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Measurements of stable carbon isotopic compeositions of formic and acetic acids
in aqueous solution by needle trap coupled with GC-IRMS
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Abstract: Stable carbon isotopic compositions (§C) of formic and acetic acids are important to studies on the
environment, food, pharmacy and the natural products. The analytical technique still remains to be established,
however. Using the newly invented solid phase microextraction (SPME) technology, the needle trap (NeedlEX),
we developed a purge and trap experimental procedure to extract/preconcentrate formic and acetic acids from water
solutions. The extractants were introduced to a GC-IRMS for subsequent isotopic composition measurements. The
signal intensity in the mass detector significantly correlates with the concentration of the analytes (R > 0.99, P <
0.05), indicating that the needle trap is stable during the extraction. At 1000 mL purge volume and sample con-
centrations of no less than 300 pg/mL for formic and 200 pg/mL for acetic acids, multi-measurements were
achieved with the relative error of about 3% and 1% for formic and acetic, respectively, and no detectable carbon
isotope fractionation was found through the whole procedure. Below the concentration limits, however, the errors
increase dramatically. The results not only provided solution to the measurement of 8°*C in the low molecular weight

carboxylic acids, but also to the study of other organic molecules with similar properties in aqueous solutions.
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Table 1 The main reagent, experimental material and instruments

_ & K EETE SR
ST o GC-IRMS ¥ i A el 7 F sh3RAE ;) Fluka 94318-50ML, > 98. 00%
AME (BERE PR B R EAR, z m Sigma-Aldrich 338826-25ML, 99.99 + %
WAL, GC BB BESHERIEA B M Sigma-Aldrich 345245-100ML, 99. 999%
\ HEaES = 40L, 99.999%
H#tEOR—IEE, B TFAEIBRKEK AR Milipore 182 MO
tH, HESRZUABBRELRFEEC, Tedlar Sk RRAD = TMC-030, 3 L
AREBKMEFEFBELABEEREA Bz %P Supelco 27213, 40 mL
CC #ATAHT o AR AR LABLIE CC AOTIRE - P
/ Supelco 7188U
AHANE S AR DRI, B > B X BEIHH 20 plL. 100 L.
BB Eppendorf
1R AORT A Yy 0 R R SUR R FA GC. AP20N #i 5% Komyo 0 “L‘llgogoufofnffog -
#HITAHM Y HRERBAESFME NeedIEX 2 B4 Shinwa R
?ﬂﬁiﬁgﬁ% s ﬂﬁﬂﬁ@hﬁﬁﬂgl/\—fﬁf‘*ﬂg Teflon & Supelco H%# 2 mm
WIET, BESERFENY REMLEAR 9 SEMFMH h KE9em
(B EAM, HERBUREIARBRA  EER ol 1000 mL
A kYR s B 85-2
Bl B CC oy — M R R R ER, Isoprime GC-IRMS Fii#${{ Micromass UK Ltd.
EERIW - MERAME - BERREESH GC-FID & 584X HP 6890

PLRKRAE, B THIRNERYE, bR

REMBAR LB KT

GV instruments  MassLynxTM Inorganic version 4. 0i

ERBRAELIBRREDERERSLIRE
KRAZEE VLRI A e, B HHER

W RN Z B ER B IF A 3 41 R RS G A R AL R E AL IE R MAT 252 FE
W R L 3K, 2 8k - 24. 87 £0. 02 A1 -39.52+0.02,
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2.1 HRAEBHAOEH

BAEAABAKBERATR., ZRIEAEH
1000 pg/mL K&, HRTREMRT 4 THIK
MhEH. LB, REXEFRRBARGRRL
2V, R AKTRE, BRI E S 30 50 png/mL.
100 pg/mL.200 pg/mL.300 pg/mL.400 pg/mL Fl
500 wg/mL BIBRAERE S o

2.2 ERSIERHEZHLE

NeedlEX JE i BRBI K4 - — MK K 8.5 em,
WA 0.5 mm LT 58 5 5 B4k, HAFHE
EXRBiRS TREBRBEMENHKE L FREY
Bk, HAYHEKERN 3 cm, FmE UG HEE
BmE(E 1),

E—-MEHERBE AR, RENKETY#
T2 ALAL TR S REBRST FH Teflon % 5 S SMMEE , {3
HAUKY 5 mL/min R FETEKBE L, HiR
HLBRE, W 6 MNMntESHWEREEA A
WRRERER, REREN 200 C, EAFERE
30 min, ZAL)5 , FHABC K Teflon 41k 4 B E S
B A L B o

