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ln this ~tudv . the effects of nine differe:tt ;;ne:m cals ·Jn the 1urljvai. i!fOwth. and repmduc~nn 

d . the <!arth wonn .;pecies Eisenw <Jndre! '" ere JererrmneJ ·Jsmg a rece:J tiy develooed 
Earthworms were ::xpnserl for J we::i<s to the test chelil.lcais m an amfic:al soil .sub~'trate. 
Jata on the acute toxic.i ty of tht:Se chemicals were 'lenverl from :he literature. F0r oome 
.:xoon production '"'liS the mo:.1 sensitive parametc: fcadmium, chromium. paraquat, 
be:Jumyl. ;:>henmedipnaml, while ior others cocncn 'mtcnubility was mvst sensitive t pt;nr.illcru~ 

:aphenol. paraclllon. c:ut;endazim). In the = of ,Jaratlllon, growth ·Jh.he worms seemed 
~ven more ';ensnive rhau reproduction .. <U an overail parameter far r.he ~tfd on 
reproduction. the cOT.al numb~r of juveniles pretiw;ed ;rer .vorm c!ppeareu to he .1 useful 
Diiferc:Ices betwe~:l ' UCute} LC10 values ·.md the lowest \JOEC ,,aJue tor e!fec!S on 3f0Wth 
reproduction ·.vere diiferent for <!ach ·~he:nicaL D\fference was greatest ti)r ·~admium \a factor 
> !OOl and :;maJ.lest to r fen tin. benomy!. .1nd ;:emac!1iorophenoi {a !actor of S-6). 
ore;s. inc. 

l. rNTR O DCCTION 

At present. DNO guideiine~for determining the -::ar:h,worm toxicity of cnenu ca 
avruiaole (O ECD, i984: EEC, 1985). Both guidelines use mortality as the 
parameter. it is k:no"i\'-n, however_ that suni-val is less sensitive and. from an , 
point of view aL<:e less relevant compared to :!I'Owth anc reprodm:tion (Moriarty, 
For that reason. re:.:ently a test method has been described for determining 
of chemical substances on the reproduction of l!arthworms (Van Gestei et al .. 
This method is an extension of the existing guidelines for acute toxicity 
earthwcrms (OECD. i 984; EEC. !98.5). and the same ear~hworm species and 
soil 5Ubstrate are used. 

f rom aquatic ecotox.icol.ogy, it is well known that there is no constant 
between acute LCo.1 and no-observed-effect concentrations (NOEC) for 
growth and reproouctiun (e.g. , Slooff and Canton. ~ 983). To in vestigate w 

is also the ;:ase for earthworm tox.icity. we tested nine chemicals with different · 
of actiou. For th~se· chemicals effects on suf'<ival. growth, and reproduction oi · 
worms were determined in the newly developed reproduction tox.icity te:;t 
to. Van Gestel et al. ( 1989). And results were com pared with those on acute 
The chemicals chosen are hea~J metals (cadmium, chrommm l and ~esticides 

1 Present ;~<idress: Department of Ecology and Ec:noxicology. Free l'niversiry. De Boe!elaan WlF , 
HV . .t.,ms;:eream. The 'iethdands. 
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tO different chemical classes: fungicides (benomyl, carbendazim. pentachlorophenol, 
knti n). insecticides (parathion ). and herbicides (phenmedipham. paraquat). This paper 
presents the results. 

., YL.l.. TERLJ.\.LS .-\ND LvlETHODS 

1..;1 cests '>Jere per.ixmd with adult ear..hworms. ·Nith l wdl-deveioped cliteilum. 
of ~he species Ei.~·en.w andr·?! lBu uche. 197:?.). T :1e wor;ns were obtamed from our own 
cuiture me 'Ne-:1! grown un. hof3e dung at an ambit!nt 1.em9erature of20 ± 5°C. Worm 
:.1ges ~:.w~e:i i}elween 8. j .md l5. 5 w<:eks. and mdivil.!ual weig..l-tts were between !70 

3nJ 53::'. mg. 

Cadmium chloride. chromiummn nitrate . paraquat dichloride. parathion-o;!thyl. 
tentin (triphenyitin chloride), and benomyi were obtained trom Baker, Merck, and 
Riede! de Haen and were ;;,;99% pure. Pentachlorophenol {PCP) was obtained from 
\krck and was 95% pure. Carbenctazim was tested as the 60% formulation Derosa! 
~iissig, and phenmedipham as r.he l6.2% formuiarion 3e~na1. 

4rriliciai Soil 

The :lnifi.clal SOli r;omprised iby dry weight) lO% .3phagnum peat. 20% kaolin day, 
ca. fJ9 07o nne sand, and some caicium carbonate _o adjust soil pH ( ! N KC1) to a level 
or ·'l.:J .!: 0. 5. In the tests wi.th chromium and ·arbendazim 'iOil pH was somewhat 
hig..i'ter: 6. 7-6.9 and 7 .3. respectively. !n the case of the .• ocoon production tests 1 mm 
-;ie·;ed pe:1t was used, and the soil wa.'i m.cistened '.10 to a le'Jei of 55% (w/w) asing 
Jcmmer~lized water. f or the incubaiion of ,:cc:Jons line!y 3fOund ( <0.5 rnm) peat 
·NlS 'lSed. and the tinal ;mbsrrnte had a moisture ..:.cme-at of J .)% (w/w). Fineiy ground 
( <().j mm) cow dung was used as a f(x.."d rource. T~1e (JH of the cocoon incubation 
;ubsrrate was somewhat higher in the tests with chrcmium, ten·tin. and cadmium: 
pH o.5-6.9. 

Cocoon Production Toxicity Tests 

Earthworm reproduction toxicity tests were performed as described by Van Gestei 
e-r al. !, l989). Fentin. benomyi, and PCP were mixeti ·.,vlth a smail amoum of sand and 
subsequently added to the artificial soil. All other chemicals were added to the soil as 
::~.n aqueous solution. The substrate was mixed intensively with a household mixer 
and the moisture content was r.1iseti to the desired level ty the addition of demineraliz!!d 
wate:-. Amounts equivalent to 0.4 kg dry artificial soil were placed in 1-liter giass jars_ 
fn :he middl~ of the soil, a hole was made and tilled wtth ~or 8 g (dry weight) finely 
grotmd cow dung. The cow dung was moistened up to 55% with demineralized water 
before use. Ten adult earthworms were added to each jar . .Jars '.vere loosely covered 
'Nith a glass petri. dish to prevent moisture loss by evaporation ~nd incubated at 20 ± 
soc in an illuminated climatic chamber (ca. 400 lx). 

