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This booklet contains guidance on the direct toxicity asses&t of aqueous
environmental samples using the marine copepod Tisb& agliai lethality test and
replaces the version published in 2006. Using the@a res described in this booklet

Methods for the Examination of Waters and Associated Materials

should enable laboratories to satisfy the requireme f the Environment Agency’s
Monitoring Certification Scheme (MCERTS) for Jalsgratories undertaking direct toxicity
assessment of effluents'’). However, if appro e, laboratories should clearly
demonstrate they are able to meet the MC requirements. Two documents have
already been published in this series®?¥ a&urther documents are being produced and

include: (06

The direct toxicity assessment of eous environmental samples using the freshwater
algal growth inhibition test wi@%eudokirchneriella subcapitata

growth inhibition test keletonema costatum

OC)

No peric%nge data are included with this method which has been rigorously tested

The direct toxicity asse@@ft of aqueous environmental samples using the marine algal

under funded development work* ®. However, inter- and intra-laboratory data are
being&g—l cted 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

are to be achieved.

quality control are essential if satisfactory results%(b

Standing Committee of Analy
The preparation of booklets within th
“Methods for the Examination of W,
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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 ‘@«ing group and main committee.

Publication ew or revised methods will be notified
to the techmiCaVpress. If users wish to receive copies
or ady& tice of forthcoming publications, or
obtaj ils of the index of methods then contact the

S ry on the Agency’s internet web-page
/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

Associated Materials” @
N\
@)
Warning to userb

The analyticab dures described in this booklet
should onl %e ried out under the proper
supervisi competent, trained analysts in

properly eqéipped 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

%00

Aqueous environmental samples

ASV
Copepodid
DTA
EDTA
Epiphytic
Instars
LC10

LCao
LCso
LOEC
Nauplii
NOEC

Static test

USA

parts per thousand.

these include effluents, leachates and receiving
waters.

air saturation value.

Tisbe battagliai intermediate life stages.

direct toxicity assessment.
ethylenediaminetetraacetic acid.

A plant that grows upon or attached to another plant.
Life stages in arthropods, between each mo
the concentration that results in a lethal eff:
of the exposed organisms.

the concentration that results in a let ﬁ&ct on 20%
of the exposed organisms. ’\

the concentration that results ir\éQt | effect on 50%

10%

of the exposed organisms.

lowest observed effect cong{}& ion — lowest test

concentration at which there I1$ an observed effect

compared to controls.

Tisbe battagliai lar¢al @ stages.

no observed effecrléncentration — the highest test
concentration é ich there is no observed effect

compared t ’\ trol solutions.
a test wit@%\eplacement or replenishment of the test

dilution
Unite ates of America.



The direct toxicity assessment of aqueous environmental samples using the marine
copepod Tisbe battagliai lethality test

1 Introduction

The procedures described in this document enable direct toxicity assessments to be
carried out on aqueous environmental samples using the marine copepod Tisbe battagliai.
The procedures described are based on an Environment Agency project ® and take into
account existing guidelines(e) and more recent method developments.

The marine copepod Tisbe battagliai lethality test can be used in the following roles:

(i) effluent screening and characterisation; '\Cb ’
(ii) monitoring effluent toxicity against a toxicity limit; %
(i)  assessing the impact of point source discharges on receiving watey§;)a
(iv)  providing a general quality assessment of receiving waters (for e e 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® "9 X

Environmental samples be collected in containers, typically screw top glass bottles,
which are inert and do adversely affect the sample or sample toxicity. The container
should be new (or t ghly cleaned) and rinsed at least three times with the sample to
be collected. If aseries 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 on the
sample at the location where the sample is taken (i.e. on-site determination) and on receipt
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
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and location of the site where each of the samples was 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
Salinity

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@éted 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
salinity, however, this is not reco nded for regulatory effluent assessments.

For regulatory DTA testing (i:&.tests conducted on effluents), modification or adjustment of
the sample, or its dilution ould be made so that all criteria for all the parameters listed
in Table 2 are met an fluence of these parameters is removed. Test results will
therefore reflect the residual chemical toxicity of the discharge at the water quality ranges
specified in Table2\J hese ranges are generally representative of the conditions found in
the receiving e ments to which effluents are likely to be discharged. If these ranges
are not represemtative of the known water quality in the area of discharge of a particular
effluent, th tual measured water quality values should be substituted for those given in
TableZ.

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.



Table 2 Threshold criteria for selected water quality parameters for the marine
copepod Tisbe battagliai lethality test

Parameter Threshold criteria
pH 7.7-8.3
Dissolved oxygen (as a percent of the ASV) at20 £ 2 °C > 50

Salinity (%o) 20 - 36

Whilst no values have been specified for colour and suspended solids content, these parameters
can have an effect on the physical observation of the organisms.

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 re

adjustment should be made which includes the extent of any resultant furt ution of
samples or changes in other water quality parameters arising from the aoﬁ@went
procedure.

N
The measurement of the toxicity of an effluent under environmenﬁl}unrealistic water
quality conditions and the effect on toxicity caused by the modifqut n of water quality
parameters are not relevant to the regulatory DTA process. Ais process is concerned
primarily with assessing the dilution at which an effluent c$ being acutely toxic under
conditions likely to be encountered in the receiving envisonitient. The results of toxicity

tests undertaken with effluents at extreme water quali lues require additional
interpretation and should not be used in environm\ hazard and risk assessments.
Test dilutions should be shaken or stirred to e@&ce homogeneity prior to dispensing into
test vessels. (DS

the parameters shown in Table 2 f; utside the specified range for all of the dilutions in

a test.
X
2.4.1 pH @Q

Toxicity testing should not take pwtuations where any of the threshold criteria for

ammonia and certaj avy metals) contained in the sample and result in the observation
of different toxi @ ts. For example, the toxicity of ammonia increases with increasing
pH values, priré}ally in the range 6.0 to 9.5. This is due to an increasing proportion of the
ammonia b\@ present in the test solutions in the unionised (toxic) form.

