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Fig.1 Sediment monitoring transects
in the Hengyang section of the
Xiangjiang River basin
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KR EEI R ——ML TR E SR TRE &=
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132 BEASKEFR S E RAZSHEHE GLON
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4537 (Hakanson, 19800 PEA LI 485165 FH B & it
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FIRH CONTCR i G AR CoNILER (I SE &
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Tab.1 Background values of heavy metals
in sediments of the Xiangjiang River basin

JL&= Pb Cd As Hg Cu Zn Cr V  Mn
i 225 050 212 0.043 167 73.0 352 46.1 371.0

F2 MRPIEH D RirAE
Tab.2 Classification standards of pollution status

by geoaccumulation index

g H AR, T5YTRE
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Tab.3 Classification standards of potential ecologi-
cal hazard of heavy metal pollution in sediment
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X ER, KR TMESESH SN E — e EE NG
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Tab.4 Heavy metal content of sediments from the Hengyang section of the Xiangjiang River basin

(2015 to 2019)
N p——— PIRAL Y/ D
Pb Cd As Hg Cu Zn Mn \% Cr
/M /mg-kg! 101.8 143 671.8 0.159 163.0 316.3 1835.0 60.0 51.2
. B K AE/mg-kg! 200.0 10.20 1570.5 0374 616.8 1326.8 4760.0 68.6 106.2
FrpK SAEH)E/mg-kg! 158.3 7.28 10822 0.237 298.6 639.6 3046.3 62.9 66.6
R T A/ A 6.0 13.6 50.0 4.5 16.9 7.8 72 0.4 0.9
/M /mg-kg! 413 0.66 232 0.192 372 162.4 632.0 70.2 51.6
n KA /mg-kg! 141.9 591 44.9 0.594 725 305.0 1817.0 110.9 68.7
K SHEIE /mg-ke! 76.2 2.95 33.5 0.299 475 215.9 1050.7 84.7 61.9
T S/ A 2.4 49 0.6 6.0 1.8 2.0 1.8 0.8 0.8
/M /mg-kg! 116.5 2.16 76.7 0.144 426 2733 1136.8 65.2 44.4
e K AE/mg-kg! 169.8 10.10 152.5 0.327 87.3 417.3 2275.0 87.6 77.3
ok S E/mg-kg! 138.8 6.62 111.7 0.219 60.9 347.1 1541.2 74.0 56.3
BT A/ A 52 12.2 43 4.1 2.6 38 32 0.6 0.6
/M /mg kg 31.2 1.14 21.1 0.049 19.7 82.0 644.5 455 43.2
- KAt /mg ke 63.8 9.03 37.9 0.158 46.0 260.5 1540.0 92.6 90.6
oK 5HEY)H/mg kg 47.7 4.77 31.5 0.115 35.8 155.9 1032.0 66.2 58.9
T S AE/ A 1.1 8.5 0.5 1.7 1.1 1.1 1.8 0.4 0.7
I/ ME /mg-kg! 72.5 2.09 50.2 0.141 372 170.7 1026.7 52.3 40.7
¢ K8 /mg-kg'! 319.8 9.37 174.5 0.242 88.5 468.7 2655.0 81.7 57.7
WL A
S E/mg-kg! 157.7 5.41 86.7 0.193 51.4 264.1 1522.1 67.1 47.8
T A/ A 6.0 9.8 3.1 35 2.1 2.6 3.1 0.5 0.4
VLIRS 548 /mg kg 22.5 0.50 21.2 0.043 16.7 73.0 371.0 46.1 352

HF 5 A LUE H, SR DU V. Cris Gz
(Z AT RETTTRBF GG, HR TR E SR
DU AN FIFEE 75 G, S I A7 7E Cdi5 4. A5
TEIERE , BRI 58 DL As(RI5RI5 %%, 6
)\ CuCikig g%, 4 ) CAGGRIG Y, 4 FOT5 Yo F ,
R Zn\Mn P51 R R BI58Y5 Y, 3 20075 4 s ZA7KIT
TR LLIR (P R 3505 G, 3 )75 YN 3, Hjoh Cd.
PN B VS G, 2 015 B4 s KK PIARPI LA CA Gt
e, A OT5 N HCh Po (R B BS54, 3 4075
e PRAKTTRN A CACH FE R85 9%, 3 ZOT5 % 3 i
VLT3t A Cd Po (51 9 FE B a5 B, 3 GO 15 e
B L, ER K ITRRY) B R TS Yo, H
VNI T T » 2K RN K TS G e d .

