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Concentration Characteristics, Source Analysis, and Potentlal Ecologlcai Rlsk
Assessment of Heavy Metals 1n a Peak-cluster Depre551qn Area Southeast of

# :' ,~ e
Yunnan Provmce 8/ & & el /]

HONG Taol’2 KONG Xiang-sheng™* " ‘YUE Xlang-fel 2 . . 2

(1. Institute of Karst Geology, Chinese Aoademy of Geolj)gleal Sciences, Guilin 541 4 China; 2. Key Laboratory of Kar@t Ecosyﬁtem
and Treatment of Rocky Desertification,, Mlnlstry of Natural Resources, Guilin 541004 China)

Abstfdact {The, pollutlon chardcteristics, sources,, and secological r1_§k of heavy metals in farmland soils were studied in a peak-cluster
depreqﬂlon area southeast of Yunnan Provmee In totafd 199 topsoﬂ samples were collected using the grid method and contents of eight
heavy metals (As, Gd, Cr, Cu, Pb, Ni, Zn, and Hg) were determined. The geoaccumulation index and potential ecological risk
index (RI) were used to evaluate soil pollullon levels and potential ecological risks, respectively. The absolute principal component
scores-multivariate linear regression (APCS-MLR) model and cluster analysis were used to identify the pollution sources and apportion
the heavy metals in the soils. The results show that the mean content of Cd, Hg, Cr, Ni, and Zn was higher than their respective
background values, exceeding them by up to 16. 00, 7.29, 1.46, 1. 45, and 2. 39 times, respectively. No evidence of the occurrence
of other metals was found. The average RI was 1 039. 3, which represents a high potential ecological risk, with Cd and Hg being the
most crucial elements. The APCS-MLR model revealed that natural sources (PC1), traffic sources ( PC2), fossil fuel combustion
sources (PC3), and agricultural sources (PC4) were the four main contributors of soil heavy metals. The primary source of Cd, Cr,
and Ni was PC1, while PC2 was the main source of Pb and Zn. PC3 and PC4 were the main sources of Cu and Hg with contribution
rates of 77.86% and 70.37% , respectively. The main sources of As were PCl (46.71% ) and PC4 (49.46% ).

Key words :soils; karst area; heavy metals; peak-cluster depression; ecological risk assessment
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Table 2 Statistical data for heavy metal concentrations in the soil samples of the study area/mg-kg ™"
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BRI R, RaX AR AR As JTTE ]
BRI —3% ) A 4. 28% [ As HERE S IR B
E ARG, MBS —ERES; =
JITFE N Hg A1 Cd, WNFEP [ E H He F1 Cd W55 T
JI A B A 2 AU 52, Herh i B R DA A4 4l o
BB 94. 7% F176.30% , Hg J& T B WA 4 5 G
EHNTF, Hik b Cd, ZE—FEP & 1%
HE BRSBTS 2] T AL SE R, T2

JEEN Hg A1 Cd 2R #E A Fou R B E MR, It
Ai, b AIK 43 4 R 25 A AE A FR £ (R
KRR A LA 53 551K 5. 66% F10% , T35 1] 58
FURWES LA L B L A9 43 30 8 75. 38% F1 97. 44% , ik
R AS RGRZE RWES RIS RIET). Bk
Me, MRX IEESEAE Rz, (EheE
AN /NS TOK Y A P et A i S Ak =i, o

