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Biodegradability in Seavater

GENERAL INTRODUCTION

1. When the originaDECD TestGuidelines vere developed, it was not known to what extent
resultsfrom the sreening tests foready biodegradability using freshwater, and sewage effluent or
activated midge as inoculumcould be applied to the arine environment. &tiable results on this
point havebeen reported (e.g. (1)).

2. Many industrial waste waters, ¢aiming avariety of chemicalgeach the sea either by direct
discharge or via estuaries and rivers in which theleese timesre low compared with thgeriod
necesary for completdiodegradation of many of the chigmls present. Because of the growing
awareness of thesied to protect the anine environment againstireasing loads of chemicals and the
need to estirate the probable concentration of clafs in the sea, test methods bodegradability

in seawater havbeendeveloped.

3. The methods describeére use natural seaver both as thaqueous phase and as the source
of micro-organisms. In an deavour to coform with the method$or readybiodegradability in
freshwater, the use of ultra-filtered andtcéimged seawater was investigated, as was the usearime
sediments as atula. These investigions vere unsuccess. The test mdium therefore is natural
seawater pre-treated to remove coarse particles.

4. In order to assesdltimate biodegradability with the Sike FlaskMethod, relatively high
concentrations of the test substaneséhto be used because of goor sensitivity of the dissolved
organic carbor(DOC) analytical method. This iturn recesgates theaddition to the seaater of
mineral rutrients (N and P), the low concentrations of whiabuld otherwise limit the removal of
DOC. It is also neceasy to add theufrients in theClosed BottleMethod because of the
concentration of thadded test substance.

5. Hence, the methods are not tdsis readybiodegradability since no inoculum éslded in

addition to the micro-organisnaready present in the seawatddeither do the tests simate the

marine environment since nutriertiee added and the contmtion of test substance very much

higher than would be present in the sea. For these reasons the methods are proposed under a new
subsection "Biodegradability in Seater".

APPLICATION

6. The results of the tests, which would be applied because the pattern of use and disposal of the
chemical in quea®n indicated a route to the sea, givefist impresion of biodegradability in
seawater. If the result is positive (>7@MOC renoval; >60% ThOD - thoretical oxygen demand),

it may be concluded that there is a potentialdiodegradation in the amine environment. Hoewer,
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a negative result does not preclude sugiotartial but indicates thafurther $udy is recesary, for
example, using as low a conteation of the test compound as pbks

7. In either case, if a one definitive value for the rate or dege ofbiodegradation in seawater
at a particular site is required, otheoma complex and soptisated, and hence more dgsmethods
would have to be appliedFor example, a simulation tesiuld be applied using a con¢extion of
test substance nearer to the likelwimmnmertal concetration. Also, non-fortified, non-pre-treated
seawatertaken from the location of interestould be used angrimary biodegradationcould be
followed by pecific chemical analysis. Faitimate biodegradability;“C-labelled chemicals would
be necesmy in order that the rates of the disappearance of soluble of¢@rdnd the production of
1CQ, at environmetally realistic concemmationscould be measured.

CHOICE OF METHODS

8. The selection of which method to use depends on detof factors; théollowing Table
is given to lelp the slection. Wiie chemicals of water solubilityelow the equivalent adbout 5
mg C/I cannot be tested in the Shake Flslgithod, atleast, inprinciple, poorly soluble chemicals
may be tested in the Closed Botiliethod.

TABLE: A DVANTAGES AND DISADVANTAGES OF THE SHAKE FLASK AND
CLOSED BOTTLE TEST

METHOD ADVANTAGES DISADVANTES
SHAKE FLASK - simple apparatus except C - needs C analyser
analyser - uses 5-40 mg DOC/1, could
- 60 d duration is not a problemj  be inhibitory
- no interferencdérom - DOC determination is difficult
nitrification at low concentrations in
- can be adapted for volatile seawater (chloride effect)
chemicals - DOC sonetimes high in
seawater
CLOSED BOTTLE - simple apparatus - could be difficult to maitain
- simple enddetermination air-tightness obottles
- uses low concentration of test| - wall growth of bacteria can
compound (2 myl) thus less lead to false values
chance of inhibition - blank Q uptake values can be
- easily adapted for volatile high especially after 28 days;
chemicals could beovercome by ageing
the seawater
- possible iterferencerom 0,
uptake by itrification
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SHAKE FLASKMETHOD

INTRODUCTION

1. This method is a seawater variant of the Modified OECD Screening Test (2). It was finalised
as a result of a ring test organized for the EEC by the Danish Water Quality Institute (3).

2. In common with the accompanyingurmeClosed Bttle Method, the restsfrom this test are

not to be taken as indicators refladybiodegradabilityput are to be used specificafty obtaining
information about thebiodegadability of chelnals in narine environments.

PRINCIPLE OF THE METHOD

3. A pre-determined amount of the test substance isldéss in the test edium toyield a
concentration 06-40 mg dissolved organicarbon (DOC)/I. If the limits of sensitivity of organic
carbon aalyses are improved, the use of lower concentrations of test substance naalyfetageous,
particularly for inhibitory corpounds. The solution of the test substance in the test medium is
incubated under d@gtion in thedark or indiffuse light under aerobic cditions at a fixed teiperature
(controlled to = 2°C) which will normally be within the range 15-20°C. In casesyavthe objective

of the study is to simulate @inonmertal #uations, tests may be carriedt beyond this normal
temperature range. Thecommeded maximum testuration isabout 60 days. Degdation is
followed by DOC measements (ultimte degdation) and, in some cases, by specifialysis
(primary degpdation).

