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Spatial heterogeneity of heavy metals and influencing factors in the surface cultivated soil of the loess hilly—
gully region, China

ZHANG Min, CHEN Hai", SHI Qin—qin, ZHANG Hang, LIU Di, ZHAO Yan

(College of Urban and Environmental Science, Northwest University, Xi"an 710127, China)

Abstract: The spatial differentiation and influencing factors of heavy metals in the soil layer of the loess hilly and gully region of China
were evaluated in Gaoqu Township, Mizhi County, Shaanxi Province. Using a geostatistical method, the spatial differentiation of the heavy
metals Pb, As, Cu, Cr, Ni, and Zn were analyzed on the surface layer of cultivated soil. Geo—detector and statistical methods were combined
to analyze the factors influencing the spatial heterogeneity of heavy metals. The content of As, Cu, Ni, and Cr was 23%, 100%, 100%, and
100% higher than the background value of the loess soil, respectively. The variability of As and Cu contents was moderate, and that of Ph,
Cr, Ni, and Zn was weak. The nugget coefficient of Ni was the largest (0.59) and that of Pb was the smallest (0.12). Pb and Zn levels
showed a strong spatial correlation, mainly based on structural variation. As, Cu, Cr, and Ni showed moderate spatial correlations, which
were affected by structural factors and were also greatly affected by random factors. From the perspective of spatial distribution patterns,
spatial agglomeration was observed with local high—value areas and low—value areas. The spatial differentiation of heavy metals was affect-
ed by the combination of topography and planting methods. The influence of topography on the distribution of heavy metals was greater than

that of planting. The interaction between slope direction and planting type had the greatest influence on the distribution of heavy metals.
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Previous studies hade demonstrated that the content of Ni in the soil layer of Gaoqu Township was generally high, which may pose a poten-

tial threat to the soil environment and the safety of agricultural production. Moreover, different heavy metals were affected by the interaction

of complex terrain and planting methods, and the spatial difference was evident. These findings provide a scientific basis for the spatial dif-

ferentiation of heavy metals in cultivated soils, and for evaluation of soil environmental quality and ecological environment management.

Keywords : soil heavy metals; spatial distribution; geographic detector; loess hilly—gully region
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Figure 1 Distribution of sampling points in the study area



2019 11 A

s B AR B b VA AR DR b S S s (1) 23S S R TR R 2467

2RI 5 48 19 25 (8] 43 A 55 52 M HL R 1t
TREMTES.

1.2 ##ERIE

1.2.1 3R S B

2018 4= 7—8 J it 4l Xt i 4 £ #2458 (0~20
em) PEA ORAE HORAE 90 > - HRE L . H TR RCRAEL
TN 22 520 L AR A () ol A 24 7R 1 R 18 5 R A5 07
B PRUE SR SE B[R] U AR =X B9 R A
UEAN 7 S RAE v A R S A A e () 7
DIRUERE s AR . AR SR E B 1 R

KRR AR, 25 BR AR TH 4 3 B0 05 o B W AR
FFE) (NY/T 395—2000) , R H SR A RAE D, A
TREE RERE L 200 g, K H MRS G HEA
FEAASN, RIS S 3 AR | B Rl 2
RIDL A BRI R BEAE O o 4 SR AR 1 - A ity [ S
£ e = e o S LR ER Y/ EE N N ANE U3 N
e 8 W1 5B , WF S I 1 0.15 mm JE IR 0 , B 4% B £F
DUFE &

AR S5 8 X %8I0 2 43 B AN (9 SC R FR
XRF, %5 Niton XL 3t, 3% [E NITON 2 7)) %} 8 4:J& ot
RO AT , PRS2 56 0 HER 1 | B4 - 4k
i 3T S R BOT- (A iz b i
2 4 JE 1 T A, O ok AR v Al AR A A
(GBWO7307) #4745 . © A &3 1 H XREF I & 7
ST EE £ CuZn . Ph As I Cr & B 4
Ja& , R 45 T 4 — B, A 22 7E 0.044%~13.7%™)
Ui B XRF 2L BB A8 S B Bk T2 0 4 R s R
1.2.2 520 R %54l

