in Table 3, the adults should

be carefully transferred from the origindglgulture vessel to a new vessel containing the

fresh media. This should be perfor using a wide bore glass tube (of not less than 5 mm
internal diameter) ensuring no ju e Daphnia magna are added to the fresh media.

This should ensure all the prodéctive adults in each culture are of the same age.

Table 3 Maximum zt@ible differences in water quality values
Te ature 2°C

0.5 units
. % al hardness 20 %

Para;@r Maximum differences

In adﬁ@\o media renewal, the number of Daphnia magna should be reduced, i.e.
thinned dut, in each culture, as necessary. The accumulation of large numbers of juveniles
in the culture reduces the food and dissolved oxygen available for adults and may result in
the production of males or ephippia, and a subsequent decrease in juvenile productivity.

To thin out the cultures, approximately 400 ml of culture medium should be transferred from
the culture vessel to a suitable holding vessel. Adult Daphnia magna should then be removed
from the culture using a wide-bore glass tube and transferred to the holding vessel. The
culture medium remaining in the culture vessel should then be poured (through a 180 pm
mesh) into another vessel. All juvenile Daphnia magna removed from the culture should

be discarded. The thinned culture medium should then be returned to the original culture
vessel, and the adult Daphnia returned to the culture from the holding vessel.
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Cultures should be discarded 4 to 5 weeks after establishment. Any culture in which
ephippia, males or dead juvenile Daphnia magna are observed should also be discarded if
and when such observations are made. Any dead adult Daphnia magna should be
removed from the culture whilst retaining the remainder.

New cultures should be established to replace any cultures that have been discarded, or to
increase the overall productivity of the culture process. The source organisms for
establishing new cultures should be obtained in exactly the same manner as the

procedure for attaining organisms for testing. Approximately 20 juvenile Daphnia magna
(each of less than 24 hours old) should initially be housed in approximately 1 litre of culture
medium and fed a proportion of the adult culture food ration, i.e. (1 litre / adult cultyre volume)
x adult culture food ration. After 5 - 7 days, ten of the original source organism& Id
be selected and transferred to new culture media under standard adult cond@s (for
example, culture volume and food ration). (1/

4 Guidelines for toxicity tests using a range of conce\ﬁ{}ns
Two approaches to the test may be used:

(i) A conventional procedure, based on previous guid?&gé“ % This approach uses
glass test vessels capable of holding 50 - 100 ml of test sclulion for the determination of
the toxicity of environmental samples, either as receiv%r using a range of
concentrations.

(ii) A contemporary procedure based on |nat|on of previous gwdance( ) and
more recent developments of the test. Thlsﬂgﬁroach uses inert plastic or glass multi-well
plates capable of holding 10 ml of test sol for the determination of the toxicity of
environmental samples, either as recei or using a range of concentrations. This
miniaturised approach can be used i&ge of the conventional approach and is
particularly useful for the screeni effluents and TIE and/or TSE exercises in which
abbreviated or ‘high-throughp \yersions of the method is required. Such versions
generally involve reduced reglication, statistical analysis and quality assurance associated
with the test performanc a reduction in the concentration range, and can be useful in
situations where test r reporting times and minimised costs are primary
considerations. Re which has led to the development of the miniaturised Daphnia
magna immobilisatids test has been undertaken by the Environment Agency and
addresses the § s of multi-well evaporation, gas exchange chemical adherence to well
plates, and %t ial loss of volatile substances'

In boﬂ&\ﬁoaches

(i) Juvenile Daphnia magna should be exposed for a duration of 48 + 4 hours.

(ii) Dilution water should comprise any suitable natural water (surface or groundwater),
reconstituted freshwater or de-chlorinated drinking water.

(i)  Daphnids should not be fed during the course of the test.

(iv)  The temperature of the test dilutions should be 20 + 2 °C.

(v)  The pH of the test dilutions in all of the test vessels should be between 7.4 - 8.5.

(vi)  The dissolved oxygen content in the test dilutions at the start of the test should be
greater than 60 % ASV at 20 + 2 °C.

(vii)  The hardness of the test dilutions should be between 140 - 320 (expressed as
mg I CaCOs).
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(viii)  The lighting regime should comprise “cool white” fluorescent light of 400 - 800 lux at
the surface of the test dilution with a lighting period of 16 + 1 hours of light and
8 £ 1 hours of darkness.

