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W OE: BB 508 L A 2R B A0OM £ 3% - UK OHE B F AR RS 85 15 (off-line solid phase extraction-gas
chromatography-flame ionization detector, off-line SPE-GC-FID)-5 & S A 3% - S AH €6 15 - 0 KA 3 A A 28
1F 28 BX FH 7: (on-line high performance liquid chromatography-gas chromatography-flame ionization detector,
on-line HPLC-GC-FID) & & s B3 th - Wil & B IRl . 753 43 5ILL 4 R sy ke i, MAHITAL 3
FEFF | ANAR 7 | 7 R 2 A G A D S5 LA TN PRGN T vk AT T UL, SR off-line SPE-GC-FID
#1 on-line HPLC-GC-FID iX 2 Fift J i #4255 4 RE I A2 S 305K, off-line SPE-GC-FID Y& it FR Ay /K S L)
Y1 1.25 mg/L, AR 5.00 mg/L, on-line HPLC-GC-FID (& & PR Jy /K FEALHIH 0.10 mg/L, HILEHI
0.40 mg/L, [a1 WS A& FIARXS b vl (i 2 45 7] DA 4 Wt G SR s R vk 3 AN [ £ S 4040 vh i R A A
YA TR s B 2R, 853 Off-line SPE-GC-FID #l on-line HPLC-GC-FID 5 £ Sl B4
TT YRS EAAARENESR, ZEYNATEMEUY T Y B0, P on-line
HPLC-GC-FID R W&, &GRS S Pilis S Mmoo

KEEE: 7Y, B AARL, BRI, B AR A IR AORH (0 - SR B AR R R RO A
T -AURH (3 - SR B A D SR AR 2RI T 1

Comparison of 2 kinds of different methods for determination of mineral oil
hydrocarbons in foods simulants
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ABSTRACT: Objective To investigate the similarities and difference of determination of mineral oil hydrocarbons
content in food simulants by off-line solid phase extraction-gas chromatography-flame ionization detector (off-line
SPE-GC-FID) and on-line high performance liquid chromatography-gas chromatography-flame ionization detector

(on-line HPLC-GC-FID). Methods Four kinds of food simulants were used as samples, and the 2 kinds of methods

were compared in the aspects of pretreatment procedure, instrument method, methodology investigation and sample
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determination. Results The volatilization loss of off-line SPE-GC-FID and on-line HPLC-GC-FID could meet the

experimental requirements. The limits of quantitation (LOQs) of off-line SPE-GC-FID were 1.25 mg/L for
water-based simulant and 5.00 mg/L for oil-based simulant, and the LOQs of on-line HPLC-GC-FID was 0.10 mg/L

for water-based simulant and 0.40 mg/L for oil-based simulant, respectively. There were no significant differences

between 2 kinds of methods in the determination results of mineral oil saturated hydrocarbons and mineral oil

aromatic hydrocarbons in different food simulants, and the recoveries and relative standard deviation values could

meet the mineral oil hydrocarbons detection requirements. Conclusion There is no significant difference between

the off-line SPE-GC-FID and on-line HPLC-GC-FID in the determination of mineral oil hydrocarbons content in food

simulant migration solution. Both of them can be used for daily monitoring of mineral oil hydrocarbons content in

food simulants, but on-line HPLC-GC-FID has higher sensitivity and is suitable for the analysis of low content

pollutants.

