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Determination on Compound Specific Carbon Isotopes of Trace
Benzenes in Water by Purge and Trap/Gas Chromatography —
Combustion - Isotope Ratio Mass Spectrometry
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Abstract: A gas chromatography/combustion — isotope ratio mass spectrometry (GC/C — IRMS) with
purge and trap technique (P&T) was developed for the determination of compound specific carbon iso-
topes of trace benzenes in water in this paper. Three experimental conditions (purge time, purge tem-
perature and dry-blow time) of P&T were investigated, and the optimal P&T efficiency was deter-
mined. The detection limits for trace benzenes in water were calculated by testing aqueous solutions
of benzene in different mass concentrations. The results showed that under the conditions of 13 min
of purge trapping and 3 min of dry-blowing time at 35 C, the P&T efficiencies for each benzenes
(benzene, toluene, ethylbenzene, m/p-xylene, o-xylene, styrene and isopropylbenzene) in water
samples could reach 95. 0%, 90.2%, 71.3%, 59.1%, 69.4%, 50.8% and 70. 1%, respectively,
and the isotope standard deviations(STD) ranged from 0. 06%o to 0. 29%o. There were good linear re-
lationships for the peak areas of seven benzenes and their concentration in ranges of 0. 50 — 20. 00 wg/L,
with their correlation coefficients(7*) of 0. 998 6 — 0. 999 5. The standard deviations for the monomer-
ic carbon isotope values of the seven benzenes were in the range of 0. 090%0 — 0. 48%o at each concen-
tration, and the differences between injection concentration and methods could not lead to carbon iso-
tope fractionation. The detection limits for benzene, toluene, m/p-xylene, o-xylene and styrene in
water samples were 1. 00 pg/L, while those for ethylbenzene and isopropylbenzene were 0. 50 wg/L.
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The established method can greatly improve the detection limits for benzene monomer carbon isotopes
in water with accurate and reliable results to meet the needs for analysis on the monomer carbon iso-
topes of trace benzene in water.

Key words: purge and trap technique; trace benzenes; compound specific carbon isotope analysis;

water
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TR R IR N B0 . B RIE A SRR, TR E R KR . M AR R TSGR

IKSCWFFE 5 BB R P A LR, RIS Qe sh s Aeib s, T /K {5 Get R U5 43 Bk
T, TRV O ARSI RE N AMIFTTE R TR BRI %, SRS R a0 A
SRR AR BRI Sk 5 A 35 — BOEIHHAI 7oK ) BIR B R R Y5 Ponsin S VN 7
ORI YA — [R5 TR R S AR KR v B2 R ) BRI IR] 2 3% 5 Herrero 55 il HEAL 5T
SRR PR T A, P 1 RPRERSE T2k 2R B PR e 37 A I 64 R A% . (R a3 — [z
FHAETOE (GC/C — TRMS) SR BR [ 2 3 I, 8 T i B (R T 1 nmoL) " A REAR B K
BBRFEINE R PO SEBUK R PR AR L VAR R I BRI AR M, R A S e R R R 4 A T3 e
Bk,

FURT, AR L A DL CF R/ 8RS 0 B BT AL BT 15 A AR AR B (SPME) 1 4k
JERE CATD) ™= TS i (HS) B WAl A (P&T) ™, Hif 3 Py 5 B4R R A LTS Y o ik
JETE 45 pg/L ~ 6 000 mg/LyE A RER A B GG, ML T, PRTHFEHARHMRIC, &%
MEE . S EIELRM AR, CHEREIORE (EPA) K3 E 24 3k PA B2 (APHA) A 3R E KA
ST ETALBERRE T i . W EH T KA AL SR BT R EE AN T 1 mg/L™, S EUE L 75 2
HARAEARRR, HATRIIRIE, XELURA BAR MRS R . 229t TR R A BRI (25 mL )B4
F Yy n) Or F MR HRFE 2 5 g/l Jochmann ZE WA B RTINS 2 100 mL, JRIGHRIRAS M3 E
HWEH RN, e TR P AR ZOR R YR FA R R R o HYHTK IR B R Y
BB R R BRI BRI T AR, WAl B8 SR i B0 BB [ 37 3% B s e S A
ARIOFE P&T 55 GC/C — IRMS AT H [ b ) 7 7K s v 7 R4 3R 0 B PR R IR 02 3R A8, bW 1) |
WRFIELE . TR e AT AL, 5 ZEAN R BERE B B e 5 SO IR A SR 2, IR E 7 R R P00
KRR o WETCE SRR G ROK AR BHAR I K FR IR IR R PR RIS A SEbn s

