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(SL) HE (CT) 7 i FHE IR A 5 FhiF R,
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640°C ; PTV #EFE I, & 4 & SAE A R, i
2.0mL/min; DB -5MS @3 A, A 4 F2 7 i 2% 1

¥ bR IR E 60°C, PR $F Smin, LA 4°C/min F+ 2
320°C , f#*%F 10min,,
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FLASH1112 JGZ 5 74X - Conflo Tl 4% 1 - MAT
253 Jii % A% ( ThermoFisher /A )., T AE &1 R
B a5 E, Conflo-He #/<JE /) 100Pa, EA P
Carrier — He 3% < Wi # 90mL/min, 5 < I # 180
mL/min ; LA R E R E 960°C | oven 1HJE 50°C | 11
SR 3s 5 AR U EDRER T 2 143 08 - 50mm
AL 100mm 47 50mm E ALK, & BUR 22 [
L1 10mm A3 FA3 (] P .

1.2 BPRE bR i A3 2500

DB-5MS G4 (30mx0. 25mmx0. 25pum , J&W
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WA PAHs 1B & PR fEA K (EPAG610) « AL 4R ZE
JEME JE 25 AR VR BB L AR (a) BT
(k) DR AT (b) 28 ARIF (a) B BIJF(1,2,3-
cd) BE 2K Jf (a, h) B AT (g, h, i) dE (2000
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Fig. 1 ~ Comparison of intensity of PAHs by CT and PTV

splitless modes
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FAAIE NAR ARG B 43 T/ AN o3 AT /N B4R 5 7
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Fig. 2 Temperature and time series of (a) PTV splitless and (b) PTV solvent split mode
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HTERE 320°C 25T, X kb SL AN SS P A i 5 5
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FE AR 0 B 5 AT 5, W A0 s s R AT H
bRy 43 22> 150°C , 5 W) H b5 ¥ 2 32 2 1% 7 78
RFE P IE Cke v A Wk A5 2R 69°C | 25 |
JE M JE Ay (S 4y i R 217, 9°C L 265°C
279°C \294°C ) 43 | 3 B A [6) B2 B 110 5 7 28 % 43

3500

TR T T T A A A R 2 R 2R Rk
), LR ¥ 700 43 U 1 SR AR AR T s 4 v . SL A
KT, 28 8 M 8 1Y 3 05 A X 3 58, b PAHs
20 3 U i I s /N B 25 BIR K (81 3b) . AT RE S SL
37 1) ¥ 300 R0 5 I ) T R G T SS A%
2T 4 R oV 770 28 3k 43 T 1 9 R, ¥ 390 550
Wil R /N B A B =k, SS AR XK Wk 25 PAHSs
(Z5 OEHs e 25 HE) BBk R0 2 1Y 43 B R
L SL Mg 22 (2 1) , X nl fBJ2& th T SS A5 20 1K
SR BN — R ZE L

PRy NI B VA8 X VT S D Wl N S T
R WAL T CT B2 Y H AR & R &5 3% PAHs
B, SS A 5 B8 vmy ik (W) 407 28 40 BTG B N 32 5% i)
(2 1) 5 2B 20 43 o R A 3 8 O G T 1 ks 4
i, SLABTTEAR

140

8 (a) (b)
3000 f 5 X e 120 . ) y
p 4
2500 X % §S-2 100 F R ¥ s X % 2 R
- % P x SS-3 § 8 2 8 ¥ 8 o
> 2000 | %% SL-1 % 80F X o ¥ ® =
) s ° . X % oSL-2 = g
L g 8 SL-3 L
4;;“%5 1500 8 ° 260
1000 K8 x g 0, . %
% @ [}
500 | x % 8 20 |
- g §
08 0 4 3 100 00 000 4 00 0 4 3R 0682 4 A 5 0 0 00 2 0 0 30 00
i X = XK=Z=3 i) B =T BR=z=3
B OSZEALS B OSZRALS
# QQ%SE# #® ﬁﬁ%g%#
E1IR £11%
oy 7
B3 (a) PTV EFI5 (SS) FI(b) PTV ASAriat (SL) BERE T ok PAHSs WS W SEM 35 Mm
Fig.3 Effect of intensity and width of PAHs by (a) PTV solvent split and (b) PTV splitless modes
1 BRI RN IR T PAHs SRR FIN R PrREE
Table 1  Analysis precision of 8°C of PAHs by PTV solvent split and PTV splitless modes
s SS i3 8 C (%o) SD SL #3586 C (%0) SD
i ik M2k M3k | (lon=3) | ik H2k 3k | (lo,n=3)
% -25.97  -25.62  -25.68 0.18 -25.46  -25.26  -25.50 0.13
T I -23.06 -22.89  -22.85 0. 11 -22.76  -22.59  -22.74 0. 09
& -23.74  -23.39  -23.42 0.19 -23.35  -23.26  -23.60 0.17
% -27.63  -26.83  -26.73 0.49 -26.71  -26.23  -26.58 0.25
E[3 -25.74  -25.10  -24.98 0.41 -25.00 -24.58  -24.62 0.23
sy -23.74 -24.01 -23.79 0.15 -24.37  -23.55  -24.57 0.54
B -24.97  -24.46  -23.99 0.49 -24.65  -23.89  -23.90 0.43
[ -25.23  -25.25  -24.76 0.28 -25.27 -24.83  -25.10 0.22
B (a) B+ -24.63  -24.46  -24.91 0.23 —24.61  -24.29  -24.34 0.17
FF (b) TR+ (L) Wl -26.95  -27.08  -26.96 0.07 -27.34  -26.45  -26.81 0.45
HIf (a) T -24.81  -24.57  -24.19 0.31 -25.25  -24.92  -24.73 0.26
B (1,2,3-cd) @+ "I (a,h) B | -24.51 -24.03  -23.90 0.32 -24.96  -24.61  -23.70 0.65
HIF (g, h,i)dE -28.36  -27.25  -27.08 0.70 -27.80  -27.07  -27.80 0.42
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2.2 PTV #FE0 SR IE L

