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Adopted:
OECD GUIDELINE FOR TESTING OF CHEMICALS 12 May 1981

"Inher ent Biodegradablity in Soil"

INTRODUCTORY INFORMATION

Prerequisites

14C-labelled material is required.

Guidance information

Information orthe ticity of the test compound is useful for the interpretation otittia
obtained. The awentration of the test compoucah then be adaptedttos information.

Qualifying statements

The test is applicable to volatile or non-volatile, soluble or insoluble codgputich are
not inhibitory to micro-cganismsThe mineralisation rate refers tloe labelled carbwation
only. Thereforethe location othe labelling within the structure and the specificity of the
label needcareful consideration.

Recommendations

The reslis dbtained using the basidmeralisation test may be supieal bydeternination
of the evapmtionrate of the parent compoundd some of gsible volatile metabolites
and bydeternmnation of soilextractablendnam-extractable resiés. Both ptional tests are
described in this Test Guideline.

Sometimes it is recom@nded thainformation abouthemical degradation under anaerobic
conditions be bbtained. Therefore, in aatance with the&escription below, the biometer
flask filled with the soil sample (preconditing is not necessary) is floodetwwater (2-

3 cm layer) to protect against leakage, then evacaadlushed ith nitrayenseveral
times. Degradation may be evaluated byans of reasurements of ethane gas and
analysis of both wateand soil for“C-content.

Standard documents

This Test Guideline is based on thethod cited in reference 1, Section 4, Literature.

Users of this Test Guideline should consult the Preface,
in particular paragraphs 3, 4, 7 and 8.
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2. METHOD

A. INTRODUCTION, PURPOSE, SCOHRE, RELEVANCE,
APPLICATION AND LIMIT S OF TEST

The nethoddescribed in this Test Guideline is designed foreawation of the
mineralisation rate of 4C-labelled compound in soil. Theethod is applicable to volatile or
non-volatile, solble orinsolible compounds which are rinhibitory to micro-eganisms.

e Definitions and units

Sdl is a mixture of nimeraland oganic cherital constitents, thdatter containing
compounds of higlearbonandnitrogen catentand of high mecular weightsanimated by
small (mestly micro-) aganisms. Soil may be handled in tetates:

a) undistrbed, as it has grownitlv time, in characteristic layers ofvariety of soil types,

b) distubed, as it is usually sampled by digging and usdtieéntest describdukre.

Mineralisatia (in this context) mans extensive degradation of deuale duing which
a labelled carbon atom is oxidised quantitatively with release of the appropriate amount of

14CQ-

« Reference substances

In some cases when investigating a new substance, reference substancesafialy be u
however, reference substances cannot yet be reguech Rference substances need not be
employed in all cases when investigating a néstance. They mayrimarily be used so that
calibration ofthe nethod may be performed from time to tiemed to permit coparison of
results ven antiher method is employed.

e Principle of the test method

Basictest A small sample of soil is treated with tHE-labelled testhenical in a
biometer flask apparatus. Releasé‘6D, from the testhenical is meased by means of
alkali abseption andliquid scintillation comting.
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Optianal experimenticludethe followingtests.

Evapaation test Whentestingchenicals of a vapour pressure higltiean 0.0133 Pa,
a polyurethane foam plug is placedo the biometer flask apparatus to absorb the labelled
volatile part of the parent compouaidd vdatile metabolites for liquid scintillation coting.

Residie test At the point of 50 per centineralisationthetest soil may bextracted.
The extractable pion of the compoundandits metabolites reaining in the sih may be
determined hyiquid scintillation comting. Furthermore, data on the bouadidue part may
be obtained by measuring tHEQ, released after combtion ofthe sail.

e Quality criteria

Reproducibility

Reproducibility is good if standardraditions, especiallpreconditiming of the sib, are
strictly observed.

Sensitivity

The evalation ofsensitivity is not relevant because a moderate amount as 37-185 kBq
(=1-5 pCi) of“C-labelled testhenicals is $sed for each experiment.