KEY WORDS: mineral oil hydrocarbons; food contact materials; food simulants; off-line solid phase extraction-gas

chromatography-flame ionization detector; on-line high performance liquid chromatography-gas chromatography

-flame ionization detector
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AR, BT TG sz, g yah
(mineral oil hydrocarbons, MOH)J& F A i =i, 0 HGEEGE
S I ER B 8 2 BN A S 7 40 T (mineral oil saturated
hydrocarbons, MOSH) #il = Ji ¢ 5 1k 1) 55 A %2 57 11 il
(mineral oil aromatic hydrocarbons, MOAH)!", H Fi#lF57 3
B, MOSH J& A& B ii5 e, ikl g >,
MOSH FZERTEMRNIHL . kg . WEFAFIE I8 L
TPAZEID, FEEHMIRE AL, RE BT AR MOAH
ERNAHER, HOAWSEMEEIEERE, & 3 A~
RIS IR AR BUENE . UL, BART Y i 2 B AE
FE AN, [EEE % MOAH S B B il

8 [ B IR KUK PF Al F 58 B (Bundesinstitut  fiir
Risikobewertung, BfR)WF5% & W& & P a™ Pimis Ye 25 A
A b AE AT B (food contact materials, FCM)AITH 7540,
T HRIVEE S bR A PR AE 4K AR T I BE B 25
A Z R TR, BARAEAEED R i 22 o i Py i 5% B TS
Yoo 2014 4, AEEBOTE 5 AL EB(Germany's Federal
Ministry for Food and Agriculture, BMEL U %544 BT %
EEMHA MOSH Fl MOAH [RR{EFEN 2 mg/kg F1 0.6
mg/kg!'”, 2020 4F BMEL #2130 7E FiAE 4RI 1 A 2 i 3 61
Rl S REFH IR Z, IFiE T a2k MOAH &%
AR 0.5 mg/kg £ARA 0.15 mg/kg £ ALY R
s,

Byl B 2 FO N FCM i E | (1)
W AR B M SAEY BT 2 e s, Q) HEE
fil (A% VR A B IEHk, EEFE kA% 2.6-
AR A ik (Tenax ™) VR Sk Tk £ B X B 90 S

HAERS bR TR 8l 12 55 ) W F R T AR SR g, 4l
RS CE S v p S DS SS R A ORI Rl Ry ]
[IRER . Tenax ™ Ry £ SALRI S0 56+ 1 He e 1%
JE AR BT S 3008 P i i B 0 40, DIMA 41T
WMAE TR B, BESE T 5 P A A0 B i A v
TR R, AT FRIE SN/T 4895—2017 (£ i i
PORE ARRIARAR BB R Yl R I E OR 3
) R PR A g > ] A B o A5 4D R 00 49 I3 22 i 2l A
BHT YT % i .

TR I B FALK I E% (flame ionization detector ,
FID) (4 S5 B 137, 6 43 ] R AR €3 - K 0 1 14k
K: M #% (gas chromatography-flame ionization detector,
GC-FID)i - Py bt e it U™ Eal, B R F 14
5 ¥ e RCHURE G 1% -SR03 - S K 8 T A A I R TR &
% 7% (on-line high performance liquid chromatography-gas
chromatography-flame ionization detector, on-line
HPLC-GC-FID), HA & RWUE | d bR m . &
ffis, on-line HPLC-GC-FID izl HPLC 45 GC Wy 1#4
HPLC Hl GC #45 MAELRIK 0 248, SRR T 1
HERE, K05 RO SCBL T B R T, TR
ST AR B S G R v DU A o

AP 244 on-line HPLC-GC-FID A3z il T15
By ROk T 5 A IR R i i 0, [
K 9 2 T AR A B -SR03 - KO B A A I
(off-line solid phase extraction-gas chromatography-flame
ionization detector, off-line SPE-GC-FID)iz & il . K

Ko I A AT R A I Y AR
[ N AN ST 7 vk AR o, EES7 T 5 26 3 4E (off-line SPE
-GC-FID)HY #2 8% ] (on-line HPLC-GC-FID)2 Ft Jy 3461l
WA B AR B B T i SR T vk, Mt
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W ERMR. BICRETTHRS 2 FONEETEE, R
XE 2 FOPEAE IR, B B AL AR B 1T
e bR S ALISES U Sy i

1 MR5ERZE

1.1 XBE5RH

GC-2010 plus S AH 3L (B4 FID #a I 4%) .
HPLC-GC-FID H¢RIX(FEE & TR M UV Ri#s) .
LC20AD WAHETE{(H A S H2 w); HPLC 1 GC it
HPLC-GC # N ¥ H R A AL (FEE Axel
Semrau A H); R-100 JiE 5% 7% &AL (Gifi 28 B A BR 2 #));
Heraeus Megafuge 8 B.0AL(E EFEBR KA H].

