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Determination of Polycyclic Aromatic Hydrocarbons in Soil by Gas Chromatography-triple Quadrupole Mass Spectrometry
WANG Ai-xia, CHEN Guo-tong, SHAO Jia-li, LUO Jian-min "
Abstract
drocarbons (PAHs) in soil by using Soxhlet extraction method and solid phase extration ( SPE) cleanup coupled with capollary gas chromatog-

(Xinjiang Analysis Test Research Institute , Urumqi, Xinjiang 830011)
[ Objective ] The aim was to establish a method for the simultaneous extraction, cleanup , determination of 16 polycyclic aromatic hy-

raphy-triple quadrupole mass spectrometry ( GC-QqQ-MS/MS). [ Method] The conditions of extraction, cleanup,and instrumental operation
were optimized. [ Result] The optimal conditions of Soxhlet extraction method were extracted by dichloromethane + n-hexane (1 +1) for 16
hours, and the Silicagel column was chosen as column of purification or nonpurification method was chosen. The correlation coefficient (R*)
for PAHs were 0.990 3 =0.999 9 in the range of 0.25 —5.00 pg/mL, and the limits of detection of PAHs were in the range of 0. 002 —
0.020 mg/kg;the recoveries of the samples ranged from 61.2% —117.0% . [ Conclusion] The results provide reference for the determination

of PAHs in soil.
Key words

Z 515 (PAHSs ) JE 35 bl il A7 78 1) — e AR HL
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W AR T P 16 Bl 34k PAHS Bl S8 [ PR
4718 (USEPA) Wi g B 00 S sl T ey ™, Tk 36 44
WA A NS b A 7 M 205 R
#43 PAHs S F FSRIEHEL, 40« ZRAK TN Il %, K
43 PAHs SRIEF A0 AL 7= A0 , niLsh 4 R S HEC RS FF
hbe Tl HERCSE" o 7% A 0 Z IR e 4 B RE A 3, B
F BT TR PSS R A A L, AR R o e
AN PAHs B 2L s FRAFK, H ik, £34Eh PAHs
FRERYEEA T, K T 90% L FRYFREE (7 fr, 56 T L3
PAHs BIBFS0BORMZ B A1 6", A %6 b 231
FHRIHRBOA LT 2R Y EH LR R R
e PAHs 38 52 i 1m0 a5 3 Xof iy Ak B R SR 20 BT R 45 004 7
], AR ST RS nTEEA) 38 h PAHSs B0 HT i,k
W5E A3 rh Z 3005 AR IR A
1 #Rl5H®
1.1 #

111 EE{ER, SMHERE - =R FER A (TSQ
8000 EVO 25 [F # /A &) ; DB - 5MS 4145 #F (30 m x
0.25 mm x0.25 pm) ,

1.1.2 K55k, ECke, EEBbE(Eikal) ; R ICHER
PEfAT 2 T + IEC e (1 + 1) 248 T 5 T
105 CHEFHET 2 h; 16 Fl PAHs 1R G5 A fE . 28 (Na) i
(Acy) . —5UE (Ace) Z(Flu) B (An) JE(Ph) FER(FL) |

EEBN ETEE(99—), %, #HEBLERFA, GRERIF, ML,
INERE M 5B R, o« B, HAFERIT, T
X, WFH A F A RSB,
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BE(Pyr) R JF [a] & (BaA) i (Chrys) A I [ b ] 9¢ B
(BbF) FIF[k](BKF) HIf-[a] B (BaP) \EiHf[1,2,3 ~c,
dl e (1P) =% Jf [a, h ] B (dBanA) K Jf [ g, h,i] 4k
(BghiP) ,2 000 mg/L, ¥y H {2 [E Dr. Ehrenstorfer /3 7, #
Wy =R 2 - 2R, ) B 721 Dr. Ehrenstorfer /3 #] .
WA : %% - Dy JE - D, JE =Dy JE ~ Dy, , 1 F & [E Dr. Eb-
renstorfer 2N ) . JC/KEREREN (GR) 400 °C F4lifk 4 h, A&
AR TR . RERGF LAY :6 mL, 1.0 g, FLEZIG & ; Y
B 6 mL, 1.0 g, HIEWHE

