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by Van Gestel er afl. (1989, this preincubation period was necessary to let the vo
get adapted to the aruficial scil substrate and to stimulate cocoon preduction dugk
the exposure period. After this. 2arthworms were 2xposed for 3 weeks 1o the chem
substances {phase B In he case of cadmium and chromium. the test was ex:endy
with 1 recoverv period of 3 wesks in untrzated soul o study the :niluence 5
Juratien of 2xpesure. for benomvyvi the test vis proic nz&*" with a second J-week Bl
serod (phase O nopnases B and L 4 2 cow dung was 2dded to the scii. and atfer &
3 1avs (sencmyi. :ur‘*eqdamn -v*nenmﬁclmum) or after 7 and 14 davs another 4 ¢
cow Jung was added. the 2na or =2ach pericd the number of cocoons Jrodnged,
sci pH. soit mcwsture content, and worm weights were determined as deseribed oy
Van Gesiel 27 af. { 19865,

Each test was performed at five 3t six ‘est concenirations and a controf. The tests
had four tars per concentration. 2ach jar szzmammg 10 carthworms. In the case of:
benomy! and chromium three repiicates were used. In the test wuth PCP {2 contz ﬁﬁ
were used. Because earthworms are capabie of avouding chemical substances {Edays -
and Lofty, 19773, they mught escape from the ireated scil by moving wto the hg) ‘
with untreated cow dung. For this reasca, the test with cadmum was carried ou‘iw‘s;
3 jars per counceniration. and ip 4 of these jar; cow dung was treated at the samg]
cadmium concentration as e scu.

in the case of paraquat and feaun. a -ange fAnding was carried out 1o 1ssess ow
test conceniranicns. {n this rapge dnding, oniy two replicate jars were used per
centration. Paraquat was added drv 76 the soil. whereas fentin was added as a suspenss
in water. {n the case »f paraguar. she -ange-anding test lasted for 3 weeks and aaed |
prewncubatoen pericd. For the range-dnding test with fentin, a [-week premcubar
pericd was included. fn both range-inding tesis cocoon preduction was the only g
rameter tested.

Cocoon Incubation

To determine the influence of the chemical substances on cocoen hatchabily
cocoons produced in phases B and C were incubated for § weeks in antreated artif
soil as described by Van Gestel ef 2/, {1988). The artificial soil was mized with
finely ground cow dung as a food source for the juveanile worms. f‘

To studv the influence of PCP on cuccon hatching, cococns produced in the comh
were incubated in scil rreated with PCP concentrations <orresponding with these
the cocoon producucn test. And coceons produced in the reated soil were ncubg
in either untreated scil or soil treated at the same concestration. [n this way, co
incubation tests with PCP could be pericrmed in duplicm:e and three different
binations of zocoon production and cocoon incubation {i.e.. unirsated-treated. freated
untreaied, weated-treated) could be tested.

Y

Staristics

LC5o values were calculated using the trimmed Spearman-Kirber method 1Hamﬂm :
eral., 1977719735 ECs values for the effert of the chemicails on cocoon producim
were determmed JLLordmg to 2 logit model. Ne-cbserved-ztfect concentrations { NOECE
were calculated using the Willlams test (Wilkams, (971, i9%72) and Student’s : - est
by anaiysis of vacaace (ANOVA) using the scitware package Genstat 5.
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3. RESULTS AND DISCUSSION

Cadmium

The cadmium concentrations tested were 0, 10. {8, 32. 36, and |00 mg Cd - kg™!
drv sod. Upon analysis corresponding actual concentrations appeared to be 0.1, L1,
£7.29. 36, and 94 mg Cd - kg ™' dry scil. respectively.

s naivsis of vamance comparing the resuits of the “ests with ‘reated and untreated
food did aot reveal significant differences (71 = 3.007 a.5.:. Treatment of the cow
Jung did nave a significant afect on 2arhworm growth (5L = 03 3 2 <0001 2 owth
vias igher when worms were fed untreated cow dung. And thus difference was signif-
want at D and 10 mg Cd- kg™ i soit and dung. Van Testel or 24, 1 198%) pertormed
4 simidar study with copper and did aot tind anv didersnce 1o cocoon preduction
netwveen worms fed tweated and thaose fed unireated wow dung. Despite the diderence
coserved for growth. results of botl tests are comined and summarized in Table 1.