T80 B GE B AR LR B >k B F 2009 45K IR
B TR b M R A B I O R T 2018 4 21 b i K
SARE S AN SEBRA W, XS T T 583 ; DEM £idli >k
B F i RFBE TSI 25 15 B b e B 2 [ 50 =
(http ://www.gscloud.cn/) LR K 30 m, i@ 1k GPS
ST RFEHOR 152 H R £ 10 mx10 m /9 DEM %k
P YR ) bR AR B R B R BORN H A7
F5ECBE 2 3L T DEM 35048 38 1 SimDTA B4R 1515
s A SR M e BB U T 2018 AR IR X%
SR PR B S R AR
1.3 BARAE
1.3.1 HZeitsr

Hh B8 T2 LAY 5 22 oR B 8 A2 S 19 25 ] AH O
PER R L3 BT A e 1 BE LA R 25 R e | s DX 35 N
b A R R A S I R ARl . AT

(=g iy 22 ()= Z (x4 1) T (0
Rt (h) A4 T 22 B8 h A AR 0 55
852 Co) 0 2 Certh) 31900 IR AL A 2 ) 4 e i
ARSI V) 2L 1B 9 BT L 4569
XTEH
1.3.2 MR A5

MBI 8 S A ) 4 LB HS
S Sy B SE . MR B 0 6 A
RIS 532 TR T S A P R X
FUCEASHE . 5y 5 RIR TR A AR T

—1— h=1 (2)
7 No*

A g A IR ) T A S 2 (R Sk A R
1 ABEICA0, 17, g (E 8K, 2 W 52w [R50 3 5 4
i 2% (B 43 A B A A 0 B 5 1 ok B 4 5 i sl A5 )
DRI 28 14 43 25805 NG RN 43 53] R 28 b R4 DX R i
o o 43 A S h A X ) 2%

A& HAEFAERINES : BRI [R] 5% i PR 7~ 22 [R] 1)
SEEAEFH  BIPFAR AN 52 i PR 28 3 ) 4 R X R 7
X} EE 4 S A5 0] A B AR RS SR 3 9855 s R A
LA

AR SCE F R 4800 5 58 B AR 43 BT 4 591 43 A
TE AR AR 5 Xt A+ 38 5 4 g 25 (] 0 A3 10 5 ) e — 3%
MI5E H R o 4552 R R Ay 2 1 i . HJE
PR 22 1) 26 B K 43 B A A 5 25 SC ik [28 -3 1], Pl Jy =X
) 43 AR TR 275 S s R i S SCRiR[32]

2 HRE5SMH

2.1 TEBESEHRESITISFES

12 FH SPSS 22 XA S B Hs A T R A M g i, 15
FEh P E A 8 B i i KA e IMEL T3 i
AR S 28 25 RN 2 i .

RS A M43 Ph.As . Cu.Cr.Ni . Zn JTCK )
S 24y 5 16.33.10.52.,30.41,101.61,57.99
55.23 mg - kg™, AR 1 A FH M A 5875 Gl XU B
{E ; As Cu . Cr Ni JC % 7 it F A8 o0 % FH b+ 37
JRURS: 07 Ve, (EAR 4 T8 4 115 S8, M AR AR 4y
H35 3] 23% . 100% . 100% . 100%, 15t B + 3 1 115 As |
Cu.Cr Ni B & A 18 2075 G 7K (B 7K 830 5
T A —E RN FLE ; Ph Zn T R A 1 9 45
R S AR A EUE TA T R
PRCAT 2 A P b - 4985 e RURS: B L, 156 PH 2 4 )




2468

VRIEIN ity S8 B 114

TCERRTIFFE DX A 7™ il 9 o o 28 4 RV A K sl
A ZSEREE B KU G, 1H Ni DL R B9 & A 15 SHE &
I 40 R, T REXT 24 Y IR S A AR U
FEfEH .

55 AT AR A g 4 i o i P 1 s () A2
SRR IR S R H 3 Ph As .Cu.Cr Ni Zn G AYAE
SRR R BT Cu>As>Ni>Cr>Pb>Zn, Horr, As
Ml Cu JC K 1728 5 R BUAE 10%~100% =22 [8], 2578
5t,Pb.Cr Ni.Zn 25 RBUNT 10%, J5575 5
22 TEEEETEATRSH

BTG T2y vk R v B A (A A 2
RS AH IR SR T RMES B E . AR
b RO e s W e S SO W F U U E ol 3 )
G BB AE SPSS # 4 H i K-S (Kolmogorov—smirnov)
K 5, 45 R B (£ 2)Pb. As. Cu.Cr Ni . Zn (P>
0.05) 4 AL E 5341 o
2.2.1 Y07 2 B

FIH GS+HI A1 2 T 4 I 1) doe A1 T 22 eR B0
WAL AR 5 4 @ UG 10 B AR 7 25 R B
B MBS ENR 3 PR, A G R NIE R R
F0.541, 5% 2% RSSULAHXF /)N, 1 B 400G i) BV 45 A4
a2k .

