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% 18 h, B A B HE R
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Table 1 Results of the leaching condition test
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Fig. 1 Comparison of leaching results
Ap#eins 1 EE-—XimA 60 mL 0, 5§ mol/L HCL; 2 # 40
mL EMK;3 5 20 mL 0.5 mol /L HCI; 4 45 20 mL TAK; 5
# 20 mL 0. 5 mol/L HCl; 6 18 20 mL. XWX .
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Fhfsy, WAHEREFEESKF. FURM
2RRLMEFREATEENK, REEBPREDR
1 pg/pL, HHETFHH.

FRMERBENE2RES TN 62 ng, MR
RS SMBELE 10~20 pg ZF, FLIEHES
H o RGX G RA M n] LA 2%,

2.3 REERRIE

BRNREHEAE 2 golfaBREER,
RAEESHEFT LR 2.5 WL aBEME . A BEW
LRE¥SEAF, BaBE TR LEEMT
CaCO: MBEREW, H1.OAEKMT 3 min, %
F. GHFBRHBARRET 4 pg (—M2~3 pg
AT B E] 308, 309 ik, {E2 B3 EmEE,
MARBREEHHEES). NBEAZKE
(266. 644 ~ 666. 610) % 107 Pa bt FF IR IE , mEE
EX 5 5kV, BMETF RHC:BO; , AMBRMER
B, BEAUBKRER, oHNE RRHE 309
(1RCa'B'0; ) A 308 (Cal°B00; ) IS TR E , 3K
18 [309]/(308] i, BB IERNBHE S
s, [309]/[308] HEBEGEFHEXENE. 1
Block R4 10 4~ %45, 3t ¥ 10 4 Block, (X £ H3hK
HHEFH . M FEPC.BO; BTHREERRA
filiA 3 NIST-951 MIAKF[(3~7) x10-% A] (HEER
FER.5~3.0)x102ABERM 2~3 b, ATLLWE
R R f %W ER,

A EWEFHRERN 8B "B/ BERK,
5B B AT

5'B={[("B/"B)x - ("B/Blx]/

("B/*Blg) x 1 DDO%e
A ("B Bl R ERRAM R RLM, ("B/ Bl s
fRFRMOAXFED RN RARLE, RIOFREN
A2 B A E R L2 1A A NBS SRM951(NIST-951)
BERE ., EEEXFEEREERN NIST-951 & "B/'"B
Hfli 2 4. 043 62 £0. 001 37,

3 4 B

FCs:BO; $ATEF F I £ A M 6 R 6 R 4 i
BB N RE[309]/[308] (LA T BA Riossse THA<)
HE, FAE¥N 308 BB F RE Ca°'B0; —#,
OB R B R 300 B R 8 I UCBY0S A
BCel'B*0V0* WA BT, EHI. 309 WEFREES
FIAE 0 B \ER, AL "0 BIEA B 309/

08 MHEAZLAZEN "B/BU TR Ruaw ¥
For) RN U8 M. AWES ALEsHN
72 Spivack I IE A
Riic10 = Rups 08 — 0. 000 78
ATEBEANEXAEHENRERE, HiE
W2 #E L B IR 194 W R NIST-951. 8 Rk 2,

#2 NIST-951 MBHR
Table 2 Measured 309 /308 ratios of NIST-951

FE5 Pl 309,308 20(% )
1 1999 -3 - 15 4. 056 08 0. 010
2 1999 -3 -20 4.049 20 0.003
3 1995 - 03 ~ 22 4,056 11 0. 003
4 1999 - 03 - 24 4.053 05 0. 006
5 1999 - 03 - 24 4.053 63 0. 003
6 1999 - 03 - 27 4.055 82 0. 003
7 1995 - 03 - 30 4.054 23 0. 007
] 1999 — 04 - 01 4,052 89 0. 020
g 1699 - 04 - 05 4.056 09 0. 003
10 1959 - 04 - 07 4,054 41 0. 005
1 1959 - 04 - 12 4,057 47 . 002
12 1992 - 04 - 16 4.051 51 0. 002
13 1999 - 04 - 19 4,053 20 0. 004
14 1999 - 04 - 23 4.054 09 0.016
15 1999 - 04 - 25 4.05398 0. 006
16 1999 - 04 - 27 4,048 98 0. 013
17 1999 - 04 - 29 4.053 58 0. 005
18 1959 - 05 - 07 4,054 00 0. 010

i 4.053 80 £ 0. 001 06(20)