INFORMATION ON THE TESTSUBSTANCE

4. In order to know whether the test may be applied to a particular substance, some of its
properties must be known. The organic carbon content of the substance must be esktaltdish
volatility must be such that significant losses do ootur during thecourse of the test and its
solubility in water should be greater than the equivalent of 25-4@#ngAlso, the test substance
should not sigificantly adsorb onto glass surfaces. foimation on the purity or the relative
proportions of mjor components of the test material is required in order that the r@sialised can

be interpreted, especially when the result lies close ttphass" level.

5. Information on the toicity of the test substance to bacteria, for example as measured in
short-term respirationate testg4), may be useful when selecting appropriate test ctratiems and

may be essential for the correct interpretation of lowdegradationvalues. However, such
information is not always sufficierior interpreting redts obtained in the biodegradation test and the
procedure described jparagraph 18 is are suitable.

REFERENCE COMPOUNDS

6. Suitablereference compounds must be used teckhthe ricrobial activity of the seawater
sample. Sodium benaate, sdium acetate and dine are examples of chemicals which may be used
for this purpose. The reference quuands must be degded within a reasonably short time span,

otherwise it is recommeled that the test be repeated using another seawater sample.

7. In the EEC ring test where seawater samples va&en at different locations and at different
times of the yea(3), the lag phase, ftand time to achieve 50 per cent detation (), excluding
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the lag phase, were 1 to 4 days and 1 to 7 days respedtveydium benpate. For aitine the
ranged from O to 1days, whilst the.t ranged from 1 to 1@ays.

REPRODUCIBILITY AND SENSITIVITY OF THE METHOD

8. The reproducibility of the method was established in the ring test (3). The lowest
concentration of test substa for which this method can be used Vil®@C analysis, ifargely
determined by the detection limit of the organic carbaalyas (about 0.5 mg C/I, at present) and the
concentration of disdved organiacarbon in the seaater used (usually of the order of 3-5 mg/l for
waterfrom theopen gsa). Thebackgound concentration d)OC slould not exceed abo@0% of

the totalDOC concemmation after addition of test material. If this is nigasible, thebackgound
concentration oDOC may somtimes bereduced by ageing the seawater prior to testing. If the
method is used with specific chemical analysis only (by whighary degadation is measured), the
investigator mustiocument, by supplying additionafanmation, whether ultirate degadability can

be expected. Thiadditional irformation may consist of the mdts from other test$or ready or
inherent biodeadability.

DESCRIPTION OF THE METHOD

Apparatus
9. Normallaboratory apparatus and:
@) Shaking machine accommodating-0.litre Erlenneyer flasksgither with autoratic
temperature control or used in a constant temperadome at15-20°C controlled to
+ 2°C;

(b) Narrow reck, 0.5-2 litreErlenneyer flasks;

(© Membrane filtrationapparatus, or cérfuge;

(d) Membranefilters, 0.2-045um;

(e) Carbon aalyser;

® Equipmentfor specific analysigoptional).
Seavater
10. Collect a sample of seawater in artughly cleansed container amnahport to the laboratory,
preferably within one or twdays ofcollection. During transport, do n@llow the temperature of the
sample to exceed sigicantly the temperature to be used in the test. Identify theplgagriocation
precisely and describe it lerms of itspollutional and nutrienttatus. Especially focoastal waters,
include in this chracterization a heterotrophidarobial colony count and the determination of the
concentrations of distved nitrate, ammonium and phospé.
11. Provide thdollowing information for the seaater sample itdf:

- date ofcollection;

- depth of collection;

- appearance of sate -turbid, etc;
- temperature at the time of collection;
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- salinity;
- DOC;
- delaybetween collection and use in the test.

12. If the DOC content of the seawater samplefoind to be high (paragrapB), it is
recommended that the seawater be adedabout a week prior to use. Age Wgrirg urder aerobic
conditions at the test tgarature and in the dark or in diffuse light. #oesary, mainain aerobic
conditions by gethe aeration. During ageing, the content ofilgadegradable organic material is
reduced. In the ring te€B), no difference warevealedbetween the degradation pdiehof aged

and freshly collected seawater samples. Prior topusdreat the seawater to remove coarse particles,
e.g. by filtration through a nylofilter or coarse paper filter (hot mémane orGF-C filters), or by
sedimentation andecanting. The procedure used must be reported. Carpretteatment after
ageing, if used.

Stock solutions for mineral nutrients

13. Prepare thollowing gock ®lutions, using aalytical gradereagents:
@) Potassium dydrogen orthophosgite, KHPO, . . ............. 8.50 g
Dipotassium fidrogen orthophosgtte, KHPO4 ... .......... 21.75¢
Disodium hydrogen orthophospte ditydrate, NgHPO,.2H,O .. 33.30g
Ammonium chloride, NECI . ... ... ... .. . 0509

Dissolve and make up tolitre with distilled water.
(b) Calcium chlorideCaCl .. ...... ... 2750¢
Dissolve and make up tolitre with distilled water.
(©) Magnesium sulpite leptahydrate, MgSO/H,O ... ... ... ... 225049
Dissolve and make up tolitre with distilled water.
(d) Iron (I11) chloride hexahydrate, Fe@H,O . ................. 025¢g
Dissolve and make up tolitre with distilled water.
Precipitation in solution (d) may be pretesh byadding onedrop of concentrated HCl or 0.4 g
ethylenediamibtetra-acetic acid (EDTA, didium slt) per litre. If a precipitatéorms in a sck

solution,replace it with freshly mde slution.

Pre paration of tes medum

14. Add 1 ml ofeach of theabove stockdutionsper litre of pre-treated seawater.
Inocdum
15. Do not add a specific aculum in addition to the micro-organisrabeady present in the

seawater. Determine (optioally) the number ofolony-forming [eterotrophs in the seater test
medium (and preferably also in tkdaginal seavater samples) e.g. by plateunt, using marine agatr.
This is particularly desirable for sampl#gem coastal orpolluted sites. Chck the hterotrophic
microbial activity in the seawater Iperforming a test with a reference compound.
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Preparation of flasks
16. Ensure that all glassware is scrupulou$ban, not acesarily sterile, (e.g. using alcoholic

hydrocHoric acid), rinsed and dried before use in order to avoid consiminwith resluesfrom
previous tests. The flasks must also be cleaned before first use.