Before exposure, earthworms were preincubated tor 1 week {phase A) in untreated 
arti !icia! soii \ll,ith 4 g cow dung (8 g for carbendazim 1nd pbenraedipham). As described 
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208 V.l.N GESTEL ET AL 

by Van Gestel er ai. \ 1989). this preincubation period ·.vas necessary to let :he 
get adapted to the artificial soil mbstnte and to stimulate cocoon production 
~he exposure period .. \fter this. ~arthwcrms ·..vere exposed for J weeks to :he · 
substanc~s :phase Bl. ln the -:ase •Jf cadmium .wd chromium. the test w:1s e;{ 
·.vnh 1 recGverv period of 3 weeks m :mtr~ated soli: to ·:;tudy the :ntlue!'l.c~ 

· iur .. ltlon ,n· expcsure. !cr bcnOJwr! ·11e :est ·N:lS prdcnged wnh a second 3-weex ~., .... ,.,'""" 
,')Cf'Gii I pnuse C>. ~n Jnases a lnli C~. -I. :5 .:GW iung ·.vas lllded to the 'icii. mri liTer 
} iavs (bencm'il . .:art>e:J.dazun. :Jnenme~ionam! or 'lfter ~ :md lJ. davs .mmher"' 
cow dung was added. A.i. ~he ~:H1 n· e:1c!l Je::-'cd the number ·.)f coccl)ns ;:)f(;C.r 
s1:il pH. ~oil rs.etst'lr'= ~-:ootenc .1n11 ·!iiU:D ·,v~;:Jg..f-}ts \-''e~·"': .ieermined as ~esc·teC. D'f;;~.:; 

V :m Gesiel '-?! Jl. i. l98'1 ). .J~. 
Each test ·,vas performed 1t IT'ie ,}r six '.e>I •:on.::::ntrati~.:·ns and a ·:ontroL fhe te-..'1S·~;! 

hat! four jars per concentration. each jar ,::mtaming !0 earthworms. In the ca.<Je 
benomy! and chromium tb..r::e re-plicates 'Nere used. In the test with PCP L2 cont::~,~~~ 
'""ere used. Because ~:lrth'Norms -1r~ ..::J.pabie 1)f J.volding chemi(:li subst.1nc~-.; (E.J'~'<lt 
and. Lofty. !977), they rnig..ht escat;;e lrom the treated soil by mov\ng into the 
'N>,th untreated cow dung. For iliis reason, the test with cadmium was carried out 
8 jar.; per concent..r.ltion. and in 4 oi these jars ::ow dung was treated 1t the 
cadrruum concentration as ~he >Cll. 

In the case of paraquat 1nd tf::ntin. a :-:mge finding was carried out to -lSSess , 
cest concencraticns. In this ~ang~ inding, .mi.·! t'NO replicate jars were used per 
:entr:nion. Par:1quat was ::ulded dr:/ ~c the soil. whereas fentin was added as a 'iW>p;!~UIS: 
in water. !n the -:ase }t paraquar.. ,:he ~ange-nnding test lasted for J weeks anu 
preu1cubation period. For the :ange-.J.nding ::est w1th fentin. a 1-week . 
period was inducted. [n both C"::mge-finding tests cocc-on production was :he ouiy 
r:1meter tested. 

C;coon /ru.:r.1.harwn 

To determine the influence of the chemical .mbstances on ':ocnon narcr~ar~ 
cocoons produced in phases B and C were incubated for 5 weeks in 'mtreated 
soil as described by Van Gestel et a.L (1988). The artificial 50il was nri.1:ed 
finely ground cow dung as a food 50urce for the juvenile worms. 

To 3tudy the in:tluence of PCP on Ct..'(::; on hatching, cocoons produced in the 
were incubated in soil Ireated with PCP '.:oncentrations ·:erresponding \\'ith 
the cocoon producucn test. And ~ocoons produced in the :reated soil were -
in either untreated 3Cil or soil treated at the same concentration. In this way. 
incubation tests ·111ith PCP could be perionned in duplicate. and three different 
binations ::>Locoon production and c:;.<::)tJn incubation {i.e .. untreated-treated. 
untreated, treated-treated) could be :es;:ed. 

Swtistics 

LC;0 values were ::alcula~ed u:3ing the trim.rued Sreannan-KJrber method 1. naiLJll\liii!Jf.·':i 

et ai .. 1977 I 1 q;g '· 2.C 50 values tor the effe:;t ,Jf the chemicals on •:;)coon 
were determined :1ccording to a legit modeL ~<)-•Jbserved-<!tfect concentrations 
""ere calculated u:>1ng the vVilliams test (\Villams. i97l. i9::J and Student's: 't:s~. 
by analysis of variance {1\.:"'OYA) using t.he >OW.'v'are package Genstat 5. 
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3. RESULTS AND DISCVSSION 

Cadmium 

The cadmium concenr.rations tested were 0. !0. 18, 3~. 56. and !00 m.g Cd · kg- 1 

Jr;; sml. L" pon analysis corresponding actual concentrations appeared to be 0. L 1 ! , 
: •. 29. 50. and 04 mg Cd ·kg-' dry soil. respectively . 

.l..aai~JSlS ,)f var:aoce comparng the results of the ~ests ·.¥ith •re:Hed and untreated 
ciJCii did act reveal signitic:.mt Jiiferences \ F~:: = 3.00~ '1.5. ·. T ;eatment Gt the cow 
iung diri have 1 sigmncam ~lfe:t ,)n ·~ar.hworn gov•rh (F :." = '· ·.) .3: ? < O.Oe! ;: •p-01111th 
N:l:5 1ig...'ler when -¥or:ns we:-e fed •.nur;cated <ow dung. A.n•.! ti1is difference was 'iignif­
•c:lflt 1t i') a::d l\}IJ mg Cd · <g- ~n >c.Jl .me iu~1g. '" ·1n Gestei ct :Ii. :: '189) pec;i;rned 
1 'ilffiilar 5i.Udy ·.vith COpper ar.d C.ic '10( and an:' dirferenc~ lG -:ocuon prot.\l.lCtion 
\;et"Neen worms :ect :.reated and thc.se ;i;:d um:eated ·:cw dung. De:-;pite the dnference 

0cserved for growtl1. results of bGth tests are contmd and summanzed in T1b!e 1. 
Cadmmm did not :ntluence the grcwth of earth'NOiillS. a!thc:ngh grvwth tended to 

increase with increasing ·;;encentration. Cocoon produc-::ion was -;ignific:mtly reduced 
1t all con·~en'.t::ttions tested. In t.'le corHroL 0 .. 9'-~ of t.he ;cc:)cns were abnormally 
shaped and passed a 2-mm sieve:. at 10 and 18 ;ng Cd ·kg- th1s w.as 2.4-2.6% and at 
[he higher concentrations 5. 7--·5.6%. The number Jf tertiie :8cGon~ was 'J.Ot ';arlmiu.m 
<Jt;se reiated. althcug.i-J. it was ·>igmiicamlv ~educed lt \:3 .ng C1 (g ·'. Cadmmm did 
10t nrluence the rrumher Jf]uvem..ies aatcning per ;ern.ie cncuon. 'Jut .JS a ·~onsequence 
·JI. che dfect nn ·~ocoon production :he ::mmher Jf arf.'>pring :juvemles;-;vorm;week) 
was ~Igmticam1y reduced at ! ;l ng Ca , 'q- · ic:f mil and nigner. During the 3 weeks 
~ec:cverf per:i.oc:i cococn production .md sn:wr.h ,)fill groups ,;omplete!y recovered to 
the 'evel .Jf the controL 

'v :m (Jestel and Van Dis ( l ''8:si determined an LC;0 d > li)C~) mg Cd · kg-• for E . 
. mdrei ~n an ar.ificial ·mil at pH ~ 0. Ma ( hl~r:J) repor.:ed a ·'l-week LC;0 and a 1.2-week 
.'lOEC of 500 and i.O !Ilg Cd, kg-· dr; sol. :especrivei~r :<Jnhe ~ffect 0f cadmium on 
'he :mrti.val and cocoon producnon of L.<mbr:cus r,.<be!lus ~n <1 :camy sand. 'aengtsson 
,:: ut. \ 19H6) der.ennmd the ~rfeci. of 'iml pE and cadmmm ;m che reproducrion of 
Dendrvhaena ru.hida. At pH 5.5 and 6 . .5 cocoon procuc-:ic-n was '1timu.iated by 10 mg 

TABLE l 

EFFE<.'T OF C-\IJMIVM ON THE GROWTH .~'\iD REP~ODLCDON OF Ei.se.'1ia :mdrei 
lN ART1F1C!Po.L SOIL 'A 'tERAGE OF E!GHT REPUCA T"...S l 

Concentration % 
;mg Cd ·kg-;) growth 

0 3 . .2 !: 2.3 
!0 3.0 ±: 3.6 
18 3.3::: ~A 
32 3.7 .± 2.1 
56 4.6 ... !.5 -

!00 5.5 = 2.-! 

