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Development of a Standardized Reproduction Toxicity Test with the 
Earthworm Species Eisenia fetida andrei Using Copper, 

Pentachlorophenol, and 2,4-Dichloroaniline 
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Tbillll1ide clclcn.'bcs a ltaDdardizcd test method for det.ennini.na the drec::t of chemical su~ 
· . ltaDOel OD the rqxoduction of the earthworm Eismitl ferUltl andrri.=t is · on the existina 

paideliDea for acute toxicity testina with earthworms, and for reasons standardization the 
same artiiciaiiOil substrate and earthworm species were chosen u . ibcd by these guide­
linct. After beiDa preconditioned for one week in untreated soil, earthworms are expoecd to the 
c::bemic:alsubstaoocs for 3 wccb. The number of cocoons produced is dctcnnined. and cocoons 
are incubalcd in untreated artificiaiiOiJ for S weeks to assess hatcbability. Results are prac:nted 
from toxicity experiments .with pentachloropbenol, copper, aod 2,~ For these 

. COIIlPOJIDda oo-e&c;t 1e¥cls(NEL) for cocoon production wc:rc 32, ~120, aod 56 ma·k&-1 dry 

. toil, rapcc:tivdy. Hatchina of cocoons was influeuad by pentaciboropbcnol (NEL. 10 1111· 
· · q-1). but DOt by ooppc:r aod dichboaniline. F~ exposun:, ~worms were incubated 

iD dc:an IOil apm to study the possibility of m:o~ of cocoon production. For copper aod 
dic:JOOroaniliD earth'W'OI'JDS did I'CICIM:r cocoon production to a level u hi&h a the controllevd 
or naa bisbcr, iD cax ofpenmchloropbcuol, cocoon production was still reduced after 3 'W'CCb 

. iD dean IOil. 0 1919 AaldaBic "'- ._ 

recent years, two guidelines for determining the acute toxicity of chemicals for 
mhwn~rm!l have been published (OECD, 1984; EEC, 1985). The objective of both 
~:Jmes is the determination of lethal concentrations of chemical substances, i.e., 

values. his generally accepted, however, that mortality is a rather insensitive 
.. Deter and has only limited ecological significance. Reproduction seems to be of 

importance for the maintenance of populations (Moriarty, 1983). Some au-
therefore determined the effect of chemicals on cocoon production by earth­

(Bengtsson et al., 1986; Lofs-Holmin, 1982; Ma, 1984; Malecki et al., 1982; 
IRlbi&USicr et al., 1984; Reinecke and Venter, 1985). Their test methods are, however, 
~~aanclarCiizc:d For reasons of standardization the use of a well-defined substrate, 

arti1icial soil, is recommended for standardized toxicity tests with earthworms 
5aJt•I\.U:~ 1983). 

paper describes a reproduction toxicity test using the artificial soil substrate 
tbe earthworm species Eiseniafetidil prescribed by the two international guide­
(OECD, 1984; EEC, 1985). Results of tests with copper, pentachlorophenol, m 

1-idic:bkl•roanili:ne aR presented. 
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""" MATERIAL AJID . 1 

Eannworms f 
Earthworms of the species E:fetida ~n were grown in the laboratory 

manure at an ambient temperatUre of 20.:.22·c~ The wOrms used in· this 
adults with a well-developed clitellum (8-:13 weeks ·old) and their average 
the start of the tests ranged between 248 aild 42S mg. 

Chemicals 

Copper(II)chloride · 2H20 (Cu), pentachlorophenol (PCP), and 1.4-d.i<:hl<>mllll 

(DCA) were obtained from Merck and Fluka AG and were 9S to >99% pure. 

\';,; 

Artificial Soil ~ ,_. 

The artificial soil e<.·~prised (by dry wei&ht) I 0% sphagnum peat, 20% 
69% fine sand, and sc::ne calcium carbonate to adjust the pH to a level of 
(pH in the test with a.~ was a little higher: 6.3-7 . I). In the case of cocoon 
tests I mm sieved, m(\:st peat was used. and the substrate was moistened up 
of 55% (w/w) with detcineralized water. For the incubation of cocoons finely 
peat was used. and th:. final substrate had a moisture content of 3S% (w/w). 
ground ( < 1.0 mm) co·.v dung was used as~· food source. 

