WA Ll /o g ol osladd / a3 5ls Jlu / S OF ke (b i 5 (5350L8 058 5 p ke alos

b g odd Lo GLS L 3 (A DTPA dhws 4 g il b6 5 plond sla S

Olga! ol gl &l,8 595,48 oo 5 o)k

\ . * . .
WS 3 e g (goldeim o e ¢ WD LS e
(QAREAVASHCeRY @)U YYAQ/F/TY il s @)U)

s AS>

Ol o B (55008 Y guamus (51 1) s gdons o ey D oS i Ol 4 A1 5 508 OLS 5L 3550 polis Ol )
Jiiens (T AN 5 el 5,5,18 Al 438 sl B, 3 OLLS J5 5ol 5 5uS [Kie o (gl 0590l Geeamasiis 3,0
L15 Lol 30 g0 51 esbisnl Lo e e3lil (Liyls pal Sl g1y 3L WUls S ALE GLa S LKl 5 S S —o o gas
ol LSl A WSl e el 45 5s S Mol Sl g Slgie 4 595,88 o 5o,k Ak alo gl g silsY B Olils IS
Sy g (et ) gt ond CmilB L g o0 3L 5 I 05 (S Slae 4 SVl i il e 5 BB o gol S S
S 05k 5 5558 o Al aw 3 )8 31 aadllae B b Gudow pl el S5 LT bt sl JSS 4 iy ol
o s 5 o S5 LSS ol 55 K (5 T (bt S JSE (T el BB ool Slin (1 Blgdoal calioss
Hsn Il au (b Gas 53 55 551,55 o 53 Gl o b alas blS S aly £ b L ool okl £ b B s Sal S
o Jrae codila By slap 5 53 al 189 51 G ad o st Jlo a5 53 oSS (8l 55055 ool 5 sk )8 A5 L
503l 32)LS 313 DL gl 3,8 515 pland slap bl 3 0T 1Y 51 S 5 3151 5 el (T (sladenS 5 a5 LadS|

A as e aw a S s Cda BB gl gl olend la S s pme 151 Sl g Jle 4w (b 8,48 oo

9'1’- JfG CJA] sdw 6\#%&: LJ‘,;)‘Q:.S"}’.J sﬂ)l.'afw :dw L;Lhcjb

Olgiol ginio o215 (3,5l oKy (Sbt gl slial 5 Ll Al b2 IS Gl (§ iy (o 4 )

kazemi_alireza_ak@yahoo.com : S5 SO s (W3S J st o *

AV



WA Jle /o 5 obomiy o)lad / a5l Ju/sujgif,u‘@?,bcw,@”us 055 5 poke dome

e VL 55 e Ol lad> o (6 S 0slas sla s,
S Seiat oo i 5 e e g 5 s
Olej 5 Seslas 4 delr o3le ol il e Sli 3
Seslial s 3l wslss Kush L g Selae
035 5305 Gladon § 350 Sl o S e slas Gba s
S 3sdmee oLl Coyus e gl Bl s |l
ol dome (SAS|y dlie e 5 AL S lar oS
Sen &S AL e 5 S eslas e s e a3l o s
SIS dlesls LS s 35y sl gl 4 e o
Sl s dms o JalS |y ole s SAS], al> e s
ol i B 5 s Seslae sy esl il
Gl ! ol 5 pH sl L el )l any Suls
V) Sl (0500 Al o 2 (5 xS0 slas
Bl gl JKo 5 plend gbaa S oLl 5 oLsl ¢l
il e sla Sojlas St 5 Kw ol ol
G Cins sladul 3L (CaCly 5 MgCly) s xS
Jolse Ul SIS 5 aal Sa) Sls -0 d S
«(NHy OH) oSt Lol yo ((DTPA 5 EDTA) auSeds
2L slse 5 (HCI 5 HNOr s HCLOs 5 HF) (555 slaond
el a3 S 15 esli ol 5550 03 2.5 b 4 (Nay COy)
sl lado o 5 eslw (S slas Gl ) 5l ol
Wl o o3lg Ol OF cilisen slaasnad b 5 (o3 g
slaas s 5l ol Sland gl s 6l S ok«
LMl U5 55 d e eslizal Calises gla ;S jlas 5l Sl
Sty SIS S, 5 ) o ied Sl ol ps (Gins s
Bl 5 b S las 4 s 5B bt (5w g0 ol 5
Al acalllas s U Gt ol (09) ol (5, Sesbas planil los
2 Ol Al ss Bl IS o)l 5 55,58 ond Wl a3 )8
s X ol pland sl S5 (s LB el s
B s Sal Sbt e ae 5 oo Sb sl IS8l w5
Olas aw b ol Ll glacs sl al # )b L odly bl - b

