Carbon content and soil organisms – Trick or Peat?
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Introduction
Soil organisms are one of the most important groups within terrestrial systems. The current standard for laboratory testing foresees a
set of four test systems to be tested, the three species Eisenia fetida, Folsomia candida / fimetaria and Hypoaspis aculeifer within
artificial soil (consisting of the three components quartz sand, kaoline, peat) and the soil microbial community within natural soil
(organic carbon content 0.5 – 1.5 %).
According to the SETAC Scientific Opinion for in-soil organisms (2017), measuring exposure in soil test systems is crucial. Artificial soil
has the advantage that it is relatively well reproducible. However, Sphagnum peat has different properties than organic matter in arable
soils and the type of the organic matter influences sorption and hence bioavailability. Peat content in artificial soil is 5 or 10 % resulting
in approximately 2.5 - 5.0 % organic carbon which is higher than in many agricultural soils. On the other hand, chemical substances
are characterized by their capacity to adsorb to organic carbon, expressed as the Koc, the distribution coefficient between organic
carbon and water. It has been shown that with increasing Koc the percentage of adsorbed substance increases and the bioavailability
of the substance to soil organisms decreases.
Question
In the acute earthworm test, Eisenia fetida is exposed for 14 days to a test substance in artificial soil with 70 % quartz sand, 20 %
kaoline and 10 % peat following OECD 207. If the adsorption capacity of a substance does influence its bioavailability to worms in soil,
the following is expected:
• substances with a low Koc
• substances with high Koc
 weak adsorption to soil organic carbon
 strong adsorption to soil organic carbon
 high availability
 low availability
 high toxicity to earthworms (i.e. small LC50).
 low toxicity to earthworms (i.e. high LC50).
Data
Data from acute earthworm tests according to OECD 207 come from publicly available data, mainly from Wang et al. (2012ab). For the
analysis, 76 active substances (14 fungicides, 26 herbicides, 36 insecticides) were used. Data on adsorption to soil organic carbon are
published in the Pesticide Properties DataBase of the University of Hertfortshire or originate from calculations in ChemSpider (five
substances).The relation between Koc and LC50 is shown in the figures below.
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Conclusion
• The whole data set does not show any pattern.
• The number of fungicides is too small for further conclusions.
• The majority of herbicides causes 50 % mortality in a band between 100
and 1000 mg/kg dry soil, independent of Koc.
• Insecticides tend to cause 50 % mortality a lower test concentrations with a
statistically significantly positive correlation between Koc and LC50
(i.e. mortality decreases with increasing Koc).
• High organic carbon content in peat might mask toxic effects for
insecticides and fungicides.
• A standardised arable soil with properties closer to the scenarios in the
exposure assessment would be preferred over an artificial soil with
Sphagnum peat. The use of natural soil might be an option as an extended
test design.
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