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ABSTRACT

Little research has been carried out on the efiécrsenate on earthworms. Ecotoxicological lalmwyat
tests are fundamental tools for assessing theitpxi€ arsenate to soil organisms. In this studhg impact

of arsenate on the survival, reproduction and bielavof the endogenic earthworn#dlolobophora
caliginosa and the anecic earthworniheretima hawayana has been quantified. The 96-h LC 50 of
arsenate was estimated as 233.43 mg arsenateséily d.w. forP. hawayana which is significantly higher
than that ofA. caliginosa 147.24+27.16 mg arsenate kgoil d.w. The number of juveniles Bf hawayana
was significantly higher than that Af caliginosa at the arsenate concentrations 180, 240 and 40kgrmgoil
dry weight. With the exception of the control (61§ arsenate kgsoil.d.w.),P. hawayana showed an avoidance
behaviour for soils treated with all tested coneiatns.A. caliginosa preferred soils treated with 6.5, 60, 110,
180 mg arsenate Kgsoil d.w., while the avoidance behaviour has lreearded only at 240 and 400 mg arsenate
kg™ soil. d.w. This means that caliginosa individuals feed less when exposed to arsenateh©contrary, the
P. hawayana worms could be escaped into their deep vertigablus when exposed to arsenate.
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1. INTRODUCTION protection of wild life in all ecosystems. Arsemighibits
both metallic and non-metallic properties. In gahefor
Large quantities of contaminants have continuously metallic forms, arsenite (Asis considered more toxic
been leaked into ecosystems as a consequence dhan arsenate (Rs(Molly et al., 2013). Since arsenic is
urbanization and industrial processes (Begeamal., a normal constituent of the environment, there eead
2009). Heavy metal pollution is the case where thefor effective monitoring and measurement of arsetic
quantities of these elements in soils are highantinie  arsenic-containing soil and waste sites. Arsenicurse
natural environmental concentrations and is paadlgti  naturally in soils as a result of theweathering tloé
harmful to biological life. Arsenic is a metalloid parent rock. Over 200 arsenic-containing mineralgeh
pollutant widelyintroduced into nature and the been identified, with approximately 60% being aeges,
environment through industrial processes and20% sulphides and sulphosalts and the remaining 20%
agricultural practices (Buttoet al., 2009; 2010; 2011; including arsenides, arsenites and oxides (Murcego.,
2012). Samadt al. (2010) ranked arsenic in abundance 2011). Ecotoxicological laboratory tests are coasd a
as 20th in the earth’s crust, 14th in seawaterl&id in preliminary step in bioassays of environmental .risk
the human body. There has been growing concerntabouBecause of their relatively quick results, thesastean
the environmental effects resulting from arsenic quantify the risks to animals posed by the useeofain
compounds and, therefore, different countries havesubstances in the soils of a given terrestrial ystesn.
established various arsenic concentration limits the Toxicity studies on soil fauna have not yet beemied
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out for several heavy metals. Such tests are alpained and soil were returned to the laboratory in Facuity

to implement rules that can effectively regulate Science, Zagazig University. The concentrations of
agricultural protection products. Since earthworans arsenate used in the laboratory tests were detedmin
one of the most important biotic components ingbi, through range finding tests. Experiments were etart
they have been utilized extensively in studies e t with an acute toxicity using increasing concendragi up
effects of heavy metals (Andest al., 2009; 2010a, to the limit of 400 mg k'dsoil d. w. The chronic toxicity

2010b; Buttoret al., 2010; 2011; 2012 : Carbonetlal., bioassays used sublethal concentrations based en th
2009; Contreras-Ramaa al., 2009; Huanggt al., 2010; present definitive lethality tests. The avoidarests used
Jonest al., 2009; Langdoet al., 2009; Natal-da-Lugt al., a different set of sublethal concentrations, lowman

