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Abstract: Selecting a suitable sample preparation method is a significant step prior to chro-
matographic separation and detection. Directly analyzing samples instrumentally is difficult owing
to the complexity of the sample matrix and the trace concentration of analytes. Most sample
preparation methods have disadvantages, including complicated operating procedures, the use of
large amounts of organic solvent, and ease of analyte loss during multistep processes; consequently,
they do not meet the high analytical sample detection requirements of modern industry. The de-
velopment of simple, environmentally friendly, efficient, and rapid preparation methods is a
continuing frontier research area in the analytical chemistry field. Among the many available sample

preparation techniques, in-tube solid-phase microextraction (IT-SPME) is receiving extensive
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attention. IT-SPME enriches the target analytes by extracting them to the inner surface of the
capillary tube, and has been applied to extract various analytes in the environmental and food fields.
IT-SPME is advantageous because it consumes low amounts of organic solvent and capillaries are
mechanical stable; consequently, IT-SPME is a promising sample preparation technique. Magnetic
field has been introduced to the IT-SPME system to further improve extraction efficiency and se-
lectivity, leading to the development of magnetism-enhanced in-tube solid-phase microextraction
(ME-IT-SPME) as a new technology. ME-IT-SPME uses magnetic field to separate and enrich targets,
with different magnetic-field strengths applied to the extraction column during adsorption and elution.
Diamagnetic substances in a paramagnetic medium tend to concentrate in regions where the magnetic
field is weak when an external magnetic field is applied. Target analytes are detected chromato-
graphically following elution. Conditions are optimized and an analytical method is established and
used to detect targets in actual samples, leading to improved extraction sensitivity and precision
compared to those obtained using IT-SPME, including shorter analysis time and superior extraction
efficiency. This paper reviews the applications of ME-IT-SPME technology in combination with
various analytical instruments since its inception in 2012, and analyzes its analysis and detection
advantages. Based on hydrophobic interactions, hydrogen bonding, 7-7 and polarity interactions,
coordination, and other extraction mechanisms with analytes, ME-IT-SPME uses innovative
functional extraction materials, including nanomaterials, monolithic materials, and magnetic hybrid
materials, all of which have high surface areas and numerous adsorption sites. Capillary micro-
extraction columns are prepared using open-tubular capillary, particle-filling capillary, or monolithic
capillaries. Diverse analytes are detected when ME-IT-SPME is combined with chromatograph,
including organic pesticide residues, heavy-metal ions, herbicides, preservatives, and drug mol-
ecules. ME-IT-SPME technology is widely used in the environmental-analysis, food-analysis, and
biomedical fields. Future, ME-IT-SPME technological developments should include: (1) focus on
the reusability and stability of the magnetic extraction material; (2) discovering new extraction
materials that are highly enriching and selective in order to analyze a greater variety of targets; (3)
further innovating ME-IT-SPME technology by combining it with other more-sensitive analytical
methods and considering its use in other fields; (4) connecting different capillaries to simultaneously
enrich a variety of analytes; (5) exploring how the higher magnetic field influences extraction
efficiency by designing new magnetic-field-regulating devices with small thermal interference; (6)
combining the technology with advanced portable analytical instruments to realize real-time target
analysis in the field; (7) exploiting immuno-affinitive extraction tubes that can be used to highly
efficiently and selectively extract biological macromolecular drugs.

Key words: magnetism-enhanced in-tube solid-phase microextraction (ME-IT-SPME) ; sample

preparation; environmental analysis; food analysis; biomedicine analysis; review
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Poly(VA-co-ED) Fe304 nanoparticles

