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BT AR L B AR 2 R ) AR R AP | RERE R R R | R R R I L AT T AR Y
FREM, AREAVN . XSHHBAMYHRLKESAWRTRAELEAALE X R RIF, AL EHK
RHKRTO0.99; 5 ixtb hMA g BR2A 4 9.1 ~42.9 pg/L 2 5.2 ~200.0 wg/L; B E A
79.6% ~99.3% ,AA% AR M E(n=3) A 8.0% ~10.7% , NIk, FL4EEFRILE NirE 24
FREAAR R GBS T 8 A BB LA RAITHEL T, RN LR B RE
HBESEEZR, £ P EEARGEY SHABBHRCEGEEERS, X5 100% ., % &M1&
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WRIGE T 45 - e I A A R BB FH — 1) (57 38 N BT R A D0 175 v 8 s SRR PR £ T 59

TR BRI B FEAA K BB A AR v SR ARG AR
B3k 3 Fh ZERATEOL T ,38% vol F130% vol el
FIRTEAE o B OB 4 Y Bk, BRE 242
BN 3 P BNRWTR Clg 2 Hh b5 Bt — P i
JEAA HAL A1 = PR Wi R £ g 25 5 B0 7
M AT BT T D AR WR CTE 0 oA e
Zede N TRl R EAT ]S I 2 8] B O &R
BREE,

HT T F I T s SR 17 1R T R vk B AR, ELIEY
PRBE BT S 2%, DRI T ASC 88 A 0 7 30 o 7 % e A
SYEsE . HET, T i s SR R 2 R Y
AL FREOR 240G B AR TR R - AR
FERCARE I 5 TR B 4 B0 A 3 70l Bl XL 2
RAED T AL G5y 1 3 A A A HIL T TR T A
i AR IO SR H AR B [ R 22 A R, o
T — VR A I 2 R B T TR T A v e Ay i T Y
ik, SR A AR A O kA i vh S TH AR R Y
AP AITCHLER | LA LN AT Hh ARG TN 28] A A
LRV LR M2 & W), S B Sl ke b e &
)R S 5 SR i e A PO I A R
% (magnetic solid phase extraction, MSPE ) j&—#f L)
TGN BT A A R R B Ay W B0 7 B J3e ) — o 284
A AE L AR 38 Aok X e 0 oK 5 o 551 3 7 1
BT A T e S BRI T A K
REGLAT S B TR b, e SN G 1
T, ATLEERD ST B AR 0 4 - R i i o ) P
Gt ELUA TR A R SRR A R
AIBE ) FIAE IO, BT, MSPE &z i T
RS B AT, IS I A T R
Pylse = B R E i {H I R WG T MSPE 78 il
PR IITR £ 5E F A AT 5T 4RI

BT AW T — R T AL DY A
=R (Fe, 0, —NH,) #lh [FAHAE B - S BE H - [l 7
FEWPR(MSPE - GC - MS) FA, FI LA ] 2 11
T 8 Bl BUARNIER LR, 1 DR 4l R A HE
PR TR NARE, 456 GC-MS HK, 78 24
PR X aX 8 A i SRR T TR £ T S TR HEAS:
W, 207k AT i R UERR I, AT
RO SAL G — W AR SRR 9 55 T IR, AR
ARSI TR £ TR RS HEAS I 42 AR
897512 , [ gt T Sy e e 10 98 o R 5 e v o B ) 9
T PRl PR R SR

1 HREHE

1.1 #E 5

TR T B R A AL 24 Fh, ALHEHE AL T 6
v, 2 5 KA B2 GIG (48% vol) . GJ -1 (56%
vol) \GJ-2(43% vol) LZ—1(52% vol) LZ-2(42%
vol) \LZ-3(52% vol) ; ¥ & I 2 i, 45 BTG KG
JEN LI (53% vol) (GT(53% vol ) ; 15 7 8 1478 4 Fib
25 MWK BE A FT(64% vol ) \HX (56% vol ) \NLS -1
(52% vol ) \NLS =2 (45% vol ) ; B 7 1 (178 2 Fl', 4
S EE R DI -1 (54% vol ) \DJ =2 (46% vol ) ; %
HT& Rl 2 Fh, ge 5 XO09R 28 HSLBG - 1
(38% vol ) . HSLBG -2 (67% vol ) ; KAl 75 % 190 3
Tt 25 KOPAS N JGI —1(52% vol) \JGJ -2 (54%
vol) JGJ =3 (52% vol) ; KA HY S Al AL Ky
T AR 4 1B, S5 RO RS B 4y il
GLSH (48% vol) . YBS(29% vol) .KZJ (36% vol) .STJ
(52% vol) JZ(52%vol) ,

