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Spatial Distribution Characteristics of Heavy Metal Pollution and Health Risk in

Soil Around the Coal Industrial Area of East Junggar Basin
LIU Fang', Tashpolat Tiyip'*, Ilyas Nurmamat', WANG Nan’, YANG Chun', XIA Nan', GAO Yu-xiao'

(1. Key Laboratory of Oasis Ecology, Ministry of Education, College of Resources and Environment Science, Xinjiang University,
Urumgqi 830000, China; 2. Department of Landscaping and Gardens, Xinjiang Applicational Vocational and Technical College, Kuitun
833200, China; 3. Changji Management Station, Mt. Kalamaili Ungulate Nation Reserve, Changji 831800, China)

Abstract: The soil around the coal industrial area of East Junggar Basin in Xinjiang was studied. A total of 64 soil samples were
collected from the 0-10 em, 10-20 ¢m, 20-30 cm layers of soil profile, and the contents of Zn, Cu, Cr, Pb, Hg and As were tested,
respectively. Pollution Load Index ( PLI) was employed to assess the heavy metal contents and the model of health risk assessment
recommended by USEPA was adopted to evaluate the health risk due to exposure to heavy metals in different soil depths. The
multivariate statistical analysis, geostatistical analysis and GIS technology then were used to study the differences, spatial variability
structure and distribution pattern of the evaluated results, and cross-validation method was adopted to assess the prediction results and
its stability. The results suggested that the ranges of Zn, Cu, Pb contents were 46. 06-48. 00 mg-kg ™', 18.37-19.271 mg-kg ™" and
11.30-13.29 mg-kg ™', which did not exceed the standard compared with the background values of soil in Xinjiang. The ranges of Cr,
Hg, As contents were 80.29-85.42 mg-kg™',0.06-0.07 mg-kg™',30.64-31.52 mg-kg™', all of which exceeded the standard
compared with the background values of soil in Xinjiang, and the exceeded rate was 60% . The values of PLI were in the order of
PLIL, .. (1.35) >PLL, . .. (1.28) >PLIL, , .. (1.25), which belonged to slightly polluted level. The values of HI were in the order
of HI, ;.. (2.53E-01) > HI, ;.. (2.48E-01) > HI, ;.. (2.43E-01), which indicated there was no non-carcinogenic risk. The
values of TCR were in the order of TCR ., (2.81E-05) > TCR,, ., (2.80E-05) > TCR,; 4, (2. 74E-05), which was the

acceptable level of carcinogenic risk. According to One -way ANOVA analyses, there was no noticeable difference in the PLI, HI,
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TCR (a is 0.863, 0. 134, 0. 056 respectively). Geo-statistical Analysis results implied that the regions with high contents of Zn, Cu

and As were distributed near the coal industrial area and Northern part of study area in the 0-10 c¢m soil layer, Pb formed V-shaped

high content ribbon, high content of Hg was located in the middle and Southern area, and high content of Cr was located in Coal

Industrial Area and the anterior radial decline. High values of PLI, HI and TCR were found in north of the study area. The moderate

pollution region of PLI decreased with the increase of soil depth, whereas HI and TCR showed no significant change. On the whole,

high degree of heavy metals pollution and high possibility of health risk were mainly distributed around the six coal industrial areas

which are in the high density population zone. Especially, the pollution of Cr, Hg, As was relatively serious and the health risk of As

was the most serious which should be attached great importance to.

Key words: soils; heavy metals; pollution load; health risk; geostatistial analysis
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Fig. 1 Sketch map of the study area and sampling sites
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Table 1 ~ Reference doses for non-carcinogen metals and slope factors for carcinogen metals
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A, S M G T2 R A S ) AR S 4 R ) S

A AR

N(h)
2N1h> S 2(x) - 2(x + W) ) (10)
A, r(h) HE T ZERE B oADK IR IR A
JSIRER N(h) AREAIE b (ORE S ECH L Z(x,) F
Z(x, +h) SR XA AR & Z (x) FE «, Ml w, + 1

A T BBCA) SEZ B ) A
XA A K 8 T AT S B 5 B AN IE 28 4 Al A
B, 2 S5 pR B0 B RN T B 4 A AS B A sl 4

r(h) =
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WHYHTHE , 75 AT BEAF 7R LI R0, 2318 KAl iR
20 SRR R AR AP 2 {E (A) NI 3 £i%
PRUfEZE (SD) Sl R R R WA Y B B S
AR IS AR R FH L A BEAG S | K-S A6
K. S-W RS I 25 G Q-Q P % AR IE A 70 A Hdli R
RO R0 e 6 R AL e, 3 o 72 0 I B PR AT

