[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo

RTLR VE T RUAVI RVERN Fe 4|
FA- b F) Slrio AYAF 50l (pgm o)led o2 090

"

Available online: http://ijhe.tums.ac.ir

e
& 7
,
(AEH)

u&h}}: Jle

% @
() >3
" Of Enyiron®™®

rw:\sw}&nb&Sj&é’myﬂubokﬁfdﬁldb)w”sjﬂ
Cb.é.w‘ol.;S/Jb

(ST, Sliw i 6 0 L) T gmeS 16590 4alllas)

iﬁuﬁ O !
Ol (STt 33T o235 (STl Al s (s St o5 S

T 20 ol M LI
ot e Jilmo 31 Ko Dl 4 Sl s e 51 2108 6 iy (ST B0 5 4 /oy 3l b
LS‘“}.’J C».:.A.A] )" r):.aﬂs L_..,a_y,a} CJ‘}L.? O‘l‘ J‘:’YLL C,ij.l.h}.k_._vfluﬁ %JLMJ-‘U_JE:N /a7t k;*-!‘;l} @)U
Lodkd 8 S 6 Al oo gaS 3 s ool b G sl 1 el s 55 VAV ‘A b

B 47/+4/Y) R Wte] R
rl;u‘ r}:AJLsdu.c:jj\ 6\7— gg.i)b CL.L.«] oltfjé r},:A}LS Q‘j:,a &Alsj.a g,<::__.j>!}:__.,5t>- / / 2 @J

RORY
G by CaseS teton/ha s Y 58 el iolesT slasles tomm s p oS5
Yo slie s paasls (Sl 5 KoY zest= Yo kglha 5 Leas e S

ol 03 4 Cw‘ j]m Sy aLS E) V'mg Cd (kg SOil)_l q s _
‘&v_.w: JI_...SI;- ‘U:,uls Id « &‘Sj‘j

abjﬂgsl})éi' tOIl/ha}\“ a“ )] Jb‘ ngé._.w 4.“.') C,._....uj:»s}f)ls ”“‘j.‘)\ Lﬁ“jlﬁ

B pseslS e 3 (o3 £0 511 2alS Col o 5 oY mg Cd (kg soil) ! o
orl wlie .z (Dietilene Triamine Pentaacetic Acid) DTPA U ¢ ,Ss las
Sz o 5 Sl 2S5 )8 3 2alS 55 olS ol sn gl psaslS Ll cames

WLl saslS g s Sl RIS
il 5 S (5t s S gaS 5 218 oS il O 51 (S s ) s 1 S 4
D 4 015 o 15 0T 5 48 A3k 42315 ¢ 50a0lS o tans Sl 218 53l 4y 2
o> Skl Al a3 5 Sl e e Shs il s JT Ssa gl ol sl 1 s 0 5 (S5 S ey
B land 5505 sl S5y 5 olS £ U S X s ol S LS 5 Sl s o 5oeslS a-baghaie(@jiau-arak.ac.ir

25 488 03l (2l 5oedlS o s SebB S 5

Please cite this article as: Baghaie AH. Effect of tire rubber ash enriched municipal waste compost on decreasing spinach Cd concentration (a case
study: Arak municipal waste compost). Iranian Journal of Health and Environment. 2017;10(3):401-10



https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

bosls s dame il 53 15 208 (So L Lol 2
Jed Sl S s oS olie s S RS 4 a5
3 () i8S G55 0 Sis w5 Sl bl s (g
S5 o Ol alaz 515538 i bl (S5 )1 IS
Fobe 2y 5 Gble cul 53 (ST slge 5 5aS izman (A)
Sl (V0) i S5 L (555 o 5l B s oS
Vel (55,5 ahor 51 G5 pan oS ol Sobie b JTslas S
Skl 2als Cel olS Llie ole el e Al e
3 350 S 3 o geeslS ales 1 K I3 s
oz 51 5o S8 CBLE B Gl 4 e 5 L Ll
35015 A) Syl (6 4 A3 o geaS 53 5 pseedlS
bl Lok g e ed Ll Yozl oS 5l
21 polie s S el (53500 B e Lo 4y ]
Sl 4l s il St JTslge Ol il
s 13 S o Wl e 5 s SIE 3 e geeslS o s
S s oS pobe ) o S kL K s
M S5 ) 3l gl e ) S I L
p 30038 g aed Sl 2l 4y SLLE Sas n Vlez|
i3I 015 e ST sl S (5w 26 Cgr S
3 S 33 S 3y e Ol w0353 b 51 51 b
G s 53 L U mazed 51 (30 e L3l 5 iomen
o303 QLIS L tassy (V) 5,50 fee (6 S sl
oY sl 3 2 Sl 5 e WSbe Sl esliul oS S
AT AN 552 00 S35 (o ws Skl (R8I Esbios s 3
o S5l S5 0T 5550 53 0l o Ll Ol jae 345 b
o s 53 OF mw rns S B 2l o peslS ke |
A4 o2 ol Sl Lo s Ol A
olS Ol et Slomy e 51 e b 3 0350l e
glil & Ol5 e o 5148 555 0 4 S LS S5
Ceand &S ol & L s S Ll (Spinacia oleracea L.)
Sl a5 L cnl 0TS ol Sl (S
3l oK olis gl ol ol (hyperaccumulator) s 5
o> S8 ISl 8 el oY (V8 AT peslS L3

gy

e B (€ (S e b5 CawrgueS 1

FURYP)

