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FEIE B 7kl (Selected ion Monitor, SIM)RBEFALI, AhpridiE &, 45RFW, 59 Fh VOC 1E% B MRS
BN R BRI, EERN4~12 ugkg. E1K (4 pgkg 5 12 pgkg) « F (40 ugkg) « & (160
pg/kg) =AM T, [FEUCE N 85.0% ~ 115.3%, AHXS bR 2N 0.43% ~ 6.3%. A5 H T 254
AR 59 B VOC HIllE .«

RGN - B ECR G ERMEANAY: 2 a AR

Headspace gas chromatography-mass spectrometry was used for the direct
determination of 59 volatile organic compounds in pharmaceutical
packaging materials

ZHANG Yongmei

(Chongqing Academy of Metrology and Quality Inspection, Chongqing 401123)
Abstract: A total of 59 volatile organic compounds (VOCs) were detected in pharmaceutical packaging materials
based on headspace gas chromatography-mass spectrometry. After directly cutting and mixing the pharmaceutical
packaging materials, 0.5 g of pharmaceutical packaging materials were weighed in a 25 mL headspace bottle,
incubated at headspace 80°C for 30 min, and then introduced into a TG-624SiIMS [60 m * 0.25 mm * 1.4 um]
quartz capillary column for separation, detected by Selected ion Monitor (SIM) mode, and quantified by external
standard method. The results showed that the correlation coefficient of the 59 VOCs was good in their respective
linear ranges, and the limit of quantification was 4 ~ 12 pg/kg. The recoveries were 85.0% ~ 115.3% and the
relative standard deviation was 0.43% ~ 6.3% at the three addition levels of low (4 pg/kg or 12 pg/kg), medium
(40 pg/kg) and high (160 pg/kg). This method is suitable for the determination of 59 VOCs in pharmaceutical

packaging materials.

Keywords: Gas chromatography-mass spectrometry; Volatile organic compounds; Pharmaceutical packaging

materials;

HEREAH (VOC) ZZSHE MM —KAHEY, TERET TIWAE> . RERR. HEKE
SR, R WU AR N AR A R IE BB, 3B 2 R P AR A R 250, A 22 24 il 4 7 5 R
MBI AEPE UBOR TR T I OR Y, 25 R MR s 2 MR, R (PE) « KA
(PP) « ZEXHE IR L —I#lE (PET) %%, 248 BRADRHE A MRS FE  v] ge 27k B A LY,
KA e IE B2 R, XN R A B FH . D EEAT 245 i B AR T R M WL A A

MR EE,
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ERMANY (VOC) Iy Hrild i R T EkE, 458 MG (GC) AIUM il - ik B X
(GC/MS) BEAT 73151, i, A RISSERG GC N /KA BRI AT A i 70 drs #iE P EaR0OI
S ST R -GC/MS TN E KR R LA s RRBH SCHm ISR | 2 S 2055 I o ] A A B A
GC/MS il 5 FH ™ dh MR I R VEA NI EHEARIISEE ST GC/MS fa il 3 4 R e a L, &
FRUMSEEE & L7 B GC/MS WIRAARZL SR & Uiy s AR U188 5 5 R sl A T R AR R AR AN A
Bt GC/MS 43 #r 6 T e ARAE W HE R MG WL RSy - X EeT7 735K B GC M GC/MS X el k. R4l 3.
SR by AR T R MRV REAT 20 A, X 24 A B A R B R VR AT B AT T A S . ASHIE T2
TIE GC/MS BEH 25 fh B R R A A I EEAT A D, A Ab B i o, AETRRER REUE /i, 38K
PEAT DL BRI 24 il B0 A b ) G0 Ao — AN L VU, R 0l JE A2 B DR 28 iy 22 A AR BRI 1 557
&, AN EARA RN e R IE S .

