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Ui [ R] bRl X 589 Cr 1 Pb (EM T LT LW REE E, FE T EELBEEEREHR K
FI/NHEF R Hg>As>Cd>Pb>Zn>Cu>Cr>Ni, AF58IX 8 i SR R AT, 788 ARFE i b Cd. Cu M1 Zn & BT KU
I e B Y o e 32 45.56%. 29.11% Fl 11.47%, (i S HEFRELH 86.12%:; As Fl Cd MR EETG YLIRES, KR4 148
i B 4 B O To—T BE 15 YR A, X He TER A BIRBE S A iR — i i5 e o BFE AR i 7E AR 25 XU Hi v I HE
J¥°4: Hg>Cd>As>Cu>Ni>Pb>Cr>Zn, i 7E 4 SRR LR A F6 4L RI 4347 Bl 29.7~2358.16, F-H{E N 141.9, LA
R RS g 3, LR F KU o S PR A A BB S A3 H 4 SR 22 B, Ni., Cr. As. Pb FEE 2Rl [ AR XALEE A, Cu.
Zn, Cd, Hg Z A=, Tl r=, &cidshi, 2 @ 5m sh G LRI m . [458] & Y a9 AR A Bt |
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Abstract: This paper is the result of environmental geological survey engineering.

[Objective] To investigate the distribution characteristics of heavy metals and provide a scientific basis for local characteristic
agricultural development, comprehensive tourism, and soil heavy metal pollution control. [Methods] Through geological
investigation, the soil parent material was identified, and topsoil samples were collected. Soil environmental quality evaluation was
carried out based on the distribution characteristics and enrichment degree of element content. The degree of heavy metal pollution
was evaluated using the ground accumulation index method. The Hakanson ecological risk index method was used to identify the
degree of potential ecological risk in the study area. Furthermore, Pearson correlation analysis and cluster analysis were employed to
quantitatively determine the main sources of different heavy metals. [Results] The average values of Cr and Pb in the soil of the
Beizhen agricultural area were lower than the background values of the Liaohe River Basin in Liaoning Province. The enrichment
degree of heavy metals in the topsoil, from high to low, was Hg > As > Cd > Pb > Zn > Cu > Cr > Ni. The soil quality in the study
area is generally good. The proportion of Cd, Cu, and Zn contents exceeding the risk screening values in the exceeding standard
samples was 45.56%, 29.11%, and 11.47%, respectively, accounting for 86.12% of the total number of exceeding standards. The
evaluation results of heavy metal pollution showed that As and Cd were in a mildly polluted state, most heavy metals in soil samples
were in no to mild pollution, and only Hg elements had strong to extremely strong pollution at individual sampling points. The order
of potential ecological risk of single indices from high to low is Hg > Cd > As > Cu > Ni > Pb > Cr > Zn. The distribution range of
the potential ecological risk comprehensive index (RI) of surface soil in the whole region is 29.7 to 2358.16, with an average value of
141.9, primarily indicating low risk, followed by moderate risk. The results of correlation analysis and cluster analysis show that Ni,
Cr, As, and Pb are mainly affected by the natural weathering of the parent rock, while Cu, Zn, Cd, and Hg are influenced by
agricultural production, industrial production, transportation, and even construction activities. [Conclusions] The enrichment of
substances produced by the unreasonable application of agricultural substances, atmospheric deposition, industrial production,
domestic garbage, and coal combustion in the soil may pose pollution risks to the ecological environment quality of the study area. In
the future, it is necessary to strengthen the monitoring and research on the enrichment trend of Hg, Cd, Cu, and Zn elements in
different plots.

Key words: soil; heavy metal; distribution characteristics; source analysis; ecological risk; environmental geological survey
engineering; Beizhen agricultural area; Jinzhou City; Liaoning Province

Highlights: (1) Based on GIS spatial data analysis method, the influencing factors of heavy metal distribution in topsoil of Beizhen
agricultural area were analyzed; (2) The potential effects of the distribution characteristics of heavy metals on the ecological
environment was evaluated, and a variety of statistical methods are used to quantitatively determine the main sources of pollutants in
different plots, so as to provide a reference basis for supporting the development of global tourism, the construction of geological and
cultural villages, and the research, monitoring and control of potential risks of environmental quality.
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Hy5 Y 5 R R B 58 4 E (Xiao et al., 2010; B EER
45,2012)

T S R T FOR IR A, (AR 2 R A
KR FAE H s & ner & 45 R (CF b BH A,
2018) . —MIEML T, LI E R ITR AMMUZF
KALFNRBEAVE RS2, [R] kS hn T AR 8 15
i (5K ZEHR AT, 2020), KRBT 4320 FHARTIR . A TR
AR = RO IERESE, 2018; #5355, 2022; X[
45, 2022; FHEERAE, 2022) o AT HEE K
B9 T SE A, 398X Bl B T L ER A A R A R
SR B AR AR PR (RS, 2005) o A AR RS L A
FEFR L AR 7= AR V5 K HEIE A 2R 2
PN RTES), & RS ENEZORE ., REEH
o0t B 4 S SR IR, X B 4 JE A (W) A3 A REAE L iR SR
TIE R V- 4 1 AR A KU S5 AT T R
(THEF4%, 2017; Yang et al., 2018; Sun et al., 2019;
Tume et al, 2019), S $5 T T 5875 Qe e PR FLE
R TR T RS AR B (M4, 2011),
NI Ay - SR RN F S BUR il 2 B i 52 J2 iRt 2
4% (Yuan et al., 2013; Wang et al., 2019) ,