ISt S Ol S Sl o s (Sa )
Ok 35l pseslS oS Glos il 5 1S J- s Glexr
(a8 St J1o A 5 (laplll (AS 5 &S 53 050 o
S A 5 Bl e L glaazale 5 E18 S
(o3l ps Slalaaly 4 (AS 5l me A 10T s
OLles 08US loacsslen &) pons OF 51 (30 25050
Lol Lo 55 p 5aslS (g5l (Slag o 03,552 (V) 355
il ey il Wile ol (& 2 55 0 o DUl
Cead ol Js a0 (V) o5 o VL O HLES 5 Ol s
03 1 oS 2V (sl ealinel 5550 sla s 0 plod
olitl 5 28 (3l a5 05 el 1) (Ko D35 4,
Sb s oS S ol ol S a3l e |
S5 gl b b 3lse Sl eslit il b STl el e
38 o plol K Sl (sl e s Liles 5 sL
(&)

5 Saz bl s STl s peS war g b s o
esdle JTisla 33l 5l eslinal 528 (65 o it ans
a5 B Al 5 e wBlsn 52 ol SlIE ole s
250 S s G SISt S a8 sl
S S b ) ol il &S A s (0)
35 S Sl g ea T e St s S Sl cble
Gl 5355303 5,8 J5 oV ) cal JT glas S 5 8
e S e SIS s S Se ikl L T
s Skl el 4 SLLS Ses g Ve
1> Lo pat) S s T S 3 S b
(A) A3l ails (43S no la gl

NS o bl 5SS etd S5 s eled a5 L
S5 a Gble opl (So 4T 058S g Gble 5l 6k
Sl gslnst S 5 rxnlswjl&;i;_w
SUS 5 onl 033050, SRl s a4 gble ol s (S
el dbis 4 b I o b Sl (6
BLLS LS 5 ol o iees Skl A L Ol B

o Al
195 Jul /ogan o loi /3 0 )93 /%ﬁ J
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

oliiel 3 g SaY Sl 535 g s S olis il
Lol ol S3Y 5V ) Jod 3 s S w

kb bgloes SaY Sl L Sl (6t 5 S
Loy 55 Il (N C) GUI los 3 ole S oo 4
035 Gl g Loslinad 5550 St (S0 oy 3l A2
& Odemny g 5 03301 e384 SANG 8 slie s
s A Ly 35 Il wele SO e (e ol
St Szl S 5 (6 e by S el bl
oo S e 4 0 e S ol L] paslS o341
(e J3S 4 Oy Cgm e ol 53 5 a3 Jb- o
oy Fs bl 0de; U S Gladisal LS s
OF) e e 5 5 Wy

plomil Loy Sl bl S0 SIS 5l a5 luie
oLS a iy adlaie S 510y opl 3 e 5 S
5 S LT g Wk yad 545 S Oy o (G151 e
S K Sl ke 5 ad Jame o8zl @ olS
TEYPIR IS RURD \FUVPRI TN NIV A
(V) St 2503 53 35 50 JS 050038 Olze imas (1)
OA) Sl 6 s b3 S 30 3 355 30 K jolis

:)\),ae\.go\;_-_,SL.,.;J:fJ\JBu_.»)ﬁ;)}.aalcfwl)srﬁuls
(STl 6 Al G oS 3 Bda b Jia s pl s S
)brﬂbgwﬁwéwgf&wywbbaua&

.Qﬁ;)‘ﬁw)ﬂéjycm\o'ﬁf

b s, g ols
Sl B b SIS JalesT SO o pos iash ol
2 Sy S b ST b Al S (S5
o)l S s gl oS 3 o gedlS s ralS
el Sl Ol g 55 i3 SIS G s pseeslS 4
Sl S o s bl b s
Slama b olas oS Glas 5h - b B s ) 551
G genS 318 Jolt 3T ol A L) 1S
ton/ha 5 (V,0) Y+ (V) + o e 3 SUI (56— 4L
3(T) v Ol & Sz 2S5 )8 5, 00) (V) £
p eSS b 4y St 34150V (T)) v+« kg/ha
T ACA) NV (Cd) + a2 peeslS A S
sl S5 55— (Cd,) ¥+ mg Cd (kg soil)! 5 (Cd,)
Oramed (Shl 6 e by G eSS (S pland = (S5