RTERTRABREE, RINWEEL - 1%
BHTTAERIRBEENLRBRETRNE, &
RALE 3,

3 718 NIST-951 B9 Ru.o H{E S5 H 7
4.043 2 Mtk RBRARERERER K=4. 4362/
(4.053 80 - 0. 000 78) =0. 997 685X 5 B Kr | Zp e
(D.998 33), Ishikawa e al. ¥¥ (0.998 10), Ra-
makumar et al. ®* (0. 997 28 ~ 1. 000 27) % Spivack
et al. @099 S1)EMRERBEREY S RITE
HAEFAEMNZE (2RSD) 0. 001 06./4. 053 80 =0. 3%.
St AFE® 0. 1%0 ~ 0. 4% 22— 3, {{ T Na,BO:
B (0. 5%0) P FIBO; (0. 5% ~ 0. 7%0) ' BB B
B, H5 NBS B #E M 0. 3%.484E . X LB RATHY
WiEFEHRTRY, AR3TUFERAZ LB
+ -t R TEEMS REER [309]/[308] bl
HERHBRIFNESE. 2REBR B, H#lE



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

Bam BEHS: At - FIRARDCRFANASERARMEME 355
%3 RETANERRER
Tsble 3 Reproducibility of analyses for loess-palecsol samples
Rneson -5
B Fe et A PR B(pg/g) B e Ry {2RSD)
1 1999 -03-21 1999 -03-26 2.0 1999 - 03 - 30 4,094 58 +0. 000 11
1999 - 03 - 30 4.101 07 £ 0. 000 09
1999 — 95 - 07 4,099 14 £ 0. 000 14
2 1999 -03-21  1999-03-26 2.1 1999 - 05 296 09 20 s
-05-07 4, + 0. 000 ut
LH98035 4.098 52:&(;01 71
1995 -05-07  4.098 45 = 0. 000 05 (0. 4%
1999 - 03 - 30 4. 101 89+ 0,000 11
3 1999 03 -21 1999 - 03 - 26 2.5 1999 - 05 - 07 4.099 28 £0. 000 21
1999 - 05 -7 4,097 62 £0. 000 D6
1999 - 03 - 27 4,120 08 + 0. 000 06
1 1999 -03-21  1999-03-25 1.4 1999 - 03 - 27 4,122 92 £ 0. 000 07
1999 - 05 - 07 4,115 74 £ 0. 00O 09
1999 - 03 - 30 4,119 92 +0. 000 20 y
4.119 61 £0. D01 99°
LH93041 1999 -03-30  4.12091+0.000 %4 w*m,
2 1999 -03-21 1999 -03 -25 1.4 :
1999 - 05 - 07 4. 120 60 £ €. D00 07
1959 - 05 - 07 4,114 35 0. 000 24
1999 —03 - 27 4.118 54 £ 0. 000 17
3 1999 —03-21 1999 -03-25 1.6
1999 - 05 - 07 4.123 36+ 0. 000 63
1999 — 03 - 27 4,114 87 + 0. 000 11
1 1999 -03-21 1999 - 03 -24 2.6
1999 - 03 - 27 4.115 34 £ 0, 000 04 . . &l
LH98039 + 4.116 2{‘{)14%‘00101 66
1999 — (4 - 27 4,116 28 + 0. 000 07 '
2 1999 -04-06 1999 - 04 - 10 20
1999 - 04 - 27 4,118 60 20, 000 19
1999 - 03 - 15 4.058 08 = 0. 000 07
1 1999 -01-25  1999-03- 12 1.1 1999 - 03 - 15 4. 056 03 + 0. 000 10
4,059 24 &
LH93048 1999 - 03 - 20 4. 059 01 0, 000 05 0. 002 33(()(0. %o )
1999 - 03 - 20 4.063 17 £0.000 03
2 1999 -03-15 1999 -03-17 1.1
1999 - 03 - 22 4,059 87 + 0. 000 06

H: (1)R95% RIGK (20); {2)ILHIBME SHAE LR L EMERERARFRAGBELEFRE TRELREE  HAR~RFRA,

LR BEARR LA RTT,

BAAZRALAE 10% LA T (3091 /[308] LEAME
BRI BE K 0, 4% ~ 0. 6%, SR K 1T, IEB
ERABFEUBEREMANER, RINE
WHEERRIHMETENEL - H R TR
AHMAEN KA