1 B ER 4
1.1 488 517

QP-2020 S AH i - Tk B A (H AR EAR) 5 Bfit: 1 mL. 10 uL. 50 pL ({#[EH Brand--
Transferpette®) ; BEHETH A5 M: 25 mL; Quintix224-1CN BT KF (EEZFEZ R AT ;. 377, HE
(i, bt E RIBEHTARATD 5 58 VOC IR A FREER GREXIN 1000 mg/L) FI3K i (4f
F£99.7%) (M TILI St MR R AR .
1.2 FRAEVE VR IC Hl #

FREL 10 mg CRERAZE 0.0001 g) A CUEibR#ES T 10 mL &M, HEAMIFEBEZE, BRWRE
79 1000 mg/L (3 CUEbRAE i 25 . 73 A HL 1.0 mL WK EE 2N 1000 mg/L 3 O FR A fith 2 AR FE 2 1000
mg/L [¥] 58 Flt VOC IR & ArHEVE T 100 mL Bt A ST, AW EARZE, B, [IEKEN 10
mg/L ) 59 # VOC I it 3 I, H 10 pL B diAe 7 78 0.20. 0.60. 1.0, 2.0, 4.0. 6.0. 8.0. 10
uL 59 Bl VOC RGPl &30 1 T 25 mL S8 ik, 7330 59 A VOC L& 2. 6. 10, 20, 40,
60+ 80. 100 ng ] 59 F VOC K1 R 5 ArE TAE R -

1.3 FEm AT AL

H Quintix224-1CN HF R FAREUR EAK T 10 g M) a2 Rk, i E A Bk 7 247 8w, TR
5], ANEFREURE N 0.5 ¢ MBI S 2 M B e kLT 25 mL iR i i, %4, 51\ QP-2020 S AHEA
BT R IBC b AL
1.4 fCBE AT
1.4.1 i

i N TG-624SiIMS [ 60 m * 0.25 mm * 1.4 um] A7 5= BANEH:: BEALIEEE N80°C: WEALI 8] 430
min; BERE L1 N250°C; FHEFE T NAIEEE EE40°C, {5475 min, LA8 °C/minFFiE £90°C, {#4#F4 min,
PL6 °C/minFHid 2200°C, FREFIS min; ZFiibEE; oS A NERA (Ai>99.999%) ; [HiHH

;s VLH 1.0 mL/mins AT H1000 uLs ¥ 5 LEE B 8] 92 min.
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1.4.2 R A
BRI B 300°C; AEHZRIRE N 250°C;: SIM 7y B =, 59 Fl voc MEAFER . Es%
BT MERSHETIE 1.

7.0-9.7min I I FAZ L (m/z) N 101,103,66,61,96,98,43,58,75,142,127,141,76,44,78;

9.7-12.0min FHHE I Tk L (m/z) N 49,84,86,61,96, 66,98.,63,65,83;

12.0-13.5min FFFH I FRZ L (m/z) N 77,97,41,96,61,98,43,72,57,49,130,128,83,85,47;

13.5-15.5min FAFH A% L (m/z) 8 97,99,61,117,119,82,75,39,110,78,77,52,62,64,49;

15.5-20.4min 3 A% EE (m/z) R 95,130,132,63,62,41,93,174,83,85,47,43,58,57,91,92,65;

20.4-23.0min MK FZ L (m/z) K 83,97,61,166,129,131,76,41,78.,43,58,57,127,107,109,93;

23.0-24.9min FAMPIFZ L (m/z) N 112,77,114,131,117, 95,91,106,51,63,62,65;

24.9-26.9min MK FZ L (m/z) N 91,106,105,104,78,103,77,173,171,175,120,79;

26.9-28.4min I FiAZ L (m/z) N 83,85,95,77,156,158,75,61,91,120,65,126,89,105,63;

28.4-30.5min A I FAZLL (m/z) N 119,91,41,105,120,77,134,146,148,111;

30.5-38.3min HIBMFRZ L (m/z) 9 91,92,134,146,148,111,75,39,157,180,182,145,225,227,223.128,127.

