5 sl gaaldiad (G hses 5 Dl Aloes iy Al

Oyl Jamee Cildg ke el
Y55 GOV Slois A FAY 1 o ot it o555

Ja..cj.? (a‘,:.o:ls‘,f‘,;gn‘,ﬂ GLAJB &YL& S WSy
155 Ll S slap 5

QF/2F/0A 1 5y G)U AF/2YAY sl s 'CUU

K Ol 4 (SSST Bl Sl 5 o S1 I ago s 2 (ST slap S K Sl ams G St L] i o i g i
SVl 3 s Ll ST sl oS LIS Gk b Sl adllon sl 51 oty Ll ys St oS 5 Condlor (5 g s 510
et ploeil pgeolS 5 3,5 4 03] (SSTE o

pesls 5 o0 S ol S5 CBle A plonil pgaslS 5 005 03 T STt (S oS Seal i anlllao ¢ 5 S| Bl o gy 2 S
O g sladisi o S ode T s 88 5 s 3y g0 alE L ol pan o/ AIMG/G g0 /0 s Chle o 5 adlls 5 g0 S o
Mo (S So U] Cogm b (e Sa Il oy FY 5TV il i 33 58 Lo SO 5 ST 3 p3eadlS 5 03,8 Sl s S il o3 )] ST
330 SPSS 11/0 VESION sslices] 5, g0 1581 p 5 kit oLz ICP olSass S p goodlS 5 ps 5 ke

Wl Sy S Oy 53 pgeelS 5 3 S G e 5 St S| S S Ol s e (53 e Bl 4 sl DL aalln il ol Lol
Sl ol ST/ VMGG 4ol CLle Lo o 5 talloat]sh 5o ¥V SY) sy o SIS Clle L Sl gm 57 5 5alS imens
ey /) IOG/G 0 +/VF 1 s ¥V Sl s ST 00,5 Gl 05 (G

el Sl oslizal o/ A MG/Z CBLE L SI o Lap S e 5 Soo Sl 351 L a5 CdS Ol o el ol ol S olind b Colgd s (s oS ame
SCLLE 5 STl ppeasls’ Gl (sl Aty ool l eslisal a3 ST imns 355 o s 3,8 51 S0 oV Gy shite 40 5
b (e s 0 S s Sl e /A GG 50 /0 F

@G o3 i Wl e gelS o5 S 150l O3

0Ll (o psle olils ases Sl Al i IS

mostafai gr@kaums.ac.ir OLILS Sy o she o8l ¢ oty sdSils sl (o3 Jaee e (51,55 (U ghme s 39) ¥
0Ll Koy psle olKils asms Sl )l ol ST

L Sy ke ol (S5l 0aSC2ls Jlslind cdaes Ctligy ) S5 ¥

OLES Ko psle ol (g5 pmodyl 5 st 3 5Ll 25580 038 Slsleal (Sl Ll 5l 550

OLAS Sy psle olKils ¢ Cutlig oaSils (0 ¢ (Sd 5y i o i A5l ol )IS 7


www.SID.ir

e o e 53 aptal Jold Ols g go (nl 3 5518 350 s
G s gl 53 S5 s 3l Ol il
3P n s pslie loacn Ssode (S Sl 5l S
Glacdle c sl 5 Canex LRl (T gla iS5 sl
St oS 35 (SLS ido slapl 1y Seo a5

Q@Aé\édur;jluw_&\\{;ﬂ:ﬂdu)j_:j):
OLen 5 Darling aallas « Loz 5l ol d plonil 3L
‘)Js_.JJ_wJ)J;LAQL::SJSV,S‘JSC)‘MASJ\JOQJ(Y"O)
aalae (V) el slome o S 5 51 iy o Sbt g S
ol e a8 sl Olis (YerV) 0, s Nahmani
g5 5 PSP Ll S e S s os e Dl L
adlles ((VY) ol ails (55,0 e Ol 4 Cand (6 S
(p3ea3lS 5 g S 5ls LIS (1440) O\Kes Spurgeon
fﬁ&%&\f‘j.l_&)&lswbéj)ju”w‘uj_w
s Slalllae b () ol s 14555 Ll St
c‘}.'Lﬁo.\J)w.’sz‘J‘fM LLS)\ cMW(Y'\O) 4:3];
o3 5 psenslS cpy S (Sa gl mla o b 05555 W55 Vs