£ 
Cocoon Production Toxicity Test J< 

l. 
Cu was added to the artificiaJ soil substrate as an aqueous solution. PCP 

are not readily soluble in water land were tkrefore mixed with a small amow11t:t1 
artificial soil and subsequently kdded to the rest of the soil. 1be substrate was 
intensively with a ho~hold mixer and the~ moisture content was raised to the 
level by the addition of demineralized wa~. Amounts equivalent to O.S kg . 
cial soil were placed in 1-liter &lass jars. In the middle of the soil a hole was 
filled with 2% (dry wei%ht),..finely ground chw dung. The cow dung was mo'tstc~ 
to 55% with deminer-.Jized water before ise. Ten adult earthworms were 
each jar. Jars were loosdy covered with. glass petri dish to prevent moJI.StU:R! 
by evaporation and incubated at 20 ± 2•C in an illuminated climatic ... J.Uuu•~ 
400 lux). :~ 

Before exposure earthworms were preconditioned for one week (phase A) 
treated artificial soil with 2% cow dung. I~ the case of Cu, a second oreCOJldl1tiOI 
period (phase A •) of one week in treated ~il followed. After this earthworms 
exposed for 3 weeks to the chemical su~ces (phase B). In this study the 
extended with a recovery period of 3 wee~ in untreated soil (phase C). At the 
each period the number of cocoons produCed was determined by washing the 
of each jjt through two sieves (2 and I mm) placed on top of each other. Soil 
moisture content, and weights of all (surviving) worms (in groups of 10 per jar) 
determined at the beginning and end of each phase of the test. 

Each test was performed at five test concentrations and a control. The tests · 
four jars per concentration, each jar containing I 0 earthworms. Because 
are known to be able to avoid chemical substances (Edwards and Lofty, 1977), 
might escape from the treated soil into the hole with untreated cow dung. For 
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fC!lSOD in the Cu test in two out of four jars per concentration cow dung was treated 

at the same Cu concentration as the soil (phase A • and B). And in the DCA test in 

phase A two out of four jars per concentration received only 1% cow dung instead of 

2%. In phases B and C of this test 1% cow dung was applied at the beginning and 

another 1% after ca 1.5 weeks in order to reduce the amount of untreated material 

present. 

Cocoon Incubation 

To determine the influence of the chemical substances on cocoon hatchability, 

cocoons produced in phase B were incubated for S weeks in untreated artificial soil 

as described by van Gestel et al. ( 1988). The artificial soil was mixed with I% finely 

· s;round cow dung as a food source for the juvenile worms. 
~ 

EC50 values based on cocoon production data of phase B (in case of Cu also for 

·. phase A •) weR determined according to a Jogit model. NEL were determined by 

comparing treated s;roups with controls using Student's 1 test The relation between 

treatment and etfects on cocoon production and cocoon hatchability was tested by 

•.anJaiV!:i!l ofvariaooe (ANOVA). 

RESULTS 
I 

The results of the cocoon production tests are shown in Figs. 1, 2, and 3. In the Cu 

there was no difference between the number of cocoons produced in jars with 

ltrc:atec:t and wltre:ated cow dung. And in the DCA test cocoon production was not 

by addina 1% ( + 1 %) cow dung instead of2%. In Fms. 1, 2, and 3 the numbers 

cocoons produced are therefore averaged for all four jal$ per concentration. 

EC50 values for the etfect ofPCP, DCA, Cu (phase A •), and Cu (phase B) on cocoon 

;})reduction by E.fetida andrei are 58 (46-75), 176 (150-206), 62 (21-181), and 191 

mg. q-1 dry artificial soil, respectively. Using Student t tests NEL values 

derived: for PCP, DCA, and Cu these values are 32, 56, and 60-120 (phases A • 

B), respectively. . 

In phase A • of the test with Cu (Fig. 1) the increase in worm weights was affected 

a dose-related manner: 19.9% increase in control and 0.3% at 300 mg Cu-kg-1• 

V\lllliUt phase B, however, the opposite occurred: control worms lost 4.4% of their 

~~un. while at 300 mg Cu.q-1 worm weights increased by 21.1%. There seemed 

be a negative correlation between growth and cocoon production during phase B, 

not during phase A •. In phase A • cocoon production was more affected than in 

B. In phase C worms did recover cocoon production to a level as high as or 

~xoo.eding control. 

