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PREFACE

The ZRegional Seas Frogramne was initiated by UNEP im 1974, Since
then the Governing Council of TUNEP has repeatedly endorsed a regional
approach to the control of marine pellution and the wenagement of marine
and coastal resources and has requested the develepment of regional
action plans. The Regional Seas Programme at present Includeg ten
regions and has over 120 coastal States participating in ir. (1), (23

One of the basie components nf the action plans sponsored by UNEP
in the framework of che Regional Seas Programme 1s the assassment of the
state of the marice environment and of its resources, and of the sources
and trends of the pollution, and the impact of pollution on humsn health,
marine ecosystems and amenities. In order to mssist thase participatiug
in this actlvity and to ensure that the data obtained through this
aSSCEEMent can be compared on a world-wida haziz and thus contribute to
the Globhal Envireoment Monitoring System (GEMS) of UNEP, =z set of
Reference Methods and Guidelines for marine pollution studies are being
developad as part of a programme of comprehensive rechmieal support which
includes the provision of expertc advice, refercncoe mechods and materials,
Craining and data qualicy assurance (3).  The Methsds recommended to be
adopted by Governments partlcipacing in the Regional Seas Programme.

The methods and guidelines are prepared in en-operatiom with the
relevant specialized bodles ol the United Nativnos svstem az well as other
organizations and are cested by a number of experts competent in the
field relevant te the mechods describod.

In the description of the methods and guidelinas the style used by
the International Organization for Standardization (150} is followed as
elosely as possible.

The methods and pguidelines, as puhlished in WNEP'c saries of
Reference Methods for Marine Pollution Studies, are not conzidered as
final. They are planned to be periodically revised taking into account
the development of our wunderstanding of the problems, of analytical
instrumentation and the actual naad of the users. In order to facilitate
theze revisions the users are invited to rconvey their comments and
sugppestions to:

Harlnme Envirommental Studies lLabaratory
Internatienal Atomic Enargy Agpency

International Labaratory of Marine Radicastivity
2, Awvenue Prince Hereditaire Albert

MCSE000 MONACO

vhich is responsible for the teclmical co-ordination of the development,
testing and Intercalibration of Refercnce Mathods.



PFREFACE cont’d.

(1} 1INEP; Achievements and planned development of the UNEP s
Eegional Seas Programme and comparable programmes
‘sponsored by other bodies. UNEF Eegional Sesas
Eeporls and SLudies Ho. 1 UNER, 198%.

(23 P. HULM: . Strategy for Lthe S&eas. The ERegional Seas
Programme . Past and Future UNEPF, 1983,

£33 UHEFR /TAELTOC: Eeference Methods and Materials: 4 programme of

compprehensive support for regional and global
marine pollucicon assessments. TNEF 1988
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Thigz issur of the Reference Mathod for Marinme Pollutionm Studles Na
43 was prepared in co-operation with the Food and Agriculture Organlization o
the United Nations {FAQ) and the Intermational Atemic Unergy Agemcy (TAKA)
It includes comments recelved from a number of scientists who reviewad th
method and particularly the conclusions of the FAQ/UNEP Consultatiom meetim
on the toxicity of sclected substances to marine organisms held I
Villefranche-sur-mer, Franece, 13-14 Oegober, 1985 The assistance af al
those who contributed te the preparation of this reference method 1
gratefully acknowledged.
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i. XNCOPE AND FIEILD OF APPLICATION

This refercnce melhod deseribes a simpls procedure for comparing  theo
toxiclty of oll, oil dispersansts, and mixtures thereof, to marine animals. It
allows the toxicity ef differen: dispersants toe he rapidly compared ta that
of oil. er of a mixture of oaiil and oil dispersant., It is designed for
Toutiune menitoring and screenlng purpases and [s  wvote appropriate as g
researci melhod.

NOTE ; The physical and chemieal properties of oil and ail digpersants
credte @many difficultles dn the measuraments of their texicity to marine
urganisms ., Sirictly speaking, their texicity ean only ba accurately
estimated uslug complex procedures and apparatus, {& relacively simple
spparatus  for preparing ofl/water or ail/waterfeil dizperzant amulsivns is
described In Appendix B}. Simpler wmethods easn rrovide uszeful infermation,
provided  Lheir Limitacions  are clearly  understood and  taksn into
consideration in the assessment and application of thelr results, Some  of
the specisl considerations relating to the measurement of the toxiciby of oil
and ¢ll dispersanls are descrlbed in appendiz A, The Appendix  alse  oxplains
the ratiorale and Jlimitatlons of the method deseribed here. (Appeadin &
should be carefully read before rhis method is Attempted. )

?_  EEFCEENCE4

REISH, D..J. AND OSHIDA, P.D. (1986) Mamsl of Methods for Marine
Erwlronment Resesrch, Part 10, shert-term static hicassays, Fag
Fish. Tech, Pap. {No.247) 62pp.