(ix)  The results from toxicity tests with Daphnia magna should be considered valid if, in
the controls, not more than 10 % of the daphnids have been immobilised or trapped
at the surface of the water.

(x)  The approach taken for samples where any of the threshold criteria for the test
solutions fall outside of the limits specified for the water quality parameters is
described in section 2. This involves testing adjusted test dilutions and may involve
testing samples that have not been adjusted to establish the extent of this issue. The
approach should always be considered in the light of the objectives of the testing.

4.1 Design '\Cb ’

The experimental design adopted (for example number of exposure con ns and
interval between test concentrations) will depend on the objective of thqi , Which
should be clearly defined prior to analysis'" ). \t\

4.2 Principle '\(1/

In the Daphnia magna immobilisation test, Daphnia magn&e\exposed to aqueous
environmental samples diluted with freshwater to a range oncentrations for a period of
48 hours. In the context of these procedures, immobilié&on describes juvenile daphnids
which do not swim within 15 seconds after gentle a ion of the test container, even if
there is still movement of the antennae. The diffesgnt test concentrations in an appropriate
range may, under otherwise identical test condlionhs, exert toxic effects on the swimming
activity (and survival) of Daphnia magna. T effects will extend from an absence of
effects at lower test concentrations (0 % i bilisation) to complete immobilisation of all
the daphnids at higher test concentrati@ (100 % immobilisation).

The data should be used to dete@e:

entrations, i.e. the concentration that results in 10 %, 20 %
xposed Daphnia magna being immobilised after 48 hours.
concentrations are referred to as the 48 hour-EC1, 48 hour-
our-ECsp values respectively.

° The effective ¢
and 50 % of

These effi
EC20 a@

° Th@@nest concentration where there is no-observed effect after 48 hours.
. ~his'value is referred to as the no observed effect concentration (48 hour-
@JEC).

,& The lowest concentration where there is an observed effect after 48 hours.
This value is referred to as the lowest observed effect concentration (48 hour-

LOEC).
4.3 Reagents and materials
4.3.1 Dilution water

In the context of this method, dilution water used for cultures, controls and the dilution of
samples should be freshwater. Surface or groundwater, de-chlorinated drinking water and
some reconstituted (artificial) freshwater media are all suitable for testing and culturing
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Daphnia magna. The total hardness of the freshwater should be between 140 - 320
(expressed as mg I"' CaCO3) and should exclude chelating agents such as EDTA.

Natural freshwater (including drinking water), where used, should be obtained from a
source known to be free from significant contamination. An assessment of the water
quality should be carried out, by monitoring parameters that are known to be toxic to
aquatic organisms. These parameters include ammonia, nitrite, nitrate, common heavy
metals, organophosphates and suspended solids. The results of these analyses should
be compared with those concentrations deemed ‘safe’ for Daphnia magna, and if found to
be above these values, the water should not be used.

Some artificial media, for example Elendt M4 and M7, contain the chelating ager]%ZIA,
which can prevent some metals being available to the test organisms. Althoug&| ble
for some culture purposes, Elendt M4 and M7 should not be used for toxicit tihg of
environmental samples. Media containing other known chelating agents @also be
avoided.

Artificial freshwaters, such as ASTM or ISO reconstituted hard wai}/{}ay be used, see
Table 4

Table 4 Preparation of artificial freshwaters OQ

Compound AST g I") 1SO (mg I'")
Sodium hydrogen carbonate 64.75
Calcium chloride dihydrate ’ 120 294
Magnesium sulphate heptahydratb 120 123.25
Potassium chloride 8 5.75

Individual concentrated stock solution each compound should be prepared in distilled
or deionised water. An appropriate @lme of each stock should then be added to distilled
or deionised water to give the fin ncentration as indicated in Table 4. The final dilution
water should be aerated for %é’\ﬁgurs before use or until the pH has stabilised.

Dilution water (both natu d artificial) should be aerated vigorously just before use to
ensure the dissolved n content is at least 90 % of the air saturated value (ASV) at
20 + 2 °C. Otherw uality parameters should comply with those shown in Table 2.

4.3.2 Apégtus

In addlt% ormal laboratory glassware and apparatus, the following equipment may be
requi

Test vessels (crystallising dishes capable of holding 100 ml of test dilution or multi-well
plates capable of holding 10 ml of test dilution) made of non-toxic inert material (such as
glass or polystyrene).

