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Fig. 1 Study area and sampling sites of surface soils around

Dongting Lake Wetland
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2016~2018 MR KHA, E FEI X 384 F
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HAPFIRPESRET 10 AN PATRES . HAf, S1.
S2. S3 AT IGIHEERNI, S4. S5. S6 AT R kE
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PLE . SRAERT IR SEE R, Rk SE0 A -
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Table 1  Grades of /., in heavy metal contaminated soil

Ioeo Risk level

<0 Unpolluted

0-1 Unpolluted to moderately polluted
1-2 Moderately polluted

2-3 Moderately to strongly polluted
>3 Strongly polluted
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Table 2 Grades of N, in heavy metal contaminated soil

N Risk level
<0.7 Unpolluted
0.7-1 Unpolluted to slightly polluted
1-2 Slightly polluted
2-3 Moderately polluted
>3 Strongly polluted
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Pb. Cd. Hg. As fl Cu FHEJE LRI P& E, 75
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LI AR (LA S AR HE) (GB 15618—
2018)1)4% FH b+ 358 XU 7 1618, Pb. Hg. Cu MIIREE
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TR X I T Sl . Cd Hg SFIREEHHR
FI/MEIRY 20184 2017, 2016;  Pb ¥ H K F /MK
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FEIAEEI Cd RIFFEHEKIES, Pb. As RILKF
SRR, Hg. Cu fE 2017 i R BEWIH)
Pb. Cd. Hg. As il Cu 5 HBIFFEHE K a3 . R

FEIFR Pb EILRREE R RS0, HAth o 3 BAE 2017
SEA P Bl A AE 2018 AF PR BEE R A #=k o [R]I
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Table 3 Parameters for exposure model** "
Exposure assessment Physical meaning and unit Parameter
parameter Adult Children
X1 Average mass/kg 62.5 16
X Exposure duration/a 30 10
X3 Exposed skin area/(cm®d ") 5700 2800
X4 Skin adherence factor/(mg-cm >-d ") 0.07 0.2
X5 Dimensionless dermal absorption factor 0.09 0.001
X6 Exposed frequency/(d-a ') 365 365
X7 Conversion factor/(kg'mg ") 1076 106
Xg Soil rate/(mg-dfl) 100 200
X9 Fraction 1 1
X10 Inhalable particle concentration/(mg'm °) 0.3 0.3
X11 Inhaling air per minute/(m*-d™") 18.2 8.7
X12 Proportion soil particles in body retention/% 0.75 0.75
X13 Proportion of soil particles in air/% 0.5 0.5
70X 365" 70X 365"
X14 Average time/d
X, X 3657 X, X 365
1) Carcinogenic effect; 2) Non-carcinogenic effect
T4 BEEREREARIPN KRR RER SR8
Table 4 Risk slopes and reference doses for health risk assessment on heavy metals®* "
Element Skin Smoke Breath
Risk slope factor Reference dose Risk slope factor ~ Reference dose Risk slope factor Reference dose
Pb - 1.4x10" - 1.4x10™ - 3.5%107°
Cd 6.1 - 6.1 - 6.1 -
Hg - 3%X107* - 3%X107* - 8.57X107
As 1.5 - 1.5 - 1.5 -
Cu - 3.7X107 - 3.7X107? - 4x107?
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Table 5 Concentration summary statistics of heavy metals in study area for three years
Concentration/(mg-kg ")
Year Data
Pb Cd Hg As Cu
Minimum 33.97 0.02 0.05 10.79 19.76
Maximum 117.62 4.07 0.46 59.26 60.32
2016 Mean 56.91 0.94 0.23 27.94 35.49
Standard deviation 24.57 1.22 0.15 17.08 11.71
Coefficient of variation/% 0.43 1.29 0.65 0.61 0.33
Minimum 20.41 0.22 0.05 13.37 21.84
Maximum 86.62 7.17 0.76 87.39 73.74
2017 Mean 56.00 1.43 0.27 24.49 39.75
Standard deviation 27.96 2.07 0.20 22.27 14.73
Coefficient of variation/% 0.50 1.45 0.75 0.91 0.37
Minimum 16.47 0.07 0.11 10.86 18.62
Maximum 93.20 7.65 0.88 69.22 57.00
2018 Mean 47.10 2.50 0.30 27.98 37.92
Standard deviation 26.38 2.54 0.23 20.28 13.07
Coefficient of variation/% 0.56 1.02 0.75 0.73 0.35
Mean of three years 53.33 1.62 0.27 26.80 37.72
Soil environmsegltg;t;?:{:gg]ound values in 2700 0.09 0.10 14.00 26.00
E“Vimnme(‘g;l ?;‘zlli;yj;agf;;d for soils 140.00 0.60 0.60 25.00 100.00
F6 —IFEN 3ANXIMESEICHRMIKESRIHE
Table 6 Concentration summary statistics of heavy metals in three areas for three years
Concentration/(mg-kg ")
Year Zone
Pb Cd Hg As Cu
2016 34.94 0.25 0.19 16.53 28.32
2017 West 28.12 1.03 0.32 14.83 34.56
2018 Dongting lake 23.29 1.61 0.28 14.76 31.44
Mean of three years 28.78 0.97 0.26 15.37 31.44
2016 58.95 1.08 0.28 38.18 36.37
2017 South 65.45 2.65 0.38 42.67 48.15
2018 Dongting lake 66.92 5.06 0.45 46.49 50.51
Mean of three years 63.78 2.93 0.37 42.45 45.01
2016 71.85 1.36 0.21 28.81 40.20
2017 East 69.82 0.80 0.15 18.11 37.34
2018 Dongting lake 50.09 1.24 0.20 24.01 33.33
Mean of three years 63.92 1.13 0.19 23.65 36.96
Mean of three years in three areas 52.72 1.68 0.28 27.15 37.80
Soil j:ﬁ;zr:?::‘:;lyzﬁ:{%ﬁfund 27.00 0.09 0.10 14.00 26.00
Environmental quality standard for 140.00 0.60 0.60 2500 100.00

