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Compartmentation and effects of lead (Pb) in the Ccollembolan, Folsomia candida 1 

Wencai Dai1, 2, 3, Martin Holmstrup2, Stine Slotsbo2, Xin Ke4, Zhu Li1, Ming Gao3, Longhua Wu1, ∗ 2 

Abstract The impact of soil lead (Pb) pollution on survival, growth and reproduction of the Ccollembolan, 3 

Folsomia candida, and Pb compartmentation in its tissues were studied by exposing animals to laboratory-spiked 4 

soil. The survival, growth and reproduction of F. candida were significantly reduced by increasing soil Pb 5 

concentration. The LC50 values of survival based on total and CaCl2 extractable Pb concentration in soil were 6 

2562 mg kg-1 and 351 mg kg-1, respectively. The EC50 values of reproduction were 1244 mg kg-1 and 48 mg kg-1, 7 

respectively. The Pb concentration in whole body, gut and residual body parts were significantly increased with 8 

the increase of soil Pb concentration and followed an exponential increase when the soil Pb concentration was 9 

equal to or above a threshold (1000 mg kg-1 for whole body and residual tissue, 500 mg kg-1 for gut tissue). Below 10 

this threshold, these relationships were linear. The Pb concentration in the gut was higher than other tissues of F. 11 

candida and the threshold of internal Pb concentration at which F. candida can compensate was in the range 7-13 12 

mg Pb kg-1 dry animal (corresponding to soil Pb concentration 500-1000 mg Pb kg-1 dry soil). The results indicate 13 

that reproduction of F. candida was a more sensitive indicator of lead toxicity than survival and growth. Pb was 14 

mainly accumulated in the gut of F. candida. We discuss the value of Pb concentration in the body tissues as an 15 

indicator of adverse effects in the risk assessment of soil Pb pollution. 16 
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Introduction 19 

Heavy metals are released to the environment due to natural processes and uncontrolled human activities. Heavy 20 

metal pollution of soils is a major problem worldwide, and has attracted public concern due to its adverse effect 21 

on both humans and ecological receptors (Zhao et al. 2015; Zhu et al. 2018). Heavy metals, and in particular lead 22 

(Pb), can occur in very high concentrations in soils of metal mining sites. In some areas soil Pb concentrations 23 

can be more than 3000 mg kg-1 (Zhu et al. 2018; Holmstrup et al. 2011; Kozlov and Zvereva 2007). Thus, 24 

ecotoxicological tests are becoming important methods evaluating the effect of heavy metal pollution on soil 25 

organisms. 26 

Many studies have shown that heavy metals have harmful effects on organisms in both terrestrial and aquatic 27 

ecosystems (Ali et al. 2019; Kahlon et al. 2018). In terrestrial ecosystems, several species of invertebrates are used 28 

in ecotoxicity tests to assess the adverse effects of soil heavy metal pollution (Mazzei et al. 2013; Sivakumar 2015, 29 

Zhang and van Gestel 2019). Survival, growth and reproduction of tested species are widely used as indicators of 30 

toxicity (Bur et al. 2012; Zhang and van Gestel 2019; Zhu et al. 2016). The Ccollembolan, Folsomia candida, is 31 

frequently used to assess the toxicity of heavy metals because it is a relevant sentinel species representing soil 32 

microarthropods (Cardoso et al. 2019; Fountain and Hopkin 2005, Zhu et al. 2016). Collembola such as F. candida 33 

play an important role in soil ecosystems, for example by stimulating organic matter decomposition and nutrient 34 

cycling processes (De Deyn et al. 2003; Pey et al. 2014). 35 

Metal bioaccumulation includes uptake, internal distribution and storage processes (Ardestani et al. 2014) and is 36 

another good indicator to assess the effects of soil heavy metal pollution. Metals dissolved in soil pore water can 37 

be taken up by soil invertebrates through their cuticle (Ardestani et al. 2014; Fountain and Hopkin 2005; van 38 

Gestel 1997; Vijver et al. 2003). The toxic effects of heavy metals on terrestrial invertebrates depend on their 39 

concentration in specific body compartments (Beaumelle et al. 2015; Posthuma et al. 1992). In order to minimize 40 

the adverse effects from heavy metals, the organisms have various strategies to avoid or postpone heavy metal 41 

accumulation. For instance, collembolans show a behavior of metal avoidance (Cardoso et al. 2019; Dai et al. 42 