P RBFORAE B T FEPLE 2R 5 R A8 7
JIT o 0 E A, FH B (R 5 (B HU A R, A e 4
FEUNT 0.25, Ui A 4R 11425 (8] 25 5 32 i 254 7k
S el 117 w5 W 19 2 = /NS [ = g e
(] A DGR B0 5 45 Heds RACK T 0.25 /0 F 075, Bt W]
4 A WESZ B 5 M R R 52, 332 B ) BEAILPE
RIS, AT H SR B 0 2 TR AH DM s 7 B 4 R AOK
F0.75, UL BHBEALIN 28 5 |2 1 4 A6 25 0] 1 i 22 4
K, HA BN A A . 2 3 AT A, A5 X

HPh Zn FEESZAEFVEIN LM, As . Cu  Cr Ni 3225
P DR 2R AN BE AL PR 2R A AL [R5 ) 5 4% 4 JR 2 e
/IR (SRR /T 1 km) B 23 (8] 5 B
2.2.2 IEHESJR A AR

F b GE T2 vh 3% 58 v B A A X R R £ 1
e 4 Jm XA AR i AT A AR S M
(Mean standard error, MSE ) #4231 0, FrifE 34 Jr AR 1R 22
(Root mean square standardized error, RMSSE ) # $2 i1
1R . R 3 AT, & HE R OU RS 12
5 25 RRBCRE YT TRNORG BE AL, St E 5 DX Bkt L
S G Jm A ) o A DL (K 2) o

H &1 2 AT, 45 1 43 AR 00 LR TRl AR 32 1 SR 4R

R BRIREBIEEEEAESRIT(n=90)
Table 2 Descriptive statistics of heavy metals in farmland soil of

Gaoqu Township(n=90)

ifﬁmﬁi Phb As Cu G Ni Zn
e KAE/mg kg™ 19.70 14.17 42,62 122.93 72.30 63.91
Fe/Miti/mg- kg 13.33  7.13 21.53 78.61 46.87 47.80
S /mg - kg 1633  10.52 30.41 101.61 57.99 55.23
bR /mg kg 140 133 402 873 554 381
75 55 Z KU % 8.57 12.64 1322 859 955 6.90

K-SHiBE[Pix-s)] 020 020 020 020 020 020
A+ E/mg-kg! 19.80 11.40 1890 65.10 27.60 65.60
A 35 YL XU 6% 170.00  25.00  100.00 250.00 190.00 300.00

PEfH/mg kg™

T B L Sk A R R R AL 2 )k R b
HEys e RS 0 e (EDR B (9 PR o R P b = 9805 Y AU A5 P A 1
(i#47))(GB 15618—2018)

Note: The background value of loessial soil comes from the Soil

Geochemistry of the Loess Plateau. Risk screening values for soil
contamination of agricultural land come from the Soil Environmental
Quality Risk Control Standard for Soil Contamination of Agricultural Land
(GB 15618—2018).
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Table 3 Semi—variogram function theoretical model, relevant parameters and verification results of heavy metals

. ” PSR e REGC O RETOTM . o
= He4:{H Co FEE C+C P R A R Theot;elical Coefficient ;f Residujl:sum of RS BRIES R
Element - Col (Co+C) Range/m . MSE %2 RMSSE
model determination squares
Pb 5.20x10° 4.34x107 0.12 485 T PR AL 0.541 2.051E-04 3.6x107 1.023
As 3.70x10° 3.77x10°? 0.25 450 BR 1A PR 0.559 2.018E-04 -2.7%10 1.010
Cu 1.79%x107? 3.59%107? 0.45 910 BRTAT RN 0.699 1.223E-04 -1.0x10 1.006
Cr 1.52x107 4.52x107? 0.34 675 = R R 0.832 1.881E-04 7.2x107 0.994
Ni 2.64x107 4.52x107? 0.59 780 TEER L 0.542 1.544E-04 9.7x10™ 1.018
7n 4.84x107 2.69x107 0.18 600 ER T PR 0.582 5.778E-05 6.7x107 1.032

