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Analysis on accumulation characters of 5 kinds of heavy metals in orchard topsoil

in typical production zone in China

YANG Shiqi, LIU Guoqgiang,ZHANG Aiping, WANG Yongsheng, YANG Zhengli *
Key Laboratory of Agro-Enwironment and Climate Change, Ministry of Agriculture, Institute of Environment and Sustainable Development in Agriculture,
Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: Accumulated heavy metals that can cause soil pollution are mainly derived from industrial smoke and dust,
chemical species from car exhaust by dry and wet deposition, fertilizers, pesticides, organic matter, waste water and sewage
effluent used in irrigation. Aiming to control soil heavy metal pollution, we carried out the field-scale study to determine the
accumulation character and distribution pattern of heavy metals in orchard topsoil. With the help of GPS, totally 99 samples
of 0 — 20 centimetre topsoil were collected from 99 orchards representing 11 sampling zones located in the major fruit
producing regions in China, including the Loess Plateau, Jiaodong Peninsula and suburb of Beijing city. Using these
samples, we measured the accumulation of heavy metals such as As, Cu, Zn, Pb and Cr, and evaluated the environmental
safety, variation of accumulation and the regional distribution of heavy metals in topsoil. The orchards were classified into 3
groups according to orchard ages; 5 —10, 10 —15 and over 15 years, and 3 orchards were chosen from each orchard group
with an area of about 0.25 —2.5hm’/orchard. Meanwhile, the crop fields close to orchard were used as controls with the
average dimension ranging from 0.1 to 0. Shm’. The sampling period was from early October to early November in 2007.
The methods of measurement and analysis for heavy metals were in accordance with the Environmental Quality Standard for
Soil ( GB15618 — 1995 ). The testing result shown as follows are the average, minimum and maximum value of
concentration, respectively, including Pb: 30.32.7. 14 and 99. 59 mg/kg; Cu: 28.51.8.74 and 69. 63 mg/kg; Zn:
78.13.24.23 and 99. 16 mg/kg; Cr; 65.24.25.91 and 79. 04 mg/kg; and As; 14.75.3. 73 and 16. 51 mg/kg.
Coefficients of Variance of all heavy metals clearly indicate that orchard topsoil is polluted by various exogenous heavy
metals, predominantly by Pb, and also by Cu as the second leading cause of the pollution. Pb is 7. 6% higher than the
average value, and such values for Cu,Zn,Cr,and As are 9.8% , 16.7% , 12.9% , and 13. 6% , respectively. These

results reveal the different accumulation patterns among heavy metals in orchard topsoil. Analysis based on One-Way
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ANOVA and Hierarchical cluster by using SPSS software demonstrate that there are significant differences in metal
accumulation among different metal types as well as different regions. According to the significance of the heavy metal
accumulation, Pb is the major sources of the metal pollution in topsoil. Cu has less effect than Pb, but more important than
the other metals such as Zn, Cr and As. Additionally, the sampling regions were classified into 4 groups base on the extent
of pollution status varying from high to low which are Qixia county, Muping county, Tongzhou county,Changping county,
Luochuan county, Xunyi county, Taigu county, Wugong county, Ruicheng county, Baishui county and Baota county. In
summary, the conclusions drawn from this study are; (1) the concentrations of the assayed 5 heavy metals in orchard
topsoil are all at the environmentally safe level according to the Environmental Quality Standard for Soil. (2)the accumulation
levels of the heavy metals are different, among which Pb is the most abundant heavy metal in orchard topsoil; whereas the
other 4 metals Cu, Zn, Cr and As show the accumulation levels with a decreasing trend in turn. (3) the heavy
metalaccumulations have a regional dependent variation. Orchard topsoil samples from developed areas, suburb and areas with

long history of fruit industry have relative higher level of accumulation than those from remote areas or underdeveloped regions.
Key Words: orchard: topsoil ;heavy metal ;typical region

