## %" ﬁ 5 FAsE 2

(HUANJING KEXUE) ENVIRONMENTAL SCIENCE

20244 2 H 15 H

H e
Hﬂﬁlﬂkﬁ/ﬁﬁﬁﬂﬂﬁk?ﬁk /ﬁ,{h&mﬁﬁ r] .................................................................. %QUK, %%T&, %ﬁ%?l, éﬂ}?—f?}*

Klﬂfﬂﬁ@ﬁf‘ﬁ/‘? b DX A5 U B 5 VAR TR IR A3 AT v vvvvnnnnnnnnsnsseeeeesee ettt AW, HEM,, LT
AR5 U0 2 1 R BRI I ZE 5 v MR, 0, 20, REE, HOE, Ty, FHG, HEMRA
2006~2021 4F B4R | 1 58U B RRIE SO R AT B APHT oeemeeeermmmesrmeeennes HRE, £%, BER, AEF, KX, BhILE
S RS ORI I 9 117G 48 3 M1 O, IR TR A B A RRAE oeveeemeeeenes g, BlG, Ew, B, BB, RKEL, BXYL
5T B2 S OB SRS -ovvveooeeoeeess s I, BB, BWH, EHE, NAK, KESE, TRW, HX
SESRTT U VOCs BHAE AU B MBI eeeovveeenes B, AHE, EE, FEE, KR, KA, IE, £%
KM T4 B0 e B K VOCS TS BRI L R BT TSN ooovvversooeeenoen BB, K, FRA, KRN, S0, kRF
SRM T PM, A BLIR A5 R RAE BT B U woveesoeemoesss e FTH, £, WBE, LKA, 8, kEF
HiE = j@;,j@ﬁjﬁp]\/[ﬂdgr‘j;é)% PEAR AL AP BT veveeerrereernm e 24, WA, KEE, BXF
SET LEAP BER H0 163857 05 7P K B HE B U B T AP -oovevoeemeesseennn R, DR ERH, NWE, KB, 2HHF
TS 575 5 T E AR AL H K TR AR AR R R L weverrrrrrrnnnnn HEE o, A, Rk
4 1 K U AR 2092 5 0 R M VO A TSR B A7 oo oveeeeoeeeee BE, AR, kA, ZAW, REE, AR
T E TR K RS S Y IE B B AT oo eeeeeeeee e e HER, HE, BT
RIS RUE T 3745 m%lw%ﬁﬁﬁmnm U 7L RTINS i, WA, IH, £5X, 444, T4
TRIITH 2015~2021 4 R IR LT K i gm&ﬁxvmmmr ------------------------------------------ LA, R, RRE, BRR
J%ﬁJ&ﬁE&F@?m%%%&%E#w RRAT cooveeeeeeeeeenn s i, EF W, WXE $HE HAR
JEHCTG L 22 VA T K AL 22 B AT B LR AT v vvvvnnneeeeeeeeeememnniii, BET, RER, BB, AH, KEE, BY, T4
T A B 72 7K -3 T K K AL 22 AT B T AR AT +oeeeeeeeerrerrmr %ﬁ‘ﬁ, %%?@g, 2 4t
5K R I XA K T T KK AL S R AR B R B G5 BT oeemmeerememmmeeneenneeee AEF BRFZ, FkE,FE, BEE, 2R
FE A T W ST T M A T BT E L PTG YL AR A wvvvvvrrrnnnnnnnnnnn e Kk, aHE, IFx, REH, H P
25 K P ZE RIS Y RGBS TR weeeerrrrrrr Y, B, KRR
KR 2L 53 368 3R R s AR JTORE JETAT AT R I «veomveevemeemsmsnmneeninsnineenies Fm b, E X, Wﬁ@~ MEA, R, HEW, %
B R SR LA W) ST A T LI woeeee e WK, BER, HLE, Ba, pak
72 FME SO W ¢ 1 ) 4 B R AR R CAP BRI B BIL AR +oveveeemeeneeenee %&,%%m,%%ﬁ,éﬂﬁ,Eﬁ%,ﬁﬁiﬁ,%mﬁ
B2 FL IR W I PO IR ZEAORLRE SHLE] coeeeeeeerererrr WE, WE, R, ERE, ARE
T 5 W 2 e 2 0 9 o 7 e YRR PR G B P oo HME, FEX, NG, MER, FRE, BHL WEH
JARA RSP E RS B - P, BN, B, EEE, oA R, R, KEE, BAR, R, BkE
IO SRR AT XAE B RS CO, M BILIR I IRFE e ovveeemeemeenimeemeenineens ABH, PR, MRS, B, SEE, RhEHE
AR A P R o BAGHY b DR SR 5 F S NLO 0 CH HERIC B0 = oveeeeee WEA, Bamk, AW, KEH, AR, REE, 5
HE W) 56 A0 B LR B BIF 5T 5 107 B B e eeeeee e ;yg@, ER, K, N EE, ‘]éj){z;, %i}&, Jhar
%ﬁﬁﬂﬁi%l%%ﬂgmﬁﬁjmm%ﬁ ------------------ RET, RAN, B3, B, REH, TRE, TR, T8, RaRE
A e e S e X R TR L I8 e ) 255 TR M 20 BRI s D 7 EL ] e AR, B
AH%EUH&@%@iW%WWﬁM%M% ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ BH,RE, AR, IH,ER,ME,ETFF, G
Cdd{ﬁi%?}%ﬁiﬁ%ﬁf}&tﬁ /7\:%[]“&*3 ﬂﬁﬂ%‘ ........................................................................ %'i’(iﬁ, @ﬁ'?", ?T%R
ZR U4 rh B TR W B AR AR 2 RE P AR AL B R BR IR voveeereemeeemmmeeieeneeieeen Bk, BH, T2F, RiER, TA#
Il R 25 T3 e S M rh A R AT G R B S AU e WAl 4, BER, MRE, NAE, #k, 7 1#, LLE
meiﬁgﬂﬁﬁﬁ %ﬁ&%hﬁﬁ AVF, RE, RKED, IWE, TR, A&, BREW, FEK, #%K ?ﬁﬁ EI
%Tmemm&ﬂmmméﬁﬂlﬁﬂﬂ&mi%éﬁﬁtﬁﬁfifﬂh S ORI i B