E1 (a)VPED-MCC/MNPs # i #& E"'50(b) MCEN W & & iz @1
Fig.1 (a) Preparation sketch of VPED-MCC/MNPs!"* and (b) polymerization schematic of MCEN!'
VPED-MCC/MNPs: poly (4-vinylpyridine (VP) -co-ethylene dimethacrylate (ED) )-based monolithic capillary column (MCC) contain-
ing magnetic nanoparticles (MNPs) ; MCEN: poly (4-vinylphenylboronic acid (VA)-co-ED) -based monolithic capillary microextraction

column embedded with Fe,O, magnetic nanoparticles; AIBN: 2,2’ -azobis(2-methylpropionitrile ).
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Fig.2 Schematic diagram of raw material and product
structure of PIL-MCC/MNPs!'*
PIL-MCC/MNPs: poly ( 1-allyl-3-methylimidazolium bis ( trifluo-
romethylsulfonyl)imide (AM)-co-ED)-based monolithic capillary
column doped with magnetic nanoparticles.
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Fig. 3 Polymerization schematic of MBCC!
MBCC: poly(4-vinylbenzoic acid (VBA)-co-ED) monolith-based
capillary column.
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Fig. 4 In situ synthesis sketches of (a) TPM@MEC™’ and (b) MBMC™'
TPM@MEC: task specific porous poly (AMI-co-DVB-co-VA) embedded magnetic nanoparticles as microextraction column; MBMC:
poly (VI-co-ED-co-AMI) monolith mingled with Fe,O, nanoparticles; AMI: 1-allyl-3-methylimidazolium bis ( trifluoromethylsulfonyl) im-

ide; DVB: divinylbenzene; VA: 9-vinylanthracene; VI: vinylimidazole.

ST T R SR T DR IR X R 5 v T e A S
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SR LTS HEAT 43 BT G 3 9 AE P DR A B AR
AR L IR — DN
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Moliner-Martinez £ F] H — & 4k 7 1 2% 19
Fe,0, 40 K Ok A o # UM BLH F ME-IT-SPME,
I 5 4045 WA €635 (CLC) - — H% 45 W4 91 K6 T 45 4
T ot IR A MLBE 4R 25 (OPs) . TEAR L Hrh,
ME-IT-SPME i ] T & K # it v OPs B & 4, 3 T
2 A UM RE R X ot i = L TR A B T AR o L
BE 55 5 AT 0 9 5K AR T RSN i w1 AE L e A
B W B0 R B ) v 2 5 B W BRE A7 R S B A SR AR BT,
B P RN EE B0 WA SF B RIS 0 5 R 94%+5% Al
97%+6%,LOD 435~ 50 ng/L F1 10 ng/L, # B %
535 55 i 60% H1 84% , A 1 HLE B T4 AN w1 1k
Fi J15] A IT-SPME fE BH i £ /25 25 BUSCR i R B

Tl B AR S B 2 79 ( SUHLs ) AT = W S B3 0 591 P9 L v
R R BB 1 AR AR MY TRl T A SR R A )
FEARAR  HIERE YA T S dE AR ARG T T A
TR KOG . o T A#< L SUHs, Pang 457 IR
¥ ME-IT-SPME ] T & % SUHs. 7£AXS2 56 H P i
P ) ik T O 24 B3 2 7] A MO P Ay JB v A 1] T 1] 1 %
5B SR /N 1 RS Bl A PR T I A BRI 36.8%
~58.1% $2 70 3] 82.6% ~ 94.5%, 4 F] T SUHs 1Y & 4 .
[A]15} ¥ ME-IT-SPME #1 HPLC-DAD fE£R X , %K
AT HERE S b SUHS #E47 T 1m0 2504 ORI i85 28 B0 4G
W CnE 5) . 7K ARG T SUHSs /9 LOD 4351 ok

