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Spatial Distribution of Pb, Cu and Zn in Periurban Market Garden Soil in Chenggong County, Yunnan Province
ZU Yan—qun', GAO Hong—wu?, FAN Jia—you?, TANG Fa—jing', YANG Wei-lin!, LI Yuan'

(1.College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China;2.Kunming Metallurgy College, Kun—
ming 650033, China)

Abstract: The spatial distribution of 3 trace dements(Pb, Cu and Zn ) in lacustrine and transition units of periurban market garden in Cheng—
gong County, Yunnan Province were studied with geostatistical analysis. The results showed that: (1)contents of Pb, Cu and Zn in lacustrine
unit were lower than in transition unit. The variation coefficient(CV) of Pb was 88.7% in lacustrine unit. (2)Pb, Cu and Zn showed anisotropy
with direction WS—NE and SE-NW. (3)the spatial variations of Pb, Cu and Zn were significant. The nugget (C,) of Pb in lacustrine unit was
higher than in transition unit, on the contrary for Cu and Zn. Values of nugget/sill of Pb, Cu and Zn ranged from 25% to 75%.(4 )the nugget of
CEC in lacustrine unit was higher than in transition unit. CEC was mainly affected by random factors. Values of nugget/sill of physical clay
(<0.01 mm) and organic matter(OM ) contents ranged from 25% to 75%. Negative relationships between CEC and Pb, Cu and Zn were ob—
served.(5)Comparing with 5 greenhouses close together, CV of Pb>100% meant strongly spatial variation in lacustrine unit. CV of Cu and Zn
were close, meant similar agricultural practice. In general, spatial variation of Pb, Cu and Zn with 100 mx100 m grid size was significant in
two areas(1 km? and 0.49 km?). The spatial distribution of Pb, Cu and Zn was affected by soil texture, irrigation, fertilizers, greenhouse plant—
ing years, road and sewage channel net, underground water level and other agricultural management practice.
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Figure 1 Distribution of soil samples in the lacustrine (a) and transition unit (b)
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WE X Pb.Cu Al Zn #9355 & 4354 10.3
mg -kg(2.7~29.3 mg-kg™),84.5 mg-kg™(49.3~126.7
mg-kg™)Fl 83.2 mg-kg™(23.7~149.4 mg-kg™) ., FIMX
Pb.Cu 7l Zn BFHI B B4 Y 17.5 mg-kg'(10.5~29.3
mg-kg™),137.3 mg-kg™(53.9~202.9 mg-kg™)F1 117.7
mg-kg?(48.1~192.1 mg-kg™)(F 1),

xRl REITESSESERHAXEASH
Table 1 Soil trace element contents and

physic— chemical parameters

WIE KX (Lacustrine unit) 31X ( Transition unit )

Bl R e v T
(Mean) (CV) (Mean) (CV)

Pb/mg-kg™ 10.3 9.2 88.7 17.5 5.1 29.4
Cu/mg-kg™ 84.5 18.7 22.2 1373 328 239
Zn/mg kg™ 83.2 28.3 34.1 117.7 318 27.0
CEC/cmol kg™ 46.2 18.0 38.9 29.3 223 76.1
<0.01 mm ¥5%7/% 38.6 11.5 29.7 32.9 6.9 20.8
BHLFR/g kg™ 46 0.7 14.3 29 0.8 26.3

EXES RS ZHETFIX, M CEC.<0.01
mm KRLFIAE AL N R X a3, —
Kvt, THRAR CV<10%K 552 FH;10%<CV<
100% K Hr 26735 Stk CV = 100% K38 A8 S, AN
SRFEX CV BT 14.3%~88.7% 2 8], R P& R
o HAWEX Pb ZERE K, 53] 88.7%,Cu Fl Zn
SERNT S RBEER, N 22.2%~34.1%, 1 H. Cu 7EH
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WIEEIX. Pb F1 Zn & B2 A4 AR 55 S R T
IR B VLR A VA IR R IE B I A AR B L6~L9 1T 1Y
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B BN REPLE E AR>S, Pb Al Zn 7S (B4 6 B
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CEC FUKS B &7 B 11 Co 4331k 123.86 1 110.90,
UiBH CEC FUKRL & 832 2IFEYLE R 5 R A iR
K, T H CEC URSRLE 2 A HLE & & A 25 R AH B
AT 25%F 15%2Z00), ZRRGEEEMBEILHEREK
(R 2,E 2),

