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Abstract; In this study, we analyzed the total mercury (THg), methylmercury (MeHg), stable carbon and nitrogen
isotopes (8" C and 8"°N) for different trophic levels organisms from Hongfeng Reservoir (HF) in 2015. Combining
with previous data of HF in 2007, we compared the variations about the mercury concentrations in organisms, food
chain length, and the bio-magnification in aquatic food chain in HF. The results showed that concentrations of THg
and MeHg in fishes increased by 140% and 210%, respectively. The ratio of MeHg to THg increased by 18%, and
the food chain length increased by one trophic level, while the bio-magnification rate decreased in food chain.

There are some possible reasons that, as a result of a comprehensively pollution control by the local government,
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the eutrophication degree in water body decreased significantly in Hongfeng Reservoir since 2008, which changed

plankton community, abundance and fish growth rate. Therefore, mercury concentration in fish increased slightly

and low biomagnification due to a weak biodilution effect and small size by high-intensity fishing in HF.

Keywords: mercury; food chain; bioaccumulation; pollution control

K (Hg) & P8 5| A SCTE A 315 e, i I
B HUIE S —— M 3ok (MeHg) B H M 38 1 2 ) 357k
A Gy id ik KA B B A i L BRAR A R i ] 32
P, ITAENIBITE & P, 3 FIHIA A0 S5 K AR
KI5 Y B I R R AR R Gk B R K HR
oA WS DS A0 R B 5 S b DX T AN [ A 2
6 S 43 1 DX A P 1 SR 5 R AR
IR RTREE B H N LA 3 A0 T 3R E
5o A O X W B A 0, N T 3R B W f oAk
KR E BRI B LR BIER ST, XHER
(AR AL R AE 3 i AR K A AR 3 RS B W BE A
P AR SRR K A B W Bk T B A 5 A 4R
P& A A S A AR Ak i AN [ A R 1 A 25 R ft
JHE AU

ULAE R, W25 BUR 7K Az AR S IR B A B ) H 28
T, HH A RS IR B A, R K B IR 4%
SR B PAT , K IR BE EL B 15 2 0, w3 1 7k
A A2 RGN KSR A B RN B0 IO 235 ) 2R T A 1
W AXFKAERG R He 155, T2 8 5
—AIRBR AR KR B R AR LS, fadk
Hg 15 Y1 00 £ W BEAE D85S , A B B 0 B 540 1Y
YIS JRUA B 1) 1 e AR K sk 4 A R A
1304k Hg tndb Morndb 56 —FE & 2ok Bk, 1R
A BB EAE VAT A SR B LRI YA 7K 2 R tF
FEFA AT R AR R W BRI [
KSR R AN U, b A&k & B 2 A A
FHK e IR B S 47

CIAI BN A T AR B RN TOKEZ —,
BB BEBH T L 28 km, @ TR EIF TR &,
JE SEBHTT B R AR R K R M, B 8 R AR, 2040
W32 BRI RR BE 935 YA 6 Tl K AR TG 157K i
i e S AR FRAE 45, Bl 2D K IR s B 3R AT
37 E, I, F 2008 ALK Y Hb U X 21
TR A TR LR GR 3, B anis B K AR A | o5
JATE YR WA AR SR S HET, Y &
FRALAS B OA 0t FL/K % B F B 1 AR K 1
At RO rT LIAE B9 B Y R 45 Ak &R
Bt Hg 975 JeR o0 2 & s iy sl 2, [

1, AR AL AT I 2 P ALK A B P A [ 57
FAEYIANE He &, Kl BASE RN R IRITR
B LD S B oK i R BE I R AR
RAHIETR KRBV

1 ## 57 % (Materials and methods)
L1 HERCREE

T 2015 4 10 H , 7ELLARM) 98 e /K SR 58 R )2
KB R R R ER RS AE Y . T2
412 ARG arE, ARG IR A A
ARt 11 AFE, Hd 2k e fh AR EE
i1 . KL ff1 (Ctenopharyngodon idellus)3 5& (52 614 ff1
fifJl 1 (Carassius auratus) 3 4& . 1% (Hemiculter leu-
cisculus) 9 4% . 75l i 3 25 (Scardinius erythrophthal-
mus) . [1%% (Hypophthal michthysomlitrix) 3 55 M N &
PERERE L 5 25 (Abbottina rivularis); JEEAT A 4 5
. " Wi (Bellamya quadrata). i ¥F ( freshwater
shrimps) 45 % 4/ H4 (Odonata larva) . $& B 4)) H ( Chi-
ronmidae) B FER A DT 6 NAKRIIR G,