MR A B UUAR ) B 4 i Hb SR AR R Ok
B R K IR 7 Fh 48 (B V R Cr4h )i 4
£ 2015-2017 4F 2 k42 B #, 2018-2019 4 2 ETHE
F(Hg bR s RAK I FRUTFY i o E 8RS
JLLE 2015-2017 4F R Ig B H, 2018-2019 K 348
s ZEAK KRR DU ) B 4 R V5 G A 0 iR, B2
B 5, A R B . BRZE KN, TR K R
K IKIK GIYL T30 4 260 K 2 80 5 45 )@ e AR TE
2017-2019 = [ R A FRHIC T 2015-2016 4, 7] WL
HE & JR/T5 P AR FFIC.
23 BEESRBEIEY

K VTR A & fa FE R HUL TP 2015-2019 43
VLA 3 O B 25 0T R U A R 1Y 4 R s iR v
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Tab.5 Geoaccumulation index for each heavy metal in river sediments from the Hengyang section
of Xiangjiang River basin (2015 to 2019)

5 mi R PR,

b Fhy
Pb Cd As Hg Cu Zn Mn A% Cr
2015 2.50 3.63 5.63 2.01 4.62 3.60 3.10 -0.01 0.30
2016 2.42 3.37 5.36 1.50 3.63 2.39 2.62 -0.20 -0.05
N 2017 1.80 0.93 4.40 1.30 2.70 1.60 1.72 -0.13 1.01
2018 1.59 3.37 4.43 2.53 2.73 1.53 2.05 -0.18 0.05
2019 2.57 3.77 5.20 1.70 3.24 2.56 2.39 -0.16 0.07
BN 223 3.28 5.09 1.88 3.58 2.55 2.45 -0.14 0.33
2015 1.58 1.05 -0.45 1.72 0.95 1.48 1.05 0.38 0.31
2016 0.39 2.30 -0.25 1.57 0.67 0.66 1.71 0.68 0.38
ok 2017 0.64 -0.18 0.24 2.09 0.57 0.61 0.71 0.17 0.06
2018 0.29 1.96 0.50 1.78 0.66 0.57 0.18 0.02 -0.03
2019 2.07 2.98 0.14 3.20 1.53 1.31 0.42 0.11 0.38
¥IfE 1.18 1.97 0.07 221 0.92 0.98 0.92 0.29 0.23
2015 2.09 3.13 226 2.34 1.80 1.93 2.03 -0.09 -0.25
2016 2.33 3.75 2.05 1.71 1.19 1.93 1.43 0.34 0.55
2017 1.87 1.53 1.30 1.54 0.79 1.52 1.03 0.05 0.02
K 2018 1.79 3.13 1.91 1.80 1.57 1.32 121 0.04 -0.10
2019 2.06 3.37 127 1.15 0.76 1.52 1.44 0.11 0.11
¥l 2.04 3.14 1.81 1.76 1.28 1.66 1.47 0.10 0.09
2015 0.92 3.57 -0.04 0.71 0.88 1.25 1.47 -0.05 0.10
2016 0.81 3.59 0.25 1.29 0.85 0.73 1.26 0.42 0.78
" 2017 0.28 0.60 -0.05 0.84 0.29 0.10 0.47 -0.30 -0.18
oK 2018 0.35 221 0.21 1.18 0.58 0.33 0.64 0.01 0.12
2019 -0.11 0.83 -0.59 -0.39 -0.35 -0.42 0.21 -0.60 -0.29
¥ifE 0.50 2.67 -0.01 0.83 0.52 0.51 0.89 -0.06 0.16
2015 2.69 3.64 2.46 1.91 1.82 2.10 2.25 -0.01 -0.13
2016 3.24 3.07 0.66 1.35 0.91 1.08 1.45 0.24 0.13
N 2017 1.10 1.48 0.70 1.51 0.60 0.77 1.00 -0.001 -0.12
2018 1.31 3.09 1.44 1.87 0.89 1.26 121 -0.11 -0.27
2019 1.49 1.95 1.15 1.13 0.57 0.64 0.88 -0.40 -0.38
B 222 2.85 1.45 1.58 1.04 1.27 1.45 -0.04 -0.14

(R6). M6 W, &5 T IIY H , Zn,
Mn. V. Cr B AEAE TS fa F AR EIY @ /N T 40, ¥ N
WAESEE  BREREIKIL , HAR 4 S0 % 4 B2 Cu 1)
BEASBEERBE N T 40RBMAESEE) PO
T E AR 2 e 3 48 BBk 5 B2 7K 20152016 4F A1 2019
S VYL 2015-2016 4F4h, /8 T 40 CR A S
faE), As BB mAh , LR AR S e v E,
FHWEIK I As B2 -1 A Cd A Hg 5230 H AR 98 o 3
MAESEE.