1.2 A&

L2.1 HFEACREESIRAE . FERCREEGH AL 400 CHEE6 h
M1 LIE A, SRz [m] 52 55 % T - 20 °C ok A Hh i
feo RERIHTHTT - 40 CF HAR R T4 48 h, BB, i
100 Hifi , 36T 100 mL A @R ORI

1.2.2 ARUEEW AR N RO BC ] . YRR Al 38 0
H0.25 ¢ WFRT 25 mL 25 rh, I IE O be e 25, K H e
TR EE LY 1 mg/mL ARIERE IR, B 25 PR
0.25 g NARY)T 25 mL ZEsifi b, HIE C e e 25, B e
R BE 2 1 mg/ mL (AR UERE S

1.2.3 MRS FRIC10 g RE S, A BIAL B R G
RGP A 10 WL S wg/mL AU, ARG, L1 h
AT A W FEFRE 16 h, UGS B W 2%,
B R, Wi A o QAN o TTRH A6 BBORE , U DAGE & ¢ o %
21 mL,

1.2.4  FEAIAL,

1.2.4.1 GERENTHEGAL, TS mLZ& W 685 mL IEC A
TEALE AR IMARE SR, 7 K00 I, FHS mLIE C beli i
JERTHE, FEFL, S mL L + IEC e (1 +1/1 +
3)VIRG WG, F M BE W, We 4 22 1 mL LIRS, A 10 L
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250 wg/mL WARE, IIEC S E AR E 1 mL,
1.2.4.2 5% Bk ZHrikdie. S mL & H e,
10 mLIEC Be i AL 2 B AT, I ACRE S s, 57 25 3 Hh W,
5 mLIE SR Z AL, 5250 i, 5 mL — S HVBE + 1E
Che(1 +1/1 +3) IR WVENE, MO B, ¥ 4i 2 1 mL LA
TLMA 10 L 250 we/mL WFRE, HIECHEE R 2 1 mL,
1.2.5 it RINR REEIBOE SR 7 R & A TR L
BREABIEC ke + AW b, 57 g i 5 me Bk 1
AN AT ¥ A A [ iR 3 it B A 4R A 7
% KRR 1,
®1 REBEAELFTNRBTR
Table 1 The test scheme of extraction solvent purification method

BRI + bt

FRECE R (A

e N R

s The adding amount The proportion of Purification wa

No. of stljbstiluli solution extraction solutiion (solid phase exlraZlion
+5 pg/mL s]andard (dichloromethane + n- of *malli solumn t : e)

s}:lution // uL hexane ) ) o v

1 500 1+1 fiEE

2 500 3+1 | HLRE

3 200 1+1 (31

4 200 3+1 Bkt

5 200 1+1 FNEa

6 200 3+1 gNEle

1.2.6  FERIIHT

1.0 mL/min, #EFEOIRE.250 C, @IEFEIR)E .70 C{REE
2 min, #&J5 L4 10 °C/min 3 FHEZ 320 °C, FF-AR45 5. 5 min,
R0 ARSI, 1 min, $EREE T pL,

1.2.6.2 R4, B FURELIR; B FURIEE 280 °C ;1%
FIZR IR 280 °C ;B T{LAgHE .70 eV,

1.2.6.3 BRI W R A 10 5 VBRI P s s YT D
4 22 IR T SR VAR B A Vs W R ALk 5 4100 g/ mLL
B P B0, R T 0 28 43 RS B A TS IR bm VA TR S B X
Y RN 25 .50 ,100 250,500 pL F 5 4~ 10 mL &
oI 100 WL Y B2 250 we/mL Y AR IR, T IE
CERR BEE 25, 1R B Z A5 1R bn il 51 B A bn i 251,
WeFE N 0.25.0.50,1.00,2.50,5. 00 we/mlL, AR E N
2.50 pg/mL.

