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Analysis of heavy metal pollution characteristics and influencing
factors in China's typical agricultural areas based on Catboost
algorithm

LI Shan'? YANG Jini® SU Guijin® LI Qiangian® MENG Jing* SHI Bin**
(1. Henan Institutes of Advanced Technology, Zhengzhou University, Zhengzhou, 450003, China; 2. Key Laboratory of
Environmental Nanotechnology and Health Effect, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing, 100085, China; 3. Foreign Cooperation and Exchange Center of the Ministry of
Ecology and Environment, Beijing, 100035, China)

Abstract Soil is the material foundation for human survival and development. Agricultural soil is
closely related to human production and life, and the issue of agricultural soil pollution deserves
attention. This study focuses on the research areas of the three northeastern provinces, the Beijing-

Tianjin-Hebei region, and the Yangtze River Economic Belt. By conducting literature research, 400
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relevant articles published between 2000 and 2020 were selected, and 2,052 topsoil samples were
collected. Pollution characteristics were analyzed using statistical, spatial analysis, and machine
learning methods.The results indicate that, compared to the strictest screening values for agricultural
land, Cd pollution is more prominent in the three research areas, with exceedance rates of 37.5%,
34.0%, and 45.8% for the three regions, respectively. The Yangtze River Economic Belt also exhibits
Cu pollution with an exceedance rate of 30.6%. Further classifying the sample sites into mining area
adjacent sites, suburban area sites, and other farmland sites, an assessment using the potential
ecological risk index (PERI) method shows that mining area adjacent sites have significantly higher
proportions of severe and high-risk pollution (54.8%) compared to suburban area points (37.2%) and
other agricultural field points (36.6%).The Catboost model was employed to identify influencing
factors, revealing that agricultural fields adjacent to mining areas are mainly affected by Cd and Hg
pollution caused by ore selection and tailings exposure. Suburban area fields are primarily influenced
by Hg pollution resulting from human activities such as commerce, industry, and transportation.
Other agricultural fields' soil is mainly affected by Cd pollution due to the application of pesticides
and fertilizers and the use of large-scale mechanization.

Keywords agricultural soils, heavy metals, contamination characteristics, catboost model,

influencing factors.
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FERE, K IR BAEM (Cd) 15 YRS & 28U, BIRe & E A R AE 7 ARG i & &L
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T R S R VIR B A R, 1 CatBoost FR LS4y % A TH - 58 s XU D] 1 2B A7 R 0 A1
A S 4 B ) DR R AU A B — o A7 5 vk, LABIOR 3 A T 49895 e B i AR A B4R
i P A LS.

1 MRLFITTE: (Materials and methods)

1.1 WF5RIX IR

AAL = X, BUHSE KT AT Ao Xk, ARdb =4 (FE BRI, HAk, 7)) 2 E
BB AR A 77 X 22—, 2021 AR By 1445.6 T, A E S SRR 21%0 AL =AE
B A E Tl AT R4 PLARHI IS . B A, Tl LT AR 2007 4F 1) 24 20840 km? 3 m#| 1
2019 4E 1924 33315 k?, HEII T3 60.0%. & FHHBTETFR A 2007 424 148780 km? 8/ 2 2019 4F 64573 km?,
W T T 60.0%, KT 2 5F i AR KT R A 11 AN T, o5 4 R R TR 21.4%, 2 3% [ 88 i K
Fei L /NAZE L BRI EVEY R AL . TSRS S TR 09 A 7= B b i XA Tl & 28 05 T IAZ Se il
e VA [ =7 52 N e A O e i N IO 7 QN 3 <9 Y40 [ i o = O 0 S B (=
IR IL 6%, 2019 45K T2 55 M X % A FH b i A 381740 km?, B 2007 4F 1701010 km? ik 2> T
77.5%. Tl FHHE H1 2007 4E /Y 120390 km? 34 /11 % 136488 km?> 1'%, 57 HE 3 X s 4 A7 LA G 50 AR 3k vh
O RO IR A, TR B A A RN 5 4 S Al e A M, A AR R T ALBRRN 2 A L R B T
U FE 32 L DX i T b 7 . T A b DX T A AN T R o A T R A A M DR, A b B e T
M 2007 41 148780 km? Jii /L3 T 2019 4F- 11 64573 km?, I8 /> T £ 56.6%. Tl FH H 17 1 AL 2007 4F
Y 24750 km? H %] T 2019 4FAY 24787 km? 12,
1.2 R
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J& 24 FR A T SO B R SRR 2R, X UACAR B A% SCHRES B 42 B DL SRR R A 7 28 , W A5 5 A v i S0l
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DX B8 AT B SRAE A LA RCRAEI ] (3) - HEAE 5 R SR 4 L AL RN 3 7 i R AT R
1Y 5 s TR ISR 3] 2000—2020 4F3: 400 j SCHR, AL4E AR db =48 IXBL 71 0, S 62 f, KIL& T
W 267 b, BE EEAETE 2006—2009 4EF1 2013—2019 4.
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L4 XU PR B E AR AL O vk

