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PREFACE

The Regional Seas Programme was initiated by UNEP in 1974. Since
then the Governing Council of UNEP has repeatedly endorsed a regional
approach to the control of marine pollution and the management of marine
and coastal resources and has requested the development of regional
action plans. The Regional Seas Programme at present includes ten
regions and has over 120 coastal States participating in it. (1), (2)

One of the basic components of the action plans sponsored by UNEP
in the framework of the Regional Seas Programme is the assessment of the
state of the marine environment and of its resources, and of the sources
and trends of the pollution, and the impact of pollution on human health,
marine ecosystems and amenities. 1In order to assist those participating
in this activity and to ensure that the data obtained through this
assessment can be compared on a world-wide basis and thus contribute to
the Global Environment Monitoring System (GEMS) of UNEP, a set of
Reference Methods and Guidelines for marine pollution studies are being
developed and are recommended to be adopted by Governments participatling
in the Regional Seas Programme.

The methods and guidelines are prepared in co-operation with the
relevant specialized bodies of the United Nations system as well as other
organizations and are tested Dby a number of experts competent in the
field relevant to the methods described.

In the description of the methods and guidelines the style used by
the International Organizalion for Standardization (ISO) is followed as
closely as possible.

The methods and guidelines, as published in UNEP’s series of
Reference Methods for Marine Pollution Studies, are not considered as

final. They are planned to be periodically revised taking into account
the development of our understanding of the problems, of analytical
tnstrumentation and the actual need of the users. Tn order to facilitate

these revisions the users are invited to convey their comments and
suggestions to:

International Laboralory of Marine Radioactivity
International Atomic Energy Agency

c/0 Musee Qceanographique

MC3IR000 MONACO

which is responsible  for the technical co-ordination of the development,
testing and intercalibration of Refercnce Methods.

(1) UNEP: Achievements and plaoned development of the UNEP’s
Regional Seas Programme and comparable programmes
sponsored by other bodies. UNEP? Regional Seas Reports

and Studics No. 1 UNEP, 1982.

F. HUIM: A Strategy for the Secas. The  Regional Seas Programme:
Past and Future {ONEP, 1983.
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This issue of the Reference Method for Marine Pollution Studies No.
44 was prepared in co—operation with the Food and Agriculture
Organization of the United Nations (FAO) and the International Atomic
Energy Agency (IAEA). It includes comments received from a number of
scientists who reviewed the method. The assistance of all those who
contributed to the preparation of this reference method is gratefully
acknowledged.
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1. SCOPE AND FIELD OF APPLICATION

This reference method describes procedures for estimating the
toxicity of poisons to marine phytoplankton and zooplankton. Procedures
are given for estimating the median effective concentrations (EC50) of
poisons to phytoplankton, and the minimum algistatic concentration
{MAC-5). For zooplankton, procedures are given for determining. median
lethal concentrations.

2. REFERENCES

REISH, D.J. and OSHIDA, P.S. (1986) Manual of Methods in Aquatic
Environment Research. Part 10. Short—-term static bioassays. FAO
Fish. Tech. Pap. (No.247) 62pp.

UNEP/FAO/IAEA (1986)Estimation of the acute lethal toxicity of pollutants

to marine fish and 1invertebrates: Determination of the survival
time—-concentration relationship (toxicity curve) and the estimation
of median lethal concentrations. Reference Methods for Marine

Pollution Studies No.43, UNEP.
WARD, G.S. & PARRISH, P.R.(1982) Manual of Methods in Aquatic Environment

Research. Part 6. Toxicity Tests. FAO Fish. Tech. Pap.(No.185)
23pp., Rome, FAO.

3. PRINCIPLES

Organisms are exposed to each of a range of concentrations of the
poison under test. For phytoplankton, the median effective concentration
(EC50) is estimated 1in terms of the number of individuals surviving, the
biomass of individuals surviving, or the chlorophyll content of the
individuals surviving. For zooplankton, the median lethal concentration
(LC50) is estimated by conventional log-probit analysis of the mortality
data.