17. Evaluate test substances in duplicate flaskslsineoudy, together with a singlgask for the
reference compoundCarry out a blank test, in duplicate, withitmer test nor reference substance for
the determination of analytical blanks. Dis® the test substances in the testimm - they may be
conveniently added via a concentrated stamlt®n - to gve the desiredtarting concentrations of
normally 5-40 mg DOC/I. Test theeference compound nosgity at a farting concentration
corresponding to 20 mg DOCI/I. If stootions of test and/or reference substarasesued, ensure
that the saliity of the seawater edium is not geatly altered.

18. If toxic effects can be expected or cannot be ruled out, it may be advisable to include an
inhibition experiment, induplicate, in the test design. Add the test eefdrence substances to the
same vessel, the condeation of the reference compound being raiynthe same as in the dool

test (i.e. 20 mg DOC/I) in order @dlow comnrparison.

19. Dispense adequate amounts of tekitisns into the Erlenayer flasks (up to about half the
flask volume is a convenient amount) and subsetiygrovide each flask with a loose cover (e.g.
aluminium foil) that nakes gas exchangpetween the flask and thersoundingair possible.(Cotton

wool plugs are unsuitable IDOC analysis is used). Place the vessels on the shaker and shake
continuously at a gentle rate (e.g. 100 rpmjulyfout the test. Control the temperature (15-20°C and
within £ 2°C), and shield the vessdism light in order to avoid growth of algae. Ensure that the air

is free of toxic materials.

Physical-chemical cortrol teg (optional)

20. If abiotic degradation or loss mechanisams suspected, such as hydrolysipr{dlem with
specific analysis dg), volatilization, or adsorption, it iadvisable toperform a physical-cheical
control eperiment. This can be done by addingroury (II) chloride (HgG)® (50-100 mg/l) to
vessels with test substance in order to stop microbial activity. Afisgm decrease in DOC or
specific conpound concentration in the physical-cheah control test indicates abiotic removal
mechanisms. (If mercury chloride is usedtention sbuld be paid to iterferences orcatalyst
poisoning in DOC analysis).

Number of flasks

21. In a typical run, théollowing flasks are used:
Flasks 1 & 2 - cotaining test substandéest suspesion);
Flasks 3 & 4 - cotaining seawater only(blank);
Flask 5 - comaining reference compour{grocedure cainol);
Flask 6 - comaining test and reference substaftogicity control) -optional;
Flask 7 - comaining test substance aneriising agent (abiotic sterile ctrol)-
optional.

@ Mercury (I1) chloride (HgC) is a very toxic substance which should be handled with suitable
precautions. Aqueous wastes w@oning this chental should be disposed @fppropriately; they
should not be discharged into the waste water system.
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D OC analysis

22. In the course of the test, wdifaw sanmples at suitable intervals f@OC analysis (Annex 1).
Always take samples at thtas of the test (day 0) and @y 60. A minimum of five samples in total
are required to describe the time-course ofraagtion. No fixed time seuule for sarpling can be
stated as the rate bfodegradatiorvaries. Carry out th®OC determination induplicate on each
sample.

Sampling

23. The requiredolume of the samlesdepends upon the alytical method (specific analysis),
on the carbon analyserags and on the procedure (maenefiltration or cenrifugation) lected for
sampletreatmentbefore carbordetermination (paragraphs 25 a2@l). Before samling ensire that
the test medium is mixedall and that any material aglting to the all of the flask is dissolved or
suspended.

24, Membrawe-filter or certrifuge immediately after sapling. If necesary, store the filtered or
centrifuged samles at 2-4°C for up to 48 hourstmlow-18°C for longerperiods (if it is known that
the substance will remain unaffected, acidify to pH 2 befturing).

25. Membrandilters (0.2-0.45 um)are suitable if it is ensured that thegither releasecarbon
nor adsorb the substance in fileation gep e.gpolycarborate merbranefilters. Some meirane
filters are ipregrated with srfactants for hydroglization and mayrelease considerabtpartities
of dissolvedcarbon. Prepare such filters bgiling in deionised ater for thhee consecutive periods,
each of one hour. Aftdioiling, gore the filters indeionised water. Discard thdirst 20 ml of the
filtrate.

26. Centrifugation of the sgstes may be chosen as aftterrative to merbrane filtration.
Centrifuge at 4@00 m.g (~ 4000 g) for 15 minutes, preferably inedrigerated cefrifuge.

Note The differentiation of Total Organic CarbonQT) over DOC (TOC/DOC) by céifugation
at very low concemationsdoes not seem toark, sinceeither notall bacteria are reaved,
or carbon as part of theacterial plasma is redissolved. At higher test comatons (> 10
mg C per litre), the cenfugation error seems to be comparatively small.

Freauercy of sampling

27. If analyses ar@erformed imradiately after sapling, assess the next sampling time by
considering the re#t of the analyticatletermination.

28. If samples are preserv@uhragraph?4) for analysis at a later timeke more samples than
the required minimum number of five. Alyse the last sampléisst, and by a step-wisbackwards"
selection of appropriate sames for analysis, it is possible tmbtain a god deasiption of the
biodegradatiorcurve with a relatively small number of analyticiterminations. If no degradation
has takerplace by the end of the test, fmther samples need to be anald, and in thisitsiation,
the "backwards"tategy may ave conislerable analytical costs.