Q:A_g}; CJ‘-'-' BL sl 3,90 Sl &w—éﬁs ‘5\.&‘;};_’—\ d_,.lr

ARVAY o/ /¥

s

Y ax V/Y I

Faas onl o5 esliiul 5,80 STyl (5 4 Al G seS s S5y Y Jods

/0 4Al a4 /)

14/ v/$ VIOl

(mg/kg) Segs opl s esliial 5,90 SauY S s afycﬂgluﬂum—r Jad>

/¥ V¥

Y/ okl

% é dﬁ #as oy
h 1 '
Jaaly /gm0, /30,95

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

Slaged) i S 5558 dols cd b s gl YV 51/

PYRIY. RSB IT-NES PR ) AR VA WA FURGICAVREN N

Ao S el
DTPAt_» ng_sa)l«a& J_:B (aj_:.o.ﬂs Q‘J_;.A gﬁ‘):—‘:'-:-‘
42 (Dietilene Triamine Pentaacetic Acid)

301 5 (SaY S (5t Al a6 S
O S 5 Y (V,T,Cd,) mg Cd (kg soil)"
wosdl 5 6 i by CwsaS £ ton/ha gl St s
(& Jsd) Ldedalie Ve (V, T Cd, ) mg Cd (kg soil)”!
DTPA L (s Soslae b p gl lade oS ol S35 LG
S Se3ll U6 (Cdy) pyeslS oy 2351 b S s
St sl @l oS el Ol oK e
G b3 Cw S £ ton/ha 5 8 S el O
Ve asen TS SV oS Lods o6 S|
SYIA JalS Eelb 5 5 4 Y mg Cd (kg soil)!
s 0 g Soslas B oy eslS Jlie 53 g5 0/
0 Sy s Y kg/ha jl el eu s DTPA
w0301 5 S 5 a5 s a3, 8 BB S
23 @Ay VA ials e el 5 oY mg Cd (kg soil)!

A5 DTPA L s, Sesbas 6 o pesls s
A8 Sy oS a iy, po—edlS Olye cp iy
31 5 SN S 5 (g S a3

A
3I a
'_".
ERL i
A,
LA
8y |
o c
=
3
AL : :
Vo V20 V40
Dl

pH

e B (€ (S e b5 CawrgueS 1

Sldie (g, Se3lul g A nd o3l de oSis Lo g5
SIS by S eSS igad 3 JIon S
358 ol (S ealinad (V4) 5 0 gesllonST 55
Sl Sl (V) At (5,030 sl IS oy 4 S
oSNl Gl As (6 Se3II (YY) (6 ek Jhss &
SISl e Al cansns Sl culas < LB s pH
ltl o slas 5l SLt Led 3 50 55 5 s S V0 o
4 Jalas elS Sl S ltie (A) el s el ol St
Sy b PBLA Al Gl 23 5 el b (3l 2 )
@ S b 58 055 50 Slds Al (0ns (YY)
ol o 5 a5 (6 S o3Il (YY) JluS 2,
Slaanglis 5 25 5 ol SAS 0.1 Ji53l o 5 SKaS  Lassls
oLl b Ao\ Jlezl o 53 LSD 05057 L e Sile
S50 o5 5l eslizal L Lals sad 5 plost MSTATC 33l o 5
s aﬁéﬁ;ej\&‘&uap%lsd‘ﬂwLv\.\iv_w)Excel
el ol 03l a3l e S 5 Jike 31 OlalS

Lail

a0 Sl g adly cwseS tr ton/ha 5V 5,8
PH ;5 a1y /Y 50/ Eolple el s jas Sl
S b SN b G S 5 )8 b S
3V ol e e g s g S S 5S8 dols
ol Eelh g S a et by i sS £ ton/ha

il

via
v | a
v b
vy | ©
¥/ . ,
Vo V20 V40
Shed

w54V, 3V, V, S) (0) S el Jols cud b s () PH 1 STl 565 Al CongeaS 5,05 F1 =1 ls 05
(! &Sb‘ d)@": A\JL'U CM-«};.«S s ton/ha}\" o ﬁ;LZ.a .\J.uls JAL:'

£t

o Al
1195 by /ogun o loih /@3 0,95 /%ﬁ J
j

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

W G ol

f_,:.o.ﬂSﬂ.\iaﬁf_,:ﬁb\S}sS@.ny j-wSL’ «c...._,’.qS P09 ;,g,lS;!—i JJ-\?-
“(ME/Kg) oS ats, s DTPA | 5 5o )las b6

ND ND ND ND ND ND
Y el valooon! \A%
a/¥ fvg Vst oAt vt e
WY AT Yt N Y e

VY/AE

\ATAK

ND ND ND ND ND Cdy

AN ZC A AL VA I L o I
\ZSER VAP VAL T /SR RV R s
VAT YYUAY e Yot 0N Cdsg

Al 3\ e 53 LSD 05051 lil sl ime st (b i 31 s (bl alie oy slls relil a s oS (gslael *
Y e slies 8 bels L 5 4 Cdy 5 Cd, Cd) Cd) STl e by cw s £r ton/ha 5 Yo o slie 5,08 ls cs 5oV, 5 Vo Ve
el SN sy kg/ha e sl s 8T, T, o mg Cd (kg soil)!