F 159 F VOC HEAREBMSEEHT

Table 1 Basic information and reference ions for 59 VOCs

FHIE S W / (m/z)

ha=s &Y YLLK B THEERT L RE T
1 =FE T Trichlorofluoromethane 75-69-4 89 101
2 L1-=& 2 1,1-dichloroethene 75-35-4 87 96
3 1! acetone 67-64-1 66 75
4 T iodo-methane 74-88-4 95 142
5 ZhAk carbon disulfide 75-15-0 97 76
6 RA-1,2- & LW trans-1,2-dichloroethene 156-60-5 89 61
7 1L1I- =& Ok 1,1-dichloroethane 75-34-3 92 63
8 2.2- Ak 2,2-dichloropropane 594-20-7 82 77
9 R-1,2- -5 W cis-1,2-dichloroethene 156-59-2 78 61
10 2-T°Hd 2-butanone 78-93-3 16 72
11 R e bromochloromethane 74-97-5 76 49
12 ] chloroform 67-66-3 90 83
13 LL1-=& 4k 1,1,1-trichloroethane 71-55-6 89 97




FHIE S W/ (m/z)

5 &) PR WA TR EE T AR
14 Y & Ak B carbon tetrachloride 56-23-5 35 117
15 1L1-— &N 1,1-dichloropropene 563-58-6 82 75
16 ES benzene 71-43-2 85 78
17 1,2- "5 Lk 1,2-dichloroethane 107-06-2 87 62
18 =& L trichloroethylene 79-01-6 74 95
19 1,2- =Nk 1,2-dichloropropane 78-87-5 80 63
20 ZIRFE dibromomethane 74-95-3 80 93
21 —IR L bromodichloromethane 75-27-4 83 83
22 4-F -2 I I 4-methyl-2-pentanone 108-10-1 92 43
23 GIES toluene 108-88-3 91 91
24 1L,1,2-=& 2k 1,1,2-trichloroethane 79-00-5 66 83
25 U tetrachloroethylene 127-18-4 62 166
26 1,3- & Ak 1,3-dichloropropane 142-28-9 86 76
27 2- L 2-hexanone 591-78-6 90 43
28 TR dibromochloromethane 124-48-1 77 129
29 1,2- R K5 1,2-dibromoethane 106-93-4 92 107
30 N chlorobenzene 108-90-7 88 112
31 1,1,1,2-l0&E 2. k¢ 1,1,1,2-tetrachloroethane 630-20-6 73 131
32 oK ethylbenzene 100-41-4 74 91
33 L12- =& ike 1,1,2-trichloropropane 598-77-6 86 63
34 b7 NwALE] Cyclohexanone 108-94-1 98 55
35 [CIEEE S m-xylene 108-38-3 82 91
36 R p-xylene 106-42-3 91 91
37 LB FE o-xylene 95-47-6 91 91
38 K styrene 100-42-5 104 104
39 WA bromoform 75-25-2 173 173
40 L 3TSE S isopropylbenzene 98-82-8 105 105
41 PEPS bromobenzene 108-86-1 83 83
42 1,1,2,2-IUE e 1,1,2,2-tetrachloroethane 79-34-5 77 77
43 1,2,3- =&kt 1,2,3-trichloropropane 96-18-4 75 75
44 IERZR n-propylbenzene 103-65-1 91 91
45 2-5 H R 2-chlorotoluene 95-49-8 91 91
46 1,3,5-= 3K 1,3,5-trimethylbenzene 108-67-8 105 105
47 4-F PR 4-chlorotoluene 106-43-4 91 91
48 BT R tert-butylbenzene 98-06-6 119 119
49 1,2,4-= HIH3E 1,2,4-trimethylbenzene 95-63-6 105 105
50 TR sec-butylbenzene 135-98-8 105 105
51 13- &% 1,3-dichlorobenzene 541-73-1 146 146
52 4-FENFEH K p-isopropyltoluene 99-87-6 119 119
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FHIE S W/ (m/z)

