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Pollution characteristics and ecological risk assessment of heavy metals in

sediments of main water systems in Hunan Province
YANG Fan', YUAN Longhu®, LI Yifu’, HE Dandan®, LIU Xuran®, WANG Dongbo® *
1 Hunan Communications Research Institute Company Limited, Changsha 410015, China
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Abstract: In order to fully understand the content of heavy metals in the sediments of the main water systems in Hunan
Province and their potential ecological risks, 75 sediment samples were collected from five major water systems and
analyzed. The correlation of the contents of various heavy metals in the sediments of the main water systems in Hunan
Province was analyzed. Based on the sampling test results, the along the river distribution of heavy metals in the sediments
of four rivers in Hunan Province was also analyzed. Through the content analysis of the Cd and Mn along the river, it was
found that the change of Mn content along the river was similar to that of Cd, and the peak value of heavy metal content had
an important relationship with the drainage enterprises, heavy pollution industrial parks and estuary siltation. The pollution
degree and potential ecological risk were evaluated by the geo-accumulation index method, Nemerow index method and
potential ecological risk index method. The results showed that the average contents of As, Cd, Cr, Cu, Mn, Pb and Zn
were 32.87, 7.59, 78.09, 70.69, 1182.60, 85.64 and 482.44 mg/kg, respectively. The pollution of Xiangjiang River and
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Dongting Lake was relatively serious, and the content of heavy metals in the sediments was significantly higher than that of
Zijiang, Yuanjiang and Lishui River. Correlation analysis showed that multiple heavy metals had the same pollution source.
The evaluation results of the geoaccumulation index showed that the pollution level of Cd wss severe, level of Zn was
moderate , level of Cu, Mn, and Pb were all mild, while the pollution levels of As and Cr were clean in the sediments of the
main water systems in Hunan Province. The Nemero index evaluation results showed that, except for the light pollution of
Cr, the other six heavy metal pollution in the sediments of the main water systems in Hunan Province were the severe levels.
The potential ecological risk assessment results showed that the overall potential ecological risk of Hunan Province belonged
to the medium level. The order of the potential ecological risk of each water system was Dongting Lake> Zijiang River >
Xiangjiang River>Lishui River>Yuanjiang River. The potential ecological risk level of Cd was very severe and the level of

other heavy metal elements were mild.

Key Words: Hunan Province; sediment; heavy metal pollution; geoaccumulation index; Nemero index; potential

ecological risk
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x1 WMERRIEHI, SEEESTR

Table 1 Pollution degree classification of the geoaccumulation index I,

1, VB EE T YRR 1., 84 VY TR
Range of I, Pollution level Pollution degree Range of ,,, Pollution level Pollution degree
1,0, <O 0 B 3<l,,, <4 4 (CEREES
0<l,., <1 1 BRRET Y 4<l,, <5 5 EREE S

1</, <2 2 Pl BE TS I.,>5 6 G Y
2<, <3 3 LRIREE

®2 NEFREFHMEBIERNSRUS

Table 2 Classification of Nemeiro Comprehensive Pollution Index

Py VI T TG YRR P I T TH YRR
Range of Py, Pollution level Pollution degree Range of Py, Pollution level Pollution degree
Pun< 0.7 1 s (H4) 2.0 SPy, < 3.0 4 rh S Y
0.7 <Pup<1 2 R (R ) Py = 3.0 5 EREES
1.0 SPyp< 20 3 BTG
. . C
B =1 () 4)
Cn.
RI =Y E (5)

K, B A B TR A SR R, TR | R E 48 T A R N R S E AR T
1B (0 R/ IR A 26 Sk 4531272 d \As .Cu . Pb . Cr Mn H1 Zn B9FEMEM N 25053510 30.10.5.5.2.1 Fl 1,
C'OAIRIRHES | M E AR SRS, ¢ S | P E AR BT S, AT R Tk AL An i U i 4 s
S REU LA RETRY T E Sl ) RIEGABTENK e 5, 4 8 K 28 E
ZEAIAE RS FEEL RI R0 53 U3 3, A0 25 AU 2R BORF8 B0k, wd B TR 9 v 11 B 4 %ot Tl LA 28 30
B AR A E R T REME R AR

®3 ESEECEESNERY E MESEERKIES RI BHH X4

Table 3 Classification of the potential ecological risk coefficient of heavy metals £’ and the comprehensive potential risk index RI