0.030 ~ 0.15 wg/L 1 0.30 ~ 1.5 pg/kg, /K FErf SUHs fY
JFR SR 79.5% ~ 114% , 1 HE4E & vh SUHS 191
B [ET 5y 80.6% ~ 117%, F- R A5 1 i 75 B KE 6 1% .
%77 1% It MSPE-HPLC-DAD"™' SPME-HPLC/UV™'
A5 1 D A LI R0 T AR T D R AR L
T3 AE S B K AR A - SR S b ) SUHSs J7 1 2 A R 4F
RIATME o T A SR R A AR A 0 B 5 K A v
R SR RO Y 8% B K OF, Med %4 i T ME-IT-
SPME X MR K e rh R ER R A RCE 5. 126
B B4 35 2% B 1 0 A SR 1 o A A 7 1 AR e 2K B
Y6 256 i 24 VB L6 A7 MR RS RTS8 5 A5 B v R A o e U
it N T AR R b, 5 5% T RE SR T AR RN =R
FBR BTN B PERE R RE R . FE R ST X B AR
(A BURR R 64.8% ~ 99.7% , it 5 T+ IT-SPME (26.4%
~84.9%) ., # ME-IT-SPME 5 HPLC-DAD 728k,
PR BE AT 6 i = e S B 0 R AT R (el 6) , 7K
FEr 6 fh =R 2KBR S5 LOD Al LOQ 4351 0.074
~0.23 wg/L 1 0.24 ~ 0.68 wg/L, [t SPE-HPLC/UV'*"
A7 AT B LOD A BAR, S 1 A ORI A 38 73 B
A Bk 207 A B TR RT3 A SR K
FE L BRAT T = B AR 2 (70.7% ~ 119%) o 45
& WZ A5 0T LA Ty b 7 FH A 0 A 5% K R v R
SRR ELR R
212 E4HBEHTX

Ml B B TR 0 3 ) 0 AN T 4 Ak L ok
MEME SRS TRBEIRE T, EeEE RN
S o NN ety A 7™ B (A g B R . Med 4542
th T H ME-IT-SPME A %5 £ # 4 )& 2 F (HMIs) .
Pt Cu( 1) .Co( 1) F1 Hg( )3 M4 Jmes 715N
I, 5EAH = 3 —mifC & I R Al sy A=
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MEM

¢/ min
E5 BEREBRER (a) REEFEZ(b) IT-SPME, (c) ME-IT-
SPME E & /5 &g E "

Fig. 5 Chromatograms of sulfonylurea herbicides (a) without
enrichment, and after enrichment with (b) IT-SPME
and (c¢) ME-IT-SPME'""]

ME-IT-SPME: magnetism-enhanced in-tube solid-phase micro-
extraction; THM: thifensulfuron methyl; MEM: metsulfuron
methyl; CHS: chlorsulfuron; PRS: prosulfuron; TRM: triflulsul-
furon methyl.

ISmAU

Signal

¢/ min
Bl6 6M=BEREFNE(a)EEFMEZ (b)IT-SPME, (c) ME-
IT-SPME = £ /5 & it B

Fig. 6 Chromatograms of six triazine herbicides (a) be-
fore enrichment, and after enrichment with (b) IT-

SPME and (c¢) ME-IT-SPME'*"
SIM: simazine; ATO: atraton; ATZ: atrazine; TEM: terbume-

ton; PRO: prometryne; TET: trietazine.

4 T A A A 1 LA 2 35 BT i 2R il 42 JE
B LA SR MBS HE T AT AR B Y R
A AR FE AT VA VE A B4, DA A1) 2 B 500 5 4
Bl &Pl B-N FCAE AU 460 R HPLC-DAD
FE 2% R I % 5 e A% U Rl 14 OG5 S 80T T 140
5, BT HAMEH 7-m VEH B-N B R, 260
W0 0 0 B ok 2 it im0 37 1 A BUBCRN 47% ~ 65% Fi
= E) 67% ~ 89%, I 440 T A T[] . & () ME-IT-
SPME 5 HPLC-DAD 7E£& 15k J7 12 0 H] T R B5E K Fl
T 77 i HMIs (990 7€ , K+ b HMIs 1) LOD {4
0.004 3 ~ 0.035 wg/L, i 7= fh FE 5 o LOD {H 4 0.69 ~
4.9 wg/kg. %I LOD {H LR 28 - J5 F I 0O

775 (LLE-AAS) ™ Zr 0l #6 L (DLLE ) -HPLC-UV™>
SEAGE 7 AR ks BIeR S LLE-AAS™ MSPE-
FL IR £ 55 B AR IS R 635 7L (ICP-AES) 45 J
4% . ME-IT-SPME 5 HPLC-DAD £ £ X H , A
AT T IR T ELAR T o0 BT I R ORG  E
PRt 32 5 I AN L) o7 FH T A T B B 7K R o o 4 )
B RER R Tk A A T 4R A
Dt P A T R i) S

