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Characteristics of stable mercury isotopic compositions in fish
and sediments from Xiaolangdi Reservoir
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Abstract: The isotopic compositions of mercury ( Hg) in fish and sediment samples collected from
the Xiaolangdi Reservoir, Henan province, were determined using multi-collector inductively
coupled plasma mass spectrometry ( MC-ICP-MS) . Negative 8°”Hg ( —0.26%0+0.30%0) and positive
A" Hg (0.79%0+0.08%c) observed in fish samples are similar to those in fish species from
freshwater reservoirs reported in previous studies. The slope of A" Hg/A™ Hg in fish was 1.22,
indicating the mass independent fractionation in fish from the Xiaolangdi Reservoir subject to the
photodegradation of monomethylmercury. Negative 8°”Hg ( —1.48%0+0.38%0¢) and near-zero A'’Hg
(0.01%0+0.02%0¢) in sediments indicate the influence of anthropogenic emission. The relationships
between mercury isotopic compositions and 8" N in fish indicate that the mass-dependent
fractionation occured during trophic transfer, while mass-independent fractionation was absent during
this process.
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RAEN— R Bki5 gy, BAFe AVE AW s SR ik AR SR 103, RETE R BRI N AT K R B 4%
i BT OR TS YL B2 g NS o EL R KU A WIS I K 2 LR (R R S R 5, L BE W)
T 174) £ 288 PP R 0 e AR R T K R el TR A S e 15 - s b R ORIR A 5
LA P B TR AR it b g 4 TEAE S Bt i b Y SR & B T, RIS AN 1 R P ok B i 1OV TE
JRURSE T2 PR A AT S K P DX, R ) S v P A0 2 (SR 5 YRR A T R BRI

SRAE FHAR B A 7 R e IR 07 R AR bR B U A94R8, BT 328 . " Hg (0.15% ) |, Hg
(9.97%) "’ Hg(16.87%) **Hg(23.10%) * Hg(13.18%) **Hg(29.86%) **Hg(6.87% ). K £
Yy 3R AL 27 o R HB 4 77 4R & A0 18 ( Mass dependent fractionation, MDF ) Fl3E Jii 15 43 1% ( Mass
independent fractionation , MIF) , 3 H 23 /= A= AN [a] B9 [A 47 2R 48 80 FRBIDE K AL R 19 MIF Uk A TERRER 11
AWy ERA 2 B AT DA BN T U B AR B 22 BRI L SR B A T AR B A
(MC-ICP-MS) fiy bR & e , B 28 S B0 R AR i) 28 0 i R B 2 1 L i, — BB A 5 ) FH R ) 3 43
PR X SRR b o I R 36 At A KOR IR HEAT 1A, 7 Hh TR0 2R R AE TR A W st 3R AL 7 W 5 vh i
LR 77 A R P SR R 67 2R A I8 0T DA B R AT T A £ 1A R 190 00 TR LA SR FE K A R I ST RS 5 4K
Blum Z5 8 B £ 0K N 04 R [0 28 05 BUE A T 7 TR 5 J2 AT BE A W R URR A2 /K A v SR 1Y
YR K HEBCIR , OB R TR 2 T AR LR T e Iy s A5 1 OF BRI e = oo R M %
BRI RT L) XA AS [ 75 Y P50 TR, Yin 250 50 40 Bk [l B VL 10 K g el DX 58 2 LR R A [ £
FA A, RIS TCIR A AR UE SEER VT DU rh g ol Bk B JA 2 Tl DRI IXHEL.

IR K RS T3] B 48 9 B T = T sk ly | B T e b, = T Tk R 41 R 3% 130 km 3R T.°F
2001 4, BT EZE 126.5 /2 m® #5551 AL 69.4 J7 7528 HL | J T i e DX A Al FH ZK RN 28 3 i
K B K

ABEFEMRE T AL/ NRR K 2R A 4 SR FITCRR A ol o oK B[R] 62 2 2E 1, 23 B 1 /NI RS /K 28 e A
ALY K [Rl 2 2R B A AR AE LA B8 IR GO0 A v o ) 62 38 70 A1 OS2 0, IS8 48 R A7 B Tt — 20 IR
AP RAE K P IR AL A AT o A L

1 # BRI ( Materials and methods)