2 ER5HH

2.1 SHEBERIGEGNMENL K PAHs FrEER W
(100 pg/mL) K NFRIAE (250 pg/mL) R4, A
3 (Scan) FEATHI 43 H7, k4l H AR A6 A 20100 2 25 TR 1%
B B0 A GBI 2 (L1, 2. 6. 17 S M AT SR o
TE Scan PEEARN 8 2 B AL G W RRIE BB 1, SR 5 i
PR ES T AR B SRR R, EE T A
- U DU IR TS BT O TR BRI VR R L R
1, =08 auto SRM, A6 G Y REBR R+ 1 55 F MRt
TR WL 2,

1.2.6.1 SMEBMEME ST D HARE:
100
8 80 12. 64
-g 11. 02
B S 60f : S 22.48
1\- i - gl uR 24.88
_‘%.023 m 8 45 12.19 16. 11 - 24.82
= 16. 06116, 21
5 8.41 0.45 25.49 28,14
20 27.65
8.04 J8 57 10.82J1L. 71} (1. 85]14.1715. 594|16. 54 18.57 20. 391. 86 24.53 25.90 LL
4 8 12 16 20 24 28 32
B8] Time Il min
B 1 ZHFRBEARERKREEL
Fig.1 The map for polycyclic aromatic hydrocarbons mixed standard solution
#£2 GC-QqQ-MS/MS £ &5 MK (SRM) FEIRFIE MR MR
Table 2 The determination conditions for polycyclic aromatic hydrocarbons by GC-QqQ-MS/MS SRM
i fety (RRITE] CAS No BT (m/2) TR (m/2) REREAE
No. Compound Retention time // min ' Mother ion Sub ion Collision energy // eV
1 Z 8.41 91 -20-3 136.2 84.1,108.1 12
2 2 - FEEIR (W) 11.02 321 -60 -8 171.1 151.1,170.1 14
3 JieA 12.19 208 -96 -8 151.1 77.1,150. 1 22
4 JE 12.64 83 -32-8 153.1 151.1,152.1 28
5 %y 13.85 86 -73 -7 165.1 115.1,164.1 26
6 JE 16.11 85-01-8 178.1 152.1,176.1 18
7 B 16.22 120 -12 -7 176.1 150.1,175.2 22
8 3 18.96 206 -44 -0 101.1 88.1,100.2 10
9 T 19.48 129 -00 -0 200.1 174.1,199.2 24
10 POENVS =2 Y/)) 20.05 92 -94 -4 230.2 215.2,228.2 14
11 #If(a) B 22.38 56 -55-3 226.1 224.1,225.1 34
12 I 22.48 218 -01 -9 226.1 224.2,225.2 32
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s (a] {RE B TR] CAS No BEBGT (m/2) FEF(m/z) Rl fil

No. Compound Retention time // min ’ Mother ion Sub ion Collision energy // eV
13 FIF(b) P 24.83 205 -99 -2 125.1 112.0,124. 1 12

14 HIF (k) D 24.87 207 -08 -9 125.1 112.1,124.2 10

15 I (a) B 25.49 50-32-8 125.1 112.0,124.1 14

16 Bigf(1,2,3 —c,d) 27.64 193 -39 -5 138.1 125.1,137.2 12

17 T (ah) 27.69 53 -70 -3 139.1 126.1,138. 1 8

18 %It (g,h,i)dE 28.14 191 -24 -2 138.1 125.0,137.1 12

19 7% -D, 8.41 001146 —65 -2 136.2 84.1,108.1 20

20 7 -Dy 12.57 015067 —26 -2 162.2 158.1,160.2 2

21 3£ -D,, 16.06 001517 =22 -2 80. 1 52.1,66.1 16

22 it-D, 25.60 001520 —96 -3 260.2 232.2,256.2 32

2.2 REUSFHFRBMA SRR G 27 R K
&, DIAN[R] B 5 [T AR A O N T He A , a nb [ e 5 0
SEREATVRAY AR B R LA 3

13 3 ATOL, bR =3 ISRl R Tnds — 1, s -4
(TSR 3l R T AR - 2, 0 LA i 2 200 wL 9 B2 Ry