Fg Ew FEN AR A= R TR ERT AT
53 1,4- 25K 1,4-dichlorobenzene 106-46-7 146 146
54 IETER n-butylbenzene 104-51-8 91 91
55 1,2- &K 1,2-dichlorobenzene 95-50-1 146 146
56 1,2- " R-3-5 A 1,2-dibromo-3-chloropropane 96-12-8 75 75
57 1,2,4-=50K 1,2,4-trichlorobenzene 120-82-1 180 180
58 NET N hexachlorobutadiene 87-68-3 225 225
59 1,2,3- =&k 1,2,3-Trichlorobenzene 87-61-6 180 128
2 R 50
2.1 BERERR LR

AR B P 0 2 PR D7 SO HERE RN TR A HERE, IR R J7 KR I A 30 B G IRV 77U
BT VOCHlH KR G, KTV SO 5 8 503 AR IR I 25 5 2 R F 8. TS HERE TG
BRI REBUZ R FRAAERR . BN &S RARE A . %, EBETUSERETT
T 72 24 it B0 A B B 59 B VOC.

2.2 SBAL IR FE L FE

FE it HR A R T 0 O R R TS AR B AT O, v PR IR AR, P88 T DA v RS 1) R BORE S 4 R A ) [
Ao R SR AR P T R S O N A TR A S AR, BRI 2 IR R R, IR
TEERUN, P DLE A S IR T B SRIR S T RAIR N 604 65, 70, 75. 80. 85. 90°C
o 7 B2 AE X 59 A VOC REBUERIFEMR . SLI0 KB, AL IRIE Ny 80°CIY, 57 Ff VOC ¥R B f /5,

HUEARBIXFR . FTLL, WAL IEE A 80°C X 2 S A kL i 59 B VOC BEAT R o

2.3 SRA I [A] i

AL ARG, BE PR 2, RERER I AR b R s, e PRI S MR, (FRE K
(SR ALIS ), P RE - BORE o T I B B o KA O i, BEINEE RN, HAr A (e, AR AR
PRI, 76 fREARE SR I 25 SRR RO AT 3R . R AT RE e 4 AL I ) . SEI6 %52 T 0RALIE R N 15, 20, 25,
30 35 40 min 3t 6 B2 AF T X 59 Fh VOC HIFEM . SEXG R I, 44k 1824 30 min B, 59 Ff VOC 1)
M N rer,  EUARAF MR R B R . B, IR BRG] 30 min X 2 SRR R 59 B VOC
AR 6
2.4 B RERE LR

IS FE B R BIRE S AT I BCR AMERR T, RIS I R R R . SEREER T TG-
624SilMS [ 60 m * 0.25 mm * 1.4 um]. TG-WAX MS [ 60 m * 0.25 mm * 1.4 um]. TG-17Sil MS [ 60 m * 0.25

=

mm * 1.4 um]. TG-5MS [ 60 m * 0.25 mm * 1.4 um]3t 4 B EBE T 59 FF VOC [2m . &5 1R,
8 TG-WAX MS [ 60 m * 0.25 mm * 1.4 um]. TG-17Sil MS [ 60 m * 0.25 mm * 1.4 um]. TG-5MS [ 60 m *
0.25 mm * 1.4 um] A% BMERN, —Mo G RBER, RAMEE T RI0EM AR T2 .

i TG-624SiIMS [ 60 m * 0.25 mm * 1.4 um] A7 5 B4UEFERT, 59 F VOC ¥ H B m MR GE, HEEH

