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Bioaccumulation and Biomagnification of Heavy Metals in Three Gorges

Reservoir and Effect of Biological Factors

WEI Li-li"*, ZHOU Qiong' ", XIE Cong-xin'*, WANG Jun"?, LI Jun'?

(1. Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture, College of Fishery, Huazhong Agricultural University,
Wuhan 430070, China; 2. Freshwater Aquaculture Collaborative Innovation Center of Hubei Province, Wuhan 430070, China)
Abstract: Three Gorges Reservoir (TGR) reached the maximum water level (175 m) of impoundment in Oct. 2010. In order to

reveal the potential influence of the greatest water-level impoundment on the heavy metal pollution in the typical waters of TGR, the
content level of trace metals (Hg, Cd and Pb) in hiota and potential biomagnification along the aquatic food chain were investigated in
the main stem of TGR from July 2011 to August 2012, as well as the relationship between the trace metal concentrations of aquatic
consumers (fish and aquatic invertebrate) and biological factors. Our study showed that no individual data of the three trace metals in
biota exceeded the edible safety criteria of aquatic products in China and FAO. In contrast with those before the impoundment of TGR,
Hg showed a little higher, while Cd and Pb exhibited a little lower level after the impoundment. Trace metals in TGR exhibited
relatively lower concentrations compared with those in reservoirs in other countries. Significant correlations were found between the Cd
concentration and body size (body length and body weight) of Cyprinus carpio, as well as the Hg concentration and body size (body
length and body weight) of Erythroculter ilishaeformis. As for feeding habits, there was statistically significant difference between trace
metal concentrations in herbivorous, planktonic, omnivorous and carnivorous fish. However, no significant difference was found
between the metal concentrations in fish with different habitats ( pelagic, mesopelagic and benthic). Even so, the overall trend was that
fish living in benthic layer had higher heavy metal concentrations than those in pelagic and mesopelagic zones. The regression slopes of
log-Hg concentration versus 3N, served as an indicator of trophic magnification factor (TMF). Significant correlations ( P <0.05)
were observed for Hg in the food web of TGR. TMF of Hg in TGR indicated lower level (0.046-0.066) in conirast with those in the
reservoirs of United States and Canada, and this was explained by the relatively lower organic carbon in the soil and sediment of TGR.

Key words: Three Gorges Reservoir; heavy metal ; bioaccumulation; biomagnification; food web; stable isotope
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Fig. 1 Location and distribution of sampling sites

in Three Gorges Reservoir (TGR)
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Table 1 ~ Selected parametric characteristics of three sampling stations in TGR

2¥ PRI

) Wk JiM R
ZLfi E 107°23'/N 29°42' E 108°22'/N 30°50’ E 110°57'/N 30°52'
P AL km? 87 920 228.6 113
TR/ km 65 30.6 24
AR B /m 77 92 168
I E S/ m 1 605 1302 1693
YA /m? s ! 1650 4.4 2.5
[ TR 1/ mm 1096.3 1162.5 1200. 5
&/ mm 1048 1096 1601
K /mes ! 1.4 0.5 0.9
BRI/ km 484 277 1

1.3 RS
1.3.1 Fa AR

S BT XS R Carlo Exba EA-1110 JGZ 4y
1 i 5 Delia PlusFinnigan ( Thermo Scientific,
Waltham, Massachusetts, USA) [E] 7 & Lt 2 B % B
FHAX.

FR I 2 7K 1A T 2% 35 %) 56 UE 28 42 9 ( baseline
indicator) I &R E [Al 67 2 AHXHE, T3 %K £ 3h )
EFRN. BRIOHAEALT .

TL = [ (8" Njpuumer
K, TL R B AW E SR, 8N, e 278 TH
PF AV RIRIL R AEL, 87N, RN LB I R VLR
A AR 2R A, AR IR 2 5 WA N 1Y
BRI RAEANE N FLAEE; AS N F /R AIAR & g 2 1Al
R 1 B SRR (— MR 3. 4%0) > P
1.3.2 HEES

SRR E R AE 60 ~ 70°C 2544 F H HNO,
tHCI0, (RFRLE 50 1) #EATIH Ak, FLTH A 38 2ok 22 2
TEJR TG TE AL ( Perkin Elmer 2380) | AR F ik
YIRS (MHS-10) AT, LA B 6 R Tk B I
Z: B e N RN [ A 3545 b o 45 2R (2003 )
AT,

Cd 1 Ph e & (1 10 52 AR Mendil 55207 1y J i
R ZE , FRHEC0.500 g VT J5 BYAE A, ITA 6 mL
HNO, 12 mL i H,0,,i1R &= 1 h 5, & TEE
HLAHR T 120°C T IH M 24 h, TH R4S 58T 1
WHIERZET R HG A 0. 5 mL HNO, , Fift B £
50 mL AYZS T, S R A7k 2R BE VR IH AL #E
HJa ERRAE R, A ICP-MS ( Perkin-Elmer )
DU SE A P Y Cd A Pb.