(\O g\?) A el JML&J
u@”w)"mwﬁv@)‘éwﬁf‘&ﬁ‘&’“
engjwt;_l;ududujsﬂg.»ﬂ\ﬂ);
)'loJLi’;w‘ 4.<...;| &j.&)w‘oﬂjfj;mﬁ c&:"_w)\
el Bl gl el K5 Sy Sl S
53 Ll S o8 BD B slate a; anlllae 1L
vl sbS w2 s (Eisenia Fetida)

"\“TJD\J}“"’C}’:AJS)(‘)JS

L b, g ol

S asz VA L aS 550 oo andllas SO Gt
SIS OF 5 5,5 4 03 1 GLaOIS 4y b gy 0 4 503 OF
ke 53 25 p 538 03 I SOIS wy bgy o 5
.m¢t>.=;1fL<.:iu)-T

YOA

w039l GBS YU Congj oy

VRV

b b 51 ol e Rl SIS 0 3 e Jsb o
Sl Sler Jals e G0ty glacles s
b e bl w0 Aol el oS a il S
Gl S DI (0) el sl b S S
S5V o s Sl o el b (S5
3L Pl e LB 50 5 i pdi e (ol
Sb a3 pns sl Sl s i n O s
SLt 33 g0 K Sl ez 317 Y) L5
S S5l p eslST S s Ldlp 50038 5 0 S 4 Ol 5
olBl s 2ol Bl e (kS Ol e
Slr oo, S e S (F) 5 5d 0 05 LS
o SLAlslie 53 (Js s s 0 o pmome DUl 5 DL
o s 02 e el sl O S o
(0) 350 0355 5 4y O

SE Gl S (hes G5 Dk Sl a5
K Olge 4 S5 B 515 SLS 1 age e
s S ks S iS5 Sl sl 2 e 5 SN g
Sl eV chle aily o Dl g ge ol (Y)W i e
sk L@JT.(\‘)J_;M@.?J:P SNV PR CUNCH S v
53 Js e A A SLE L el s b
Gl g St il sl 0L ol 5l et gadle
3 o D (5 5,5LaS 3 eslinal 3 50 (sl jiSe i
Slap S 51 eslinal L(0) ol sl oslin il i sl YT
ol (S5 s S S s VL s S
el b 5 S s e VT o bale oS (5 5k 4y
VE) LS 0 Mg el (S S O 03 (s o
Olse e malie s 3 S i SB slnp S
23 SIS 53 e S 5 s eSS ) e
> S glae S oy IS sk 4 (M) b el ge
Cle 5 baedo VT s e jis bl Wl 5 e S
SIS S e S A e ) s S
oS dher Sl s 5 S slaet VT iy

Ul 2l bazo Cuilsgy ele ozl b.-u.sbg_,.aunchnL..Lms


www.SID.ir

L‘,b&oﬁg‘j‘m Lé’oy@

S g5lwesbel -

Jskowe 51 YML 50 oML o5 8 5 a3 JT S 4 1
oo S 000 g ssls GOl w ey, S frg/L
/¥ mME/g eble C 5 pl S Al blol cxl 5SS
Lol St g gl pamen IS Lolr/rA ME/E
o 6 03530 Sl S Jos o e 2 paedlS
S amis (555 OIS s sl S il (St ass
sk 5 LIS @ res 2l O Sl el L iy
Yo OIS a4 e A S 40300 s s LS
Cusb,y YO £ YOO los s aglulS s sl oS sde
AE IS Aoy Ve
@eédlﬁﬁjduj\ﬁal}ug)b&\ymdd\ﬁ
FY 3TV S8 S g S Ok 3 e S5k S5
A (s gl S S 5 SISl )

S psasls 50y S S50l cgr s5lweslal —
s b Jous 6535 b ged o 31 g os S ol
‘b)'LNL'LSJ—:§°JL"”}('_"MJ—“&ju—l)}: '/"'\g
Slrl S5y » Aoy 00 SIS Aenl 5 Bl S
AL a5 50 (slad sad A plonil 40 0 Glos 5n 3
LJ}IE)J 6J:§o)\Ju‘ QLa)U_}A_éLA ) O)Lwil J"jlﬁ L;‘)L.ﬁ
P T SIS =PRI R Ay-SRVL et