- L . s TR

R[(%EFT;I E; ﬂlFE] ﬁ:;;::*f]x ) Rlﬁ,ﬁ Ei ?EFEI jﬁ;::*IJx )
. ) Degree of potential . Degree of potential
Range of RI Range of £ . . Range of RI Range of E, . .
4 ecological risk ! ecological risk

RI<150 Ei <40 B RI>600 160<E' <320 TR5m
150 <RI<300 40<FE'<80 4 E'>320 W
300<RI<600 80<Ei<160 G

2 FERESR

2.1 WM EEKRIRRESE &8 S5

MR 4 i S S W A EEUK RV 7 AR E 4 )8 As .Cd . Cr.Cu Mn Pb 1 Zn ()-8
Hr 5 32.87.7.59.78.09 .70.69 . 1182.60 .85.64 1 482.44 mg/kg, S E X ZNBY ELB LR =H
AHELEL, 42/ Cd Al Mn BRSNS EANEAS , AR As BARE R 70.67% , Cr BR324 60% , Cu Pb il
Zn BFRRI 5N 94.67% 98.67% F1 98.67 ,

4 HMEEE EEKRIERPESBEMMEERZE, Mn 5 As Cr Pb 1£ 0.05 /K b 5 3055 IEAH & As
1 Cd Pb 7E 0.01 /K 23 252 A 56, Zn Fl Cr Cu Pb 7E 0.01 /KF b2 PP 25 B E AR G, HRAE T
RV E S B R B (£ 5),As Fl Cd Cu;Cu F1 Pb;Zn F1 Pb 7£ 0.01 /KF b 230 &5 B IEAH G, Cu Al
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Zn 7E 0.01 7KF F 2 IR TF A G . B ITNIVIR Y th Cu A1 Zn AT HE R IR P55 Yy | 428 4545 20 Xop T 4 bR T Bt
JE e H A SR (AR S, KANR B Ak T (W HETS X A i 4B 5 Y i F 2R TR, R4 TR R 48
FIRISE R B3 6) , Hodh Cu A1 Zn 7E 0.01 7K S BSR IEAR G X UL BH YRV o Cu A1 Zn W fE A R VE TS
ge o MBI R ES B ERE(F 7),Cd 5 Mn . Pb . Zn;Cr 5 Pb Zn;As 5 Pb;Mn 5 Zn;Pb 5 Zn
£ 0.01 K7 E 2 IGRIEA G, RISEKIETR D E SR WA CRE (R 8) , As Fl Zn 7£ 0.01 /K I AR
EME, TR 2 A TAVERA IR B8 ERTT 2 TR BN ROV SR Al nT BB As Al Zn A9 875
LR, AR R e 4R A O RN (FR 9) L #E 0.05 JKF I, As FiT Cd; Cd F1 Pb; Cr A1 Cu Mn 3%
SRIEAHSC , R 2 5 4 i HAT MR RS Yook IR sl ™ A2 T & & 15 4 | HAZ BURUE 6 52 ) 2 A AR 8L 43 A7
FFIE,
F4 WEEEEKRERESBALERE (Pearson HIXH)

Table 4 Correlation coefficients of heavy metals in sediments of main water systems in Hunan Province

R AL

Correlation coefficient B As i Cd i Cr i Cu i Mn i Pb B Zn
fifl As 1

i Cd 0.420** 1

¥ Cr -0.035 0.127 1

i Cu 0.173 0.308 ** 0.350 ** 1

ff Mn 0.239* 0.247 0.228" 0.027 1

A Ph 0.473 ** 0.324** 0.180 0.196 0.271" 1

8% Zn 0.182 0.329** 0.433"* 0.419 ** 0.105 0.466** 1

# FrRAE 0.05 K LB * * FIRLE 0.01 K LA B E AL

Table 5 Correlation coefficients of heavy metals in sediments of Xiangjiang River

Fx5 HWIKRBREEZBHXZRE (Pearson M)

