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Characteristics of Heavy Metal Pollution in Daninghe River and Modaoxi River

of Three Gorges Reservoir Areas

AN Li-hui', ZHANG Yan-giang’, ZHENG Bing-hui', LIU Yue’, SONG Shuang-shuang', LI Zi-cheng',
CHEN Hao', ZHAO Xing-ru', LIN Jin’

(1. State Environmental Protection Key Laboratory of Estuarine and Coastal Research, State Key Laboratory of Environmental Criteria
and Risk Assessment, Chinese Research Academy of Environment Sciences, Beijing 100012, China; 2. College of Chemistry &
Material Science, Hebei Normal University, Shijiazhuang 050012, China)

Abstract: In order to explore the potential ecological risk of heavy metals in Three Gorges Reservoir areas, the present study analyzed
the heavy metals in sediments and wild crucain carp from Daning River and Modaoxi River which are two typical tributaries, and then
the potential risk was evaluated using potential ecological risk index for sediments and comprehensive pollution index for fish,
respectively. The results showed that concentrations of Zn and Cr were higher ( Daning River: 78.31 and 83.98 mg-kg™'; Modaoxi
River: 99.03 and 94. 20 mg-kg™'), while Cd was the lowest ( Daning River: 0.62 mg-kg™'; Modaoxi River: 0.75 mg-kg™').
Moreover, an obvious increasing trend of these elements was observed in these tributaries from upstream to downstream. For the wild
crucain carp, the lowest concentrations of these elements were detected in muscles, and the highest concentrations were in the
intestinal. However, no obvious increasing trend of these elements was observed from upstream to downstream. The potential ecological
risk in sediments showed a high risk, while no risk was observed in fish.

Key words; Three Gorges Reservoir; heavy metals; crucain carp ( Carassiuscarassius) ; sediments; potential ecological risk index;

comprehensive pollution index
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Fig. 1 Sampling sites for collecting sediments and crucian carp from

Daning River and Modaoxi River in Three Gorges Reservoir areas
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Table 1 ~ Parameters of the wild crucian carp from Daning

River and Modaoxi River

i K/ em /g n
D1 19.08 + 1. 88 102.78 +32. 04 18
D2 20.75 +4.33 163.80 £94.72 15
D3 10. 76 +0. 85 15.27 £5.02 23
M1 25.50 +3.40 271.01 £76.32 24
M2 13.50 +3. 50 45.24 £23.24 12
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it P e 1000 5 FH B8 - 3 ff
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A VL B AP S ROk 2% 0T, WS L 3 80 H i A%
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=1:2: 3MTR A R, % M 3W00% I /% (120°C , 3 min;
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FEZRE 100 mL, 0.

1.3 ST
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Th. Lu I Bi 1 ~7EZ N5 ( Agilent Part Number:
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Ci=c/e, E =T xC;, Rl = >E
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8, ¢, HUTRYIE S5, £, PR E 48 18
HAENGCERE, T RESRYEMNRE R EZ
P4 B AR S fEEIR L Hdh , BB TR
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=2, Zn = 1. RHKITAKZM IR ( <63 pum)
B BIC RS S BENARE M RE . SR
FIARBFFE 437 1Y H bR 4 )8 Fi 2% 5 Hakinson 2
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Table 2 Standards for the potential ecological risk

of heavy metal pollutions
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K, o ARy ¢ JEE SRR R, B SCE
(mgekg'); ¢ Wi RELEEALATFKRE &
(mg-kg™"). Hf As, Cd. Cr. Cu 1 Pb HIPEAN BR
W R SCHR (17 ] (20918 0.5, 0.1, 2.0, 50 F10.5
mg-kg_l )ﬂ“%:, Zn /(50 mg-kg_I )ﬁ‘%: AT 7K
FE R A Ni BIARIE, R Ni RS 574, 1R
PEARSCHF 5T S | (0 R T 4 V5 Y 1 A I K1 4
TG REE BB <0. 2 UM IEHR 15 5K F,0.2 ~

<0.6 NEIGYIKF,0.6 ~ <1.0 I5YKF, =1.0
UUETSSEREE Y S

2 HR5ITR

2.1 VIR S 4 Jm K

AW VIR RAE <5 pm[d(0.1) ] By &
10% , < 60 pm[d (0.5)] i & 50% , < 300 pm
[d(0.9) ] 90% . A BT Y Jit & 73 4R 0. 53%
~1.42% ,pH {H}77.98 ~8. 63, LLFRHFLH 0. 56 ~
0.67 m*-g~", PHE T 28t #5 011. 20 ~ 16 733. 11
cmol -kg ™' L 3.

x3 RRMEXREBLRS

Table 3 Basic physical and chemical composition of sediments from Daning River and Modaoxi River