08) w2 g5l aBlal ot i 5l (g o L 5 dals

O 3 pgee3lS 5 5 S (5 pSe3IN g (g5lmeslel -

S S
YV 35) ool ab e 8 OLL 53 et 6Ll St glap S
& e it ST 5 A e S Lo 5ICFY 35 5
liins oy s Skl gel8 o s Y h cu
LT 0355 Sl s B b o3l 13 10 esle od 050y
0313 Sdome (g piiet 5 (o5l e Lap S o 350 a5

S S esll gl s esls 513 Hls 5ass sladls oo 5 A4S

Olsl bazo Cuiblsgs Gale ozl gy Lale soliliad

Yoa

SE S -

(Eisenia Fetida) 1155 G5l woslizal 5,50 St oS
L:"ji‘ u,w&- ue.l:‘wijwjj eb‘f\;- ‘LE}A" 6[.&{:}5 L )\
0335 spS Mg eS Al Sl oS s

S -

SHOLAES Ol el (5555LS slagmes 5l 5L 550 lasS>
3053l oS Olype idd als p 0= YHCIM Gas
Jsldie sla isy plae LS Jlas 3G 5d Slos goast
L (6 S o3I (10) 558 il g S Sl dws 50 5
O ooled dsi)

o313 s (O L) ¥ MM S 515 K (Sbt slad 500

Ll e Al s u';iuj@]:,ujm,;

3038 5055 S, sachle 4 -
5t/ FME/E o 5aslS 505 S (Sl n s 3550 sZilE
s Il i kil ol 4 S 30 Sbte /eA MG/
5 by Slas S Slacal Sl oy sl 5 05,5 Frg/L
Ojen a3l Sbe syl 4y 55 b s s ponslS Sl 5o
¥ Ghe glacble b (il oy St /0 F mg/E
AN -0 - SFRVARU/ QUSSR RV o -5

385 My S

r;‘_;jl.uubi—
S S shr 5 dmir lame b s S (850 5kt @
)-"5))\'Q“\-“‘—iu(’js‘&ﬁujitjﬁij\yc&_ﬂ
Blol Of LS 4 . Lis S bl s, S
)‘W)H%M\)JO'J})JL@JTQ}EJUM
Lo ol Bl e 5l e S 55, ) o208
J&Sd})v‘:h@v\ﬁw pr—t }ov\_i:w“ "',.}mu'. uT
Iy o5 o3y Ol sma U b S osls Sl 3 Ok e dlo

Lad o


www.SID.ir

Symsn S oS S S50 53 e 5 S p s
SLOIS Ol gee w0 OIS 0T el sy o 51 OIS S s
>l.x,5‘ﬂ.aj3f.x¢)>wl>m‘5lﬂjm_i&itw)w

33,5 0 e RO JS 4y a8 (e Sl sLa0IS

Lasls Jolow 5 & 20 —
plS a3 ap S e 5 S e slse sl aesls IUT )
N men A a0 5003 05 S Bl gl
Sl b ol sdalive slie aslie (gl (614 5ad STt 4030

ARV WSPSS oaleu 3)}4@ )b.ﬁ‘ (’J’ A esla il 4.3.5‘5\

.Jﬁp< /00 d)‘}@u c‘a_N

w039l GBS YU Congj oy

u";})w\):.Mo:@\(\?).xﬁ_w(l{vwdij)j\ﬁt&
e o3 S SEE 5 55 wlesl Sl e Lap S 5L L
O a5 ds amy lesl ) s 5 s 0T 5100 8
Wlol anSty 05 sae Y ML 5 Lle G xoawlomL
JjbuUMoJ‘JQ)‘J}YY'—\/\'OCLSLaJ)bW)M
A3 S Ol Ol 5 s 5l s Lk ad 33 S Jol> las

S S50l g, -
oles 3l pguedlS 5 05,5 Ale Ol (g S o301 Cgr
Perkin <= ,is .. Optima 2100 DV J.. ICP
S pole oKl Clig oAl &b 5T Elmer