Al e Sl aw b Gasgs 5o 5 1S5 4w s

4o dle
5 b s b 5l S jolis (o3b5 i LS
Sl ol e aSaeS e cdlys Sl glac e
sl (VF) Al 5150 5 (6550 (S5 a8l ol sl
QY)M@)JL;\ﬂmi@ﬁt&é}b-aJ;Su}Tj,\ib
G S S s 0l Jlie (B S5 el 03 (555l
ol Lo 4 anes s Sime 5 T sle 51 dlonsls
o OS5 5 Sdme sla IS8 5 ole u“u'_g‘“‘
L;}JM}LJJ&AQ\?:SJJﬁMV_A.JJJl;;ﬁjJ&u
(S15) Ll g denST Ll 5 ¢ la —iasile sl e
slac Il 5 I sl 555 dos (0 ganl S| ol
Aol oy oad LA oS e cchle S  SSs s S
JSSJ_»\):,A_AA.L)!;JJ_}WJS!);F[& L')_i‘to.?;
Wﬁjﬂ.«“ﬁﬂ)}ﬁu Lsik:‘“:"‘;'}j)—j?’ 4;'-J>1-)J IS
(V%) Wls
j\&udwébjs&ﬁ_wob_uﬁ%@ﬁ
‘Sﬂcﬁj%ue)\{)b J}cMJ&ﬁbl‘;))ﬂc]ﬁ.w
03 ole das o &l gl su')fa.a o 5 lad
s (Gl sl S5 50 sl IS s LasLs
)\JJJQ‘UC,;J\)L@TmeJst%GASd)}LQ
LE"LQ'Q'Z-":’ Lgh_l;-‘,a ‘_;J_;S/n)w Léuu:’})‘ui\fb S e
SoSeslas Jiay 550,83 esliial 5y 05 1S gbas
Lé‘)-’ l_ha.,\_..ﬁhzufmjb)\ L;‘U}wbgsl? A.y),«.: L;‘A'l"j‘
059 Coad S (3Ll (gl 5 Lnodas (2S5 58 g0 05l
Ol o slasl (g, 5 AiS e Jes STl b 4 S
53 AS e e el e 4 1 Ty anzls 1 e xeS
J=8 b an s e slasl SIS a6 8o slas ¢ Jos
OF) cl ([ Kas

AA



ce 33 AT DTPA oy 4 gl puinl J6 5 plasd (sla JS3

(e O (5,503 ol (L OV/AD) ol osls oLz
Sgors ol 53 G5 oS p3lhe 5 o S ind
L basles polie il S50 Ll o olS 5L el 3 a5 550
o 6l S Ges e Ble 10 (slus s 0l oLl o
LYo= VY/P) LNV om0/ o liien =gl )5 555,58
33 05l e 5l 5 JLSa 3 5 LYo=YV/#) 5 LYe=Ye/))

SYe=10/40 SYo=F/AF SYo=Y/VA &

Jisen Cﬂla .
3L 3y slye IS Al JUSa 3 5 SFe=10/0T
V0 Gee U Sy Lo 1S w53 @S pSG D
S boles s 8 bl S L o 4 g e Sl
oo S ps dlw o Ll Jlasl ST o s ol
sl dlw sollas e 5 s o 3353 s b o, o S
sl e, S ppm 3 cpsm Jlo 53 23 S Spso 208
oo 23555 p35 5 ol i Gildae ;05 p s G 3
o ald OS5l b w0 S S e Jl UL B LS S
Sl dlvaw s Jl Y dle) Co j a8 S el &
SleS e St $es 55 bl oM a5l s s S
o W sed L axdls o e il Yo —FO 5o —Yo Gas g3
33 Sl 5 edd oy S 5 it oa lKislesT 4 JUs) )
bl s g sdalios (gl ad el g e e
o3liial 3550 oY (slad 2 (gl 5 LI SYe s LYo sla
P33 ol et SLa IS e sl 85 )3
S oS5 Seslas Sy onl b eslial s 5 Ol
o 3 Obogd a5 aS ol gl o (6 Seslas sy g0
OF 58) cl okl slgdy
e STl Jige 55k a4 St ged s ol b g
Ve oS sl 5 Al (sl e e s 5l
S S s (B e Al GV Al o s Y
sl e al 2l sl (6124 Bla =0 3 e
0 ila = s p¥pe ) dd Szl -t il 3L (1)
— ol e S50 (V) uu.;&_@id;;_wl & —