RE TSRS BREERES T LU R ASE T B4 BRI TR S R AU S
AR FY ARSI . B S A MR B ELR TR MR S S S R ek
W& BIEE AR L, SHSBRE SR & R LA . 570 T 5 75 4 7 3
JeaR A B R p 2 A B XU 7K S PR 2 B R AR A SR SR R A B e R e . N ER
TIRELBRLM SN T B EHT T REIR" . TG IR B 3R 7= 5 v #EAT HRE
K2, Cd Hg F1 Pb & BB FREFHCHRE o JEA83EH T 454 B 125 T um X0 s b , 8 25 ek 3t b T3t
HaRRESH-BRESEVBHEEY , EF AR M HIETL B IS8 BE P, 2FR R BRI
PR HAEGEEREHEESREMA G SHEKREAABAX P XRAHEESREAERE T
XX B TR ERE, R E TREAY . B RAESEXRFRPESRSENEE TR, W
FEA R IR 2+ B B A B HEF IR > K > 35 > HE R AT, Fl—R S 10K B 53 350
FLBEWREN, S RKHNESBAERANES, KEZ ARG BEE R LRSI R H L As
Ih, B E SR TR S RIS FH 548 Cu.Zn Cd. Cr Hg F1 As FVRBEBIA A B35 1 & Bl TH %
(IR R BATE) “ FATHERRE ; 2163 N 94.9% , + 8T 48 LUSRAE A% Fl b o0 vp > , P8R IR A i A5
B BRI RS BB AR, A B4k B 13 Pb Zn Cd \Ni,Cu.Cr Al Mn & B 55 B 355 B
#2500 PEPCH 25—100 m ¥ N AT BAN K B K T, I EEE I B B po g T RRAR T . RIFI T g
X HESE B RER, 5 X ER 5 Y 5™, 75 M A B 2R R, T Rk 145
HYARRTEN . RS KM R, 5K, TR Pb S B, RIEM AR E
MEERESNE, HHBROSAME RS > 2 > B #HELH(0—20 m) ELBSRIE
BEFUHE(20—40 em) , KEBELBBEFEEFHEEZ, B HEE IR B R4 B R 2,
TEBHAF T, EXEEELRE Cd M Pb & TRE WA RS E EEA S IREITFRZEN . K5
HORE H L RISEH P I E R Cd Pb {54 B SR Cd Pb & B2 I R AR E T AR,

TEXBRR B bR TR BRI, A8 SO %t SRl A 7 S KA, 7 F K 4R B A
F2 T HE SR BIUSE R U, Rk 3 8 BRI RN
1 HE5H*

1.1 BRI
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2N, B LR KE R, BERE MER MR, RRE P BRCER N A X
o SN IR IR TE R, oK S HIRSE RFE EE RN AR, RICCER T M ER A
BER AT o
1.2 d3RAEARET

TR R ORAE  HUGRJZ 13 0—20cm, B i FE/HE-B J5 R 0 73 7E B 700—800g, WFSE XA T 3 £
JRSER 7 X PRV B I FK IR, (PG R4 AP S B R e, AR B R S A2 &L L
HEVSEM o REE A 5—10 a,10—15 a 1 15a DA L 3 A~ i B, B B i Bt 3 SR, 2R B i A
0.25—2.5hm’ , [G]BF, 755 i I RE PR AR AR FAE 3t R, R T AR 0. 1—0. 5 hm® o BURER [B] 2007 4F
10 H EA—11 A BA), R GPS @A RS, MILHF LR a 132 . DHERMEERNE 1,

IR E B WU T i AT ME A - 3R S5 PR B AR HE ( GB15618—1995) , A £ BR- A AR - = SR AR K
fift)a SR = L B AR BRI BN, B B B RIEER A G IR T R B B , e AP R RE
Al PR 855 AT 552 KRBT TS BTl i ip O AR HH ARG

®1 RHEEFEER

Table 1 The basic information of sampling region
SREER e 2t FK &/ mm HB/m Hh IR AL R
Sampling region Soil type Precipitation Altitude Geography coordinate
B P4 f) & Xunyi, Shaanxi Hyit 600 1202—1215 N35°(06—07) 'E108° (13—14)’
B PE T Wugong, Shaanxi kd 633 552—557 N34°(23—24) 'E108° (04—06) '
Bk PE 7K Baishui, Shaanxi Byt 568 957—966 N35°(15—16) 'E109°(29—30)’
[ v 52 4% Baota , Shaanxi w4t 500 1069—1237 N36°(31—32) 'E109° (29—30) '
VG )1l Luochuan , Shaanxi Byt 622 1258—1280 N35°(51—53) 'E109° (32—33)’
Jb 5 B Changping, Beijing Wt 576 77—85 N 40°13'E 116°18’
JbEE M Tongzhou , Beijing Wt 620 8—12 N 39°47'E 116°(53—52) '
I -5 Qixia,Shandong FiiE 754 202—212 N 37°30'E 121°04’
111 %< £ 5% Muping, Shandong i 760 73—79 N 37°12'E 121°15’
I PE K4 Taigu, Shanxi V3R 450 822—841 N37°(20—22) 'E112°(26—30)"’
11176 3% Ruicheng, Shanxi kd 513 546—555 N34°(42—43)'E110°(40—41)’

