55174 5613 ) B 2 4 o iR A A Vol. 17 No. 13
2026 47 H Journal of Food Safety & Quality Jul., 2026

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20260122002

SIAMEE: AR, fLUE, B, 55, & IR i i i b SRR I HOROF S BRI (0], £ hh & A BT R R DN 274, 2026,
17(13): 78-89.

Zhao Yifan, Kong Cong, Yang Guangxin, et al. Research progress in sample pretreatment and analytical techniques for arsenic
in edible oils and fats [J]. Journal of Food Safety & Quality, 2026, 17(13): 78-89. (in Chinese with English abstract).

£ AR B e BERESNEAC R 58 2 i

REALY L B e, £ om R E3 vl #ERA!

(1. PEKZRAEVFE BRI, B 200090; 2. KIEFVERFRMRE S TR%E, X% 116023,
3. TR RIS, KiE 116023)

7/

W OE: MR LA EYE, AR E NS, RTRES A B SR E T RE I, TRtk [ P AE
HEMAIES 1 K808, 5IR T T2 %0F . BT AR AR R LTRSS 8 A A U A Qi
FEE RIS S, YR R A S G i XU PEAL AR U N R AR A SO SR B R G i 43 28 R LA
P i) FEORTIEAT T FiEl, S S SRR T AR A A I R R S AL SR R 5 AR A B i W AT A R B A
PR . FERE SR AT A ERE AR Ty 18, ASSCRAEE TG OB I A% . WORAE L, BAHZE IS ROR, JRERIT T 41 Xl AR
SRR AR | B AL TR ORI R i, AT R LR B o SR AR (4 10 RV ) o ZE ARSI Ay 1, AR SR He
TIRFHEIEH AR i A 55 B TR | (i I T A5 R 3 PR S P RB IR S, AR T AT TR
WFTE S AT A AT AT o BB, A SCEEE T I ST S W T I (9 o) 5 Bk, IR ol sk x0T 2R i I 5%
AT TSR, IEERE A& F s T e TS e DF S 4R T 2R S5 T X

KR AR, MBS ATALIE T R g

hE %S TS22 CEKIRAIED: A NEHS: 2095-0381(2026)13-0078-12

Research progress in pretreatment and analytical techniques for arsenic in
edible oils and fats

ZHAO Yi-Fan'?, KONG Cong'", YANG Guang-Xin', WANG Peng', CHI Hai’,
SHEN Xiao-Sheng', FAN Cheng-Qi'
(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;

2. College of Food Science and Engineering, Dalian Ocean University, Dalian 116023, China;
3. Liaoning Ocean and Fisheries Science Research Institute, Dalian 116023, China)

ABSTRACT: Arsenic, a common hazardous substance, exhibits significant neurotoxicity and may induce
dysfunction in the liver, kidneys and other organs. Consequently, it has been classified as a group I carcinogen by the

International Agency for Research on Cancer, drawing widespread attention. Given that arsenic species in edible oils
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display varying toxicities during environmental migration and biological metabolism, the risk assessment of arsenic
contamination in edible oils and fats becomes particularly complex. This paper initially outlined the classification of
edible oils and the primary sources of arsenic contamination. Subsequently, it focused on reviewing the research
progress and latest achievements in sample pretreatment techniques and instrumental analytical techniques for arsenic
analysis and detection. Regarding sample pretreatment techniques, the paper summarized traditional methods such as
microwave digestion, liquid-liquid extraction and solid-phase extraction, and discussed optimization measures for
addressing challenges posed by the high viscosity and high organic content of oil matrices, as well as the potential
applications of novel materials for adsorption and enrichment. In terms of detection techniques, the paper compared
the applicability and performance of atomic fluorescence spectrometry with inductively coupled plasma mass
spectrometry and chromatography-based methods, highlighted their respective feasibility in total arsenic
determination and speciation analysis. Finally, this paper summarized the current challenges and issues in this field
and providing an outlook on future research directions in response to these prominent problems, aiming to offer
valuable references and insights for the study of arsenic contamination in edible oils.
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Fig.1 Structural formulas of 6 kinds of common forms of arsenic
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2.1 FHLER. BHRSHEE