PTV HERE TR R B B | A% 50 308 5 0 s [ | 2%
2 I TE) AN R i) S5 Xy 1T BESY AR i A A B RIOR
T B (03 ] By UG i P A | B S R RV R A
FE TR0 BE 25 2 1R B RUAS 43 7 1) 2 2 500 700
AP (0 AR 50) 4145 19 3 25 B ] B Al 7 A 5
e (1 2)
2.2.1 HEEEOES

PTV HERE O AT LSEELE JyB AR Ak, 2440 bh
JE /1K 30psi ZE & JE /7 40psi I, 16 Ff PAHs HYIE5R
FE LA THIUA R 1 40psi 28 & JE 17 60psi I 415
SR U Hh S IR A ZE AR TR X P RE
TG/ 78 K /N, B S, 7R FE 78 K B
Ji) B B /A% 2 (0% R V) S H bR 1L et AR
SrEFRE AL S B H AR Y R AL TR SRR AL ISR B AIC,
MWUR 1R 40psi 7% K& T 60psi B, &% H ) 3
15 (70,80 ,90psi ) XJ H by 1t g 5 5 57 3b 7 A= A7 T
S, AT RE A B AL R e R T R R 2R R MR
TEETERE K LASEIRE 5870 A Purge BSR4
Uf 7 40psi 78 & & 71 60psi A& % & 1 70psi B K
2% PAHs W58 B e (] 4a)
2.2.2 AR R E]

B b AL R B S RS RE O UERE i 58 4R Ak, 1T
FE 5 B W A 2H AT B G o R LU A% IR EE 280°C
300°C F1 320°C , 45 5% b 7 1% i Ui B 38 3] 320°C Ay
ZRIE (a h) BUFIZR TR (g, hy i) dERT LA Y o 1%
Y B T v AR A B AR A (OO0 = s 44
FR I B8, 3 5 15 B8 43 /S 4 T 0 R 1T 3R B 4R
LES

A2 B e ) 3 T B 2 B SR VA TR0, N [R] 5
HbRPI 2 53 ] RE TG I 78 2 A5 i 28 i A Sk |, i i
WG 5H FE FRARG B [R) 07 25401 . T EE 16 A PAHSs 76K
[ HTET ] (0. Smin 0. 8min 1. Omin A1 1. 5min)
WERRFE (] 4b) . W AUBAKAY 8 Bl PAHs (28 ~18) 7E
PRt 1] A 1. Omin Bp IG5 B 95 2, BRI R 57 25 43
Mrah T fa e (AT 2208 A8V C 1E 0. 36%0
PAN) , ZEHE M 1) U6 96 JE8 S5 2 14% ~ 18% , {H HLk
WA R AT M a5 A Z R 5 A S [R] 1. Smin B3
SUBCIRAY 8 i PAHs i 4 5 W RIS, B [ o7
o Hrde e T W BRI ( ASPC A TE 0. 2%0 ~
—1.36%c2Z 7)) , 3X ] Al 2 A% i B[R] G o, e ok o 2
T, L HHT I v R R R AR e
PERRE, Wi 8 A PAHS[ AIF (a) B ~ KT
(g,h,i)d6 ] FYWESR BEAEAL IR 1. Smin A1 1. Omin
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B AHZEAN I AT () BE 19 TR SR B [R) 452 28 40 B
g R EMEXEAL BT[] 1. Smin B ( AS"C=-0.41%0)
T 1. Omin i ( A8™C =-0. 83%o0) , H I 7E AL %5 43
MrirzZz W, WEBEAE 0P fe d 3k15 16 Fi
PAHs [ AR [R5 28 LU AR B33 OC T AIKh 250 PAHS
2 o3 I B BEAL F I E] 1. Omin BEAR
2.2.3  ZER IR AT

PTV AN 43 Ji 45% =X v s 700 R s o 10 4% i i 72O
FEI o 3 AR 142 3 23 I, 7 PR i 1) 2 4 T g
119 e R | E LR AR A I EPS R Z9 FERERTY S
£ PRPRR 2R R IR RN B[], W] DL A b b 55 A H
B A i AR T

