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ConclusionsConclusions
In conclusion, the present study shows that the springtail F. 
fimetaria was more sensitive toward toxic exposure from 
ivermectin in the two-species test systems containing a 
predator than in the single-species test. This suggests that, 
although the predatory-prey interactions need better 
understanding, it is relevant to involve species interaction in 
higher tier environmental risk assessment.
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IntroductionIntroduction
Veterinary medicinal products (VMPs) are used worldwide to treat 
diseases, protect animal health, enhance productivity, and promote 
growth. Anthelmintics and coccidiostatics are two large groups of 
VMPs that are extensively used in modern farming and hence poten-
tially exposing soil invertebrate species. The toxicity of three widely 
used pharmaceuticals where therefore investigated with the use of 
common soil invertebrates exposed in the laboratory in single- or 
two-species test systems.

Test compounds and soil 
Morantel (CAS: 69525-81-1) is an endoparasiticide to sheep and cattle to treat 
gastrointestinal roundworms and tapeworms. Ivermectin (CAS: 70288-86-7) is 
an anthelmintics with broad spectrum activity against endo- and ectopara-
sites. Monensin (CAS: 22373-78-0) is primarily used to control the parasitic 
disease coccidiosis caused by Eimeria species. The test soil was a sandy clay 
loam with a pH of 7.0, and a particle size distribution of 67% sand, 12% silt 
and 21% clay. The total carbon content of the soil is 2.22%.

Test Species
The springtail Folsomia fimetaria (Collembola: Isotomidae), a sexually repro-
ducing springtail, were kept on Paris-charcoal plaster and fed with dried 
baker’s yeast. Animals between 23-26 days old were used in the single-
species experiment.
Enchytraeus crypticus (Oligochaeta: Enchytraeidae), a small white hermaphro-
ditic pot-worm, were bred on a Bacto-agar substrate and fed with oatmeal. 
Only sexually mature animals of the same size were used in the experiment. 
Hypoaspis aculeifer (Gamasida: Laelapidae), a predatory mite, were during 
cultivation and synchronization fed juvenile springtails (Folsomia candida) 
every second day. Mites 16-19 days old were used in the test. 

Test Procedure
The single-species tests were generally conducted in accordance with interna-
tional standards. The two-species test was, however, conducted differently than 
the current OECD draft for the mite tests, primarily due to the fact that spring-
tails were not added ad-libitum, but only once. In order to avoid an unnatural 
predation the prey, 100 synchronized F. fimetaria (16-19 d old), were added one 
hour prior to the addition of the predator, 10 female and 5 male, H. aculeifer. 
After 21 days, the animals were extracted from the soil and manually counted.

ResultsResults
All validity criteria for the single-species tests as well as the number 
of surviving mites in the two-species tests were fulfilled. No validity 
criteria exist for the number of surviving springtails in the two-
species tests. Although clearly affected by predation the number was, 
however, considered sufficient for a toxicity evaluation. 

ECx and NOEC values for the three pharmaceuticals are presented in 
Table 1. In Figure 1, the dose-response relationship is presented for 
the springtail in the single-species test, whereas Figure 2 presents 
the dose-response relationship for the springtail and the mite in the 
two-species test.

  EC
10

 (mg kg–1) EC
50

 (mg kg–1) LC
50

 (mg kg–1) NOEC (mg kg–1)

Ivermectin (single-species test)    
Springtails 0.19 0.93 5.3a 0.4
 [–0.01; 0.38] [0.52; 1.35] [4.46; 6.63]
Enchythraeids 14 36 > 300* 3*
 [6; 22]* [25; 48]*

Ivermectin (two-species test)    
Springtails (prey) 0.02 0.11 0.14 0.2
 [–0.09; 0.13] [–0.10; 0.32] [0.01; 0.27]
Predatory mites 0.04 > 5 > 5 > 5
 [0.03; 0.08]

Monensin (single-species test)    
Springtalis 109 590.7 > 800 250
 [–80; 298] [254; 927]
Enchytraeids 71.8 356 > 800 500
 [–65; 209] [95; 617]

Morantel (single-species test)    
Springtailsb > 900 > 900  > 900 > 900
Enchytraeidsb > 900 > 900  > 900 > 900

*: Data published by Jensen et al. (2008) using another Danish agricultural soil as test medium.
a: LC50 value is obtained by extrapolation beyond the maximum test concentration, it was possible to estimate a LC45 
value at 4.8 mg kg-1.
b: no clear dose-response relationship could be established.

Table 1.

Figure 2. Effects of ivermectin in the two-species test system on reproduction (a) and 
survival (b) of the F. fimetaria and reproduction (c) and survival (d) of H. aculeifer. 
Vertical bars indicate SEM. 

Figure 1. Effects of ivermectin on F. fimetaria reproduction (a) and adult survival (b). 
Vertical bars indicate SEM. 
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