FeCly - 6H, O ( T & 43 %4 99. 5% ) . W It (4%
ali) | OEE(fakal) 20K, BT TR AA R A F L C
Tl (R AR 99% ) (1, 6-C ke (B 4 B
99.5% ) LM (i) LR TR (k) , bt
Pt BLRE B A R 2 |5 B Eh IR W (R R A Bk
36.0% ~38.0% ), J&K B4 A PR vl ; CH, COONa
(JRE ST E099% ) A SAALEN (o i al) (S Aben (4
Mrak) , b 22 se kA AR B A BR 2 W] 5 P9 R
(taggal) |, EE R Aa R A F

MR AE S LS T PURR TR (BT 504K 98% ) |
TERE TR 2 15 (2088 99. 3% ) 35 B A B A R
ol TR OWR (5348 97 % ) KRR LR (T
WEL95% ) T LR Ol (i 1%k 97% ), |
1322 v MRAE AL BB B 03 A BR 28 7 5 T R < g (JF
I3EL99% ) AMPR LT (& 70 B 97 % ) KR
LT (5050 98% ), g A R A R
AT PR £ W6 - D27 (B f 70 5 98% ) (AR AR TR <,
fig-D31 (i /340 98. 4% ) , JINE K C/D/N Isotopes
o WEARTR £ BR- D35 (i 704K 99. 1% ) iR <,
lik—-D5 (it /340 99. 62% ) , b HFEAEA Y

PR AE A 25 B 15 mL ZEET 100 mL &+
Y, LU 2l K 2 25, T BUAR R 73500 15% 1) &
P 7K TR
1.2 (UFEHiEE

ME104/02 BYHLF-43 87 R, MR8 - FE R 24X
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A PR F] s Milli - Q BB 417K A, 22 [E Millipore 2
] ; Kylin —Bell B BETR G #% , LK DURACES i 38 A
PR s KH -500DE FI KL 45 88 75 % 35 Ve %, TR 2
LR S A s A BR A W) 5 B G, 2 ] Eppendorf
ONE]REAR, AL B R A IR | S G
TE T LI P [ B & Thermo TG - WAXMS B 4045 F:
(30 m x0.25 mm x0.25 pm) ] .ESCALAB XI + X 4}
G T BETE{Y | Talos F200X S/TEM %33 5 fg, 1
AT Nicolet iS5 F {8 HL AR 27 AN G 1% AY , 32 [
FERR KA R B 2N F] 5 ISM-T7610F B 37 % 544
ML 50EE , HACH kUS4t lakeshore7407 4R
ShFE AR TT, 28 A BR A s D8 ADVANCE
RIRTSHAN, i & e A7 BR A ) 5 SDT Q600 74 #4 Hi 43t
1, 3 TA XA PR 7] 5 ZS90 4 KL E HL A A,
o [ SR SUE A FRAF]

1.3 BH*E

1.3.1 ARVEE R A

1) BN BRI W A C 43 00 o B PR A5
HES T 10 mL 2, HICK S lsE 25, B il BB
RN 10 o/ L B AR,

2) IR PR AER R A EC R, 3 I E 8 s R
R CBRVA T 10 mL 25 &, LLTCK 2 B %
FREZE, Pl B SRR A 1000 mg/1 (TR A brifE
I, B 1000 mg/L AEASPRMERS K 1 mL, AJCIK
CBEEZAR R 10 mL, BL B BT W EE R 100 mg/L 1Y
TRAPRE TR, WIRAE - 20 CUKFE EL 2T,

3) i R G T AR L], A 1 bR 56 57 1) 52
M), DA AR 43550 5% Z0K i B T R 5 370 4
JE A 1000 mg/L Y 8 Fh HbRAL & 9018 & hrifE
VoS T 32 R R BB 1 2R 371 T AR, R o VAR P AR VR A
0.1,0.2,0.5,1.0,2.0,5.0,10.0,20.0,50.0,
100. 0.200. 0,500. 0 mg/L.

