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A AL B AT R A 4y oy B, 2 0E R %Ok
T B RORAR 3 v (HPLC) 1 B A M
W - BB BAR T AT, RIABIIEL S
B I H 0 R — B K 3 g (UCM) X HAR L5
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WA W58 22 30K PAHs #% BR800 & = 4, W
Okuda 25" FI| FREBAE RS (545 4, K PAHs
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FEEE(SD)TE 0. 5% LAWY, i VE DAY h PAHs H
FEMLES I HORS IR 22, O Malley 25 R Fi i
R — B R 538 2, X 3 B PAHs fiy ] i %8 24
50% ,4 ~5 ¥ PAHs [ [ K 85% ,PAHs RS,
(BABR) B ER S Mk FE 4 0. 09%0 ~ 0. 59%o0, TR
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RAAM. 22 B0k 3 HHE (ASE 50 Mg A
GEFAEE) WA HLERER ) « 283 i Jie i € 3 i 4
O30T A1 ke e A 5 e AR 4 43 (EPA B
HEDT ) oI5 R 2 73 3 2%, B ke J AR M 2 43
GIFEHERI TR T &M, B4R,

E AW LG LA o 3B B A
AN AL/ N e N S AT N SN L N R
U R ARSI S AR ik | A A
FH S A HILIA 00 R AR B B, 4 3 4R B DA T 4 B
WhelRtb a3, & b SR 95% L L
FEWEFN A 30% 1 LR 8L E K Z )5 , B e
FE Y A ZE I, R A S W15 2] 70%
A R WL AR T B R TR L
S B KA R AR ST a2k
FOAIECHE - IR (L 1, V/V) ZEERTS (0L 1.3.3
W) RS N R R IS ) R R RS AN
aREYR,

F SSTAE VS IR Y8 28 5 PR e, A 40 5 0 24 o 7 Jo
i, B A 43 R 3 B BRAEE A (3000ng R AR
), & 30000ng 425 Fl 3000ng EPA 16 Ff PAHs ;
A B (2000ng %5 AL &) , & 30000ng 2% it
2000ng EPA 16 Fft PAHs ; S4LAE C( 22 4% 5 Wk FE A
K, & 90000ng Z& i Fil 3000ng EPA 16 Ff PAHs,
1.3.2  SPE /ML

TERT BRI 3L i 2Emt b A SO T &
FR TR PR A BRI 0 ) [ A 2K BB/ VA, DA B e it
Gy bR O AR 4 43, I R I AR 0
(] I A RS f o3 B A A R

500mg/3mL 1Y) SPE /M (iR 3E ) Wk it
PR B SR 3 MR A B 5 SRR FIE IR
BEXt SPE /NFEFEAT UM BE , 18 1E e R 2 T I
P ISEHC ] 4F R AUAE A (3000ng B8 fINAE &) in A
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0.5mL, ¥ GC F1 GC — IRMS 2,
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SRR HERE LR BE 280°C , A AR IR RE , SERE IR FR
1.OwL, A s 4l AU, FID KGN , 60 45 e
330°C, DB -5MS & 4, A 46 4 IR i 60°C, DU
3°C/min F} & 320°C .,
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PRERIE R Ho M. XS TAESHEON PTV gERE O, i
FECRLEE 55°C 28 & I 55°C , f& 5 il B 320°C , 1%
FIZE R BFA] 2. Smin, K 5 A2 4 B ] 1. Smin, JE4E 1
B I 71 g 40psi—60psi—T70psi ; A3 HERE , 7317
R[] 1. Smin; FEAEARLS. Ol AN @401 fE
Uik 2. 0mL/min, DB —-5MS €& 34, H 45 9] 46 i
J# 4 60°C , {54 Smin, ) 4°C/min F}Z 320C , 1€
10min, ALY EE 950°C 5 i J5 bl B 640°C

