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Fig.1 Speciation of Cr in water as a function of Eh and pH
(Bonnand et al. , 201312))
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AGS0W - X8 (200 ~400 F) 1. 8mol/L £h
AG50W - X8 (200 ~400 [) 4mol/L iz
Qin 225 2010  AGl -X8 (100 -200 ) 3 6mol/L ik (¥a 27 80 <100
AGS0W - X8 (200 ~400 F) 2mol/L ik
i AGI - X8 (100 -200 H) 6mol/L ik .
ing 41261 2011 2 ] 0.08 95 5~10
Dyssing 4 AGI = X8 (100 =200 H ) 6mol/1, £ 7% K >
AGSOW — X8 (200 ~400 ) Imol/L £k
Moynier Z£[6) 2011 AG50W - X8 (200 ~400 H) 3 Imol/L £z ¥ / >90 <1
AG50W — X8 (200 ~400 H) IR/ AR/ h R
Bonnand Z£127) 2011 AG50W - X8 (200 ~400 ) 1 0.5mol/L % B 0.82 / 0.12~0.2
Jamieson —
2012 AGI - X8 1 2mol/L fi§fik / / /
Hanes (%] mol/L fif K
AG1 - X8 FhEh iR N
i 221 2012 2 o s / / 8
Kitchen 4§ ACI — X8 b RIS <
AGI — X8 (200 ~400 H) Tmol/L X
(2] 2013 2 / —%>95  =0.5
Bonnand % AGS0W — X8 (200 ~400 H) 0. 5mol/L 24/ ik >
Farkas 251201 2013 AGIL - X8 (100 ~200 H) 1 6mol/LL #hiit FEREh 122900 90 ~95 15 ~20
6mol/LL ik
AG1 = X4 (200 ~400 H) 0 ;no UL HEZE&
AG50W — X8 (200 ~400 H) . ml"/L i
Sehiller 41 2014 TODGA s 4m° 1 i Al 1.55 / JLA ng
TODGA . "“I/L i:jﬂi’i
mo o
AGI — X4 (200 ~400 H) Smol/L. £588
; AGI — X8 0. 5mol/L 5
s [31] . D)
Rodler £ 2015 P 2 Smol/L i VT 7.64 >70  4.07 £0.63
n AGL — X8 2mol/L ik +
; sige[32] 2015 2 ﬁﬁm 4 / 0.1
Wang % AGI - X8 0.6% ik Wl <

TR /7 o Sk PR B L

— 343 —



%3 o

a0 Wt

2019 4F

http; // www. ykes. ac. cn

3 AARFENTPEIY S BB

— B, AT AR [R5, 2R o0 b 2 i A
Ao B Ak, 33 A AR R G i 4 R R A = (e
P EEZATHE , B —Af . 7R LRI T K %
P A EZLL + 6 Ml 5 fEB A a0 FTTAR
R L, +3 o . B fbE B aifb st 2
AR 2858 1) 2 54T 38 0 B S 4 i ok 52
o IR STHR A DG 8% 43 B 2l A O s B R EE DL
=3 W TR, o B B A S i L =2 T
HATXT HLERIA .
3.1 Pl r-pilsaife )ik