Cadrmum did ot nfluence the growth of eartbworms. aitheough growth tended to
increase with increasing conceniraticn. Cocoon production was significantly reduced
at ail concenirations tested. [n the coriroi, 0.9% of the ocoons were abnormaily
shaped and passed 2 2-oam sieve; at 10 and 18 mg Cd- kg™’ thus was 2.4-2.6% and at
the qigher concegatrations 5.7-5.6%. The aumber of fertiie socoens was act cadmium
dose related, althcugh it was sigmificantfy reduced at 13 myg Ca ¢’ Cadmmm did
qot :niluence the aumber of uvenies aarching ser ‘ermie cocuon. Hut as a onseguence
of the zffect om cocoon praducton the aumber af sifsprng Suvemies/worm,/week)
was sigmificantly reduced at 13 mg iJa- k@™ drv sod and migher. Durning the 3 wesks
recovery period cococn praduction and growih of afl sroups completely recoverad to
the ‘evel of the coniret.

van Gested and Van Dis (1933} determined an LC;p of > 1000 mg Cd- kg™ for E.
Jndrei i an artficial soi at pH 7 0. Ma {1983} reported 3 d-week 1Cso and 2 12-week
NOEC of 500 and i} mg Cd - kg™ dry scil, respectivelv Tor the stfect of cadmium ou
the survival and coccon preduciion of Lumbricus rubeflus in 2 lcamy sand. Bengtssen
or gl 11986) determuned the adecy of soil pb and cadouum on the reproduction of
Dendropaena rubida. At pH 3.5 and 6.3 cocoon production was stimulated by {0 mg
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TABLE |

EfFECT OF CADMIUM ON THE GROWTH AND REPRCDUCTION OF Eisemig andrel
N ARTIFICIAL SOIL { AYVERAGE OF E(GHT REPLICATES)

and ihree \.iifeTem o Juveniles/
1treated—treated, reaks Conceatration % Cocoons/ % fertile fertile Juveniles/
img Cd-kg™) growth worm/wecek coCoons cococn worm/week
0 32=23 1.37 = 0.1t 94 = 3 238 +£0.28 3.33 = 3.49
10 30+36 L1 £0.23* %0 £ 3 256037 2861072 °
.3 , 33+214 1.06 =0.23* > 81 = (6™ 2.41 £ 0.28 21 =061
Zirber method (Haml R 3722 L0726.06*° 941% 3 280 £ G153 261 £ 0.49*
is 50 cocoon producs 36 46 =135 090 =0.18"*" 91 % 5 239021 194+ 0.36%
1 concentrations {iNOECS 100 3524 0.85 £ 8.13*** 93+ 8§ 239 =036 1.36 £ 0.37™* ¢
2y and Student’s ¢ test * P < 0.05
«« Genstat 3. = P <0t
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Cd-kg™' and at pH 4.5 and 5.5 it was reduced by 100 mg Cd-kg~'. At the
concentration, cocoons were abnormaily shaped and aberrantly coiored. Hatchy
the cocoons and embryonic development time were significantly increased by
Cd-kg™'atpH 3.5 and by 100 mg Cd - kg™' at pH 6.3 A

In a substrate of untreated soil covered with a laver of treated horse dung, M
21 al. U‘)‘S") i'omd \iOEC vaiues for the ’ffec: on f‘f\rm)n prﬁducﬁen of £ j”eﬁ :

As eanhworrn., mayv aveld (GXic substancss .Edwqma and Lstty, 0,377,\, .thcs\. %
cannot te compared with those of this siudv.

Chromium

Chromium coacentrations tested wers 9. 10, 3. 3200 and 1006 mg Cr- @
dry soik. U pon mdv/sas gorrPsLundmg: actual o concenrations appeared 1o he § F9%
16,40, 101, 237, and 972 mg Cr-kg™'. respectively. :

Table 2 shows the resuits or this test. No momaiity cccurred at anv of the conee
Iraticns tested.

Feom Tabie 2. it can be conciuaed that growth of the worms was sigmficanily

< £.05) raduced at {300 mg Cr- k2!, During the 3-wesk recovery pericd gmw!h
was dose refated increased: omy for the worms sxposed 1o 1000 mg Cr- kg™ was

1acrease significantiv different rom controf at 2 < 2.05

Cocoon production was ncreased ‘nct signibcantiyy ar (O and 32 mg Cr
reduced {qot significandy} at 00 and 320 mg Co-kg™', and significantly {7 < i
weduced at u“bb mg Cr-%z7". Tae ECy fur the 2tfect of chromum Jn cocoon. |
duction was 133 mg Crexg ™' drv soil. During thc 3 esk rea overy pericd o
production was {act sigmificantiv: igher at 10 and 32 mg - kg~! and lower at 22
006 my Crokgot.