AR AR XA T I SR VG, SR T
BRE . ABE . AT BRSeAE A, (B TR
FHR A e 2 0% R JRAR 2, oy ok B A b SR Bl 2 7
M EREIRATEFE, £ Z3 T AFERERTS
GURNREIR o T/ A i i AN BEAR - dtb 221 o A
5% X+ HE T 4 JE J0 K HiBR Ak 24 RRAE AN A 25 U 52
Mal 5 0, 98 4 JE R IR AT R AR TAEAR 2, iR
TEWFSR X TF e 22T R G R A 5%, A B 4w Hb
BRAGSARAE . oA FL A B A AR SRR

AP T 5T IX 3% 2 PR 455 ot £ 4 11
A, BORERRE MAR B T A, RgeAW T
8 -3 4 JB e R A BRI F AR . IR FHZF
J7 IR - eI o i S A A B RN, 1458
AR T TERIR, DU IX + 1 4w Vs
Biiif . ARSI SR RIS %,

2 WS XA

F 5 X ACAE T A 110 7 PU R AR vty B AR IA] 1L R
., ZREE L BH 200 km, P8 RGEE AR 120 km, 178
XN OFE . B8, KRS 134024
(X)), W ALZ) 1121 km?, AR BRI FEl . 121033 '~

122°12'E, 41°19'~41°48'N, HbF i VgL 45 AR
gk, TR T, P R A EE L (A 1) o TR IR
B 5 E Wi w11 w7 N SN 13l P SR 2 92 W 1
. thH AR | % . BhR PR, B TR
RRE A A LI, BEAT T i R AR

A5 DX PG B A ARl 3 A X, 1L ] 2 b R 1Ly i)
TLB H R oK, R SR b AR AR X . h
BB SR X AL 748 1 SRR AR = X, PG R A AT
BEZWZ, TR 1 XA KR e, HhEs
D DX AR R TR Y FORIE IR R, B
T 9 e AR T S R A Y] S R A A T UK R
MHBSE 7 b on R & RS U A A AR
L Fe bR X P S m A H VIR R, P R EZORIE L
BRAR L B R VG Ll X (2 ke S, 2021) o PHALH
Fre B L X 43 20 DU 20 12, LA (LR e ok 20 AR
AR, I RTBTRT IR 5 25 Jm 5 H 2ot A
FIEAL, Rt B84 HERERE M TR
. XHNEWRIIBIEE, 201574, E 2k
RIS J o WA X, 55 DO 28 LR R T8 1 5 43
i A YERIESE, s ol AR LR
T W) TOR IR DL R TR A A R s ], HAA
AR A GBS 45, 2021) o A AEAR LA, BFSE
X 52 B Ah 5 B sl s i, PE LR 12 T, 2 A
R0l AR B8 T B AZ DU M3 v
i, P S AR R AR, PR AR B R R R
L AR AR D 280 g 0 ) e AR I

RS X8 TR 2 T v 2 KUK B P A, DU 234y
B, A2 8.2°C, AR R K 2 604.8 mm. BF
FE X DALY R 3, A% F Hb T AR IR 3] 802.7 km?,
A7 AN I A X b T ALY 80.27%; HVR A A E
Hi, 5 9.59%. M 1:100 7 HIERFE, TAEX L1k
RGO | BRHE, 203645, Disif) o 3,
3 MSROTIE
3.1 HmRERMR

ZEA T R BRI M R S,
R EPRBE S A FH b 1 39875 Y JXURG 45 P b v )
(GB 15618—2018) 1 { - Hb 5t s BR Ak 24 F 4 #E
1) (DZ/T 0295—2016) RAEZK, REAS I RAE IR
JUAE T BRI BR S, SRR R 4 A i /km?, SRAE
TREE 0~20 om, HoRAE 1 3EHE T 4033 1. FEM 2RI
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Fig.1 Geomorphic types and sampling point distribution of the study area
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(Cr). #i(Cu). 7R (Hg) ., #(Pb) . BL(Ni) . ££(Zn)
A1 pH % 9 01, JCad FR AT CHb A 7 S 56 25 )
IR R4S BALTE ) (DZ/T0130.1—2006) , 57 HUS2 56
NG | BRI | SN A S T B, AR R
SHTIAE R B | RS % R, SR MR IR S A s R
BT 90%, #5505 F8 AR A S B ER, A

B T T
3.2 WM AE
3.2.1 ¥R E IR

BT B VA S IR SR BT o i A ] 4 3
75 Y UG A5 AR TE ) (GB 15618—2018) 1 { 1 Hh i
i b BR AL 2 A LS ) (DZ/T 0295—2016) . GB
15618 HURE T 4% FH My - 398 75 Y JXURS: i 15 (A AU 4
HMEPT 8RR, BARMNER 1 FI5E 2 PR,

DZ/T 0295 7E GB15618 JXU [i6; i % {8 3L il

http://geochina.cgs.gov.cn F1E M1 5T, 2024, 51(5)


http://geochina.cgs.gov.cn

518 50 s

RS 10T BN T LA X 1 S 3 R A RRAIE | A 25 XU PP B DA A 1473

25 0T IR BE MK Ak AR R o s o DL S g O vk
(£ 3). HLY i BHIT5 Y38 hr P, iR A5
W,
Pi=C;/S; (1)

K. P EE R TR NG RIEEG C o ES
J& 5 SR S, o - e IAEE B AR i (A b 1
$98 5 e XU i S ) o

TEHIE s LA B MR A - SF IR |, e IR
NG5 AS AT SR 44 - S PR 45 K Ak 2 25 5 A 2
X153 o
322 T4 3T AL IEN

K E 222 Muller(1969), #2 H f#h EFHE
Bk (L) XFFE X R L e 4 5 Yo R JE AT
PEA (Forstner et al.,1993), iz ik BA &L, E&# .