• p < 0.05. 
•• P < O.Ol. 

Cocoons/ 
worm/week 

1.37 ::::0.11 
I.! I = 0.23 .. 
1.06 !: 0.2.3- " 
1.07 .:t: G. J 6** • 
o.9o ::: n. !3** · 
0.35::::: 0.15 .. "'" 

% fertile 
cocoons 

94 .;.. 
' 

90± 3 
81 = tO*"' 
94 ± 3 
91 .... 5 -
9"1 + 8 

Juveniles/ 
fertile 

cocoon 

2.53 ± 0 . .29 
2.66 ± 0.37 
2.41 ± 0.28 
2~60 ± 0~ iS 
2.39 ± 0 . .2! 
:.39 = 0.36 

Juveniles/ 
wcrm/week 

J.JJ z: OA9 
2.66 ± O.i2 
2.!! ±: \).61-" 
2.6( ± 0.49* . 
(.94 ± 0.3610

"'' 

1.86 ± 0 . .37'"* 'o 
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Cd·kg- 1 and at pH 4.5 and 5.5 it was reduced by 100 mg Cd·kg- 1• At the· 
concentration, cocoons were abnormally shaped and aberrantly colored. 
the cocoons and embryonic development time were significantly increased by 
Cd · kg- 1 at pH 5.5 and by 100 mg Cd · kg- 1 at pH 6.5. 

In a substrate of untreated soil covered with a layer of treated horse dung, 
?.t ui. \ 1982) round :SOEC values for the ,:tfecc ·Jn cocoon produc1ion of E. 
<2:5 and 50 mg C j · kg ·t dung ior acetate and .:hlcride saits of cadmium. rf"~,..,.,...,..;.,.; 

.-\s ~anhwm;n~; may 1V0ld toxic mostanc::!S 'Ed.wanfs and Ll;fty. 
:annot Ce ~cmpared W1th 'hOSe •Jf ihlS ;i.Wi~J. 

Chromium 

Chromi1.lm .:oncentrations tested we::'~'). ;o. 3':. i(,l). 3'.:0. and ~UOO :ng Cr· 
Jry soiL Lplm :malysis corresnu·nding ac::uai >ell .:oncemr:Hions appeared to te 
16 . .10. lOt. 2:3'7. and 972 mg Cr· kg-'. respectivdy. 

Tabte 2 shows the results oi :his test. :'-io mortality occurred at an·/ of the 
trations tested. 

From T abie 2. it ..:an· be ..:onciudt!li char grow1h of the worms was ~''='""'"·""""'-4J 
< O.G5) reduced at liJOO mg Cr, k~ _,. Dcr:ng the J-•.ve::!k recovery period. 
was Jose related increased: oniy for ~he worms :-!xposeri to 1000 mg Cr ·kg-' 
incn~:.tSe significantly different ;rom cont:oi. at P < '}G). 

Cxocn producuon was mc:·eased ~net 5Igmiicanr.i.y) at W and 32 mg Cr· 
;educed {not ,;ignificandy j at WO :1nd 3:0 'llg C: · kg -I and significantly (P < 
~educed at lOGO mg c·. kg-·. ·:-:1e ECo <i.>r ~he .;:lfect of chromium ,)fi cac:con 
Jucti.en was :5.5 mg Cr · :q _, drv >Gii. During the 3-week rec~wef'; per:wd 
producrion was r nm sigiuiicant1~n iughe· at iO md 32 mg · kg- 1 and tower at }20 
l 000 ;ng Cr · :<g-'. 

The :'enjlity of the cocoons was 'lignificantly ;p < •.)J)5) !ower at 1000 mg Cr · 
During che 3-week recevery period. the uumbe:: of tert!ie :ocoons was no · 
fec1etl. r1e number o(uvcnile •vorms ';}er te::-"iie ·~ocncn was :lot affected by -:hrc 
The number of.ju ven.lles produced per W0rm per week was significantly 
?-: 100 mg Cr · kg- 1 dr;1 soiL 

T-\3LE 2 

EFFECT OF CHROMIL'M lilll NITRA fE ·'JN THE GROWTH '\."\ID REPRODIJCflON OF 
andrei IN ARTIFJOAL S.:;IL CAIT-;:RA.GE OF THREE RE?l.lC.\TES) 

Concentration 
(mg Cr • kg- 1

) 

0 
10 

'32 
100 
320 

(;){J() 

• p < 1).~J:5. 
•* P < O.Llt. 

% grow'th 

33.1 ± 11.6 
29.8 ± 3.7 
2JA± 6.4. 
:6.7 ± 3.4 
26.3 - 3.3 -
22.0 - .l_3*'" ·, -

Cocuons/ 
worm/week 

0.53:::0.09 
0.67 ± 0.15 
0.59 ± 0.15 
(J..:i!:l :::0.10 
0.38 :::0.16 (0 

o .. :1 ::: 0.05'"'"., 

Juveniles/ 
fo fertile fertile 
cocoons cocoon 

89 ± 5 2 . .:50 :t: 0.27 
(it ± 8 2.30 ± 0.17 
79 ± lO 2.43 ± 0.12 
69 ± !4 e 2.JO ± 0.62 
66 = :o ,, !.93 ± 0.42 ~ 
52 .~ 28"' ~ ""' "'"""~' :::0.04 - ~ . ..;.; 

Pu.' 

pr' 

oi ., 
lm 



kg- 1• At the 
Jiored. Hatching 
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i [()()() mg C.r · 'q­
appe:.1red ~o be '1 .. 3, 

any of the concen-

·;vas signincanci:' 
penod growth 

1g Cr · kg-• was 

LiC:!ON OF Eisenia 
\TES) 

ies,' 
e 
)fl 

!).27 

0.27 
0.12 
0.62 
0.42 
0.64 
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In this study, the growth of the worms was much higher than in the previous test 

with cadmium. It should be noted that as a consequence of this. cocoon production 
was much lower than that in the test on cadmium. The high soil pH in this test may 
be responsible for the !ow cocoon production. Van Gestel et ai. (in press) found an 

1 n verse relationship between growth .md cocoon productiOn t'or E. andrei in artificial 
)Cti J.nd observed a decrea.:sed :ccocn production at soil pH ~ .., 0. 

[n che titer::tture. not ,nanv data ;Ire l'l:liiable on the '"eprcduct:on toxicity 0f chro­
:niumtlH\ \-(olmi.r er .1/. 1 :O:l~N\ f(}Unt.l. a 51)% reduction m the repre>ductwn ,Jf E. 
enaa lt :~;o ;ng <g-' chrcmtuml m; ~n J subsinte 0f p~ar and horse nanure. Chro­
.mumt "vi! appe:J.red co be mere toxic. bur iue to its ~J.pid ·:cnverswn mto chro­
:ruum(HJ) its tox:city decre:c.sed ·with Ct. me .. -\:Jbasi and SGni ' : .:lWJ' :()I.Hld an LC ,0 of 
! ; mg. kg-: for the dfcct of chromiumt vr Jn Ot'tcCiUl.t!!:lS )lLllOnt :.n J substrate \)[ 
s•~d :v•th Jnirr.al dung; ~eproduction was rrot .1.tfected tJ.il the ·vorm.:; died. 