The fernhity of the coceoons was significantly (.2 < 0.057 iower at 1000 mg Cr - S
During the 3-week recovery period. the aumber of fertile cocoons was no ionger
fecied. Tae number of ‘uvenile worms per fertiie coeoon was aot affected by chromi
The number of‘.juvenﬂes produced per worm per week was significantdy reduced
2100 mg Cr-kg™' dry soil.

andrﬂz N ARTXF!C‘LAL sun, ' A YERAGE OF THREA_ REDL;(‘ xrss,

Juveniies/
Concentration Cococas/ % fertile fertie Juvent
* (mg Cr-kg™" % growth worm,/ week <ocoons cocoon WO,

0

3132+ 116 0.53 = 509 $9+ 5 230 =
10 398 + 3.7 .57 £ 9.15 31+ 8  230=
W32 4 64 089005 9=t 243 &
100 267+ 34 038 =010 7 634" 230
320 263 = 3.3 038 =016 63=20% 193+
{000 235 = 43 021 Z 009 S2 & 287y 227 =

* P < H0s
*=* P <L
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in this study, the growth of the worms was much higher than in the previous test
with cadmium. It shouid be noted that as a consequence of this, cocoon production
was much lower than that in the test on cadmium. The high sl pH in this test may
~e respeasibie for the low cocoon production. Van Gestel ¢7 4i. (in press) found an
inverse relationship between growth and cocoon production for £. andre! in aruificial
scil and observed a decreased cococn production at sod pH = 7.0,

{n the rerature. aot many data are avaiiabie on the reproduction toxicity of chro-
pum D, Moinar er gl (3989 found 2 30% reducton in the reproduction of £
erida A 250 meg kgT' cheomuumi 35 in a subsirate of peat and horse manure. Chro-
quuant V1 appeared 10 be more {OXic. our -jue ¢ g fapgid ceaversion into chro-
mum D its wseity decreased wmth tme. Abbast and Sonn« 9873 found an LCs of
Ls @ - kg tor the efect of chromium ¥ on OctocAderus pdizoni . a substraie of
son wirh animal dung; reprodaction was not atfected nil the worms uxed

Puraqual

Tanle 3 lists the resuits of the paraquat test. Paraguat did act affect the zrowth of
the sarthworms it concentrations up to 1000 my - kg ™' drv soid. Cocoon preduction
was lower at 450 mg- kg™! and sigmificantly reduced at 1860 mg- kg~ At these two
highest concentrations, more cococns appeared to have an abpoermal shape and passed
1 2-mm sieve (4.5 and 10.3%, respectvely, compared t¢ 0.7% 1 the conircl); the
aurmber of fertile cocoons was reduced | aot sigmificantly). Apparenity, the abnormai
snape F the cocoons was induced by paraguat and influenced cocoon fernlity as most
qonormatly shaped coceons Jid aot haich. The aumber of juveniles per fertile cocoeon
was act affected oy paraguat. sur the woial sumber of oifspring {juveniles;worm,/ week}
was sigmificantly reduced ar 160C mg- kg™ drv soil.

Hague and Ebing (1383} determined L.C., values of >200 mg - kg™~! for paraquat
tin the formulation Gramoxone) for £. ‘etida and L. zerreseris. Fischer {1989) studied

he aifect of paraguat {as ¢ vnmoxuneﬁ on B ocerida in a substrate of peaty soil with
horse dung. Al the lowest copeentration tested (183 mg-xg™' drv substrate; cocoon
preduction was act afected. Effects on growil became apparent after 5 weeks at this

TABLE 3

THE EFFECT OF PARAGQUAT ON THE GRCWTH AND REPRCODUCTICN OF Eisenta andrel
IN ARTIFICIAL SGIL {AVERAGE OF FOUR REPLICATES!

Concentration Juveniles/
of paraguat %o Cocoons/ % fernie fertile Juveniles/
{mg- kg™ grewth worm,;week COCoOBSs €oCoon worm,week
4] 28316 1212022 92 = 7 280 +£0.14 288 £0.82
20 39+4.2 .20 £3.29 9% = 3 2.72+£0.12 3.i2 +£0.68
43 52+14 1.20 £0.32 37+ 5 2.33 £0.36 3.00 = 2.31
00 36+0.8 1.33 =0.16 9+ 3 2.69 £ 0.27 313 za37
200 39 1.8 1.28 =0.20 9t x 3 2.44 £0.17 2.33 £ 344
430 54+ 1.4 0.93 =0.20° 7Rz 16 2322036 203 £036 2
1600 20210 1.72 = O, ity 77 212 2 =040 119 =9.28%* v

* 2005
=P <001

¥
T
¥
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concentration and growth was slightly reduced after 8 weeks. At 230 mg-kg~

untreated substrate, thev did aot recover. Apparently. paraguat may have 1 long
irreversibie acticn on earthworms.

