VAP Sle / (D Jol esled / o3l dlo / pnb bl 5 (55,508 058 5 p ske

I

-

SRl S S s e [l ol S5 g o 9S85 peedlS (e 3,8 5 SN S

T Sgmsn 35 A 5 Gl A sl ulasdle

A~

o Tt S e 51 (S0 ol 4Bl I3l sl ams 53 (e SIS oy & n3 5 e s S (Sl 4 by oS
S Jeds e 4 Bl p S 3 Dl T glacil 5 v 5 0k Gl s G e DI gl OISl (03 5 a5
Ol sloml aes 53 5 (AT ladal et 5 5 S 55 73 5 Jls sbowl bl @) a2y lend 5 (K38 50 o b 5l AL sy
(B J8) oS g 53 5 SAl S K 5 5w Sl S5 oS o OISl gy obiie 4 bl addlas A3l oo KI5 0 e 5
S 03 555 Cnd (in Bl 00 g5l 5 0 Sl YV/O dad L) O VY 5l esliiaal Ly ool ool
Ss s pf‘,_l.; V4/0 o3 1 jles Ol 28 41 o 2w | o S oYL g Sl es 4.8 8 &y 50 4S5 5 (Typic haplocalcids)
A o eiE bl 55 4 aiS WLl (g5 S 3 0 S S V¥ o0y o S 3 p FAS 100 s SR 55 p S kS VOO (easlS
OLAS s p 51 g o 28 o o 53 s Yo @ST5 L (a8 05,) KOS o T 5 0 0T (laslons (580 g 51 o 53 ciln 53
PS5 53 Sl 5ds Clale Ol s S el S 0 g (g e Sl o slaghaie 53 IS DTPA b (6,80 bas b 5 dglove Ol 5e
5 ot speedlS CBL 5Kl BN Gas 5l iy Sl Ges )3 35 O gl s S (g a3l 55 S b b s 0 s Sl s A
(A 53 0 el 3 ls gme) Sl il o3 31 Sless ol p VIO SVO /Y o 5 4 0 SuiS 03 I les ;3 DTPA b (5 80, las b6 55,
e e By I I VY VY VY G ST L gl 5 0dd S 5led 53 35 (6 5 e cpeedlS ghome a3
6 by gl o e & Cdb SRl 58 KIS ey 4 I Sl Ol I T g ekt S 03 I 5led 55 3 (gla e sl
e 53 0 38 03 01 a0 g g B SRS 03 690 9 e i et cpeedlS SIS Dln 2 e s B e 1 S 5 500 5 S
Cdile 2 b ax ST S Olg e M (5 S aoms Ol e 4 il SRl 5l YV 8 YO Y 5 aedd CiS sl b slad s b
3 alllan 3 e s S o 5 g Jplone ClE I8 sl K g S Sl Sl S Gl Ol (S mha 53 DI

25 CBZn>CusPh &) g0 4 S 55 S o C por o polis i 5 43 5 S

03,556 o (5120 g Ol JU K CCH TR SN LR WP TS |

(SslES euSlisls (mlia S Lakul sl Jls 3 5 Olghol tmis oKl ((g3,5LES 0aSils (wlia S (6 55 il (g gmmils )
Sleal Ol e gl oK1

Ol rio o8l (g5 5LaS edSiils (b S slial Y

Olgiol irs ol&isls (g5, 5LES 0aSails (g Ll sl X

o0



VAP Sle / (AN Jol esled / eas5l dl /g e 5 (55558 058 5 pske

0355 el (L 57 5 Laaly s Lo 5 ol sl Slagl 5
(Y 5V) A5y 0 o9, S

Blge (Pl sl 6 b 5 S AL
o Ll o G b Sl S Sl oS > tals sl
LS s ol oS ralS oS Johs b laaty ) o
Sl e D s S o S5 O i Ol
SOl oS Sl g e s B Sl sd laaly,
S baaiy ) a0 Jsbs JTslasend =i 5 G b
Lo lacs o ol 5l pladeal =25 5 o See e
55,8 el I sl anpo 5l ol & 5 =i
St G G,k S s S o, S ki
Sl S 3 Jgloes I gladed Ll cpl O SheS
el Yol K Sl S > I (Y 5 Y 0)
ool Iy s Ll 4y a8 Sl 0355 Sy S a0 i
5 5Ke) Al S e S ls ol Sl el Sz Ll 5
(28l s 5 el L glas>

SIS« mo Sl So T il s sy s
Ol adlaie glaSLs s Ko I3 chale (g e
ilizie Dl s Sl e 4 s LS ) 5wl )5
L) 0SKen 5 el (V) s Ko 36 4 S
aS Ll s Olgiol aibie SUs 4l 503 YOO 5l (5,84 50
ANVY 5 4 S5 5 e cpeedlS JS 2Bl (Sl
L oolil sy S ¢J§j1:s 53 p?dp /0N 5 YO/ NNV
s Jamme 83 glaslliud 5 555 GlaSSle anlis
S 2l ;s (Vo) (VBBO) s e J6 sy e 5 IS
A 5l Olhol S 5l Ao ;s A0 35 eslS IS chile
Wy ay b o SbE 2 SAS 5 08 (e o/A Sl
G Seslas ol sl clile Ol ool 2 VBBo
A3 Ae Sl i 53 (o S5kS 55 0 8 ks 0/24) DTPA L
23 p S kS 03 oS e o) Sl d 0 a5 B
3G e S Cble a STl jaseie Ol asllae