2 g5
2.1 AUZRERE TEAS S

AR A 2R T A% £2 40 # EPA 16 Fh PAHS
A BADRER [l 26 HU A 3 3158 HAr v 22, LIRS I AX
A IITRE A ERR T o BERIERE Il S, BE Sk
JER 6pug/mL, L4 5 Ko TR (a) BUA
i ORI (b) BT (k) ZEBA KB (1,2,3 -
cd) BEEAI I (a, h) BRI AL S P00 R, 7 €533
P b JeuE SRR 40 B, DR e A B ) 5 R 4 i oh
REARTHIR &AW1y 87 C i, 16 Fh PAHs fiy 87 C {E N
TERGE (10) 7 0.1%0 ~0.45%0 (32 2) , /3 Wi 5 Rk
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Wise 251 DLIE [ e s 1F © e R kU, e s
B e FrIR M i, HAE e Xt — & /B3
REEFEILLAT 2.3 77) . Ik SPE /NEIURME
Pl e LA TE SUGE A i DR 43 25 e k8 43, TE O e
Wk PAHs 1843 SEER T T 500mg/3ml (1) 2
FRERE SPE /I, 2435 B 1E 3t 71 IE O Bek A 40
FESh A PRI Sk  UCM I | 28 465 ) I 7y 25
(LERUL1.3.2 4%) , 2518 A bk vk 45 SR an il 1 i
fEE SPE /MR 16 Ft PAHs (4 B2y 90% ~
129% , G 345 0 B IR K 81% ~ 105% |, ik Jiie SPE
ANEE R TSSO B AL . S SEAE XS B S5 R 8 Fh PAHS
(1P B3 R 77 B S 55 T REIOHE - LAY F1 A4 b
20% LI EZEFE i (Bl 1a, & 2a) , TAERAHE F1
oA PAHs Jiih (1 1b, [&] 2b) s 2 5 b
SR 8 b PAHs JEAAE F2 1840w ke AE i R
ZREIEFIE R EAE F2 185y Ui th o T Rl SEURL 25 14
T, el 5y JUCM BBEARFEAEF FLAR AP, AR
M Z T IR TE F2 185y i Z ST it (R 2 A o
4 20% L I [ ZE RS AE FLASAY T, AR 5
SRR TE A8 o TR, e JE A 43 B85 e S I 57
JRIRE S T2 550, AR SOk BERE I SPE /NGRS
BID Rl SV RS brke 20 M. 18
2.3 FIEIE ISR

BB ABERE S PAHs SRR [R5 28 7347 B
FREE R K, 500mg/3mlL (14 fif JiE AT 2800 &2 i, AR
25y T 7 LRI T 5 ) 43 B CR o TR, IR 7
PRAAT A PR P B A 1) 1000mg/6mL (14 ik Ji
SPE /M

120
(a) &AL/ NHE
100 | B . F8
F7
;\? 80 . T6
g; 60 | n F5
= = F4
B 4t = F3
n F2
20 r = Fl
0
REDREFPENBHEDNRRABPR
2 R = BXs32%
RN OSXERIL T
# ##%gﬁﬁ
¥ %Hﬂé
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Okuda %5 g i FHRE I — G4 HE (3 1, 241
i FRIREON PAHs AT 40 85 207 s P REICHESS 1
843 LA 2mL 1 BRI EEAE R, KRB ek 1 UCM
SRR VEH , UCM F1 PAHs 64746 2 184, A
WFFE R AERE SPE A, DL 2mL 1E 8 Rtk
VeI I, UCM 3L R 5 e J [R) IF 72 56 1 48 43 I 8
(Bl 2b) , 5 PAHs 4y B8R 41 (18 2¢,d) . Okuda
A2 5 ) P A R i AR O A 2 1A (R
PAHs) #E47 T R 43 8, (HACR A R FEAR . 2 36
PAHs F1 75% ) UCM f£7E T2 A5 1 180
3 HFIERS 4 5 PAHs 5 25% 1) UCM L1 T & 3+t
FEEF 2 W5y B 4 35 ) 4 3RLL 1 PAHs 5 UCM
Oy BRI (AT 5 3 184 ) o A AT &, A
Ji2 1 FH A B H LA IE G 8 A Tk OB T 70 40 8 ot
UCM 5751 RO T 1E OB , BRSO B4