P11raquat 

Table 3 lists the resuits of the pan.quat test. P:~.raqu::J.t did :tGI aifec: ~11e sr·;wch of 
the .c::lrthworms at conc~mrations up to lOL.)() mg · kg- 1 dr:' 5mi. Cocoon production 
was !ower at450 mg· kg- 1 .and :>igniiicanrly reduced at IOCD ,ng· kg- 1

• At these two 
highest concentrations, more cocoons ·1ppeared to have .1.n abncrm.al shape and pasS\..-'rl 
1 .>:nm )ieve (4.5 an•i \0.3%, res(::ectively. compared to 0.-% i,n the :;onrroi}; the 
aurniJer of fertile cocoons was reduced ;not signiiicantly). Apparently, the abnormal 
,naoe 0f the .;ocoons was induced by paraquat and intlu~nced ~:xoon fenilit'/ as most 

1onormatly shaped coccons .iid not hatch. The a umber 0f;uveniles per fertile cocoen 
.vas net ai:fected by par:.lq'lat. :Jut the mtai number of oi:fspnng ;juveniles; worm/week) 
was sigmficantly reduced ar. lOGO :ng, ~g-· dr; soiL 

Ha4ue .md Ebing P ·}iLij .ie~erminea LC~0 values ·Jf > 200 mg · kg- 1 for par::1quat 
tin ~he tor.nulation Gramoxonel for E._.'erida and L ter-resms. Fischer ( 1989) studied 
:he ~:feet of paraquat (as Gr7.imox,;ne) 0n E . . ·er.~da in a mbsmne c)f peaty soi1 'V!th 
hurse du>1g. A.t che lowest <:~_pcentration tested I ~63 :n~ k;s-· ir! mtsrr:.1te; cccoon 
prcduction was net ai:fected.' Effects on gro•:wr.b. became apparent after 6 weeks at this 

TA..BLE 3 

T nE EFFECT OF P.'\R.\QU AT ON THE GRCWTH A,\iD REPROOIJ<..l10N c:)F Eisema andrei 
IN .'\.RTIF!ClAL 5o£L {A 'IERAGE OF fGLR R.EPUCA TES) 

Com:entr::~tion 
•Jf ;;araquat % 
trng ·kg-') growth 

0 2.8 ± 1.6 
20 3.9 ± ' ., 

L~ 

45 5.2 ± 1.4 
[I)(} 1.6 ± 0.8 
~Oi) 3.9::!: !.8 
~50 5.4 ± 1.4 

'000 2.0 ± 1.0 

• ? < 1).05. 
Z$ ? < 0.01. 

Cocoons; 
worm/week 

l 2! = 0 . .22 
1.21 ± J.29 
1.20 .± 0.32 
l.JJ .::: 0.16 
1.28::::0.20 
0.93 ± 0 .. ~0" 
\).72 ± 0.' , .. ., 

% terule 
COCGQUS 

9: = 7 

96 .... 5 -
87 ± ~ 

iJ 

89 ± 9 
9! ± J 
78 .±: !6 
77.::: 12 

Juveniles/ 
fenile 

cocoon 

2.60:!: 0.14 
2.i"~ ± 0.12 
:.33 ± 0.36 
2.69::!: 0.27 
:.:.44::!:: 0.17 
:.:J.: = 0.36 
~.12 = 0.40 

Ju•,eniles/ 
worm/week 

~.88 :!: G.62 
3.12 ± 0.6d 
3.00:!: i).8l 
3.15:::: 'J.J7 
2.83::: JA4 
2.03 = 1),30 "" 
L!9:::iJ.2~**t> 
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..:oncentration and growth was slightly reduced after 8 weeks. At 230 mg. kg-t 
substrate after 6 weeks worms >tarted to die. When surviving worms were 
untreated mbstnte. they did not recover -\pparently. paraquat may have 1 long 
'-rrever~s;bie J.ction on ~arthworms. 

T J.b!e l lists the F~sutts •Jf the ;tti(iv 'm parathion .. At the J.ig..i-)est e 

abnl;rmai sha{X a;1.d passed a >nm ~leve: O.o. 3 _) 3.3. 5.9. l ~.9. and l.U)c\, at v. 
18, 32. 56, and 100 mg · kg- 1

, respt:etl"dy. Tl:le number of terile cocoons that 
dose related reduced from n mg- kg-• Jnward. From this it can be concluded 
as with panquat. parathion !nduced :he :crmation of abnormally shaped 
:.eading to a reduced number ,)f fertile ..:ocoons. The number of juveniles per 
cocoon was significam:ly \educed :l.t 3: mg · ig- 1 and the number ofjuv"''"'-"""/ 
·;veek :lt 56 mg · kg-' dry soil. 

F:1voile ; \ 'F'9) determined a "--dav L.C "0 ·Jr· '50 Tig · kg- 1 tor 1llofobophora 
in a ·;andy sou. Carhey { i 98:2/ reportea :t 6-week LC;0 of 44 mg ·kg-; for L 
in a substrate .Jf >hredded paper based lJuss-be.dding. ~o literature data were 
on ~he dects of parathion on -~:m:hworm reproduction. 

Ft!nun r 

In the range-finding study. ail '}\lorms died at femin concentrations of lOD and 
mg · kg- 1 drf sod. Cocoon productmn was 50% reduced at 10 mg · kg- 1

• From 

TA..BLE _. 

THE cf'F"ECT OF P-'..RATFICN r)N THE GROW-;"'-! :..NO RE?RODLCTlON OF £ise>zia andrei 

Concentration 
of ;::arathion 
(mg· kg .. 

100 
180 

• p < 0.05 . 
... p < 0.01. 

IN .\RTiF\CAL S01L (A VER,..,GE ocF fULR REPLICATES) 

%growth 

7.5 ::: 1.2 
0.8 "!: !.1** 
2.4 ::: ·:. r•* 
3.1 = 2.4"' 
l.l = 2.::r"* 

-9.-1 = 6.6"* 
-20.9 ±: t . .:S** 

C)coons/ 
'Norm1 ,Neei<.. 

1.36 !: 0 . .29 
1.40 = 0. !5 
l .26 = 1).\)9 
!.36 :::),!_} 

0.36 = 1)_3() ~ 

ll33 ~ n.:s·~ 
0.\)(}'""' 

% :ertile 
.:~}C0005 

96 :': ~ 
88::: i) 

36 :t .5"' 
8:2 = 6" 

J uve;1iles/ 
tertile -:ocoon 

2.88::: 0 . .34 
2.67 ± 0 . .::9 
2.63:!: 0 . .::6 
.~. t 7 ± 0. t '7* c;... 