Paraiinon
Table 4 lsts the resuits of the studv on parathion. At the hghest conceatrs

rest2d 4737, of the worms Jied: the LT, therefore s > 130 mg- kg™ drv soil. Fropgy

Takie 4 it can be corciuded that parathicn significanty affected carthworm gromy

at all concentranions tested. This effect was repreduced o a iater study (Van Geste -

unpublished data). Cococn production was lower at 36 mg - k27" and significantt

reduced at 100 mg- kg™'. The EiCy, for the efect of parathion on cocoon sroduction

was 63 (56-84) mg-kg™! drv soil. A high awmier of coccens appeared to have 35

abnermai shape and passed a 2-mm siever 8.5, 3.3 3.8 3.9, 149, and 14.0% at v,

i8, 32, 56, and 100 mg- kg™, respectively. The aumber of ferule cocoons that

dese related reduced from 18 mg- kg™ onward. From this it can be concluded th

~ as with paraquat. parathion nduced the ‘ermation of abnormally shaped cocoos
leading 10 2 reduced number of ferule cocoons. The number of juveniies per fe:

cocson was sigmificantly reduced 4t 32 mg - kg 7! and the numbper of juventes/wo

week at 36 mg- kg™ dry soil

Favoile {1979} determined a 7-dav LCq of 30 mg - kg ! for dilolobophora calor

in a sandy scii. Cathey { {982) reported 2 5-week Lo of 44 mg- kg™ for L. wern

in a substrate of shredded paper based buss-bedding. No lterature data were oy

cn the effects of parathica on 2arthworm reproducticn.

Fentin G

[n the range-finding study. ail worms died at fentin concentratcens of 100 and 1068
meg- kg~ dry soil. Cocoon production was 0% ceduced at 19 mg-kg™'. From

%

TABLE 4

THE EFFECT OF PARATHICN N THE GROWTH aND REPRCDUCTION OF Eisenia andre:
IN ARTIFICIAL SCIL (AVERAGE ©3F FIOUR REPLICATES)

Concentration
ot parathion Cacoons/ % tertile Juveniles/ Juveniles/™
tmeg-Kg) % growth WOImm, week cocsons  fertile cocoon WOrm;/w

. 0 735 =12 1.36 + 0.29 36 = 3 2.88 =0.34 383 = 1.
0 0.8 = 1.1 14D £D.15 38 =5 267 0.9 3.36 0.
13 24 = 126 =009 26+ 5* 2.83x0.26 2.86 "% 0.
32 30= 24 126 =003 32 = 6% 27 00T 2437+ Q.
36 Lz 2.8%  0.86 =0.364 78 =7 20320 20% | 37er ()
160 -9.4 = D33 T 028%™ 33 £ e 132 = 034" D.47A= 0,
130 -20.9 = Q.00 — — —_

P2 <008,
= P <001
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TABLE 3

EFFECT OF FENTIN ON THE GROWTH AND REPRODUCTION OF £isenia andret
IN ARTIFICIAL SCIL {AVERAGE OF FOUR REPLICATES)

1 220 mg- kg™ dry
rms were placed
vy have a long asting

Toncenouea h Juveniies/
or tentin Cocoons/ ertile feruie Juveniles/

SR TR ¢ T growth worm/week 2GCOCNS cocoon worm,; week

. b 33 =13 LAD = 010 3725 271 =029 330+ 0.64
t concentration s ) . 2 . T4 it N

ghest oneetE 2.32 23209 L3=027 3= 1642017 3392096

kg~ dry soil. From { 03+ 14 151 =008 33 =3 275024 3352043

{ earthwort 2rowth 3 3.2 15 =09 L35 = 0.09 39 =4 248=02%  343z030

r study {Van Gesiel, W0 i9=13 143 =014 95 = 3 10006 371 =039

-t and significanidy 32 38 =A% 9IS E09% 94 =7 247+043 26 = (.44*

Y cocoen produchion ¥
wppeared 10 have 1a,
and 14.0% at 0,
ile cocoons that
a be concluded that,
ally shaped cocoon
{ juveniles per fernile
r of juveniles, werirg

* P 0Ds.

resuits of both the range finding and the definitive test with fentin, an LCs, of 37
my - k2™ dry soil can be calculated.

Table 5 shows the results of the studv with fentin. From this table it can be concluded
shat featin sigaificanty reduced growth. cocoen producton, and the aumber of ju-
veniles/worm/week at 32 mg- kg ™! drv scil. The results indicate that the dose-respcuse
curve for fentn is rather steep. The ECg for the efect of fentin on cocoon production
was 28 722-33) me - kg™ dry sci. The fertiiity of the cocoons and the number of
iuvensies per fertile cocoon were act affected bv fentin. In the control all cocoons had
2 normali shape; 1n the treated sou some smail and abnormally shaped cocoons were
sroduced: 1.1-4.2% {not dese related).