The pH of test diIutiona@y potentially affect the speciation of substances (for example

The pﬁ:oQacidic test dilutions, or samples, should be adjusted with 1M sodium hydroxide
solution, whilst the pH of alkaline test dilutions, or samples, should be adjusted with 1M
hydrochloric acid solution. Certain test dilutions, or samples, for example effluent samples
with highly buffered pH capacities, may require the use of stronger acid or alkaline
solutions. Aliquots of test dilutions, or samples, that are pH-adjusted should be allowed to
equilibrate after each incremental addition of acid or base!'®. Test dilutions that have
been pH-adjusted should only be used when the pH has stabilised.

24.2 Dissolved oxygen

If the dissolved oxygen concentration in any of the test dilutions prior to testing is less than
50 % of the air saturation value (ASV) at 20 £ 2 °C the solution should be aerated, even
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though this may result in the potential loss of volatile substances from the solutions. 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

50 % 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 50 % of the ASV should
not be aerated.

243 Salinity

The salinity of test dilutions should be adjusted if values fall outside of the range ggecified
in Table 2. In addition, the salinity range within a single test (i.e. between cont d test
dilutions) should not exceed 3 %eo.

An increase in salinity can be achieved by the addition of hyper-saline '{Jﬁ)lution (see
section 4.3.2). An additional ‘salinity adjusted’ control should then b I!%:I ed in the test,
in addition to the normal control, i.e. dilution water (4.3.1). The ‘saiinity adjusted’ control
should be prepared by adjusting a sample of the seawater usqu] ormal controls and
sample dilution to the same original salinity as the sample by addihg distilled or deionised
water. Hyper-saline brine solution should then be added t@ust the additional control
back to the required salinity range, in exactly the same waY.2s with the sample dilution
under modification. The additional control accounts fo&tential effects on Tisbe battagliai
that may be caused by the addition of hyper-salirje&%e solution.

addition to, dilution water control results wh e endpoint values are calculated. For
example, hypothesis testing can be used @nvestigate whether a significant statistical
difference exists between the dilution \Qer and ‘salinity adjusted’ controls. If no difference
is shown, all the controls may be u f a difference is found, only the ‘salinity adjusted’
controls should be used in endpeoiritwalue calculations.

by adding distilled or deionised water to a sample
n arising from this addition should then be calculated and
entration after adjustment.

244 Su&é@d solids

Suspended g0olidS may be removed in most cases by allowing the test dilutions to settle
until ther noticeable reduction in the suspended solids content. If no apparent
clearj %ﬁe sample is noticeable after 2 - 4 hours, an alternative approach should be
used. ese include:

The results of the additional ‘salinity adjuste@r@\ols are used as a substitute for, or in

A decrease in salinity is achi
dilution. The additional di
used to determine the

(i) Filtering the sample through a cellulose acetate or cellulose nitrate membrane filter
(nominal size 0.45 pym) using a vacuum filtration unit.

(i)  Centrifuging the sample at 5000 - 10000 g for 15 - 60 minutes using a suitable
centrifuge. Centrifuging the solution at low speeds (3000 - 5000 g) for long periods
(60 minutes) may be used as an alternative approach to high speeds for short
periods (10000 g for 15 minutes). Dilutions should, ideally, be centrifuged in a
cooled state to avoid adverse effects occurring due to rising temperatures during
centrifugation.

10



Filtration and centrifugation can exhibit different effects on the chemistry of test solutions,
or samples, and the same procedure should be used when testing a series of samples
from the same location.

245 Colour

Highly coloured solutions may impair the visual observation of Tisbe battagliai in the test
vessels. Observation of the organisms may be improved by temporarily illuminating the
vessel either from the side or below the vessel.

246 Oily substance

The presence of oily substances, or substances in excess of their water solubil'pé%m}ﬁay
cause Tisbe battagliai to float on the surface of the test solution. Oily subst

adhere to the carapace and other body appendages, and effectively chande)tfre density of
the organism in the test solution. In these circumstances, the interpret joy Of test data
can be difficult, as the assessment of lethality may be influenced by t tation Tests
can be carried out in sealed vessels (for example, glass vessel w ptum cap) where
air has been excluded, which should inhibit flotation. Before se %essels are used,
appropriate checks should be made to ensure the survival of T/sb battagliai in the dilution
water controls is not affected. The number of organisms W vessel used in the test
should not deplete the available dissolved oxygen during test period.

24.7 Other parameters AQ

Further information on other parameters whlc&) need consideration in specific
circumstances can be obtained elsewhere(1 including guidance on the testing of
effluents containing sparingly soluble sub es“g)

25 Disposal of samples

Test solutions and samples s @e disposed of according to documented procedures.

3 Marine cop Tisbe battagliai lethality test procedure

31 Introdtt)ﬁ}n

Based on prev@ published guidance(4'6), procedures are described for culturing the
marine cop isbe battagliai and conducting static toxicity tests to assess the effects of
aqueougé wonmental samples on their survival.

3.2 Test organism

The species used in the test is the marine copepod Tisbe battagliai. At the start of the test
the organisms should be at the first copepodid stage and be 5 - 6 days old. Test
organisms should be obtained from an age-standardised laboratory culture with a known
history.