Pang %" }% ME-IT-SPME 5 HPLC-DAD 7£
R AR T — MR R I R T, A T
TS A B R AR B Ce () AT Cre( VL) 43531
L5 g e a0 24 TR £ (APD) i A B i B A
LA e Cr(I)/APD A1 Cr( VI)/APD $u g AT
MLE&BERAY. APD WS HEENMNSHET,A
S B -1 B A R R B K P AT KT AR RVE Y BT
ko 7E B 40 R A A5 T 58 2% MNPs 9 5 fR £
TR [ R R A SRRSO A6 45 A1 9 B 1l 2 T L {8 A WL I
Ak WG 3k i v e in A ] 58 5 AN O [l RS . T 5
TEYN % 52T 52 M 26 UME RE A0 45 Fh R IR 36, S0 00 &5
RS Cr(11)/APD 1 Cr( VI)/APD K% Bt
BBy B R 80.4% Fl 86.2% (WM& 7). TEMLAL S
T KL S Y 0K H R R 0.002 0~ 0.005 9
pg/L, -3 A W ey &t Ry 0.057 ~ 0.47
we/kg. ZTE LB 7 e MSPE- K JE 1 7 ok
1% (FAAS)""  SPE-ICP/MS"™ 4 B iR 8 i 7 i, A
BLVE RIS FE 00 /0 B T i R . B KA
A HERE S PR R Cr( I A1 Cr( VI §9 A R 4G
T SIE B 7T A A% T S A 2R o AT O Tk I AT
S M

[ 15 mAU
Cr(VI)/APD

Signal

T ==

Cr(Il)/APD

t/ min
&7 Cr(VI)/APD #0 Cr ( Il )/APD 7£ (a) & £ B #0 & (b) IT-
SPME. (c)ME-IT-SPME & £ /5 ity & i [ [1*)

Fig. 7 Chromatograms of Cr( VI )/APD and Cr (1l )/APD (a)
before enrichment, and after enrichment with (b)
IT-SPME and (¢) ME-IT-SPME**!

APD: ammonium pyrrolidine dithiocarbamate.
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RTINS R R M 0 BT IR B K AR R
i Hg JEA4, Song 5 7E BN IR Hl % TR T8
7% Fe,0, NPs ¥ {AH:(TSM@Fe,0,/CMC) , /£ ME-
IT-SPME (1% W B 551, LA & 4 0 il i 4 5 XU i i A6 P
WEAYRRM ., AV HEHFEN N 7
LW BER A A T R AR B R e S A A
I, W o 5510 15 2 A W =2 T A R e 7 A 1 R - A
AEAEH 5 H 455 S0 - HERUWE ) B-N it
MEMfEEESRPLETESEEH. BEWEMN
PR ) T A P A A R S I DX, AE AR T
W Bt fin i 37 mT LA R 2 0 10 2 BUBCRMN 48.5% ~
75.3% 42 1 #1 69.9% ~ 94.4%., K, 78 2K B Bt
WA R TORESYNE £, AN ERSET,
¥ ME-IT-SPME 5 HPLC-DAD 74886, 5290 T ¥
Bk i MR R IE B I HER 0T . RESS WY LOD
{54 0.006 7 ~ 0.016 wg/L. % J5 %t DLLME-HPLC/
DAD'*' MSPE-HPLC-ICP/MS'" /45 77 b A5 HLYA FI 1 #E
w0, HEe a0, Frig il iy ME-IT-SPME 5
HPLC-DAD £ £ 156 FH 7 i ml LIAE Sy — B nl 547 /i &
F18) SR S SFE ARG DN K R LAt 2 B P IR B R B S .