ol ol Vge o/0 ) S el 53 Vg0 o/ LIS 0

AQ

CITPIIRe
Olss i 5 Sypd sl olesl ae e a3 s
Jlw i U S5 aile L Olgiol s o851 @0 Glate
b B s 5558 G s ol DS 5 il e
sl halas LS slacssh wl - b Lodd 5 5 gl S
e a3 S g ol m iV dods Ll 0
Llesle anbosl lasles aas o olis 1 aulesl
Y oal sl sl l53l o5 (Control) Jals .\
O3l amo 5 Jlaie 2l ¥ ¥ 5T 5) Do w0 55555 o
S 7 ol e B sl > D] S
Olse i o alsd o)l ¥ (LYo LYo Yol o)
J=b ol e S Ose] aeo s ldie pl o ¥ YT
lasles Jlesl gl (ST SYeSYe SV o) LS 5 ol ol
DS Sk a0 5 Sk e dsl b s asn5e 8 03
Jol el Cble a5 b Olsl z)Y Y sl
Olsen mimamt 5 Sialasl 51 13 baae 50 St (5,50 jlae
(oalsd Sl 5 55058 G DS 5 Sl 6 el
Sl s ¥ YY) LS Ol LB el i
2 e S ke Tou Yo Yo e il s ey 3k A
5 tmlome Sbt o 51 (5 0 Bl 10 Gee b St S LS
L wlal db g e slas S a

Y gz e el gl S Cder LB pal Sl a
00) cul el s (S50 S5k o S e Vo bl ol
ook 5 05055 o plend 428 Y ojled Jsr
Sl ST 555,88 o o )d FY/0 550 das e OLLS
3l (b 5l s e LS el (B e s (B 5
=B o s e st s s S (o (oS
Sl )8 55 ol Cenl Sl o5 4 4 03y 4>
oot S5 b SIS oS 8w ae Ao
Ao )3 VEIAY o3l 1S ol il coslize Ll 5 e o2
s e WSE 1 ol diss VIAY (D) ol dest 5 el

352 an by Jlds o iy oS il (Ca0) pdS LS



WA Jle /o 5 obomiy o)lad / a5l Ju/sujgif,u‘@?,bcw,dwus 055 5 poke dome

b3l 48550 4w 53 S 40 gl b N Jsis

(%) CaCOy (%) OM

pHCaCly(\0)  ECe(dS/m) ¢3! JSpH S il e
$o/8 °/4 $IA \As A NP R £l
¥4/0 VA SIA \/# AIY e s oSS
YV/e /Y 25 Y/e Ae g Ols g
(Olgaol al Qg3 S 3 558 o s&ab5T ) )l m 5 55,58 2 alesd 420 z Ydoar

Ol sl 4 =S 05058 o bt 0
() Slade S5 iy (1) ks S5 y

VFIA Total-Fe \ \A7AN Fey O 3
V/A FeO Y Va/y FeO Y
\7A# MnO Y A CaO Y
A Si Oy ¥ \/Y Si Oy ¥
OY/A CaO 0 °/Y MgO 0
Y/Y MgO 4 o/ ALOr 4
\AX V,O, v o/Y PO, %
\1A% PO, A \/e MnO A
o/V AlLOy q ofe 7ZnO 4
o/ S \o /e VO, Vo
o/e 7ZnO AR /) S AR
ofe Na,O \Y V/e Loss on ignition VY

o/Y Na,O v
o/o KO \V

oY KO \f

— S s 5 Sl L sl pal 2l sl Gl e
odle 3Ly o3l Al (gl el S50 5 -G 5
ol Cble als e 8 0L s a6 Seslas (VY) el
J=0 a1 A e ol e oS Lo
o 53 A esli] DTPA-TEA - Soslas 5l oS Ll
Ao Sty s, b Ll w s s S e S Ve )

slad..s! @MHidﬁw\ Sl= Y ila -0 5o
oY SIS ol =5 el VST L (1 0) 58 oy S
(A Joy S ol 2l il Gl Y s 0 53 Ysa
TVO Sl Al 53 ¥ g0V Al IS 5 sdm — el JnS 5
am Jrate ol gl sl (o | (o)
Sl s — ol S = i (OF) al Gladee S 550