29. If a plateau on the degdation curve is observed before tté®th day, end the test. If

degradation hasbviously started by day 60, but has not reached a plateau, extengehienent for
a furtherperiod.
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DATA AND REPORTING

Treamernt of results

30. Record the analytical results on the attackhata sheet (Annex), andcalculate the
biodegradatiorvalues forboth test and reference substanfce® theequation:

C -C
D, =|1- -t ¥ 100
o ~ Cug)
where:
D, = degradation in percentad®OC or pecific conpound renoval at time t,
G, = starting concentration @OC or pecific conpound in the test medium,
C = concentration oDOC or pecific conmpound in the test medium at time t,
Cooy = starting concentration @OC of gecific conpound in the blank,
Copy = concentration oDOC or pecific conpound in the blank at time t.

31. State degdation asthe percentaD®C removalultimate degadation) or specific copound
removal (primary degradation) at time t. CalculateR@C concetrations to the earest 0.1 mg per
litre, andround up the means of the #alues to the nearest whole per cent.

32. lllustrate the course of the degradatioapgically in a diagram as shown in the €ige in
"Validity and interpretation of results". Ifdine are ufficient data, calculatérom thecurve the lag
phase () and the time to reach F&r cent removdtom the end of the lag phaseg,)t

Ted report

33. The test report must dam the following ifiormation:
Test substance:

- physical nature and, wherelevant, physicocheical properties;
- identification data.

Test conditions:

- location and description of the spling site; pollutional and nutrient tatus
(colony countpitrate, ammonium, phosate ifappropriate);

- characteristics of the sample (date of gng, depth,appearance, temperature,
salinity, DOC (optional),delaybetween collection and use in the test;

- method used (if any) for ageing of the seawater;

- method used for pre-treatment (filtraticedsnentation) of the seawater;

- method used fobOC determination;

- method used for specific analygigptional);

- method used for determining the rnuen of leterotrophs in the seater (plate
count method or alteative procedurefoptional);

- other methods (opti@l) used to characterise the seawater (ATP une@aents,
etc.).
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Results:

- analytical data reported on a dataesh(Annex 2);

- the course of the deadation test isepresentedmgphically in a diagram showing
the lag phase,(x, slope, and time (starting from the end of the lag phaseanth
50 per cent removal.f). The lag phase may be estimatedptically as shown
in the figure in the "Validity and terpretation of results" section or conveniently
taken as the timeeededfor 10 per cent degdation;

- percentage degradation mesesl after 60 days, or at end of test.

Discussion of rasts.

Validity and interpretation of resilts

34. The resultebtained with the reference compounds e.g. sodiumobés,zedium acetate or
aniline, slould be comparable to resutibtained in the ring test (3) (refer to section on "Reference
Compounds", paragph 7). If reglts obtained witlreference compoundse atypical, the test should
be repeated using another seawater samfiltnough resilts of inhbition tests may not always be
straightfornard to interpret because of the tetnution of DOC by the test aterial, a significant
reduction of thdotal DOC removatate, compared with that of the control, is a positive sign of toxic
effects.

35. Owing to the relatively high test contetions used as cgrared with most natural systems
(and consequently an unfavourable ragtwveen the concentrations of test substances and other carbon
sources), the method is to be regarded pelminary test which can be used to indicate whether or
not a substance is easlljodegadable. Accordingly a low resudbes not neceagly mean that the

test substance is not biodadable in rarine environmentdyut indicates that more work will be
necesary in order for this to be established.

An example of a theoretical deglation experimenilustrating afeasible way of estieting
the values of t(length of "lag phase”) ang} (time interval, sarting at {,, needed toeach 50 per cent
removal, is @ven in the figire below.
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CLOSED BOTTLE METHOD

INTRODUCTION

1. This method is a seawatariant of theClosed Bottle Tesf5) and was finalised as a result
of a ring test organised for the EEC by the Danish Water Quality Institute (3).

2. In common with the accompanyingarme Slake FlasiMethod, reslts of this test are not to

be taken as indications oéady biodegradability,but are to be used specificaftyr obtaining
information about thebiodegradability of chemals in marine environments.

PRINCIPLE OF THE METHOD

3. A pre-determined amount of the test substance i®ldésh in the test edium in a
concentration of usually 2-10 mg of test substgrarditre (one or more concentrations may bed)s

The solution ikept in a filled closed bottle in the dark in a constant temperhaatreor eglosure
controlled to + IC within a range of 15-20°C. In those cases where the objective of the study is to
simulate emironmenal #uations, tests may be carriedt beyond this normal temperature range
providing sitable adjustments areaue for temperature control. The degradatiofoi®wed by
oxygen analyses over a 28-day period.

4. The ring test showed that if the test was extended beyond 28 days no fmefiakion could
be gathered, in most cases, due to seveéeddnences. The blank biolmgl oxygen demand (BOD)
values were excessively high probably due to wall grow#tused by lack of aation, and to
nitrification. Thus, the recommended duration i=a§s, but if theblank BODvalue remains within
the 30 per cent limifparagraphs 15 andD) the test could bgrolonged.

INFORMATION ON THE TESTSUBSTANCE

5. In order to know whether the test may be applied to a particular substance, some of its
properties must be known. The empiri@imula is required so that the theoretical oxygen demand
(ThOD) may be calculated (see Annex 3); otherwise the chemical oxygen demand (COD) of the
compound must be determined e as theeferencevalue. The use of COD is less sfitory

since some chemicals are not fully oxidised in @@D test.

6. The solubility of the substance should bdeatst 2 md, though inprinciple less soluble
compoundgould be tested (e.g. using ultra isation) ascould volatile corpounds. Iformation on
the purity or the relativeroportions of major components of the teatenial is required in order that
the resultobtained can be interpretedpesially when the result lies close to the "pass” level.

