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Spatial Distribution and Cumulation Evaluation of Soil Heavy Metals in Apple Orchards of Weibei Area, the
Loess Plateau
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Abstract: From the apple orchards in the Weibei area of the southern Loess Plateau of China, 217 surface soil samples of 0~40 cm layer soil
were collected to analysis the spatial distribution of 6 heavy metals(Hg, Cd, Pb, As, Cr and Cu) with the help of geo—statistical method and

GIS technology. Simultaneously, soil environmental quality was evaluated according to the environmental quality standards of green food pro—
duction base by methods of both the single factor and the Nemerow multi—factor. The results indicate that the content of these 6 metals are cu—
mulated in the studied apple orchards, especially the element of Hg and Pb, when compared with the corresponding natural background val—

ues. However, the soil environmental hazards to these 6 metals are little currently. Coefficient of variation of Hg and Cd are more than 50%
and higher than that of Pb, As, Cr and Cu. Distribution of these 6 heavy metals present a stronger spatial relevance because their spatial pat—
tern are mainly influenced by natural factors such as the soil parent material, climate, topography and other structural factors. Random factors

play a relatively greater role in spatial variability of Cd than others listed as Cd > As > Hg > Pb > Cr > Cu. Single factor index of all metals are
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less than 1 and their multi—factor index are less than 0.7, it shows that the studied apple orchards meet the needs of the green food production

base for further development. On the other hand, the content of As may have a potential negative influence to the green food production,

therefore, real-time monitoring and protection measures are required to prevent its further enrichment.

Keywords: heavy metals; spatial distribution; soil environmental quality; apple orchard, Loess Plateau
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1.1 HRXHEER

BACER = X A FIL 4 34°10'~36°20", R&E
106°20'~110°40" Z 8], #h Ak ¥ + 5 R B B8 + S 5
BUX % X B S A (B IR KRR, 8
S 8~12 °C, EFE K B 560~650 mm, HF4K 5 800~
1200m, HHEFE AL, AoERESL BL B
¥+, pHH 7.6~9.7, XINEHFHFAE , 4F H BRETEL
% 2 200~2 400 h, B EZEKX(11.8~16.6 °C), L EE

JE(# 1 )= 50~200 m), R E 7 MR LR
SERAE P BB EAE P X, 20 4D 80 AEARLLE, 3
R a Ak e, BRI E Ak 53 77 hn’,
JEEEEN, ' 626.64 J7 t, FE{EME 100 {2751,
SERR L BUA R HE XIS E T R &, fR g =R A,
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S GPS EAi(E 1), HTERRRZ M 0~
40 cm T2, FIARF 5T RE 5 54T 0~40 em b+
BESESE, FRER B ERAE KR L2
HIBTERZ . B—RAE SRR AR, AE—X
FEER A 10 mx10 m IEHTE 4 TS A0 5 B
0~40 cm +4%, 1RG5 N E 1.0 kg iz Rt s HOAE
i, R AERICFRFE S AERI . HEFES A
ATV, ZER BRI YRR, AR RS HERE, i
2 mm JE B, B 200 ¢ ISR E £33 0.15 mm
i, SRS ARt RS . Pb .Cd AR 250 R
TR a6 EE B % (GB/T 17141—1997 ) ,Hg  As
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Figure 1 Distribution of sampling points
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AR 7 % 5% ¥ &£ (GB/T 17136—1997,GB/T
17136—1997), Cr F 28k Ik — ik 43 06 0t B 0
(GB/T 7467—1987) , Cu A KA R W s 6 e B
W& (GB/T 17138—1997)151, 43 #r it #2 fim A K A
S Y B (GSS1) Xl EAF b T iR 22 45
HE 3K, SR EREERZR, S FHELSRE
) ] e R P 7R [ RS LY R ) e TE LA, B EE
LRBITRIREYYINT 5%, st fE g R R
M4t , S5 F/K R 18.3MQ HIAB ALK .
1.3 #iBRAE S

SR H SPSS18.0 #ATER A GE T4 . RS
IS FIEE R, R GS+7.0 #H172K 5 22 G HE
ISR A%, R ArcGIS9.3 H1 1 Geostatistics
BEHEA T2 [ E TR 241
1.4 TERBERETFM A E

