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% W g R £ 45 B TR S 1 (MC - ICP -
MS) 1 R I A R B AR R 2 T, #R
SRR T BT Al AL B B, 22 IR R A T R A
ARG [R) B S5 28 X BB 5 1) T4 o A b AL Y ) 3z
w7 B R 88 T2 i g Amberlite IRA
743 ety gk L A IR AR ot Bl
HAT VPR b, HE A B(OH) . BT, BiA
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FHI DTN . X7 RIS A L (1 52 36
ZEIR (R SRR LB TT R, TR B R
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A8 g 19 i T V9, R 280# S Amberlite TRA
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AL (MC - ICP - MS, Z£ [E Thermo Scientific 2\ 7] ) ;1%
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pH T : M 45 ) 5 K B FiveEasy™ & 20 pH 3
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1.2 brdEP o 32 2505

i 1) 57 25 % #E 49 Jit ( NIST 951) , FHobr fE{E
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5 18.2MQ + c¢m,

BUERK IR Ay 40 (UP) 2 (F5 M did B b2 11
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fEiE i .
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WK, IRy i 2224 80 ~ 100 H .
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H T RGEWFIEHS pH AR IR RO R e e 1
RERYFZA , FC AN IE] pH A (1 ~ 14) 935 B A T
ANfA] pH AEFIA R EAAFA XS Amberlite TRA 743 ]
FERIC i R PR RE R e S8 o SEg b e 2 B RR i
Tl e B2 R 500 e/ L IR, 5 i) pH T pH 1
FE o VIR R G 38 2L Y in 2 F ) s R s A K
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(1) K THFFEATE pH X} Amberlite TRA 743
SEAGI R S0, BOAS [R] pH T, 8 500pe/ L 1Y
VW 10mL, 1] FH B FR R0 i 32647 2l A8 W B, T 2%
i R E Ry ok I8 A 0F A7 Y G, 0 I A U ) 9 VR
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(2) R THFEATE pH AT, 75 W B AR AR
Amberlite TRA 743 <2450 BB 1 52 1) , 4845 A W] pH
fi(pH=1.02.53.2.4.4.5.0.6.0.7.2) &g
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R DR
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FHBEME -4 24 b 5 F0 8 A5 0 40, 4R A5 09 4 Rl ot
PRI EE IR DTS 28 200 H (75pm)

BB T A2 D AR i e 280 i 3 1
AR 202 o A S SR P ol 9 A 1) i
VR TIE fR. SESe AR SOmg 154 i
A 3mL 50% [ 52 F1 2mL 30% [ WUAE K AT, #40%
SEINREE A UlraCLAVE 1%k 1 i 2 8i b, 15
THARTEEE A SR )G 2% 1) @ 26 TR 2 5 &
25mL, fEH o [R5 HEAT IR0 25 9058, O T 4 4 0
i B i, X E PR K (SRM NIST 1400) FIE 453 (SRM
NIST 1486 ) b #f # it 5% FH [R) FF 5 % 2047 1
=
1.3.3 S FAcHbiifEs&

G35 S BT PR 85 25 At R PFA (R DU &
W), FHEHEREL 3. Sem, | Milli - Q /KR, 584
R TERORL, T 3mol/ L fiF R VE Uk 22 WK, IR VA R R
BRI IR Amberlite TRA 743 75 {58 IRl 1 il 2

- K - PRI (BETR - BRI B 22 vpil ) — /K7 31 7
TR AE
1.3.4 VA SO, 2843 25w AR i e

I T R 0 A G FE i, 1 e PRS2 - B PR i 2%
PRESTBOR TV pH 2 6.0, SR JE R il A ik 3 3t
KPR AR Amberlite IRA 743 43 8§ & 4, W g &
Milli — Q8 4l 7K ¥k 2 v v ), FBE R — 1t 1R 4 2%
TR BR A B, T Milli - Q #Ealik ik =4
M, B S ok I Smll 2% Fi B2 56 156 v Wz B AR Al A4 ik
VR VAT BE 29k 50ng/mL, ¥ HLHETT 4
TR TEANB SR IRE T3 1,