R 1 KA S LR IR E

HERR A RR S, B8 T 3 E 4 w5 ek, i
AL
I,eo=l0g,[C;/KBE,] (2)

A, I, Aot RARFEE C o RE AL o
R i1 52 fH (mg/ke); BE, A Hb BR AL 2% 35 S H
(mg/kg), LALL ] il + e R 5 8 (B AR I PN AR
E; k M THBR A Hhe A 22 57 T e S i 5 S a 22 3
MR RE — B 1.5, i BRFE 805 YL 5 9%
R 53k 4 fos (ZERURSE, 2020) .
3.2.3 A S RIETEN

TRTE A 25 XU 48 %02 (Hakanson, 1980) REf% &
TRZHFEES RN 475 W0 A RN FIER
B B A5G 43 JR U 3R S (E 25 S, R ERIURT Z2 A
AR TR WS EMR AL (5K T 4%, 2022), 11
AT

Table 1 Pollution risk screening value of ; . G
agricultural land soil E =T, B, (3)
- AR 9 i (L /(mg/kg)
=) i
R THESS ssepl=65 6.5pH=75 pHoTs Ri=Y" £ (4)
L g K03 04 0.6 0.8 i=0 "
P o3 03 o Kb T TSR R, HER B
2 Hg g s 18 24 34 3k Hg=40. Cd=30. As=10. Cu=5. Pb=5. Ni=5.
3 As ﬁi ig ig ;5) ;0 Cr=2 Ml Zn=10( Hakanson, 1980; 44+ J} %%, 2008) ;
% 5 — M = >
P JK 80 100 140 240 C,oNESE i BLPRI & (mg/kg); B, N E 48
ifﬁ 27500 295% ;(2)8 ;Zg i B2 A (mg/kg) , SCHR L] I 3l b o 7
/) — .
S0 s 1so 150 200 250 A R A R R EE NS, W AT E N,
6 Cu R 150 150 200 200 Cu, Zn, Cd. Cr, Pb, As, Hg X335 58551~ 23
Hih 50 50 100 100
7 18 60 70 100 190 mg/kg. 18.7 mg/kg. 54 mg/kg. 0.13 mg/kg. 60 mg/kg.
8 L4 200 200 250 300 24 mg/kg. 6.7 mg/kg., 0.03 mg/kg; E' A5 i Fi i 4>
F 2 RAMTESERXEESE
Table 2 Pollution risk control value of agricultural land soil
_ RS I /(mg/kg)
= i
75 AR pH=<55 5.5<pH=6.5 6.5<pH<17.5 pH>7.5
1 cd 15 2.0 3.0 4.0
2 Hg 2.0 25 4.0 6.0
3 As 200 150 120 100
4 Pb 400 500 700 1000
5 Cr 800 850 1000 1300
% 3 TIEREHIKUFERLI S
Table 3 Geochemical classification of soil environment
E —% =% =% I3 5%
) P<I1 1<P, <2 2<P<3 3<P<5 P>5
e £7 8 e ar s L L T
ot Wi G R R T R
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Table 4 Classification standard of geological accumulation index
& 12 2% 3% 4% 5% 6% %
L <0 0~1 1~2 2-3 3~4 4~5 >5
Eitip PEREES EEEREE ENEREE ENEEL RS SRR SH R BB S UEREES

J& T SRS 280G RNV E R SR T R4
TEAEAE S RS Bl . VR A 25 AU 55 980 43 s 1
W35,
3.3 HIEAIE R B 154

{8 il ArcGIS 10.2 F1 MapGIS 6.5 #1147 &
4@ TCE S A A L 25 [ 500HE 43 B B P P2l R
FH Excel Fil SPSS 19.0 #fA:E P4dESt 1 1402, Person
LB T 7 g
4 HRE
41 TIEESETLEREFMESH

XF e 8 P 4 JE T R R T A S
Ih, 255 W3& 6., 3 As, Cd. Cr, Hg. Pb, Ni,
Cu. Zn JG % % 278 B 435 24 0.001~75.5 mg/kg.
0.03~1.98 mg/kg. 17.4~112.7 mg/kg. 0~1.73 mg/kg.
10.1~134.5 mg/kg. 5.7~95.2 mg/kg. 2.4~313.2 mg/kg.
14.8~712.4 mg/kg, & ft HJ{H 53 5% 4 7.23 mg/kg.
0.17 mg/kg. 55.3 mg/kg. 0.05 mg/kg. 23.54 mg/kg.
23.08 mg/kg. 24.13 mg/kg, 65.82 mg/kg, 8 Fhi 4>
J&& i i P S BUE RN T, B A S X