wosdl 5 Shl g b by c e puaS 5,18 WL St s
3Gl Y Sl pme rals el v mg Cd (kg soil)!
el ol LS lsn gl p seslS

S s Sl 6,68 Al S £0 ton/ha 5 Y 5
5VA Jials cel e 5 oY mg Cd (kg soil) ! o os
Gl A oS alsm ol o saslS O 3 (A1 VIV
chle el s e S SUL Gt s S peS
3T Gl S g e ils LS olee el o seenlS
53 SV 1S U STl s s Al CawsaS £ ton/ha
Sals el e 5 4 T mg Cd (kg soil) ! « es JT S
Aol lsh ol g 5anlS Olpe 53 Sl T VY

Cow

Gt U5 S 515 3508 4l & a5 |
S il e el sastrton/ha 5 ¥ o v
pH ﬁ‘)j‘ O_l\)o.)._.fl prHJJ Cl=lg v/t 50/Y
S Wb S 5SSl 28 ((YE) 550 55 Jo S
éﬂuwwbwﬁﬂgw\x\jdﬁésjwu

&\}é\wl‘ﬁ;&yjl.wd@ﬂbdjbsf

ég é Jﬂﬂ: »q oy
: 1 '
5 Jls /g o, /309>

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

2355 el ol oKzes b s (555101 LG ND

53 01 (s S 5T (VT Cd, ) mg Cd (kg soil)" «
wosdl 5 i by suaS ¢ ton/ha sl SL
=G sl ia Ve (V, T Cd, ) mg Cd (kg soil)!
wosdl b Sbr ool ety peodlS Jldeas ol S5
o3l e o8as a5 (5, S o510l LB (Cdy) pseesls
Ay C—wswS tr ton/ha 5 Y 5 8 (8 Jsus) 540
&Y mg Cd (kg s0il)! e o5 JT SLx 3 STl (6 et
GWRCNCIN PR PY ISP T RO I

A elS 4ty
BB S o olS lsm ol p s peslS e oy 2ty
wosdl 5 S xS 5 STl g e b S geS
53 ol e sdalin Y (VT Cd, ) mg Cd (kg soil)!
Sb 3 olS lpn pi] p gpeslS Sl oy a8 oS ol s
58) S e b G geS £ ton/ha el Lo
V' mg Cd (kg s0il)! 4 o3 J1 5 (S 2SSl Lo
Ll p 5palS Ik oS ol 53 LB (8 Jp) A stalie
4 5 So3) 1 (Cdy) pspesls 36 Sl s olS len
S 5 8.0 Jdr) 50 w3l de oK s s
Sl g s Al G saS 5 5,8 W86 S s S WY
lh el o gaslS ERIS 3 oy L el el
S zuss Yeekgrha s )8 a8 (g 4 ccl anils


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

e B (€ (S e b5 CawrgueS 1

’(mg/kg) C\.’.ﬁ.w‘ &b‘h r|Ju'| fﬁb\swﬁf”ﬂs‘,&;&wy J:.wSL‘» GhS‘J‘ djé"i" A\.HU g...,?qs ;ﬁ,ls ;‘—O d‘gb

VT Vo To VT VaoTo VoTy ViTo s
ND ND ND ND ND ND Cd,
'/ 7y VA% ik vt v/¢8 Cdyo
Y/¥e A8 Y AN o #¢ Cdyy
Oe 55 VA© AIY® AP Yoy Cdso

LI e ys ) CEMJALSD {_)}ajwl.ﬂ!ﬂéJ!:qu&léJufﬁ)‘l‘M6JL»JA.;L:..MJ}).>6|)|:]:»1)L4,AJ:ASéJU.p\*
Voo polies ol Jels C 54 Cdy 5 «Cd,) Cd Cdy e S1l s e dly cwses g ton/ha 5 Y o slie s )8 ls s 54V, 5V, Vo
el SN s Yeckg/ha 5o slies ST T o mg Cd (kg soil)!