Ziﬁ fjfn coctficiont i As % Cd % Cr i Cu ffi Mn #1Pb ¥ Zn
fill As 1
f# Cd 0.516 ** 1
# Cr -0.077 -0.061 1
i Cu 0.464** 0.245 0.377" 1
%f Mn 0.115 0.252 0.306 0.070 1
%1 Pb 0.304 0.313 0.115 0.592** -0.011 1
B Zn -0.007 -0.004 0.460 * 0.620 ** -0.172 0.562 ** 1
*6 RIKREEELEHXRH (Pearson FTE)
Table 6 Correlation coefficients of heavy metals in sediments of Zijiang River
zﬁni fffn coefficient fifi As f Cd % Cr i Cu 4fi Mn #1Pb ¥ Zn
fil As 1
f# Cd 0.454 1
i Cr -0.297 -0.076 1
Hi Cu -0.024 0.402 0.293 1
% Mn 0.369 0.176 -0.123 0.208 1
1 Pb -0.314 -0.160 0.428 0.212 0.422 1
¥ Zn 0.014 0.579 0.001 0.751** 0.422 0.343 1
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7 TMIKREEERBEHERXZRE (Pearson M)
Table 7 Correlation coefficients of heavy metals in sediments of Yuanjiang River
Zﬁfitﬂn coefficient i As fil Cd # Cr # Cu £ Mn H1 Ph §% Zn
fill As 1
f Cd 0.473 1
# Cr 0.376 0.468 1
5 Cu 0.409 0.529* 0.434 1
% Mn 0.097 0.707 ** 0.492" 0.495" 1
41 Pb 0.742** 0.639 ** 0.616** 0.603 * 0.542* 1
B Zn 0.599 * 0.780** 0.729 ** 0.597* 0.616** 0.746 ** 1
*8 BAKREKREEBIEXRE (Pearson M)
Table 8 Correlation coefficients of heavy metals in sediments of Lishui River
. i As i cd 4 Cr i Cu £ Mn 1 Ph B 7n
fil As 1
% Cd 0.702 1
& Cr 0.053 0.208 1
Hid Cu 0.227 0.096 0.227 1
% Mn 0.193 0.638" 0.046 0.233 1
1 Pb 0.156 0.478 0.482 0.413 0.660 * 1
B Zn 0.821** 0.702* 0.328 0.178 0.176 0.028 1
%9 HAEMRREEEEHEXZRI (Pearson HEH:)
Table 9 Correlation coefficients of heavy metals in sediments of Dongting Lake
Zifji coefficient il As fi Cd i Cr i Cu %fi Mn #1Pb BE Zn
fifl As 1
i Cd 0.912* 1
# Cr 0.517 0.617 1
Hid Cu 0.189 0.432 0.901 * 1
% Mn 0.356 0.441 0.902* 0.878" 1
1 Pb 0.769 0.863 " 0.555 0.364 0.215 1
¥ Zn 0.418 0.211 0.564 0.320 0.669 -0.053 1

22 WA EEOK RIRRE )R &m0 A

4 P AR AN [T BEIURR ) Hh s [ oA i 22 5, 55 10 BN I B3 5Bl e A A AR Y ¢
U ST A VU AR I ORI BT DU K ) IRV T B8 Cd R Mn FSREEEE BRI 100% , K1t
XL JA Cd Al Min A9 55 B A8 DU 255030 A B0 T A A 15 DLREAT B, 20 A7 B J ¥ e ) B8 s 4 i DL R 4

WYL A5 30 A2RBE A, A AT (FEM ) 2 A0 CGHIVTIC A ) o WVTJER P E 4R Cd & 528 k15 &
1.00—17.75 mg/kg, ¥IE & 7.30 mg/ ke, e M B ERARMER 17.75 £%, e (B HIAE A4(ABK AT, i
IRAELH BRAE AT (BFFASRK) o BRI mifEAh, Cd & HEAE AT—A10 BOFT A13—A16 Bt 3% 2 s A, 1 267 Bt
AR TV PR AE T B, HITTRYE R Mn 5 B A2 fk Y Bl 2 641.93—5890.00 mg/kg, HI{E 2 1509.36 mg/kg, Bk
i H A2(KFE TR b, HAE A CGE A Tolk e ) i 7/NEEE G S UL i Cd Fl Mn
(s YA AR v | HL AR BERUE T Tl bl DX A HE I, 08 22025 XL e v B 4 J % dk VAR 43 A I B 5
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FUTMTTIR IR H Mn 15 44 S5 IVT U A HETS il A B 5 e Tk el KA B LR

POTILBE 11 ARFEA, N BLCZE M) 2 BIL (O, WITRETESE Cd & & 09728 ki F 2
1.75—45.25 mg/kg, ¥IHE 8.54 mg/kg, e B {ESE AR AY 25.9 £, B 228K, NI 2 tha] LI B, BEVLIR e
H Cd B BT RS0 R e e (AP TR AR AR, S {2 B (4 PHTT ARG ) , 60 T 4 B 4 8 Tl el B 35
K& Tk be B 80 T 28U N Tk, 105 95 2377 A 7= il ad B vh 7= AR 19 Cd vl B S i ] B e
Cd HHSHZE M E A WIRI T E SR Mo & & 509728 16 5 Bl 2 460.25—1479.00 mg/kg, ¥ {H &
873.61 mg/kg, Mn MY EEAE BA(HOE ) I B (¥ HJR) 0 BH S 6, ¢ 10 R A 2 SR VT AR 2 i A, 1 i
15 YL I AE AR IS U8 H AR 3 B Min % I BESR T .