CatBoost 15 7 S — ol 1 46 J2 1 T ) DR S 33002, REAS i 2004 Tt Ak BE IS 1) RURRAIE, AT 1 e 26
I REAIE A P A RECEL RV RFAIE, R A5 AR 2 6] A IR R AT 4145, 2 T ARIEAYZEEE . Catboost 38 i R FHE Y
$2 7+ (Ordered boosting ) f U HE AL T2 I by T 468 B2 Al 1Ml 2 38 J8C 4 T00 (i 4%, LA K SOt A Ak s e 1
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Tk, U T 200 Ak (greedy) 5 BUHY £ 4F W A2 U415, CatBoost 15 U7 Ab RS SRR AE I, K 28 1) 4
MEFEATARZE AL, Kb 2 X8 O 1) P S AELAE DA 35 s 43 R B v, 78 28 B At 2% Jom 56 50 40 A1 AT ¥ Ak
T, D/ W P AR A R R S 23 A1 ). SR A SR
Zf;ll [xmk = xm] Y, +axp
Zj:ll [x[,j)k = x(,M] +a

Horp, B FORBRAE A 2B ARAE &, O A 5 A x, I A B — BT S o = (01,0, DA
o B oy — Y Ty AL 31, FH 3 D3 B B R p N IC 3R X0, THRAR PR AE B9 . p 2R 35 I Je 4 1
a JERCE A, YRR T 0.
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4
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Table 1 Criteria for classifying potential ecological risk indices

S () Frife oy (2D bRt
Classification (Single) Standard Classification (Total) Standard
{[iS <40 iRz <150
LE 40—80 i 150—300
LN 80—160 HRE 300—600
H 160—320 U >600
JUE >320

A B 5% 3 2o 3 1] python 2K 4 v Y Catboost £ 1 41 HE A58 DL - Jir Z 40 Ak, 322200 1T A9 pRECH
CatBoost il Bayes-opt.

2 ZE . 54718 (Results and discussion)

2.1 Xk HE 48 & Rk
YT 2052 AU, Goit T /R R WL B 4R 0 S BV L (R L AR a2 FAR S R AL
Wk 2 s, DIEIR B&, KITAE T 0/ \Fh 4 Jm vk B 3 B I & T AR =48 X s i s X 0, 7Rt
A IXERN S X I, Cd A Hg 1978 5 R B 100%, KT 554 Cd. Hg., Zn 1 As 978 5 R 40
BIEE L 100%, UvEHIAE S 4R & e SR iR 22, M E AR A BRI 2 A 2, J8 TN
B A R 0] REPE R
F2 BRSO T N G S R ST

Table 2 Statistics on the heavy metal content of agricultural soils in the study area

