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Figure 1. Location of the studied area.

YA



2)45 (559595 23938 9 o>y ol

S S slae S Ll my le Lds s
) st eslind (5 055) LS 5Ll

Jalss sl 3 day 555 4w (S glap S ohle3
oS eailsn o Jesle b Sb sladisas o Zsb,
Slil (Folal Do wsed o gl @b S
Lol 038 iz 5l e Xt azecd e T L
Y= 05 Sle b S gl S A O35
Slhgme 038 pob ke s Ol p 8
S slap S Sk ol gl S glap S esgy
(BB o 0 S V) glelnd o tiss oo
Sl e T ol e Lo ally LS el
Sodaty 318 sl a3 WA gles s wcoyb Lis
S A Gl s il K sl EA
s el VY s Ll dels Sl g sie
Sb eS8 340 Y wessy ads 5y (V) i
sl bylsve (613 ptises blE) St wipes a4
LYY los o bl .bas wlsl ls 55 L
el by 5 (b el A DT (65 0nse
R ol gl Jsb s 5 as
A S P S R O A VUM K- W J PV >
shaws Jrodd 5 Olpe 5oy £F 5 YY YA XYY 08
S glae S 0l oy Aoy 5 0L D5 aly
s O3l oo e b ioled By 4 (ei)
35 e SN0 5 S p ST Lls o S f00)
(NN A s (sl

(Anova) leesls b1y 4 50 16,bl slaa ppu
s Sl wly b B s JsSB by
5 SAS (A0 Ll 5 5 sSe e b ULSS o
02 oSl glasbe se5l L LSl avlis

..,\..ZHQQ\M)J\)OCE.N

yva

L Sk s wfw ol s chale S Sl
S i L O8AY) Ol 5 55l )
5 S Yol Sy cal 53 (70) b plol S
L god 51 G a5 Al sy Il s ) 45
Odeay 9 A wslsl Jle i § S sl 1] e Vo
Sobegy o2 :\ﬁ&:.}u a g A gles jy cell VY
VU el 3L by CudS Gl s 5 23S 1S
s ppedlS 5 e K Sl bl
YY+ Varian Juoe o3l Cdo e by Sl olSaws
L 5 S el
il Skl e S dann (ki gad (g5 lmoslal
b s ol paise dhd a4 by odd
o3ls 3 ():,a&:_}L.d YANYYXVY) sl 4 ug,;‘yi
Ll hiea (558 555) sls 55 8 V00 s
Mlea Hbed S Blo S 4 S slae S
S N N S VRN R
e S ma 5l eSS Gl s S e
Cushy A eslinad 5, slag, s Sl b s
Slr S s Casby a4 Sl O b g bk s
(S el b ) S DS RV PR
et Siolesl 350 Gk sl e LS sl
o3le 9 St Cugby s Dol sl slaeds 545 an
EY s s 5L Sl s s eslanal 5, 4 S
(Y4) s esls O3 ;\qu:lw a5
s Ll (S slap S 1 S e S g5lueslal
iS4l o 5 o iSA g S S graS o)y S S
A g Al e 5l Okl 5 W3l 1S Ll e S
55 bl 5l s el ¥ Sen St Glop S 4an
les 53 IV Casby 5o ls 555 Gl e S
el VN s ey Lol S Sl am s YIRY

)jjbjg.:\ J}-\J L Lﬁ'i’)t; g:A.OLw A 9 LS'LLM:,JJ



ITAY (1) olond (Y0) s S g O Chlis W idgis 4 pai

Gl bl sbls gasl pH Y Jods 4 a5 L
VIO o3 J1 & ailawe PH 5 A/vA=A/OF o Ol
Syse aibie LS pH a5 was o 0L 0l s
Sy sasS EC lude ool osg LIS axllas
S 3 (dS/m) /N A= VAT ensdoee s axdlas
Sy Gble (6Hsd Ol O35 el edasglis
(Y Jadr) 1L e anllae

oy g
50 gS pled 5 (S5 Olo g
5 S Slheosart (bl 4 ol asdlae
s BE 5l eddg s pise Sl lend
CEC ,EC pH ,luas a5 a5 o 0L (V )
Ssme doss ) phae s Gl blE

.J).z

ailize BUE 51 okl (g paiped S pleand 5 (S5 Ol g il )ly 4 ) Jodr

Table 1. Analysis of variance of physical and chemical properties of soil sampled from different locations.

