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Abstract: An analytical method was established for the simultaneous determination of 16 poly-
cyclic aromatic hydrocarbons (PAHs) and 31 n-alkanes in soil with a high petroleum hydrocarbon
background by column-free matrix solid-phase dispersion—assisted pressurized fluid extraction
coupled with gas chromatography—tandem mass spectrometry (CFMSPD-PFE/GC-MS/MS). Using
single-factor experiments, the optimal ratio of matrix solid-phase dispersant (silica gel adsorbent) to
sample was determined to be 0.5 : 1-2 : 1. Using an Lis(4*) orthogonal experiment, the optimized
pressurized fluid extraction parameters were set as follows: extraction solvent=n-hexane/acetone mix-
ture(2 : 1, volume ratio), extraction temperature=100 “C, static extraction time=5 min, and num-
ber of extraction cycles=2. The results indicate that PAHs and n-alkanes have favorable linearity with-

in the concentration ranges of 1. 0-250 pg/L and 10-2 500 pg/L, respectively, with correlation co-
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efficients r=0. 995 4. The limits of detection were 0. 08-0. 31 pg/kg and 1. 07-3. 19 pg/kg, while
the corresponding limits of quantification were 0. 32—1. 24 wg/kg and 4. 28-12. 8 pg/kg. The average
recoveries at three spiked concentration levels ranged from 77. 1% to 111%, with relative standard de-
viations of 2. 4-=13%. The developed method was applied to the determination of 30 soil samples with pe-
troleum hydrocarbon contents of 865-2 286 mg/kg. The mass concentrations of PAHs and n-alkanes
were in the ranges of 2. 93—1. 50x10° weg/kg and 20. 8-5. 76x10° we/kg, respectively. With the ad-
vantages of simple operation, short pretreatment procedure, and high sensitivity, the method pro-
posed herein is suitable for the simultaneous analysis of 16 PAHs and 31 n-alkanes in soil with high
petroleum hydrocarbon background.

Key words: column-free matrix solid-phase dispersion; pressurized fluid extraction; gas chroma-

tography—tandem mass spectrometry; soil; polycyclic aromatic hydrocarbons; n-alkanes
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1.1 ==, iXFI5##

GC 8890-7000D S AH £4,ii — Hi B Tt i AL (GC-MS/MS, [ Agilent A 7)) 5 ASE 350 I i AR UYL
(3£E Thermo 2y H]) 5 LGJ-100F BRI E A5 R AL (T I8 28 R IS AR 1)) 3 BSA224S R T K%
(L PP (LD AR AR ;. TTL-DC I BV WK 4 (b3 I ZR B PR & R A BR A 7)) .

DB-5MS {44 (30 mx0. 25 mmx0. 25 pm, FEE Agilent A7) ; 22, 34, 66 mL ASEE M ZLE L (£
Thermo A ]); 50, 250, 500, 1000 L {aieyi 52 (22 E Hamiton 25 7)) .

PRifEdn . 2G5 IRTRFR (2 000 pe/ml), fHEZE(NAP) . JEM (ANY) . JE(ANA) . 25 (FLU) ., 3E
(PHE) . B(ANT), % B (FLT). #(PYR), #3f[alB(BaA) . H(CHR) ., #IF[b]ZEHE (BbF) . #If
[k1ZEB(BKF) . ZFF[alE(BaP) ., EiFf[1, 2, 3-cd]EEPY) . —Z I [a, h]E(DBA). ZIFf[g, h,
i1 (BPE) 16 Fb &% ; IEMEEEIRFR(1 000 pe/mL), A4 C H,,~C, H,, 0 F B 31 Fib &% [alh:
FNPRRFR(2 000 pg/ml), 0IFEZE-D(NAP-D,) . JE-D,(ANA-D,). JE-D,,(PHE-D,). J#-D,(CHR-
D,) . F-D,(PER-D,); BARPIEIR(2 000 pg/ml), {35 2-FEEFE (2-FBP) . X =B -D,, (p-
TP-D,,) .