x5 EERBEBETEESNRESR

Table 5 Potential ecological risk levels of heavy metals

Wb 8 Bl 4 8 o 2 B i W AR R (E
ST L ik s sl L, 8 R E 48
Cr F1 Pb HF-YHER T 58, Ni 9B 25
T35 =18, As. Cd, Hg. Cu Ml Zn BYF341E 5 5 A
S MEA 1.08, 1.31, 1.67. 1.29 F1 1.22 %, P X
5 FPOCRIEIZ X IR B 36 2 TP A — e 1 A
(T4, 2023) . HAR Pb S B IEMT
LT AR TR B I S0, (A0 o B I
i Sl Wi, P EEdER, HERE 4R
JCR B EFZR R ALIE . TkiEg), 2z
a2 T (WATER A, 2014), B B AT T AR KB S48/
HAM, &0 FR R KA 5 /ME W 22 (E R
I

i £ R HEOR: 4 A R B o A 1 0 B ST A
L2 X /)N, 28 7 B0 A1 R A1) g 2R B2 )N
g 2R O i il 38 A A v BU{EL o AT 15 O B AR
RS BE (FLA:, 20145 BRIBE, 2017), Ho4a i
/N, R B A R BN BELR FE 5 1A o A 1) 22
SRR NN, 2010) . NFE 6 W LIF Y, +1
t Hg. Pb. Cu. Zn. Cd. As & 10 2505 165
FEC K, FRAEIR 4 LA b Hg. Pb. Cu,
Zn, Cd. As &t BRUR LA S . B R RE(CV)

b

R TR i v 2 U 3R A8 5, O,

. s
e R St S R A R IERAE 2 MRS, B 575 e
fiKE I fE E N
E; <40 40~80 80~160 >160 T FRARE S5 ARG (75 [ 4 25, 2013), ) Bt ] g ke +- 4%
Rl <150 150-300  300-600 600 R NN TR (I AR 55, 2020), 72 57 R AL
* 6 RETEEGETEMIKILFSEIFE
Table 6 Characteristics of chemical parameters of heavy metal elements in surface soil
_ B B o o s e e o BSEEZE  mE Wi
LR OmOKE RAME P s R WE ez 25 R A ETHE P Ry
As 755 0.001 7.23 6.8 2.63 6.27 124.44 0.36 7.03 1.05 6.70
Cd 1.98 0.03 0.17 0.16 0.09 6.37 84.28 0.55 0.16 1.23 0.13
Cr 112.7 17.4 55.3 53.1 13.24 0.64 0.21 0.24 55.04 0.92 60.00
Hg 1.73 0 0.05 0.05 0.06 14.87 321.78 1.15 0.045 1.50 0.03
Pb 1345 10.1 23.54 23.1 4.04 8.52 207.99 0.17 23.34 0.97 24.00
Ni 95.2 5.7 23.08 21.7 7.38 0.88 2.13 0.32 22.94 1.00 23.00
Cu 313.2 2.4 24.13 20.8 17.56 7.21 78.26 0.73 21.1 1.13 18.70
Zn 712.4 14.8 65.82 56.6 43.52 6.88 69.79 0.66 58.37 1.08 54.00

TE: bRz WA AR AR ML FE S R AR ARME R TR 2 BUR A Img/kgs IR SRER B T T A ID R A

RO 2 B 7 SR AR
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foR, s S 5B R Bl ok, 12 AN AT
B3, EeEAE LI A A A4 (Wang and Lu,
20115 FhSCHEAE, 2021) o ASBHFFEIX IR 8 FhEE 4 E
JCE AR S R BOKR /NN Hg(115%) >Cu( 73%) >
Zn( 66%) >Cd( 55%) >As( 36%) >Ni( 32%) >Cr
(24%)>Pb(17%), H:rh Hg. Cu. Zn 1 Cd J& T3k J¥
AR (CV>0.5), #M Hg. Cu, Zn Al Cd 4B TR
BB B, AN S), FEAS RS i 2
SRR, 32 HE 2 SRy G L YR R M R B 45 As Rl
Ni J& T 212 28 5 (0.25<CV<0.5), B As Fll
Ni 5480 R S HE E h 4, AR ZEXT T As Al
Nify REA —EF W ; CrHl Pojg T 5545 7
CV<0.25, & Cr Ml Pb T 4 J& 70 K B R B 31K,
Iy AR A], FARZ NN R 52 m, 85 4+
FHERIEE T A G X 8 R E &R TR W
SR ARBOKE, CV-Hg e K (1.15), & F A
5, ULBHZ X 3k He o6 K 1943 10 52 S E B 52
iTE N

WF5T X )2 1 e 45 1 4 J8 oC F L ERfL 2 #40 Ai
WE 2 iR, Hg JUE & i KA P A A A F o
X HE T PR, K —aw, el T
B [BIFREL, IR 2 Z B0, (IR X AR AE VU R A
JEEBHLIX . Cd TTRFE S MHAEEIX, ARME X F 255
AEACERFN VG IR HLIX . As TT 2 MR FRAE K 2R
1o AR, IRAE X 3 B AR AE A5 DX L RV 35 R
SrHuIX . Ni il Cr JGZ 40 FRAEAR B, 75 HE T8 2
BT AR S — K B R X JE 10 o0 R AR X, Hak
v LB, PG AR A A X AR X ALK, Cu FI
Zn JCR A IEAL, TR R PR
FAFRFIMIR 2 ALEF 34 ] e 4, HCh K &
SR B oA, AUER . ARARSE AR AR, Pb TR
FEAEMFEIX R K R X, 259K 53 o
4.2 RETIEREREIFMN