4. REAGENTS

4.1  For_phyltoplankton lesis
Filtered sea water
Distilled water

KNO-



Kl 104
Zn504. TI,0
Cuiily . El'izl:l
Lokl - THa D
' NuaMully - 2Hz0
Suwdiion EDTA
Crystal line vibamin R12
Bictin
Thismine bydrochloride
Toxicant stock saolution
1.2 Far zugplapkion tests
Filtered =en water
Tux tomnl. slackh salulion

MOTE: Meniobeammee ol weoplunklon o Lhe laboralory Freguealby reguices
the maintenance of phytoplacklos cultores as 3 food gsource,

AL APPARATOS

a.1 For phylgplenkion Lests
Autncdinve
Frloomeyer Flasle {varioves sizes)
Mmoo
Cunstant tewperaturoe raomn ot enclocsars
Fluornsoont Tiganliong sysLam
L ETETER ) AR RS SR LA FITE
hutomitic particle counter foptionall
Orbital shakor
Flucrometor (oplioml)
Hosmerfonn tser (ol Toweal )
LogariLimic prabab Lty graph paper

Salinomelear or salini by piches ol adeguale acone oy
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For zooplankisn tests

Culture vessels of 13-50 litce capacity
Mirroanope

Constant, temperature coom or euclosore
Pasteur pipoelicos

Hilazs test wesacls of approprinte gize
lpgarithmic-probability graph paper

NOTE:  #Mainbenopce of zooplankton in the laboratory  frogquendly  requires
the maintenance of phyloplankton cultures as & foad source,

NO'TE: & wmrmple  shert of logarithmic-probability graph papor is §neluded
at the cod of 1his manual, which may be photocopied in case of difTiculty
in obtaining supplies frem commercial sources.

B. MATNTENANCE OF STOCE PHYTORLAWKTON CIMTURES

EG.1 TLaborataories widertaking  toxicily tesils  wilh phybeplankton should
veshali) ish o and maintain stock cultures of the required species. It i=s
geaerully  epsjer and moere reliakle to obtain the initial cullures Crom a
riepulabile biolovical supplier than to attempt to izalate pure collures
from tield colleclions.

.2 Enlulicnx requirsd

Bt Aoalution A : Lag waler: s sea wabtor feow  an
wisontamivarhedl sourze, (illered through a G015 pm filter to  resove  aigas,
bBacturizn wd  parbioulaic malber, ArLificial sesa water may be ased F
rergrasary . SGynlhetic sea water may ke made up from the following Tarenla-

Chemical Quantity {g)
Nl b 23 92k
Nein B0l 4 .0iE
KT 0.677
NH:HC 0. 1095
KRy 0. 034
[147100-, 0.0726
Wil 8. 003
MgiZ1o . HHgl 10,43
Cultlg . 240 1.52
Srilg. 2HAD .o
DistTlled smier to 10040

Adjusk the saltipily 1o 3032 by diluting with dooble-distilied
walen .

6.2, dolwbaen B - onetrate stoclk solulions  Disselee 5¢ KROg in
Litye nf digrilled water.,  This sololion may be slored in a  vefrigarslor
Teroum L G b

.24 Solution T - wuhosplwle  slock  sololion: Fimee lve OoGHE
Rl feo L Tliers of disLilled waler.  1This solubion may ke stored iz
efeigerator [or un Lo 3 mondls .



65.2.4 Solution D - Trace metal mixture:

(a) Dissolve 30mg ZnS04.TH90; 25mg CuS04.5H0; and 20mg CoS04q.7Ho0
in 1 litre of distilled water.

(b) Dissolve bg FeClg.6Ho0 and 2g MnSO4 in 1 litre of distilled
water. Ignore any precipitate.

{c) Dissolve 25mg Na2M004.2H20 in 1 litre distilled water.

(d) Dissolve 50g of sodium ethylene diamine tetra acetate (EDTA)
in 1 litre of distilled water.

NOTE: These solutions must be made up separately.

6.2.5 Solution E — vitamin B12: Dissolve 10mg crystalline vitamin
B12 in 100m! distilled water. Store in freezer until required.

6.2.6 Solution F - Biotin: Dissolve 10mg biotin in 100m1
distilled water. Store in freezer until needed.

6.2.7 Solution G —  Thiamine hydrochloride: Dissolve 100mg
thiamine hydrochloride in 100ml distilled water. Store in freezer until
needed.

6.3 Preparation of stock solutions

To prepare the stock solutions for use, carry out the following
operations.

