
VU Research Portal

Factors influencing bioavailability and toxicity of lead in the soil invertebrate
Enchytraeus crypticus
Zhang, L.

2018

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Zhang, L. (2018). Factors influencing bioavailability and toxicity of lead in the soil invertebrate Enchytraeus
crypticus. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/18502a28-c07a-44de-aaa1-4326293071c1


 

 185 
 

Summary 

Factors influencing bioavailability and toxicity of lead in the soil 
invertebrate Enchytraeus crypticus 

Human activities, including transportation, industrial processes, non-industrial 

combustion, the use of leaded products and waste disposal, all contribute to the increase 

of Pb concentrations in the environment. As a non-essential element without known 

metabolic function, Pb is known as a toxic metal, posing a potential chronic threat to 

human health and environmental targets including soil ecosystems, directly or 

indirectly. The soil is a sensitive compartment because Pb is know to accumulate and 

shows very little leaching to groundwater. Being an important part of terrestrial 

ecosystems, soil invertebrates play crucial roles in processes like litter decomposition, 

soil bioturbation, and nutrient cycling. Therefore, a risk assessment of Pb effects on soil 

invertebrates is necessary. However, provided by a number of legislations, trigger 

values and risk limits for the regulation of potentially toxic elements in soil are normally 

based on laboratory studies without taking into account keys factors such as exposure 

time, metal form, soil properties, long-term equilibration and the effects of the 

counterion, which may have great impacts on metal mobility, bioavailability and 

toxicity.  

The aim of this thesis was to study the effects of abiotic (chemical form, exposure 

time, exposure concentration, soil properties, ageing and leaching) on the 

bioavailability and toxicity of Pb in soil to reveal the mechanisms of exposure and its 

toxicity to soil organisms. The potworm Enchytraeus crypticus (Enchytraeidae) was 

used as the ecological target terrestrial invertebrate. 

In Chapters 2, 6 and 7, the effects of different chemical forms on Pb 

bioavailability and toxicity were studied. We compared the effects on E. crypticus of 

Pb applied to LUFA 2.2 soil as aqueous solutions of Pb(NO3)2 and PbCl2 (Chapter 2), 

and as powders of Pb(NO3)2 and PbO (Chapters 6 and 7). The results showed no 

difference between Pb(NO3)2 applied as solution or as powder. Pb availability in soil 

was similar for Pb(NO3)2 and PbCl2, but higher Pb concentrations were found in pore 
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water of Pb(NO3)2- compared to PbO- spiked soil. After 21 d exposure, no significant 

difference in Pb uptake in E. crypticus was observed in Pb(NO3)2- and PbCl2-spiked 

soil, while enchytraeids showed higher Pb accumulation in soil spiked with Pb(NO3)2 

than with PbO. Pb toxicity to E. crypticus survival and reproduction decreased in the 

order: Pb(NO3)2 > PbCl2 > PbO. The difference in toxicity of different Pb forms may 

depend on its availability (solubility) in soil, indicating that the metal form is one of the 

key factors affecting metal bioavailability and toxicity. 

We assessed the influence of exposure concentration and exposure time on Pb 

bioavailability and toxicity, by assessing the development with time of the internal Pb 

concentration and mortality of E. crypticus exposed to Pb-spiked LUFA 2.2 soil 

(Chapters 3 and 4). A toxicokinetics-toxicodynamics (TKTD) approach was used. E. 

crypticus were exposed to different Pb concentrations in soil (uptake phase) for a fixed 

period (Chapter 3) or for different short-term periods (Chapter 4), followed by an 

elimination phase in clean soil. We found that internal concentration and toxicity of Pb 

in E. crypticus were time-dependent. Pb bioaccumulation in the enchytraeids increased 

with exposure time and reached an equilibrium in approximately 7 d. LC50s based on 

total soil Pb concentrations (Pb toxicity) decreased with exposure time, but did not 

reach steady-state within 21 d (Chapter 3). Pb uptake and mortality of E. crypticus 

were also dependent on post-exposure time in Pb-free soil following different times of 

pre-exposure in Pb-spiked soil (Chapter 4). Thus, exposure time may play an important 

role in Pb uptake and toxicity in enchytraeids. The results also suggested the possible 

presence of a delayed onset of Pb toxicity compared to Pb bioaccumulation. The 

delayed effects continued to be expressed during the post-exposure period only when 

pre-exposure Pb concentrations were sufficiently high. Inclusion of a post-exposure in 

ecotoxicological tests therefore is highly recommended. 

