302 B

Adopted:
17.07.92
OECD GUIDELINE FOR TESTING OF CHEMICALS
Adopted by the Council on 1% July 1992
Zahn-Wellers/EMPA® Test
INTRODUCTION
1. The original Zahn-Wllens test (1) waadopted in 1981 as OECDBuideline302 B for

determining inherent biodegdability. Later proposals wereagle by Switgrland and Germany to
modify this guideline by merging it with elements contained in adiegtloped byEMPA (2), hence
the change in name of the test. The merged version of the tefirthas changed in rpect to the
mineral nedium used. The medium retained is tilsal with that which is used in the DOC
Die-Away, COQ Evolution, Mamoretric Repirometry and Modified OECLC5creening methods of
Guideline301 (adopted 1992) fateterminingreadybiodegradability.

PRINCIPLE OF THE TEST

2. A mixture cotiaining the test substaa, mineral atrients and aelatively large amount of
activated kidge inaqueous rdium is agated and aerated at 20-25°C in the dark or in diffuse light
for up to 28days. Blank controls, ceamining activated kidge and mieral rutrientsbut no test
substanceare run in parallel. The biodegradatimmocess is monitored kyetermination oDOC (or
COD?) in filtered samplesaken atdaily or other time intervals. The ratio efiminated DOC (or
COD), corrected for thélank, after each time interval, to the initiAIOC value is egressed as the
percentage biodegradation at the glimg time. Thepercentage biodegradation is plotted against time
to give thebiodegradatiorcurve.

3. Specific analysis of the test substance may éRillia cases wére molecular changesaused
by biochenical reactiongprimary biodegradationare to be detected.

INFORMATION ON THE TESTSUBSTANCE

4. It is neceswry to know the water solubility and vapour pressure of the test substance and it
is also advisable to know ifsaming properties. The chemical structure should be known if the
measured values of DOC or COD are to be checkddrmation on the toxicity of the test substance

to bacteria is useful for selecting appropriate test cdrat@ns and in interpreting ndts showing

poor biodegradability (3). The test isuafly performed onlyafter failure to pass a test for ready
biodegradability. Thus, the phgal and inhibitory properties mayate alreadyeen ascertained.

@ EMPA: Swiss Federal Laboratories for Materials Testing and Research.

@ DOC: Dissolved Organi€arbon
COD: Chemical Oxygen Demand
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APPLICABILITY OF THE METHOD

5. Chemicals which are non-volatile and are soluble in water lgaat 50 mg DOC/I may be
assessed by this method, provided also that they do ndicsigthy adsorbare not lost byoaming
and do not inhibit bacteria at the contration teted.

SENSITIVITY

6. The limits of sensitivity areigen by the sentvity of the DOC determiation (nornally 0.5-1
mg C/I) or theCOD determination(15 mg @I) and also by the variability of thblank. The
relatively high concemation of test substance (50-400 @C/I) gives theadvantage of greater
analytical reliability.

REFERENCE COMPOUNDS

7. In order to ckck the funtional capability of the activatediglge, a test using a reference
compound of known biodegdability should be run in parallel with each series. For this purpose,
ethyleneglycol, diettylene dycol, lauryl silfonate and aifine arerecommeded. Bodegradation of
these compounds must reacheatst 70% (DOC or COD) within 14d.

REPRODUCIBILITY

8. The test has been shown vl goodeproducibility in ring tests.

DESCRIPTION OF THE METHOD

Apparatus
9. @) Cylirdrical glass vessels withwlume of1-5 litre, each equipped with a stirrer of

inert materialrotatingabout 5 to 10 cm above thmttom of the vessel (a magfic

stirrer with a 7-10 cm long rod can also be used) and a glass tube of 2-4 mm inner
diameter to introduce air at about 1 cm above lib#om of the vesd, or vessels of

the same size equipped with a glass frit at biotom, permittingaeration and
agitation.

(b) A supply of compressed air passemtigh acotton wool drainer and a washottle
containing vater, orfrom an aeration pump delivering air fréeom dust,oil and
organic impurities.

(c) Normallaboratory equipment, especially a trdage (capable of at least 1000 g), pH
meter, dissolved oxygen mei@iag apparatus and mdmanefilters (pore size 0.2-0.45
pm).

(d) Analytical equipment for determinindOC (4) orCOD (5).

Reaerts

10. Use analytical gradeagents througiut.
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Water

11. Deionised or distilled water, free from inhibitory concentrations of toxic substances ¢.g. Cu
ions) is used. It should ctain only minimal amounts of organtarbon so that high blankalues are
eliminated. Contamiation may result from inherent purities and alsérom the ion-exchange resins
and lysed materialffom bacteria and algae. For each test series use onhbaith of water,
previously checked bpOC analysis.

