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B OE RO TG 16 P2 IRIF R (PAHSs) AU G- BOE I E J7 1, XHZAY B 16 T 23
J5J& (PAHs) FFZEL b A B 45 AT T 046K A 100 mL 1E C %€ IR (V2 V,50:50) IR A 2 =X
SRR Al BRI 4 53, 28507 BN [STAR A R ( MIPs/SPE ) ¥k , N bR 125 5 it 25 SR 3R T 7 B3 [ AR A6 Hi
FE(MIPs/SPE) XF PAHs A% — I BCR 38, X BR S 38 PAHSs A9 IR BT W, JF HL R B0 s 55 . 16 F 22
HIF BT F N 10—5000 ng-mL ™" H5E R R?) AMET 0.9978, inkrsk 4 50,250,500 ng-mL™" i, 3
S AR RISCR 4 518 60%—105% , 58%—121% F1 63%—115% , FH 5 A5 #E W 2% (RSDs, n=6) H 3.8%—
9.4% Z 7L HER | R BUE & BT
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Abstract; A GC-MS method was developed and validated for the determination of sixteen PAHs in
sludge. The PAHs extraction and purification, as well as chromatographic and mass spectrometric
parameters were optimized. The samples were extracted by soxhlet with 100 ml hexane : acetone
(V:V, 50:50) , and purified by molecular imprinted column ( MIPs/SPE). The internal standard
method was used for quantitative analysis. The results show that molecular imprinted column
(MIPs/SPE) has a significant effect on the adsorption of PAHs' monomer, and the adsorption of

PAHs on central and high ring is obvious, and the matrix effect is weakened. The calibration curves
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of 16 PAHs were linear in the range of 10—5000 ng-mL ™" with correlation coefficients (R*) not less
than 0.9978. The average spiked recoveries at the spiked levels of 50, 250 and 500 ng-mL™" were in
the range of 60%—105%, 58%—121% and 63%—115%, respectively, with relative standard
deviations (RSDs, n=6)in the range of 3.8%—9.4%.The results showed that the method is rapid,
accurate, sensitive and reliable.

Keywords : polycyclic aromatic hydrocarbons, sludge, molecular imprinting solid phase extraction,

gas chromatography and mass spectrometry.

Z T & (PAHSs) 253 H & A I s AN DL B R IR G5 H6) 1) — 2 M PR, 1 AR e Y IR 5 e
Wy, I AT R S LAY B RO S 4 R BOR S BR R PR Y1976 4E S5 [E BRI
(USEPA) ¥ 16 FhHA 3% A9 E0R  Bomr B8 1E I PAHSs 51 AR Jets il A 8 A WIS e v B4
B 34 2 R T bR R K Ak B S N, Y5 U8 TS Y IR R, Y5 AR TS e
W V5 UIRFERE VLS TE Pe SRR 45 7 B BT v R B TR AL B A Y b g HHE K KA ORI
B Ry Y R, V5 YR PAHs [ WEIAF ST B 285 i FE N AN 2E 3 i s B

BT, & H B 2 2805 8 0900 77 i R BA AR5k (LC) AL (GC) FIA0UH - i 156 i
(GC-MS) %5 S AH A3 - TS A —F e e & o ir 2 5 R E R F B, KA E THER R TIW
M50 5 ] RASEEUPes e M i v 58 744 (SIM) J7 0% PAHs FRRFET T HERf & &3
ARk SRS - ( GC-EI-MS) M (a3 - — 3 DU AT R B 3% ( GC-QQQ-MS) A B 1 F T
3 ZERGF IR ARG I, SRR A AR (- S I I S - 4 SR VR RE P ) 2 IR T IR AN S 2 2R
FFIE  ATAL B R B (R RO Al T TE BRI v 57 A B [ AH 25 BG4 Ak vk K T D AR 4 vh 22 G
RMEZITFIE  FRAVE TR, (E R HeEE A [R) OB A UM (1 14 A 50 R i 1 AL BB PR A 58 1R 24 440 BT fk 2
AT P I BR P ATV IR 2 — . H AT, A A28 X LTS e P R 45 Fp 2K U 18 e AL 7 817 T 1
BT A A0 PRGBS i R - WU 0k T 300 XU v AR £ 3 b SR 2 IR 5 IR IR AR 2 2R
F5U s ST R v ) $ R e 2 B R 2R A AR 3 R ) 2R AR