3.21 Tisbe battagliai biology and life-cycle

Tisbe battagliai (Crustacea, Copepoda, Harpacticoida) are sibling species of the
holothuriae group. They are distributed throughout the shallow waters of coastal regions
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of Europe and the Atlantic coast of the USA, living on seaweed. They feed on epiphytic
micro-algae, detritus and bacteria.

The development of Tisbe battagliai (see Figure 1) passes from an egg stage to six
naupliar stages (N1 - N6) and five copepodid stages (C1 - C5) before reaching adulthood
(C6) and sexual maturity. Reproduction is sexual and requires the transfer of a
spermatophore from the male to the female of the species. Female copepods can
produce multiple broods after a single copulation, releasing first-stage nauplii from a single
conspicuous ovisac/brood chamber secreted from the opening of the oviduct. Under the
culture conditions described within this booklet, development from first-stage nauplii to
first-stage copepodid occurs during the period 0 - 5 days and development to a sexually
mature adult is usually completed within approximately 12 days. Females produgg their
first ovisac/brood chamber (assuming successful copulation) within about 12 - Qbys.
Successive broods of nauplii are produced at intervals of 2 - 3 days. The no@l ife
expectancy of the species is around 5 - 6 weeks. See also Figure 2. \(1/
N
N

3.3 Culturing of Tisbe battagliai

The following procedures should enable populations of Tisbe b@ai to be cultured in
the laboratory providing organisms suitable for assessing toxicity 6f aqueous
environmental samples. O

3.31 Maintenance of cultures @6
Tisbe battagliai should be cultured in glass or pQ rene vessels capable of containing

2 - 5 litres of natural seawater that has been fj through a 0.2 um filter. The culture
should be maintained at 20 £ 2 °C in a tem re-controlled environment, and should be
protected from direct sunlight.

At the water surface of each Tisbe @srgliai culture, the light intensity should be within the
range of 400 - 800 lux, and, idea hould be skewed towards the blue end of the
spectrum (colour rendering ir&z 90). Cool, white fluorescent light has been found
suitable, although other lig rces (for example, full-spectrum fluorescent light) may be
used. The photo-period in the testing should comprise 16 £ 1 hours of illumination
and 8 + 1 hours of da@.

3.3.2 .Fgffg

Tisbe battagtiai Cultures should be fed on a diet of marine micro-algae at a rate equivalent
to 3250,%\1 carbon per litre of culture seawater, i.e. 3250 ug C I'. Feeding should take
placa'% e time the seawater in each culture is renewed but more frequent feeding may
be requited if the population density of Tisbe battagliai (i.e. the number of organisms per
ml of medium) in the culture is high. As a guide, Tisbe battagliai cultures may need to be
fed more frequently if the Tisbe battagliai consume most of the algal cells and no
significant accumulation of algae occurs on the bottom of the culture vessel. Tisbe
battagliai cultures that are less than one week old and contain nauplii and early copepodid
stages should not normally require additional feeding.

A mixture of Isochrysis galbana and Rhinomonas reticulata cultures (in the ratio of 2:1,
based on carbon content) is ideal, as Tisbe battagliai preferentially feed on the smaller
sized Isochrysis galbana when in a juvenile stage, and on the larger sized Rhinomonas
reticulata when in an adult stage. However, any combination of marine micro-algal
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Figure 1 Summary of the developmental stages of Tisbe battagliai

Cl c2 Cc3

Copepodid stages

N6 NS5 N4

Naupliar stages

This figure is taken from reference 20.

Figure2  Tisbe battagli.f\\,

-y

e 5 8

Figure 2A Adult female carrying ova Figure 2B Second stage copepodid
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species (for example Nannochloropsis occulata), fed at the prescribed rate (see Table 3),
is suitable.

Table 3 Marine micro-algal cell densities to achieve 3250 pg C I"' culture

Approximate cell density (cells mI™") of marine micro-algae required to provide 3250 ug C I’

2.5 x 10° (Isochrysis galbana)

1.8 x 10® (Rhinomonas reticulata)

5.0 x 10® (Nannochloropsis oculata)

1.5 x 108 (Isochrysis galbana) plus 0.6 x 10® (Rhinomonas reticulata)

3.0 x 10® (Nannochloropsis oculata) plus 0.6 x 10® (Rhinomonas reticulata)

Marine micro-algae should be cultured according to the guidance given in A%N%?A.

,\\‘1/

The seawater in each culture should be completely renewed at leas %ce per week and
4d! br
o

3.3.3 Culture management

replaced with natural seawater (4.3.1) that has been freshly filterédjtbirough a 0.2 um filter.
The culture volume should first be reduced by about 75 % usin W siphoning process,
ensuring the siphon intake is covered with a nylon sieve, typically of 60 um mesh size.
The remaining contents of the culture should then be care@ passed through a sequence
of sieves in decreasing order of mesh size (see Table 4\to sort the Tisbe battagliai into
age/size groups. Approximately 200 ml of the finallyieved culture water should be
retained for retrospective water quality determina@ :

Table 4 Tisbe battagliai sorting mes{@

o

Nominal mesh size (pm) % Stages retained
180 (Q. Copepodids and adults
100 $ Il stages , except O - 2 day old nauplii
64 \ All stages

comprise the original ¢ organisms and should be isolated into a suitable container (for
example, a 100 ml g dish) by gently back-washing the mesh with freshly filtered
seawater. O

Organisms (from cultur(%i@ﬁer than 2 weeks old) retained on the 180 ym mesh
lisin

The organis thained on the 100 ym mesh comprise juvenile organisms, some of which
should be’&arded (in order to maintain the culture at the optimum population density)
unles;q ulture is less than 2 weeks old, when these will represent the original cohort.