PEIT IR 17 ARFE S, N CLORZK) B C17 (DEVTIC A L) o JEYTJR R R E 48 Cd & A28 L 7E Fl
1.25—17.50 mg/kg, B S 4.53 mg/kg, T R RARME A 14 7%, Cd A& REAE C3(RIR) A C17 (LY A
1) HE I, VRN T UCTT AR K (32 I0AL , DLITAC A 1R YT AR 2 51 Ak | 48 55 % e 35 Y 1y 3t
H L PLITR IR E 4 S Mn & S8 1636 Bl 2 497.00—2479.75 mg/kg, YIE & 1105.03 mg/ kg, i i {2 A%
RS 5. A2 AT LA DLyl Mn & s AR ARk Cd ARL, BRI DLV i Mn AT Cd A9Y5 44 AT
REAFTE—E AR SEE . /N P e M AR R & R T R U R 48 Cd R %, 1S
J& Mn HPEERRE R A X S ARG 51— 2, RO A ML KR P E SR Cd A Mn 54,

TEKRILBE 11 ARAEAS, A DT (IZK) 2 DU (FEKICA L), KRR E 4R Cd & & A28 1k 2
1.60—13.05 mg/kg, H{EIE 4.71 mg/kg, B {E 2 mARMERY 8.16 £, W] AR HBLTE D4 (¥K) i D11 (¥8K
A, {EKRTEHE 48 Mn &5 28T F I 577.00—1911.70 mg/kg, ¥I{E & 1078.80 mg/kg, fiz =i fH
SERCRE N 3.3 5, 76 DITCIE/KICA D) H R S0, 0 S5 " Koy /K A TR Jt i B G U8 o o 4 i o5 bl
FEAMTIN e G5 R R IR AM BRI P E 4R Cd 15 YR g™ &, H 20k A F T0 HE S A AL i
HEJE Mn EZOR A T RIEA 1 H R RE R R,
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Fig.2 The distribution of heavy metals in sediments of major rivers in Hunan Province
2.3 WM IR E SR T AR
231 M REBHEEIL
) A I 4 1t R ARER RO RS R AN SR 10 FR . LIRS E BEEIEICEY 1, 6, BRE S As
N Cr V5 YRR I (1,,<0) Fh,Cd (Cu Mn Pb Zn (¥75 Je P 25 A AR ], HS A PRt BEHRIRCA - Cd>Zn>
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Cu>Mn>Pb, HH Cd Ky 5 FEIGYE, Zn N 2 FAm TGS, Cu Mn F1 Pb ¥ 1 AR BET5 YL, PRELMTI R
F XV E P FE 2016 AEET AT HIVT YR o i 4@ A0 B EUE BOR M 45 A0 e, ARBFSE 7 R 48 B 1
1 AESA T 2R WV Ve T 43 00 7 Y AR BEE— 2D i, ST LR R 06 30 v i 6 Jas i) M Y00 R 1 s
| B,

NI FEOKRE B E SIS YN, K 7 M E SR 1 RS 1, B2 G R
B g 10 iR MR A EEOKRIER P E A B NS A M BEIEEC L, N 6.92 AR A ZE A Hh R
FEEE R A FEOK RIR TR 48 0 A5 YR PR 45 5 R < 2 5 > 1T > 8 VT > 18 /K > UL T, 11 22 181
B 4B AT Y i ™, 58 PR TR 2017 AR E WS U8 b B 4 R PR A 4 SR A L, Cr AR
L AEA TR, As \CdCu Pb BP9 1, (EERA AN R BE (0 Tk e o I 2 8 4 DAy TR f) ok 7K e e 3190, 42
Y B UT B UK IR AT —IAT S YT A 2 5 IR 007 GRS A O A R T s Xl
JE T 1 A PR B4 RS eIt B B

£10 WEEKEESEERBEN(,,)

Table 10 Heavy metal geoaccumulation index of sediment in Hunan Province (/,.,)