6.3.1 Obtain the appropriate quantity of sea water (solution A).
6.3.2 Take 1 ml of solution B and add it to 999ml distilled water.
6.3.32 Take 1 ml of solution C and add it to 999ml distilled water.

6.3.3 Take 100ml of EDTA solution (section 6.2.4.) and 10ml of
each of the other solutions described in 6.2.4., and add them to 800 ml

distilled water.

6.3.5 Thaw solulion E, take 1 ml and re-freeze the remainder. Add
this Iml to 99ml distilled water.

6.3.6 Thaw solution F, take 1 ml and re-freeze the remainder. Add
this tml to 99m) distilled waler.

6.7.7 Thaw solution G, take 1 ml and re-freeze the remainder. Add
this lml to 99wl distilled water.

NOTE These diluted solutions should be made up immediatcly before usc,
as they do not keep. When the required amount of culture medium has bheen
made  up, the diluted solutions must  be discarded. The diluled heavy
metal mixture, however, can be stored 1n a refrigerator for up to 4
months.

G.4  Preparation_of cullure medium

NOTE: In this section, the solutions referred Lo are the diluted
solutions prepaved as described in 6.3 from the original stock solutions
described o 6.2
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To each Lilre of sea water, add:
[Gu]l pitrste solubion (BY,
Iml troce metal mixture sobulion (0,
Iml vitmsis BE12 moluation (B3,
lml hiatin =sclabisn (F), and
Iml thiawioe: hydrochloride solubion {6
B4 2 auloclave this mixture.
E.4.4  Auboclave Lhe requived quantity of phosphate selution ).

B.4.4 Add l0ml of plesphbale soluiion te €ach 1ilre of  suloclaved
ol Letre medism.

I If ooy precipitate ocours, 1L may be necrssiary Lo Tilter the
merleum bhrongh stecids 2.45 poe £ ters before use,

G.006 The wedium 13 now resaly Do ouge. To avoid  contamination,
all glassware zhould be autocloved  wod asentic techniqen employed when
haadl ing the medium.

8.5  Dspense the mediue ialu 3000l Erlenmeyer fiasks snd  dinoculate  eack
Tlosk  aseptically with 510wl of alysl culture. Mace a ootton wool plog
in the mouth aof  epch 1 T:esh. Tneubate at 20 *C under cood wliita
I'lwirrescent Tiuhiliny fe.g. "G - Lux™ ) at s tight inlensity  of
approximately 2000 Yk, oo an wrbital  shaker ot 190 rewvolutions poT
minule.

b Te maintaio 4 comtingous sapply of healthy cells, aliguots of cach
aloch culture should be tranefoesed weskly, upder  aseplic  conditions, Lo

ekl v preparcd TR 17 S R TR R AT " Each culture  should be  clecioed
periodically by microscople cxaminat ion Lo snsuce thabh they have nob Beco
contaminaled with il e apenios. Corfaminated  ocultiurwes shoald  be

raa Jeted,

T. TERT MIGCENUAE FOR PHY MO0OLANETON

1.1 Twne  Tesils z2re carsied nut K each gy Rt 1 preliminary
eangre- Tamiling Sesl and o definidiwe besl.

o8 Pewmtx omay be onrriod omal o wsing tbe Same wedium oAz ois ougsed Po
Esialenzm e of stock cullures. Semoe warkets, Fiwower, prefor bo oose  seos
water s Lhe  Lest oedvas, amd some Lo s codn owalos sopplementod with
oL matrrenis, Sinoe dafferent S]ILIT R have b Eierrent
characlariatios and Bnviromnental vesqulecmznls, t5r spei T
o dat Lo ts o Jdivest B, Whichower  wediue iz chosen showld  he
alene sy mglml, War«h & Parrish  {s=e Uetercoges, secbion 27 doscr b

st b gt pasd Do

Tob fhe plsenl seaci b ians M ightiog  and  lomperatase)  ohoald Le: Ll
A s Phe  slock  cullece condivionsz,  uoliese  Lhe  porooss sf bhe
vaprerTmen? o seanoees Ll hey ke LT erenl,



7.4 there the experimental conditions {test medius or physical
conditions) differ from those of the satock culture (other than the
presence of the toxicant), cultures of the test algae must be eacclimated
to the test conditions for at least 7 days before the experiment begins.
This is done by inoculating culture flasks as described in section 6, but
incubating them under the conditions that will prevail during the
experiment. Inoculation of the experimental cultures should be made from
the acclimated cultures.