O°)Y°° Qo f‘ﬁ})bj‘&bﬁﬁn—ﬁ))%]—w’

PR VP
SRl ) ams 3 S Sl (ST L b e il
=S 53 @IS jaie SLs oS bl 51.08) ol sl
T G CI T PR CWCH UL ECN P
o=l 53 OF) Al e g LS s S 36 JUasl
SIS Glasl Camw 1 Ko S5 &S > OGBS
S Gl el 0y 483 i Gl il b
3ems LU ol 3 oS OLSal 45 Wlazs 8 amests Oliioes
Sl Gk opl 3l ey gl So 01 dlexs! 5 ails
S das e 0Ll gla b T L(FY 5 Y8 (Yoo V) Wil e
sadls s jaa S Ges Sk o SlE 0S > fly
2 VY 5YY) 58 oo 0T (s s Slalls
oS S S e S S e ] i i
bl s damde LB Gl ade cdiledd S Ges b
e Jds Olsme a1 S s laaY 5 Sde D15
Aolazaslys b galasl opl ST 55 5 Kles S S5 olss oS >
S Sl 5 (62,08 D3 Olje (o (grlin g0 45150
ol i s el e LYYV ) Wl s 4 S 3 ol
«(Preferential flow) = 5 Ol > A& udz,“uj
<l ,5 5 (Soluble organic acids) J s> v_ﬂ slaa
sl axs § L 5 (Inorganic colloids) Sdss A5 slS
) Ko S3ls S s S Jelse iR ol
Lol ar s (s 4 S B 5o S e b 5k &
SO 5 0) cles, S ol sy 4 s sladle s
e ladies oS 5503 3505 oS Sldlae &S ol ol Kos
i ST b s S O e ) S S
el oLl S5 wie pl 53 & lallas A3l 03 S s
s o A= 3l xS 1) oK ol st el
Sl S o Ll e e 5 Ok (YY) s S 25158
Gk 3l S 5 ol il s S s 55 1 Sl
Slass 5 Jale) S s e 5 0L b s 55 &S >
Sls olal p bl sl ol glasl s ss

0f



...Jgyﬂ}d})‘ﬁ;lsgwsﬁ)ls‘,&)fﬂj\:

s addllas 3550 i S5 Dl Oljee pans Y
obe ol Sl Sl Lyl 5 s olS

L g, 9 309
Slaadd js gesyss cws S gladsr v o anlllas
0> el 00 gLl 5 pme SLLYY/0 L3 L sl b
Sy o Olgiol o o8l (g3, 5LaS eualiils wllS
Sl ol 53 &3l glas 5o 5l Sb gla e 23 8
i Olgial G b g ey bS ¥o 3 LT 558 (555Les
s S
S Slatipod S plards (S5 ol e Sl
e L g e Sl Yo slaGas 5158 as 50 51 50 0o, 5
IS5 0o PH dlad sl ol 53 il S il 5 Gas o 5l 1SS
s L SLs S Sl cglis o LB ((19) gl
OV 5 O gl ST 2, L T sl (V) TG RT
S Oln (YA) e Sl 355 b 553 Jols e b
(b Ao d (YA) Y 5 ¥ S s el 5l eslanal b ol 5l
S 5 (V) egods hg) sleslicul Ly ey 5 Sdu
Voo pdad Ly en s s slaasisad Sl aslinul L g ol
3,5 (S () e Sl 0 Ll 5 e Sl
OblS s e 3l a5 S a0 e Il gl
o a5 She b asien I (S5 55 ahos 4 0528 Gl
Sl 555 5ok S oo 55 D5t 33 e
b8 s g s Il 31 e o ates (G358 5l
Sss bass JlS GlasS sl = b bl o Lad e
cg_.JI o3 s — Sl L esls 13 (556 slagl e
Jae (Sl i3 S L SIS 5 S Ot a5 00
sl Vo (a ada 5300 S02) Al esls 3 ol w
Sl s p@:swo Gae #) Lo s 3l e YL i
33 ij_l:SVOo c(mﬂ}lj S Jsloe 3l eslanal L) V.:Abls
S 3 p S S V00 55 S e L) e SIS
S0 S 5 (’;les VFoos (Com Dl dglome L)