KFZ Igvn I
Water system As Cd Cr Cu Mn Ph Zn -
b pan IS ON[] 4.07 5.89 0.56 1.97 3.10 2.42 2.83
Xiangjiang River /M -1.81 1.74 -1.94 -1.20 -0.10 -0.08 -0.13

RSl 1.03 4.18 -0.60 0.41 0.97 1.04 1.51 8.53
reun SGON[] 1.70 7.24 0.55 2.67 1.10 0.77 2.51
Zijiang River fe/ME -4.35 2.54 -1.28 -0.13 -0.58 -0.23 0.34

XA -0.64 4.11 -0.45 1.21 0.27 0.18 1.22 5.89
VLIT ISON[] 2.47 5.87 0.02 1.34 1.85 1.74 2.84
Yuanjiang River e/ME -5.43 2.06 -1.37 -0.61 -0.47 -0.30 0.20

F-HME -0.79 3.46 -0.60 0.53 0.57 0.36 1.09 4.63
7K FoRME 1.06 5.44 0.00 1.63 1.47 1.40 2.63
Lishui River /M -7.01 2.42 -1.19 0.22 -0.25 -0.84 0.21

FIE -1.15 3.66 -0.34 0.78 0.59 0.43 1.59 5.56
W 2 IS PN 2.55 7.15 0.19 1.42 1.64 1.76 2.73
Dongting Lake Fe/ME -0.55 3.32 -0.59 -0.22 0.20 0.39 0.86

FHME 1.11 4.80 -0.23 0.45 0.89 0.90 2.07 9.99
WA FoRME 4.07 7.24 0.56 2.67 3.10 2.42 2.84
Hunan Province /MHE -7.01 1.74 -1.94 -1.20 -0.58 -0.84 -0.13

1 -0.09 4.04 -0.44 0.67 0.66 0.58 1.50 6.92

Hh B FFE L Geoaccumulation index ( L) s ZEA b BAHE L Total geoaccumulation index (1,,)

232 WP L

Wre B RV H A B AR S5 TS U IR BTN 45 R ANEE 11 iR, BR Cr AR BTG Yedh Wi A S Ve vp
il 6 Fh 4 JE V5 Y B AR SR SR BB 3, S ETG Y VT DL YL I BE R e A R IS YRR S
A BT B, B Cr MR TS YL4h, Hofth 6 M E S BB N FH IS, WILKRTESE As Cd,Cu Fl Zn
M5 AR N IS Y, Cr AR ARG Y Mn FIl Pb R EEI5 Y  JEUKJRIRTTE 48 Cd .Cu . Mn Pb Fl Zn AY75 4L
RS N E G As J& T BTG YL 1 Cr J8 TR Y, WP IREOLE LR WA Rleth 7 fE 48
F 6 FiohE ISy U EE L T BEHRECEIEM AR . TN TR EOL R I T R B A A e X AR
SR AE L, AEABIEGE T HEVS 15 DL R T el X BRI SR A i ) 4 S VR B (LA 1, X S i VR S T T 4
JE R N R T, (AR 40 1 4 S P 255575 U A8 B PR 245 SR Ry T35 G G001, 3 U B 3 B R A
) o VA P 4 R 1 N K R ARIR B B AN 200, T3 5 R R
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11 HEAREESENEFTIEY

Table 11 Nemeiro Index of Heavy Metals in Sediment in Hunan Province

KZE Pp;
Water system As cd Cr Cu Mn Pb Zn
WL PN 25.21 88.75 2.22 5.89 12.83 8.02 10.65
Xiangjiang River FHE 4.36 36.50 1.05 2.33 3.29 3.30 5.24
Pry 18.09 67.85 1.73 4.48 9.37 6.13 8.39
YL R 4.88 226.25 2.20 9.53 3.22 2.56 8.54
Zijiang River I 1.56 42.71 1.16 4.06 1.90 1.73 4.10
P 3.63 162.81 1.76 7.32 2.65 2.19 6.70
PLIT. 5PN 8.33 87.50 1.53 3.80 5.40 5.02 10.77
Yuanjiang River XA 1.71 22.64 1.03 2.31 2.41 2.05 3.86
Pey 6.01 63.91 1.30 3.14 4.18 3.83 8.08
K S oN(i] 3.13 65.25 1.50 4.65 4.16 3.97 9.27
Lishui River FHE 1.18 23.55 1.21 2.69 2.35 2.19 5.38
Prig 2.37 49.05 1.36 3.80 3.38 3.20 7.58
] 2 R 8.76 212.50 1.71 4.01 4.68 5.06 9.93
Dongting Lake I 3.93 64.27 1.30 2.21 2.93 2.97 7.07
Peg 6.79 156.98 1.52 3.24 3.91 4.15 8.62
RS BORMH 25.21 226.25 2.22 9.53 12.83 8.02 10.77
Hunan Province M 2.55 37.93 1.15 2.72 2.58 2.45 5.13
Pus 17.92 162.22 1.77 7.01 9.25 5.93 8.44