2.t>J ± o . ..::::* 1). 

t.32::: I).;H*",._ 



-\t 2.30 mg·kg-<. Jry• 
orms were placed tn 

1y have 1 long '.astmg 

ighest ..:onc:ntraticn 
--kg- 1 dry :;oil. From 
d earthworm p-owth 
:r study i V J.n Gestd, 
g- 1 and significantly ·.· 
n·cocoon productioo 
.1ppeared to have J.u 
1• and !4.0% at 0, 
:ile cocoons that 
n be concluded 
ally shaped coc:ooru 

f juveniles per 
:r l)I juveniles/w 

:ions of 100 :md I 
mg · kg- 1

• From 

N OF Eisenia anarel 
ES) 

1iles/ 
:ocoon 

1).34 
').29 
\.26 
)_ 17* 
t).22* 
•).84** 
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TABLE 5 

EFFECT OF FE:vf!N ·)N T'-lE GRGW"T""!-l >.ND REPRODCCliON OF Eisenia andrei 
iN .\RTiFlCIAL Son_ 'A -~ER.\CE :·F ~'=·t R REPUCA TES) 

~ncencranon 

Jr· re:mn 
Jlf~ · :G~ -t:. ·J7o sr:Jwrh 

C..x:nonsi 
..V0r:11/'Net:k 

~ 

;erule 
•:ccucns 

Juveniles/ 
fert!le Juveniles/ 

Cl)CCOO ·vorm/week 
------------------------------------------------------------------------

I) 

0.32 
l 
3.2 

iO 

• !J < 0.05 . 

u 
2.3 
rp 
t.9 
1.9 

-3.8 

:': L3 
- 1)9 -
1:: !A 
= 0.9 
- 1.8 -
:: 4.!* 

c.~O - i) l i) r--
:.3/l - 0 ~: ~J 

l .5i :': O.Oil 'l3 
: _j:: ~ 1).09 :59 -
L~J ·- i).1~ ':15 -
!) 55 ~ 0.19* 94 -

~ 5 2. 71 - (1 _:q 3.31 :':: 0.64 - -- ~ 2.64 :!:: 0.27 3.39 :!: 0.96 -- 3 :.. 75 ± 0.24 J.-15 -'- 0.~3 - -
= ~ 2.48 :::: 0.28 JAJ - OJO 
~ 3 :. -o :!: 0. {O 3.71 ~ 0.59 - -
:::: 7 2.-P + 0.43 1.26 ~ 0.44* 

resuits of both the range finding and the definitive test with fentin, an LCso of 57 
mg · kg_, dry soil can be calculated. 

Table 5 shows the results of the study wi.th fen tin. From this table it can be concluded 
that fentin significantly reduced growth. cocoon production, and the number <Jf ju­
ve1.Iies/wor:n/w~k at 32 mg · kg- 1 dry sciL The results indicate t..hat LIIe dose-re~lJOn.se 
~urve for ten tin :s rather >teep. The EC ~0 for the :.:!tfect of fen tin on cocoon production 
was ::8 , 22-3:5) mg · kg- 1 dry soil. The fertility of the cocoons and the number of 
;u·;emies per fertile cocoon were not affected by fentm. In the control ail cocoons had 
a normal shape: in the treated soil some small and abnormally shaped cocoons were 
arcd.uced: i. i-4.2% (not dose related). 
. .J..rraJvs1s ,)f the soii treated. at a nominai tentm concentration of 0.32 mg · kg -I gave 
ac:uai :oncl!ntrations vi o~~6 and O.J.L mg · kg- 1 dr; soil :n the start and at the end of 
the test, respectively. No literature d'ara were found on the effect of fentin on the 
:-.-::xocucti.on of earthworms. 

Bt!nornyl 

Table 6 5hows the resuits of the reproduction test with benomyt To '3tudy the 
int1uence ,Jf the duration of the exposure per:i<..'d on ~:he effect ;)fbenomyL worms were 

TABLE 6 

EF"F"ECT OF BE:'-/OMYl C:N THE GROWTH .-\ND RE?RODlJCTION OF Eisenia andm 
'N J.,R.TIRCL\L SOIL \AVER,_GE OF THREE REPLiCATES; 6 WEEKS EXPOSURE) 

-------------------------------------------------
C;ncentration 

vr'ben<Jm-:-1 
tmg-kg- 1

\ 

;} 

I). t 

~ i ) 

3.2 

'* P < O.OL 

%growth 

61.! ± ! .:.: 
46.6:::: j_.}c;.. 

58.8 ± 6.; 
6).9 = ~.2.6 

-l6.! :±: 6.S•* 

Cocoons/ 
WOrffiiWeek 

0.50 - us -
0.56 = ).IN 

0.59 !:: ;)_' 5 
\).55 = !} . .2J 
•J.05 ± 0.05** 

% 
fertile 

ccc:Jens 

8'' -<, - . -
8C - 1 -
34 - 7 -
71 --

0** 

Juveniles/ Juveniles; 
fertile worm/ 

cocoons week 

2.1 :: 0.2 0.86 - 0. '3 
2.1 - ;)_j !.09 = 0.23 
i.9 ± 0.2 0.9! = 0.03 
:.o - o.; 0.76 :: 0.28 -

0** 



incubated for 6 weeks in treated soil. Differences between both 3-week · 
penods were small, however. and therefore i.n Table 6 results are averaged for 
incubation periods. At 10 mg · kg- 1 hig..l} mortality occurred. resulting in LC:50 
of 6.0 1nd 5. 7 mg ·kg-! dry soil after 3 and 6 w'!eks of incubation. res>vernve:M: 

From T .1ble 6. it is obvious that benom:Jl sigmficantiy affected growth 
ducuon of£. ·1ndrel1t 3 . .2 mg· !(g- 1

• and no dfecis w·ere :1oted at LO mg· 
values for the ~rfec1 <)f ben1)myl .Jn .:occcn ;)rcduc!wn did :10t iiifer ,.5,u.u . .,w.;; 

borh cest :Jer:cds. 1nd the E.Co ·-vas l.o '· . .::<.JI mg · k~- Jry ~ml tor che 
week cest pt:non. f~cm these re~mits. i[ ::m 1e .::.mciucied ~hat ,liso in r.he 
';encm~1i. iose -•espcnse c::Icres w~ ·:.1the:- ;tee~. 

LC ,0 ''aJues ror the elfect ,:f bencm·;Jt 011 E. ,mdret :.Jr E. ;;mJa repor.e:i m 
jteraE.m: r:1nge bet··v;:e:J. ll .1nci _:- ng ·kg-· . .l:!.ci for L :·.!.-~e~·ms between :: . .t 
3.5 mg·kg·' (Heimbach. i-}84, 1985: Haque me! Ebing, 19~:3: Roark and Dale. !97:}:;!:'. 
Karnak and Hamdink. l982 i. In J. s;1bstrate vf day wi.ch cattle -lung (I: I). an ~0€~~ 
of 1).25 mg · kg·' .vas t;)unci for the .:tfect of be:1.omyl on th<.: :acDon produ..:-::;on ";.· 
.J..ppur~ectodea caifr;mosa ILotS-Huimm. ! 982;. This value corresponds '.vi.u'l that r 
in this study. although a completely different substrate was used. 

C arbenda::~m 

Carbendazim was testt!d at concentrations of 0, L 3.2, lO, 32, and lOO mg ·kg­
the formulation Derosal, corresponding to 0, 0.6, L92, 6.0, 19.2, and 60 mg a.i · 
dr:r >oil. <escective!y. Table 7 $hows the results ·Jf this test. 