LS eslal QLJ:[S
o3l 358 S pland 505 Do st S5 Vdsar
Physical Tests
Cr Cd o EC K P
P PH () T o, 0, .
mge mgn % pym %TKN %O0C %N oy @y S Si C Texture
%% % %
VAts . YYD VO/A V/40A Yo/45 Y o/ INZAts /0 Vo \$ q Sandy
Loam
(a_,‘_ue;‘s K) r‘g; —alises 6\.&;45.1.'9 L) Uh(; »5/,4 Aoz - Y J gl
it o ghds 535 5305 5 p S e o g laadly
(33))4€?|}‘ ol )’“:"2'1"° osle &}; M)ajebhjjrxﬂé\s ‘p;hﬂ:ﬁudug&bﬂu-
Al \ (mg/g) S Sume LS oo s S 0
. . A4 \~/\;\,\gjl€d:ﬁ&ﬁdwUmC)_m.<irél>a_,JUm
00/# W/ o/ 0355 Aol AT s 55 4 ges
VV/A Y¥/f Y Sl pjsg,m;cbﬁ\jslmsm OLESY Jga- Cu
. . . )JW\eMnML—JwLﬁC;ﬁA}gﬁ)Jf:.bbu:..ib.é‘
VA ’ VA r}:.aﬂs gﬂ)lewwdbfﬂJSwﬂ‘f‘bwL}
vY ' A ) 0l odalie thjs Brals

Yo

%ﬁ yﬂy
1PAE jly /oguw o lah /s )95 . -

Ul 2l bazo Cuilsgy ele ozl b.-u.sbg_,.aunlcanhlms


www.SID.ir

&‘)m’&m Lé’oy@

S8 o3l Blay 5 S 55 adsl pamasls 5 ps 8 B o 5 S 3 5 se pmaslS 5 s S Ol sleme Dl il 5 Kiles Y J g

+I\¥ +/ o[ef
(mg/g) SL ;5 pg,s cdalé
P x +SD P x +SD P x £SD
AL AN AR RN o[\ ofogfEefovs AR o[ofVEefo0y g
(G9y) algo oo
ofo)e +[+48ke/e0p «[+FA o[ogiE[o¥Y «I¥\Y o[ofVEefo0¥ o
NN o[oF o
(mME/g) S5 ;5 pamodls clals
P x +SD P x £SD P X £SD
N NRZ4¢ N N oo YFAE oY A ofeesy ofoestEefonesy 15
(G9y) =lge olo;
N NN R NS 1 N NRIN =K 7 N eforstEefonesy Y

P=c/v V) N ME/Z s 55, ¥Y 31 sy s P=2/VED)
055 g 53 Sul e s 3 CBLE pl s aS A

sl A3 5 gy S
o233 VY 5 g S peeslst /0¥ MG/ a5l lale
YO ME/E 4 55, ¥Y Sl ey 5 /1YY ME/E 4 L
Gl 0/ Y ME/Z 50> S P=v/v0 V) il ou
05l /P AME/G Chale 30 3 il ol sdalis
A ¥Y Sl e 5 /0PY MG/ G, VY S e Ol s ]
S/ Y MG/ I3 5d = 5 &S el /1 OVNG/E

(P=2/vv ) il ol sdalis Gl w0 Y Mg/g

Sl Bl Olzn 53 0L 5pseedlS S ke 3L -

e S 0k 5 ey S
ARSI RS (E NJ,S@}M;E;);‘M;&QL;;VJ),\;;
Sols s peiie Sl VL s Al 5y, Y
wumam_:,ﬁJug,tw;@_wﬁ@mﬁjl
S Sk 80 ) mg/g sl cble 5 (P=+7VV)
s P=o V) ¥ mg/g s VL e 55, Y
I3 A= 4 S (P=+/+FA) A yr /4SO ME/Z 4 55, ¥Y 5
ed il 3 gy S e S 53 AoalS /0¥ mg/g
VAN MGG 55,5 YY) 5l e ey S /N ME/GE Ll s

SN Ly 5 S s adyl pgeslS 5 e 8 B ca e S O 53 35700 peeedlS 5 0 S Dl slome Dl 5 0 Kils =¥ J g