ov

B GBI bS5 s S 0 S5hS 53 S ke
il gledamda
05 el Cemnl L s ol 0L 51 S S
s Ol g L) WL e Jle coias L S1) s
Slas! 53 555 (TAproot) it e 4l axw s 5o oS ol
S Seslie ol Am U (g5 5 (Six Lils 4 S
iy s A (R e S S s 0lalS
s Olpiol et glya 5 ool Ll 5 () il
gl il Sl 48 5 ol S (s S
S35 (HeS (o8 OIS s S o pan
aorl e 01355088 Jldnal b OF <28 Olghol G5 Gbla
cladlo 3 K8 iS5 mhu Bldlo s b
4 aalllan 3550 adlate 53 unip3 Ol Gas oS 3 5 o
SO s U il e e Y ssus s
Cesl Sl S0 S s S Sl sl 55 5 ol
A2l
S 3 i Dl S o oS s o UL e e
ol 5 5 Ol G 5 0l el 5 4 55
Sladlas iy dil o aseie S JWasl cpl 55 Jsoes
iy sl (g S 4 elS AE s 3 B S O e
P ales 1S a5 (Al JS L) (o glacsiad JUEl s olS
T SaSaS ik 5l S 3k 68 5050 ) (15
o T Ayl e ES i e 5 Ol b ) 3
S a0 g 3o b 3148 5505 (6 iy s 4 L 5
CliS Cos Sy ol clale (o, Seslul 5 S e
35S B s 2asm iS85 Ol 5 olS
e 5 3slse el anllls Glaal JS b
5 s aclile , (KI8) oS i 36 s )
s 5l = s DTPA L 5, Sl |
Lol g 53 (e 5 G pendlS wo ) S
gl able 505 Sal Sls SO esy 50 s
I SR



\YA% Sl / (AN Jy! AJL«J/rAéj\g JLA/‘;&:L@\LA‘,‘_;)'J}L:S &ﬂ}r}‘&

& Cm

=]

L 5 (Time Domain Reflectometry) TDR sla s 531l
oS eslinl LB O b pme 2o 3 80 51 e sl 23
5¥o A0 slaGes ;3 TDR dhews 4 Skt Copby Al s
YU b Oy 3l s ol s S S8l s e ol YO
S 30 sl e S w3 0le3 B ol 1 e S
S 00 w05 SO (ol @5l 1) OF v s
Sl 3 3,8 Jlosl a3l 4 (K Sl ns (51
Yo b olos soslaer b sl 4 snd > o
ol olae 5ol annd Jb 3V SGHu IS Al 1) e
03,5 Oy B, b s Y| 48) Ko Sl e ()
G35 55, VE Sl e 0LLS s iz oL T 4 (sl
L ap 5l e 5 ol s SLLS 05 S a0 slgml s
L »LS slapll o Sl Ol oy PO S i !
= Graphite Furnace (Varian Spectra 300-400) NEC
slaas 3l ol o s OLalS Cils 5 5l ey s S
e=Ve) s, gl Ve doLiA@)JIA&D.LN°*O°LA:\>.w
b S o (e Sl Fo—Oo g Yo—¥o ( YoYo No—Yo
Y SISl e 3 5 OAd St a5l e St sl gei
(YO) Jsolal s 3y, 3l eslenul L . aul oL,08 (5 e s
Sl A3 S ad DTPA L (5,80 sl |6 ol ol
oxliul S el oylas 3l 5 Jeloee I3 Chale pas

4giaj§uuﬁ)33)_?yw§;~a¢;\_}_u&\_}_f‘u

_,'_.__l_'il_"lbu],.pd-a_.-l [Sa gila
=

.;“Iﬂ-r' T R l_‘.l--'n]:-'

[T I £ P T I

bl gt a5 okd 3l Jylous (5 i8S Jslone L)
deo 3 00 dslae Gy (93 LS K lls Ol ciS
EPA ¢ o5 4 S 3 8 Slils e lome Sl
it R R 05 P e Sb L e (070) 1S
i 53 3l ey il LS5 1y dald Loy 45 28 b e
(ae ¥) o1 e 5 a3 T slajlas lad st 51 o
o AE S e e 3 sk Ve (SIS L an S (5, SIS
Dl s Dl aallas 550 slasles JS 5k
SO L eus i S 5 oK Sl s as e Jl s
(Contaminated Safflower = CS)

S S e soi S

I e L
(Uncontaminated Safflower = US )

(Contaminated Fallow = CF) i1 o3 J1 )l
(Uncontaminated Fallow = UF) %, Tos Il slas
Colda B L) Of L Lag o cazings opl b s
02 255 A bl (e i (e l0 (S S
RSP aS osb 0 L8 oo S 05l Gb
S 55 p SAS Yo syl e 4 O35 SIS o
ElS s S Lol Sl a el Sl S g & el
Sl s Jid 23555 a4 (3l a8 3l 0L b w e
Lo olel ol e .co § &)y 0 zode lsal 5l eslinal L