Early nauplii stages should be collected on the 64 um mesh and these can be retained for
establishing new cultures. Cultures less than 2 weeks old will be non-reproductive and are
unlikely to contain any 0 - 2 day old nauplii.

Both offspring and adult stages may cling to the sides of the culture vessel after the media
has been removed. A gentle stream of seawater (4.3.1) delivered from a pipette or wash
bottle may be used to 'wash' these organisms onto the appropriate sieves.

The empty culture vessel should then be rinsed with hot water and the remaining seawater
discarded. The rinsing process should be repeated with distilled or deionised water and
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the water discarded before the culture vessel is finally refilled with fresh seawater, and
then food added.

The original cohort organisms should then be returned to the culture vessel. In order to
maintain the culture at optimal density the culture density may be reduced, i.e. “thinned
out” to approximately 100 - 150 organisms per litre of culture before returning to the culture
vessel.

In order to maintain cultures in an optimal state, a new culture should be established at
each seawater change by pooling the 0 - 2 day old nauplii isolated from all the individual
cultures during seawater renewal and inoculating these organisms into a new culture
vessel containing fresh seawater and food. The oldest culture should be discarded at this
time, or in general, after 4 - 5 weeks following establishment. '\

The temperature, pH, dissolved oxygen and salinity of both the fresh sea nd the
seawater retained from the cultures during renewal should be determinp{ recorded.

Supporting culture information, such as the time taken to produc \e\fi st brood, juvenile
productivity and the mortality of adults and juveniles should alsq,g corded.

4 Guidelines for toxicity tests using a range ﬁbncentrations
nce % This approach uses

ml of test solution for the
s, either as received or using a range

The procedure described here is based on previous
glass or plastic test vessels capable of holding at le
determination of the toxicity of environmental safy
of concentrations. 0
\

In the approach adopted (b

(i) The copepodids of Tisbe bat %ishould be 5 - 6 days old at the start of the test.
(i)  The dilution water used fo rols and dilution of samples should be seawater.

(i)  The test organisms wnot be fed during the test.

(iv)  The temperature of th&\{est dilutions should be maintained at 20 + 2 °C for the
duration of the tests

(v) ThepHofthet utions should be between 7.7 - 8.3 at the start of the test.

(vi)  The dissolve gen levels in the test dilutions at the start of the test should be
>50% A 20 +2 °C.

(vii)  The sali f the test dilutions should be between 20 - 36 %o.

(viii) ~ The lightifig regime should comprise a photo-period of 16 + 1 hours of light and

% rs of darkness.

(ix) %Qﬁsbe battagliai should be exposed for a duration of 48 + 4 hours but
observations may be made at 24 + 2 hours.

(x)  The results of the toxicity test should be rejected if the mean percentage lethality
observed in the control solutions exceeds 10 %.

(xi)  The approach taken for samples where any of the threshold criteria for the test
dilutions fall outside of the limits specified for the water quality parameters is
described in section 2. This involves testing adjusted test solutions 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.
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4.1 Design

The experimental design adopted (for example the number of exposure concentrations
and interval between test concentrations) will depend on the objective of the study, which
should be clearly defined at the outset!" ?").

4.2 Principle

In the Tisbe battagliai lethality test, Tisbe battagliai are exposed to aqueous environmental
samples diluted with seawater to a range of concentrations for a period of 48 hours. In the
context of these procedures, death (lethality) of the Tisbe battagliai is deemed to have
occurred when no swimming or appendage movement is observed within 10 secgqds of
gently agitating the test container. The different test concentrations in an appr: %
range may, under otherwise identical conditions, exert toxic effects on Tisbe@attagliai.
These effects will extend from the observation of no effect on the Tisbe baft i at lower
concentrations (0 % lethality, i.e. no deaths observed) to the observati tal lethality of
all Tisbe battagliai at higher concentrations (100 % lethality). t\

The data (i.e. % lethalities observed) should be used to determi;él/

(i) The effective (lethal) concentrations, i.e. the conce 1dn that results in 10 %,
20 % and 50 % of the exposed Tisbe battagliai bei illed after 48 hours. The
effective (lethal) concentrations are referred to %ﬁe 48 hour-LC+p, 48 hour-LCy
and 48 hour-LCsg values respectively. . A

(ii) The highest concentration where there@observed effect after 48 hours. This
value is referred to as the no observ ect concentration (i.e. 48 hour-NOEC).

(i)  The lowest concentration wher: re is an observed effect after 48 hours. This
value is referred to as the lo %»observed effect concentration (i.e. 48 hour-LOEC).

4.3 Reagents and ma¥grials
4.3.1 Dilution wat

In toxicity tests, thec?)q)r used for the controls and the dilution of samples should be
seawater. O

Natural sea atgshould be used and should be obtained from a site known to be free of
signific amination. An assessment of the natural seawater quality should be

carri %y 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 known to be toxic towards Tisbe battagliai. Seawater
with concentrations of these parameters above those deemed ‘safe’ for Tisbe battagliai
should not be used.

