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WEXS AEER R E A ZRAIBFR

AEFHE” X B BHW EmE EHW sE# fMxEg
'ChEBMERT MR RV RAFRRESLRE,
FREFEEEMBSHEPREATRE, M 510640)

Bk S TR RAEG Y SE@BEHEFR, £i§ 200072)

‘(P ER BB AR, L3 100049)

B E AARKLEYRERMR(CSIA) BARR T FEA WKHME SN (HMSNa) 5 AT £ B
TR RO, BRI T 2 DA A AL e K PR RO R AT fdE . AT I SRR EE SHERELUR
WA BB R R, 4 KB R AR R R 415 9 HMSNa 7EBR ¥ 244 T 20 , 50 /5 B FR B TE B 1
FAMFT 5K FIBR/R LU BURE SN, BF R T B A B B RO SR AR AR L R B, BT 45 5R K Y], HMSNa
7 pH E2N 1 ~2,60 CHEG TR, 28)G 80 BEE PH DY 8 ~9 MKMW T SEE/R 1L 1:20 B 1:30 ek R
BE, BT A AR B AR B B B AR R R A SR ER T, WERER; TLUA TR BRA
RARIT.

LR W, TR, R B, MR
1 51 =

FREASAVGEYHEEARBA . BAw R AR LS X RPN E R ER
BC, (BRE X AL A T R R AR R R A, B A B R,
R SCHR6 ] 18, RS 5 NaHSO, duE 52 B A Bl — M AR A AL 6 B B & Y AR 094 ( HMS-
Na) , KM

HCHO + NaHSO, = HOCH,SO,Na (1)

Johnson 2£1"*1 . NaHSO, BRI RS B B RS , SR J 32 P % 5 DUBE R BE [R) i 3 J3 % ( IRMS ) $2 R W 52
HMSNa BRI R (A SO ERFEIAR) 2 ERAE 0 R HT P RREALRE, ZHRRYA,
AR X FREOERMCRARS BEEER, TS ERRRFEHER; BRI 7 k8 — R
REETERE 200 m’ ~300 m’ B RS, RAERTIE]IA 1 ~2 d,3F AR A ELE BA 2%, PR A XA
Bt

AR, AMITFI R AR & MR R (CSIA) B ARX RS CO,.CO.CH, FERMURHR LI, EH
R ST T LR ST iR A BN TR R R AE A R L ), — i SR ER R R L R H°C %
BES5C FRBEZ B3 6R T A o oy T2 1R 3R Ho (BB PO BN s A 7R R 3R 40, O R BB
SE , PR A2 5L B TAE PR FAEXT BB, BAS AR AL &) (Sa) R R U Ro, 55 — 4R HEH IR (St) BRIz
RIWE RAFLLE . LSRR 8 E, HESCh:

8(%o) = (R_/R, - 1) x 1000 (2)
B & B R ALK L AR TR —ARMERME A R LLERN T2, I3t FRERREME
8°C(%) = [(PC/C),/(Bc/”CY, - 17 x 1000 (3)

SEFIEER RMFESNGE, BB 2N, s HNA/NER SR ANIRES X, 2B hmREES
FrH=¥E PDB(peedee belemnite) , yEEHBE R P RAM AL L LKA ALA, L A3 mEMNER
°C/"%C = (11237.2 £90) x10 %, B XFL 6°C =0%0, £, Wen Z "R 2 4-— MR ¥ (DNPH) 5
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BREALS YR, iz S A%/ R B R & U B ( GC/C/IRMS ) ¥ R B T ik 5 A B RSk
WEDHREPIR P, BE, ZEMERNSHEEE , EXPRRMLESMTRRER X, AR E SR
HBRES (FESR HERE R KT 200 ng) , SRAEBTE]HC (20 ~24 h),
BECERAMRE ' HMSNa 7ESRMH &4 T 2o MER PR, R, BRETUESRYE, TEE
W 524 B I L A R e (bp. , 164°C) , A R A BEME 52 BT LU TS AR @IS0, iZ R B BRI T .
HOCH,SO;Na + HCl = HCHO + NaCl + H,0 + SO0, 1 (4)

S
HCHO + HSCH,CH,NH, =( + H,0 (5)

EF U, ALRRI 3 FORFIFAIR G HMSNa ZERHESE T SR SRS P OV 2, TR
WieiE ] GC/C/IRMS W2 IRIBS R RALR% R, AUIHE T R BT AR 09 R R AU, 560 T
P75 2 b T P B P LR SV ok M T AT