7.5 All glassware should be thoroughly cleaned, acid—washed, rinsed in
distilled water and preferably autoclaved before use.

7.6 The preliminary test is carried out in exactly the same way as the
definitive test, except that the range of toxicant concentrations is
different.

7.7 Select the range of  toxicant concentrations. At least 5
concentrations, plus a control, are required.

For the preliminary test, successive toxicant concentrations _should
be one order of magnitude apart, e.g. 0.01, 0.1, 1, 10, 100 mg 171, The
purpose of the preliminary test is to establish the approximate toxicant
concentration which is effective.

In the definitive test, more closely-spaced concentrations should
be selected, and they should follow on approximately logarithmic series.
For example, if the preliminary test indicates that the effective
"concentration of fhe toxicant is about 1 mg 17, the range 0.1, 0.2, 0.5,
1, 2, 5, 10 mg 17° may be selected.

7.8 Prepare a minimum of three replicate series of test vessels. For
the definitive test, five replicates are preferred.

7.8.1 The test vessels are 250ml Erlenmeyer flasks containing
100ml test medium.

7.8.2 Place the required volume of inoculum in each test vessel.
The volume of inoculum required is determined by the procedure described
in 7.9, and should not exceed 10ml.

7.8.3 Add sufficient fresh medium to bring the total volume to
100ml .

7.8.4 Add the required amount of toxicant and agitate the flask.

NOTE: The toxicant should be added from a concentrated stock solution,
and should be a very small volume (< Iml). If the volume of foxicant
solution required exceeds 1lml, a more concentrated toxicant stock
solution should be used.

7.9 Determination of the inoculum volume

7.9.1 Determine the algal cell concentration in the stock
solution.  This may be done using a haemocytometer or, if available, an
automatic particle counter. In either case, the instructions. supplied

with the apparatus must be followed exactly.



NOTE: Not all automatic particle counters are suitable for use with

algal celils. They wmust be fitted with the appropriate accessories and
specifically set up for algal cells. Otherwise they wiil produce erratic
and erroneous results. In case of doubt, consult the manufacturer.

7.9.2 Calculate the required volume of inoculum. If it exceeds
10ml, the stock culture must be concentrated.

Example: Assume the stock culture contains 34000 cells/ml, the test
flasks will contain 100ml medium, and the required initial cell density
is 10,000 cells/ml. The total number of cells required is 100 x 10,000 =

10°. The required inoculum volume is therefore
106 = 29.4(ml)
34000

This volume is too large (since a large proportion of the test
medium will be made up of exhausted medium from the stock culture).
Therefore the stock culture must be concentrated.

7.9.3 The stock culture is concentrated by centrifuging,
discarding the supernatant, and resuspending the algal cells into a
smaller volume of medium.

7.9.4 Estimate the cell density of the concentrated stock culture
as described in 7.9.1. Re-calculate the required volume of test medium.

Repeat the process until the required volume of inoculum is less than
10ml.

7.10 Seal each flask with a cotton wool plug. Note the time. Place the
flasks on an orbital shaker at 100 rpm, under appropriate conditions of
lighting and temperature.

7.11 Leave the flasks for 96 hours.

7.12 After 96 hours, determine the density of algal cells in each flask,
using the same method as was used to determine the density of algal cells
in the stock cultures.

7.13 1If the biomass of the algal cells is to be determined, use one of
‘the following procedures.

7.13.1 Filter the contents of each flask through a pre-weighed
0.45 um filter. Dry at 60°C for several hours. Weigh each filter
paper. Subtract the weight of the filter paper from the weight of the
filter paper and algal cells to determine the biomass of algal cells.

7.13.2 Alternatively, centrifuge the contents of each flask,
discard the supernatant, and wash the cells three times with distilled
water. Repeat the centrifuging between each washing. Transfer the
biomass to a pre-weighted crucible and dry at 60°C for several hours.
Subtract the weight of the crucible from the weight of the crucible and
biomass.