ce 33 AT DTPA oy 4 gl puinl J6 5 plasd (sla JS3

bt la i 05 G 5o () Ol 5 50,5,
) b anls sle 4 ol SlasS 53 S0 I3k
o= 2 olS sl QLA il sl I3 iy 5e
5 b SUs s Jols ol ke 5l sl ol 5
A das
oo v amw 5 55 Sl 55058 o2 5 ol 58
5 e S s Sl slge 4 feate el liie (21530 Co
o 9 el 3 )lS 4S8 (Jlo s il ke e a e
e 5 el S s e Jlo e sl 05058
Sl S el jliis galS o il glaa e
s e Ol e |y Ll ALY F O gla K
sl slse 5,58 3l st 5 (V) 0L 5 LS 4
st slae b 2 L mbo Glakile g bodd 28 s
o SLE 3 5Ky s (S35 ol Al S S
Sl lie LS 5 cpl 508 Ksls OLES s ol i3 S
ey ol Slad 4y o [ S JT o0 4 st
tes S 5 Sl 0=YO Gae) elaw S s (g i
Lsls QUi s oplols 2053l (oo il YO-00 Gas)
el DS 5 3 b8 Ol b muline Rl 530
Ssl bS5 onl Sl s f}fK"‘ YVe 5,8 4S5, sba
e D o S Tl e a oate Dl x5
e 5 SLSKa 1 S NVYS Olpee 4 LS 5l 5,28
Lsls QLA 35 Gl 53 (0) Seushis o ndsle s dals
S s dpdome I slse b X306 ol wle K 5o
3 Sob S VL eI s s s LSKES oS
55058 2 208 Kk Jime S Gas 4 e 51Ol
Slrs silosl as 50 aw a3 (LYo-T) Jisme o 4w b
oal el ol Jliis e ol Yoo X0 co=Yo (laas
ool 53T el al et S 55un 5 bdS| & Jate
ol aall jles 4 Cnd a5 LB Ol e 4 1) o ile L
R RVIAIATATL AL AL AL AN SPI I RPN

.JJ\AJL;a ol ‘-5.3)5-44_‘)91}2»

q)

Ny o/000 Joloms 2 Juo 00 o KT 5 s Lize (6,20 oo
el U1 6,5 ¥ o/\ +CaCly,¥ ;s /o) + DTPA
s Ses celu Y Sode gl s 43lsl s sees 4 (TEA)
bl FY ol o Al s 4 5, Seslas 3l
anslie 1 (5,8 o3Il sl ol olKas da 55 Jplows oyal
o3 0 a3 LSD st sladyasl S8 w ba oSk
EXCEL Jl53le 5 51 55 Lol gl s (51 2y plonl

.Jd_sﬁuum

oy
bt (b ISE s s ajles JIVA B Y (gla IS5
S 5 (ol o=Yo Gag) oo S 53 i fe ol
5 S il aeie i (e le Yoo X0 Ges) Lies
ol Ul doas e 0L b s e OLES | Ols s
oAl GladeS s a5 Sl 4 foate ol il 3L
wen o 1y S el 784 51 i (S L) el opal 5 sl
g ale &S I s cl ol olastl st 4 sl
Llesls polamtl st w by S ol /) 51 S el Jles
juwtm_;ﬁ,u;_ﬂj_ﬂu,\_nv_ﬁou_; o
Col S s Jlhes S 5 (S0 ) Gosel ladS 5508
Sy iso s ol 00 JN cbSs s 558
Ghblis 3 1isaS Sidme glasSts s Ll sy e il
dren oL 5 Sl el 5 ails 13 o ang 5 S
e 5 gl (Jli S al gladst IS0 4 ol 2oy
(F) 355 0 23l Sb s stile L

ol 3L chlesT ae e e a s das e 0L
s LYY ) e b aws 55 (b 55558 nds 55,55
Jle oral slis il 3l s (S¥e—Y  L¥eY, SYoY
S opb an el o3y 555 e LB ol 5 (5,80 slas
ool e (I3 Jgie dle s 5 53 b o sl 358
Al ae e e pb e g el S s (5 J sl
s e OLaS et iy cdlae ol P Y O gls IS0



Y4 Jl.e/r.gi‘ge\:;awajw/r.&éju JL.)/dujgif,b‘w.,,bcu,‘_;;”usoﬁ;f‘,b@

S

(mglkg ) o=l lia

o o

(Yo-¥O)Y S

80
70
60 |
50 |
40
30
2,

a-a'
Qi <4 g
b
a
cd || ©
B popdca bbby el
C
il Daln HH
o L (A
Juad
(Yomo)) UK

o S (g0 Sl YouX0 50 Yo Gas o (V al w)dshoue ol Sldie 5 555,58 oo 5 oyl 5,18 gladle J1LY 5\ S