AV VAN

1.6 Hfibp

-3 4 i I Y o far A AE R XU RS (B TR TR
Excel 2003 FFh E4T , RAE S35 R ArcGIS
10. O Bl IS HR 58 Al 48 4 i 2 R 8
geit . PR R 7 22 3 BOE A 43 A K g Al SPSS
19. 0 GEIHHRAFSE I 28 [A)A8 S 45 F 43 A B OGS 8K
B RE R MBS A GS +9. 0 SERL; 25 (1434 A Ja)
K@ ok AreGIS 10. 1 24 H1 ¥ Geostatistical Analyst
PRI Spatial Analyst #5HER 52 .

2 BER545H
2.1 HEREESI
FFFFEX 0 ~ 10 em., 10 ~20 em 120 ~30 cm

FIEREER) Zn, Cu, Cr., Pb, Hg, As FHIEATHIA
PEGETt, IR 2 05 22 537 ( One-way ANOVA)

R 4 B AN R A e 7 W 0 4
a2 FoR.

Zn. Cu, Pb (&I 43 5 46. 06 ~48.00
18.37 ~19.27 . 11.30 ~13.29 mg-kg ", ¥K 17 4
TIETC KT FHH 68.80, 26.70, 19.40 mg-kg ™',
BT (B BT i S AR A B B AR E 43
FO) B/ T 12% 5 Cr, Hg, As BY-F2 5 5 7050 4
80.29 ~ 85.42, 0.06 ~ 0.07, 30.64 ~ 31.52
mg kg ™", 600 1 B 98 1 5L 49. 30, 0.02, 11.2
mg-kg*l , HABAR R KT 60% , 22 W UEZR 15 5 7=l
X J& i - T BE T 32 23X 3 FhE 4 Jm 5 Y.

ASEFRE(CV) BT 4 8 5 1 00 B At LA
N RS 4 i A i s, AR FR 2 A
FTE ST YRR ZL. HRE Wilding"™ X5 5 R
5328,CV <15% J@ THEEAE R 15% < CV <36% &
FHEART CV>36% 8 FRELS. 345K
FER ,Zn Cu, Pb W78 5 RBOY/INT 36% T KT
15% |, J& T &8 SR, Cr, Hg, As 78 3 > 3R
FE (AR S 2R B KT 36% , Horb Hg 760 ~ 10 em ()
AR5t B R R 143% @ i BEAR S, R B
3 e 4 Jm B R A B O B P LK, 32 # A
TR TR R M R

F2 IEESEARESFKITMEIEEZUFTENM(n=52)

Table 2 Analysis of statistical and soil layer variation of heavy metals contents in soil(n =52)

z B 3 e ; A
ix LR G MRy v T s pimsite BERAT
/em /mg-kg /mg-kg /mg-kg

0~10 26.24 ~81.23 48.00 12.15 25 2

Zn 10 ~20 25.60 ~72.94 47.49 10. 38 22 68. 80 0.392 0.677
20 ~30 24.55 ~86.06 46.06 11.66 25 2
0~10 6.80 ~36.15 19.27 6.58 34 12

Cu 10 ~20 6.31 ~39.64 18.37 6.32 34 26.70 8 0.260 0.771
20 ~30 9.47 ~51.18 18.53 7.01 35
0~10 30.85 ~187.06 85.42 50.11 59 66

Cr 10 ~20 29.74 ~174.91 80.29 45.63 57 49.30 60 0.168 0. 845
20 ~30 26.67 ~191.90 81.11 47.20 58 60
0~10 4.41 ~19.96 13.29 3.84 29

Pb 10 ~20 3.37 ~21.02 11.93 3.97 33 19.40 2 3.366 0.047
20 ~30 0.82~17.44 11.30 4.04 34
0~10 0.01 ~0.51 0.07 0.10 143 66

Hg 10 ~20 0.00 ~0.27 0.06 0.07 117 0.02 64 0.154 0.858
20 ~30 0.00 ~0.59 0.07 0.09 129 64
0~10 1.48 ~55.39 31.52 12.21 39 94