#1 MR B 0%
Table 1

Preocedure of seperation and enrichment for boron

using Amberlite IRA 743 resin

Bz | s S ihg R
1 FEfi R (pH =6) -
2% F4ER (0. 5mL x 4)
47K (0. 5mlL x 8)

2 B AL -1 PR — MR B 2 P

(0.5mL x4)
Ltk (0.5ml x2)

3 FHE(pH =6) -

K (0.5ml x4)
. BTR — WSR2

! Tk (0.5mL x4)
EBA/K (0.5mL x4)
5 Ve 2% fi§f2 (0. S5mL x 10)
6 i A 2% iR (0. SmL x 2)

1.3.5 W& AR 20
ICP — MS J2& H Firil & e o 2 & B AR
FEHARFBZ 7 ARSI iR I
SR ICP — MS 5 i A4 BE ICP — MS 3 FH 38
ko BLMIE N 1.00ug/L, % Li Be Co In U &
TR MBI A AR BB AR R T R IR
Ao FHHTNR SRR MZ S i 2 ICP - MS
HEP) TAESE, R0 L R A A F L
HLff 7= 3o % 8 bR AN AR I R TAESEN T
ST % 1400W , i B < 0. 4L/ min, 13 IR
1. 26L/min, SR RAFEHETREE 1. Tmm, F80CHE TR B2
0. 9mm , B RAERIAD T Bk . AR IR E S,
X TR 22 5 R U f A T I A
R Z 59 & % F NeptunePlus % MC - ICP
- MS, MC - ICP - MS J2& H 7ij 5 45 2 35 3 {57 FH % )
E R RMAE 2R A 20 o SR P 2o 4 i ) s
& 7 3, Faraday $200#% H3 1 L3 435 80" B
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1 S

Sz 5% B 100ng/mL NIST 951 334X 25 =
B, DA fe {2 SR, [R] ek HE A R I 8 1 o7 -, DA
Tt 2 [ ISP 4225 TR ISP A I ) 225K o ] MC = ICP — MIS
e R 2R R AN R AR AT A8 1Y 5T 2 43
TAREIE AT AT O \C AN N SE R 3R —FER
bR e - R — AR E” 28 X4 AR (“ standard -
sample — standard” bracketing technique, SSB) , 14 [/
JT TS o e I AR o BRI R AR

8"B(%0) = {("B/"B) /[ (""B/B) 4, +

("B/“B) ,_,1/2 -1} x1000

DUAE ) 45 2H (block ) Wit 8 20 > %4, 2R 4k
3 ~ S, GEit ARAS AR BB R AL R (e, AR SR
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THUE.

2 HER5iHE
2.1 g pH (AT OIESOR AR FE P i i 55 iy

Amberlite IRA 743 J&—7F)" 72 R A B FE25 25
TRHMNG, FE SRR LA AW, 5
ST B LB W B o 9T R BH , B R AE K Rl LA
455K OH ™ JE R B(OH) ;- K ¥ H TR — ik
LA B(OH), #1 B(OH), MFJE A4, —# bl pH
E A Ab AT DL H AR AL -

B(OH),(HA) + H,0 - B(OH),; (A) + H*

P, M9 O Bl B, i B(OH) . F 5
LU BRSO i ) W BT SO 0. AN A Ay 2 3 G
WA pH AT B RR RN i 1 W Bt R . e,
Leeman 452 Fil Xiao 25" @I W 19 pH {H 4 5%
P, 11 Davidson 257" A K A pH {44 5.0 BP
AT A v R R AR o

L1 2B e A v pH (R R &5
FEH VAW pH (BEAE 3 ~ 13 22 (A1, 804 [ i 43
IE100% o HA Y pH AN 1.2 #1114 15, [ A B
BAME, 0 13% 101% F194.3% o Rt 2004
RO R RE 7 — o TR M A5 14 T W B AlT W7 3 2 R Oy
Amberlite IRA 743 1 g A AU 25 F3c e L AT B T g
558 270 b R R R AR BH 5 7 LA A, B RE I B NO, . C1™
SO, A ES T FER sk R Wb, o £ LU
B(OH),JE X A 76, (H¥ W A7 76 19 NO; [ C1™ Al
SO, ™ BHES F 1 o 2B 4> 8% Amberlite IRA 743 Hf