A constant temperature environment to maintain test solutions at 20 + 2 °C.

Equipment for measuring pH, dissolved oxygen, temperature and total hardness.

Wide bore (2 mm diameter) glass or polystyrene Pasteur pipettes for transferring juvenile
Daphnia magna.
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4.4 Test procedure

The following procedures should enable Daphnia magna to be cultured that result in not
more than 10 % being immobilised in test controls.

4.4.1 Acquisition of juvenile Daphnia magna for use in tests

Juvenile Daphnia magna to be used in tests may be obtained from laboratory cultures or
dormant eggs.

From laboratory cultures, gravid female adult Daphnia magna should be transferred from
the main culture into isolation vessels (see section 3.3.3) on the day preceding the,start of

the test. The time the female Daphnia magna are transferred to a given vessel Id be
recorded. Adult Daphnia magna should be fed at an appropriate rate based ©nt
differential between the isolation and culture volume, i.e. (isolation volum re volume)

x culture food ration. On the day of the test, isolation vessels should beningpécted for the
presence of any juvenile Daphnia magna, which should be remove d counted. All the
juvenile organisms from each isolation vessel should be pooled t er for use in the test.
Adult Daphnia magna can then be returned to produce more ju ?ngiﬁ'organisms. Juvenile
Daphnia magna must be less than 24 hours old at the start of the test. Organisms older
than 24 hours undergo moulting and become less sensitiv xicants. Hence, the time
that adult Daphnia magna are isolated from cultures and j&wenile Daphnia magna collected
should be recorded. 6”8

Alternatively, juvenile Daphnia magna derived fr’@ormant eggs (ephippia) may be used.
These should be incubated 3 days prior to tl@i{é‘ of the test to optimise the hatching

process in the 24 hours preceding the start e test. Juvenile Daphnia magna must be
less than 24 hours old at the start of the té@o Organisms older than 24 hours undergo
moulting and become less sensitive to@axicants. Hence, the time that ephippia are
incubated and hatched, and juvenil @phnia magna collected should be recorded.

4.4.2 Preparation of tegt dilutions

concentrations not ex ing 2.2. See Table 5 for the preparation of 500 ml of typical test
dilutions. Appropri tails should be recorded. On the day the toxicity test is to be
carried out, the c tration range should be prepared in volumetric flasks by diluting
(with dilution w, appropriate amounts of the effluent or leachate. If appropriate, test
dilutions cap-be"prepared directly in the test vessels. For each test series, a control should

be prep, hich contains dilution water only. At least four replicate test vessels should
be us«ﬁ each test concentration and control.

An appropriate series (;&%ntrations should be prepared with the ratio between the

The remaining test dilution (i.e. that volume not added to the test vessels) should be used
to determine the selected water quality parameters shown in Table 2, both at the
beginning and end of the test. Appropriate details should be recorded.
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Table 5 Preparation of test dilutions

Nominal concentration®*  Volume of freshwater (ml) Volume of effluent (ml)

0 (control ) 500 0.0
0.1 499.5 0.5
0.22 498.9 1.1
0.46 497.7 2.3
1.0 495 5.0
2.2 489 11
4.6 477 23
10.0 450 50
22.0 390 110
46.0 270 230 '\(b
100.0 0 500
*viv \(LQ
443 Initiation of the toxicity test ,\'\

For each sample dilution, a minimum of 20 organisms (i.e. four@ of five organisms)
should be exposed The number of organisms in each replicate sihould not exceed five per
10 ml of test dilution (i.e. at least 2 ml is required per organi@

Daphnia magna should be checked prior to use by exa@ning them against a dark
background with tangential lighting. If any of the d Ids are not active, or appear to
have damaged antennae, they should not be use e test and should be discarded and

replaced.
)

Juvenile Daphnia magna should be transf%d to the test dilutions using a wide bore
Pasteur pipette to minimise any da curring to the organisms. (This process may be
observed using a low power stereo &scope It is critical that the volume of culture
media transferred with the organi the test dilution should be as small as possible so
as not to significantly affect t concentration. This is best achieved by initially
transferring 20 - 30 daphmds&'a pre-exposure’ vessel (for example an unused well on
the plate) containing the concentration of test dilution as that to which they are to be
exposed, immediately o transfer to the exposure vessels. By minimising the volume
of culture water add this vessel, and also the volume of ‘pre-exposure’ water added to
the exposure ves e potential dilution effects of test organism addition can be
minimised.