PCP (Ftg. 2) (100 mg·q-1) significantly inhibited cocoon production only at the 

~~st concentration tested. During phase B three worms (7 .5%) died at this concen­

~1hnn and worm weights only increased by 0.9%. At the other concentrations weight 

l!K:reaiSCS ranged between 5.7 and 12.2%. In phase C worms exposed to the highest 

concentration in phase B seemed to recover: weights increased by 40.0% ( 1 ~-
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FIG. 2. The influence of pentachlorophenol on the cocoon production of Eiseniafetid4 andrei in artificial 
soil (mean of four replicates; phase A, preconditioning; phase 8, exposure; phase C. recovery). 
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Flo. 3. Tbc influence of'2,4-dichloroaDili OD the C:OCOOD production or Eismillfetilill andrd iD artifi.. 
IOil (mean of four replicates; pbue A. preconditioo.ing; pbue B, exposure; phase C. n:co'Va)'). 

at the other concentrations). Cocoon production of these worms was, however, 
significantly lower than control / 

·· In the DCA test worm weights were not affected. Cocoon production was signifi­
miuced at 1 ()() ms. kg-1' but returned to cOntrol level when worms were trans­

into untreated artificial soil (phase C). · 
i 

Coe'oonHatchability i 
I 

. Table 1 shows the results of the cocoon incubation study. Cocoon hatchability was 
a1rected by Cu. Upon ANOVA DCA seemed to affect the number of infertile 

~00111 in a d~ted manner. However, the number of infertile cocoons was 
li&Dilicantlyincreased only at the highest test concentration. The number of juveniles 

cocooa was not related to OCA-treatment. 
PCP a1rected cocoon' fertility: at 32 ms·k&-1 the number of infertile cocoons was 

qnificantltyinacaaed, and at 100 mg.lcg-1 all cocoons were infertile. The number 
iu\IIP..nilii! worma per fertile cocoon was not affected by PCP. Based on these results 
NEL for tbe eft'cct of PCP on earthworm reproduction is 10 ma · kg-1 dry soil 

DISCUSSION 

In this study, cow dung was used as a food-sow. Without food added, earthworms 
species E.fetida do not produce many cocoons. In this study, during phase B 

betwet:n 1.2 and 2.0 cocoons/worm/week were produced in controls. In artificial soil 
'WI1t.D01llt cow dung, weekly cocoon production amounted to only ca. 0.2 cocoons per 

(van Gestel, unpublished data). And from the studies ofVonk ei al. (1986), 
also used artificial soil without food, an average value of 0.5 cocoons/worm/ 

- ; 
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TABLE 1 

HA TCHABIUTY OF COCOONS PRODUCED BY Eiseniafetida andrri ExPosED TO 

PENT A CHLOROPHENOL, 2,4-DICHLOROANILINE, AND CoPPER (MEAN OF FOUR REI'uc:ATES) 

Substance 

Cu 

PCP 

DCA 

Concentration 
(mg·kg-1 dry soil) 

0 
60 

120 
180 
240 
300 

0 
1.0 
3.2 ' 

10 
32 

100 
0 

18 

1
32 
56 

'too 
;180 

• P<O.Ol; .. P<O.OS. 

/ 

% Infertile cocoons 

42 
27 
36 
34 
32 
46 
15 
18 

: 11 
15 
JO-
t~ 

6 
3 
7 

12 
6 

16 .. 

Number of juvenile 
worms per cocoon 

1.7 
2.2 
1.9 
2.2 

·1.8 
1.8 
23 
2.4 
2.0 
2.5 
2.0 

3.5 
3.1 
3.1 
2.9 

, ---· 29 
2.9 

week can be estimated. Results of the Cu test demonstrate that not treating the cow 

dung does not influence the test result. Neither is the test result influenced by using 

1% ( + 1%) cow dung instead of 2% (OCA test). In order not to supply more food than 

necessary, it must be recommended to use 1% ( + 1%) cow dung for future tests. 
Other authors also used a food source in reproduction tests with earthworms. Ma 

( 1984) in a study with Lumbricus rube/Ius supplied dried alder leaves. Lofs-Holmin 

( 1982) mixed soil with farmyard manure to study cocoon production by .Ailoloi» 

phora caliginosa, and Bengtsson et a/. ( 1986) studying the effect of met8Is on cocoon 

production by Dendrobaena ruhida mixed soil with cattle dung. Some authors even 

used pure cow dung for their studies: Venter and Reinecke ( 1987) and Reinecke and 

Jenter ( 1985) in studies with E. fetida. 
From Figs. 1, 2, and 3, it can be concluded that cocoon production is always higher 

in phase B than in phase A. This proves the necessity of a preincubation period to 

enlarge the number of cocoons produced and with this the reliability of the test. 

From Figs. 1, 2, and 3, it can also be concluded that there is a large variation in the 

· amount of cocoons produced in the different tests. In phase A of the Cu test, only 

0.3-0.4 cocoons per worm per week were produced, in the PCP test 1.0-1.3, and in 

the OCA test 1.4-2.2.1n controls of phase B the difference between Cu and PCP was 

reduced: 1.2 and 1.4 cocoons/worm/week, respectively. In the DCA test, however, 

much more cocoons were produced: 2.0 cocoons/worm/week. Fmally, in phase C 

cocoon production was more or less similar for all three tests. 