soils (GB 15618—2018)
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15 JeR BRI E I A S RS, 45 SRR I e fvh
& B FE B R B /MKIRA Zny Pby Cu. As.
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AT RERIE TR v 4 Tl
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Geo-accumulattion (/)

RULE 2 A0 3. Hb RARIBEN L, M SRR, &
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PR R Y5 YK, b He 75 2018 AT Y5
Gk o Cu fE=4F BEH AR R R . R
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YL XU B B MEICH 2018 4. 2017 £E. 2016 4E,

As [R5 G AR R B MRIRY 2017 4. 2016 4F.
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v cd
= 7
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—
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2
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=
Non-pollution § gm — %W
0 I I v ﬁ ? bl § I =1
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B2 e ) =5 0 E R i RARE B (e B
Fig.2 Geo-accumulation index (/) of heavy metals around Dongting Lake Wetland for three years
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Fig.3 Nemerow index (V) of heavy metals around in the three areas for three years



156

hEA ORI

2020 4F 1 H

2018 4, Pb I H & @ KR HH K F /MK N 2016 4
2017 . 2018 4F, £ 2018 4= Cd. Hg FHELJE X
BN =R ETHIRES . As B E &R KR 2015 4
A BRI . Pb (18 & i RN = RS T B
RAS, AR A L B TE TS 7K.