3T 1000me/6mL [ ke SPE /ML, 6ml, T 1%
BEn] LASEELGE RS UCM RIS 58 40 8, {H 1E I be X 557
KRR RE 114255 , T 4k A ~ 80mL 1E K 4¢,
16 FhZ 0I5 1 1 [l SR A AR IR BB E |, IR 2
R T4% ~112% . Z )5 89K n] LASE 8L PAHs {1943
Bk ARV RV A R R , A 2,
Sy LG I PAHS 1843 i B — 2 4R (1] 2¢)
IXEE TR T ) 25 1 | ) B I A S 28 1 R 3%
B AR P R B, HE T T RESR B SPE /NKE SR DY I
A . ik 80mL P A B ] AR R U, 7l R
S EOHEAE T S R, S BR AR . R, AR
SO PAHs 21 43 i R VRV R 2EAT T i1k, 1R A 4%
D (MR R IRGA B i 1 o3 B ORI T
10 FfOAR I BC EL bk Ve TR VE I PAHS AR, AR bk vk

140
1o | (® BEBNEE
x - F8
100 F7
£ W 5
= 60t = F4
= = F3
40 u 2
20 | = ]
ELRIFEENEERDREHER
Z KR35 Z
R SEXERLTHSD
® ##ﬁgﬁg
B¥® EH#{Q
iy

B 1 (a) & SPE /MEERI(D) Rl SPE /MR 2540150 PAHS [A)fic%

Fig. 1 Purification recoveries of PAHs in each fraction by (a) amino and (b) silica gel SPE column
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a—500mg/3mL Z AL F1 8435 5 ; b—500mg/3mL i At
Al FLE A G518 c—1000me/6ml. fif B , TE 80458 53 25 14K 14
55248 70 (0 1 [ 5 d— 1000 mg/ 6 mL ik B AT, IE e - — S e
(70 : 30, V/V) LS 2 - ik

P2 AIIEAE SPE /vki sy Bk et it

Fig. 2 Chromatograms of different types of SPE column
purification. a—Chromatogram of F1 by 500mg/3mL
amino SPE column purification; b—Chromatogram of
F1 by 500mg/3ml silica gel SPE
purification; c—Chromatogram of
pentane by 1000mg/6mL silica gel SPE column; d—

Chromatogram of elution with n — hexane — DCM

(70: 30, V/V) by 1000mg/6mL silica gel SPE column

column

elution with

T2t 6 YO . #1 FH T ORF I e ik
VR R 16 b PAHSs () [B] ISR T8 B K ik 31 B
{ELAST 25 PR PR R ) T 4

10 FE AL E b, 1 8eke - S H % (70 ¢ 30,
V/V) R ke - S HE (90 2 10, V/V) Hyfighg 5L
P R (SmL) B RLPEME 16 Fh 2303548, i
HI BN R, T LA E] 84% ~119% (£ 1),
X AT RE 55 A PRI R b i 2R O B B B R T sl ik
22 We4E 7% KR8 PAHs G KR K. GRS
Uk, BB SPE /NHE 4385 PAHSs 1) S 0 bk vk 0 =008
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6mL I3 ke Ml SmL IE Sk - — G ke (70 30,
V/V) BB BE BRI, 23 9 3R A e ke A D7 R AR o3, R
PAHs 7P T20 2 1870 o IS R %N IEHAA
RO BR UCM Figeks, B s -5 beke LA KB | 16 <5 1
PEMS R 20 70 0 BERCR RLAF o 26 2 180 UCM
FATHBR , 20% TAX T Z 07 R0 (18 2d)
AT RS BE ERR 70 M PAHs BUAER R0 R