UNEP /FAO/TAEA(LDRY) Test of the acute letrhal teowicity of
pellutants to marine f1sh and invertebrates: Reforence Methods for
Marine Pollution Studies Ho. 43, UNHP.

WARD, G.5. AND PARRISH, P.E. £1982) Mavual of Methods in Marine
Bnvironment Research. Pari 6. Toxlcity Lests, FAG.  Fiszh. Tech,
Fap. (Mo.135) Z3pp., Rome, FAL,

3. PHRINCIPLES

Aquecus  extracts of o0il, wul o0il dispersants or of mixtures of ail
and wll dispersantc are mzde., Samples of 10 test animals are expozad to  cacl
of a series of dilulionz of thiz swtract. The concentrations of the cxtracts

which kill half of Che rest smimals within 24 hours are estimated. A zimple
test of significance Iz uzed tu indicate the relative coxicity of the
substances tesCed. Il a standard oil or standsrd ofl dispovsandt 15

avallable, the toxtciiny of an oll dispersant can be compared to that of the
standards.



HMOTE: Irn some countries, oxperlments on living animals are subject to
certain legal zresztricticns. Investigators should ensure that they hold any
necessary licemsss or permissions before commencing any experiments.

4. DPEAGERTS

4.1 Sea Water

This water may be wmatural sea water, artificial sea water made from

commercial sea salt, ov  synthetic sea water made up by disselving the
appropriate chemicals in demincralised water. T& is atrengly recommended that
natural sea water he uscd whenever possible. Commarcial sea salts (e.g.
"instant Ocean" are acceptable as second choiee. Synthetic sea water {=ae

section 4.1.3%% should only be used LI rthere iz ne alternative. Investigators
should be aware that such synthetic sea waler may he contaminated with trace
heavy metals, even when high-grade chemiczls are used.

8.1.1 Maimral soa water: Depending wpan its origin, natural sea
water may require settling andfor filtration before use. it should be drawn
From an uncontaminated arca and should not have hezn in contact with metallic
pipes or pumps.

4.1.% artifieial sca water made from ecosmercial =ca =alts  (as
supplied [or afguarial: Should be made up axmantly according to  Lhe
manufacturer’s recommcndaszions  (some adjuslw=nl to  salinity may be made,
according te local  eonditlions). Sufficizant ses water should be made up to
last for ihe entire duration of the experlment or experiments. Before usme,
the sea water should be aerated vigorously for at least 48 hours to ensure
equilibration with air, and the pH should stabilise ar 8.1 - 8.2, after
equilibratien, any preclplliate which has formed should be removad by settling
or [iltration, Avoid contacl with metallic implements.

HOTE ; Many species do net thrive in freshly-prepasred artificial sea
water. Tdeally, the water zhould he "conditioned" in a recirculating
labaratery aguarivm for a5 long as pessible before 1t Is used for
enperinental purposes.

4.1.3 Synthetic ssa water may be made up from the feollowing

Tormula:
Chemical Quantity {g)
Walll, 23,9246
Nag30, 4,008

XC1 3.677



NaHGO g 0. 196
ERy 0.0%%
H3BOy 0.026
NaF 9.003
MgCly  6HaO 1. 83
CaCls.2Hs0 |
SrClo. 2HaO 0.02
Distilled water to 1liG0g

Dissolve the substances in the order shown in distilled water, and
make up to 1000g. MHote that this formula glves sen water of 35 salinity, If
other salinities are reguired, adjust the amovmt of distilled wator pPLoc  rata,
e.g. for sea water of 37 salinity, dissclve the above chemicals with
disti)led water to %46 g,

Analyrical grade resgents should he wuszed, Sufficient ses water
should be made up to last for rthe entire duration of the experiment or
eXperiments. Equilibrution should be carried out as in section 4.1.3. Any
precipitate formed should be removed by gertling or filtration, Avoid

contact with metal implements,
NOTE: Sea water made by this method 1s Tary eXpensive,

4.2 Qil

If the oil Is required for a telatively small number of tests,
proceed as in 4.7.1, If the oil is to he used as a standard or reference
materizl in a longer programme of testing, proceed as described in 4.,2.2.

NOTE: In some circumstances it may be nesessary Lo establish 3 standard or
rveference ¢Il, whose toxicity can he compared to that of wther oils or to
that of oil dispersants, in a long-term programme of taxicirty testing. There
is mno intermationaliy-apreed standard or refarence eoil ter tomicity testing
purposes. Furlher, olls from the same snutee and of the same  specification
do  vary iIn their chemical constitution From time te bime, Therefere, if it
1s desired to establish & standard or reference 0il, ecach laberatory must
obtain & large guantity of suitable oil, such thar sufficient oil is
available to complete (he anticipated pregramme. In practice, a quantity as
large auy 1000 litres may be passible. Light crude ¢Il. or light fuel oil are
useful  as  standards, but the choice of standard oil depends upon the precise
purpose of the testing programme.