X Pb & & 925 8] 43 A48 =P B BIL
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Table 2 Optimal semi—variogram models of soil trace element contents and their physic—chemical parameters and

corresponding parameters in lacustrine unit

ARE A T s £ 220 ) 72578 (Range )/m

umer) (et Cyﬁuﬁﬁ e e Kl } g etion) RERNUED

Pb ik 31.76 85.19 0373 889 440 SE-NW 0.631*

Cu FoR 360.28 492.36 0.732 889 646 SE-NW 0.659*

Zn ik 325.44 1025.75 0317 822 495 WS-NE 0.712%

CEC B 123.86 421.08 0.294 889 560 SE-NW 0.645*

<0.01mm Kk Bk 113.90 186.37 0.611 889 254 WS-NE 0.821*

HHLR ik 39.09 64.40 0.607 889 607 SE-NW 0.690*

T * RIARARMER 0.05 BEHAKF(P<0.05), T
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K3 FURRETERETENBLSENL TR ABERREXSH
Table 3 Optimal semi—variogram models of soil trace element contents and their physic—chemical parameters and

corresponding parameters in transition unit

£ WANN  JeNN AN EEMAXE 2R (Range)/m 1 (Divection) Mo RHC(RY)
(Parameters ) (Model ) Co( Nuggst) (C+C)(Sill)  Cy/(Co+C)I% Kot St -
Pb Bk 13.82 34.19 0.404 592 534 WS-NE 0.612%
Cu BH 77471 1519.40 0.510 592 413 WS-NE 0.674%
Zn =311 743.48 1367.43 0.544 592 375 WS-NE 0.845%
CEC =5 i 0.56 559.37 0.100 586 259 SE-NW 0.634*%
<0.01 mm Kk SN 45.03 67.96 0.663 592 471 WS-NE 0.654%
HHR Rtk 42.02 76.69 0.548 592 368 WS-NE 0.741%
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Figure 2 Optimal semi—variogram models of soil trace element contents and their physic—chemical parameters in lacustrine unit
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Figure 3 Optimal semi—variogram models of soil trace element contents and their physic—chemical parameters in transition unit
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CEC i) Co FIZ [AIAH R EAEMIE X KT IX, $LE]
CEC 7EBiE X Z BIHEPLIN R 5 2 M 798 R T
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WX 5 iR % KM PbCu il Zn 355 B3
K 5.2 mg-kg? (1.8~25.9 mg-kg™).91.1 mg-kg™
(72.1~109.0 mg-kg™)F1 91.2 mg-kg(63.5~106.8 mg-
kg™), W2k 4, Hm 1 SR Pb . Cu Ml Zn 3y & &
o Pb & BRZERREOR, Cu Fl Zn S EKZERR
BN, R 10% 475

X 5 MR ZE KM Pb,Cu #1 Zn K45 85
A 17.7 mg-kg? (9.1~ 30.6 mg-kg™).177.3 mg-kg™
(87.2~222.9 mg-kg™)F1141.1 mg-kg?(67.9~195.4 mg-
kg!) HAS SRMA Pb Ml Zn PG EER R, 2 5K
HiFR Cu 38 B & . Pb.Cu Fl Zn & EHEF REL
BT, By 20% 754

3 itig

A TS, AU RTE DRI T —E /)
FH, BB R X & TT R FE R Pb 43.3
mg-kg™ Cu 44.6 mg-kg? Fll Zn 99.2 mg-kg™, FHIHLZ
T, BOGRAE S Pb Ml Zn TR G BYMETE
A3 X SR B, T Cu SR EE R TR
WX L E R, HEMRXEENTHRET 1
kn?, B ITR & BT R LR, KRR Pb S BAE
S B, SRR S SR TR A T R S A
B3, FTRE S KB AE P 2 R E B FEERA
K, R BB B AR T RS W RIS K P T S TR T R
A RERLIE AN, SFEURMME TR BN K
R 225, AR 2 R AU A R S