7. Information on the toicity of the substance to bacteria e.g. as measured art-tehm
respiration tests (4) may bery useful when selecting appropriate test cotratans and may be
essentiafor thecorrect interpretation of low biodegradatisues. However, suchformation is not
always sufficient for interpreting nalts obtained in the biodegradation test and the procedure
described inparagraph 27 is are suitable.

REFEREN CE COMPOUNDS

8. Suitablereference compounds must be used teckhthe ritrobial activity of the seawater
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sample. Ailine, sodiumacetate oradium benpate(for example) may be used for this purpose. A
degradation of these compounds diast 60 per cent (of their ThOD) must occur within a reasonably
short time span, otherwise it is recommled that the test be repeated using another seawater sample.

9. In the EEC ring-test vdre seawater samples wea&en at different locations and at different
times of the year, the lag phasd énd the time to achieve 50 per centrdegtion (), not including
the lag phase, were 0 to 2 days and 1 to 4 days respedtiveydium benpate. For aitine the
and t, values were 0 to 7 and 2 to 12 days respectively.

REPRODUCIBILITY

10. The reproducibility of the methods was established in the EEC ring test (3).

DESCRIPTION OF THE METHOD

Apparatus

11. Normallaboratory equipment and:

(@) 250-300 ml BOD bottles with glass stoppersamraow reck 250 ml bottle with glass
stoppers may be used;

(b) Several 2-, 3- and 4- litre bottles with litrearks for the preparation of themtiment
and for théefilling of the BOD bottles;

(c) Waterbath or constant temperatu@om for keeping the bottles at constant
temperature (x 1°C) with the exclusion of light.

(d) Equipmentor analysis of dissolved oxygen;

(e) Membrandilters, 0.2-0.45 um(optional);

® Equipmentfor specific analysigoptional).
Seavater

12. Collect a seawater sample in arthuchly cleansed cdainer and trarport to the laboratory,
preferably within one or twdays ofcollection. During tranport do not allow the teperature of the
sample to exceed sidicantly the temperature to be used in the test.

13. Identify the samling location precigly and describe it iterms of itspollutional and
nutritional s$atus. Especially forcoastal orpolluted waters, include in this charactatien a
heterotrophic microbiatolony count and the determination of concentrations obldess nitrate,
ammonium and phosphate.

14. Provide thdollowing information for the seaater sample itdf:

- date ofcollection;

- depth of collection;

- appearance of sate - turbidetc.;

- temperature at the time of collection;
- salinity;
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- dissolved organicarbon (DOC);
- delaybetween collection and use in the test.

15. If the DOC content of the samplefagsind to be high or if it is thought that the blank BOD
after 28 days would be more than 30 per cent of that ofefleeence substances, it is recommended
that the seawater be aged for aboutegkyprior to use.

16. Age the sample byaing it urder aerobic catitions at the test teperature and in the dark
or in diffuse light. If mcesary, mairtain aerobic coditions by getle aeration. During ageing, the
content of easily degradable organic material is reduced. In the rin(@}esto difference was
revealedbetween the degradation padtiahof aged and freshly collected seawater samples.

17. Prior to use, pretreat the seawater tooancoarse particles e.g. filfration through a nylon
filter or a coarse paper filter (not mbrane orGF-C filters), or by edimentation andiecanting.
Report the procedure used. Pretreat after ageing, if used.

Stock solutions for mineral nutrients

18. Prepare thollowing gock ®lutions using aalytical gradereagents:
@) Potassium didrogen orthophosplte, KHPO, . .............. 8.50¢g
Dipotassium fidrogen orthophosgite, KHPO, ............. 2175¢g
Disodium hydrogen orthophosate ditydrate,
Na,HPO,.2H,O ... 33.30¢g
Ammonium chloride, NECI . .. ... ... .. ... .. ... ...... 050¢

Dissolve and make up tolitre with distilled water.
(b) Calcium chlorideCaCl, .. ........ ... ... . . 2750¢g
Dissolve and make up tolitre with distilled water.
(© Magnesium sulphie leptahydrate, MgQSEYH,O . ............ 2250 ¢
Dissolve and make up tolitre with distilled water.
(d) Iron (I1) chloride hexahydrate, Fe@H,O ... ............... 025¢
Dissolve and make up tolitre with distilled water.
Precipitation in solutioifd) may be prevented adding onealrop of concentrated HCI or 0.4

g ethylenediamiatetra-acetic acid (EDTA, didium slt) per litre. If a precipitatéorms in a sock
solution,replace it with freshly mde slution.

Preparation of teg medum

19. Add per litre of pre-treated seawater 1 méath of theabove stockdautions. Saturate the
test medium withair at the test temperature by aerating with cleanpessed air for about 20
minutes. Determine the concentration of dibged oxygen for control purposes. The saturated
concentration of disdved oxygen as a fution of salinty and temperature may be rfaom the
nomogram enclosed with this testigeline (Annex 4).
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Inocdum

20. Do not add a specific aculum in addition to the micro-organisrafeady present in the
seawater. Determine (optioally) the number ofolony-forming [eterotrophs in the seater test

medium (angreferably also in the original seater sample), e.g. by plate count usingaine agar.

This is particularly desirable for sampl#em coastal orpolluted sites. Chck the éterotrophic

microbial activity in the seawater Iperforming a test with a reference compound.

Pre paration of teg bottles

21. Performall necesary manipulations including ageing and pre-treatment of the seawater at the
chosen test temperatupetween 15 t@0°C, enaring cleanliness, but not sterility @il glassware.

22. Prepare groups of BOD bottles for tetermination of the BOD of the test and reference
substances in simultanus eperimenal series. Performall analyses on duplicate bottigdganks,
reference and test substances),prepare two bottles for eadetermination. Perform afyses at
least on days 0, 5, 15 and @8ur determinations).

For oxygen analyses, fodeterminationsequire a total of 3 x 2 x 4 = 24 bottl@sank, reference
and test substance), and thus about 8 litres of tedtum (for one concentration of tesaterial).