4,2.1 Generally a sample of about 1 litre of oil will be

sufficicnt. Place the sample in a sultable test container. The container
must nol be made of plastic, Tlibreglass or other synthetic material, it
should praeferahly be opague. Fill the ceontainer completely and seal it
tightly, ensuring that no alr is lefr inside rhe container. The container

should oot he unsealed until immediately before vsc. Tf the oil has to be
stored before wse, store it in a cool, dark place,

4.2.2 Fnsure that the stock of reference woil iz thorvoughly mixed,
by a means which does not regqulirs e¥posurs o air. Divide the stock inte
aliquots of 0.% ur 1.0 litre in contalpers as described io 4.2.1. Seal the
sontainers and stoere in a ceool, dark place. During this precess, avold as
far az posslble exposing the oil to air.

MOTE: Handling and sterage of large quantillez of oIl sheuld be carried
out with due regard te safety precaullons. Tn  some countries there ara
spocific laws or vepulations which must be fellowed, and dnvestigaters  should
cnsure that Lhey comply with these.

=

23 Dil dispersant

If the oil dispersant 1l required for a rvelativaely zmall number of
tests, proceed as in 4 3.1, If the il dispersant iz to be used as a
standard or yeference materlal In a lotger prograwms of testing, proccced as
described in 4.3.37,

HOTE: Althovigh 611 dispersants are generally more precisely formulared
than ells, their exact chemical compesition can vary frem time te time, as
many matulscturers aleer the specification of  Che dispevsant periodically.
Aleo, wany wmanufacturers de nel, in preeties, precizely define or conrral rhe
composition of their products; snd frequently a particular dispersant may ba
withdrawn from supply for cemmercial reasons. It is therefore advisable o
entablich a stock of stsndard or reference oil dispersant.

A.3.1 Obtalwn & sawple of the o0il dispersant and treat it exactly as
deserxibed in 4.2.1.

4.3.2  Treat the stock of relerence ¢il disparsant exacily as
dezeribed in &.2.2.

A Analytical rcagents {oplicmal}

Beagenita for the mecasurcment of petreleun hydrocarbon concentratlons
in water-sccunmadated fractions of oil, eil disperssant or oilfeil dispersani
mixtures as deseribed in scctiom %$.5.



5. AFPPARATYUS
5.1 Apparatus for preparation of the agueous extract of oil or oil
disper=sants
5.1{.1 Mapnetic stirrers.
5.1.2 L licre and 5 litre conical flasgks,
3.1.3 Glass tubhing.
2.1.4 Halinometer or salinity probe of adequate accuraey.

5.2 The test vessels

These should he made of glass, and of appropriate =ize f(see 7.1.).
Vesgels made of plastic, fibre-glagss, ot other synthetic matevials are not
sulbable.

3.3 Logarithmic-probability graph paper
3.4, A constant-temperature room or enclomswre of approptlate size.
5.5 (Optional) Apparacus for the measurement of the concentrationz of

petroleum hydrocarhons iIn water-accommodated fractinng of oil, ell disperzant
ot oil/oll dispersant mixtures, az deszcribed in section £.5.

&. THE EXFERTMENTAT. ANIMALS

G.1 Any available fish or macroinvertebrate species which  can he
maintained in the labeoratery for the rvequired pericd may be used. They
should be obtained from an uncontaminated area, or from agquaculture, and as
far as possible should be of similar sire. For the purposes of this method,
small orpanisms are preferred, hut species which are known to be resistant Lo
pollutants, or to react slowly to tham, should obviously he avelded.

HOTE: Detailed Instructions on the care and wmaiotenance of many
commonly-used experimental animals are given in the references listed in
sectioan 2,



6.2 Acclimation to laborkatery entwlitions

MNOTE.: laborstories which are reurinaly engaped in toxiecity tastinpg, or Iin
which a =series of toxleity experimants is to take place, should estahlish and
maintain a stock of acclimated teast animals, In some cilvcumsiances ik may be

necessary to conduct experiments ant short notica using unacelimated animals.
In these caszes care must be taken to ensure that The experimental conditions
are =imilar +to thasce of the enviroenment fram which the animals wers =zken:
particuley attention must be pald to the incidenee of mortalities among the
contrel  animals; and the fact that wnacclimated anlmals have besn used should
te reported and taken inte aecount when the significance of tha results is
azssessed.

h.2.1 Animals sheuld be transferred +to stack kEanks in the
laboratory as  soon  as  possible after captiute. They should be kept in
gquarantine for at least 14 days.