4 [EGEE

B ERERAR, BEARAL - H LR
YA M R R W A BRI A LT R @R i —
p 2 32 P

(1) A FRRAMFTR ., Bol ks REE g
B b FE o BIAL B, IR AR AU, A0 A NTIMS 3%,
ENBLERBARHENR, THAREREASLT

BRARARERWWRAEEL,

(2) REBIBEMF R IEE B ATERR
HreE, BERFELABREBHEL - HTHED
HEE, UM TFEASRAE FEENESE
R B T B RS — SR,

(3) £ Q- BT, - KET ARSI A M
B.ETHRAGBE A-BTESE,

(4) REMNER, HERENE FHRBE
((2.5~3.0) x10-°A] LEEE DB NENE,
BURERFHESE, BLE—HAREE FRE
B

NELHETERNFR T EL P05
VG354 RRETALA, 2RI AIEEH8 R



http://www.cqvip.com

L U

£ OO0 http://www.cqvip.com|

356 o O® £ % 2000
R YT e Y T OSET E S Ea oL s 393343
#M ﬁ%iﬁfﬁ*uéﬁﬂ*tg [14] Lesman W P, Vocke R D, Beary E 5, ¢t al. Precise boron iso-
L]
topic analysis of aqueous samples: Ion exchange extraction and
#%Im: mass spectrometry[J]1 . Georhim Cosmochim Acta, 1991, 55:
3901 ~3 907,
[1] Palmer M R, Swihart G H. Boron isotope geochemistry: An
i . 3 [15] Ishikawa T, Nakamura E. Suppression of boron volatilization from
overview[A] . Grew E S5, Anovitz L M . Rev Mineral, Vol 33. 4wl ol .
hydrofluoric acid sclution using a boron-Manni lex(J] .
Boron Mineralogy, Petrology. and Geochemistry[C]. Washington B porie acid selution * aanilol complex(J
. Angl Chem, 1990, 62: 2 §12 ~2 516.
D C: Mineral Soc Am, 1996, 709 ~ 744, 6] H. Kotaks M. Setch 2. Fond el stud
— Kekihana H, , h S, et al studi
[2] BRER, EBH, FELIE . BEPENIRLINBVYHFRLTER he i ) ) : l:-bn ; . [Jl;mell; 11 Ch IeBS:
— t - ha.l'lge paration 2040 -
RERBTEOLLRATR ], BFHERE, 199, 7001 ¢ reReangs = o roron eoiopes 11, Bul Mem
61 ~72 Jap, 1977, 15(1}: 158 ~163,
) 17] HES., THR, WHN, ®—HTF
[3] Palmer M R, Spivack A ], Edmond J] M. Temperaiure and pH (71 B &l ® oEskokaiile AT
. . N ) , A F W AR EELENFRENE (1] . 247465, 1983,
controls over isolopic fractionation during adsorption of boron on 0 1350 -1 350
marioe clay [J]. Geochim Cosmochim Acta, 1987, 5I: 2 319 ~ ; T
P [18] HME#L, M=, Swihat CH. & . WSEER RN TERESE
' B BIFFSE[I). MBREIR, 1997, 18 : 286 ~289.
[4] Spivack A J, Palmer M R, Edmond ] M. The sedimentary cycle of [19] David FEE;] B RL h(gﬂ] baror for
i bt . Application of i
the boron isotopes [J] . Geochim Cosmochim Acta, 1987, SI: ridson G R, Besee pplication o " fRolopes
1939 - 1 549 identifying conlaminants such as fly ash leachate in groundwater
) . Environ Sci Technol, 1993, 27: 172 ~ 176,
[5] Hemming N G. Reeder R J, Hanson G N. Mineral-fluid parti- L1l T e
. [20] Kisa E. Ion-exchange separation and spectrophoiometric determi-
tioning and isotopic fractionation of boron in synthetio calcium . £ boron | ogical ()] . Ausl Chem A
al i .
carbonate [J]. Ceochim Cosmochim Acts, 1995, 59(2): 371 ~ netion of Baron I geologieal meterints om At
179 1988, 211: 243 ~ 256,
i 21] EX. pHHBEEEMHE AR + | 5
(6 Henaing N C. oo C N B g composion xd pEEND], B faﬂ%i*iﬁzzr;ﬁ?fﬁism
. : . 1998,
concentration in modem marine carbonates[J] . Geochim Cos- [22] Xiso Y K ES F ID. Ani o evethod for th
mockim Acta, 1992, 56: 537 ~ 543, h.m:  Boury & 5, Fasech 'dn e oo
- isoito) ment of boron by thermal jonizati
[7] Vengosh A, Kolodny Y, Starineky A, et al. Coprecipitation and Wh-pronition isofbpe fissture by tomzation
. ] o . o masses spectrometry [J]. Int’] J Mass Spect and lon Proc, 1988,
isotopic fractonation of baron in moedem biogenic carbonatea [J]. 85 203 - 213
Geochim Cosmochim Acta, 1991, 55: 2 901 ~2 910. (23] : k;" ) 1B e b
., Edm . terminatio i i
[8] Ishikawa T, Nakamura E. Boron isotope systematics of marine Spivac rrination of boran frofope ratios
hy thermal ionization mass spectrometry of the dicesium metaborate
sediment(J]. Earth Planet Sci Lett, 1993, 117: 567 ~ 580.
cation [J]. Anal Chem, 1985, 58:31 ~35.
[9] Gregoire D C. Determination of baron isclope ratios in geological
[24] Ramakumar K L, Parab A R, Khodade P 5. Determination of
materials by inductively coupled plasma-mass spectrometry [J] .
isotopie composition of boron[J] . J Radicansl Nuel Chem Lett,
Anal Chem, 1987, 59: 2 479 -2 484,
[10] Hervig R L. Analyses of geological materials for boron by Se 1985, 94: 33 - 62.
10 sed O b C-
1 Hervig yoes opeal fhaien o [25] Spivack A J, Edmond J M. Boron isatope exchange between sea-
ondary fon Mass Spectromeiry{A]. Grew E 8, Anovitz L M. Rev
) ] ) water and the oceanie enwt[J]. Geochim Cosmochim Acta, 1987,
Mineral. Vol. 33. Boron Mineralogy, Petrology, and Geochemistry S1- 1033 ~1 043
[C]. Washington D C: Mineral Soc Am, 1996. 789 - 803. ’ B
1 A YK, Palmer M K. Baron i dysis: A review[]] [26] Oi T, Nomura M, Musashi M, e al. Boron isctopic compositions
gearwal J K, er . n isotope an i A review[J).
v of some boron minerals [J] . Geochim Gosmochim Acla, 1989,
Analyst, 1995, 120: 1 300 ~1 307, $3: 3 189 -3 195
[12] M&E . REAWERS S (M) . Jtw: BEmEH . ' T
1966, 59 ~ 68 [27] Barth S. Boron isctopic analysis of natural fresh and saline waters
C tive thermal ionizati ectro . Chem Geo
[13] Vengosh A, Chivas A R, Mceulloch M T. Direct determination of by pegative fonization mase speotrometry [J]. Chem Geol

