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FiE A L#Ea "' Foucher Delphine® fxF'? REH F #
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B B RALBEWSEFARL(MC-ICP-MS) kR ENE T He MM RHEMR. 77k M BEREH
R, AR LR T FALE T PRI SON ; R R 03 AR FIARE G- PR3 U LATE BR (3% B 5 R
BAME Sl S A (NP B A B AR R AR ) OARAL, TR IS R IR . BFAIR I A PRIER MR
AR RS BRI E , REBARHERE I 2 pg/L I, RS <0. 02%(RSD) o i FIA J7 ¥4 0 sk AR #E NIST SRM
3133 #1 UM-Almadén S50 % ARFERGE 7 A F BSE , 2R B, AR IFESMEE <0.06%0(28D) o BhAk, Xf—
RENVERERE AR () [F) L AL IEAT T I E, K &R IS IE B < 0. 10%0 (2SD) o 5B 4% dh 8™ Hg LB K
~3.48%0 ~0. 63%o, &K 4. 11%o,

X OR; FMRME; SRS SE T REE

1 5 §

R Rl MR AL 2 R MR AL 2 A R 2R BRI S B B e Sk > 11 SE 4Rk, JEL 4T
# (Li, Mg, Fe, Cu, Zn, Se, Cr, Cd, Mo, TI)#37E [ Z W IE R Ay BR Ak 2= BLRt B 97 k48 32 5 1
HIBFSE AT ) M ERAL S BT B —— S YR SRR A B BRI R E R B W A
HEREE. REEENESES LYY, BARBNERE, EARRPAE Hg(0.15%),
" Hg(9.97% ) ," Hg(16.87% ), *“*Hg(23.10% ), *Hg(13.18% ), **Hg(29. 86% ) " Hg(6.87% )
TARERNE, R R Z AN B 2EA 4% , REERICE, 7T LLLLEHLIE R (Hg", Hg(l), Hg()
T HLIE R (10 MeHg %) 777F , Y R M HAE B T8 B YA B EMEED . ek, R®IE
BEALW Y SR E Y RN RE S ECREIM E R R MEC Y AR ESEY . BT WAL
SRR A 2 £ BT SR R (57 26 T LA A 5 35 e R0 A 0 i Bk A 2 I 107 J% R S A R B G e ) 012
SRTT , SRIEMS B A B R B RIMERR 5 7 E/E AR BRI HE T . B 20 48, B R A L E
B R TR AL (NAA) T SR AL L Q-ICP-MS | ICP-TOF-MS " I Single-collector ICP-MS
USRI E RO RN REN. BT HRRTRK, R LR ERE", HalAitg
7, Lauretta 2578 3y Ff§ MC-ICP-MS S8 TR MU R MA@ BN E, Hit, DAMBRA &
A U AT KRR G R SRR P He Rl 3R 4 4R IE, Bon He
[ 2 AE 048 B i ol FR A 53 h B B R A B N AT B

K [G) 57 220 % J7 s 278 BRI IR B AR 5 R W 28 I 58 A 2 A e 8, T o S 38 SR R AL B 2
WD W TRENC RN E RIS . AL A B SRR R G, SEH TR0 2 A B
%o HiEXf Nu Plasma £ MC-ICP-MS LI 28 ULAL , 38055 T R A2 200 2 W RS B2, T B Hg [ (2 &
WE R BT I T 0. 06%0(2SD) , IEBA B A Al {5 . 38 A7 kIl %E UM-Almadén SCEG % P
PRAE, 50K 20 T I e 25 SR B RIT I —B0ME . MIE AR BEAE L I 8°7 Hg hy — 3. 48%0 ~ 0. 63%0, AJ5
BARFENREF IR AP N 5 & R T 2At
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2.1 RiEMNESHUUES
ST IR SE K 7 T A2 B L BR AL 22 A T BT IR BE M BR fl 2 B R B A S B = 5 A, B AN B M3