Juvenile d |ds should not be fed during the course of tests, as the inclusion of food in
the t ium may:

increase or decrease the effects of the toxicant under investigation due to
adsorption of the toxicant onto food particles;

. affect the dissolved oxygen content by increasing the biochemical oxygen
demand;

. change the physiology of the organisms used for the test and affect the uptake
and metabolism of the toxicant under investigation;

. introduce additional variability into the test.
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44.4 Monitoring water quality

Water quality measurements should be made on aliquots of test dilution which have
undergone the same exposure period under identical conditions to the test vessels but
which do not contain test organisms.

4.4.5 Terminating the toxicity test

The number of mobile Daphnia magna in each test vessel after 48 hours should be
recorded. Daphnia magna are considered immobile if they do not move within
15 seconds following gentle agitation of the test vessel, even if there is still movement of

the antennae.
,\Cb

4.5 Processing of results
4.5.1 Validity of the results '\\(1/

The results of the toxicity test should be rejected if the percentag?ﬁ lity
observed in the controls exceeds 10 %. In addition, data from t ould only be
accepted if the results of the concurrent reference toxicant te e section 6) meet
internal quality criteria®®® OE\

4.5.2 Data handling 6

<
Endpoints such as the EC+y, EC5o, NOEC and L values should be determined using
an appropriate validated computer-based stal'cé’d package. The endpoint values for a
Daphnia magna immobility toxicity test are tﬁ on the percentage of immobile Daphnia
in each test concentration.

Most computer-based statistical sof; @se packages will enable the calculation of endpoint
values without further data mani ion. The total number of exposed Daphnia (5 per
replicate) and either the numbe& which were immobile, or the number which were mobile,
are entered for each test v% and a proportional effect (taking into account the
corresponding effect in& ntrols) is calculated.

453 Estima@&of EC values

The 48 hour-E @ 8 hour-ECyp and 48 hour-ECsg values (and other EC values, if
necessary) d be determined using appropriate statistical procedures (see Figure 3).
Conﬂdes&hts (p = 0.95) for the calculated EC value should be determined and
recor;§ h the test results.
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Figure 3
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Table 6 shows examples of data produced to show the effect on Daphnia magna mobility
by an effluent. Table 7 summarises the ECsy values derived from the data in Table 6 using

different statistical procedures.
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Table 6 Examples of results of the immobilisation of Daphnia magna after
exposure to an effluent for 48 hours

Scenario 1 Scenario 2 Scenario 3
Effluent Number Cumulative  Immobil- Cumulative Immobil- Cumulative  Immobil-
concentration*  of number of isation number of isation number of isation
(%) Daphnia immobilised (%) immobilised (%) immobilised (%)
magna Daphnia Daphnia Daphnia
exposed magna magna magna
Control 20 0 0 0 0 0 0
0.1 20 0 0 0 0 0 0
0.22 20 0 0 0 0 0 0
0.46 20 2 10 0 0 0 0
1.0 20 4 20 0 0 0 (b 0
2.2 20 8 40 0 0 0 '\ 0
4.6 20 11 55 9 45 2 Q 100
10 20 15 75 20 100 100
22 20 19 95 20 100 '\2 100
46 20 20 100 20 100 '\ 100
100 20 20 100 20 100 \ 100

* Range of concentrations expressed as a percent of the effluent sample concentratim

The data in Table 6 may be used to check that in-house statistical procedures provide
comparable results to those given in Table 7. O

Table 7 Summary of ECs5 values (and 95 % c&ence limits) for the data in
Table 6 estimated by different sta{a | procedures

Scenario  Statistical procedure E(Eo) alue Confidence Slope of dose
(bg limits (95 %) response
curve
1 Probit (Tox Calc) 6 3.3 2.3-4.6 1.8
Probit (b' 3.3 2.8-3.8 1.8
Moving average* $ 3.2 2.7-3.7 -
Binomial* XN 3.6 1-10 i
2 Probit @Q No valid approach -
Moving ave@s No valid approach -
Binomial*Q 4.8 2.2-10 -
Spear arber (Tox Calc) 4.8 4.1-5.7 -
3 Ge C mean 3.2 - -
* Computer based @ ical package(zg)

For the@ Scenario 1, the probit, moving average and binomial procedures produce
similaﬁﬁe ts although the confidence limits are greater for the values derived using the
binomial' procedure. Where there are less than two intermediate effect concentrations
(Scenarios 2 and 3) the ECs5p values derived are less statistically sound.