L1 AR5

FZALAR : Nu Plasma 1T I 425 BB A5 55 2 PR BT 3E /Y ( Nu Instruments, UK) \HGX-200 ¥ 7§
KRS E (CETAC, USA) \DSN-100 i £ & 48 (Nu Instruments, UK) \MERX &K 4 H 315081 R4
(Brooks Rand,USA) \Delta V Advantage F& % [F] 13 Z %1 ( Thermo Fisher, USA)  Milli-Q ##4li/K & 5t
(Millipore , USA) I A ( MASTER-40, [IEEHHY) .

oK [ Z AR HER I (SRM 3133) L[ 3R IER IR (SRM 997) MTLBUIFRIER) 5T (SRM 1944 ) 14
3 [ E FARMES BRI 5T BE ( National Institute of Standards and Technology , NIST) , DORM-4( Fish protein )
W) B N K B bR T 5E ( National Research Council Canada, NRC) , UM-Almadén ¥ HH University of
Michigan R

SnCL,(20% ,M/V) % .4 10 mL ¥ HCL #1120 g SnCL,-2H,0 fn A4k H  #iBE] 100 mL.

NH,OH-HC1 (30% ,M/V) : #}HL 30 ¢ NH,OH-HCI, % f# 3] 100 mL #B4fi/K $.

BrCl VAT (0.2 mol-L™") : £ 100 mL HEJEHH A 50 mL #& HCI,SRFS A 0.54 ¢ KBr, F# 14 4
arfiFE 1 hFRE0.76 g KBrO, , Z218 I A TESEFE B FR M, B2 58 A i, LG IS I R 23 € 17 3% P
LN GRS ARG 9 R f (- N N TS 6 o B W
1.2 FEARCRSE

T 2012 45 9 F #2013 48 6 A 1E/NRIEK Rt dhit 36 AR5, G045 4B 8% (Aristichthys
nobilis) (n=11) #54 ( Silurus asotus) (n=3) | A ( Hypophthalmichthys molitrix) (n=5) |, 4 5% ( Hemiculter
leucisculus ) (n=4) R4 ( Hemisalanx prognathus) (n=4) B .( Megalobrama amblycephala) (n=>5) FIfl
i1 ( Carassius auratus) (n=4)7 Fa2 aHCRE G HIZ B BASRAE, BCE T2 88 iz 256 %,



11 3] AEF5 SE 45 /IR /K PR AR FITT AR ) rh R B € [l 2 AR 2247

W A0 Je 8 5 F 5 258 /K e B 00 L D7 LR R 9 5 ¥ R T4, i T 0K (4 °C) TR ORAE.
DURWIRE L T 2013 4F 5 R0 9 FAH FHICE ORISR A TR R G 2 AR IR SR, FH A £48
Wt IR R T A S Tz RS20 2 7E SE U0 AR R A R T IS S AR T B S 0 100 H RE AL O
BT UK T (4 C)IRAE, 2T 10 MHEA.
1.3 R R H ik
2% Yin % B SRR SRR R G KRR VAT A 2 B R S AR
L (MC-ICP-MS) 2R FHFE fih-HrfE )4 (SSB) 5, I A T FR#ER W ( NIST SRM 997 ) 18 AR IE AL 7%
DUk R ™ A 8 S A B SO T AR UE I A B A 2 A8 A5 S B LA R 7 R 0 ¥ Ok ) B[], 4% SC
B RE SRR S RAMEIR R 3% HCL #ila 2 wg- L7 AR R 5 5 400 BE(Block) , B4
B 20 MIEHS ( Cycle) AR 3 K.
TR R 28 U418 (MDF, JH 8" Hg 7R ) FEE B & 2018 (MIF, ] A™ Hg 86 A* He 2R ) TFEA
E2w /(1
8" Hg=[ ("*Hg/""Hg) j5/ (" Hg/ " Hg) yisrsuuzi33~ 1] X1000%0 (1)
o e FOFRAR T HVELE 199—204 Z I HSRFEINIZR , (" He/ " Hg) visr suu 313 78 HIE R AR HEA W NIST
SRM 3133 Al Z 4K
A"™Hg=8""Hg~( 8" Hgx0.252) (2)
A Hg=5""Hg~( 8 Hgx0.752) (3)
1.4 BRGERS Rk
FAE RN ZHFH Delta V Advantage ( Thermo Fisher, USA ) [l 2 H B A AT 01,8 N AU T3
v W/
3UN=[ ("N/"N) g/ ("N/"N) 1oy =11 x1000%0 (4)
o (UN/UN) g AR N, AR LA

2 25 519518 ( Results and Discussion)