2018). Compartmentation of nonessential metals is another important mechanism for collembolans to reduce 43 

damages. After heavy metals are taken up by collembolans, a part of the metal is excreted via feces and urine and 44 

excess metal ions can be detoxified and stored as membrane-enclosed cellular granules or in metallothionein 45 

complexes (Hopkin 1989; Maria et al. 2014). To reduce the heavy metal burden of the body, stored metal granules 46 

are later excreted when the animal molts and sheds parts of the inner gut epithelia (Posthuma et al. 1992; van 47 
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Straalen et al. 1987). For example, approximately 90% of total Cd is stored in the collembolan gut and about 30% 48 

of it is expelled by intestinal exfoliation during each molting process (Posthuma et al. 1992; van Straalen et al. 49 

1987). The average excretion of Pb (48%) in collembolan species Orchesella cincta is higher than Cd excretion 50 

during the molting process (van Straalen et al. 1987). The sSimilar mechanisms to reduce adverse effects of heavy 51 

metals by storing them in different tissues or excreting via nephridia from each body segment were found in other 52 

soil invertebrates such as earthworms  (Ardestani et al. 2014; Beaumelle et al. 2015; Wang et al. 2018).  53 

Lead is probably the second most excessive heavy metal in our environment and a major contaminant originating 54 

from many sources (Khatri and Tyagi 2015; Pratush et al. 2018). Lead is one of the most toxic heavy metals to 55 

humans and it can cause Pb poisoning through food, water and air (Mahmood and Malik 2014). It can enter soil 56 

through anthropogenic activities, e.g. burning gasoline and mining (Zhang et al. 2015). Thus, it is important to 57 

assess the biotoxicity of soil Pb pollution. Some studies have assessed the soil Pb pollution using growth, 58 

reproduction and internal concentration of F. candida (Bongers et al. 2004; Bur et al. 2012; Luo et al. 2014a). 59 

However, only a few studies have determined the heavy metal concentration in gut tissues of collembolans, and 60 

these have been concerned with exposure via contaminated food in Petri dish tests (Joosse and Buker 1979; 61 

Posthuma et al. 1992). No studies have been performed to observe Pb in the gut tissue of F. candida when exposed 62 

in a natural soil microcosm. 63 

In order to provide new knowledge, the present study was designed to investigate the tissue distribution and effects 64 

of Pb on survival, reproduction and growth of F. candida exposed in spiked soil. We aimed at (1) assessing the 65 

Pb toxicity in soil by measuring reproduction and growth, and (2) investigating the Pb distribution in tissues of F. 66 

candida after exposure to Pb polluted soil. We hypothesized that Pb concentration in the gut is higher than in 67 

other tissues of the animal and that F. candida can regulate the Pb concentration in tissues when soil Pb 68 

concentrations are below a threshold level. 69 

 70 

Materials and methods 71 

Test animals 72 

Stock cultures of Folsomia candida (Collembola, Isotomidae) were originally obtained from Aarhus University, 73 

Denmark. The collembolans were kept at 20 ± 1 ℃ and in a 16: 8 h (light/dark, 400-800 lx) light cycle in Petri 74 

dishes (diameter 90 mm; height 10 mm) with a moistened layer of plaster of Paris mixed with activated charcoal 75 
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(8:1 w/w). The collembolans were fed dried baker’s yeast (Angel Yeast Co., Ltd., Yichang, Hubei, China) once a 76 

week. Age-synchronized F. candida individuals were obtained according to the standardized method (OECD 2009) 77 

and 10-12 days old juveniles were used in these experiments. 78 

 79 

Test soil and metal spiking 80 

An uncontaminated forest soil was collected from the top 20 cm of the soil profile in Jiangsu province, east China. 81 

The soil was air dried and sieved through a 2-mm nylon mesh prior to use. The soil was characterized as sandy 82 

loam with the following particle distribution: sand (58.7%), silt (24%) and clay (17.3%). The soil organic matter 83 

(OM) was 12.1 g kg-1 and soil pHwater was 5.1. Water-holding capacity (WHC) and the total cation exchange 84 

capacity (CEC) were 44.8% (w/w) and 15.2 cmol (+) kg-1. The total Pb concentration was 18.3 mg kg-1 dry soil 85 

(Dai et al. 2018). 86 

The soil was spiked with Pb(NO3)2 as aqueous solutions at the following nominal concentrations: 0, 250, 500, 87 