5/10



5 B T- 0 AL SRS SE Ay B8 . 25 b, #$% TG-624SiIMS [ 60 m * 0.25 mm * 1.4 um] £ S B41E 0 5
25 B EE MR 59 H VOC,

2.5 FnifE £ AR HE PR

e

KA L4 AR AT, 20 BIRE 1.2 S5 ) 3R SRR ARG T I BL 59 Fl VOC I i & D9

AER (x,ng) » EEETEIBONHPALSS () SHlbrdEfiL. £5% HLEEEN, 59 VOC Lk
KEAB REIKT 0.997. (£ AR BHE A R EAT bR se 36, DMEMELL (S/N=>10) #iE & H Y

)52 RN 4 ng/g~12 ng/g. GRINIZR 2 PR,

& 259 F vOC ML EER
Table 2 Linearity and LOQ for 59 VOCs
R fe e ettt ing YT M RN s B R (ngg)

1 =EF A 6.0~ 100 7=1.04x10%x+16.22 0.9997 12
2 LI- =828 2.0~ 100 y=2.49x10%x-18.51 0.9994 4.0
3 PR 6.0 ~ 100 y =4.60x10%-14.82 0.9992 12
LR ot 6.0~ 100 y=1.99x10%x—14.72 0.9997 12

5 Ak 6.0 ~ 100 y=1.71x10*+99.77 0.9991 12
6 RA-1,2- R 6.0 ~ 100 ¥ =5.09x103x-79.80 0.9998 12
7 LI-Z=& Ok 6.0 ~ 100 y=4.31 x10%-33.71 0.9993 12
8 22- &Rk 6.0 ~ 100 ¥=7.09 x10*-28.87 0.9986 12
9 R-1,2- 5 L0 6.0 ~ 100 ¥ =3.12x10%-70.50 0.9998 12
10 2- TR 6.0~ 100 ¥ =1.94x10%x+61.24 0.9995 12
11 IR b 6.0 ~ 100 y=1.37x10*-36.01 0.9994 12
12 i 6.0~ 100 ¥ =2.14x10*—88.46 0.9999 12
13 L1L1-=5 Lk 6.0 ~ 100 y =7.15x103x+99.54 0.9989 12
14 U d s 2.0~100 y=1.81x10*-204.2 0.9973 4.0
15 LI-— SR 6.0~ 100 y =3.77x10%—12.40 0.9999 12
16 # 2.0~ 100 y=1.04x10*+16.13 0.9992 4.0
17 1,2- 25 258 6.0 ~ 100 y=2.49x10%x-15.21 0.9994 12
18 =HOH 6.0 ~ 100 y=4.03x10%-18.12 0.9990 12
19 1,2- &R ke 6.0~ 100 y=1.95x10*—14.32 0.9997 12
20 TR 6.0~ 100 y=1.12x10%x+97.17 0.9979 12
21 —IRE e 6.0 ~ 100 ¥ =3.91x103x-79.80 0.9998 12
22 4-FR HE DR 6.0 ~ 100 y=6.13 x10%-37.11 0.9977 12
23 4 6.0 ~ 100 y=7.13 x10%-28.97 0.9986 12
24 1,1,2- =845 6.0 ~ 100 ¥ =3.12x10%-73.50 0.9985 12
25 Ut Wb 6.0 ~ 100 ¥ =3.04x10%x+62.34 0.9995 12
26 1,3- & Ak 6.0~ 100 y=1.57x10"x-36.30 0.9994 12
27 2-C\ 6.0 ~ 100 ¥ =2.04x10*—88.36 0.9995 12
28 ZIRER R 6.0 ~ 100 ¥ =7.15x10°x+92.54 0.9973 12
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21l /ng

