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Biomagnification of Heavy Metals in the Aquatic Food Chain in Daning River of

the Three Gorges Reservoir During Initial Impoundment

YU Yang'?, WANG Yu-chun'?, ZHOU Huai-dong'*, GAO Bo'**, ZHAO Gao-feng'"

(1. Department of Water Environment, China Institute of Water Resources and Hydropower Research, Beijing 100038, China; 2. State
Key Laboratory of Simulation and Regulation of Water Cycle in River Basin, Institute of Water Resources and China Hydropower
Research, Beijing 100038, China)

Abstract: Heavy metals have been accumulated in sediment after impoundment in the Three Gorges Reservoir (TGR). In order to
evaluate the risk of biomagnification of heavy metals, we investigated the trophic relationships and heavy metal concentrations in fish
from a tributary within TGR. Sixteen fish species were collected from Daning River, and concentrations of eight heavy metal elements
(Cr, Ni, Cu, Zn, Pb, Cd, As, and Hg) were determined, as well as the ratios of stable carbon and nitrogen isotopes. Results
showed that most heavy metal concentrations were low in TGR, but changed significantly among different species. The 8"C values
varied significantly among different groups ( —22. 80%o- —28. 97%0) ; while the 8N values (6. 41%0-13. 88%o) varied based on their
feeding types. A significantly trophic level-dependent increase was found in concentrations of Hg, indicating an overall biomagnification
of Hg; but the increase of Hg concentration per trophic level was lower than that in previous studies. No tendency towards trophic-level
enrichment was observed for other elements studied. However, a much higher heavy metal concentration was observed in small-sized
fish samples, indicating a potential risk in environment.

Key words:the Three Gorges Reservoir; Daning River; heavy metal; biomagnification; stable isotope
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Location of sampling area

F1 RESBERBNETSH

Table 1  Characteristics of 16 fish species sampled from Daning River
FUIES T4 n ik 4K /mm R /g
fi Hypoththalmichthys molitrix 4 WY 479(431 ~520) 1355(1103 ~1564)
i Megalobrama amblycephala 3 EEH 529(490 ~592) 1565(1452 ~13850)
AR Ctenopharyngodon idellus 3 wHah 266 (158 ~323) 298(55 ~392)
413kt Megalobrama amblycephala 3 HAA 301 (244 ~362) 465(251 ~706)
ShiFEE N Pelteobagrus nitidus 4 ZREE 156(134 ~183) 28(10 ~75)
PLICH A Pelteobagrus vachellii 4 JREM 127(112 ~136) 11(8 ~15)
il Cyprinus carpio 5 Ze 375(252 ~502) 586(146 ~1314)
il Carassius auratus 4 yegia 252 (187 ~311) 465(330 ~618)
B Hemiculter leucisculus 11 ZREE 86(78 ~96) 10(8 ~12)
g f Saurogobio dabryi 12 JREM 95(80 ~115) 18(15~22)
KB Neosalanx taihuensis 18 ZRtr 108(102 ~116) 8(6~10)
S fif) Culter alburnus 3 e 535(410 ~671) 588 (436 ~892)
ik [ Culter dabryi 4 NEHE 283(227 ~315) 175(125 ~266)
il Silurus asotus 3 SRExin 493(215 ~749) 1250(67 ~2406)
it Siniperca chuatsi 4 WEH 219(173 ~290) 164(98 ~383)
K Wy fifs Leiocassis longirostris 1 Ak 304 505
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SEUEFTIT RE S R A T R 2K T R S
A 0.5 mL HNO, %% % 50 mL & &M, HiE &
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HNO, FIH,0, ¥ 09 4, 5250 o) F v I 5 18 £ 1l
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TG 2 TSR B T A AR AT REIN A AR
UESCIS RS % . 45 B0 br 7 42 8 10 FH X 7 D
E¥NT5%.

