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Abstract OBJECTIVES: The platinum group elements (PGE) platinum (Pt), palladium (Pd), 
and rhodium (Rh) are used in automobile catalytic converters, from which they 
have been emitted into the environment to an increasing degree over the last 20 
years. Despite the bioavailability of these metals to plants and animals, studies 
determining the effects of PGE on organisms are extremely rare. Enchytraeids are 
ecologically relevant soil organisms, due to their activity in decomposition and 
bioturbation in many soil types worldwide. 
DESIGN: The experiments were carried out as described in the OECD Guideline 
220 [CSN EN ISO 16387 – Soil quality – Effects of pollutants on Enchytraeidae 
(Enchytraeus sp.) – Determination of effects on reproduction]. The reproduc-
tive effects of platinum (PtCl4), palladium (PdCl2) and rhodium (RhCl3) were 
examined. The concentrations of PGE tested were as follows: 5, 10, 25, 50 and 
100 µmol.L–1 PdCl2; 50, 100, 150, 200 and 250 µmol.L–1 PtCl4/RhCl3. The EC50 
(medium effective concentration) was determined after 28 days of exposure. 
The inhibition of the reproduction of PGE-exposed enchytraeids was compared 
against controls. 
RESULTS: Values of 28dEC50 of PtCl4, PdCl2 and RhCl3 amounted to 
161.9 µmol.L–1, 70.0 µmol.L–1 and 246.6 µmol.L–1, respectively. We can confirm 
that the relative order of toxicities is Pd (II) >Pt(IV) >>Rh(III).
CONCLUSION: To the best of our knowledge, this is the first study to use Enchy-
traeus crypticus as an indicator species to assess the risk of soil contamination by 
platinum, palladium and rhodium. Results of this study contribute important data 
on the ecotoxicity of a rarely studied elements.

Abbreviations:
28dEC50 	 - 28-day effective concentration, which caused 
		  50% of an effect in test organisms within the 
		  given exposure period when compared with the 
		  control
CV 	 - coefficient of variation
PGE 	 - platinum group element
SD 	 - standard deviation

EC50 	 - medium effective concentration – (concentration 
		  that causes an effect in test organisms 
		  amounting to 50% within a given exposure 
		  period when compared with the control)
LC50 	 - median lethal concentration – is the concentration
		  of test substance that kills 50% of exposed test 
		  organisms within a given time period
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Introduction

Ecotoxicity testing is a very useful tool to assess the tox-
icity of chemicals, contaminated soils and wastes. The 
ecotoxicity testing is usually a complementary analysis 
to chemical analysis (Mateju et al. 2014; Kobetičová et 
al. 2010). An increase in the ecological relevance of test 
data is one of the major challenges of soil ecotoxicology 
(Breitholtz et al. 2006; Kuperman et al. 2009; van Gestel, 
2012; Chelinho et al. 2014). Contact bioassays are 
important for testing the ecotoxicity of solid materials.

Metal pollution in air, water and soil is a global 
problem that may have damaging effects on ecosystems 
and human health (He & van Gestel, 2013). The metals 
platinum (Pt), palladium (Pd), iridium (Ir), rhodium 
(Rh), ruthenium (Ru) and osmium (Os) are commonly 
referred to as the platinum group elements (PGE) 
(Zereini & Wiseman, 2010). Their chemical character-
istics make them quite useful as catalysts in a variety of 
chemical and pharmaceutical processes. In particular, 
Pt, Pd and Rh are widely used in a number of applica-
tions such as in hydration and dehydration reactions in 
the pharmaceutical industry, in polymer processing and 
in the production of pesticides and dyestuffs (Wiseman 
& Zereini, 2009). Automobile catalytic converters have 
received the most attention as a primary contributor of 
PGE to the environment. Most PGE appear to be emit-
ted in a metallic form, which is believed to be biologi-
cally inert (Jarvis et al. 2001). However, small amounts 
may be released in an oxidized state (Zereini & Wise-
man, 2010). Several platinum metal salts are known 
to be toxic and have a significant potential to elicit 
hypersensitive reactions in susceptible individuals. The 
evidence suggests that Pd may be a more reactive spe-
cies in the environment due to its greater solubility and 
bioavailability compared with other PGE. Palladium 
has been demonstrated to be more readily taken up by 
plants, animals and humans than Pt and Rh (Schäfer et 
al. 1998; Moldovan, 2007). The Pt tends to accumulate 
in the blood, urine, liver and is primarily excreted in 
urine, contributing to elevated concentrations in the 
waste water of hospitals. In Germany, it was estimated 
that a total of 14.2 kg of Pt was emitted from hospi-
tals in 1996 (Kummerer et al. 1999). One recent study 
investigated the PGE concentrations in soils along a 
motorway in Germany. The soils had mean concentra-
tions of 83 µg.kg–1 (20–191 µg.kg–1) for Pd, 132 µg.kg–1 
(41–254 µg.kg–1) for Pt and 20 µg.kg–1 (7–36 µg.kg–1) 
for Rh (Zereini et al. 2006). The highest concentrations 
of PGE have been found to occur within 10 m of the 
roadside. Mihaljevič et al. (2013) reported the distribu-
tion of PGE in Prague and Ostrava (Czech Republic). 
Higher PGE contents were determined in Prague; the 
highest contents were found in the centres of both 
cities because of the slower, stop-and-go movement of 
automobiles during which more PGE’s are emitted. The 
maximum PGE contents found were for Pt in Prague 
(160 μg.kg−1), with lower contents of Pd (49 μg.kg−1), 