s 00 Sl oy by e Lol 5l esliz ol

OA



...,fyﬂ,dj,‘ﬁgts‘w;ﬁ,\s,&s)f,;u

(Kl % 5lme Sl puil) andllae 5590 S oland 5 38 Sleo poas (5 ) Jo

o/f0_e/Fo °/YO_o/f0 °_o/Y0 () Geas
ViAoto/o0 VIVeteo/)o V/Fo to/ol pH
0/4°£Y/Y0 V/Ao£Y/44 Q/Ae £1/5f (o g3 s3) (BC) S sl culas L8
/o oko/Yo ¥/ oko/A0 /o £o/fo (Sl p S5ks 53 p9) JTesle
VE/¥oto/Ae VE/Foko/tY V\Y/Ae o /V) (S p S5kS 55 0k Jse (Bl) Gssl8 Dol s b
ofoYo/o) ofo¥o/o) o/o¥ £o/0) (4o 3) JS &l
VAo oY /Y Yo/ookY/Yo AMAREE AR (S oSS 53 p 5 L) i
VAo/Fo\O/oe  NAQ/0o£VD/N e YYe/Ve E)o/o0 (S p SS 3 p 5 ) ponly
V/§oko/De V/Voko/N¥ V/§o £0/OY (S p ShS 55 p S ) uedlS IS clals
ANARERV/NZ Ya/0ex) /58 ARVARIESVLNY (S p S5hS 55 0 5 Joo) e JS clils
INARESVAR) IATAREININ S/ o £0/0) (S p SUS 5o p S o) 55 JS ke
IAARES VAN V4/) o£1/4) Va/Ye £1/0) (S oSS 55 p 5 Joo) o J5 2l
YE/Y o) /FY YO/ ok /0o YV/Yo £)/SA (Ao,3) dslas ondS Sl S
Y/Yoko/5o Y/Y Vo /OY F/Y £1/7) (gldl oslas 2 536 8) sl IS
VAY/ o o0/\ o WY/eok\V/ Yo \V4/00 £10/Yo (St p S8 550 5) o0
FYY/ookYY/o0  FYF/ook\Y/No  FYY/eo £YV/Yo (S p S8 55 0 5)
YAf/o o\ Y/oo  ¥ol/eotYV/oo  Yqo/eo £YY/oo (Skp SAS 536 5) )
V/¥0£e/0¥ V/¥Yte/0q VY £0/00 (oo e 3 p S ) g ol JS

Sl osls S ol 650w b 5o Sal sk ks
Ol Sl s IS 0l sl e s b 51.(YY)
2l 1y [ Siie Sl s oS s U o slao el S

04

OF) &S s

g;'ts-“}‘ﬂdJL:.’i(‘f
O g2 d)l_:_jj_l'ﬁv_L:.Aa/\c\ CMJJ wbj))/\f’g;b

o o3 e 4 sle (pl 5l A3 YO ssds 5 8 S

Sl eslid L DTPA Uy (5, Sesbas B 5 s slasi sl
43 5 (5 8o 51ul (Inductively Coupled Plasma) ICP o&zs

Cou g s

SE abed 5 (Kb ol (A

el V Jadr 53 S placd 5 (S ol o
s 3550 SLs 543 0 0dsd o 53 oS, sboles o
PH 5= 5 S558 Iols b b 5 (oo o) 3L 15
225 Sl alS Esl S0 gl S 48 sl sl



\YA% Sl / (AN Jy! AJL«»&/V.AAJ'L" JLA/‘;&:L@\L&}‘_;)'J}L:S &ﬂ}r}‘&

' il slaled sl ol G500 Y Jsd

ey do s SR po G i b s S b o pss 5o s Oles
Fake
s Yy rov® —q¢ o 23S 63401 O g
¥\ \AoP rq? - o CoES oS 3401 O 5o
of IV Yo' o’ ERPSRIIES
00 rro' A\ Ve il edis o3l g

g e e OAL (2lesT o5 55 (bl Ol e )

e s gme OVl 61,1 LSD sl b 5 70 x| cla.ﬂ o3 osline G ghils Gl SKle Ogiw o

700

600 -+
500 -
400 -

DL et ) e

300 -
200 +

100 -

— - e i e
---.US
— CS

BIB)

lodd 6313 e 55 OA ains 55 bajlag il syt I (g5 O 03 2 Ol ali Y IS

23) (Sl e OWSH S ol O 55 5SS Ol e /A
J\_.:rL: obj_ﬂf_.b)obj_ﬂ 6L_A)L¢.Jw_>(.l_.p)bao C]ﬁ_.w
(Y Jsa)

S by p 53 opSew Ol chl (7
55 5l CBl Ol e el asia ¥ IS s S 5 boles
s Rl ol S el 3 0T ) iy 03 T el
Sl Jls e sl Sl S Gl 555 3 o pr s
el Vo) B Gee 5 s while STlus (pS o/00)

s o351 Sla 3 Ol OAd s Olpe (Y Jsd) A3 S
35 il gl VY Gmd 5 ol Gub Sl e oS
S W oedis S el Sles gl Can cpl &S > s
L aemlie 53 03501 e 53 KIS 5,00 5 s Olpee 3
st ;S5 il s JtalS Ao £ s o3 )1 8 Hles
s 4y ol ol 2 S D138 oS T 3G eina0ls
O3 slasless s f z 2 Olpee (Y IS sl 0 SIS
bgie b 4 g 2S5 Olpe 5l eSS Gosb Sl elS

J}.uj_?nﬁd‘ﬂ.& ‘wTJL‘*? a.:_jﬂﬁbja.:)ﬂ L;u)La.:J)J



...Jgyﬂ}d})‘ﬁ;lsgwsﬁ)ls‘,&)fﬂj\:

(S o £ LS 2 0 € Gl ) iile
0.0 0.0 0.1 1.0 10.0

-20 A

-30 A

(iniile ) G

-40 1

-50

0.0 0.1 1.0 10.0 100.0

-20

-30 1

(miile) oo

-40

-50

(S o R A 3o R o) cle
1.0 10.0 100.0 1000.0
0

-10 A o
-20 A
.30 4
40
-50

1.0 10.0 100.0 1000.0

[CED]

it lasleg 53 S F e 3 DTPA L (5 80 lae JG Kow Sl chale ¥ K

H IR @.\bj()/\e\:aé.p); uJLQ.:: RGO PR W ATy I ﬁuﬁﬁj\ﬁwﬁgﬁlJﬁ e 4 Lo 6‘}‘.‘

sles Lo s e BBle Sl iy (pSe/o0) Ll sme ssb &
13 s DL odd S e yd e Olgn 3 SR
S i e glagee 53 il e L (ps o/0)
RGIO-{N ROy W
GoSoslas Sl glachle KIS 5b wnlis ol
031 Glad s 3 ol (5, Se3lul slaclale DTPA L i
Laesls L5 dys S as i o Sbe s s clale s
S Lo s o M) (F ISE) s Jle
A (ods 2iS glaslad) ol 5 (iSOt sl sles)
ssbolen das e Ol andllas 550 I3l Jlaml s 1, S8
Solsmmn U oS gl 35 0 0dss 5 S 0e S5 53 S
el ails S+ CJ_M.: Y C)U_lé Jl.&;j\ﬁ (p< 2/00)
03531 Glad s 5 Ol bl daae 22 3 S (gsb
O aslS Clald Sl 3 g 25 2SS iy edd SiS
Vel 4y oy lale ol Ve 5 e 5 55, ke il

S S 25 K3 a5 STl

£

S e VoY S0l L) ss) e 4 g e (S VL
S aa T e 53 (e Ble 10 Gas 53 St S LS 5
23 p Sk o/F Sl ) easlS @ bgs e OF Bl 5 el
S 3y il eadl Jles 53 Gre Bla)0 Ges s St oS Shs
oS L e lie 53 (695 B i 5 )8 Sl 4 4 g L
Ll b 3l
DTPA U ol (5,50 slas (oK 56 Clale Ol
ujJT)Lﬁ:)'U;;ﬁe,\.qu;se;}ﬂ)Lﬁ:): S fds s
Ol 2o gl Vo 51 iy sla Gae (gl 55 0l S
(e Sl YO Gas 5ran) o ClS Hlad 5o aedlS Clale
a3 Al e 5l i (S o/00) (syls e sk 4
Geel DTPA L (5,8 eslae LB s Ol () 5 pran
Sola=re sk i (e (Sl YO Gas jran) e SLYO
ol o il sled 5l mis edd S s 53 (p< o/00)
eld CLS jlas 534S ol Ol 6y B 6l anlis

(o SLw YO Gos o) 2o Sl YO Gee U (g, chale



VAP Sle / (AN Jol esled / eas5l dl /g e 5 (55558 058 5 pske

(p RS 2o & ) ciile
0.0 20.0 40.0 60.0

0 — —
-10 1 -

204
230!
-40 1
-50

(o Sle) Ges

0 ——
-10 1
. =20 A
-30
- .40
-50

(jlﬂdﬁb) s

-10
_20 4
-30 1
-40 -
-50

-10 4 EX3)
-20
-30
-40
-50

(e)gjlas nek he) lale
0.0 1.0 2.0 3.0 4.0

0

0.0 2.0 4.0 6.0
0 : :

ok Jboji sl b calisee gl jles )3 S Blast s DTPA b K Sl (5,80 5las LU clile anylie ¥ S

Siledds sl G.‘bj OA 4w BL) Lh)\nf_: (A\Lyja a.:_,ﬂ}:b)‘.o,; » v.:u;.'i o.)_,ﬂﬂ.q.;).: CJ‘J.U 6\.&&.1&)

Azeas ol S syl 4 b e folS b3 g ClS G s, 4 bog e S s gla e

(O g 53 0 8 shee) K S oy 43 Ko DA i Oljs ¥ St

< S o ) slesd
o/04" \VAnt \AAS A 0341 Oy
o/ A" 10/00” YRV o/o0® ol 031 O gt

iz s ime GVl LI LSD 05031 b dsys 0 ezl o s Ssline Gy (51l (slacSils O i o 3

LB B wlie Ly, IS 5b 6 ol b il
L (0 S8) das s OLEs [, DTPA L ¢, Sosla s
G ) SlaGes 3 sl o Ol &S SplE
o e el asl fals ol 4 bl
SRRV SIGY| [N LY PV C G =1 F o U | o W
(eedlS e Bl D p e S e S 60y S S
03531 Jlass 5l pig sad ct S ea Il e 53 (555 5
SR 5 SO s s S il g G
S Ly s e QL ) o e 5B Sl
(O ls Cllae L3 lollas
o=l S e L e bt b slaesls L il acslie
(o3l 0l o Jglome LS (P IKS) s e OLAS T D