IKEERSREE . R 5 L ) Niskin SRAFEZS 7EMT L
RAEREE 1000 mL AYZKAE, 0 0.45 pm (Milli-
pore PVDF)fAFLIE J5 o 8 /K FE | 8 B AF A B8 045
YR AE LA ZE 48 38 a(Chl-a), 3 85 197K
FECRAETE 2 4> 200 mL Z8 08 b B 58 119 22 B ok 1) i ek
BEIEHE T, PR AR AR L U A K FE R AFEAE 2 1> 200 mL
EBRR A TNE B B, RAE B KA IO 5% (V/
VB ERIR , BCAE VKA R AE , T T I & E 3R
AR SR

PRUFSIAE AR AR - 73 S 25 #0013 #1730
YIRSk K P-4 30 1Y J7 248 48 77 W sh A A o
B IR IZ [0 SE R 2 IR AE-20 °CIRAT o

A A=) R 5 FE K B A e i, 57 LR )2 10
cm BIULERY , 1 40 HJE R i@yt , #k b H i 0y e i
AW, I RSB K v T S AR SR, A SRR
FEVR AR R IRZ [P SE 00 2, -20 CARAE

FRERAR RN B — B N AL 2, 6 7 £
FEia [ 5250 % AT, D SRR FR RS KB
HIHE L IFHFARITIBCEHNIAZ) 20 g, KK 2
oA R A A AT -20 CIRAT
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JIFA R S D A RT-80 °C ¥ T 4, B B IF B4 B
AT 60 H JE IR , it 77 76 B B A SO, 97 30 % IR
{%4¢ , JHT THg MeHg & 3°C #1 3"°N By E ., [7]
i, B — ok ol 22

Hy T BEIE AR e gl H A IR A S A S AR R
AN BB TR AR — A REAS | RN dR 45 2%
FERUAZEATIAE
1.2 FEAHT

IKAR SR I 52 « SR FH IR & R 5 -8 TR T8
EHTINE 5RO Tekran 2500015 k), )7
DB ARAS HHBR 4 0.5 ng- L7,

A WRE B R AT S < YRR T AR 0.1000 g,
FAZN A HEFF 38 5 Lumex PYRO-915+ 55 X (1
BT Lumex 28 5)ASMRME A FE S E005E =
R b BTS84, P4 TI0 22 A RR IR 22 < 5% .
10 AFE GBS D) B EA T — A e, BT FH [ B
PRES Y TR Tort-2(NEEK), T2 25 5 R (292 +
12) ng-g”, il H [EN R A% P I AE 96% ~105%

FE LR 118 0 2 < >R FH 6T - /K AH 2 361k GC-
CVAFS £ ™, it A B 3L Ok 43 #1421 Brooks
Rand model TI1(3 E) #4720 8000 52 . 10% B9 AT
BE BRI 10 AN FE S BR EY) B Tort-2 4T — AL
eI E S5 R h (147+4.60) ng- g™, [T ™ A 452 11
94% ~99% .

FasE R Z I E: 8°C 5 8PN Al fi % il it
DI-MAT252 [f] fi % J5 3% {X (7% [¥] Finnigan 23 w)) Il
2,87 C [Al 1 FH B4R IE S %5 1) ik TAEA-C-3,
3"N % JH IAEA-NO, AtriES H Y, 5 10 4 FE
At AR o 90 5 R4 TR, 55 0 10% (145747 B
SE . TSRS RS P I 7E 99.8% ~101% ,100% ~
100.5% .

