Journal of Water and Soil
Vol. 23, No. 2, Summer 2009, p.10-19

i

(85235 2buo g pole) S5 9 O alxo
121 o ATAA il oY 0ylad YT il

S 53 01 (plasd SLSS et 5 098 Olis (55l p 2 AL, MG I

Tl 3 gemma = Tl 2 51— T G et = O el =0l gy e L skoe

AVIFIN S8 53 )

LXVOCS

4 ol 2959 318 cal 3l ookl S lilse a 3> 5L mlio 53 (eoaxte sl cpols SloS iy S 41 4 el Jl3lh sj g8
oop B3 LS iagh ol Jgl i 53 )l 53 1y eoaeie (Jasre Canj lylas ogilly o ) Alline ol o @Bl Gl 55 o lae
2390 Mo ey S s ot dehaas OIS b o (SRS Sl it (85 g0 S 1 pg)S ) p (silupyy Sl Olay ]
A oy RSB pl 8ladly g S o dlse (o5 (SRISS )3 p9)S @i i 9 B £ S (S pg)S ko g aB)S J1E L)
obej Job 5 cilisee (SlSs )3 pg ) @i p (Jlosle Jlude g S il (ST @ 0sd 3l pg)S ade S )y Baa b Himgh ol ped Lice
idlato ;> O 435 Cob (SRS (w0 )3 D) B gy 3y90 Slo CBIS | 35 B 5 pg S b el g sk ol 5 b plos]
J7Re 290 10 8 b pasuie S ul 0 3 0 SxSoslas 5 b dalie o ) (el YO Bos U pg)S L GSE ol (Sl pdp
P 35 Cope & RSB ol ilisee GLdSdy po)S @i w5yl 5118 ouiladdly JSE )3 pg)S

s JSs < Jhalge IS5 < sl S IS <onslegdl JSo

slaylas 4z 510, SB & g 39)9 3l obsS loj 10 Loy ccilisee (SIS 13 o) @555 2 (s Jlom S ploj & 0> (Lt S
o ol i ol @l cntere | g sl s SLISS 1 p9)S w95 3 )b sre 18T )bl S ) (635400 3)lge o 0ad Jlos]
il (oo sl Caedl g aowe Cunj 0B 1 as 5,8 o,Lil S &y 0adi 3)lg pg S Jlade Lilidl b Jols S 13 g8 mrew Lyiul58l

o sledsl )3 39390 claosn VT ales 1l o auie
sile 35bs8 o 31 LT (g0 SBas 48 Mt (St
slhdasxe ) Ll iso b 4 (S5 Sleds dbml g ol
£S5 YV V) Cnl 0 jymme alS 9 SB dga g O caliso
ool Carino )d (5103 S Hlows G ygo 4 oS Cunl 1318 51 S
SRy 9b 0 wBls o (ol lojl )8 g, 2 g 0
|y pade ol o )3 o] saste (slod )8 5 pg,S 2y pacia
Sy S Jas (lame G j Blas glood VI (S5 4 o5dll,
)
9 99 o> ALY pg)S JSb 4 el Calo 3 298
ioto sladlad B )3 WL b 13 39290 (8)b £ pg S
S o bioe 8,5 Y pg S (YY) Conl 0id 3l o) Laro
Sl 3,13 3929 w018t bd 5 Jglono o (sl JS5 &
il yuics o pH o g cool atunly pH 4 S 5 u8,l Ypq S

Olﬂ} m;vw wa: ‘L;i odle ‘r°9)§ :‘5_\’.)5 dL""")‘s

-

Ao

a5 ol 00l LS Mg 4 e mlio 938ljg) Ay

Jlue S5 g (55y9liS Bpan 300 ool 4 sl s g e
by oo (Sag ) S8 sl 03yl 3929 4 1) (laee Cunsj By
Sladg) 1 osliiwl posd dpplucy jlauzes Bkl 4y jls 5 Cunj
o base s Lagl gy 51 Jd g Ol 15 Jomo 1 1y s

o8l (55, 5aS” oSl ST pgle 05,8 sl (it )18 ol (g gl -
e (w93

( Email:hamidpouran@yahoo.com 1 st ok 5 — %)
dgta g p ol (65,588 0aSitsls ST pole 03 8 Laits -

A 33 b o313 (65)5LaS 0S5 $S e 0 8 bl Y

At g3 o313 (65 5LaS 0dSCils oSt e 0 8 sl i S -F

.Lg,i.aw‘,:)éaliidb b (}l.o av@il:&ia_;)f;l.:x\:—b



VY LSl i 5 29,5 Ol 22 53w o2 A58 OMSL 51

L5 S e S8 Lo S )3 s 3l o (slaISC
s g Jlen] lase Cuyj Ol las obal e 205
YY) il atily S S 318

il ) aBly oy S ped 53 4988 oy @lio TV 52
Sl g glivo ool g Sl YL oo g oo 1B
P2 o9l 2 p9yS YL Gpas il dilais Cunj laa
2ol YL ke g (pb Cungy (5 0 gl pSoS A (L)
) (S5l s (2 53 25 e Y ke ysbor) (298 Sl
Laygl (o 9929 4 @lhio cpl OB ,8b cov S (ol
lallae S 5 poS" (Sogll &) 3 loyguS o 4Ll & g
Sl 5l () Ban b (35 (] 45 jg0 (oS o
0955 9 Sy ()b £ pg) S 9 S5 p9)S Jhde e mlio
L S5 93 10 g, 5Ly (s g liseo cledSd o ol iy
85 alool (I slge pans 93 4 cciglize by