1.3 FUE Ao 200 e

R [ 2 I 22 ] Carlo Erba EA-1110 JT
Z MU A Delta Plus Finigan [A] v 2 Fb R % Y
(Finnigan, USA). 8 C NS N B b 1 ) 55t 43 391 Sy &

R2 REWI6HEXERINATESRE

MAUET A7 (PDB) FIRA Y N°. S5 F8mH .
8X = [ (Ryy — Ry ) /Ry ] x 1000

K, X BPC 8PN, R ALRPC/"C 5NN FE 5
IR ESC <0. 20%0, 8N <0. 30%o.
1.4 Hduabag

iR SPSS 15. 0 # /AT Ge it fgb B, 2=
SR E VR ANOVA 730 #1J51:, P <0.05 BFAH
ZESH BEN.

HRESM

AR A 4 i

A5 rh BT Fh 2 R v AT A Y 8 b e 4
J& BRI 2. FE TR Y 16 R fR LA, Cr,
Ni, Cu, Zn, Pb, Cd. As fll Hg AYF34 & &= 5 Bl 4
W 0.17 ~0.30, 0.016 ~0.095, 0.14 ~ 0.40,
3.56 ~ 12.17, 0.005 ~ 0.110, 0.002 ~ 0.009 .
0.011 ~0.098 F10.018 ~0. 115 mg-kg™'. Hrr Cr
Fl Cu TEPTA S rhF- 24 5 i 0 R b /N, i
R EA o ) R e AR AR Y 1.8 F1 2.9 %, i Pb 78
A a2 PP AR b R i K e R B AIG
Y 22 fi5. 7F 16 Fhfa2rf Cr 1 Ni P38 B
FRIX R FLIC #E B A8, Cu F1 Ph P-4 5 5 s 14 40 )
SHEAN A BT AR A0, Zn F Cd S35 i A e B0 £ b
BIh 5%, As Bl Hg 35 & i 10 i e (B3 BLAE K
Wy fifir.

Y (BE)/mg-kg!

2

2.1

Table 2 Concentrations of heavy metals in 16 fish species (wet weight)/mg-kg ™!

FHIES Cr Ni Cu Zn Pb Cd As Hg

fie 0.17 £0.05 0.060 £0.014 0.20+0.11 4.75+1.12 0.023 £0.007 0.002 £0.001 0.041 £0.012  0.029 =0. 011
i 0.18 £0.03 0.050£0.022 0.15+0.05 3.56+0.98 0.016 +0.003 0.003 =0.001 0.020 £0.008  0.036 =0. 004
FiAh 0.20+0.02 0.052+0.015 0.18+0.03 3.88+0.87 0.013 £0.004 0.002 =0.002 0.011 £0.005  0.018 +0. 006
A1 3k fify 0.19+0.08 0.048 £0.012 0.26+0.11  5.28 +1.65 0.036 +0.012 0.005 +0.003 0.032 £0.012 0. 064 +0. 022
e Fifa 0.25+0.03 0.035+0.018 0.20+0.03 4.11+1.39 0.0050.003 0.002 £0.001 0.033 £0.020  0.066 =0. 023
LR # Fifa 0.30 £0.08 0.095x0.032 0.27+0.12  6.55+2.23 0.035+0.012 0.007 £0.003 0.046 +0.013  0.109 =0.019
il 0.2120.10 0.034 £0.021 0.23+0.09 6.15+1.09 0.024 £0.008 0.004 =0.002 0.050 £0.034  0.078 +0. 032
fii 0.20+0.11 0.062+0.033 0.40£0.12 9.75+3.34 0.016+0.010 0.004 +£0.001 0.025 £0.018  0.059 +0. 021
Bk 0.24+0.03 0.078 £0.019 0.24 £0.06 12.17 £3.82 0.022 +0.013 0.009 £0. 003 0.037 £0.016  0.059 +0. 017
Y fi 0.26+0.04 0.052+0.012 0.18+0.07 6.78+2.03 0.014 £0.005 0.004 =0.002 0.039 £0.010  0.061 =0. 015
R £ 0.26+0.02 0.082+0.022 0.16+0.04 6.61 +2.33 0.110 £0.022 0.004 £0.002 0.048 +0.027  0.067 0. 021
SR i) 0.18£0.03 0.054 £0.027 0.22+0.05 5.75+1.46 0.016=0.012 0.002 £0.002 0.068 £0.022  0.093 =0. 023
K A 0.22+0.04 0.041£0.013 0.24+0.06 4.25+2.21 0.037 £0.015 0.007 =£0.002 0.083 £0.039  0.088 +0. 038
fily 0.18 £0.07 0.016 £0.006 0.14£0.02 4.45+5.30 0.015£0.006 0.002 =0.001 0.013 £0.004  0.099 =0. 039
17 0.19+0.09 0.050£0.020 0.27+0.03 4.00+1.87 0.013 £0.005 0.002 +0.002 0.087 £0.023  0.112 +0. 028
Kyl 0.27 0. 054 0.15 4.94 0. 026 0. 002 0. 098 0.115