4) [RM 2R N BRI W BC i, LA TG K B8 R i
FIBCH], + PURR 2 BE-D27 FAHERR £ BE-D31 AF SR
ZME-D35 JHBR L FE-D5 3t 4 FhE AL R NFRIE AR
WEVA I, R MR B 4154 100. 0 mg/L, IR AE - 20 °C
VKA ELZE AT
1.3.2  Fe,0, —NH, F&Pk 2h kA8 84 4] &

ZMESCHR [ 24 1 5 1%, TR0 7 38 & 0, il &
Fe,0, -NH, 40K 18, B 1.0 g FeCl,-6H,0,2.0 g
ToK BRI 6.5 g 1,6-C BT 100 mL & &b
L, MA 30 mL & s ARSI N R e 2 h (AR 7
Oy RHR A S 2 100 mL IR PSR S

Wi~ AN B0 1 Tl e HE B 28 H L 7F 200 °C WY 6 h J5
IR RN 238 B0 2 23R, w0 Bl 4
SRV A IS R =y, 2 B T K RN & T 4 Sl 7
HRETPE, BA fE -50 CA&HFTHES T
24 h, #5453 Fe, 0, - NH, 4 KTk

1.3.3 Fe, 0, —NH, Bhlk 4 K 4469 FAE

K H 5 B 5% ( scanning electron microscopy ,
SEM) Fi13% 5} Hi, 8% ( transmission electron microscopy,
TEM) X% Fe, 0, - NH, 44K b kA9 TE S5 R AiE SR AR R
ANFERTINE

R FHAS B AR 2 2T AN 1% (fourier transform in-
frared spectroscopy, FT—IR) LA & X 8§ 2k 477 4 ( X-ray
diffraction , XRD) X} Fe, 0, — NH, 44 K #4 K} it I [41 2%
PR SR SR HEA TN 5E

KR S A S RE SR TT X Fe, O, — NH, 44K 44 %}
1R B 2 P BE A T A2
1.3.4 MSPE ¥R %

W 11 P R AR R B 2 15% vol , U5 mL,
JMA 0.877 5 g NaCl (& &4 3 mol/L) , H NaOH
V(1 mol/L) P15 B S AT pH fH % 7.0, FREL
25 mg Fe, 0, - NH, 4 K Fiki T 5 mL WAL A
100 wL AR R 2 AR A5 fE W (100 mg/L) , T
IKA VORTEX 2 i 4o £ #% 1,2 800 r/min % i€ ik
310 min, NSO H AR 6 W, R BT S 6
FARE IS5 85 354 Fe, O, - NH, R TE B 45
HKIMA 0. 5 mLARFU3 N 5% 120K RS IR
R R AT 3 W, BK 20 min, VERLE , B ITUE
B (1.5 mL) F 2.0 mL #ERE/ N, ARk 4n &
0.5 mL,ff GC-MS 734, MSPE B LA 1,
1.3.5 &AABEE-RES 7 ik

SR TE S, SR TR 250 C L A A
(4 =99.999% ) , fH L 1.0 mL/min; JEFE
10 pL, A ERE, S b 150 1, FHERR T A

IR 60 °C, L4 20 °C/min T} 120 °C, L) 5 °C/min
F+Z 200 C, 4+ 7 min, FHLL 15 C/min J+ &
245 °C ,££%F 3 min,

Fi S5 F, H B T S HL T HL S (electron ioni-
zation , K1) ; HL T-AE B8 70 eV B TR IEE 200 °C ;
TEAZRIREE 245 °C 5 e MR AR ; B 4
JEHEl m/z 45 ~ 450 u, TR E] 0.2 s; % 5 2E 3R
7 min; & &K FH1E BB T 45 2L (selective ion mode,
SIM) ,8 = J N Wi 2 £ T B FL IR 28 N AR ) #E €6
T ) R R IS I e T IR LR 1
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Tab.1 8 Long-chain fatty acid ethyl esters and their

deuterated isotope internal standards retention
time and SIM parameters

i)

[E]/min

1 HHERAR-D27  12.81

2 TWROE  13.29

3 +HEREE 15.09

e feawak

FEME ERE T (m/z)

91,105,169,233,283
88,101,157 ,256
88,101,157,270

4 EEMERZHER-D31  16.31 91,105,169 ,265,315
5 FEAE R . TR 16. 88 88,101,157 ,284

6 TLEROl  18.62
i EIR 2 fE-D35  19.74
8 AR R 2 Mg 20. 46
9 MR EE-D5 20.71
10 MR £ g 20. 87
11 MEIHR 2 g 21.86
12 TEIHRIR £ 16 23.54

88,101,157,255,298

2

91,105,169,233,297 ,347
88,101,157,312
180,222,264 265 312
154,180,222 264,310
95,109,135,263,308
121,135,149 261,306