ML RN AR 5 A R I b S W O T —
(n-undecane, n-Cy;) . # O ZEFF B (bicyclohexyl, Cycy). 1E
+ =ké(n-tridecane, n-C,3). A %E(cholestane, Cho), J 3k
7K (amylbenzene, 5B) . 2- H J& Z% (2-methylnaphthalene,
2MN), 1-H 3:ZE(1-methylnaphthalene, IMN), 1,3,5- =T
LK (1,3,5-tri-tert-butylbenzene, TBB). Jt(perylene, Per), H:
/1 Cycy 1E 8 MOSH 5 i W xR, 2MN 154 MOAH & & P,
HA AR N W AR S 1R BE 150~600 mg/L, Jbatin 8 i
R B AT B | 07 0 9l e 5O B B R BR 4 i (n-C i
N-Ci;. n-Ciz. N-Cig. N-Cyy. N-Cyy. N-Cys. N-Cz5. N-Cyy.
n-Csp, 100 mg/L, FVERREGE A4y, Jbatiis il 47
A BRAF]); n-Co~n-Cap IE SRR G IR IER R (1000 pg/mL,
TR AER, E Sigma-Aldrich 247]).

IECkE. B, Cm(aikat, EEER CAR), =
AR (o al, € EEE B RA A B (0.063~
0.200 mm, 7 EBRTLA T, 400 °CHEAL 16 h); AR . k&
% . JOKBRRENGHTel, b b T) ).

1.2 XWHE
1.2.1 Rty

4% GB 31604.1—2015 { &M Z e EFRHE &M%
flA AR B T ST A S E N ) A2 T 4 FhE ST, D
K(A), 4%ZBR(B). 10%Z 5 (C)FIIE C Ke(D)4 BITE Mk
PR PRYEE S JEMRTE & AN 2 2R E e B
PRI
122 A6 &

(DKEAR e il 4 S BIMEF RS I 40 mL 7%
LSRR RK A AL B, C EHESELOAE P, A 20
mL IF S %8/ ZEERARBUAR(1:1, V:V), 20 uL {FE5 2
K IR S, WRETR AT, B0, BBV, A
oK BRERBNBR 25K 43, Bl B L i, DA BLAs e 7% R AX
(FLZ3 290 mbar, KISHRIE 45 °O)M4i £ 1 mL % .

QMBI ARSI 2 MERRESI 10 mL EA 5L
I B B IERY) D, 20 uL MRS B BrihAR e

W, RBEIRS], DLEA e 28 RAL(FEAS B 290 mbar, 7K
TIREE 45 CCeHi 229 | mL 45 H.
123 SPE A4k

B A SR AR (B ACTT S5 58 LUIE O R 35 o8 2 00 W1 7%
WORENTEE, FAESMREZERRTA, 26 A 3.00 g Y 0.3%4R
TORE R GRIE 59k DL SCHRPY), figiisc., A 10 mL IEC
LeMk Pk SPE #1337 KU R » FEATIR b BV R T B —
WHEIA 1.2.2 HIA5 AR R, FRfiROE TETIA 6 mL
E CUBEREAT SR M (U B i e TR VR AR ), i b
FEFEHIA 15 mL 1F %/ 8 be/F 2 (75:20:5, V:V:V)
REEW . BERIRMIER: FFREITRIILN 2 mL JEAFR,
W R SLm Y 5 mL PRI A5 2] MOSH 4y, 5 IkgE
Jagim il 12~13 mL YRS E] MOAH #8451, SRI5405i#
MOSH 1 MOAH #4348 £ 49 0.5 mL.
124 GC o #r44+