43.2 Hyper-saline brine solution
Hyper-saline brine solution should be used for the salinity adjustment of samples and

sample dilutions (2.4.3).
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Heat approximately 3 litres of natural seawater water (4.3.1) to 60 °C in an uncovered

5 litre glass beaker. Stir continuously and allow the aqueous contents to evaporate slowly
over 24 - 48 hours but do not allow the solution to boil. The salinity of the solution should
be monitored during the evaporation process (by sub-sampling and dilution). When the
salinity reaches approximately 115 %o, remove the heat source, but stir continuously while
the solution cools to room temperature. When cooled, the solution should be filtered
through a 1 um glass fibre filter into a sterile glass bottle.

The resulting hyper-saline solution can be stored for up to 6 months in the dark at room
temperature.

4.3.3 Apparatus cb .

In addition to normal laboratory glassware and apparatus, the following equi@t may be
required:

Test vessels (for example multi-well plates capable of holding 5 ml més}‘solution) made
of non-toxic inert material (such as glass or polystyrene). \

A temperature environment to maintain test solutions at 20 + 2 ){1/

A low power stereo microscope with 6 - 20 x magnification.

Equipment for measuring pH, dissolved oxygen, salinity a@perature.

Wide bore (1 mm diameter) glass Pasteur pipettes for g rring Tisbe battagliai.

L

4.4 Test procedure A@
4.4.1 Acquisition of Tisbe battagliai @?\podids for use in tests

Test organism acquisition should be estatf@&hed 5 days prior to starting the test to allow
organisms that are known to be of the @uired age (i.e. first-stage copepodids) to be
generated from mature cultures.

Prior to isolating test organis &{;om cultures selected water quality parameters of the
dilution water (4.3.1) shoul%\ietermined and checked against the criteria given in

Table 2.

An appropriate nun@f mature cultures (i.e. greater than 2 weeks old) should be
selected and ad igolated on a 180 um sieve. This should be carried out in the same
manner as for &e seawater renewal. The sieve should then be washed to ensure that
all juvenilg/l% stages are not retained on the sieve. The adult organisms should then be
washed i appropriate isolation vessel (for example, a 1 litre glass beaker). The
isolauﬁk;&sels containing the adult Tisbe battagliai should then be filled to 500 ml with
dilution Water (4.3.1) and the Tisbe battagliai fed with an appropriate volume of marine
micro-algae (3.3.2). The date and time of adult isolation should be recorded.

Adult Tisbe battagliai should be removed from the isolation vessels between 20 - 24 hours
after establishment by passing the contents of the vessel through a 100 pym sieve. This
ensures that nauplii that are less than 24 hours old pass through the sieve. The adult
Tisbe battagliai retained on the sieve should be returned to the appropriate culture. The
date and time of adult removal from the isolation vessel should be recorded.

On the day of the commencement of the test (i.e. 5 days after isolation vessel
establishment) the contents of the isolation vessel should be passed through a 180 pym
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sieve followed by a 100 um sieve. A sample of isolation water (200 ml) should be retained
for water quality measurements and the remainder discarded. Any Tisbe battagliai
retained on the 180 um mesh should be discarded. Tisbe battagliai retained on the 100
pum sieve should then be washed (using as little seawater as possible) into a suitable
holding vessel (for example, a 100 ml crytstallising dish). All the organisms obtained from
each individual isolation vessel should be pooled together into a single holding vessel and
stored at 20 £ 2 °C until required.

4.4.2 Preparation of test dilutions
An appropriate concentration range should be prepared, with the ratio between the

concentrations not exceeding 2.2. See Table 5 for the preparation of typical teste&lu}ions
comprising 100 ml of test solution. Appropriate details should be recorded. '\

Table 5 Preparation of test solutions (19
Nominal concentration® Volume of seawater (ml) VolurT\ f effluent (ml)
0 (control solution ) 100 (1/ 0.0
0.1 99.9 NY o1
0.22 99.8 Q 0.22
0.46 99.5 O 0.46
1.0 99.0 b 1.0
2.2 97.8 @ 2.2
4.6 95.4.\4 4.6

10.0 00 10.0
22.0 g9 22.0

46.0 éa:o 46.0
100.0 S 0 100

* % viv %

On the day the toxicity test is t cbﬁnence, the concentration range should be prepared in
volumetric flasks by diluting eawater) appropriate amounts of the effluent or
leachate. If appropriate, t ilutions can be prepared directly in the test vessels. For
each test series, a contr, ould be prepared which contains dilution water only. At least
four replicate test ve hould be used for each test concentration, along with six
replicates of the co@

The remainingt dilution (i.e. not added to the test vessels) should be used to determine
the selecte@ater quality parameters shown in Table 2, both at the beginning and end of
the te s@propriate details should be recorded.

443 Initiation of the toxicity test

For each sample dilution, a minimum of 20 organisms (i.e. four groups of five organisms)
should be exposed while 30 organisms (i.e. six groups of five organisms) should be
exposed in the controls. Appropriate details should be recorded. The number of copepods
in each replicate should not exceed five per 5.0 ml of test dilution (i.e. at least 1.0 ml of test
dilution is required per organism).

The copepods should not be fed during the course of test as the inclusion of food in the
test medium may:
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(i) increase or decrease the effects of the toxicant, as a consequence of the toxicant
being adsorbed onto food particles;

(i)  alter the dissolved oxygen content of the test solution by increasing the biochemical
oxygen demand;

(i)  alter the physiology of the specific instars used for the test (i.e. first-stage
copepodid) and change the uptake and metabolism of the toxicant;

(iv)  introduce additional variability into the test.

power stereo microscope) using a wide bore Pasteur pipette to minimise any d

occurring to the organisms. The Tisbe should be checked after transfer by ing the

organisms (under a microscope) against a dark background with tangenti an. If any

of the copepods are not active, or appear to have damaged antennae, % ould be

replaced with substitute copepods from the available pool. It is also cﬂ%irc; hat the volume

of seawater transferred to the test dilution with the copepods be olted so as not to
K

The copepods should be transferred to the test solutions (under observation withE onv

significantly affect the test concentration. This is best achieved Ry ipitially transferring
20-30 copepods into a ‘pre-exposure’ vessel (for example an unu well on the plate)
containing the same concentration of test dilution as that to_v/ich they are to be exposed,
immediately prior to transfer to the exposure vessels. By @lmising the volume of culture
water added to this vessel, and also the volume of ‘pr osure’ water added to the
exposure vessels, the potential dilution effects of te @ganism addition can be minimised.