5 s sl SOLSe 56 50 5 anllas 3,50 I3 L LT
)aJ;\)J‘f»Sl}MéqualS«jﬁ)(SGﬁC)
0O0) Wb asls 2o ol lrals
Al e S Sl clle (Gl el 5 K s
‘)C_m.b;s‘.l)é_})}_ugﬁiob‘)ﬂJWJJ45&[2-)3
oo 4 obe Chle Il o 5 edd ciS eal les
u_ﬁiv_ﬁ(q)o\)t_imﬁ%g\,(a)w,m“sﬁyts
&ﬁbjwwubyamwu}?\éwhu

(7 dadr) Ll o oy b aalis s

£y



...Jgyﬂ}d})‘ﬁ;lsgwsﬁ)ls‘,&)fﬂj\:

(S 2 a8 5 50) calale (A 28 550 Cabile
0.0 0.5 1.0 15 2.0 0.0 50.0 100.0 150.0
0 ——t——t————t—— ——

(o Sle) Ges

0.0 2.0 4.0 6.0 8.0 10.0 0.0 20.0 40.0 60.0 80.0 100.0

-20 4

-30 1

(,MUJJLA) s

40

-50

ok 0313 e 5 ON asmis 3 U jlod . ilien (sl jlod S o 3 i SIS Jgloms il 0 IS

(S 2 p R 5 5) e (S o o K5 S) cilile
0.0 0.1 1.0 10.0  100.0 0.1 1.0 10.0
0 } } T 0 T+ T
axllS U
-10 -10 A
4 -20 | ’ -20 1
3 ]
Ry -30 A =30
RN w0
-50
-50
0.1 1.0 10.0
0 }
[CE D]
-10 -
3 -20 -
3
R, 301
3 4] ——csws
sl PP CF/UF
-50

ok Jbo i slasl b cilisue (glajland s S Blasl s oo Sl Jghons Clils anslie £ K3
(S 09 Slass 3 O (1 e dglos CBIE 5 gy W5 4.(db g o 03 T B sles gy s 03 sl s DI slacals)

Nlodds esls c:éjb/\ W).: Lh)\.q.; R RY 3959 yﬂbbyf‘}g.&ru) Rt
K ey 4 gl Cdr 6 Ve ) i GlaGes 3 sld IS o3 Sl 53 S5 5 e

92 ;{ajkf ‘d:_wju wiuw Q_J|J_L3 g_).k? Q‘ﬂﬁv d}.k} la ) WT b.))—ﬂ )La.;s )‘f.ﬂ.\._:.v (O/vwf.'l_:ﬁ b)‘)_"'ﬁ‘;'bl.w
St e 05 8 03 1 das o 0L 1y 02l 3 I 5 03 Il 25 (V8 S0

Al



VAP Sle / (AN Jol esled / eas5l dl /g e 5 (55558 058 5 pske

(155 JS ad gl Ol 51 Ao 33) KIS Al g 4y St Sl Sl Oljse ¥ gk

e S0 o ;»:”5 sles
ofox ® VNS ? o/f)° Al o501 O st
ofox * o4y o/¥a ® o\ P ol o3 )1 O st

el ae O (6115 LSD QJAJ‘TL;TLJJ.M):OJLQ::-\@:M): Soslane Gy e glyls 6L«s@.<‘l.:a Qg A 3

(58 S adsl Ol 5 daz33) ST 0 53 e Sl Ol s O J gut

< S0 o =28 et

o /YT \ALS o /0N o/VYY? ol oS 031 Oy
o/os® o/V4C o/Y\P ofoYd ol LS sz 0301 O gt
oY\ \ias °/8Y° o/foP Sl o3 1 g
o/YY® \/¥YP °/YY o /VA° ol e o3 T 0 gr

Lea Gl pme S (6l LSD O3l b 10 Jlaz| c\zw 53 osline Gy mghyls (slar Sle gz, o

J)‘}Jg:)‘)_lécjj}.-o‘)’?ﬂad)&.&ﬁﬁlﬁbﬁwgﬁib}))
Sl s Sl Al Ol 51 (gdo s Sy s a1 andllas
S T SN R (et ‘mﬁ;ljc,_lé..k;..x.u& ol
SLad o Ly anslin 3 o S o3 1 sla0 s s 5
Uil S YV S Y0 Y (S 5w eld uiS es ) e
Ol ds Ol 308 s sdalie Jsdr 53 &S 5 bOlen (3L
S (e, 0T 1) e 28 w1 slad s S| s 2
Jds as s lis eds S Glag g L (pse/00) (gols e
i s S e Ol 53 Ol e 1 0T s
23 0203l Ol andl (Y Jux) 557 S5 6lS s slales
so3s Tl e 5 i SIS i 55 el b Of s
OLis sl JLazl 3 1 oS g 5 45 350 ol Ok
S ole s s oJJ.: Conl ol & ol das e
ol 03 e il S elS i 55