T XML

3 FPTE R HIERASEIIREAEE TSR0 (R
2,%3), Co APEAE, RBLFENLIH R 5 AR 558
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BEHLR R MR R ITC R, Cf(CotC) LB K25 R)
R, 4 CJ(Co+C) UIE<25%RT, +3EM: R £ E i
SEMAFRESR, BERFEZINREFRENTM;
Y CY(Co+C) LLABTE 25% ~ T5% 22 [A] Bt , 4 34 i EL
B Es MR, AR FEZ I RS HEAEEYLEHE
RIFEEWEA ; C/(CotC) HUAB>TS5 %M}, 134 i 2 ]
MRS, AR FEZBIRHLE R, AR
FER Y Pb. Cu F Zn {23 [BIAHE B R 25%~T5% 2
6], AERHEZRNRGHEZMEILE R YILFEER,E
WX Cu & BRI ZS RIAHC B & &, IR 75%, 7T I
FEALE = A2 A B R AER . 1 Cu SRR HLE

%=, W RB SR ZW M IS Cu A HLAE A HER
B, R B RARR I K& Cu M Zn B, Bl
EWE A EEEVIEMER, TRESEKE
B Cu 1 Zn HEARH, 5[ Cu # Zn BY/NREZS[A]
HIAE S, NI | S FE R,

T2 TG KR M B T R A R 5 4
TERIBEST , B B FisK P E £ R A BR Bt
BEGHE, B—EKHE ML SR ik R,
T YL B BESR .00 ) R BRI R, B FBE B R K
F/NFRIEFE, NIRRT BRSO, TR
IX M A A 3H , 3 O 38— , U At
B AR AT A2 . B TR BIRREAE R 2 R
F A YR SR HETS Ak HGE B M 522 5 H154%
TTETRW/NEER ARG TE R, 2446
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Table 4 Soil trace element contents and physic—chemical parameters

WIERX (Lacustrine unit)

SEHIX. (Transition unit )

755 (Parameters ) — —
BAREIME (Mean)  A7sE2E(SD) BRRBU%(CV)  BAFHE(Mean) FrEZE(SD) B REU%(CV)

Ph/mg-kg'! 52 66 1293 17.7 40 2.7
Cw/mg kg™ 91.1 10.7 11.8 177.3 322 18.2
Zn/mg-kg™ 91.2 11.5 12.6 141.1 25.7 18.2
CEC/cmol kg™ 27.5 14.6 53.1 55.0 34 11.6
<0.01 mm ¥5%i/% 39.2 16.3 41.6 35.7 6.7 18.9
B/ kg 41.9 8.6 20.5 32.1 6.7 20.95
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RG22 BT A5 R, WX 4 Pb.Cu
1 Zn BYAS B ASFRE HIZE 440~646 m 28], HIE AR K,
Jt. H & Pb.Cu.CEC.<0.01 mm 3 175 HLE & &2 1
KHAFEY N 889 m, TMFIIX Pb.Cu F1 Zn AYZEFE
FEHITE 375~534 m Z[A], OB T 4% AR RS (] A A
FELELAA R R AAE U , X AR AD AR B b A A s e
YIRZS () o A R A A AL

P SRAEIX 3 Fpon R M LB S HOE A 7 R
BIEHPRE M S, JERh WS-NE Fil SE-NW
(WX Pb.Cu FIEHLE & & .CEC), X371tk )R
TR B 2 5 B 2RI X S AR S T 2 BT A
AN B A K, EXARILARET EMWX, B 5K
XA —&HsWIE SR L7 f1 L8 2], HIRTi A%
T5KHEA M, R — A B2 20l BB S HEE R
AT B T 5 Vb o T 7R X AR Rt RIS — 4%
BT SH R A TERE, B T I E AL AR TR
RIFRE, WX AE T2 f1 T3 Z A1 — &Rk
SR EE R, R EE K, IMEAKAESR
EERESENKHESBESEN S MEE —ERN
%uﬁl[m,liﬂo