G S 09050 Ao g ke pl 5 ¥ Olgee 4 03l 5 595,58 o) i g 4=S¥e s LYo 0hg,d 5 S 4 il a5

s = SW S 59y s sdasOlig S mie Gy o el 25555 Jlw sdasOLE YY) OS5 cpl Cde LU Q.:J

Al p 45550 p (gl (P<e/20) /0 gl ;3 5 LSDOgo3l bl

=
o~
L L

(malka )o—al joia

o N &~ o o
T T S S

(MG TKY ) o] it

S g

(Yo-¥O)F S

4.—.-1&5\-‘5- 6,_:.:6:1\..«%—\‘030—% ‘}o.ﬁ)é (Y da-ja)u-‘au yi,lmﬁ,,s)‘,:so;_d‘,e,g,« Jﬁ)‘s ‘5UBJL-;| .f ‘,Y’J.i..i

co oo oo

(Yool JSa

e S 0 go5T o 5 ke gl ¥ Ol 4 03l 5 58S 2 i = STe S LYe Dlagyd 5 S, kil as 5

s e OWS | 5 9 g ps sdasilig S mie Gy o el 2355 Jlo sdasOLE YT LOLS 5 ol Cda B d’i

Al o 45550 g2 (sl (P<e/20) /0 pehaw ;5 5 LSDOga3l plul

ax



o 53 (AT DTPA dows & gl il b 5 bt o S5

(malkg )o:wu‘a

(Yo-¥0)p JSo

9
bed  bed

(malka )omal jimia

=3

40

o

WA

4 g

Hnu

abc
be be® cdd
unﬁn it

(Yo—o)d JK&

S ra sl Yoo X0 50 Yo Gas 53 (F o o) JT sl ge 4 Joaie ol Slie 5 555558 ond 5 o)k 3018 gladle 5105 50 IS

O3l et g Slddia 2l ¥ Olps 03l 5 55558 o i 4= SYo s LYo Dlagsd 5 S Wi as 5 aw S

S| >4 9 C.LG skasOlis

e by o sl 23555 Il 0 dasOLE ¥ YN LS 5 el Sl B ] ey S

Al 4550 p (gl (P<e/00) /0 pehaw ;3 5 LSDOga3l bl s sne

(Yo-¥ON JS&

e SUS g0 5le Yoo X0 50 —Yo Gas

)h‘rbu ) Cary| 429 r.\_ﬁ sd—aslis uSJ'.'....A

ar

s

30

i
a i S Oy
| cdedyg © ’ a,a

W o by brd b b
ol ‘n‘bn‘%ﬂ‘n‘ | lenfnse

(Yo—o)V JK2

55 (Pl )&l S ol Hldde 55,55 oo 5 0ybm 3,8 Gladle S1A 5V IS5
> S 03051 4o ke plp ¥ Ol 4 o)k 5 55,58 o2 o

4.~ S\""JLY’“ Q‘;‘gfu"\S)‘,-“b‘,‘»WJf

Gy ol 23555 Il 030U oY) LS 5 ol ool BB pal

Al 450 p gl (P</20) 0 el 53 5 LSDOgo3l bl



WA Jle /o 5 obomiy o)lad / a5l JL»:/Jlﬁjgifﬁ‘ﬂcw‘gdjjgwaﬂjf&@

7
60 aMn b a
! ¢ ; b, b
o Wyl i3 dst| D
2 b ¢
=2
2 ¢
10 H
RIEME LS N AL L S
o
(Yo-fON o JSs (Yomo)d &

Y°—f0‘,°—"° MJ}(OAJ’f)}-ZéAdU&M‘wai)lmﬁ)j)ﬂ&qﬁje)leﬂ ;J...)lS dud\m;‘ AK jﬂ Jg.f&
)|J_5.4J_.s|ﬁ\° &‘ng\iﬂ})j)jsw%j Q:SYW JLY“ .C)‘Q‘gj:!"hS)"s ed‘}‘;- 4.9;}«4“5\5 6,‘«'.46"4\“
phs o a0l S e S el (23358 L 030U YY) LSS 5 opl il BB oal o S 0051 a5

.L.ibdﬂ e,y A 6‘,3 (P<¢/00) /0 ch.u B LSDD}A}] ‘J"“""J‘.’ )lbd'..m s 349

=}

10000 5000 WA S g
. a . I
1 8000 j 5000 b
j 6000 1 4000 .
- 100 — 3000
= = a be be b
= > 00 ¢ o dqnq
o o b be
2000 d de |{cd cd
: Tl slallin]

(Yo-¥ONY S (Yomo)V) g

Y°—f0_’°—"° 6—&)5(? 4—1’,‘)(J§—:§ 6—!)&—3)}-&10—&])‘“&,%)33)_}15#}6)‘.3}# .5}3)‘5 6L°JL~;| \Y}\\ JS..‘:.
e 2 ¥ Olms am )b 5 5088 o G5 4= ST y LYo syl 5 S, il a0 aw SB g e Sl
P o das0LES S i Dy el (23358 Lo adasOLE YY) LSS 5 ol Dl BB bl ey S 0505 o5

Ll as 50 2 gl (P<0/00) 70 ch.u 55 5 LSDU a3l ulusl p ,ls sme M 5 g

Q¥



ce 53 AT DTPA oy 4 gl Sl B 5 plasd sla JS3

14000 -
-3 12000 |
510000 |
1 8000
o 6000 ]
= 4000 |
o
£ 2000 |
04

AN MANM
OO oo oo
< <t << < <+
IEEISSS
ol
Je

(Yo-YON ¥ J&

]

(!