\t i.he two hig..IJ.est concentrations ail wrm:ns died: r.he LC;0 was 5. 7 (4. 7 -6.9} 
a.i. ·kg-! dr,I soil. Carbendazim 5ignific:mtly '-lrfected srowth at 6.0 mg a.l. ·kg-<: · 
soil and reproduction (•.:ocoon producrion. number ,Jf fertile cocoons.. :aum~ 
juvemlesl was significantly reduced at~ : .. 92 mg :1.i. · kg- 1 dry soil. The EC;o for 
effect Gf c:arbenciazim on ccccon production was 2.9 (2.2-3.3} mg a.i. · kg- 1 drt 

.-\s was mdicated b~' Van Gt=ste! et ai. tin press). the low number :Jfcococns crr:xitlce 
in (hls tesi-can be :lttnbuted to the h.rg..tJ. soil pH t7.J). Vonk er a.i. ( !986) r~pcrted 
lC,0 of 9 3 mg · kg -l for the effect' m' carbendazim vn E. jet ida in an artifi<.'lal 
and the NOEC tor ;;ocoon productiOn m the same study was 2.0 mg · kg-t drJ 

TABLE 7 

EFFECT OF CAR.8El'<DADM •JN :\rlE GROWTH -\,'lD R£PRODl1CTION OF Eisenia andrei 
!N -'\RiiFlO;•L SOIL (A.VIR~GE OF FOCR REPLICA TI:Sl 

Concentration 
of carbenda:...im 

(mg · kg- 11 

0 
0.6 
192 
6.oa 

"'o gnwth 

lO.i) :t 6.0 
9.5-:: 6.5 
5.5 ± 5.3 c 

-5~.8 ± 6.3""* 

'Only l ~ "mrms .mrvived . 
• p < il.\)5. 

•• P < u.o r. 

Cocoons; 
wor:n;week 

% tertile 
cocoons 

Juvenilesi 
fer"il.e 

<::OC!)OO 

0.77::::0.16 84 ± 15 1.90 ± 0.16 
0.69 ± 0.07 i4 ± 8 1.38 ± 0.29 
0.55 :t:: O.Jl"'"' 24::!: l4*r 1.44 ± 0.13*..._ 
O.DS ± 0.06"* 



both 3-week · 
are averaged for the 
resulting in LCso va! 

Jation. respectively. 
ected growth and 
cd at l. 0 mg · kg- 1 

. 

ot Jitfer si~niricmrl·:t 
Jr;; )Cti 'cr :he -:nure 6-
~hat ~iso m :he ..:ase 

:. fenc.ia :epcrted m :he· 
rrestr:s berN~en 0 l .lOll! 
3: Roark ai1d Dale. \9 -9; . 
tie dung ( l: l l. an C\IOEC 
1e cocoon prcduction of 
Tesponds with that toc.nd 
1sed. 

3:2. and !00 mg ·kg-' 
9 .2. and 60 mg a.i. · · 

~ 50 was 5.7 ( .. U-6.9) 
1 ar 6.0 mg a.i. ·kg-· 
Iile Gocoons. number 
rv sml. The EC;0 cor 

. . ' -1 drv J) mg a.r. · Kg , 

1ber of cocoons 
er J.l. ( 1986) reported. 
maa in an artificial 
.s 2.0 mg · kg- 1 dry 

'!ON OF Eisenia andrei 
CX,ES) 

uveniles/ 
fertile 

cocoon 

~0±0.16 
38 = 0.29 
~4:::: 0.13* 
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T'\BLE 8 

EFFECT OF PHENMEDIPHAM ON THE GROWTH >.NO REPRODUCT!ON OF Eisenia andrei 
fN ARTIFlCL->.l Soil(:\ VERA<JE OF FOL'R REPUC.-\ TES) 

----------------
C vncentration of 
9henmedipham 

:mg· <g·": 
Cxaons/ 

worm, week 

!Jio 

ferile 
.::ccocns 

Juveniles/ 
fertile Juvt:niles/ 

coccon ·Norm/week 
--------------------------------------------------------

.) -·l.+ :: 4 c 

i.62 -{J = 6.b 
~-: :3 --') - •1.0 

~"'·- -5.0:: 2.t} 

J Only \3 worms sur,Ived. 
"'p < 0.05. 

I • 
( . ~ _; 

0. '4 
tL11J 

'}.cl3 
').35 

- JT JO -- -
- :J.JU*• l(} -- -
- 1).~3:~~ !3 --
·- J. \ ~"' 'o r; ::: -
!: ~).is-- '') --
il" 

1 -. :::: n . .:::: 2.37 IJ.27 -· ... )J !: 
l 2.22 - •.).23 1.46 !: ;J..:s~ 

'J 2,J_: - ).20 1.43 .!:. O*JJ* -
-~ >~= .:: J .. c 1.23 ± 0 .:J• 
9"' -.....,' :::: ,}.50 0.64 -'- 0.34"' 

?':lenmedipham was tested at concentrations of 0, 10, 32, 100, 320, and !000 
m~S· ~g-• of the focnuiation BemnaL <:or-responding to 0, 16:!. 5.18, 16.2. 518. and 
~n2 mg l.L · kg- 1 drf scil. ~espec~ive!y. T1i::1e 's mrnmarizes r.he results of ~his test. 

\[ the tlig!1est -:oncentrati.on tesred, higil morr,.ality occurred: the LC50 was t 29 mg 
1.:. · :q _, Jrf .;oii. Gmwr.h was >Ignificantl'/ atfe:.:tec ;!t the two hrgb.est concentrations. 
Cocoon production was ;educ~ .u ail conee::rcrations tested: the EC50 was 52 (39-69) 
:ng 1.i. · kg-' dry scil. P':lenmedipharn di(1 ·Jot intluence r...1.e number of juveniles per 
[e:-:1ie .::xoon. but cocoon tenility was rretlucd at 5 t .3 mg a..i. · kg-1 dry soiL And as 
:1 ;esuit ·Jfthe effect on cocoon producricn. the tctal. number of juveniles/worm/week 
was o1gmficant!y reduced at ail concentrations t~'ted. 

One important as~ct to note is ~hat in c.his 5tucy worms did Jot grow: even in the 
;~:.mt:oi ?fCup they iost _Neigilt. 'io <!x-;:>lananon c;1n be giw;:n tor this. No literature 
Jata ;¥ere found en the earthworm tcx:aty oi phen medipham . 

TABlE 9 

EfFECT \)F ?1::!'1\.K"HLOROPHENOL ON THE GROWTH AND 
COCOON f>ROD!XTlON •)F E:senia andrei !N ARTIF!OAL 

')(;Il i'\1E..>,_;\I OF f<)CR REPUCATES) 

Concentration 
lmg PCP· kg_, drJ 30il) 

0" 
5 

.l{) 

6G 

J l: replic:nes. 
* p < 0.05. 

%growth 

20.9:::: 3.5 
25.9 ± 17.7 
30.9 ± 25.9 
i 9.1 :!: 7.3 
21.0:::: 14.9 
)U::: 9 . ..:"' 

Cocoons/ 
worm/week 

0.91 !: 0.25 
0.79 ± 0.27 
0.33 ± 0.47 
,130 ± O.J5 
0.64 ± 0.18 
0.39 !: 0.08* 
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Pentachlorophenol 

Table 9 shows the effect of PCP on the growth and cocoon production of E. andrei: 
the results of the cocoon incubation test with PCP are shown m Table 10. From Table 
9, it can be concluded that PCP at the highest concentratwn tested 160 mg ·kg-') 
reduced cocoon production. but stimulated earth worn growth .. The ECj0 for the dfect 
•Jf PCP on cocoon producuon Nas 55 1 JlL 7'"7) mg kg-' drt soil. 