2 SLWERS

2.1 A HENLE

SEFRMNTRULABAFRXPNAR AR MBI ZRER; LALLM EE (97% ) M Fluka
(Switzerland 47 ) #y3E , JF F Z BEE 45 S5 IR ; HMSNa 43510 B b 46 FR30 A 7] L IRk g difb T
ARAAMRXBREFERARA R MO EE S BIH - 28. 6%0. —26. T%o. —28. 6%0 Fll - 30. 5%olH]
Cio~Cii ~C IFMIBELZFN C,; (methyl-deaconate) GV-mix $5HE(GV Corp. , UK) ; BEMSRATHERESS B 4§,

5890/5972MSD 5,3/ B 1E%{X .6890 B S 4 ik (X ( ZE B L /A7) ; DELTA™ XL [ & W18 i
{Y (#8H Finnigan 2\ 7)) ; Isoprime GC/C/IRMS(IE GV A H])
2.2 mMRERERNSE

S5 BER I RS 4 Bt R £ AL 7 pH 24 8 /KW PR AL 4 h 5, I =S AR 3 W, X A
TKBRRRMATRG I8, IR TE 20 C KIS T IR R RIRYE . #E&H GC/MS RAE, i Al GC 4347, R
i Fi GC/C/IRMS Hi%E
2.3 HMSNa 53BpiTENXRRE

£ 25 mL MIBEHRP A 35 wL¥REEX 37.9 /L B9 HMSNa 3% A1 10 mL 7k , FAR EhRR1A W I W /0
pH, RJ57E 60°C 7K ¥ b 20 min A4 HMSNa'® s B BsAR, 1 S b A0 AMREE 39 1.9 /L B9 K BERE
thRth Wk, FF A NaOH 85I WA pH Bt B BRI L, MEBEHHESETF 4CKERE, B
F GC Stk Bl R,
2.4 HMSNa 5:3BpE4E X R R B

7 ERERIKMAT,pH 1 ~2 B 43 f% HMSNa, IR S A BE /R FL 2 1:10.1:20 F11:30 £
pH 8 ~9 R4 THTAEAL; 5 AR F L, B RBE T 4 CoOkE A TR EHBRT .
2.5 BHRINWRSK
2.5.1 SHEBHEIMN(GC) EMIEAMESHT7E HP 6890 52, &% : HP-SMS (30 m x0. 32
mm, 0.25 pm, J&W Scientific USA) ; K 5% : AIGEFRMIZE (FID) ; B 25 8BS W#E 1.0 mL/min
(EWER) s B R0 R DR 23 B B . 250°C 01 300°C ;&L 1R : LA 3°C/min M 45°C T+
80C,
2.5.2 S-REASH(GC/MS)  BEM AR ETE HPS890/5972MSD |52 B, i ik 0 28 F F3 s 4
AAE m/z 35 ~350 WS B SHEAGR GC 447,
2.5.3 HMSNa fEBEEMERHMRA E ST (EA/IRMS)  HMSNa Fl 2§ B Eh B th i R 7
R EA/IRMS R R RSN E . EH RE UZB NS A BRI — & R 5, it B ahi s A
CE EA1112 C/N/S S3#{, B R EE S E T T 960°C 52, MBS IH CuO; HRES)S I SIKRZEH Cu
RIE R AT 650CEIR, BIREMIB &SRR GIEHESE, 4G R CO,58 it Conflo &R (EE
Finnigan /A 8] ) # A DELTAPXL B % B SGHTRIM B ENE . X T RGN E R, 4052


http://www.cqvip.com

£ 00O http://www.cqvip.com|

6 ARLHE  WHER SR BRI A R A B R R BB 715

10 ANEE G R IU—AN R B2 AR — 36. 91 %o Pk SRS R W {325 XS BE P E o

2.5.4 BURMERESIT(GC/C/IRMS) B LR R A R HZEE GV 2 7] Isoprime [ XK HH
B E . HP 6890 GC 3@ i % $ M (Interface ) SHRPEY K il & AL BLA AL S Wy RE SE L

