





¥. Heimbach

s, if used
~uined for

23t methods.

the best
2 the same
: preferred.
method for

Jirst step in
the Contact
tested. With
ieial soil (dry

'% mortality.
ration series,
timulus. The
ast chemicals
nce chemical

Methods for determining the toxicity of chemicals to earthworms

2.1. Contact Filter Paper Test

The Contact Filter Paper Test, devised by C. A. Edwards, was performed as described by the
EEC proposal for an EEC test guideline ‘Toxicity for Earthworms—Contact Filter Paper
Test’.”"® The test chemicals were dissolved, emulsified or dispersed in deionised water, or, when
this was not possible, they were dissolved in acetone (Table 1). One ml of solution, emulsion or
dispersion was transferred to a piece of filter paper (9.5x6.7 cm, Whatman Grade 1) which was
placed as a cylinder in a brown glass vial (medicine vials, 7.0x3.5 cm). Ten replicates were
prepared for each concentration. The water or acetone was evaporated to dryness by ventilation
with an electric fan while rolling the vials. After evaporation of the solvent, deionised water
(1ml) was pipetted on to the filter paper to rewet it. Earthworms were held on wet filter paper
for about 2h before being added to the vials. One earthworm was added to each vial. The vials
were covered with plastic film (‘Parafilm M’) and stored at 20 (£1)°C in the dark for 48h.

2.2. Artificial Soil Test

The Arnificial Soil Test was performed as described by a proposal of the BBA (Biologische
Bundesanstalt fir Land- und Forstwirtschaft, D-3300 Braunschweig).® The test substrate
consisted of 83.5% fine quartz sand (84% of which had a particle size between 0.06 and 0.2 mm),
5% bentonite (broken up, concentrated bentonite: cation exchange capacity about 45mEq per
100g; trade name ‘Tonsil Standard’), 10% finely ground dried sphagnum peat [pH 2.6 (£0.1)],
about 1% calcium carbonate [pulverised and chemically pure, to adjust the pH of the substrate to
7 (£0.5)], and 0.5% finely ground dried cattle manure (all proportions on a dry weight basis).
Sufficient water was added to bring the moisture content to 35% of the dry weight of the
substrate, equivalent to 25.9% of the wet weight of the substrate.

The chemical to be tested was added in 200mil of a solution, emulsion or dispersion of
deionised water, with stirring, to moist artificial soil equivalent to 1.0kg dry wt. Of this wet
substrate, 1.55kg (equivalent to 1.0kg dry wt) was added to each glass container. Each test batch
was mixed separately in a household mixer. Chemicals that were not soluble, emulsifiable or
dispersible in water (Table 1) were ground with powdered quartz sand in a mortar, and 10g of
this mixture was added to the substrate while stirring in a mixer. One of the test substances
(Table 1) was added to the substrate in acetone solution while stirring. Before adding the
earthworms to the substrate, it was ventilated for about 15min, after which, the water lost by
evaporation was replaced. In the main tests, three or four replicates each with ten earthworms
(in some cases six earthworms) were prepared for each container.

Treated substrate was “poured into glass containers (capacity 1.5 to 2 litres), and ten
earthworms, that had been washed in water, were placed on top of the substrate in each
container. The containers were covered with fine mesh gauze and stored in an incubation
chamber. The chamber was held at 22 (£1)°C and 70-90% relative humidity, and had a light-dark
cvle of 12:12h. After 7, 14 and 21 days, finely ground dried cattle manure (5 g) was mixed into
eich test container. and the water lost by evaporation was replaced. After 28 days, the numbers
of living earthworms were determined by washing the substrate with flowing water through a
1-mm sieve.

A few substances (see Table 1) were tested as described by an EEC proposal for an EEC test
guideline “Toxicity for Earthworms; Artificial Soil Test.” The conditions described in this
proposal are only slightly different from those in the method given above. The main differences
are: the test duration of 14, instead of 28 days; 20% kaolin (with about 50% kaolinite) in the

substrate, instead of 5% bentonite; and no addition of cattle manure during the course of the
experiment.

2.3. Artisol Test

The Artisol Test, devised by M. B. Bouché, was performed as described by the EEC proposal
for an EEC test guideline ‘Toxicity for Earthworms; Artisol Test’.” The substrate (Artisol)
consisted of 90 g (dry wt) of silica (trade name ‘Levilite Standard’) per test container, and 215 ml
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of deionised water. This medium was kneaded with about 1425g of glass balls (diameier
15-20mm), and this mixture was added to glass containers (1.5-litre) which were then covered
with glass lids. If the substance was soluble, emulsifiable or dispersible in deioinised water, it was
added to the silica with the water while stirring. If the substance was insoluble (Table 1}, it was
ground with 10g of silica in a mortar, and this mixture was added to 80 g of silica plus water while
stirring. One of the test substances (Table 1) was dissolved in acetone, and this solution was
spread on the silica with the water. In this case, the silica was aerated for about 15min before
replacement of the water that had evaporated. The silica-water mixture was then combined with
the glass balls described. In the main tests, three or four replicates, each with ten earthworms,
were prepared for each test concentration.