{634l A2 (HEX) . P (ACE) W) [ 2218 ThermoFisher 23 7] 3 f4,i5 4l ik e W% Fff 77 (80~100 H ) Ity
H 75[E Merck A A]

1.2 AREH

BHOE 8 2 W5 BRI SRR . BRI SRR, VIECKBHMmEE, HBEZH5 R0
BB R 10 pg/mL . IEMEEE BRI E A 100 pe/mL IR SERERE S BBGE BRI SR
W, DIECKEBRRFE, BH i B A 10 we/mL BRI & BBUE B N ARIR S hRIEE TR
DUIE CUBER R, BE ST S B4 100 pg/m L B N AR BT

I AEAEE 10. 00 g FREMEIWZ I 5715 10. 00 ¢ 23 F HIEA AT, 20 AN R R _FORTR A brife
it & SRR i 2 W, RS SEBR e S — SR R SE UME R IR AL . R4 IR, A ERE
10. 00 mL, P e Ve e R A bRt TAEW . Ko 250 52 R EREEN 1.0, 2.5,
5.0, 10, 20, 50, 100, 250 pg/L, IEMEERREFTREIRELEEE 10, 25, 50, 100, 200, 500, 1000,
2500 pg/L; EASEMANIGE S FRNRE ST, iR RNPRTEIRES 100 pe/L.

1.3 Hm%i&

TR S (ISR AR TG (HI/T 166-2004) %8 T 250 mL AR €688 L B, 5%
B, 4 CEOGCRIURE, 14 dNSERAEL
1.4 Hmiiaig

FERT-40. 30 Corali% R4 hy KT 15 PalEHA AT, MKIKT-25. -5, 5. 25 CIRIRIKT 4.
2. 2, 4h; WHEEIE0.25 mm i, MEBAFREL 10. 00 g H35ERES, MR IR S IE 0T 00 42 A8 e o Fie ik Jo [0 A1
A3 B (AW B 57 55 H AR TR EL 0.5 1 1~2 « 1 RISt RS, DR s X 20 J5 o 4615
22, 34, 66 mLIYFHEGH, HIAN 10 pL BRI AW, £E100 CFLULECHE-PER(2 © 1, fRBLh)
RIRERER, SRS min, FSAR2 AT TR SR, FRURZEAR (35 CF )Y E
A2 10.0mL, MHMEFSTEERIZECL. 00 mLF IS, M 10 wL 10 peg/mL PIbRH ) 5
RAVG TR, WhREE &

LB T 2 TR T 250 we/kg BRIERIBERE T2 500 pg/kg B, T RS B IR T 4 R
JEHERE, R E T A S R YRR I 5 DT I Hh 2R A v B T T
1.5 /&K H

PERECIZEEE . 280 °C; #/UME(E4iHe): 1.0 mL/min; FEFFHE: 50 °C, f#4%2 min, LL20 “C/min
FHEE 210 CLEFF2. 5 min, FFLL10 °C/min FHEZE 325 CHAFF 10 min; AR kb Aormders,
FERKOPE 77 2. 068%10° Pa, #EFEE:: 1 pL.

B BFEEBFEED, RER250 °C; WARFFEEE : 150 °C; ¥R R>1 000; {LHiZ&iR)E .
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310 °C; WEIES: N,, 1.5 mL/min; % K’<: He, 2.25 mL/min; %8EJ73: MRM, 47 FfrHbrdy. 25
AW (ESTD) J2 5 P AR4y (ISTD) R EE B R) | E i X . e TR 10 wifERE R (CE) W& 1,
£1 HEY . BRI GEE | R TR . R R R

Table 1  Retention time, quantification ions, confirmation ions, collision energies of target analytes, ESTDs and ISTDs