fREFE: DB-1HT B4 H(15 mx0.25 mmx0.1 pm,
EEH LR, SRR AR 360 °C; #EFEE: 1 uL, A5
wmatEE . FHERET: &I 60 °C, fAE; 3 min, KRE U
15 °C/min (I FTFE 120 °C, FELL 25 °C/min FYHRTF 5
360 °C, PR4F 6 min, AT AR HTELH B, A=l
RS, FID % 380 °C, HEIA . BRI FBIBE 7 A&
AL ESURER, AN 30, 40 F1 400 mL/min,
1.2.5 HPLC-GC-FID 4#1 4t

W 1.2.2 A BIRRE ELEERE, A0 45 R L2 2 S0k,
E{&y HPLC: #FEER 100 pL; Allure Si 4354250 mmx
2.1 mm, 5 pm, 60 A, 35[E Restek A#)); Fisht MIEC ks
A E, L 0.3 mL/min AL EEVENL, LEIEE R A
0.0~0.2 min 1IECY%¢ 100%, 0.2~1.5 min 1IEC%E 100%~70%,
1.5~6.2 min IEC%E 70%, —&H %Ll 0.5 mL/min F#1E
6.3~15.2 min P FRAREEE, BE)S IE S HELL 0.5 mL/min 3
HOE #foP A A

HPLC-GC #21: HPLC 4k 538 )5 43 5145 2 450 uL
Y MOSH(2.0~3.5 min)fl MOAH(4.5~6.0 min), B
i Y553 A A GC 43t . GC ALARBC A T P47 WLE
i, MOSH Hl MOAH £ Hi#F A—A-#il, Tt (Restek
MXT &2 BMAE TR, 10 mx0.53 mm), Z3H7HE(Restek
MXT E4%HE, 0.25 mmx0.25 pm, 15 m), FiAk 54Hrk:
Z )3 i =3 S R A R . IR HESS IR E HPLC
WA ERYIHET 0.5 min JF S, HBAHR)E 0.3 min JCH] 5%
B3 GC &1 MOSH Hl MOAH 3 434 771 3 1 15 77
Hezs bR, R T BASIAEA D sm R4E, JH17
JE %k GC 43 B A A

GC: FEFFHRMBIIAIRE 60 °C(I#FF 6 min), LI
15 °C/min THREZE 120 °C, TFLL 25 °C/min THEZE 370 °C({%:
FF 6 min), FID JRJE 380 °C; #iBh . AR SAMBIIA S
FEAES VAR, W55 30,40 A1 400 mL/min,
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1.2.6 FixFEiExEE

2 Py R R R AT T AR L e R
T T Fe S S0
127 %t ot

SR L3k 2 ROk, 4B SR R A T
FE, YILLNARIE AT B S R A SPSS 19.0 B4 Xt Bt
HATGA 30T -

2 HEREHHR

T 5 TR R A 2 B 8 ORI T AT AR B L B A4
BT LA R e i B AR A o W 0T AR SR £ 1 5] DA i v 2
BTGy, R TERATE R &Mk $
A 0 B4 O 3k S R R i R TR
MOSH B¢l I F2RIELE T Wim a4y, AUTEIER N AR
Y 1 MOAH S04 RGN /1 THY), WE T4
T, AN, {XESERE. SPE AEMERE. BAARS. K
R P R 2 TR 5 389 0 i 45 2R 7 A R i
21 FHAEERAMER

B SRR S I B I A TR A BRI b
SYES WE 3 A FERER, BT SR AL R, T
BRI HEXT 71538 A M T A AR
2.1.1 REFHEH L

AFFRERECTE . IECLelE R RIBGA T, KB
HiE e HANAHYE, BIEDERMANN PO 0, U
TE i B T S KA P BRI . IRAh, B
filA Rk 3 % R AR AL A, T VRO
o, HE AR AL PR, SRR AT R, SRR
DA B 40 e b S ) B S AL B, R BRI s A B
B R ERARBUICR, K SRR RE i 3 U B T 34 i
1.2.2 B R0 T 2 SR80, 40 2 IR FRILE TR 5 1 k92
HREE I 4.3%, Uit 1 IR BRD AR K SR o 4
KECATT-PrmEe Bt ok, Hi, o fBORECh 11K,
212 HibnyBHaEE R