A3 B3I AR 26 UK MITPs AR A [ AH A2 B0 B4 AR I B 551, 2 — o 4 g AL & 0 A R S e B i
P SR ) LU AG 8 114 [ AH 2 BURE , 43— B 30 361 4 2 BORE AN ELX S8R 25 PR (AN 7] 8 il 1 e 38 ) 2
BRSBTS 0T LR BRI, KA T REM AT PR AY A

AR RS Z 15 0eH PAHs ZBRFOCR XS i ss, XI5 et 16 #2305 48 (PAHs) A 42 U
FIRNI L 5 | AR AE B Ak 5 vk R0 3 Jo 3% 2% A AT O Ak 43T, I R R AS0RE 3% o i 16 Y ( GC-
MS) #7516 F Z 357 KRR I Ty 12k,

1 SZEG¥P4) ( Experimental section)

1.1 AR 5]

S TE- TR FHAL (7890A-5975C , [ Agilent /A 7] ) 3 HE A 4% (KQ5200DB, B 11 T #R A A 7%
FRRAFE]) 3 Tefe75 k48 (RES299, G oRAALANES) ) s R IREE IS ( Lt 22U R S A PR A FD ) 5
Si-Cartridge/SPE( CNWBOND 2 g 10 mL) . Florisil/SPE ( CNWBOND 2 g 10 mL) . MIPs/SPE ( CNWBOND
1 g10mL).

IRAPRERES 16 B PAHs: 28 (Naph) JE (Acy) JJE (Ace) . %) (Flu) (3E (Phe) & (Anth) [ Z¢ &
(Flt) \BE(Pyr) I [a] B (BaA) JE (Chry) AIF[b] 2 (BbF) I [ k] B (BKF) A Jf[a]
(BaP) \BfiJf:[1,2,3-cd] T (InP) . I [a, h] B (DbA) . H I [ g, h,i]4E (BghiP) Fl 4R E-D10,
JE-D10 JiE-D12 FE-D12 Jif =K 4-JR-2-F B 7K ( 5 [# Accustandard A A ) 3 5 H b 1E C ¢ N
(g, A w]) s TTKBRREA (sl B 25 R Bk A FRAF]) .

1.2 SERJ5k
1.2.1  V5UekEs T PAHs B9FEHL
FREL 20.00 g V5 URFEM, LA 10.00 g TE/AKGREREN ,IRAIE  INAGR =B 4-30-2- 3R P Rl AR,
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Y145 20 pL (10 pg-mL™") JIRA 2GR TE AL Z BB A h o B A 3 e las s,
70 CARBFHEI 12 h. W 42 BORAEIA AT =, A 1E O be R 420, P 29% T8 /K G R M 7 Y v
VRGO, #0505 # B B R 2, A F R AR 78 40 W S i A TC K B R BN R R, R TR
30 min TG IR RIER 78 & % 5 mL, Rk
1.2.2 HEiEE

AR ZE AR AN A 15 mL S P Bk if 4k 20 mL 1E B4 B 1.2.1 3540 B9 1042 U
FH 15 mL S HRE FI AU AR DR , TR IR e 28k 2 5 mL, 58 23 .08 R IEC
Pt MR IR G, I SO L OB T RIR G I, Fah AN ER £ 0.5 mL I E A E 1 mL J5IRIRIAALE,
RN
1.2.3  FEBUAFIFE L5

FREL 20.00 g /7 3wb (ARG IRREN) , A 1 mL 1000 ng-mL™' /Y 16 F' PAHs BAIR SHRIEATR , 7>
FEE 100 mL S he IECkE (V:V,50:50) IECKETRE(V:V,50:50) S H bE: TN (V:V,50:50)
VERARBUA R 7 1.2.1 T TR BCEE (n=2) EBUREAE 2 0.5 mL IFERE 1 mL, £,
1.2.4  FEBUAF A &L

FREL 20.00 g £7 80 (RIS I EERL) L ITA 1 mL 1000 ng-mL ™" 16 Fff PAHs BAAIE & bR, 4>
W 80 mL 100 mL 120 mL 1F C %% PR (V1 V,50:50) VE R B BOA AR AR #% 1.2.1 #7405
(n=2) B4 2 0.5 mL IFEAZE 1 mL, F7l.
1.2.5  BEAHZEBGE LA SE 56