followed by Rh (3.9 μg.kg−1). The bioavailability of PGE 
in the environment is also discussed in several publica-
tions (Shams et al. 2014; Kowalska et al. 2014; Reith et 
al. 2014).

Soil invertebrates are commonly used to evaluate soil 
quality (Coleman et al. 2004) and ecotoxicity (Marks 
et al. 2014), and emerging soil quality assessments 
have been based on mesofauna responses because of 
observations of their sensitivity to unfavourable con-
ditions and toxins, and also due to observed correla-
tions between invertebrate community structure and 
soil quality parameters (van Straalen, 1998; Verhoef, 
2004). In most organisms, the physiological tolerance 
mechanisms to heavy metals have been attributed, at 
least in part, to the induction of metal chelating gene 
products. This leads to the assumption that the genes 
responsible for this mechanism will be up-regulated or 
differentially expressed within the heavy metal exposed 
population. These metals chelating gene products 
include low molecular weight, cysteine rich proteins, or 
metallothioneins, known to be involved in heavy metal 
detoxification and homeostasis (Ardestani et al. 2014; 
Sturzenbaum et al. 1998).

Enchytraeids (Enchytraeidae, Clitellata, Oligochaeta) 
are ecologically relevant soil-dwelling annelids, which 
play an important role in organic matter decomposition 
and soil bioturbation (Didden & Römbke, 2001). They 
are widespread in many soil types and withstand acidic 
soil, tolerated by a few epigeic earthworm species such 
as Dendrobaena octaedra, Dendrodrilus rubidus and 
Lumbricus rubellus (Römbke, 2003; Butt & Lowe, 2004). 
Enchytraeids live in close contact with the porewater 
fraction of soil and their routes of exposure are dermal, 
intestinal and respiratory (Lock & Janssen, 2003; Cas-
tro-Ferreira et al. 2012). They play an important role in 
the soil ecosystem and are standard organisms of eco-
toxicological studies (Jaensch et al. 2005). 

The main aim of this study was to assess the repro-
duction test of Enchytraeus crypticus as a tool for the 
ecotoxicological assessment of platinum, palladium and 
rhodium applied to or contaminating soils.

MATERIAL & METHODS
Test organisms
The soil worm Enchytraeus crypticus originated in 
cultures from the Ecotoxicological laboratory of the 
University of Veterinary and Pharmaceutical Sciences 
Brno, Czech Republic.

Experimental design
The experiments were carried out as described in the 
OECD Guideline 220 [CSN ISO EN 16387 – Soil qual-
ity – Effects of pollutants on Enchytraeidae (Enchy-
traeus sp.) – Determination of effects on reproduction] 
with minor changes to fit our experimental conditions. 
This guideline was originally designed for testing with 
Enchytraeus albidus, but other enchytraeid species, 
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like E. crypticus, are listed as an alternative. Due to the 
smaller size and shorter reproductive cycle of the latter 
species, the test duration was reduced to 28 days. In this 
case, 20 g of soil was used and the adults were kept in 
the vessels until the end of the test. For each vessel, ten 
enchytraeids were placed in the soil. The worms used 
in the test were adult with eggs in the clitellum region 
and they were of approximately the same size. Five rep-
licates were used. As food supply, finely ground rolled 
oats were added. Weekly, when necessary, additional 
food and water were added. All tests were conducted 
at 20±2 °C with a 16:8 (light/dark) photoperiod. Both 
pH and moisture were measured at the beginning and 
end of the tests (an extra replicate, without organisms, 
was used for pH and moisture check, in the case of the 
reproduction tests with E. crypticus). The artificial soil 
used as a testing substrate was prepared as a mixture 
of 70% sand, 20% kaolin clay and 10% finely ground 
Sphagnum peat, pH (6.0±0.5) and was adjusted with 
CaCO3. 