&szuék)ﬂl)é\l{w\m\jJYW\%jw\
bl als 4 JLls WS Sl allb cls Ly S
oMT@&%ﬁﬁJ&SOSWJJJL}?ﬂJSwFJ
o 3 w03 T (6 e b G S 3 )8 A b
Hoshyar .(V) el &slize K Sl5L 4 03 )T S s
)JBJJD,:»;SWP;%B&ASQ@?):L;J@M
S Sl clale gl Sl e 5 L ls oS
&Ylﬁ)azﬁﬂ;\iu%)uz\éﬁ\)j_i’swyuja
w\af)'})ui.lb}lsx_:c\}.f“l{;ﬂf;_woljk.é@m}ﬂSl}
L;le.ﬁd.)})ﬁ“_}.f.;u{‘ Jf)lch_m\)lj.w.} 6)[5;,.:5}
o Sl S Wl e Y| (05 (ST L L es )l 2)
Al azsls Sbt s K Sl s SlLB 2alS
simge s gdme Lisu (F) 01,8es 5 Hettiarachchi
Gl ialS cgr o g, Jele |y TS 5 s
Jwbgﬁd‘)34sm\)6k>.')§;f;§wk;‘ﬁwwﬁ
Baghaie .5 55 4 S elisl zuols S s (S il
J}&b&)bvwﬂsfjwbwgul&lsjbéﬁy
gl s Sl S5 LB ool ails r}:.a:(SJ'.LéA.;e;}ﬂ
c)ﬁa)b1ﬂbﬁfﬂ35}Lg})‘;b@)f‘ulj.’mdk?o
Sl oS irton/ha 5 Ye 5 S aS (6 @
AL;A_,..‘Q‘J&)JC,.}Gl.@)\bk;\xﬁu;i‘jﬁ‘“bu::;mgsb‘

£

B30 el Dl s dl s (5,865l LB ND

e a5 Sy Ll ol a8 (Y0) Al ails S s
5 (Y1) 0L Kes 5 Baghaie .l Ol 40 Jasws co
Sise Jole |y J1558 5,8 s pH [ildl Jaass s
il ety Ko 6 zes CllB 2alS g o
L IS 5,0, 3l Sl 5458 dals b b ls —me
MG p3onslS Olsn JalS g 53 (6,05 ale 015 o0 5
(Y-\) Sl aL:f_}LSLﬁ- O

558 Gilw s —iass 53 (YY) O, wa ;5 Tabarteh
23 ghre gy polie Rl Bl g 3 (g e e | g8
Q\ﬁujﬁwlw.xz_@bgj_wyu}le}pﬂ
Sl o s ClB Cg 5 S50 ele L pH )5l
38358 (3l culply T Sl 4 olS il
S 3 S Jele Wl e V| S 1S L
(YE) a2l Sl e zes LB (g5 Sldas il 53l

(f. J)J.?-)al:gd_&i)}DTPALLSJA;OJLA_OJJUT(:‘}:AJS
AT g B U D N VR W TSGR [P W
MG)J&‘)‘&MJL)CMA}.?QS)JJ)}}AJTJJJM
a5 LU(YA) sl el S s £33 s s L
Sl eS chle gl Sl g s Al G geS &Sl
3,5 el S (S 1 Ol pe b aslin 55 K il

o Al
1195 by /ogun o loih /@3 0,95 /%ﬁ J
j

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

W G ol

*(mg/kg) CL'.L.J ol:f sy éj)wjgfw;\SJ&:;uy&SB STy S 4.“;) \L—AJ;AS aﬁ)lS,ﬂ—'\ JJ-\?

OV/A" oY/’ Ov/\
o/ ¢ ¥a/f° 0+ /A
FY/AE YAV YE/VE
YA/N Y YA

fy/sh vo! Cd,
Yv/0~ Yy/sm Cdyo
\a Vi YA/Q° Cdyp
Y0P \RE Cds

L6 dos3 ) a5 LSD O3l bl gl gme O] (gLl a5 5l s (glel wlie Cos i (glls Ot b sy a3 oS (gslasl®
Yoo slies 8 el g 4 Cdyy 5 Cd,y «Cd, ) Cd Sl e dly cses e ton/ha 5 Yo o slies )8 Jold Cs g oV, 5V, V=
el SN pseverkg/ha s slies, ST, T, o mg Cd (kg soil)”!

L Olojen 45 (g gm0 il als olS lsn eIkl pgasls
(=|.L.l¢xa>l5¢klpc(\/ dj.k:-) ol.‘.s Li-l\-"h HJU‘ LS}JC”H"‘
g+ ton/ha 5 Yo g3l b ol al ialS olS Llsa
031 St 3 S 1S L STl (g b S geS
Olpee Jls gme rals Eeb 53V mg Cd (kg soil)! 4
L of Pl s 45 ol sd ol 4la ol greslS
i“—""‘.’b"l'.‘S)'}fjﬁ"'}lsﬁLSJ)L;‘“‘.B)J—’;‘&L‘L.’OB—N’L;‘
S S8 e 55 nie a0 Ll e opl S
s 53 5 (FY) O,Kes 5 Sadeghi .l ol «
o i 5 L3S o ,Ldl jate 53 opl i ST Sl
Gl 3 pseealS JUEH 51 (6 S o L il e (55 oS 8 S