3 paivsis of the scii zeated at a acminal fentin concentration of 0.32 mg - kg ™! gave
actuai concentrations of 056 and .34 mg- kg~¢ drv soil at the siart and at the end of
the test, respectively. No literature data were found on the effect of fentin on the
eproduct:on of earthworms.

siobophora chioriti
-kxg ! for L. ferresi
rure data were foung

-jons of 100 and {8}
. ke ! Fr g
mg-kg™'. From Benomyl
Tabie & shows the results of the reproducticn test with benomyl. To study the
influence of the duraticn of the exposure penied on the effect of beaomyl. worms were

N OF Eisenia andrel
& TABLE §

FFECT OF BENOMYL ©N THE GROWTH AND REPRODUCTION OF Eisenia andret
ules/ * Juveniles N ARTIFICIAL SOIL {AYERAGE OF THREE REPLICATES; 6 WEEKS EXPCSURE)
0Co0n wVOrm,/ weck

Concentration % Juveniles/ Juveniles/

034 183 = 1.2 of benomvl Cecoons/ fertiie fertile worm/
t).“‘) 336 = 0.82 img-kg™ % growth worm, week cocsens cocoons week
1.2 236 = 0.40 ‘ i L , . o
Y17* 243 =043 61.1 = 0.56 = 9.3 =iz 2l= Q._ 036 £0.13
‘)‘,7, 137 = 0.63 46.6 = 0.56 = U9 C= 3 20 =03 1.09 = 0.23
:)51“ 0.47 = 0.47 .32 §i§.3 + .59 =913 84 = 7 1.9 0.2 091 +0.03

: ’ - ) 539 ¢ 033 =023 TLE o 2.0 =0 0.76 = 0.28
- 3.2 —16.1 = 0.03 £ Q.05 o** —_ Q>




L9 ) YAN GESTEL BEewfAL.

mncubated for 6 weeks in treated soil. Differences between both 3-week incs
periods were smail, however, and therefore in Table § resuits are averaged for
incubation perfods At 10 mg- kg™' high monality occurred. resulting in LC.q
of 6.0 and 3.7 mg- kg™ dry soii after 3 and 6 weeks of incubation, respectiveby

From Taole AL 8 abwous that benomvl significantly atfected growth and
ducnion of £. andrzi at 3.2 mg - kg™ and no affects were acted at 1.0 mg - kg™ 3
values for the effect of tenomvt on cocuon preduction uld act differ ;.Emhc:im:iy
poth test pereds. and the £Cq was 1.6 «1.2-2.3y mg- kg™ drv sci for the Sniire
week st geniod. From these resuits. it tan o€ concluded thar aiso in the ¢
Bencmvi dose -response curves ire rarher steep.

L. values for the effect of benemyl on & undrel or £
dteraure range berwezen (1 and 27 mg-kgT and for L. ey
3.3 my kg (Heambach, 1934, 1985 Haque and Ebing, 1983 §
Karnak and Hamelink. 19821, In a substrate of clay with caitle lu'\g (1:1), an NOE
of .23 mg-kg™' ~as found for the edect of tenomyl on the zocoon producticn of,
Apporrectodea caiiznosa (Lots-Hoedmin, 19825 This vatue correspends with that imr‘
in this studv, although a completely different substrate was used. ‘

Carbendazim

Carbendazim was tested at concentrations of &, 1. 3.2, 10, 32, and {30 mg - kg ¢
the formulaticn Deresal, corresponding t0 3, 0.5, 1.92, 6.0, 19.2, and 60 mg ai -
drv soil, respectively. Table 7 shows the resuits of this test. )

At the two highest concentrations all worms died: the LT, was 5.7 {4.7-8.93
2.1 - kg"" dry soul. Carbendazm significantly afected zrowth at 6.0 @mg 2. - kg
soil. and reproduction {cocoon production. aumber x}i Ie'me cecooens, :1umrw
juvemles} was significantly reduced at >7.92 mg 1.1.- kg’ drv soil. The ECy, fox
effect of carbendazim on coccon production was 2.9 (2.2-3.3) mg a.i. - kg~ ' dry

As was indicated bv Van Gestel er ¢/, (in press). the low aumber of cococns f‘-r(*dé &
i chis tesk can be attnibuted 1o the ’fnm soil pH (7.3} Yonk e af. (1988) reperted ag
{Cs of 9.3 mg-kg™* for the effect of carbendazim on £. jetida in an amm. HHE
and- the NOEC for cocoon production in the same study was 2.0 mg- kg™ drv soi

TABLE 7

EfFeCT OF CARBENDAZIM ON THE GROWTH AND REPRCDIUCTION OF Eisenia andret
IN ARTIFICIA L SOWL { AVERAGE OF FOUR REPLICATES!