A Ol axdllas 5, 4

Glapll 53 S Sl (Po/00) Lls me il 3 sty
53 o3l Gla0 s 53 sl Codr Oljee s S alS
il sl Sl VY0 eIl e glad st b anslis
S A G0 5 P o Sl oS e SRSl
Shedel Gz 4 i b 5 Sde s ol Yo ) /Y
Ol 4o a5 LYY 5)A) Wyl cilas 3 ldlas
e Gllas Ol (S 5o edS L a3 555 A
Sl Dl do s anls sy OL Ak Sl 6
S S Sl sl Ol 51 SIS s 40 S
Gl Ao wea Il i s aS sls Olis (F )
i oS s 4 (403 V/0 S0 L) (55 5 peedlS

AL e s e

L3 g 5 s A Ol o) 43 i O30 clals (a
oS Sl cble Ol Sl Eel sdaw St 05

Al



...,fyﬂ,dj,‘ﬁats‘w;ﬁ,\s,&s)f,;u

30 - A
254 aels NS A b
20 1 e AiA s A
15 " a®

A AA
10 - a0t a A A CS
S’AAA a CF
0

(*10M8) o2 adlia) culale 43 o) 50 sadi 5 5% 6 ol culile s

50 -
40 - S AAA
A
30 - .
A A AA
20 | A apt
AA%
10 AAA‘A
0 |4 ot ; ; ; ‘
00 03 06 09 12 15
(5 paa

100
80 Z3s) aAAA
60 - AT AL
40 ~

20 A

0.0 0.3 0.6 0.9 1.2 1.5

Hlodd 6313 puand 5 OA ameins 53 W jlod oS S5 4 0 03 JT (slajless (gl i SIS w5 i ¥ IS0

ML&Cd>Zn>Cu>Pb UJ)J%A;LSJ_}]Q

S S 4o
adlls 355 Sl S s sl 0l aallls ol s
b o, Seslas LB clle Ll el KIS pax
il lagas 3 Lol Jyle clale 3 DTPA L S
s S LT JLas) 5 oS o 5l a3 5 Sbs 5 e
oIl slasles (s 5 Clos s Sls e s
bl Dl Ol 3 i (KNS sl s o gt
ro3lS candllas 5550 I35 51l Il 50 elS s &

sl LA T S o s (S50

s D w5 gowa
Olis 1y asdllae 5550 K Sl b sty oo VIS
S 5 A s e Ol La povie oS b oles (e s
MFA‘LlMlJSBJJbSﬁQ.;):...’;.ﬁkg}))(..:uls
53 (210 51 ;208) (S b e 53 S5 5 edS
53 ke il s elS U edle 4 kilens Al lsj
ol a8 e 0Ll mi olS way il b T b aslis
G 92 b e 5 e 2058 03 P g o f el e
adllae 3l sdoal Cs 4 il Ly B b 35 e s
J_<3: Slallas s yls caills (0) OHLSan 5 S el s

i yole ol e OS> S s e 0L 53 (YA54)

oé\.&“m‘ })}.0 @‘Jw

1. Amini, M., H. Khademi, M. Afyuni and K. C. Abbaspour. 2005. Variability of available cadmium in relation to soil
properties and land use in an arid region in central Iran. Water, Air, Soil Pollut. 162: 205-218.
2. Bassil, E. S. and S. R. Kaffka. 2002. Response of safflower (Carthamus tinctorius L.) to saline soils and irrigation. I.

Consumptive water use. Agric. Water Manag. 54: 67-80.

3. Baveye, P., M. B. McBride, D. Bouldin, T. D. Hinsely, S. A. Dahdoh and F. Abdel-Sabour. 1999. Mass balance and
distribution of sludge-born trace elements in silt loam soil following long term applications of sewage sludge.

The Sci. Total Environ. 227: 13-28.

4. Blake, G. R. and K. H. Hartge. 1986. Bulk density. PP. 363-375. In: A. Klute (Ed.), Methods of Soil Analysis.

£0



VAP Sle / (AN Jol esled / eas5l dl /g e 5 (55558 058 5 pske

SSSA, Madison, WI, USA.

5. Camobreco, V. J., B. K. Richards, T. S. Steenhuis, J. H. Peverly and M. McBride. 1996. Movement of heavy metals
through undisturbed and homogenized soil columns. Soil Sci. 161(11): 740-750.

6. Caron, J., O. Banton, D. A. Angers and J. P. Villeneuve. 1996. Preferential bromide transport through a clay loam
under alfalfa and corn. Geoderma 69: 175-191.

7. Chang, A. C., J. E. Warneke, A. L. Page and L. J. A. Lund. 1984. Accumulation of heavy metals in sewage sludge
treated soils. J. Environ. Qual. 13(1): 87-91.

8. De Matos, A. T., M. P. F. Fontes, L. M. da Costa and M. A. Martinez. 2001. Mobility of heavy metals as related to
soil chemical and mineralogical characteristics of Brazilian soils. Environ. Pollut. 111:429-435.

9. Elliot, H., M. R. Librerati and C. P. Hung. 1986. Competitive adsorption of heavy metals by soil. J. Environ. Qual.
15:214-219.

10.FOEFL (Swiss Federal Office of Environment, Forest and Landscape). 1998. Commentary on the Ordinance
Relating to Pollutants in Soils. VBBo of July 1, Bern.