KA BRI RO SN L P ESR B
BURBLHATIEM . BRIHREOETHE AT

P=C./S;
KPP AESE  WERBELCAVESE « AL
8,5, HEERE | WIS HE, SeRGEmRE
SRR L R R R S Y, % R RIS X,
gt R A Bn, XM R R,
A ST R F (e 08 = b 3 ER B B A o ) (NY/
T 391—2000)™ FRHEAPEN S HAE

25 G BTRBECRANEE e ek, HotE L
Favg/(1 1

P=[(Pa+P2.)2]"
K : P ANIEBT LB TEEL, P RIS B K ME,
P MEIGIEHAARTEHE, HIEFESEITM B
BHRWEILTR 1o 25T FARER LR A PES P A AR XS
ZWE, HERBERSERFHNTERERENXRR,
RN EEMMEL TEEERTELRSERLE

® | BUHERMG SRR BT E
Table 1 Classification standards of single factor index and

multi—factor index

BIHE B A SEEE PR

ey >
HeEUE BRI HEUE B
I P<1 FREM P<0.7 KEM
I 1<P<2 BREZEM  07<P<1 ol
i} 2<P<3 R 2R 1<P<2 2 B
\' P=3 HE RN 2<P<3 i 2R
\ P>3 HEEREMN

it T AEAR R A KR A, TG B 75 5, R 42T
(SR PSER: ] s

2 HBREHM

21 TIRESRSEANR

R Z A AT 0, TE AL B A e R R e - He
Cd.Pb.As .Cr.Cu {5 &N 0.06 mg-kg™.0.11 mg*
kg™.20.6 mg-kg™.12.0 mg-kg™.59.1 mg-kg™.24.4 mg-
kg™, B2 X KIBAR N 9 E SAEPI(R 2, 3), UL
BRI RN ARRENE SR B, EARF

®3 HIRESEMEIRE

Table 3 Environmental standards of soil heavy metals

ik T g, SOREIE SRR
Hg 0.016 93.09 0.35 1.0
Cd 0.098 68.20 0.4 0.6
Pb 16.8 77.42 50 350
As 105 83.41 20 20
Cr 575 58.53 120 350
Cu 23.0 60.83 100 200

e SO EIRERN R E SRR 3 pH E
KT 7.5 BEBIRME, TR EARE Cu B9 " ZAr R B0 R 1
PSRRI,

®2 TRESRSEGITHR

Table 2 Statistics of soil heavy metal contents

— . BU/ME BRME PIME R hRER R
TR mg-kg? mg-kg? mg-kg? mg-kg? mg-kg? RE% AL

Hg 0 0.31 0.06 0.05 0.04 6724 231 9.36
Cd 0 0.24 0.11 0.12 0.06
Pb 72 354 20.6 21.1 49
As 50 19.8 12.0 11.8 29
Cr 265 98.7 59.1 60.1 12.9
Cu 113 61.4 244 24.1 53

23.70 -0.20 0.28
19.10 -0.18 1.50
2143 -0.12 0.44
21.74

50.44 -0.40 -0.32

226 12.99

K-S %
Asymp Sig.(2-tailed ) X}#FE#e Sig.(2-tailed) Box—Cox ##t Sig.(2—tailed)
0.001 0.263 0.605
0.061 — 0.005
0.640 0.018 0.640
0.004 0 0.052
0.545 0.022 0.149
0.004 0.097 0.049