Councentration Juveniles/
of carbendazim Cocoons; % fertile fertule
(mg- kg™ % growth worm/week  cocoons cocoon
0 100 £ 5.0 0.77 £ 0.18 84 £ 15 1.90 £0.16
0.6 9.3 +4.3 0.69 = 0.07 74+ 8 1.33 £ 0.29
1.92 55+33c 035x0.1i*2 24 % (4% .44 £0.13%
6.04 ~52.8 +4.3** (.05 = 0.06* — —_—

4 Only 17 worms survived.
* P < Ds.
= P <00l
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38 ~0.29  0.94 £ 0.1
14 = 0.13* 0.18=90
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TABLE 8
EFFECT OF PHENMEDIPHAM ON THE GROWTH aAND REPRODUCTION OF Eisenia andrei
IN ARTIFICIAL SOIL {AYERAGE OF FOUR REPLICATES)
Concentration of % Juveniies/
phenmedipham Cocoons/ fertile fertile Juveniles/
‘mg-xg™ % zrowth worm,week  cccocns cocecn warm/wezk
B! 14 = 47 W =3 233 £9.22 257 =0.27
152 -3.3 = b W= 222 =023 146 =925
343 e - N1 J1 = 24229200 143 =050
I 3= 29 35z 3 2422347 1232023
Sid Kl N =¥ 2 =350 0.6d4 =034
o2+ = " —_ —_ —

< Only 13 worms survaived.
* ID << 0‘.)5

Fhenmedipham

Shenmedipham was tested at concentrations of 0, 10, 3’ 100, 320 md 1300
my - kg~ of the formulation Beranal. corresponding 10 0, 1.62. 5.18, 16.2. 51.8. and
ol mg i- kg dry scil. respectvely. Tabie 3 summarizes the «results af tmb test.

1t the fmghest conceatraticn fested, high mortaitty occurred: the LCsy was 129 mg
1.0 kg7t dry soil. Growrh was significantdy affecred at the ™o nghest concentrations.

ﬁocoon prm.umcn was ceducsed at all concenrations tested: the ECs, was 52 (39-69)
mg 4.5 -Xg ' dry scil. Phenmedipham did act influencs the number of juveniles per

fermiie cocoen. but coceon fertidity was recuced at 51.3 me a.i. - kg™ dryv soil. And as
1 resudt of the effect on cocoen production, the total anmber of juveniles/worm,;/week
was significantly reduced at ail concenirations tested.

One important aspect 10 acte s that in this study worms did aot grow: even in the
control Zroup they lost weight. No sxpianaucn can be given for this. No lterature
data were found on the cartbworm toxicity of phenmedipham.

TABLE9

EFFECT OF PENTACHLCROPHENCL ON THE GROWTH AND
CoCoON ?R SHUCTION OF Elsenia andrel IN ARTIFICIAL
SCIL {(MEAN OF FOUR REPLICATES)

Conceatration Cocoons/
{mg PCP- kg™ dry soil) % growth worm;/week

{34 209 3.5 991 £0.23
3 259+ 177 0.79 £ 0.27
. 10 309 £ 259 0.33 = 0.47
Ri)] 9.1+ 738 2.30 £ 0.35
45 21.0 = 149 .54 £0.18 °
56 512 ¢ 0.39 = 0.08*

412 replicates.
2Py 5.05.
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Pentachiorophenol

Tabie 9 shows the =ffect of PCP on the growth and cocoon production of £. andre1.
the results of the cocoon incubation test with PCP are shown in Tabié 10. From Table
9. 1t can be concluded that PCP at the highest concentratzon tested (60 mg-kg™)
reduced cocoon production. but stimulated earthworm growth. The EC, for the etfect
of PCP on cocoon preduction vas 33 (39-77) mg - kg ™' drv soil.

Twe-waek LT values tor £, jendu ot £ andrer o artifcial sod of 30-37 myg
PCP-xg " dry sed can be found in the Uterature {Heimbach, 1984 Van Gesiei and

Ma, 1990: YVonk 27 g, 1986). From the study of Vonrk er af. 11988) a +-week LUy
or 33 PCP-kg™ and an NOEC of (2 mg PCP-kg™' dry scil can be denived
for £. "é:ua f.n m cincial soid. Van Gesiel ¢f ai 11789) reported an NOQEC of 32
mg - kg for e ect of PCP on the coceon production of £, andrer in a test simijar

., 1O this 3&.&;‘4

Incubation in treated aruiicial soil of cocoons produced in untreated soil atfect
the aumber of juvewmdles per fertie coccon at conceniranons of 4G and 50 mg PCP - kg
drv soil, but did nct affect cococn fertility. [ncubation in untreated soil of cocoons
praduced in treated soul had oo mﬂuem:e on the number of juvemiles per terule cocoon.
but significantly reduced the aumber of fertile cocoons at 50 mg PCP-kg™! dry soil.
[gcubation in treated soil of coccons produced in treated scil did affect beth cocoon
eemuw and the aumver of juveniies hatchimg from ferude cccoons. It can therefore

e concluded that ireatment of the cocoon incubation substrate atfected the number