1.3.6 ZEH5Muik

KRR NPRIEE ST R ZE, 8 8 Rl
REWiTR £ Wi 1B G b M Vs W TC ) vk BE 43 0 0.1
0.2.0.5,1.0,2.0.5.0.10.0,20.0,.50.0.100.0,
200. 0,500. 0 mg/L [ RBNIRE A bRV, INA 4 Fh
WA Z N A TIRRS, EHRAMRERES A
20 mg/L, LA EARERZE S R 2R P bR 9k B 22 AR
SR ARAR (o), E AR R 0 0 T FR 55 P9 B A 0 1 AR
Z A RNAEER (y) TR RIE R v = ax + b,
B2 AR RE T 8 i s S 1D TR £ TR 1) VA 58

ST BRI AT SRR
1.3.7 FBREWRNF &

K H&E K F (enrichment factor, EF) % 8 F 5
LN TR LT 1 26 AR BEAT PR, T3R5 vk WL
X (1),

EF=C,/C,x100% , (1)

X (1), C, 9 MSPE Z HU i Wk rh s 25
5 R £ T 9 S5 2 MR FBE , mg/ L € AL T R oh
ST R T HRE (20 mg/L)
1.3.8 ik irtieg ik

TEFIPN S B EAAFRLNME A R (limit of
detection, LOD ) |, %€ & PR ( limit of quantification,
LOQ) | IMI R SRS B2 . Hov, Bm e i 2k Y e P 5C
R AN KR LR FEATIPAS S [, LA 3 4%
{5 L ( signal-to-noise , S/N =3 ) XN ()9 B Ky 7 1%
LOD, 10 15 {5 M e (S/N = 10 ) X R A3 B0 LOQ;
77k B VTR T 5 RS AR I I A A
AR 5 mL T 10 mL 204 LA 8 Bl 2Ry
M ORI A R R RIR B hn it , 2 IR0 1.3.4 7
A1 3.5 T I7EE XS RE i R T S R AR, A
2l i AR LT RAS TR B 5 SRS ik
] ) LA, A5 2007 B 0 T A, R IO TR % 2
HERE 3 YR, LA XS BR U ffi 22 (relative standard devia-
tion ,RSD) AT HE B E B 42,
1.4 HiEAAE

BT 3 UCFAT S8, ik S Y )
SERGIR LI BTR IR + bR dm 22 8, JAh, il H]
R 155 (Heatmap Illustrator, A< 1. 0) #£47 Heatmap
o3HT .

2 HERES

2.1 Fe,O,-NH,# MR BIHIRELE R
2.1.1 F5how

L SEM Al TEM X} Fe, O, — NH, 44 K ik (1) &
SUREIE BORL AR K/INHEAT ZRAE, WL 2, 43948 L B 1]
FSZE S AL BE I 2001 ULIET 2 (a) FIIET 2 (b) S5 R KW,
il 25 (1 Fey O, — NH, 44 2K UKL AL BRI | 36 101 30K
KRR A 45T 3 X G AR ORL - 2 AR
HATGIHTE P HAR YR 27. 51 nm,
2.1.2 HMH5H

REGUE Fey O, — NH, 91K R B A 1L, 5350
SKH FT-1R DL XRD X204 Ak 0 5 P 285 44 1 i A
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(@) FHiire 6 ) A
(b) Bl BRI A
K2 Fe, 0, - NH, 2K ORS00 B 25 21
Fig.2 Morphology analysis results of Fe; O, —NH, nanoparticles
LEAHEAT o0, DLIEL 3 FIEL 4, 1500 _—
HE 3 I, Fe, O, - NH, 7E % %0 572 cm ™' 4k
SIS 4y Fe—O 10 {0 25745 50 W g ; 1 w |
3430.,1631.1 044 871 cm ™' Kb 5% B T N—H 19 B osoof (20 (400) (511) “W
i PR3 N—H N Z s . C—H M C—N 1Y “22)
IRZEIREN . LUHMIHEEE BRI e, O, KK T HLS) LI
WA 1 1,68 W5 T, — N, 0 b %6 2 11 i () Fe 0N AR
VA Rl 600
118 400
100 %’( | |
90} 200 AN W N
s 70F % 30 20 50 60 70
# g0l 2000)
pe (b) Fe,0 4Kk
) ig K4 Fe,0,-NH, I Fe, 0, 44K ki iy X-5 A7 5%
30k Fig.4 XRD of Fe;O,-NH, nanoparticles and
20 572 Fe; O, nanoparticles

