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FeoPAy Cd.Pb.As.Cr F R 7E 80~100 cm HER A EPH AR H BN EHBY IR TG ELBLESEH
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The Vertical Distribution Regularity of Heavy Metal Elements in Guanzhong
Tier Soil Profile
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Abstract Based on a study of monitored soil samples collected from Xi'an sewage irrigated area, Baoji gorge irrigated area
and Jiaokou irrigated area in Guanzhong plain, the authors investigated vertical distribution and leaching migration of such
heavy metals as Cd, As, Cr and Pb in the Guanzhong tier séil profile. These elements can seriously endanger soil environ-
ment and human health. The following conclusions have been reached: Cd, Pb, As and Cr tend to be concentrated in the
cultivated horizon under the condition of long-term sewage irrigation, the Cd and Pb content tends to decrease from the
cultivated horizon to its underlying layer, whereas the As and Cr content fails to show such a decreasing tendency. The
Cd, Pb, As, Cr content tends to increase in the soil layer of 80~ 100 cm, which might be the inflection layer in the verti-
cal distribution of heavy metals. The water washing coefficients of heavy metals are characterized by Cd>Cr>As>Pb,
and the water washing coefficients of heavy metals have an increasing tendency from the cultivated horizon through plow
pan, old plow layer and ancient plow layer to viscid layer. Where the content of heavy metals is high in soil layer of the
sewage irrigation area, Cd, Cr, Asand Pb can eluviate and migrate towards the underlying aeration zone, thus threaten-
ing the security of underground water. ,

Key words Guanzhong tier soil profile; heavy metal elements; regularity of vertical distribution
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TR CERELENEFNEEIBN
FIE, TEZESBIUCEMENR S LR
B AN, B &R RHEA L ERE
WELREELEYHTHEXISE VU HE T
B R EEREVERERNE R, ELR
TERTHENRE, FERRETEMERSH, N
TEHERRN T RELBTRNEER, £ 118
HEHHEEMAEHE. BNIEE(REE
42 1980; Taylor et al. , 1980; E 3844, 1985; FH &
H%,1995; ERK%,2003) P KM, LS E S
# Cd.Pb JB 2B, HA 1 L EBHEZ §H
HOSRIE , 1T & “BHEE—RIEYM—3h I —FHERR”
HIEY/ MBS, 5 BRI R AR ER K EHR
HETASHELEEEMTKPES, H—BAS
ST AKEAEG Y, BRIERRN LEHES I
AsCr ZEHAHMEMNRI ARG —, AN¥E
(FEF0,2002; FF%,2003) I\ K L HE K
AsCrEEZRETRER NI BE—HEYRERE
EBK, WA KEHE(5F,2003; 5 BHH,2004) A
FHEHE P As.Cr BIEBEERY, RELE
EHHERT R, BT ESER—TaFLER
—H K EREH, k LEFE P As.Cr 5
YIRS LB RGBS, 258
WFKEY, B, LR EPHLEESRTR
EXEREERRM TRAFLEIBSEEIN
S FFHE , MU BB MR IEDE R RE T2, T
Baxt s Tk #2238 0 BB (8 T %,
2001; RIEX%,2005) .

K+ R B R LR B2 ARK I
- AEBALIBHE LR, MR DT RENER

MM E L EEX, EEX RH AL BR8]
LRMTHE T, BEFP R EERHELEARAR .,
BEX, BiE X HX TR 2 5 B & B
TR HAKER, XP %+ HEFREZIIAR
RENES RIS RGRERES,2006;ZHENG et al. ,
2006; & T %,2006), HAET, EHERS¥E (HY
B4, 1995; EELI%,2001; 5 5% ,2003; ZHENG et
al., 2006)% %kpE+HEPELSBTENERD
AT A, B3 LN E P M As.Cr
EEI B HNAARPHRE L. SICEIX X
PR EEN KRG T RTLELHEPERRET
EIBMGHEMMT, FiIT X P L L HESHE
EBRTREESAASE, IR E L L L
HEPESBRTEREAMANENAREE—EMN

BB WA AR P R L EELSRITRM
B A I T K H 2R R KR

1 MESTE

1.1 1iExR#

AP EERLEEREAEFELEXZ—,
BRPIEE R LB & (KT, 1992) AERR, T
LTHEER T EARPELRLA ARRENSET,
HAPLUR RELENE, SYREX ZAEX
REPFERASIEER, B TILFRBEFAKTRE
RGBSR RERKEHIVEIBVE
TR o HH B S 2 A b P 55 e Tl %o A K ) 2R ) M
BT (H T, 20005 K% 5 ,2001) , FAGUEE X Y
POEHIX 3 O X e X 5 R R R T K P
HFEBR, O EXIERH EEAFHEKES Pb
FEX0.667 mg- 171, A R H B K TR )
(GB5084—1992) 1 6.67 15, BT, 5KEBRE K
HAPEFEXRFELELBBELEMFERERZ—,