No. Target analyte  Retention time/min  Quantification ion pair(m/z) Confirmation ion pair(m/z) CE/eV
1 CHy 5.82 142.2/57. 1 142.2/71. 1, 142.2/85.1 10, 10, 10
2 C, H,, 6.73 156.2/57. 1 156.2/71.1, 156.2/85. 1 10, 10, 10
ISTD1 NAP-D, 7.54 136. 0/108. 0 136/134. 1, 136.0/86. 1 25, 25, 15
3 C,H, 7.55 170.2/57. 1 170.2/71. 1, 170.2/85.1 12, 12, 12
4 NAP 7.57 128. 0/102. 1 128.0/78. 1, 128.0/76. 1 18, 18, 27
5 CHyg 8.30 184.2/57. 1 184.2/71.1, 184.2/85.1 12, 12, 12
ESTD1 2-FBP 8. 87 172.0/171.0 172.0/151.0, 172.0/168.0 15, 10, 12
6 c H, 9.00 198.2/57. 1 198.2/71. 1, 198.2/85. 1 14, 14, 14
7 ANY 9.52 152. 0/150. 1 152.0/126. 1, 152.0/102. 1 27, 27, 27
8 CH,, 9. 66 212.2/57.1 212.2/71.1, 212.2/85. 1 14, 14, 14
ISTD2 ANA-D,, 9.70 164.1/162. 1 162.1/160. 1, 160. 1/158. 1 15, 20, 20
9 ANA 9.74 153.0/151. 1 76.0/63.0, 153.0/127.1 27, 6, 27
10 CH, 10.29 226.3/57. 1 226.3/71.1, 226.3/85. 1 15, 15, 15
11 FLU 10. 40 166.0/164.2 166.0/115.2, 166.0/139. 2 30, 30, 30
12 C,Hy 10. 99 240.3/57. 1 240.3/71. 1, 240.3/85.1 16, 16, 16
13 C o Hyg 11.82 254.3/57. 1 254.3/71. 1, 254.3/85.1 16, 16, 16
ISTD3 PHE-D,, 11.96 188.0/166.0 188.0/184.2, 188.0/158.1 25, 30, 30
14 PHE 12.01 178.0/152. 1 178.0/176.1, 176.0/150.0 21, 27, 21
15 ANT 12. 12 178.0/152. 1 178.0/176. 1, 176.0/150.0 21, 27, 21
16 C o Hy, 12. 87 268.3/57. 1 268.3/71. 1, 268.3/85.1 18, 18, 18
17 CH,, 14. 00 282.3/57. 1 282.3/71.1, 282.3/85. 1 18, 18, 18
18 FLT 15.02 202. 0/200. 1 202.0/152.1, 203.0/201. 1 27, 27, 27
19 C,H,, 15. 10 296.3/57. 1 296.3/71. 1, 296.3/85.1 20, 20, 20
20 PYR 15. 60 202. 0/200. 1 200. 0/198. 1, 200. 0/150. 1 30, 30, 27
21 C,H,q 16. 15 310.4/57. 1 310.4/71.1, 310.4/85. 1 20, 20, 20
ESTD2 p-TP-D,, 16. 16 244. 0/240. 0 244.0/160.0, 244.0/168.0 40, 35, 26
22 C,Hyg 17. 14 324.4/57. 1 324.4/71.1, 324.4/85.1 22, 22, 22
23 G, Hy, 18. 08 338.4/57.1 338.4/71. 1, 338.4/85.1 22, 22, 22
24 BaA 18.77 228.0/226. 1 226.0/224. 1, 229.0/227.1 27, 30, 27
ISTD4 CHR-D, 18. 80 240. 0/236.2 240.0/238. 1, 236.0/232. 1 27, 27, 30
25 CHR 18. 86 228.0/226. 1 226.0/224. 1, 229.0/227.1 27, 30, 27
26 C,H,, 18. 96 352.4/57. 1 352.4/71. 1, 352.4/85.1 24, 24, 24
27 C,H,, 19.78 366.4/57. 1 366.4/71.1, 366.4/85. 1 24, 24, 24
28 C,,Hy, 20. 58 380. 4/57. 1 380.4/71.1, 380.4/85. 1 25, 25, 25