2 ZER55H
2.1 REFTEESLREBPHERFEST

EHBRE S RERE T EESE BRAE MR TS R 2, FTLUE S, 1R i 518  B/ME
S5E KA K 14.75.3.73.16. 51 mg/kg, 47 28.51.8.74 . 69.63 mg/kg. 4% 78.13.24.23 ., 99. 16 mg/kg 4%
30.32.7.14.99. 59 mg/kg. 4% 65.24 .25.91.79.04 mg/kg, 588115 pH {8 (1 4 AiES 35 pH {5 6. 0—6.7, 1
BORME R LIEpHEY R F7.5) W BRE K IR & —RhnifE, SRR VISFE LB R & U b a3

*2 REREIBESERFBERE
Table 2 The quantative attribute of heavy metal cumulation in orchard topsoil

- - BRRE
TR RUME RKE TME RER e RERE WER K .
Elements Minimum Maximum Mean Std. ) Skewness Kurtosis K-S value &
of Variance
As 3.73 16.51 12.10 2.907 24.0 -0.636 -0.297 1.42 0.035
Cu 8.74 69.63 23.31 9.6337 41.3 2.617 9.670 1.99 0.001
Zn 24.23 99. 16 63.98 13.244 20.7 0.417 1.148 1.13 0.159
Pb 7.14 99.59 24.75 21.521 87.0 2.796 6.399 4.25 0.000
Cr 25.91 79.04 53.46 10.975 20.5 -0.150 -0.237 0.49 0.968

hitp : //www. ecologica. cn
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(213 pHAER T 7.5 B, B B LB T A% OB HE (B 25,100,300,350 ,250mg/ kg, 123 pH /NTF 6.5 i,
il i B RIS HOPREfE A 40.50.,200.250 . 150me kg, ) o Bl AR AIET AR IR HIRRBUBEN GBS,
PERER R IE TR BRBE L IES M . A2 E R AR R BRI, TR 852 2| —%E rAME
HeRITR, SUHEM, KGR RE RS E RS TF9MES 16.7% (4 13.6% ££9.8% 41 7. 6% 4%
12.9% , R BRAN [F) X 3 B (LA SR e e it o VR AR IR 75% ) RZ TR E €8 RIZ A BA —E 2
Sk, i A R R R R R AR R L E e R RPN L RE R RRAAEREE L.
2.2 RESKHEERZEDRESREBZREREMT

SR bE -5 7 BB T AEER AN R R B el , 44T B 3 05 22 23 ( One-Way ANOVA) AR H +
B SR LR EMESRBRERE M TRITAITRERE SREGHBHIRE 3. NRPRBRIER
B, ARSI ARE 5K E HIRAERE SR BP0 g R 2 BEF 2R, QUR ILARTE S5 2 XL
KA 3 DRERNAMES R SHAB BENER .

*3 RESREREIBESRERAERMEIN
Table 3 The defference of heavy metals accumulation between orchard and cropland subsoil

F/Sig.
As Cu Zn Pb Cr
BV ] & Xunyi, Shaanxi 0.081/0.783 0.789/0.379 0.008/0.930 1.927/0.199 2.832/0.127
B Ve .2 Wugong, Shaanxi 0.872/0.378 0.518/0.492 0.904/0.370 0.597/0.462 1.429/0.266
VG 97K Baishui, Shaanxi 0.554/0.478 0.941/0.360 2.385/0.161 1.417/0.268 1.534/0.251
B VG 523 Baota, Shaanxi 0.271/0.617 1.312/0.285 3.317/0.106 0.119/0.740 0.044/0. 839
BV 1] Luochuan , Shaanxi 2.346/0. 164 0.475/0.510 0.000/0.994 1.797/0.217 0.145/0.713
4t 5L B Changping, Beijing 0.249/0. 631 0.697/0.428 0.021/0. 887 0.254/0. 628 1.370/0.276
Jb5L@ I Tongzhou, Beijing 2.053/0.190 2.441/0.157 7.788/0.024 0.000/0. 994 1.742/0.223
11 W& Qixia, Shandong 15.893/0. 004 2.781/0.134 5.869/0.042 0.378/0.556 3.665/0.092
111 %5 225 Muping, Shandong 3.718/0.090 3.328/0.108 21.594/0.002 4.196/0.075 1.351/0.279
I PE K4 Taigu, Shanxi 14.572/0. 005 3.181/0.112 7.352/0.027 3.699/0. 091 0.254/0. 628
I PR Ruicheng, Shanxi 0.728/0.418 1.683/0.231 0.763/0.408 0.594/0. 463 0.280/0.611