i) 9 230

Jls iz 48 45 il (ol adlaio §) SB lo diges
4o aS oy Sl )l OMBL ol alsS e plgie a4 Jlgie
3y9—0 3l 0dd & Bly dpuin 0B (g yteshS YO )0 oo g0
ol NS 3 ol plogl o 53l 48,5 o 41,8 o3lizl
b @ ol dgf b S, hawg ol dial $5 gud gk S b
Slisl sl aduas oanl (5 390 )5 a5 cladhaie) e, 5l
oSl 455 e 0 e 5, b sLid 4y g 005 Jitio (553
2 4S8 Kb o (ddlaie pdyo ataS ) D) LS Dgy yiwy j Sy
Ol 2 el pSes (g SY95 liee a2 b g Sglite Sleile
Ol ais il b 5 4l (S5 LB 0l 4zl by o
A8l (o Jld S e

U s a8 (dael jl S e ©yp0 d (o diged
Gl 4l g 00)58 OB S lgie 4 conl ausly Hl,8 OB
0l SB lsis 4 393 48,55 8 rgs oMb L5 cow oS
IS dwbg gpie (lo VomFD 5 VO-T+ ¢ =)0 Gos duw jl g
A5 plo

lpos ylomo 5 olutilogl 4y JLinl 51 aey S (ln wiges
5 Ls d5glS 3,5 5,5 5] ey Sitblgn (clbaiges 50 S
Srngydah gy dy SB ol .Lub 0> joue (gyi0 (oo ¥ S
2SSl colia e bl g glusl 5 0 pH 05,5 oo (YY)
{57) 55 (65 o3l Jy-ama (sl (s 1ol JS oluae
Slas 1+) asls bey 5l ol Uy SB asls Jols e s
Joes el DS e 5 (10) Sl ISl gy & SL ]
S5 osbase (sl b e (V) el b g3l (25 B9, @

Blgign 8B ¥ pg)S boon Bl wgua WIS g 4, Y0
Lo s VST Lol JT oS L YL lapH
oy A JuSei )1yl (sleuiSaS o yarly s DTPA EDTA
¥ porS S eble g )bz o 4 Wl e I slanslieS
4o b 7 pg)S (V) Wil f5e S ol )3 39290 (1851
da g 039y S e g yilgle (8L Y po)S Sl ey LB b
(V) 23l gpml SoPH I 28 LB L 23 cpH )5

s9b 4 Wlgiee (3L F pg)S 4 (B)L T pg)S (b S
Jeds a dlce ol a8 ail, SU s o bapeo ¢l i
Ao bazee 3 ()b D po)S GV o Cuow 9 S 25
leome bulyd el o Lo ,a S pd sgn g0 b\l £ pg,S (V)
Fp9rS Jloal Lo i(W) 3)15 3929 Jodore 9l S 90
P el d g b SB S (Sealadge s Bl I 8l
(8) 29800 i ALY pg S 4 S o (sl

B o Vel oSl 53 ()l ¥ &y (b £ pg S o
Lallyie sl S5 Jglomo > (28,1 Y ol dsgy (15 Lo
(;) .))_szn S g0 Lr” .)|9_A L: 9 04 sL>| d'))fﬁf ul.u.{)i'
3 gl SSE > N olge sy (235 7 p)S sl riomon
o (B 7 pg)S Sl s 4 (A) canl yim iy LB SleS
2 el Ul Glos oo 98 o0 sl ()b aw pg)S 4 (o),
2P (bl USd plgis @ (18, ¥ pg S LS > Llypd el
(V) 595 oanlite S5

9 B Y pg)S 4 pg)S (b slal b Ml oo pg)S Capons
7 p9)S sl )3 6550 SR Wil oo i (9 yiSIl LS 5 lgie
Das Ggy a5 s o s calises Cligasg il andly bl
ol &l o ad ks (RIBIL (BB Y pg S 4 5 pg S
dg-bise sl g odls Gl 1) SB )3 pgS ()l cuklB ol
ol lmojins 4y p9, S JUiD! (imon 9 (S by ol i
(V¥ 9 A) 48 Ly 2ol gldlas Mo LB yobo & (o

L oloj (Stasen el > (8)b Veg)S' (xaw 0l
Gl o QLSE 53l S () )l 5 Se5 Jols cudils
|) sty )b ¥ pgy S Vgane 4505 (it ol Jols
OlHIL SB )3 pg S S o0 S (o (v i) )l
S 335290 9y £ & Al ] 45 0 (oo IS ) s
b Gl ) By g 42 a0 oS )5k 4 Cunl lasye 5o
g ¥ VF) aS o iy l58l 50 S lild (6l S @B
I

oty ysd (A8 (gl Wle Jame Cannj lail o Ol
Slils S s sl Wl o JI cnIE il b g Ll g ]
ot gyl 3100 Jalom 6 4 dele 5651 il <8 > 5 (S