WFFE X3 HeR WU (mg-kg ") SR (mg-kg ™) BREABY% W/ (mgkg!)  BRE%
Study area Heavy metals Concentration range Average concentration (0\% Filter value Excess rate
Cr 1.5—155.0 59.9 48.3 150.0 6.3
Ni 1.5—56.0 26.8 36.5 60.0 4.0
Cu 1.5—92.5 26.9 71.6 50.0 11.4
b= Cd 0.0—4.4 0.5 163.2 0.3 37.5
DXk Pd 1.2—89.5 26.1 65.1 80.0 8.1
Hg 0.0—1.0 0.2 148.21 0.5 9.1
Zn 0.6—367.1 97.3 78.4 200.0 13.3
As 1.7—24.9 10.6 57.4 25.0 14.3
Cr 0.0—99.5 56.1 43.6 150.0 2.1
Ni 0.0—52.0 25.8 413 60.0 0.0
SR Cu 0.0—141.1 31.5 77.5 50.0 14.0
Cd 0.03—1.79 0.3 106.2 0.3 34.0

Pd 0.0—85.9 26.9 59.7 80.0 7.7
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ik 2
TR Ik R WREESE M/ (mgkg ™) P/ (mg kg ) BRERY%  EE/(mgkg?)  HEIREY%
Study area Heavy metals Concentration range Average concentration Ccv Filter value Excess rate
Hg 0.0—1.2 0.2 141.4 0.5 8.6
TR Zn 0.0—255.9 87.1 54.0 200.0 5.4
As 0.0—30.0 9.4 57.6 25.0 7.3
Cr 0.8—232.5 76.1 54.2 150.0 6.3
Ni 0.9—89.5 36.6 43.0 60.0 133
Cu 1.2—214.5 48.2 83.5 50.0 30.6
Cd 0.0—9.1 0.7 148.4 0.3 45.8
IRURZY
Pd 0.9—163.0 39.7 54.7 80.0 9.8
Hg 0.0—4.3 0.3 169.1 0.5 9.5
Zn 11.8—422.6 122.9 64.8 200.0 12.4
As 0.1—21.3 13.4 63.5 25.0 14.9

B EIREAELL S A ARk 4 AN (B D), ZBFE 20 4R 1 E], 48 As. Cd.
Pb & Hr2L b JF, 1 Ni Al Cr (9 35 2 A B i A8 AR AL, SR, A 2015 4E LA, Hg. Cu Fl Zn 1%
R TS X I R — 7 TS 3R 5 Y B E T AR e m A G, AFE IR T B 4
TR TS g T2 ek, IR Sk Bsb 75 e iR, o5 —J7 i, AN IR 3 4 @ 7E - b R RS A RRAE
()25 5 SECE I & AR (ka3 09 Hivh As, Cd. Pb T 43 J@ 22 W -3 T 78 133 Wk 6 T, iF S 90
G, R B RELE B T Cr., Hg 76 T3P 2 W B -DIvEVE 2 ma )N, iF A 385 BRI AR ¢
ST BC-HUIRR BT IR, BRI A T G By ¥ 6 it S e D) DRI 5 % U85 G A A 1 v e vk 3 A 3 ok 2
1) F78,

. — 120012005 ~ 6 E—312001—2005

" 60 2006—2010 ‘iﬂ E592006—2010

fﬂ 7120112015 & 7720112015

g [27712016—2020 S‘, ab [5512016—2020

< a0t £

= g

: -

T 20F o £2r

2 g

E =

- | =& f] : [

g ol 1 T § o = == E3ES = = ==
ﬁ 0 L 1 T 0 1 |

As Ni Cd Hg

200 r

o 920012005 Tasof =3 20012005
fb 7512006—2010 4 ~212006—2010
8 150 7120112015 %0 77120112015
% 751 2016—2020 <300 551 2016—2020