29 CyHyg 21.30 394.5/57. 1 394.5/71. 1, 394.5/85. 1 25, 25, 25
30 BbF 21.32 252.0/250. 1 126.0/113. 1, 250.0/248.0 30, 9, 27
31 BkF 21.38 252.0/250. 1 126.0/113. 1, 250.0/248.0 30, 9, 27
32 BaP 22.01 252.0/250. 1 250.0/248.0, 253.0/251. 1 30, 33, 27
33 C,oHy, 22.06 408.5/57. 1 408.5/71. 1, 408.5/85.1 26, 26, 26
ISTDS PER-D,, 22.12 264.0/228.0 264. 0/260. 1, 260. 0/256.2 30, 30, 30
34 G, H, 22.75 422.5/57. 1 422.5/71. 1, 422.5/85.1 26, 26, 26
35 C, H, 23. 41 436.5/57. 1 436.5/71. 1, 436.5/85. 1 28, 28, 28
36 C,,Hy, 24. 06 450.5/57. 1 450.5/71. 1, 450.5/85.1 28, 28, 28
37 IPY 24. 16 276.0/273.9 138.0/125. 1, 274.0/271.9 39, 9, 36
38 DBA 24.22 278.0/276. 1 276.0/274. 1, 139.0/126.0 27, 27, 9
39 BPE 24. 63 276.0/273.9 138.0/125. 1, 274.0/272.0 39, 9, 33
40 Cy He 24.73 464.6/57. 1 464.6/71. 1, 464.6/85. 1 30, 30, 30
41 (OF & 25. 46 478.6/57. 1 478.6/71. 1, 478.6/85. 1 30, 30, 30
o) CJH, 26.29 492.6/57. 1 492.6/71. 1, 492.6/85. 1 32, 32, 32
43 CyH,, 27.26 506. 6/57. 1 506.6/71.1, 506.6/85. 1 32, 32, 32
44 C,,Ho, 28.36 520.6/57. 1 520.6/71.1, 520.6/85. 1 34, 34, 34
45 CoHog 29.65 534.6/57. 1 534.6/71. 1, 534.6/85. 1 36, 36, 36
46 G, Hy, 31. 16 548.6/57. 1 548.6/71. 1, 548.6/85.1 36, 36, 36
47 C,H 33.00 562.6/57. 1 562.6/71.1, 562.6/85. 1 38, 38, 38
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2.1 EEEGMK
2.1.1 EREHESEFEE 258, EMSENE T IRkt &Y, & kiR g
BFF FRIRI R RS B R A Tl . IR R, W F2MO57 R ER SRR G, IR BN LR
AR, MRERS G IERE o Ea e, P, SR H R AR B SR A 56 o 1 A 43 571
2.1.2 CFMSPD 5k LbGIAMEW  FEBBAH 800 5 iR L B R S A BN bR, s &l
H RSP0 SCRFEAG . ARBF5E %587 CFMSPD S5iRFE i 40,5 ¢ 1~3 « 1 I EALROR, 45
SR, HHFIH0.5 1. 11, 201, 3 18, BRI R 55100 81. 5%~112% ., 80. 3%~119%.
84. 7%~110%. 69. 8%~102%, IR CFMSPD 5 TR 0.5 0 1~2 1 1, 28GR SHEMEC L
DT HR A SERRAE S O FE A R R R IR R WO SR . AV R E S YRR, T
Y @ RO R LG ), B8 ORISR AR R, s I 2 T 5 RO O S T PR 4 ) R BRACR
BN SR S FE B TN RSB 3 D1y AR B - we = Y5 bR we = % = ST I e 352 =i/ 2 o 1 D 0
fICIR PAHs SARBRECEALE AL 73 ORI T 00 JERE S PR R, OB E bR i Il iR 507 vk R0
2.1.3 MEREEREGMEML T ARZEBGRE (A1~A4: 80, 90, 100, 110 C) . AFZFEEE
FI(B1~B4: IECKE-NEI(4 : 1), IESkE-WEI(3 - 1), IECK-NEI2 0 1), ECkE-HNE( 1), ¥
FERL) . AREF SR (C1~C4: 5. 6, 7. 8min) . ANEFHSEBUEHRKEL(DI~D4: 11K, 2
K. 3. AR FMETFRARGLR , SCIRA R mE 1L 2 iR,