55 B AR A A A B L 35 VT Y XU G 32k i
(£ DML, FEH] 292 A S bR, H, f77E
16 1~ - BEAE fi 1Y As & B As, AR 0.40%;
Cd A 136 4~ o5 57 88 5, 8 45 R N 3.37%; Cu fi
85 A TR, HARE A 2.02%; Zn A 51 4~
P, BAREER 1.27%; Hg F1 Ni A 1 /> s i dir,
P %R 0.025%; Pb A7 2 /> S M bR, B A5
0.05%; Cr NFETESM BRI G . KT EBIRFR

/NF Cd>Cu>Zn>As>Pb>Hg=Ni>Cr, H:it HA 11~
T HERE S Cd B 1S Y KA A (6 8), M
WFFE X Cd 5 Y i ™ 5, {5 Ya ), It AR R
B R TS gy, JE R R T oY X H i H S A
Cd [ 25 MR AL B Y Cd AR (fifl -7, 2013) 5
Cu 1 Zn 75 422k J5 T Al B A AB AR, {8 AL AE
Cu 1 Zn F 825G As 15 543 FI4E oh 2 A 7e RE B ]
WM, FIARFFTIX As 15 YR P52 75 YL Il K I 10k 5
Pb. Hg. Ni {53 L fil/NF 0.05%, {3A 4 3 S A7 AE
155, FESRIECMIREE . KA DIR . oo & IR it
o RERAH (THL5, 2017); Cr ANETETS B,
FERE A A BT

BRKTE, 5T IX 3R )2 TR R 2 25
GRVEE LT YN E, HIBREE RS,
217 LFE SR AFAE AN AR JE () J 42 B IS Y B 0, B AT
FbF N 5.4%, bR S 4 X EA A0, 2 HIBFE X
T HIEIABE R 25 5 E Y B (E] 3), B4
TR BTG Y + IR 55 Bk Ak 4 25 A S G 5 R T8
FEFRT o AR SRR 22 . R LR
BAEHGER (R ) B, AKX 97.683% + K
EIIRA . 3 Pb, As, Cu, Cd, Hg 1 Zn 52, A
2.093% T Hi ARG YR . % Cu, Cd 1 Zn 52
Wi, A 1.406% T 4 RETG JUIRAS . 32 Cu, Cd I
ZnsZ W, A 1.038% i A IS R E . %
Cu 1 Cd B 55 YL 5200, 0.072% + bR B H TS
geo ATLUE h, FEREMRES T, Cd 15 Juim ™,
Cu Fl Zn 594 E AL 2
4.3 ELESEEEITM

DAL 748 1] i 3 S (A b, X9 IX 4
39 H 4 Jm V5 YRR R b AT M REUEBOTM (3R 10) .
HAEJRTG B E NG 288 As(0.04) >
Hg( 0.03) >Cd( —0.33) >Cu( —0.38) >Zn( —0.44) >
Pb(—0.63)>Ni(-0.65)>Cr(—0.74), 13 As Fll Hg {5
PG B o, B T RIS YK, rf I
FERRSZ BN R AR FE 10 He V5 3%, AU 7 30
HWEGY, S FESEIG RGN EELE 13K
2 (8], ¥ Az 15 Y S 5 HERE P HES A As(51.90%)
Hg(49.39%). Cd(25.59%). Cu(19.84%). Zn(15.72%).
Ni(8.28%) . Cr(1.09%) . Pb(0.37%), BAICE 5 YL f%
B D B — v B s e ol 2, s g 3 A R D,
12 Hg JTEE A B A 50— ami5 g . BRI,
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Table 7 Statistics of pollution risk screening of agricultural land soil
~ oy
pHIE HRE As Cd Cr Eﬁc%m@ﬁm@%gﬂﬁ\ Ni Pb Zn
<55 1308 0 32 0 11 1 1 1 2
5.5~6.5 1091 1 54 0 59 0 0 1 34
6.5~7.5 881 0 49 0 15 0 0 0 14
>7.5 753 15 1 0 0 0 0 0 1
Hit 4033 16 136 0 85 1 1 2 51
HEFRE/ % — 0.40 3.37 0 2.12 0.025 0.025 0.05 1.27
& 8 KA EFESEREERER LT
Table 8 Statistics of pollution risk control of agricultural land soil
e Cd Hg As Pb Cr
PHIGI EHlE O ERSAS EHRIE BERSS ERIE EREUS BRIE ERRUAS BRIE R
<55 1.5 1 2 0 200 0 400 0 800 0
5.5~6.5 2 0 2.5 0 150 0 500 0 850 0
6.5~7.5 3 0 4 0 120 0 700 0 1000 0
>7.5 4 0 6 0 100 0 1000 0 1300 0
‘i 1 0 0 0 0
HEFR /% 0.025 0 0 0 0

4 JE8 JU R AE A [ A A ) 2, RS YL L
HEFGBRA (75 [ 245, 2013), BFSE XA I 4 As Al
Hg (1) B2 R0 Ry i YL IR i3 A i, Cd., Cu
K Zn W B2 NN ZEA —ERgm . H N b
Al X -3 Ni, Cr. Pb &5 AR S REIY R 5528 5+
PE, T AR E X 3 FhiE 4R n i R
BOMANE G, R, As Fl Heg R 0F98 X 438 =200
Xf i KU 6 2%, Cd. Cu., Zn K Z, Pb. Ni # 4> 5ilkE
SRR B G Y, HoRr 2 R ois Je—r BT YL .
4.4 ELBBEESKEITEMN