2.1 RFEMEER ST ITIEMAL
TECHRIE % [F] A7 2 40 M 5 B 3L Al 1S %) DSN-100 19 T4 2 80 F 8 A 2 52 v 4 5 8% 2% <
(Nebulizer gas Fl Mix gas) #7004k , (4 - F1Ee 0915 5 [RI Ak 35 31 i KARL, - HLAR &1 1738 R G0 R0 RG o Al
R T, X T AL PR SR R R AR NIST-3133 #4752 M5 , FLAMRG BE <0.06%0. AL J5 {335 254 a0
21 iR,
%1 MC-ICP-MS H1 DSN-100 i) TAES%

Table 1 Operating parameters for MC-ICP-MS and DSN-100
MC-ICP-MS TAEZ%4( Operating parameters for MC-ICP-MS)

)3 (RF power) 1300 W
R4S (Mix gas) 0.18—0.22 mL+min™'
7,3 ( Nebulizer gas) 30.0—36.0 mL-min~!

DSN-100 TAEZS %k ( Operating parameters for DSN-100)

AT (Hot gas flow) 0.50—0.60 mL+min""'
JBE I ( Membrane gas flow) 6.20—6.25 mL-min™"
E AL E 71 ( Nebulizer pressure) 30.0—38.0 mL-min~’

Hg & Tl REUE ( Hg & TI Sensitivity)

2057] RALSE (251 Sensitivity ) ~1.0 V-(pg-L7H)!

2 Hg RAGE (2 Hg Sensitivity ) ~0.70 V- (pg-L7H) ™!
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fifi F§ UM-Almadén %% .DORM-4 F1 SRM 1944 1 A58 — FRfE v OR 560k 7R R 47 R 43T 75 1 1) A
PSS R ANEE 2 B BB i R AT SE.

R2 WS EYT S

Table 2 Determination results for standard reference materials

25 -0.54+0.08 -0.04+0.04 [6]
UM-Almadén 21 -0.59+0.17 [8]

9 -0.56+0.07 0.00+0.03 ENGIE

6 0.47+0.03 1.80+0.05 [16]
DORM-4 4 0.46+0.03 1.73+0.08 ENTIE

5 -0.33+0.08 -0.01+0.03 [16]
SRM 1944 6 -0.44+0.06 0.01£0.02 [17]

6 -0.43+0.04 0.01+0.03 [18]

3 -0.41+0.05 0.010.04 ABFSE

2.2 RPN OKRIENN 2 H BRI

FEATIF ST 240 2 Fi O 5T L X 0 A RITTURR AR i v A Ak SR RIT R R T B e adb AT T o2, fafkvp
MR A 99.2442.6 ng-g ! LR &M 83.6442.1 ng-g ™' ; F/kWI(2012 29 A) BB EOR &
70 ng- g™ AR (2013 4F 6 ) BIARY EOR & iR 120 ng- g™ AR EOK B3R HEORE 4 L
& NI [ v 28 I 45 SR 3% 3.

F3 R EGRIEE W IHORYREE  FHESR E 4 e SRIFALZRT 8N 1 i 25 1
Table 3 Determination results of total mercury (THg) , methylmercury (MeHg) , methylmercury ratios (%MeHg) ,

Hg isotopic compositions and 8N in fish samples

FE Bk AR HEREFIE 199 201 15
Samle e Cge') Mell/(meg) Vellge, O HE%0 AV Hy %o AV He/ %o 8ON/Ge
Mean 137.09 105.74 78.78 -0.29 0.78 0.63 16.32
fi
8t SD 31.29 29.45 15.27 0.05 0.05 0.04 1.04 1
f Mean 50.06 19.21 42.27 -0.46 0.88 0.70 19.08 3
B HL
SD 17.46 4.66 20.07 0.06 0.07 0.07 0.17
1 Mean 70.06 * 53.26 75.44 -0.31 0.71 0.55 15.69 5
- SD 19.51 19.56 13.51 0.19 0.07 0.05 0.45
£ 4% Mean 75.30 28.16 38.02 -0.28 0.83 0.69 22.46 4
R SD 11.57 9.24 12.36 0.03 0.13 0.12 0.46
R Mean 58.13 28.06 48.28 0.37 0.66 0.55 19.71 4
o SD 5.56 13.15 22.01 0.18 0.12 0.10 2.29
o Mean 79.53 43.39 51.22 -0.58 0.89 0.72 13.86
=il . 5
SD 28.33 24.68 14.15 0.17 0.03 0.04 1.28
e Mean 68.06 58.73 73.79 -0.28 0.78 0.67 15.13 4
T SD 39.09 57.46 32.96 0.14 0.06 0.06 1.29

e o= Bk A5 % SCHK[ 19]. # Data from reference[ 19].