£.2.2 During this peried they may gradually be acclimated to the
temperature of the experiment, provided thal temperature change does not
exceed 100 pav day,

WOTE : Some speciles are partticularly sensitive to temparvature changes and
may tequire lenger acclimatien perieds,

6.2.3 Mozt animals ean be  maintained satisfarteorily under
conditions o¢f continueus low-intensity illumination. fvoid unpredictabls
alterations in lighting c¢onditions, e.p. sudden switching on and off of
Yights. TIf peszible, a eongistent photoperied regime should be emplowed,
w.g. 14 heurs Llight, 10 Thaours dark {rhe photoperiod repime should roughly
eovvaspond te  that in  the mnatwural covirenment which prevailed when thae
animals were eollecred), During the "dark” phase It is uselul, o facilitate
sbservation, to maintain a wery low level of illumination rather than
comp lete darkmess,

MOTE: Spine species are particularly mensitive to the lewel of Illumination
and sudden wariatlens In the level of 1illumination. Failure to maintaln
crpganizms under lzabotratery conditiens is sometimes due to an unsatisfactory
light repime.

£.2.4 During the quarantine period, the animals should be ohserved
closely and an attewpt made to establizh normal feading on a sultable dist,

6.2.5 At the end of the guarantine period, iIf more than 20%¥ of the
animals have died, show visible sipns of dissase or appear moribund, the

eutire bateh szhould be rejeeted and fresh animals ssught for the experiments.

6.3 Seleerion of aniwals for cxperiments

1f the atock animals are judzed generally acceptable, discard any
individuals which are meribund, not feeding normally, or showing signs of
disease or any other abnormalicy.



f_d& Discontinuatien of feediug

Animale selected for an experiment should Tot be fed For 48 hours
pricr to the starr of the axperiment,

7. THE EXPERTMENTAI. CONDIYIONS

HOTE: In thls refarence mothed, the experimertal conditions required have
beent simplified a= far as possible. Imvestigaters should be aware, however,
of the large influence of the experimental conditiens on the result ol the
experiment. Consult rhe reforences givon in section 2.

7.1 Volume of test zalution

Each experimental vescel should contain at least 1 litre of Lest
solutlon per gram of animal tissue, and proeferal:ly more,

HOTE: Since  the test solutlons must be prepared as described in section g,
the advantages of choosing amall animals for the experimeni: are olear, Sea
also 7.2.

7.2 deratlon

Sinece asration promotes tho  evaporation of volatile substances, it
1i preferable rthat the vessels are not asvated.

HOTE; Jince the experiment  jasts only 2& hours, swzll animsls  can b
satisfactorily maintained if the valume af test zalution is sufficiant.

7.3 Tempetratura

The temperature of the experiment shouwld be the same as Lhe
acclimation temperature {ges & %),

7.4 Szlinicy

It is advisahle to chack that the gsalinity of the test solurion does
not dlffer {+ 1) from that of normal seca water.

7.5 pH

It is advisable to check that the pli of the tesl salucions does not
differ {+ 0.053) from that ¢f normal sea water.

7.6 Tllumination

The eonditions of illumimation should he ithe same 25 rthose uwsed
turing the acclimation period,



8. THE EXPERTHENTAL PRCCEDIRE

B.1 Estimarte the total volume of text solulion required.

MOTE - The wvalume of test solution teguired depends upon the zize of the
test wvessels, and the toxicify of the material to be tested (l.e. rthe extent
to which the test aotution has to he diluted). Soma preliminary

expetrimentation will sometimas be required to establish the wnlume © of rest
salution regquired.

5.2 Prepare the required wolume of test sclutlen. 7o prapare a test
solution of il or of oil disperszanc, procead as  dessvibaed in 8.2.2. To
prepare a test solutlon of a mistnture of oil and oil disparsant, proceed as
described in 8.2 1.

B 7.1 Plsece 9Hml af =2ea water, 100m1 of ail and 10 ml of nil
disper=zant Ir & L-liftre flazk., Do neot place a stopper on the flask. Proceed
ag described in £.2.3,

B.2.2 Place 900wl of sea water and 10ml of oil or ol dispersant
in a 1l-litre flask. Do nort plesce a stopper an the flask,

a.1.13 Put a Teflon-covared maghetic bhar in the flask and place the
flask on a magnetle sbirrver. Adjust the zpasd of the stirrer =so that the
vortex in the ftlask deecs not excesd mora than *5% of tha distance frem tha
top of the filuld to the hertom af the flask., srir Tha mixtura fnr 20 houers,

B.2.4 After 70 hours turn aff tha stirrer and allaws the mixture tn
git  wndisturbed  for 30 minutes, Two layars aof fluid awist, the
water -aceomnadated fraetion in rhe lawar lawe],

E.2.% Siphen rthe water-accammodated frantion Ehrough plass  tubing
into a one-litre Erlawvmevar flask, Plare a szftoepper on the Flask until
required for the bioazzay,

HOTE This proecedure prapatres ahout 900ml of rest anlucion. More =oclutivn
may be required e.g. it the matarial is not very toxice ar if the total volume
of the test containers is large. Quantifies af ? orx 3 licres nan be prepared
in a2 single contalner of suitable <ize. larger wolumes are hast made by
using sevcral similar containers and  srirrers  simulcaneously. The
warer-goconmodated frartions should be mixed In a3 single, large container
before usge, o ensure homogensity,

NOTE: If the il or oll dizpersant has heen drawn frow 2 stock of standard
matearial as described in 4.2, discard any remaindar. It should not be used
for further experlments after esxposure tu air.