E =) HE ALy R R HL 5T R /(ng/g)
29 12- 2Rk 6.0~ 100 y=1.81x10%—14.23 0.9975 12
30 EPS 6.0 ~ 100 y=2.61x10%—1.666 0.9993 12
31 1L1,1,2-PUS 2.0 6.0 ~ 100 y=2.44x10%x+1.643 0.9992 12
3 7.3 6.0~ 100 =2.95x10%-185.1 0.9994 12
33 1,1,2- =5 Ak 6.0~ 100 ¥ =4.63x10%-148.3 0.9990 12
34 BN 6.0 ~ 100 y=4.92x10%—11.72 0.9993 12
35 Ja) — R 6.0~ 100 y=4.95x10%x—14.72 0.9990 12
36 Xf R 6.0~ 100 y=3.95x10x—14.72 0.9997 12
37 A 6.0~ 100 y=1.71x10*%+97.70 0.9991 12
38 KL 6.0 ~ 100 ¥ =1.091x10°x-49.80 0.9998 12
39 WA 6.0 ~ 100 »=3.31 x10%-37.10 0.9971 12
40 NS 6.0~ 100 y=7.03 x10%-28.17 0.9982 12
41 I 6.0~ 100 y =3.42x10%-73.50 0.9998 12
42 1,1,22-0UE 2. %% 6.0~ 100 Y =2.94x10%+62.42 0.9990 12
43 1,2,3- =& ANkt 6.0 ~ 100 7=1.30%10%x=36.00 0.9994 12
44 NEE S 6.0 ~ 100 y=2.14x10%x—8.246 0.9998 12
45 - R 6.0~ 100 y=7.15x10%x+9.541 0.9982 12
46 1,3,5- = HFR 6.0~ 100 ¥ =3.88x10"x-20.42 0.9973 12
47 A R 6.0 ~ 100 y=1.71x10*—14.68 0.9997 12
48 BT 6.0 ~ 100 y=1.94x10%x+16.43 0.9992 12
49 1,2,4-= F3L3E 6.0 ~ 100 1=2.49x10%x-85.12 0.9994 12
50 TR 6.0 ~ 100 v =4.69%10%-148.2 0.9993 12
51 1,3- 508 6.0 ~ 100 y=1.95x10%x14.72 0.9997 12
52 4- 53 R R 6.0 ~ 100 y=1.12x10*x+9.977 0.9996 12
53 1,4- 22 6.0 ~ 100 ¥ =5.61x10°-72.80 0.9998 12
54 T % 6.0~ 100 y=4.13 x10%—7.132 0.9974 12
55 12- =2 6.0 ~ 100 y=7.93 x10%-28.21 0.9988 12
56 1,2-ZiR-3-FA M 6.0 ~ 100 ¥ =3.19x10-70.59 0.9998 12
57 124- =55 6.0~ 100 y=2.34x10%+12.45 0.9990 12
58 VAY W 6.0 ~ 100 y=1.32x10"x-36.80 0.9994 12
59 123-=50K 6.0 ~ 100 y =5.22x10*—8.462 0.9996 12

2.6 EIWEANEE B

FEZG AR P INK (4.0 ng/g M1 12ng/g) + HF (40ng/g) « & (160 ng/g) 3 MNKE
KT BB ARG 2, B NREEACTE AT 6 I, 45— I3 3. 59 Fh VOC M [FICR H 85.0% ~
115.3%, FHXSHRIER 24 0.43% ~ 6.3%.  [AIYSCAR A 2 52 REIR 2 24 dn BB kb 59 Fh VOC A I EE 3K
& 359 VOC HIBIRENEEE (n=6)