71 16 2 A8 ) FE LI SR IR P i

x5 BEESKEIENER
Table 5 Potential ecological risk assessment of heavy metals
- E RI
Cr Pb As Hg cd Ni Cu Zn i JK H
/M 0.94 0.59 1.51 21.76 8.7 1.62 1.52 0.36 59.28 66.71
oAl 7.69 101.91  410.35 4055.67 3337.36 22.28 15.15 25.17 4763.12 2375.20
A 2.92 5.35 18.63 292.16  619.58 7.29 5.30 2.40 930.32  1148.28
B 100 99.6 88.5 0.5 13.3 100 100 100 0.29 0
WLERG rp4g 0 0.2 10.4 4.8 10.4 0 0 0 5.37 0
FLRE AL/ % A 0 0.2 1.1 15.5 10.9 0 0 0 18.96 2.56
el 0 0 0 27.8 9.1 0 0 0 19.26 10.25
& 0 0 0 51.4 56.3 0 0 0 56. 12 87.19
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2.3 HEJRKIESH

RS WA RS 53 HT RS AR by W 9 ) + 1
EACRCE S S MR G Y || S K B B Y i
FRALFE , FEF 2 0] 5P 33 e (Ward 75 22 i Btk
B, g 2 fras, Al BTl 8 Fhoc
E/r N 4 25, Pb-Zn, Hg, Cr-Ni-Cd-As Fl Cu. FJik
I3 AT KMO K58 {E 4 0. 816, 1R HE 22 [a] 4 et
A, 8 A o o . FUR SPSS B, R A
Kaiser /R0 IE S HER A SO 4 A~ F o, W
36, SR Ky 2575 6 3 Aor 0 B A7 1E 5 5%,
BB ST 2275 84. 782% , BR HA RIS T
SPFREME R T 1, BB M ST Z 1A
52.199% , (5 BEKRBZ, i3 EMS BRHETT
Z AT 68.885% , KT 70% WUZR, Hik, $EHL
I 4 A FE A4 1T L 2R HA e R pAE AL R B 3
B, AT 0.698 ~0.985 Z ], PiHATC R AR
GRATLAYE 4 2R, IRIPCRIEF., %
6 R, Cr. Ni, Cd Al As 764 PC1L F HA
EET, T A TTERR N 29.431% , e hh, Ni Fl As
SYBITE PC3 I PGA. e th AT 456 (9 B (7 = 0ﬁ9
%m_owﬁ ﬁ%m%wnﬁ%%%?ﬁ%ﬁ
zmﬁmnuﬂ>hMﬁﬁ?% I 7% TR M
22%%@Pm¢meﬁﬁmm‘ﬁﬁo9ﬁ,E
%ﬁ&&}gfﬂ%t%ﬁﬁmmwgnyﬁi

N, %%%ﬁ%fﬁiﬂﬁa\*ﬁfiiﬁﬁ/ﬁ}%%ﬁé} 7

Ry R PHA B —2E. i, AR ST
(3L RS S 0 . FSE DX T ARl HE I T 42 44 2
Ked5 YL B bR 5 Mo 2Ok W 4 T iR R, B
Gax /I
2.3.1 Cr-Ni-Cd-As

Cr, Ni, Cd Fll As S 4 Fol 32 200 0 4
JLE, MEREAMEANT, RRK— iﬁ/\%klm&/\
KA, SRJF R KA 45 55— 43 WA
e R, WSRORAEAN S, TN ) 3 5 A R Ak
UEFEA . WFITIX H RS R R R 2 0 A
3, T b B S, RO AR G
PR X845 X AR T 8 K X BT £, Cr
I As EFLZMEDIRBEE N AIE SRR, TR A AR
SEMFT A T Y As 2 R B0 R 7 B B s 14 bR 3G T
22 el A, R X T Cr, Ni, Cd L As Y
FEORYE BRI, AT PCL E AL A R IR (IR
1).
2.3.2 Pb-Zn

Pb fil Zn $FR Sl IS R >, ERGERES
PR R, LU IR U A 7 2C7E AR+ e R
F, HCHGER L, N a5 > M seds il