Nu Instruments 2> & Y Nu plasma 7 £ 3210 81 BB S Flasma

FETIRBEL
HHERGERHESRBFERE, KRB TH ey

BRI B BRI R IR E ™, &

-
£ 1SnCl, Sample He(11) :

I / \
S |
T1 aerosol N\ /7y Mixgas |
| —
Teflon { {- ,'
filter { |
! |
I |

WG | BER. B S SCL, BRI, g
He' S A SR T8, R B S T R T i

PLABSRHN . F)FH Apex-Q 351k3% (CETAC Technol-

ogies, Omaha, USA) =4 Tl B 58 LR 09 B By

WURCE, AR TR &/ NHERE SR (Cilson 1 FESMGERRISR A (Foucher and

Corp. , USA) 528, #AEIE H 0.75 mL/min., Hintelman, 2006) o ,

2.2 MC-ICP/MS £ AR I3 = l;f 1h S;:h;rhnatllc of 2(:;10-:;% introduction systems
Nu Plasma KU8S TR AR SR BRETRAL

M BRRGAE 12 NEERIEPIENA 3 VTR, g Hg Rz EAHA N 7 MEREsa

# 1), BT Hg f™ He 78 B ARG BARE, AR AR TIE . LA 4l Ar < ( Low mercury ) JgkE

B FIRES,MC-ICP-MS {) B REERME K 2,

#F 1 RENE LLE N E RS MC-ICP/MS (LRSS AR &

Table 1 Adjustment of Faraday collectors for Hg isotope ratio measurements

Waste

Fﬁﬁi%ﬁp H5 H4 H3 H2 H1 Ax L1
Hg & Tl 205 1 203 202 g 201 gy Wy, 199 g 198 Py
2.3 HAEsRMk%k £2 REMR LENRE RS TESE

¥k HNO, (GR) .3k HCI(GR) .SnC1, (AR) ; Table 2 Operating parameters of Nu-Plasma MC-ICP-MS and sam-
3 ~N N 2 ’

ple introduction systems

Mllh'Q iﬁ?ﬁz’(( EEB-HE%,‘: >18.2 MQ - Cm) ;%gﬂé B T2 ¥ Plasma parameters

F5;30 g/L SnC1,-10% HCI 7@%?&2};ﬁ%3_§ #./X, Nebulizer gas 27.0 ~34.0 mL/min
N, KB, R R e, AT A Mix o 0.06~0.15 mL/min
PR He R T R pRAEF ORISR ML T U ooy
N N pe- pex-! nebulizer
YEJRr ) NIST SRM 3133 #1 NIST SRM 997, DL M ISR Heater temperature 100 C
%@%ﬁﬁi%i%ﬁ%iﬁf&}*ﬂﬁ%igﬁiﬁ% Chiller temperature 2C
HEAY KR [E 0 28 S0 86 N FARAE (UM-Almadén  205T1 R4 Sensitivity for 2° Tl 0.16 ~0.18 V/(pg/L)
secon dary solution ) [19] 1§ Hq E,(J %% m 3\3 E: % HGX-200 S k¥ & 4 £ 4% HGX-200 Hydride generation system
YRR T # Solution uptake rate 0.75 mL/min

pez=s s

25ml BEE B ILEH. A RUM LA 22y S HEE Sensitivity for 22 Heg 0.20 - 0.24 V/(ug/L)

( Teflon ) 1 3k 5% #5 1L 75 {3 F AT H110 % HCLFI
HNO, 435326 48 h Bk, 3FH Milli-Q /K st 3 .
2.4 HREIE