As 10 ~20 3.20 ~59.37 30.64 11.70 38 11.2 96 0.077 0.926
20 ~30 3.53~71.29 31.44 13.62 43 98

HIE 2 BT, 6 Bl G P 2 & 4 AE 0 ~ 10
om b 3h i, R LR R T D) 2 BRI A 7 R
FECAIEFSBR; Zn, Cu, Pb St BlGR 191

TN BLEET AR A AR fa 38 (B Cr, Hg, As Fifi 3%
TRBE RGN & B0k« AR v 1 AR Ak B, B4
BAEO0~10 em FZH 20 ~30 em K2 T 10 ~20
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em T2 H I R R 20 R Zn, Cu, Cr,
Hg. As 195 F P K-35 KF 0. 05, Pb 1 5 K
VR 0.047, A A IR B R &R 22 R R

.
.

100 - 0~10¢m
10-20cm
B4 20-30cm
N
] 80 §§
‘:f“z § : 8N
£ 60 % §§ .
& aor § f §
o §
20| 1N %
: N

Hg B =R 0001%
2 ELESCEMIERENTL

Fig. 2 Change of heavy metal content in different layers of soil

2.2 LIEESEGY A
FIHAR (1) AAR(2), 1 H5H %] Zn, Cu,
Cr, Pb, Hg., As MF-3175 9% 250 ( CF) FIRFSY X 3%
RSP 3475 Ye fr fa 85 (PLL) , &l 3 s, 163 4+
HERE Y | CF, . CF., . CF,, 2/NTF 1, 8 Jo75 e
5 CFo R T 1L/NF2 @ FRERY”; CF K
T2/NF3, BTG CFy, KT 3,8 T
BEG Y. ARE 3R E PLL K/NBUF A PLI, ..
(1.35) > PLL,y .. (1.28) > PLI,y .. (1.25), &
K LJd TR BETs g |y 220 iids i i E MoK
0.863(P >0.05) 4 1JZ/ PLI 22548 2.

3.50 |- & 7n

BCu H L RE 5
3.00 -8 Cr -4 ----
mPb
250 |- B Hg
B As
| PLI

rhET R

UIRGE L

10-20cm 20-30cm

E3 AELTEREEEE CFEMTEHPLIE
Fig. 3 CF and the average PLI of soil heavy metals

in different layers of soil

2.3 BIEES E AR
2.3.1 AEBUEAR:

A (3) ~ (7) THEAS B 98 X AN [R) £ 38
TREERT XTI ZE 3 P B ER IR AR 6 A & )@ 1R R
SRR % B 1) B (ADD) | IR S0 XU B0 48 2
(HQ) FRHESUss WK S5 EC (HI) . ik 3 ATl 3 4
IR 6 FES R HQ /N T 1, )8 Tl %
BSEKE" 5 SFE35 HQ KR/NIUF 358 . HQ,. > HQ,,
>HQ,, > HQ,, > HQ,, > HQ,, , % HI 15T ik 2543 5
4 69.96% ~71.37% . 26.09% ~26.88% . 2.29%
~2.65% . 0.32% ~ 0.33% . 0.15% ~ 0.17% .
0.10% ~0. 11% , BB 55 IX S B0 KU 32 2252 8
ZJE As Fll Cr Z OB AR ER( HQ,, ) FIr BT ik
AN HER B HI K/NBUF R HI ., (2. 53E-01)
>HI, 4., (2.48E-01) > HI,, _,,.. (2.43E-01) , /&
TR KR KT, J7 220 At B 2 K
0.134(P>0.05) 429 HI 2514 8%,

2.3.2 BumAE:

FRA(3) ~ (5) A (8) . (9) 1A%
5T XA H IR SR B 428 Cr, Pb, As 93K
S XU ZE 5% R 5 (ADD ) | B0 XU FRIHE 2 (CR)
FECE XS S8 B (TCR) . MR 4 AT, 3 A H I
FERY CR, A1 CR,, 22/ T 10 ~ K= 2, JC B0 AU
CR,.H 10 ¥it 9%, 78 10 °F1 10 *$it 2 2 a] 7%
FE NI 32 B SO R N [A] £ 38R B TCR
KNI T TCRy_ 0.0 (2.81E-05) > TCR,y 19
(2.80E-05) >TCR,y_y . (2. T4E-05)  FETE“ AKT]
B2 (0 B0 KU, J7 25 0 B A5 0 R 3 K
0.056(P >0.05) ,45 TJ2M) TCR A —E 25, H %
FVEAR T, AT 52 B0 A FEE As L8 2 0
AF BRI TE, Y 5 R E .