2009; Oni and Hassan, 2013). Earthworms are knownthat used for chronic toxicity tests.
to play a major role in the mixing of soil consgtts 2.4. Acute Toxicity

and are more susceptible to metal pollution thamyna ~
other groups of terrestrial invertebrates. An aaoick Approximately 400 g of uncontaminated orchard soil
response test has been used in many studies tesassewere partially air dried, sieved (3 mm) and pladed
the toxicity of contaminated soils to earthworms circular plastic containers with a diameter 12.5amd a
(Artuso et al.,, 2011; Kobeticoveet al., 2010; Owojori  peight of 9.5 cm such that each container contagued
and Reinecke, 2009). Most studies have evaluated, 5 depth 5-7 cm. The soil was then rewetted to a

ar;em;: toxicity |_:n mamn:r?l ctel(lj_ I|ne? and "ai(tquanc moisture content (55%) using distilled water (cobtor
animal species. However, the StUCIes of arseniCyx 5 ¢4 tion of sodium arsenate to give soil conegiomns

in terrestrial invertebrates, including earthwor@se of 60, 110, 180, 240 and 400 mg arsenafé &gil d. w.

relatively limited. Th lcat f h tration in additioth
The aim of this study was to characterize the &ffec ree replicates ot each concentration in additmine
control  (untreated soil) were examined. The

of varying concentrations of arsenate on survival, rati q based th ltslatf oi
growth, reproduction and behaviour of two earthworm concentrations used were based on e Tresults P!
experiments (not reported here). Earthworms were

species belonging to two different ecological catess: o .
endogeic A.caliginosa) and anecicK.hawayana) under yvashed and 20 |nd_|V|duaIs_0f each species V\{ereeplac_
in each test container which was closed with ptasti

laboratory conditions mesh. Lethal concentrations (96-h LC 50) @f

2. MATERIALS AND METHODS caliginosa and P. hawayana were assessed by probit
' analysis (Finney, 2009). After linearization of pease
21. Soil curves by logarithmic transformation of concentias,

) 95% confidence limits and slope function were
Samples of a sandy loam soil have been collected.g|cyjated to provide a consistent presentaticixiéity
from an orange orchard that has not been treattd wi data. The worms were fed cow manure each day during

inorganic as for 40 vyears. Background arsenic .
concentration in soil (control) was determined adow the 4 days of the test. In the last day of bioassaprms

to the methods of Andersehal. (2013). were removed from the co_ntaine_rs. Individuals tﬂidt
' not respond to the mechanical stimulation of thieror
2.2. Chemicals portion of the body were recorded as dead.

All reagents used were analytical grade and all2 5 Chronic Toxicity
agueous solutions were prepared using distillecemwat

Inorganic sodium arsenate (MS0,.7H,0) was Chronic toxicity effects of arsenate on earthworm
purchased from Sigma-Aldrich, Egypt. reproduction and growth were assessed according to

] ] Alves et al. (2013). The bioassays were installed as in
2.3. Experimental Animals the acute toxicity tests which differed only in dtion,

Clitellated specimens of two earthworm specles concentrations and assessment methods. The soil was
caliginosa and P. hawayana were sampled in same {reated with sublethal concentrations 20, 30, 50, dnd
duration in selected sites (non-polluted soil) bygihg ~ 150 mg arsenate kgsoil d. w., forA. caliginosaand P.
soil and were separated by hand sorting. Sampleaasf  hawayana. Three replicates of each concentration in
species were taken at the time of each sampling andddition to the control were used for 50 days. €hes
placed in ventilated plastic boxes with their natsoils concentrations were chosen on the basis of the afata
and some leaf letter. The boxes containing eartimsor previous acute toxicity test. Earthworms were wdshe
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and weighed individually and 20 individuals of each
species with 600 g native soil were placed in emsh
container which was closed with plastic mesh. i 25
day of bioassay, worms were removed from the
containers. Individuals that did not respond to the
mechanical stimulation of the anterior portion bkt
body were recorded as dead. Live worms were washe
and weighed and the difference between starting an
ending body weight was calculated. For the nexti@ps
only the soils, juvenile worms and cocoons remaiimed
the containers. On the 50th day, the containerse wer
immersed in warm water (40+5°C) for 2 h and onae th
juveniles had emerged on the soil surface, the eurab
individuals generated was calculated. All wormsenfexd
with cow manure once a week during time of expenime
In the chronic toxicity, the mean body weight diéflece
and number of juveniles were calculated.