HARFEARELEERE R RS H + OREA R B AT,

FRAEREHE EKAE 95 COKIARTEM 30 min, JTES IR 22 ], He (9P M1 = 95% , FHRIER
B2 Heg 4k A He ' IR T EREIIRFERLME T 20% , R E R Tekran 23 8] 42 7= 8 B T-9¢ Y643
A ( Tekran 2500 CWAFS R4, ¥ KR <0. 1 pg Hg) MK ZE K KZ B (Tekran 2505 H 3R ER
B o FRAIHAEW S A MC-ICP-MS 2347HT, A Milli-Q /K# BB S BRI (29 5 /L) o
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3 HRSHE
3.1 (EMNREEHARKIE

J B S AN $EE RIS 38 AT il A (R R AT R 5 | RS R AP L . AR SRR FH T H AR IA N
P AL ARAERS k%) He [RS8 AL A SR B MM T RS IE . A R TTR AR A I R BRI L ek [ 22 ]
87 5 Z BIERIF A R WA, FIRUSE 5 He B SOMIE R T1 RALE, ARIE 2 ARIE R T1 FALEK H
(BT ERAG ESER RSB R (B, , 1 B, T HARRERRIFI R HAE . ABFTEAMRE D 20 pe/L 1Y
NIST SRM 997 Tl ARUER R A WARHE P TV TL =2.38714) o R FIAE M -ARHER IR #AT BUR S 8 1%2
IE, BoR{EAA R MRE . AR -TR R R O RAR - R AR - R RN . fBUE
EL SRR Y FILAC VR & B {025 B B 2 AR D, R L A v IE AN B B B S , X O 3 SRR o Sk
FISMRBsHATA A B 5 B R MR IE PR He IR RABRIER 8 B (%0) , 22 LHF

XXX 198
5**Hg(%o) = (_Hg/_ig_m _ 1) % 1000

“Hg/ . Hg,\andara

Kb ,6°Hg ' Hg, Hg,” Hg 2*"Hg, HAT, & [—REHHxTFE PR NIST SRM 3133 (#{H,
KRR -PRER X, REAE M SHE R Z H %8, B LS SR ER TS5, R 3%

HNO, EUEHFER S, LIEBR AR MIEAZ800 , NTARIE T Hg BRI RA MM AERIE . REE R

JH On-peak zero (OPZ) K iFH,3 min DK “Hg (FE B EEHE (L 10 mV)

3.2 [k Hg MESHHMRL

3.2.1 WEREAREERRME RIE S E K PR S22 &t B (U B EO IR R S8R

RSB TE] (SR AR) R, Bt R Z M E 5 we/L NIST SRM 3133 SRERUMEWA R, BF5T T £ A 80 (50 ~

300 ¥R) B MBS A](2 ~ 12 s ) Be G5 B 1] (2 ~20 min) XF A EERE M (LI 2) o BRIGHIE T &

PRk 4 256 F 8, B B 20 B B30 A, A B8 S 00 T 8 I VD P, A 0 2 o 1 TR 2 3R 4 o

70 70

a b
£ 60 £ 60
2 roe = i
x 501 * 50F
5 sl I
E 40: g 40:
#  30f 301 o
L ° L
% 20} . % 20t ¢
IR . I S, S
100 2 4 6 8§ 10 12 100 5 10 15 20
RN (s) % BF 1Al Acguisition time (min)
Integration time for every point
B2 B SRS ETE] (a) FURE SR I A E] (b) X% He PR BE R0

Fig.2 Effect of integration time (in second) (a) and acquisition time (in min) (b) on the isotope

ratio precision (1 relative standard error(RSE), 10°°) of *¥'*®Hg
Foucher 217 BP9t 2 B, W (4050 ( Block ) i s BEIR A S0 . AR SC U0 7 I 5 E 5 R 3 B 4 AR,
B, R AT 10 min BYIE J7 SR (1 block, R4 100 MR &, B AR B[] 6 s) , AT LA [E] 67 B A
FE <0.02%0(1RSE) .
3.2.2 BMRREMPNBERR  FRIURE SR BT LU M MC-ICP-MS Jl5E A RSB . i 3
FrR  BE I B E] 9 10 min(1 block , 84 R4 100 MR &, G WFRABERI R 6 o) , BEE RIREF+
=, RFAL R E SR TH S . FERRERT 2 we/L, FALE 0TI PORS B B BRI, 2R S ik
A2 ne/L, WKEEE <0.02%0(1 RSE) ; FEBEREMIRIEREEN 5 neg/L, WK E <0.015%0(1 RSE) ;7 f
WM 5 we/L B, KSR B E W E,