Pb & fit/mg kg

14.107~15.622
B 15.622~17.137
N 17.137-18.652

Cr % iit/mg kg
85.271~95.709
B 95.709~106.147
I 106.147~116.585

Cu it /mg kg™
26.459~29.981

I 29.981~33.503

I 33.503~37.024

As Friit/mg-kg™
9.441~10.273

B 10.273~11.106

I 11.106-11.938

Ni & #it/mg kg™

55.096~57.190
I 57.190~59.283
I 59.283~61.377

Zn &t /mg kg™

52.652~54.030
B 54.030~55.408
I 55.408~56.785
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Figure 2 Spatial distribution of heavy metals’ content in farmland soil of Gaoqu Township
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Table 4 Interpretation ¢ of the spatial distribution of soil heavy metals by topographic factors

HJE K £ Terrain factors

At )y 3K Planting methods

N ST Yl WRERE o oo FHOSE BUER H
Elevation Slope Slope direction Terrain relief Planting types Distance from road ~ Plot area

Pb 0.020 8 0.0153 0.095 7 0.0347 0.0064 0.029 4 0.0209 0.0356 0.006 6

As 0.001 9 0.0429 0.129 2% 0.013 6 0.0003 0.0275 0.070 6 0.058 4+ 0.0357

Cu 0.0128 0.036 0 0.064 6 0.0119 0.0001 0.0035 0.0577 0.0115 0.026 3

Cr 0.034 6* 0.014 2 0.084 4 0.0318 0.0845 0.0161 0.067 2* 0.0126 0.030 8

Ni 0.008 9 0.007 4 0.065 2 0.002 6 0.0404 0.0162 0.062 0 0.044 1* 0.061 1

Zn 0.040 4 0.001 5 0.193 7%* 0.006 8 0.0272 0.0294 0.086 6* 0.0226 0.0399

T A B R R IR i 2 0.1 F10.05 ZK - i 25 PEAS 56

Note: * and **indicate that the impact factor passes the 0.1 and 0.05 level significance test respectively.
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Table 5 Average value of soil heavy metal content under different topographic conditions (mg-kg™)
BN F- Terrain factors FE 15 %7 Sample number Ph As Cu Cr Ni Zn
R /m 901~1015 34 16.18+1.22a  10.44+1.17a  30.81+3.99a 101.86+9.70a 58.19+5.92a 54.61+4.08a
1015~1074 40 16.59+1.46a  10.56+1.38a  30.57+4.19a  102.80+8.06a 57.34+5.43a  55.81+3.96a
>1074 16 16.01+1.21a  10.23x1.57a  29.17+3.62a  98.10+7.65b  59.19+5.06a  55.10+2.59a
eRE/(e) 0~5 7 15.93+0.66a  10.73x1.41a  31.56+3.88a 103.59+5.63a 56.70+5.58a  56.09+2.79a
5~15 61 16.28+1.37a  10.66x1.35a  30.74+3.81a  102.40+8.92a 57.76+5.35a  55.28+4.10a
>15 22 16.62+1.38a  10.06x1.17a  29.84+4.65a  99.79+8.97a  59.02+6.13a  54.80+3.28a
Wi FA3 7 16.89+1.43a  10.77¢1.74a  30.76+3.16a  96.86+6.94b  56.25+4.62a 57.53%3.0la
R 23 16.56+1.54a  10.76£1.23a  30.21+4.64a  99.78+6.54b  58.94+7.48a  53.55+3.09a