2.3 HmERN

¥ 20 mL ARHEBE B A 40 mL AR OB,
FEIA 1 REHT, BREFARAIK/BEE
FHME. REFA 1 mL EHNSBFEA 0.5 mL 2 mol/
LB RBH, RILERZpH=2 K4,

B 53 AE RS Tedlar SAARRAERAH B 5 H)
MM FEMBRNERS 2 BIBARKNTES
W, ARG PR R SRR XU B s AEtE R Ry BB 28
o ITHRE S BEHSS , BB B E N 2000 r/min, I
HMSEERAZE 100 mL, WZE B TS S A8
WESRBA FHENTREY, BEIRSFHR
MEHZY S, MASKHKESUBEHMARE S, Gk
MEETHANRSY FHBEER, EREH&=4E
B0 AR S48 R 9 U S0E o 4T Sk Ah FE A R B
Mo HAESEMNFHE L EEAFARE, REER
HEIEENB RS ERFATS, ERIERS5HE
BA,AHTHERPHAEIREZETZ S, h b
ETHBERPEINRS FHREER, ZEETR

100 mL ¥R - EKATE 13 min, XLBHR
B 2 BUA BB 2 5 1000 mL F1 2000 mL, @ RE
PSSR W] DA SE R iR R A R B

2.4 F B

HETRTRESEEBRHKRE - BEZE, B
TEBSH, R H TR EHMBAE 0.5 nL A
1 mL 3 4f88 Lo WEBEBA GCHFHED, T
GCHBsR, REBSHAFREOPER 30/, B
EHBPHESES s ROBEASEED, M “
B AL S FRAYER,

2.5 Al TIEERE

S TAETE T E B2 B st BR L2 BT 5 P SR 3
RUFERERLRETM . GC-IRMS Fi%i GC
2 HP6890, Fit Fi i 5,355 H 4 Restek Bellefonte PA 2
H] 4 7 #9 Stabilwax-DA, K 30 m, &N 0.25
mm,RXEEER 0.25 pm, GFEIHEHGNT .

iz P

¥t 10 11

EBEA AP20 HIKE
& Tedlar
SEXRES

| /

BHEE

A1 SAEHBEREREEREE
Fig. 1 Sketch of the needle trap extraction device
HetEAEmANEERR TR RATTHIE,
The insert magnifies the details of the needle trap.
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ki &
PIEHER: 65 C
FRFFET[E] : 1 min
FHRFEHE 1. 2°C/mn FBE. 80 C
FHEHEHE 2, 15 C/min FHRE. 170C
WH: 1.5 mL/min

2.6 WiETIESRE

3 6aESEBRNEIRS FARSKHEHTH
ABEERREEY (0.6 mm ID | 6.35 mm OD |
60 cm) , FHHFRIE CuO Bl Ag 2,53 FIVE R A LA
LR . 7E 850 CHIRBEFh ARG FHEL
K CO; 1 H:0, F o HoO 758 3 — 4 Fi 94 3F 1 Jii
(Nafion) HI/E TREBBEBRE, BKEH CO. K
AP A ISR T R R AR . HER
EFEMFEMRAR, SARMLEARN CO. trkE
SHEFRMZRHFARIBIEEL - MFOR
i (open split interface) B3 A KW 85 HAT 7 7]
MNRABRK I HERURE 6°C ERXFR.

8"C = ( Rusmpte/ Rutandars — 1) x 1000%0
H P Ruwpe Fl Ruses 53 51 F R B S Pee Dee
Belemnite (PDB)#r#ER *C/2C,

3 FREW®

DRI 2 FR . RBUAT BT B
B B R Z R TE i T W A A 1S B 5k
JE B AR S T B A T s b (B 2), Rtk

AR R, PR CRER—KEX sero

HTERUELERNFESRENFHME ser6
SWEBEZEREXREMELIMU

L WEE 9% BEAT LBEMK. & 5 2
1 NeodlEX B X KBB T AR &
AR KBRS, IR 8 R e M R iz
LREMHT, REHRMNES BT fere
X} R ZRHETERST Se+5

WA - FE (KO EH R HRB R M
—ANEELBENF, ERWEI T IR
PriAA R AR SRR BE R & . AL
Bot 5 B R BB 1000 mL, AT
P RZBUR BN AL 3 4 B2 B v 0 B
MATRER W, RATRET A —FBREHR

13

*®2

& R IR R ALK E R

Table 2 Peak area and 8"C result under various concentration

and extraction volumes

FRXBRFHT RN ZBRMNES R

Acetic acid

Formic acid

16
ﬁé%lf\j/@ (1111'11)