Sifir oH EERiING Hﬁ'\%ﬁiﬂ lzﬁ%‘?ﬁﬁ%ﬁ AR 58 %
/% /m?-g”! /cmol +kg ™! d(0.1) d(0.5) d(0.9)
D1 7.98 0.98 0.56 7 499. 35 4.57 54.09 151. 11
D2 8.03 1.42 0. 67 15 879. 04 3.94 41.23 172.87
D3 8.63 0.53 0. 65 16 733. 11 3.93 54.62 277.15
M1 8.04 1.21 0.58 8143.79 4.88 37.63 131.23
M2 8.08 0. 84 0.62 5011.20 3.86 59.13 249.35

KT A TIE DU Y 4 i 7 K W
Fe 4. WAL, Zn W25 B i (135,25 ~39. 20
mg-kg '), Cd B 4 Xt & & & ik (0.37 ~ 0.86
mg-kg ™). FHEBRKIK R BRI Y E 4B TER
BEAE, KT WA TR VLR T Cd 2 &l &
T EEN 2. 75 51 3.30 £%, As 43 B0 3. 33 £ AN
3.25 4%, 1 Zn KV 51 SE AL, Ji40h, R &
SOV R T RN B TR 3 ] 2 T a3, 72 AL
DK 5 e v (45 PR 4 1 B /KT 2 iR
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e EEYEER T RIUKRMRIEY E 48
R (WK 2). R Lessf7 (D3) HA Cd
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Fig. 2 Trends of heavy metals in sediments form Daning River and

Modaoxi River from upstream to downstream

F4 KTAMBNENRYESBRIE(TE)/mg-kg™'

Table 4 Concentrations of heavy metals in sediments from Daning River and Modaoxi River (dry weight)/mg-kg ™'

gy Cd As Pb Ni Cu Cr Zn
DI 0. 86 44.70 59.59 60. 90 81.66 112. 80 135.25
D2 0. 64 34.97 21.66 45.25 32.96 83.32 60. 47
D3 0.37 10. 20 16.03 26. 47 17.23 55.81 39.20
TIME 0. 62 29.96 32.43 44.21 43.95 83.98 78.31
M1 0.76 35.92 79.21 31.99 89.73 109. 61 127. 66
M2 0.74 22. 66 29.97 40.21 27.70 78.79 70.39
THE 0.75 29.29 54.59 36. 10 58.72 94. 20 99.03
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Zn V5 Y 5 SRR Hod As B E KO 2
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x5 ARAKZFRERRUESERTE(THE)/mg-kg™!

Table 5 Concentrations of heavy metals in sediments from different watersheds (dry weight)/mg-kg~

1

IKZ& Cd As Pb Ni Cu Cr Zn ik
AEIT 0.15 12.18 23.87 — 21.45 34.16 84.55 [27]
FURTI} 0. 49 12.3 32.9 26.5 37.9 90. 3 — [28]
i) 0.29 12.6 29.5 — 29.9 63.7 79.2 [29]
faa) 3.11 18.9 58.8 — 71.3 66.5 278.6 [30]
PRIT. 1.72 25.0 102.6 — 348.0 93.1 383.4 [31]
DI (A1) 0. 86 44.70 59.59 60. 90 81. 66 112. 80 135.25 EN S
M1( =) 0.76 35.92 79.21 31.99 89.73 109. 61 127. 66 AHF5E
1) JESCHER H AR

2.2 a2 4 4 R K F

KA T A il A A FE LY . RN
4R SR K W 6. AT LAE 1,2 Stk
2l BARE 48 5 fKE s I X L Hod 454
2l Zn SRR, T Cd X, SV E 4R
REIFE—3. A FE e LD L 204 Fh H AR T 4 I 7
BRI g XA A P B 4 KOS 2 Y (ELE IR

FHAAAETTE At I Ph KSR AR T LT
A BT (0. 49 mg-kg ") P S ERIT = £ U] R X f)
LA LN TR 4 B A AR EE Y AR5 v ) UL A
4 Cd M Ni KPR, T Ph, Cr A Cu 3
I, 18 As 1 Zn KPS ERVCE 3. 2 oK™= AT
W ARE"T AR A 4R As &
B Z AR 6 FH I AR B AR T 7R XSS

x6 ATHEENZEHEHAASEEEE(NE) /mg kg™

Table 6 Concentrations of heavy metal in fish from Daninghe River and Modaoxi River (wet weight)/mg-kg~