£ 100k 5 T
g 100 %' T
‘a T o

5 ol L i S 150} |
: He BE s =
% = 5 % Es l B % ;% [ :E

£ o L 1 5 ol . L,

Cu Pb Cr Zn

B 1 I ) A Rk AR
Fig.1 Concentration distribution of heavy metals over time
DA S 85 o A P - 19875 e AU B 42 b i ) (GB 15618—2018) i ™ At B By e 0 4 A
W, KBTS X S FEL A B R Cd Ar7e b LR, Horp Cd AR VT2 5l BB bR R 1K 5] 45.8%, Cd 75
Qe BEBON B AR A B EORAE AU PRl Ll X, Cd & i m A X TG sh A5G, 5%
DX AT A5 v P O T S (AR G, RV U6 I IX b 29 (0.22 mg-kg ™) 54 (0.66 mg-kg ™)
Cd 4TS S AE AT T [ 13875 50 E (0,074 mgkg ') WA = 7. KVLZ G A7 1 Cu AR, Cu &
R AR PR THEAE 5 U R 30.6%, Cu {75 Y HE A ™ AR il SR AR 1 04 e 3l DX DX ] T A T - B 200,
VO DX G IR F a7 LR I s AR, B 22 S RN R, NIRRT SR | TR SR B K AR A I
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DRI, 2 3t g IX 3k P e v AR SR TR 2 — . AR AL =48 Cd OB AR R 1K 37.5%, Cd &5 A YA R AR FH A v
VA1 2.94 £, 15 Yo R B Fe RO RE SR AR A # A B 1, 3 B i A (& s Tl Kk, BEG kit /s rp
Az (R R A R ) R S Cd, 2 - e A R Y S R IR Y. R XA A Cd R B R A AR H A
YA 5 6 1 (R0 RE 5 T U 34.0%, AL AT HROBHIR R . Tl 2 77 R 38 3 4 il 2 N\ 260 3 5 LB 1 R S TR 2
FEHFE

IEFEOLT, L 4 a8 KR T H AR = AR SR AR 48, 45 X ek - 878 1F 5 1 o
PR RN IRA A 554 T 237 A — I a BT R, ML BT A KL S B AR IR X + T 4 s
EARIK MW, R X FK Sz 0 - 8= i B . -8Rk XA A DL R A SR 4l A5 R 3 4l
SN M A S vk B AR R . A T AR F AR S A A i R, 275 1990 AR H AR
TRE T A, 22 3 B T & MFE X 4R 15 5 (B SR vk B R A X B L, R
ATUVE WA B 8 P 4 8 W AA7E — E M SEM IS (5 0.7%—97.4%) , Cd. Ni, Cu
Hg PUF 42 J8 7 3 A~ DB b 35 508 09 HL B e, 297 60.0% L b B T ik 4 FhdE 4@ 4h, K14
TRy Zn MIZRJE =48 X As 1 Zn WAEAS R TE.

F 3 WX H IR AR SR (mgkg ™) MR SE M LB (%)
Table 3 Background concentrations of heavy metals in the study area (mg-kg™) and the proportion exceeding background
values (%)

KRAL=4 ey Krg e i KITZHH T
Heilongjiang-Jilin- S Upstream region of the Yangtze = Downstream region of the Yangtze
HEIE o Beijing-Tianjin-Hebei . . . .
Liaoning River Economic Belt River Economic Belt
Heawy e R R
metals - L A5/% - Het1/% Py /% o L A5/%
Background . Background . . .
Proportion Proportion Background value  Proportion Background value  Proportion
value value
Cr 51.1 0.7 71.2 29.2 79.8 47.1 67.2 56.0
Cd 0.1 90.9 0.1 94.1 0.3 64.7 0.1 90.9
Ni 21.9 83.3 29.9 96.0 36.7 67.9 28.4 67.5
Cu 17.9 71.4 239 65.9 35.1 72.4 23.7 83.8
Hg 0.0 95.5 0.0 94.4 0.1 92.1 0.1 71.5
Pb 23.0 59.5 21.9 58.5 14.8 89.7 11.3 97.4
As 7.0 60.7 10.5 23.8 34.4 69.7 27.2 11.6
Zn 66.9 64.5 81.9 43.2 90.6 44.4 74.8 75.5

RITET RIS R I SN FR, AR, IR R TIPS VTR WA
" The upstream region of Yangtze River Economic Belt encompasses Yunnan, Sichuan, Guizhou and Chongqing. Its downsream includes
Hubei, Hunan, Anhui, Jiangxi, Jiangsu, Zhejiang and Shanghai.