From the data shown in Table 6, the 48 hour-ECsg value estimated by Tox Calc software
(Tide Pool Scientific Software) is 3.3 % v/v effluent with 95 % confidence limits of
2.3-4.6 %.

From the interpolation of the dose response curve of cumulative Daphnia immobility
(probability scale) against effluent concentration (log scale) shown in Figure 4 for
Scenario 1, the 48 hour-ECsg is 3.25 % v/v effluent. The values obtained graphically
complement those obtained using computer-based software (see Table 7).
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When analysing data from the Daphnia magna immobility test the following points should
be considered:

(i)

(ii)

(iii)

(iv)

If the results include concentrations at which there are 0 - 10 and 100 % immobility,
and also two concentrations at which the percentage immobility is between

0 - 10 and 100 %, then probit, moving average and binomial methods should
provide similar estimates of the EC values. Probit analysis should be used to
estimate EC values, 95% confidence limits and the slope of the dose response
curve.

If the results do not include two concentrations at which immobility is between
0 - 10 and 100 %, the probit and moving average methods cannot be use%l’r?e
binomial method can be used to provide a best estimate of the ECsq val wide

confidence limits. The use of non-parametric methods such as the S n-
Karber or trimmed Spearman-Karber methods may enable the detefmitvation of an
ECso value to be made. y\

Where the data obtained are inadequate for calculating an Q'O\alue, the highest
concentration causing no immobility and the lowest conc r@«on causing 100 %
immobility should be identified. An approximation of the EGsy value can then be
made from the geometric mean of these two concent ns. In this case, the ratio
of the higher to the lower concentration should not @eed 2.2, otherwise any ECs
calculated will be less statistically sound. n&

In all instances, the ECs5 value derived fro’QAny of the above procedures should be
compared with a graphical plot on loga c-probability (log-probit) scales of
percent immobility for the various tesx centrations. Any major disparity between
the graphical estimation of the ECJ@ ue and that derived from the statistical
programmes should be resolve%

O:

454  Estimation of the NOEG:and LOEC
In the juvenile Daphnia ma mobilisation test, the NOEC and LOEC values should be
calculated using Fisher's t test.

O
@)
GO

&
N
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Figure 4 Graph of cumulative immobilisation (probability scale) against effluent
concentration (log scale)
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5 Guidelines for single&@?entration toxicity tests
5.1 Design X
The assessment of the t of receiving waters should be carried out on an undiluted
(i.e.100 %) sample an ropriate controls using the procedures described in section 4.

Receiving waters t meet the criteria specified in Table 2 for the selected water
quality parameteéé&uired to support Daphnia magna and in these cases the sample
should be adju@ using the procedures described in section 2.

Toxicity\tﬁvith Daphnia magna for monitoring or screening may also be carried out on
a singg?g centration of effluent or leachate sample and appropriate controls. The
concentration of effluent or leachate used in such tests would need to be appropriately
chosen with due consideration given to the objectives of the study.

5.2 Test procedure
Single concentration tests should be initiated in the same way as full concentration range
toxicity tests (see section 4) with at least six replicates of each control and six replicates of

the sample concentration. Water quality monitoring should be carried out in the same way
as described for the full concentration range toxicity test (see section 4).
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5.3 Processing of results

An assessment of how the responses in the single effluent concentration compare to those
in the control dilution should be carried out using hypothesis testing (see Figure 5). The
hypothesis tested should be that the responses in the sample are not significantly different
from those in the controls.

Initially, the proportion of organisms remaining mobile in the controls and the single test
concentration should be transformed using an appropriate procedure such as the arc sine
square root transformation. The arc sine square root transformation is commonly used on
proportional data to stabilise the variance and satisfy normality and homogeneity%‘
variance requirements. Shapiro-Wilk’s or D'Agostino D-test should be used to )e{ e
normality assumption. Q

If the data do not meet the assumption of normality then the non-para t)i@ ilcoxon rank
sum test should be used to analyse the data. If the data meet the as rT.%tion of normality,
the F-test for equality of variances should be used to test the ho neity of variance
assumption. If the data meet the homogeneity of variance ass n‘;ﬁon then the standard
(homo-scedastic) t-test should be used to analyse the data. Failute of the homogeneity of
variance assumption leads to the use of a modified (heterc&édastic) t-test, where the
pooled variance estimate is adjusted for unequal variance \and the degrees of freedom for
the test are adjusted. Further information on these sta%ical procedures can be obtained
elsewhere®®-32), )