KIS E I« ZE IR 3 837 I 5 o B
(SD),fb2 4R bR BV A(TN) | BV (TP) e HE R R K
AT ) 2B DURR A Al a2 !, 4% a(Chl-a)k
H 045 um(Millipore PVDF)f{fLIER 200 ~500 mL i3
& DR U BT R DN TR AL B Aot vk e
1.3 B 51

AWM He S RY W TESE, T
T 5 HAA A He & & A, it & K S04
YRR ) R B A

PR R A R AL 2,87 C A 8N Iy i
wmr.

8 C 8" N=((Ryy, Ryze)-1) x1000 (1)

K R MERFEEFER H P C / PC BN /N,

3" C 5 8N Fa s [l o7 2 Ik 20 B & 4 W 11 g
WIS S EYRIE, ANFEFRHEM 8PN & E(E
(SFSA(E R 3.4%0, PRI, T LIARSE K S8 H AN [ A= 4
(149 8N B A A o A I 1 7 9 ™ R 8N (H
THELOI R R BE . BARAX T .

TLconsumer = (8I5Nconsumer _SISNbaseline) /3 4%0 + )\ (2)
P TL e HIE BB E TR EY, 8N umer 28 TH

TREH 8PN AH, 8" Ny e 2/ B W 4E LA HLIA
S]SNbaseline{E DY TR FERA MUK E FR K
B AAE THe & 10 (48 logl0 #5400) 5 8PN Mk it
30T, HRNEFRIR THe 75 W EEH I AE IO
X TN TP Chl-a,SD % 4 NZSHER G T E K
R E FRKF R ME IE 1Y R IR #R &5 A 18 BOE M 7k
R & B FACRETLD SN2

TLI(Y,)= >, W, x TLIL, ?3)
j=1
P TLI X ) A ZEA B TR, WSS j R S5
(78 TR TR B AL, TLIG) M S j RS0
BRRESIER, HEARXS R .
TLI(Chl.a)=10(2.5+1.086 Inchl.a)
TLI(TP)=10(9.436+1.624 InTP)
TLI(TN)=10(5.453+1.694 InTN)
TLI(SD)=10(5.118-1.941 InSD)
TLI<30 “H#% &3 TLL 7E 30~40 Z[A] R 3%
HUE SR TLI £E 40~50 Z )4 P & & #: 8, TLI>
50 HEEFRA,

2 £ R 5132 (Results and discussion )
2.1 RS AR SE RSB

H 2 1 RIZ1, % B 2007 4FE M RERRAE , 2015 4%
LW REFP AR N B A f, HFP S Rl R
g AR AR i RN
2.2 SRAEKAEYriE R R R ERIE AR Ak
2.2.1 KIERERYAE AL

2015 AF L BB K AR A B B EE 0 1 m, VALK
0.564 mg-L" SN 1.3 mg-L", M4t K a y 3.61
mg-m” , RYEA LIRS KR LR B TR E
F8HCR 39.24, It Z HT B 5T EHE 45 A AT AR
DATFZ55SE, i 1 aTRLAE 1, A 2008 4R K 1A TLI
{HFF 4R TR, 2 2015 4F TLI{E T Rk 39.24, 7KK
He & G HATH 6.9 ng- LM% F] 429 ng-L"',
BB Sl SR A 2R O R N
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1T BRAE T R A 45 ) B 0 A8 77 # A UG | 7K

HESRRIERT, A R0 kR ey
RN IR 1 7T RSB A 2 TR VR A5 1 b
222 falkR G RN =
2015 4F THg 1 MeHg 75 /S [l 6 (4 P £ 4345 4 fﬁ?ﬂ
Kl 2, 2509 THe & EVEHY 10.56 ~234.40 ng- g &

(fE ), FI{E K 79.62 ng-g ' (f F), MeHg ¥ =7l
FEloh 2.70~110.28 ng- g (i &), V-3 4 38.10 ng-
g'(BFHE) . MeHg (5 THg [ HL I A9V B R 17% ~
90% ,F-¥EN 51% . A% T H Al 5T H fi ik MeHg
f£ THg TP ELB1(90% LA 1) P2 ARWRWFSY Hg &
ETEARE PR i H O P i e P A
PERAL, Ha etk He &2 WAL 0T B
1 T TR I B8 fa A1 /)N, AR A B TR