7.14 1f the Cllocophyll-a content of the phytoplankton is to be
estimated, proceed as follows. '

7.14.1 Set. up operate a fluorometer to measure chlorophyll-a in
accordance with the manufacturer’s instructions.



7.14.2 Homogenise the test solution.

7.14.3 Fill a cuvette with homogenised test solution. Use a
cuvette filled with test medium to zero the fluorometer.

7.14.4 Estimate chlorophyll—a content according to the
manufacturer’s instructions.

7.15 If the winimum algistatic concentration (MAC-5) is -to be
determined, proceed as follows.

7.15.1 Reseal the flasks and incubate under the same conditions
for one more day.

7.15.2 Centrifuge the contents of each flask and discard the
supernatant. Resuspend the algal cells in fresh test medium without the
toxicant. Repeat this process twice more to remove toxicant.

7.15.3 TInoculate fresh flasks containing 100ml of test medium with
a suspension of cells from each of the initial test flasks, to give a
final cell concentration of approximately 10000 cells/ml, wusing the
method described in 7.9.

7.15.4 Seal each flask with a cotton wool plug and re-incubate
under the same experimental conditions for a further 9 days.

7.15.5 After 9 days, estimate the algal cell density in each flask
using the procedure used previously.

NOTE: MAC-5 cannot be estimated if the test cultures have been used for
biomass and/or chlorophyll determinations.

8. DATA ANALYSIS IN PHYTOPLANKTON TESTS

Three alternative methods of data analysis are presented.
8.1 Tabulate the data as shown in Table 1.

NOTE: In the example given, data for the number of phytoplankton cells
per ml of test medium are used. Exaclly the same procedures are used for
data on algal biomass or chlorophyll-a concentration.

8.2 To determine the concentrations of toxicant which exert a
significant effect on the phytoplankton, compare each mean value with the
control mean value using the Student Newman-Keuls test. This test is
described in detail by Reish and Oshida (see references in section 2).

8.3 To determine the 96h ECH0, calculate the percentage reduction in
each concentration, compared with the control value. UUsing
logarithmic-probabilily paper, plot a graph of percentage reduction
{(probability scale) against poison concentration (logarithmic scale), and
proceed as described in section 11. :



Table 1. Tabulation of data from a toxicity test with phytoplankton, showing the number
of cells per ml of test medium after 96 hours

Test concen Replicates Standard  Mean ¥
truliYn, 1 2 3 4 5 Mean deviation reduction
mg 17 compared
w/control
Control 115000 122000 114000 126000 119000 119200 4970 -
0.1 114000 116000 108000 119000 116000 114600 4090 3.85
0.32 98000 101000 99000 110000 96000 100800 5450 19.3
0.56 28000 47000 33000 41000 39000 37600 7335 . 68.5
1.0 16000 21000 18000 19000‘ . 17000 18200 1924 84.7

1.3 4000 7000 6000 8000 6000 6200 1483 94.8
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NOTE: The data analysis method described in section 11 for zooplankton
is exactly the same as the method used here, except that data for
percentage reduction in cell numbers, biomass or chlorophyll-a are used
in place of mortality data. The final result is expressed as the 96h
EC50 (median effective concentration) instead of 96h 1IC50 (median lethal
concentration).

NOTE: In some cases, exposure to pollutants may cause an increase in
cell density, biomass or chlorophyll-a. This should not occur in a
definitive test if the preliminary test has been properly carried out and
interpreted correctly. However if it does occur, investigators should

consider carrying out properly-designed biostimulation tests.
8.4 Determination of minimum algistatic concentration (MAC-5).

NOTE: This is only possible if the additional procedure described in 7.5
has been carried out.

8.4.1 For each replicate at each test concentration, calculate

1 N
K = ngt ‘le )

where K = the growth constant,

Nj=number of cells at the end of the recovery period,

No=number of cells at the beginning of the recovery period,

t“= the length of the recovery period in days (generally 9 days).

NOTE: Remember that the cells were exposed to the toxicant for 5 days,
therefore the final result will be the 5-~day minimum algistatic
concentration (MAC-5).

8.4.2 Calculate the mean values of K and their standard deviations
for each toxicant concentration.

8.4.3 Compare each mean value of K with the mean control value of
K, using the Student Newman-Keuls test (see Reish & Oshida, references
section 2), or Student’s t-test.