10
4000 3600 3200 280024002000 16001200 800 400

olem™
K3 Fe,0, -NH, 4Kk A 2L AN 6T
Fig.3 FT-IR of Fe,0, —NH, nanoparticles
Bl 4(a) P HIZE LB AT SIS Fe, O, 45K
J(JCPDS 5 75-0449 ) {4 K¢ A 417 59 0 o7 8 50 4 —
O MEE R 6 A HEAE AT 50 A7 B Yk 20 =
30.1°.35.5° 43.1°.53. 4° 57.0° .62. 6°, L BRI 4F
S 06 43 3 X6k BT AR U Fey O, i M1 A T R 49
[(220) .(310) .(400) .(422) . (511) .(440) ] HJt
Bie R 47, W iimism a1, 2R B il 25 AR 2R i A 45
¥, HL25 5 R AF
2.1.3 HAESHT
KR S AE A BE 5T 2 Fe, O, — NH, 44 K 4

R REEERE G5 R I 5 (a) o A A RETE DK B4
BIRGAERE P G S JE 2k, T ARG AL o
0, At BURE AT B G , 22 W% A4 kL A Mg v
AT RE A 10 RN RE 558 R 75. 04 emu/g, BETERE R
U FEANMBESAVE T, BEAE 52805 1 V0 Pk 18
JEATES . £ W Fe, O, - NH, 99 KA1 R B A %o
AR R P RS A7) AT L A R PR Ay B AR
AN, K T 1EAL Fe, O, — NH, 49K 61RO 5
PR X ILEAT T IREE 8T, WLIEL S (b) iRk BT
PR AR I BE T DLy 2 B BE, FE 0 ~ 462 C,
Fe,0, - NH, % 4= T ) 4.53% () Jit & L 2%, H 75
200 ~400 CAA KRB FREHA, X5 1,6-C %
BB P HAE AR E M BORTE 462 ~952 C.,
g5 b AE I EE R R . Fe, 0, - NH, 49K L
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ABUERUR BT BUR , S BRI/ T 10% , 41k
PR E Tk AT

100
L —TFe,0,-NH,
~  60F
'an L
@ 20+
i
;ﬁ
5 201
# -
S
& -60F
-100 : ‘
-15 000 ~5 000 5000 15 000
NI Oe
(a) R AT LR
100
98+
@
= 96+
= 94r
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= ool
<={90.34%
90+
88 1 Ik 1 1
0 200 400 600 800 1 000
HEEIC
(b) #4FE hk
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Fig.5 Performance analysis results of Fe,0, —NH,
nanoparticles

2.2 MSPE ZEREHHEML

SR SR AR | e 20Kt i A AN () 2 28 0 L Y
T = SR DT IR TR W AAAEAG O, 4 S % 0 4% W8 B 3k
FEFFENC T AR PR pH (H 2 798 Fe, 0, —-NH,
FHED W2 BAFESE ] A v AR 2 A A i 70 R Bl i
W [R] 4 7 SRR AT T4k, 7€ MSPE ZE BT 2
H L. 1 A BRERIEAE S mL T 10 mL B0 48
Hr A 100 L = 5 115 R £ g TR & b HE T T
(100 mg/L) , BERA R EE N 20 mg/L, T % %%
MSPE 4 RE#EHL
2.2.1 EAF pH L8R

W RO AE I 2= A58 1) pH A, X4 /= HARFE
ML EOE- R G & - S S N A ¥ 1 L L
W#ELT pH HTE 2 ~ 12 N Fe, 0, - NH, ¥ i 4015
IR £ TR 1 26 BUROR , 25 S UL IRT 6., TR 3510 %) R e
REJJTEAR pH (H T B W 34 i, JF7EFE 3 WK pH =
7.0 IR 2 IR B EF 2 550% . {HBEZE pH

(HAWIHG N, EF 520 T B, Fe, O, - NH, 44K kL
() Zeta LA ULIEN 7, Il 7 AT, Fe, O, - NH, 1
Wr—NH, , H55 50 8.3, 24 pH > 8. 3 Aif, I fff 57
FFN HARFFI A a0 0 B AT =2 ) A e e R
1o PRI Bt B AN AR W B 550X A 1 Rz o
ZE L KRR ST pH (E TR R 7.0 R pH A,

Fe,0, -NH, X} = NR i R £ 1R & SEBCF e o
600 |- T — TR 2T
TR B
500 |- — R 2 R
TLhil LR
ol — BRI L s
R 2R
8 WAL 215
300 VR AR 21
200 F
100 |
0

pH

K6 pH fELX & 4K T 520

Fig.6 Effect of pH value on enrichment factor

-

Zetaf1 {3 /mV
=)