WFSE X 4 B 4 R W 7 AR S 1 FH AR T A X
BB R G H45F (2 11) @R, BRIshRi e &
A H s 2K HE P R - Hg>Cd>As>Cu>Ni>Pb>Cr>
Zn, 4= X MR 1 S RE U AE AR SRR 25 B R 4K
RI 4340 i Bl 4 29.7~2358.16, “FHI{E H 141.9, LUK
JEE AU Sy 3=, LU B IR

Hg B A= 25 UG 2 1) 78 5 KRS B2 DA b AR s o
Fbhy 8 FhEE 4@ Ju 2 s, VAR AR S KU HE B
A 0.0013~2311.42, F77EIREE 2 ™ B ik e A S
W, LArRBE R, (H R 54.37%, A 689 AARESAELE
A B, B 156 ARE S AEAE ™ B I 1E
A S . Cd W 7E A 25 KU 18 B LRy 7.25~
455.85, AEAEAREE 28 ™ F v A AR A RUSS:, LAfIGBE A
BE R, oA AR AR BB 62.39% 1 34.91%, A
16 ZHFE S A7 76 ™ F e XU ; As AT Cu W TEAE SR

W88 BB 43 50 10.79 F1 6.45, DU JEE XU 45 4%
SRR, A3 S 4R 16 AR AR B R TR EOR T
40; Cr. Pb. Ni Fl Zn W78 XU 6 B8/ VT 40, MK

25 H 4 I VR AR S AU A 2 43 IX BT (1 4) J
7N, fen WA R TR 23 (153 A B A RRIE A 5 1l SRR
15 AR BT B 25 AR FF— B0 XU & R o3 A
TERF S DX R A e R b X, o )77 MG X 2
TR XS, Bk, Hg WFFEIX 14 5
BT R AR TCE, Cd IRZ, Cu., As HA G 55 AT
IR B e R 2 R KU, AR 4 A AR KU —TIE XU
FE XK E SR A He, Cd, HA K R X, 4735
ARSI
4.5 BELREISLFKIEFENT

TERZE SRR EE ERE AR S
N WG sh I Fm s . XTF o X 3R 2 L e
& B AT Pearson HCHE AT, STl R KB
(% 12), As, Cr, Ni iX 3 ooz B2 [0 25 4 i
G (P<0.01), Ui BB A AH UM T3 G I8, Cr A1
Pb & W F IEAHSE; Cu F Zn & B & EAHE, A M
L5 L6 Cd i Hg Sk i 3840 56 (P<0.05) 5 HiAth
A @ ANPER S, v BB AN RGP IR (2 Bk 5,
2021) . R T S JIAERT UL 4 R R, vt — 2
22 I 57 T B <8 VT e G R o B o
53T o
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Fig.3 Distribution of the comprehensive level of environmental chemistry in the study area

F IS BT RS A R 4 B T ORI, [H]
— E AT IC R SR 2 o B v R 2 DL R B A
VTG R R O Ok TR AR R (CE ARG A%, 2020) . 18
i 3 AT AT R DA B DA A i AR AR R I S B
w2 RN, TR R —E 8 E AR
AT ICER AT REA A A RLRR TR . X X R Z
T A E A FE A A T B O 24 s
(£ 13), HZ2RTTiR A 64.68%, It 2 B F o
RFT HEEEEMN FER WA E,

% — FE B4 (F1) 51k %38 43.58%, As. Cr.,
Ni. Pb Z8 i 1% & (As 0.828. Cr 0.902. Ni 0.914.
Pb 0.636), 44 Aij 31 52 b IR AT S WA 21 %) B Ak ] LA
W15 FIT, W7 DX 0N B 4 A R 75 Yol Il B 2%

U NCHIE RN AR =R, BEA AL L B I 3C i
B it FES RN R4 35 2 =R HE i, i A KA R
Wi 5% I et R 7K T T A 3 A O 4 S AR K
AP AN B E IR A R Y B (g T4,
2023), AHFFRERZ TP As, Cr. NI FH&EY
X ST, I As, Cr, Ni FEZ R AR
AR 2 5% 0 (B /MBS, 2015; Ma et al., 2016), #F
FEXAR H L8 As 1 BARAZ B Jay v YL i s M 3
S, B K X A i RS Y e, TS
JKHEME IR T A3 b As AR, b 2R EOTEM
g5 R 5 A AR AU HR BOT 45 R — 3 (| 2,
& 3); B A SRIEXT Pb A Frsgmish, Pb %l bR 1Y
XA T N OB AL (1 40k 45, 2023) K A
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Table 9 Statistics of soil environmental element levels in the

study area
TR —% =% =% W% A%
Cu MA/km® 1114199 5449 0774  0.673  0.056
L6 451/% 99.38 0.486 0.069 0.06 0.005
Ni MA/KmM®  1121.15
EeA51l/% 100.00
cd MA/km* 1105017 15337 0.482 0280 0.022
ELf1l/% 98.561 1.368  0.043  0.025 0.002
- HR/km>  1120.99 0.16
e A51/% 99.99 0.01
As MA/km®  1118.88 2.27
Ee51l/% 99.80 0.20
Hg MA/kmM®  1119.832  1.313
e A51/% 99.88 0.12
- MA/km®  1117.986 2218 0912  0.029
e A51/% 99.72 0.198  0.081 0.003
MA/KmM®  1121.15
B 100.00
po MA/km®  1095.168  23.461 1406 0982 0.078
LeA51l/% 97.683  2.093 0.125 0.093 0.007