V¥ I olof o 9 payS il
P X +SD P X +SD P X +SD (mg/g)e 5
ofees) RV EEL Y ofees) oY AYE[oY ofeeey oferfFEe[eesy Y azlse ko
+/+¥4 R 4T RN ofes¥ o[sYAYE /Y] ofensy RN 7% N fY (395
LRI +[+f . O 30 pamesls cdale
p X +SD p X +SD p X +SD (mg/g)e 5
[oFY AFAFECAD ofees) NAVATS HRNI ofore) IR IY JRN 4 T agrlge s
ofone) RN TRY ofore) <IYAYVE. [ F5q ofoen forYOE eeerh £Y (92
B9 AW
Ol buzo cuil g ole ozl idg jy ole aoliliad Y&


www.SID.ir

Y 5 5505 5 F Jsd) ey /0 ¥V P ME/E
23 oS Od o psedlS e b Sl s
e 3, YY) Sl ey v/ fmg/E Ll
c/eAmE/g clle s 50 /YAY mE/g +/\VY mE/g 4

SF 5T 5e0) Ay YOV IME/E 50N YAME/E &

“JeF LB

Sl
>

50 ¥V

(MB/8) p,5 oo o o ¢

(ME/8) ps,S clale

dhwWﬁéuf;bﬁjaf};@#wﬁg—YJﬁ.ﬁ
o 2o it b e 4yl

-Ifo

Sfe A L_BTTRA
3w 59, FY I
A\

i -I¥0

a,

JuE

R}

v, -ho A

a

& o

V)

E .o
e I :
s | . ¥ NN

(ME/B) pomesls clile

e 2 S S 0 53 peslS pe il Y IS
o g A Ol s 4yl slackle

YeyY

e 03901 SBSE Y G o

CLle 53 5, VY Sl ey oS O 53 05 S e L S
(/00 ¥YME/E) i sdalin rexs S p 5S4/ FME/G
mg/g clale ;s 5/ YAYME/Z « +/Y ME/g o Lile s
ST I PR ANE BERRWISTYIR 4 § 1 ¥o// SVRVAR ¢
S 5 (/01 YO ME/Q) i sdalie maxs +/+F MG/
SJOYAY ME/g 4 s a4 /NYmE/g 5N mE/g clale

NA 4

e LBISAR
3 o0t 55, ¥Y
z
Dy
A
9 n- I
bepa
Y I I
TR
~
ob
£ v

R

oo . :

Qi34 oA AN

(MB/G) ps,S clile

B 415}‘ ‘5‘.&%%}:’\5&): 34740 rJJS &:Sa/'L:.a—\JSaf-
o 2ygp e 0L

e .
L_BTYRA

NS

59, TY
./.\c 4

I

R
NN
./.. r .

. /¥ N

(ME/B) powasls clile

Silee

(Mg/g) S 5l Ba> ¢
P

ol gbchle ca S 5540 poe3lS ol Y IS5
o 250 A 0L

lpl bazo Cublsgs ole ozl Gusg fu el ooliad

WWW.SID.Ir


www.SID.ir

L‘,b&oﬁg‘j‘m Lé’oy@

A/ 4 /¥ ME/G Sl e gaslS Chle 2IBIL S
Lol cle &S col 2als oy 18 5l opl Gl Ol
35S o GRIP 55 s psedlS 5 e S S e OIS
edls Skt sl oS e

Lap S oles Oles I3l L oS als 0L aalllas ol (slaasil
S i SISl il glaclale 3 e aslS 505 ST
Ol L e s Ll 355 e slowl Gl Oleily Ol 5o
Oles Vb gloac Ble 53 D36 pl Ly b S a0 Ol
3l seeslS G DLy 4S5k 4 il e SRl i
ho 3 YW a0 S 5 Ao s 7 3 5d 55, ¥ LS 55, 1)
e (Yoor) OLes s Davies aallas 5 il il 58l
(YY) &S o 3l 1 5 5o

S S (Vo)) 0L s 5 Zaltauskaite axlas =l
Slap S a5 S o Olgn o Bl (IG5 5
KB er 5 S o pndlS 550 o Ll Al 0 Sl S
sl ol ool o BT bl 5 (Vo) 5l Eo
S o8 e Ol S A3 it Sl aalllas
255 Solapme LU S lap S e 5 S e Ol
Oljpe po S clale 2l b aS s sb amy (P<a/+Odsyls
Soe 3 4 el al 4 Al e G e 5 S
Ll el e bl 5ol lap S Gl 05 S (VL

ppedlS I s O o oS Uil amalitio bap S e
sy e U g3 oo b sl sy b 5
(YY) cul S= sLsp si(Posterior alimentary)
s 5l edd bl Slllas s 0k 1S slacslis
ol sl Jds 4 S e S gl s sl
3,8 o 3 0dVT L agarlge 55 Ol sl a5 ol 5 sline
asin o b ol i Sl a3l slaoles 45 555k 4y
Ll e Slos e S 0 5o Dl Ll (10) Cl e
33,8 Nsb OTL S oled Olas oS Ay o A
Haghparast 5 (v+\v) o, s 5 Jamshidi « U
OF) Sl 63,5 b 1y Cllas sl 53 (YY) 0L s