2 MR A BUE 2T SR 25 1

Table 2 Results of orthogonal experiments for pressurized fluid extraction

Experiment No. Extraction temperature/’C  Extraction solvent  Static extraction time/min Number of static extraction cycles/cycle
1 Al Bl Cl1 D1
2 Al B2 c2 D2
3 Al B3 C3 D3
4 Al B4 C4 D4
5 A2 Bl 2 D3
6 A2 B2 Cl1 D4
7 A2 B3 Cc4 D1
8 A2 B4 3 D2
9 A3 Bl c3 D4
10 A3 B2 C4 D3
11 A3 B3 C1 D2
12 A3 B4 C2 D1
13 A4 BI1 C4 D2
14 A4 B2 C3 D1
15 A4 B3 c2 D4
16 A4 B4 Cl1 D3
K1 88.3 89.3 93.6 92.5
K2 95.4 93.9 91.8 93.3
K3 96.2 96.0 94.8 94.2
K4 94.5 95.2 94.3 94.5
R 7.88 6. 69 3.02 1.96
FiH 5.616 7.082 2.296 0.472
P1H 0.095 12 0.071 08 0.256 30 0.723 40

HiZ& 20, FELL EASHOGE R AP | SRR ), ABOERRICERAFRE T, AXHUE
5 RCIUR R SEI A R T O 2, AR ZET R, 4 PR FO H AR bR T Wi AR A 5 IR
iFE: A>B>C>D, AHGRE 100 CHY 47 fl B rPr95 2 R IF A BUER,, HAR S SPARE
B HARYIRERR s IEC ke - (2 - DIRSIEFIBIR N 528 H PRI P R R I, nl SEBU L B Aw
Yoy iR B A AR BN (B RO RS G PR B34 I, H s i WA B, 3 C3 Dl
i 1. 2%, DAl ARIE vy 1. 2%, {HZ%E T E] A FI € D B ZS2m AN 35 (R 40904 3. 02, 1.96), %
BEFECL, D2, Pb, SRR R R AE A A LUIE CbE - (2 © 1) 5, 100 CF#fSACH S
min, FFSAPIEIR2 K.
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2.2 SHEGIE-HREUEFGML

245

2.2.1 SHEBEEHEMRL HEHREEIE s st
s, AR E s TR TR R, 153 53'5' 1 | ‘1:\71'%1)2 ISTD3 y lgvlvlz)i‘zs
BAEFHREFE R 50 °C, f#FF2 min, 20 C/min 27 7o 12 | 4920 |
FHELE 210 CHFF2. 5 min, FFLL10 CminfgR 1] ||| ‘\ IR EXEl s |
TH % 325 CHRAE 10 min, 47 R0 H bR 2235 ] T
min N2 g CnE 1) . o Time/min

2.2.2 BEFREEGHRME RAEEMERH 7 E
RAMATIORENEG, DRSS TR S5 0

A RE R T R 1~ S5
DABTHATRFWS . BEEPWET. ol | 0w n b e s
PR B . AR EIE . TN T 0 2 % % 3% 0 2

NERE TN, EPERATRERNE | R
AR R E VR R, TR i R
TERAESRAIET, 47TFhEbRY . 2T . 5T
PRYIBGIETEIBE . RIFR . R N R CanlE 1)

