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Methodology applied on E. andrei individuals after the exposure to contaminated soil spiked with Cu and Cr(VI) concentration gradient for biomarker assessment
Lysosomal membrane stability (LMS)
LMS in coelomocytes was evaluated utilising the method reported by Gastaldi et al. (2007). Coelomocytes obtained by the extrusion method (Eyambe et al., 1991) were placed on polylysinated slides and allowed to adhere for 15 min in a humidity chamber at 20 ± 1 °C. The cells were then added 40 µL of neutral red working solution, obtained by diluting 1:100 with Hanks' Balanced Salt Solution (HBSS) a stock solution containing 10 mg of NR in 0.5 mL of DMSO. After 5 min at dark in the humidity chamber, the excess dye was discarded and the cells were gently washed with HBSS. Stained cells were monitored and photographed every 15 min up to 1h under a light microscope (Axioskop 40, Carl Zeiss, Milan, Italy) equipped with a 40X objective and a digital camera (AxioCam MRc, Carl Zeiss, Milan, Italy). Twenty photographs were taken at each observation time and for each treatment. The images were then analyzed with Scion Image (Version Beta 4.0.2.). After calculating the dye optical density, the neutral red percentage retained in the coelomocyte lysosomes was calculated, and therefore the membrane stability inferred. Data reported are the optical density at 45 min expressed as percentage of the value at time 0 (100% retained NR) and represent the amount of cationic dye up taken and bound by lysosomal matrix in coelomocytes. 


Neutral lipid (NL) and lipofuscin (LF) content
Small pieces (4–5 mm length) posterior to the clitellum were obtained from earthworms and flash-frozen for 40 s in N-hexane chilled with liquid N2 then mounted on aluminium chucks and stored at −80°C. Cross sections (10 μm) were obtained at −28 °C in a Leica cryostat. NL and LIP contents in the chloragogenous tissue were assessed as described by Gastaldi et al. (2007). Briefly, for NL determination, cryostat sections were fixed in calcium formol for 15 min at 4 °C, rinsed and transferred into 60% triethylphosphate for 3 min. Sections were stained in 1% oil red O in 60% triethylphosphate for 15 min in the dark, then rinsed in 60% triethylphosphate for 30 s, washed in distilled water and mounted with glycerol-gelatin. For LF determination triplicate slides were fixed in calcium formol for 15 min at 4 °C, rinsed and immersed in the reaction medium containing an aqueous solution of 1% ferric chloride and 1% potassium ferricyanide in a 3:1 ratio. Sections were stained for 5 min, rinsed in 1% acetic acid and washed in distilled water before mounting with glycerol-gelatin. Tissue sections were quantitatively assessed under a light microscope (Axioskop 40, Carl Zeiss, Milan, Italy) equipped with a 40X objective and a digital camera (AxioCam MRc, Carl Zeiss, Milan, Italy). Four images were analysed per each of the 4 sections on the same microscope slides, and three slides were analysed for each chuck for each treatment using the Scion Image vers. 4.0.2 image analysis software (Scion Corporation Frederick, MD, USA). Contents were expressed as optical density.


Metallothionein content (MT) 
Earthworms were homogenized in an ice-cold 20 mM Tris-HCl buffer, pH 8.6 containing 0.5 M sucrose, 0.006 mM leupeptin, 0.5 mM phenyl-methyl-sulphonylfluoride and 0.01% β-mercaptoethanol with a motor driven potter homogenizer (STIRRER type BS). The MT content was analysed according to Viarengo et al. (1997) using the Ellman reagent DNTB. Final absorbance was measured at 410 nm, using reduced glutathione as reference standard.


Ca2+ ATPase activity (CaATP)
Ca2+ ATPase (CaATP) activity in the plasma membrane of the post-clitellum intestinal tract was evaluated as in Gastaldi et al. (2007) with modifications concerning the section preparations. Earthworms were cut into small pieces (4–5 mm length) posterior to the clitellum and were flash-frozen for 40 s in N-hexane chilled with liquid N2 and stored at -80 °C. Cross sections (10 μm) were obtained at -27 °C in a Leica cryostat and transferred onto glass slides and incubated for 6 h at room temperature in a medium containing 2.4 mM ATP, 18 mM CaCl2, 8 mM levamisole, 0.2 mM ouabain, 1 mM Pb(NO3)2, and 20 mM sodium barbiturate. Negative control samples were incubated in a calcium-free medium containing 2 mM EGTA. After incubation, the medium was removed and slides washed in water and rinsed in an ammonium sulphide-saturated water solution (3 min) to reveal the brown lead sulphide Pb3(PO4)2 precipitate, that was quantified on sections by digital imaging as described above.