The reproductive effects of platinum (PtCl4 – 
Sigma-Aldrich, p.a. 99.99%), palladium (PdCl2 
– Sigma-Aldrich, p.a. 99.99%) and rhodium (RhCl3 – 
Sigma-Aldrich, p.a. 98%), in particular, were examined. 
The soil was contaminated by dissolved PtCl4/PdCl2/
RhCl3 in an adequate amount of deionised water to 
achieve soil moisture equal to 50% of maximum water-
holding capacity. The PtCl4/PdCl2/RhCl3 substances 
are particularly soluble in water. Concentrations were 
chosen on the basis of the range finding test. The 
concentration of the stock solution was 10 mmol.L–1 
(0.084225 g PtCl4 per 25 ml deionised water; 0.4433 g 
PdCl2 per 250 ml deionised water; 0.05231 g RhCl3 per 
25 ml deionised water). Each solution was mixed with 
the soil immediately before use, leading to nominal 
concentrations of 50, 100, 150, 200, 250 µmol.L–1 PtCl4/
RhCl3 and 5, 10, 25, 50, 100 µmol.L–1 PdCl2 per vessel. 
Five replicates were used per the tested concentration. 

The results were evaluated as the inhibition of 
reproduction and compared to the control. The EC50 
(median effective concentration) was determined after 
28 days. For the test to be valid, we followed the criteria 
stated in the guideline (OECD 220, 2010). These are as 
follows: mean adult mortality should not exceed 20% 
at the end of the test; the mean number of juveniles per 
vessel should be at least 25 at the end of the test; the 
coefficient of variation (CV) calculated for the number 
of juveniles should be less than 50% at the end of the 
reproduction test.

A reference substance was tested at its EC50 concen-
tration for the chosen test soil type at regular intervals 
to verify that the response of the test organisms in the 
system corresponded to the normal level. A reference 
substance suitable for this test is boric acid, which 
should reduce reproduction by 50% at about 150–
170 mg.kg–1 dry weight soil (OECD 220, 2010). The 
concentrations of boric acid tested were as follows: 70, 
100, 140, 200 and 280 mg.kg–1.

Statistical analysis
The data analysis software Statistica for Windows® 
10 (StatSoft, Inc., Tulsa, OK, USA) was used to com-
pare different PGE by one-way analysis of variance 
(ANOVA) and post-hoc analysis of means by the LSD 
test. Levene’s method was used to test for the homo-
geneity of variances. Non-homogenous parameters 
were log-transformed prior to analysis and compared 
with the non-parametric Kruskal-Wallis test. All tests 
were considered statistically significant and highly sig-
nificant when resulting in values of p<0.05 and p<0.01, 
respectively.

RESULTS

The test with Enchytraeus crypticus fulfilled the CSN 
ISO 16387 criteria for validation. The value of 28dEC50 
(effective concentration) of the boric acid (the refer-
ence substance) test was 156.2 mg.kg–1 (Figure 1). 
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Fig. 1. Effect of boric acid (H3BO3) on reproduction in E. crypticus 
after 4 weeks of exposure in artificial soils. The data points are 
the averages of replicates (n=5). Error bars indicate standard 
deviations. 

Fig. 2. Juvenile reproduction of E. crypticus exposed for 28 days 
to boric acid (H3BO3) (expressed as nominal total boric acid 
concentrations in the soil). ** = p<0.01 compared with the 
control (n=5 in each group). 
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In the control, adult survival was 100%, the average 
number of juveniles per vessel was 199.6 and the CV 
was 6% in juveniles. The results of the toxicity tests are 
shown in Figure 2. Mortality was significantly influ-
enced (Figure 3). All CV values were less than 21% for 
each concentration of boric acid. Mean adult survival 
rates ranged from 6 to 10 out of 10 enchytraeids per 
vessel. A summary of H3BO3 toxicity in E. crypticus is 
shown in Table 1.

The 28dEC50 of PtCl4 amounted to 161.9 µmol.L–1 

(Figure 4). The results of the toxicity tests are shown in 
Figure 5. No significant effect on mortality was found. 
All CV values were less than 32% for each concentra-
tion of platinum. Mean adult survival rates ranged from 
8 to 10 out of 10 enchytraeids per vessel. A summary of 
PtCl4 toxicity on E. crypticus is shown in Table 2.