Table 8 shows example data sets for a singleg\g}entration test (i.e. 0.46 % v/v effluent)
and controls. In Scenario 1, the equality of {ariances cannot be confirmed and a modified
(hetero-scedastic) t-test indicates a signifi@n difference between responses in the two
groups (t = 2.24, p < 0.05). In Scenari@z, the variances are equal (F = 1.80, p = 0.53) and
the standard (homo-scedastic) t-’;e% icates no significant difference between the

responses in the two groups (t = 4329, p >0.05).
Table 8 Example of d a single concentration Daphnia magna
immobilisati st and the results of statistical analysis
Effluent Numbec) umulative  Immobility Method of Result of statistical analysis
concentration  of number of (%) statistical
(%) D& immobile analysis
%T( a organisms
¢ posed
Scenari 10\
0 (Con 30 0 0 Modified t-test Significant difference (p<0.05)
0.46* 30 3 10
Scenario 2
0 (Control) 30 1 3.33 Standard t-test  No significant difference (p>0.05)
0.46* 30 3 10

* Expressed as a percent of the effluent sample concentration
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Figure 5 Flowchart for the analysis of single concentration test data from the
Daphnia magna immobilisation test
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\ 4
Data transformation, if required

A 4 o\
Are data distributed normally? (Shapiro Wilks or D’Agost;

Yes

Are variances homogeneous? (F-test) ,\Qﬁilcoxon rank sum test
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6 Guidelines for refer@boxicant tests using zinc

6.1 Design Q’\.

Daphnia magna immob@@sts that are carried out to provide toxicity data on
environmental sample ould be accompanied by tests with the reference toxicant zinc (as
zinc sulphate). Ref@}ce toxicant tests should be conducted according to the procedures
described in segt

6.2 @ference toxicant preparation

6.2. 1'&\0Z|nc stock solution

Weigh out 4.397 + 0.002 g of zinc sulphate heptahydrate (ZnSO4.7H,0) into a 1-litre
volumetric flask and dilute to just below the mark with distilled or deionised water. Add
1 ml of 1M hydrochloric acid solution to the flask and make to the mark with distilled or
deionised water. The concentration (as Zn) of this solution is 1000 mg I"".

6.2.2 Zinc working solution

A zinc working solution (100 mg I'") should be prepared on the day the test is carried out
and used to prepare an appropriate range of concentrations. The range shown in Table 9
should be used when no previous data are available.
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The test concentration range of zinc for subsequent tests can be modified based on initial
results to allow the derivation of more precise 48 hour-LOEC and 48 hour-ECsp values.

Table 9 Zinc concentration range

Zinc concentration (mg I'1) Volume of seawater (ml) Volume of zinc working solution 6.2.2 (ml)
0 (control solution) 1000 0.0
0.1 999 1.0
0.32 996.8 3.2
1.0 990 10.0
3.2 968 32
10.0 900 100

6.3 Test procedure ,\Q)

Reference toxicant tests should be initiated in the same way as descrlbec\gt/ n4.
6.4 Processing of results

The 48 hour-LOEC and 48 hour-ECsp values should be calculatF{l;t\ng the procedures
described in section 4. Q
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Appendix A Freshwater unicellular algae culture as food for Daphnia magna
A1.1 Introduction

This method describes procedures, materials and equipment required for the culture of
freshwater algae as food for cultures of Daphnia magna.

A1.2 Source cultures

Axenic (uncontaminated) uni-algal source cultures should be obtained from reliable
sources. Chlorella vulgaris, Scenedesmus subspicatus and Pseudokirschneriella
Ssubcapitata are suitable species.

Source cultures should be held at 4 + 4 °C in the dark. Under these conditior@tures
should be viable for up to 3 months after receipt.

N
A1.3 Laboratory cultures t\

A series of sub-cultures should be established from each sourc (lmre to provide a
supply of algae as inocula for larger scale batch culturing. A of sub-cultures should
comprise, essentially, an exponentially growing populatlo ae maintained in a
nutrient unlimited environment. As the population of ¢ ne sub-culture approaches
nutrient limitation an aliquot of cells should be inocul %nto fresh media, where the
population should continue to grow exponentially‘.A

N\
Sub-cultures should be grown in 500 ml conicﬂgésks containing 100 ml of growth media
00

at 20 + 2 °C under continuous illumination + 1000 lux. Flasks should be
constantly mixed, for example on an orbit aker or stirrer.

