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Spatial Variability of Zinc and Copper in Farmland Soil Irrigated with Swine Wastewater

HUANG Zhi-ping, XU Bin

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract. Spatial variability of heavy metal in the plough layer (0~20 cm) of groundwater-irrigation farmland soils and sewage-irrigation
farmland soils which had been applied swine wastewater from Jing' an swine-farm for 8 years was studied using geographic information sys—
tem (GIS) technique and geostatistical analysis, to analyze the effects of long-term swine wastewater applied on Zn and Cu in soils. 52 soil
samples were collected and analyzed in terms of the total concentration and bio-available concentration of Zn and Cu, pH and the contents of
soil nutrients. The results indicated that the spatial variability of the total concentration and bio-available concentration of Zn and Cu were
impacted by random factors and structural factors together, bio-available Zn and total Cu were dominated by random factors, and total Zn and
bio-available Cu were primarily controlled by structural factors. Bio-available Zn and bio-available Cu positively correlated to total Zn and
total Cu respectively, positively correlated to total nitrogen, bio-available nitrogen, total phosphor and bio-available phosphor, but negatively
correlated to pH, and correlated to organic matter insignificantly. The statistics analysis of Zn and Cu in soil from different samples and map
of ordinary Kriging interpolation revealed that the total concentration and bio-available concentration of Zn and Cu were: orchard soil >
sewage soil>soil irrigated with groundwater>woodland and clover-land. According to the analysis of background investigation, the variogram,
the value of the total concentration and bio-available concentration of Zn and Cu in different samples and the map of ordinary Kriging inter—
polation, the main random factor influencing the distribution of Zn and Cu in soils in this region was swine wastewater applied. The Zn and Cu
would be accumulated and the bio-available concentration of Zn and Cu would be increased in soils if the swine wastewater was long-term
applied in this region.

Keywords: swine wastewater; sewage-irrigation; farmland soil; heavy metal; spatial variability
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(ELAI ISR 5 s A9 o m T 8 3 T < R 4 ) 20 A 4R
Kt — R AVRARI WS L e G IR AR R KA 6] g3
AARBLXT FISWrTE YR | R T SBa FRE A 2 it 22 T
AR S TS K R R T e IR 2 0t
ST TN A 57 B K A FH Y 138 o R AR A F
FEARXTEL D o BT Zn il Cu (A SCIATAR B4 )8 ) (1
AR AT A A A KM RE , (HORER > Zn F Cu 2
HEHGEE AP HES , w5 Zn AT Cu B TsH) AT
SHEEYFET Zn M Cu & 4R s P R G S
o, MBI EOK A Zn Ml Cu SE 2 FPEE 4
J& & Zn Al Cu A AT UK | (HR i & 2l
WP N R AEE

ARICEIS T FAENREE D, 2 g
TIEIF A G IRE B R GUGIS), W FHT b - Hoa
BN R KHE R A3 T T 100 DX Sl T 338 1) Zn A
Cu B4zt FIA R 5 1 B 25 1) 0 A R AE A T 0T
Rz X L Zn A Cu i 4 i ARG & 2 1L
FFIE,

1 HH5H%

1.1 AR RBER

TR ERT 1998 4F, AL T A o ELOR
5 km Kb AT LRI e X, AR 8 R RU R b AE 10 0
Sk R 3 T3 3k TR AR 29 4 hm? HETZE T 2
2000 m*-dt, IR EE T Ok s 280 4
SR, W TE KB R A NSRRI T, 5
AA5KHEA TG /KYE , BVl )R 7124 100 hm? A FH 44

B A A, s B DY 1) AR 2 S
R AR 19~31 m, Ja8 W HT ISR 2 RS0, 4138

S 12.4 °C AR K B 540 mm, 3@ 4 AL i)
4, FB 5 F b A ke A -, R AR Bk
I ABNE AR, AL & AR R EBEYA /N |
TR ER AT LS R THAEYI LIARAE N R
il EE LA/ N - B BRI — A o 32, i
FIHE 20 cm,,

