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Source analysis and health risk assessment of heavy metal pollution in South Dongting Lake waters. WU Xin, OUYANG Zhou,
WANG Chi-heng, ZHOU Shi-yang, PENG Yi', LI Gao, YANG Fan, XIANG Kui, ZHENG Jie, ZHAO Bing (Changsha General
Survey of Natural Resources Center, China Geological Survey, Changsha 410600, China). China Environmental Science,
2025,45(12): 6817~6831

Abstract: To investigate the pollution sources of heavy metal elements and assess the health risk status in the water of South
Dongting Lake, and to provide data and methodological support for the precise prevention and control of heavy metal pollution and
public health management, a total of 24 surface water samples and 16 groundwater samples were collected in the area. The absolute
principal component score-multiple linear regression (APCS-MLR) receptor model and the health risk assessment (HRA) model
were applied to analyze and evaluate the contamination sources of eight heavy metals (As, Co, Cr, Mn, Ni, Pb, Zn, Cd) and their
associated health risks in the water bodies of South Dongting Lake. The results revealed considerable variation in heavy metal
concentrations. In surface water, only Cr exceeded the standard, with an exceedance rate of 33.33% and an average concentration
4.70 times the standard limit. In groundwater, Cr and Mn exceeded the standards, with exceedance rates of 25.00% and 31.25%, and
average concentrations 1.32 and 3.07 times their limits, respectively. The remaining elements complied with the relevant quality
standards. Most heavy metals showed significant spatial variation, and Cr contributed the most to the total heavy metal concentration
in both water bodies. Based on the single-factor and Nemerow pollution indices, Cr in surface water was at a severe pollution level,
while Mn and Cr in groundwater were at severe and moderate levels, respectively; however, the overall pollution level of the regional
water bodies was relatively light, with good water quality. Pollution source apportionment identified four primary sources:
agricultural activities (29.76%), industrial activities (26.78%), natural geological background (23.57%), and traffic-related sources
(19.90%). The health risk assessment indicated that risks from the drinking pathway were greater than those from dermal contact, and
adults faced higher risks than children. The combined non-carcinogenic risk for adults was primarily attributed to Cr and Zn via the
drinking water pathway. The carcinogenic risk of Cr posed a potential threat to both groups through drinking. Furthermore, Cr
originating from industrial and agricultural activities was identified as the major contributor to carcinogenic risk. Therefore, to ensure

the environmental safety of the water in South Dongting Lake, it was concluded that pollution sources should be strictly controlled,
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and the supervision and management of heavy metal pollution risks in the water bodies should be continuously strengthened, with

priority given to controlling heavy metal pollution caused by industrial activities and agricultural production.

Key words: South Dongting Lake; heavy metals; source analysis; health risk assessment
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Table 2 Parameters of the health risk assessment model
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Table 3 ¢ and RfD values for health risk models

T4 glmg/(kg-d)] RiD[mg/(kg-d)]
YCRBEN kB OOHN kBl
As 1.5 3.66 0.0003 0.0001  [41-42]
Cr 0.5 0.5 0.003 0.003 [41-42]
cd 6.1 0.38 0.0005 0.0005  [41-42]
Co 0.0003 0.0003 [42]
Mn 0.046 0.0018 [42]
Ni 0.02 0.0054 [42]
Pb 0.0014 0.0014 [42]
Zn 0.3 0.01 [42]
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Table 4  Statistics of heavy metal concentrations in water bodies of the study area

v ey W/AMH S IN:E e PR bRfEmZE BRRH AU KIS ARUE K&
KR TTHE R R

(ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (%) MER M (ug/L)  BRAE(ug/L) (%)