Stock solutions for mineral medum

12. Prepare th#ollowing gock lutions:
@ Potassium didrogen orthophosptte, KHPO, .. .............. 85¢
Dipotassium fidrogen orthophosgtte, KHPO, ............. 21.75¢
Disodium hydrogen orthophospte ditydrate, NgHPO,.2H,0 . ... 3349
Ammonium chloride, NECI . ... ... .. ... 05¢g

Dissolve in water and make up tditte.
The pH of the solution stuld be 7.4.

(b) Calcium chloride, anhydrou8aCl, .. ..................... 275¢g
or Calcium chloride dihydrat€aCL.2H,0 .................. 36449

Dissolve in water and make up tditte.

() Magnesium sulpite leptahydrate, MgSOGH,0 .............. 225¢g
Dissolve in water and make up tditte.

(d) Iron (I11) chloride hexahydrate, Fe@H,O . ................. 0.25¢g
Dissolve in water and make up tditte.

NOTE. In order to avoiddving to prepare this solution inealiately before use, add
one drop of concentrated HC1anld 0.4 g etylenediamiretetra-acetic acid (EDTA,
disodium slt) per litre.

If a precipitateforms in a ock lution, replace with a freshly ade slution.

Preparation of mineral medum

13. Mix 10 ml of solution(a) with 800 ml wateradd 1 ml of slutions (b), (c) and (d) and make
up to 1 litre.

Inocdum

14. Collect a fresh sample of activatdadge from a sewageatment wrks (BOLD of effluent
should be < 25 mg/l) and washit® with mineral radium ortap water. Separate thieidge by
centrifugingfor 3-5 minutes at about 1000 g or Wttlement. In gecial cases, to get as many
different pecies andtmins as pofisle, mix sampledrom different urces (e.g. othetreatment
plants, sil extracts, river water, etc) and treat the mixture as above. Uskidge svithin 6 h of
sampling, otherwise digrse it in mineral ®dium andaerate until required. Check the activity of the
sludge with thegrocedural control using reference compound, as debed later(paragraphl8).
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Preparation of vesels

15. Before tarting the test, mke certain with appropriate methods that noiliitton of sludge
occurs at the chosen contertion of test substance if this is nalready known (6)(7). If an
inhibitory effect isfound,reduce the concémation of test substance tdewel which is unlikely to be
inhibitory.

16. To an appropriate number of test vessels introduce 500 ml mirezhiainmand the appropriate
amounts of test substance and inoculum to reaplectgelybetween 50 and00 mg DOC/I (between
100 and 1000 mg COD/l) and 0.2-1.0 g dry matter/l in the final volumeur&itsat theatiobetween
inoculum and test compound @OC) liesbetween &:1 and 4:1. Make up to the requinamlume
with mineral nedium. The final volume, between 1 andit&es, depends on the nimer of samples
to be taken for DOC or COD determations and the volumegaesary for the analytical procedures;
normally avolume of 2litres is satisfactory.

17. Set up one or twblank vessels irparallel to cotain only activated kidge and mieral
medium with volumes iddital to those of the test susp@ns.

18. Also, set up one vessel in parallel with each test series as a procedural control, using one of
the reference compounds place of the test substance. Iformation onabiotic degradation is
required, a sterile uninoculatedlgtion of the test cheiwal can be prepared.

Number of vesels

19. The following vesselare used in a typical run:

- 1 or 2 containing test substance and inocuftest suspesion);
- 1 or 2 containing inoculum alone (inoculum blank); and
- 1 containing reference compound and inocu{pnocedure control).

It is mandatory tdollow DOC in the test suspsion and ilmculum blanks irparallel. It is advisable
to follow DOC in the other vessel jmarallel as well but this may not always be possible.

PROCEDURE

20. For practical reasons, do not start the test immmediately befoeelkemd. Run the test,
normally for up to 28d, in the dark or in diffuse light at 20-25°C. Aerate the sigpsnwith
purified, humidified air and, if ecesary, stir to ensure thatlusige does not settle and that the
concentration of dissolved oxygedoes nofall below 1 mg/l. Check the pH value at regular intervals
(e.g. on eaclday of sarpling) andadjust to pH 6.5-8.0 witiNaOH (40 g/l) or HSQ, (50 g/l) if
necesary.