The silica-coated glass balls were placed into glass containers and ten earthworms were added
to each. The worms, which had been washed with water, were placed on top of the silica. The
containers were covered with glass lids and placed in an incubation chamber at 20 (£1)°C in the
dark. After 14 days, the number of living earthworms was determined by pouring the contents of
a container on to a 1-mm sieve and removing the silica with flowing water.

2.4. Test organisms
The earthworm species used was Eisenia foetida andrel. 10 §i iras~beerr bred in this laboratory for
several vears under the conditions described in the BBA proposal for an Organisation for
Economic Cooperation and Development (OECD) guideline.’ The earthworms used in the tests
were adult and more than 2 months old. Their average weight was between 300 and 400 mg.

2.5. Determination of LCsy values
The LCsp values were calculated by a probit analysis.!""1? In some cases, it was not possible to
calculate an LCsq by a mathematical method: for those compounds, the geometric mean, of the
logarithmic values of the highest concentration tested with less than 50% mortality, and the
lowest concentration with more than 50% mortality, was taken as the LCsq. Where formulations
of pesticides were tested. the concentrations given are in terms of the active ingredient (a.i.).

2.6. Chemicals

The pesticides and other chemicals used were as follows (w.p.=wettable powder; e.c.=emulsion
concentrate): benomyl w.p. (50% a.i.); bupirimate e.c. (25% a.i.); captafol w.p. (80% a.i.);
captan w.p. (50% a.i.): carbaryl (technical) e.c. (85% a.i.); chlordane (technical); chloroaceta-
mide; copper (II) sulphate: dialifos e.c. (43% a.i.); DNOC w.p. (40% a.i.); endosulfan e.c.
(35% a.i.); ethiofencarb soluble concentrate (10% a.i.); fentin acetate+maneb w.p. (54+16%
a.i.); potassium bromate; mercaptodimethur (methiocarb) w.p. (50% a.i.): methaphenamiphos
e.c. (40% a.i.): methidathion w.p. (40% a.i.); pentachlorophenol: and propoxur e.c. (20% a.i.).

3. Results

The main characteristics of the three methods are summarised in Table 2. Table 1 compares the
results obtained with these methods. The LCs values in the Contact Filter Paper Test ranged

Table 2. Main characteristics of the three test methods

Contact Filter Antificial Soil
Paper Test Test Artisol Test
Substrate Filter paper Mixture of sand. Silica
mineral clay and peat
Duration (days) 2 28 14
Temperature (°C) 20 n 20
Light Constant Light-dark Constant

darkness (12:12 h) darkness
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correlation coefficient (r=0.48, n=12) was very weak. The relationship of the toxicity of the
substances between these methods was about the same as the corresponding relationship between
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from 0.0008 to 0.53 mgcm™2; in the Artificial Soil Test they ranged from 3.6 to 625 mgkg™!; and
in the Artisol Test from 3.0 to 1930 mgkg™".

In Figure 1, the LCsq values of the Contact Filter Paper Test (log values) are plotted against
the results of the Artificial Soil Test, and the figure shows only a weak correlation; the
correlation coefficient (r)=0.55 (n=18). The deviation of single points from the regression line
was relatively great. While some test substances tended to be highly toxic in the Contact Filter
Paper Test, they were relatively non-toxic in the Artificial Soil Test (for example, compounds 9
and 12). Some were highly toxic in the Artificial Soil Test but of relatively low toxicity in the
Contact Filter Paper Test (for example, compounds 3, § and 7). )

The Contact Filter Paper Test and the Artisol Test were also poorly correlated (Figure 2). The
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Table 3. Correlations between the three methods

Regression Correlation
Test methods correlated equation n  cocfficient ()  P(%)
Filter Paper—Artificial Soil y=0.65x—3.02 18 0.55 1 (approx.)
Filter Paper—Artisol y=0.50x-2.76 12 0.48 >5
Artificial Soil—Aurtisol y=0.72x+0.50 1 0.91 <0.1

the Contact Filter Paper Test and the Artificial Soil Test (see, for example, compounds §, 9 and
12).

Figure 3 is a plot of the results of the Artificial Soil Test and the Artisol Test. The correlation
coefficient (r)=0.91 (n=11). Thus, the correlation between the results of these two methods was

very strong (P<0.1%).
Table 3 summarises the correlations between the three methods.