\

1 1
88.3 10 12 14

Il
0 2 4 6
pH

Bl 7 Fe,O, - NH, HIKRIRIY Zeta HLNL

Fig.7 Zeta potential of Fe;O, —NH, nanoparticles

|
N
(=)

2.2.2 BT REMMKAA

TR R R 5 W Y G B R 2 — | A
8K FH NaCl 1B 85 7 5 B 98 1 7], R 90 88 7 Wk
X} Fe, 0, — NH, W B w55 9% B Wi 12 £ W 25 ) o i) 5%
M, 25 L ULl 8, Bl B Wk BE A 3, Fe, O, -
NH, X} 55 G g Wi 1R < R 25 0 ot 1) ' 4R 35 R 78
Wrstm, g% R R S R R O B R R Y B
AL Fe, 0, — NH, 22 1 WAL J2 25 74 & A A8 4k 07
MM EEL Fe, 0, - NH, 5 = AR T2 LR 259 B 1)
W B IS5 5 Fe, O, — NH, 2 T A4 35 P 437 5 50 B
B, TSR T Fe, 0, — NH, % 5 94 B5 17 R 2. 6 1)
W SR FH , e 8 7E NaCl ¥ A 3 mol/L B ik F| 14
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Fig. 8 Effect of ionic strength on enrichment factor
2.2.3 RMAA=ah

FEARMFFE T, 430 %5 %8 T 100,150,200 ,250
300,400 g/g 55 6 FiAS [F) W2 56 350 35 o 4t %k v 20 i
iR CER2RW)  AE ACR B g, 258 DL 9, i
19 AT, 5 W% B ) H & 100 ~ 200 ¢/g B EF
H500% ~600% , & 5 AR AR, LG IR R R 50 %65 e
RRRNTRR LAY oW B AN 52 42, Bl A W 590 1]
YN, 7E 250 g/ g IR F) 470K 25 09 78 2 42 fi
B lE] 4R3I & % 300 g/g fi1 400 ¢/g, EF M
R RE, vTREE R TR RS2 b F 5k F
V) P9 AF AR R 3 m R ek 55 T R B 3R XE B B
W1, I S B0 B IR A R B 2R T B e b 1Y 4
SROU R, PR TR AN 250 /g 1 Fe, 0, -NH, /N

Ly QB A e
10001
900 g ]
N
8001 / : N\
. s N\
g —umE N
S 7000 ; Lagei
[ e
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Fig.9  Effect of adsorbent dosage on enrichment factor
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Fig. 10  Effect of adsorption time on enrichment factor
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Fig. 12 Effect of desorption solvent pH on enrichment factor
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Fig. 13 Effect of desorption time on enrichment factor

2.3 HEFENSH
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UL 2, 2 05,8 Fhm BRI FR £ R 7EAH N
MR ETE RN R S R R, RP KT 0.99, XF 8
FhEHNE T2 2 5 B9 LOD \LOQ HEAT A, J7 By
LOD J99.1~42.9 pg/L,LOQ 4 5.2 ~200.0 pg/L,
FIZ T BA R R e R ST, Ak, iz
JiiE Xt 8 B g Wi R £ TR 1Y SF X Bl iR oy
79.6% ~99.3% , M X bR fEIR 25 (RSD,n =3) A
8.0% ~10.7%

42 MSPE-GC-MS Xf 8 Firis S [l 2 £ B A6l A9 2 715 2 \LOD Al LOQ
Tab.2 Linear regression equation, LOD and LOQ of 8 long-chain fatty acid ethyl esters detected by MSPE-GC-MS

- Sl 2k 1] 77 7R RIE/ (ng-L™") [/ RSD/
EVEp¥ R? VIR (mg- L) LOD LOQ % %

1 IR 2T y=0.738 2x —0. 001 8 0.994 3 0.1~10.0 1.1 37.0 99.3 8.5
2 T HER LR y=3.7627x -0.258 6 0.990 8 0.1~50.0 9.1 30.3 97.4 8.6
3 PR 2 TR y=3.8361x -0.263 3 0.9913 0.1~50.0 25.0 83.3 9.6 8.5
4 L kifk £ e y=3.8050x-0.1717 0.996 4 0.1~50.0 13.6 50.0 85.3 8.0
5 W AR 2 g y =0.330 4x +0.050 6 0.998 7 2.0 ~100.0 8.8 29.4 79.6 8.6
6 MR L g y=0.3135x-0.071 1 0.996 2 2.0 ~200.0 1.6 5.2 84.8 8.4
y =4.309 6x —0.0209 0.995 3 0.1~10.0 9.6