RS ER 1.2.1 AT, 38 BOR 4> 90 F B35 16 S 5 (4% 1.2.2 AR HE) (19 Si-Cartridge/SPE |
Florisil/SPE J MIP/SPE 4§ 3 Fhzc it ¥k, H 3 Wk, AR BRIV , 1-p .
1.3 HES AT

51T Agilent HP-5MS {5,354 (30 mx0.25 mmx0.25 wm) ; #ERE TR B 280 °C 5 F ) FH& . W 1R
FEIR 80 °C,FA%F 2 min, L 20 Cemin™ FHZ 140 CHREE 3 min, A 10 Comin™ F+ 2 210 C££FE 3 min, LA
5 Cemin™ F+ 2 290 CHEF 3 min; 205 AR, W 1 Comin™' 5 #EEE 7 20 AN WIEEE ; AR . 1 pl.

JIE A PR B IR (ED B FIRIRE 260 °C DUMCFTEE 150 °C, JEFE TR 280 C,
HLFRERE 70 eV BEFE B T M0 (SIM) J7 =X
1.4 RN

RS IR AL B I A B  AE A AR PR 1 mL /9 5000 ng - mL™' 500 ng - mL7
10 ng-mL ™" AYFE-D10 AR, 38 43 BB Sl 56 T A b v Ak & 1 e T R 5 38 i A4 i 390 rh A5 1 1 i
AL HT RS st

2 5 51718 (Results and discussion)

2.1 FRBUGRIFRIL
2,11 FRBUA RN LR

PAHs NAREYEA VLG Y, SV TIECbe S Gt PR S5 A g rb S50 M I8 7). 0 6 1535 1L
BIRTR AR, A B A2 AR 5l b PAHs B3R ICECR. LR &P e IEC BE (V2 V,50:50) | 1E & b I I
(V:v,50:50) AL IR (V:V,50:50) 55 3 B[RRI 76 HE S PAHSs $2 BCRCR 19 52 i 45 21
W T AP I C e AR (V:V,50:50) % 16 FfF PAHs 1 IRTICRAE 73.46%—105.78% 2 [A], — 58 H e T4
iV :V,50:50) B9 8 HTE 69.25%—106.70% 2 [, 4 P e iE Lk (V:V,50:50) Y [0 78
71.05%—106.58% Z [8], tH I AT LA HXFAFSE A9 16 #f PAHSs i & , IEC e NER(V :V,50:50) %f PAHs 2
B o HARE , FEIFPRIEC S TR 5 b S5 M 1Y PAHSs SR04 17T A TR 9% iR 2 ik 1 R
WA R TR ER | EER PAHSs BRI ER 9 DR RIVE T, AT 25 T PAHs AO4RERACR S R e 283
PRIE O e TN R (V2 V,50:50) g H G 771
2.1.2 B R R LR

IECBE N (V:V,50:50) W IR AE RS2 B0 ), 25 56 [R] e SO B S IBCICR 1932 . e 181 2 AT,
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PEPCGA R A 80 mL RIS AR AR , T FHFE4 100 mL 120 mL B (a1 Ze43 30 H#05 , FH R 100 mL BT
IR EER PAHs SRR HEBCRR S i HLARE IR I, e PR R B 57 AY FH R 100 mLL.

120 -

100 |
< 80fF
z
z2 60
§ —=a— Hexane:Acetone(/:V, 50:50)

aor —— Hexane:Dichloromethane(J:V, 50:50)

20 —A— Dichloromethane:Acetone(}:V, 50:50)

0 I 1 1 ] 1 1 I I I 1 I I 1 1 1 I 1
Naph Acy Ace Flu Phe Anth Flt Pyr BaA Chry BbF BkF BaP InP DbA BghiP
PAHs
B 1 R[EFSEIREGATIN PAHs J2EGICR LA
Fig.1 Comparison of the effect of extraction solvents on the extraction efficiency of PAHs

120 -

100
s 80t
z
o
T
&3 —=— 30 mL

40 —e— 100 mL

—a— 120mL
20
| | 1 1 1 | | 1 1 1 | 1 1 1 1 1 |

Naph Acy Ace Flu Phe Anth Flt Pyr BaA Chry BbF BkF BaP InP DbA BghiP
PAHs

B2 AREFIREGEFIXT PAHs SRIBGICR A

Fig.2 Comparison of the effect of extraction solvent volumn on the extraction efficiency of PAHs