4. Discussion

In these experiments, the earthworms did not feed on the filter paper in the 48-h Contact Filter
Paper Test. Thus, the results show only the contact toxicity of the chemicals to the earthworms.
In contrast to this, uptake of the chemicals in the other two methods was through skin and gut
contact. In the Artisol Test, E. foetida fed on the silica, although it was of no nutrient value to
them. In the Artificial Soil Test, the earthworms also fed on the substrate. The strong correlation | .
between these two test methods probably indicates a similar mode of uptake of the chemicals by
the earthworms.

The lengths of the tests differ greatly. Thus, itis possible that the poor correlation between the
Contact Filter Paper Test (48h) and the two other tests (14 and 28 days) was due to the different
lengths of exposure 10 the chemicals. However, it is not practical to lengthen the Contact Filter
Paper Test significantly. Hence. use of the Contact Filter Paper Test may lead to conclusions that
do not reflect the hazards of chemicals to earthworms in soil.

The degree of adsorption of the substances to the substrates must also be considered.
Currently there is little information on the adsorption capacity of the silica (‘Levilite) used in
these experiments. The adsorptive characteristics of the Artificial Soil are mainly determined by
the peat and mineral contents. In spite of the organic content (10% peat) in this substrate, it is
believed to have about the same adsorptive capacity as a typical arable soil.

In this context it must be clearly stated that the reasons for the high correlation between the
Artifical Soil Test and the Artisol Test are not fully understood. It can be speculated that the
mode of uptake of the chemicals, namely through skin contact and/or gut uptake, is the same,
and that this is responsible for the good correlation. On the other hand, it can also be speculated
that the degree of adsorption of the chemicals to the artifical soil and silica are the same, and that
this gives the good correlation. F. Heimbach (1982, unpublished data), for example. has
demonstrated with two pesticides that there was an inverse correlation between pesticide toxicity
and the peat content (2.5, 5 and 10%) of the artificial soil. Finally, depending on the
characteristics of the chemicals, their uptake by the gut of the earthworms may be independent
of their adsorption to the substrate. Further experiments are needed to resolve these
speculations. i

The Artificial Soil Test presents the same possibility of assessing the toxicity of chemicals 10 &
ecarthworms as the Artisol Test. As experience has shown that the Artisol Test is easy to handle $X
and to standardise, results obtained in different laboratories using this method could be of 3.
reliable degree of comparability. This fact should be strongly considered in the selection of
methods of legislative purposes.

Acknowledgement
The author thanks Ms G. Pesch for capable technical assistance.

Meth

Refi

Nowe e



i 5,9 and

;orrelation
:thods was

atact Filter- -

iwrthworms.
dn and gut
nt value to
correlation
emicals by

etween the
1e different
ntact Filter
lusions that

onsidered.
e’) used in
:rmined by
'strate, it is

etween the
=d that the
+ the same,
speculated
.¢, and that
smple, has
:de toxicity
ng on the
:dependent

slve these i

~emicals to %
+ to handle 3

-

]
34

Metbods for determining the toxicity of chemicals to earthworms

References

Seva v

Stringer, A.; Wright, M. A. Pestic. Sci. 1976, 7, 459-464.

Stenersen, J. Pestic. Sci. 1979, 10, 104-112.

Stencrsen, J.; Gilman, A.; Vardanis, A. J. Agric. Food Chem. 1973, 21, 166-171.

Kamak, R. E.; Hamelink, J. L. Ecotoxicol. Environ. Saf. 1982, 6, 216-222.

Lofs-Holmin, A. Swed. J. Agric. Res. 1980, 10, 25-33.

Haque, A.; Ebing, W. Z. Pflanzenkr. Pflanzenschutz 1983, 90, 395-408.

European Economic Community EEC Directive 79/831, Annex V, Part C: Methods for the Determination of Ecotoxicity
- Level 1 DG X1/127-129/82, Rev. 1, Commission of the European Community, 1982.

Goats, G. C.; Edwards, C. A. Rep. Roth d Experi al Station (Harpenden) 1981, 1982, 1, 105-106.

Proposal for an OECD-Guideline (ECO 85, UPEC 15: ‘Test Guideline for the Assessment of Toxicity to Earthworms
(Eisenia foetida Sav.)’ Laboratory test, Draft BBP AP 3000 b u. 2600 Biologische Bundesanstalt fir Land- und
Forstwirtschaft, D-3300 Braunschweig, 1981.

Bouche, M. B. Lombriciens de France: Ecologie et Systematique Institut National de la Recherche Agronomique, 1972.
SAS Suatistical Analysis System: SAS User's Guide ISBN 0-917382-06-1, 1979.

Finney, D. J. Statistical Methods in Biological Assay Griffin Press, London, 2nd edn, 1971.






