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Fig.1 Distribution of sampling plots
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Table2 Heavy metals contentsin under-ground water from

pumping well and swine waste water /mg -L?
KR BORK  RBOKEE PR z}jﬁfﬁf‘
pH{E  7.0540.01 7.1240. 01 6.49+0. 01 -
Pb 0 0 0 <0.1
Cd  17340.35 1.86+0. 46 1.00+0. 13 <0.005
As  0.0140.00 0.31+0. 12 1.12+0. 34 <01

Ee IR POKEM R E N B3 n=3.

PRRE XS 3 G i A SR — e Tuk, AL IEE
SRS R, WBIEASE B oN55 mg « kgt AL
PbAICd) 5 488 mg « kg™ 114 mg « kg™ M8, (H K H
WA R K S AE— C REE R RETALIE . R 2555317k 1)
LRy PR/
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IS IR CEPURRD el

Pb il Cd A 784 & =0 e S FRBGE 2 mm Je e i KT
1#f 10.00 g JEN 100 mL B0, A 0.005 mol/L
DTPA 24271 20.0 mL, 25 C R AP HLIRHEEL 2 h,
B0 UE,  PEIN BB e e BE T D As
A RN 2 AFREGE 2 mm JE i KT A 250 g N
100 mL &0 1, I 0.5 mol/L . pH=8.31NaHCO; ¥ i
BRI 25.0mL, 25 CR/KFARGHIRG I 1 h, &0
IEUE, BEN R T o i A e,
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Table3 Statistica analysis of heavy metd in soil  (n=52)
i L g R ERER BKAH B K-S EEA RS
mg * kg /mg * kg 1% /mg * kg /mg * kg Z (i SULI T

e 6.83 7.00 557 81.62 33.35 0.00 154 0.02
A7 1.08 0.97 0.59 54.68 211 0.00 0.82 0.51

e 3.61 3.65 0.46 12.88 459 2.68 0.61 0.85
Eepic 0.17 0.18 0.05 26.73 0.26 0.07 101 0.26

B 9.80 9.77 1.22 12.47 12.89 6.59 0.34 1.00
A1 i 0.31 0.30 0.14 44.15 0.82 0.07 0.90 0.40

M 3T A, AR /A, b 81.62%, Wi
WAL A AR SR EE LK« 1t Kolmogorov-Smirnov 32:46 55,
B . B, SME R A LA,
BTG LR, THE AR R0 7 Cox-Box A4k,
A 2% Cox-Box A8 4 i K-SZ R 56 UF A 43531 4 1.06
A 021, FFaIESA . R 3%, s
IR i kRuE (Cd<0.3 mglkg) P2,

2.2 EERELIE oHEMFEIEXSH

WFFTX 1 3EpHAE 46.96~8.10, A& A1 & 7 5l M
0~0.12% #119.64~101.91 mg/kg, A HLJ5& 4 0.02% ~
0.92%, Afilf AT Rk 7373l 490.02% ~0.37% F10~357.65
mg/kg. T3EPb. Cd. AsSpHEA LSRRI

KA, RATH, HRCE BRI S5 5 A
AHVRI A IEAH DG, AHOC FR 2040 0.374, 0.524F10.303,
p<0.05. F 2k A R R 2y 5 pHAE S ARG, A
KRB A - 0374, - 0484, -0.328, p<0.05. FHxK
SARTRY, SR AP, HHPbE AR
AHUTCRIEA L, AWM EZMAIURAE, JiicdyS
AEMAHTCRIEA G, ASa 8. A YRR A
G, ULHASSH A AHLUIRAERIEA S, HT
AU A E WA G, T HEWEA 1 12 7K it HH A6 e
Kige s L w e, iR K AR P, ik
Pby5 Yl FEONAIE, T AMNECARIASS 337 Ik K L IE
k.
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Table4 Correlation analysis of heavy metal and pH values and soil nutrients in soil

e PH £y BHE B el e Eeti] G e Gt B A il
pH 1
o -0.693" 1
HREA - 0333 0505 1
AP -0.138 03917  0.609” 1
Axfif - 0423”7 0.265 0572” 0417 1
%k -0521"  0380° 0477 0.179 0564~ 1
A - 0.048 0.607" 0.2 0.320° 0.202 0.172 1
R -0374"  -0104 04527 0.082 0.384" 0.201 0.374” 1
el -0.071 0.132 0.419” 0.396" 0.322° 0.142 0.097 -0.308" 1
AR -0484" 07127 04117 0.381" 0.248 0.2 0.154 0.036 0.524” 1
ST 0.207 -0.08 0556 0.274 0.258 0.212 -0.066 0475~ 0277 -0.187 1
1 i -0328°  0426° 0450 0.275 0.320° 0.361" 0.22 0.086 0.126 0.339° 0.303" 1

e RPEIE A E RBR?, Hrper LoRp<0.01, ZRH G, *HRp<0.05, #HEE. n=52
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Fig.2 Variogramsand correlative parameters
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“HE SR A BE25%~T5% 2 [A), AyhAE
BIAARI,  HHBEATLPE A E R e R R L R 52w . A7 R0 I
“HEE SR GME T N0, mEHAK, FHAE
B, TIEpHEOK, CAWfifrEiiz, Il RrCdthigZ,
CA7EpH{E 6L L I8 5t JT 43 B il CdS. Cd(OH),. CdCO5F!
Cds (PO VTTE, 4pHIEIL7.5LL I, X ELYTTE M AAR AE
WP TR S pHAE s, AR RAETRL L,
CdZ Gy ) AEVE P J5 ) R, DRI 280 32 B2 B A+
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Table5 Fitted parameters of best-fitted variogram models of heavy metal in soil