Sampling

21. Follow the biodegradation of the test substance by determiniriaQkeor COD in samples
of suspensionaken:

- 3h + 30 mins after addition of the test substance in order to astiany adsption
of it by the activatedlsdge (see exapie in Figure 1);

- on at least 4 occasions in the intervatween the 1st and 27th day;

- on the 27th and 28tbays,or, if the plateau iattained in less than 28d, on the last
two days of the test run.
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The volume of samle taken depends on thgpe ofcarbon aalyser. Additional sanpling may be
necesary in order to describe tireaching of theplateau or if adaptation is to falowed.

22. Immediately prior to each saling, replace losses due &vaporation.

Adaptation

23. If adaptation (see curve 1, Figure 2) is tddilewed, carry out analyses fxOC or COD
at relatively short intervals (e.g. dailyProlong the test beyorizBd if adaptation occurs in the final
days of the test period.

24, If more detailed knoledge of the bedviour of the adaptedusige is meded, re-expose the
same activatedlglge to the test substance. To do thigp sieration and agitation and allow the
sludge to sttle. Draw off the supernatafituid, re-fill the vessel to the originablume with mireral
medium, stir for 15 mtes and repeat thigeration once ore. Alternatively, isolate thelgdge by
centrifuging (paragrapii4). Repeat the test using the recovetadg®e, which may be augmented
with fresh tudge if insufficientrecovered lsdge isavailable to yield 0.2-1 g dry matter/I.

Analytica methods

25. Filter the samples of fudge suspensior(gest,blank and procedure control) as soon as they are
taken, discarding the first 5 ml of filtrate. Usgher carefully washed paper filters or merane
filters, whichare suitable if theyeaitherrelease nor adsorb organic quoonds. Otherwise wash the
membranes tiee times in deionised or tikd water at about 60°C, and store them in water. Separate
sludges whictaredifficult to filter by certrifugation or by otheristable separatiotechnques.

26. Determine th®OC or COD in duplicate in the filtered or ¢efuged sanples by any suitable
methods e.g. (4) (5). Iprimary biodegradation is to be follad, use specific analyses, e.g. UV
spectroscopy, in addition @OC or COD. If thdiltrates cannot be analysed on the day ofdarg,
store at 2-4°C for a maximum of 48h, or at°@8or longer periods. Storagefor long periods
however is notecommended.

DATA AND REPORTING

Treamen of Resilts

27. Calculate thepercentage degradation at timfgom

Ct _CB

D =1-_+*+_ 2
[ Cs - Cpy

lxlOO

where:

percentage degradation at time t;

concentration (mg/l) obOC or COD in the test susmgon measred after
3h £+ 30 min of incubation;

mean concentration (mg/l) &0C or COD in the test susm@on at time t;
5A mean concentration (mg/l) @OC or COD in thédlanks meased after
3h £+ 30 min of incubation;

s mean concentration (mg/l) &0C or COD in théblanks at time t.

-

>

O 00 0O
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Carry out the same calculation for treference compound.

Display thecourse obiodegradation phically (asin Figures 1 and 2) and record all results on data
sheets.

Validity and interpretation

28. The test is considered valid if the procedural control shows the removal fdnence
compound by alteast 70% within 14d and if the removal DOC (or COD) in the test susps&an
took place relatively gradually over days ogeks, since this indicateéfodegradation.

29. However, physico-chepal adesrption can, in some casgday a role and this is indicated
when there is complete or substantial removal infilse 3h and the difference between blanks and
test solutions remains at an upexted low value. In such casedditional iformation is obtained

from a conparison between the 3h value, the expected initial value calculated from the amount of test
substance added and the value measured beforeotildum isadded. If a more precise distiion
between biodegradatidor partial degradation) and adgtion is to be drawrgarry outfurther tests,
preferably a rgsrometric test for readyiodegradation, using the supernatant of the aatised

sludge as inoculum.

30. Low and zero values of removal of the test substance mdwyeb its inkbition of bacteria;
eliminate this possibility by testing for ifdition at the concentration used if this hasalotadybeen
done (paragraph5).

Ted report

31. The test report must include tfilowing information:
Test substance:

- physical nature and, wherelevant, physicocheical properties;
- identificationdata.

Inoculum:
- source, concdmtion, satus of adaptation.
Test conditions:

- analytical methods used,;
- procedure control and cgraund used in the ctol.

Results:

- biodegradation curve;

- toxicity evaluations;

- the degree obiodegradation attained at the end of the test after 28d, or earlier if
complete degradation is attained in less th8d, as "inkerent biodegadability in
the static test after x days";

- any significant difference between tb®C (or COD) in thefirst sanple at 3h
after garting the test and thealue calculatedrom the amount of test cgmound
added as "adsorbed by the activatedge";

- the adaptation phase (days), tiiedegradation phageays) and the elpoint of
biodegradation reached aftedays asdertified from thebiodegradatiorcurve.
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Discussion of the re#s.
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