.................................................................. BEA, RE, BRANE, KE, LBR, 2%, T, &4, Ku#, #HER
BT SBMACZERE R DA P IR HE R ITAL oo TN, R, AT, KB, KB, K2
JET APCS-MLR il PMF B (3 5% ¢t 75 8 0 0 - M8 70 45 Jes ¥ e V8 g

.................................................................................. hER, ERE, ZVUE, BRE, i, PA4, TRE, RR
PE—CdE%{EQéii%%FP Cdﬂﬁigﬁ%ﬁﬂ’rﬂ% ........................................................................ 5@7 @”%7@7 gﬁm#@” ﬁ%
AR BI R BB B GURE e A KER, xG, BRY, FXE, AR, Ky, HEE
WS T [ - SR 3 4 S VS e AR B G 3 A weemeeeeememeenneees K, EAW, i, MEH, BF, FHE, KW, A
F A 30 S 5 v A Y g T 2 A R IR wvvvvrrn ITHE,KEAW,EW, BEE, RAA
S BRIR SR AR A MR AR AIS Ye I ARAB B e L, RET, E8, ®IE, M, Bk, B E
SR T 0G0 A/ B T K X K R R ST S8 B SO oo RE, #MAA, A, W3, BXH, U8, E5H%, EmE
SMIEAER RN A T F KL A AR R AT G e KEL, B, WA, KER, NG, BA, KEHE, 2T, 2H
Wi LR B TN E AR RS A K e, REMW, BHRE, BT, AT, AH, KE, WA, T, HiEE
AT 5 LT X /N 22 G W e 3 e P B BRI AR T e e, THFE, MBS, EFE, KKK, 4K, B1A, B4 E
o0 B T SR 0 R 0 e 5 S I X R T 2 K IR s 40 R A 1 52 W 88

........................................................................ W, EEM, BT, R, A, 2EE, HE, Rk, ki
TR A AR BB MEHL I IE I cvvvvrrrrreeee e BTHE, TRL, BB, KEHE, A%
m%%ijﬂHﬁ%%HFﬂhﬁﬁ¢m L R BER, ERH, A, G, FEE, EEE, 7K
CELEFIIES SN PRI Eeacr A0 8] SR BEW, Bk, To%, RXE, TLE, IF, 484
7j(tf31,ﬂ/éﬂ£;{:4@1t%$’\{ml&Z[S@E{]E{hﬂ:}% .............................................................................. M, AlEd, R
H T AN FRIE 0 4R P T RS YA P S A B TSI TR 22 +evevvvrnnn BEE EHRE,EESH

(BRI DAEIT Jo 7 (825) <£Tﬁ“$+%é>?ﬁﬁ§m1m0(836) {5 E.(897, 1106, 1149)

617 )
626 )
635 )
645 )
655 )
668 )
678 )
689 )
700 )
709 )
721 )
732 )
744 )
755 )
768 )
780 )
792 )
802 )

[ NI S B BN R - I e NI U R NG US)

=
N I RV I N R Y VS I N R N SO |

O O O O O O O O 0 0 0 0 0 0 o
= O W

oo
o
~

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

(

( 826
(

(

(

(

(

(

(

(

(

(

(

(

(

(

(
(992)
(1004)
(1015)
# (1026)
(1038)
(1049)