Ky zegeas v b X 8 48 32 BRI T AR A PR AT LR, A TR R R L
A6 VPG VTR A Hh Y 1 4 R 32k F ARG Bh, B MORE R VT A BT ol A T X
WIS, 2 3 B WoR KV A B [ DR 0 5 S5 (8 o L fess 9 H 42 8 4 Hg R Pb, T il 15 5 (H
7 LR I 42 J@ o Cd Al P, B S X R o8 15 S (E 7 L W EE 42 @ o Cd. Hg R NG, RIE =8 X
S e XY (L L s 1 P FP EE 42 JE A Cd R Hg.

Oy MT IR D, AN Tl AR 7= AR 3 B 25 o B R 90 T 4 B = A S AR K, Tl & 3h . J9K
VTR A B A N A 24 it FH 45 27 A %) T 4 Tl k) ok KA TR BRI | MR AR T DA S M T AR i
7 kA HE.

B, R BRI T 450 Cd, P Ml Hg SF B4 Jm 54, AL T, MULBHE . s Kok ) ki
TGS SRR B Cd. Cu, Zn, As Ml Hg Z B4 @ C K. i 22/ 40 48, T A MVokL it X iy 48
K, sk, B AR5 Y EHEHEGHE A B 5O Y b R Ak, &R N T RAEREY
PRl Tl B =AY 78.3%, FRILF= A 1) Rt s Yo AN T 240, 5340, 154 R AHE . S AE B DL K
REVR | 16 4 A SRR R A2 45 P 28 7= A 1) T 4 T Al 3 ol R s AR DT R 2 A% HH 498, 0 — 25 i ) 4 45
i A
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FWR, Al Az = ik A8 v, A 25 A AR RE B ac £ FH 2 S 350 T o 4 i Wk B T v 1 R B DT ER . B AE
RAEANE G AR P& A —E A As, Cd, Pb, Zn, Cr Al Hg %5 5 42 &, R4t FH A0 2% HUR) 5 24 vh
7 Hg. Cd. Cu Fl As FFEE 48 W& 2(a) . (b) iy = KAF5E X3k 20 44 L It FHgE 11151, 35 4
AR SCSCHR B 2000—2020 4T (] 55 43 J& A7 35 75 it 5 4% 24 A A AT St FH ot (9 AH O R B0k, Ik 4 B
N, AR it FH 5 As. Hg Bl Ni = F EE 4 J@ 19 45 35 3k B A8 A AH SC MR i, A 5@ R 8053 51k 0.70,
0.47 F1 0.42. R 2515t &5 As F Pb PN EE 4 & (1947 X0 B AR AU AR DG 3855, 4391 R 0.68 Fi1 0.42.

[ IShanghai 7] Zhejiang Tiangsu Anhui Tiangxi Hunan
EZ IHubei — Chongging Sichuan Guizhou [ Yunnan B Hiebei
[ Tianjin [ Beijing B Liaoning Jilin [IHeilongjiang
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Fig.2 (a) Statistical map of fertilizer application in the study area, 2000—2020; (b) Pesticides in the study area 2000-
2020 Statistical map of pesticide application

® 4 HEEREESRGMUACHEH]E Person H15CREL (P<0.05)

Table 4 Correlation coefficient between heavy metal concentration and pesticide and fertilizer application Person (P<0.05)

ﬁ‘%’g Heavy metals
Species Cr Ni Cu cd Pb Zn As Hg
AR it FH £ 0.05 0.42 0.14 0.25 0.32 0.19 0.70 0.47
A2 it FH i 0.13 0.31 0.26 0.14 0.42 0.36 0.68 0.16

2.2 WAEA AR HEEL

R A8 SR A 1 T ALb 7 AN [RPKE SR A A5 20 S 0 X R S AR L (24.4%) | AR I ACHT (22.7%) Fi At
A (52.9%) 328 (& 3) , o X [l 38 b 3 4 8 5 BRI TR 16 Mrad A v = AR i Tl B 5%
Y. BREEIIE S0 BT K A is i ad AR A, TR IX A H 3 b 4 R R EORIE T Tolk A== Bk i s,
A T T 7 A 8 A i 3 DA R A8 3 1 i e e A ) R RS, HAth AR ) - 3 b B 4 B R BRI T AR
By, RN At . B A iy et FH A5