2.4 HEJEZ M ARHE
2.4.1 HHEESE WA AR A5

FIF K-S 1 S-W A 56 %o AF 52 B dhe 47 1F 2454
ARG , 27 P I KT 0. 05, W) e /- B s AT 5
B W5 ] LIE i, Ph il As & s 8
FE 3 DR RIER 5 Zn AT Cu & B EE
760 ~10 cm F110 ~20 em IS TF A0, 76 20 ~
30 em HIEVEXT BRI S IR IEZ 204 ; He &4
R BB R ARSI 5 Cr & EBE 2T WAL
Heffe | Box-Cox $4e 35 5 G IR G IER 4010, A
WA 5 220 B v AR 5 3 4 e
FERY PLL A HI 2860 808 40 5 ¥ 52 B 504, TCR A%
BIEA .
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Table 3 Daily exposure and non-carcinogenic risk index for adults with heavy metals and pathway in soil at the six levels of soil depth

FJE/em JLR ADD;,, ADD;,, ADDg., HQ,, HQ,, HQyerm HQ HI
Zn 8.00E-05 3.22E-17 6.96E-07 2.67E-04 1.07E-16 1. 16E-05 2.79E-04
Cu 3.21E-05 1.29E-17 2.79E-07 8.03E-04 3.23E-16 2.33E-05 8.26E-04

0~10 Cr 1.42E-04 5.74E-17 1.24E-06 4.73E-02 2.01E-12 2.07E-02 6.80E-02 2 53E-01
Pb 2.22E-05 8.92E-18 1.93E-07 6.34E-03 2.53E-15 3.68E-04 6.71E-03
Hg 1. 17E-07 4.70E-20 1.02E-09 3.90E-04 1.57E-16 4.25E-05 4.33E-04
As 5.24E-05 2.11E-17 4.56E-07 1.75E-01 1.72E-13 1.52E-03 1.77E-01
Zn 7.92E-05 3.19E-17 6.89E-07 2.64E-04 1.06E-16 1. 15E-05 2.76E-04
Cu 3.06E-05 1.23E-17 2.66E-07 7.65E-04 3.08E-16 2.22E-05 7.87E-04

10 ~20 Cr 1.35E-04 5.39E-17 1. 16E-06 4.47E-02 1.88E-12 1.93E-02 6.40E-02 2 43E-01
Pb 1.88E-05 8.01E-18 1.73E-07 5.69E-03 2.28E-15 3.30E-04 6.02E-03
Hg 1.00E-07 4.03E-20 8.70E-10 3.33E-04 1.34E-16 3.63E-05 3.69E-04
As 5.11E-05 2.06E-17 4.44E-07 1.70E-01 1.67E-13 1.48E-03 1.71E-01
Zn 7.68E-05 3.09E-17 6.68E-07 2.56E-04 1.03E-16 1. 11E-05 2.67E-04
Cu 3.09E-05 1.24E-17 2.69E-07 7.73E-04 3.10E-16 2.24E-05 7.95E-04

20 ~30 Cr 1.34E-04 5.45E-17 1. 18E-06 4.50E-02 1.91E-12 1.97E-02 6.47E-02 2 4SE-01
Pb 1.99E-05 7.59E-18 1.64E-07 5.37E-03 2.16E-15 3.12E-04 5.68E-03
Hg 1. 17E-07 4.70E-20 1.02E-09 3.90E-04 1.57E-16 4.25E-05 4.33E-04
As 5.25E-05 2.12E-17 4.57E-07 1.75E-01 1.72E-13 1.52E-03 1.77E-01

F4 TRILEREATESRHEEZERNKBEL
Table 4  Daily exposure and carcinogenic risk index for adults with heavy metals and pathway in soil

+2/em ILE ADD;,, ADD, ADD,,... CR;,, CR,,, CR e CR TCR
Cr 4.88E-05 1.97E-17 4.25E-07 — 8.27E-16 — 8.27E-16

0~10 Pb 7.59E-06 3.06E-18 6.61E-08 — — 5.62E-10 5.62E-10 2.81E-05
As 1.80E-05 7.24E-18 1.56E-07 2.69E-05 1.09E-17 1.17E-06 2.81E-05
Cr 4.59E-05 1.85E-17 3.99E-07 — 7.77E-16 — 7.77E-16 2.74E-05