Ikg ).

(mg

12000
10000
8000
6000
4000
2000

(Yom\¥ S

Yoo¥0 5o —Yo Gar 53 (V ado o) (S 5)den 5 (seST pal e 555,55 oo 5 05k 32,18 sladle J1AY 5 VY IS

)‘J—Lﬂﬁ‘ﬁf &‘HHGJHJ_M})}'JJ;SOP.J%; 4.3=Sf° ij° .b‘i},\i’l}‘)"’ gd‘}i “J}GMASB ‘5,74:;;‘5\..-

Pt o das0LES S ke Dby el (23358 e adasOLE YY) LSS 5 ol Dl BB al ey S 0505 o5

7000
6000 |
5000 |
,14000 ]
3000
=

=000 |
o
£100 ]

3L 0 ae 50 a6l (P<e/20) 70 ch.u 55 5 LSDU a3l ulusl p Sls sme M 5 g

(Yo-YO)N P S

B Kac T [ R e
coocooo

~ <t <<t <r<r
o

9000 4
8000 4
7000 4
6000 4

200 |
1000 |

b
5000 | di
4o0{ €C
200 |

(Yoo N0 IS5

s S (g Sl YoX0 50 =Yoo Gas 55 (A alp0) sl31 al Hldie 5 55,88 cond 5 05l 5,8 gadle J108 500 K3

SLs D)l 4o g lide 1l 1 F Ol & )l 5 5,55 o o5 4= SYe s LYo Uhsy,d 5 S, &ils as, 5

) T S 429 r.L_G sd—aa Ol ASJ:.\:-A \JJJ’ ! ‘;A:;js Jle saasylis Y’JYg\ QL.;SJS' Cﬂ‘ u..\> J‘.’U Q,AT T

a0

Al 48550 2 (sl (P<0/00) 70 gl 53 5 LSDOsa3T bl jls me



WA Jle /o 5 obomiy o)lad / a5l Ju/gsujgif,u‘,?,bcu,@”us 055 5 poke dome

70000
4 60000
> 50000
3, 40000
"o 30000
5, 20000
£ 10000

(Yo_fO)\/\JSJa
Sl ‘5}7.4‘;%\“ \'°—f0‘9°—\’° G ) @A 4J¢>je) oJa'Le‘_é‘a' yijl.ﬁﬂﬁ)jj}lsqu_go)b.ﬁ Aﬁ)‘s ‘5‘AJ\~';| .\AJ\VJSJ

S O3l o g Slis plp ¥ Ol 4 00k g 5 555558 0o 5 4= SYe S LY Llsypd 5 SH g kil 4050 4w

45000

40000 -

35000 a

30000

25000 A S Ryl

20000 b a
2 b
<1500 4,4 H d be ® cd||4e de

e inna 10y Il

YooV S5

O S 429 ru sl Ol Jf..’;n 5_3‘5)’ ! ‘;A;:‘,s Jle saasylis Y",Yg\ Q\..;SJS' ;ﬁ‘ u.\> J..nu U,AT T

..Lfs‘a‘;a UJ}A J.& 6‘,} ( P<°/°O) ./-0 chw PLIN) LSDCJ}A}T u""""ﬁ Jlb‘_;'au

el 0l (6 - Seslae dor B Oy 4 g e3ls NS
5320585 o2 5 el 3,8 gladle 3 Ye 514 (gl IS
Yoo¥0 5 o-Yo Gas gl odr B sl i
s e 0L, S (g e ol
il a5 LS S e 53 (1) (53LT pems
SSesbas LB al lde 1) 555,58 oo 5 ol
Ol 5 Sys)c allz Slaissd 450 4w ;3 DTPA Ly
ija_w il asie Hn ol OLES Ol sy 3 )y s )se
L¥o L) o)l 5 555,55 o2 S35 doss Jlgr 5 4w
aS Soyo 55 LU s pme sl SaSL (SYe 5 SYe
s ol bl el e sl bl i b s oy
53 () (s 355 0 sdalin 33 Sis as )30 53 o Ll
(Lo/0) H55,55 o) F35 deoss o/0 Hlad wls QLS R
S0 ls L gyl e sl Ll 0B sl i)
LY LYV) 555558 oo (H3s dean 50 5S4 sl
SO Lo/0 b s a s L, K0S b ols me Soslis
o 3,8 4 313 0L (1) seube dins s OLES i3 jne
Gl S S S o A3 V8 Olis 55,58