AN Jlo Yoyl Y als «((6559liS gluo g pole) S gl almo VY

el ;1 s GBI ol )3 0 s dgutie JT 28 58
235 (o0 )18 02latal 3)90 CuwgeeS drd Caer o o (SO

Sy Byy b 19,0 00l SB (sladiges jlp)S N0
Jolse cgby 4y jhaie Ol dluwgy SB- Cusbs; g 50 03 sl
2 Gy abged Jl ey aSl 4 do g bl ol as e bl
Laos 15,5 Lo bl L digod jo, Vo g Ve sl FA o olo;
S pialojl 890 Jobo plas 53 b ags aalesl 2ol VY
ol Laas (Joleo Cugbs)) de o cud b B3game 3 S sladiges
D135 (6515 olSKitlojl (gled )3 adiges

5 JoSb Sygo & (ool MalS b B3 gy ol
ko o3l (gylel Jlod g any o j9-laie 4 b plonil 1S5 e L
3Sles duslio 5 13,5 03lizal MSTAT C 138l o5 j1 Liuloj]
A plogl Sl (ol aels wis 905 5l ool b L

9 N b cov SB olewd 5 (Sjb Cleogad (S
Clusga s S ) Jodn 0 alidie Gos dw jd dals SB
SRS el oab 039l ¥ Jgda 53 b o2 S b BB
Cov oS Cul (SB aals SB.cé S 18 Jaw 8l ey yo dalais
Gl aulie gl ol 4l Glyie 4 g sl )13 OUSB 156
295 oo 0daldio ¥ Jgdo 13 &S jelailen .Cawl o edlatwl LS
duplie > adllae 3)50 OIS )3 (85l (i g A pg)S ke
ol G oo clslis lojls Lauwgs 005 &) (glas ol
SIS odlid 5 g, S Clile jLos 1> L el (1)
ol Ly b oee )3 (gilw Ly jolate dny (g0 g (sixio
ol yidin Hloan Canl 005 03,91 ¥ Jods )5 a5 (¢,0liS

S (Sopsllclin ol )3 0 Y o) Joh & 2295 L
Ml (VL S8 cglin bl s 4 O b cow
GBI comge OB, I OS5 d93g 98 ezl I e
sl 15U oo SLs asls Jols cud s 5 T slg o
oS GLiuyS lide ioli 8l ccwl oapd)5 dals S 4 Cans
Ml 50U e SLs 55 T—Fd 10T+ slosl )5 Jolas
9 2 YL 38051 Ol Sl > Sl 5 cpl (ool Wb 4 Gl
A3k 5 ol el o ges

S 315 poyS L (Sogl s ogilly ol 13 pg 8 25 o
S OB (b cov Sy ams o ol ol b cov
Mo 4S5 55k 4 sl Cllae (] 90 005 (535 031l pg S (YL
LS S (e sl +=¥0) GASB 436 cos SE )5 pg)S
o dS Gl b pl 20,8 o duwlre 5 oLST VIV 200

b odlawl llalw Ql3 g by 5l SIS sladiges )3 IS po,S
Ui ool i olS2 Algusgs Wnoylas 5 IS pg,S s (YA)
3,5 e SV giolond

(18) OhlSomg jo B9, 5l ()b £ 9y e Sl
sdows ik 3,5 gy0omm iy o sl ;a3 sl
prS V1B gy ol 3 33,5 (oo s JOS BB e 5 (D5
(NayCO3) ot liyyS Vg +/YA Jolowo 51 id (Lo 00 S
03ld S5 el S5 e 4y adiged 5 o L] dgw Yge /0 g
slod 3 ,bu plos (69 p el S e 4y badiged w00
L opied 0y 3l a9 il odly oyl s 0 Sl do jd 1020
A0S Sondy il aB8D Ve Cde 4y g AdB )3 450 Feor Cepu
> Uhgy jl o3kl L Ladigas 13 (8)l5 7 g8 jlade cules 5
x5 o)l agli OF+ zga Job 1 (o 2 52 b 2jLS S
049 )1 SIS 3 pgyS ol SRISS e gl 0
22,5 odliul (V) (hlSen 5 gbjgml (2 2 (2 35 0)las
g Ly 4Bl Loy 0l il g (D5 e Jglone (SlelSS (g
Jalore 1 a8 a5 cpl 0 (550313l oailendl 5 oS I
el g Jodme JS (gilolir (gl oamiliy Sl Yo +/0
Jate JSb (gilulix jslaie 4 pade 2uSgyn V5o o /0 Joloe
oo /48 syl Sl 155 cypel (63 o] Jsloxa 51 ¢ 1 Slg
Sl Yo ¥ Syt sl jl g Sl JSb gl caa
2 poyS clale i oolawl (Residual) suslendl [ (o 5lulis
A5 680l el o olStind Ay 4y o o)luae