7 WEAR £ Pig y=6.283 8x —0.274 4 0.999 0 0.1 ~100.0 27.3 90.9 82.6 10.7
y=6.4529x-1.571 1 0. 996 4 2.0 ~200.0 8.5

8 TV JFRR 2.1 y=1.5288x 0. 043 0.9940 0.2 ~50.0 42.9 200. 0 79.4 8.6
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AR ZWE Y & B, M 2 546.0 ~41 555. 4 pg/L,
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33.3% ~50.0% .
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(RS AR 0 AT 260, 8 b v SRIG  BR 2 R AE LY AN GT
WIRh & A 0 Hp 2 A L R R AR A

Horp IR £ s AW 1 R 20 6 Y vk P de e, 1A 8] 6
218.1 ~26 662. 1 /L, MR TR IR £, B8 &
SRR I EE R R IR O, H
Hi FHOCHH R I, i R IR TR 2 ¥ 7 B 1 V2
PERY RN R L, E % A R I A
T AR P O v R DT R TR RS A e )
A, A, MG S S I R W 1R A A
A U 5 1 HE = IR T R TR 1Y) 2 1
1o PRI, Gn o] 78 2 45 T 1A IXUIA (%) ] B 77 B 3R A1 v
NG IVTIR T XTI A 3ok B 5 ), DT 2 v I B
A AU G A ST N J AR 5 Y A

23 N[E] ST R SR R £ TR 2 TR A S R

Tab.3 Mass concentration of long-chain fatty acid ethyl esters in different brands of Baijiu pne/L
JFo AlESS TNRZE  THRCBE  RHERCE LR WIERCE MR L e TR £ e AERRIR £ B
1 GJG 191.2+£20.9 444.6+0.7 835.1+£34.9 <LOQ 84.3+4.3 10901.6 £1019.8  5126.8 +355.0  341.0+£39.9
2 GJ-1 343.8£9.8  524.5+0.5 1311.217.8 <LOQ 102.7 £2.5 29013.9 +£248. 1 11055.5+290.6  702.7 +44.4
3 GJ-2 ND ND 402.1 0.7 ND 53.6 £0.5 ND <LOQ ND
4 Lz -1 <LOQ ND 492.3 +1.1 ND 65.9£3.0 ND ND ND
5 LZ-2 <LOQ ND 382.4 £0.7 ND 54.6+1.6 18568.4 +1436.9 <LOQ 208.0 £7.4
6 LZ-3 <LOQ ND 486.4+1.3 ND 63.5+0.4 3086.4 £247.5 <LOQ ND
7 LJ 320.3£11.4  498.6+0.5 1620.1+36.4 324.7+2.2 128.1£2.5 26662.1+1103.9  6218.1+212.2 360.5 £21.9
8 GT 354.6 £14.3  499.3+0.7 1561.2+47.3 323.1+1.5 105.1£0.7 23745.9 +881.2 8506.2 +444.3 529.3 £30.9
9 FJ 111.0+8. 4 <LOQ 760.9 9. 1 ND 86.1+0.8 7338.1+338.7 1541.4 £110.5 <LOQ
10 HX 9864.3£21.9 <LOQ 556.2 +0.8 ND 70.1£0.6 ND 220.0£7.6 ND
11 NLS-1 <LOQ <LOQ 528.6 £0.9 ND 67.6 1.0 3401.0+15.5 336.3 £25.4 ND
12 NLS-2 <LOQ <LOQ 441.0+0.9 ND 55.3£0.5 2546.0£103.8 298.9 +18.4 ND
13 GLSH 2946.2 £88.8 445.0+0.3 1505.6+24.6 <LOQ 101.5+1.6 13863.5 +554.9 5204.7£152.4 344.0 £6.0
14 YBS ND ND 267.10.5 ND <L0Q <L0Q <L0Q ND
15 DJ-1 272.0£6.5 500.8+0.3 1030.2+7.9 <LOQ 99.0+0.9 11645.0 +£539.6 3275.8£52.2 307.8 £6.0
16 DJ-2 49.0+3.0 <LOQ 438.0 +0.2 ND <LOQ ND 244.9 £10.5 <LOQ
17 KZJ ND ND ND ND <LOQ <LOQ ND ND
18 STJ 1459.5+£40.2 481.7+0.1 534.6=x1.4 ND 65.01.1 11012.7 £577. 1 411.6 +£14.6 417.1+19.5
19 1Y/ 116.1+5.8 <LOQ 536.6£1.8 ND 64.0+1.9 ND 334.6 £2.3 ND
20 HSLBG-1 ND ND ND ND <LOQ ND ND ND
21 HSLBG-2 498.3+15.6 626.8£0.8 1997.2+68.5 408.0+0.2 200.2 £6. 1 41555.4 £1926.7 855.8 £46.7 657.0 £52.8
22 JGI-1 767.9+£26.3  487.2+1.0 1252.3+20.8 <LOQ 9.6 1.3 15857.8 +949.2 154.1 8.4 ND
23 JGJ-2 1220.3+£52.3 511.5+1.3 2004.3+83.6 329.7 0.3 152.6 £2.9 32633.7 +1868.5 355.1+£20.9 4908.2 +426.7
24 JGJ-3 451.9+6.9 483.0+0.1 894.5+6.3 ND 19954.8 +1234.9 10170.1+282.4 126.6 +3.2 ND
ND Ferm At X R s SR iR £ o