.J.A.s)bjf_jb@Jl)a\cf):ﬁ:lsdjjcuiﬁfiéuxﬂ

el 0l ol a0 geedlS Iy e EaS 5 (VU s0)
S s Syl g ,es dly Cawss £ ton/ha 5 Ye 5 508
Sals el e 54 ) mg Cd (kg soil) ! a es, I
(0 Jsdr) dii ol lsm plil p 50l Olsn 3 (5ol ine
U3 S gaS 3,18 2 Ol oo 5 OF Jlol s a8
Cales 3 g e paedlS Ll e alS 55 STl 42
S5 (M) 0L, wa s Molaei .cuils oS _lsa olu!
Bl s s s S T sleerss Bl 2
oo 4 e T S S 55 3 3 s S psedlS
S ol (g St i 5 4B S B ) 2 550 K
S L Ll g LS 5 el 3 g e e 5 T
e e bl Gl o (e B S 5l
56 s 8 Kos g 3l el oS 5 Sl s

*(mg/kg) G\.’J.m‘ BL; &‘}h flﬁ‘ 6,,@.2.1.&,3‘:”;\5‘,‘.({:...\] ,’.wS\:'- Sty S Ub) ;,,..,;.‘,S .‘-ﬁ)\S!ﬂ—V JJ.\;.-

v&° vy ¥y/a°
Vi v/ ¢ WA
W vy/qf YEN©
AR VAN vy x*

20 %L Cd,
Vaq! W/ Cd,o
I8 WA Cdyp
Yy Voset Cds

L6 a3 ) a3 LSD 03030 ool (6l me Mt (golel s Sl cdes (ool wlie oy (slls st b sy o 5 4 (gslasl®
Yoo plie sl lels s 54 Cdy 5 «Cd, Cd) Cd) STyl s 63 b cwseS £r ton/ha 5 Yo o slies )8 bls Ci g oV sV V=
il S mste Yo kg/ha 5 v slies ST T o mg Cd (kg soil)!

ég é Jﬂﬂ: »q oy
: 1 '
5 Jls /g o, /309>

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

Chale ok 3 ol 56 Ll e 55 S (Sl e
Lo 53 Siash ol eyl 4 5 AL a3l olS s,
Lyl sy ol a0y Oy s eds J 28 Ll 5 s AlRS
(el slite 45 50 James L lidS lamme 53 0lS U
350 g g e 53 Al pl W5 S e a0
L s ) S oS (Ol 8 8 5 485 13 e
S s 35 oS (K3 Slio gl S sl

O PSSPy WL PP

‘;;L))J.; K} ’gwagw

K;»J_}LQ.A‘)lJ\_!‘JL;‘I f)‘y:);fdu.a b.’b—vv-i}) 4.l¢_w}..“o..b
CLA B Lg)')}l,is 0 IS _Els 6)3‘;: LSUAC,..!LV 9 v_.;.h}}l
Sl s Cr o Sl sy ol 3T o8 iils aub

5 o8 JLS Aag ol el sl — Sl gsls Sl 3
Ll 1, S

Lw

1. Malakootian M, Yaghmaeian K, Meserghani M,
Mahvi A. Determination of Pb, Cd, Cr and Ni con-
centration in imported Indian rice to Iran. Iranian
Journal of Health and Environment. 2011;4(1):77-84
(in Persian).

2. Mohajer R, Salehi MH, Mohammadi J. Lead and
cadmium concentration in agricultural crops (lettuce,
cabbage, beetroot, and onion) of Isfahan Province,
Iran. Iranian Journal of Health and Environment.
2014;7(1):1-10 (in Persian).

3. Wang L, Ji B, Hu Y, Liu R, Sun W. A review on
in situ phytoremediation of mine tailings. Chemo-
sphere. 2017;184:594-600.

4. Bahrami M, Brumand-Nasab S, Kashkooli H-A,
Farrokhian Firouzi A, Babaei A-A. Cadmium re-
moval from aqueous solutions using modified mag-
netite nanoparticles. Iranian Journal of Health and
Environment. 2013;6(2):221-32 (in Persian).

5. Sharifi M, Afyuni M, Khoshgoftarmanesh AH. Ef-
fects of sewage sludge, animal manure, compost and
cadmium chloride on cadmium accumulation in corn
and alfalfa. Journal of Residuals Science and Tech-
nology. 2010;7(4):219-25.