Digas 9 plalejl slojlos dspd Can G:dod pgd (150 5
loysiS 1 aalllas oyl 5 5,8 bl cglize (ol L (S
o 93 53 p9)S e (1K 9 Suw) gaw 93 > S él
FURTIR S PRRNIPREXTSRE R S
CavgeeS doyd S5 09Mas adgl Jlads) 1o jd V g (adgl jlade) sy
59V 950 Ve el YA g ¥ 53 (loj jolatsen g (s 05
P S5 oslas dhwg Cilisie LSS 53 pg)S Sl 5,
B Y pgyS A (BB F pgy S (AD hdS W9y (imen
B Hl)B sy 3)90

e 5 Olsis 4 KaCrOr Sl p9yS o dd sl
oS 5 cpl il eslatwl s cunl S5 4 p3Y ad eolaiiwl pg S gol>
P PorS &2 oan ;oo B g ()l 7 pg)S o slox
PorS 4nF pe)S byl has L9y loj Job ) calisee sledSs
) o5l 9 o3l 3,90 o 33,5t 3 b3 ¥

1- Diphenylcarbazide
2-DPC



VW LSl i 5 p9,5 Ol 2 3w o2 45,5 OMSL 51

ZeydT S e odad lis &S A (648 o3l (gyie il <=V
Gos > ()b (b pg)S gls ABL (o0 5 ol Blesl 4 pg)S
g0 3l Y slae) b (g e 5l FO-Y-
SIS (s (Sl diedg (g (Jlgte 65 0jlase
33 Gyb ol 5l eel st GleMbl .l SB > s olows
o ol olend LlSS s 5 (ald o) a5y
2 poyS gmie Aoy Nl V USSE ) al died )l [0S
dw g dizee glens sl JSG o OB W36 cos S

Ll 035 03)91 0l (5,05 diged Bes

jome s> Gl j lame cblis lojls y85 skd IS 3k
Loyl (oolasdl aeS (sl JUS 13 )5 oS s o g5 jlade
O3S 0 aila 9 Ve G0l (558 Jlad e plall oS B
S ol B3 s )3 gy o anld S5 )3 (1) sl 0k
Uaduhis yiuo 3de by Jodo 3 a8 dg8 (o5l Ll oS b 318 )
3> b bl (93b5 sl Jlod ()b i 28 el 00 S
oolsl 0l 2 (Y) 398 (o0 Jods ()15 ds pg)S 4 o pes s
A G (b G gy S e OB L6 cos S
Gos 3 JS p9sS sle (il g g8 sl JS p9yS e

2l 9 DS 15U Cod ShSL abonsd § (S Oluogad (S () Jge)

Cr(VD TotalCr .~ CCE OM CEC EC  Clay Silt Sand PN
(mgkg") (mgkgh P (%) (%) (emolckg’) @Sm) (%) (%) (%) =%
V5D YIAAY A AN /RTIRVATA a/vy VYo WV OYYIA ¥/ =\
V5D VAY/ N AY ARVAS V¥Y VA WY W/ v ¥a/0 WY OBl S cos
VAay WARA A YV Y VWYY Wi W F YR
A \RIY IYY Y6 YIY WA YYIA SYI¥ =0
NY YA -IYY A/AD Y/ WY A VA/A VO-Y. Anld
NY YA AL a/vo A WY YWY V-/0 Y.-¥o
R 072 S e S Olwogad Ay - (Y Jgoe)
Cr (V] Total Cr COD BOD Jolo skSos JS ,luio pH EC
Lt! L! -1 -1 dS m™
(mgLt™) (mg L) (mg L") (mg L") (mg L") (dSm™)
A o Vo Yoo Y. AIVD YV
OIS 45 (8, i g duw 09,5 jlome CLE (ks — (W Jg2)
859WeS 55 o3l b gleal 4 alss
S il 3 ol X il 3 oly! P95 JSw
v Vo Y Y \/o Y Cr (1) (mg L™
Y -1y 3 -y - .10 Cr (VD) (mg L™
Yol
VAR O sledl S
Sl g
Y/ N I I N A —_—
| QJT 3l ge J§_2
o --pret e B S
v/
Y O-¥ LN

Syo G3lw Ye—£0 9 10-Y+o (10 Gos du > Blidee SIS ;3 99,5 1595 wwoyd — (V JSS)



AN Jlos Yoyl Y als o((55,9LiS gluo g pole) S gl alme V¥

adlle 3590 SUSB Shuogas I (S - (€ Joua)

Vol SU Y Bylows SB S8 Slasuie

YA VA Sal 1oy

V¥ Vios I 3lge 1o ys
DO/SY VWY ) >
VWAY Y10 b doyd

¥/ Va/YY s o>

e /o EC (dS m")
v/ Wl CEC (cmole kg™
vive v/av pH

b AUj CuawgeeS Oluogad 5l 51— (0 Jgs2)
pH EC dSm’' -
CN (Vo) (1:0) S i ey Sl oS 2ep
YAY 2 FIAY /¥ A3 YSIVY