HH A X -3 Ph B Zn (R I5 32 B A2 58 38 i
ﬁ@%ﬁﬁﬂ%f%mﬁmﬁﬁﬁﬁﬁmPh%A
JE& 8 T el b T X R b ] 1 2
ﬁ#ﬂiﬁkﬁ?ﬁMIﬁﬁlﬁh$%mﬁﬂ.
ABFFE X N FEATE Tolk A= 7=, (HACE I ALK, i
N ETE A BE R gL, KN, FgEIX N 4
W Ph | Zn WY FERIECIRE RBAUIE, B pC2
RN AW R (IR 2) .
2.3.3 Cu

Martin %55 I8 Cu 76 2 B HARIT Ay HOR U8
TRl BERT, (HAE & R I ) =252 A Z89E sl

MR RS E s, HRX L Cu S5 o™

j“?&iﬁ*ﬁ%TﬂtEﬁragéﬂﬁﬁﬁd Al HoR
B T, B, Wk PC3 b B kjbﬁ{ﬁ
(13). , e
2.3.4 Hg | a /gl

Hg TIREH 2F0 A\ s G, #ﬂ’iﬂﬁﬁé IikﬁF
TR T R Py AL X He 13 ﬂﬁf&d}m
WX AR X, BT A i e E% %ﬁ%
Iﬂﬂ(ﬁﬁl 7*"3]‘1‘!1]:&/75 . I—JBT Madnd HF
ERE R Hg ﬁ%*ﬂjﬁﬂﬂﬁ’]ﬁﬁﬁ%ﬁT Hg E’Jlﬁ""
PP BRGEIK I, Hig 1 F- 1) & f sk 15 S AE Y 7 FLE
ﬁj‘?‘ﬁ&ﬂ:{ Hq ﬁ%ﬂﬁi#%ﬁ_ﬁ%
VHYLR. I 4Bf PCA B R A FETR (TR 4) .

e
0 5 10 15 20 25

Zn J 1
Pb

B2 ET Ward SEHRESHRKE
Fig. 2 Dendrogram result of the cluster analysis based on the

Ward method of hierarchical cluster analysis

2.3.5 E4EJERIE TR

1&%}% APCS-MLR A4 T 8 FoTER M 4
FlORIRR STk, 255 W8 7. dml A, PR 1 Bk
LRBEE X Cd. Cr. Ni. As B9 BTHR R4 9N
78.67% . 64.39% . 47.66% 1 46.71% , I 2 HI5¢
iz R XE Pb. Zn B9 51 ER R R 86.68%
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Table 6  Principle component analysis results for heavy metal concentrations
— ~

% 1 —ERAC0 - s
Cr 0. 808 0. 026 0.214 0.207 0.743
Zn 0.378 0. 879 0.202 0. 168 0.985
Pb -0.029 0.957 -0.040 0.216 0. 965
Cu 0. 190 0.076 0.953 0. 005 0.949
Ni 0.723 0. 044 0. 559 0. 191 0.874
Cd 0. 826 0. 206 0. 095 -0.077 0. 740
As 0.562 0. 141 -0.095 0. 595 0. 698
Hg 0.023 0. 250 0. 094 0.871 0. 830
FFAE(E 3.542 1.601 0.914 0.725

RBEETT /% 29.431 22.768 16. 686 15. 897

RBURBEL T £/ % 29.431 52.199 68. 885 84.782

54.04% , J5 3 BV B AR SIE X Cu B9 ST R N
77.86% , MR 4 RpA Az 7= X He 14 5T #k R
70.37% , FUEATILIA] 1 Fp R X R A 5 4w B
TR AN, W — A E A ok Uk, REEZ X
PRI RIS m, U0 Ph JE A i <0 iz i ik &
AR, B4 AE P IR 5Tk T 19.56% , Ni 52
AATIRBE R M S 38 52 10 B 5% By ) ( i R
36.85%.) , L'ﬁ Facchlnelh DU B 543 N
R LA w%_m%xﬁéﬁﬂ
BRBER AT RN 7 T T 49.46% | TE
FUBRER I AR 2 A K E%@lﬁk&ﬁgﬁmﬁ
2 M (BRI e ﬁéﬁzfﬁﬂ%ﬁnﬁ MHBM

