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A bst rn,ct 

The effect of chromium as du·omiC" and chromate salts on tlw growth and reproduction of E. 
Joetida, and tlw uptake nnd distribution of this nwtal wer<' examined ttsing both mdiotmccr methods 
and electron miemst·opt• X-ray mieropml"' analysis. l~<'stdts indieatecl th<Lt both growth and repro
duction were signifieantly n·t.ankd I>,Y S<tbkt ha.l •·otH'<'utmt ions of chromium. The magnitude of t.il<· 
effect was conct·ntraLion dqwnd<·11t. !ln·shi,\' int rodll<'<'d chromi11m (VI) was mon• toxic tlum ehro
mium (III), but t.lw toxieity of chmrnium (VI) d<'<'tT;tS<·d after a dt•lay pPriod. 

E.foetidrt. was •·.apal>l•· of' taking 11p and r<'taining considPrahk amounts of t·.lti'Omium. i\Iore 
chromium was <t<Ttlmtdal<'d in lltt• gllt-chloragog<·tHHts systl'm than in tlw tissu<·s of thl' body wid!. 
The accumulat<•d cltromiltm co~tld lw •·limin,.t<·d hy <'j<Ttion of !'1.-oeyt..s througlt tlw dorsal pon•s. 
The chromi~tm <'onknt of/~· . ./(>rlirlu shmn·d posit i1·•· rl'lat ion wit 1l t lw chromit1m eonk11t of t.h<· suh· 
Strate, ho\\TV<'I'. t!H· n·lation lwtm·•·n tlw ratios of stom.!!<' and t'n\·imnnwntal<·om·<•ntmtions \IW> 
inverse. Maximal "''''"""dation of dtromium was f'oltn<l in j~tvenil<·s which hat.elwd anll grew in 
polluted substratt·. 

Introduction 

Chromium is an essential trace clement irwoh·ecl in glucose and lipid metabolism 
(HwA::;-G et a!. I !IR7, LAN<:,uw I !182). Ho\1 cn~r, in high dosages chrumium (VI) is con
sidered to be a highl.\· cytotoxic substance, and its n111tagenic and carcinogenic effects 
are well documented (CosTA et a!. I !IK.f, FoHN ACE et al. 1 !ISl, LA~GARD HJ82). As a 
primary effect, chromate ntny reduc:e tile electrical potential across the cell membrane, 
and this will result in a reduced capability to transport essential metn,bolitcs, and may 
contribute, with other intracellular effects, to tile oYerall cytotoxicity of c:hromate 
(BRUNet al. l\J87). 

Chromate is taken up readily by cells, \\·hile chromic complexes are only transported 
to a limited extent (CosTA et a!. 1\JS-1, LANGARD l\182, SANDERSON l\J7G). Chromate is 
a strong oxidizing agent, which has been slwm1 to be reduced by cytoplasmic extracts. 
When cells have been treated \rith chromate, unlv tlte chromic form was found to be 
present intmcellubrl~· (.TENXETTE 1 !l7H, LAXGARD. Hl82, SANDERSO~ 1\!76). Chromium 
(III) has a strong tendency to form coonlination complexes \Yith a very slow rate of 

111111111111111111111111111111 
9513 
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ligand exchange. In cell-free systems, chromic but not chromate salts were found to 

produce DNA-protein crosslinks, suggesting that the trivalent state may be the final 

.active form. Therefore, the ultimate carcinogen might be chromium (III) (CosTA et al. 

1984, FoRNACE et al. 1981). 
·whereas the chromic ion cannot pass through the cell membrane, cultured cells 

exposed to chromate have the ability to concentrate chromium intracellularly, against 

a concentration gradient, by reduction of chromate to chromic. This maintains a gradient 

for chromate whilst the reduced triYalent chromium cannot pass out of the cells again 

(SANDERSON 1976). 
Chromium is widely used in the metal finishing and tanning industries. As these 

industries are often widely dispersed, super1ision and control of chromium 11·aste 

disposal is often difficult. Large amounts of anthropogenic heavy metals, including chro

mium, may be introduced into soils through 1\"itste-waters and through land-disposal 

of sewage sludges. Earth11 orms are he a 1·ily exposed to soil pollutants (ANDERSEN and 