HeoAk Ay B R R D U7 M OC EE BR T, off-line
SPE-GC-FID H' R FH4R T RE IR N IERLE SPE E4r 8551k
MOSH F1 MOAH, SPE #:14: A8 B R 45 S HERf . LA
TSN T SRR/ A T ) i bR VS TR OE O e R
2% [ % %% SPE AEVERE, %8 1.2.3 F1 1.2.4 B BRR4E)E, LU
Cycy MMNFRITHE Cho &, LI 2MN NHNFRIITHE 5B
1 TBB &+, Cho. 5B. TBB [¥[al g% > 95%. TBB
I Cho i BRAE4S A Wil E Y, FW] SPE FEVERER 28 43
SrETK. ARG, KU SPE kR, FRE
bl AR BRI R T

On-line HPLC-GC-FID R FHIEAH AL {043 B MOSH
1 MOAH, PRI s T S AR RN 55 A e bR v VR,
HEWAERMERE, FRIERL, —HRERFE RN, W

TEGLIREE HPLC (2 4315 st (] sl B4 Ay AR A
2.1.3 EABARHER

I8 55 IR B 0 0 25 5 A 10 Ak 38 R 4y T Ao A v a2 L
RELAS PR R B K, RA n-Coon-Cyo IEMEERE AR
G IBRES R R S VB IR R, PL n-Cy
ERBUA S IR, TR A EM SR I E TS n-Cyy ML
O ). SR KA 1): off-line SPE-GC-FID ¢
N-Cig~n-Cyo A XF T n-Cyo Wi 1 A F7E 0.85~1.03 2Z Ji],
on-line HPLC-GC-FID 4 n-C~N-Co FAXJ T n-Coq HI M 37 [H
TTE 0.92~1.05 Z[] o 2 Bl k3400 X i s o5 B R A s,
M, AR A H AR R AR R A P EE R (HEXT T n-Cap 1Y
AH R F7E 0.80~1.20 5 FENH!,

7] Oft-line SPE-GC-FID &2 On-line HPLC-GC-FID
. g - o %

US Uﬁ U: US (.)2 Og ()g ()g Oﬁ L)g Ug L)a U; Ug Uﬁ 03
LR
Bl 1 Nn-Cig~n-Cap IEFIESEARNTTF n-Cao 1 M i PR -1

Fig.l Response factors of n-C;y~n-Cy n-alkanes relative to n-C,o

22 ZMSEEFEER

GHARBI Z£Z8I%f b7 7 70 DG Bt o i 42 R 56 o DL i
TAEZ, KB 2 ROy 6 AR A B
Z5 . HIL, ARUFSER VL ECARE IR 2R 5 507 ik i 2k
PEIE IR, 3 500 FC AN ] B 1 YR Ay 5 SR A AR VA W A
GC-FID F1 HPLC-GC-FID, LA I3k #43 B7 4% 148 0 =& ,
GC-FID f [8] 575 F2 K Y=25571.24X-1637573.50, r’=0.9997;
HPLC-GC-FID ¥[8 5 J5 7 4 Y=1092.6X—4489.2, r’=0.9995,
B SRR T i ) 2 T R LR 1

BIEDERMANN 2SIt g eh i3], Sy e M A e
oK, #EA FID B8 7 22 50 ng A RevERE &, W
T Y R EGE B A TE, WPy i R A T R &
100 ngo UL, 79y KR T B AR R BE ANk
%114 . On-line HPLC-GC-FID ¥ 100 pL HFEZ R 4
MOSH #l MOAH 2505l 2] GC o, R T
=T off-line SPE-GC-FID, & T #£ 5 off-line SPE-GC-FID /7
R, SR T R AR AR AR, (2 2 For e &
FRFNR ML BRI EAE R ZE R (LR 1).