Olsl bazo Cuiblsgs Gale ozl gy Lale soliliad

\¥al

&

ceou
s 58 Ll (Sbs glap S LS s canlllae ol CBa
448 3 g peedlS 5ps S weslglasls s VL o
A plomil A LT alide 53 o aallae G S5
S Gl od i oz e a S s Oldlas Wl
sl YL ey g YL Gl 5l S slae S
O e s Ma sl LOA AV F ) i ls, 5 es
5> A3 ez Oljs o 31 QLS 3y asdllas b (VAAY)
S s Sl hle 6 Sa 1> b S S O
Oyl aalllas 3 sdal v @ b (19) 5,
252035 Ol 5l il SRR S L 02 0yl oS
sls Olis s alllas 53 8 (YY) 0L, 5 Aleagha
Olge 3l i pseedlS ozl Olee 555V F Ol ke 53 &S
55 B el (Tl os 08 0 53 55
Sslapss Lol mls Gb (s S u b1 g s 5m o
X)Ll p gl s (s 0 o S L Ul
03 SBElae S e 5 S e s wnlse 2 sl ()
Jsb S5 Sl a5l e Csan b 5 aes ) S5LLL
oS O 53 s pe 8 e Oln ¢ Vb e )8
300 e 3 il Sl 0T Gl Ol 5l 1S S
Olgen 3V i (Sb S O 53 i) 50 58 e Ol 33
St o 035 YU s 4 Yoo | oS 035 St 51 0T G

el 0391 (SBH o S 55 & Lo
mg/g bl s canllas pl 3 odel ok g g
Slide a8 cs Koo Bl o Sk S0 /0F
e pde 5 S 3 e S Chle 035 b B Y ans|
s s Ks g Shanl Ry e Ll 5 36
chle 55 galS oy Y0 ssd- 55, YY) b s /) mg/g
53 3 4 OlLkily il )l oS Csls sy St gy S
el o3 IS 3 (36 a0 ko Oljs D3 2
AME/E SISy S cbile HISIL uls wlal
3l gl Ao s Y sl Gl Dbkl 0N ME/E @


www.SID.ir

S Cl O 5 (S s romen 355 el 4o 5 ps S
S 035 & o p 58 Bl 5 S slae S LS
andlas ol oo sl e s S s e
3 o503 5 e S Bl (LI slolae DL s s

el L ('Js EHVIN

Sl S
oS3 o e 51 iils go oY 35y Wl )l Oty 5
Sl Srre 5 $ole GaSas Jds 4 0L Sdpy e sle
oY Ll s a Slasad s IS andllas ol
Olye L asl UL 5l ise Jools dlis ol conl S5 a
L pgaslS 5058 wes Il Glasls VL oS oy
Il s iyl b )lS slaie 5 i b Lzl SU slag S
PRSI N E AT IS IPCSUIWEL ARRIRCIPLY

el o |l LA Sleys 5 g Sladst

L

1. Kizilkaya R. The role of different organic wastescon
zinc bioaccumulation by earthworm Lumbricus ter-
restris L.(Oligochaeta) in successive Zn added soil.
Ecological Engineering. 2005;25(4):322-31.

2. Sizmur T, Hodson ME. Do earthworms impact met-
al mobility and availability in soil?-A review. Envi-
ronmental Pollution. 2009;157(7):1981-89.

3. Nahmani J, Hodson ME, Devin S; Vijver MG. Up-
take kinetics of metals by the earthworm Eisenia
fetida exposed to field-contaminated soils. Environ-
mental Pollution. 2009;157(10):2622-28.

4.LiL, XuZ, Wu J, Tian G. Bioaccumulation of heavy
metals in the earthworm Eisenia fetida in relation to
bioavailable metal concentrations in pig manure.
Bioresource Technology. 2010;101(10):3430-36.