I 82 o T 4 11 O™ 29 -, i e e b 0 W 19 pH
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This, S pH k] — % (E I, W H Y B(OH),
2IE R B(OH), , #f Amberlite TRA 743 3% ig W% [t
NO; (C1™Fil SO3~ S BB F I Kb ), se okt s ik
(1 pH ELRAR PRI &, PR IE Tl L B(OH) . BB
o B

100 e T v U
90

80 %

AR (%)

U s o RHIR e BRI A AR I pHEDG &
Fig.1 Relationship of adsorption recoveries of boron — special

resin and solution pH

2.2 ARl pH AP I i A BN BI04 5 bk T e B
PERRAG

B2 ZAE pHAE T, EARARFUC AR g I
B PERE RSN o SCIR 48 s A i W], B 5T pH
TR, 25 ZEA DR IR B 100% B, AT
OB . W pH {2 1.0 B, 0. SmL 584y
TR S 98. 0% , 1 A e AR BRI £ 3. OmL
F16. OmL S, B[R AR E 43. 2% Fi115. 8% 54
W pH (ER 2.5 AR R 10mL B, B [l e
WG, YV pH > 4.0, EFEIARFHIE 400mL Bl
hREE fe B, 283t AN TR pH (B FRA [R) 1 W A R X
BRSO BRI A RE RO BIFSR , 4 pH (ETE 6. 0 I, IR
TRFAE 1000mL LA #f o] DL f it
2.3 SRRSO pH

V5 FE S S AE AR S A R R Ca RO Mg
FICER  TERPEVA I, 2378 B RE R 20 R 6 0 g w5
FRMAE MY, HILER R AAEREARTT
(pH <7.0) AN HBTTIE . N T WH5E e 55 LE WA
a R ITVE I pH (A, 23 S IBCE T 003 A 1) 24 15 5
A, BN 0. 01mol/L A 20/K , 98777 pH (HE
WIS BRUTTE D , B0 i B J2 3, R pH - 2
VSV pH B, MBS pH (E R 6.4 £0. 1, JE 2K
SEE, R IAF FE Sk SE VSN pH < 6.3 B I
SETIE I, AN BT
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100
80 | \
S . ol
%0 DY
= —— pH=3.2
E 40 F —v— pH=4.4
= o pH:g.g
—o— pH=6.
20k - gH=7.2
6 1|0 2|0 3'0 260 460 6(I)O S(I)O 1600
V(mL)
P2 A skt I 8 B Dol e o 55 AN IRl pH B 35 30 1A B

Fig.2 Relationship of adsorption recoveries of boron — special

resin and solution volume at different pH values

ZEA 2.1 R 2.2 YORTR) pH (B IR B
WA R ), A A S R b pH (IR N 6.0,
ANARAE T 375 0 0 BB A e AT i o et R B i L
TR IR A S 7= A TTE
2.4 P GKRRHERE S, ETEDIR RS 1 RR TS

FRESH I {7 24

K F MC - ICP — MS X435 4k 1) 4 15 ¥ 7K
FRUERE & (NASS - 5) P ULAR ) A B8 = O R i AH
PEFTIRRIOE 2 o AN 2 e 25 R mT LA Y,
A5 FESD BT 2 A8 (8" B) MRS /N T 0. 42%,
W KARHER 8" B R 40. 43%0 = 0. 29%o, 15 SCHRAH
(39.88%0 +0.27%0) W& o T oh BFFE 45 KW,
SAREHLX (Z PR ) A RE S 8" B
(B} —26. 60%0 ~ 6. 20%o , Tl [5){v7 2 (5 A5k 3 il HL 4%
K, 3X A LG R A 0 1R 7 28 647 PR 45 7 B3 25
TSLE SR