Time/min

B RS PR A i
Fig. 1  Chromatograms of mixed standard solution
peak numbers 1-47, ISTD1-ISTDS, and ESTD1-ESTD2 correspond

to the same compounds as in Table 1

2.3 FAEFWIE

2.3.1 ZZiEMEXE, KHRSEETR RHATENE “1.27 WERICH Rk TE®R, LLH
b5 AR ) 5T S B B R AR AR (), PR H R 5 IR s 2 U AR FL RIS (y )
Zele /N FRIERIS LT . TR R B LOD=:(n~1, 0.99)xS+5 (H Sk 7 KP4 E 2
HIEFERIIPR 1. 0 petkg(ZHTFRE) . 10 pe/kg IEMBERE) BIbREMZE, n bEREL, B HE R n-1
B} 99% 1) ¢ or Ak S ), LL4AER PR iH 5 & R R (LOQ) . W 3R, 16 PAHs 7E 1. 0~250 pg/L.
31 AP IERBEIETE 10~2 500 we/LyEE N ZEPER R B IF(r20. 995 4); 25548 | IEALEREAY J7 246 R 4
k0. 08~0. 31 pgrkg. 1.07~3. 19 pg/kg, &8 FHRIHI0.32~1. 24 pg/kg. 4.28~12.8 pelkg. FHH
ZINRLME R, REES, WHEHEIREZ IR IEREEIRIT K

3 JNRAIEAE . KR E 8 TR

Linear correlation, limits of detection, and limits of quantification of the method

Analyte Linear range/(pg-L™") r LOD/(pg-kg™") LOQ/(pg-kg™)
C,H,, 10~2 500 0.999 1 1.30 5.20
C, H, 10~2 500 0.9997 2.99 11.96
C,H, 10~2 500 0.999 3 1.07 4.28
NAP 1. 0~250 0.9982 0.13 0.52
C,Hy, 10~2 500 0.9973 2.75 11.00
G Hy, 10~2 500 0.997 8 2.98 11.92
ANY 1. 0~250 0.9999 0. 08 0.32
CH,, 10~2 500 0.997 6 2.10 8. 40
ANA 1. 0~250 0.9970 0.25 1.00
CH,, 10~2 500 0.999 4 2.41 9. 64
FLU 1. 0~250 0.998 4 0.13 0.52
CH 10~2 500 0.9955 2.83 11.32
CHae 10~2 500 0.999 2 2.26 9.04
PHE 1. 0~250 0.998 9 0.22 0.88
ANT 1. 0~250 0.999 5 0.27 1.08
CH,, 10~2 500 0.997 1 2.47 9.88
C,H,, 10~2 500 0.998 9 2.38 9.52
FLT 1. 0~250 0.999 6 0.25 1.00
C,H, 10~2 500 0.99717 2.31 9.24
PYR 1. 0~250 0.9992 0.29 1. 16
C,,H,, 10~2 500 0.996 2 2.03 8. 12
C,,H,, 10~2 500 0.9959 2.66 10. 64
C,H 10~2 500 0.998 4 2.36 9.44

24 0
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(533))

Analyte Linear range/(wg-L™) r LOD/( g kg™") LOQ/(ug-kg™")
BaA 1. 0~250 0.9973 0.21 0. 84
CHR 1. 0~250 0.9995 0.31 1.24

C,Hy, 10~2 500 0.997 1 2.97 11.88
C,Hy, 10~2 500 0.9987 2.56 10. 24
C,,Hy, 10~2 500 0.998 2 1.82 7.28
C, Hy, 10~2 500 0.996 2 2.21 8.84
BbF 1. 0~250 0.9967 0.30 1.20
BkF 1. 0~250 0.9973 0.29 1. 16
BaP 1. 0~250 0.999 1 0.20 0. 80
C,Hy, 10~2 500 0.9975 2.42 9.68
G, Hy, 10~2 500 0.9972 2.72 10. 88

C, H, 10~2 500 0.999 8 3.19 12.76

C,,Hy, 10~2 500 0.999 5 2.29 9.16
IPY 1. 0~250 0.999 3 0.27 1. 08
DBA 1. 0~250 0.998 7 0.27 1.08
BPE 1. 0~250 0.999 8 0.29 1. 16