1.2 HFmREMETRAE
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38°1342") AR RAFE s T K M I KT X A
TE T DRI T DX VA V3 DX AL S AN 1 7 1l AL (%
D T 7K M, 5 HE X A5 E /INFE b (FRTRR 5 HE b ) A
SR b, AP A AR 5 AR B 7 A
ST TE M 37 AR AT SRE M 3 ANRE S, RAE A
BN 300 m, WA 1, R RAE AU L m2 N 3 AR
M HEES), B oREL 1.0 kg HHEFE SR
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BLULER 1, fER 1 o0, SR | TS s AL AR
2 SRR FH AR ZE AN K, SR Pl b 3 2t e 4
SR AR (B R AR K IR AR , 15 e 3222
RGP /K R T T (B R RS R K ) P
H MCH AT 7 A MG K

> =

.
o
P H
@r—p\
.
.
L]
o8 e
LN

.
.

N
i i 3
° 3
.

o b 7 Hb
— 5K E

CEE R
— A

1 RERHT
Figure 1 Distribution plot of samples

W5k
o ML

1 RERPAEHIE
Table 1 Investigated data of the samples
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1.3 Mmoot

4 A . FREGE 100 H R 44 2.000 0
0, FhFR -M R - m AR TH A, TH AR U8 e 1 FH i1
W BRI LK g R K AR
T 2 R OK A K W43 Br 5325 ) (o O i) il g 9

B ARG S RIE FREGT 2 mm i X 1
F£ 10.00 g LA 100 mL .04 H, i A 0.005 mol - L+t
DTPA #2485 20.0 mL, 25 °C FFAEIRGHLIR G2
B2 h, B0k ig, BN R IR o G B
%[14‘16]0

+-3E pHOK: 1=2.5:1) 2R ] pH THINE ; A HLETR
FH i AN A 3% R A b - 25 e s 42 (total
nitrogen, TN) >R A BIL FG 2 &7 5 B 220 GRS, bio-
available nitrogen,BN) A UL & s ; 4 (total
phosphor, TP) > F NaOH & @il i , 75 %k (bio-avail-
able phosphor, BP) & NaHCO, 714,
1.4 BIEST A

5 S SR TR SR B AT G IR0, A5 AT
RBAEAE L A9 35 0 7738 AR 32y i SPSS11.5 1 Kol
mogorov -Smirnov B HAS 55 B s JE H AT A IR A i
I8 ] ArcGIS9.0 155745 S R ESRN 4 7838 Kriging 4fi
{8,248 5 RS ARRI R i variowin2.21 A A,

2 HR5VE

2.1 AR ZnfiCcu &8
% 2 WHIFHKFREE K Zn F1 Cu &8, JKAE
REEREAE N 34, 3R 2 v 51 S K TG
WATE SRR Zn A Cu & i O 1 4 FHVE I /K /K 5
PR, LA S K R Zn F Cu &5 543 il ik
26.24 mg- Lt Fl 15.16 mg- L, 4351 A58 37 K V8 15 T
R 2 HlFKFNIEIFEK Zn F1 Cu £ 8/mg-L?

Table 2 Zn and Cu content in under-ground water and swine
wastewater/mg- L™=

KT HUEK  ESABOKETEW A BORKIEI R K TR AE

Zn 0.14+0.04
Cu 0.01%+0.00

213+0.32 26.24+431 <20
1.24+0.15 15.16+1.86 <10

FWLHIKAY 10 A5 EE S,
2.2 #iRMST

e 3 JRAE R I Zn M Cu i AR RS T i
R IRPES I, B 3 I, %L Cu(bio-available
copper,B-Cu) PRI EE IR K, &5 R
15 AFTE—E Sk, UERH R S E XA AE S AR
F1 Kolmogorov-Smirnov 7.4 %5, 4= Zn (total zinc, T-
Zn) G % Zn (bio-available zinc,B-Zn) fF& IE A 47
A1i , 4> Cu(total copper, T-Cu) IR 4F & IE A8 4041 , T
B-Cu AFEIES M, 1178 5 iR EHT 7 Box-Cox
A B-Cu £ Box-Cox 845 K-SZ 1B I AL i/ 55 iF
{54350 0.74 F11 0.64, F5 G IEAIM
2.3 Zn 1 Cu 5115 pH FAF S HEX 5