The 28dEC50 of PdCl2 amounted to 70.0 µmol.L–1 

(Figure 6). The results of the toxicity tests are shown 
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Fig. 3. Effect of boric acid (H3BO3) on mortality in E. crypticus after 
four weeks of exposure via artificial soils. The data points are the 
averages of replicates (n=5). 
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Fig. 4. Effect of platinum (PtCl4) on reproduction in E. crypticus 
after 4 weeks of exposure in artificial soils. The data points are 
the averages of replicates (n=5). Error bars indicate standard 
deviations. 

Tab. 1. Summary of boric acid (H3BO3) toxicity in E. crypticus.

Concentrations 
boric acid (mg.kg–1) 

No. adult
Mortality 

(%)

No. juveniles 
produced 

(mean ± SD)

CV 
(%)

Inhibition of 
reproduction 

(%)
at the beginning 

of the test
at the end 
of the test

70 10 10 0 139.2 ± 17.2 12 30

100 10 9.6 4 131.8 ± 17.7 13 34

140 10 9 4 115.4 ± 12.2 11 42

200 10 9.2 8 85.2 ± 18.3 21 57

280 10 6.4 36 58.6 ± 9.4 16 71

CV - coefficient of variation, SD - standard deviation.

Tab. 2. Summary of platinum (PtCl4) toxicity in E. crypticus. 

Concentrations 
PtCl4 (µmol.L–1) 

No. adult
Mortality 

(%)

No. juveniles 
produced 

(mean ± SD)

CV 
(%)

Inhibition of 
reproduction 

(%)
at the beginning 

of the test
at the end 
of the test

50 10 9.8 2 130.0 ± 11.5 9 0

100 10 9.8 2 105.00 ± 12.4 12 19

150 10 9.4 6 69.2 ± 10.7 15 47

200 10 9.2 8 57.2 ± 12.4 22 56

250 10 8.8 12 30.4 ± 9.6 32 77

CV - coefficient of variation, SD - standard deviation
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in Figure 7. A significant effect on mortality was found 
(Figure 8). All CV values were less than 33% for each 
concentration of palladium. Mean adult survival rates 
ranged from 5 to 10 out of 10 enchytraeids per vessel. 

A summary of PdCl2 toxicity on E. crypticus is shown 
in Table 3.

The 28dEC50 of RhCl3 was 246.6 µmol.L–1 (Figure 9). 
The results of the toxicity tests are shown in Figure 10. 
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Fig. 5. Juvenile reproduction of E. crypticus exposed for 28 days 
to platinum (PtCl4) (expressed as nominal total rhodium 
concentrations in the soil). * = p<0.05, ** = p<0.01 compared 
with the control (n=5 in each group). 

Fig. 6. Effect of palladium (PdCl2) on reproduction in E. crypticus 
after 4 weeks of exposure in artificial soils. The data points are 
the averages of replicates (n=5). Error bars indicate standard 
deviations. 

Fig. 7. Juvenile reproduction of E. crypticus exposed for 28 days 
to palladium (PdCl2) (expressed as nominal total rhodium 
concentrations in the soil). * = p<0.05, ** = p<0.01 compared 
with the control (n=5 in each group). 

Fig. 8. Effect of palladium (PdCl2) on mortality in E. crypticus after 
four weeks of exposure via artificial soils. The data points are the 
averages of replicates. * = p<0.05, ** = p<0.01 compared with 
the control (n=5 in each group). 

Tab. 3. Summary of palladium (PdCl2) toxicity in E. crypticus.

Concentrations 
PdCl2 (µmol.L–1) 

No. adult
Mortality 

(%)

No. juveniles 
produced 

(mean ± SD)

CV 
(%)

Inhibition of 
reproduction 

(%)
at the beginning 

of the test
at the end 
of the test

5 10 8.8 12 115.6 ± 10.9 9 11

10 10 8.8 12 100.2 ± 14.6 15 23

25 10 8.4 16 71.0 ± 13.5 19 45

50 10 6.6 34 73.6 ± 17.9 24 43

100 10 6.8 32 62.8 ± 20.9 33 52

CV - coefficient of variation, SD - standard deviation
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There was a significant effect on mortality (Figure 11). 
The LC50 of RhCl3 was 242.7 µmol.L–1. All CV values 
were less than 44% for each concentration of platinum. 
Mean adult survival rates ranged from 4 to 10 out of 
10 enchytraeids per vessel. A summary of RhCl3 toxic-
ity on E. crypticus is shown in Table 4. In the control 
(PtCl4, PdCl2, RhCl3), adult survival was 100%, the 
average number of juveniles per vessel was 129.8 and 
the CV was 10% in juveniles.