MC-ICP-MS Juif il & Hg [R5 AT, ZSR ORISR FIAR HEVE K Heg MRBEAHIL, REEH K KER
(<10% )", He ¥R 2 Rt AL He R ENE ., % BRI R IE BNk R4 Et
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- a — e b

L 601® f’o 60k

X 50 ;. S0

@ 7

é 40 “. & 401 4

E( 30k % 30+

& &
201 20 e

€ * ® o o . [ ® L } [} ] [
"5 "10 15 20 1% 1 2 3 4

Cye(hg/L) 02Ho (5 558 E Intensity of 22Hg(V)

K3 Hg¥eE (a) A7 Hg {5538 B (b) X7 Hg AIKE L B9
Fig.3 Effect of Hg concentration (pug/L) (a) and signal sensitivity (b) on isotope ratio preci-
sion (1 RSE, 107°) of % Hg
(], PR e S T ARAIE R 57 28000 5 A v 1, RS S R Mk B AR FFTE 2 ~ 5 pe/L Z JHL,
3.3 HgtrERBREMNE
A WG % TC T Ab B Y R AR #E NIST SRM 3133 (Spg/L) #5477 A A R & K PEAE MC-ICP/MS
4307 Heg RIQL R I, K1 T 6™ Heysmin HLIERISME BE, B Hg [F07 20052 B /METAS 1 , HAR R 22
<0.06%0 (2SD, n=45) 6" Hgysmis =0. 00 0. 06%0, [T, 7E TRIAL BB T, FE&N T UM-
Almadeén AHXTF NIST SRM 3133 @y [Rf RAH M. MIXL R 5[ 19] — B, HArHERZ < 0. 05%o,
8" Hgywrimaden = =053 £0.05(2SD, n=15),
3.4 BAMMK Hg EURERSH
N MC-ICP-MS SRig /AR, W TR & BB m iR &, 4 Rk B R+ ORF A RY
BAEEAE”, AEX T NIST SRM 3133 fRfEM @ R WME 3, REMEEHSTERILTF—, BEE
HHE 0. 10%HE B P . [&1 5 RESL ) 6° Hg it 6™ Hg (A3 7E B0 i B /M B AR IR 22 T Bl 2 9 (BRE BL
£ y =0.502x) , IERII S 78 h A R R AL R T30, FE 5 B RTAL R A BT i AR M A 4 SRR AT
FEE S BT RE S 9 877 Hg th, Ak Bl - 3. 48%0 ~ 0. 63%o, I B 3k 4. 11%0, B T 52 56 U B 46 J&E
( <0.10%o0, 2SD) Bi MR L .

0.3
8 27Hg=0.00+0.06%0
0.2F

0.1f . .

0.0{—v57s * vy et

—0.1¢ . [T

S 202Hg (%)

—0.2F

0.3, 10 20 30 40
B IR % Measurement time ()

B4 NIST SRM 3133 Hg by R (0 B 30 2 LB Y
EIH
Fig. 4

202 .
8" Hgyisry3; determined from repeated measurements of

Long-term  reproducibility  achieved for
NIST SRM 3133 Hg standard at 5 pg/L over a time period
of 7 months. Data were acquired in 1 block, 100 cycles
and with a 6-s integration time per cycle, resulting in a 10-

min acquisition time

0.5

522Hg (%a)