Sl e (1 Sle
Mean square B
el a= s oS &=
CEC S sl ) s Sl S| Degree of freedom Source of variation
Cationic exchange capacity (EC) Organic carbon ’
(cmolc/kg) (ds/m) (%) pH
. 13 5 4o &S
50.0203%* 0.0030%* 0.9630%* 0.0753" 6 SRR
Sampling points
o
0.8768 0.0003 0.0114 0.0424 13
Error
57.04 97.9 84.04 1.78 - F value

MLJ .Lp)é\ Ck—.u)é )‘J&M}})‘J&M Q}L&J s kaasOLis \.‘,.;‘JSA._vn B

S

** and ™ Represents indicate a significant and non- significant difference at 0.01 level.
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Table 2. Physical and chemical properties of soil sampled from different locations.

CEC P = ]
. ) ANPIE o=
sk o s o Cationic exchange B S .
i capacit Organic " Sk
Texture Sand Silt Clay pacity . (EC)
(cmolc/kg) carbon (%) pH
(ds/m)
o e 53.8 314 148 17.3¢ 0.039¢ 0.195*  8.23® S,
Sandy loam
o ¢ 332 36 30.8 28.7° 0.965" 0.138*  8.09® S,
Clay loam
o td 412 32 26.8 29.8° 2.262° 0.196" 8.50° S
Clay loam
o ¢ 27.2 36 36.8 22.9° 0.682° 0.111°  8.25™ S4
Clay loam
e 43.8 294 268 30.3" 0.564° 0.108°  8.15% S;
Loam
o 21.2 36.6 422 29.4° 0.663° 0.108°  8.23™ Se
Clay
S;

o )T & dai
o o 55.2 20 248 26.4° 0.575° 0.132°  7.85° (o212 D)
Sandy clay loam Non-contaminated

point

.LS:LL; (P<'/"'\)Q£|; uﬁil‘?‘ Miw)guij\uw.w.b_d)bﬁﬁﬁ .]au.ug)bda.a@}l.d S99 slasOLis _l:axé)fh)é Q}U.Zn J}f

Different letters in each row indicate a significant difference between the sampling points using Duncan's mean comparison
analysis (P<0.0001).

Al 390 BB 53 i O3 Js chle 6yl 4 Y Jadr
Table 3. Analysis of variance of the total concentration of heavy metals at the points studied.

Sl e e )
Mean square sl e oSn e
Degree of freedom Source of variation
Cd Pb
15 s 303 bla
10.49%* 7138596%* 6 SRR
Sampling points
Lo
0.02 1035105 13
Error

.LS:LL; .Lp)é\ Cl:»u)é )bgf."" Q}L&J °M3OL\L"##

** Represents a significant difference at 0.01 level.
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Table 4. Total (mg/kg) concentration of heavy metals averagely (& standard deviation) at the points studied.
u)ﬂj:.& by

Non-contaminated
point

Ss S5 S4 S3 Sz Sl

1332.19+60.9° 400+73.6° 1725+49.9°  618.75+18.8°  8193.75+186"  13250+953°  516.25+51.1° Pb

1.159+0.01" 1.875+0.02°  2.368+0.1¢ 2.248+0.01¢ 6.658+0.03" 4.985+0.1° 3.925+0.1¢ cd

Aib e P<a/v0) (Sl Jn_(;l:.a as e ):JUT Sheslanal b (gyls e s BLG s Hls e sl 3 g2 g edasOlid sy ja 53 Doglite i >

Different letters in each row indicate a significant difference between the sampling points using Duncan's mean comparison
analysis (P<0.05).
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Table 5. Analysis of variance of the effect of time and sampling points on the characteristics studied in the earthworm.