3 5% it

EET%?E&%%E%%E%(F%O;‘ -NH,)
TR HTEA [8] i
E T HIH 8 ﬁmﬁﬂ%ﬂﬁ@ﬁ&@aé@ﬁ%o STIFUR R}

o P T A A B

CRERRW i heahiL

FE pH E B F080 E W2 FfF 700 P o | W o AsF I e O
FUFPE S R B it (B) 45 7 IR AL, e 124
NN 25 mg Fe, 0, —-NH, i BN ARG BE 2 15% vol
B, 845 pH fE 4 7. 0 . NaCl #& B 3 mol/L . W B - i
AFIH] 10 min 38R AS AN 5% 2K R B I3 V0 e W%
V) P AR 20 min J5 A9 REBCHORB0EE, %k
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Accurate Detection of 8 Long-Chain Fatty Acid Ethyl Esters in Baijiu
Based on Magnetic Solid Phase Extraction-Gas Chromatography-Mass

Spectrometry Combined with Isotope Internal Standards

CHEN Xiaoman', LIAN Xudong', YE Siting', AN Mingzhe’, ZHAO Dong’,
ZHENG Jia*>, SUN Xiaotao', DONG Wei' *
(1. Key Laboratory of Brewing Molecular Engineering of China Light Industry/ Beijing Key Laboratory of

Flavor Chemistry, Beijing Technology and Business University , Beijing 100048, China;
2. Wuliangye Group Co. Lid. , Yibin 511500, China)

Abstract ; Long-chain fatty acid ethyl ester is one of the important factors causing the turbidity of Baijiu.
In order to systematically analyze the effect of long-chain fatty acid ethyl ester content in Baijiu and
improve the turbidity issue of Baijiu production, a method using magnetic solid phase extraction of
aminated ferric oxide (Fe;0,-NH,) coupled with gas chromatography-mass spectrometry (GC—-MS) was
established to simultaneously determine 8 long-chain fatty acid ethyl esters in Baijiu. Optimal extraction
conditions were determined by evaluating factors such sample solution pH, ionic strength, adsorbent
amount , adsorption time, desorption solvent type and pH, and desorption time. The results indicated that
the linear relationship between the 8 long-chain fatty acid ethyl esters within their respective mass
concentration ranges was strong, with correlation coefficients (R*) all above 0.99. Detection limits
ranged from 9. 1 pg/L to 42.9 pwg/L, and quantitation limits from 5.2 pg/L to 200. 0 pg/L. Recovery
rates were between 79. 6% and 99. 3% , with a relative standard deviation of 8. 0% to 10. 7% (n =3).
By applying the established method, along with the isotope internal standard approach, the accurate
quantification of 8 long-chain fatty acid ethyl esters in 24 kinds of Baijiu samples with different flavor
types and brands was carried out. Significant variations in types and concentration levels of long-chain
fatty acid ethyl esters were observed, with the detection rate of long-chain fatty acid ethyl esters in sauce-
flavored Baijiu reaching 100% . The method developed in this research was rapid and straightforward,
requiring only a 10 min extraction time, yielding highly sensitive and precise outcomes. It effectively
eliminated the background interference typically associated with conventional liquid-liquid extraction, and

provided a new approach for the accurate detection of long-chain fatty acid ethyl esters in Baijiu.

Keywords: long-chain fatty acid ethyl esters; turbidity ; magnetic solid phase extraction; isotope internal

standard ; Baijiu
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