395 T 9V oo gledlej , cilises 5ledSid 5 (o yd) gy e 3 ST& il 5 T 03ko ¢S (clowi pui — (1 Jgoa)

U5 asle U5 5 U5
Sl S ey sl
o -l Y. -l s Y.
e SIIAN SIIAN ° ’ SIIAN . ° ’ SIIAN SITAN e SITAK )
P Pand )9 Pand Pand 9
%ﬁ;ﬂ? Mia  df¥b  ¥ec  SiKb Ve/fa \\da  FIYb aab  %Aab  V/Ac  YblAab  Yolfa
fg{{;ﬂ;’ Abffa  SVYb  o¥lac fleb \WAa N-ea Yb  \-JAab  oRab  faed VYD Ye/va
T LJ'\ odlo IYAY:! OY/\b VALY 5/ab \Y/5a a/Va Y/ab VV/aab Y/yab b/sc \AN/¥b Yy/da
YA) LJ'\ odlo AY/Va £+/ab YA5C £/1b V-/Va \Y/da ¥b NYyab Y/dab sC y-/Yb Y\V/da
S bl Ad/va do/ab \edlge d/Ab V-/da VYV/va ¥/ab \¥/va VV/Aab v/sd YA/Ab Y./fa
wim cél AY/da £Y/¥b oY/ve Yb VV/Aa V-/da Y/¥b b/sb Y/ab IYAY y-/vb YY/sa

5l o Sl (3 I Loine alt 53Y S jite b gy 5 ] ond (g ylel &y o ST oo ) LedSCS 1 Sy pn

2 adlas 350 GLaSE 0ad (55 ojlul Cluogad | (S
Canl o 03ygl ¥ g

2 ol (g pd Al CungeeS Sl T B3l o 4 g
ol 01 035l O Jgan 33 o] Gluogas 5 Sy &S

poS Jade yp S bl g (Hosle g8 (slalos b
Joi 359y Ve 9 Ve o slelej o il (Sl )3 (10 3)
S e ¥rr Ve jleg)S e (il cunl oad 039
e s 3 L3 S 3 S sk il el p Sk
Job 2 pg)S ke ials 90 )l (dme Il cpl 2 ST 00,8
dooyd alS Ky 39y 00 el g )1 gme e 53 8 )3 (o)
of Juasl s JSs ol 5l ol s b g Jols USG5 )3 39290 p9)S
Dl au cnly ;o Ul adbl loj cusdS L ,Sod (oISl &
JS8 53 pg)S LSy S 3 ol Jlde 4 4 g ol
Ol 48 3,5 o0 LS sl po)S cenlp il 4 xie (Jls

coos e o (V8) o) Len g ydlg bowgs a5 inlejl p
B ol (B IS5 3 455 o3, 8,8 ol s 0eb IS 50
aalllas ) (VY) &l,8 Ko uiizs jd byl pl 43 0 (655 05l
g By 0dg oMol )...sb Cod Gdo )'l).) 5 LY L;’LQSB S99y ¥
2 alds zls b (655 ojlul sledly S )3 pg,S Aoy Ae ]
o odalie ) S5 )3 &S jebailen el cunty 35 (V1) W bawgs
oy Vel iy BB 130 ot S0 Ges dw yb 4D Do
SIS )3 p9)S @iF iy b sdmldie oxlely S5 53 g8
Slgo JSi < gLy JSs <ousledl IS5 g 4 caliso
sy ol J5s <

SlSS 53 (il (b pg)S @5 W) addllas pgd (i )
2355 (yp poyS ke



VO LSl (i 5 p9,5 Olie 2 53w o2 AT ML 1

=5 SlSB ln |y Jlolge S5 5 p9)87 ke () oyl
il 9 03 059503, (IS AVIA oy SS sl 5 7Y
om0y ¥ 1y AN JSS )3 s (S ojluil pg S lado (V)
DS TNY s SIS 33 gAY (o) SB |y pgyST (3958
5,8

L olso JSod 13 39290 S o3 # Jpiz 4y 2295 L
il (g5 9 sogme Ligy J sole jho s (sl oo B35
19y dige cole; sl Ly Josle soyd Sy jled sl I
Ol g S L py S il polaw )8 bais |y 253 (939m0
Lol sl U8 5 pg)87 b (5l (sine 6 JT edlo
ol (b SIS Sl JSS 0 39290 p9)S 0> (Jb
JSb 53 35290 £9)S Mo yd o (o p3 gy (o) SB I ik
porS dmoyd lall g (pSiw 8L plp ¥ S Bl > (Dls
poyS doyd o 3l am g b aalsl g, Ve plaj bl 9o o sl
g gl 28 g SRl L g3 ya 5> Sl)ST USS ) 29290
i aile (M o0 ol bS5 36 4 (F4) (ylSen
odsds (il g 1,8 o)Ll S 53 g conlyd Cann) ol
GaLS LalS sl poyS (ol padS SluyS Gl L oSl
b

83lo gaw 93 35 sl SLuyS JSB 3 p9)S Moyd iy
Al 83lo o 95 2 (gl b (65031l 59, V0 oo 5 ]
9 48l ISl 59y Ve U e loj I (SlayS JSB 53 gy aa )y
) JTosle 136 (W) epliad g 5,0 058" 0,8 Ly als” 151
e aSpgb 4 20,8 ()15 (SlyS U5 3 295 Gl
S Gl)S IS8 53 pg)S dopd SBapg)S (939380 5l g, ¥
oS I lg—a Ly SUs g VA (T Slgo 51 s yos) ot
b (¢ pSoslul Z¥/Y (Cambisols)

ol Lo Job )3 osilaBly Kb )3 pg S o> il
Lelej 5l S 2 )3 poyS cilises gghaw 30 .cully ()> (dse
2 poyS ey S b 15U e oloj 0 s g8 4l xe
CBl s i Bl g3 48 dg0 b dre onle Bl U
2 39290 p9yS 32yd (W) eplisl g (55l 0598 b oamlitie S
b SB > SB o pg)S (59380 5l g G, T 1y ol S5
GVl adllas )5 .05, 555 Ao > YVIY oy S j5 9 YV/Y
57 IV b Sy onlasly S5 )3 pg)S ao)d (F) ¢ e
S5 S BNV S