2.2 [EFAAEAR AL

ZEFEM  PAHs FEAS [RIEURE P 9 AR B8 BE 1 B A s8R B i 42 SPSS StatisticsV17.0 4347, H1 &l 3
AL, o3 F B AT X PAHs BT — IR BSOR 25, JEHOZ XS ER R ER PAHs (IR B I B, ELRE A €3
Pl T, 2= 0 R BRASCR fiedit , 3X 55 40 F BRI AE UG PAHs IRE S BRI DG RERCHEXT PAHS B
AR R ARG e 25, o 0 LR A I BRFARSCR S o DRI, e 23 FH 43 B A€ B

2000 - a

V77 Si-Cartridge/SPE
1800 - Ny Florisil/SPE
B MIPs/SPE b

<

=

1600 -

1400 -
1200 [~
1000 [~

800 [~
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600 [~

<

400
200

Y
VI ””-~~>> dddizizzzzziziddd 2.

AN
7 %72,

Vi izizizizzizzizizzizizizzizizzza_S

Vi iziz;izizizzzizzz

AN

SIS

Rl 7 Z N:illZ VERZN
Naph Acy Ace Flu Phe Anth Flt Pyr BaA Chry BbF BkF BaP InP DbA BghiP
PAHs

AN 7\ 2

0

3 Si-Cartridge/SPE  Florisil/SPE MIPs/SPE =i [ A BUH: X PAHs BRI Bk 8 14
T : [l — Z H07 ke ik rp R [l NG R R = A AR B A) 22 57 8.3 (P<0.05)
Fig.3 Comparison of PAHs monomer adsorption concentration with Si-Cartridge/SPE, Florisil/SPE and
MIP/SPE solid phase extraction column
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2.3 BRSO Y LA

LT MIPs/SPE [ AHAE BUME (%) ¥ AL R | DL I 85500 A 8 3R 7 R i i TR R v AR A5CSR , 43 il ik
Si-Cartridge/SPE | Florisil/SPE J MIPs/SPE 2§ 3 Ffi [ AH 25 UH: X 48 46 5 75 15 Ve AR b 217 R AL B, F2E SR R%
AR S 85.23%—135.36% 87.52%—126.11% 90.43%—122.13% , K Lt T~ HoAly 95 7 %5 BUR: | MIPs/SPE
FE BN U
2.4 M@ g S

ia FHA 4 ( Scan ) % 16 Tl PAHs #E179120 704, AR 4 B A4k &9 1% 73 23 B2 AT | i e <M
I HT AR, R IRR T FHEXT PAHSs 4520 73 143 85 BEA B G | 38 30 3 A0 BRI 3 TR U A A1 T
FEREL, R IE [a] B Ja, 2R9F [ b 26 8 K IF [ k] 9 2K I (a) BE LB IF [ 1,2, 3-cd ] EE A HEIF
[g,h,i] 6% 4 4R SRR 20 8517 FE 23T (Scan) BIFERN I, 5 F RS Y 00 2 B EE R T 50
W R B T DA SIS TA). P 1 PAHSs 19 730 2 A 10 1 o A e o 5 B 5 U 1 i R IR A7 1R, el (o
T | B2 o B IR BE 22 260 CAA AT PAHs s sl 4 43 U i, >R P4 B - WA =X ( SIM) i H
PRRRIE B TR B8 7o B o A W, HERR T A Ab & i T, H S 3 #2017 7 ik i RS
(LI 4) R0 E 16 B PAHs SOH TS50 07 1.

10
34 5 1.#(Naph) 9.%J[a]#(BaA)
s | 6 2.JERs(Acy) 10.Ji (Chry)
g 3f5(Ace) 11 HIFIDIBEH(BOF)
- 5 ’ 4%5(Fl) 12 HIFKFEE(BRE)
S o 534E(Phe)  13.%FF[a]EE(BaP)
:Z; 10 12 6.2 (Anth)  14.8i3f[1,2,3-cd]tE(InP)
24t ? 1 7HR(FI) 15,23 IF[ah]B(DbA)
1 13 IS|6 8.1 (Pyr) 16. 23 [g,h,i]4E(BghiP)
0 | L d, I |
0 5 10 15 20 25 30 35 40

t/min

Bl 4 16 Fp PAHs IR A FRIER BN EE T 055

Fig.4 Selective ion monitoring( SIM) chromatograms of 16 PAHs mixed standard solution