The number of juveniles per cocoon and the number of fertile cocoons also varies 
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greatly between the three tests described In the Cutest, 42% ofthe cocoons in the :'. · _control were infenile; in case of PCP this was 1 4.8%, and for DCA S. 7%. The number of juvenile worms per fenile cocoon were 1. 7, 2.3, and 3.5 for the controls of the tests with Cu, PCP, and DCA, respectively. These.diiferences are hard to explain. The tests were, however, not performed at the same time. It is possible that the reproductive performance of E. fetida andrei is influenced by the season. A similar phenomenon was found by Watanabe and Tsukamoto ( 1976). They sampled cocoons of E. fetida in field compost at different times of the year. hatchability ranged between 33.3 and 81.4%, and the number of juvenile worms per cocoon between 1.6 and 3.6. In our study, however, worms were used from a laboratory culture which is maintained under the same conditions throughout the year. : A period of 3 weeks was chosen for the cocoon production test (phase B), because after this time cocoons of E.fetida start to hatch: Hatching times of29.7-30.9 days for cocoons of E.fetida incubated in distilled water at 2s·c were reported by Reinecke and Venter (1987); Tsukamoto an~ Watanabe (1977) found an average incubation time of25.2 (23-28) days for the incubation of cocoons of E.fetida on wet filter paper at 2o-c. The test may be prolonged by incubating the adult worms for another 3 weeks in (frably prepared) soil treated at the same concentrations. This procedure can be repeated as often as desired. Tests with aluminum and benomyl recently car­ried out in the authors' laboratory, however, did not indicate a sigpifi.cant influence on the test result~ or NOEC) when extending the test with T:end period of 3 weeks (van Gestd, unpublished data). · For the incubation of cocoons, a soil substrate was chosen. described by van Gestel et al. ( 1988), incubation in water or on wet filter paper appeared to have some disadvantages, e.g., growth of fungi on wet filter paper or a delayed hatching m water. Using a soil substrate offers the possibility of extending the cOcoon production toxic­ity test to a real reproduction toxicity test. By treating the ccx:o+n incubation substrate at the same -eoacentrations of the test substance, the in.ftuenpc on hatchability and juvenile worms can be tested For PCP, such a test was carried out, and it was demon­strated that treating the cocoon incubation substrate led to a decreased number of juvenile worms per cocoon (van Oestcl et al., in preparation). In this study, Cu at the lowest concentration tested (60 mg .q-1) increased cocoon production. Since Cu is an essential element for many organisms, this concentration may have been close to the optimal ·lcYel ~uired for earthworms. Bengtsson et al. (1986) found an inaased cocoon production for D. rubidil at 100 mg Cu·lc&-1 in soil at pH 6.5 (3 months). At this concentration and pH 5.5, many more cocoons ~ ~.than conJrol; at pH 6.5, there was no difference with control Cocoon hatc.bina wu, however, delayed at this concentration. Ma ( 1984) found a NEL of 54 liJ&·.q-1 f<ir the efFect ofCu on cocoon production of L rube/Ius in a loamy sand; in a caJc:areous sandy loam cocoon production was already inhibited at the lowest concentration tested (63 mg eu.q-1

). Growth of the earthworms during the 6-week testing period was not affected at concentrations ;;..373 mg Cu·kg-1• Ma (1984) con­cludes that a test period of2 weeks is sufficient to detect effects on cocoon production. Malecki et a/.'(1982) and Neuhauser et al. (1984) used a different method to study the effect m metals on the growth and reproduction of E. fetida. They incubated earthworms iDa layer of untreated soil covered with a layer of treated horse manure. CocooD prodllction was affected at concentrations of 100 (Cu(N03l2 or CuS04) or 



~ . \ 

. -~ 

312 VAN GESTEL ET AL 

2000 mg Cu· ~cg-• (Cu02 or Cu-acetate)) in the manure. In the test with Cu.acetate, 

cocoon production was significantly increased at 500 mg Cu · q-•. 
The effect of PCP on cocoon production by E. fetida was studied by Vonk a tJl. 

(1986). They found a NEL of 12 mg.kg-1 dry artificial soil (4 weeks). bl this study, 

the number of infertile cocoons seemed to increase at higher PCP concentrations. 

Venter and Reinecke ( 1987) found a similar effect in a study with dieldrin. No data 

were found on the effect of OCA on earthworm reproduction. 

CONCLUSIONS 

The method proposed in this paper otTers the possibility of stud}'ins etrectl·or Chem­

ical substances on earthworm reproduction in a standardized way. ReSults Obtained 
with this method are comparable with those from other literature. 

/ 
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