2 pyS ade o) iae 6 oole sy S Sl
sl edileudl S

Job > (bl (i pgyS o ialejl (slaless 55U
Gl 04 0350l ¥ Jgd 30 o

B GLalS (sl a5 (Sogl s ils o5y 5] e
{VY) ol dn g8

Clale o)lge | syl 3 & o) 2 2T L (OF) g 5 553
O o9l Jasliy L bl > (s leMbl (S 6 S5 IS
R g (P JSS Coonl 4y cdad g0 15 Lo sl SK s 56
o 3l St Sl @ ailate S GlalS 1 oxgl 5 S5 )
o (Pl IS conl (V1) eging 9 Sid 53,5 o)l pg)S
OLlS Gl porS (ol b Cunj 3 ol Jelgs | (6 olgis
) S VL slogale L b3yl 5 3250 Jlazsl it 5 15T
233)8 s [l adaie Canyj laze (4l

AU (Pl USS 53 pg)S jlade p Sl b anglio
P9 e e Gloj ) udlii dg2g S 93 (i (5)1 (ine
Shes Aol )09 jiy Shw €8l 3 (Jols S8 53 39290
2 L5 S8 5l gy geyS b SBa pg)S 3959 il olisS
G595 Ve ole 3 ASteb o gy (e 8L I i S 8L
Wyl S S8l (50 €8l (D5 S5 53 pg)S ke
O 9 S 3L 93y (sl (Bl JKS 53 39290 pg ST jlade
28 ey 8 gloj Jsbo 5

P95 @iy 2 SB Bl Pl gwyp 4 (V) il 5 031 ofsS
Aoy S g S Bl g0y calizee IS o sk S
3ot 39y Yo les 9 1y (ol S 13 35290 9y 20> o]
TOSIY s SIS )3 9 200/ (wy SIS 13 pg, S Jlo Jlas]
25U by ol a5 amd o ol cilisee @lalllas L053,8 155
A5 (ol S 55 (St Il jlade (Al3E1 > (i JB
(A s VA)

72 b e 58U ool a0 > S 2938l adow ] o
bl Jols UK 50 pg S ke

P A0S S5 iz 098 1S5 (W) eplisl 9 05l 0555
3159y ¥ sdS 5w (Peat Soils) JTslge ;I Lo g S
2 el )8 ol S5 )5 710 o S 4 pg)S 338
I 3lgs (gl)ls a5 Cambisols kS (gly Jlade ol a5 Jbs
o Jdd a5 60,8 lgie e gl iy ZAYIY 4 ddgs oS
ol g 039 (M olse S 4y Jols S 5l pg S Jlaml (5l
St 53 ol Gl 5 o S 53 g5 inlS el e
Cwdy o 500 Gladllas (B 50 wlie ol .l oad  JI olge
sialS 55 siss ol 08 Jodo 4 dng LY g A) cenl oal
JSs 5 o e (I8l i )3 5 (Jals S5 )3 pg S jlade
b (pl g0 Mg oo Gloj Jsbo > ilitie slasless > I olga
T o3l doys S LIl 5 S il ipgS iliske sk 1l
SVl cudlis pg Syl (g3l (sine U Lilej 1 S 2 5



AN Jlos Yoyl Y als «((55,9LiS gluo g pole) S gl alme VP

Oloj Jgb 3 (8B T pg)S jlude 5y SK il g JTodke 09,8 glaloi S - (V Jgo2)

so ol 390 Y+ olej 392+ oloj
Cr VI 200 (mg kg™ dAa v./ab \Y/sc
Cr VI 400 (mg kg™ av/va Ya/vb Whe
- Joske oFa Y-/Vb ALY
7y Jleske o3/va Ya/Yb Vy/ac
S ly of/va b yY/oe
S cdly oMsa Ya/rb WYive
Al o lgiuSilie Iy xe oglas ALt 5V S yide pi gy
S5 4o > (ne yobo o (Bl (A gy S Hlde loj Jsbo )

o SBj0oud (6,5 0jlul pgyS o3 Ar dgds jd xS

ol L 0 oanbio okl S5 15 pye colols )l GG b
e LS s 005 03938l gy 6V o ko & 455 b o
G b gl 09l 35 (T 9 (o5 SISS )3 35290 p9)S
Sl )_:1 ol aS b ol C’l—"’ W PP odiS Q])ii PYi259
LS )3 pogasu Sk cilize WS )3 pg)S @jg 2 ok
2ol e gy Bl cage SB 4 pg)S Ll s
o=l ol el oy 4 lej b S 8 by S
ol glos Job )3 osilesdly JS5 55 pg)S jlade - anals” JSU5
Ve o 53 53 il RIS )3 pg)S o) mig )5 M
S 99581 9 ST Bl 98 I ne oSS 2 25 e ¥
GRISS )3 o, S 2aig 2 6 (sine Sl s I oslo o