1 ANIBCEEIGERE i 0 i B 2 PR D5 e lnllic 4
Table 1 ~ Elute volume and recoveries of PAHs eluting with

different solvents

W 1(21:‘2‘/”VL§: M{J(Lﬁﬁk A @L(Iﬁfé ;%>
IES R - 80 74 ~112
95:5 30 66 ~121
93:7 20 66 ~113
ESGkE s B 90+ 10 20 84 ~ 131
80 : 20 10 85 ~122
70 : 30 5 84 ~119
ok —AH b 97: 3 25 70 ~113
WEC ke A b 90: 10 20 89 ~ 124
97:3 25 95 ~126
Wwolki: —EHEE  90: 10 5 76 ~116

2.4 PAHs [W)[RDPR F0RS %%

1E 1000mg/6mL i SPE /N H i ABEHAE
A B B RPEIE 430 O 6mL 1E B AT SmL 1F b
- ZEMEE(T0 2 30,V/V) BRI SR T6 4
ATSES . BER A REIR SPE /MES B LG, 3t
Uit K B2 9 2L, UCML e R AR 3 ok, 4 AR 1 °F- 2%
(& 3), % PAHs BR{RRK [A 07 2 50 BT AR % A Fl. 18
4yH 16 Ff PAHs [ [EIICE R 79% ~128% (RSD Hy
2% ~13%) .

5 BB PR PAHSs FRRRR [ (57 28 43 B I
FEM BRI, ATRES T A 2220, S PR HDRE C
(2220 o o R A ) TR ORGS0 B e Ak T R A7 56
WE, BCR H 87% ~ 125% (RSD H 3% ~ 18% )
{HHET UCM i ALy B A58 LA™ o, I R 3t
FEXTHHEAT T LG UCM R4S 25, [Ty
65% ~127% (RSD 1 8% ~20% )., Zid %5 — ki
UG, 28 8 M e 1 ISR — IR RE AR T
20% Zedy o ARG, AT REXHIG o T A
511 PAHs [RISCR B2 4K
2.5 PAHs YfRRRINH 25 EEAE A Dok e A%

FIF GC — IRMS 23 #fr L iR 5256 o = FhAsE 40U 5
Fb 5 i PAHSs BRIk [F] 67 2R LA (3R2) , 43 Bk
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Table 2 Precision and accuracy of 8" C values of PAHs before and after SPE column separation

PAHs TAEFRE 2000ng 245N 3000ng %% T Hs N ZIRIR R LRE S
PAHs fb54) 8¢ sD ASBC sD ASC SD A8BC sD
(%o0) (lo,n=5) (%o) (lo,n=6) (%o) (lo,n=6) (%o0) (log,n=6)
% -24.70 0.45 -0.26 0.16 -0.73 0.15 -0.02 0.41
it -22.71 0.28 0.95 0.28 0.73 0.13 0.97 0.43
i -23.10 0.13 0.39 0.29 0.22 0.17 0.31 0.27
% -26.20 0.06 1.12 0.12 0.59 0.18 1.07 0.29
S -24.22 0.40 0.32 0.17 0.20 0.21 0.05 0.24
A -24.45 0.24 0.89 0.20 0.71 0.40 0.66 0.45
T -23.51 0.30 -0.46 0.49 -0.29 0.20 -0.27 0.20
' -24.94 0.11 1.05 0.14 0.99 0.10 1.06 0.23
FIE(a) B+ -24.22 0.16 0.15 0.25 0.30 0.51 -0.19 0.72
B (b) W+ HEH (k) W -26.41 0.12 0.82 0.80 1.08 0.65 1.46 0.63
HH(a) i -24.91 0.32 0.86 0.26 0.64 0.22 1.05 0.55
Bif(1,2,3 —cd) i + —FEIf(a,h) B -23.74 0.46 1.11 0.30 0.69 0.27 0.62 0.32
HIt(g,h,i) 36 -27.00 0.10 0.92 0.39 0.54 0.24 0.89 0.46
FE (Lo ) 47E 0. 8% LA o Frh 43 kG BE B 4 0. 5%
@ FOLL 5 BRI (b) 92 BURIAEIE (k) 92 1 2696
(a) Ao BT AT (a) BRI ORI (b) 9B
I (k) ZBELL KB (1,2,3 —ed) BERI 2RI
(a,h) BALG W B AE AL, P4 B8 B (I AR O, PR AP AL &
YT B LR R — A0, I ZE Bk [R) 32 2= 43 A vh
% HEEPAFR AR 67 C i, X 1l fig &3 ix 3 4R
BE | 100 200 300 400 500 600 700 BV TR M R A, B AL ET S
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Study on Separation of Polycyclic Aromatic Hydrocarbons in Soils for
Compound - specific Carbon Isotope Analysis