B3 26 16.09+1.16a  10.40+1.43a  30.97+3.84a  104.22+7.75a 58.64x4.14a  55.19+3.42a
PR3k 28 16.23+1.34a  10.44£1.43a  29.83+4.25a 101.85£9.65ab 57.88+5.13a  55.09+4.66a
H AL AR EE /m 0~19 36 16.02£1.20b  1043+1.23a  29.88+7.59a  99.74x7.59a  57.53+5.76a 54.79:3.43a
19~30 43 16.61£1.37a  10.63+1.36a  30.67+8.90a  102.83+8.90a 58.43+5.22a  55.70+4.15a
30~65 11 16.32£1.49a  10.42+1.57a 31.14+11.02a 102.97+9.62a 57.76+6.38a  54.81+3.72a
TWI 1~5 39 16.19+1.50a  10.53+1.04a  30.63x4.45a  101.19+£9.52b 58.24+6.51b  54.56+2.92a
5~10 46 16.46+1.24a  10.51+1.57a  30.24+3.87a  100.89+7.59b 57.33+4.65b  55.65+4.53a
10~22 5 16.33+0.82a  10.61+0.95a  30.26+1.76a  111.47+7.40a 62.04+3.35a  56.52+1.22a
TPI 1i4F(<1) 17 16.77+1.32a  10.52+1.70a  29.89+3.57a  101.62+9.89a 56.40+5.28a  55.85+3.96a
1 (-1~1) 68 16.20+1.34a  10.57+1.22a  30.68+4.15a  101.92+8.48a 58.31+5.55a 55.21+3.82a
W (>1) 5 16.67+1.21a  9.82+1.27a 28.48+3.64a  97.42+8.56a  58.92+6.38a  53.39+3.03a
TE R EUEE AR TR 308 22 5 B3 (P<0.1) . Rl,
Note: Different letters after the values in the table meant significant difference at 0.1 level. The same below.
xo AEAMEARXTIEESCERNTEHEERIFEE (mg-kg)
Table 6 Average content of heavy metals in soil under different planting conditions (mg-kg™)
A4 J7 3K Planting methods A £ 4% Sample number Pb As Cu Cr Ni Zn
Ak EPN 26 16.21x1.55a  10.26x1.12b  31.65+4.33a  103.69+9.31a  58.99+5.65a  55.56+4.91a
e S 16 16.30+1.25a  10.71x1.11ab  31.71x4.13a  102.83+9.65a 54.87+4.54b  56.73+3.84a
LI 12 15.86+1.38b 9.90+1.24¢ 28.90+3.48b  102.27+8.26a 58.41+591a  53.94+2.75b
B3] 12 16.33+1.46a  11.07£1.67a  29.75+2.88ab  103.98+9.96a  59.14+2.89a  54.40+3.48a
Feti 24 16.74+1.02a  10.71+1.43ab  29.29+3.95b  97.90+5.12a  58.19+6.4la  54.93+2.80a
PR <0.2 34 16.30+1.36a  10.81£4.33a  30.95+4.60a  100.48+8.29a  58.53+5.88a  56.20x4.21a
hm’ 0.2~0.66 43 16.41£1.20a  10.34£4.13a  29.74£3.77a  101.59+8.30a 56.74£5.28b  54.69+3.49h
>0.66 13 16.16+1.35a  10.38£3.48a  31.22£2.95a  104.63£9.76a  60.68+4.54a  54.46+3.42b
T S B/ 0~150 40 16.40£1.36a  11.96+1.20a  29.93+4.23a  102.53+8.60a  60.97+4.13a  55.16+4.30a
m 150~300 28 15.96£1.20b  10.88+1.39a  30.57+3.44a  101.88+9.59a 58.79+6.13b  54.80+3.73a
>300 22 16.77£1.35a  9.90+1.46a  31.40+4.4la  98.74x7.7la  56.10£6.02c  56.11+2.86a