boron and chlorine isotopes in geological materiale by negative
thermal-ionization mase spectrometry[J] . Chem Geol, 1989, 79:

1997, 143(2 ~4): 255 ~261.



http://www.cqvip.com

£ OO0 http://www.cqvip.com|

w4l BERS, &+ - F2MNAYTREABEN S B AR U RNE 357

Separation and isotopic determination of boron in the acid-soluble fraction
of loess and paleosol

ZHAO Zhi-gi', LIU Cong-qiang', XIAO Ying-kai’
(1. The State Key Laboratory of Environmental Geochemistry, rstitute of Geochemistry, Chinese Academy of Sciences, Guiyang 530002,
China; 2. Qinghai Institite of Saline Likes, Chinese Academy of Sciences, Ximng 810008, Chine)

Abstract: A procedure was established for determination of boron isotopic composition in acid-soluble fraction of
loess and paleosol. Samples were leached by 0. 5 mol/L HCl. Most of the impurities in the leaching solution were
removed by a mixture of strongly acidic cation-exchange resin in hydrogen form and weakly basic anion-exchange
resin (lon-Exchange II) in bicarbonate form. Then the boron was separated by boron specific ion exchange resin
{ Amberlite IRA 743), eluted with 0. 1 mol/L HClL. Boron isotopic ratios were determined by PTIMS technique.
The relative standard deviation (2RSD) of samples was 0. 4%0 ~ 0. 6%0, which is similar to the reproducibility,
obtained from & large number of analyses of the NIST-951 standard, 0. 3%ec. This precision is consistent with that
reported by others, e.g. Spivack and Edmond (1986) of 0. 4 and Xiao et al. (1988} of 0. 1%e, and higher than
the sodium tetraborate technique of 0. 5%e (0i et al., 1989) and NTIMS technique of 0. 5%0 t0 0. 7%o (Barth,
1997). The average measured absolute, oxygen-corrected ''B/'*B of NIST SRM 951 was 4. 053 80 £ 0. 001 06,
which is similar to the certified value of 4. 043 62. Using IDMS method, a total procedural blank of about 62 ng was
determined. Concentrations of total dissolved boron of cur samples were 10 ~ 20 pg, determined by spectrophoto-
metric method using the reagent azomethine-H. Hence, the contribution of blank boron to the isotopic composition
of baron in samples could be neglected. According to our experiment, it is concluded that cur proposed procedure
is a suitable method for determining the boron isotopic composition of low-boron-concentration and high-ion-strength
samples. Using the procedure described in this paper, the boron isotopic compositions of acid-soluble fraction of
loess and paleosol from the Luochuan Section, in central China are successively measured.

Key words: loess-paleosol; acid-soluble fraction; boron isotope; ion exchange; B-specific ion exchange resin
method; PTIMS method
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