LAURSEN 1982, BEYER 1081, CARTER et al. 1083, FLECKENSTEIN and GRAFF 1982, 

HELMKE et al. 197H, NEUHAUSER et al. Hl8-l), and form an important link in 11atural 

food chains. In addition to their role in sui! processes, they can accumulate and transfer 

beneficial and potentionally hazardous materials alike from soil to predators (BEYER 

1981, IRELAND 1H77,] \18:1). Among hea1·y metals, little is knoii"Jt about the uptake and 

retention of chromium by earth11·orms. The accttm~lation of hea1·y metals lllrt~- depend 

not only on the extent of soil contaminati<>ll alone, but also on a number of soil- and 

species-relatetl Yariablcs (IHELAXO 1 !IS:L ~LI I !18~). g foc!irl(( is 11idely used in the Juana

gement of sludge, hut only sparse infortnatiotJsat·c a1·ailahle t'<>ttccrningclm>inintnuptake 

and their sensiti1·ity to clm>IIlilltll. 
The purposes <>f tlil' prl'Sl'llt slud.1· ll"l'J'(' l<> provide infonnatiun on I. loxicil_1·, ~-up

take :L!Hl accumulation, and:>. lll(' dislrihnti<>ll atHI elimination of chrmniun1 in g fnctida 

11·hen the metal was used in clmnn:tl<· and clirotllic forllJS. 

Materia,ls an<l Tcchniqut·s 

Eiseniajoet1:rln (Savigny) \\"as oht.aint·d l"rurn s\ol'k I'll it 111'1'' of' our lahnrntor.l'. TIH· <·nlt ltrl' uwdium 

contained uncontaminat<•d t><•:tt.\· soil a1td hors<' rnann1-e as food. Exp<'rinwnts ll"t·t·t· <·an·i··d out at 

room temperature. 

Growth and rt'prodnction studies 
The toxicity and the dl(•et of chromic and c·hmma t<' c·ompounds on tlw gmwt.h and n·production 

of E.Joetida were studied by adclinf! cliff<'rent <·nnc·<·ntrations (:!:ltl-:!i)(IO mg · kg-1 w..t 11"t) of chro· 

mium supplements to the culture ml'dium. 1\.}:r~l 1, was us<·d for chromium (V[), and 1\..('r (SO,l, for 

chromium (III) experiments. To evaluate th<' <'ffc•cts of chromium on the growth and r<'produr·tion 

of the ·worms over eight weeks plastic bags containing !I IIIII g wet \I"C'ight substrntum were used. 

Five worms were placed in each bag and thrc·e replic-att's of <·adl expc·rinwnt were mndc. The :l\·erage_ 

initial age of the introduced worms was six-sevt'n Wl'eks, tlw average liw-w.-ight was :!Of; ± :!G 

The number and the live-weight oftht· worms, the number of the c·ocoons and hatchlings 1\"l'rC 

bi-weekly. Full cocoons and hatchlings W<'l'C' c·ountcd together as thl' number of progenies. 

Two 11lternative studi('S were used in chromate studies. Earthworms wen• introdut·t'cl into the 

toxicated eulture medium immediately nr after a two-week clPlay. 

51Chromium uptake studies 
Uptake of chromite by the worms during f'Xposure was determined by incubation with 5 

containing KCr (80,)
2 

solution. In chromatE' uptak<- studies Xa2
51 Cr04 containing K 2Cr04 was used. 

Chromium solutions wPrP mixed with the culture medium and clitt•llated adults of E. foetida were 
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introduced immediately. The 51chromium content of the whole body of the adults, cocoons and juveni
les were determined three times during the six week experiment. The 51chromium concentrations of 
the body wa,ll and of the gut-chloragogenous system (alimentary canal) of the dissected n.dults were 
determined. 

To determine the amounts of incorpomted 51Cr, worms fed on the 51Cr labelled substratum were 
dissected, and the gut content carefully removed. Dissected worms were washed three times in tap
water. Cocoons wrre analysed without dissection. Samples were dried overnight at U0°C, then ashed 
at G00°C for six hours. The ash was measured in a shielded counter with automatic energy selective 
scaler. Tlw t•quipmcnt was standardized with a known activity of 51Cr. 

X-m~- microprobe analysis (E:.\DIA) 
For X-ray microprobe analysis of the chloragosomes air-dried smear preparations "·ere used. 