AHERCEE A TS Y AR R

2.3.4 SRR 7 2O0S 1 3E TR 4w A Y 52 HRE R
Xk s DR R DR A 7 S AR, AR AT e

DRl 22 18] 58 ELAE X - 4 465 i 2 1) A ) e e

IR/INF IR, AR B LR 5, Y DR A8 58 52 ) ) o

T 1o S IR 1 B S LRSI ) A5 RN T o . HUIE

DR 4% B 4 J S HLA i A B TR AR 7 SR S8 H

SN 7, Ut B TR ) 4% B 4 2 [R] 43 A s KT
FloAt 7 3K 22 SO SE I, 1% 5518 5 23 6] A S k40 B 4%
RRAR—F, Hp XTI, 3 5 PR
X} Ph HINi JGE [958 B 520 )1 #: K (0.272 9.0.303 6) ,
B S Y M%) As . Cu Ml Zn B9 A8 H 520 )1 % K (0.336
9.0.341 1.0.373 7) , 3 ] A1 TE H A X} Cr 1958 B2
i 77 55 K (0.320 1), Ho2s 0] fift g 7 34 AR X B4 b P [
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AR IR . TR 2, A R o R 2 A
15 HE I R B 6 Ph 9 32 B2 ) 45 K (0.119 9) , Fil
R 5 s B T AR As \Cu , Cr Ni 1 Zn A5 B 5200
% K(0.237 3.0.199 6.0.262 6.0.214 4,0.271 4) , HZs ]
FE R 138 K BRI R AR 7 o T T AN
D5 2R BARINEE S R, 3 i) SR S AL 14 58 BRI
X B A R IS R AT s A iR, H I 5 Rl 7y =X
[i] A1 (14 79 1 A8 35 K F M T DR -7 5 ok = P 3
PR 158 B, Ul BH T e =X 52 AR F
RESE /R F 9T X 38 4 192 [B) A A A5 250 , LA 1) A
SRR A T E =3 N G LA

3 iFig

HBFE AR A5 ) S AR b 0 SN TR K RS
PR 0 B4 I RS e A . BT B > 8,
A F AN R] ) ol 20k I A ] By it AR AE 5 4 24
78 By 3, HLA P ARE S A [ AR FR X AR e
PEAT YR REC A S G B R DRI A s ] 25 5
AR DR TR 45 R AN MR I S e ) 3X
(5 R MR L B — DR T B R D 4R TH 2, U]
5 B PR 7 B 52 MR AN R 4 T 4 s Xl - 09 4 e 1Y
23 (8]0 53, 0 ARR ARy AR AR i 2945 1 e

B s ) A Sk

B 1) 55 Fef R S TR X T 4% 4 R s M) 22 S )
Jrdni , i e o) s R RS RN RIEABHIB N 4], %
FEA [ b AR 2 T8Y A4 40 3t v 5 B 4 e A i A 22 5 (R
8)o Horp  MAEIRB Y L8 As (Cu S REBSR, ATRE
R 5 As AR 25 BOR TR IR 2806 555
FRRETEE Y 138 Cu Zn & S 8505, AT RE 5 2 bk 7
I PBUAE TR Lt P W NE FIAT MLIEAT 65 Croo R %
MU TRGHE A2 R 2E HENESFAR G, M LI
SR A RO B b Cr i BB, AT RE S R AL
RFENEAR

AR 5 K 9 DX I A 81, X6F F 40 A A [ 38 o) 4%
SRGEMER (K Hp, As T RAAF I -
RO B 255, B As & RO BRI, %4518 5 0
PP FEA IR — B Wre) T B A R R B A
T T 52 W) - 338 9 7K PRER I, DT 582 00 A 400 1 A IR
O, Ul W As 52 - R AR R W AR, L3z k™
L, F As B R RE T3 AE 22 o T Cr G 3R AE B3 i
INTBAYE, 5 As 52 LK RIRE A AR AH 2 o

b PRI i R LU 25 a) o S G R
HBIE DR - R oA 5 200 s (AR S, J7 25 70 B AR 5t
Gt M A A R e AR AR D7 SR LIRS
e 5, WS Gt AR Ge it kR 45 R B — 3L
YA 25t BN TSR 0 TR ESR

R TEESRENRSEMNRTFRERSN

Table 7 The highest influence factor and explanatory power of heavy metals in soil