23. Prepare separatelgions of test and reference substances in lotkes of sufficienvolume
(paragraphll) by firstadding test and reference substaratgerdirectly or by using a concentrated
stock slution to the partly filledarge bottles. Addfurther test medium toige the final desed
concentrations. Ifteck ®lutions of test and/or reference substarazesused, ense that the salinity
of the seawater adium is not significatty altered.

24. Select concerations of test and reference substances by taking into account:

@ the solubility of dissolved oxygen in seawater atghavailing test temperature and
salinity (see the enclosed nomogram - Annex 4);

(b) the blank BOD of the seawater; and
(c) the expectethiodegradability of the test substance.

25. At 15°C and 20°C and 32 parts per thousatidity (ocean water), the solubility of dissolved
oxygen is about 8.1 and 7.4 mg/l respectively. The oxygen cqtisumof the seaater itself (blank
respiration) may be 2 mg.,Dor more, if the seawater is not aged. Therefore in order to ensure a
significant oxygen concentration remainiadter oxidation of the test substam use atasting
concentration of test compound aifout 2-3 mg/(depending on the TD) for the corpounds that

are expected tbecome completely degded under the cditions of the test (such as reference
compounds). Test less degable substances at higher comicions, up tabout 10 mg/l, provided

that toxic effects do not occur. It can be advantageous to run parallel tests with a low (about 2 mg/l)
and a high (about 10 mg/l) cond¢eation of test substance.

26. An oxygen blank must be determined in parallel in bottlesggung neither test aeference
substance.

27. If inhibitory effects are to be determined, preparefdlewing series of slutions in gparate
large bottles(paragraph 13):

(@) 2 mg per litre of an eisdegradable compound, e.g. any of threference comounds
mentioned,
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(b) X mg per litre of test substance (x is usually 2);
(© 2 mg per litre of the etyg-degradable copoundplus x mg per litre of test substance.

Physical-chemical cortrol teg (optional)

28. If the option of using pecific analyses is used, a plogd-chenical experiment may be
performed inorder to cleck whether the testaterial is removed by abiotic mechanisms, such as
hydrolysis or adsrption. A physical-cheioal control test may bperformed by adding mercury (11)
chloride (HgC))" (50-100 mg/l) to duplicate flasks with test material in order to stop microbial
activity. A sigrificant decrease in specific cgound concentration in theurse of the test indicates
abiotic removal mechanisms.

Number of BOD bottlesin a typical run

29. In a typical run théollowing bottles are used:

- atleast 8 cotaining test substance;

- at least 8 cataining nutriet-fortified seawater only;

- at least 8 cataining reference compound, and whetessary

- 6 bottles cotaining test and reference substangescity control).

PROCEDURE

30. After preparation, immediatelsiphon each solutionfrom the lowerquarter (notfrom the
bottom) of theappropriatelarge bottle, to fill the respective group of BOD bottles. Immediately
analyse the zero contralime zro) for dissolved oxyge(paragraph33) or preserve them for later
chemical analysis byprecipitation with MnCJ (manganese (II) chloride) and NaOHodsim
hydroxide).

31. Incubate the remaining parallel BOD bottles at the test temperature (15-R€8@)in the
dark, and rerave from the ircubationarea at appropriate time intervals, (e.g. after 5, 15 and 28 days
as a minimum) and analyse for dissolved oxy{maragrapi33).

32. Membranéfilter (0.2-0.45 pm) or cdnfuge, for 15 minutes, samples for specific analyses
(optional). Store for up to 48 hours at 2-4°C, or for longer periods at -18°C, if not analysed
immediately (if it is known that the test substance will remain unaffected, acidify to pH 2 before
storing).

Dissolved oxygendetemination

33. Determine the concentration of dissolved oxygen using aicaleon electrochemical method
which is recognised natiafly or internatiorally.

®Mercury (11) chloride (HgC)) is a very toxic substance which should be handled with suitable
precautions. Aqueous wastes w@oning this chental should be disposed @fppropriately; they
should not be discharged directly into the waste water system.
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DATA AND REPORTING

Treamen of Resllts

34. Record analytical results on the attacbath sheets (Annex 5).

35. Calculate the BOD as tltifference of the oxygen depletion between a blank and a solution

of test compound wter the caftions of the test. Divide the net oxygen depletion by the
concentration (W) of the substance in order to express the BOD as @fy/iBg test substance. The
degradation is defined as thatio of the biochemcal oxygen demand teither, preferably, the
theoretical oxygen demand (ThOD) or the chemical oxygen demand (COD) and expressed as a
percentage (see paragh 36).

36. Calculate thebiodegradationvalues foreach samling time for both test and reference
compounds using one or other of the equations:

mg O,mg tested substance

biodegradation =
% g " mg ThOD[mg tested substance

x 100

mg Oymg tested substance
mg CODImg tested substance

% biodegradation = x 100

where:

ThOD = theoretical oxygen demand (calculation, Annex 3)
COD = chemical oxygen demandktermined experiméally.

ote Sometimes the two ways oélculation (percentage of the ThOD or percentage ocC®B)
do not give the same results; it is preferable to use ThOD, since somiealseare nofully
oxidised in theCOD test.
37. lllustrate the course of the degradation templically in adiagram (see exgote in €ction
on "Validity and interpretation of results". Ifele are @fficient data, calculate the lag phasg énd
the time (§,) to reach 5@er cent removdtom the end of the lag phase from thiedegradation
curve.

38. If specific analysis is use@ptional), sate thepercentage oprimary degadation as the
percentage of specific cgpuund renoval within the test period (corrected for analytioknks).

Ted Report
39. The test report must dain the following iformation:
Test substance:

- physical nature and, wherelevant, physicocheical properties;
- identification data.