As 0.70 4.05 1.91 2.26 0.88 39.14 0.74 -0.28 10 50 100.00

Co 0.08 0.37 0.16 0.17 0.06 34.62 159 371 — 1000 100.00

Cr 8.50 2610.00 24.50 235.18 535.49 227.70 3.89  16.70 50 50 100.00

Wk Mn 0.39 22.42 2.16 4.08 5.75 140.99 2.66 6.51 100 100 100.00

K Ni 0.35 1.96 0.81 1.05 0.45 42.95 0.39 -1.08 20 20 100.00

Pb 0.09 0.76 0.09 0.19 0.18 93.02 1.97 3.36 10 50 41.67

Zn 0.67 10.01 1.02 1.89 2.16 114.48 272 792 1000 1000 62.50

Cd 0.05 0.05 0.05 0.05 0.00 0.00 -1.07  -2.19 5 5 0.00

As 0.12 0.97 0.29 0.37 0.25 67.97 1.03 033 10 10 81.25

Co 0.04 34.90 0.18 3.01 8.49 282.25 3.66 13.80 — 50 100.00

Cr 0.90 330.00 18.50 66.24 110.36 166.62 1.86 2.00 50 50 100.00

W Mn 0.94 2972.00 25.21 307.42 743.75 241.93 3.24 10.90 100 100 100.00

K Ni 0.31 10.22 1.32 2.12 237 111.64 275 851 20 20 100.00

Pb 0.09 0.23 0.09 0.10 0.04 34.57 338 1177 10 10 12.50

Zn 0.98 51.05 5.49 9.94 12.63 127.03 260  6.86 1000 1000 100.00

Cd 0.05 0.24 0.05 0.07 0.05 68.46 3.09 9.99 5 5 37.50

TR TR,
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heavy metals at each groundwater sampling site
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Table 5 Mean heavy metal concentrations in water bodies across different regions(ug/L)

KA NS As Co Cr Mn Ni Pb Zn Cd

BT (AN ) 2.26 0.17 235.18 4.08 1.05 0.19 1.89 0.05

DU By BB 10.74 0.70 5.89 42.20 — — 52.46 3.21

K 2.77 0.17 1.61 28.52 — — 14.33 0.03

AR 2.32 — 1.98 128.81 0.94 0.34 2.79 —

LI AR R it 12.39 — 5.41 — 3.99 4.47 154.89 0.08

T I E T (CASATE 7)) 0.37 3.01 66.24 307.42 2.12 0.10 9.94 0.07

K1) 2 7t 7 [ BT 36.27 0.85 3.39 36.00 — 1531 — 1.14

K A T 7 T 0.58 0.83 2.66 3.94 22 — 20.15 0.42

i JE Ll 6.75 — — 238.41 605.33 591 — 132.23

B ARk 39.05 — — 2068.65 — 0.21 7.22 0.25
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Fig.5 Heavy metal single—factor pollution index in surface water and groundwater
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Fig.6 Correlation of heavy metals in water bodies of the study area
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Fig.7 Rotated factor loadings of heavy metals in water bodies

PC2

Sk B L b R A BT XK A TR B T R
U532 APCS-MLR i - PR -6 7K Ak o B 4
JE I TTHkR(E 8).MiYE APCS M EE RSB T
JLERTE A0 HT, % T4 8 A5 1) R 4E 0.57~0.97
2 [A) R W ARSI 53 BT 1 285 SR P45 Pk e e

AP1 L Co-Mn.Ni by &, 5Tk 531k 72.05%-
69.18%40.95%. B il FE W X 7K A HR A7 K TR b 5T
JPRY5 5f Mnl®,Co 22 55 Min #1447 421 RS
H Co 5 Mn 15 AH St O T ERIE B 7T X 7K A4
Co IR, FEAIYTE B 5K T A br i FRAE Y [l A, 1A
U R T L g R IR ] B, 32 7K SC R G S
L Y DX A A H ) AR S FRLANE (B3, {ED) X Min ¥R 5 (1)
) 3 AT A B R A T TE A 2 1R AR A i
I3 LG T X KA 1) By (B2 X P Mn K
90 P A 1 e B 2 DR 0L e A A T 9 2 B0 DX R
BT s A R NI IR i, RO S e R
AT, 5 ARVEAR SO A H iR AT Co K
Mn.ift AP1 AT REA H AR 5T A1~

AP2 Xt Pb [ 0THR % 55 1, 4 86.46%,H K Cr
Ko As, TTRRFSS B4 58.89%  24.04%. ¥ 1l £ A X Mtk
A0 BH -2 BH B Jg, DX 3y e M H il Ak
AN AR A3 A, R K A R e PR S A



6826 r EZN A S 45 3

NI T AE = R R P AR [ = R S B P
2 4 Jm )[Rl N A T2 BN, . RS
R4 JEm I AT AR KPR Cr. AS 15 2275 4
SRR A RITT R A R K e T
FEMb AR T RS TR As V5 e, TR
I 32 9 KU — 8l AP2 AR Pby Cr
K As ATACK 2 TR 7.