2.3 [ElgER
[ 1Az 28 A B e T T UE A AT SR oG, SRATE A
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MOSH/MOAH &&= TAL T WMt T T %5 4%
FIXE 4 FPEIRIY R BORAS IN TS R B B Tl B,
HELT 2 FhOTEm R ELAIAR K S F0 18] R B
WL# 2. Off-line SPE-GC-FID 4 [0 RAE 77.7%~103.6%
2 [8], on-line HPLC-GC-FID [ [E[ it R 7E 80.1%~101.0%2
[&], AHX}HR 22 (relative standard deviation, RSD)¥J <
14.7%. JTikwEm T &, W2 R G R PO (B &
R b B b A o e I A BRORE L A R R R

Torg ) mEsRP,

MEL R

43 AF ] off-line SPE-GC-FID # on-line HPLC-GC
-FID XA [RIvR BB i & S S EAT T o 25100
3, SRR 2 MO LA E S A, & TR
ST, 2 AR B PR 2 R (P>0.05) . AL, off-line
SPE-GC-FID Al on-line HPLC-GC-FID ] {5 /& il 5 33K,
HEREH BERES.

2.4

%1 % SPE-GC-FID 1 HPLC-GC-FID 1 7E E[RFnLk {48 E
Table 1 Limits of quantification and linear ranges of off-line SPE-GC-FID and on-line HPLC-GC-FID
. IRHEARAU ) B2 2 PC7]
SE it FR/(mg/L) LA/ (mg/L) SE i FR/(mg/L) £RPEVE FEl/(mg/L)
Oft-line SPE-GC-FID 1.25 2.5~125 5.00 10~500
On-line HPLC-GC-FID 0.10 0.1~25.0 0.40 0.4~100.0

%2 Off-line SPE-GC-FID #1 on-line HPLC-GC-FID 2 175 5% (49 [B] U4 2= 1 EL #8345 R 2 (n=6)
Table 2 Recoveries and relative standard deviation of 2 kinds of methods (n=6)

Off-line SPE-GC-FID

On-line HPLC-GC-FID

BB B —— 0
WIRE (mg/L)  SEH RIS /% RSD/% ISR JE /(mg/L) S ISR /% RSD/%
435 93.9 11.1 0.87 87.9 7.5
MOSH
X 17.40 99.2 7.4 3.48 93.1 9.8
0.65 91.5 13.4 0.13 80.1 8.9
MOAH
2.60 98.0 93 0.52 88.1 5.8
435 90.5 12.0 0.87 101.0 10.3
MOsH 17.40 97.8 6.8 3.48 98.1 5.1
4% 1% ' ' ' ' ' '
0.65 87.7 8.6 0.13 99.7 9.6
MOAH
2.60 96.1 9.6 0.52 93.3 7.7
435 91.6 12.1 0.87 93.4 14.7
MOSH 17.40 103.6 7.0 3.48 94.8 8.3
10%Z. 85 ’ ) ’ ’ ' i
0.65 71.7 9.3 0.13 88.8 12.2
MOAH
2.60 91.4 5.9 0.52 91.2 8.1
10.88 85.4 9.9 2.175 92.6 3.1
MOSH 43.50 99.7 5.8 8.70 91.2 7.3
A=Y ’ ' ' ) ' '
1.62 84.8 9.4 0.325 89.7 4.0
MOAH
6.50 95.2 6.7 1.30 88.2 5.8

# 3  Off-line SPE-GC-FID #0 on-line HPLC-GC-FID € 4 FiE 4+ AT H058& 2 (n=6)
Table 3 Data obtained from analysis of 4 samples by use of the off-line SPE-GC-FID and on-line HPLC-GC-FID (n=6)