1.4 it drS5Ednat i
FIT A B 3R ) Excel #4347 o1 Fn Ak 3

SCrf T A T 248 Excel F1 Origin 8. 0 204 HI1E,
FFA B9 8816 30 2 48 1] 19. 0 JRAS i SPSS #4243
Mr, 25 B EEFR I ANOVA 43 )78, 2% P <0. 05
A A TE B 25 57
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2.1 kALY JCEMESY) S E SR AR

HEBTEPRETRY) | THEMESY | a2y
WHEEAATEREEE R (£ 2). BARARRFZKAEA
YA N Y 4 v B A 22 S (ERR AR b vk B (LA
BE, FRE)MKIK N (ng-g™") :Hg (17.8 ~117.0)
>Pb (20.3~92.6) >Cd (3.2 ~45.8). WM
1 Hg, Cd, Pb S flRM B4 B TR fn | 6 4 £
o SRR B B A o B A 1 21 (FAO) FN3K
IR FH % A RRIE (500 ngeg ')

KA LR He MR BEIE I (LB T, T
)} 17.8 ~117.0 ng-g ", FH{H M 61.0 ng-g .
L H VB (%) S5 (R HE A )5 g L PR o, LR
ik PSR 1 | B AR PN ) Hg YR AR, TOEAHESHY)
FifaZsrp Cd RIS 3.2 ~45.8 ng-g ', 3
fH4 18.0 ng-g ™", Cd P40 FE 1 5 i 1 2 02, LR
JEWFFNTT RELL 0, SR N ) Cd WK, TR
(7K A A AR b b Ph B MR B S LR 20,3 ~ 92,6
ngeg ' EYIMEN 49. 6 ng-g ™', Pb IR B (H e
(R A PR B T S i, LR | B R £ 0K P Y
Ph ¥ FAIX.
2.2 EEENEYEESEYHTFZEINER
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3, RAEFNM 20 Fh S HEA IR 1A Ak AT
SBOKZHFZE AT T = X W s AR E
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Table 2 Averaged heavy metal concentrations of seston, invertebrates and fish in TGR/ng-g~
(ES ( Meaf]lgi SD) ( Mea(ridt SD) ( Mearfl’bi SD)
kLA LY (POM) 5.2x4.5 2.120.3 2.2+0.4
T HESIY
W2 Turbo fluctuosa 22.6 £3.8 45.8 £9.4 57.2 +14.5
HUF Macrobrachium nipponense 37.8£9.7 20.3£6.9 42.5 +14.5
S Exopalaemon modestus 41.5+12.9 19.5+5.9 47.4+9.9
2
4 Cenopharynodon idellus 17.8 £7.7 18.8 £10.4 27.3£6.9
fit Hypophthalmichthys molitrix 35.4+6.9 12.8 £3.8 44.7 +£6.9
fifE Aristichthys nobilis 46.4 +14.3 3.2+0.8 53.2+13.4
% Hemiculter leucisculus 57.5+19.8 7.5+2.0 32.3+8.3
iM%& Hemiculter bleekeri 78.2£17.6 17.0 £3.2 54.9 £5.5
i Cyprinus carpio 80.4+16.7 12.1+£6.8 34.6 +9.6
#) Carassius auratus 54.9+12.2 17.1 7.1 50.1+14.4
Hia Coreius heterodon 55.8 +11.9 6.8+1.0 20.3+£7.4
[ 174 . Coreius guichenoti 70.4 £4.5 10.3£6.0 52.5+9.0
g fil Saurogobio dabryi 64.7 £15.5 13.1+2.0 52.5+13.5
HREN Squalidus argentatus 50.4 £7.8 25.5+7.0 36.6£12.6
TLIRTEF Pelteobagrus vachelli 61.9+12.7 14.1+1.6 34.9£11.0
P Oriental weatherfish 71.4 £14.1 12.3 £4.7 34.8+12.3
T AHEA Erythroculter dabryi 62.4+9.9 29.7 £8.6 62.7+13.8
WS Erythroculter ilishaeformis 80.9£4.6 10.8 2.1 92.6+9.1
fili Silurus asotus 117.0 £10.0 21.9+2.6 84.3 £21.8
g Siniperca chuatst 112.0 £23.5 41.6 +12.8 75.8 £14.7
F3 ZBRERKEEYHERGEXSHIFE
Table 3 Selected parametric characteristics of aquatic organisms in TGR
ok . (S /g W8 oy FeRBR
Mean Min ~ Max Mean Min ~ Max Kz ke T BA
T HESY)
Y2 Turbo fluctuosa STF 7.6 6.0~8.9 SRR A 3 2 3
FHUF Macrobrachium nipponense SMN 7.5 6.4~9.7 JEAG A4 7 6 8
SN Exopalaemon modestus SEM 2.5 2.0~2.9 JEME 2RE 7 5 7
2%
B Af Crenopharynodon idellus CI 53.7  45.7~59.3 1507.8 1092 ~2235 P2 R 8 10 7
fif. Hypophthalmichthys molitrix HM 37.8 33.5~42.0 1425 827 ~2114 2 kR 5 6 5
i Aristichthys nobilis AN 46.5  37.4~53.5 1956 785 ~3 008 FE kR 4 7 3
% Hemiculter leucisculus HL 18.8 15.4 ~25.6 37.8 22.0~54.8 =5 3 7 8
% Hemiculter bleekeri HBW 14.6 13.8 ~15.5 22.6 18.5~26.8 2 e 3 4 3
1 Cyprinus carpio CCO  33.5 22.6-~38.6 445.8 251.4 ~631.6 PR e 7 9 10
il Carassius auratus CA 21.4 19.5~25.5 168.9 104.3 ~223.8 HEOARE 12 9 12
Mty Coreius heterodon CH 253 18.7~29.0 148.9 93.3~213.9 R HKE 7 5 11
[ 14 451 Coreius guichenoti CcG 22.7 20.6 ~25.6 88.08 54.1~113.9 P2 e 5 6 7
WA Saurogobio dabryi SD 15.8 14.9 ~18.5 25.8 19.6~38.1 P2 ke 11 6 12
FR46 Squalidus argentatus SAR  12.5 10.5 ~15.3 17.5 14.2 ~27.4 P2 e 3 6 12
TLIRERFR Pelteobagrus vachelli PV 28.7 25.4 ~40.5 295.6 246.0 ~438.4 FE ARE 3 7 14
Vet Oriental weatherfish ow 18.5 15.7 ~20.4 28.5 22.4 ~38.5 RS AR 4 3 9
A4 Erythroculter dabryi ED 32,2 29.6-~37.5 327.6 221.4~446.7  LJE HE 4 7 2
SAMEGN Erythroculter ilishaeformis EI 43.0  36.8~49.2 655 546 ~833 2 HRE 2 6 8
il Silurus asotus SAS  43.8  37.4-~51.2  746.5 584 ~913 TEOAR 9 8 6
% Siniperca chuatsi sc 35.9  32.6~37.8  563.5 475 ~797 PR R 6 5 4