AFRN K P REARGER EGREX 32
O X %P E+HE(0~100 cm) i HIBEE 4T
FIOMREHR A LA AR E . LERE R SR
EHEAREFARIRRIGE R AR B S  FGIRE X
RUMEMI M OEXIGE X MEBRARH, -5
HEREMELHEAEEE 20 om BERE, REE
P E R HER 0~20 cm MBHER .20 ~40 cm KA
JEJZ 40 ~60 cm KIE#HZ .60~80 e M HHZ .80
~100 cm MIKALE
1.2 BRNLESEN

ITEHESZZENARARNTERG, T 100 BB
J& R, HNO3-H,SO,-HCLO, ###. EHERT
5 LRI ERAKBREEEXHESBTE Cd.
As.Cr.Pb %0 B 7R, 32 R F RO E Y
(JenaAAs6) . % FiJ KI-MIBK # BUR T 1% ik ot it 1%
5E Cd.Pb ¥, Cd R BMHE<0.1 mg/kg B, %
WAHIRHRZ R +35%, EEMXIRER +£40%;Cd
ERUEEN 0.1~0.4 mg/kg B, BN HXTIRERN
+30% , FRIAXHRZE N +35%, &SR
(VIS7220) SR AZRBWBE B E R BB E Cr
W, 3B AR TR AN (AFS-2202) RAR T
EE AsHRE, As FEIEEN 10~20 mg/kg B,
ENHIIRZERN £15%, FEHEFIRER £25%,
BRI B P A B K iR+ S YR
(GSSN#fTEBAMEERES, MNSERFE R
BEEHER, ’
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MEEE X P LT HEPESRTENEEIHAERR 1

2 ZER5iHS

2.1 FNEDHBESHH

FERRSER FYREX ZOERX XL L
FIE (0~100 cm) HERAER A MM R (R 1~K 3;
B 1), 8RN EFE L HEH0~40 cm)ELE
TCR (0 AR E R ETIFIR SR (ZHENG et al.
2006), AMHTEEREH:

(1) (k%% +HEFH Cd.Pb & & EHMBHE
B RKRE EHE HHERERRMES, XKRE
ERGTXPELHE DK CA.Po BF 0 L
1E2 ERHRHE (ALK LZ M Cd.Pb S BHH
HEHEHAR,

(2) kpELHE T As SRAAMBER .

HRE EHERELRMET, RATBEEGTX
R R E P As TLUE T EERTER,E
T3 As B BANEHZ LR A,

(3) XPEILHEPH C FREANHER
FERZEE NG, RREERGT X ELH
EHH Cral AL RBHEREFER, BLECr &
BANEHZ BB LR ER.

Hm, ERSITENKEEST , LR RPE
+EE P H Cd.Pb.As.Cr & BAFELEHER
BEMME, XFEREATLHEZRYASERE
MEKEALEE BELBTEAERLENIEE
B ERE MR ERSERT, TLEREIH
TR GBEIEEXEELZRAESEER. X5E
N 4h % # (Nyamangara et al., 1999; B £ 1= %,
2000; Mapanda et al., 2005; 7 €& 3 %, 2006;
Muchuweti et al. , 2006) FIBF &L H—H, X
X+ HEFH CA.Pb EERAMNBER M LET
BiEBmEs,As.Cr SBRMHERZE LETRE
BIEARHE, XL LHEPM Cd.Pb.As.Cr
HERA80~100 cm LK LB N RAHBIEE
WEH L EELBRTREESHNFERE.
EREMTZE T SRR, <0.001 mm K
A ERHAEE, M LEELBITENRMIE
R51EH.

2.2 HEIBSH

AR ERBEENRG T RFELH
EPESBETRKRKRTRWFE, EEX X P %
THEEZEELBEAENE R, 5 HIERX RIX L
AT &+ AR (K T,2006) T 15K #E BEAK H 1
(XPEINEERELRARSES AANHHE

%1 BARFERXPEIHEFEEZEIRSR
Table 1 Heavy metal content of tier soil profile in

TRHEE /em

TR
0~20 20~40 40~60 60~80 80~100

Cd/mg'kg™t 027 021 019  0.17  0.27
Pb/mg-kg™!  51.0  30.5 287 253  34.0
As/mg-kg™' 109 10.8 102 9.1 12.0
Cr/mg-kg™ 868 791  76.6  80.8  93.3

%2 ZVKERXPEIVAPELEAER
Table 2 Heavy metal content of tier soil profile in Baoji
gorge irrigated area

_ +EHE /cm
TTE

0~20 20~40 40~60 60~80 80~100

Cd/mg-kg™! 0.086 0.058 0.050 0.051  0.054
Pb/mg-kg™t  25.4 224 237 235 213
As/mg'kg™! 156  15.1 4.7 149  16.0
Cr/mg-kg™! 68.9  68.2 70.0 67.5  T72.4

%3 ZORXXPLEIHNAPEZRAKEE
Table 3 Heavy metal content of tier soil profile in Jiaokou
irrigated area

LERE/
TR -

0~20 20~40 40~60 60~80 80~100

Cd/mg-kg™!  0.111  0.105 0.100 0.091  0.098
Pb/mg-kg™' 206 193 189  16.0  17.1
As/mgrkg™ 124 112 1.0 112 11.7
Cr/mg'kg™!  81.4 794 818 767 8.6

ERTENKBETHER. ¥ 0~20 cm LEENH
{E/2,20~40 cm £ 2ERBRIRE,40~60 cm 12
{EREHE,60~80 cm L EENEHHZE, 80~ 100
om + ZENEALE

&1 B T E WK 3 (Water Washing Coeffi-
cient: WWC)i% TR 8 (B E12%,2000) :

WWC; =M, (i —1)/M;

Rep: WWC,—i Behj STERMMEK I M, (i
“1);-G-DREH TEMEEM—i BF T
ENEE,

HitELER(F 4~FK 6 FE 2~E 4)4-Fray 4.