R OR A AR RN 1 s Aok R 7 R AR R IR I 7 1 877 Hg (-0.26%0+0.30%0, n =
36) AwIEAY A Hg(0.79%0+0.08%0, n =36) .M\ 4 7] LI Hi , Baikal Lake Fll Bratsk Water Reservoir
Roach 1 PN BB AFAE R0 1Y 877 Hg (433114 -0.61%0+0.14%0F11-0.37%0+0.30%0) A 1E ) A" Hg (43
A 0.58%0+0.30%0F1 1.19%0+1.00%o0) , Baikal Lake Fll Bratsk Water Reservoir 1 Perch 1R N B9 -1 4 E
RN I 7111 82 He (43531 A —0.48%0+0.14%0 F11—0.55%0+0.45%0 ) FM 1E 1 A" He (43514 1.14%0+
0.46%0F11 0.52%0+0.50%o ) , (EHAM AT FE > v th & B4 K Z2 500K 7K 40 28 35 B i 67 4 &7 Hg Fili
IER A™ Hg , /INRJRE/K R AR KR [R) 67 3R 4318 RRAIE 5 3K 26 0 285 A ).
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Fig.1 Hg isotopic compositions in fish and sediments from Xiaolangdi Reservoir
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Table 4 Hg isotopic compositions in fish from different aquatic environments

Sty ol AT " et
Baikal Lake Roach, Russia -0.61+0.14 0.58+0.30 12 [8]
Baikal Lake Perch, Russia -0.48+0.14 1.14+0.46 12 [8]
Bratsk Water Reservoir Roach, Russia -0.37+0.30 1.19+£1.00 12 [8]
Bratsk Water Reservoir Perch, Russia -0.55+0.45 0.52+0.50 12 [8]
San Martin River, Bolivia-Brazil Border -0.40—-0.92 -0.09—0.55 10 [21]
Baikal Lake Coastal fish, Russia -1.15—1.35 0.26—6.65 28 [22]
Cornwallis Lake, Canada -0.86—0.18 0.18—2.28 17 [23]
Pingualuk Lake, Canada 1.13—1.27 4.53—4.87 7 [23]
Xiaolangdi Reservoir, China -0.26+0.30 0.79+0.08 36 EN I

Das %7 WF 5T R BLAA R P 23 2 A SR TR 36 A AR I 843048 (MIF) |, 1fii HL 8PN &5 MIF £7 7635 IEAH %
Jackson ZE OV FSE KL 8N LR MDF Al MIF #7776 % 15 A 5& A0 6 2  Kwon 452423 5 5256 % 1)
W IR S0 K IR A0 AR B FRFE RS ) AR TR IF R 2 & A= MDF il MIF. i i SPSS 43 A 7 2R 45 A £ {4
N 8N Fl MDF MIF #H5CPHEIEAT 0T, 25K, 8N 5 A™ Hg WA #HCH: (P>0.1) , X 52Z R WF5E
g g0 8PN 5 82 Hg S5 AR 6 (r=0.06,P<0.1,n=36) (& 2) , 1] 8 Hg Bfi5 8" N
F18 v VTR o0, DR T B R R R AR B SR R i R R R AR T MDEF

0.8 -
0.6 -

0.2
0
-0.2
-0.4
-0.6
-0.8
-1.0
-1.2

52"’ Hg/%o

1=0.03x-0.76
7=0.06, P=0.07 .
[

8N/%o

B2 faferh 87 Hg Ml 8" N Z AR
Fig.2 Relationship between 3*”Hg and 8" N in fish samples

TE7K AT AR 22 A= Wy MR AL~ AR RE ™ AR 2R 1 JBUEE 238 (MIDF) | A JCATL ok 4 Y Al Rt B oK 1Y
FHRAL 2 RS G OB T A RIOR IR B Bk S A0 25 I B 90308 AN RE A 2 L3t o 78 o o
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SR TR AT R B B A R A T — SRR I G fh A S N B L (Hg™ B Ak 23 JE A
R BCREA% ) AN He 26 & F2 7 Blum 451 AT 5T 2 BT LA A" He/ A™' He A9 LU BRI IBF He™ B
oAb 2R S AR (A He/ A™ Hg =~ 1.0) F1H FESR IDERE T FE (A He/A* Hg =~ 1.36) AEARBFTERAE 1)
fatEd A Hg/A* Hg=1.22 (1 3) , BaH/INRR /K 2 (A Y A 0T et 43188 3 R IR T FH SR PO R i