WD HREOE M T RLEE AR W], P AME R
BN IR N 2R BE TS L R B L T I 2
2016~2017 R BIME IO AR BT 5 T BE TS
PEIAEETT, 2018 -1 B K B AMK A PEIR B2 2R
BEW IR EEW o = A TA) F ARV RE W A IR B T A
PG R 1) S T I E AR A TR G Gk, Horbr,
I JE T 0 T VIR B A (1 R 4 R XU S = AR R R
A5, B B B EE I 2016 4F 1 TS GBI 15 Yek
B ETEE 2018 R LTS Gk T, TEAE IR AU e
ANFEINIL o ZR I BE I B AE 2017 4F B IR BT R E TS
P B IRAE, (HAE 2018 4 N4k L 2L EFHES, WH
L BTG5 B 17K

I 2 13 b ) ] 1 9 A7 AR E R S AR 1
O, 5 & R S YR AR AT, RIERIUA L
Cd NEMZMEGREETTY. Cd. Pb. As. Hg
Cu MRIEWRER B TR KMHER B i, %
PEHEBCCL RS @ N T e Tz sr, @ik

RUTRE S AOVIE S AR A TR AR, R 3 E
TR R S M E LB E AR, X5 XU
IR 4 % EERMERZE LT SR Zn,
Hg. Cu. As. Cd. Pb =[50 AUFANE 7L AR
AR AF T R — 3.

23 ARRGTFEEEETEARBEXE

—4Ef Pb. Cd. Hg. As fl Cu ZHEJRICEN
AR R RS DR 26 7 FI2 8.3 Fh R IR1E N AT AR
AL B AR KU K /MR 515028 Cus Pby
Hg 1 Cu. Hg. Pb, XF AL E 180 KR KN —
#, HREMEIKH As. Cde

WEFCEE Ui, I E SR R LE AR S
I8 URE BRI Obreat ™ Ostin= Osmoker 1 A FIEL
I RS RN N Rkin™ Roreath > Rmokes X ) L 1 250
AR B ER NN Rymoke = Rireath = Rekino 3 1155 i XU X0
FRNA) L E (R E B0 KBS AB 2 58 5.02X 1077 Al
9.38X 1077, HFFEIXIRAE B0 KRG FR AR T H=1 1)
FrdE, (ERIAET/NT 1, BEex HAEBUE A A AT
2. 3 iR ER KU BN L R B0 XU
BN 13.03X107° F1 8.97X 107, mikmE T 1X107° [
PR, VLR T 5 N VAR 3538 0 13 A A N i

F 7T 2016 F~2018 F I E £ B X AT LE 1 AESUE RS 25

Table 7 Indexes of non-carcinogenic risk on soil heavy metals for adults and children in 2016—2018

Index of non-carcinogenic risk

Exp(.)sure Pb Hg Cu Total
risk
2016 2017 2018 Mean 2016 2017 2018 Mean 2016 2017 2018 Mean

6.50X 640X 538X 6.09X 121X 145X 1.60X 142X 154X 170X 1.64X 1.63X 827X

Qumoketaduly 199 100 100 107 10 10 10° 10° 10°® 10°® 10°® 10°® 1077

, 234X 230X 336X 2.67X 435X 520X 576X 510X 551X 617X 589X 586X 137X
Qinaduty 10° 10° 107 107 10° 107 100 1073 107 107 107 107 1072

o 533X 524X 441X 499X 860X 1.04X 115X 1.02X 291X 326X 3.11X 3.09%X 371X
breathiadult) 793 193 107 107 10* 10° 10° 107 1072 1072 1072 1072 1072

i 7.67X 754X 603X 7.08X 521X 624X 691X 612X 346X 3.88X 370X 3.68X 5.02X
adult 102 107 10° 107 102 102 10° 107 1072 1072 1072 1072 1072

© 508X 50X 421X 476X 947X 011X 013X 011X 102X L15X 1.09X 109X 273X
Qumoketeit 198 g8 g8 198 0% 10° 10° 10° 10°® 10°® 10°® 10°® 10°°

o 142X 140X 1.18X 133X  2.65X 3.17X 3.51X 3.11X 336X 376X 359X 357X 449X
Quinehity 102 102 10% 107 102 102 102 1072 107 107 107 107 1072

C 995X 979X 823X 932X 162X 194X 215X 190X 543X 608X 580X 577X 692X
Qoatitity. 193 193 193 03 1072 10° 107 107 1072 1072 1072 1072 1072