M SFINERTE , B RKUTRRY) H E 4 & As.Cd.

Hg.Cu 2 I H 5 B4R 58 A i 2B 25 f B RE B, 750K 1
Hg F1 Cd 2 AR B AR 25 16 AR AL, ATV T
Cd.Hg.As 2 H PS5 EUR 38 AR AR S fE HAR A, UK
K CAd MR AR fE ERL ST, He PSS faH e
o B0 A E 4R S TR A S EFR BN = B
N B AR>S RAKSURTL > 28K >TUK0K , BB Kz
T H AR AR, B R K SRRV VIR 5
B ERRRE KRR ACNRAE S G EREE .

M TAT F2 B S Y 4 R KR R R AR A fE
TRBUKRE , HRIKITRY) ) As.Cd HgCu g 7E/E
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WL AR A S fa EFR T 20152017 4E £ 1 ecological hazard index of heavy metals
a3, 2018 42 F1 2019 4R B AR 4k 5 257K 2015-2018 in sediments of Hengyang section
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Tab.6 Potential ecological hazard index of heavy metals in sediments of Hengyang section of
Xiangjiang River basin (2015 to 2019)

PN IR AR S A IR EUE)

R Fhr 0 cd ~ He Cu erl Vi v o MIBTEAESEERAR)
2015 42.4 556.5 740.8 242.1 184.7 18.2 12.8 3.0 3.7 1804
2016 40.2 465.0 617.9 170.2 92.9 7.9 9.2 2.6 2.9 1409

—_— 2017 26.2 85.7 316.9 147.4 48.8 4.6 49 2.7 6.0 643
2018 22.6 464.0 323.6 347.7 49.7 43 6.2 2.6 3.1 1224
2019 44.4 612.5 553.2 194.7 70.9 8.9 7.9 2.7 32 1498
¥ME 352 436.7 510.5 220.4 89.4 8.8 8.2 2.7 3.8 1316
2015 22.4 93.0 10.9 197.2 14.5 42 3.1 3.9 3.7 353
2016 9.8 222.0 12.6 178.1 11.9 2.4 49 438 3.9 450

ok 2017 11.7 39.6 17.7 256.2 11.1 23 25 3.4 3.1 348
2018 9.2 174.6 21.2 206.7 11.9 22 1.7 3.0 2.9 433
2019 31.5 354.6 16.5 552.7 21.7 3.7 2.0 32 3.9 990
YMH 16.9 176.8 15.8 278.2 14.2 3.0 2.8 3.7 35 515
2015 31.9 394.5 71.9 304.0 26.1 5.7 6.1 2.8 25 846
2016 37.7 604.5 62.1 195.8 17.1 5.7 4.0 3.8 44 935

" 2017 27.4 129.8 37.0 174.9 13.0 43 3.1 3.1 3.0 395

x 2018 25.9 392.9 56.2 208.4 222 3.7 3.5 3.1 2.8 719
2019 31.3 464.7 36.2 133.5 12.7 43 4.1 32 32 693
¥MH 30.8 397.3 52.7 203.3 18.2 48 4.2 32 32 718
2015 14.2 534.0 14.6 98.4 13.8 3.6 42 29 32 689
2016 13.2 541.5 17.9 1472 13.5 25 3.6 4.0 5.1 749

2017 9.1 68.4 14.5 107.4 9.2 1.6 2.1 2.4 2.7 217

K 2018 9.6 207.8 17.3 135.6 11.2 1.9 23 3.0 33 392
2019 6.9 80.1 10.0 45.8 5.9 1.1 1.7 2.0 25 156
¥ 10.6 286.4 14.8 106.9 10.7 2.1 2.8 2.9 33 441
2015 48.4 562.0 82.3 225.4 26.5 6.4 7.2 3.0 2.7 964
2016 71.1 379.0 23.7 152.7 14.1 32 4.1 35 33 655

WYL 2017 16.1 125.3 24.4 170.7 11.3 2.6 3.0 3.0 2.8 359

Fii 2018 18.6 383.7 40.7 2189 13.9 3.6 35 2.8 25 688
2019 21.0 174.0 333 1313 11.1 23 2.8 23 23 380

¥ 35.0 324.8 40.9 179.8 15.4 3.6 4.1 2.9 2.7 609
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Hg & &% i =5 T A6 J7 19 38 7] I8 380 C 5 78 Fl g 3
2013) FIEE W K &R GERE S, 2008) , JLH Cd As & &
B R = o AR5 EE Y 28 K AT B BRI DK K fE B B T
U E 485 Gk 5 KT K &R (ERE,2012) &
T B0 CGEAE S, 2019) Lhic H2i . P EL 1 3 26Tk
DURRY) B & Ja V5 Yo AR B v T KT K &R AT W
Cd.AsPb.Zn.Cu & &2 KITIK R SR BEW] 7 & 1
2~4 4%, B KA RH B TR As R KITK R & &
) 42.6 1 .