TABLE 10

EFTECT OF PENTACHLORCOPHENCL ON THE HATCHABIL: 7Y OF COCOCNS
CF Eisenia andrel IN ARTIFICIAL SOIL (MEAN OF TWC REPUICATES)

sl - ' / R -1
Concentration img - kg

‘ faveniies/
Exposure of Cocoon % fertile ferule Juveniies/
wOrms incubancn COCOOBS cocoon ¥Orm, week
Q 0 91+ 6 2.35 £9.21
H 5 73+ 3 230 =0.28
i} 0 0+ 4 2.5 £9.07
3 20 63+ 3 1.90 = 0.28
) 10 66 = 438 0.35 = 0.30*
i 350 82 ¢ 0.23 = 0.07*
3 0 63 £ 21 220 =0.14
i) )] 94 + 4 2.40 £ 0.00
20 3 92 = | 205 =021
10 O 68 = i1 245 = 0.64 . .
60 9 44 + 23* 2.50 =0.28 0.48 = 0.30*
5 3 87 £ 1 225+ 0.07 .77 £ 0.22
Y 15 92 £ 12 230 £0.14 1.97 = 0.61
0 20 85 = 2 105 = 0.78* 093 £ 0.71
30 40 32z 2% 1.23 =0.35+ 0.20 = 0.00*
a0 A0 21 = 18* 0135 2 0.21" 0.02 =0.02*

* P < .08,
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.21 1.86 = 0.53
0.28 1.72 £ {).84
0.7 1.80 = 0.70°
0.28 1.37 £ 053G
0.50* 0.17 £ 0.0&
0.07* 0.19 + 0.0¢
0.1+ .04 £ 0.8 A
0.00 2.68 =003 o

10.21 1.18 = 0.51

0.64 1.41 = 0.86:

:0.28 .48 £ 0.30¢

:0.07 1.77 £ 0.2

0.1 197 =

-{.7%* 093 =+ 7
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0.2 0.02 =

SUBLETHAL AND LETHAL EFFECTS ON EARTHWORMS 217

of juventles, whereas incubation of cocoons produced by exposed worms in untreated
soi] did not have an effect on the aumber of juveniles. but led to a reduced number
of tertile cocoons at 40 and 60 mg PCP - kg™ drv soil.

The reduced numober of 'uveniles produced when cococns are incubated in treated
soil mav be caused by the toxicity of PCP for juveniles hatching from the cecoons.
van Gestel ¢r 2l 11991 reperted 1 F-wesk LC of 28 me PCP-kg™! drv sal for

wventes ot & uandre1,

Van Cestel #r 24 11389 alse found an 2ect or 2CP 2a the ferihity of cocoons: they
incubated cococns produced in treared soil in aarreated sod aad found an NOEC of
iy mg ke dry soil. And ar the highest concenoraiion without 2ffect on cocoon fertiity
132 mg PCP- k27 dry sod) thev dig not find an 2fect on the number of juveniies per

Comparison u Ejfects on Growth and Reproduction with Acute Toxicity

in Tacie {1 NOEC values for che afect of the aine test chemicals on growth and
reproduction are summarized and comparsd with LCs, values for the acute oxicity
for 2arthworms. For this purpese 2-week L5y values sbiained from the literature or
J-week LCy, values determined in the 2xpeniments descnibed above were used.

From Table ! 1. it can be concluded that for most chemicals growth is less seasitive
shun repreduction: the orly exception s garathicn. for which growth was the most
sensittve parameter. Parathicn, PCP. and carbendazim especiaily afect cocoon tertidity.
Seme chemicais mduced the formation of ibnermally shaped cocoons: this effec
always led ¢ a reduced number of fernie cccocns and thersfore is implicitly inciuded
in the NOEC values for cocoon fertzlity. For the sther chemicals cocoon production
is more 2r 2guailv sensitive compared 10 cocoon termlity. In the case of PCP the
aumber of Juvemles ger fertle cocoon was mest sensitive when cocoons were incubated
i treated soil. sroi:abiry because of a direct toxic 2dect of PCP on the juveniles. As

TABLE 11

NGEC VALUES FOR THE EFFECT OF NINE CHEMICALS ON GRUWTH AND REPRCLUCTION OF
Eisenia andrei, AND COMPARISON WITH LTy VALUES

NGEC (mg- %z ™' drv soil) for effects on

T Juveniles, Juveniles/ LTy Ratio

Cocoon fertile fertile worm; {(mg-kg7' (LCs/

Chemical Growth production cocoens  €OCoon week dry sail) NOEQO)
Cadmium 100 <10 150 150 ) > 1000 =100
Chromium 120 320 320 1000 32 > 1000 >30
AaGHAT 106G 450 1300 1600 430 >1000 >2
*arathion < i) 36 {0 18 32 >180 >i8
Fenun 10 <10 32 32 10 57 =6
Benomyvl Y 1.0 1.0 10 1.0 5.7 5
Curbendazim {9 1.9 0.0 J.5 0.5 3.7 v
Phenmedipham 16 <16 16 32 <! 129 >30

PCP 404 40 20 i0 20 S0-37 5-9

* Sttmuiation of growth at fugher coacentrations.
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an overall parameter for the effect of chemicals on 2arthworm reproduction, the §
aumber of juveniles produced per worm per week seems to be a good parameter,
most chemicals fested it is not more seasitive than cocoen production or fertil
the cocoons: for chromium it is, however ihe MOSt sensitive Jaramerter. teing a
of 1§ more sensitive than cocoon producticn.