WFFEIX 13 pH 4 6.96~8.10, 4 E AR A 53 7]
47 0.00~0.12%7#1 19.64~101.91 mg-kg*, 7 HLFE (or-
ganic matter, 0.M.) & 0.02%~0.92% , 4T FIA %5 i
514 0.02%-~0.37%711 0.00~357.65 mg- kg,

158 Zn 1 Cu 5 1 45% 40 F1 pH AHOC O R IL &R
4, M 4 ATH,T-Zn F1 T-Cu IEAHSE, MISERECH
0.557,P<0.01, B Zn 1 Cu Bk IFEAH , pH S& M
A UM DG, F IR 1 K RS o -3 b A
3t , DXL LI $ 7 02 7K 23 A1 338 pH ., B-Zn # B-Cu
5335 T-Zn F T-Cu 1IEAHDG , AHC R 404551 0.723
110.841,P<0.01, B-Zn F1 B-Cu 5 pH fiAi&, 4l
K 2 H4y 91 -0.483 F1-0.590,P<0.01,
2.4 TR RFFIES

DA DK S A A S B S F A, AR SR B E 2T
FLAG M G0 24 R AR [ RN 7 YA AR R 22 Sk P R L
ACTEAN ARG IRLT 00 AR SCATHGAR . W ArcGIS9.0
THEAR S R , X AR S5 R UL A R RDRS PN 1]
58 SURHIE WU 22 LN 8RR, A5 A LA ARk d
e, RIFR I iR e o 0, 34 5 B 152 22 e /)y
SRR R 2 e T AR TR 2 AR AR
TR ZE AT 100, A5G Zn A1 Cu & A AL
A AR 5 R B AR S AR A M A A BRCIRAR Y | AH
IR RIVE S s G | G el T e A A S B S WU