BATHS Y8 EL Pollution index ( P; ) ; Z85T5 Y46 4L Comprehensive pollution index ( Py )
2.4 IRV E G R B TEAE SR PN
W R A IE Y b 4 SR VTR A A XU R AL B, AR S KBS AR 8L RE AR 12 IR . IR 44 IS e rh 4% 1 4 Ji T
ERNBTEA SRS R B E KNI R Cd(227.61) >As(21.91) >Cu(7.07) >Pb(6.12) >Zn(5.13) >Mn(2.58) >

F12 WEARRETESBEEESKNERY £ MESREIEE RI

Table 12 Potential ecological risk coefficient £’ and ecological risk index RI of heavy metals in sediments of Hunan Province

KFZ E, RI
Water system As Cd Cr Cu Mn Pb 7Zn
T S oN(] 216.83 532.50 3.35 15.33 12.83 20.04 10.65
Xiangjiang River F/IMA 0.00 30.00 0.59 1.70 1.40 3.54 1.37

S 37.48 218.97 1.58 6.05 3.29 8.25 5.24 280.86
igan IS oN(] 42.00 1357.50 3.32 24.77 3.22 6.41 8.54
Zijiang River /IME 0.63 52.50 0.93 3.58 1.00 3.20 1.89

- R (E 13.44 256.28 1.75 10.56 1.90 4.33 4.10 292.37
VLT S ENIE] 71.66 525.00 2.31 9.88 5.40 12.55 10.77
Yuanjiang River /M 0.30 37.50 0.88 2.55 1.08 3.04 1.72

- HE 14.73 135.83 1.56 6.01 2.41 5.11 3.86 169.51
TEIK wKMH 26.95 391.50 2.26 12.10 4.16 9.92 9.27
Lishui River /M 0.00 48.00 0.99 4.54 1.26 2.10 1.74

FIE 10.14 141.33 1.82 6.99 2.35 5.46 5.38 173.48
i 2 ISON[] 75.33 1275.00 2.58 10.42 4.68 12.66 9.93
Dongting Lake iR/ ME 8.83 90.00 1.51 3.36 1.73 4.93 2.72

SN} 33.77 385.64 1.96 5.74 2.93 7.43 7.07 444.54
WA S oN(] 216.83 1357.50 3.35 24.77 12.83 20.04 10.77
Hunan Province e/ ME 0.00 30.00 0.59 1.70 1.00 2.10 1.37

X 21.91 227.61 1.74 7.07 2.58 6.12 5.13 272.15

WA A5 XU 228 Potential ecological risk coefficient ( E ) ; ¥ 7EAE 25 KU H6 %X Potential ecological risk index (RI)
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Cr(1.74) o Hr BRT Cd M 2e B RE Z00 hAR 58, oM B 48 e AR TR, nTUES,Cd Y E!
Bt A s FHAESE TR £ A, X 45 R 5 E L8 15 R M &S LA, —rfi&t F Cd
() AR 5, ) — 7 T T A S KB PR % IR T AR B RN, 1 Cd il T AR U v i g
M7 DL I Cd AR B s () A4 06, 30 Cd I aE MmN RECE LR E &R e R kY., Cd Wik £ E
HELTEGETE BO(ZEZM) |, U B — DX S A7 7 6 W e 10 T 4 J 2 R XU, (ELAS JE G . AT e AR S XU 4 4
RI KE A £ 2K R W TEA A RS K/ IMIUT Ay < T B2 18 (444.54) >%EIT.(292.37) >#HHIT.(280.86) >¥E K
(173.48) >ULIT.(169.51) , Hor il i 18 J8 5 v 76 2 25 KU 9001, B 0, WYL Pa K M pe VT s o Sk e 2
ARG, Chai 257 2016 4 XTI U 5 4 I8 A T A A S KR AT PR IS & B, Cd 10 78 1 AR 25 XU
i, As Cr,Cu Mn Zn FI Pb TS 7E A S KU ARG, X — 45 3 SARMF O VLR Ve i E AR Bl A 5%
T KRR ANG A (O S B R R Cd ™ B AR AR S KU 0 R A