Table 3 Recovery and precision of 59 VOCs (n=6))
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Jr HE MARKEE ((ng/g) [ /% R B2/ %
1 =HE b 12, 40, 160 93.2-111.9 12,3.3,58
2 LI-Z& LK 4.0 40, 160 88.2-101.8 1.8,3.0,4.0
3 L 12, 40, 160 97.1-114.6 12,1.6,1.9
4 T A 12, 40, 160 93.8-106.1 1.1,2.1,3.2
5 R 12, 40, 160 87.7-102.1 1.6,2.2,3.7
6 RA-1,2- & W 12, 40, 160 92.0-103.7 1.3,42,58
7 L1I-Z5 Ok 12, 40, 160 94.7-114.2 32,5.1,5.7
8 2.2-F Ak 12, 40, 160 91.2-104.3 0.91,1.8,3.0
9 IR-1,2- 5 ) 12, 40, 160 89.3-107.7 1.0,1.6,2.5
10 2-THd 12, 40, 160 90.0-110.5 1.8,22,42
11 IR 12, 40, 160 93.7-101.2 0.43,0.98 5.0
12 il 12, 40, 160 94.6-103.5 24,35,53
13 L1,1-=& ok 12, 40, 160 90.0-111.8 1.5,4.0,5.2
14 eI 4.0 40, 160 99.3-111.2 2.0,2.3,3.7
15 L1- =& 12, 40, 160 93.8-110.0 2.0,48,53
16 S 4.0 40, 160 93.2-111.9 12,33,5.8
17 12- =& OHE 12, 40, 160 88.2-101.8 1.8,3.0,4.0
18 =R 12, 40, 160 97.2-104.8 1.8,25,63
19 L2- & A HE 12, 40, 160 87.4-1153 1.6,32,5.2
20 T 12, 40, 160 102.1-104.8 1.4,2.8,6.0
21 —IR S P 12, 40, 160 99.0-110.2 1.7,4.3,5.1
2 4-F 0 TR 12, 40, 160 101.0-112.5 2.1,4.8,6.0
23 % 12, 40, 160 96.7-104.3 1.9,3.4,5.7
24 1,1,2- =5 L 12, 40, 160 100.3-108.6 18,2358
25 Wy i 12, 40, 160 93.0-109.8 1.4,28,3.6
26 13- & Ak 12, 40, 160 93.7-105.8 2.0,4.4,5.4
27 2-Cd 12, 40, 160 92.2-104.3 2.5,35,48
28 ZIRE RS 12, 40, 160 89.3-103.3 1.1,22,4.7
29 1,2- iR 12, 40, 160 92.7-106.4 12,33,3.8
30 BN 12, 40, 160 90.7-108.0 1.5,4.0,5.0
31 L1,1,2-P0& 2.5 12, 40, 160 85.0-114.0 15,23,4.7
32 LA 12, 40, 160 90.0-99.4 2.8,4.1,43
33 1,1,2- =& N kE 12, 40, 160 97.2-104.8 1.8,2.5,6.3
34 O 12, 40, 160 89.8-113.9 1.6,3.9,5.8
35 i) — A 12, 40, 160 87.8-113.3 1.6,3.1,4.8
36 xF R 12, 40, 160 87.4-1153 1.6,32,5.2
37 AR 12, 40, 160 102.1-104.8 1.4,2.8,6.0
38 RN 12, 40, 160 99.0-110.2 1.7,43,5.1
39 R4 12, 40, 160 101.0-112.5 2.1,4.8,6.0
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5 &Y ORI E ((ng/g) [ 2 /% FE% /%

40 A 12, 40, 160 96.7-104.3 1.9,3.4,5.7
41 P 12, 40, 160 100.3-108.6 18,2358
42 1,1,2,2-P450 2. 4% 12, 40, 160 93.0-109.8 1.4,2.8,3.6
43 1.2,3- =&k 12, 40, 160 93.7-105.8 2.0,4.4,5.4
44 NALES 12, 40, 160 92.2-104.3 25,3.5,48
45 2-F R 12, 40, 160 89.3-103.3 1.1,2.2,4.7
46 1,3,5- = HALR 12, 40, 160 92.7-106.4 12,33,38
47 4-F R 12, 40, 160 106.0-115.2 2.5,32,4.6
48 BT HS 12, 40, 160 105.2-111.2 1.1,1.9,2.4
49 1,2,4- = HHLR 12, 40, 160 99.7-108.9 0.63,1.5,4.4
50 T R 12, 40, 160 106.8-110.4 12,3.8,5.1
51 1,3- 50K 12, 40, 160 96.7-104.2 1.1,2.4,2.9
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