1 ZREH

1.1 U5 F

AT (Trace GC Ultra) | JREHALEEE (GC Isolink 1) . F2%E R Z LB BTG (Delta V plus)
T Thermo 22 H), WRFHIHEEIL (PT1000) 4T Lab Tech 23 & o

HRE . HoR (R4, TediaZym]); HEEH 8 FhFE RYNRARATR R, HIE . L3, RIAT ZHZE
AR THIE . HEZHE . SPPE) (1000 we/mL, GBW(E)084871, CRM/AH]).
1.2 BIESRMMERIERYE

fERE 4. CD — VOCOL B4 il (60 m X 0. 32 mm X 1. 8 um, CNWZAH])); FHEFEF: 40 °C,
2452 min, L4 °C/min FFZE 180 °C, FLL20 C/min FFE 220 °C, {£F52 min; ZHSFRE M 1. 5 mL/min;
St A 71 BERELHEE A 180 °C.

FE RS S E: SIS E R 3 KV, KHTHF A 1. S mA, SAAIEFE AR EE 4 1000 C,

CO, ZH S UE % B AR EY 5t (Indiana University, 6°Cyup, A-29.53%0), RHITTESHT -
)37 2% AR BT RE A (EA — IRMS) Il & 10 R UL B #FA TR HE, I @ FRiE R 22 (STD) /T 0. 20%0; LLHIZEAE
3 P&T - GC/C — IRMS R [FIN Z80briE, I EA — IRMS IR B [R5 2484 (-28. 54 + 0. 07) %o.
1.3 ERYREBR KL H

Bl — 2P ZWFR KT, Bk 4y 51450, 50, 1.00, 3.00, 5.00, 10.00, 20.00 wg/L,
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BT 40 mL SRR, BENREERS 3AFAT, TEESIRGE IR 10 min, AR,

1.4 SEEREFEmRE

Bk BTLINEFERE) i Tk, SRR AR 3, UKAEREEE N 40 mIL B
oy, ERRRIAZE pH/ANT 2, ARETZEE, 4 G, EALATEE RS a5 R 10 min,

1.5 #HiR4bE

APPSR T TR (%) = Area /Area, X 100,

A, Area, HEH T ZWRFAIEIEELE GC/C — IRMS FAALHy CO, BRI, Area, M TE
HASHREREE IS CCHHRE D BB ST HERE AU UL S5 HEN TRMS 1) CO, 1 i AR

RN E % 5" C L) VPDB [HIBRARIESE B, 5°C, 0 (R RIS

613C\'PDB (%o0) = |:

R(l}c/lZc)
R(]SC/IZC)VPDB

Sample

—I}XIOOO

H, R(PC/C )S(|,,,ple%*$l%%ﬁﬁla1ﬁ%th{ﬁ , R(PC/C) o MEBRFRIEY) Vienna Peedee Belemnite [