ARFFEE R B S TP R R 2 R, o)
S AU R T G R R B S A | PR AR DG

AT T oM (K 4) . S8R BN BRI RE S
Cd MR WA PR IEASG ; T A BAAEL AR | (A
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Table 4  Pearson correlation analysis between heavy metal

concentrations and body size (body length or body weight) of fish

WiH Ui Hg cd Pb
Hifn -0.132 0. 121 0.227
fi% 0.008 0.361 0. 094
i -0.253 0. 430 -0. 005

(.SIS fif 0. 068 0.690* * 0.370
il £ 0.252 0.324 -0.001
TR EA 0.557* 0. 240 0. 098
fily 0.429* 0. 187 0.105
Hifh -0.311 0. 100 0.232
fi% 0. 004 0.332 0. 096
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Fig. 2 Relationships between heavy metal concentrations and habitat type, feeding habit of aquatic consumers in TGR
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Table 5 Comparison of trophic positions in aquatic invertebrate and fish at different sampling stations
BRHE(TP)
% i \

o ft b Ji 2]
¥ Turbo fluctuosa STF 2 2 2
HUF Macrobrachium nipponense SMN 2.54 2.47 2.49
[EEN Exopalaemon modestus SEM 2.54 2.62 3.71

2
Hi4h Crenopharynodon idellus CI 1.99 1.39 1.94
fi Hypophthalmichthys molitrix HM 1.82 1.62 1.93
i Aristichthys nobilis AN 2.22 1.41 2.4
% Hemiculter leucisculus HL 2.27 1.76 2.12
M %& Hemiculter bleekeri HBW 2.55 2.29 2.41
# Cyprinus carpio CCO 2.42 1.97 1.91
il Carassius auratus CA 2.01 1. 46 1.9
#th. Coreius heterodon CH 2.39 2 3.11
[53 17 4 . Coreius guichenoti CG 2.21 1.8 2.84
Wit Saurogobio dabryi SD 2.46 2.05 2.52
HRE Squalidus argentatus SAR 2.59 2.19 2.53
TR EEFUH Pelieobagrus vachelli PV 2.54 1.97 2.65
Y Oriental weatherfish ow 2.9 1.91 3.37
H RGO Erythroculter dabryi ED 3.45 3.01 3.75
FAWE BN Erythroculter ilishaeformis EI 3.04 2.79 3.14
il Silurus asotus SAS 3.63 3.16 3.11
5. Siniperca chuatsi SC 3. 66 3.14 3.14
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