Song %" ¥% ME-IT-SPME 7 £ Bk JI] HPLC-
DAD i FHE KK F CoC 1) A1 Ni 11 ) 4 & 4 43
Bro CoCID) AN NiC I ) 5 & A 3= & Be A I+ F1 56 5k
AR P A B A 9] 4-(2-NH e 4 480 8] % 5 (PAR)
R A P S B A VLR A Y . e R T HA
PUHEPE LG AL 0 3% 4 1 R0 5% A1 SRR ) E R L
R AR T A5 0 0 Ak 2 PR T, S B s T VA RIS A
T IR I 5 A (4 20 -3 3 Ik el Y G0 R R A M
RA IR Ak, il 25 T 8 2% Fe,0, 94K kL 1 e 14
FE(MCN) . £ MCN (1 Ji] [l 4 28 7 A= W] 25 8 3 1)
J14: 18 , FH T Co-PAR #I Ni-PAR % & W Y 5 2% %%
Bl 8) o 3l & ft Ak it A U FE S pH A5 AR T
SRR BN T AR SRR T RE .
e M AH BAE T L EC AL AFE 48, ME-IT-SPME X} Co-
PAR F1 Ni-PAR 9 # I &L R 4 5 91.7% Al
70.9%, = T IT-SPME (Co-PAR ) #% HU % & K
52.2%, Ni-PAR 1Y 2 BURL 3 48.4%) , 78 43 ik W] 7
W2 6 R0 58 158 B B vt fn % 37 W] LA R 3 4 S % Co-PAR
Fl Ni-PAR 1Y % Bk % o ¥ 4 37 (1) ME-IT-SPME-
HPLC-DAD £ £& 5k FH J5 i i T 7K i1 7K oK P
Hr Co( 1) AN NiC I1) 1y & s A I, Co( 11 ) A1 NiC 1T )
f) LOD 4 0.06 ~ 0.14 wg/L, A% 7 05 %k 81.4% ~
118%,RSD 1 2.0% ~ 9.7%. 5 E4RiE M) ik,

% AE 22 8% J5 ¥ [k SPME-HPLC/UV®' 43 B [# #H
ZHU(DSPE)-HPLC-DAD"" 45 J5 i (¥ A iy 2 0 g
B Y 4 5 /0, He SPME-ICP/MS™™ 46 5 12 43 #r i
() B, SRR T

Sample e

i

Eluting 3 4
solvent S Eluent  Magnetic
4—/— - — coil

Detection £
SR

Eluent * -
==

AR |

HPLC/DAD analysis

B8 F %K ME-IT-SPME & % R =B
Fig. 8 Schematic of the developed ME-IT-SPME system'*"
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ME-IT-SPME L 9% 1] T & % 40t R 52 b i A
ML BT A8 LA W (OTCs) 1Rl — Fliife
R e (0 A AILAT 705 G ), 38 2ok R Mk A2 I 2F A R OK
A XoF A R0 N S i R A R W o R T S BR A OK
Song %> F| i ME-IT-SPME 5 HPLC-DAD 7F £
I5¢ FH 5 v 6 KRR RV 77 IR B OTCs #4773 17 .
BT - A - VR B AV A W B A
eI B Bt hn 5 3 , f# OTCs 14 25 BURL R I\ 48.0%
~77.0% 2 75 #) 84.2% ~ 99.7%, ik — A L T A HL
BRI (AR 9) . FERAR AT, i ME-
IT-SPME Bt | HPLC, 45 & 26K I (FD) , & 57 1
XF OTCs (1 R . A 2 & &t vk o KK FNEE ™ i
OTCs ) LOD {A 43 %4 0.003 0~ 1.5 pg/L F1 0.71
~ 14 pg/kg, ibr NN 80.2% ~ 116%, # & £ R
4 (RSD /N F 10%) . %77 ¥ [t DLLME-HPLC-MS/
MS™ | SPE-GC-ICP/MS™“ 45 Jy i #f 5 & 70, It
LLE-GC-MS'“" | SPE-HPLC-FD"** 4 J7 1 45 Hl 1% %I
A AR . PR g 37 i fE e el O vk B
P AR 7 BRI A 8 A G A % R S, T K AR g
7 S AR R i OTCs A Y B 4 e % . Bl
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FVIMTEAE AN 3E im0 2 34 (TEL) 1E S — Ff
ELA 8 PR R B0 R A LA B S Y aE O A
o i A2 BE B B BE o, 7 A N R . Song
906 ME-IT-SPME 7528 5% Tl HPLC-DAD (143 %
Ko U 75 2 FH T 43 B 52 B K B v g TEL; A 10 7T
VLA, 76 W B R0 vk B ik A2 oo n #% 3 A B T X
TEL ik £ & 4, 5 T H, 2 IR 42 5
T 52%. TEMLAR S5 F BT & 57 ) ME-IT-SPME
5 HPLC-DAD 7t £ 3K JH J7 ¥4 0 A 2k /K L K Fn
K PE v IR & TEL, 75 2] 7 0 2 0 45 58, K ke
TEL /i) LOD & 0.082 wg/L,RSD 4 6.3% ~ 8.5%, £k
PE S Bl 0.3 ~ 300 we/L, J A% 181 0 %y 80.6% ~
95.0%. ME-IT-SPME 5 HPLC-DAD 7 £& Bt JH] )5 v
S HERA AT EE | B Ak Hb A T KR R At S 4
JE A R i TEL 3248 T/ J1 8 R 5.