5. Schreck E, Geret F, Gontier L, Treilhou M. Neu-
rotoxic effect and metabolic responses induced
by a mixture of six pesticides on the earthworm
Aporrectodea caliginosa nocturna. Chemosphere.
2008;71(10):1832-39.

6. Matscheko N, Lundstedt S, Svensson L, Harju J,
Tysklind M. Accumulation and elimination of 16

4

w039l GBS YU Congj oy

o ialosT s il (S Sl 5l 0 5L ol 1l ol (V0
e S (V9) 55 550 (S 5 st a8 aysb ko ol 55
0L en s Debra Kennett alas o5 ool s e @
S S GVl g oy e o ol B (Y04Y)
St 2SBS0 S B e s S e e S
(Y0) 3,105 350 5 0l JialesT S gladd yas

3 esleul ple 4 Ol o andllas ol glacys s
23S e Sl a5 L S b VL glac ks
5 ga5 o)Ll SL (slap S

S S 4oeS
S g S S Cwl O 5l (Sl addllas ol 5l ol ol
Mg CLL S 5o bap S e 5 S e Sl 4 x5 L
)‘ Sb' u.:\)li C"—‘“'.’.))_ﬁbb"\"i‘ﬁ U’L‘)\ a.}u.'f_w\ﬁ'/'/\

polycyclic aromatic compounds in the earthworm
(Eisenia fetida). Environmental Toxicology and
Chemistry. 2002;21(8):1724-29.

7. Slizovskiy 1B, Kelsey JW. Soil sterilization affects
aging-related sequestration and bioavailability of p,
p’-DDE and anthracene to earthworms. Environmen-
tal Pollution. 2010;158(10):3285-89.

8. Kayser A, Wenger K, Keller A, Attinger W, Felix H,
Gupta S, et al. Enhancement of phytoextraction of
Zn, Cd, and Cu from calcareous soil: The use of NTA
and sulfur amendments. Environmental Science &
Technology. 2000;34(9):1778-83.

9. Sun H, Li J, Wang C, Wang L, Wang Y. Enhanced
microbial removal of pyrene in soils in the presence
of earthworms. Soil and Sediment Contamination:
An International Journal. 2011;20(6):617-30.

10. Zaltauskaite J, Sodiene 1. Effects of total cadmium
and lead concentrations in soil on the growth, repro-
duction and survival of earthworm Eisenia fetida.
Ekologija. 2010;56(1-2):10-16.

11. Edwards C, Bohlen PJ. Biology and Ecology of
Earthworms. 3rd ed. London: Springer Science &

Ul 2l bazo Cuilsgy ele ozl b.-u.sbg_,.aunchnL..Lms


www.SID.ir

L‘,b&oﬁg‘j‘m Lé’oy@

Business Media; 1996.

12. Nahmani J, Hodson ME, Black S. A review of stud-
ies performed to assess metal uptake by earthworms.
Environmental Pollution. 2007;145(2):402-24.

13. Spurgeon DJ, Hopkin S. Extrapolation of the
laboratory-based OECD earthworm toxicity test
to metal-contaminated field sites. Ecotoxicology.
1995;4(3):190-205.

14. Jamshidi Z, Golchin A. The effect of different lev-
els of chromium and exposure time on growth pa-
rameters of earthworms. KAUMS Journal (FEYZ).
2013;16(7):625-26.

15. Haghparast RJ, Golchin A, Kahneh E. Effect of
different cadmium concentrations on growth of eise-
nia fetida in a calcareous soil. Journal of Water and
Soil. 2013;27(1):24-35.

16. Li L-Z, Zhou D-M, Wang P, Allen HE, Sauve S.
Predicting Cd partitioning in spiked soils and bioac-
cumulation in the earthworm Eisenia fetida. Applied
Soil Ecology. 2009;42(2):118-23.

17. Suthar S, Singh S, Dhawan S. Earthworms as
bioindicator of metals (Zn, Fe, Mn, Cu, Pb and
Cd) in soils: Is metal bioaccumulation affected by
their ecological category? Ecological Engineering,.
2008;32(2):99-107.