Both prt·pamt ion tt•dmiqut• and X-ray microprob<• analysis were performed as drscribed in 1980 
(FISCHEit and TltO~llnT.\s). Earthworms ejPet coelomic fluid through the dorsal pores, in response 
to mechanical irritation. Tht• l'lt'oL·_vtl's of tlw ('jceted coPiomic fluid Wl're prepared with the same 
technique. E.:U~IA spt·dra both of the cltloragosomes and t'koc~·te granuk·s pn•parPd from untreated 
and from long-tt·rrn (three months) chromatt' tn'atrd t·nrth1n1rms \l't'rl' l'ompared. 

The dkct s of chro1n i Ill \I on gro11·t II nncl rcpmd uction 

Anw11g tilt· L'<>Jil'L'Ilt rat ions used, only t lie freslil,\· prepared :·J00mg · kg- 1 11·et wt chro
mate t"lllllailting s!lhstrnhlln, l'al!scd significant Inortality (Fig. I). Ho11·ever, sublethal 
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effects, manifested by retarding of growth," were observed in both chromium (VI) and 

chromium (III) containing media. The growth retarding effect of chromium (III) de

pended on the concentration of the metal, and proved to be a long-term influence. The 

growth retarding effect of freshly prepared chromium (VI) containing media showed 

greater magnitude than those of chromium (III), but decreased significantly during 
the experiments. In experiments in which worms were introduced into the 500 mg chro

miuru (VI) added substratum after a two-week delay, the lethal effect was diminished 

and the retarding effect on growth was reduced significantly (Fig. 1). 
Reproduction of E.foetida was substantially decreased by all concentrations and 

forms of chromium used in these experiments. The inhibitory effect of chromium (III) 

on the reproduction was concentration dependent (Fig. 2). 

Uptake and distribution of chromium 

Metal uptake studies using 51chromium indicated that chromium (VI) could be 
accumulated in greater amounts than chromium (III) (Fig. 3). Chromium concentrations 
in the adult worms depended on the em~ironmental concentration of this metal (Fig. 3 .. 

Control 

4--------i- Cr I@ 250 mg. kg·1 wet weight 

x-------x Cr (ji]) 1000 mg · kg·1 wet weight 

o-------o Cr (ili) 2500 mg.kg·l wet weight 
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20 
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- --~--:---
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:Fig. 2. The effect of chromium on the reproduction of Eisenia foetida 
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and 4). The chromium content of the adults was increased by elevated environmental 
chromium concentrations, at least in the sublethal ranges, while concentration factors 
(i.e. storage ratios) decreased (Fig. 4). Cocoons also accumulated chromium. Juveniles, 
hatched and grown in chromium containing media contained more metal than worms 
which were introduced as adults. Concentration factors of the juvenile were greater than 
1.0 in tw~ of the chromium (VI) treatments if calculated on a dry-weight basis (Fig. 3). 

Storage 
ratio 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

51
cr supplements ( rrrg kg"1 dry weight) : 

r- f--

"' .... co 
N co (") 

.. 
c: c: c: 

A J c 

A: adults 

cr6+ 

5.5 . 163 
----

-

(") 
(") co 
N 52 " 
c: c: ·.: 

A J c 

J: juvepiles 

cr6+ 

2.5 ·10 

~ 

c: 

A 

0 
N 

c: 

A 

C:cocoons 

r-

f-. 

(") 
~ ;? N 

c: c: c: 

J c A 

,.. 

f--

N 
(") 52 co 

c: " 
J c 

Cr5+ 

6.2 ·10
2 

r-

~ 

c: 

A 

.Fig. :l. TnfltH'ncP of the Rtate and the concentration of chromium in the soil on the chro
mium <·ontcnt of Eisenia foetid<t 



62 
L. MoLN . .\.R et al.: Chromium in Eisenia 

The 51Cr concentration in the dry matter of the gut-chloragogenous system was 1.93 

times greater than those of the bocly wall. About 66.6% of the accumulated 51Cr was 

found in the gut-chloragogenous system, and 44.4% in the body wall tissues. 