(GC/C/IRMS) , RIS CuO HIRBES FIERE Cu BEIFSP IR BE S 5 B 7 850°C 1 580°C ; % #

H

BEH 300C, SAKMFE L, BRHERFFREEIART 60 ng, —f 3 M4 KAUEHEBIREFVER

o HT BRI E SR, GV-mix FREER B Hil B Sebre 3L B R AL 3R B B R E Mo
3 £R5iTe
3.1 BUIRIRERRIE

R AR EL R EL R R =2 GC/MS WRE , KA F R il 89, UESKIR ™= 1 Bt ipe s FL4tiBE
B GC WE., HFREEM GC/C/IRMS JUE R - 33. 00%0 + 0. 20%0( 30 Y& i ¥ {H SR HEMR 22 )

(A1), AL LIHRBEMEE HPRHEF GV-mix friEIL R GC/C/IRMS HEaE WA B
20
15+

{ N

T T 1 T
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Fig.1 The spectrograms of the standard thiazolidine chromatogram (a), mass spectrogram (b)
and typical GC/C/isotope ratio mass spectrometric (IRMS) chromatogram (c) .

3.2 HMSNa fi44LE
HMSNa 43 S AF B DR AT AR LI B RN 1 iR, WX, HMSNa 0 pH R 1 ~
HBEREATH 1LA) pH iy 8 ~9 ,HMSNa 52 BERERIEE /R b4 1:20 3 1:30 BYAIfT 1L b8 b A

#F 1 HMSNa {50 B2 BRRERT A AL 24
Table 1 Decomposition of HOCH,S0;Na (HMSNa) and derivatization of cysteamine

HER I 4% pH fikde pH ] &S 5% pH itk pH 2l &S

Molar ratios Decor:;;{osmon Denv:t;{mtlon thc%vt)ary M%zﬂ(rtzﬁios Decot:p};smon Denv:t;{mt\on Re(c(;:;ry
1:2 1 8 60.1 1:2 1.5 8.5 65.6
1:2 1.5 8 60.2 1:2 1.5 9 68.5
1:2 2 8 58.8 1:2 1.5 10 28.4
1:2 3 8 43.7 1:2 1.5 8.2 56.9
1:2 4 8 40.3 1:10 1.5 8.2 63.3
1:2 1.5 7 45.3 1:20 1.5 8.2 72.8
1:2 1.5 8 60.2 1:30 1.5 8.2 70.7

2,

*HMSNa: 3 J i ( cysteamine) ,
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3.3 HMSNa T4 T 2R R

HMSNa )53 DL 5 B RS 52 Bk R B 5 R (4) F1(S) , Wk HMSNa T2 7%, R 5240k
RRLME T BT R RN R RPUR N, RER BT, e BARE AR EME, B8 RA
RABRMAETIIXRER:

8" Copag = (8" Cywsna + famm®” Coxme )/ Frams (6)
b f 9240 & YIBkIR T 41, HMSNa 1 Bk 4[R]3 Z B FH EA/IRMS J%E , BIEER (6) 18 ik
Se I ER S R 3R 0H ; AR 18 SEBRl R Ay e dse R4 R (B 5 B A R (6) THE S B B30 B AT EL A Sl 3 i
BB RS KRR ME(EA/IRMS 5 GC/C/IRMS B ZgiR =T LIz,

AEBERT 3 FORF R R 4R A HMSNa 72 pH 25 1 ~2 B 4048, pH 2 8 ~ 9 B LABE/R EL 3R
1:10.1:20 0 1:30 52 PeRpEATAECMEIMELR, R 03K 2 Fi/R, 3 F HMSNa 2 PRk K sEnk b5z 4 7]
P EEMEFTR, ERRB &G T, 5 Fa4 HMSNa R s, s Eie R A5 Lrifa e
R XHE T3 0. 16%0 (M 0. 02%0F] 0. 35%0) , %L R % GC/C/IRMS HARBIERETE AN, 3188
MR A 38 R R (B 5 SEMME Z (B A2 B2 1T LA ZBE B9, 1R HMSNa ZEi% 544 F 5 2 BE Rk i
RN E GBS BERAFERMRME, BXRERHT, TR,

3.4 HMSNa T4 RBEAELMEIE ST

15345 Rieley!” R BRUN IS, E— N B BALER N PR B4R R, BE BRES R
E, MPEX—RR N EE GKIEFHENCERMERSEHR, A A FEWRMLRAE; IR —
MERERN=H T R EE, WAERELS RN PR —EFERRFHATZ LML BInRix
AT ERE, MASRERMEME, EALRH,HMSNa STLMR , 4 DO A fbad 52 o 2 Bk i