R LA R R AR DX 45 o Herr, 32 B N5 Kk o 18
DA KA RE 554 FH W) Jor F8 AN 5 B FH 25 DR 3R 3 T
AR . SEPR b, AR LR R U R & s
[ - (9 22 57 52 Z2 M I 24, oo s AL =2 vk o
AR FIEAAT B B XA e K ST

AW sh 3, #RT BE 2 M + 398 7 4 J8 o0 2 i sk
2= AT A, DN B 2 1] (R A & 4 GRS ST
4, 2005), AT ShAS [ A5 B i) T Hezs ()43
IR AP (5245, 2024) . ABFEEE 0 (A 1,
& 2) 558 XA b B T 5 3R Ak 2 T LA
R 5 YR IS A RN e 2R, IR IR 4G
TR AR 1 5 5 22 B il B I

8 F 4 (F2)Cu. Zn, Cd, Hg EA R & #;
fir (Cu 0.92, Zn 0.92, Cd 0.53, Hg 0.49), H.FwHk%R
ik 21.1%,

R RAR)Z IR Cu, Zn FET AW
B NN SN TP A T TR B B DX S5 AR v e TS V7 45,
2016), RefEIAE NG sh 2l i, B 2K
W iGsh, sl HEL . KRRV SFERER. Bt
SRR EM 2555 4 1 4R AR R KB, Cu JEtf
FERIR A AR R R I T AR, R R A i
AR, Zn W AR FLRAUIRT Cu (HEA BARH
AR, X 1T RE S PR T R Ak 2= Ul X (T
45,2023), AHCAFFE R, M HIETWESE S
) /E ) 5 4% 95 AL B Cd. Hg oo R ) 24 ks
Hg NARTE XS ICE, Cd Iz, TEZ A NTE Y
Mg iE A 38, 2 Talk A= gl A=, &2

*® 10 FRXBTR M RRIEH S Rixit

Table 10 Classification statistics of single element ground accumulation index in the study area

S . T S O T e eyt
fiid s PSR PSR PERESR SR R SR M
As 1940 2037 51 4 1 0 0 0.04 51.90
Hg 2041 1706 213 53 13 4 3 0.03 49.39
Cr 3989 44 0 0 0 0 0 —0.74 1.09
Pb 4018 13 2 0 0 0 0 —0.63 0.37
Cd 3001 961 59 10 2 0 0 -0.33 25.59
Cu 3233 684 88 22 6 0 0 —0.38 19.84
Zn 3399 540 71 20 3 0 0 —0.44 15.72
Ni 3699 333 1 0 0 0 0 —0.65 8.28
® 11 FRXESRTRBEESKEIER S RS
Table 11 Classification statistics of potential ecological risk index of heavy metal elements in the study area
S 2 e A R (e RS SRR A
- R/ME S ONES P iK% g H¥ T
As 0.0015 112.61 10.79 4028 4 1 0
Cd 7.25 455.85 39.21 2516 1408 93 16
Cr 0.58 3.76 1.84 4033 0 0 0
g Hg 0.0013 2311.42 72.48 592 2596 689 156
" Pb 2.1 28.03 4.9 4033 0 0 0
Ni 1.23 20.69 5.02 4033 0 0 0
Cu 0.65 83.76 6.45 4017 15 1 0
Zn 0.27 13.19 1.22 4033 0 0 0
RI 29.7 2358.16 141.9 2842 1091 80 20
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Fig.4 Classification of potential ecological risks of heavy metals in the study area

F12 IRRRELEESETRSEMXY

Table 12 Correlation of heavy metal elements in surface soil of study area

AR As cd Cr Hg Pb Ni Cu Zn
As 1
Cd 0.3039 1
Cr 0.6444%* 0.2807 1
Hg 0.0639 0.1725 0.092 1
Pb 0.4505%* 0.2987 0.4201* 0.0612 1
Ni 0.7019%* 0.2457 0.935%* 0.0528 0.3924 1
Cu 0.2485 0.4099* 0.2797 0.2482 0.1237 0.2776 1
Zn 0.2729 0.3801 0.2913 0.2729 0.1284 0.2975 0.9304%* 1

VE: *RRIRP<0.01, AR EMIG; *RRP<0.05, HEEFEHRK.