LA

e B (€ (S e b5 CawrgueS 1

S S Ao
&Aspxl}:w&ﬁ,;;\}uq,ﬁ::&uu@,j\uw_w\
OWMJ\@bMJMSU“S(‘}“’SJ—MM’
klmw\s\:_w.:‘jj;gl)\éﬂ_«;ldb)g;ﬂjzws)‘oéuﬁ_w‘é‘b
‘J_.'zl;.as_&baLﬁ;SL;'-);fﬂ:lSdJ:SﬁN&_éj
S by CwgaS e ton/ha 5 Yo 5 S aS 6, 4k 4
);rﬁ>\5rﬂﬁﬂ>%ﬁdi_al5)>6;y&_ﬁdbl
Sl a2y paslS 4y a3 JT S s plidulolS 5 Sbr
}S@bdb\é;@.@dt{jw‘)ﬁsdjb&cﬁbdk
T}:AJlS_}é))dbG)j\&bM&‘_wlM\jﬁ@y
cMJ&AG\)eL;}SB-JQN)JCﬂJSwJLwJC”A{G
STl g e by v gaS £0 ton/ha 5 )8 48 (6 4 @
Sl Rals Oleil, VL S WY s Leas o
M.ehjﬂ Sk BL Clo\.ﬂ..ﬂ‘ o\:g u‘i‘}‘h (a\.ls‘J) rﬂ}gwjlwi
g5 a8 cl S5 LB ol azils |, ¥ mg Cd (kg soil)!

6. Karami M, Afyuni M, Rezaee Nejad Y, Khosh Gof-
tarmanesh A. Cumulative and Residual Effects of
Sewage Sludge on Zinc and Copper Concentration in
Soil and Wheat. Journal of Water and Soil Science.
2009;12(46):639-54 (in Persian.)

7. Asgharipour MR, Rahmanian Koshki B. Lentils Re-
sponses to Cadmium Pollution from Animal Manure
Compost or Metal Salt. Journal of Water and Soil
Science. 2015;19(71):349-59 (in Persian.)

8. Baghaie A. Effect of municipal waste compost and
zeolite on reduction of cadmium availability in a
loamy soil (A case study: Arak municipal waste
compost). Journal of Soil Management and Sustain-
able Production. 2017;6(4):103-17 (in Persian.)

9. Khoshgoftarmanesh A, Shariatmadari H, Karim-
ian N, Kalbasi M, Khajehpour M. Zinc efficiency
of wheat cultivars grown on a saline calcareous soil.
Journal of Plant Nutrition. 2005;27(11):1953-62.

10. Ueno D, Zhao F-1, Ma JF. Interactions between
Cd and Zn in relation to their hyperaccumulation in
Thlaspi caerulescens. Soil Science and Plant Nutri-
tion. 2004;50(4):591-97.

11. Taheri S, Khoshgoftarmanesh AH, Shariatmadari

o Al
195 Jul /ogan o loi /3 0 )93 /é{fﬁ J
)

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

U G ool

H, Chaney RL. Kinetics of zinc release from ground
tire rubber and rubber ash in a calcareous soil as alter-
natives to Zn fertilizers. Plant and Soil. 2011;341(1-
2):89-97.

12. Rahimi S, Afyuni M, Khoshgoftarmanesh AH,
Noruzi M. Assessment of Soil Quality Index with
Zinc Fertilizer and its Concentration Wheat Grain.
Journal of Water and Soil Science. 2015;19(71):47-
57 (in Persian.)

13. Jahanbakhshi S, Rezaei MR, Sayyari-Zahan MH.
Comparison Effect of Phytoremediation in Cadmium
and Chromium Contaminated Soil in Spinacia olera-
cea and Lepidium sativum. Journal of Water and Soil
Science. 2015;18(70):1-12 (in Persian.)

14. Mollaei R, Abedi Koupai J, Eslamian SS. Effect of
Zeolite on Cadmium Uptake By Spinach (Spinacia
Oleares L.) in Wastewater Irrigation. Journal of Wa-
ter and Soil Science. 2016;20(75):15-25 (in Persian.(

15. Rahimi Alashti S, Bahmanyar MA, Ahmad Abadi
Z. Changes in Soil Physical Properties and Concen-
trations of Lead and Chromium in Spinach Affected
by Enriched Municipal Compost. Journal of Water
and Soil Science. 2013;17(63):1-11 (in Persian.)

16. Lee P-K, Choi B-Y, Kang M-J. Assessment of
mobility and bio-availability of heavy metals in dry
depositions of Asian dust and implications for envi-
ronmental risk. Chemosphere. 2015;119:1411-21.

17. Allen SE, Grimshaw HM, Rowland AP. Chemical
analysis. In: Moore PD, Chapman SB, editors. Meth-
ods in plant ecology. Oxford, London: Blackwell
Scientific Publication; 1986. p. 285-344.

18. Westerman RL. Soil Testing and Plant Analysis.
Wisconsin: Soil Science Society of America; 1990.
19. Nelson DW, Sommers LE. Total carbon, organic
carbon, and organic matter. In: Page AL, Miller RH,
Keeney DR, editors. Methods of soil analysis. Wis-
consin: Soil Science Society of America; 1996. p.

961-1010.

20. Rhoades JD. Cation exchange capacity. In: Page
AL, Miller RH, Keeney DR, editors. Methods of Soil
Analysis. Madison, Wisconsin, USA: American So-
ciety of Agronomy; 1982. p. 149-57.

21. Gee GW, Bauder JW. Particle-size analysis. In:
Klute A, editor. Methods of soil analysis. Madison,
WI: American Society of Agronomy; 1986. p. 383-
4009.