8.4.4 The MAC-5 lies between the lowest poison concentration which
give a K-value which is significantly different (at the 95% level of
confidence) from the control value, and the highest concentration whose
K-value is not significantly different from the control.

NOTE: 1t is obvious that the MAC-5 cannot be determined accurately,
since it must always lie between two of the concentrations actually
tested. Therefore tesls to determine the MAC--5 should include
closely-spaced Conc?ntrations, and should be expressed thus: "The MAC-5
is less than x mg 17+, or "The MAC-5 lies belween x and vy mg 17",



_11_

9. MAINTENANCE OF ZOOPLANKTON CULTURES

9.1 Although a limited range of species may be available from commercial
suppliers, zooplanktonic species are best obtained by collection from the
field. It is frequently found that in a collection of zooplankton, a
single species is overwhelmingly predominant.

9.2 Transport the collected material to the laboratory in ‘aerated
containers, taking care to protect the animals from large changes in
temperature and strong sunlight.

9.3 Examine the individuals under a microscope, and select individuals
of the species required. Transfer them, using a pipette, to a separate
container.

9.4 Culture conditions

Many zooplankton species have been successfully cultured in the
laboratory, but the precise requirements of many species are not known.
Investigators should undertake a literature search to discover if the
specific requirements of the species they wish to culture are known.
Some experimentation will be required to establish optimal culture
conditions. Laboratories which wish to undertake toxicity testing with
zooplankton must first successfully establish stock cultures of the
species concerned. The following general recommendations may be useful,
and further information can be found in the references listed in Section
- 2.

9.4.1 The culture vessels should be between 10 1 and 50 1 capacity.

9.4.2 Filtered natural sea water from an uncontaminated source is
the preferred medium. Synthetic sea water may be used, but many species
do not thrive in freshly-prepared synthetic sea water. If synthetic sea
waler is used, it must be conditioned for at least a week before use.

9.4.3 Continuous aeration must be provided.

9.4.4 Feeding requirements vary Dbetween species and some
experimentation will be required to determine the optimum quality and
quantity of food. The feeding requirements of some commonly-used species
are:

Acartia tonsa: feeds on a mixture of four species of phytoplankton -
Skelctonema costatum, Thalassiosire pseudonara, Isochrysis galbana
and Rhodomonas baltica (see section 6 for details of phytoplankton

culture methods).

Tigriopus sp.: feed on a suspension of finely-powdered fish food such as
Tetra Min.

Tisbe sp.: feed on Duniallela.

Mysidaceae sp.: feed on newly-hatched Artemia nauplii.

9.4.5 The temperature should be maintained constant, and be
appropriate for the species concerned, taking into account its natural
habitat.
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9.4.6 Cultures of zooplankton need regular care and should be
examined daily. Excess food and other detritus should not be allowed to
accumulate, and the entire culture should be transferred pericdically to
a new vessel with fresh sea water.

9.4.7 Samples of the zooplankton culture should be examined
periodically under the microscope to ensure that they are not
contaminated with other =zooplankton species. Contaminated cultures

should be rejected.

9.4.8 In many species, laboratory cultures lose vitality after a
few generations, so it will be necessary to establish new cultures
periodically.

10. TEST PROCEDURE FOR ZOOPLANKTON

10.1 The test vessels should be made of glass, and sufficiently large to
contain 100ml of test solution. It is advantageous if they are of such a
size and shape to be placed on the stage of a binocular microscope, for
examination of the animals during the test.

10.2 Select the range of test concentrations. At least 5
concentrations, plus a conlrol, are required. The test concentrations
should follow an approximately logarithmic series, e.g. 0.1, 0.2, 0.5, 1,
2, 5mg 17

10.3 Prepare the test vessels by adding the appropriate quantity of
toxicant stock solution to filtered sea water, so that each vessel
contains 100ml of test solution of the required concentration.

10.4 Select the animals for the test.

10.4.1 A minimum of 10, and preferably 20, animals should be used
in each test vessel. An equal number of animals should be used in each
test vessel.

10.4.2 Examine each animal individually under a microscope.
Reject any animal which appears diseased, injured or damaged, moribund,
or in any way abnormal. Also reject females carrying eggs.