10 ~20 Pb 6.82E-06 2.75E-18 5.93E-08 — — 5.04E-10 5.04E-10
As 1.75E-05 7.05E-18 1.52E-07 2.63E-05 1.06E-17 1. 14E-06 2.74E-05
Cr 4.63E-05 1.87E-17 4.03E-07 — 7.85E-16 — 7.85E-16

20 ~30 Pb 6.46E-06 2.60E-18 5.62E-08 — — 4.78E-10 4.78E-10 2.80E-05
As 1.80E-05 7.26E-18 1.57E-07 2.70E-05 1.09E-17 1. 18E-06 2.80E-05

FIH GS +9. 0 HHE T4 A4EXT 0 ~10 em, 10 ~20
em 120 ~30 em TIEHEER) Zn, Cu, Pb, Hg. As
T TG YR T DA R (et R DR (i AR (B0t Rl AR 4
B ) FEAT 2 AR S eR BT AT, 19 B H0LE B AL R AR O
2. PeaE ¢, E RN AR AR RS E Y E
G J@ 2 (B S TR AR B 5 S5 5 225 C R LI ERE AR
HARHREFEEE ; BAH C, + C RRRG LK
AT FEIRBON C,/C, + C Fm NN BEHLIA
RO E S8 25 ) 7 TR R G 5 Bk b b
AR e JE S A OGP R B AR R ] o
T4 JE 125 (AL A M %) 1 s AL R, B SR () e /N R
FENRIEE | B AR BT RAE AR DX Sl A LS 10, R
GAGIEIAT Brs - ZAN I E U5 e 3 i
25% , UL 25 R AU 4 Jm B SR B Y 2 ) AE DG
SRR Z AR, W RIS AR [ AR R

il ; FUIEAE 25% ~75% 2 [0), Ui 4 J@ A b 4
23 [RIAHOCHE , S50 37 25 (R 2548 RNy 336 2 1 2 [
YEFR; HER T 75% , Ui A 7 4 Jd 25 Rl AR PR AR 55
L T NG ) L) A T N