Test conditions:

- location and description of the spling dte: pollutional and nutrienttatus
(colony counthitrate, ammonium, phospte ifappropriate);
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- characteristics of the sample (date of ghng, depth,appearance, temperature,
salinity, DOC (optional),delaybetween collection and use in the test);

- method used (if any) for ageing of the seawater;

- method used for pre-treatment (filtraticzdsnentation) of the seawater;

- method used for th€OD determination (if performd);

- method used for the oxygen measnents;

- dispersion procedure for substances whiagk poorly soluble under the test
conditions;

- method used for determining the rnuen of leterotrophs in the seater (plate
count method or alteative procedure);

- method used for determinif@OC in seawatefoptional);

- method used for specific analyigptional);

- other optional methods used toachcterise the seawater (ATP me&aments,
etc.).

Results:

- analytical data reported on a dataeh(asattached, Annex 5);

- the course of the degradation test represkmaphically in a diagram showing
the lag phase, [t slope and time {@rting from the end of the lag phase)gach
50 per cent of the final oxygen uptake caused bgaton of the test compound
(ts)- The lag phase may be estimateapgically as shown in the attacheddig,
or conveniently taken as the timeadedfor 10 per cent degdation;

- per cent degadation meaged after 28 days.

Discussion of rasts.

Validity and interpretation of resilts

40. The blank respiration ghld not exceed 30 per cent of the oxygen in thebtatste. If it is
not possible to meet thieriterion using freshlycollected seawater, the seawater must be aged
(stabilized) before use.

41. The possibility that itogen-containing compounds magffect the results should be
considered.
42. Resultsobtained with the reference compounds sodium degiez and aline should be

comparable to the results obtained in the ring-test (3) (moph®). If reslts obtained with reference
compoundsre atypical, the test should be repeated using another seawater sample.

43. The test substance can be considered to be inhibitory to bacteria (at thdratoicarsed)
if the BOD of the mixture ofeference and test substances is less than the sum of the BOD of the
separatedutions of the two substances.

44, Owing to the relatively high test contextions as comared with most natural systems, and
consequently an unfavourable ralietween the concentrations of test substance and other carbon
sources, the method is to be regarded pielminary test which can be used to indicate whether or
not a substance is easily biodegradable. Accolgliraglow result does notegesarily mean that the

test substance is not biodadable in rarine environmentdyut indicates that more work will be
necesary in order for this to be established.
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An example of a theoretical deglation experimenitlustrating afeasible way of estiating
the values of t(length of "lag phas’) and 4, time interval (grting at ), needed toeach 50% of
the final oxygen uptake caused byidation of the test substee, is gven below:

| oxygen consumption
% of final
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|
I
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20 25 |28 days
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ANNEX 1

DETERMINATION OF ORGANIC CARBON IN SEAWATER

SHAKE FLASKMETHOD

For the determination of organic carbon of ateav sample, the organic cpounds in the
sample are adized to carbon diade using generally one of ttiellowing threetechnques:

- wet-oxidation byperalphate/UV-irradiation;
- wet-oxidation bypersulfate/elevated temperature (116-130°C);
- combustion.

Evolved CQ is quantified employing ina-red spectrometry ditrimetry. Alternatively, CQ
is reduced to methane, whichqgsartified on aflame ionizationdetector (FID).

The peralfate/UV-method is commonly used for theabrsis of "clean” water with low
content of particulate matter. The latter two methods can be applied to most kinds of water samples,
the persulfate/elevated temperaturédation being most ustable for low-level samples, and the
combustiortechnique being applicable for samples with 4vofatile organic carbon (NVOC) content
well above 1 mg C/I.

Interferences

All three methods ardependent orliminating or compensatinf@r inorganic carbon (IC)
present in the sampleRurging of CQ from theacidified sample is the moBequerily used method
to eliminate the ICalthough this also ralis in a loss of volatile organic cgounds(l). The
completeelimination or compensation of IC must be uesd for each saple natrix, andvolatile
organic carbon (@C) must baletermined in addition to NVOC dependent on thepsartype.

High chloride concentrations resultdecreased adation efficiency using thperslfate/UV-
method (2). Application of an oxidation reagent modified by the addition of mercury (I1) nitrate may,
however, rerove this inerference. It is recommended that the maxinwierable sample volume be
used to evaluate each type ofaitde-containing saple. High salt concdmations in sample atysed
using the combustion method caause saltoating of thecatalyst and excessive corrosion of the
combustiontube. Precautions should be taken according to the manufacturettsinan

Highly turbid samples as well as samplestaornng particulate matter may be incompletely
oxidized when employing theersilfate/UV-method.

An_example of a suitable method

Non-volatile organic carbon is determined by oxidation wnslfate/UV-irradiation and
subsequent quantification efrolved CQ employing non-digersive infra-redmectrometry.

The oxidation reagent is modified in accordance with the stiggegiven in(2) as described
in the manufacturer's manual:

a) 8.2 g HgCJ and 9.6 g Hg(NQ),.H,O are dissolved in several hundredlititres of
low carbon concentration reagenater.

b) 20 g KS,0, are dissolved in the mercuric sastugion.
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C) 5 ml HNG, (conc.)are added to the mixture.

d) the reagent idiluted to 1000 ml.

The interferencérom choride is removed using a 40 ul sampi@ume for 10 per cent
chloride and200 pl sample volumfor 1.9 per cent chloride. Samples of high chloride cotmatons
and/orlarger sample volumes can be atysedaccording to this method provided that build-up of

chloride in the oxidation vessel is preteth Determination ofvolatile organic carbon can
subsequently bperformed, if relevant, for the sate type in qud®n.

LITERATURE

@ ISO, Water quality -determination oftotal organic carbon. Draft ternational Stagard
ISO/DIS 8245, January 16, 1986.