AR 7% K& IR (40C L 45°C . 50°C . 55C) F,
PAHs 555 B 3% 55 78 55°C B f5z g, (30 o5 B AR Al 2%
TE 40°C ISR B 2 (8] de) o AN ZE K S Y
2047, foft RN G A R i o — s B[] 1) YR g
T A b AL A R AR R R E AR S
SRR IFI L EE R PAHSs Wb FR 5 TE 00 BR B RE 5
PR S5CHKIBIE,

SFHA [A] 78 K fE IR K (1. 5,2. 0,2, 5,
3. Omin) , #h 5 TR (k) PR AL 728 R IR
2. 5min IS4 SR BE B 55 ) 1. Smin BFBS A ; Hifth PAHs
A i g 5 8 5 3 7E 1. Smin B 3 K, 2. Smin IR Z
(&l 4d) . PAHs 5 A [7] 037 2 43 A7 K B 76 78 & B
£ 2. Smin B, 43R BE A8 (SD<O0. 45%0,n=3) , H:
fhZE R IHE (1. 5.2, 0.3, Omin) T 437k B 43 51 Ky
0. 55%0 0. 53%1 0. 67%0(n=3) , %%} 16 F PAHs
PAIRTK R R A A e 28 AT 2. Smin AR,
2.2.4  HEFECUASS At

AN s TR AR RE 113K 8 4% e B R 1R i
W FTTF Ry 1k, B (8] 3 K SR 0y 2 15, ek ) 2ot Je mp
(11RO Nt ot e eR i ST (R e [ K VA= 1

A TE] 0.8 1.0 1 1. Smin B, 28 &
I UG S W Wl A2 S 2% e M S R TEAS 3 Ui
AFE] 1. Omin P UGB 324 o, LAt 2 73 W o B | UEg 3
AR, HRIF (a) BRI (b) 5 BEURR I
(k) DRI (1,2,3-cd) BEFI I (a, h) B
T ILZRANRETE 42 0 1, PR LIRS, 2R 0 B 245 2 22 53]
R, HiAth 10 B PAHs (R85 [R) 37 2 43 B s e M 7F
A3 RIEE] 1. Smin B ( BRRAMHT4S 251 ASPC 4
AFE-0. 43%0 ~ 0. 47%0) B WAL F 1. Omin B} ( AS"C
S FE=0. 9%0 ~ 0. 99%0) F1 0. 8min B ( ASVC 434
FE-0.67%0~1. 16%0) , ML 1. Smin A HAEAN
Gaininy (=T
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Analysis of Compound-specific Carbon Isotopic Composition of Polycyclic
Aromatic Hydrocarbons by PTV-GC-IRMS

XIE Manman', LIU Meimei' , LING Yuan®, SUN Qing'"

(1. National Research Center for Geoanalysis, Beijing 100037, China;

2. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

HIGHLIGHTS
(1) The precision of 8°C of 16 PAHs determined by the optimized PTV-GC—IRMS is within 0. 5%e.
(2) Pre—columns reduce the peak width and increase the peak intensity. The intensity of 5 cyclic PAHs is

increased by 50%—-100%.

(3) The fractionation within the PTV-GC-IRMS system can be corrected by two PAH references.
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ABSTRACT

BACKGROUND:; The carbon isotope ratio of PAHs is stable in the migration and transformation, which is an
important traceability index and can be analyzed by gas chromatography — isotope ratio mass spectrometry
(GC-IRMS). For samples with low PAH content, meeting the detection limit of GC=IRMS is the premise for high
—precision and accurate analysis of the carbon isotope ratio.

OBJECTIVES: To establish a PTV injection method with stronger intensity of PAHs, thereby improving the
sensitivity of GC—IRMS carbon isotope analysis.

METHODS: Parameters of the programmed temperature vaporization ( PTV) injector were optimized, including
injection mode ( constant temperature splitless, PTV splitless and solvent split) , pressure process, sample transfer
temperature and time, evaporation temperature and time, and splitless time.

RESULTS: The optimized parameters were PTV splitless, transfer temperature of 320°C , transfer time of 1. Omin,
injection pressure operating in a gradient of 40—60—70psi, evaporation temperature of 55°C , evaporation time of
2.5min, and splitless time of 1. Smin. Pre—columns reduced the peak width and increased the peak intensity,
especially high boiling point PAHs as benzo( a) pyrene, indeno(1,2,3-cd) pyrene, dibenzo( a,h) anthracene and
benzo(g,h,i) perylene increased by 50%—100%. The precision of 8”C of 16 PAHs determined by the optimized
PTV-GC-IRMS were within 0. 5%o. The fractionation within the system can be corrected by two PAH references.
CONCLUSIONS: The optimized PTV-GC—-IRMS can adjust the precision and accuracy of compound —specific
carbon isotope analysis of PAHs at low concentrations, and expand the applicability of isotope tracing in

environmental studies.

KEY WORDS:; gas chromatography—isotope ratio mass spectrometry ; polycyclic aromatic hydrocarbons; compound

—specific carbon isotope; programmed temperature vaporization; traceability
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