H2e 6 T WEAR Pk X i 3 i 4 e 5
15 YL A gy LA B Ak RS 5090 A A HR AR A | Bk
PRI LR PEALAY . Cu AT Pb 7€ 3 A~ TR i)
SRRV BN T 25% , 2% W B AT 5 B 23 ) AH G
25 () S bk B HARN L Zn 1 As 76 3 4
IR E SR BIAN T 25% ~T5% |, @ h 4GS
[ AR e, 25 1) 5 vk 7 48 1 AR TR R 36 3
(AL [E B2 ; He 7E 0 ~ 10 em 722 38 Ay 2L 800
H45. 1% , 5 A3 [ A OGPk, TAE 10 ~20 em il
20 ~30 em T3 HY IR 50K 3. 7% 1 0. 1% ,
SR FUARCE R i RIERE 2B AR E
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Table 5 Normal distribution test of the research data
+J2/em JLHE (S g Jig K-S #5565 (P) S-W K5 (P) Gy AR
Zn -0.01 -0.27 0. 142 0. 129 B4
Cu 0.18 -0.28 0. 200 0. 566 EZ
Cr 0.64 -1.10 0. 000 0. 000 JEIER
Pb -0.59 -0.15 0. 155 0. 070 IEZ
0~10 Hg 0.59 -0.12 0.200 0. 066 XHEERS
As -0.33 -0.04 0. 200 0.442 IEZ
PLI 0. 040 -0.206 0. 098 0.392 XHEOE RS
HI -0.139 -0.501 0. 200 0.642 XTEOEA
TCR -0.338 0. 086 0. 200 0.442 IEZ
Zn 0.15 -0.27 0. 200 0. 953 IES
Cu 0. 80 1.46 0. 200 0.078 IES
Cr 0. 68 -1.07 0. 000 0. 000 JEES
Pb -0.21 -0.50 0. 200 0. 591 B4
10 ~20 Hg 0.41 -0.93 0. 200 0.224 MEOER
As -0.05 -0.02 0. 200 0.988 EZ
PLI 0.210 0. 140 0. 075 0. 424 XPHUIE 2
HI 0.244 -0.526 0. 200 0. 447 XHHEUE 2
TCR -0. 066 0. 052 0. 200 0.991 IEZ
Zn -0.08 0. 04 0. 200 0. 831 XPEUIE 2
Cu 0.32 0.93 0. 200 0. 087 XHEOEAS
Cr 0. 65 -0.95 0. 000 0. 000 JEES
Pb -0.72 -0.16 0. 083 0. 025 E
20 ~30 Hg 0. 60 -0.19 0.200 0.493 XHEOERS
As 0.61 1.06 0. 120 0. 050 EZ
PLI 0.318 -0.480 0. 200 0.411 XEOERS
HI 0.430 -0.484 0. 200 0.278 XHEUE 2
TCR 0. 653 1.287 0. 076 0. 048 IE
x6 rTESESETATRSHY
Table 6  Spatial variation and precision parameters of soil heavy metals
AN =k
+)Z/em JTR i i ﬁ??of)ﬁ (%olj"' <) (CO%C{ZEE:(—&({}\)L/% AR/ km RSS R?
Zn EiE 14 84. 000 168. 10 50.0 0.4380 6. 409E +03 0.279
Cu Ei R 6.1000 44. 420 13.7 0.1148 0.651E +03 0.357
Pb iRy 14. 127 14.127 1.0 0.1832 0.611E +02 0.476
010 Hg 53N 0.6791 1.504 0 45.1 0. 0935 1. 952E-04 0. 745
As R 62.700 156. 40 40.0 0.3000 2. 844F +03 0. 467
PLI B4 0. 006 4 0.072 8 8.8 0.084 8 4. 879E-05 0.224
HI £ T 0.010 1 0.1042 9.7 0.309 3 5.909E-05 0.335
TCR iy 0.005 1 0.0126 40.1 0.3852 1.821E-21 0.474
Zn Bk 45.700 125. 40 36. 4 0.4551 6.261E +03 0. 636
Cu BRIR 2.2000 40. 170 5.4 0.0742 4. 899E +02 0. 206
Pb £ T 15. 305 15.305 1.0 1. 690 0 0. 398E +02 0. 496
10 -0 Hg BRIk 0.042 1 1.108 1 3.7 0. 1923 1. 495E-05 0. 368
As Rk 49. 600 156. 00 31.8 0.243 1 4.399E +03 0.674
PLI B4 0.009 1 0.0742 12.3 0.0783 8. 058E-05 0.212
HI eI T 0.0184 0.098 8 18.6 0.1399 6. 533E-05 0. 398
TCR eI T 0.004 2 0.0127 33.1 0.260 1 2. 818E-21 0. 688
Zn R 0.0371 0.0750 49.3 0.6477 9.021E +03 0. 364
Cu TR 0.0192 0.1191 15.9 0.2051 1. 682E +03 0.212
Pb i 16. 500 16. 500 1.0 1. 690 0 0. 220E +02 0. 485
20 -30 Hg TR 0.0010 1.0923 0.1 0.0725 1. 495E-04 0.534
As ik 51.700 184. 50 28.0 0.4153 9. 380E +03 0.574
PLI iy 0.004 7 0.078 8 6.0 0.3532 4. 823E-05 0. 021
HI fEN 0.0105 0.1090 9.6 0.178 7 1. 696E-04 0.128
TCR EiiEd 0.003 9 0.0146 26.8 0.2620 1. 187E-20 0. 569

1) T Cr S EEERART & IEE AT, AEATIZ
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FNKH R R, 76 F 2 Erh R 82 AR R
Wi s PLL AT HI 78 3 /> 580 B 1 S IR 800 ¥/ 1
25% ,FR W HL AT FURY 23 (B AH G s TCR 76 3 1+
SRR PE SRR A T 25% ~T5% |, & h %23 [
FHSCHE 3 BIFSY X - HEE 4 1 Fei/F die /N R AR (] HE Ak
F0.0742 ~ 1. 6900 km Z [f], Hrv Ph A9 AEFE i K,
Cu MY FE R/