22 P RERERE S I EEDUAR R LRE S e 1
SB
Table 2

Measured 8" B values of tooth, seawater standard

sample, sea sediment and yellow earth samples

FE 8"B(n=3,20)

i -1( =) —26.60%0 = 0. 17%0
F¥i -2(FEK) 6.20%0 +0.42%o0
Tt -3(7) 0. 18%0 +0. 28%o

WK ATRIE NASS -5 40.43%o0 +0.29%o0
DU RR A 13.94%0 +0. 23%o0
W - FRVS AR 5.78%0¢ +0. 38%o

o B R AR TEBRAE 25 AF T 8 5 AR DU HE , 2 T
BB ETT200 6'' B I (A M. AT R

FAWIA B =20 B T s e g ezl -7 (0
HPAL PR ST, Hscs B s 22, 4 5 5 | 0 3 220
AR . AR — 25 B 1 5k, 116 2 0 7] 157
RIE ZORAIOLT , SRt B AR, 6 2 W58, 2
e B R ot A [ 5 2K Ak BRI I T i

3 i

A SR HIBAR — BEPR B 22 vl (pH = 6. 0) 4K
AT FH 22K A A WA 5800 i 1) PR A VA L, R AT T
R 8O NG 20 2 o SR P Y VA W pHL L, R A T
A CEBRE 25 PF R A T UE , R AR S50 i 52 B 1
— B T AU RE B AR A IR AL TP RSB . AR
B R AR5 P AR B[R] 5 2R R 2 H AP R 5 55
T (MC - 1CP - MS) U 5E , ZJ45 1 Tl Al 2%
5 3CHE— 2K

ASSCEEST T M e B AR MR [ 6 3% (B RO A
ni PR AL BTV K ks BE MC - ICP - MS %€ J7
o ZITEAALAT LU AL 35 R 5 O 1 A Sk R
st , JSE T AL B B A TR O e
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One - step Ion — exchange Separation and Measurement of Boron Isotope
Ratios in High Calcium Biological Samples with by MC - ICP - MS

LI Zi - xia', LU Hai’
(1. School of Stomatology, Xi’an Medical University, Xi’an 710021, China;

2. National Institute of Metrology, Beijing 100013, China)

HIGHLIGHTS

(1) An acetic acid — ammonium acetate buffer (pH =6.0) was used as a resin regeneration solution to avoid the

precipitation of calcium — enriched biological samples under alkaline conditions (pH =8 -9).

(2) A one - step ion exchange method was used for enriching boron in biological samples with boron special resin

(pH=6.0).

(3) The standard — sample — standard’ bracketing method was suitable for the high precision of boron isotopic

measurement in high calcium biological samples.
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ABSTRACT

BACKGROUND: Boron is an important trace element in high calcium biological samples, such as teeth and
bones. Boron content and isotopic composition are important environmental tracers. However, the calcium content
in biological samples is relatively high ( >90% ), and it is impossible to separate and enrich boron isotopes by
using the conventional boron — special resin separation process.

OBJECTIVES: To establish an efficient method for treatment of boron isotopes in high calcium samples.
METHODS; An acetic acid — ammonium acetate buffer (pH =6.0) was used as a resin regeneration solution to
replace ammonia. The adsorption pH of boron resin, boron — special resin ( Amberlite IRA 743) was dropped from
8 -9 to 6.0, thus the precipitation was avoided during digestion of the high calcium biological samples under
alkaline conditions. Only one step of ion exchange is necessary to enrich boron in biological samples. The boron
isotope of samples after separation was determined by multi — collector inductively coupled plasma — mass
spectrometry (MC — ICP — MS) using a standard — sample — standard bracketing method.

RESULTS: A one - step ion exchange method was used for separation and enrichment. The analytical accuracy of
MC - ICP — MS for the determination of boron isotopes in teeth was less than 0.42%oc, reaching the same level as
other separation and determination methods.

CONCLUSIONS: This method is not only suitable for boron isotope tracing of high calcium biological samples

such as teeth and bones, but also provides a reference for the analysis of high calcium soil and marine sediment.

KEY WORDS: biological samples; boron isotope; ion exchange; boron — special resin; acetate — ammonium

acetate buffer; multi — collector inductively coupled plasma — mass spectrometry
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