' o ) L PegeAHIRE A48 %
JHH SRm o PG R G KR FMbRE BEETR (Cox100/(CerCe)
EAME THE R 7 R TR R 7
A (Cox-Box Heff) 2160.1 1.5598 1.8187 -0.0041 1.693 1.494 1.129 53.83
Eepikits 2370.7 0.15828 0.26805 0.02337 0.5215 0.5615 0.9357 62.87
i 1697.1 0.1618 0.11407 -0.00227 0.3782 0.3946 0.9665 41.35
U 1452.7 0.002911 0 0.008018 0.03405 0.02047 1.882 0.00
i 1185.3 0.83119 1.4783 0.01766 0.341 0.367 0.9825 64.01
A1 i 834.98 0.01859 0.00937 0.02414 0.1507 0.1293 1.137 3351

e AR RREEUL G B ERIRBE .
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Fig.3 Experimental and model-fitted variograms of heavy metal in soil
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Fig4 Spatid distribution pattern of heavy metal in soil
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0.524, p<0.01; -0.484, p<0.01), PKItAH BA7E T Fg ¥
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KA H4y M H0.374, p<0.01; - 0.374, p<0.01), Kk,
A 2B A 7 3 pHAELAEG 1R DX 302 T H — N 0K v R 3 B
Y, A5 EE S pHAEAR R X St A — AN /NP . A Y
TG RED T Be— MR iRk BB, X R B P A
WA KT REGEP X, T4 30 52 A R pHAR S i
R, A7 RORLE PE AT — R I sk B d, 5 pHIETE
J AN o

FHKrigingfi {H K T i3t — 20 70 Bt H Py Yo = 24k
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Table6 Enrichment Factor analysis of heavy metalsin soils

HiH AR 3 Pt T el i

Pb 1.00 1.29 1.26 1.87
Cd 1.00 111 1.05 112
As 1.00 1.02 1.10 111

H# 6 WAL, VoREHUNIR e b ) Cd A1 As 1) AE P
TR, TGS RERE AR KR Cd Al As 7 L3
BTN, MU Vo e R R E Y Po SN TR
B P 1,29, 1.26 1 1.87. V5L Po 1 SR T/
FHUHHb AT G Tt FH A IEAS Y 5 2 v, i R el b it
PO A, DR Bl i Ph () & 42 IR K. mTfigd T
Cd B AEVsHEN B8, e 375 HE L WsZ ) B, AL
HOKFE 5 K PG Cd B 2ZEF AR, HHEYIFHA

Vo HE M P A IS AR E /K R T REANY, DALY st Cd 1)
AR T /NTHLIL

3 & i

A AR A RS R AR S R B R B P R
AT ECIRIER, b, AR A, AT R
S AR PEDN Z BN IR SR IR RIS, A R0 v 1 A
Ky FEZGHRITEN ZE R

MRAET SR A e S pHA - 5ETR 7 RAH SCE 2)
Bry 4R AR R R BRI K riging N 4 B 0 AT, CdFIASTS %
VR H R IR, AN Pk H it AL AE -

AR TR Y], AR 7 R KON CARIASH e
STRRAR /N, it P AL IEXT PoR) B AR A BOR M ik R
WA PR Cdy PORTASH) 5 AR DT k1R, (HEERNE 17
JRIK e BEAR - S pH MG I & R AR S, i E R
XHEDII M AR T e 4, LRIk T HEe)E
ARG E, Wk, SEE R 2 O RS Ry
Gt U o
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Spatial variability and affecting factors of Pb, Cd and Asin farmland
soilsirrigated by swine wastewater

Huang Zhiping®, Xu Bin?, Tu Deyu?, Zhang Kegiang®
( 1. Institute of Agro-Environmental Protection, Ministry of Agriculture of the People's Republic of China, Tianjin 300191, China;
2. Chinese Academy Agricultural Sciences Institute of Agricultural Resources and Regional Planning, Beijing 100081, China;
3. School of Mechanical Engineering; Anhui University of Technology, Ma anshan 243000, China)

Abstract: To study Pb, Cd and As (heavy metals) in soils affected by long-term irrigation of swine wastewater, 52 soil
samples in the plough horizon (0~20 cm) of groundwater-irrigation farmland soils and sewage-irrigation farmland soils
were collected and the total and bio-available contents of heavy metals in soils were measured respectively. And
sewage-irrigation farmland soils were irrigated with swine wastewater for eight years from Jing’ an swine farm in Hebei
Province. Spatia variability of heavy metals was studied using Geographic Information System (GIS) technique and
geostatistical analysis. The aim was to explore the affecting factors and accumulation contributions of Pb, Cd and As due
to swine wastewater application. The results indicated that the spatial variability of total contents of Pb, As and Cd and
bio-available contents of Pb and Asin soils were dominated by random factors and structural factors together, whereas
bio-available content of Cd in soils was primarily controlled by structural factors because of high self-correlation.
According to the analysis of background investigated, the variogram analysis, and the correlation analysis among pH
value, the contents of heavy metals and soil nutriments in soils, it could be known that the Cd and As were associ ated
with swine wastewater and fertilizer, whereas Pb was associated with fertilizer. The enrichment factor showed that the
contribution of swine wastewater for Cd and As was little, and the contribution of fertilizer for Pb was large
correspondingly. Attention should be paid to the pollution risk of Pb, Cd and As because pH value in soils would
decrease and the bio-available concentrations of Pb, Cd and Aswould increase after swine wastewater was irrigated.

Key words: large-scale swine farm; swine wastewater irrigation; soil; heavy metals; pollution; spatial variability