1) SRAAKCT S 5 i S (R o Y A 2 R R P

NG T R A R AEAN [F) A T ) P 2 A
A ATRFAE , ABTSE LR T ANl B PR 2 A 4 s 7K

. MR 4 TG F A R R £ R KA A
SRR HOP, Cr., Zn A Cd LA B PG 7
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Table 3 Comparisons of heavy metals in carp from selected studies (wet weight)/mg-kg~

1

X Cr Ni Cu Zn Pb cd As Hg ik
BRVL = A nd nd 4.58 6.27 0.08 0.014 0.19 0. 003 [17]
Kt nd — nd 5.00 0.035 0. 004 — — [18]
BT — — 0.30 6.14 0.013 0. 002 0. 037 0.008 [1]
BT — — 0.30 5.54 0.010 0.005 0. 044 0.019 [1]
KT i — — 0.39 29. 83 0.12 0.015 0. 031 0.015 [19]
KR i 0.18 — 1.04 7.39 0.51 0.012 0. 022 0. 020 [20]
IR TR 0.21 0. 034 0.23 6.15 0. 024 0. 004 0. 050 0.078 B

1) KM BUTANS YT A R 2P S AR, BB AR NLA 5 KR 80% 5 “—" FR AR MARREE ; “ nd” FAAME

2.2 MR EYEERHE

JIERAERY 16 Flta 2808 i LA S ik . A B
SERIZ FLEAIEDE 4 b BAS T3 1] K X 0 £
A3 CHYTE S N - 22. 80%0 ~ —28.97%0. Hir,
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Table 4  Stable carbon and nitrogen isotopic compositions

in 16 fish species collected

UES 3"%C/ %o 3N/ %o

fi -27.72 £0.51 8.87 0. 67
i -28.75+0.25 9.76 0. 43
Hifh -26.27 +0.33 6.56 +0. 15
1413 55 26.72 0. 85 9.59 £0. 46
St En -27.57 +0.34 10.12 £0.03
PR i -28.12+0.43 12.61 +0. 39
i —24.67 £0. 61 10. 82 0. 57
il -23.16 +0.41 10.17 +£0.26
B -25.26 £0.29 10. 34 £0. 26
s iy -24.10 +0. 32 10. 62 +0.23
KA A ~25.04 £0.26 13.22 £0.20
LI i) -26.10 £0.24 12.25 +0. 34
Ik FGA -25.67 £0. 31 12. 34 +0. 46
il -25.83+0.30 12.74 +0. 09
5 -25.13 £0.26 12.77 £0.33
K fifi -25.92 13. 88

T TR, T £ 2 78 B 4 v AR X A 19 = A nT
SUNF R, AW RAE) 16 Fhfa 2R i E 4R
S SRR E R RSN T Mgl e 2 5 v,
FRAE 1] D05 SR R R SR 5 K T2 AT LA 428
BIEEWEE FRE RSN, 45 R Bk ik Cr,
Zn, Pb, Cd, As Fil Hg ¥ &t B F5 52 55 900 T i 1117 3
Jin, Horh U Hg 58NS B EM (P <0.05).
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Table 5 Regression analysis for the heavy metal concentrations

and 8N values in fish samples

e oS i r P
log,, Cr 0.014 -0.821 0.345 0.191
log,, Ni -0.003 -1.263 -0.035 0. 899
log,, Cu -0. 006 -0. 606 -0.104 0.703
log,y Zn 0. 006 0.671 0. 080 0. 769
log,, Pb 0. 057 -2.310 0.375 0. 153
log,, Cd 0. 009 -2.579 0.075 0.782
log,, As 0.092 -2.434 0. 643 0. 007
log,, Hg 0.105 -2.351 0.902 <0.001
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