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5 S c h l u s s f o l g e r u n g e n  

Die A n r e i c h e r u n g s f a k t o r e n  v o n  E. fe t ida  u n d  den  Acker -  
a r t e n  u n t e r s c h e i d e n  s ich  n i c h t ,  mi t  A u s n a h m e  v o n  L u m -  

br icus  te r res t r i s ,  der  s ich v o n  den  h ie r  v e r w e n d e t e n  Wi ld -  
a r t e n  d u r c h  se ine  L e b e n s w e i s e  u n t e r s c h e i d e t .  E. f e t i d a  
e rwe i s t  s ich w e g e n  des r e p r / i s e n t a t i v e n  A n r e i c h e r u n g s v e r -  
ha l t en s  in V e r b i n d u n g  m i t  d e n  e r p r o b t e n  E i g e n s c h a f t e n  ei- 

nes  i n t e r n a t i o n a l  g e b r / i u c h l i c h e n  W i r k u n g s i n d i k a t o r s  als 
gee igne te r  M o d e l l o r g a n i s m u s  zu r  A b b i | d u n g  der  B i o m a g -  

n i f i k a t i o n  im Boden .  

1. Die Differenz der  A n r e i c h e r u n g s f a k t o r e n  zwischen dem 
O E C D - K u n s t b o d e n  und  dem BBA-Feldboden ist so gering, 
dass auf  die Vorteile eines in te rna t iona l  s tandard is ie r ten  
Bodensubs t ra tes  n icht  verzichtet  werden  muss. 

2. Die er rechneten  log BCF-Werte  weisen eine gute f3berein- 
s t i m m u n g  mi t  den  n a c h  der  Formel  von  C o n n e l l  und  
Markwel l  abgelei te ten BCF-Werten auf, was zu der  noch  
zu / ]be rp r t i f enden  A n n a h m e  ermutigt ,  diese Beziehung fi.ir 
eine erste Absch~itzung des Akkumula t ionspo ten t i a l s  eines 
Stoffes - mit  Einschr~inkungen beztiglich des Molekularge-  
wichts  und des Oktanol /Wasserkoeff iz ien ten  - fiir terrestri-  
sche Organ i smen  heranzuziehen.  

3. Der Vergleich der fiir die Wasserphase errechneten log BCF- 
Werte von E. fetida und den Ackerarten mit den BCF-Werten 
fiir Fische weist auf  ein/ihnliches Anreicherungsverhalten, so- 
fern ein/.ibertragbares Verteilungsmodell angenommen wird. 
Eine Validierung dieses Ergebnisses durch Priifung weiterer Stof- 
feist  erforderlich. 

4. Die Ergebnisse h a b e n  gezeigt, dass der  Regenwurmtes t  mi t  
E. fet ida (OECD 1984,  ISO 1998) ein geeignetes G r u n d -  
konzep t  ffir einen ter res t r i schen Bioakkumula t ions tes t  dar- 
stellt. Sie e rmut igen  d a h e r  zur wei teren Val idierung des 
Prt ifkonzeptes und Abfassung eines detail l ierten Me thoden -  
vorschlages.  
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Background. Earthworm heavy metal concentrations (critical body residues, 
CBRs) may be the most relevant measures of heavy metal bioavailability in 
soils and may be linkable to toxic effects in order to better assess soil 
ecotoxicity. However, as earthworms possess physiological mechanisms to 
secrete and/or sequester absorbed metals as toxicologically inactive forms, 
total earthworm metal concentrations may not relate well with toxicity. 
Objective. The objectives of this research were to: i) develop LDsos (total 
earthworm metal concentration associated with 50% mortality) for Cd, Pb, 
and Zn; ii) evaluate the LDso for Zn in a lethal Zn-smelter soil; iii) evaluate 
the lethal mixture toxicity of Cd, Pb, and Zn using earthworm metal con- 
centrations and the toxic unit (TU) approach; and iv) evaluate total and 
fractionated earthworm concentrations as indicators of sublethal exposure. 
Methods. Earthworms (Eisenia fetida (Savigny)) were exposed to artifi- 
cial soils spiked with Cd, Pb, Zn, and a Cd-Pb-Zn equitoxic mixture to 
estimate lethal CBRs and mixture toxicity. To evaluate the CBR developed 
for Zn, earthworms were also exposed to Zn-contaminated field soils re- 
ceiving three different remediation treatments. Earthworm metal concen- 
trations were measured using a procedure devised to isolate toxicologically 
active metal burdens via separation into cytosolic and pellet fractions. 
Results and Discussion. Lethal CBRs inducing 50% mortality (LDso, 95% 
CI) were calculated to be 5.72 (3.54-7.91), 3.33 (2.97-3.69), and 8.19 
(4.78-11.6) mmol/kg for Cd, Pb, and Zn, respectively. Zn concentrations of 

dead earthworms exposed to a lethal remediated Zn-smelter soil were 3- 
fold above the LDso for Zn and comparable to earthworm concentrations in 
lethal Zn-spiked artificial soils, despite a 14-fold difference in total soil Zn 
concentration between lethal field and artificial soils. An evaluation of the 
acute mixture toxicity of Cd, Pb, and Zn in artificial soils using the Toxic 
Unit (TU) approach revealed an LDso (95% CI) of 0.99 (0.57-1.41) TU, 
indicating additive toxicity. 
Conclusions.Total Cd, Pb, and Zn concentrations in earthworms were good 
indicators of lethal metal exposure, and enabled the calculation of LDsos for 
lethality.The Zn-LD~ developed in artificial soil was applicable to earthworms 
exposed to remediated Zn-smelter soil, despite a 14-fold difference in total 
soil Zn concentrations. Mixture toxicity evaluated using LDsoS from each sin- 
gle metal test indicated additive mixture toxicity among Cd, Pb, and Zn. 
Fractionation of earthworm tissues into cytosolic and pellet digests yielded 
mixed results for detecting differences in exposure at the sublethal level. 
Recommendat ion and Outlook. CBRs are useful in describing acute 
Cd, Pb, and Zn toxicity in earthworms, but linking sublethal exposure to 
total and/or fractionated residues may be more difficult. More research 
on detoxification, regulation, and tissue and subcellular partitioning of 
heavy metals in earthworms and other invertebrates is needed to estab- 
lish the link between body residue and sublethal exposure and toxicity. 
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