BT B8 A Mk i B A 56 [ D R D R 2 i diz 40
KEHJTT 72 Johnson AR M FEA N IF G . %40
A7 35 % B S B Al — 2 100 ~ 200 H AR
200 ~400 HEY AG1 — X8 B fig. i HIiZ M A5 70 B3 4%
() AR i PR T 25 1 T W] USR5 Cr (VD) [
BFEZA  SRE R AR BE ol Cr( VD) 36
Jioh Cr( D) Je4xdBibkut it o BT LA, R i A 1 i
PRSP IR T R L Cr (V) o 50
Rl Cr( VD) TG — , AR 75 2 FH 4 i At 1R
BCE) R PR s 2K 5 B K TR B 1 o S AR )
S5 A Ji ) — M A A7 R (H, SO, ) B iR 5
RURUK IR A R % . Ellis %51 (2002) fff 40K 5
BURIK TR A TR KRR i i 57 Cr =™ Cr BUR R A7)
RA MR Cr(VD) J5 EAE, ] 2mol/L,
0. Tmol/L #Fh Mk pEEE iyt &, S8 5 11 0. Tmol/L .
TRERAE Rk S5, ZEAE ol Ce (VD) I8 )54 Cr (D)
BT T AR TE ALY SO% W B AE R AR Lo 3
s e £ 1 Co(ID) MBEM R, 440 1 A i
i) o ANt X T Fe Ti i B SRR S, AR B Cr(I)
WRIE R T B AE G 2P BR P[RR 1] AGT - X8 iR,
FH 6mol/L R[4 Fe.0. 5Smol/L E FERIG Ti 4
% . Kitchen %[29] TEWFSE Cr( VD) i i i 7 A 4% Rl oz
R AL, ] T 5 Ellis [R5, WS
BT B SC B 45 . Schoenberg %51 X Ball
2D K Ellis 25 (B B A I Al AL AR REAT T
st , AR LR D IREEA — 3, 22 H7E T
T 1mL 0. 2mol/L 33 SRR 8 VE R~ &AL F , £E 140°C /g,
Pt EomE A 2h 54 Ce (1) 52 2 F ik h
Cr(VI), T T AGlL — X8 B g, K ¥k i 20mL 0.2
mol/L £h R . 16mL #E 4 /K ikt , fff Cr(VI) 5 V. Ti
il Fe B3B8 AR5, ] 9mL 2mol/L fi§ R -
0. 5% 323 S8 A SR 5 BRI A3 S50 Ko W o A A
g By Cr( VD) b 5o Cr( D) J5 BLHEE e o X Fh

— 344 —

Al Al R HH B 0 R SCR A A DR AR i S P DA 5 T
Ak, HIGEP BE P R OR 75 BB & Fe [ Ti 4 T-4L0C
R, R =60% . IR A Bk 5 7E T
TR R B i 5 FR A 4 fk Cr () & Cr (VD) (3 72
3 S TE L Fe Mn SR I TTTE . X SLP0vE 2%
W% RFFAR Bt ) Cr (VL) T A5 35046 1) R SCR B AR, HLAR
AT I A 2P = B8 AR s . R, 7E 1
IR AR AL B I, AT B4 HE IS0 F A% 4 AR
R 0 Tt R B R i

3.2 PHET-RRalife )i

PHES W fig ik v, — e 2 fd1 /100 ~ 200 H #01
200 ~400 H Y AG50W - X8 [HE F# 5, &/l H
AG50W — X12 i fof FH i W g 70 25 4% 1 3 A i
HERBRAN TP IZM GRS RS '
CrCI** 254 1 CrClLy BHE P25 A5 . Wik,
TRAE A AN [R5 1 B IR A, FH R Ak Ve sf
Hk B AL E S AN X, B PSS —
{5 AR 2% AL R B DG B N 3 Trinquier 2517 71
Davies'™ /) B li{b B B, SR T 9 45 BH B - 38 ik
T SETEZ KRR K B TR A T P o 5% 4 0 A8 Ak Al
Cr( V) ,ffike i AGS0W — X8 (200 ~400 H ) fH
B, Fe [Ti A Mg S 0K v (1) BH 25 79k % B A
BERE A, I Co (VD) WM, AR W th IR 28 T )5 H
2mL 0. 15mol/L fiff i@ 5¢ 4= 1% fif , [R) B 5 il it 25 482
Cr(VD) &5l Cr () o 3 W FFUGHE 12 AGSOW -
X8(200 ~400 H) FHE T8 5, Fi 0. Smol/L S5k
A1 Tmol/L R FR WK VE5E A% 1 3L i T R, 15 2mol/L
IR VR o T IR XA e % B R i P [T
¥t 80%

X B AT RE A, Qin 2615 X b 5 PH B 158 e ik
AT THEIE . TERE ML e 2 TH IR Z )5, (A b s LA
Cr’* (B SA7AE . F 8mL 2mol/L il FRYA M FE b , i
1 AG50 — X8 FHE M A8, 3 FH 35mL 2mol/L S I&
VEMEEEOTER , FEH 10mL 4mol/L fil§ -4 4% M FH 25
TRIAEh e IF U B . W B W 25 T )5 ffi ] 6mol/L
RV AR SR A3, FIFH AGL — X8 (100 ~200 H) FH
B TR IEAT 8k 450 B . Bonnand 2517 X 4% A it
BAR PO FRERAE i EAT 7 B 2l A i), 32 1 AT fH
BT AR A I EASF T Y 10mL 437 Bio
- Rad RNAAE, T2 H 6. 4mm [1)3E[E Savillex
w7 PRA AR (B 20em)  ffi T 2. 9mL
AG50 — X8 B g, I F 0. Smol/L £ 5 18 %% 1mol/L
ERERACVEIBiA . JT4E, Larsen 25 PE4NELA T Cr'
FHESF K CrCI* F1 CrCly K A BAES FAE SR P ES 7