Hi & 3 AL, ] R A5 S5 EIE 2007 AFEXTZLHGH] €
& Hg & 41052 , THe & S 3u >~ 3.20 ~ 150.00
ng-g (B ), F-HI(H N 32.00 ng- g (B ) ; MeHg &
4 0.15~53.00 ng- g (B H), P2 K 12.00 ng-
g (B F); MeHg 7£ THg "' i 491 95 B 09 0.8% ~
96% ,F-HIME A 43% Y, XF ELABFGR 455, 2015 4
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Fig. 1

TR AR
P& THg Bl 51 M AR
The changes of trophic level index (TLI) and water Hg

concentration of Hongfeng Reservoir (HF) between 2007 and 2015

Note: HF began its comprehensive management in 2008. The

trophic level index of HF during 2003—2009 cite from Guo et al'”’;

the trophic level index of HF during 2011—2013 cite from Zhan et al 8],

THg concentration data in water before the environment improvement

cite from He et all'!,

R1 2007 £5 2015 FEFEFTESHETLL

Table 1 Comparison of characteristic parameters of fish samples between 2007 and 2015
2007 4 2015 4F
(Sampled in 2007) (Sampled in 2015)
FERIE FeHH 02 LR
Main source Cultured fish Wild fish

o dfn PR SL B BEA AR ek B 0 SR L8
Ctenopharyngodon idellus, Carassius auratus,

Soeci Megalobrama amblycephala, Cyprinus carpio,
ecies
P Oreochromis spp, Hypophthal michthysomlitrix,
Hypophthalmichthy nobilis, Erythroculter ilishaeformis
Bk wEE ARt U Rk, R
Feeding habits Herbivorous, omnivorous, filter-feeding , carnivorous
i 1~2 &4
Fish age 1~2 years old
[USNEN
10~45
Body length/cm
Rk /g
60~2 100
Body weight/g
U
4~15
Amount/individual

w5 RAE L, P TR M
Cteno-pharyngodonidells, Carassius auratus,
Hemiculter Iceucisculus, Scardinius erythrophthalmus,

Hypophthal michthysomlitrix, Abbottina rivularis

b et R, Nk
Herbivorous, omnivorous, filter-feeding, carnivorous
1~2 44
1~2 years old

7~34

8~750

T :2007 4E RERAESHT | A ] RSO

Note: the characteristic parameters of fish samples in 2007 cited from He Tianrong’ s paperl.
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i@ 0L T —-40 %D
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= A 1
<
= L | 30
A -
0 I—I:J—?I .|_l"l”l \ | . 1 . 1 . 3 0
X i) e M55 A P Je s i
C.p C.a H.1 S. e H.m A.r
N= 3 3 9 3 3 5
fhfh

Fish species

B2 WiHEadr Hg 2Rk MeHg & THg BIEE 51 (2015 )
N FoRF B ; C op, WAn, Coa, 80, H. | %%, S. e, K, H m, FfE, A. r, TEJEAM,
Fig. 2 Concentrations of Hg and the proportion of MeHg in THg of fishes in HF in 2015
Note: “ N’ represents the number of collected samples. C. p, Ctenopharyngodon idellus, C. a, Carassius auratus,

H. I, Hemiculter Iceucisculus; S. e, Scardinius erythrophthalmus; H. m, Hypophthal michthysomlitrix; A. r, Abbottina rivularis.