2.5 JriERYERMENL FS A T R

FHIE CReECHI A 16 A PAHS JFTE 43312 50001000 ,500,250 .50 .10 ng - mL ™" Fl & PIARY) 5 Y
HWREE N 200 ng- mL IR A AR E TAEA R, 76 _ LR A G 55 14 T 20474007 LA B AR 5 X1 1 Y
B0 10 R i B U TR A A N A ok, 6T 7 118 S5 2 R 8 Ry B AR A R A T 4 TR U 437 . AR B B (S/N) A
3,0 AR BB (LOD) , IfE M e (S/N) R 10, T8 # R (LOQ). 45 R E W, 16 F PAHs 7£ 10—
5000 ng-mlL ™" J 4R R 90 T PN 5 LR 07 5 AP IO R I SE 2R L MR R B RY) AMIKT 0.9978. 7 i i ek
TR R IC R A R RS BR L2 1.
2.6 ISR SRG % R

B75 Ve HE BUORE i ) A5 4 B A 50,250,500 ng - mL™" 25 3 AN AR K S 9 AR BE &, 38 1 5 N AR
(SSM) FE b FEA TP, T E AT E 6 K. H 3R 2 AT, 50,250,500 ng-mL ™" 4 3 AR K FEF 2 R %
4350 R 60%—105% . 58%—121% . 63%—115% , X} b M 22 (RSD) 43 %1 4 3.8%—8.9% . 3. 8%—
9.4% 3.2%—8.5% (% 2) . Hirp  FAR = HRAK 4-JR-2- SR AR H 1 DU AE & B ad B2 A PAHS
Bige TEMTRTALER A HEBOCECR | HRI R 5 R 62.849%—96.07% Fl 79.35%—101.29%. H [6] 5 & P47
FE 6 K, BOE(E B AR AR E M 22 (RSD) 4 1.6%—9.8%.
2.7 SEBRAE A I E 2

IR CAR A P AT B T S R i/ B Tk, o B R AR S5 A6 B AE L TR AR A T TR AR S AT
R, 25 5 W% 34 S 16 Bl PAHS 20 23 S5kt Bl S5 46 B 8 RN 6 2 15 e Th Y PAHs i 43 ]
4 713.39 ng+g "' .933.39 ng-g i 4 R E S A PAHs PR HS AR AT [a ] B O
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B, 750 2 Fh—4 IR 2 IR R AL, AR AL B S 1975 Ue R PAHSs BRI T AR G v A A Y
5.

*1

16 Bl ZFRI7 KR O B I ) R PR AE 42 8 5 AR ) R T MSG ZR 500 A6 Hh PR B R

Table 1 Retention time, qualitative and quantitative analysis of 16 PAHs, internal standard,