1000, 1500, 2000, 2400 and 3000 mg Pb kg-1 dry soil, respectively. The water content of the spiked soil was 88 

adjusted to 50% of the water holding capacity using deionized water and the soil was kept at 20 ± 1 ℃ to 89 

equilibrate for 7 days prior to use. 90 

 91 

Reproduction assay 92 

The test was performed according to OECD guideline 232 (OECD 2009) with some modifications. In brief, ten 93 

animals (10-12 d) were introduced into each 250 mL glass vial containing 30 g moist spiked soil. Five replicates 94 

of each treatment were made. About 2 mg of dried baker’s yeast was added to the surface of the soil as food for 95 

the collembolans, and the vials were closed with a sterile film. These glass vials were kept at 20 ± 1 °C with a 16: 96 

8 h light: dark regime. The vials were weighed and deionized water was added to replace evaporation losses. Two 97 

mg dried baker’s yeast was replenished once a week. After 28 days, the adults and juveniles were extracted using 98 

a controlled temperature gradient extractor in which temperature was ramped from 25 to 45 °C over 2 days to 99 

extract animals from the soil (Fountain and Hopkin 2001). The extracted animals were counted as described by 100 

Dai et al. (2018). Furthermore, the body length and head width of animals were measured using Image J software. 101 

 102 
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Lead distribution assay 103 

Two hundred and fifty animals (10-12 d) were introduced to each plastic container (diameter: 12.5 cm; height: 104 

6.5 cm) containing 30 g moist spiked soil. Each treatment had 5 replicates. Containers were kept at 20 ± 1 °C with 105 

a 16: 8 h light: dark regime for 21 days. The dry baker’s yeast was supplied three times a week and deionized 106 

water was added to compensate for evaporation losses. After 21 days, the animals were extracted as described 107 

above, and newly hatched juveniles were discarded. The extracted adult collembolans of each replicate were 108 

transferred to a plastic container with pieces of humid filter paper for 3 days to remove the gut contents. The 109 

animals were transferred to 10 mL deionized water and then sonicated for 10 minutes in order to remove Pb on 110 

the body surface. The animals were washed five times with ultrapure water. Subsequently, the animals were killed 111 

by 70% ethanol and ten animals were selected at random to analyse the Pb concentration in the whole body. The 112 

remaining animals were transferred to agar medium in order to avoid desiccation of their bodies during the 113 

dissecting process. Thirty to fifty animals were dissected into two parts (gut part and residual part) under a 114 

dissection microscope using forceps. Subsequently, the whole animals, gut parts and residual parts were dried at 115 

60 °C to constant dry mass and then weighed using an XP6 automatic electronic microbalance (precision ± 1 μg, 116 

Mettler Toledo, Greifensee, Switzerland). The samples were stored in a desiccator at 4 °C until analysis. 117 

 118 

Chemical analysis  119 

Lead concentrations of animal tissues were determined according to the method of Zhu et al. (2017) with some 120 

modifications. Briefly, the weighed animals or tissues were transferred to small glass test tubes (Pyrex, 4.2 mm 121 

inner diameter, 25.0 mm height, 1.3 mm thickness) which had been cleaned five times with ultrapure reagent 122 

grade nitric acid (65%, Germany Merck KGaA) and ultrapure water. The glass test tubes were inserted into a high 123 

pressure digestion vessel. The animals or tissues were digested at 105 °C for 4 h with 50 μL 3:1 mixture of 124 

ultrapure nitric acid (65%, Germany Merck KGaA) and hydrogen peroxide (20%, Nanjing Chemical Reagent Co., 125 

Ltd.), and the Pb concentrations in the digests were determined using a graphite furnace atomic absorption 126 

spectrophotometer (iCE 3500, ThermoFisher, Waltham, Massachusetts). The quality of the animal body tissue Pb 127 

analysis was controlled using blank samples and certified reference material (Dolt-5, National Research Council 128 