NOTE: Because of the short generation Lime of zooplankton species, it 1is
possible to obtain more animals at the end of the experiment than were
present at the beginning. Therefore it 1is particularly important to
exclude gravid females from toxicity tests.

NOTE: [f more than 20% of the animals are rejected owing to disease,
injury or other abnormality, it is 1likely that the entire culture is
unhealthy and animals from that culture should not be wused for
expoeriments.

10.4.3 Place the required number of animals into each tlesl  vessel,
starting with the lowest concentration of toxicant. Note the time. The
experiment has now begun.
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10.4.4 Place the test vessels in a suitable room or enclosure
where the temperature and other physical conditions are controlled at the
required levels.

10.4.5 Decide upon the duration of the experimentt It will be
assumed that this is 96 hours.

NOTE: Toxicity tests of duration less than 96 hours are of very limited
value, as they tend to produce misleading conclusions. Ideally, toxicity
tests should continue as long as possible. However, since zooplanktonic
organisms have short generation times, there is a possibility that

animals will reproduce during the test, thus invalidating the results.
Therefore 96h is recommended as a standard duration.

10.4.6 After 96 hours, count and record the number of animals
surviving in each test vessel.

NOTE: Particular care must be taken in deciding whether or not an animal
is dead. Living animals will normally be moving, but animals which
appear immobile should be examined carefully under a microscope. If any
movement of the appendages, digestive tract or internal organs are
observed, the animal should be counted as a survivor.

10.4.7 Estimation of 24h LC50, 48h LC50 or 72h LC50 may be made if
the number of animals surviving in each test vessel at these times is
recorded. The data analysis procedure is exactly the same as described
in section 11 for the 96h LC50, except that mortality data corresponding
to the earlier observation times are used.

NOTE: Some investigators may wish to determine median survival times
(LT50) at each poison concentration, and construct a toxicity curve. The
same experimental procedure is employed, but observations on mortality
must be made more frequently.

11. DATA ANALYSIS FOR ZOOPLANKTON TESTS

The 96 hour LC50 and its confidence limits are estimated as follows.

11.1 Tabulale the data as shown in Table 2. The percentage mortality in
each test concentration is required, and is equal to

N-x

x 100
N

where N - the initial number of animals in the test vessel and x - the
number of animals still alive after 96 hours.

11.2 Using logarithmic-probability graph paper, plot a Jraph of
percentage mortality (probability scale} against poison concentration
(logarithmic scale} as  shown in Fig. 1. TIgnore zero and 100% mortality

values.
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Table 2: ‘A sample of the hypothetical required to estimate the 96h LC50

of a poison, and to test the goodness of fit of the probit line shown in
Fig. 1.
Poison No. of Animals Observed % Expected Contribgtion
Concentthion Tested Mortality % Mortality to chi
mg 1~ 96h
1 10 10 12 0.004 -
2 10 30 24 0.02
5 10 50 45 0.01
10 10 60 64 0.007
20 . 10 80 79 0.001
50 10 100 - -
Total chil = 0.042

Since the number of animals tested per concentration 1is 10,
the chi® wvalue is 0.042 »x 10 = 0.42. The number of concentrations tested
is 6, excluding the control (note that 0% and 100% values are not wused in
plotting the 1line). The number of degrees of freedom is theregore (6-2)
= 4. Using Table 3, it can be seen that the initial value of chi with 4
degrees of freedom is 9.49. Since 0.42 < 9.49, the line shown in Fig. 1
is a good fit and the 96h LC50 and its confidence limits can be estimated
from this line.
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NOTE: LC50 values cannot be calculated by this procedure unless the
graph includes at least one point exceeding 50% mortality, and at least
one point below 50% mortality.

11.3 Fit a 1line, by eye, to the points on the graph and test its
goodness of fit by the procedure described in 11.8.

NOTE: 1In most cases the number of points on the graph will be small. If
there are fewer than four points on the graph, the LC50 value cannot be
calculated accurately, and the investigator should consider repeating the
experiment with more closely-spaced pollutant concentrations. Because
the number of points on the graph is small, it 1s essential that the
goodness of fit of the 1line is tested by the procedure described in
11.8. If the line is not a good fit, further 1lines must be drawn and
tested until a line of good fit is obtained. :

11.4 If the line is a good fit, read off values for LC16, LC50 and 1C84
as shown in Fig.l. Calculate S, the slope function of the line,
according to the formula

Lcga + LES0
LC50 IC16
- 2

11.5 Determine the value of N. This value is defined as the number of
animals tested at concentrations whose expected effects were between 16%
and 84% mortality.