5545 55 200 nE R F Vol43 No:2
202442 J Environmental Science Feb., 2024

E T Monte-Carlo =R {lp BB T AiaKHLT
ESSREXEEBEESKIE SR SRIERT

BRI, /NG, G, ILRIR Y, 2R, TR, 400, 2oy, SHE

(1. KITR2ZEVRIR S S 2a 0, i 4301005 2. AE&H R%Méﬁéi%iﬁﬂ%ﬁ?%ﬂf, ] R PR BE O A7 PR B 75 e a5 XU 2 ¢ 2 5
9%, 7N 5105355 3. ARSI AR IR VLI B e VI AR AR AR W BT R, A SRR I S RF 2R s oy, M 510610)
FE : AR A R T R A 3 4 Jm 1075 Y RRAE | AR 28 AU RISk VR, DAL T BB T M T O RS X
G, B LR i A T A 498 vh 8 o B 4 i T YL AR, R FH il B FRUHE BAORN TR 7 A 2 RURS: T8 B0 4 I T YL alE AT VAR FORUR PEA , R
FHAR VRS B RS0 B 0 22 140 23 B 5 B 4 JE ¥ G R U IR AT A AT, R FH Monte-Carlo 858 80 56 DX 350 A 245 RUBS: 32 47 A% 538 XU B
i SRR, b EESYOTE Ry CAR Zn I 15 S0 4. 46 F12. 73 4% ;3 A ML 1T J6 3 - v Zn ib T8 B T5 ek
ST R L A e Cd A T R S YK L TR R e rh A R R A OH SRR TS s =R HERR L B
P B IR R IS B ) RIS . VA AR AN KU PR 25 AR WY k)R A A g T e e v e A A A R Kb T R XU SR
TR B A A AU A A v KU AF L, Cd S R EE DTk JC 2 . Monte-Carlo HE 38 Az 25 RURS 1 1 285 B B AIK T 0 22 14 A 19 N 1 a2
P, AT Sy DX S BHORG v IR 4 4 S IR A Ak i

S A LI TR 5 KIRHT 5 2 4 KURIPH 5 Monte-Carlo 4401 ]
HES%ES: X53 XHEIRIAG: A XEHS: 0250-3301(2024)02-1038-11  DOI: 10.13227/j‘hjkx.502302190 ',,f’ -'“-FI

Potential Ecological Risk Characteri§tics and Source Apportlonn‘lent of Heavy l\{kt’dls in

Farmland Smls around Typlcal Factorles in Hunan, Provmee Based on Moﬁte,Ca'flo
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LUO Haqqle i PAN Jhn 5 CHEN Xiao-xia’, ZHKNC"M , SHL,  Liang-chen™’, LI Xin’, DiNG Plng GAI Dan , CAILi-mei', HU Guo-eheng;:’;
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Absgpct fn ordér to-explare the ‘p‘oﬂ'ﬂllon chdraclerlsh(s, ecologlcal,ﬁwks dud-rp'ol sources of heavy metals in farmland soils around typical factories in Hunan Province , the
content chdraﬁcnstf@s of elghl heavy metals in farmland soils around fluoridesfacteries , leather factories, and plating plants were analyzed. The geo-accumulation index and potential
ecological, 8k index were tsed 1o evaluate the pollution and environmental risk of heavy metals. The correlation analysis, hierarchical cluster analysis, and principal component
dnalwsMere used to analyze the sources of heavy metals. The Monte-Carlo model was used to evaluate the probability risk of regional ecological risk. The results showed that the
main pollution elements in the soil were Cd and Zn, and their mean values were 4. 46 and 2. 73 times the background values, respectively. Zn was at a mild pollution level in the soil
of the three typical factories, and Cd was at a moderate pollution level in the whole fluoride factory. The pollution sources of heavy metals in the typical factories were mainly natural
sources, industrial activity sources (industrial waste discharge, mineral mining, and smelting activities) , traffic sources, etc. The results of potential ecological risk assessment
showed that the ecological risk of the fluoride factory was at a high risk level, and the ecological risk of the leather factory and plating plants was at a high risk level. Cd was the main
contributing element. The results of Monte-Carlo probabilistic ecological risk assessment reduced the uncertainty of deterministic assessment, which could provide scientific basis for
accurate risk management and control in the regions.

Key words: farmland soil; heavy metals; source analysis; ecological risk assessment; Monte-Carlo simulation
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Table 2 Statistical analysis of heavy metals in farmland soil around typical factories in Hunan Province

Wi H Cd Cr Cu Mn Ni Pb A Zn
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Table 3 Individual and comprehensive potential ecological risk assessment of farmland soil in typical areas of Hunan Province
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Table 4  Distribution of potential ecological risk coefficients under different probability scenarios in different regions
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