TPhT
DPhT
30V
=
&
& TBT
c
b
._\,_.________\_./_/M a
MR R B N R R L N T
0 1 2 3 4 5 6 7
1/ min

B9 HENHBUYE (a) E KB FZE (b) IT-SPME, (c) ME-IT-
SPME & & 5 1 2 it & (2"
Fig.9 Chromatograms of organotin compounds (a) before
enrichment, and after enrichment with (b) IT-
SPME and (¢) ME-IT-SPME™”’
DPhT: diphenyl tin; TBT: tributyl tin; TPhT: triphenyltin.

214 HMIFFET L

Mei 2" F] Jf ME-IT-SPME 5 HPLC-DAD 7E
LRI 7 2o A K RE R 6 Bl OME S BT 2 R B 40
&+ (VPED-MCC/MNPs) # it & 7 7t ¥F i i ] 22
WA RGP N R . BF9R % 48 T G i R A A
R 2 RS 0 35 J56 3t o 45 PR 3R 6T ME-IT-SPME 1% fig 11
SR . NG S H bR 53 AT FE R R 70%
~ 100%, B i = T IT-SPME 15 3] {1 4% B % (30%
~ 65%) , AR 4f- 1 UE B T AE A IR B in G o) LA
A0 HbL B v AR AR . KR A I O N T
KRR R K M R BRI AR AR TR B Y

TEL

Signal
Y
N
L
//C
L[
[ ]
[
i
o

t/ min
E10 MZE%%E (a) E & B HME (b) IT-SPME, (c) ME-IT-
SPME & £ /5 i & i &+
Fig. 10 Chromatograms of tetraethyllead (TEL) (a) be-
fore enrichment, and after enrichment with (b)
IT-SPME and (c¢) ME-IT-SPME*!

£ P95 Bl (0.50 ~ 200 wg/L) | #5f1 #Y 6 Hi BR (0.06 ~
0.25 pg/L) i 2 A A (1R (78.5% ~ 121%) .

AL 5 A B G 71 2 — 2 HL AT iR WU 5 A R AR
FH B Ak a8 R0 o AL (5 ) e kL 5 Ak
L, FZ 28 oA Soms v ol A e R B
N R B KA 5 & T AMTMER. BT
TR M B 43 S KR R B AT BIL SR A1 B I R, Mei
SEITE R T G S SR A O A SRR LA AR R
HL 52 A0 B W95 58], I X5 5 i 25 BRI 1 G 37 5 8 LT
A B R BUR B R 5 R S R JE AT 4w
fbo RS BT RS DI VE R B K A0 B4R
M - VR CERE AR - AR AR AR, S RlCA L
2 155 G 351 B 2K UK N 44.0% ~ 100% , 128 5 T IT-
SPME 1Y # Bk % (11.3% ~ 62.4%) ,LOD {& Jy 0.04
~0.26 wg/L,LOQ H 0.12 ~ 0.87 pwg/L, £ P3G Bl N
0.25 ~200.0 pg/L, RSD ¥J /N F 10%. 1% J7 i b
SPME-HPLC-UV'"* | ¥ i i % B (SDME ) -HPLC-
UV 45 7 43 M i 8] 38 %5, LOD {H b DLLME-GC-
MS"“ % T iz 38 1 7 Wk AL . B JF & 1Y ME-IT-
SPME-HPLC-DAD 7£ £k 15 H J7 vk AR 9y v H T 3F 5
KA TR R AL SR A B R A A T, O 3R T A A
P=NINESE SN