Specificity

The nethod is only applicable’fiC-labelled testhenicals are availabl@hespecificity
is very good.

Possibility of standardisation

This procedure is standardised to a limited exf€né¢ linitation is related to the
difficulty of standardisation of soil sates betweetaboratoies.

Possibility of automation

Not foreseen.
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B. DESCRIPTION OF THE TEST PROCEDWRE

« Preparations

Equipment
— Liquid scintillation counter
— Okxidiser for combstion of radioactive material
— Ultrasmic bath, 500 ml

— Glassware: 250 ml Erlenmeyer flasks fused to 50 ml round botbes(biometer flasks,
see Figure 1); 25 ml syringes (e.getlck); syringe needle 15 gauge, 15 cm in length;
100 pl syinges (e.g. Hamitton); 25 mlgraduated cylinders with giper; 1 mipipettes;
soxhlet extraction apparatssijntillationvials; polyurethane plugs, 30 mmdiameter, 30 mm
length, density 16 kgfn

Reagents

Test sibstance “C-labelled compauwds aredissdved in water oracetone tagive
radicactivity of 37-185 KBg ¢ 1-5uip100 pl. sing unlabelled material, this solution is made
up to the required concentration (e.g. 0.5 mg/108 ul  diRgnsdl, or depending on the
toxicity of the substance).

Chemicals

KOH, analytical grade, 0.1 N solution
Acetone,analytical grade
Methanol,analytical grade (for ptional tests)
n-Hexane, anatjcal grade (for ptional test)
Ascarite*

Scintillation cocktail

Sail
Alfisol:  pH between 5.5 and 6.5
organic C content betweenahd 1.5 per cent

clay cotent (i.e. particles < 0.002 mm in diameter) leetov 10 and 20 per cent
cationexchange capacity between dfd 15 mwal.

* AH. Thomas Co. Philadelphia or equivalent
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Spodosol:  pH between 4abd 5.0
organic C content between Jabd 3.5 per cemay cotent< 10 per cent
cationexchange capacity < 10 mval.

Entisol: pHbetween 6.&nd 8.0
organic C content betweenahd 4 per cent
clay catent between 1&nd 25 per cent
cationexchange capacity > 10 mval.

In special cases it is recomndedthat two additional soils be used: one with high silt-
fraction* caontent, the other with high clay catent (30 per cent).

Air dried test soil steed at +4°C is rensiuised to 40 per cent maximum water
capacity. Afterincubation for 2 weks at 22°C + 2°C in the dark, it nsady for the
experiments.

e Test conditions

Testtenperatuwe: During the whole tegteriod,the flasks arécubated in the dark at
22°C + 2°C.

Sdl characterisatiodata For deterrimation ofthe pH value of the soil for selecting the
soil type, 10 cair-dried soil are spended in 25 ml 0.01 M CaCl

After standing overnight, the sample dsstubed once more and easued in a
potentiometric apparatus with a 0.1 M KCI elegdérdmmediateipefore the measurement, the
instrunent must be calibrated with two standard solutions within the measamipg of the
samplevaluesexpected.

For deterrmation ofthe organic carbon content of the soil for selecting the sail type,
1.0 g air-dried soail is heated with 15 ml 2Md60, and 20 ml 550, (analytical reagent,
p = 1.84 g/cr) at 145-155°C for 15 mines. After cooling to room temperature, sample
volume is made up to 150 miittv distilled water. A 20 ml aliquot is meesiispectro-
photometrically, after centrifing, ina 1 cm cuvette 80 nm compared istilled water. The
self-destroing property othe KCr,O, reagent must be determined by two blank samples.
Calculation is condied using the following eqtion:

1000 .V.E,(E, - ® .0
e.E . (6 - @a,.F)

*  Diameter ketween 0.002 and 0.063 mm
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where
C = carbon content (%)
V = gross volume (ml)
E; = equivalent weight of @b, (25.332)
E, = equivalent weight of carbon (828B)
E, = extinction at590 nm and 1 cm layé#hnickness
F = factor calculating ¥Cr,0, from Cr,O,
¢ = concentration of Cr (gder 100 ml (= 1.9356)
e = sample weight (mg)
a, = extinction coefficient of Cr (lll)a, is an averagevalue from five single
deterninations forthe calibration awe, each obtained Mgivision of E by the
amounts of GO, (in Q)
a, = extinction coefficient of Cr (Vl)a, is an averagealue from two single

estinations, each obtained loivision of E by the respective amounts of
K.Cr,0;.