2.6. Earthworm’s Behaviour

Avoidance tests were carried out following the
recommendations of Alvest al. (2013). For bothA.
caliginosa and P. hawayana, the arsenate was tested at
concentrations 10, 20, 30, 40 and 50 mg lapil d. w.
with 3 replicates for each concentration. Plastxds
(20x15x10 cm) were divided into two equal
compartments with a plastic divider. To one
compartment, 400 g of treated soil were added while
the other compartment remained as a control (400 g
untreated soil). Immediately thereafter, the plasti
divider was removed and 10 clitellated earthworrhs o
each species were placed on the line separating th

3. RESULTS

3.1. Acute Toxicity

In the control (background as concentrations in
uncontaminated soil were 6.5 + 0.3 mg’iapil d. w.) of

&he acute toxicity tests, mortality of ad@lt caliginosa

nd P. hawayanawas below 10%, achieving the
equirements of bioassay validation. There were no
significant differences between replicates for each
treatment, therefore the data from the three rafd
were pooled for statistical analyses. The 96-hinanus
exposure LC50 foP. hawayana was significantly higher
(233.43+42.45 mg arsenate Kgoil. d. w.) than that of
A. caliginosa (147.24+27.16 mg arsenate kgoil d.w)
(p<0.05, t-test).Surviving worms also had reducedyb
weight and in some cases, morphological abnorrealiti
like, coiling and curling and lifting the body oA
caliginosahave been recorded.

3.2. Chronic Toxicity

In the chronic toxicity tests, the control showed
means of 75 and 92 juveniles Af caliginosa and P.
hawayana, respectively. The number of producéd
calignosa juveniles were significantly (p<0.05, t-test)
fewer than that ofP. hawayana at the concentrations
180, 240 and 400 mg arsenate’kspil d.w. Number of
juveniles of P. hawayana were four times larger (40
individuals) than the number of juveniles oA
caliginosa (10individuals) at the concentration 400 mg

arsenate kg soil d.w. Fig. 1). Examined P.

two compartments of the containers. Containers werehawayanashowed significant (p<0.05, t-test) reduction in

covered with plastic mesh. No food was added during
this experiment. After 48 h, the plastic dividersre/
inserted again and the soil in both compartments

body weight after 25 days exposure to concentradidn
mg arsenate kg soil d.w. compared to the control while
A. caliginosa individuals showed significant (p<0.05, t-

removed. The number of earthworms present in eachest) reduction in body weight after 25 days expega
container (treated and control) were counted. Wormsg|| examined concentrationBig. 2a and b.

that were along the dividing line between the two
compartments were counted as 0.5 for each

compartment. Percentage avoidance was calculated

using the following equation: % avoidance [(C-
T)/N] x100, where C is the number of worms in
control soil, T is the number of worms in treatedl s

and N is the total number of worms at the beginning
of experiment. Positive percentages indicate

3.3. Avoidance Responses

In avoidance tests, the number of dead and escaped
worms was <10%. This criterion was fulfilled in &dists.

P. hawayana worms significantly (p<0.05, t-test) avoided
soils treated with all tested arsenate concentrsitio
compared to the control (untreated). Avoidance

avoidance of the treated soil, a zero indicates nopercentages were 27, 37, 30, 43 and 40 at 60, 180),

avoidance and the negative percentages indicate a
attraction for the arsenic-treated soil.

2.7. Statistical Analysis

Analysis of data was carried out by student’s t-fes
comparing the means of experimental and contralgo
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840 and 400 mg arsenate kgoil d. w., respectivelyqg.
3a). Soil treated with arsenate attract@d caliginosa
worms at the concentrations 60, 110, 180 md kgil d.
w. However, soil treated with higher concentratiohshe
arsenate (240 and 400 mg kgoil d. w.) was significantly
(p<0.05, t-test) avoided by the wornfsg. 3b).
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200 - P. hawayana promote soil biodiversit_y, soil fertility and soflealth .
~ (Palmet al., 2013). In this study both acute and chronic
E 150 - toxicity effects of arsenate have been demonstrdied
% 96-h LC50 (233.43+42.45 mg Kgsoil d. w.) of P.