F#2 LW HMSNa S5¥BEAHEYRMRESERELE
Table 2 Comparison of the predicted and measured isotopic compositions of HMSNa-cysteamine derivatives

8°C (%)
] FERH® LR
ST Mol L, HMSNa <UL by 7o
upphiers oler relios (AM £D) (eelicine found Predicted thiasolidine lal
o1 120 Z33.11£0. 13 T28.880.24 | -29.14 0.26
1:30 (n=14) ~29.00 £0.26 0. 14
1:10 ~40.20 £0.17 ~31.47£0.07 -31.51 0.08
s2 1:20 (n=15) ~31.66 0. 13 9.04
1:30 ~31.53£0.19 :
1:10 ~46.26 £0.17 ~33.77 £0.13 -33.53 0.24
s3 1:20 (n=9) ~33.18 £0.02 0.35
1:30 ~33.57 £0.19 0.04

a. DARIRIRMEN -27.16 £0. 02% (10 KM ER RV HESHREME) 8L RRERTEL=HHE GC/C/IRMS Hi5E (the isotopic
value of —27.16 £0.02% (n =10, mean + SD) of cysteamina derivatives was determined by GC/C/IRMS( istope ratio mass spectrometer) ) ;
b. BBAR(6) 1 (E (calculated from formular (6) ) ;c. ES(H 5 MI{E 2 2= 894 %3 (A (absolute values of theoretical-measured val-

ues) o
UE, AR ITIEFERENRKETFHRES SRR, W H R B2 2R ek &, 25 HMSNa
MR T25 TH¥BNERS NS R BT, B, SRR A R R0 R 5 HMSNa
BRI FH R, M EALERMRME, APFRER SEIGHAM A BASR 4 R R M,
3.5 ZAEEHMFTENIER

RIEABIIT, W E LT B BT HERE B R 60 ng(HHF 20 ng HEE), —MRUL, AKPHE
WER x ~xx pg/m’ ZJH), EXFRE T AFILTRLEAMASRITUREDNEGRYPRATFR
NRDHT. S% (81K, % LA NaHSO, Bt s R KSR A9 R B, B 4 R 9 HMSNa 5524
REATHEAL, 5t GC/C/IRMS FARMERT LY B A R, Fil o AR B BT Lt E Sk
STPPBORNRAR . XM Johnson™ #1 Wen" SR FM i A K454 T AR, AR
7 B RH BRARF Wen S M7 8L
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The Feasibility Study of Carbon Isotope Analytical Method for
the Atmospheric Formaldehyde by Sodium Bisulfite
) and Cysteamine Derivatization

Yu Yingxin'?®, Wen Sheng', Feng Yanli’, Bi Xinhui', Wang Xinming', Sheng Guoying'? , Fu Jiamo"'?

' (State Key Laboratory of Organic Geochemistry, Guangdong Key Laboratory of Environmental Resources
Utilization and Protection, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640)
?( Research Institute of Environmental Pollution and Health, School of Environmental and Chemical Engineering,
Shanghai University, Shanghai 200072)

*( The Graduate School of Chinese Academy of Sciences, Beijing 100049 )

Abstract The isotope effects of HOCH,SO,Na ( HMSNa) derivatization and cysteamine were preliminary
studied by compound-specific isotope analysis (CSIA). The feasibility for the determination of isotopic compo-
sition of atmospheric formaldehyde was discussed. In order to evaluate the reproducibility, the accuracy and
the carbon isotope effects during derivatization procedures, the optimum derivatizative conditions of the
procedures were studied. Three HMSNa with different " C values were used to study the isotope effects of the
procedures. The HMSNa was decomposed under the acid condition and the formaldehyde decomposed was
derivated by cysteamine in the basic solution. The results showed that the reaction conditions were fairly good
and no carbon isotopic fractionation occurred when the HMSNa was decomposed and derivated with pH 1 -2
and 8 -9, respectively in the solution of the mole ratio with 1:20 to 1:30 for the formaldehyde to cysteamine.
The accuracy and precision of the method are of the same quality as the reproducibility of the measurements.

The error analysis also showed that the deviation of the analysis could be ignored, and the method could be
used to determine the 6" C values of atmospheric formaldehyde.
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