8.1 Prapare a series of dilutions of the water-accommodatesd fraction 1in
gea  water, Five or six concentrabicons, ylus a contrel, arc normally
required. The concewntrations szelected should fellew a roughly logarichmic
series, wa.g. 1%, 2K, 5i, 10%, 20%, 50, More ¢losely-spaced conceontrations
ate often usefunl, e.g. 1%, 2% 5%, 10%, 13%, 20%¥ 30%,

HOTE: Some preliminary experimentation is often necessary to establish the
appropriate range of concentratlions. The aim should be to ensure that in the
highest concentrations, moest of the animals die wilthin 24 hours, amnd In the
lowest soncentration, most of the animals survive.

8.4 Place the required quantity of saeh diluted test solution into each
af the ewperimental wessels,

B.5 Measuremant of patrolany hydrocarbon concantrations in
watecr-accommodated fractiens (oaptional).,

It iz advantagesus in  many circunstances to moasure  the actual
concentrations of petroleum hydrecarbous o the aquecus axtracts arud
dilutions thercof. Firstly, 1if this is donme the results can be exprezsed in
ftarms of the actual comcentration of petreleum hvdrocarbons to  which the
animatls sYe edMposed, p.e. as LCSO rather than "LCHO" (zee Appendlxz A).

Senandly, rhe hbehaviour of petroleum hydrescarbons In water is
camplex; and in =mome civeumsrances 3 given dilution of the aguecus sxtract
with «clean water wmay nat  aefuvally contain the expected concentration of
water -accommodated patrolaum bydracarbhon.  Theretore it is useful to bs able
to measure  the conrentration of petroleun hydrocathon in the aguacus sxtracts
and dilutinns thareaof.

A =tandard method fer deing this is wnst eurrently awalilabls, but
investigators whoe have aceess to suitable faerilicies are recommendsd to
experimant with the following gensral procadura,

& given volume of test mixture fe.g. 50 ml) is eXtracted twice with
A quantity {(e.g. 10 ml) of dichloromethane {(Spectragol grade ot agquivalaent),
by ghaking for 5 minutes in a meparating funnel. After each extraction, thas
conternts of the funnel ave allowsd te settle for 5 minutes. The two volumes
of dichloromethane are then coobined and dried over  anhydrous  sodium

sulphate. The  dichloromethane  extracts are  then  analysed on  a
epecttaflucroneter. (The extracts may semetimes require concentration or
dilution with pure dichloromethanel, Thea spectroflucrometer mast bo

standardised wusing a series of standard knewn cowncentratilons of the tosrn ail
in dichloremethane. The excitation and enission wavelenmgths te be used vary
according te the test oil, and have to be ldentified by performing excitation
and ecmissian scans on the ¢il itszelf in dichleromethanc. In a typical case,
310 mm and 360 nom wmay he wused as excltation and ewission wavelengths
respectively. The levels of petroleum hydroearbon in the test mixtures are
then reported in terms of the test oil cquivalents,
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4.6 Flace 10 animals in each experimental wvessel. The szperiment has
now begun. Note the time.

8.7 Leave the exporiment undisturbed for 24 hours. After 24 hours,
count. and record the nuomber of animals in each wveseasl which hawve died.

NOTE.: Conslderable turbidity may eccur in sone experiments. Special carec is
required when counting the animals.

MOTE: For purposes of this experdment, death of an animal is defined as
the permanent cessation of spontaneous movement snd the failure to respond to
a mild mechanlcal stimulus, e.g. touching with a glass rad. Particular care

is required wlth certain species, c.pg. s@ame molluses, In which death is
difficult to recognise. Speclal criteria of death may be required for rthese
cases; such crireria must be elearly defined.

9. DATA ANALYSIS

3.1 Comstrunt 3 table showing percentage martality after 24 hours in
each dilutioen, as in the example givan in Tahle 1.

HOTE: Thetre should be no contrel mortalities, Control mertalitics
invalidate rhe experiment, and It must he repeated.

9.2 Using the logarithmie-prohability paper, plot a graph of percentage
mortallty afrer 24 hours (probahility seale) against the dilution of the tesc
material (logarithmic =eale) as in the example shown in Fig., 1. Ignorc zero
and 100 per cent walues.