— 100 - hawayanawas significantly (p<0.05, t-test) higher than
g that of A. caliginosa (147.24+27.16 mg kg soil d. w.).
g 30 A1 The difference between the acute toxicity of theo tw
/M worms could be explained on the basis of the wanét

0 ' ' ' ! their living and feeding habitatsA. caliginosa is an

6.5 180 240 400 endogenic earthworm and the individuals of thiscese
forage below the surface where they ingest largatifies
of organic-rich soil and build burrows that are nhai
horizontal in nature. Although they build permanant
vertical burrows that penetrate the soil deeplye th
individuals of anceicspecieB. hawayana come to the

Arsenate concentrations (mg Kg™! soil d.w.)

Fig. 1. Meannumber of juveniles «&: P.hawayana and¥: A.
caliginosa treated with varying concentrations of
arsenate. *Means differ significantly frof caliginosa

(Student's t-test, p<0.05) surface to feed on partially decomposed litter, unarand
other organic matter. Their burrows create microatic
~ 200 P. hawayana gradient and the worms can be found shallow or deep
2 their burrows depending on the prevailing condgiohhe
o 150 differences between the results reported in theealitire
2 100 ey and those of the present study are small and mostly
Z attributable to different substrate composition ahe
= 50 earth worm species (Andersetral., 2013).
Z 0 . Body weight loss may reflect reduced feeding by the
worms as reported in other studies (Gomez-E¢les.,
6.5 60 180 240400 2009). In the present study, the body weight Aof
Arsenate concentrations (mg Kg~! soil d.w.) caliginosa treated with arsenate concentrations (110-400
(@) mg kg™ soil d. w.) significantly (p<0.05, t-test) reduced
in relation to the control while the body weighssoin
% 200 A. caliginosa . p.hawayana_l was not aﬁected_ by. the arsenate
£ concentrations except at 60 mg kgoil d. w. This
=z 150 means thatA. caliginosa individuals feed less when
2100 exposed to arsenate.
Z 50 I-I-l | | | | ﬂ ﬂ ‘ ‘ On the contrary, the ancei. hawayana worms
g could be escaped into their deep vertical burrovugrw
= 0 exposed to arsenate. However, Kreutzwegsat. (2008)

180 4 4 noted that worm feeding was similar in treated and
control soils and attributed the reduction in biesao
physiological changes in worms. The lethal effemtid
be attributed tothe blocking of nervous system ptars

Fig. 2. Reduction in biomass (mg) of (&) hawayana and (b): by pesticides. This blocking leads to an accumuitatf

A. caliginosa treated with varying concentrations of acetylcholine which results in muscle and_ organ
arsenate (25 days of exposure). *Means differ paralysis. InP. hawayana, the lowest concentration of

Arsenate concentrations (mg kg*1 soil d.W.)
(b)

significantly from control (Student's t-test, p<B)0 arsenate (60 mg kfsoil d. w.) resulted in significant
(p<0.05) less weight loss than the contréig( 3b)
4. DISCUSSION which could be the result of physiological stimegiused

by low concentrations of arsenate. Some authorg hav
Earethworms are key organisms in soil ecology. Asreported similar results and attributed it to anhetic
ecosystem engineers their activity affects not angny response which is defined as the ability of a suirst to
important soil processes such as soil aeration,be toxic at high concentrations but stimulant atv lo
decomposition or nutrient availability, but theys@l concentrations (zhang et al., 2009).
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Fig. 3. Avoidance or attraction response of (B):hawayana and (b):A. calignosa to arsenate concentrations (mean net response
and standard error bars). * Means differ signiftgafrom control (student’s t-test, p<0.05)

Few number of researches have been performed on thSummarizing the resultsFig. 3a and B, it could be
impact of heavy metals on earthworms avoidance undedemonstrated that avoidance responseB. dfawayana
laboratory conditions. The earth worm avoidance, tes is more sensitive to arsenate contamination thah d@h
originally developed in USA, was selected becatise i A. caliginosa. In this study, avoidance response Aof
quick and easy to perform and it is known to besitie caliginosa occurred at a concentration 4 times (240 mg
towards a wide range of chemicals. Natal-dadtal. kg™ soil d. w.) higher than that &. hawayana (60 mg
(2009) conducted avoidance tests with earthworms tokg™ soil d. w.). The ability ofA. caliginosa to tolerate
demonstrate their feasibility as early screeningstdor high levels of arsenate probably involves a contimna
assessing the toxic potential of metal-pollutedissoi of heritable and integrated physiological, morplgidal
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