T IO 7E A 25 AU 6 B0k 6 3 28 X3 B B 4 A 25 UG 48 BIORN 25 6 A 28 AU 48 B b A7 1R A
([ 4) . NGBS EOR A, 0 X R A B 3R 5 BLER | ™ o KUK 1 A 0 T (54.8%) W& & T
TIRBIXFE 5 (37.2%) FHAb AR T+ 3ERE S (36.6%) . FE 5 B A 25 JXURS: 48 K50k & ORE A B AR 25 KU
FRBIME), 3 AR S XS Ni A Zn 19 B 25 XU B BAIG, Cd Bl 25 KU B v . 0 DX R 1 4 LR o
1 PERI(Cr) = 48.47 43 ) Ky i &% X 4 FHFE 5 PERI(Cr) = 1.88 AU 2 25 4% A HAth 4 FH FE 5 PERI(Cr) =
1.78 (1) 27 £, Cd Az 25 XUBG: A 4 T 440 IXRT A FH = 32 RE 55 BH 8 v, TR I) Hg A7 78 — 2 1 A 5 R
B T30 IX A IR 5 P PERT(Hg) =155.36 A9 B A 25 XU AR 4 1 At 7 4 I o O e g JHG A 1 v
Bk Cd A1 Heg 7 2 A e A= 2 U
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Fig.3 The distribution of stypes of sampling points and potential sources of pollution in different regions
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Fig.4 Integrated ecological risk index for heavy metals in soils from three types of regional sample sites

RS IR SRR AR A RURS: H8 HOR B A S XU 8 5 S AR A KU HE B (R)
Table 5 Single ecological risk index [PERI(7)] and R[PERI(i)/PERI]

"R

2R X3 Heavy metals
Parameter Area Cr Ni Cu cd Pb Hg Zn  As
WX 38 48.47 3.23 13.73 197.97 14.64 81.23 1.58 993
PERI(;) HZBIX 1.65 2.09 6.40 95.10 7.37 155.36 092 872
HoAtr e 1.77 1.92 443 155.48 6.82 106.27 .10 891
X & 14.77 0.95 3.89 50.50 4.10 22.45 045  2.89
R/% HARX. 0.63 0.78 2.49 34.54 2.90 54.87 036 343
HoAt e 0.64 0.69 1.57 54.00 2.40 39.13 039  1.19

Xt 3 AR DR AR A XU FE RS 8 il EiE <5 Jim B A 2 KRS i 0T e A 25 KU T ik L 3o, e 5 B
N WEERORT, 3 AR IX R A A8 KU 242k U5 T Hg A1 Cd, {H A7 Feis A AN R], Feh o X e 4
A P SR Cd AR A KU, T T A DX A FH b AR s rh 2y Hg R A IXURS:, LA P - A A5
Hh, Cd Ml Hg A TR A HE AT 5 B 4.
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2.3 CatBoost Z3#T