: ESR Box—Cox A HISE 5% : Hg 0.19,Cd 0.81,Pb 1.16, A5 0.95,Cr 0.72,Cu -0.51,
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RMEL R BFRBREAR, Cu.Cr BIESMEH AL,
FEHERG, 475 SEA 5.9%F1 2.7%;Pb HE
SEER, FEHERMAEMN 1.23 5, Hg EERERK,
AEHERERN 3.3, FELEREEERERLSA He>
Pb>Cd>As>Cu>Cr FIFHIE , 5IE L HIEAREE FEH
W, & EER W P AE YT R ME , Ui ZHCRHE
BNESESEEE T S RE, 217 iR
S5 H , Hg.Cd.Pb As .Cr.Cu FEBE REMRESE L R
K RE SR R4 Bk 93.09% .68.20% (77.42%
83.41%.58.53% .60.83% , % & Hg>As>Pb>Cd>Cu>
Cr. SRS ELERTETREERBERA-NZ
K ,Hg .Cd 2 5 R B 50% L) |, 35 67.24%Fi
50.44%, FHITEA[FHL A Hg fl Cd S EAKRH
Z5, BEBHR KR, BB KNS RAFE ;Pb As Cr,
Cu R AZBANTF 19.10%~23.70%, HEESFE
WAER  BEHMEHER/N, ARRELEESRESE
W55 B HAR SRR, AT BB S5 R SR SR BUR 245 e
AR AR 2L E R R A E A B+
TWFEZEFA XK S8 E R IR B — b
(3% 3),1Bdb#E + & FSER [ £ 3% Hg Cd Pb As Cr,
Cu & BB KAE A AR 1 2 B E, U
R AR P NELSE & B SR A
NAEB . AT, BEERRENZ MR ESHE
BAXR, MASHREMEE TAEVNXRR, BT
PRUESER &=, MRSk E 4R e -
(R RGP TR AL
22 TIEEERETHES MM

SR FAA /R BB ¥ R - oK 15 R A 36 (Kolmogorov—

£, Cu LA RBUR ISR B B4, Hg . Pb As 53K
R R AE . 25 2 RS E O M S B EEH
FEVHATHAREESEBEZ A NEARMBARREZZ MW
MR, L E(E A SR HLE C/(CotC) LB FEHL
5 R 2SRRGB S/ LR, SR EE /)
T 25%, yiHE &8 AA RIS AR, B R F
MR R A IWETE 25%~75%2Z 4], YiAH &
& BB RS AR ; (WER T 75% , 9=
&8 2 AR TS , 28 57 22 AL AR S 48 2
H15% 4 AT 6 FITERY C/(CHCNT 7.21%~23.64%,
BI/NTF 25% , 22X 8 E &R R I B R Z A= [ AH
Rt , Hoas )28 S 24 R 43 P R - BB A T
FSEMPERERETIE, Hi Cd i C/(CotCO)FEXTER,
K 23.64% , B HAEIT 25% , FBAREHLIN E , 4t Fi AR
b AR 2 SR A 7= 1S B, X Cd Y %S 8] 28 5 79 52
BEEHMITER, —EBE LA TEMRHEER
X 4 JR A5 18] AR S5 Pk 19 = F4E A s Pb . Cr . Cu 1 G
(CotCO)AXFE /N, KT 10%, 1388 Pb Cr.Cu HIZS
) 2s 2 LM R R R RN, 6 MESRED
Co/ (Co+C) R/MEIR 7 : Cd>As>Hg>Pb>Cr>Cu,

HRIEXT 6 FhEE £ )8~ 7 2= R BUE AL 434, FI
¥ ARG 7 8 (Kriging) 1T T E &R & B E
[B] 41 , 1 13 38 LI E T (Cross Validation ) ¥ A [F] 2
B BRSNS B T A (3R 5) , I IR HEF391E
(Mean Standardized) F#IET 0, HIFBRWMNHR