R 32 3¢ H A
2 #HR5WE

2.1 MRARESHNMRWL

H TR SR ZE 2 R w4k
BRI P AP . IR AR L TR
JE R Ta) S5, I R ARG B 0 X R SEAE, @
WA K P 2R R Al CO, LR
i B AR FEROR

TEWCHR I A 35 mL/min 5548F T, 251558 T
WO I ] (11, 13, 15 min) . DRI EE (25, 35,
45 )T (1, 3, 5 min) RFRFIHERLRE)
ol R, FEMEEISTE) 13 min, MR
35°C, T3 min AT, S2ERWINREIHI%E
BORRE, R, WIE ., 478, RIS HIZE 4R
HIE, KoM, SRR BRI 5 N
95.0%. 90.2%. 71.3%. 59.1%. 69.4%. 50.8%
F170. 1%, B i SCHERES 2 38 3 A [ o 2 e P i L
LR ) et ih 2o R SRR T, WY
SERR N B & A bE R T B SRR, A
FRTHR A 22 LA Il i 2 ) 422 B4 7 e k0>
XSRS IR 25 PR R A HUE S (VOCs) Y
PRI AERIAE30% 2475 Lee 5 0T (0 i bk
3P ESEL, B 40 Fh VOCs BRIl ERCR IR 0
270% L L5 Kujawinski 47 I HA B BT
H 0BT S5k (MTBE ) Al B B8 BUR LBk (TAME) 1Y
WA R 210 35%., ASLIREBIIE . WK, &
AL SRR ABTHIZE . o WK ROMER
WA RO MRIKBEAR, TRE S 20 AR S o+
AR, BRER IR T, EAHRH
RPES T, H EREREEIARPE R INR . —CH,
<—CH,CH,<—CH,CH,CH,<—C=CH, #}& I8 & 7%
KBV RR EE R, RS R IAH R R A
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Fig. 1  Effects of purge time(A), purge temperature(B) and

dry blowing time(C) on P&T efficiency
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2.2 FHiEFET

S ERE

%M BRI M, FIUH P&T - GC/C — IRMS BE HAAE 1 )& P90} ] — HE 2R FRFERBHLIN & 21 1K

b W

57 ZAB (-28. 54%0 ) 47 XFHE

HED, SRR S B R R R i Sk
P&T — GC/C — TRMS I R34 {E 45 A1y 2 MR 7N 0. 10%o,

HETRTE SR

2.3 HWHRELMETE

PO, BRI IR A28, 64%0, PRUERZEM+0. 14%0, [EIBT 5 EA — IRMS I i) B 2% []

2 E N AMEITIN 5 3% K 2045 FH EA — IRMS I 58 FCR% [R5 2508 00 b

S0 7€ FR) I8 Bh 45 SR Sl 25 % ZNTF 0. 20%0., FHEL EA — IRMS U %€ L,
FEORAEAW ZEE B N, 2 AR R A7 2R A 1

€5

FHRALH)SEIR R, K 1. 37 B R IR R WIPRUE K B AR B = v B AL, MR

BT 3UCPATINGE , ASFREE T BOBRF AL R B AR HE IR ZZ DR 1. IR 151, SR R 2 IR Rk
JEEERE BRI I 2253 314 0. 09%o . 0. 06%o, 0.29%o., 0.09%o. 0.06%0. 0. 14%0 F10. 19%0, F5J7E0. 5%o
ARG BETE R A
1 AR R PR 87C,,, H
Table 1 8"C,,,, values of benzene series at different concentrations
Concentration/(pg-1™")
Mes P 1 stan-
Compound 0. 50 1. 00 3.00 5.00 10. 00 20. 00 can and stan
dard deviation/%o
Benzene -28.63+0.82 -28.55+0.37 -28.36+0.24 -28.57+0.10 -28.56+0.06 -28.50+0.11 -28.51+0.09"
Toluene -28.78+0.52 -28.25+0.16 -28.27+0.24 -28.16+0.15 -28.30+0.19 -28.20+0.13 -28.24+0.06"
Ethylbenzene -28.93+0.36 -28.99+0.48 -28.30+0.15 -28.39+0.28 -28.48+0.17 -28.58+0.09 -28.61+0.29
m-Xylene/p-Xylene —26.89 +0.55 -27.26+0.15 -27.31+0.19 -27.32+0.26 -27.48+0.12 -27.29+0.10 -27.33+0.09"
o-Xylene -28.98+0.88 -28.52+0.13 -28.42+0.11 -28.41+0.30 -28.54+0.23 -28.52+0.10 -28.48+0.06"
Styrene -26.94+1.87 -28.39+0.48 -28.43+0.21 -28.40+0.31 -28.70+0.27 -28.59+0.17 -28.50+0.14"
Isopropylbenzene —29.86 +0.34 -30.25+0.15 -30.15+0.36 -30.25+0.23 -30.44+0.20 -30.21+0.14 -30.19+0.19