poyS ik polas Legles 5l Sy p2 0 4z S10,8 Ly Llels
S (e LS byl s pg S slde p Jledle g S il
95 e Slye & 8yl D g8 Ad 4l oS jglailen culls
o Ol A8l (oo ()b dw pg S 5l iSUjkas o 5 S poxie
IS Lo S 3955 (loj Sl )b i pg)yS (b Ll By,
p9S sl (58T a0 (V0) Canl Jlayg 0 (ol el I Lo
o b aw pgy S 4 ol s g S 3 0gmge Bl S
aB)S p b 3 S (Sogdl (9,8 Gl sy ) S6 lsie
it 10155 o JT dlge a5 amd o oyl Sladisg (YY) 2945 o
g A) b andly (18 )b (b pg S (sl g Cumn LS ) (iste
25U o oladss By Jlolge s SB sl 136 ogMe TV
s Ll cdlad (gl ol Lol g oo 519 Sn it

(1F) 85 o o)kl S 53 g8

&be

P9.LC oKiisly L;.u_(bs).: C)_]o AYYe d)l_i:i é)L.J.O uLu.u o 99)5 u».tblf dbLa»Sl 9 L:J""& dLbaé\ub u.sl.»»] . ‘Ls‘a'°|9 “& cl.uuleu.m -y

10-

Cudligg 0aSily )l yes (Sd
Anonymous. 1998. Phytoaccumulation of chromium, Uranium and plutonium in Plant Systems, Amarillo
National Resource Center for Plutonium (ANRCP)-1998-3
Balasoiu, C., Zagury, G. Deschenes. L. 2001. Partitioning and speciation of chromium, copper, and
aresenic in CCA-contaminated soils: influence of soil composition, Science of the Total Environment,
280:239-255
Barnhart, J. 1997. Chromium Chemistry and Implications for Environmental Fate-and Toxicity, Journal
of Soil Contamination, 6:561-569
Bartlett, R. 1991. Chromium cycling in soils and water, Environmental Health Perspectives, 92:17-24
Bartlett, R. James, B. 1983. Behavior of chromium in soil: VII. Adsorption and reduction of hexavalent
forms, Journal of Environmental Quality, 12:177-181
Bolan, N. Adriano, D. Natesan, R. Koo, B. 2003. Effects of Organic Amendments on the Reduction and
Phytoavailability of Chromate in Mineral Soil, Journal of Environmental Quality, 32:120-128
Cary, E. Allawya, W. Olsen, O. 1977. control of chromium concentrations in food plants, Journal of
Agriculture and Food Chemistry, 25:305-309
Chapman, H. D. 1965. cation exchange capacity, In: Methods of Soil Analysis, Agronomy 9, C. A. Black



VW GlldSd i 3 p9,5 0l 2 53w o2 45,15 OB 51

(eds). American Society of Agronomy., Inc., Madison WI, 891-901.
11-Fendorf, S. 1995. Surface reactions of chromium in soils and waters. Geoderma,67:55-71

12-Foy, G. Pacey, G. 2000. Specific extraction of chromium (VI (using supercritical fluid extraction,

Talanta, 51: 339-347

13- Gee. G.W. Bauder, J.W. 1982. Hydrometer Method. in: Klute, A. (Ed), Methods of Soil Analysis:
Physical Properties, Part 1, second ed. Agron Monogr, No 9. Madison WI: ASA and SSSA., 383-314.

14- Hungrui, M. A. Wang, X. Zhang, C. 2003. Cr(IlI) accumulation and phytoavailability in alkialine soils
contaminated by tannery sludge, Chemical Speciation and Biaovailability, 15:15-21

15-James, B. R. Petura, J. C. 1995. "Hexavalent Chromium Extraction From Soils - A Comparison Of 5
Methods." Environmental Science & Technology, 29(9): 2377-2381

16- Kumpiene, J. Montesinos, 1. C. Lagerkvist, A. Maurice, C. 2007. Evaluation of the critical factors
controlling stability of chromium, copper, arsenic and zinc in iron-treated soil, Chemosphere, 67: 410—
417.

17-Kuzeh Erzen, N. Stupar, J. 2003. Fractionation of Chromium in Soils Treated with Aqueous Solutions of
Cr(VI) and Ce(IlI), Acta Chim Slov, 50:67-81

18- Lavado, R. Porcelli, C. 2000. Contents and main fractions of trace elements in Typic Argiudolls of
Agentean Pamps, Chemical Speciation and Bioavailability, 12:67-69

19- Leli, N. K. 2004. Speciation of chromium in 12 agricultural soils from Turkey. Chemosphere, 57: 1473—
1478

20- Lilleengen, B. Wibeto, G. 2002. Graphitefurnace atomic absorption spectrometry used -for determination
of total, EDTA and acetic acid extractable chromium and cobalt in soils, Analytical and Bioanalytical
Chemistry, 372: 187-195

21-Makino, T. Kamewada, K. Hatta, T. Takahashi, Y. Sakurai, Y. 1998. Determination of Optimal
Chromium Oxidation Conditions and Evaluation of Soil Oxidative Activity in Soils, Journal of
Geochemical Exploration, 64:435-441