FRANZREER

17

Co?f:;‘:;ion Signal o Signal - gug s

Ay, (%o PDB) ’"E;’:;‘y (%0, PDB)  (mL)
50 21236 -37.56 3550  -27.24 2000
50 16406  -34.91 2249 ~4.67 1000
50 17272 -39.96 8064  —20.65 2000
50 18042  -41.26 4789 0.77 2000
100 38151 -35.65 12250  -27.90 2000
100 29403 -39.29 11435  -21.40 1000
100 41194 -40.09 16154  -22.38 2000
100 32406  -32.67 15573  -16.04 2000
200 58121  -40.04 25186  -21.40 2000
200 64667  -38.82 22941  -23.20 1000
200 56508  -40.82 24719  -24.98 1000
200 70240  -41.18 28850  -21.46 1000
300 65815  -40.21 30549  -22.73 2000
300 127705 -39.13 49585  —25.34 1000
300 102180  -40.08 48106  -23.04 1000
300 110882  -39.79 49413  -24.54 1000
400 114068 -41.03 63851  -25.35 1000
400 119013 -40.31 49703  -25.15 1000
400 117320 -40.83 66447  —26.70 1000
500 123751  -38.73 57041  -24.32 2000
500 139552 -39.86 68605  -23.48 1000
500 178345  -40.08 101537  -25.26 1000
500 153737  -39.75 73873  -23.98 1000

s P
R
500
400 a}so
300 @g
14 200 %ggr
15 100 %

Bl 2 GC-IRMS BB BIH 50 ~ 500 wg/mL HEHKET K

Fig. 2 Chromatograms of formic and acetic acids measured by the mass detector of
GC-IRMS at concentration series of 50 ~ 500 pg/mL

2000 mLo uimﬁiﬂﬁﬁgﬁw%, u#lﬁi
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WERDER, RIINER 2 FHMEERE#TTH
FEGIH M. EREBR,MNZRNSE, K FAHE
27 0.381, 8% P 2 0. 544 > 0. 05; T % B & , H
F 4188 0. 025, 8% P X 0.876 > 0. 05, Bkl
HMPANEBRAEBREGTERERERZBIFAE
HEAMERBRERZA LB EER, £ 1000
mL XBUAR D b, kST BN ERERER L
R RN R AR EWHERRE . 5 2000 mL H H,
1000 mL R TIERREMR T —3, B, %5 1000
mL R SE 4 i A B BLR 48 B,
FAURARNUEERBR, KEERAGTHR
MZBYANEREELME(E 1 B)ZAEERK
MER. BERENHERE, MMEREHETEL
B (B 3) X BRI = , A 50 pg/mL 3 100 pg/mL,
HARZBERWTHMHEM -12.95+13. 17(%o,
lo, FRDBEME -21.93+4.86, RS EH T/, £
300 pg/mL ¥FE b, REWEERXGFTREMEA
R e R TER -24.17 £1. 25, SETMEH

% 0. T%oZE A T X ZBRT 5 , 7 100 pg/mL BRI
TRENRMCRARMTERAERKNES, 2
200 pg/mL¥EE DL |, RFEEERAF THREMNEA
AR e 45 R T E AR -40.04 £0.60, SE LM
2 0.5% k. Nt A HRBER B, H£95% B
fEAKEL, PRRIVE 50 ng/mL B &4 T 8 R
FUARAMEREHELAZNFEBEER, T
ZREFMAERETHAMERBERELHEZ AR
FEBEER,
BREMRFALEREFMNEARN ELERNE
i, MABRMEERGTHERMZBNBRRAMEL
RN 5 1R 22 BE AR S vk B I PR T B, i 4
FE7s , M\ 200 pg/mL E 50 pg/mL, 5 BREGHI X447
WEM 7.5% BHZE 102% ,300 pg/mL Ko HiRE
H5.2% WEEN EIREEIR 3. 0% KL, ZRE
200 pg/mL PAT BAHHR 28K 10% , 200 pg/mL
U EMSHREREE 1.0% AR, BILEEE &G
TERMUEERNPFHESELENRE T ERS
MREEAFE, MBELLEEHERT
AEEZHAPRE G R4 2/

10

§ 20

30

+
4Oi

: T 10%) REFHRTEZHREN

B8

81C (%, VPDB)
[

| I
I j
I

0 ,_£:&1;; R S

4

TR, xR, RS TS Rk
B 1R 2= W B AW B R RLAE T 200
pg/mL, XMZBMTF, WEANKT
100 pg/mLo XF BT 3X P ¥k BE 4% BR
KSR BENFESREAR 25 x
10°%(TIC &L, B0 FA), RTT%
BEXHMEREFERETFRMZ
MRIAHRXT AT IR ZERR B 10% , B
HEFBRSWERAERRHAE
B, BiESTZBREEEXD 200