53 4

S, AF e HLJTORE dh o RS R B R 3R A Al A BRI 7T

$38 &

AR i TP A B [ 7 R A IR R R SR T ARIE RS
— B, FERE A AR 3. 2mm FE KR 12em
BRIt BB A IR 2 Ak AR o IR A PIE A
2 SR A 1 [BLSCR I FE 95% LA L, {H Bl 5 78 T8
FHM A R FR 2L AE 140 ~ 150°C T %5 P { 47 18h LAU{f
AERIR NG — . ik, TR 2 %
TR o 6 AR 2% i o T 2R AR Y ik R R e B A L
FEATE G TR ik VL BB BT R A i,
ST 23 Al B8 LA BH B 5 IE X AE AR i LG 3% 25— ik
PEHE, BRALRCRIE A AR . I, BHES 7 3c 4 ik
ZET ] e B B B RN 0 F A — IR R R e S 1Y
T
3.3 BIBHE F-RIRSN it )ik

FFJ B 2 3% B B0 H A 46 125, 4 I 2 R B
T RG0SR, 2 AT A 2 ) — Fh 4l
77k . BB BB — (i A 100 ~ 200 H 5§ 200
~400 H 1y AGL — X8 FJIig, FH & 44 Jig — 1 ]
100 ~200 H#{ 200 ~ 400 H 1) AG50W — X8 #ffig,
Ball 251" (i [ BH B 7 58 #e o, % o xof /K 4 o
Cr( VD) A1 Cr( D) By [RIAL R BEAT 140 Hr. B JerEil
H PR A KR I AGT - X8 [ B 38 et Ag
Cr( VD) W B ZER B b, 1 Cr( ) PSR ATTR
FRWCAE s #EH SmL 2mol/L fif B4 Cr (V1) ik i hy
Cr( 1) B 3k & 3 5 e B Bl 2 1A o0 R i s 1Y
Cr( ) Wi 4 ¥ P B 2l K A B 22 150 ~ 175mlL, £
i AG50W — X8 [HE T2z #eHig , Fi SmL Smol/L A
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SR, 1 iR RS F AR 2 o o 2 T A A & i
&L A HERRRBR Fe 155 — 20 A A & B i 40
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JRIAN V2 N 8% TR L 2 O RE I8 7F F SR
R S HIBOAR B AT 3547 BT A 4% [ 3 2 B HL T g
PICZE MW A% TIMS (4755 6 2 55 He 5L 14X
ar EINASE , W A 1B B R A M RE L1 B AR
R , 33 6 P 4 78 TIMS 7 4% ] 437 25 0 350
JE b EAES I BRI E . &
FLBE R MC — TIMS BEAT T 8% [R37 2 2H iU 43
BT BRI A AN R I A SR A $ 8 T 4% 2 11k
TR, eGP A HL T3 X 1pg 21
BT L R 4y Hr 2 W, 87 Cr (1 43 B K 32 AT 48 5 3]
0.05%0, T & Cr kS EEEE] T 0. 05%0, & Cr [k
JER 0. 1%0, ASist, X 200ng 5 1) 5% Fo o [l 437 2= i
FEorprid  HoREE <0.1%0(8™ > Cr) . 2], Li 45
H & TV T 0. 4mol/L IR H Y Nb, Os 1 A &
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FR A 2 k0 ) R AR i v 1A 10 A AL
100ng (18 o 75 8 0 7 [ 437 R I, 6772 Cr 11
FE I 4 i 28 0. 02%0(2SD) , {H AL HARE 52 Br 48
BRI 677 Cr (HI, Z2 U AR 5L 0 K T ARG B 1
SRJZ 0. 05%0 (2SD) 7245, A, 75 H i F TIMS
A 07 BT, 2 L 45 R & A9 A
A A BB F AT 1) —FP e
4.2 A USRE O 5 3 AR T T