9.3 Examlne the points on the line. There must be at: least three points
on the 1ine, including at least one point abowve 50% and ome below 50%. Zeoro
and 100% wvalues must ot be  inoludad. If this iz not the ecase, the

experiment has failed =nd mm=f bha repeated using a different range of
dilutions,

9.4 Fit a line, by eye, to the peints on the graph.
9.5 Test the gondness of Fit of the line according te the following
procedurs .

9.3.1 Tabulate the observed mortality walues snd the expected
mortality values For each point on the graph.

NOTE: The ohsetrved mortality values are those which were recorded duxing
the exporiment. The expected values are read from the fitted line as shown in
Fig. 1.



9.5.2 =zing the nomograph in Fig. 2, determine the contribution Lo
ehil of aach point an the line (sec Table 23,

9.5.3 Datarmine the total chi? and multiply by the nuwmber of
animals in each kest wvessel (normslly 10).

Table 1: An example, wsing hypothetieal data, of the data anslysis
deseribed in section & {the graph is shown in Fig, 1)

M lution of Be, of Obscrved ¥ Expected Contribution
water- animals mortality ¥ mortality to chi?
accammodatoed
fraction{¥}
Control 10 o (Hot plotted)
1 10 10 13 0,004
2 10 30 24 0,07
5 14 50 45 0.0L
1o 11 &l b 0. 007
20 10 a0 I 0,001
S1H 1a 100 {riot plotted)
Tatal walue of chi? - 0.043

Since the mumber of anlmals tested per dilution iz 10, the chi?
value of the line in Fig. 1 is (0.042 x 10) -~ 0.42. The number oF deprees of
freedom is (6-2) = (see 9.5.4). Using Table 2, 1t can be seen that the
eritical vwvalue of chi? with &4 degrees af freedom 1= .49, Since 042 < 3 4%,
the line showm in Fig. 1 is a geod fit.
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FICURE 1: Estimation of the 24 hour "LC50" value as deseribed in Section 9.
In this example, the appropriate data from Table 1 have been pletted by the
method doscribed, Hote that zero and 100% meortality valucs are net pletted,
Valucs for "LETA™, "LE50"  and "LEB4A" are read from the line as shown in the
diagram. To teat the goodness of fit of the line {see 9.5}, it 1is necessary
te  know the observed mertality valucs and the expected mortality values for
each pollutant concemtration pleotted en  the graph. The observed mortality
values are determined frem the graph in the mauner shown,
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FIGURE 2: Romograph for Lhe delerminacion of chi? {mee 9.5.2). To use

the nomograph, construct a siralighl line {or use a ruler) which conneciz the
erpected ¥ offact wvalue (on the left-hand axis) te the wvaluse of the
difference between the observed and expected values {on the central sealec).
Project this line forward until it intersects che chi? axis on the right of
the diagcaw. The chif value iz read from the Intersection.

In the diagrim, omne example is shown, If the expected mortality is
30%, and the observed mortatity ik 23%, the ohil walue s 0_.017. Remember
that this chl? value must be maltiplied by Lhe number of animals tested per
concentration {(see #.5.31), and added to ths chil walues ealenlated 1in gimilar
fashien for rhe other points oo the graph (=ee 9.%.13),
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Table 2; Values of chi? for p =005 If the chi? wvalue caleulated From
the line {e.g. Fig. 1} by thoe method described in section 9.3 is leags thano
the walue =shown in this table, £for the appropriate nusher of degrees of
freedom {see ¥.5.4), tha line is a good fit and the "LC50" value and its 95%
confidence limits may be caleulated as described in zectiom 9.

Degrees of Freedom chi?
1 3.84
2 5,99
3 7.82
4 G, 40
5 11,1
& 12.6
7 14,1
8 15.5
9 lg. 4

10 18.3

89.5.4 Detetrmine the number of degrecs of freedom: This iz given by
-2, where K is the tumber of diluticons tested. Do net include the cankrol
in thiz ecalevlsation.

9.5.5 If the chi? wvalue of the line, as caleulated in 9.5.4, is
equal te or grester than the appropriate valuc given in Table 2, the Lline is
ot a goodd fit., In thls case, construet a new line and repeat the procedurc
fer testing its goodness of fit, Repcat this procedure until you obtain the
line which has the minimum value of chi?,

WOTE: In some cases, a7 line of pgood fit cannot be obtained, and che
enalysls camnet yproceed. Repeat the experiment wusing if necessary  a
different range of dilutions.