4.4.4 Monitoring water quality C\JQ\

Water quality measurements should be on aliquots of test dilution (for example
200 ml) which have undergone the sarnge, exposure period under identical conditions to the
test vessels but do not contain Tisb agliai.

4.4.5 Terminating the ttq'im y test

Similar recordings ma ade at different times (for example 24 hours) but this is not
usually critical for té@é dertaken with environmental samples. Copepods are considered
dead if they don ibit any swimming or appendage movement either within 10 seconds
after gently pm& the organisms, or following gentle agitation of the test vessel. A low
power microsc should be used to aid observations. Any anomalous behaviour of the

copepog&’\ Id also be recorded.
4.5

The number of survivingpods in each test vessel after 48 hours should be recorded.

Processing of results
4.5.1 Validity of the results
The results of the toxicity test should be rejected if the percentage lethality observed in the
control exposures exceeds 10 %. In addition, data from tests on effluents or leachates

should only be accepted if the results of the concurrent reference toxicant test (see section
6) meet internal quality criteria" 2",
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4.5.2 Data handling

Endpoints such as the LC1o, LC29, LC50, NOEC and LOEC values should be determined
using an appropriate validated computer-based statistical package. The endpoint values
for a Tisbe battagliai lethality toxicity test are based on the percentage of dead Tisbe
battagliai at each test concentration.

Most computer-based statistical software packages will enable the calculation of endpoint

values without further data manipulation. The total number of exposed Tisbe battagliai

(usually 5 per replicate) and either the number which have died or the number which have

survived, are entered for each test vessel and a proportional effect (taking into account the

corresponding numbers for the control exposures) is calculated. Q) .
'\

453 Estimation of LC values

The 48 hour-LC1p, 48 hour-LCy, and 48 hour-LCs values (and other L qés if
necessary) should be determined using appropriate statistical proc (see Figure 3).
Confidence limits (p = 0.95) for the calculated LC value should b i\er ined and quoted
with the test results.

Table 6 shows examples of data produced to show the eﬁﬁéﬂ Tisbe battagliai survival
by an effluent. Table 7 summarises the LCso values degived/irom the data in Table 6 using
different statistical procedures. eb

Table 6 Example results of the lethality \af\ﬂ%be battagliai by an effluent after

48 hours exposure 0
Scenario 1 & Scenario 2 Scenario 3
Effluent Number Cumulative L@Iity Cumulative  Lethality Cumulative  Lethality
concentration*  of Tisbe number of @ number of (%) number of (%)
(%) battagliai  dead $ dead dead
exposed organi organisms organisms
Control 30 Q 0 0 0 0 0
0.1 0 0 0 0 0
0.22 0 0 0 0 0
0.46 & 10 0 0 0 0
1.0 20 0 0 0 0
2.2 () 5 40 0 0 0 0
4.6 @ 11 55 9 45 20 100
10 15 75 20 100 20 100
22 % 20 19 95 20 100 20 100
46 \ 20 20 100 20 100 20 100
100N 20 20 100 20 100 20 100

* Range oncentrations expressed as a percent of the effluent sample concentration.

The data in Table 6 may be used to check that in house statistical procedures provide
comparable results to those given in Table 7.
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Table 7 Summary of 48 hour-LCs, values (and 95% confidence limits) for the data
in Table 6 estimated by different statistical procedures

Scenario Statistical procedure 48 hour-LCsp (%) 95 % confidence limits  Slope

1 Probit (Tox Calc) 3.3 23-46" 1.8
Probit* 3.3 28-3.8 1.8
Moving average® 3.2 27-37
Binomial* 3.6 1-10

2 Probit approach not valid
Moving average approach not valid
Binomial* 4.8 22-10
Spearman-Karber (Tox Calc) 4.8 41-57

3 Geometric mean 3.2

* Computer-based statistical package(zz) % .

similar results although the confidence limits are greater for the values dexived using the
binomial procedure. Where there are less than two intermediate effect Jb@ entrations

For the data in Scenario 1, the probit, moving average and binomial proc:{@ produce
(Scenarios 2 and 3) the LCs values derived are less statistically sos{&s

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

From the interpolation of the dose response curve of@gﬂative Tisbe battagliai mortality
(probability scale) against effluent concentration ‘(I%r ale) shown in Figure 4 for
Scenario 1, the 48 hour-LCsg is 3.25 % v/v efflyead, The values obtained graphically
complement those obtained using computer-t& software (see Table 7).

When analysing data from the Tisbe batta@ai lethality test the following points should be

considered: %
o

(i) If the results include conc tions at which there are 0 - 10 % and 100 % lethality,
and also two concentr s at which the percentage lethality is between 0 - 10 %
and 100 %, then pratgismoving average and binomial methods should provide
similar estimates LC values. Probit analysis should be used to estimate LC
values, 95% co nce limits and the slope of the dose response curve.