Catalase (CAT) and glutathione S-transferase (GST) activities
For each condition, tissues from single individuals were homogenized in 50 mM potassium-phosphate buffer (KPB), pH 7.0 containing 0.5 mM Na2EDTA, following the protocol reported by Mimeault et al. (2006). Total protein content was estimated according to Lowry et al. (1951). Enzyme activities were measured using a DU 800 Multisample spectrophotometer (Beckman) at 25 °C. Glutathione S-transferase (GST) activity was determined by measuring the increase in absorbance at 340 nm due to the conjugation of 1-chloro-2,4-dinitrobenzene (CDNB) with reduced glutathione (GSH). The reaction was followed for 10 min and the final activity was expressed as nmol/min/mg protein. Catalase (CAT) activity was determined by measuring the decrease in absorbance at 240 nm due to the consumption of hydrogen peroxide (55 mM H2O2 in 50 mM KPB pH 7.0). The reaction was followed for 2 min and the final activity was expressed as µmol/min/mg protein.


Acetyl CoA Oxidase (AOX) activity
For each condition, tissues from single individuals were homogenized in 4 volumes of a chilled buffer containing 1mM NaHCO3, 1mM EDTA, 0.1% ethanol, and 0.01% Triton, pH 7.6 (Cancio et al., 1998). Cell debris was discarded with a centrifugation step of 15 min (500g, 4 °C) and the supernatant used for the assay. The reaction medium for AOX activity evaluation contained 2% potassium phosphate buffer 0.5M, pH 7.4 containing 2% leuco-DCF solution, 1% HRP 1,200 U/mL, 1% sodium azide 4M, and 0.02% Triton. The supernatant was added in a proportion of 1:20 and incubated in the water bath for 5 min. 3mM Palmitoyl-CoA (1% final concentration) was added as substrate to start the reaction. Absorbance of each sample against the blank was recorded after 4 min at 502 nm. AOX activity was expressed as mU/mg protein.
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Fig. S1. Relationship between bioaccumulated Cu concentration and life-cycle endpoints. a) Number of adults alive at day 10; b) Number of adult alive at day 28; d) Weight of earthworms at day 28; e) Number of cocoons at day 56; f) Number of hatched juveniles at day 56. Each point is the mean of two replicates, error bars represent standard errors; when not appearing, bars are within symbols. The continuous line represents the logistic model fitted to the observed data. 

[image: ]
Fig. S2. Relationship between bioaccumulation Cr concentration and life-cycle endpoints. a) Number of adults alive at day 10; b) Number of adult alive at day 28; c) Weight of earthworms at day 10; d) Weight of earthworms at day 28; e) Number of cocoons at day 56; f) Number of hatched juveniles at day 56. Each point is the mean of four replicates, error bars represent standard errors; when not appearing, bars are within symbols. The continuous line represents the logistic model fitted to the observed data.
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Fig. S3. Relationship between total Cr concentration and activity of the enzymes catalase (CAT) and glutathione S-transferase (GST).


Table S1: Relationship between total Cu concentration and life-cycle endpoints and biomarkers. For life-cycle endpoints, LF and MT, the mean of four replicates and the standard errors (SE) are reported. For LMS and CaATP activity, replicates are not available.
	 Cu
	Life-cycle endpoints
	Biomarkers

	Total Cu (mg/kg)
	N° Adults d10
	SE
	N° Adults d28
	SE
	Weight Adults d10 (g )
	SE
	Weight Adults d28 (g )
	SE
	N° Cocoons
	SE
	N° Juveniles
	SE
	LMS (%)
	SE
	LF (O.D.)
	SE
	CaATP activity
	SE
	MT (µg/g)
	SE

	35.2
	9.3
	0.3
	9.5
	0.5
	N.a.
	--
	6.0
	0.7
	46.5
	1.5
	95.5
	7.5
	98.5
	--
	177.2
	1.1
	126.0
	--
	282.3
	6.0

	59.2
	9.5
	0.3
	10.0
	 
	N.a.
	--
	6.3
	0.0
	39.0
	7.0
	93.5
	17.5
	92.8
	--
	177.1
	1.4
	119.2
	--
	267.0
	16.3

	88.1
	9.8
	0.3
	9.5
	0.5
	N.a.
	--
	6.2
	0.4
	42.0
	8.0
	90.5
	14.5
	90.5
	--
	183.4
	1.1
	118.7
	--
	302.5
	4.8