HCTE: Where the constructed line is of good fic, it is nevertheless pood
practice to comstruct and test several lines, to determine the line which has
the minimm value of chil,

9.4 Pead off from the line values of "LLL6", "LC50", "1LC30" and "LGCBA4™
as shown in TFip. 1.



9.f Caleulate 5, where
"LCB4™  + "LESOT
g = WIOs0 nLGle"
2
9.8 Determine W, whexre F iz defined as the nunber of animals Lested

whose expecied effects were between 16% and B34% mortality.

NOTE: In Filg. 1 and Table 1, four paints on the graph ropresenl test
vesgels where the expected mortalicy 1lies between 16 and 84 per cent.
Therefore N — & = 10 — 40, since 10 zninesls were tested in sach Lest vessel.

9.9 Caleulate £, where
f - antileog 277 leg & - & ?'??ﬁfﬁ .
JE
23.10 Caloulate the upper snd lower confidemce limits of the 24 hour LOSO.

Uppexr confidonce Timit = "LOS0" x £
Lower confidemee limit — "LCH50" 4 f

o 11 To  determine 1f onc substarce 15 sore beoxic than zsnather {e_ g. to
see 1f one oil dispersaut Is more toxic thar the reference material, or if
disporsant dis more or less toxic thar ofl1), sxasaice the data for the relevant
pair of substances. 1[ the confiderece Tiwmits overlap, the =substances do not
differ significantly In toxicity. [f the conliderce limits do net overlap,
ene is significsnlly more towic thar the other,

MO If a standard oil or srandard woil dispersant is te be comparcd
against another material, the standard arnd the rew materisl must be tosted
zinultanecusly.  BRosults of eaxlier tests of the standard materisl may net De
validly compared with resuits of more recent tests,

HOTE : Thi=s simple test of significance is not sufficient where large
numbers of comparizous sust be made.,  Since the test is based on 95%
contidenee limits, on average one comparisan out of twenty will result In a
falsc conclusion. In the case, for exampls, where ¢ o0il dispersants are Lo
be compared, the total number of comparisoms to be made s 159, and Lhere is a
high preobability that false conclusions will be  diawn. In such cases nore
sophisticated  tests of significance are reguired, such as the Student
Howman-Keuls kest. This test 15 described in detail by Reish & Oszhida {sce
References, - sectian 2}.



APPENDIX A

Scme comments on measuring the toxicity of wils and eil dispersants o marine
animalg:

The physical and chemical properties of olls apd oil disperzants
create partieulsr difficuleies for the measurement of toxleity to aquatic
animals. Oil is & complex mixture of hydrocathons whose praecise composition
is often unkoown. Most ©il dispersanls concain detergents, hydrocarbon
solvents and other chemicals such as emulsifylng agents and stabilizing
agents. 0il and oil dispersants have low solubility ln water, but when added
te water and agitated they form an ewmlsion. Such emulsions arte generally
not stable, i.e. thelr physical properties alter with time. Indeed the
purpose of cil dispersants is to proamvle the formation and stahilisation of
oll/water emulsions. Measurving the toxiclly of these emulsions iz not eagy
for geveral reasoms, particularly if il Is desired to oxpress the texicity in
conventional terms such as median lerhal concontrsatlons {LC50) im wunits of
wairht per volume of water,

Firstly, it iz found that the toxiclty of these cmulsions depends
very greatly on the size of the droplels formed In the emulsion. This, 1in
turn, depends upon the type and quanLity of the enexgy applied in sagltating
the nixture to form the cwulsion. Thus the results of a toxicity test are
primarily influenced by the method of furmation of rhe emulsion.

Secendly, slnce the emulsions are unstable, their towicity will
chanpge with time,

Thirdly, «ails and oil dispersauls contain wvarigus fractiong of
wvolatile hydrocarbems {the "Ylight" fraction) which vend to evaporate fairly
guickly, These welatile components are generally of high toxicity., Agaln,
thiz causes the toxicity of the emulslon to change markedly owver shert
periods of Ltime,

These three factors indicate that the accurate measurement of the
torieity of oils and oil dispersauls TRQUires complex  apparatus and
procedures, For example, it is required that the emulsion be agitated by a
precisely-defined, standardised and carefully-controlled procoedure. The
agitation should centinue throuphoul the e¥perimenc, in a controlled wanner
but without harming the test animals. Idrally the test solutions should be
renewed frequently, preferably by automatlc means, during tha experiment.
The apparatus required to meet these demands is difficult and expensive to
install and maintain.

It iz sometimes possible to obtain results with gimple procedures.
ilovever unless specific precautions are taken to overnome the difficulties

described  above, and to allew for the special physical  and chemical
properties of oils and oll dispersants, the results obtained are of little
resl wvalue, They are likely to differ wery widely from their true values,

sud te be of lIttle or nw practical use. & relacively mimple appacatus which



has been found useful in some lahoratoriez is describad in Appendixz B if
used cavefully and its results interprated ecaunticusly, it provides an
alternative method for measuring the toxiecity of oils and oll dispetrsants o
the method described heres invelwing the use of water-accommodated fraccions.