[ 2P " [ ) o e e
PO BT ST 1 MEETFG REEROG REXE
o _ LS T) Tt A EH S T AT AP
Heavy Topographical L . . . L - .
. o Interactive influence of Planting factors of Interactive influence  Factors of highest Interactive
metals factors of highest . . . . . . .
. terrain factors highest impact of Planting factors impact influence
influence
Ph e R 0.2729 Tl 2T B I8 K B 0.1199 e ti T 0.3830
As -3 0.336 9 Fil R 2 A~ b eI AR 0.2373 Pl R 2T 0.494 9
Cu [ 0.3411 il 2~ e AR 0.199 6 Wt -Fh k21 0.345 1
Cr 1] -TP1 0.320 1 it 28— Be i B 0.262 6 B[] Rl 267 0.463 7
Ni Wenin - IR 0.303 6 FlAr e R~ b e T AR 0.214 4 W ni-Fi k2T 0.3511
In - 0.3737 TR 25 0 - Hb e T AR 0.2714 Wi - R A 0.498 6
RS AEFMELBNTEPRESEFHRE (ng-kg")
Table 8 Differences in heavy metal contents in soils of different planting types (mg-kg™)
%K‘LI‘LJ X 5 K
B PR s Ph As Cu Cr Ni Zn
Slope direction Planting types Sample number
FH3 5P N 13 16.05+1.40a 10.40+1.02b  27.52+5.50b 101.16+9.64a 57.53+5.08a 52.78+5.81ab
VR 3 15.17£0.30a  10.67+£0.79b  32.71+4.73a  94.67+8.73b  57.40+3.16a  60.39+4.58a
217 5 16.64+1.67a  9.25+1.42b  28.39+3.16b 109.83+8.89a 60.26+5.49a 51.24+2.67b
S 3 17.28+0.94a  12.59+1.19a 33.16+3.54a 107.84+9.97a 60.18+1.08a 56.83+1.47ab
MR 4 16.84+1.53a  10.76+1.25b  29.52+1.30b  96.97+2.53b  55.51+3.62b  52.45+2.89h
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RO AEFEEANTEFEEEEFEHEE(ng-kg")
Table 9 Average content of heavy metals in soils with different slope directions (mg-kg™)
gl v
PR S FE Ph As Cu Cr Ni Zn
Planting types Slope direction Sample number

EPN [k 2 15.91£0.29a 11.45+0.45b  31.76+£2.53a  92.21+2.58b  60.39+3.42a  56.61+0.52a
“EEAL 4 15.36+2.49a 12.10+0.43a 31.41+£3.53a 93.87+4.67b  63.66+8.36a 51.61+2.15a
EREbs 6 16.45+1.07a  10.53+0.54c¢  34.15+1.55a 106.35+5.34a 57.75+5.02a 57.11+4.76a
FH % 13 16.42+1.40a  9.82+1.02d  30.54+3.55a 108.20+8.45a 56.51+2.08a 53.93+5.81a

RZME A2 [R) AR SR 2 BB A 2, DAL, 670 #r 4 4
B4 s ) 25 57 0 R 0 ] 2R IR AR e M G o0 B
S AT, R = S (R B ARRAE 9 5 8 R 2 20—
BEIHER

ASCEAES T IR 2 B b - 3 3 i s E] oA
FPAE , LUK A 00 B 32 20 Wi IR 22 [ B 52 HA:
PR T e v e VR AR X M 4 4 ) 23 A R
PR T SRS WS X A IR SR TAL T A
SR T LA A 25 AU T B AT S T SOR S BRAN L
WSS A AR TR R A BRI AR R, A P X
JEE AT HDRE 2 B2 MR A P X A P BRI B R
RIVL A HURYI AL B . O 1 (e ik v+ bR i R IX
A ASIRBE Y TR L K, i — 2 25 JRA P XA M i
BN, [ , DR AR 35 PR PR T B AR A 1 )
A S5 X B e g 7 AR X M R R ) 4 [ A A
I PRI T KT R Z—

4 ZEig

(DGR P2 B, SR £ A H L S Fh R
&2 I8 JUE i Y A A A ] b - 35895 Y XU 7 1B
XA S A T 2 A S - AR R R A E R
/5T As  Cu Cr NiJGZR 7t 78 g A B o i Al -
AT ALER Hodr NI A T S, TR
X 2 A 7 i R - BRI 7 A TG

(2) \Zs Al Ml S L Pb Zn TC R A B Ay 28
[ AH G , A MR 5o 3, As (Cu . Cr.NiJG R H
SRR )23 (R AH M | BE 27 B 45 4 1 IR 25
W Z BEALE 2R T s B ik ok B, B4R
TS A0 B —E B R AR, Rl e (s I
X H B, L7 KT AR ARl A X As A Cu 1) 75 5 58
1, T RUBLE R I IR AL Cr 5 Ph 5 F 48 o

(3) B[R 7 Xof 45 T 4 g 225 () 43 A7 1) s i i 3 A
6], Hov, Cr 52 i 5% i 8 BF 3 8 rp IR 3R AL R
H Cr 1 Ni 2457 b JE W B2 5% i 50K, As Fl Ni 23 B ZEAS
] ey 2T 25 55 0 3 . 3¢ BAE R A 728
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