Cuferences betwesn NOEC vaiues for the efect of chemucals on 2arhworm repe
duction and LT vahies show a great varanon. Ma 19830 repored 1 factor of 18
30 for the difference berwveen §-week LT .'s and NOEC values for four heavy ey
and L. ~uberus. Inoour siudy for cadmivm and caromium the facrors are somews
mgher. T 8 1se the cuse for pnenmedionam. For the other arganic chemicaly
differsnces Hetween acute io3iC civvoand reproducTion *oxu,m are about one crder Of
magnitade, 0 the study of Ma 1 1333) for thrae zesticides differences between 3-wes
LCsy vatues ane MNOEC was a factor of 3-26, whersas it was a facror of 50 for lindane:

From 4ata of Adema er af. {198 1}, Stooff and Canten (1933), and Slcoff ¢t af. (193619
i can te concluded that also tor aquatic organisms Jiffersnces between acute LC %
EC values and NCEC s for sublethal parameters are act constant. For zight che
tested on three fAsh species. Adema ¢of gf. {198 1) found rauos for LC5/MOEC be
L7 and 430. Slooif and Cantor { 1983 conciuded rhar or most chemicals differen
between acute and cAromic oxicity values were less than a factor of {00 for
chemicals «differences mav, however, be as ugh a5 1 facior of 3ZG0.

Stendaradizarion

For reasons of standardization. in the test method used in this studv, the s
zarthworm species and artificial soil were chosen as described for acute toxicity tes
by the QECD {1984 and EEC {1985}, The resuits of this study demonstrated that .
method ofders opportuntizes 1o derermine che adects of chemical substances on ardsy s
worm reproducten o a siandardized wav, A test duration of 3 weeks seems
sutficient to adeguately assess effects on reproduction and growth. The study wE
bencmyl confirms this. For some persistent chemicals, however, a longer test per¥
aught he advisable. as s shown bv Fischer {1989) for paraguat.

As aoted when compariog the different tests, cocoon production and worm gro
can Juctuate substantiaily. This fluctuation does act aifect the number of ferule coco
nor the aumber of juveniles produced per feriie coccon. It does, however, influenge
the fotal number of offsgring produced in a iest. Comparing the results on PCPin
this study and thai descnibed by Yan Gestel ef 2/ {1989, it can be concluded that _ ’
differences in cocoon production and worm growth did not influence the test resu!
10 a great extent. The duference between NOEC values in these two stadies was af=
most a ractor of 4. The oroblem of Juctuating zrowth and coccon production i
discussed by Yan Gestei ¢7 2/, {in press).

» Thae appiication of cow dung as a food source in 2 hole in the middle of the

visable as ‘n that case meore food is needed to reach the same level of growth (Van
Gestel er af, 199D or V-)Lbblx productica { Van Gestel, unpublished results). The test
with cadmium presented hers and that with coprer described by vVan Gestel 2
11589) demonstrate that treatment of the cow dung is not necessary.

if the oniy objecuve is o study the efect on reproduction, incubation of cococas
i uptreated substrate is surﬁcxem When cocoons are incubated in treated suiosirate,
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it 1s not possible to distinguish effects on reproduction from those on juvenile worms
natching from the cocoons.

4. CONCLUSIONS

The methoed for determining the effect of chemicals on reproduction of the zarth-
worm £, andre: i an artificial scil as sroposed 5y Van Gestel of af. {1989) is proven
0 o€ sensiuve and it can “e ased in 1 standardized wav. Barh carthworm zrowth and
reproduction can be assessed. and besides cocoen producuen and cocoon ferulity, the
il aumber of juveniles produced ser worm sesms o 2e 1 J2sefui sdrameter to de-
;ermine the effect of chemcals on the mproguctive perormuance of 2acthwerms.

The differenca between lethal and suslerhal toxiciuies of chemicals can vary coa-
sideraciv. prebabiv depending on the mode of acucs =i the chemical iested. In this
studvy. ihe diference Setween the acure LC:) and NOEC values for the 2ffect on earth-
wirm growth and regroduction was ighest for cadmum ia factor of > 100) and lowest
for benewmyl, featin, and pentachiorophenci ‘a factor of 3-8
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