Ay G BT R A T HEE 4 R A N3 GDP FILA 1145 B 458 Ak R 28 R0 - 48 .+ HE 2oty
A ARk B 45 AR R B AT 204, SR CatBoost B 25 X v 7 XU PR 7847 B B PEAL, I 5 B,
W DX 30 SR () A A 398 vh 4 ) T A A A XU 52 i PRV R HE Y O A5 8 (POP) > b+ (5 L
(Sand) > A#J GDP(GDP) > # % 4= /5 L (Silt) > £ 328 (Type) > + ezl FEEE (Erode). A 1% B 5
N5 GDP X4 X J& 141 4 48 vh 5 4 R T AE AR 28 R S M 55K, SR b AV 8 & TR IR MR VE N SCkE Pk &
J&, Ay 224 b R OIS A R L AL 23 (4 TR B, o R A R Bl 25 R e 6 Tl HEORE Se 9 HE, B XA [l A4k
M+ 38 4 LR 2 AR e i sZ ), 300k L ri o Fpi Hoh 55 4 JR T R B TR, &4 B8
S FAKAE I IE A X B IEIREE . BRI R BRI R0 + L b+ 5 L DL R - 8RR 2 ).
T bt | R es £ e R AR R i K, bt e R R S B E A
e 1) 0 B 5 7 A S e, 2R b AOR 3 THDE BT TR, BRI o LA R T I BT T H Y 4R PH S
T ARAFI T E 4R NIERS; B a5 A AT 8 4R H & 7 0E R, (A E SR IR B A X3
fIREH7 J5 41, - HE pH FIAG AL & B S0 & W 4 8 P iR ML, AT
(pH<7) H4: )8 £ LB FAEAE, iR 300, MIZERME S5 T (pH>7) FLBRK T A BRES N HE A
BT EAL MR UTIE , AR TFIHER; 2P S S ENAIRS SESE LR EE G/ S = RN,
B ] AT BB A Al 12820
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Fig.5 Distribution of the importance of impact factors in the three sample areas

208X G - MO8 22 45 U SN S HE Y 9 A9 GDP(GDP) > A L1 1% (POP) > 1
L (Clay) > BB o HL(Silt) > 8D 4 5 He (Sand). EBZ AR R E M, A D% EM ALY GDP 5 5
RO B . N AT R A Tl A= 7= RLR A A 7 AR 5C, TR DN 38 BE By, B I 4, V4 R AR
TECRURL ) TP 5 A R T S AR S 0 R A8 I S A R 34 S A e i e S U < s S ) ) R
JHC, AL 2 o S {5 e,

A AR T A 38 7 5 J ) T A 2 KU, 8 XU TR 7 o R B HE Y . A2 GDP(GDP) > b 4 /i L
(Sand) . HoAth A T - A A5 52 e 50K ) KU [R5 A 4% GDP Al 4 o5 [, i85 A ¥ GDP X, %24, T
RASETG S AL, FECCA, Po Al Hg A= XU, As, Zn —E R EE b 52 A i dhs i, 4k 24 A AL A9 it
Moy i As B

3 %58 (Conclusion)

RS B - HE TR 4 T 15 e 5 e R B B R 2 4307, e 7 1R e T 28 e e il
3 AR KB A W BGOSR FRIGE T | 2 1 50 RUBL B 2% 51 48 504 B, W7 1 BF 9 I B e 2
8 4 B 43 B 5 05 A

(1) 3 MBFFEK B (A=A KB, KT AP R se) b Cd 153 BB R Ze , AL =4, 50
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43 %

BB VT 25017 B AR R 5N 37.5%. 34.0% Fl1 45.8%, KITZ 35w WAFAE Cu ¥5 YL n) i, HolhrR
H 30.6%.

(2) AHXTF A 8 e, 3 MFSR XS A R RR BE s e, VT2 By b XU A5 i 1 55
H i Z M E 4 RS Hg A1 Pb, TUiF R Po Al Cd; 5t FEFL IX IRE 5508 o 15 St e 2 1 E 48 Cd.
Hg 1 Ni; ARt =48 B S i 3 S i 2 0 8 48 o Cd Fl Hg.

(3) it — 2B AR R 40 SR A DX 200 s A7 T 2808 DXkt A R At e FE i A7, SR P 7 A 25 UG 36 4
VAR, DX R b B R KUK (5 L (54.8% ) 3 T AR IXRE A (37.2%) Fi At A AR
1 (36.6%) .

(4) R H Catboost # A1 47 52 1l A U500 & 80, 07 IX JE 0k H R 22 30 | B i 2 58 25 i
Cd F Hg T5 L5200, 1M i %0 X A B 25 B A2 ol . Tl A A2 3 i ol 25 N 290 3l e (1) Hg 15 es i, H
fibu A FH A 98 o 32 22 37 A 2 A0 A Ay it P DA B R AL B AR S R B Cd V5 Y R ).
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