%3 I 7Zn 1 Cu iR ST
Table 3 Descriptive statistics of Zn and Cu in soil

T H SEEIEImg - kgt PHumg « kgt kEEZEImg - kgt BRE% HRfimg - kgt B/MEmg s kgt K-SZ XUAKIE
T-Zn 108.75 98.28 36.82 33.86 243.45 54.56 0.92 0.36
B-Zn 5.47 5.25 3.69 67.47 12.38 0.08 0.88 0.42
T-Cu 31.81 28.77 13.35 41.98 76.68 14.71 1.33 0.06
B-Cu 4.35 1.96 5.18 119.25 26.65 0.31 1.91 0.00
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Table 4 Correlation coefficients between the total concentration and bio-available concentration of Zn and Cu
and pH and soil nutrients in soils
WH  pH TN BN OM. TP BP T-Zn B-Zn T-Cu B-Cu
pH 1 -0.693" -0.333 -0.138 -0.423" -0521" -0.486" -0.483" -0.328" -0.590"
TN 1 0.505" 0.391" 0.265 0.380" 0.427" 0.354" 0.099 0.369"
BN 1 0.609" 0.572" 0477" 0.589" 0.664" 0.616" 0.585"
oM. 1 0.417" 0.179 0.189 0.266 0.165 0.200
TP 1 0564 0.381" 0.623" 0.665 " 0.752"
BP 1 0.422" 0625 0.587" 0.641"
T-Zn 1 0.723" 0557 0.668"
B-Zn 1 0.697" 0.754"
T-Cu 1 0.841"
B-Cu 1
1 R EE PUE B R, ** R P<0.01, 25340 3, * FR P<0.05, 27 3
#5 ERTRIEHKREEBESH
Table 5 Corresponding parameters of best-fitted variogram models for Zn and Cu in soil
) . 2 SHAIE Pede 1L S 1H(%
5 Bfim #EC Hedfl Co — CUIE —— S
MG BRI 2 PR 2 RIS AR R TIINIR % (CoX 100%6/(Cot+C))
T-Zn 33332 14059 24872 1342 36.37 34.65 0.0271 1.091 15.03
B-Zn 56502 6.8013 81159 0.07004 3621 3.428 0.012 86 1.058 54.41
T-Cu 685 59.112 126 01275 11.68 12.94 0.006 43 0.914 2 68.07
B-Cu(Box-Cox 25 #f:) 483.85 040139 028692 0.01516 0.7455 0.740 8 0.0103 1.015 41.68
T 78 5 R ECEIR AL 35 S BRRAR AL
y(lhD) y(lhD) N
2400 A 21 . 184 4 Zn ]
2100 | o 16 | . L C o
1800 | 13 = .
1500 |+ ° o . ol
1200 ° . sl ° °
900 6 F
600 4L
300 2 b
%050 100 150 200 250 300 350 400 450 %% 200 400 600 800 1000
[h/m [h{/m
y(lhD) X
"/(lhl) 4 Cu 0.81 A ° ﬁ’)& Cu
2404 ° 072 -
210 [ . R . 063 I o R o
180 | 054 F B o
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Figure 2 Experimental and model-fitted variograms for Zn and Cu in soil
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P T 114 28 (R S T R 20K b BEAILPE R 225 i
P2 ) A8 S PR R B A “ e H S S A A 43 E (Cox
100%/(Cy+C) )" K/NAKIX 43, 12 HUAEL = , Ui BH Ha B AL
BB A2 ] AR SRR R A, AH ) Pl 25 AP R
ol sa R RER R, ‘el S5REEEZ
HL”/NTF 25% 1\ 2 iR B2 [RIAH 56, 25%~T5% W\ A 2
HREEAS [AIASE , KT 75%IA A 25525 (Rl A BT,
M35 AlALT-Zn 1 “Pef (iS5G HEZ "R
15.03%, I IR A2 8] B AHDC 33X 5B SRR
—3® B-Zn 1 “ P A H 5K EZ " TE 25%~75%
ZME, R AEAS RIAE G, T Az Bl AL R
54.41%, ZLERIVERCIN Y 45.59%, LIBAHLTERZ N A
F . T-Cu F1 B-Cu iy “Hh4G:(H 5 EE B EHZ L HTE 25~
75%Z 1), Ay A as [ AHDG , Horr T-Cu SZREHLITE S i
i 68.07% , 52 25 f 1 50 7 31.93% , LABE L 52 i
A, X AT AR 3R A2 HE R I 5 K AR R Bl s
A5, 1M B-Cu SZBEHLYERZ I 5 41.68% , 45 F4 7 #2 1
i 58.32% , NG b M2 3 X F 2 T Zn Cu 1k
2ETER MR R] AEK T P A2 TR R MR Y T 2R AT LA
A T TR 55 A TR TS A W R
Wk, RS IEAE B-Zn, S B-Cu 2355745
JatEHE Cu, A 1M Cu IV A & LS PE Zn, B-
Zn M1 B-Cu HA AR A BEILAE, FIREL-3E B-Zn
&R B-Cu KM M, Kt B-Cu b B-Zn HZX
Hi 32 ZERE R
2.5 Kriging $H1{&

HR Y8 A58 S RBCHE B A | 1 758 Kriging
e, 22l Zn F1 Cu R FARGE S | D& - 5EF
53 (3SR 4325 18] 30 DL 5 3, AR SCAGE FH 343 Krig-
ing FRAELED) 1 A R (] 3) , DL B b Js ke 1= 35 Zn
Fl Cu 25 [0] 43 A1 4 Jmy AR S5 KNP S B R 3R 41 2
[ AR

% 6 AWAFERFEX Zn Fl Cu &t FIA RS & &
HIGET 8T, %% 6 W LIE I, T-Zn B-Zn  T-Cu il B-
Cu ¥ 18 0 2R [l > V5 #E Hb > AL b > FK M R0 E A Hb
Kriging P4 & (& 3) &L H T-Zn . B-Zn . T-Cu #1 B-
Cu TET5 7K I BRI PG ER %) SR Bl 175 98 DX B R 3
P, e Hh = B A A KR , T X 3
WERE 7 ROK PS5, 2% 1 N6 2 ] A5 SR el i
Zn F1 Cu iy A 3514 59 04049 697.5~70 848+11 637
g-hm=2-a* i 34 110+4 185~40 93245 022 g-hm=2-a™,
TSHEHILIY Zn 1 Cu i At 5390 4 5 112+768~7 668+
1152 g-hm=2-a* FI 2 976+360~4 464+540 g-hm=2-a,
RAERFEVEYI*T Zn Fl Cu WA 22 5, (HAR
[ Zn 1 Cu iy AT K2y Mi53E D Zn Fi Cu By A 1Y
10 %, WFFEFRBIR R 40 Zn F1 Cu 4xit T
A3 KB B AF A AN [R] - R 5 =6 Zn i Cu
PR RS AN] KB B AEE 53 3R W R el 3% Zn
Fl Cu FRE KT/ INAZ b - g2