11.Gee, G. W. and J. W. Bauder. 1986. Particle size analysis. PP. 383-411. /n: A. Klute (Ed.), Methods of Soil
Analysis. SSSA, Madison, WI, USA.

12. Hinz, C. and H. M. Selim. 1994. Transport of Zn and Cd in soils: Experimental evidence and modeling approaches.
Soil Sci. Soc. Am. J. 58: 1316-1327.

13.Kaffka, R. S. and T. E. Kearney. 1998. Safflower Production in California. University of California, Agricultural
and Natural Resources Pub., USA.

14. Khoshgoftar, A. H., H. Shariatmadari, N. Karimian, M. Kalbasi, S. E. A. T. van der Zee and D. R. Parker. 2004.
Salinity and zinc application effects on phytoavailability of cadmium and zinc. Soil Sci. Soc. Am. J. 68:
1885-1889.

15.Klute, A. 1986. Water retention: laboratory methods. PP. 635-662. In: A. Klute (Ed.), Methods of Soil Analysis.
SSSA, Madison, Wisconsin, USA.

16.McBride, M. B. 1995. Toxic metal accumulation from agricultural use of sludge: Are USEPA regulations
protective? J. Environ. Qual. 24: 5-18.

17.Meek, B. D., W. R. DeTar, D. Rolph, E. R. Rechel and L. M. Carter. 1990. Infiltration rate as affected by an alfalfa
and no-till cotton cropping system. Soil Sci. Soc. Am. J. 54: 505-508.

18. Merry, R. H., K. G. Tiller, P. C. De Vries and B. Cartwright. 1981. Contamination of wheat crops around a lead-zinc
smelter. Environ. Pollut. 2: 37-48.

19.Page, A. L., R. H. Miller and D. R. Keeney. 1992. Methods of soil analysis. Part II. Chemical and Mineralogical
Properties. 2™ ed., SSSA, Madison, WI, USA.

20. Pais, I. and J. B. Jones. 1997. The handbook of trace elements. St. Lucie Press, Boca Raton, Florida.

21.Plassard, F., T. Winiarski and M. Petit-Ramel. 2000. Retention and distribution of three heavy metals in a
carbonated soil: Comparison between batch and unsaturated column studies. J. Contamin. Hydrol. 42: 99-111.

22.Richards, B. K., T. S. Steenhuis, J. H. Peverly and M. B. McBride. 1998. Metal mobility at an old, heavily loaded
sludge application site. Environ. Pollut. 99: 365-377.

23.Richards, B. K., T. S. Steenhuise, J. H. Peverly and M. B. McBride. 2000. Effect of sludge-processing mode, soil
texture and soil pH on metal mobility in undisturbed soil columns under accelerated loading. Environ. Pollut.
109: 327-346.

24.Schwab, A. P., M. K. Banks and L. E. Erickson. 2002. Fate and transport of heavy metals and radionuclides in soil,
The impact of vegetation. Kansas State University, http//www.engg.ksu.edu/HSRC/fate.html/.

25. Soltanpour, P. N. 1991. Determination of nutrient availability and element toxicity by AB-DTPA soil test and ICPS.
Adv. Soil Sci. 16: 165-190.

26. Sposito, G., L. J. Lund and A. C. Chang. 1982. Trace metal chemistry in arid-zone field soils amended with sewage
sludge: I. Fractionation of Ni, Cu, Zn, Cd and Pb in soil phases. Soil Sci. Soc. Am. J. 46: 260-264.

27.Steenhuise, T. S. and M. B. McBride. 2001. Preferential flow and organic enhancement of metals transport to
groundwater from land-applied biosolids in the Northeastern U.S. Water Res. Res. Grant Proposal, http:/
water.usgs.gov / wrri/98grants /nypreferential.htm.

28. Sumner, M. E. and W. P. Miller. 1996. Cation exchange capacity and exchange coefficients. PP 1201-1229. In: D.
L. Sparks (Ed.), Methods of Soil Analysis. SSSA, Madison, Wisconsin, USA.

29.Tylor, L. D. and M. B. McBride. 1982. Mobility and extractability of cadmium, copper, nickel and zinc in organic
and mineral soil columns. Soil Sci. 134: 198-205.

30.U.S. Environmental Protection Agency. 1993. Clean Water Act. Section 503, Vol. 58, No. 32, USEPA,
Washington,DC.

31. Walkley, A. and C. A. Black. 1934. An examination of the Degtareff method for determining soil organic matter and
a proposed modification of the chromic acid titration. Method Soil Sci. 37: 29-38.

55



...ﬁyﬂ,dj,‘ﬁats‘waﬁ,\s,ﬁs)f,;u

32. Williams, D. E., J. Vlamis, A. H. Pukite and J. E Corey. 1987. Metal movement in sludge amended soils: A nine
year study. Soil Sci. 143 (2):124-131.

33.Wu, J., W. A. Norvell, D. G. Hopkins and R. M. Welch. 2002. Spatial variability of grain cadmium and soil
characteristics in a durum wheat field. Soil Sci. Soc. Am. J. 66: 268-275.

£V