I S5 iR RS 1 B 58 SRS 36 AT A2 A2 S PR K

SAMT RN TR (B A B AR ) iR 22 ME Fild
HEF- 34 1% 22 MSE 48 XHE HZIT 0, ¥ 77 HR TN 5% 22
RMSE FISF- 205 F I 158 2% ASE S 42230, bR ifE 35 07
HR T % 22 RMSSE 238 T 1, R T e B a s AU 4%
U, TS e 0 gk 7 Bow s X AR
Pt 75 YO far AR XURS: ) T 25 SRR A A D
B, 225 (B (EDRG JEE 45 /3 , VT A Sz e+ G A ol X
) 3 S SRR DL

xR IRESREINBIIHEESH

Table 7 Precision parameters of cross validation of heavy metals in soil

F 5/ em i TR YR T iR 22 PR R 2E  AREY TR TN iR 22 SRR AE TR iR 22
(ME) (RMSE) (MSE) (RMSSE) (ASE)
Zn 0. 509 7 11.533 0.039 0 0. 960 7 12. 004
Cu 0.336 3 6.862 6 0.0459 1.0254 6.9300
Pb 0.0456 4.2521 0.0112 0.986 6 4.309 6
0~10 Hg -0.1043 0.1058 -0.1478 0. 998 3 0.1082
As -0.0396 12. 676 0. 0047 11191 11. 040
PLI 5.863 0E-03 0.3385 ~0.0299 11311 0.3113
HI 9.461 1E-03 0.0809 ~0.021 1 1.0289 0.080 2
TCR 1. 550 5E-07 1. 110 6E-05 0.0150 1.1043 9.8311E-06
Zn -0.2500 9.983 1 ~0.0100 1.097 6 9.1289
Cu 0.2217 6.604 1 0.026 7 L1117 6.504 6
Pb -0.0317 4.2349 -0.007 8 1.0192 4.150 4
10220 Hg ~0.0020 0.076 4 ~0.246 6 1.1880 0.105 1
As -0.1228 12. 050 0.002 4 1.1138 10. 680
PLI -6.623 1E-03 0.3331 ~0. 066 4 1.1924 0.2879
HI ~1.546 9E-03 0.074 8 -0.0343 1.0255 0.0757
TCR -2.7852E-08 1. 059 OE-05 0. 005 6 1.079 7 9. 658 8E-06
Zn 0.3254 9.7178 0.0344 0.890 9 11. 039
Cu 0.226 6 7.1853 -0.0298 1.304 4 6.4287
Pb 0.0153 4.205 6 0.0029 1.001 0 4.1983
20230 Hg -0.0110 0.103 6 ~0.284 4 1.390 3 0.1072
As 0.1802 14. 873 0.0157 1.206 3 12. 648
PLI 2.152 6E-02 0.3453 0.001 5 1.006 1 0.3536
HI 1. 867 7E-03 0.092 4 ~0.0102 1.0798 0. 089 0
TCR 1. 436 4E-07 1. 346 OE-05 0.0172 1.1856 11036E-05
2.4.2 THEESERZS B )R FIZRIEE, 2R A« V7 I ; Hg & as [A]

R D5 50 TR > A S bR BSUBE AR ()RR 2
B, R AreGIS 10. 1 84 g8 458 He 3 v B 4
FEAEIR X L IEESEE (0 ~10 ecm) | 155
gy A UG 25 (] 73 A RRAE I T Cr & 80
AFFETE SR, 2R F 25 8] 43 A A B 19 2 B 2 A
FHME (IDW) F L4323 [l 5340, &l 4 s,

Zn, Cu Ml As & i 2 BBk o0 1 46 5, TR b
Jr B, R X R B AR I R K
IR ZE 0 | ACILOR R R I 7l X BRI S AR X
BB X B AR Ph Al Hg 7 i 52 BB R
ARATAHE Ry, Ph B e (1 X AL 6 76 JCbe 1Ll A RS
PN X PGACER | = X e 0 A K 2 I 7=l X

Oy AR S) I AR AS B S, 7 v R S DX A
TG e (L DX 8, KR LU R R T 7=l X DT
W8 ZE e AL L=l DX AR 2 i 2 B/ IN T B i
MRAEIX, PRSI He £ 3 i BN E i B 2,
IR FEORIE T I B G S REENZ BRI
K65 J5y , v (L DX A TR 5 DX 7l DX BT, T AR X
Y4/, 3 DA Ay m s o) D SRR s . AR
Bl X A R AR R IR
DX, S T b o R R AR S R AR
S,

HRAE Fr A7 SR i 3 42 8 PLIAE (T TS
POVEBFSE X 3 A HIER I PLL SE 90504, WKl 5
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N N
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