(ii) If the re ué& not include two concentrations at which lethality is between
0-10 % 100 %, the probit and moving average methods cannot be used. The
binorriial method can be used to provide a best estimate of the LCs value with wide
o@d nce limits. The use of non-parametric methods such as the Spearman-
& er or Trimmed Spearman Karber methods may enable the determination of an
LCso value to be made.

(i)  Where the data obtained are inadequate for calculating an LCsp value, the highest
concentration causing no lethality and the lowest concentration causing 100 %
lethality should be identified. An approximation of the LCso value can then be made
from the geometric mean of these two concentrations. In this case, the ratio of the
higher to the lower concentration should not exceed 2.2, otherwise any LCsg
calculated will be less statistically sound.

(iv)  Inall instances, the LCs value derived from any of the above procedures should be
compared with a graphical plot on logarithmic-probability (log-probit) scale of
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percent lethality for the various test concentrations. Any major disparity between the
graphical estimation of the LCsp value and that derived from the statistical
programmes should be resolved.

Figure 4 Dose response curve of cumulative lethality (probability scale) against
effluent concentration (log scale)

90—
704
N’
Lethality 50_ _ Q
(%) \(1/
_ N
30 | \\
_ S
N\
;. S
AQ)
ﬁ 48 hour-LCsp = 3.25 % VIv
L} |
| | | KN | | |
0.22 0.46 1.0 @.2 4.6 10 22
6 Effluent concentration (% v/v)
o
4.5.4 Estimation of the'NOEC and LOEC

In the Tisbe battagliai let @) test when using 4 replicates of 5 organisms per test
concentration, the NO nd LOEC values should be calculated using Fisher's exact test.

5 Guid€§és for single concentration toxicity tests

5.1 . \%;an

The aﬁ}%’nent of the toxicity of receiving waters should be carried out on an undiluted
(i.e.100 %) sample and appropriate controls using the procedures described in section 4.
Receiving waters may not meet the criteria specified in Table 2 for the selected water
quality parameters required to support Tisbe battagliai and in these cases the sample
should be adjusted using the procedures described in section 2.

Toxicity tests with Tisbe battagliai for monitoring or screening against defined toxicity limits
may also be carried out on a single concentration of effluent or leachate sample (toxicity
limit) and appropriate controls. The concentration of effluent or leachate would need to be
appropriately chosen.
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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) and recorded.

5.3 Processing of results

An assessment of how the responses in the single effluent or leachate concentration
compare to those in the control solution should be carried out using hypothesis testing
(see Figure 5). The hypothesis tested should be that the responses in the sampl re, not
significantly different from those in the controls.

Initially, the proportion of organisms surviving in the controls and the sing lﬁ
concentration should be transformed using an appropriate procedure s the arc sine

square root transformation. The arc sine square root transformation, i | monly used on
proportional data to stabilise the variance and satisfy normality a ogeneity of
variance requirements. Shapiro-Wilk’'s or D'Agostino D-test sh me used to test the
normality assumption.

If the data do not meet the assumption of normality the trgmn—parametric Wilcoxon rank
sum test should be used to analyse the data. If the dat& fneet the assumption of normality,
the F-test for equality of variances should be used t t the homogeneity of variance
assumption. If the data meet the homogeneity o nce assumption then the standard
(homo-scedastic) t-test should be used to an

variance assumption leads to the use of a nQ ed (hetero-scedastic) t-test, where the
pooled variance estimate is adjusted for ual variance, and the degrees of freedom for
the test are adzj usted. Further informati%on these statistical procedures can be obtained
elsewhere®

e‘the data. Failure of the homogeneity of

Table 8 shows example data
and controls. In Scenario 1
(hetero-scedastic) t-test i
groups (t=2.24,p<0
the standard (homo
responses in the

B{S'for a single concentration test (i.e. 0.46 % v/v effluent)
quality of variances cannot be confirmed and a modified
tes a significant difference between responses in the two

n Scenario 2, the variances are equal (F = 1.80, p = 0.53) and
astic) t-test indicates no significant difference between the

roups (t = 1.20, p >0.05).
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Figure 5 Flowchart for the analysis of single concentration test data from the
Tisbe battagliai lethality test

Lethality data

\ 4
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v ok

Are data distributed normally? (Shapiro Wilks or D’Agos)i\@)\est)
\*

Yes ﬂ&\ l/

\
Are variances homogeneous? (F-test) Mcbx\on rank sum test
.
Yes No Q
Standard (homo-scedastic) t-test Mg(@d (hetero-scedastic) t-test
<\
N\

Table 8 Examples of data for a sing@oncentration Tisbe battagliai lethality test
and the results of statistical dnalysis

Effluent Number of Cumulati (bl'_ethality Method of Result of statistical analysis
concentration Tisbe numker (%) statistical

(%) battagliai analysis

exposed o&ms
Scenario 1
0 (Control) 30 & 0 0 Modified t-test ~ Significant difference (p<0.05)
0.46* 3000 3 10
Scenario 2 QO
0 (Control) 0 1 03.33 Standard t-test No significant difference (p>0.05)
* % 30 3 10

0.46* NS
* Expre add percent of the effluent sample concentration

6 Guidelines for reference toxicant tests using zinc

6.1 Design

Tisbe battagliai lethality tests which are carried out to provide toxicity data on
environmental samples, should be accompanied by tests with the reference toxicant zinc

(as zinc sulphate). Reference toxicant tests should be conducted according to the
procedures described in section 4.
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6.2 Reference toxicant preparation
6.2.1 Zinc 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 cargied out
and used to prepare an appropriate range of concentrations. The range shown ble 9

should be used when no previous data are available. Q

The test concentration range of zinc for subsequent tests can be modifip@b sed on initial
results to allow the derivation of more precise 48 hour-LOEC and 4&@ *LCsp values.

