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ABSTRACT

Juvenile brown garden snailsldlix aspersa Miiller) were exposed to Cd-contaminated soils 6rdays
under semi-realistic field conditions. The soilsre&veontaminated with increasing concentrationsaoingium
chloride (0-2900 mg Ky Cd?*'solution CdCJ). The snails were housed in terrariums and werk fe
exclusively with nettle leaves. The experimentsenvearried out in Timisoara on 1000 snails.The saivi
rates differed significantly for different Cd tresnts. Only higher cadmium concentrations (> 10@0kagt
Cd**'solution CdCJ) had a significant influence on survival curvessofils exposed to Cd-contaminated
soils. The maximal death rate reached 81.00+9.9%rfails exposed to soils contaminated with 290kgig

1 cd /solution CdC} We found dose-dependent survival rates, whereash#ie maximal effective
concentration was 1365 mg kgCdf*'solution CdCJ. Our results suggested that longer-term studies ar
required for assessing the real potential of shawival rate as bioindicator of Cd-contaminateitssa field
conditions.
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INTRODUCTION

Cadmium (Cd) is the most dangerous pollutants anh@ayy metals (AHRTASH ET AL.,
2010). Generally, it has no known physiologicaldion in live organisms (RAUB AND
HOFFMAN, 2006), excluding diatoms for which a Cd-basedysre plays an essential role
in regulating atmospheric carbonAfle ET AL., 2005). Naturally-occuring Cd in soil
ranges between 0.01 and 1.1 mg/kg, depending otypleeof parent rocks (BFALAKY ET
AL., 1991; 8ouULLOS ET AL 2001). The antropogenic sources of Cd includésistrial
emissions and the application of sewage sludgefemitizers to farm land (8TARUG ET
AL., 2003; GIEN ET AL., 2007; PERALTA-VIDEA ET AL., 2009). Cd is regarded as the most
mobile heavy metal in soils (Ryo ET AL., 2003). However, this heavy metal accumulates
in soil only in small amounts, but it is easily alised by plants and animalsgMMAN ET
AL., 2007). Recent studies found that cadmium poltuthas contaminated many
agricultural areas (ESUR AND KARTAL, 2007; TANG ET AL., 2011). Therefore, soil Cd
concentration may pose serious threat to humartthbgl uptake of Cd from vegetables
grown on contaminated soilsHZI ET AL., 2008).

Among other terrestrial invertebrates used as Hioator organisms of soil pollution, land
shails are recognized for their outstanding abilttyconcentrate high amounts of Cd in
their body (EERGER ANDDALLINGER, 1989; ®MOT DE VAUFLEURY AND KERHOAS, 2000;
NOTTEN ET AL., 2006). This is because of specific Cd-sequesjametallothioneins (Cd-
MT) that are involved in Cd detoxification ADLINGER ET AL., 2001; HSPARD ET AL,
2008). Helix aspersa (syn. Cornu aspersum and Cantareus aspersus), known by the
common name brown garden snail, is the most oftepl@yed land snail as bioindicator
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species in environmental monitoring studies. It i@snd that animals of similar size
(weight and/or height) are convenient biologicaldioators for metallic pollution
(COUGHTREY AND MARTIN, 1977). This species ecophysiological particuksitare well
known, and it is easily reared both in the labaraand commercially (&RrCIA ET AL.,
2006). In addition, exposure to Cd-enriched foddibiied snail feeding and growth in a
dose-dependent manner AAKOwWsSKI AND HOPKIN, 1996). Therefore, @uoT (1997)
considersHelix aspersa a reliable Cd-pollution bioindicator, equally efént with
earthworms and much more sensitive than collembolas

Standardized ecotoxicogical tests (ISO 15952, 2@dé)currently available for assessing
the effects of pollutants via digestive and cutarseexposure on survival and growth of
shails, usually younblelix aspersa Muller. Generally, these investigations were pemied

in specialized laboratory, under a long photoperibd@ h L/24 h, at 20 = 2°C with a
hygrometry of 80-95% (GWOT DE VAUFLEURY AND PIHAN, 2000). Not only that such
laboratory toxicity tests fail to predict effecteider variable field conditions, but their
applicability is limited only to the species beitggted. Contact with the Cd-contaminated
soil is essential in digestive and epithelial tfanef Cd from soil to snail (GEURDASSIER
2002). However, little information exists conceigitme soil Cd toxicity under field and/or
semi-realistic conditions. Contextually, this stuagns to evaluate the sensitivity of snails
to Cd exposure via contaminated soil, and to exarthie potential usefullness of survival
rates as endpoints in assessing the long-termxacotogical impact of Cd-polluted soils
under semi-realistic field conditions.