3 DTPA L (s, Sejlas LG opal Jls sme il5il Esls

o S 5 s el it e el ol s Ve
ol e ST=UXEN 5 (D) ol A ST= 7 VYY) 55, 48
= [NSIAY 5 (1) pal ST =IVIAY ) 63l s 40 S ((AID)
Mo 5,88 oo 5l s 4 ol @ls 53 ol (S ol
oy gl o s S ool sladeST Jlitle 55 5 ol o ol
43,5 )15 el ees (e S ekl L i
Sl LenS 5 ol 0dcs byl oy le wll o
Asb 108 st rse cpl ol e (il s 5 daw
055058 o e a5 I8 SH g wl Glaasse s
ey 53 el YooX0 5 oo glaas gl p (LFe-T)
3omYe Goes sl (SYo=T) o5l Wl a5 )18 Ol
You¥0 Gae gl = (L¥o-Y) 555,58 ad o 4w 3,8
ol 0B el e el LB sl cel e sl
A5 DTPA-TEA L 5 ol (5,50 las
J> S5 ol 5 s ol Bl s Ll b as e o
ol ol (g - Soslae ol B S w0 g e A
St Ll i b sl g ol l Y5 51 S5 ls
3 e sl 03 sy pm 8T Yzl Sl b A2l ke
IS Uy aesse a s BB T esle b 558 o)

a5



ce 33 AT DTPA oy 4 gl puinl J6 5 plasd (sla JS3

45

(mg/kg )

Feesffg tsszsfff bsssfid
—_ SR S EE N —_ N W o= N W —_ N W =N W

S s Kl 4 50 e SB (g a0V Gas gl der BB AT e 5558 oo 5 o)k e 28 sladle 314 S
Sz Jo ol ey S 0505 4o 5 ke plp ¥ Ol 4 o)l 5 L5088 o2 i 5 4= SYe S LYo sy
9 LSDO}&}T U‘“L’“ﬁ jé&a sy Sl S99 f.'\.ﬁ skasOlES uSJ;'.J}w JJJ;- R fééjs Jlw sasylis “"Yu\ C)L,.SJS OAJ

.\J:L’uan ) 6‘Jf (P<o/e0) /0 ch.u BE

50

(ma/kg )

| o e e v 2 B v o B v o | oul o B ¥ T 7 B V o] v e
E»»uhbh f—»»uhhb E"-EEE»&&
22222 R e e e e 2R
e O L ) R L ) R L )

S5 5 o e S (g e YooXD Gas sl o W AT ke 1 5558 5 sl 2 lS sladle 1Yo IS5

ol e BB pal ey S 03051 o5 Slie 1 F Ols 05l 5 558 oo o5 4= ST S LYo 0l 4y
53 3 LSDO g3l il jls s SN 5525 puds 0dins DL S ke By o ol (23355 L odias 0L YY) OS5

A2l 40550l (P<2/20) 10 o

v



Y4 )Lﬁ/ﬁijc\q&_‘a)w/rﬁéju Jb/dl&}gifﬁ‘ﬂcb_gd})gw Qﬁ}f‘,.\.ﬁd:u

At ol s an a6l (DTPASTEA G BB cal Yo 50 b Sbs ol s gl sl LG ool e S sbay

~ dw o) MCMM\.I_)”)' YD) B Lo o)y M“MWJ«&)J
5= b L g S S 5 5 e R
}MM\QJ@HLJ)HT&ATJMJ{L;%J;U
sl skile 3L &TJJUI&T g&deLA.,\.:...Sj)J%A 6;4":‘3

St Sy s ban Sl w Lot al cotile 3L ool i

5Kl : S

SO L JS ol 788 51 i (USE 0) Gopsal cal 5 sl5T cal oyl

Q«jd[@L&/W@&L‘/}} QL@M\&\U}) 43[?')[5)'\ J{.Lwddjbji.;»w\ e)\)u.p ""éfQLﬁjl&-_ijé
238 GSlem L3S ool G L il ae b 5058 o s el 3, lesls

5 Selas e 5l Ko s ol Jlie ax 5 LB 205l

03%‘ é)‘,ﬁ @l}.ﬁ

CJJ) J‘}_{LQJ«) Js_&)f 6)Lw.3y_5ﬁj JAIu}J C)l}ul})ls UL.JM;)_}J)_}:S U"’J cd.):.ws‘ &Lﬁ@ﬁ jl AYAe Cg&)}l‘w«)’
il i o5 ((555LES 0dSKls (ol SLE L1l 8wl Sl Sl K, s