18. Hirano T, Tamae K. Earthworms and soil pollut-
ants. Sensors. 2011;11(12):11157-67.

19. Ma W, Edelman T, Van Beersum [, Jans T. Uptake
of cadmium, zinc, lead, and copper by earthworms
near a zinc-smelting complex: Influence of soil pH
and organic matter. Bulletin-of Environmental Con-
tamination and Toxicology. 1983;30(1):424-27.

20. Aleagha MM, Ebadi G. Study of heavy metals bio-
accumulation in the process of vermicomposting. Af-
rican Journal of Biotechnology. 2013;10(36):6997-
7001.

21. Lapinski S, Borowiec F, Pospiech N, Soltyk-Ste-
fanska M. Heavy metals accumulation in the body of
earthworm Eisenia fetida (Sav.) used in animal nutri-
tion. Animal Biology. 2002;4:205-209.

22. Davies NA, Hodson ME, Black S. The influence
of time on lead toxicity and bioaccumulation deter-
mined by the OECD earthworm toxicity test. Envi-
ronmental Pollution. 2003;121(1):55-61.

23. Morgan J, Morgan A. Heavy metal concentrations

Olsl bazo Cuiblsgs Gale ozl gy Lale soliliad

Yo

in the tissues, ingesta and faeces of ecophysiologi-
cally different earthworm species. Soil Biology and
Biochemistry. 1992;24(12):1691-97.

24. Bengtsson G, Gunnarsson T, Rundgren S. Effects
of metal pollution on the earthworm dendrobaena
rubida (Sav.) in acidified soils. Water, Air, and Soil
Pollution. 1986;28(3-4):361-83.

25. Kennette D, Hendershot W, Tomlin A, Sauve S.
Uptake of trace metals by the earthworm Lumbricus
terrestris L. in urban contaminated soils. Applied
Soil Ecology. 2002;19(2):191-98.


www.SID.ir

Iran. J. Health & Environ., 2015, Vol. 8, No. 3

Bioremediation of the soils contaminated with cadmium and
chromium using by the earthworm Eisenia fetida

E. Aseman', Gh.R. Mostafaii>",H. Sayyaf®, H.A. Asgharnia*,H. Akbari®,L. Iranshahi®

' Department of Environmental Health, Faculty of Health, Kashan University of Medical Sciences, Kashan, Iran
?Department of Environmental Health, Faculty of Health, Kashan University of Medical Sciences, Kashan, Iran
3 Department of Environmental Health, Faculty of Health, Kashan University of Medical Sciences, Kashan, Iran
4 Department of Environmental Health, Faculty of Paramedicine, Babol University of Medical Sciences, Babol, Iran
’Department of Biostatistics and Public Health, Faculty of Health,Kashan University of Medical Sciences, Kashan, Iran
®Department of Environmental Health, Faculty of Health, Kashan University of Medical Sciences, Kashan, Iran

Received: 2 June 2015; Accepted: 30 August 2015

ABSTRACT

Background and Objectives: In the field of environmental risk assessment, the earthworms are considered
as the major component of the soil, and are important bio- indicators to measure the environmental health
and quality of the soil. Hence, the present study aimed toprove the biological effectiveness of Eisenia fetida
earthworms in Bioremediation the soils contaminated with chromium and cadmium.

Methods and Materials: The study batch experiments were conducted on the soil samples contaminated
The initial concentration of chromium and.cadmium in soil was 0.04, and 0.08 mg/g. 30 worms.with
were added to each 500 g soil samples. Chromium and cadmium concentration in soil and in the body of
worms was measured at two time periods of 21 and 42 days. ICP spectrometry we used to measure the
concentration of chromium and cadmium. The data were analyzed using SPSS version 11.5 software.
Results: There was a significant correlation between the reduction of chromium and cadmium metals in
the soils and the accumulation of chromium and cadmium metals in the worm’s body. A significant decline
of chromium levels of the soil was observed in the days 21 and 42 during the study compared to the initial
amount of 0.1 mg/g. On the other hand, chromium concentration of the soil decreased from 0.14 to 0.1 mg/g
after 42 days.

Conclusion: said the research indicated that increased mortality of worms in the soil at a concentration of
0.08 mg/g of chromium, using the worms for bioremediation is not recommended. Although, this method is
effective to remove cadmium from the soils having cadmium with concentrations of 0.04 and 0.08 mg/g but

it needs further investigation.
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