// T-.vc-w.eek LC0 values tor E. :i!nda or E. andre! in 1rt1i:icial soil of 50-~7 mg 
). PCP· Kg-' drl :>cti •;an be found in :he [iter.:tture :Heimbach. 198-k Van Gest:e! and 
'? Yl<l. 1 JllO: V 0nk '!r il.l.. ; 986). frox:1 !:he study of Vonk er u.t. ( l986) a 4·-week LC0 

'H. ::) mg PCP· kg-' and an :".iOEC of 12 mg PCP· kg-'· drf scil can be dcn··ed 
~or E. .·eu1a. ,n .m .u~ilicial soil. '• an Gesr.el t!l ai. l l ~g9 1 reported an :--<OEC of 3.2 
mg · kg-: :!.Jr the ~rfe::t of PCP ·)ll the <.:ecccn prcduc1:ion of E andrei in a test similar 
w chis sluJ;; 

lncubatwn in treated :w:iii.cial soil ,)f ':ocoons prcduced in untreated soil affectd 
the number of juverules rer fe-rille c:xcon at concemrarions cf 40 and 60 mg PCP· kg- i 

\l!J soiL but did net Jffect cococn f-ertilit~; fncuSation in :1ntreatcd S•)ti .~f cococ•r.s 
pmduced in treated :>oil had no induence on the number otjuveniles per tertile cocoon. 
but significantly reduced the number of tertile cocoons at 50 mg PCP· kg- 1 dry soil. ·! 

~:: 

(ncubation in treated roil of cocoons produced in treated soil did affect beth cocoon 
fertility and the numter t)f juveniles hatchmg from fertile .:c-coons. It can the:~fore 
be concluded that trearment of the cocoon incubation substr.ate affected the number 

TABLE 10 

EFFECT (;,F PENTACHLOROP'iENOL c)N THE HAi"CifAaUJ~Y OF COCOGNS 
OF Eisenia anarei IN ART1FlCUIL.3oiLiMEAN OF Twc REPUCATESI 

C ,mcemr:mon 'mg · kg-t·, 

Juvenilesi 
Exposure of Cocoon "'o fertile femle Juvenilesi 

worms incubation COCO<JflS cocoon 'IVOrmrweek 

i) 0 9! ± 6 2.J5 ± 0.21 !.86 ± 0.55 
0 5 73± 5 2.30 ± 0.28 1.72 = 0.34 
0 lO 90 ± 4 , ' -.... 1) :t 0.07 L90 ± 0.70 
0 ..:o 65 :t 3 !.90 ± 0.28 !.37 ± 0.50 
i) ~o 66 = -+8 0.55 = :) . .50* ) I 7 :::: 0.08* 
0 'JI) s::: = 0 0.1.5 :t l).07* d.i9 ± 0.01* 
5 0 65 ± 21 2.20:!:: 0.14 !.04 = 0.81 

iO I) 94 ± 4 2.40 ± 0.00 2.68 ± 0.05 
20 ;) 92 = t 2.05 :!:: 0.21 !.l3 = 0 . .51 
-+0 0 68 = L2 1.45 ± o.o--+ Ul = 0.86 
61.1 0 44 ± 23* 2.50 ± 0.28 0. 48 ± 0 . .30" 

5 5 87 ± 1 2.15 ±om 1.77 ± 0.22 
iG ~ ~,) 92 ± 12 2.30 ± 0.14 [.97 :t 0.61 
:o 10 85 :t 2 1.05 .!: 0.78* 1).93±0.71 
.. w .i() 

,., - ~* 1.15 = 0.35* •l20 ± 0.00* .)_ -
hi) ,so 21 ~ 18* 1). 1 :5 :': 1).21 * i).02 = 0.0::* -

• p < 0.05. 

~ 
!' ~ 
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un tested (60 mg · kg·''l 
h. r;1e EC ;o tor :he dfe::c 
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l!Jcj;li sc;il of :50-;3":' :ng .· 

:1. l984: V :m Gestd ana . 
li l. (·l86) a 4-'A.II~et( u::· 'il 
Jry sml c:m be Jen ve11 
eported an :SOEC of 32 
t::. ~.mJrei in :1 ~est similar 

in untreated soil affect¢j 
f40 and 60 mg PCP· kg 
mtreated soil of ,.,.,.~,...,-,,..,. 

veniles per lertile "'"''"'"'""' 
0 mg PCP· kg- 1 dry 
J!l did <lffect beth u .... "''"' 

IT'Y CF COCOONS 
) REPLCA fES) 

1iles/ 
.ile 
)00 

0.21 
1).28 
0.\F 
0.28 
0.50* 
0.07* 
0.14 
0.00 
0.21 
0.64 

• 0.28 
. 0.07 
• 0.14 
• 0.7:)* 
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of juveniles. whereas incubation of cocoons proouced by exposed worms in untreated 
soli did not have an effect on the number of juveniles. but :ed to a reduced number 
of fertile •:ocoons 1t .!0 and 60 mg pe·p · kg-; dry ~oil. 

The reduceu number or' ;uveniles r;rci.iucet.: when :ocoons are incubated in treated 

5oii may be ·::1used by the tox:city nr' ?C? tor JU'1eniies h;uchmg from the cocoons. 
\1 w Gesre! er ..11. il qq ~ \ reponed 1 :'-we:::K. ~-Co .;f 23 7tg PC?· kg- 1 dr:1 soil t'or 
,u·~eniies cr' E. Jndr':!!. 

'-/-1n Cesrei ':!! .1/. 1: 1Wl11isc :"r::und .m ~tree:. Jr ?•.:::-? ·.:n the renlit'J of cocoons: they 
;ncubate:i cr~cocns pnxiuced in trem:e:i soil m 'lmreated >oil and iound an ~OEC of 
l 1) r::g · k~-' in sell. -\n~ u ~'1e hi~hest ::or>c:mratlon ·.vithou.t ~ffect on cocoon teniiry 
; .3.: mg PCP· 'q ···. dry soill they ii11 !lOt find .m ~ffect on the :1•1mber of juve:Jdes per 
tt:rtile coccon. 

Cumparison :Jf E;j'ects on Growth Jntl R.eproducnon with A.:::Ate To_'Cicic_v 

ln Taoie t 1 :"iOEC 'jalues tor ~he ::feet of the nine test '2nem1c:11s on grcwth and 
reproduction are ~ummarized and compared ~c~:h LC50 va1ut!S tor the acute toxicity 
ror earthworms. for this purpose 2-week LC50 values obtained from the literature or 
.3-week LC~0 values :ietermined in :he exoenments descnbed above were used. 
F~om Table l L it: can be concluded that for most chemit:a.is growth is less ·;ensitive 

:hun ~eprcduction: the oniy exception :s parathion. for ·vh1ch growth was the most 
,e~1sinve ;Jarameter. P'.ll'atbcn. PCP. ~Yld -:artendazim espet:iail-y Mfe-..:1 cocoon tertility. 
:),;me ,:hemJC:iis induced the formation ,.;f .1bncrmaily shaped cocoons; this dfect 
llways :ed tO '1 reduced number }f fer"Jie -~CC)CDS 111d lherefcre lS implicitly included 
,n :he "-!OEC values for cocoon :ertilit~'- F!Jr the ,}ther ;:hemicals cocoon production 
;s 'TIOre 0r cqua.ily sensitive compared to c:xc.on :ernlirf .. In the case of PCP the 
:mmber \lfjuvemles per tef"Jle cccaon 'JVas most sensin'te when cocoons were incubated 
~n treated s01i. GrobaiJiv because :Jf 1 direct :oxrc e!fec~ Jf ~c? on the juveni.les. As . ,, 

TABlE I i 

:"l0EC V-\UJES fOR THE EFFECT OF 'i!NE CHEMICALS ON GRGWTH AND REPRODI.:CTION OF 
Efsenia andrei. \ND COMP\iUSON WlT"d LC50 V .\LUES 

~OEC(mg·kg·' dry 5Cil) for effects Jn 

'Ji'o Juveniles,' Juvemles/ LCo R:nio 
Cocoon fertile fertile worm/ (mg· kg- 1 (LC50/ 