2or A
- e g»% e
z | THg MeHg MeHg/THg
T :
¥ 150
s
m -
=
¢ g 100}~ : : : . : ;
T K X
= s z s
sof Arn
IR Kb DI 1100 o g o
HF HF BH HID WD DF
Y= 2015 2007 2015 2008 2005 2005

B3 5AKE&MK Hg @EXTLLE
. HF-ZUA0W], BHH- 71 460, HID-Bt R, WID-S {10, DF-ARK “ Y7 R4y,
“Max” FRIRKAH, “ Average” RRTH{E , “ Min” fURE/MH , LT 2007 4F AR & SEURT| A fT KA,
T AWK S AOR i BT | F Sk B3 T Uk SR ORI AR SV AR KUK PR A AR BT A LA
Fig. 3 Comparison of Hg concentration in fish from five reservoirs
Note: HF-Hongfeng Reservoir, BH-Baihua Reservoir, HID-Hongjiadu Reservoir, WJD-Wujiangdu Reservoir, DF-Dongfeng Reservoir;
“Y” means year, “Max” is maximal value, “ Average” means average value, “Min” means minimum value. Fish Hg concentration

in fishes of HF in 2007 cited from He et al®!, Hg concentration in fishes of BH cited from Zhang®!, Hg concentration in

fishes of HJD cited from Yao et al®, Hg concentration in fishes of WJD and DF cited from Jiang et al'.
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ik Hg & & % i, Hrp P ¥ THe & &3 m
140% ; V-3 MeHg 7 &34 fin 210% ; MeHg 7£ THg
o AR LB 18% , T RE A JE K 2 2007 4F
KB Z2 Ry AR SR 1 H RTLIRI R N AE SR f
ARYRSLRG R N B At 1 TR, FRA R
AP A AR A R BB, T I e, AR KRR
xRN Hg FREEEIAED G RIER . FEE
A RE T 2858 0 A0 fif A5 /K A B 25 4 e A el
A T AR He o B SRR B

[F] 55 VT3 385 1 LAt K 22 L, 1AW 2015 4F {4
THg 5 MeHg % £z K 55212015 X & 161 X ik
Hr 412008 A% it 5 U T oK 1) B AR £ 28 THg ML
MeHg )53 [, {5 B 8 F 5 V00 5 AR KUK %
() A fa 1 B i (] 3), 61 an X B 21 45 551 2005
AN YT S AR A AR T 72 A 25 5, 2015 A 21
P 40 A N THg [E 2005 4F T SR 4E 19 24 V18 R 44
PR THg 5 1.9 4%, 11 MeHg 1 1.3 £i%;2015 4
ZIARIHIEF A AR N () THg FE 2005 4F 45 XK J% £ {4
THg /& 2.0 %, 1 MeHg % 2.6 fi%,

AR AR B G IAR AR T A A Y FITR A
FC A AE Y1) THe & fEa Sl 16.52 ~38.06 ng-
g \(BEER) P& & 25.33 ng- g (B E); MeHg 5
THg WL A 27% . MeHg & il A 1.20~22.87
ng- g (BEEE), FIME S EON 11.25 ng- g (B ), 77
Wesh YY) THg & 43 )4 41.11 ng- g (B 51) A
32.76 ng- g (fif #), MeHg 7 #5314 10.44 ng- g’
(fefF)FI1 3.48 ng- g (B ), MeHg (5§ THg K EL
I3 11% F1 8% ., A AE W FVRIEAE W) He
S, T BE A R R GG A A AR R R DT RR
P (ORI 9 THg & 5K 751.20 ng - g7 (f )
(R % F )W He , 704 O e A a7 v
MK AR B B kA ML T Y He
223 JKABEYEERER 1L

3 CHAERWI AWM E Y RIE, 8 C HM 2 5
K, Ul AW B B ALS R A 2 P22 5 KL 8N
EHFHE AR EIFRZ R, 8N [Hillkm, R E
FRUG . Rk, I 87 C A 8N fH sk FE R K
LY RRIE

2007 421 B I Fa 25 1Y 87 C Y5 Rl K (-26.80 ~
-14.20)%,2015 4E 125 8" C {H {5 H K (-31.07 ~
-15.67), B AH HL T 2007 4 R £ B 37 5 12K 2015
EREN T A AR BYRIEE G 242,

Q) AT %1,2015 420N & 9 B /Y SE PRk

R 3.9 AHSE AL LA P i a2 iy 8 N (HfER &
YIEERE Ny 5.5, HEB MBS (R T 92Pr{E, W4T
R 8 R 32 3 T 7™ E 0 TS e, AR R A
Y1 8 N {E D