RIS Al Bk R o BT SR A HER T, 45
W G R BRI O, BT IX SRR LI G R
JLERWRIE BTNl 5 fros o A i 4w 5

Rnh b, W EE BN 0.5~0.6 I, AT 23k 535, 4R
1 KE4JEICEMFE Cr. Ni fl As, HUEH 47
FIH T2 B 45 58, Cr. Ni o] fE SR I T+ HERE R
As ATBERIE TR AU 56 2 RE LR ITE N Pb; 4

http://geochina.cgs.gov.cn H1E LT, 2024, 51(5)


http://geochina.cgs.gov.cn

518 50 s

RS 10T BN T LA X 1 S 3 R A RRAIE | A 25 XU PP B DA A 1481

X113 REIEEERAESETHS

Table 13 Principal component of heavy metal elements content in surface soil

o LR PR T A0 8 TR Py B
FRIEE TuE% BBTURE% FRIE  TiRE%  RPUTTERE% EEE F1 F2
1 3.49 4358 43.58 3.49 43.58 43.58 As 0.828 0.145
2 1.69 21.1 64.68 1.69 21.1 64.68 cd 0311 0.531
3 0.89 11.09 75.77 Cr 0.902 0.153
4 0.83 10.4 86.17 Hg -0.031 0490
5 0.59 7.34 93.52 Pb 0.636 0.050
6 0.39 491 98.43 Ni 0914 0.136
7 0.07 0.86 99.28 Cu 0.147 0.925
8 0.06 0.72 100 Zn 0.16 0.921

1.0 09 08 0.7 06 05 04 03 02 0.1 0.0

eri

Cul |
-

1.0 09 08 07 06 05 04 03 02 01 00

Kl 5 WFFEIXR)Z T Jm IR
Fig.5 Clustering results of heavy metals in surface soil of the
study area

3RELIRICE NS Cufl Zn; 55 4 5T EH T
KN Cd 5 SKESEILE N Hgo X UL Cr,
Ni Fl As A BeA AR LAY K TR, Cu A Zn W BEA AH L
FSKIR, Cd. Hg F1 Pb A iFE I A=
CRAMMES T . R R AT kA T
XFECA AT, BT LK 8 4 8 B Sk IR Ry 5 2K
%5 125 Cr, Ni fl As X 3 FpfE4 B IC R, HEEk
JET A SRR (WRAERR S, 2019), HHEMEAM T, B285%
Mrf £ o Mr e R X 3 Fp il 48 HA [ —k
o GEit P bras R (3 6) %, Cr, Ni fll As iX
3 PG A ME T AT s T F T S, T
R RS, AR AN 5], FEARTR) S Y 7 i
ZEFIR, X R EA TR )Z b AR TR
R SR, FEZ LR A Yy MR T A A
B BRI, 52 R B g Nel A R A7
M. 55 2 25: Pb, S HT R W] Pb 55 Hg SR IFAH R .
5 As, Cr, Ni A [d]—2E, F-HEAR FAL i 1
FEoT A S m, A A RIS . I,
ZEAHE R ZORIET A RUE, O3Sl iE T
A 75 G P (4 S04, 2020) . 4 3 2. Cu 1 Zn,

JEToREAR S, Iz N R IE shig g R, H A2
HRUE R T A T5 G5 (RRFT 45, 2012), ACHIRIR Z,
FEAETRTS e . 58 4 25 Cd, AT Cd 5
HoAth JUAD B 45 J& OC R AR AFAE — 2 YK R, X Ul ]
Cd FEORIEF AR . HARIEF T A5 I8 (%
Gok%%,2023) 5 525 He, J@ TAEAR S, Ho %
SRR T A5 Y, F2 2 s U5 e, B X
B Hg JCE M2 NG sh T8 ™8

5 4 e

(D&M TR X 3T B R R4, (B
fE—E RN EENS, Hh He & E£4EH & W]
2, Cd., Cu. Zn, As 7 51 XS 075 18 18 19 L 61 43
H 45.56%. 29.11%. 11.47% F11 5.48%, Cr LR K
A A IR G S (L, - 48 v s e — P g
X FE3Z Cu, Cd F1 Zn 50, (B Cd A 1 MEESE
b XU A I E A ) FoA % T - e PR EE o A A

Q) EE SRR NS R, RiErE SR
V5 LSRN F AR 1~3 9%, As FIl Cd J@ TR 15 4wk
B, KAy EEESMESRRETE—REN
15 YRS, AL Hg Jo 2 A 7 - 8k —H g s
Yy, 3235 4% 507 7 LB R BNHEF S As>Heg>Cd>
Cu>Zn>Ni>Cr>Pb,

() FE L BB TEAE BB EM 45 R R, He h
F 5 X+ B8 = A X = XU T &R, Cd IR Z, Cu.
As BN BIRE ST A2 rp B 2 R AU, Hoar 4 I
JRUBS;— TG XU , B v 7 2 2 AU, s B HE T
“J: Hg>Cd>As>Cu>Ni>Pb>Cr>Zn, 4= [X Hb 3 + ke
s VS E A A5 KU 25 5 8 2RI 43 A1 3 [ o 29.7~
2358.16, SEH4{H Ky 141.9, DMEEE XS 8 32, Hokrp
JEE IRV, B R R ™ F KU X B 43 A FE R 5% X Hp
BB, HoA R DX A A S KU AR X
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(4)WF5E X 3 )2 1 3 5 4 Ja >R Rl 43k =2
(NI, Cr, As 1 Pb HA [, Ni, Cr EZZH5
H R XAL IR Z 5200, As, Pb 552 il + R R i A1,
I 52 Al A = A Tl A 7= 3 B Y B2 I 5 @ Cu Al
Zn [T5 JRIR 22 NE S s2 ), AR £ 2k
Aelv A =% 5, I H. Cu RIS Yk IR B 4%, 15—
AE AR Az 22 S HERC . Tl AR 7 AR 5
BCd fl Hg 5 HAbE 4 J8 M P45, A AR5 YL
Ui, Cd. Hg TG W HA MEEE, Ak A 7= | 388 HE
B 5K A 2 AR TR
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