(1) k4L HEPELRAENNRAELS
Cd>Cr>As>Pb WAFE. 34 Cd IR REK,
PhHIMERRE, XRS5+ HEL R TESE
KA % 5 [F]BT 32 TE R IR R A B
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Fig. 1 Vertical distribution of heavy metal elements in Guanzhong tier soil profile

R4 ARSERXPEIFETESBRERKLR/%

Table 4 WWC (Water Washing Coefficient) of heavy metals in

tier soil profile of Xi'an sewage irrigated area(in percentage)

5 TBRERXPLIHATFELRIRELR
TRMELR /%
Table 5 WWC of heavy metals in tier soil profile of Baoji
gorge irrigated area (in percentage)

~ 1B
TR +2
BHER BIER 282 R &

Cd/mg-kg™?  65.9 75.7 74.7 137.7 . BER  RRE  EHE  EHR
Pb/mg-kg™!  21.8 36.1 27.9 60.5 Cd/mg ke 0.2 32.8 46.0 3.3

L Pb/mg-kg™*  11.8 23.6 24.4 3.9
As/mg-kg 11.4 16.4 1.7 0.6 As/mg-kg ! 35.5 415 0.6 5.5
Cr/mg-kg™! 32.3 35.2 40.0 52.4 Cr/mg-kg™! 24.8 31.1 24.7 31.7

Fln:Cd RK BRI & BYIE, T Pb R
BRENESBEY R, it 5T, Cd FHd
4,10 Pb 75 B 1 K 5% 0 PE 2R 3% oP 5 1 K KRR
XEENFESERAE(1990) FRIE(1995) R
X% (1998) ZE HiE /PR A THERURE B R 15
B

(2) RPETHEFHEEBITE Cd.Cr.As,
PbMIMARE L RFTHESESBEX, YL 2+
HWESRIREN, KT BHREIRIER, mX
FELHEFHCA.CrEERAREEEX >R
DX > E G X A9 4F1E, Cd. Cr k& E R
ARLEEERS>TOEX >EGRER ; AsFER
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£6 XANERXXPLEIVEAPESETRMBKILE %
Table 6 WWC of heavy metals in tier soil profile of Jiaokou

irrigated area (in percentage)

~ R
R
. BHEER )= E82 HHE
Cd/mg-kg™! 65.8 65.7 63.0 68.1
Pb/mg-kg ™! - - - -
As/mg-kg ™! 13.2 22.9 20.6 22.1
Cr/mg-kg ! 34.8 41.6 32.4 41.2
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Fig. 2 WWC curve of heavy metals in tier soil profile of
Xi’an sewage irrigated area
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Fig. 3 WWC curve of heavy metals in tier soil profile of
Baoji gorge irrigated area
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Fig. 4 WWC curve of heavy metals in tier soil profile of

ESRTEKREE%

Jiaokou irrigated area

(3) XPpELHEFHELRETE Cd.Cr.As,
Pb R %, BANBHER BREZE EHE 8
B HEEERE B,

A, ERISEARET , Hi5EX LEPH
ESREERAEN, RERXF R HEFH Cd.
Pb.As.Cr #7] ja] + 3 F A B8, Kok Cd,

- Crif BT R LR B, 2 5 X b F K A4 BB

% B (K R, 2000) , 32 O X 8 F 3K Cr.Cd.
Pb & B¥ARERE BV EKEAR

3 g

TER SR T, L2684 BE P
Cd.Pb.As Cr & B AA1E T BHE R B M HHE, %
%+ I P Cd.Pb & B EAMSHER LT
BB, A Cr & B NBHER 1 L 5T 258 8
RIEAB B, ¥H% 1+ FE P Cd.PbAs.Cr &
B7E 80~ 100 cm HEKILIE B B LA B BT 04
#oH+RELBTEBANHNETE. 9%+
HEPELRTENMERERAS C>Cr>As>Ph )
¥RIE, BRI P E S B M A R AE MEHER.
RRR EHE GHE MR EERE S, Y
BERLETHELBARAEN, LRNATHES
JBLE Cd.Cr.As.Pb [ 7 LT 054 + B E
T8, X T KAZ AR

B AR RE I R R L K2
BRERE BKZEE, BRET =R hE
EWBRTRETUK A, ERTEERS,

SE B

B 2004, EE R ISR STRAER 05 & P A AR5 1 $S4E.
HFERT LA ,19(4):270~274.
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