YT Z HT A IR X G2 R AL T 0B Y £ 2
Rt F 25 1) 8N (B IR AT i B W B B
PR AT BT 8 508 20 2007 4F 200 i & i K
JEH 4.1 IR bR SIS EAHZEZ) 1.6, 7] LIEA
YA BRRT PR B RN 2.5,

Xif Eb 2 A A AR AR 0 AT AL 2R P K
2.5 BhnE) 3.9, [EIEF &I 2015 AELLHUBI £
B S 2 T A S5 O = I K R ) £ 2R ) )
KR (3.7), LT ARIEH X & & SR iy
YR E @9, MANSRRIEE KM L, 2015 4F
(YR W v T R ORI S5 1 DL B & R 4 b
(AT 38 (W BE KB 4y 5 R 3.50.2.19 5
3.36)0% KMl X B BE K Y 2% 5T AR B islin
TR M AERRGE RN AESREEEREARN
SIEM

FA, 2015 4FRAE R LLAUB M AR Y 87 C (H
U LM (-28.01%0 ~ -20.25%0), 17 iF Sh A W 1Y 8" C 1
539 A-34.75%0 F1-35.75%0, JEEMEA: 4 8N {H 3
Fil°M(9.99%0 ~ 13.81%0) , 171 SHAE I A 8 N (B4 1]
4 20.79%0M121.08%0, NEAAH)FNT-IF SNG4 85N
1D 4000 v 0 U AT 32 28] 320 49 N A 15 Bl S e ¢
K, TGP0 8 N BT AL 2, 45 L)
T AR R A R v 2 R ) ) B A 8 R Y [
N RFFHE,

2.2.4  KAEBYEE D AEMLRTHOCENZ

KT 5 Z TR AT He A, AR ST iR
3N {H 5 H THg & & (& log,, % ) [nl 19 43 #r
W H HRPRIE R N R He & 2B S TR 900 B
FRIE  RERER B W] He 78 A PN 19 A2 ) 0K 328
L A 4 ATLAE Y, 2015 4R 200 A= 9 ik b THg
5 SN HAI AR E N 0.084,2007 4E Y AL Wi K
FHy 014, HAYLHETORFI BRI, & T30
T A K P B B SR 25 S (R R 0.06)PY  (HAK T
ZRAE Hb IX | 26 [ K fn K A Hb By i B (0.13 ~
0.29)72%) K 4 S 1 = 0 K 2R Pt A B A 1 I
(0.12), = F =K J7 M A I 22 (0.04) 1561
Hg 7RI B P4 1 % Az 400 4% S s R 3803 A D
5%, T RE A JEE R A T A YRR R JIT AR it rh e KR
a2, 2015 £ 1g(THe) 5 8N {H B AHE



210 s #F

i

Fook 12

PEA K W T REE i TRER AL S DY,

2.5¢
-- Y,=0.14x-044 R=0.66 P=0.017
A A
— Y,=0.084x+0.33 R*=0.36 P=0.1 ,
— A 2007 . .7
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o0
w0
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2 15¢
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LOf
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B4 2007 £7502015 £/ 1g( THg) 5 "N X &
TE YRR , 2007 AEEEED | A 1 HHEP
Fig. 4 Correlation of lg(THg) with 3"°N in 2007 and 2015

”

Note: “Y” represents “year”, data in 2007 cited from Feng et al®*,

L5 BTk

(1) KA T B FRA AR BE BRI 1 A o 7
YRR, B AoR S b (H g i B Al A I
JEARAR/N IR BB AR P o S  E E T

(2) RIS RIS B PRI AR 8 N fEL i e, T
P 1 A SR 7 2 I W B U B S A TERf

B AT M KFREFARSF AREIXFRIAFAE
bR AE R B,

BHAEEE N D% £(1973-), %, bk F 5 8 W+ a7
R, EZF @ ARG EDIIFAF IR, B R F KB
50 &%,
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