B-Zn #1 B-Cu 4395 T-Zn #1 T-Cu IFAHX , 5
TN.BN.TP #1 BP 1IEAHC, 5 pH fAH >, NI, 715
R BRI TP R ) SRl A5 HE X B-Zn A B-Cu 5 i

R 6 FERFEXLTEEZn 0 Cu St SR
Table 6 Statistics analysis of Zn and Cu in soil from different sampling sites

s ESH FEimgkgt  Th¥umgkg?  kRizEimgkg! ARAERI%  BAM/mgkg! B/Mi/mgkg™

Zn el oy 148.05 129.66 38.43 25.96 192.22 122.28
AR 10.00 8.83 2.06 20.64 12.38 8.78

VIREMY o 111.50 98.59 37.47 3361 243.45 72.87
AR 6.06 555 3.39 55.95 12.36 0.15

B Ey 94.89 94.91 22.35 23.55 124.89 64.20
AR 3.30 116 3.34 10134 854 0.90

ARHAN 75 4 84.18 76.33 29.06 3452 128.31 54.56
Sy 0.63 0.70 0.39 62.36 0.99 0.08

Cu P 4 49.20 41.10 19.87 40.38 7183 34.66
AR 16.41 13.00 9.04 55.06 26.65 957

TIREMY oy 32.80 29.68 13.14 40.06 76.68 19.41
AR 417 218 4.28 102.67 18.95 0.45

B Ey 25.11 26.00 6.72 26.76 3451 1471
AR 245 142 2.25 91.67 7.20 0.94

ARHAN 75 o 2350 21.30 7.40 3151 31.99 15,52
AR 1.08 0.87 0.62 57.62 192 0.31
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Figure 3 Spatial distributions of Zn, Cu and soil nutrients in soil
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1=, Kriging P4 & (& 3) B B-Zn i1 B-Cu 4351
5 T-Zn #1 T-Cu TN BN TP BP &3 H AH LI B e |
5 pH RICAEANES , T Zn F1 Cu XHED 520 3
BIRT Zn 1 Cu MARGS & &t ,B-Zn fil B-Cu &
pH A6, EE G % K G S B 138 pH, AT 2
i 3% B-Zn 1 B-Cu &, HICHIS R IR
KB - BT i A DK S5 it DA B vy 38 pH ORBEAIR
+ 3 B-Zn 1 B-Cu 54t

R 1, % 6 45K 728 5 R B RIA Kriging (e
& (F 3) 434 ,B-Zn . T-Cu 1 B-Cu & 4 AL, %
SEFPE N R MBEYLPER R 52, T-Zn &% A, £
L2 AR R 2R /N A3 2 ML R ), bl R
FE DX A FL AP 41 | - 498 bt 450 B — | TR I,
Hi TR RN A 3 s ] L2 AT, T b R i
FBHE 22 AR K, R, 520 38 Zn F1 Cu A8 57
FI AL PR 28 2 G A K

3 &g

Zn 1 Cu 4= A RS & AR S5 sR B 1L A
BIFF G BRRERY | 23 ()48 A2 |- B-Zn T-Cu F1 B-
Cu &5 A, 245 bk N AN REMLYE R R 5 m, T-
Zn EE AR, ZEEHPERZE R, a5k
F,Zn F Cu G A 80 i N R FE > 15 HE b > P
o> FIE 75 M | Kriging PA3E 7 SRl A5 HE X
B v BEBE

Zn il Cu ARCES T /i S EAHDE, 5 TN,
BN, TP 1 BP 1IEAHE, 5 pH fiAH 3, 5 O.MAHEE
ANEH

MRS A A8 5 R BT AR [RERAFE X Zn Al
Cu S G Hr Al Kriging P38 & 437, 52 2 f
FEIX M Zn Al Cu 4 A RS & = R B MLE R 2
RGN K T IR =5 7 & Zn AT Cu
IR 5 705 K 25 K 13 Zn A1 Cu RS, LA
K3k Zn F1 Cu A8 SR,

SHE

[1]5kHUE, T BB, 7 EX KT GPS H1 GIS By HH fa] -3k 2 ] 25 S
PERYRHFE[I]. 40 T RE4%4H,2003,19(2):39-44.