AR A LR 5 55 S R BT 2 20 g 90
AP S BT A — R B . R e B
MR P o BRI REANIE B A 2 RS el g
(Faraday cup) fll B 7 i1 %48, MC - ICP - MS 5
TIMS AH L, 4 it DL IO CHE R, 70 B g PR T )5
F AN B F TIMS, HLAM RS B 3R 5 TIMS
FA2, T H A ks B % ) 3R 0 BT A e e s o

VR, EA T8 [F) 5 2% i K BZ 23 BT i MC - ICP —
MS {28257 A Nu Plasma [ %1 I %10 11 74 &5
4y¥E(HR) MC - ICP - MS, DA & 2 [E ThermoFisher
/] Neptune ,Neptune Plus Y MC - ICP - MS, 7
A RS8R T Nu Plasma [ B 28 HC &
T2 A [EENLE BRI AR, HE A AR AR B
FORIEA I oL e RGEIE W, $ S TR
REHET T Fe M Mate , 7 2 ah SRR R, [WB,
NTREES N REE, HRES R Ar”C* |
WAL OAMN AT B AT - OV 5% Fe
Xt Cr A7 Cr (9 [8] B 547 2 T4, 3 5 R I R
TR PERERIR AR HE 5 o 2 805 AUBCRE Y 21 S A5,
TER S o BT SEAT 8% WAL R o0 b B, )
Nu Plasma [ #I( HR) MC - ICP — MS il H #Rk £ 5
(¥ 8 Cr {8, H 38 ) K 0T 414G B 38 % 7E 0. 08%0 22
fio %FF Nu Plasma Il #1 11 % (HR ) MC - ICP - MS,
H T ZAUERECE T 16 MERLERM, e ST
IR AT PV P Cr ¥ Cr 2 Cr P Cr G Fe 4
[Fi) {57 2R P9 ] I 42 000 i, £ B JE 25 1 1 A A
o A e RO B, B O 100ng B Y 4% [A]
(LR K AN 2 B AG T 0. 08%0, Neptune 5
Neptune Plus % MC - ICP - MS E.f5 B im0 fa 2 M
e RUE, —MRICE A 9 ~ 10 MERLEH AT
Nu Plasma % MC - ICP - MS ELA# & A0,
CAUNTETAE S B, (T S SRR R
Wil H BERAEHE S X B S RBUE R4S, 78 200
ng/mlL B S B B2 A D0 T, AR Hh i o PR
ST 58 AL 3R 53 B, A AT LA R0 T BR
CACOT AN NS AR A S R E Y T
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SV Fe FOEET TV VORI Fe 5[] BRS04 Cr
A% Cr g4, 1M Bt T AAS 2 4 s 4 B 1 677 Cr
e, Schoenberg 2% F| F] Neptune Plus % MC —
ICP — MS G471 M A0 (Al B o 48 T R v 4%
[l 037 28 4B 00 2, f FH™ Cr = Cr A A XURR B 711
MRS BE IR E] T £0. 08%0, Bonnand 45 15534
K e TR 1) 4% T o7 28 1L B, i T7°° e
— > Cr BUR R AE LB i Ak P 1ot e v %) ) A7 28 401
FAS s 4 Jo e I A0, T KA i 1) 20 B R TR 3]
T 0. 05%o, Bk R £5 #F & 19 73 M7 kG £ 2 0. 06%o0,,
Schiller 2% X RERRER4) I o 4 6 (32 5 4L L3R4 143
By, I3 b SRR S T AR IO 30 ~ 60 g, 73 BT kG S
HAE 0.05%0, WAM, FE2S FIE 2 0. 2ng s AR AYTE
LT, f# A Neptune Plus %I MC - ICP — MS Fl i &
RIETILAERE RS, 20ng/ mL A9 58 ik 2 2 06 m] LAk
rmkE A AL R M, WAt U, PR i1k
FAALRIRE L SR 200ng A 8% AT LULRIIE
B RIOL R 1 R RS R HERR 20 AT
2 hUREE T AR K SCEk A O¢ TIMS F1 MC
—ICP — MS I [F] A7 R ARG BEXS be. "I RLAE
MC - ICP — MS Il 05 [F] 3 = 4G B2 5 TIMS #H2,
Jf-H MC - ICP - MS it B A7 TIMS JEH] He 3L {1 3