Distinct Cr signals appeared on the EMMA spectra in some of the chloragosomes and 

·eleocyte granules of the long-term treated worms, however, Cr signals were absent in 

those of the controls (Fig. 6 ). 
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Discussion 

Our experiments indicated, that the growth and reproduction of E. joetida were seri

Dusly retarded by sublethal concentrations of both chromate and chromic salts. Chromate 

w~s more toxic than chromic form, however, the toxicity of the chromium (VI) treated 

.substratum decreased during a delay time. Decreasing toxicity of chromium (VI) may 

be explained by its reduction to chromium (III) and interaction with the substratum. 

Published data suggest (CosTA et al. 1984, LANGARD 1982) that the most stable state of 

chromium is chromium (III), and that this trivalent form is less toxic than the hexava

lent form. 

Table 1. Levels of chromium in the earthworms and their environments (mg · kg-1 dry 

concentration in earthworms 

weight except where st:1ted otherwise) Storage> ratio = -
concentration in environment 

·Conditions Environ- E:1rth- Storage References 

ment \VOrms ratio 

Control (il U.Oii0 HELMKE ct 11!. (1979) 

Sludge :l1.36 kg Cr/h:t x 11.:.!3 

G8.70 kg Crfha X ~.so 

li\7AO kg Cr/lm 
-
X 7 .Oli 

Control i\1-i.ll HAitTESSTI•:IN ..t. al. 

Sludge \110 li:\.(1 n.:.s (l!ISOa) 

Sludge ~oo-n;,o l- \:1 HAitTI•:SSTI'TN d al. 

( l!lf'Ob) 

Soil with wast<· \0-1:\0 ;: 11.07 .. ;\L\ ( 19R:!) 

Control n;, .•l:\.11 \1.:-.11 Ll:\"Bin:s rt al. (l!lli.->) 

Gnrbagt' 1:>!1 ~~I. :2 11.:2:1 

X:ctural Hoil x 1:!.7 
- :UJ.J-J" ;: 11.:1:2 BI·:YEit rt :tl. ( l!)t'7) 

:\lining area x :!fl.:ls ~: '.17 :;: 11.'\;, 

Industrial an·t~ :r :2: •. 0:! :r 1:2.9!-1 x 11 .. -.:2 

Galvanized towPrs x 1\l.lliJ x :2\J.:!:-, :;: ~.!JL 

Lnbomtory cxpC'riment :2:"> :!II O.Hil This work 

11·ith 01 chromium (\'1) 1 :2:> ~~ 11.1.:2 

:2:)0 J:'lll o.:J:! 
(;~;, :!!HI iUti 

There are a few data concerning the chromium content of earthworms collected fro!ll 

unpolluted and polluted soils or sludge (Tab. 1 ). The maximum chromium cuncentra 

of the polluted sludge found in the cited \l·orks was fii'JO mg · kg-1 (HARTENSTEIN eta!. 

1 U80 b), ami G3 mg . kg-1 in E. foetida (HARTE~STEI" et a!. I ~l80 a) on a dry weight basis: 

In this work the maximum concentrations 1rere fi25 mg. kg-1 51Cr in the substra 

and 290 mg · kg-1 51Cr in the worms, without reference to the natural chromium content., 

Chromium (III) was accumulated to a lesser extent and a low·er storage radio than 

chromium (VI). This is in agreement \rith the known fact, that cell membranes are 

impermeable to chromium (III), but are permeable to chromium (VI) as Cr.10
2- which: 

may be transported by the sulfate transport s:>stcm (CosTA et al. 1984, LANGARD 1982)/ 
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The chromium content of E.joetida at sublethal concentration values was positively 
related to the environmental chromium content, when other environment-related variab
les were identical. However, the relation between the storage ratios and environmental 
concentrati!]US was inverse. \Vorms in all developmental stages accumulated chromium. 
Maximum storage ratios were found in juveniles, which hatched and grew in polluted 
substrata. Storage ratios of other metals were also higher in juveniles than in adults 
(FLECKE~STEI)l" and GRAFF 1982). 

The chromium accumulation potential of the gut-chloragogenous system appeared 
to be twice than that of the body wall tissues. This may be explained by the fact that 
chloragocytes and their granules (chloragosomes) are capable of taking up and retaining 
certain heavy metals (ANDERSEN and I .. AURSEN J H82, IRELAND 1983). Our X-ray micro
analytical results proved that chromium was accumulated in a number of chloragosomes 
and eleocyte gnmules. The chromium content of t hesc granules could be discharged 
by ejection of eleueytes (liberated chloragocytes) through the dorsal pores. 
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