[2] XU A, 7 8 B, 25 0 2, 45 ORI 37T Jok - 998 35 4 2 I A8 SR AR AL 43
M —— LA P00 R B [9] 40 VT2 2 (Rl 5 2 ARl ),
2003,29(1):76-82.

[3] SRIOAR, A, BRATS, 4. 762 Al i A 355 43 10 B 23 8 S
FHIE-2 57 BB Kriging R {E 43 #7(J). #u B2 412, 2000, 55(5): 555~
566.

[41 7 U, WL EL AR arHet ) i B 2 A8 5 [J]. 1-HEAE R, 2002, 39
(2): 190-198.

[B] # E W AU, S ORI IR et X A 3SR 4y 1 s (] AR
F2[J). -4, 2002,4:201-205.

[6] X5 S AFIE B b, 55, Tl B3 & 3848 X Rk 38 Zn 19725 7]
5358 R S0 D 3T - DL JE B i 3], 49,2006, 38(1): 29-35.

[71 5K 8, =011, S SR, 5K BEERE 2 e b 4 Ry 4z [ 2R SRy
fE[]. 4-38244,2003,40(1); 151-154.

[8] Long Cang, Wang Yu-jun, Zhou Dong-mei, et al. Heavy metals pollu-
tion in poultry and livestock feeds and manures under intensive farming
in Jiangsu Province, China[J]. Journal of Environmental Sciences, 2004,
16(3):371-374.

[9] WM, FEIAA, SRR AR. S8 IRV 5 e DU R 1 L BT 320 A
PR R[], T R, 2003,8:16-17.

[10] Eneji A Egrinya, Honna T, Yamamoto S. Manuring effect on rice grain
yield and extractable trace elements in soils[J]. Journal of Plant Nutri—
tion, 2001,24(7): 967-977.

[11] Moreno-Caselles Joagui'n, Raul Moral, Maria Dolores Perez-Murcia,
et al. Fe, Cu, Mn and Zn input and availability in calcareous soils a—
mended with the solid phase of pig slurry [J]. Communications in Soil
Science and Plant Analysis,2005,36: 525-534.

[12] Racz G J, Fitzgerald M M. Nutrient and heavy metal contents of hog
manure-effect on soil quality and productivity[DB/OL]. http://www.gov.
mb.ca/agriculture/livestock/livestockopt/papers/racz.pdf, 2007-01-05.

[13] Bolan Nanthi S, Domy C Adriano, Santiago Mahimairaja. Distribution
and bioavailability of trace elements in livestock and poultry manure
by-products[J]. Environmental Science and Technology, 2004,34:291 -
338.

[14] B dn3 el A= 4047 5 ML st o E Ol BB R i,
2000.

[15] SMUES, X HEZF. KRB K Mo 4347 5 vk (R DU IO (MR 3 o ]
PR A, 2005,

[16] %R EETE, VFFadk, B fm ok, . LR A RES Cd,Cu,zn,Pb $REGHI Y
FEFE[J]. Ak BRI 1497,1994,13(6):246-251.

[17] Burgos Pilar, Engracia Madejon. Alfredo Pérez-de-Mora, et al. Spatial
variability of the chemical characteristics of a trace -element-contami-
nated soil before and after remediation[J]. Geoderma, 2005, In Press,
Corrected Proof.

[18] Kevin Johnston, Jay M Ver Hoef, Konstantin Krivoruchko, et al. Using
ArcGIS Geostatistical Analyst[M].

[19] GB5084- 92, < FHIEE /K BT A5 HE[S].

[20] HSx2 B, 2R ik, BRIEDGE, &%, Jba AR R R =0 F ek
TRE N HAS e R [3]). H AR BT R4, 2006, 21(1):65-72.

[21] KR B, BRIGDGK, 48 A, 45, ASIR] 4t A O 2URG L Hed B8 1Y
S ——LUAE AT R B[], A AR BEIRA: 4R, 2005, 20(5):690-696.

PDF SCHF# ] "pdfFactory Pro™ X RAEG)E www. Fineprint.cn



http://www.gov
http://www.fineprint.cn