A single series of sub-cultures sho @ot be maintained for greater than three months
before a new series is initiated wi&&esh source culture. This should avoid the
accumulation of bacterial contgiijnation in the sub-culture, which may result in an overall
failure of the culture. @

Primary sub-cultures d be inoculated with 0.1 ml of source culture (which should be
shaken to re-suspe y settled algal cells) and sub-cultured at intervals of 3 - 5 days by
transferring 0.5 ub-culture to fresh media.

Mature (i.e. %Qﬂay -old) sub-cultures should be used to inoculate large scale batch

cultu r,e&s‘o\

A14 Batch cultures

Batch cultures comprise large volume cultures that are used to grow sufficient biomass of
algae as food for Daphnia magna.

Batch cultures should be grown under identical conditions used for sub-cultures, using

2 litres of growth media in a 2.5 litre conical flask, and inoculated with 20 ml of sub-culture.
A chemostat (continuous large scale algal culture) may also be employed as a substitute
for batch cultures and should be incubated under the same conditions of temperature and
light as batch cultures.

30



Batch cultures (or chemostats) should be mixed and aerated using a continuous, sterile,
oil-free air source and incubated for up to 5 days before concentration. Following
incubation, batch cultures should be concentrated, by centrifugation, to produce algal
stocks of known cell density and organic carbon content. Cell density can be measured
directly by counting the number of cells in a given volume of algal suspension or indirectly
by a surrogate method (e.g. absorbance at 440nm) for which the relationship with actual
cell numbers has been characterised. The amount of algal food provided to Daphnia
cultures is generally based on the optimal ration of organic carbon required by the animals
to allow continuous parthenogenetic reproduction. The total organic carbon (TOC) present
in a given number of algal cells will usually be dependent on the specific culturing
conditions of the algae and should be determined on an annual basis.

A1.5 Growth media y\(b ’

The media used to culture freshwater algae should be Bold’s Basal Medi fa( BM1) for
Chlorella vulgaris and OECD algal growth medium for Scenedesmus sq%q atus or
Pseudokirschneriella subcapitata.

Nutrients should be added in the form of concentrated stock solpt% prepared using
analytical grade reagents dissolved in sterile distilled, deionife of reverse osmosis grade

water.
O

A1.6 Preparation of BBM1 algal growth medib
The preparation of BBM1 nutrient media initiall 'Qéves setting up a series of fourteen
stock solutions using analytical grade reagen %(erilisation of the stocks is not required.
Store the solutions at ambient temperature i dark. Stock solutions 1 to 6 may be
stored up to three months, and stock soluf@q 7 to14, up to 12 months.

Table A1 Reagents used to Pr 6BBM1 Medium

Stock solution 5\N'utrients Concentration in stock solution
@
1 @ KoHPO, 7.5
2 KH,PO, 17.5
3 00 MgSQ,4.7H,0 7.5
4 NaNO; 25

5 bo CaCl,.2H,0 2.5
6, 2 NaCl 2.5

& CioH12N,0sNa, (EDTA) 50
9

FeS0,.7H,0 @ 4.9
HsBO; 11.42
10 ZnS0,.7H,0 17.64
11 MnCl,.4H,0 2.92
12 CuS0,.5H,0 3.144
13 Co(NO;),.6H,0 1
14 Na,Mo0,.2H,0 2.384

in alkaline solution containing 31 g of potassium hydroxide per litre.
in acid solution containing 1 ml of concentrated sulphuric acid (SG = 1.84) per litre.

]
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Prepare batches of fresh media by adding the following amounts of the stock solutions to
sterile distilled, deionised or reverse osmosis water in appropriate sterile glassware:

o stock solutions 1 to 6, add 10 ml per litre
° stock solutions 7 to 9, add 1 ml per litre
o stock solutions 10 to 14, add 0.5 ml per litre

Allow the solution to equilibrate after preparation by leaving it to stand overnight, or by
continual gentle stirring for one hour. The pH of the medium after equilibration should be
between 6.5 - 7.2. No adjustment of the pH should be required. If the pH of the medium is
outside the range 6.5 - 7.2 after equilibration, stir for a further 30 minutes or discard and

prepare a new solution. Q) .