. 242X 238X 20X 227X 281X 336X 370X 329X 546X 6.12X 584X 581X 938X
child 102 102 10° 107 1073 102 10% 1072 1072 1072 1072 1072 1072
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Table 8 Indexes of carcinogenic risk on soil heavy metals for adults and children in 2016—2018

Index of carcinogenic risk

Exp.osure cd As Total
risk
2016 2017 2018 Mean 2016 2017 2018 Mean
3.95% 5.96 X 1.04X 678X 287X 2.52% 2.88 X 276X 3.44 X
Rsmoke(adult) 10711 10711 10710 10711 10710 10710 10710 10710 10710
2 1.42 X 2.14X 375X 244X 10.31X 9.05X 10.34 % 9.90 % 12.34 %
skin(adult 107 107 107 107 107 107 107 107 107
8.08 X 1.22% 214X 139X 5.88 X 5.16% 5.89% 5.64 X 7.03X
Rireath(adult) 10 107 107 107 107 107 107 107 107
2 1.50 X 226X 3.96X  2.57X 10.90 X 9.57X 10.93 X 1046X  13.03X
T, adult 1076 1076 1076 1076 1076 1076 1076 1076 1076
2 _ 1.03 X 1.55% 272X 177X 7.48 % 6.56% 7.50% 7.18% 8.95X
smoke(child) 107 1074 1074 1074 1074 1074 1074 107 107
2 2.88X 435X 761X 495X 2.10X 1.84 X 2.10X 2.0% 2.50X
skin(child) 1 078 1 078 1 078 1 078 1 077 1 077 1 077 1 077 1 077
5.88X 5.16X 589X  5.64X 3.66X% 321X 3.67X 3.51% 9.15X
Rireath(child) 107 107 107 107 107 107 107 107 107
R 1.04 X 1.56 X 273X 178X 7.49 X 6.57% 7.51% 7.19% 8.97X
T child 107 107 107 107 107 107 107 107 107
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Assessment of heavy metal and human health risk in
surface soils around Dongting Lake wetland, China

SHI Chen-hao' %, WANG Yun-yan', CHAI Li-yuan', LIU Jia-yu’®

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Beijing Research Institute of Uranium Geology, Beijing 100029, China;

3. Xuzhou Institute of Environmental Protection Science, Xuzhou 221006, China)

Abstract: In order to find out the pollution of heavy metals in surface soil around Dongting Lake wetland and its risk to
human health, 10 soil sampling sites around Dongting Lake area were selected in this study from 2016 to 2018. 100
surface soil samples (0—30 m) were collected. The content and distribution of heavy metals were analyzed, and the
methods of geo-accumulation index (/y), nemerow index (V;) and soil health risk assessment were used for risk
assessment. The results show that the average concentrations of Pb, Cd, Hg, As and Cu in soil samples are 53.33, 1.62,
0.27, 26.8 and 37.72 mg/kg, respectively, which are higher than the background values of soil environment in the study
area. Among them, the average concentrations of Cd and As, the concentrations of Cd in West Dongting Lake, South
Dongting Lake and East Dongting Lake and the concentrations of As in South Dongting Lake are all higher than the
criteria for screening the risk of agricultural land soil pollution in “Soil Environmental Quality Standard” (GB 15618—
2018). The maximum pollution values of Cd, Hg, As and Cu are in South Dongting Lake, while the maximum pollution
values of Pb are in East Dongting Lake. The study of geo-accumulation index (/4,) show that Cd is at the level of serious
pollution, and Pb, Hg and As are at the level of non-pollution to moderate pollution in three years. The nemerow index
(Np) study shows that, in three years, West Dongting Lake, South Dongting Lake and East Dongting Lake are at slight
pollution level. The assessment of human health risks using the three exposure factors of unintentional smoking, skin
contact and breath contact in the soil health risk assessment system shows that the average of 13 adults and 8 children per
million population are at risk of cancer. The results provide reference and suggestions for the sources and characteristics
of soil pollution in Dongting Lake wetland.

Key words: Dongting Lake; soil; heavy metal; pollution; human health risk assessment
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