MATERIAL AND METHOD

Chemicals

The stock solution of cadmium chloride (CdCB9.999% pure) was purchased from
Sigma-Aldrich Chemie GmbH(Buchs,Switzerland). For all metal treatments, nine
ascending concentrations of Cd were used to contmithe soil. The nominal
concentrations were 250, 500, 1000, 1250, 15000,12600, 2500, and 2900 mg"Kg
Cd?*sol. CdC}. In contrast, the control group was not expose@decontaminated soil.
Each test included two replicates per concentratith each replicate jar containing 50
snails.

Maintenance of Animals

Juvenile garden snail$i€lix aspersa Miller) approx 4monthold were purchased from a
specialized snail farm (Edimpe Auto S.R.L., Muni@l@ Sus, Vaslui county, Romania) in
April 2011. All the experiments were conducted outdoor in Timisdqdieis county,
Romania). The thermal and pluvial regime of thisaaallows a proper snail development
during between April and June, when 33 percenthef dnnual rainfall takes place, the
average diurnal temperature usually does not ex@we, and the mean nocturnal
temperature does not decrease below +8°CAN2009). Before experimental phase 1200
animals were acclimatized to these conditions @u2it days.

To test the samples homogenity, the shell heigtttha snail weight were measured and
compared statistically. Shell height was compilexhf BURA (2004), and was performed
with a digital caliper (YT 7201, Yato ElectronicsoCLtd, Guangzhou, China) to the
nearest 0.01 mm. All snails were weighted by usinganalytical balance (model TP-214,
Denver Instrument Gmbh, Gottingen, Germany) to tiearest 0.1 mg. The most
homogenous 1000 juveniles were transfered in iamarplastic boxes (length: 50 cm,
width: 20 cm, height: 25 cm, volume: 0.025, surface area available for the snails to
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move across: 0.10 7 50 juveniles per each terrarium. Each box wasred with a lid
built of glass fiber netg mesh = 0.50 cm), mounted on an aluminium frame.

The soil, red turf (code 01-F2-61-A), was purchaeth a specialized trader (Iza S.R.L.,
Timisoara, Romania). The soil had the following gibg-chemical properties: pH: 5.50 —
6.50; ash content: < 5.00%; nitrites: 5.50%; ni&sai8.50%; phosphor: 16.00%; potasium:
18.00%; magnesium: 0.65%; boron: 0.03%; copper2%;liron: 0.90%; manganese:
0.16%. zinc: 0.04%; chlorium: 0.30%; molybdenun208%. Before being introduced into
the plastic boxes, the soil (500g/plastic box) wastaminated with cadmium chloride
solutions, and homogenized for a proper dispersibcd ions. A sponge (10x10 cm)
soaked with double-distilled water (spectroscopicep was placed at the bottom of each
terrarium to maintain humidity at 100%. The snaiksre fed ad libitum with freshettle
leaves. The nettle leaves were collected daily ftbensame place, and rinsed in double
distilled water to wash off potential air pollutanio limit food contamination through soil
contact, in each terrarium the nettle leaves wéseed inside a watch glasg € 10.00
cm). Every day, the cages were checked to moniweniles fithess, whereas dead
specimens, excrements, and uneaten food were reimdlie experimental phase lasted 60
days.

Statistical Analysis

Statistical analysis was provided by using theiSited 10 software package, free trial
version. For each sample, the shell height andbtity weight were checked to see if they
meet the normality assumptions (Shapiro-Wilcoxat, te = 50).

All the samples were testédr equal variances of shell height and body we({@artlett's
test,n = 1000. A One Way Analysis of Variance (Anova, df = 9) wasried out to test
for significant differences in shell size and snagight among different samples. For
survival rate tests, EC50 value was calculatedraaog to formula:

y = bo - bo/[1 + (x/b)"]

In this mathematical modet,is the pollutant levelx> 1) andy is the organism response,
in terms of the percent of maximum responsivenEss.parametdn, denotes the expected
response at saturatiomn, is the concentration for a half-maximal responaed by
determines the slope of the functiddreslow's test (also known as Gehan's generalised
Wilcoxon test) was used to compare the survivatribistion of all samples. Post hoc
analysis performed statistical comparisons betvieersurvival curves of control and Cd-
exposed groups (Log-rank test).