5.0 wg/mLAHRMER IR B AR PR B Tl ks - 3
bR =4 AR -5 ks - 6 R oAl By 4% Kk A0y %%

(Na) Jig(Acy) . 5t (Ace) % (Flu) JE(An) FJE(Ph) %€
JELCFL) Jinbs =3 [aDSCRE R T Ibs — 4, g -5 iR
R TAR -6, MIFRBGA R A 5 ke + IEC ke (L +1) %
B AR =5 TIOR8 R TR = 3, AR Ah 15 AR 4%
PFT A AL R 7 AT HE R IR . 250 [mSCR (R IR,
ATRERE T 285 THER AL AR B 1, 105 e 5 mT Ll
WAL R S B BR UG 2 A R A 1 T HIE

x3 BESOEKERERZT

Table 3 The recoveries for all constituents %
s Ay Jds -1 Jnbr -2 Jnds -3 Jndr -4 Tk -5 Jinds -6
No. Constituents Standard addition 1 Standard addition 2 Standard addition 3 Standard addition 4 Standard addition 5  Standard addition 6
1 %= 52.5 39.7 51.4 43.6 61.2 58.5
2 2 — FIBEAE (W) 56.2 37.8 53.3 50.1 61.5 60. 1
3 & 58.1 42.7 59.2 49.5 62.1 59.4
4 T 57.1 3.4 50. 1 53.3 61.4 74.5
5 il 69.5 14.7 56.8 17.9 61.2 120.1
6 JE 72.2 22.3 81.4 21.4 101.0 112.7
7 H 57.9 19.4 60.3 20.3 95.6 87.2
8 P 76.0 56.2 80.4 51.7 115.0 102.7
9 3 73.2 37.4 76.3 36.1 110.0 96.3
10 X=BORCE ) 58.4 62.1 63.6 60.3 117.0 103.4
11 #3f(a) B 53.8 59.8 56.9 58.5 82.9 65.9
12 Ji 46.2 55.1 46.5 54.5 62.9 47.0
13 HIF(b) WE 62.3 64.6 60.6 62.8 85.8 69.6
14 I (k) W 60.5 68.0 61.8 74.5 838.2 66.0
15 #If(a) 65.0 67.7 64.7 73.4 99.9 82.2
16 Bidf(1,2,3-c¢,d) i 63.1 70.6 68.8 71.5 99.3 85.4
17 TR (a,h) B 59.7 69.4 74.2 76.0 94.6 87.1
18 91 (g,h,i)JE 58.0 63.0 63.3 71.2 91.9 77.0
2.3 FHEEWEMBEE REERSCEIWERRE S B, DUINER ISR 5 i A iy 45 R A b + 1E

0.25,0.50,1.00.,2.50.,5.00 wg/mL, NARHEERE 42.50 pwg/mL,
BAEFRAEINZE , PAHS Y JETE 0.25 ~5.00 pg/mL I 2 RLAF i)
SR, DA(E IR HE M 3 A A6 B9 FE £ o 1 B & e R
(LOD) , B fi5 e 2k 10 1 %0 B0 Wk FE 7y O v 1 7 it B
(LOQ), B4 + 1 E b (1 + 1) WAHRBUGRA % Al 42
16 b, BEEHHL , PRI A AT 6 YRR, T IR
AR 45 5 R, K B 0. 002 ~ 0. 020 mey/kg, 5 F
FR>4 0.007 ~0.070 mg/ke, [ 61.2% ~117. 0% , FAX}
FRUE G 22 1 0.5% ~ 16. 8% (n = 6), #1 % R KL (R) K
0990 3 ~0.999 O, M1 1%77 1 AW i ST - HERE i iy 2375

RERI TR o
3 #Hig

T R PRI, e + IECBe AR LR & o 2
WOTIE R, it A % B LAl A 7 ik iy T

Sbe(1 + 1) S, R A sl AN v A i AR BE 7 3%, AR
3 — = HE DU ER IR TG 34 75 vk A O SO,
R iy , TS A WS 3 2 i 2 1 K, T [ P
T 16 MEIHITRE .
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