KB, BT A i
#7 APCS-MLR HEMBRNTRESRIRAM

" Table 7 Source contribution for soil heavy metals

determined using the APCS-MLR

. P TTIRER/ % I 22 5

- 1 T2 W3 W4 (R?)
Cr 64. 39 2.07 17. 05 16. 49 0.743
Zn 23.23 54. 04 12. 41 10. 32 0.984
Pb -2.62 86. 68 -3.62 19.56 0. 964
Cu 15.52 6. 21 77. 86 0.41 0.948
Ni 47. 66 2.90 36. 85 12.59 0.871
Cd 78. 67 19. 62 9.04 -7.33 0.737
As 46.71 11.72 -7.89 49. 46 0. 698
Hg 1.85 20. 19 7.59 70.37 0. 829

R o

Cd Fll Hg MRS X B E i Yo, HA R
TR A A SRR, S o, ZEmHE SR R o R B
Cd LR HAFMRIR I A X AT R, (AN
FERI Cd W& B0 /N5 K F S B 5 (st
FAUHR 9. 04% ), KERSr K ABRBEHERL. [FIAF, Hg
MR R N 7.59% k A ARE SR, &b
70.37% K AR A 7=, MR GE R E 2, N
SEPREE TP R B 1 9 T 4 R TS e K

=

WEAT TR, M Cd 2 BB R HXT A4S
JRUR: TTRR AR E 88% , H H AR I =2 B LI 3 5
mﬁ#mmﬁTH#m?%ﬁtmfﬁﬁgﬁﬁ
ﬁEi%EAEﬁE&%ﬁﬁ&ﬁﬂiM%mA%
HNEHE ﬁﬁmt%cwg%&?;ﬂi%uﬁﬁm
FLEE— 5 ﬂ%%mﬁﬁﬁmiﬁﬁéﬁm%
hﬁﬁﬁﬁ%%%,kﬁmiﬁﬁéﬁm%méf
Fimﬁﬁﬁmmﬁlk>m>M>m>cw
>Cr>Zn, Hor | Hg ¢ ?ﬁﬂnﬁé@ﬂ}_?ﬁﬂﬂﬂ, ,HJA:'*'
H Cd, He TSI 7= ﬂﬁﬁﬁ%mmu
VA AR 1\ 5 Bk A PRI BEA
%/RENEB’JTH&E%J/\, & BRI A S IR,
%%%ﬁ%ﬁ%ﬁ%&ﬁmg%ﬂ%ﬁﬁﬁiﬁ
REME G L E NIRRT, WG E
I LABT IR, [REHATE 45 ), Hakanson V8 7E A2 2%
RSP 3L T ok % e A S s, (H B IE
REBRL SORR 0 R T 4 B A RO, AR IX
*%%Mmi%HPWﬁTﬁﬂ*A , PE
W@ﬁa&tﬁ%%ﬁi%cheMmmm
ARSI R NS ER 5.48% . 0.10% |
6.44% M14.19% , KL, 7EPFANTEAE Az 245 KBS ) 1z
KR EEBIE SR

4 g

(1) EARREIENEM 3 Cr, Pb, As, Hg, Cd,
Ni, Cu Fl Zn BJF-3 & 55300 111.49 | 45.42
29.88. 0.35. 4.96. 63.58. 50.02 F 224.63
mg-kg ™', WHEAREER RIS Cd, Hg, Cr,
Ni il Zn &8 & T o B scfH, Hr Cd #il Hg 1y-F-
BIomor ik 8l = m 1 S 16 £5F 7. 29 £,
49% )& Cd 34 5 & A Y5 YL

(2)Cr, Pb, Ni, Cu Hl Zn % 5 FhE 4 )& A X
WK S AR RS, Hg A1 Cd 88 K A b JRURS: 25 9% 433l
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