_ WARIIWIR,S
B 3t BAR) P1H
Off-line SPE-GC-FID/(mg/L) On-line HPLC-GC-FID/(mg/L)
K MOSH 12.82 12.47 0.21
7

MOAH 1.87 1.85 0.05
. MOSH 12.96 12.83 0.08

4% 1%
MOAH 1.95 1.87 0.05
MOSH 12.92 13.05 0.20

10% 1
MOAH 1.87 1.85 0.16
MOSH 61.25 60.03 0.73

EC ke
MOAH 9.44 8.00 0.10
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2.5 EPREERAEIET

AW FE—F /T 2 LB S B9 IE C Btk
Yo S5RFWE 2): 2 MFEMAY MOSH 3 E S BT
KR, Horh A BESL Y MOSH DL Cog FHOR, Co~Cso 1
B 80.27 mg/L, B M MOSH #ubviiks A #HH,
C1o~Cso P44 22.81 mg/L; A, B /M 5% 9 MOSH B %t
JEREIALE Cl~Csoo

LORENZINI %P 58 T & fh 28 46+ MOSH #I
MOAH WEBATH, FERES 51T, 00 At i )
SHEBHE SRR C o BHE Cy. DIMA %7
W5 % PR LA B MU s, 3288 368 5 b A9 3
AIERE] Css LA bo IECKE MY, S50 Pk A
W, MR T B S A SRR T R
B FE R, TE4UT e bR R, SR FI4E T A%l Xt
oK W R Z _ il (polyethylene terephthalate, PET)#4#}¥)
T REBH B2 v] LABHBA S Pl ) & 5 iR, RO . BN
975 S5 BURL Y AT DR AIC W3 1 £ 5 R RS, (R W) 257 E
T 2K R M A1 42 (polyoligomeric saturated hydrocarbons,
POSH) [ & it TR, A FERL Y MOAH i[5 45 4174 (1

700000 23 MOSS
Cyc
600000 X
500000
> >
= 400000 |- 0 2
g 13 %
& 300000 - / =
200000 |- 16
100000 |
N
0Lt L 1 1 1 1
5 10 15 20 25
8] /min
2M<V/IMN
B DIPN A
400000 MOAH
300000 -
% Z
£ 200000 o
= 5 =
E 3 z
100000 L JJ
0 ) | ) | ) | ) |
5 10 15 20 25
fisf ] /min

— B

. 5 N % 25 (diisopropylnaphthalene, DIPN) 2% I i #t
Co~Cso % 4 20.44 mg/L, FHIHAT AE AP A 40K i 1 1)
UM, B FEARI MOAH & EARTE Co~Coq 0 FEl A LA /1N
By, {HR 5% ¥ (mass spectrometry, MS)iHE— 3 fi#ffr,
gl FEONRRARTR A 5, A& T MOAH, FE i &M
B PR t MOAH 4143, i b I35 11 5 B HE T £ 00, 4%
LEIHKEE MS LA EELAR

3 FHi5iie

T YNhER R T E RSB T I, AR
Yt T off-line SPE-GC-FID 1 on-line HPLC-GC-FID Wi
TR E BBy by Pl i 25, off-line
SPE-GC-FID Y€ & FR & T on-line HPLC-GC-FID, £14:35
Fl#sE, BT 2 For k¥R FID ARlidy, 78— @ W
BN, B BEM2ES . Hi, off-line SPE-GC-FID i& i F

T AL, X AT FRELR R, ERAER . ORI N £
Wb BE, BEAERT N S 25 Y, 1 on-line

HPLC-GC-FID A — /A [A] i #53) MOSH A1 MOAH % &,
HIEFIERER D, HREAEMGD R, LREL KRN

700000 B
Crey MOSH
600000 |- \
500000 |-
2
400000
300000 |- } 3
200000
LJU‘W 5
100000 |- 16
-
0kt A 1 . ! , |
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