C,,H 10~2 500 0.9977 2.72 10. 88

C,H,, 10~2 500 0.9992 2.88 11.52

CH, 10~2 500 0.999 3 3.15 12. 60

C,H, 10~2 500 0.9982 2.14 8.56

C,H, 10~2 500 0.9987 2.52 10. 08

CHoe 10~2 500 0.998 9 2.80 11.20

C Hy, 10~2 500 0.999 1 2.44 9.76

C,H 10~2 500 0.995 4 2.80 11.20

40" 82

2.3.2 EWMESHEE MNE5A BRSO HIBET3MREKE(ZHI5E 1.0, 50, 250 peke, 1FE
FSERE 10, 500, 2500 pg/kg) B DIARIEICSESS:, &N IR BE-FATI0E 7 0, LLNbs ] e 28080 i 1
B, I 25 SR A R R 22 (RSD) PEAN 7 TR RO 3

16 M PAHS7E 1. 0. 50, 250 wg/kg MIFRACE T W IIERIENCZR 55 501 47 87. 9%~106%. 83. 8%-~97. 2% Fil
80. 5%~97. 1%, RSD 735141 3. 0%~9. 8% 2. 5%~12% 1 2. 4%~12%. 31 FhiIEABERETE 10, 500, 2 500 pe/kg
IR ACE T B bR Il 2245 51k 89. 2%~108% . 77. 1%~106% Fl1 84. 1%~111%, RSD 43 %1124 3. 3%~10%.
2. 4%~13% H13. 4%~13%. Z5REH, AJ5 ik B RS M ETh B AR % B, REAS G2 S br L8 16 Fh
PAHs 1 31 FPIEA B i ] i) 43 B 225K
2.4 ZERRELOH

R HAR 7106 30 5L bR LIRS BEA RGN, S5 REOR 2R . IEMEEZE B bR & 25 )
$72.93~1.50x10° pg/kg. 20. 8~5. 76x10° pg/kgs ~PATAEBIBYAHNS fhi 2 (RD) A4 0. 029%~13. 6%; Xf 3#FK
FVERESBEAT 7 RFATINE , RSD 0. 66%~15%; 30 44 5 b A 3 Stk 00 14y A s 49 068 1T AR %) RSD hy
119%~17%; APl 81. 0%~119%. el 7 i REA 2L LBk m A0 e s R 3 h ) B T4t
HERf AT 38 16 Fh PAHs Al 31 RhIEMSERE
2.5 S5EgHAERER

AT S TRRE T IR AT AL, BRAThRUE 7 ik S OSCERIE 4007 47 B B bR T 24T 121K
REEL, 2 KRR B — RS R EE B AN [ AH X BGS AL . AR D7 ik Rl A7 288, we4s . e )G, HiERHA
GC-MS/MSIE , {ESCIPIZE T EG 4 BT mIE, D5fEs T S EbR 77k ( (IR 25580
e SAH G- Fiikik) (H) 805-2018)" . (HHERIDURRY) A1 ilE (C-C,,) il E SAH@ISTL) (H)
1021-2019) ) FH Y I REE, H AT A RIEFEAG, AN TIRAVEBTRED>, N RiREREAR, k4%iE
BBKR, A5 5 RARK TR (A BER R L [RIBAEN E £ ilE & 836 10°~10 me/kg, F4E
L B TR R S RE AR PR B LR ARG BREE TR, AE AL PR IR S )
fHEERL




8 SR AR (http://www.fxesxb.com) o545 3%

3 &

AT LA % B 7500 A 226 o i A 43 8GR0, i A S e FE ) CFMSPD 5 I 2 b 9 B RS 38
PRAEICEERTAL PR S5, ST T ek I o 31 A 43 S5 B N 3 A R B — = % — B B ) o D0
TMIETT T 16 Fh 2 05 R 31 FOEABER M BT ik o iR . . R, 16 M EHT
P2 7 1A R M 0. 08~0. 31 pg/kg, E & FFR A 0.32~1. 24 pg/kg; 31 FhIE M BE R 7 K HER A
1.07~3.19 pe/kg, &2 FRM4.28~12. 8 pe/ke; MAREIER K77, 1%~111%, Frid 7k b i h 238
F5 R TE AL e 0 ) v A SR A4 T R R 9%
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