L1 3=1.22x+0.04
1.0 r=0.97, P<0.01
09
0.8
07
0.6
05
04
03

A" Hg/%o

03 04 05 06 07 08 09 10
AZ"Hg/%o

B3 fakth AlggHgE Azong e
Fig.3 Relationship between A" Hg and A**' Hg in fish samples

2.3 DU OR A 2R 5308

WE 1A S PR AINRIOK PETTRRA R [ R 43 1R R IE 2R R 11 1) 8° Hg (—1.48%0+0.38%0,
n=10) F#IET 0 i A Hg(0.01%0+0.02%0,n=10) .Cooke 253 T WFFE WA H R T5 YL S I, I 5 b
EEENPENA T A TOR AL, & AR 1900 AF HiF 1TE i B W) ok [R50 32 5318 R AF 2 9 R O 972 1)
87 Hg ( —0.98%0+0.42%0 ) FMfi 77 9 A Hg( =0.13%020.30%o0) , i 1900 4 J5 LFRY) i 5K [F) 7 2 418 4 AT
Jo 7 822 Hg (—0.41%0+0.48%0) AT T 0 B A" Hg (0.08%0+0.15%0) ; Perrot 2518 5T % 30 3% 3| 44
Bl T 5 YL Y Bratsk K ZETTRE H 1) A" Hg ( —0.04%0+0.15%0 ) B L KSR A Baikal WIVTEA Y A' Hg
(=0.07%0+0.23%0) NN T 0.Feng 45 ZERF 73 T [F 5t M L0 ARSI AN & AL 51 o TR A0S v SR ) 437 3%
ST ARAE R B, A AT (B2 B SNAL T 155 YU A™ Heg (—0.05%0+0.02%0) LELLARGH) (5K 2k
B T AR AR TR A A Hg(—0.07%0+0.05%0) B HAIT T 0. FiRBFFE R AZ R AN
TSGR A He 83T 0, 2R Tl i shHEBOR K ZBUR 78 RN 48 oK , X Lo HE L 1) ok =3
B BRI MIF 7 INRJES /K ORI 1 SR [ 437 38 R BARAE 5k 19 52 8 R ¥ YL i U R
SR IF ZERFAEARRL, Uh B/ INRES K R DR 32 IR SR HE IR (1) 52 ).

£S5 RO DU TR R R B ARk

Table 5 Comparison of Hg isotopic compositions in sediments

gjyfi 822 He/ %o A" Hg/ %o n ifi?ﬁ
Lake Baikal, Russia -1.99+1.02 -0.07+0.23 3 [8]
Bratsk Water Reservoir, Russia -0.64+0.35 -0.04+0.15 9 [8]
Peruvian Andes, Peru( 1900 £ER() -0.98+0.42 -0.13+0.30 20 [33]
Peruvian Andes, Peru(1900 4EJ5) -0.41+0.48 0.08+0.15 6 [33]
Hongfeng Lake, China -1.81+0.09 -0.07+0.05 19 [34]
Baihua Lake, China -0.82+0.15 -0.03+0.02 15 [34]
Clinch River, USA -0.25+0.23 -0.10+0.04 33 [38]
Emory River, USA -1.23+0.39 -0.19+0.07 28 [38]
Cascais Submarine Canyon, Portugal -0.31+0.11 0.00+0.03 12 [39]
Estremadura Spur, Portugal -0.57+0.30 0.09+0.04 9 [39]

Xiaolangdi Reservoir, China -1.48+0.38 0.01+£0.02 10 ENGIS
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3 %5 ( Conclusion)

e 3 0 /N YRR /K i R FITO AR R B () 07 28 2 AL, 6 B/INIRUEE K R LA I 87 H = —0.26% 0%

0.30%0, A" Hg=0.79%0+0.08%; TUERPI ' 8*” Hg = ~1.48%0+0.38%0, A" Hg = 0.01%0%0.02%o. 75 I+ 54 75
B A e AR P R R 62 R AT RE &4 MDF {HJE AN 2 % A MIF. ] 2 B/ NI JRC/K 3 e A4 b SR R 7 28 1R AR
J 43R B A T SR B ERE . 5 A A CUTRR Y T 5T LA, DU/ INR IS /K PR TR A e N
Ry IR HE R ) oK S G
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