IR SRS AE S XS HE 2L RIS 27215, )8 T S5 AR B B 0, 4% 554 J@ Jo R AAs K & X
IR BT AE AR RS R 2L R A STARFE AN IR 3 B . ARBH 4@ Cd XT i) e 4 S A v 70 A 28 XU 96 2
RI WE TR K, T 4R i B2 A AR S XU IR . I K R DTl TR %5 RIEL Y 57wk de hy
FEE WYL VLR, DLV RIS K STlkA /N

< 1275% [
83.63% L™ =| gg
- ] BEIT
21.49% T Wk
)0

3 RESEAZMEEKREMNNEE DEBEESKEIEY RI BRETKE

Fig.3 The contribution of each heavy metal element and main watershed to the overall potential ecological risk index RI of Hunan Province

ARSCHE T R 4 I BT U B IR JE T8 A 2 2K AR e b B < ¥ e BUAR 8 £ i, 3 25 b B R A
i M R T YR S AR SIS E AT A . SRR TR Cd A Min FERE A SRAE KRG &5 5 AR
T W R SRR VU E R TR S, T9 YA T 2R B B ARG ok e A T E AT,
L2 BB AL 23 AT REAE 5 L SRR BOTN 4521 W 9T A 2K RRYE T Cd N5 YK, Zn 5P EETS
B¢, Cu Mn H Pb BIRRETS YL 10 As 1 Cr I5 QL REREATENT ; WA 8 BOL PP 45 R R W BR Cr MBS
b, WA EEK R HAD 6 Bl 5 Jm 15 Y 2 o H TG Y O] WA AR S KR PO 45 R s, )R A e AT
TELEZS SIS T 259, B m Cd v e 2R 25 XU 200 D AR 3, A 3 4 Jm ou XA TR g, it
Hb A5 b SRS RO AN A 2 5 B0 ) B R TS YRR PR AF AR R 22 57 TR R SRS Th L 45 5
Z PN TR B LR P45 IE
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ikl HEEAEFEXREETEEEEE/ (mg/ke)
Attached Table 1 Heavy metal content in sediments of main water systems in Hunan Province
K% R : :
Water system bam[-ﬂmg As Cd Cr Cu Mn Pb Zn
point

WA Al 32.60 6.93 50.76 28.87 641.93 125.03 277.65

Xiangjiang River A2 18.45 7.75 109.75 50.25 5890.00 112.00 315.50
A3 5.53 2.25 50.75 35.61 1913.75 78.00 152.25
A4 65.00 17.75 100.50 70.50 1138.00 130.75 671.00
A5 12.00 3.68 47.75 17.00 1457.13 49.50 164.75
A6 0.00 1.25 61.25 28.00 1193.50 70.50 92.14
A7 58.90 11.13 49.21 84.52 1515.75 143.11 556.20
A8 60.65 14.50 55.75 77.00 2062.50 93.25 296.25
A9 104.30 9.25 106.77 68.29 1881.50 108.25 356.50
A10 325.25 11.50 50.50 121.75 1459.50 164.25 429.25
All 12.10 1.00 56.50 24.00 1168.50 84.75 139.50
Al2 36.50 3.50 57.25 32.00 873.75 97.25 218.75
Al13 167.90 10.50 61.00 79.45 2552.50 110.75 303.50
Al4 88.75 15.00 69.75 52.00 1931.25 111.75 390.25
Al5 47.55 8.25 26.56 34.07 815.75 73.25 224.00
Al6 83.25 12.25 54.75 47.75 1764.00 119.25 319.00
A17 34.75 4.75 59.00 26.25 1126.00 76.00 219.25
A18 24.20 2.40 85.87 89.63 1381.85 86.10 851.79
A19 74.45 17.50 56.75 98.76 1701.00 214.50 779.75
A20 26.50 5.25 66.00 21.50 1058.00 69.75 211.00
A21 30.17 1.00 80.53 45.67 1212.40 130.52 826.51
A22 43.54 3.80 93.33 153.26 1030.50 145.00 907.43
A23 31.54 1.61 150.86 106.34 1463.55 118.05 817.66
A24 25.36 3.89 63.02 80.89 669.45 280.55 1000.65
A25 20.11 4.00 55.75 35.78 998.80 79.25 770.35
A26 77.51 6.56 98.55 87.56 1717.82 157.45 992.29
A27 28.54 4.55 70.38 95.82 967.70 125.90 895.24
A28 17.00 3.50 71.00 29.50 782.75 88.75 213.25
A29 98.25 16.00 86.00 60.50 1993.00 148.50 452.25
A30 35.88 7.67 87.62 32.03 918.79 72.90 900.51
SR 56.22 7.30 71.12 60.49 1509.36 115.50 492.71