XIE Man —man' , LIU Mei — mei' , WANG Shu —xian'* , LING Yuan®, SUN Qing'"
(1. National Research Center of Geoanalysis, Beijing 100037, China;
2. Institute of Geology, Chinese Academy of Geological Sciences, Beijing 100037, China)

HIGHLIGHTS

(1) Purification of polycyclic aromatic hydrocarbons ( PAHs) in soil by silica gel solid — phase extraction reduces
the requirement of a pretreatment laboratory.

(2) The purification effect of low molecular weight PAHs can be improved by using the silica gel solid — phase
extraction because the interferences of unresolved complex mixture (UCM) and co — outflow are significantly
reduced.

(3) The pretreatment process does not cause carbon isotope fractionation of the target compounds, which provides

the means for accurate and high — precision analysis of compound — specific carbon isotope of PAHs.

Amino column

vs silica gel column

Chromatogram of before
and after purification

2
—> —> 2
=
= 1 L L L 1 1 L
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Retention time(min)
(b) 10
1 2345 J67 in)l 12 1345167
Samples Solid-phase extraction with T T— l e
preparation silica gel SPE column 10.0  20.0 30.0 40.0 50.0 60.0 70.0

Retention time(min)

Testing ten

kinds of eluents
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ABSTRACT

BACKGROUND: Tracing the source of polycyclic aromatic hydrocarbons ( PAHs) by the compound - specific
carbon isotope is becoming increasingly popular. For precise carbon isotope analysis, a pretreatment process is
required to reduce co — outflow and unresolved complex mixture (UCM). Some existing studies require more
instrumentation, such as high — performance liquid chromatography ( HPLC). In addition, little attention has been
paid to PAHs with a ring number less than 3.

OBJECTIVES: To establish a good separation method of 16 PAHs for meeting the requirements of compound -
specific carbon isotope analysis.

METHODS: The effects of solid phase extraction (SPE) cartridges with amino and silica fillers were compared,
and 10 eluent solvents were used on the separation, purification and enrichment effects of PAHs. Gas
chromatography ( GC) was used to test the separation and purification effect, and gas chromatography — isotope ratio
mass spectrometry ( GC —IRMS) was used to analyze compound — specific carbon isotopes.

RESULTS: More than 20% of the naphthalene and acenaphthene in the amino cartridge cannot be completely
separated from the alkanes and unresolved peaks. The silica gel SPE cartridge has better impurity removal and
separation effects than the amino cartridge. Choosing 1000mg/6mL silica gel SPE cartridge, using 6mL n — pentane
to elute UCM and alkanes, and SmL n — pentane — dichloromethane (70 : 30, V/V) to elute PAHs, and GC to
conduct a preliminary inspection of the separation and purification effect, and GC — IRMS for individual carbon
isotope analysis. The recovery of 16 kinds of PAHs was 79% —128% , the relative standard deviation was 2% -
13% (1o, n=6), and the analysis accuracy of the single carbon isotope ratio (§"C) was 0. 1%0 — 0. 75%o.
CONCLUSIONS: The method greatly reduces the interferences of co — outflow and UCM to compound - specific
carbon isotope analysis of PAHs, especially the low cyclic PAHs. No significant carbon isotope fractionation of

PAHs is observed during purification, which satisfies compound — specific carbon isotope analysis requirements.

KEY WORDS: soil; polycyclic aromatic hydrocarbons; compound — specific carbon isotope; solid — phase

extraction; separation; gas isotope ratio mass spectrometry
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