Chemical Growth production cocoons COCC<lll week dry soil) NOEC) 

Ca.:imium tOO <10 {\)() jl)() : ') >lOOO >:OO 
Chrcmium T')l1 --" 320 320 1000 32 >1000 >30 
P::.nquat ' lCOH 450 !Gt)O l (,'<(_,1() 450 >1000 >1 
Panthion < :.o 56 iO (8 32 >180 >\8 
Fenun !0 ,;!Q l~ '"' .J- 10 57 -~6 

lk10my! U} 1.0 LO :o t.O 5. 7 6 
Crbendaz!m L9 1. q O.o <J.:1 0.6 5. 7 lO 
P'1e:1medipham i6 < 1.6 lo 5.2 < 1.6 1.:9 >80 
PC? 40" 40 20 lO 20 50--~7 5-9 

'Stimuiauon vf growth at higner c;on(;entrauons. 
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an overall parameter for the effect of chemicals on ~m1hworm reproduction, the 
number of juveniles produced per worm per week seems to be a g•JOd pa1rarne1ter: 
most chemicals tested it is not more sensitive than cocoon ?roduction or 
the cocoons: for ,:hromium tt is. however :he most se:tsirive ;>arame-::er. being 1 

or' :!) more :>e:'!Slt!'le than ..:occon prc:d.uc!wn. 
Dnferences between 'iOEC 'Jaiues i(~r the erfect of ·:hemicals Gn ~ar:h•vor.n 

ductwn md LC :o vaiues :>how 1 great ·:araGon. \-tl : : 91{J', repor.:e:i :.1 iacwr d 
50 ;(::r :he difference bee.veen 6-week LC 'o · > 11111 '-iOEC .,alues tt)l' t()tlr heav~; 

J.nd L.. ·:1hetlw:. ~n ~1ur 50:\J.dy rix cadmium .1nt.i .::nroGlum t.he factor:> are scme·N 
hig..fter T~m cS :usc• ;'he ..::.J.Se ~l)[ pnenmedi()i:J.am. rGr the oti1er .xganic chenica*l':;: 
dirfer-~nces 'Jetwt:en :.1cute w·ticity md repco.:ucrwn toxicity arP. about one order 6(¥{.~~­
;nagnnude. rn :he 'itudy of Ma ' 1 ·~:n) for thr<.:e ;:-esticides differences between >5-•}II~·S 
LC0 ?ames ani.! ~OEC was a tac-::or of 5-20. whereas it was a factor of 50 for lind~· 

frGm iata of '\dema er ai. (! 9~ i), Slooff and Canton ( 1983). and Slcoff eta!. (!., 
[r. car: :::e :cnduded. t!ME ;1/su for aquatK organisms ,_iifferences bet'illeen acute LC . 
EC00 values md ~CEC;; !or sublethal panmeters are net constant. For :!i.ght 
tested on three lish species. A.dema et al { i'9l3;' found ratios tor LC50/NOEC 
L"' mri 450. :SioutT .md Ca.nton 1. i '18.3! <.:~nclude:.i 'hat tor mcst che:mcals ,.,·,tt,, .. , .... 
bet'>,~een acate md ~!J.ronH.: toxicity values werP. 'ess •lmn 1 tactor ·:Jt 
c.hemlCais Jifferences rna~. 1cwever. be as iugh 1s J ::Ucwr of 3ZGO. 

Sianda.rrli::ilrion 

For reasons of standardization. m the ~est method used in this study. the 
ear-..hworm spe-.:ies :md . .u-ufi_cial soil were :hosen as described for acute toxicity 
by the OECD ( l984i and EEC { 1985). The resuits 0fthis study demonstrated ~afl 
method •Jrfer3 oppo1tunn:ies to de~ermine :he <!Uecrs ,yf chemical >ubsunces GU 
wor:n reprc~'tlucncn in a s;:andardized way. A test duration of 3 weeks ->eems tc 
mrficent to adequately assess effi!l..'tS on reproduction and growth. The smdy 
bennmy! confirms dus. For some persisten-t chemicals, however, a longer test 
m1gb.t be advisable. as is show11 by Fischer fl. 989) for paraquat. 

A:> noted when comparing ta'le different tests, cocoon production and worm 
can fluctuate substantially. nus fluctuation does not affect the number of fertile 
nor me number •Jfjuveniies produced per ferrile cocoon. It does. however,·,. ,-n,.,...,......, 
the total numter of oifs~ring }:roouced in a test. Comparing r.he results on PCP · 
thiS study and that descr!bed by Van Gestel et ai. ( 1989), it can be concluded that 
differences in cocoon production and worm growt.'l did not influence the test 
to a great extent. The di1ference between NOEC values in the~ t"-.vo studies was 
f!l</!>1: a factor of 4. Tb.e ;:nblem of fluctuating growth and cocoon 
disc'J.ss..~ by Van Gestel f!! al. (in press). 
• ~1e anptication of ·:ow dung as a food source in a hole in the middle of the 
gives saristactory results. \'Ex.ing the food homogeneously through the soil is !lOt 

visable as .n :hat •:ase more tood is needed to reach the! same level of grow1h (V m 
Gestei cf Ji.. ; 99 ;_ 1 or C:)CvOn production iVan Ge~1.el. :mpublished results). The test 
wit.'t cadmium presented here and that with copj:er described by '-./an Gestei !! rJl 
1 1 '989) demonst:-ate that treatment of the cow dung is not necessary. 

If the c)niy ·JbJective !S :t; study the :etfect on reproduction. incubation of cocoons 
<n untreated substrate ts 3utficiem. When cocoons are incubated in treated substra'le,. · 



reproduction. the 
· a good parameter. 
·oduction or fertility 
uameter. being a 

J. this study, 
)r :1cate toxict·y 

ai substances .:m 

the ;riddle of the 
1ugh the soil is not 
~ level of growth 
ished results). The 
i by Van Gestel et 
~ssary. 

. .-.. 
,BLETHAL AND LETHA;_ EffECTS ON EAR ORMS 219 

it 1S not possible to distinguish effects on reproduction from those on juvenile worms 
hatchmg from the cocoons. 

4. COt'·iCLL:SIONS 

The method for determining the efft!'.:t of chemicals on reprodlll .. 'tion of the ~arth­
Ncr:TI E. 1ndre: m an 3rtificiai >oil JS :Jruposed by Van Gestel et af. ( 1989) ts proven 
~o Je ;enmive .md it -:an 'Je -1sed i.n 1 >tandaniized way. Bor.h >!arthworm growt.h and 
repr:xiucnon .::m be :lSsessed. md beside~; -.:nc:;on pr0ductwn lnd cocoon rertility. the 
:utai J.umber Gf ;uvemles ;JfOduced :'Jer Nt:r:n ·;eems :u be 1 ·lsefui parameter to Je­
:e:-nine :he dfet:t cf .~h.emKals ·.~11 :.be :eprr.:cuc:::ve pe:-::"ocnanc!! cf ~arthworms. 

T"1e J.irferenc:! between lexhal ~nd mole~ilal to:u;ir;_es 1f :~hemicais can vary con­
-;;Je::-ad'' prz::bahi;' depending on che mOt.1e of acnon ·.:{:he •:hemteal tested. In this 
;tud~'· che di.tfere:1ce ':erween the :1cur.e LC :o and '-OEC values for the dfeci 0n earth­
wcrn gr.:.w•v'th and reprodcction W:IS :1ighest for cadmn1m I a factor of> 1 00) 1nd lowest 
li::r tenomyl, fentin . ..led pentachJ.orcphenot ,'a factor •Jf :i-61 . 
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