L Bl 7.75 5.85 98.75 180.50 877.00 71.25 399.10

Zijiang River B2 5.05 10.97 89.75 247.70 825.35 59.25 803.15
B3 0.95 2.75 74.00 73.15 520.25 66.75 217.75
B4 63.00 4.75 60.00 106.00 1253.25 56.00 239.50
B5 12.75 1.90 149.50 85.50 634.50 66.50 198.50
B6 6.00 3.75 51.75 48.60 935.65 46.70 239.50
B7 23.50 8.00 78.25 73.10 909.50 47.50 197.00
B8 15.75 1.75 73.00 35.75 747.25 64.25 178.00
B9 47.75 45.25 72.25 152.50 967.75 54.50 720.25
B10 26.00 3.25 42.00 53.50 460.25 44.75 317.00
B11 13.25 5.75 76.75 105.75 1479.00 89.75 731.25
T 1E 20.16 8.54 78.73 105.64 873.61 60.65 385.55

LI Cl 28.21 2.50 103.74 76.45 826.35 71.40 790.81

Yuanjiang River Cc2 5.20 1.75 90.75 32.60 1140.30 71.75 325.00
C3 8.50 17.50 91.05 89.60 2479.75 89.50 879.85
C4 2.50 1.25 45.50 37.75 1115.75 42.50 260.75
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1946 A R 2%
KZ * #5
Water system Samf'ﬂmg As Cd Cr Cu Mn Pb Zn
point
cs 27.50 4.75 70.75 25.50 671.75 49.50 226.00
C6 31.75 5.00 58.25 60.00 566.50 52.00 207.50
c7 0.45 2.25 85.25 55.65 1455.40 91.28 219.50
c8 4.10 1.85 39.55 44.25 925.55 47.90 163.30
c9 17.25 2.00 51.50 43.00 497.00 46.00 177.75
C10 36.00 6.50 83.00 58.50 1102.25 82.00 432.75
Cl1 1.20 5.50 66.68 66.05 885.14 68.50 268.00
c12 26.30 2.50 47.50 45.75 750.75 59.50 161.50
C13 6.00 1.90 50.75 83.50 996.75 59.75 196.75
Cl4 10.25 1.50 61.75 62.25 1147.25 76.25 209.00
C15 33.70 4.25 71.25 47.25 1414.25 66.25 391.25
c16 29.25 2.50 81.50 94.00 1241.25 67.50 249.50
c17 107.49 13.47 94.38 98.79 1569.54 175.75 1012.02
RSl 22.10 4.53 70.19 60.05 1105.03 71.61 363.01
K D1 25.50 3.00 76.75 60.50 577.00 70.00 366.00
Lishui River D2 24.38 4.04 81.95 68.56 942.80 71.25 720.84
D3 3.45 3.71 74.75 61.50 1067.75 94.05 178.65
D4 23.97 9.54 94.01 45.37 1006.48 57.20 871.81
D5 0.00 5.25 82.00 56.00 1168.75 83.75 373.50
D6 0.15 2.00 95.50 67.55 1061.25 90.25 218.00
D7 17.49 2.98 84.31 45.37 915.15 40.10 730.86
D8 5.30 1.60 44.60 58.35 1148.40 29.40 163.10
D9 1.60 1.75 101.75 95.35 1182.25 103.25 296.30
D10 25.02 4.90 83.42 120.98 885.32 63.40 793.26
D11 40.42 13.05 84.19 89.10 1911.70 138.82 855.20
FHIE 15.21 4.71 82.11 69.88 1078.80 76.50 506.14
] J2£ 3] El 113.00 42.50 104.00 69.75 1559.50 177.25 684.00
Dongting Lake E2 31.50 3.00 77.50 40.00 792.75 119.75 322.50
E3 48.40 8.40 85.97 48.98 1233.72 84.95 933.66
E4 40.44 13.25 116.17 104.21 2148.30 103.66 890.35
E5 57.31 5.98 78.36 33.58 1341.12 68.96 903.08
E6 13.25 4.00 67.75 48.00 1001.75 69.25 255.25
FHE 50.65 12.85 88.29 57.42 1346.19 103.97 664.81
R SEAAAE 32.87 7.59 78.09 70.69 1182.60 85.64 482.44

Hunan province
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