#:2=0.05

2.3 REAFEBREZIIEESREBRHESET

PRI 5—10 a,10—15 a il 15a LA 1 3 ANEEEL, B8 BB E— A3, T 88 F R 2505
(One-Way ANOVA) , WA AR E# B H 2 MW E LR RREFE. B TRITANMEBRKRE  EREFHF
BENERI, NRPRBWERE, BT IIRESEARESEBR LA BEEREZS, 4F KRR S
RIRERZ T PP R ERZE e 548 Je @ MR R R TR S8 O LARNE 581
RERZLENETESRE LA RERZHENR 5SS EHRRBEEEZR . PAAKMEE L
EHEF URILEHABRERZELETEESRNBERRAE R ENER,
2.4 REXRZELETLEBHREMT

FFi SPSS # {4 ) Hierarchical Cluster i3 2% SR [E 3R 2 1 E 48 BRBENTRE0Hr, o 2REE R A
1, TUEHRERE HEESR BREEESANNES AN ERHEARTHE 4 HELSR, SOV RER
FEHEFEZHNELSE, UM, FHRES, R 2% 50, 15 ARERZ T EELSRE MRS 3
KB KR, B TRERM, F =R B
2.5 REXRZLEFELSE BTSRRI

FIF SPSS # {4 Hierarchical Cluster 3121 R %K 2 LR E LR BFREE TR L0, R4 R
WNE 2, FTLAE Y, A0SR0 550 28 b DX 2 LU AR AT B 5 AR SRR a5 2R 40 B 3 28t DX LU R ARG B L 22 - LR
SRR, ISR A NS X R I A V2 AUt BN A AR S . KIS 2R Rt R R 2 IR E
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x4 RETEEHRBRELIHESRREARERESN
Table 4 The difference of heavy metals among different orchard years

F/Sig
As Cu In Pb Cr
BV ] & Xunyi, Shaanxi 4.383/0.067 2.179/0.194 3.666/0. 091 5.572/0.043 0.645/0.558
B PE T Wugong, Shaanxi 4.942/0.054 1.939/0.224 1.470/0.302 5.512/0.050 0.052/0. 950
VG 97K Baishui, Shaanxi 1.147/0.379 0.234/0.799 1.027/0.414 0.194/0.829 0.774/0.502
[ v 52 4% Baota , Shaanxi 0.345/0.721 0.139/0.873 0.034/0.967 0.598/0. 580 0.907/0. 453
BV 1] Luochuan , Shaanxi 7.726/0.022 28.040/0.001 0.297/0.753 0.071/0.932 0.287/0.760
Jb 5% B Changping, Beijing 0.158/0.858 0.192/0. 830 0.473/0. 645 3.629/0.093 0.000/1. 000
b2 M Tongzhou, Beijing 0.561/0.598 83.053/0.000 7.784/0.022 0.987/0.426 3.630/0. 093
11 Z: 5 Qixia, Shandong 31.114/0.001 20.631/0.002 42.450/0. 000 7.740/0. 022 6.791/0. 029
111 Z: 42 Muping, Shandong 115.197/0. 000 100. 379/0. 000 10.379/0.010 10.624/0.011 35.479/0. 000
L P KA Taigu, Shanxi 0.043/0.959 7.353/0.024 40.316/0. 000 4.501/0. 064 0.043/0.958
11176 3% Ruicheng, Shanxi 1.551/0.286 1.163/0.374 0.619/0.569 0.096/0.910 1.076/0.399

H:a=0.05

SR FRCR, ARG 9 LR AT AE
M LR EFBRETHERES RTFRELNT

SR BT X, m
3 i cu —

3.1 RERE TSR BRI
RERZTEZEHRFEREABRATIEN. NE @1 spzept@snEcERusERAEEEE
BE MKREHMORNSRERELNTE B BTIRA  Fie | Map of custer on 5 heavy metals accumulation in