A1.7 Preparation of OECD algal growth medium

The preparation of OECD nutrient medium initially involves setting up a&of four
sterile stock solutions using analytical grade reagents. Store the s Lfo'Qns at 2-6 °C in the
dark. Stock solutions may be stored up to three months. (1/

per litre of stock solutions 2, 3 and 4 to sterile distilled, dei d or reverse osmosis water

Prepare batches of fresh medium by adding 15 ml per litre of',étoc solution 1 and 1.5 ml
in appropriate sterile glassware. Allow the medium to ;gu rate after preparation by
0

passing air, filtered, for example through a polytetrafl thylene bacterial membrane
filter (nominal size 0.2 pm) into the solution for at I% minutes. The pH of the medium

after equilibration should be between 8.0 - 8.5 essary, adjust the pH of the medium
to within this range using 1M sodium hydroxi ution or 1M hydrochloric acid solution.
Prepare OECD medium on the day requir: semi-continuous algal culture.

Table A2 Reagents used to prer}?OECD Medium

Stock solution $ Nutrients Concentration in stock solution
Q\ (mg )
1 Macro-nutrients @ NH,CI 1500
(Autoclave for 15 minutes 15 - 121 °C) MgCl,.6H,0 1200
0 CaCl,.2H,0 1800
O MgS0,.7H,0 1500
b KH,PO, 160
Xz
2 @DTA FeCl;.6H,0 80
(Aut@/ for 15 minutes at 115 - 121 °C) C1oH14N,0gNa,.2H,0 100
3 Trace elements H;BO; 185
(Autoclave for 15 minutes at 115 - 121°C)  \nCl,.4H,0 415
ZnCl, 3
CoCl,.6H,0O 1.5
CuCl,.2H,0 0.01
NaMoQ,4.2H,0 7
4 NaHCO; NaHCO; 50000

(Sterilise by membrane filtration (0.2 ym)
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Address for correspondence

However well procedures may be tested, there is always the possibility of discovering
hitherto unknown problems. Analysts with such information are requested to contact the
Secretary of the Standing Committee of Analysts at the address given below. In addition, if
users would like to receive advanced notice of forthcoming publications please contact the
Secretary on the Agency’s web-page.

Standing Committee of Analysts
Environment Agency (National Laboratory Service)
56 Town Green Street

Rothley .
Leicestershire ,\Q)
LE7 7NW

http://www.environment-agency.gov.uk/nls \(1/

Standing Committee of Analysts
Members assisting with this booklet OQ

methods to assess effluent and receiving water y with comments provided by
Environment Agency ecotoxicology speC|aI|st members of Working Group 8 and the
Main Committee.

This document is based on an Environment Age %@ded project for the development of
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CONTACTS:

ENVIRONMENT AGENCY HEAD OFFICE
Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol BS32 4UD

www.environment-agency.gov.uk
www.environment-agency.wales.gov.uk

ENVIRONMENT AGENCY REGIONAL OFFICES

ANGLIAN SOUTHERN
Kingfisher House Guildbourne House
Goldhay Way Chatsworth Road

Orton Goldhay
Peterborough PE2 5ZR

MIDLANDS

Sapphire East

550 Streetsbrook Road
Solihull B91 1QT

NORTH EAST

Rivers House

21 Park Square South
Leeds LS1 2QG

NORTHWEST
PO Box 12

Richard Fairclough House

Knutsford Road
Warrington WA4 1HG

&
N

Worthing
West Sussex BN11 1LD

SOUTHWEST
Manley House
Kestrel Way
Exeter EX2 7LQ

THAMES

Kings Meadow House
Kings Meadow Road
Reading RG1 8DQ

‘ Peterborough
ANGLIAN

MIDLANDS

Solihull 4

WALES

Cambria House
29 Newport Road
Cardiff CF24 OTP

THAMES  London
[}

’ Reading
SOUTHERN

SOUTH WEST

ENVIRONMENT AGENCY
GENERAL ENQUIRY LINE

08/08 506 506

ENVIRONMENT AGENCY

FL O OD L I

0845988

/]

sN:;_8E

ENVIRONMENT AGENCY
EMERGENCY HOTLINE

0800 80 70 60

ENVIRONMENT
AGENCY
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