DISCUSSION

Levels of contaminants in wastes and soils can be mea-
sured by chemical analysis but this technique is often 
unsuitable as it requires extensive knowledge of the 
classes of pollutants to be analyzed. It gives little infor-
mation about the bioavailability of pollutants or their 
degradation products. Therefore, chemical analysis has 
to be supported by ecotoxicological tests. These tests 
provide information on the effects of pollutants on 
ecologically relevant parameters such as reproduction 
(Crouau et al. 2002).

The results of this E. crypticus experiment were dif-
ficult to assess because of the lack of published data to 
compare with. Most studies on the effects of soil prop-
erties on metal bioavailability and bioaccumulation 
concern earthworms, while very little is known about 
other soil organisms (Pedersen et al. 1997). There are 
recently published papers about the ecotoxicity of dif-
ferent PGE, where authors studied the impact e.g., on 
zebrafish (Danio rerio) and ramshorn snail (Marisa 
cornuarietis) (Osterauer et al. 2009), European eels 
(Anguilla anguilla) (Sures et al. 2001), rats (Artelt et al. 
1999), zebra mussels (Dreissena polymorpha) (Zim-
mermann et al. 2002), green algae (Pseudokirchneriella 
subcapitata) and Lemna minor (Bednarova et al. 2012).

In the present study with E. crypticus, reproduction 
showed a continuous decrease as the PGE concentra-
tion increased. The value of 28dEC50 of the boric acid 
(the reference substance) for reproduction which was 
determined by this study is compatible with the results 
published by Mateju et al. (2014). It can be assumed that 
the test was done precisely and can be declared as valid.

After exposure in OECD artificial soil, the toxicity of 
PGE for E. crypticus was compared to the literature data 
for Folsomia candida (Nemcova et al. 2012; Nemcova et 
al. 2013). As shown in Table 5, the EC50 values of PtCl4/
RhCl3 obtained for E. crypticus were lower than for F. 
candida. However, the EC50 values of PdCl2 obtained 
for E. crypticus were higher than for F. candida. The 
results have shown that palladium is more toxic than 
the others for both of the organisms. Palladium has 
been demonstrated to be more readily taken up by 
plants, animals and humans than Pt and Rh (Schäfer 
et al. 1998; Moldovan, 2007). Moreover survival of E. 
crypticus was significantly different from F. candida. 
Survival of F. candida adults was not significantly 
affected. Mean adult survival rates ranged from 8 to 10 
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Fig. 9. Effect of rhodium (RhCl3) on reproduction in E. crypticus 
after 4 weeks of exposure in artificial soils. The data points are 
the averages of replicates (n=5). Error bars indicate standard 
deviations. 

Fig. 10. Juvenile reproduction of E. crypticus exposed for 28 
days to rhodium (RhCl3) (expressed as nominal total rhodium 
concentrations in the soil). * = p<0.05, ** = p<0.01 compared 
with the control (n=5 in each group). 

Fig. 11. Effect of rhodium (RhCl3) on mortality in E. crypticus after 
four weeks of exposure via artificial soils. The data points are the 
averages of replicates (n=5). 
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out of 10 collembolans per vessel (Nemcova et al. 2012; 
Nemcova et al. 2013). Survival was not affected to as 
great an extent as reproduction. However, a significant 
effect of PdCl2 and RhCl3 on mortality of E. crypticus 
was found. Mean adult survival rates ranged from 4 to 
10 out of 10 enchytraeids per vessel. In comparison to 
F. candida, it was concluded that E. crypticus had rela-
tively higher susceptibility to the toxic effects caused 
by platinum and rhodium, but relatively lower to that 
by palladium. It is also noteworthy that reproduction 
usually showed a higher variability between replicates 
than survival. This phenomenon is in agreement with 
findings of Amorim et al. (2012).

CONCLUSION

Combining the literature review (Farago & Parsons, 
1994; Nemcova et al. 2013) and our new findings, we 
can confirm that the relative order of toxicities is Pd(II) 
>Pt(IV) >>Rh(III). Very little is known about the geo-
chemical behaviour of emitted PGE in the biosphere, 
especially in terms of their mobility and solubility in 
soils under natural conditions. More toxicity data for 
various species are needed to evaluate the environmen-
tal risks of PGE in soils.
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