linear equation, correlation coefficient, detection limit and quantitative limit

Y 2R L éﬁiﬁ? kit At R e %Liﬁf
No.  PAHs ime #/min o1 /2 Internal standard Linear equation R (ng-mL’l) (ng-mL’l)
1 Naphthalene 5.556 128 #,127,129  Acenaphthene-D10 Y=0.0111X+0.179 0.9999 0.062 0.18
2 Acenaphthylene 9.395 152,151,153 (164 % ,162,160) Y=0.011X-0.7002 0.9999 0.046 0.15
3 Acenaphthene 9.969 154 153,152 9.847 Y=0.0076X-0.1149 0.9999 0.035 0.12
4 Fluorene 11.441 166 * ,165,167 Y=0.0075X-0.2297 0.9999 0.048 0.16
5 Phenanthrene 13.994 178 % ,179,176  Phenanthrene-D10 Y=0.0088X-0.5207 0.9999 0.046 0.15
6 Anthracene 14.170 178 % ,179,176 (188 * ,184,189)13.932  ¥Y=0.0087X-0.2848 0.9998 0.058 0.19
7 Fluoranthene 17.625 202 *,203,101 Chrysene-D12 Y=0.005X+0.4224 0.9998 0.025 0.08
8 Pyrene 18.521 202 % ,200,203 (240 * ,236,241) ¥Y=0.0057X+0.7782 0.9992 0.0069 0.02
9 Benzo[ a] anthracene 24.133 228 % ,226,229 24.181 Y=0.0025X-0.2338 0.9978 0.0051 0.016
10 Chrysene 24300 228 % 226,229 Y=0.0048X+0.6526  0.9999  0.006 0.02
11 Benzo[ b ] fluoranthene 28915  252% ,253,125 Perylene-D12 Y=0.0064X-0.5121 0.9986 0.02 0.068
12 Benzo[ k ]fluoranthene 29.017 252 % ,253,125 (264 * ,260,265) Y=0.0029X-0.0362 0.9994 0.011 0.038
13 Benzo[ a]pyrene 30180 252% 253,125 30516 Y=0.0073X-0.1775 09996  0.036 0.12
14 Indeno[ 1,2,3-ed ] pyrene 34352 276 % ,138,277 ¥Y=0.0034X-0.2652 0.9988 0.074 0.25
15 Dibenzo[ a,h]anthracene 34.552 278 % ,279,138 Y=0.0052X-0.2507 0.9988 0.029 0.096
16  Benzo[ g,h,i]perylene 35.212 276 % 138,277 Y=0.0079X+0.1091 0.9999 0.034 0.11
. BT Quantitative ion.
R2 16 FEZIIFIRAIAR ECRFARXS AR AE R 25 (n=6)
Table 2 Recovery and relative standard deviation of 16 PAHs (n=6)
P 50 ng-mL™! 250 ng-mL™! 500 ng+mL ™!
PAHs V&S ARXS B AR 2 & ARX B AR 2 L& AHXS AR O 2
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Naphthalene 60 5.6 58 7.5 63 3.2
Acenaphthylene 85 6.7 82 8.4 87 6.5
Acenaphthene 89 3.8 81 5.1 92 7.4
Fluorene 71 4.3 74 4.1 76 6.9
Phenanthrene 86 4.5 80 5.7 83 8.5
Anthracene 81 5.8 92 7.3 90 5.5
Fluoranthene 90 8.5 95 7.4 91 4.6
Pyrene 92 7.6 108 8.1 102 3.5
Benzo[ a] anthracene 85 6.8 89 7.8 87 5.0
Chrysene 105 8.9 121 4.5 115 6.8
Benzo[ b ] fluoranthene 98 7.7 106 9.4 112 6.5
Benzo| k | fluoranthene 97 6.2 93 3.8 96 4.1
Benzo[ a] pyrene 92 7.1 87 6.1 89 4.9
Indeno[ 1,2,3-ed ] pyrene 98 5.9 95 7.8 95 6.0
Dibenzo[ a,h ] anthracene 87 6.9 91 5.5 93 8.4
Benzo[ g,h,i] perylene 65 53 60 6.7 63 8.1
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F3 50T PAHs IREEMIIE LR (n=6, ng-g™")
Table 3 Determination of PAHs concentration in sludge (n=6, ng-g™")

LI F5)E PAHs LA E 158 Alfalfa sludge T4 7598 Bromus inermis sludge
Naphthalene 30.52 39.64
Acenaphthylene 11.84 13.39
Acenaphthene 4.49 4.97
Fluorene 13.51 16.52
Phenanthrene 79.05 92.48
Anthracene 26.66 29.38
Fluoranthene 84.95 101.92
Pyrene 57.41 81.36
Benzo[ a] anthracene 61.85 77.79
Chrysene 107.23 148.94
Benzo[ b ] fluoranthene 114.19 155.78
Benzol k ] fluoranthene 17.21 20.41
Benzo[ a] pyrene 32.89 41.64
Indeno[ 1,2,3-ed ] pyrene 50.05 73.42
Dibenzo[ a,h ] anthracene 11.87 13.99
Benzo[ g,h,i] perylene 9.67 21.75
Total PAHs 713.39 933.39

3

2518 ( Conclusion)

(1) iERXGIe 16 Fi 200558 (PAHs) $EHUR I PEAL, B TIR G R RR S I kb S R 4+t
(2) X It Si-Cartridge/SPE . Florisil/SPE } MIPs/SPE 25 3 Fh [l FHZE IR %5 U2 PAHs f W B R0%

TN STV, 3 D35 [E1AH A6 BURE ( MIPs/SPE ) HLAG Xt Z2 9855 I e S P B ) £ 34

(3) X @S TS AL, S TR - BRI (GC-MS) Kl {5 e 16 Bl 2307

7735 SE B T 5 e b 207 R B Sk s A o BRI 7 vk P A B A SOR B R R D R
FRURE R LR, TSR IR B AT Jo R 2K
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