FReAK 1 BH B TR P B 4 J 5 G /K1 5 AT 7L
CEE 4 245, 2019 AR — 5, Pb.Cd. Cr & AR — A1,
As Hg.Cu.Zn & & — . WIVLABH B TR B 4
J& 5 Y K P 5 I ) 5 0 1 A E A O o 4
2019) e A — F, B HL 4 1 H AR 5T O SCTE 55
2009; % 4L S5, 2012) F BT N B . IR VL1 FH BTN
IR 2 56 4 J@ (P [ 41 ) 15 Yo B L R Ui FOsI T
PRI B (B 7255, 2018) 42 .

x7 WIRBERREARMANESRESHSEMREK R

Tab.7 Comparison of heavy metal pollution of sediments in the Hengyang section of

Xiangjiang River basin with other water bodies

H )R & i /mg kg

K & ZH LR
Pb Cd As Hg Cu Zn Mn \% Cr
STRTIN T8 39.9 0.16 5.6 0.140 16.6 139.7 48.9 FE M, 2013
K &R 21.4 0.31 12.9 0.200 21.8 75.7 51.3 RIS, 2008
KRR 60.0 2.46 25.4 0.160 82.0 174.0 89.5 F 45,2012
] JEE i) 48.1 3.43 23.2 0.210 37.7 86.0 HAREE,2019
W% 98.0 7.50 522 0.242 36.0 187.0 133.0 RRUERES 2019
FK 168.0 9.30 80.6 0.160 44.0 322.0 88.0 REAE RS, 2019
RV B 6.44 126.5 1529 6189 71.7 JE ST 2009
TV RH B 212.6 89.7 79.5 4722 74.1 ZRIEEE,2012
VT AR B 92.7 10.50 105.0 0.450 62.6 5172 1606.4 100.5 Bl 5245,2018
ZRIKHET I B 76.2 2.95 335 0.299 47.5 215.9 1050.7  84.7 61.9 AL
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Pollution Characteristics and Risk Assessment of Heavy Metals
in Sediments from the Hengyang Section of the Xiangjiang River Basin

QIU Guo-liang, CHEN Hong-lin

(Hunan Hengyang Ecological Environment Monitoring Center, Hengyang 421001,P.R.China)

Abstract: Xiangjiang River is among the rivers most heavily polluted with heavy metals in China. In this
study, we characterized heavy metal pollution and the ecological risk of sediments from the Hengyang sec-
tion of the Xiangjiang River basin, including the mainstem and four important tributaries (Chongling River,
Leishui River, Zhengshui River and Mishui River). The aim was to evaluate the effectiveness of treating
heavy metal pollution in the study area and provide data to support continuing pollution control and treat-
ment. The study was based on the monitoring results of nine heavy metal elements (Cd, As, Hg, Pb, Cu, Zn,
Mn, V, Cr) in the sediments of 11 sampling transects in the study area from 2015 to 2019. Pollutant charac-
teristics and ecological risk of the nine heavy metals were analyzed using the geoaccumulation index method
and potential ecological risk index. Results show that Cd pollution was common and heavy in the main-
stream and all four tributaries. As, Hg, Pb, Cu, Zn, Mn pollution has occurred at some sites to varying
extents, and V and Cr pollution was absent or light to moderate. The potential ecological risk index shows
that As, Cu in Chongling River and Cd, Hg in all the rivers presented high to extremely high ecological risk.
The total potential ecological hazard index of the nine heavy metals in the study area was in the order,
Chongling River (1 316) > Leishui River (718) > Xiangjiang River mainstream (609) > Zhengshui River
(515) > Mishui River (441). The ecological hazard of Chongling River, Leishui River and the main stem
of Hengyang section was very high, and high in the Zhengshui and Mishui Rivers. To summarize, the geoac-
cumulation index and potential ecological hazard index both indicate that heavy metal pollution was most
serious in Chongling River, followed by Leishui River and the Xiangjiang mainstream, and pollution in
Zhengshui River and Mishui River was relatively light. Furthermore, heavy metal pollution in Chongling
River, Leishui River, Mishui River and the mainstream of Xiangjiang River was lower in 2017—2019 than in
2015-2016.

Key words: Hengyang section of Xiangjiang River basin; sediment; heavy metal; geoaccumulation in-

dex; potential ecological risk index