Sl e SLe
Mean square V3 4 '
Degree of S
JORRE: i 5 0SS Sl B G 5 o (1) oo ﬁeferggrg Source of variation
. Cocoon abundance . - o
Reproduction produced Weight (mg) Survival (%)
(S) 5,15 i gos L
45.318%* 610.80%* 0.0219%* 1519.14%% 6 SR
Sampling points
(T) oo
1679.31%* 2505.34%%* 0.0977** 1258.84%* 6 o
Time
40.69%* 67.86%* 0.0014™ 110.48™ 36 T*S
Lo
15.38 33.89 0.0016 192.41 -
Error

.LI:L'L; doys ) Ckw BE )buf.”}?& E) )buf.” Sl skasolis g.‘,:JJSA._vn

S

2

** and ™ Represents indicate a significant and non- significant difference at 0.01 level.
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Figure 2. The effect of contact time (left figure) and sampling point (right figure) on the survival (percent) of

earthworms in contaminated soil after 42 day.
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Figure 3. The effect of contact time (left figure) and sampling point (right figure) on the weight of earthworms
in contaminated soil after 42 day.
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Figure 4. The effect of contact time (left figure) and sampling point (right figure) on the number of cocoon

produced by earthworms in contaminated soil after 42 day.
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Figure 5. The effect of contact time (left figure) and sampling point (right figure) on the production of

earthworms in contaminated soil after 42 day.
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Abstract

Background and Objectives: Soil pollution by heavy metals in the world, especially in
countries that require soil to produce food, has become a serious concern. In the context of
environmental risk assessment, earthworms are an important component of soil and ecologically
considered as a biochemical indicator (bio Index) for soil health and quality. Earthworms
are part of the food chain and the soil decomposition cycle, whose growth characteristics
i negatively affected by soil contamination. Due to the sensitivity of dirt worms to
contamination, they can be used as an indicator of contaminated soil. This study was carried out
in order to investigate the effect of contact time and soil sampling location on the growth traits
of earthworms in contaminated soils.

Materials and Methods: The study was conducted on a contaminated soil that was sampled
from the Ahangaran mine and its surrounding land, located at the 26 kilometer far from Malayer
to Arak, in the Hamedan province, which lies between longitudes and latitudes 44° 59' 44" and
34° 10" 20", respectively. A factorial experiment was conducted in a completely randomized
design with three replications. Animal fertilizers were used as nutrition for soil worms. In this
experiment, 12 earthworms with an average weight of 0.3-0.6 mg were selected for each soil
sample and during the experiment, no food was added to the dishes. Then, the worms were
exposed to soil contamination in seven different time intervals of 3, 7, 14, 21, 28, 32 and 42
days. The viability, weight, cocoon production and reproduction were investigated by hand
counting in unit of the substrate weight.

Results: The results of analysis of variance showed that lead and cadmium contaminated soils can
somewhat affect growth parameters of Eisenia foetida. The number of earthworms decreased with
time, so that on the 3 and 7™ days, the highest percentage of earthworms (94.52%) and the lowest
percentage (73.180%) of earthworms were observed on day 42 with significant difference, which
could be due to depletion of food source for earthworms over time. The highest amount of cocoon
produced in days 28 and 32 was observed with significant difference when compared with other
days. The significantly lowest amount of cocoon produced was observed on day 42, probably due
to the completion of the cocoon cycle and the conversion of the cocoon to the lavar. Despite the
high concentrations of lead and cadmium in point S, the highest percentage of survival, number
of cocoons and larvae (reproduction) of earthworms was observed, which could be due to the high
resistance of earthworms to the toxic effects of cadmium and lead because of its detoxification by
metallothionein proteins in dorsal canals.
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Conclusion: Generally, the decline in population, weight and cocoon production were more
pronounced along with increase of the earthworms exposure time. However, when earthworms
were fed to heavy metals such as lead and cadmium with animal fertilizer, population decline,
weight and number of produced cocoons were less, so increased cocoons number and
reproduction were occurred at the end of the trial. Due to the sensitivity of growth traits of
earthworms, they can be used as indicators of soil contamination.

Keywords: Cocoon, Eisenia foetida earthworm, Lead and cadmium, Soil contamination,
Viability