	133.7
	9.0
	0.4
	9.5
	0.5
	N.a.
	--
	6.1
	0.2
	39.0
	4.0
	117.5
	--
	85.6
	--
	194.5
	2.4
	114.1
	--
	325.0
	0.2

	255.8
	10.0
	 
	7.5
	2.5
	N.a.
	--
	5.0
	1.6
	32.5
	8.5
	78.5
	38.5
	78.9
	--
	204.4
	 
	107.8
	--
	328.9
	10.0

	382.8
	10.0
	 
	9.5
	0.5
	N.a.
	--
	6.3
	0.0
	33.0
	3.0
	42.5
	0.5
	75.2
	--
	212.6
	 
	102.9
	--
	360.4
	27.6

	949.7
	9.3
	0.3
	7.5
	0.5
	N.a.
	--
	3.7
	0.7
	3.0
	3.0
	2.5
	2.5
	74.7
	--
	211.9
	1.7
	97.5
	--
	380.4
	19.3

	1873.4
	1.8
	0.3
	2.5
	1.5
	 
	 
	0.9
	0.4
	0.0
	 
	0.0
	 
	71.1
	 
	214.2
	 
	97.2
	 
	 
	 



Table S2: Relationship between total Cr concentration and life-cycle endpoints and biomarkers. For life-cycle endpoints, LF and CaATP, the mean of four replicates and the standard errors (SE) are reported; For LMS, MT, AOX CAT and GST activity, replicates are not available.
	Cr
	Life-cycle endpoints
	Biomarkers

	Total Cr (mg/kg)
	N° Adults d10
	SE
	N° Adults d28
	SE
	Weight Adults d10 (g )
	SE
	Weight Adults d28 (g )
	SE
	N° Cocoons
	SE
	N° Juveniles
	SE
	LMS (%)
	SE
	LF (O.D.)
	SE
	CaATP activity
	SE
	MT (µg/g)
	SE
	NL (O.D.)
	SE
	AOX
	SE
	CAT
	SE
	GST
	SE

	120.4
	10.0
	 
	10.0
	 
	4.3
	0.3
	5.4
	0.2
	8.0
	2.3
	13.3
	5.1
	93.4
	--
	162.6
	0.1
	164.2
	--
	245.7
	--
	127.4
	0.5
	0.4
	--
	151.1
	--
	0.7
	--

	127.3
	10.0
	 
	10.0
	 
	3.9
	0.2
	5.2
	0.3
	7.8
	1.1
	8.8
	2.0
	96.5
	--
	164.3
	1.0
	161.2
	--
	305.4
	--
	127.3
	1.1
	0.3
	--
	329.6
	--
	1.1
	--

	134.4
	10.0
	 
	10.0
	 
	3.9
	0.3
	5.5
	0.3
	7.3
	3.1
	14.0
	7.5
	80.5
	--
	166.6
	1.0
	158.7
	--
	312.5
	--
	130.4
	0.9
	0.2
	--
	343.2
	--
	1.3
	--

	149.5
	10.0
	 
	10.0
	 
	3.6
	0.2
	4.9
	0.4
	4.3
	1.5
	6.0
	2.2
	77.9
	--
	178.6
	3.7
	149.9
	--
	275.4
	--
	135.0
	1.6
	0.2
	--
	162.1
	--
	0.8
	--

	172.7
	10.0
	 
	10.0
	 
	2.9
	0.1
	4.0
	0.2
	0.0
	 
	0.0
	 
	75.3
	--
	181.7
	2.9
	144.7
	--
	327.1
	--
	142.2
	0.9
	0.2
	--
	134.3
	--
	0.4
	--

	217.8
	8.8
	0.5
	7.5
	0.6
	2.4
	0.2
	1.8
	0.1
	0.0
	 
	0.0
	 
	68.1
	--
	175.9
	1.2
	142.9
	--
	349.7
	--
	150.4
	0.2
	0.1
	--
	93.4
	--
	0.2
	--

	299.0
	0.8
	0.5
	1.3
	0.0
	0.2
	0.0
	0.2
	0.0
	0.0
	 
	0.0
	 
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	 
	--
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Fig. S4. Graphical representation of the responses of life-cycle endpoints and biomarkers in Eisenia andrei exposed to increasing soil concentrations of Cu and Cr. The colour scale indicates a gradient between no observed effects (green), 50% effect (yellow), and maximum effect (red) in Eisenia andrei. The adopted logistic model could not estimate EC50 values for MT and LN in Cr.
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