1
o KK )} Rice leave

o f i+ Paddy soil
& SZH 41 Hg ore

—_~
2 A SR # Hg calcine
o ® {HEFF Zn ore
I

_2_0 4w

5 R 87 Hg 8 Hg MM XM SHIBRIA
fY HL 3
Fig. §

85" Hg and 5 Hg and their correlation for natural samples

Comparison between theoretical relationship of

FERRY], R TR NIRETI R R -FrifE” 28 SUEOR , i e MC-ICP-MS {30#% H 5 9 BB 4348 5 f& B
TELHRE RS, B T AR TIURMZARON ; B E T 68 B9 I % i 18] 5 2 B, R Hg R 3R HofE
B i B AL B R I s Hg A28 BRI E AL T 0. 06%0 (28SD) . i A% 7 Bl 2 — &R 41
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BER, 8™ Hg ASLIREA 4. 11%o0, TEMIASJr HAAE R A B MU BRAL~F B I H-BA BT B N AT
#3 ESAMMIRA-SER RIS S THRBEAA A ARES He B A R 250

Table 3 Hg isotope compostions in several nature samples measured by MC-ICP-MS

GRS B S IR 8% Hg i B 8 Hg AR
Sample type Sample ID HeT(pg/g) (%0) 2SD (%0) 28D
FRI (5#2) 0.86 -3.23 0.03 -1.62 0.02
Rice leaveR R(GX-1) 3.56 -3.48 0.05 -1.75 0.04
- S(GX-1) 151.1 -0.48 0.10 -0.24 0.05
Mt S(GX-2) 145.2 ~0.65 0.08 ~0.33 0.05

Paddy soil

S(WK-2) 102.4 -0.35 0.02 -0.17 0.02
REA (WC-2) 820.4 -0.11 0.03 -0.07 0.02
Hg oreC C(WC4) 1015.9 -0.23 0.05 -0.11 0.03
R T(WC2) 28.14 0.53 0.04 0.25 0.02
Hg calcine T(WC-3) 61.87 0.16 0.01 0.09 0.02
P e Z(HN-1) 20.61 0.34 0.02 0.19 0.00
Zinc ore Z(HN-2) 14.40 0.63 0.06 0.31 0.04

BB RO EE B HRARAF T D Blum R 4R E AR N
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High Precision Determination of Mercury Isotope Ratios Using Online
Mercury Vapor Generation System Coupled with Multi-collector
Inductively Coupled Plasma-Mass Spectrometry

YIN Run-Sheng'?, FENG Xin-Bin"', Delphine Foucher’, SHI Wen-Fang'*, ZHAO Zhi-Qi' , WANG Jing'
' ( State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry ,
Chinese Academy of Sciences, Guiyang 550002)
*( Graduate University of the Chinese Academy of Sciences, Beijing 100039)
* ( Department of Chemisiry, Trent University, 1600 West Bank, Drive, Peterborough, Ontario, K9J 7B8, Canada)

Abstract A method was developed for high precision measurement of Hg isotope ratios by multiple collector
inductively coupled plasma mass spectrometry ( MC-ICP-MS) using an on-line Hg reduction technique. The
procedure was evaluated to get high precision measurements that were good enough to significantly detect the
anticipated small differences in Hg isolope compositions in natural samples. Typically, internal precision was
better than 0. 02%¢ (1 Relative standard error, RSE) on all Hg ratios investigated. The external reproduci-
bility for standard N IST SRM3133 and UM-Almadén secondary solution, nature samples were 0.06%. (2SD)
and 0. 10%0 (2SD) over the course of 7 months, respectively. The extent of fractionation has been investi-
gated in a series of natural samples from different locations in China. The ratio **'*Hg expressed as § values
( per mil deviations relative to NIST SRM 3133 Hg standard solution) was from —3.48%o0 to 0. 633%eo.

Keywords Mercury; Isotopes ratio; Multi-collector inductively coupled plasma-mass spectrometry
( Received 25 January 2010; accepted 12 March 2010)
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