22. Nelson RE. Carbonate and gypsum. In: Page AL,

J’ #as o,
% 5 ﬂ’ \ . A
by /Pgan o /309>

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

£q

Miller RH, Keeney DR, editors. Methods of soil
analysis. Madison, Wisconsin, USA: American So-
ciety of Agronomy; 1982. p. 181-97.

23. Bremner JM. Nitrogen-total. In: Page AL, Miller
RH, Keeney DR, editors. Methods of soil analysis.
Madison, Wisconsin, USA: American Society of
Agronomy; 1996. p. 1085-121.

24. Lindsay WL, Norvell WA. Development of a DTPA
soil test for zinc, iron, manganese, and copper. Soil
Science Society of America Journal. 1978;42:421-
28.

25. Lindsay WL. Zinc in soils and plant nutrition. Ad-
vances in Agronomy. 1972;24:147-86.

26. Baghaie A, Khoshgoftarmanesh A, Afyuni M.
Crop effects on lead fractionation in a soil treated
with lead organic and inorganic sources. Journal of
Residuals Science and Technology. 2010;7(3):131-
38.

27. Tabarteh Farahani N, Baghaie AH, Polous A. Ef-
fect of enriched cow manure with converter sludge
on Fe bio-availability in a lead polluted soil. Journal
of Water and Soil Conservation. 2017;24(1):205-20
(in Persian.)

28. Basta NT, Ryan JA, Chaney RL. Trace element
chemistry in residual treated soil: Key concepts
and metal bioavailability. Journal of Environmental
Quality. 2005;34:49-63.

29. Houshyar P, Baghaei A. Effectiveness of DTPA
Chelate on Cd Availability in Soils Treated with
Sewage Sludge. Journal of Water and Wastewater.
2017;28(4):103-11 (in Persian).

30. Hettiarachchi GM, Ryan JA, Chaney RL, La Fleur
CM. Sorption and desorption of cadmium by differ-
ent fractions of biosolids-amended soils. Journal of
Environmental Quality. 2003;32:1684-93.

31. Molaei S, Shirani H, Hamidpour M, Shekofteh H,
Besalatpour AA. Effect of Vermicompost, Pistachio
Kernel and Shrimp Shell on Some Growth Param-
eters and Availability of Cd, Pb and Zn in Corn in
a Polluted Soil. Journal of Water and Soil Science.
2016;19(74):113-24 (in Persian.)

32. Sadeghi S, Oustan S, Najafi N, Valizadeh M,
Monirifar H. Interaction Effects of Zinc and Cadmi-
um on Growth and Chemical Composition of Canola
(Brassica napus cv. Hyola) in a Loamy Sand Soil.
Water and Soil Science. 2017;26(4.1):237-54 (in
Persian.)


https://journals.tums.ac.ir/ijhe/article-1-5927-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-08 ]

2

oblag,

v"’ ' "%

\'Z

"o o Emiron

el
") wet U/
"/f

% g \

&

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2017, Vol. 10, No. 3

HERLTH AND ENVIRONMENT

Original Article

Effect of tire rubber ash enriched municipal waste compost on decreasing

spinach Cd concentration (a case study: Arak municipal waste compost)

AH Baghaie®

Department of Soil Science, Arak Branch, Islamic Azad University, Arak, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 29 July 2017
Revised: 26 September 2017
Accepted: 2 October 2017
Published: 12 December 2017

Key words: Cadmium, Tire
rubber ash, Compost, Arak,
Spinach

*Corresponding Author:
a-baghaie(@jiau-arak.ac.ir

Background and Objective: Polltion of food chain components such as
vegetables to heavy metals is one of the important environmental problems.
Remediation management of these metals especially Cd is very important. Thus,
this research was done to investigate the effect of Arak municipal waste compost
enriched with tire rubber ash on decreasing spinach Cd concentration in a Cd
polluted soil.

Materials and Methods: Treatments consisted of applying (0, 200 kg/ha) Arak
municipal waste compost enriched with tire rubber ash and Cd pollution at the
rates of 0, 10, 20 and 30 mg Cd (kg soil)"'. The plant used in this experiments
was spinach.

Results: Increasing application rate Arak municipal waste compost from 0 to
20 and 40 ton/hain a Cd polluted soil (mg Cd (kg soil)") caused a significant
reduction in DTPA extractable-Cd by16 and 45 %, respectively. Similar to this
result, shoot Cd concentration was decreased. Applying tire rubber ash also had
an important role on decreasing Cd concentration.

Conclusion: The results of this study showed that applying Arak municipal waste
compost had an important role on decreasing Cd concentration. This was due to
the application of the organic amendment on increasing soil sorption properties
that it in turn decreased soil and plant Cd concentration. However, the role of
plant type and soil physico-chemical properties on changes in Cd availability

cannot be ignored.
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