We investigated the effects of soil properties on Pb bioavailability and toxicity to 

E. crypticus in six natural soils spiked with Pb(NO3)2 (Chapter 5). Soil organic matter 

(OM) content, cation exchange capacity (CEC) and water holding capacity (WHC) 

were found to be the main soil properties determining Pb partitioning in the test soils. 

Pb bioaccumulation in the enchytraeids was mainly affected by CEC, Ca concentration 

in the pore water and soil pH. Soil pHCaCl2 was the dominant factor for predicting Pb 

toxicity to E. crypticus, and CEC and porewater Ca concentration had additional effects. 

Our findings confirm that soil properties have great influences on modifying metal 
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bioavailability to soil organisms and subsequently affect its toxicity in soil. Soil 

properties therefore have to be taken into account to avoid under- or over-estimation of 

the ecological risk of metals in soil. 

The influence of ageing on the bioavailability and toxicity of Pb(NO3)2 and PbO 

to E. crypticus was assessed in LUFA 2.2 natural soil incubated over a period of 18 

months in the laboratory (Chapter 6). Our results showed that the long-term ageing 

effects on metal bioavailability and toxicity differed between Pb(NO3)2 and PbO, which 

may due to the difference in solubility of these Pb salts. Pb availability and toxicity 

increased with ageing time for PbO but remained constant for Pb(NO3)2-spiked soils. 

Generally, ageing had a critical influence on Pb availability and toxicity in soils and its 

effect was dependent on the specific chemical form.  

We also investigated the effects of percolation, applied to remove counterions, on 

Pb bioavailability and toxicity (Chapter 7). E. crypticus was exposed for 21 d to 

leached and non-leached LUFA 2.2 soil freshly spiked with Pb(NO3)2 and PbO or aged 

for 18 months. Percolation had little influence on the total and 0.01 M CaCl2-extractable 

Pb concentrations in the soil, while it did considerably reduce Pb concentrations in pore 

water for Pb(NO3)2 and PbO. Percolating the soils before the ecotoxicological tests 

slightly reduced the toxicity for lethal effects of Pb(NO3)2 but not of PbO. While EC50 

for effects on reproduction increased after leaching in freshly spiked soils, it remained 

constant in leached and non-leached aged soils for both Pb forms. Thus, the effects of 

percolation on Pb bioavailability and toxicity depend on the chemical form added as 

well as on ageing. 

We tried to find out what was the best measure of Pb bioavailability and toxicity 

in soil (Chapters 2 and 5-7). Pb bioaccumulation in E. crypticus was best explained 

from Pb availability in the soils, measured as 0.01 M CaCl2-extractable or porewater 

Pb concentrations. CaCl2-extractable Pb concentration was the best descriptor of metal 

toxicity to enchytraeid survival and reproduction, independent of chemical form, soil 

properties, ageing time and percolation effects. Extracting soils with 0.01 M CaCl2 

solution, therefore, might serve as a good way to predict metal bioavailability and 

toxicity in soil.  

The results of this thesis highlight the importance of different abiotic factors on 

metal bioavailability and toxicity, which should be considered in the risk assessment of 

metals based on laboratory ecotoxicological tests. The delayed toxicity of Pb, that we 
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found in our experiments, deserves further investigation. Soil extraction with 0.01 M 

CaCl2 solutions is an efficient method with relatively low cost to assess metal 

bioavailability and toxicity. 