The ratisnmale underlying the uwze of water-acconmodated fractions in
toxicity tests of all and oil dispersants 15 as follows. In devising a
simple method, it i3 imporitant to consider means by which the difficultics
deseribed above can he avaided, while ensuring that che results produced by
the methond are of practical use. Fortunately, oil and oil dispersants differ
from mosgt pallutants in the manner fn whiech pollucion actually oceurs, and
thetefore in twhe rtype of toxicolegical information which iIs required about
them.

Firstly, pollution by oil and oil dispersants nearly always results
in high oconcentrations of pollutancs belng present in the water, but for a
short time, Thorefore a toxicity tesc of short duration is appropriace ({in
contrast, for other cypez of pollucant, tests of short duratlion are of wery
limited saluea).

Secondly, when pollution sccurs the volatlle components of ol and
ell dispersants norimally evaporate f£tom the sea wery quickly, and it i= the
towleity of the residual matter which is of most Importance. Therefore In
this reference mnmechod, the more wvolatile components are temoved before the
exparliment beginsg.

Thirdly, in practice it is nol necessarily wuseful to knwow the
toxiecity of an oll dispersant expressed 1n conventional terms such as an LG3H0
value in milligrams pev litre. Apart from the fact that It 1is J4iffieult to
estimate such a walus accurately, for the reasons described, normally oil
dispersants are oaly applied to the sea after severe polliutien by oIl has
already occurred. In practlce therefore, the nost Inportant datum required
is whether the toxicity of the oll dlspersant, or of a wmixture of oil
digspersant and tha oil, is preacer ot less than that of the oll Itself. It
iz also uzeful to cowpare the toxicitics of Jdifferent ni] dispersants, so
that the least toxlc of the available dispersants can be selected,

In this reference method, a&a procedure 1s described whereby such
comparisans may Treallatically be made. However, wno attempt 1is made to
determins LR a [ ies in thao conventional sonse, =so the technieal
difficulties of doing o are avalded., (Investipators wha wish te measure the
toxlcity of olls andfor oil dispersants by conwentinonal weans may attempt to
use apparatus of the kind described Jn Appendix R, and to ecarry out the
analysis of the data acecording ru the wethods described in Refaremae Mathod
Ho. 43, licted in the references given in Santion 2).

In thiz method {Refevence Meathod 453), =mome stzges of the data
analysis are directly analegous to the calculatinn of conventional LEA0
values. The use of the term LC50 iz therefore retained 1Tor convenience, but
iz shown thus "LC50". It is calculated and axpressed in terms of percentage
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dilutions of the test solutions prepared as desecribed in section 8.2, It is
not equlvalent to the comventional LC50 value of the original material under
test, and its relation to that wvalue is not known. The use of this method to
determine the LGS0, as conventionally understood, of o0il or eil disperzants
to aquatic animals is entirely erroneous.

AFPENDIX B

A simple apparatus for deterwining the teoxicity of 0ll, nil dispersants and
mizturaes thereof to agquatic animals

The apparatus described in Chis Appendix is relatively simple and
inexpensive to construct, and allows luvestigators to measzure the toxicity of
oils, eoil dispersants and mixrures Lhereof by conventional methods (rather
than by weasuring the toxicity of water-accommodated fracrions as describad
in the Reference Method), It allows animals te be exposed to srtandardised
emulsioens of oil, ¢il dispersants or mixtures thereof in water.

The system consists of a colleeting ocylindrical chamber where
emulsions are maintained by stirring paddles (sec Flg=. 3 and 4). The
exulsion 1s then pumped to a header chamber which in turn feeds it to 8 amall
exposure funnels via short lengths of silicone tubing and calibrated plaztic
uibs {disposable plastic pipetile tips as used in automatic dispensing
plpettes). From these exposure funuels the emulsion returns co the central
colleeting chamber. The system may be very eaglly dismounted for cleaning
after each run. It holds 10 litres of sea water and is dosad with =z suitable
volume of oil or 0il/oil dispersant mixture.

Hote that in the basic design, each exposure fummel receives the
same concentration af oll or cil/feil dispersant mixture. Where it is regquired
to exposc animals simultanecusly to each of a range of concentrations, a
separate apparatus for each concentraltion will be rtequired. ™n this case,
and where yesults from different runs with the same Apparatus ara to be
compared, certain features eof the nethod must be rigorously standardised.

The reason for this iz that & major source of wariation in the
results of toxlcity experiments invelving cil and/or oil dispersants is the
degree of dispersion obLained in wixing the oil and water by mechanical
means ., In particular, attentlon must be paid te the size, shape, speed of
rotation and precise positioning in the apparatus of the stirring paddles,
These features must be exactly the same in every case, otherwise the resulks
of the experimencs are not valid,
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