-50
0 50 100 150 200

BRI (ng/mL)

B3 R B &M T R EUEH BT B B B 2 MR

GC-IRMS KB A L & 4 BT

Fig. 3 Analytic results of carbon isotope composition of formic and acetic acids
extracted by the needle trap from aqueous solutions at different concentrations
B A B R R MR R AR AL MAT 252 [ 6% 38 3 SURE 6 88 1k FT 4R
EHPRAZBORFAMRARILHE, RABFEEER GC-IRMS REFAEHRT

0. 5% BT iR E,

The line connected circles and dots represent the isotopic ratios of formic and acetic acids
measured by the GC-IRMS afier the extraction. The dash line and dash-dot-dot line indicate
the isotopic composition of the formic and acetic acids standard measured by the dual inlet
MAT 252 Mass Spectrometer. The horizontal bars correspond to the instrument specifications

of error 0. 5%0 usually reported by the IRMS manufacturer.

peg/mL B £, T 5 BR VR RikE 300
pg/mL At

M2 T, ALRNZHRE L%
HARMWEHER TR, ERIY
REWEN, ZREMMSHREE
2.5% LT, ZHE1.2% %4 ; TH
AR S HREE 5. 2% U F, £
BAE 3. 0% 2545 o N IR BE BV,
HRMOSTRERRRE TR, &
KRR T - BEMBENTIE,
B, 4274 G R B 2
R Z R R A 4L IR B A B9 2
%,

250 300 350 400 450 500 550
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BT AN G 3 R R T Ry I B
Rz R A BB 1R

g

HXERERZE (%)
8

1 Il 1 Il L L

4 4 #®

HRAEERMKBEBRTFR
MZBAERENERES,
R REFRERNHSKE
ZEFFTER B ER R XK
& 45H GC-IRMS 247 {38 , 7]
DASE K 78 W A HLRR R R
HPEHWE, BHEBGIEAR
S J TS B 4 e () R A0

0 50 100 150 200 250 300 350 400

PRI (ng/mL)

4  GC-IRMS i A [a] e BE 44 T 2K B4 BT KBRS

B R 2 R 7] 7 R 4L 4 BT B R X iR 22
Fig. 4 The relative standard deviation of the measurements by GC-IRMS

of formic and acetic acids at different concentrations

B RE R 10% WHEMIREEMNE .
The dashed line indicates the 10% RSD.

RS HER 54T BRAD Z MR IR AL R AR XX
FHEVMEKBEBRHRIRERAARBER, BE
B R B ¥ BE 454 T PR A HLBR I IR A2 K 41 R <2
FZREHAMRARELHEZBBEARAHRE
MIfR3E . XRAXBGUHEXRARTRA LR B
HFEA R AR MBEER . X—RRERERK
LR H RS BT T R T 4 4 3 R X SPME 43 1 7
B ATEENERERVETHIBREMZ |
Ay 20, RF MY K B TR PR A AT 4 1
R B i A FE R R A aHEAER 2 RRAIT a4
WER SPME 2 #i0r ik, $HXNEBE—Fr2 R M
ERLR, ERIMBBRBT, AR TAK
BHRBEREAHFATHOIER — 1 E s P
B, EEEZMZ I ERKE W, B A SR KR A
RABMAFTA FkE; RERZRNTE AR
A THRBBARS TRMRARARTAR, K
H - BEERT AR %R AR B KR
FAEFMMELR LA IS YRR AR PR
BTIEL™, CCHEMOMNRE (SR BANE
GC-IRMS 7+ # R 467 A R AL R - 1@ 4 i — 1 B
R, EFRLBHRED, RITRET Mo
Btk 1011, X—R B 5KE - BEXRERH—ER

- fef, 7 1000 mL W bk ARA
B0 300 0 prmsRm &M T REKER
AR, ZHXBRT
7K V8 9 A6 4 T HLBRBR IR
RS S, a5,
LR BB AR Y
% BLA B R R A LR R
BRARSRG T B, &
7 X A 3 S R 4B R A B
YRR EAR UL EEER, REm
M, T I — AT O o PR T M R B S B B (i
SES) ML, RREAEIROES TS 8
BRBUSE ., R AT R AR AR A LR
YR SRR 7 AT RE T
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