For deterrmation of particle size of the soil for selecting the sqikty10.0 g air-dried
soil are reacted witd00 ml KO, (15 per cent’/,) for 15 hours, then heateatii CO,
evolution is complete. Afterwards the suspensiomefis to stand overnight with 25 ml
0.4 N NaR,0,, then water is added to make it up to 250 ml and the solution is sieved through
a mesh of 0.2 mm width. Thention > 0.2 mm idractionated ftther by sieving. The satler
particles (siltyfractions) arefractionated by homogenoymartitioning of theparticles in the
aqueous medium, hich is made up to 1000 mlittv water in an elutriating cylinder.

10 ml portionsre remeed bypipette from varioukeights of the cylinder after different
sedinentation times; measurent of the dry weights of the suspendedarial in these ptions
yields the particle comgdion according to the followingcheme:

Particle dipping depth (cm)

fraction

diameter 20 15 10 5

(mm)
< 0.002 - - 7h 45m 3h 52m
< 0.0063 1h 33m 49s 1h 10m 52s 46m 55s 23m 27s
< 0.02 9m 19s 6m 59s 4m 39s 2m 20s
< 0.063 59s 42s - -
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For deterrmation ofthe cationexchange capacity of theilsin order to select the sail
type, a glass column 15 cm in lengiid 30 mnmner diameter isediced in diameter at one
end like a funnel. This side is stuffedtwfilter wool. About 1 cm quartz sand is strewn on the
wool, followed by 10.0 g air-dried test soihish is in turn covered by about 1 cm quaead.
Above these layers comes 40 ml of a mixed solutiamsjeting ofL00 gtriethanolamine in 2 |
water (adjusted to pH 8.1 with HCI) plus 100 g BEELO in 2 litres]. After 1 h the solution
is collected in an Erlenmeyer flask 260 ml. The predure is then repeated. dddition,

40 ml of a solution of 25 g Ba2H,0O in 1 | are poureéhto the column.

After standing overnight, this solutiondtso cdlected and the column is washed with
100 ml vater.The corhined eluates aritrated against HQlbromocresobreen plus mthyl
red asindicators) to measure*HC&", K", Na'". For the deterination of B&" the column is
leached in a siitar manner vith 200 ml of 20 g MgGI6H,0 in 1 litre water.This cation is
deternined byflame abstption spectrophotoetry. The cation exchange capacity is expressed
as the sum of all theation equivalents smed by 100 g soil.

e Performance of test

Basic test

Fifty grammes of soil (dry weight basis) ataced into each Erlenmeyer part (H) of the
biometer flask (see Figure 100 pl otthe radioactive test solutiame added in 50 drops over
the whole sail surface (1) of each flask. Then, the scotiefully nixed with a Rsteur pipette
(from which the lower part is cutffp andleft in the flask.

In addition, an equivalent volume of test solution is placed in a 100 ml volumetric flask
for direct deterimation ofthe addedadicactivity.

The biometer flask is céed with aeflon-catedsilicon ribber stpper through which
an Ascaritdilter (F) isinserted. Thélter (F) is pravided with a stpper and stopcock (G). The
side tube (C) is sealed with a teflonpgter pierced by a i§auge needle (B), 15 crmig. The
needle (B) is capped bysdicone rubber stopper (A), and its tip at (D) igezed with a short
length ofsilicone tiping that remains in contacitiv thebase of the side tube (C).
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Figure 1: Test flask

The wit ischarged by injecting 10 ml afikali solutioninto the side tube (C) in the
following manner: the sall stapper (A) is replaced byaalibrated Luer lock syringe containing
0.1 N KOH;then the filter stopper on (F) is removed and the stopcock (B@iedthe alkali
solution is introdoedthroughthe needle (B)ntothe side tube (C); then the stopcock iseth
the syringe is remed; the snall stapper (A) andilter stgpper on (F) are theetuned to their
initial positions. The *C-carbon dizide produced isdsebed by thealkali.