1

AB cd Pb Cr As Cu Zn Ni
D1 0.01 £0. 01 0.12 0. 09 0.15 £0. 11 0.17 0. 10 0.37 £0.21 5.03 £2.43 0.15 +0.12
D2 0.01 £0. 01 0.09 £0. 07 0.11 £0.04 0.25 +0. 14 0.35 £0. 16 7.84 £3. 61 0.20 +0. 17
D3 0.02 £0. 01 0.04 £0. 03 0.13 0. 05 0.13 +0. 07 0.51 £0.27 6.38 +4.04 0.18 +0. 08
MR FEE 0.01 0.08 0.13 0.18 0.41 6.42 0.18
M1 0.01 0. 01 0.08 0. 03 0.07 £0.04 0.10 +0. 06 0.25 £0.16 6.38 +2.37 0.15 +0. 09
M2 0.02 0. 01 0.08 0. 04 0. 08 0. 06 0.12 +0. 10 0.33 £0.24 6.44 +3.39 0.22 0. 16
FH(E 0.02 0.08 0.08 0.11 0.29 6.41 0.19
D1 0.04 0. 01 0.38 £0.21 0.13 0. 12 0.21 £0.13 0.67 £0.27 52.83 £5.76 0.08 +0. 05
D2 0.02 0. 01 0.16 0. 10 0.13 £0. 10 0.09 +0. 01 1.06 0. 41 68.04 =1.23 0.12 +0. 08
D3 0.03 £0.01 0.32£0.32 0.31 £0.23 0.22 0. 11 0. 68 0. 37 17.90 +8.32 0.32 +0. 19
i SEE 0.03 0.29 0.19 0.17 0. 80 46.26 0.17
M1 0.05 +0.01 0.17 £0.09 0.16 £0.12 0.60 +0.29 0.65 £0. 30 26.17 £8.06 0.05 +0.02
M2 0.03 £0.01 0.12 £0.10 0.12 0. 10 0.13 +0. 07 0.44 £0.29 76.72 £4.22 0.24 0. 11
FHME 0. 04 0.15 0.14 0.37 0.55 51.45 0.15
D1 0.64 +0.38 0.20 £0.17 0.58 +0.34 0.34 £0.21 6.00+2.62  65.14£33.15 0.28 +0.17
D2 0.20 +0. 10 0.21 +0. 14 0.21 +0. 18 0.18 +0. 14 3.49+1.67  94.59 £46.24 0.17 0. 11
D3 0.26 +0.17 0.41 £0.20 1.53 0. 05 0.56 +0.01 1.31 £0.62 18.68 +7. 82 0.85 +0. 40
7 SN 0.37 0.27 0.77 0.36 3. 60 59.47 0.43
M1 0.34 £0. 16 0.12 £0. 07 0.14 £0. 07 0.14 +0. 06 4.01 £2.08  27.23+11.26 0.06 +0. 04
M2 0.33 £0.27 0.20 £0.11 0.16 £0.11 0.23 +0. 12 4.32£2.45  109.70 +16.79 0.24 £0. 16
A 0.34 0.16 0.15 0.19 4.17 68. 47 0.15
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Table 7 Ecological risk coefficient ( E') and risk index (RI) of heavy metal in sediments from Daning River and Modaoxi River

. WHEADEERB(E) PR =R
Cd As Pb Ni Cu Cr Zn (RI)
DI 113. 66 49. 67 11.42 4.19 15.12 3.95 1.57 199. 57
D2 84.58 38. 86 4.15 3.11 6.10 2.92 0.70 140. 42
D3 48.90 11.33 3.07 1.82 3.19 1.95 0.46 70.72
M1 100. 44 39.91 15.17 2.20 16. 62 3. 84 1.49 179. 67
M2 97. 80 25.18 5.74 2.76 5.13 2.76 0.82 140. 19

FRE, PR G T AR BOE X B WA As BB RS —20 8T R BE R RV KT

YORBLIEATIEO (W3 8). W LI Y, ik ( E 2
L) 4 0@ DL As B 5% B4 i 48 $od i (0. 19 ~
0.51,%{H4 0.31) , Hik K Cd(0.11 ~0.24, ¥{H
$0.15) . Zn(0.10 ~0. 16, {5 0. 13) . Pb(0. 04
~0.12, Y918 J7 0.08) . Cr(0.04 ~0.08, ¥ {EH K
0.06) ,Cu 195k A S5 EURAK (0. 01, ¥9{E R 0. 01).
Horf As O5R B AR ORI S H (0. 31 >0.20),
VLI As 4b T RS oK, X 5UTRY T E AR

T RIS ) VR A B £ T 4 S R YA 25 BT AR BUTE
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K, BIARBFFE IR A Y 2 45 300 IR AL B H DT Y
Yy LARRA R 2 TR W DO LAY VD Ry S AH K A 458
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Table 8 Residue index and comprehensive pollution index of heavy metals in fish from Daning River and Modaoxi River

S FREGEARBU(D) ﬂj@@%/a\
I, I, I, I, Ieq I, V5 YLK
D1 0.08 0.01 0. 10 0.34 0.11 0.12 0.13
D2 0.05 0.01 0.16 0.51 0.11 0.09 0.16
D3 0.07 0.01 0.13 0.25 0.24 0.04 0.12
M1 0.04 0.01 0.13 0.19 0.12 0.08 0.10
M2 0.04 0.01 0.13 0.25 0.17 0.08 0.11
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