OEAET AN, 225 7 s A AR i L 28 T
FH*ME@&/»&%@EHTFH?EW»H T8k 5 R i FH A AR

B R TIMS 05 5 (R 3 28 21 U, 7 2 4%

462 TIMS HI MC - ICP — MS 5 8% IRl (i 2 AL SRS EExT be

FESE— % 600 ~700ng DA L, T MC - ICP — MS
B AT % 100ng LT, S AIK AT £ 10ng A2 A7 2
@iy, BER HIARE — FF & 38 X3k (SSB)
HAAAFER AR 3 0, o sk 20
¥ TIMS YA, T fd T XCR A88 50) J ml 2L 1 A48 LA
B BETUL IR, a4 SOk B 2 1 B 58 ER R T
MC ~ICP — MS #4745 [Al i 28 4 A I 7E
4.3 BelaIf M R A E

FAES T TIMS 1§37/ BT & B A %00 ( Mass
Bias) ,MC - ICP — MS ¥ Jit & 5 # %0 B K T
TIMS K 1) Jo ek IS A R80T A 8K 52 W) o 0 1k 45
T AR 2 1 Bk, 5 Fe Cu  Zn 289
P GERa e AL 2R 2600, 7 HEAT e hG BE 4% ) 62 3 0 A
B, A T o e B R SN A TE . ARAR GEde g (R
PLFR Y BT s I R E Ty 2 E SR BRUE - FF 38 Sk
(Standard — Sample Bracketing, SSB) ) gp 2 4k
FriZ ( Element Doping, ED) ) FIXUH 572 ( Double
Spike,DS) 10T i — A 28 U S A B AR
P55 it ) S8 e D I, G AR i P A A
JEEREE HAERRE A 5 1 38 40 i I il A e o
SN AR ), 3R R A i I 305 S
FED A X (B B, 590 AT LAFIR T 4S8 XA o 1) I
SRR R, TERLRE A 0 AR R B RT LA
FIFRRESRAT YA A8 73 18 R (B) SME AT I
AT LIRS HI P B A S D L A ) B AT 3153

Table 2 Comparison of the precition of TIMS and MC — ICP — MS instrument

X AR R AT = 1E& DI HEE FERZEAD KGR (%0)  BOIEJrE
VG336 Ball 21! 2000 R K +0.13 pAET Y ESHIRES
VG354 Ellis %5 2004 ARl +0.2 XUR TR 7732
TIMS Finnigan MAT 261 Sikora 2 2008 a3 +0.2 XU R
IsotopX/GV IsoProbe T Frei 21 2009 BIF +0.08 XU RS
Triton TIMS Qin 25 2010 B +0. 1 URG R
IsotopX/GV IsoProbe T Rodler 21" 2015 fEaRid +0.08  XUHREHIE
ThermoFinnigan SIS Schoenberg % 2008 EHEN 0.1 MR
Thermo Scientific Neptune Jamieson — Hanes %% 2012 R K 0.1 XUR R
GV IsoProbe — P Farkas 2"’ 2013 fEfREY  20.066  SUREEHI:
ThermoFisher Scientific Neptune Bonnand 2! 2013 K +0.047 LR 0 7
MC -I1CP - MS ThermoFisher Neptune Plus Schiller 2 2014 TR ER +0.05 XUR A
Nu Plasma Wang 20 2015 pradlid +£0.08 SR TR ) 7
ThermoFisher Scientific NeptunePlus ~ Schoenberg 2 2016 BA +0.044 LR T 7
ThermoFisher Neptune Bonnand %1% 2016  HERZ A  £0.025 WU RE 7175
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SR, %5 0 P R4 SR A 2l AT it 1 8 [ 32
BLIRF) 100% , 5% # FEAR K F] 100% [FIE KT 95%
ARG T, 5 B PP SR X 6™ Cr HUABIEE RS
(ISEIARREE , DA A 58 1 B IR B AR . SRR,
F ISR AR ME R T 95% , SSB e R& [R) v Z (1)
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)37 22 0 7 AR A, (HERE b T Fe Y Fe 1
HFe AR Cr 2 Cr HHATHCIE o S RTE MM H AR
HER AR A SCRGE 27 R R TR ARk Sn
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T 52 BIFE i 2l Akt B v i IR i 2, 5
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SRV AL A8 RSUR 88 01 SR AE TE A it A RS A i
g A, 5% S/® S =0. 1194 " Nd/'™ Nd =
0. 721958 NFRKE IE 7 5260, WU BRI i )& T N
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B, TR a1 T HA [R5 28 60 1 U (SR . i
5 Sr Nd 8 INFRH IE 19 22 HI7E T, e 2807 B
AT I 53 LR 88 70 A% 43 B4 % i) i 42 B 8772 Cr
o (RO Z R B DR B T N BR AR T 5 ¥ IR
RO E RGBSR s e, B ZEEER
=, WU R B P — & B30k ], HOBUHG 511
[ LA S s 6 3] 55 A ot 22 TR R 32 1 i B AR TR A
LU, DAPRIIE RIS 2 0GB %) W 6 B R E A . X 5%
[l MM 5, Cr = Cr H 4 FA AR SURG B, 76 PR
B Cr 5% Cr LefEAE 1.0 ~ 1.5 Z AR A B,
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2.0 MRGVOEIEAA R, K i B Be EAATE R
ENE 0O M AR S SR RO B
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Bt o AR T EIPR R T Hox) s @n] AR LA
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Table 3  Isobaric and polyatomic interference for Cr isotope
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21 | Fe/Cr