*the calculation of mean and standard deviation requires a benzene concentration of 1. 00 pg/L and above

W L3 M 3 F B (i

S 8" Cp INE R E T

0. 5%0, Hin]&EE IS,

$70.50 ~ 1. 00 /LI, . HIZE,
% N
Wi Bt R BEAE 1. 00 /L LA E B

(0. 52%0 ~ 1. 87%o) ,

F SN L5/ SN 11700 I £/ SN

(W#£2),

(A R 47300 ~ 1000 /L)™',

’

P A SRR BR [F457 2 STD /NT 0. 5%0 (53511241 0. 34%0 F110. 36%o0)
7 FhIE 2R AR B BR [R5 3 STD 47 0. 090%0 ~ 0. 48%o. IJH:,
ARTHIZE . IR R 1. 00 /L, Z2E. SRR IR 0. 50 pe/L
FEXF TSR SPME 8 HS — SPME BAR (HHIRIIRT R 4145, 4 pg/L)" " 5 ATD EAR GERY)
AT REBE IR 1 ~ 21

T EITIRR R - SEit 3

E% R E AR Ve OV e S OO Rt b T 2

i%z)o én%i%ﬂﬁ ’

2 TR RPN ST

H (y ) 5 060 07 ) Jot S R

A3 v TR (3 VR I 8 ) s s 22 /N T
0. 5%0) 34 87C (B, 3N IR IEEIR) §7C 0 WA ZAE - IIMEL) + 0. 5% JEIH Y, FRIEF T —MEARIREK

BR.

HHIR R B R

Table 2 Linear equations, correlation coefficients and detection limits of 7 benzene series

HELSECp 5 FIMERRZE AL 0. 5%0, H.3 Ui bRiE R 22N T
TP 2R BRI BEE B e AT iR IR R R
)20 R AR R L OR S SR B B[R] 32 3 STD KT 0. 5%0

ZRARY), AR RYN BRI E

s MR R
ffi e

BE (w, Mg/L)?/z?fﬁquiﬁElﬂQf(Jn
TR ZWITE 0. 50 ~ 20. 00 pg/L it i BEJE B N SRR LSRR IF, MR
() H40.998 6 ~0.999 5,

Compound Regression equation Correlation coefficient Detection limit/( pg'L_l)
Benzene y=251.04x + 63. 837 0.998 6 1. 00
Toluene ¥y =250. 13x + 33. 697 0.999 2 1. 00
Ethylbenzene y = 246. 68x — 68. 991 0.999 5 0.50
m-Xylene/p-Xylene y =387.86x — 36. 589 0.999 4 1.00
o-Xylene ¥ =239.61x + 81. 085 0.999 2 1. 00
Styrene ¥ =218.95x + 89. 331 0.998 7 1. 00
Isopropylbenzene y =266. 13x +48. 296 0.999 3 0. 50

2.4

B EREFET RN RE MRS BRI

Hi “2.17 WL, AREPR RYIR I SRR R, KRB

F) 100% B AR ERCR . P&THE
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RAFAERN R 515 % S RS A RWEA MU — KM - S Z IR L, vTRE S 5— 2 M B IF]
LRSI, SN E 4550 . PRI A B SR SR TR A SR PR AR R 22, SRR IR E 0. 50 ~
20. 00 pe/LIE Ry, I 5WASFRERE NS R IEAR 1 B RETEST 3 IRBERE A I 45 R TR b, DAER:
TEAE 75 8 BB ) 57 3 50 18 o