Canada). The recoveries of Pb in Dolt-5 were always between 80% and 120%.  129 

The spiked and unspiked soil samples were air dried. Approximately 0.2 g soil was digested with 10 mL mixed 130 

acid (HNO3/HCl, 1:1 v/v) to determined total Pb concentrations (Luo et al. 2014b). Two grams of soil was 131 
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extracted using 20 mL 0.01 M CaCl2 to evaluate Pb availability (Dai et al., 2018).  Quality was controlled using 132 

certified reference material (GSS-5). 133 

 134 

Statistical analysis 135 

All results were expressed as mean ± standard error (SE). Pearson’s correlation analysis was performed to 136 

determine the both relationships between measured total Pb concentration and nominal concentration in soil and 137 

the relationships between body growth of adults and juveniles and soil concentrations (total and 0.01 M CaCl2 138 

extractable). For the calculation of the LCx values (lethal concentration at which x% of the population were killed) 139 

for the effect of lead on survival and the ECx values (effect concentration causing x% inhibition of reproduction) 140 

for the effect of lead on reproduction, two-parametric or four-parametric log-logistic dose-response curve models 141 

were used. The calculation of LCx and ECx values were based on total, CaCl2-extractable and internal Pb 142 

concentrations using “drc” package in R (version 3.5.2). Further, the effect of Pb on survival, growth, reproduction 143 

and Pb concentration in tissues were analyzed using generalized linear models in the package “lime4” in R 144 

(version 3.5.2). T-tests wereas employed to compare the difference of Pb concentration in the whole body, gut 145 

and residual parts. 146 

 147 

Results 148 

 149 

Total and extractable lead in soil 150 

The total and 0.01M CaCl2 extractable Pb concentration are shown in Table S1. The soil total Pb were nearly the 151 

same as the nominal concentrations (Pearson’s correlation, P=1.000). In this study, both the nominal and CaCl2-152 

extractable concentrations were used in the data analysis. 153 

 154 

Reproduction assay 155 

The mortality of adults in the control soil was less than 20% and fulfilled the validity criteria as described by the 156 

OECD guideline. The survival of adults significantly decreased with the increase of Pb concentration in soil 157 
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(overall effect; glm, P<0.05, Fig.1). The estimated lethal concentrations (LC50 and LC20 values) of Pb on adult 158 

survival are presented in Table 1. 159 

The juvenile production was significantly influenced by increasing Pb concentration in soil (glm, P<0.05) and 160 

showed a clear response effect (Fig. 2). When the Pb test concentration was above 1000 mg kg-1 dry soil, the 161 

number of juveniles was drastically decreased (glm, P<0.05) and the number of juveniles was very low at test 162 

concentrations above 2000 mg kg-1. The EC50 and EC20 values for the effect of Pb on reproduction based on total, 163 

0.01 M CaCl2 extractable and internal concentrations in soil are shown in Table 1. 164 

Overall, the body length of adult and juvenile significantly decreased with increasing Pb concentration in soil (Fig. 165 

3, glm, P<0.05). The body length and head width of the adults significantly decreased when the Pb concentration 166 

was between 1000 mg kg-1 and 1500 mg kg-1 (glm, P<0.05). The adult and juvenile body length at 3000 mg kg-1 167 

were only 53% and 63% of control, respectively. The Pearson’s correlation between body growth of adults and 168 

juveniles and soil concentrations (total and 0.01 M CaCl2 extractable) are shown in Table S2. 169 

 170 

Distribution of lead 171 

The Pb concentrations in the whole body, gut and residual tissues are shown in Fig. 4. Overall, the Pb 172 

concentration in the whole body, gut and residual tissue increased significantly with increasing Pb concentration 173 

in soil (glm, P<0.05). When the nominal concentration of Pb in soil was equal to or below 1000 mg kg-1 (500 mg 174 

kg-1 for gut tissue), tissue concentrations were low and there was a linear relationship with soil concentration. 175 

Above this threshold, the tissue concentration increased following an exponential relationship with soil 176 

concentration (Fig. 4). The equations of the fitted linear and exponential regression models were as follows, where 177 

x  is the Pb concentration in soil (mg kg-1) and y  is the Pb concentration in tissue (mg kg-1): 178 

0.0085 3.98y x= +  (P< 0.001; R2=0.80) and 0.00143.4441 xy e=  (P< 0.001; R2=0.92) for the whole body; 179 

0.0036 3.89y x= +  (P< 0.001; R2=0.44) and 0.00142.6572 xy e=  (P< 0.001; R2=0.91) for the residual tissue; 180 

0.0152 12.78y x= +  (P> 0.05; R2=0.33) and 0.001314.7 xy e=  (P< 0.001; R2=0.94) for the gut tissue. 181 

Generally, the order of Pb concentration in tissues was highest in gut, followed by whole body and residual tissues. 182 