Luo %V Yk % F ME-IT-SPME & £ 7K £
M JC AL (Se) o ¥ A BLTE A 95 B 44 P 1B 22w v
Fe,0, 40 K kL it % & 41/ 4 ME-IT-SPME 1 [5 #H
TR RS, T ] 2 58 s 24 Rl LA (6 7 WA ST R 58 Mt B B
MG o R T T R O A D B B AR
AN Y R, Se (V) 542K — it (OPA) I o7 )&
A WP REYE B AR A o BT B R A 9 TR
R A8 A% -1 A% VE T O B-N A Lo A R 7
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W Bt 2ot A% H it g 3% A B T Se(IV ) -OPA B & 911y
B, 2 BURCR N 83% H 7 ) 97%. 1R AL &1
T, ¥ ME-IT-SPME 7£ £ 1k 1] HPLC-DAD X ¥f 5
JKEE Y Se(IV) Al Se( VI #EAT K o 78 7 FH 57
75 35 Z 00, K Se( VD) B JF R Se(IV) , 22 2 A
Ml Se, 3R Wi k115 Se (VL) #il Se(IV ) i & £ .
Se( V)R HIFR & 0.012 weg/L, 18 i3k % S2 b K ke rp
Se(IV) A1 Se (VL) (I 5 , 56 UE T 3% J7 15 14 Al HE 1
RSD /T 9%, findr MW h 81.1% ~ 116%., HEW] T
IZAE WX KR Se AT e B MU RE ) o 1%
16 28 B¢ 7 1% b DLLE- g #4501 0% i o 3%
(ETAAS)"“"'  MSPE-ETAAS"* % J5 vk 2k ¥ 5 Bl o7
Yi, FUAE SRR B AR T R 28 IRiE
oo DRI, BT 4R H0 A0 AR 207 1k R AR R DU o KT
) Se (IV ) Fl Se ( VI) 48 fit T — Bh 28 ¥ H faj 8 (1)
Wz

ZE B TIR  WE G SR A PN [ AR RO R O AR
o I R B AR b A 2 BRFOR L EE AR B T O ME L
2 AN BRS04 2 R 2R 4y B ) 4R
HET R A SRS AT DLE — D s A M AR S
FH T 5 257 B 0 0 e 20 4 o O R pR o R
AL A1 FE R R . ¥ ME-IT-SPME
S5 S S i A AL RS IR 4 L T R A
B 15 Y i B 37 SR R I o U/ R B TR
T, 2k ME-IT-SPME 5 50K 6 19 43 A7 A3 85 B¢ %
T 7K R i AT R R
22 BEmama

ERRABZOE T EREMNNS R, BEFE
FEAAFS N A M ZeRE . R
F AT DL 22 B i AR K A7 b R AR BT, I KR
SORF e IR (ERp e B NORU R R R A SO DN L il - X
W5, ELE A P e T R TR A B K
o XL SR B AR A S S Dy MR AR PR
R R R ARG TN . AE A3 B A T 4
62 5 3N {1 L1 O Rl SR = ST A =B S O R S U
oy TR K, HAR 5 Hr 4 & w3, X ME-IT-
SPME 7t £k % Jil HPLC \LC-MS % 43 H7 75 12 1 M fiit
PEAT OGB4 T R I 1] AT ) T A

193 iR (PAs ) & AE 0 U A= AR 9 7= 1, DR L AR
T v B B R R0 A7 B AR RO T . ok B TR
IS JRAE o BRI AR B R [ AR R
P TR R AE AR B R X PAs (O ZEBOME B R4,
S B IRBARANAEAE FE I Tide e 25 K IUCRAR A