AP3 T2 Zn. CAHTTHRZE 737010 65.96%
38.81%. H1 &l 1w %01, gl B 19 ot AR & X . G5513
Kk mid, S71 M mid. G234 [EE A E TE M
A JEAR ) T Zn . Cd WS A v A BT S K B,
BT A . RAHE . B IR AR ZE A i)

B S S B Zn RIS AR TS S0 3 S b o A R I,

XN Zny Cd Bk EZ A T e R R A 2%
TER AN VR AR | AT ) A X b 3, I HLAS E
B4 B HEE S8l Cd 1 ERL I,
o iEAD N iR SR IE i QI B G B NG N 3 TN
X, AR ) Zne Cd IR A 283 T Bt N5
DX IK AR AP3 T e S A R 7

AP4 UL Cd. As. Cr K& Ni K3 otk %55
M 58.61%-+ 51.58%-+ 39.03%- 35.59%. 7 i FEIMX.
VENRAIT P R E R AR = S I 1 BRI
JE TR 359 kg A VP e, 52 > i Al 2B 7 6 ey s i,
AEAERR e AT AR 24t FH i R, o8 1A JIES A 24t
G SN AR S F N R TSR = f RV EE LD
8 43 DX 3 Ak T A B AR 2 e D g v R R R Y
DX OV RIS X [FIRE B2 L M.Cd M As BRI AR
NP A I BT 2 LA ERL R RS REL
TR RS D0 745 T I P 7Y, g R g i g
AR DT F AR IX,Cdy As WRIE R
2 T DX A X 3, HL Y b f R it R
TEAH SR R e AR M A 7o 3% 5 v e 3 Aol 160 AR 2% R
HEEER 2 Cr 5 Ni 125 kUi, Cr nl g &
by KPEIRAE . AR, RIS BRI E A KA
FBING U LT HUIE A 74 0 ob, B i 31X Y
R FHAR K A5 Cr v 4™ n 2 0 X i 41 35
IR TH PR Ni (55T R fEREE 2 b
FARTE NI 1) Ni 25 0.5 AP4 1) Cd. As.
Cr M Ni AR 2 Al PR 5.

gx BT, mE IR B v K A v 4 R
KW K EARHB TR 7 Tl PR A8 38 R A

AN PR 7, ook B 46 SR AR Dk A s K kAol
F(29.76%), TV K 7 (26.78%) ~ 4K Hb Jiit X 1
(23.57%)~ AT F(19.90%) K 2.

(a) DTk Lk
[ JAP1Z] AP2 RN AP3 (B35] AP4

100

80 |- A Z

60

TR (%)

40 |

2

FHFR

RN
(b) TTHRFBRAE

API(23.57%)H
AP2(Z6.78%)|

8 A RO AR A r H < R T 3R [ Tk AR
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Fig.9 Health risks from heavy metals in water for two populations via two exposure pathways
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Table 6 Source—specific health risks of heavy metals in water bodies
L — LN JLTE
WiH T#
API1 AP2 AP3 AP4 AP1 AP2 AP3 AP4
As 2.14x10° 1.52x10 2 1.33x102 3.27x102 1.01x10° 7.18x10° 6.27x10° 1.54x10 7
Co 4.08x10? 6.47x10° 2.13x10° 7.24x10° 1.90x10 2 3.01x10° 9.94x10* 3.38x10°
Cr 1.72x10°3 4.09x10 ' 1.27x102 2.71x10" 8.18x10* 1.94x10" 6.04x10° 1.29x10 '
- Mn 2.35%102 7.47x10° 1.60x10° 1.41x10° 1.12x102 3.55%10° 7.58x10* 6.68x10*
@ Ni 3.72x104 434x10° 1.70x10 * 3.23x10 4 1.77x10* 2.07x10° 8.10x10° 1.54x10*
Y Pb 6.09x10 ¢ 1.18x10° 6.00x10° 1.18x10* 2.91x10° 5.62x10 * 2.87x10° 5.64x10°
Zn 2.32x10" 2.32x10" 2.32x10" 2.32x10" 1.06x10 ' 1.06x10 ' 1.06x10 ' 1.06x10 '
cd 9.06x10 ¢ 2.80x10° 5.58x10* 8.42x10 * 432x10° 1.33x10° 2.66x10* 4.01x10*
HI 3.00x10 ' 6.71x10 " 2.62x10 " 5.45x10 " 1.38x10 ' 3.15x10 ' 1.21x10" 2.55%10 "
As 9.99x10 7.10x10 ° 6.20x10 ¢ 1.52x10° 4.72x107 3.35%10°¢ 2.93x10°¢ 7.20x10 ¢
B Cr 3.50x10 ¢ 8.31x10* 2.58x10° 5.51x10* 1.66x10 ° 3.95%x10 4 1.23x10° 2.62x10*
cd 2.96x10 ® 9.13x10 8 1.82x10 ¢ 2.75%10 ¢ 1.41x10® 436x10° 8.70x10 1.31x10°
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