The Pb concentration in gut tissue was significantly higher than that in the whole body or residual tissues (t-test, 183 
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P<0.05). The Pb concentration in the whole body tissue was significantly higher than that in residual tissue when 184 

the F. candida was exposed to high soil Pb concentration treatment (t-test, P<0.05). 185 

 186 

Discussion 187 

The organisms have adverse effects when the internal metal concentration is higher than no effect concentration. 188 

For instance, the adverse effects to Ccollembolan, F. candida, are expressed by survival, reproduction, growth 189 

rate and metals bioaccumulation. These physiological responses of F. candida can be used to assess the soil heavy 190 

metals pollution (Luo et al. 2014a). In the following, we will discuss the effect of Pb on survival, growth rate, 191 

reproduction and bioaccumulation of F. candida and its strategies may be used to relieve the harmful effects of 192 

metals. 193 

 194 

Reproduction assays 195 

Several studies have shown that the reproduction and adult survival of collembolan were significantly reduced 196 

after exposure to heavy metals contaminated soil (Bur et al. 2012; Menta et al. 2006; Xu et al. 2009a; Zhu et al. 197 

2016). Xu et al (2009a) reported that adult survival of another the Ccollembolan, Sinella curviseta, was reduced 198 

by high Pb concentrations in soil (up to 3200 mg kg-1) and Menta et al.(2006) showed that the survival of F. 199 

candida and Sinella coeca did not significantly decrease at low Pb concentrations (0-500 mg kg-1 dry soil). 200 

However, the mortality of adults in their studies was not very pronounced (less than 40% at all concentrations). 201 

In the present study, the adult survival rate was above 50% except for the highest Pb concentration in soil and the 202 

survival showed low sensitivity to soil Pb contamination. The adult survival in our study agree with results of Xu 203 

et al. (2009a), but is different from results reported by Menta et al. (2006). This could be because we used different 204 

test species and different test soil. Different species have different sensitives to soil Pb contamination (Menta et 205 

al. 2006) and soil properties can modify the Pb toxicity in soil (Lanno et al. 2019). The LC50 in our study was in 206 

agreement with other studies using Pb(NO3)2 as soil spiking chemical (Lock et al. 2006) and significantly higher 207 

than that reported in another study using PbCl2 as the spiking chemical (Xu et al. 2009a). This was perhaps because 208 

we used different Pb-salts to spike the test soil and thus we had different salinity in them (Bongers et al. 2004; 209 

Stevens et al. 2003). 210 
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In the present study, the EC50 value for reproduction was 1244 mg kg-1 dry soil (nominal concentration). Similar 211 

results were observed by other studies (Bongers et al. 2004; Sandifer and Hopkin 1996; Son et al. 2007). However, 212 

Sandifer et al (1997) reported that the EC50 of reproduction for F. candida was 2970 mg Pb kg-1 dry soil, which 213 

is 2.5 times higher than that of our result. Lock et al. (2006) also reported that the EC50 of reproduction for F. 214 

candida was above 3877 mg kg-1 dry soil. Previous studies showed that the EC50 of reproduction for F. candida 215 

differed from soil pH: 3160 mg kg-1 dry soil at pH 4.5; 1360 mg kg-1 dry soil at pH 5.0 and 2970 mg kg-1 at pH 216 

6.0 (Sandifer and Hopkin 1996). In the present study, the pH of the soil was 5.1, and the EC50 value of reproduction 217 

is in agreement with this. Soil pH can influence the toxicity of metals in soil and thus influence the physiological 218 

effect in F. candida (Luo et al. 2014a). 219 

In the present study, the juvenile production was a more sensitive trait than survival and growth. This was perhaps 220 

because the adults experiencing Pb toxicity had to spend more energy on body maintenance (survival) and 221 

therefore had less energy reserved for reproduction, and produced fewer eggs (Jager 2019). Furthermore, the Pb 222 

toxicity could have posed a direct hazard to the developing embryos and the quality of eggs and hatching success. 223 

A previous study has shown that the hatching success of eggs significantly decreased in Pb contaminated soil (Xu 224 

et al. 2009b). 225 

 226 

Distribution of lead in tissues 227 

The heavy metals can be taken up by organisms and then distributed in different organs and tissues, or be excreted. 228 