Bl o I, 51 E Ak AR A A U 3R T A AT
KRS TR PAs 140 % . Chen %" JF % T ME-
IT-SPME F T 5L 7 v iy 2 25 ) o 1) & 3 43 A o At AT]
TEBE F il £ T H#A Fe,0, NPs [t 58 (1-%4 4 3-3-
FH R R X = 90 R it O S e - £, — B Y SR N R TR TR )
HAKFE(MCC@Fe,0,) , iz 2 Ut Fl 1 X B R 2 )
JO ) AE I, K5 ) 2 ROCHE BB 1Y) 45 B S 8E T T 3
W SALAL , 31 F HPLC-DAD X & i v 4 746
S5 SR WY, 76 82 B A0 35 5t B9y B3 e it o 2 3 05 43 BT ) 1
LM 44.9% ~ 64.0% 12555 78.6% ~ 87.1%, Hi /K
YEH] VRS - AHELAE T AR - BB B A 2 ] 412
T PAs MR AR IR T A BUPERE IR T RAFIY R
g . ERAEREIZEM T PAs [ LOD 2 0.012 ~
0.061 wg/L. % J5 i TRyt 5 Flo o i 04 [m] s
FE K, AR B R 80.1% ~ 116%, RSD iy 1.9%
~9.8%, . SPME-GC-MS*'45 UL i3 1) K 2 07 14
DA R R TR T 8 AN O I W N P N A B
R[] ME-IT-SPME J2& 42 & PAs 785 1 FUH A &2
it AR BRI A SO 75 . Med 855 36 T # MAhE 1)
T 3% 9 45 TN T80 A 46 L5 HPLC-DAD 7EZRHK ], R
FHAB 2 B PE A0 KR 1 B K B 40 A8 A A Sy R 4 1 [
AR JRUAET | o7 ] T D00 7 40 2 Y e ok 0 R R T R il 26
G, BiKVER - AHEAE RGO VE 2L TR
PR T MR B . FER AR BURAE T, 43 BT W) 0 28 IO %
h 81.2% ~ 88.2%. M 1% 7 i i FH T4 48 T A o RK
FErp X R B R W R R 2610 G W 0 20 B, 0 TE AR rh
X R PR ERZE AL G Y19 LOD 2 0.019 ~ 0.051 pg/
L,LOQ & 0.062 ~ 0.17 pwg/L, £ 75 Fl & 0.10 ~ 200
wg/L, IAR T3 86.9% ~ 108%., 7K FE i X ¥ JL 2
% g 251k & 97 9 LOD 4 0.010 ~ 0.026 wg/L, £kt
U 4 0.05 ~ 200 pg/L. % J5 ¥ 19 LOD {H b 2 ikl
R 43 7 vk BRI, A A B D B e Y L S5 SRR iR
T B PR R AR S R R R R i 2
ae /LRS- iRl

R T E B e A S R R L R VB R
Song %' | j§ ME-IT-SPME 5 HPLC-DAD 7 £
WH T EEEMIRE VIES ., 5HML AR
Fo, %A 2 U 2R (EDTA) AL E A 5 =
AR H & A S AMEUBIE A 8 1T DA IR A AR
5V P AL . BT DL R A S A B B 25 A R
EDTA 5 V(IV)#1 VOV ) E G T8 Wi B AT 48 AU
MPCHEER AL S . AL ST K T
) ME-IT-SPME 5 HPLC-DAD 1& 28 Bk F J7 1 % ik
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SEMUKFE S IR B VIR ST T o KRR ISR 3R
B VIIV)-EDTA \V( V)-EDTA # LOD 434 Ky
0.054 ~ 0.060 wg/L Fl 1.4 ~ 1.5 pg/kg, fkx [ 4 %
I35 K 82.5% ~ 110% £ 83.8% ~ 118%, £k 1 15 [l 43
WA 0.2 ~ 300 pg/L Fl 5~5 000 wg/kg. %1 2k Bk
FH J5 ¥ b DLLME-UV/Vis'* | DLLME-ETAAS"* 4
B 238 1) 7 1 E R MLV TR T D R
EEL . KA EAFEERN NLO BT, W
Wbk A 2 548 G0 iy O Al N R 77 4R
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