®5 tRESRERREDR XBIE

Table 5 Cross validation of soil heavy metals interpolation

Jt o L7 i@?ﬂtﬁﬁ ﬁz’%ﬂﬁ ﬁ?’%i{ajﬂ&
Smirnov test) % ${ 5 #EAT IE A 43 Ak 107, 45 R R = FHE  WRE wE BWRE
Cl1b G B i B Co st s[5 DR O
MIESAME; Co BXBOEAAME (R 2o FET L wwen oo a6 4o 09
% E‘lﬁﬁgiT%:/A\iﬁ s ﬁ}EIUEﬁZ: Iﬁjﬁﬂjﬂ’% s 1%?'“‘%&“ As  FEHUER -0.016 2.255 2.341 0.963
FIFRSEL, LA E R EBU(R?) B R A I N e R e A AR Cr WEE 0004 1242 12.050 1.027
RIS 32 4), 5B B R, Cd . Cr LA DL i B Cu ERREER  -0.017 5.088 4503 1.176
F4 IBESEFFERBSTESH
Table 4 Semi—variance functions of soil heavy metals and these parameters
JuER izl Z5H%/km H&1EH(Co) HHBE(CHC) BB A /% RY%
Hg TREER 50.10 0.000 2 0.001 5 15.33 0.82
cd [ i 334.50 0.000 9 0.003 7 23.64 0.95
Pb i G 66.40 2.18 22.80 9.56 0.86
As TRBUEAY 37.20 0.71 4.37 16.25 0.84
Cr [=1 e 38.90 13.80 156.30 8.83 0.82
Cu BRARIEAY 18.70 0.000 2 0.002 9 7.21 0.54
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(Root—Mean-Square) B/)v, FIbnifE1R 2 (Average
Standard Error) Bz 23 T IT R TN IR 22 , b VX T
HR I % 22 (Root—Mean—Square Standardized )z 2T
T 1 AR EE R A R AR B, Skl L E 5
RS RISk RE (K 2), B S ATAPr S
TR RS 0 2 v AR AR (LA 2R

Hi 2 w0, TE LR = R AR 4 i X Hy % &
(0.04~0.05 mg kg™ ) B {Afi iy , B HH RAH 2.5 LU
b, BT 2R E AR, BA — 2 B R

Hg/mg kg
. (),002~0.034 £
0.034~0.040
0.040~0.043
0.043~0.050
0.050~0.061
= 0.061~0.081
0.081~0.119

-
= (.119~0.311
' :
©

- «

Dot

Pb/mg-kg™
- 72172
17.2~19.3
19.3~20.6 ‘
20.6~21.3 R
21.3~22.0
= 20-233

233~24.5 é
. 045354 5 .

Cr/mg-kg™

Bl 26.5~51.0
51.0~53.7
53.7~56.8
56.8~60.4
60.4~62.6

= 62.6~64.8
64.8~68.4

BN 68.4~98.7 °
. 0 t

®
Q &e

o FASCHRSEAR AL A RE AR G S S HE Y
A, RECRH Heg S EIGIN, @i RRDTRESF i
AR RIESOHEE, R EE S AR ETHE
TEHERS 405, STl R, BRVT B R - Al (BRI 48
W) AT X, W IR XIS B K (4%
K& 5 A ), REALORAFHER LRGN 3, I
RAVIERZH X+ He FERNFRZ —. 1o,
S SR Bl P 6 He 19 25 ARAE i AE R
Hg ®EMERRED, WK 2 fw, R % e &

Cd/mg kg™
- 0-0.07
0.07~0.09
0.09~0.10 v

0.10~0.11
0.11~0.12
N 0.12~0.13

0.13~0.14 ’
N (0.14~0.24
4 . \
o Y
£

As/mg-kg™
mm 5.0~11.3
11.3~11.7
11.7~12.0
12.0~12.2 &

12.2~12.4
N 12.4~12.9

5oy 0% o
Yomed's

ay. ¢’

Cu/mg kg™
Il 11.3~21.8
21.8~23.1
23.1~244
24.4~24.9
24.9~25.0
B 25,0~254
25.4~26.6

N 26.6~61.4

A

2 tIRECEERSA

Figure 2 Spatial distribution of soil heavy metals
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{HIX (0.12~0.31 mg-kg™ ) RREHAF HTEF R 455
S IRIRIRES , 0 SRR b L3 Hg RE X %
S RTEANSSE BRI X R Hh % , X4y R BT
H5REAFHE RSN, MTReRm T AIEFEIEN.
X AR ST 4R PG FZR RS AR S R B AY
A, Cd & B 57 (0.13~0.24 mg-kg™) [t X 35 24y
A 7 PG R R AL IR B X8, 855 3 AT A, & X
B SRR A AR P X, R AL E R R R
BRI, SERA KR AR AT B R SR
Cd HEFHRMEEFHE, WSR3 EE,Pb As 1)
FEX EESAEPE RS, R 5 Pb s S5
Pb A A RARES, As RREHHE As
AIALAE 8 B B S R (AR AR AR S 45 ) 2,
M Pb.As 115 1B X2 37 5 i 43 77 AE X 4 o 11 X3
(LB 1), 2SR & R B X, K&
ALHEFIAR 257 B S BURFE 3 Pb As T EFH T
R FEEFE, Crfl Cu F78 S HHLL, KR
X B EREEK, Bas Cr A1 Cu Bk TR EK
T, ABETIRERREHEPH Cr.Cu FEMNER,
4 Cr.Cu IR, A2 2 R 13 Cr.Cu
BREZRHE, mxgded Cr &2k 20.5 mg kg,
W 55 R R PR R B AR 5 VA28 DR I, P R R i
SR R Cr,Cu A EARXTES R A 0] BESR IR AR |
R AEHEA