F5 41, Pb.Cu Fll Zn & & 125 8] 48 F4HAE T BEAE
SER3EA = R R RN T KL 5% o Rl — KM L85
AP REHEZEBIEX R 10 a 247, TEWIX K5 a
KA. FHIX Pb.Cu Fl Zn & 25 FHIEX , R
FRK 10 a BRI E SRS BA I PR, TaR%
5% th B SRR AR 5 & SR & BN
5, T 10 a JEAEXTENAERY, SR R RBZE T A HLIE A5G
FAE R A B2, T KA ZEIEE X R 60 cm
LA, UK AT 100 em, 0 XL BT K £7
et ESKEMESE TEAELEPHE
Hil% , NTIA RO ERERE TR ESREREY,

TR, — IR S B AR S
B CEC 5EHEER T RREHA —ENHERER,
Al HHER R A WL & B AR 5], 3R
TCER S BG4S ) 22 F SR b R EBR TR
FH 3 2 X R A L AR A =Rt A0 S v R A () 43
i, KR AT AL RS S B IR R R . AR
X, KERLF A MU % B A AL S S M ETTR A
MMZab, X Pb S REEHESEZAEE S
21 £ A e (y=27.28-0.32x, R*=0.188 , P<0.01, N=
49), WIRE-INX it A A8 HLAEAS 2 13 Pb BRI,
MiJ2& Pb S REMFMER, BYUELR Pb L4

TR Pb 76 L3R AIERS , Bie sk + P & &, e
B XA X R CEC 5 Pb.Cu fl Zn 5 &
BERITARME(GR S) Ui CEC REBLT 3t fz b 13
Pb.Cu #l Zn By & &, #WRZLFEH Pb.Cu Fl Zn
BB R EIIX 38 CEC Y23 8] B AR, 4
W5, FEZANRGRROEW, E—ERE LY
Wi Y Pb.Cu il Zn & B HYZS A RHRE
R5 E€RAES CEC ZEBHERES
Table 5 Relationships between soil trace elements and CEC
TR KR Tk R P N

Pb WERX  y=21.87-0.25x 0.233 <0.01 100
SEHIX. y=19.84-0.08% 0.119 <0.05 49
Cu BIEER  y=99.89-0.34x 0.103 <0.01 100
X y=158.39-0.72x  0.240 <0.01 49
Zn WIEX  y=122.55-0.86x  0.291 <0.01 100
SEHIX. y=142.54-0.85x  0.355 <0.01 49

TEMETR T ERMAIN XA E, TEAR
RETF GRS &2 AT 58 EAG M R FHE , FEEL
FEMEBE B /N R, S AR AL R BEATLAR 7 W g
ARYCRAEE A S RRE PR TR S B
BARRE, BT REE/NRERITTRES RS 75
AIE, X KA Y 5 NI W A0SR A H A5 U R B
YRR S B AR b A= PR i R R ) 22 7 LR E 4R
TR

W X B SR AE 5 M HIAR AR = KM L Pb & &
HAE S5 RE>100% , RIH B E AR, Hkh CEC
RS KL &, 22 57 R B AR 53.2%F 41.6% , T Cu
1 Zn (7285 R BN BT I, A X AROML AR PR R A
KX Pb & B EH R ZMEK, WX Cu Ml Zn &8
B2 () AR S /N o Cu F1 Zn & EZBIBEYLR R 1Y
S0 ] BB 225 FH ()3 (B 1) A A T B B A % T
X AR PR AR S5 R BRI 20% A A ST
20% , i BHE 3 X A b Az 7 i it FR S BRKF L —
., FIHIX Pb,Cu 1 Zn 7 2 A2 [A) 28 5 37 B (1) BEAL
PR 25 4 52 ) T BB B 22 5 P () 8 % 140 0 A R Lk B
FE SN
4 Zig

B B T S50 i 3 A 7 et 39 R b R B R T
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