22-McGrath, S. P. Cegarra, J. 1992. Chemical Extractability Of Heavy-Metals During And After Long-
Term Applications Of Sewage-Sludge To Soil. Journal of Soil Science, 43(2): 313-321

23- Natesan, R. Bolan, S. 2002. Sequestration and bioavailability of chromium in soils, the 17" world soil
science conference, Thailand, Symposium no 47, Paper no 1796

24- PantsarKallio, M. Reinikainen, S. Oksanen, M. 2001. Interaction of soil components and their effects on
speciation of chromium in soils, Analytica Chemica Acta, 439:9-17

25-Reddy, K. Parupudi, U. Devulapalli, S. Xu, C. 1997. Effect of Soil composition on the removal of
chromium by electrokinetics, Journal of Hazardous Materials, 55:135-158

26- Rhoades, J. D. 1982. In Methods of Soil Analysis: Chemical and microbiological properties, Part 2. 2nd
Ed. Agron. Monogr. No.9. A. L. Page (eds). ASA and SSSA, Madison WI, pp.167-179

27-Richards, L.A. 1969. Diagnosis and improvement of saline and alkali soils. Agriculture Handbook No:
60

28-Rudel, H. Terytze, K. 1999. Determination of Extractable Chromium(VI) in Soils Using a Photometric
Method, Chemosphere, 39:697-708

29- Sposito, G. Lund, L. J. 1982. Trace-Metal Chemistry In Arid-Zone Field Soils Amended With Sewage-
Sludge, I: Fractionation Of Ni, Cu, Zn, Cd, And Pb In Solid-Phases. Soil Science Society of America
Journal, 46(2): 260-264.

30- Stewart, M. A. Jardine, P.M. Barnett, M.O. Mehlhorn, T.L. Hyder, L.K. McKay, L.D. 2003. Influence of
Soil Geochemical and Physical Properties on the Sorption and Bioaccessibility of Chromium(IIl),
Journal of Environmental Quality, 32:129-137

31- Sterckeman, T. Douay, F. Baize, D. Fourrier, H. Proix, N. Schwartz, C. Carignan, J. 2006. Trace element
distribution in soils developed in loess deposits from northern France. European Journal of Soil Science.
57:392-410.

32- Sutherland, R. Tack, F. Tolosa, C. Verloo, M. 2000. Operationally defind metal fraction in road
deposited sediments, Honolulu, Hawaii, journal of environment quality, 29: 1431-1439

33-Tokunaga, T. Wan, J. Firestoem, M. Haze, T. Olson, K. 2003. In Situ Reduction of Chromium(VI) in
Heavily Contaminated Soils through Organic Carbon Amendment, Journal of Environmental Quality,
32:1641-1649



AN Jlos Yoyl Y als «((55,9LiS gluo g pole) S gl alme VA

34- United States Environmental Protection Agency, October 2000, Technical Fact Sheet For Chromium
Hazards and Alternatives

35- Walkley, A. Black, I.A. 1934. An examination of the Degtjareff method for determining soil organic
matter and a proposed modification of the chromic acid titration method. Journal of Soil Science, 34: 29-
38.

36- Walter, 1. Cuevas, G. 1999. Chemical fractionation of heavy metals in a soil amended with repeated
sewage sludge application, Science of The Total Environment, 226(2-3): 113-119

37- Watanabe, T. Hirayama, T. 2001. Genotoxicity of Soil, Journal of Health Science, 47:433-438



Journal of Water and Soil = (55,9L8S gluo 3 psle) S 9 O alxo
Vol. 23, No. 2, Summer 2009, p.10-19 &%’,iﬁﬂf) 1m18 o AVAA bl oY 6yles YT als

The effect of leather processing industries waste water on chromium and its
fractions in soil

H.R. Mohammad Pouran* — A. Fotovat — G.H. Haghnia — A. Halajnia — M. Chamsaz'

Abstract

Chromium is among the metals that has numerous applications in various industries due to its specifications.
Widespread use of this metal in different industries has unfortunately been accompanied by its increased release
into environment and this entails numerous environmental hazards. In the first phase of the research that was
conducted to evaluate the effect of the leather processing companies' sewage on chromium behavior on soil,
samples of soil affected by the sewage of leather processing companies were studied Hexavalent chromium and
chromium distribution ratio in exchangeable organic, carbonated and residual fractions of these soils were
examined. The second phase of this research was conducted to assess the effect of time, chromium, soil texture
and soil organic mater on chromium distribution in soil fractions. In this phase of the research also the reduction
process of hexavalent chromium with time was evaluated. In the evaluation of the soils affected with chromium
in Charmshahr area of Mashhad the contamination was observed in 45-centimeter depth of the soil. In sequential
extractions of these soils it was shown that 90% of the chromium was in the residual fraction. The chromium
distribution order in various fractions of these soils was as follows:

Exchange fraction> Organic fraction> Carbonated fraction> residual fraction

The results showed that time had an important effect on the chromium distribution in various soil fractions
especially in short term. Treatments of this section had not a significant effect on the chromium distribution in
various fractions statistically except in limited cases. Among the most important results of this phase, we can cite
the increased contribution (percentage) of chromium to exchangeable fraction with increased level of chromium
in soil and this is so important from the environmental point of view.
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