N

A

it

A

W

I ks

| B d=zhiul
S b

120 km

3 ARE LR AIRRE
Figure 3 Land use type in study area
2.3 TERBREITFN
DA B TR R R I S A,
SIHITHE 217 ASRAE R 6 FhE & BIR R BITTE K
ML SR RIGE SR KR 6. WPHMERATEH 6

PG R R BB EY/NT 1,4
F TR, eSO HEREREIRE,
28 RRUEEOH 8RR BRI RAF R T 0.7,
AT BT F-oh, AR SRS TR BRI/
F 0.7,46F I HEZ2KF, BT X4 RS HRE
THESEHENE RO NERETARA B
W, R AE SRR A B R A TR BB RKF, 8 TR
UESR R I 22 A2 T, REXTIX L6 SR B i DA RO 4
I LARE 1M R FPE BB WK 6 P, As (BT R
BUEBCF A, 0.60, = T HABTR , HEIHE N
R 0.99, EHGE SR TR SRR AR R
B, VLSRR 3P As i) R SR OB a3 R A
BABORBIETERZ M, AnAksk FEARER 2 Dl 4 )
BB A AR O R MSERALET" , 45 NN LA R
i, LA RS8R, R B R e As SR
W= BRI,

R 6 TEESERERBIFNER
Table 6 Evaluation of soil heavy metals environmental quality
S B2/ B EH eIt it
B H #H 1
P. Hg 001 0.89
Cd 001 0.60
Pb 014 071
As 025 099
Cr 022 082
Cu 011 061
P 036 0.77

A

017 217
028 217
041 217
0.60 217
049 217
024 217
052 215

N O O o o o o=
c o o o o o o=
c o o o o o o|=A

()Rt EE L R e 12 3% 7 Hg .Cd\Pb.As.
Cr.Cu &84 0.06 mg kg™ .0.11 mg-kg™.20.6
mg-kg™.12.0 mg-kg™.59.1 mg-kg?.24.4 mg-kg™, 2
PR X I AR R B S, A FR A E SR R E
AR, FoHR Hg Pb I RBUE BB (H 6 FIESB &
BERARME . PE CFIER R B a8 e
EINE R R, & RAE S He Cd & BRSSP ER
K25 REAE 50% L E, & RH 5 Pb,As Cr.Cu
TERESE/N, TR EZENT 19.10%~23.70%,

(2)6 Fh i & 8 ¥R A BRI ZS [AIARSCHE:, H
2% [B) 8 S5 T o BB AU IR R S A
FRFIHE, FERAIESFREALER R Cd B2 )
SRR LT R K, —E R LSS T4
A R 20 o 4 R 2 TR) A2 S 9 = A D s B L R R
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%f Pb.Cr,Cu 25 [H) 25 SR AR RS AR B i, R
I + 48 o Heg W {H X 2B POk 4 A ZEIE AL ER = X
KRR, Pb As . Cd .Cr.Cu S B HERX FE 5
A X I P R AR

(3)BH5E X bl + 4 8 4 8 H RBFREI/N T
1,06F T Sk s 4 R ZBHCRAE S LR AT RI5EL
INF 07, WA XA REHRE L EESEHE
Xt & SRk B SR A PN B B, RAEE R
FRE LT O HERAKE, 6 FomEH, As i RET
SR B SR P AT RE A BRI R, NN A
R T LA B 1 HoRr sk B AR 7845 MBI ST B A1)
KEFELSRAELE-FW (R REFHEBME
b, R LIEESE M RFRN 5ER =B AR E
Z RIS ZR , LAGEAS Ay 4 T T 75 0 b BFA 7 b - 38 3R
Be BRI o
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