NOTE: 1In Fig. 1. there are five points. on the graph. The expected
mortality at poison concentration lmg 17! is less than 16%. The expected
mortalities at the other four concentrations all 1lie between 16% and

84%. Since 10 animals were tested at each concentration, N = 10 x 4 = 40.

| 11.6 Calculate f, where

f = antilog (2-77 log S) = g 2.7 Iy

N

11.7 Calculate the upper and lower 95% confidence limits of the ILCS0.
The LC50 value is read from the line (see Fig. 1), provided that the line
is a good fit (see 11.8).

Upper confidence limit = LC50 x
LC50 —

f
Lower confidence limit = C f.

11.8 Testing the goodness of fit of a probit line

NOTE: In some cases, a line of good fit cannot be constructed. If,
after following this procedure, a line of good fit cannot be obtained,
the 1050 value cannot be determined by this method. In such cases other
methods of data analysis are required, or modification of the
experimental procedure should be considered.

11.8.1 Tabulate the observed mortality values and the expected
mo: ctality values for each point on the graph (see Table 2).
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NOTE: The observed values are the actual mortality wvalues recorded
during the experiment. The expected values are those which are read, at
the appropriate concentration, from the fitted line on the graph as shown
in Fig. 1.

1.8.2 Using the nomograph in Fig. 2, determine the contribution
to chi® of each point on the graph (see Table 2).

11.8.3 Determine the sum of the individual contributions to chiZ.
Multiply this by the number of animals tested per concentration, i.e. i
10 animals were tested in each concentration, multiply the total chi
value by 10 (see Table 2).

NOTE: Although the number of animals tested at each concentration should
be the same, it occasionally happens that this is not the case. In this
circumstance, calculate the ratio:

Total Number of animals tested

Number of concentrations tested

and multiply the total chi? by this value. When making this calculation,
do not include the controls.

11.8.4 Determine the number of degrees of freedom: This is given
by N-2, where N 1is the pumber of concentrations tested. Do not include
controls in this calculation.

11.8.5 Using Table 3, read the value of chi? for the appropriate
number of degrees of freedom.

11.8.6 If the chil value of the 1iné; as calculated in 11.8.3, is
less than the appropriate value given in Table 3, the line is a good fit
and the analysis may proceed as described in 11.4. .

If the chi® value of the line is equal to or greater than the
appropriale value given in Table 3, the line is not a good fit. In this
case, construct a new line and repeat the procedure for testing its
goodness of fit. Continue until a.line-of good fit is obtained.

NOTE: 1In a few cases, a line of goodﬁfit cannot be constructed and the
LC50 value cannot be calculated by this method.

NOTE: Where the constructed line is of good fit, it is nevertheless good
practice to construct and teﬁt several lines, to determine the 1line which
has the minimum value of chi<.
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FIGURE 2. Nomograph for the determiunation of chi? (see 11.8). To  use

the nomograph, construct a straight line (or use a ruler) which connects
Lhe expected % effect value {on Lhe left -hand axis) Lo the wvalue of the
difference helween  the  observed and  expected  values  {on the central
scale}. FProject this line forward until it intersecls the chi- axis on
the right of the diagram. The chi® value is read from the intersection.

In the diggram, one  oxumple is shown. T the expected wor' (dity
15 30%, and Lhe observndq mortalitly is  25%, the chi= wvalue is  0.012.
Hemember  that  this chi< value must be multipticd by the pumber of animals
tegled per concentration, and  added e the chic values ocalculated 0

stmilar Cashiron for the other peints on Lhe graph.



- 19 -

Table 3. Critical wvalues of chi? for testing the goodness of fit of a
probit line by the procedure described in 11.8 (if the chi value of the
line is equal to or greater than the value shown in the table for the
appropriate number of degrees of freedom, the line is not a good fit and
must be rejected)

Degrees of freedom Chi?
1 3.84
2 5.99
3 7.82
4 9.49
5 11.1
6 12.6
7 14.1
8 15.5
9 16.9

10 18.3
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