Table 9  Zinc concentration range '\(1/
Zinc concentration (mg1”) Volume of seawater (ml) Volume o@c working solution 6.2.2 (ml)
0 (control solution) 1000 O 0.0
0.1 999 6 1.0
0.32 996.8 @ 3.2
1.0 990 . A 10.0
3.2 968 32
10.0 900 (\)Q\ 100
6.3 Test procedure &

Reference toxicant tests should b& d in the same way as described section 4.
6.4 Processing of resc{lss

The 48 hour-LOEC and @ur-LC5o values should be calculated using the procedures
described in section 4.
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Appendix A Marine micro-algae culture as food for Tisbe battagliai

A1.1 Introduction

This section describes details of the procedures, materials and equipment required for the
culture of marine micro-algae, as a source of food for cultures of Tisbe battagliai.

A1.2 Source cultures
Axenic (un-contaminated) uni-algal source cultures may be obtained commercially.

Source cultures should be held at 15 + 2 °C under moderate illumination (1000 £A00 lux)
with a light:dark photo-period ratio of 16:8 hours. Under these conditions the CLK
should be viable for up to 21 days after receipt.

A13 Laboratory cultures t\\(ll

A series of sub-cultures should be established from each source I to provide a
supply of algae as inocula for larger scale batch culturing. A se ?‘!Lf sub-cultures is
essentially an exponentially growing population of algae maintai d in a nutrient unlimited
environment. As the population of cells in one sub-culture aches nutrient limitation an
aliquot of cells is inoculated into fresh media, where the_pdpilation should continue to grow
exponentially. This process is then repeated. (6

Sub-cultures should be grown in 500 ml conical fi ’sks containing 100 ml of growth media
at 20 + 2°C under 10000 + 1000 lux with a phete-period of 16 hours of light and 8 hours of
darkness. Flasks should be mixed intermitteQ every 24 - 48 hours by gentle hand swirling.

A single series of sub-cultures should be maintained for greater than three months
before a new series is initiated with source culture. This should avoid the accumulation
of bacterial contamination in the ulture, which may lead to the culture failing to grow.
Marine micro-algae are partic ?ﬁq;ly susceptible to such contamination, being relatively slow
growing compared to many. inely cultured freshwater species. This may allow time

for bacteria to grow in suffi t quantities to compete with the algal cells for available
nutrients.

Sub-cultures sho@)e inoculated with 3.33 x 10° - 3.33 x 107 cells I'' and sub-cultured at
intervals of 7 -

Mature sul ltures (i.e. 7 - 10 days old) should be used to inoculate large scale batch
cultupﬁ
A1.4 Batch cultures

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

Batch cultures should be grown under identical conditions to sub-cultures using 2 litres of
growth media in a 2.5 litre conical flask, and inoculated with 3.33 x 10° - 3.33 x 10’ cells I"".

Batch cultures should be mixed and aerated using a continuous, sterile, oil-free air source
and grown for up to 10 days before concentration.
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Following incubation, batch cultures should be concentrated, by centrifugation, to produce
algal-feeding stocks of known cell density and organic carbon content.

A1.5 Growth media

The media used to culture marine micro-algae should be natural seawater of salinity
25 - 35 %o filtered through a 0.2 pym filter, with additional nutrients as given in Table A1.

Nutrients should be added in the form of concentrated stock solutions (prepared using
analytical grade reagents as given in Table A1) dissolved in reverse osmosis grade water.
Stock solutions should be filter-sterilised and may be stored at 4 °C in the dark fi o

3 months. '0\{8

Immediately before use, 1.0 ml of stock solution A and 0.05 ml of stock s G@B should
be added to each litre of seawater and the final solution filtered-sterilis %(i r to algal
inoculation.

Table A1 Preparation of algal media stock solutions '\(1>

Stock solutions Q Concentration in
O stock solution (g™
Stock solution A (Nutrients) 6
sodium nitrate, NaNO3 @ 100 g
sodium di-hydrogen phosphate dihydrate, NaH .2H,0 209
iron(lll)chloride hexahydrate, FeCl;.6H,O 6’ 139
X

manganese chloride tetrahydrate, MnCl,.4 0.36 g
boric acid, H3BOs3 33.6¢g
di-sodium EDTA, Na,EDTA.2H,0 6 45 g
Stock solution C 1 ml
Stock solution B (Vitamins) §

vitamin By (thiamine hydroch|dtde 0.4g
vitamin B2 (cyanocobalané}} 0.02g*
Stock solution C (Trace Is) **

zinc chloride, ZnCl, 219
cobalt chloride he N@rate, CoCl,.6H,0 20g
ammonium mol e tetrahydrate, (NH4)sM07024.4H,0 94¢
copper sulph ntahydrate, CuS0O,4.5H,0 209

* Addition to mixed=Stock should be via a more concentrated single chemical stock solution.
** Stock sof C should be acidified by the drop-wise addition of N/10 hydrochloric acid until the solution

remai@@
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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, LE7 7NW f\%
http://www.environment-agency.gov.uk/nls (19

,\'\

Standing Committee of Analysts '\(1>
This document is based on an Environment Agency funde@ect for the development of
methods to assess effluent and receiving water quality yitheeomments provided by
Environment Agency ecotoxicology specialists, SCA bers of Working Group 8 and the
Main Committee. A

N\

>
%
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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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