O © Ti/Cr
O C q 1 1 1 1 1
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6
0”Cr

TR AR R i Ti B9 5 AT 4558, R PSRRI Al 4 Fe B9

AMFEE R (Zhu et al. , 20183

P12 A T AR i Fe Ti ) NIST 979 #5055 Hré

Fig.2  Analytical results of NIST 979 solution that different
quantities of added Fe and Ti. The squares represent
the analytical results of adding different quantities of
Ti, and the circles represent the analytical results of
adding different quantities of Fe ( Zhu et al.,
2018*))
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A Review on the Progress of Purification Techniques for High Precision

Determination of Cr Isotopes in Geological Samples
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HIGHLIGHTS

(1) The recent advances in Cr isotope analytical techniques were summarized.

(2) The advantages and disadvantages of different Cr purification methods were compared.

(3) A solution for developing a flexible and universal purification method for Cr isotopes was proposed.
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The precise and accurate measurement
of Cr isotopes

ABSTRACT

BACKGROUND: With the development of Multi — collector Thermal Tonization Mass Spectrometry ( MC — TIMS)
and Multi — collector Inductively Coupled Plasma — Mass Spectrometry ( MC — ICP — MS) , Cr isotopes had been
successfully measured at a high resolution. Chromium isotopes have shown good application potential in the fields of
environmental geochemistry, agroecology and cosmochemistry. However, sample purification and interference
correction are still the main factors that suppress the high — resolution measurement of Cr isotopes. The development
of a high —recovery, universal and efficient separation and purification method is an urgent problem to be solved.
OBJECTIVES; To discuss the purification of Cr isotopes in geological and environmental samples, interference
and mass discrimination correction during measurement of MC — ICP — MS.

METHODS : This study compared and analyzed the current chemical separation and purification methods and main
instrumental analysis techniques commonly used for chromium isotopes (e. g. MC —ICP — MS), and discussed the
current mainstream quality discrimination correction methods. The combination of anion and cation exchange resin
with strong oxidants such as K, S, Oy can effectively separate Cr from low Cr samples with high matrix contents,
which is a more universal purification method. Medium — high resolution and static measurement mode was used
during MC - ICP — MS analysis and Cr isotopes double spike method to correct mass discrimination effect.
RESULTS: The analytical precision of 8 Cr was 0. 04%c (2SD), similar to that of TIMS. Moreover, the
minimum analytical sample was 10ng, thus isotope analysis of ultra — micro chromium can be achieved.
CONCLUSIONS ; The proposed method cannot only separate the polyatomic ion interference, but can also perform
high — precision Cr isotope analysis. It is necessary to reduce the process blank, remove the interfering elements

and completely separate the different forms of chromium.

KEY WORDS: Cr isotopes; purification schemes; low Cr samples; Multi — collector Thermal Ionization Mass
Spectrometry ; Multi — collector Inductively Coupled Plasma — Mass Spectrometry
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