BEER RV MLIE K2 RA VLR AREH |-,  orchard topsoil

R T 5 SRR A W B X B, A 5 R £ 27. 3%

W R T AR A BRI, SR BRI
KB, B RILARME A ERMLTT RS, PECRER | Ak
B EHEE IR SR RRLE ST KB LS
LR RAFRREEIATAEELR, TRNERE | %4
AT A I 245 B B 5 L 0GP R 2 R R AR Rl e -

Tl

ﬁiﬂgo EI_TF
5 e [RT A, A [7] B e B 2R el (AR L T 2R e g 2 iﬂ'
R FEMEAELY) KR LRE SR RRNE RN i

HepEsTRESEERHRZE IENESRE RHE

BB R SRRE S 64. 6% , R TR K2 I ES B2 REREIZHESRAFARRERELRTEE

Eo M%ﬁ,ﬁﬂiﬁﬁiﬂ%,@ﬁ& 3 /I\%ﬁ)f—i,ﬁﬂ Fig. 2 Map of cluster on regions of heavy metals accumulation
BRS A BB R AN BB R AT/ R2 . AR

bl BOR b R = IR G R R 22 e R R R 2R Bl R A [R] e 30 i 4 B A R 22 3, DA S R 255 AR X
B, BHEPIE BN, B T 2FEMIEA AR L. X THrRE , AR E B R - EaE RHR
HAR BB E 2RI EH  — R B R R — MG, A R R8T, XE e 7 b W B o 1R R ; —
FEAEA ) b e B R el A 24578 B2 1) A R B T A (31 A A 2 — B B — BUR) s =2 i T R & T4 A
HIAR P AR — AR R B BK V-5 55— AR 8 PR (B Rl AU R, B35 T Pl iR B B 22 e 5%

in orchard topsoil
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3.2 RERZEIEEEREZRRLITE

MRERZE LR BN ESRIIIE R RS KRR, YO, AR UOR B B TRk
TR, 5B TR i B s , HE B Gl TR TR EA 13, RBUNIERZ RPN R E
ARTHEESR. HEESRKNRREZLE TR AL AIE(RE R R EEYH REA L
o PIMMBEIL bR & A HME M KESRITER, FHIHHL R 1386 B EEREZ — MRS F &8
R B, SEE SERH RS B WU B R AU L. RE LAY
TR B, TIERER WM, F, FERE SRR RAEMESB L EES R BRNEERRZ—,
F5h, WRETRE , TR E &R RBUKP- SR E B & AR, S R E R LR E R R, L E 2R
R RARE S5 A MU P B8 s 7 it R DR T )R RRWEZRH . B ESR RSB RKZE %
T, W A HE & Ry 2 (EFMA ) FIBERI R ZE R 2008 Tl DBEIE AP R & &, BRAL P R & B IR E N 0. 062¢/
kg P,05 . INEGE T BRAAEBHFIAS IR P i 8 & Bk HIRE SR &2, 2009 4Rk IEX WA T
CHERHR R 8 0 B R AE 5645 ) GB/T23349—2009 [E ZXmE

MREERZ TR E SR RIRXIE , L5t Kkt XA TRR X SR el 3R = 13 REBEBOR, flaniZR
WER AR LA B A BN izt L X DA B 28955 R R ik i X 2/, B AnBR v 19 355 K 5 A B3 T = SR el
JR I S LA RGE A X R R R R PV ARXT B2 — Lk Bk va A B AE )N . S8t R R P 7R
BB ZHIILL s MATRR X B TREZG AN, A R TIRITRE IR T AE 7 AE iE T5 K AR R &
TR P BT 3t XU AE b3 B i e , (E R el I 25 B AR R o
4 #Hig
4.1 REFRZETEESRE BT SRR, HUCRE, 8 B AR ERZ IR PR RBUA R
4.2 RAEWME,REHFERE DREGREZHNE . —RESREKDRRFN EZRERUIEMA L,
TR E, TRIIFERRERREZ — NS AE , L5 AR X BORRE KR R 2 R E 2R B
FEXT PR, 2Bk X B iz L1 X R R R SR IR BB
4.3 DERSRSITRARERE DRE SR RRRESA B DNEREME, B ATEB8A B35
fEENRE. b TESBRERVEREHERENEYHOMER, RE B ATE B0 R AW faE %, HF
AERERRBEZ 2N, W TAEEEENIRESRERANE, A2, BT HRESRRRE
iz  EHIMEREROR , BRI BRI E W E R,
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