ANFEBERE 7 T 2R R kIR O R EE 2 IR, SRR PRT — GC/C — IRMS A BR RN 2
BUE, KRR RSP B ST ERE R B BRIE O M, T B 2R m W 4 7 A
TR + 0. 5%0 MRS EEIX 8], 255380, %28 R BRIEL B RE G R 1S KB #ifae , WIRhBERE 7
ABRIFI DL Z A 225N, P&T J7 s ERE A 5 B RS AR DU AHEL B 22554 0. 02%0 ~ 0. 41%0, FE
PR L IR 3 TE 0. S%o K BETE DY o WIRPEAE I SR B [F) 057 2 (B A7 7E 25 53 T R IR AR A i o
WLt fE PipT I R & A T B s AR R RV R R ARG SE R, S B 3 £ 7 2
TRBOBR R ZAEME 58 . 145 5 50kl — 50, RREb RGP 2R REA IR - S EUKH - <
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Fig. 2 Carbon isotope mean values of benzenes with different injection methods
2.5 INEHFMPERYKRIZTER LG RNE

TR “1. 47 REILHIEFRZ) R T KRS, SRS 5 00 /K s vpr 7 Fhofs R W i) Bk g
[ (W 3) .

ZERIR, TERFEA LRI 2 A0 kP nili iR . BR . 28 RO HIZRFIAR HIOR, ik
FERL3 AL T K R R, HL 3 AN SRR s P ORI BT iR AR IR RIS, HH 27, 15 ng/LFER 7. 47 pg/L,
HRR )AL AR B BTG 4 0. 46%0 ~ 1. 44%0, ToHH BB H . HHORIREE By SRAE A1 1231 pg/LFER
SRRE 200 1,10 pe/L, HBRFENF AL N0. 37%0) o B 3 AN SRAE F T 7K v 280 F 2 i i B 5 L
BRI ZAEASAL T S0, R AR AL 5 R 3R AT W R A AR G o SRAE R LR /R P 2K | T o B 2R
AP IR BRI B L TR AR 2, SRR R TR 5. 91, 5.86. 3.37 ng/LralkEE



555 TR WK AR A R — RS AT I AR PR R R SRR I 53R 639

1.99, 2.20, 1.20 we/L, HBRFEN; ZAREE AR FEAR ZIHE W EAREE, H-27.92%0 . —28. 09%0
F1-25. 11%o0 43 B FE-26. 58%0 . —25. 36%0 F1-23. 92%0.
F3 RES PR R TR R i ) 2

Table 3 Concentrations and carbon isotope values of benzene series in samples

Sample 1 Sample 2 Sample 3
Compound Cozlcent]rﬁfi)on/ 5]3(:\,,”“/%0 Cozlcent{?i)on/ 5]3(:\]‘““/%0 CO?CBME?)O“/ 5]3(:\])”“/%0
pg pg- pg

Benzene 27.15 -25.36+0.09 8.35 -26.80+0. 18 7.47 -25.82+0.04
Toluene 12.31 —-25.46 +0.30 1. 10 -25.09+0.11 - -
Ethylbenzene 5.91 -27.92+0.19 1.99 —-26.58 +0.46 - -
m-Xylene/p-Xylene 5.86 -28.09+0.13 2.20 -25.36+0.49 - -
o-Xylene 3.37 -25.11+0.24 1.20 -23.92+0.02 - -

T AYE Y i R b R R SR U Se R N, S TR AR R e SR R IR AR
IR AW PARBR I (3R AT 2%0 b, PO HAERS T A AL T BB R AR R R o SR 2
LT RAER L, (806 —HRH AL R AR W, H8°C,,,, (AR ALIXE) 2. 73%0, W) — HIZE
TERFE S FAGER A A T R E AR AR

3 & it

ARSCENL T —Fh P&T 5 GC/C — TRMS R[] i 5 A v 7 PR 38 R IF) 3R B 7 1%, i
ERACIR AT AU G 28, 5 Gl SRR 228 R W R R SR B ARE VR o, B T ek
TSRS . ARTNIRR AR i 1K i v o R B iR ) 57 3% 000 S O A R R, B 2 R 3 P S REG 2
KPR BOR R Y HARTR FI VR AT R SR AT L) 2 T A RIZERDR R B & Pt &4 ik
BRI DR B 74T o
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