RESULTS

The average fresh weight of snails was 2.06 g éahg32 — 2.622 g). The mean shell
height was 1.923 cm (range 1.840 — 1.995 cm). sHizdl tests for normality showed that
neither shell height nor snail weight departed watatistical significance from the
normality assumption (Shapiro-Wilcoxon test, p >67). Analysis of variance
demonstrated that variances are equal acrossmjlea both for shell height and snail
weight (Bartlett's test, p > 0.25). There were tatistically significant differences between
group means for shell height and snail weight asrdened by One Way Analysis of
Variance (ANOVA, p > 0.5b Therefore, it was concluded that our samples nileet t
assumption of homogenity.

Total survival rate (%) revealed a direct relatlupsbetween soil Cd concentration and
juveniles death rategigure 1). Our results showed that survival curves weraigantly
different among different Cd treatments and thetr@bigroups (Breslow's test, p < 0.001).
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The survival rates of snails exposed to high Cdamimated soils (1000-2900 mg kg
cd*'sol. CdC}.) were significantly higher than those of contsahils (Logrank test, 0.05
< p < 0.001). In contrast, no statistical differerwtere found between the survival curves
of snails exposed to lower doses of Cd via soiD{BE®0 mg kg Cd**'sol. CdC}.) and the
control group (p > 0.55, Log rank test).

Because oflata redundancy (i.e. duplication of data as altreguequal survival rates)
several algorithms were used to compute the deresatof the loss function. The
Rosenbrock Pattern Search methiodnd the best curve fitting function that acounted for
87.593% of the variance of snail response to Cabsxe via soil (function loss: 0.002, R
= 0.9351). It was found that the half-maximal efifee concentration (Eg) of Cd toxicity
for soil exposure resulted from the watering ofl sath 1365 mg kg Cd**'sol. CdCh
(Figurel).:
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Figure 1. Dose-response curve between soil Cd concentration and snail death rate.

GOMOT-DE VAUFLEURY ET AL. (2006) conducted experiments under laboratory c¢mdi

to assess Cd toxicity on juventtElix aspersa growth and survival rates. It was found that
Cd-exposure via food (Eg= 68—139 mg Kg) was six fold more toxic than exposure via
contaminated soil (B = 534-877 mg K§). When comparing to our results it was
inferred that such differences resulted from ddfdr experimental conditions (i.e.,
duration, dose, microclimate).0BURDASSIER ET AL (2002) used two models to expose
juvenile Helix aspersa to Cd-contaminated substrate (0, 100, 500, 100&gy in direct
contact with the substrate or separated from salestvith a perforated plate, thus avoiding
tegumentary contact but allowing substrate ingastiexperiments were performed for 4
weeks under laboratory conditions. The results gibthat epithelial contact doubles the
rate of Cd transfer via soil to juvenile snailsrttsample soil ingestion. Generally, elevated
Cd bioaccumulation in the snail body, growth intidn, and decreased food consumption
are used to assess Cd toxicity on snailsskiowskl AND HOPKIN (1996) reported high
survival rates tdHelix aspersa juvenile and adult specimens (5.00-8.33%) thaieved
with Cd-enriched diet (0.32—145.00 mg§dor four weeks. The same authors suggested
that longer exposure would certainly induce lowenvival rates as GMOT-DE
VAUFLEURY ET AL. (2006) and the present study have demonstratétiet.applicability of
the present approach in ecotoxicology is curreratiier theoretical since such heightened
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Cd concentrations in soil are rarely expected touodn the natural environments.
Therefore, further studies must approach this gmlby using lower Cd concentration and
longer time of exposure.

CONCLUSIONS

Total survival rate revealed a direct relationshigtween soil Cd concentration and
juveniles death rates. Survival curves were sigaiftly different among different Cd
treatments and the control groups. Our results estgd that longer-term studies are
required for assessing the real potential of seailvival rate as bioindicator of Cd-
contaminated soils in field conditions.
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