Joosse and Buker (1979) found that ca. 30% of the total absorbed Pb is stored in intestinal epithelium cells is 229 

excreted at each molting. In spite of the molting, the uptake of Pb in O. cincta exposure to Pb contaminated food 230 

and in F. candida exposure to Pb natural contaminated soil reach a steady state after about 20 days and 21 days, 231 

respectively (Ardestani et al. 2019; Posthuma et al. 1992). In the present study, we exposed F. candida to Pb 232 

contaminated soil for 21 days suggesting that Pb concentration in tissues most likely had reached a steady state 233 

when we determined the concentrations in tissues. In addition, we found that Pb concentration in gut was 234 

significantly higher than that of whole body and residual part tissues. This is in line with the notion that Pb is 235 

predominantly accumulated in the guts of F. candida (Dallinger and Wieser 1984; Hensbergen et al. 2000; Joosse 236 

and Verhoef 1983; Posthuma et al. 1992). 237 

Once a pollutant is taken up by the organism and the internal concentration goes above some threshold level, 238 

effects on growth, survival or reproduction may appear. This threshold level is usually referred to as a no-effect 239 
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concentration (Baas et al. 2018; Kooijman and Bedaux 1996). In the present study, the threshold for internal Pb 240 

concentration of F. candida was in the range 7 to 13 mg kg-1, which was approximately equal to the EC20. This 241 

suggests that F. candida was able to cope with soil Pb concentrations below 500-1000 mg kg-1 and keep the body 242 

burden at a relatively low level by efficient excretion. Our results are in agreement with a previous study (Bur et 243 

al. 2012), which also showed the reproduction significantly changed at the soil Pb concentration above 1000 mg 244 

kg-1. In the present study, F. candida was negatively affected at soil concentrations above 1000 mg kg-1 and this 245 

coincided with an abrupt increase in internal concentration perhaps because the efficiency of Pb excretion was 246 

impeded at this high contamination level. We also observed that growth of adults was affected above this threshold 247 

and body growth of collembolans only occur when they moult (Hopkin 1997). Thus, at soil concentrations above 248 

the 1000 mg kg-1 threshold molting was halted and therefore excretion of Pb must have been set back, which could 249 

explain the abrupt increase in internal Pb concentrations. 250 

 251 

Conclusion 252 

In the present study, the survival, growth rate and reproduction of F. candida were significantly decreased with 253 

increasing soil Pb concentration and the reproduction was more sensitive than other two traits in assessing Pb 254 

pollution of soil. The Pb concentration in the gut of F. candida was significantly higher than whole body and 255 

residual part tissues. F. candida can compensate adverse effects induced by soil Pb pollution below a threshold 256 

value in the range between 500 and 1000 mg Pb kg-1 dry soil or whole body concentration between 7 and 13 mg 257 

Pb kg-1 dry animal. Lead concentration in the gut or whole body concentrations can be used to assess the Pb 258 

toxicity and we suggest that internal Pb concentration could be used in the risk assessment of lead. 259 
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 374 
 375 

Figure captions, 376 

Fig. 1 Fitted response curve for survival of adult Folsomia candida after exposure to increasing soil Pb 377 

concentration for 28 days. Each point represents the mean ± standard error (n=5). The significant differences 378 

(glm, P<0.05) between control soil and contaminated soil are indicated with asterisks 379 

 380 

Fig. 2 Fitted response curve for Folsomia candida reproduction after exposure to increasing soil lead 381 

concentration for 28 days. Black circles represent mean±standard error (n=5). The significant differences 382 

(glm, P<0.05) between control soil and contaminated soil are indicated with asterisks 383 

 384 
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Fig. 3 The body length and head width of adult and juvenile Folsomia candida exposed to lead-contaminated soil. 385 

Black circles represent mean ± standard error (n=5). The significant differences (glm, P<0.05) between 386 

control soil and contaminated soil are indicated with asterisks 387 

 388 

Fig. 4 Lead concentration in whole body (a), gut (c) and residual (b) parts of Folsomia candida exposed to lead-389 

contaminated soil. Black circles represent mean ± standard error (n=2-5). The significant differences (glm, 390 

P<0.05) between control soil and contaminated soil are indicated with asterisks 391 

 392 

The supplementary information contains the following: 393 

• Total and 0.01M CaCl2 extractable lead concentration of test soil 394 

• Correlation between soil lead concentration (total concentration and 0.01M CaCl2 extractable 395 
concentration) and adult survival, reproduction, growth of adults and juveniles 396 

 397 
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