2 American Public Health Associatiostardard Methodsfor the Estimation of Wler and
Wastewater. Amrican Water Works Association & Water Pollution Control Federatigth,
edition, 1985.

Also of interes$ (gives a degiption of an autoaalysis system):

3 Schreurs W. (1978). An autatedcolorimetric method for theletermination of disdved
organic carbon in seater by UV dessuction. Hydrobiologcal Bulletin 12 137-142.
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ANNEX 2

BIODEGRADATION IN SEAWATER
SHAKE FLASK METHOD

DATA SHEET

1.LABORATORY:
2.DATE AT START OF TEST:
3.TESTSUBSTANCE:

Name:

Stock slution concentration: mg/l as chesal

Initial concenrration in medium, t mg/l as chemical

mg DOCI/I

4. SEAWATER:

Source:

Date ofcollection:

Depth of collection:

Appearance at time of collection (e.g. turlet;.):

Salinity at collection: %o
Temperature at collection: °C
DOC "x" hours after collection: mg/l

Pretreatment prior to testing (e.g. filtratioadisnentation,
ageing, etc.):

Microbial colonycount - original sample: colonies/ml
- at start of test: colonies/ml

Other characteristics:
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5.CARBON DETERMINATIONS:

Carbon aalyser:

Flask DOC after n days (mg/l)
no.
0 n, n, N, n,
&
Test: nutrient-
fortified 1 %
seawater with mean, G,
test
substance b,
2 b,
mean, G
Cl
Blank: nutrient-
fortified 1 G
seawater mean, G,
without test
substance d,
2 d,
mean, G,
mean, G,=Cq+ Cqy
2
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6.EVALUATION OF RAW DATA:

% Degradation after days

Flask Calculation of results
No. 0 n, n, N, n,

D =1_Mx1%

1
l C0 - Cw(o) 0

Cyy - C
D,=1-_20_ W0 . 100

2 Co - Cbl(o) 0
D +D
D, = it St |
Mean (*) 2 0

* D, and D should not be averaged ifele is a considerabtifference.

Note Similar formats may be used when dadation is followed bypecific analysis and for the
reference compound and toity controls.

7.ABIOTIC DEGRADATION (optional)

Time (days)

DOC conc. (ng/l) in sterile control Cso) Cso

C.,~-C
% abiotic degradation = —%© "% 100
5(0)
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ANNEX 3

CALCULATION OF THE THEORETICAL BIOCHEMICAL OXYGEN DEMAND

CLOSED BOTTLE METHOD

The ThOD of the substanceH;Cl,N,Ng,.O,P,S; of the molecular weight MW is calculated
according to:

16[2c+%(h—cl—3n)+3s+§p+—;na—o]

MW

ThOD,y,; =

This calculation implies that C is mineralised to B to HO, P to BO; and Na to NzO.
Halogen is elimiated as ydrogen llide and itrogen as ammonia.

Example:
Glucose GH,;,0,, MW = 180

16(2x6+%x12—6)

ThOD = 180 = 107 mg O,/mg glucose

Molecular weights of salts other than those of the alkali metals are calculated on the
assumption that theakks havebeen hydrolysed.

Sulphur is assumed to beidised to the state of +6.
Example:

Sodium n-dodecylbenzendshorate GgH,,.SO,Na, MW = 348

16(36+%+3+—1—3)

2
ThOD =
348

= 2,34 mg O,Jmg substance

In the case of nitrogen-containing substances the nitrogen may beasdichms ammonia,
nitrite, or nitrate corresponding thfferent theoreticalbiochemcal oxygen demands.

16[2c+%(h-cl)+3s+%n+%p+lna-o]

2
Mw

ThOD,yy, =
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S

16[2c+%(h—cl)+3s+5

MW

5 1
n+Ep+Ena 0]

THOD,y,, -

Suppose full nitrate foration hadbeen observed by analysis in the case etarsdary amine:

(Ci,H,e), NH, MW = 353

16(48 + 512
353

IhQBNos = /) 3.44 mg O,/mg substance
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ANNEX 4
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ANNEX 5

BIODEGRADATION IN SEAWATER
CLOSED BOTTLE METHOD

DATA SHEET

1.LABORATORY:
2.DATE AT START OF TEST:
3. TESTSUBSTANCE:

Name:

Stock slution concentration: mg/I

Initial conc. in seawater adium: mg/|

ThOD or COD: mg @mg test substance

4. SEAWATER:

Source:

Date ofcollection:

Depth of collection:

Appearance at time of collection (e.g. turlatt.):

Salinity at collection: %0
Temperature at collection: °C
DOC "x" hours after collection: mg/l

Pre-treatment prior to testing (e.g. filtratioadsnentation, ageingtc.):

Microbial colonycount - original sample: colonies/ml
- at start of test: colonies/ml

Other characteristics:

5.TESTMEDIUM:

Temperature after aeration: °C

O, concentratiorafter aeration and
standing before start of test: mg/iO
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6.DO DETERMINATION:
Method: Winkler/electrode
Flask no. mg OJI after n days
5 15 28
Test: nutrient - fortified seawater 1 a
with test substance
2 a
Mean m=a+a
blank 2
Blank: nutrient - 1 (o
fortified seawater, but without tet
substance 2 C;
Mean m,=C +¢C
test

Note Similarformat may be usefibr reference copound and toicity controls.

7. DODEPLETION: % DEGRADATION (%D):

DO depletion after n days

5

15

28

(m b~ m‘)(l)

(m, - m)"

D = x 100
test substance (mg/l) x ThOD

@ This assumes that jj = m,,,, where

m,, = blankvalue at day O,
my, = test substancealue at day 0.

If m,, does not equal g, use (M, - M) - (My) - Myy), Where

My = blankvalue at day X,
my, = test substancealue at day x.

27127

306