To recwer theCO,-loadedalkali for liquid scintillationanalysis, the procedure for
charging eachparallel unit at increasing time intervals after start of the experiment is performed
in reverse order. Thereafter the side tube (C) is ringbdbwnl alkali. Beforeecharging the
side tube (C) with fresh alkali, 3 volumes of 25 ml air are sucked thtlwaiglystem with the
empty syringe to maintain the soil in an aerobic condition. A 1 ml aliquot of the alkali solution
is taken forliquid scintillation couting.



304A

"Inher ent Biodegradablity in Soil" page 9

Experiment dration times of 1, 2, 4, 8,6, 32 and - if necessary - 64 days should be
chosen for masurementThe test requires parallel detémations. The CQO, radicactivity
recovered is plottedersus timeThis graph shows whentrminate the experiment. Irization
time is sufficient Wen a tal of 50per cent CQexpressed a4C originally applied can be
measted. Inclpation should be sppedafter reaching 64 days, whether or not taikie is
obtained.

Optional tests
Estimation of evaporation

If the volatility of achenical is higher than 10torr at 20°C, it is recomemded that a
3 cm diameter polyurethane foam plug be intcedinto the arm E of the biometer flask. This
plug absorbs the volatile parent compound as welllasilearganic degradation products but
does not absorBCO,. The plugsare extracted in a soxhkettraction apparatus with an n-
hexane/methanol irture (1/4),andaliquotsare taken foliquid scintillation comting.

Determination of soil-extractabland norextractable residues

In cases of relatively persistettienicals (50 per cent imeralisation in > 10 days),
further information cocerning the soil-extractableadicactivity (parent compound plus
degradation productgnd soil boundesidues is reconended.

For this purpose, two further biometer flasksaddition tothe four others must be
prepared. At the it of 50 (orx-) percent mineralisation in the basic test, the sail in the two
separate biometer flasks is extracted i@ mlacetone (5 min ultras@ treatment) followed
by an extraction with methanoltime same manner. Aliquots of the combined extracts are taken
for liquid scintillation coating. Other extract pions may be sed — if necessary — forrther
identification stdies.

Aliquots of the air dried soil are consted td“CO, and neaswed byliquid scintillation
counting to determine the soil bouresidues.
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3. DATA AND REPORTING

e Treatment of results

Basic Test

Radiactivity values for'“CO, (average of 4 parallel experiments) obtained from the
alkali solution after 1, 2, 4, 86, 32 and 64 daywse expressed as the percentagesbf
chenical (radiactivity) initially appliedandare plotted in graphversus timeThe time at
which 50 per cent of theadicactivity is recorered as’’CO, is considered to be the "50%
mineralitsation” level. If this levdias nobeen reached lihe 64th day, the data at this time
are takerand expressed &spercent-nmeralisation”.

Evaporation test
Theradicactivity of vaporised (and trappediginal compound plus degradation products
at the point of 50 (or x-) per centrraralisation ieextracted, meased and interpreted as the
percentage of Vatilisation atthe point of 50 (or x-) per centimaralisation.
Residue test
Radiactivity values for extractabend nm-extractable residuestbie parent compound
plus degradation productbtained after the extraction procedure of the soil at tim pio50

(or x-) per cent neralisationare given.

e Test report

Thereport of the degradability of a tegtenical must include:

— name of the testhenical, formula

— amount applied, if not standard

— exact characteristic data of the aakd

— dates of the perfolance of the masurements.

e |Interpretation and evaluation of results

The reslis are artificial becausbey are obtainedithh distubed sd. However, since
standardised #e are used, thiest data arsterconparableand enabléhe experimenter to
group relatively thechenicals tested within one scale for this gedy.
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