Lol gl 5 Sl glaSs s g sl 5 oals s S Olge 4 5,58 oad 3 ,5,8 31 )y IYVA # gl Y
Ol s o2 ((63,5LS eaSiils (wlia St Wyl b )8

u_iai Sbtaw 3 (K ol & ode 5 o3 s Sas 5 &ngb o3l 5 55 5S o STATAY @&U 5 games .V
QL@—M‘ W a@\b “_;))jl.:ﬁ aml) cwl».&dl} JV.L)\&.JLW:J\S MLQL_»_L»_

4.Hoffman, S. J. and W. K. Fletcher. 1978. Selective sequential extraction of Cu, Zn, Fe, Mn, and Mo from soils and
sediments. PP. 289-299. In: J. R. Watterson and P. K. Theoblad, (Eds.), Geochemical Exploration, IMM Publ.

5.Marschner, B. and A. M. Wilczynski. 1991. The effect of liming on quantity and chemical composition of soil
organic matter in a pine forest in Berlin, Germany. Plant Soil. 137: 229-236.

6.Melamed, R., X. Cao, M. Chen and L. Q. Ma. 2003. Field assessment of lead immobilization in a contaminated soil
after phosphate application. Sci. Total. Environ. 305: 117-127 .

7.Rauret, G., R. Rubio, J. F. Lopez-Snanchez and E. Casassas. 1989. Specific procedure for metal solid speciation in
heavily polluted river sediments. Intern. J. Environ. Anal. Chem. 35: 89-100.

8. Schwertman, U. 1973. Use of oxalate for Fe extraction from soils. Can. J. Soil. Sci. 53: 244-246.

9. Shuman, L. M. 1985. Fractionation methods for soil microelements. Soil Sci. 140: 11-22.

10.Shuman, L. M. 1982. Separation soil iron and manganese oxide fractions for microelement analysis . Soil Sci. Soc.
Amer. J. 46: 1099-1102.

11.Shuman, L. M. 1983. Sodium hypochlorite method for extracting microelements associated with organic matter. Soil
Sci. Soc. Amer. J. 47: 656-660.

12.Sridhar, K. and M. L. Jackson. 1947. Layer charge decrease by tetrahedral cation removal and silicon incorporation
during natural weathering of phlogophite and saponite. Soil Sci. Soc. Amer. Proc. 38: 847-850 .

13.Sukkariyah, B. F., G. Evanylo and L. Zelazny. 2005. Recovery and distribution of biosolids-derived trace metals in a
clay loam soil. J. Environ. Qual. 34: 1843-1850 .

14.Tessier, A., P. G. C. Campbell and M. Bisson. 1979. Sequential extraction procedure for the speciation of particulate
trace metals. Anal. Chem. 51: 844-851.

15.Tisdale, S. L., W. L. Nelson, J. D. Beaton and J. L. Havlin. 1985. Soil Fertility and Fertilizers. 5" ed., McMillan
Pub. Co., NY.

16.Tokalioglu, S., S. Kartal and G. Birol. 2003. Application of a tree-stage sequential extraction procedure for the
determination of extractable metal contents in highway soils. Turk. J. Chem. 27: 333-346.

aA



J. Sci. & Technol. Agric. & Natur. Resour., Water and Soil Sci., Vol. 16, No. 59, Spring 2012, Isf. Univ. Technol., Isf., Iran.

Chemical Forms and DTPA Extractable Iron in Soils Treated with
Slag and Convertor Sludge of Esfahan Steel Mill

A. Kazemi*, H. Shariatmadari and M. Kalbasi'

(Received : Jul. 14-2010; Accepted : Aug. 20-2011)

Abstract

Iron deficiency is most widespread among plant nutrients. Nowadays, different materials such as inorganic salts,
organic chelates, soil acidifying materials and industrial wastes are used to correct iron deficiency. Slag and convertor
sludge of steel factories are among the industrials wastes for this purpose. These materials contain considerable amount
of iron produced in large quantities every year. Application of slag and convertor sludge to soil may affect
bioavailability and chemical forms of iron in soil. Sequential chemical extraction technique has been widely used to
examine these chemical forms, and thus to better understand the processes that influence element availability. It was,
therefore, the objective of this study to investigate the application effect of slag and convertor sludge of Esfahan Steel
Mill on the chemica forms of iron, distribution of these forms and bioavailability of iron in surface (0-20cm) and
subsurface (20-45cm) soil of three research fields. The results showed that more than 99% of the applied Fe occurred in
residual, Fe oxide and hydroxide and free forms. Application of slag and convertor sludge for three consecutive years
increased chemical forms and DTPA extractableiron in surface and subsurface soil of threefields.
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