AR AR TS PR IR T — e R B
BAAAEIEAS, (R A PR OR W ) 10 2 I AN BEAN Hh V5 e St U fei
FHEWT, MINZRG F I BRI R PE . S5 AR
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FRTWCH TS AL PR , S5 ICP-MS HEFTINE, RA ke i FR
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Lau %1208 Zheng (778, [EEEA 1:1 FELOK(V: )M
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4385 As(Ill). As(V). DMA. MMA ., AsB DI K 3 Fisgiffiby i,
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Table 1 Comparison of different pretreatment methods for arsenic in edible oils and fats
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FE AR I Hir#) AR PRy 7 BRI a5l EZPUN
/(nglkg) %
b 928
F 1 e ﬁggm Bl B AEHL i ] 0.6 84.4 [41]
L2 pR i T T o TH TR+l S AL 92~102 [42]
THAS KT S TR i fie TH & fifR-+id A AL & 0.026~1.291  83.81~111.00 [42]
£ IS Mgiﬁ i Bh AL HL Tl e+ FH 2 0.008~0.024 >92 [43]
{7 4] LA CistE [ A 4 B 50% H 2 0.1~0.2 88.9~106.3 [44]
i LA R 7 i TH RERIER 85~100 [45]
4 4]
i BICHLE ﬁﬁ;§1 ] 2 B PHB-PDMAEMA-Gd,05-NPs 0.02 96.0~98.5 [46]

T ARAHLNE.

sl B A TR ) A Tl R, AN S A 2R 15 A sgf T S PR A
W, Ni SR PR AR R VE SR SR IR R, 38 1od 168 70 8 B 25
AR v o s R, 454G SR A - IR T IOLE
¥ (hydride generation atomic fluorescence spectrometry,
HG-AFS)#ATIE, R RA 0.6 pgkg, Hbxlalii
N 84.4%~105%, STHUNE-ICP-MS HYIE &5 R A R
U3tk XSER A IO AR EAREAXS R A R
PR, @A TR AT R A SR A, (HE A i
ISR — A G R T i o

232 EMFRHAK

[ AR ZE R AR TR, W RNEFE D, BN
Bi . B AR AR YRR PR R MR AR B 2T A
SRR DL eSiZ7oy -/ e it i W N S S TR R
ME, HIAL B AR L KRR BTMERERR . A G AR A R AR
AR T RN, KA R Tk | IR EOK 5
AKPERERT b, & VX R AR AR R B AT 4

Ali B 5 T — R B S AL K IURLAS # 1 T R
BiFBA e —2R -3 L T IR IR - FH BE TN R — PP L 38 5 TR,
FHVESR IR il v ST HUBH 10 525 W50 o 308 2o ) P 7 3
A F ol 525 W B R T A 1 B A e i R 2 53 03B, R
SFECE AR R R, SR A5 S K A -AAS TIE
i, RN AR R, WA TR 128, I R TE
96.0%~98.5%, I HAGLSEII I ERE. Mester F5ET
[F AH U J2 27 Y —3R — W i St/ 20 1 0 o A P Ay
W B AR, SR ARGICAE IS TCP-MS 56 FHHARI S E i,
ZEARED) USRS E AR — 2, R ITHER
PER AT, Villafafie 55P05E 18 & B —FhHEH Fes0, BEMERFIE
5 ZBERRANARAE T RS S BB, XA v e i
FYEFEPEI I, IR B3R 96%~104%

AR BN LA S B 5T, (H 2 A P 12 W o 5
MBctt, AT BT S A S LIRS AT R R b
AbPRAT ARG A S R S o TTAR A IRCEE AR T3l i rh i 7
(R IR AL TERZR Y BE, & REAS A AN [ i W B 500 %o H A

it AT s SRR Ak, 185 R ORI T ik R
FH, DT 5 7 1 O BE AR BE o SR ORBIF 5 10 S 00 X4l
A SR RS A R T 2 5 0

3 HBE RV

3.1 MESSS

a0 [R5 43 5 )5 43 3 43 B, T AR ofi b 3
B S R RS A2 et . ik B R mIE S fr
MBS 22—, A WA g R s
% (ion chromatography, IC).
3.1.1 mAREEL

VRORH € 1k 1 o3 R, R R AR S R A Ay
[ 78 A FR R BN A =2 (0] 43 B R B R], DT SE 3045 4 4
PR 8 o XTIk BRI 2, ARl L,
& HATHIE A T h i s R 22— iy
ICP-MS. AFS 3 Z S B s ik M 2556, SRR 0N &t
MBI =, ZOEA U SRR, s
FeEet, H AT C e RE S A SRR S R AS ) T
TR, ESBRFFEH, Schmeisser 5P| ] HPLC F
ICP-MS BX 04 7 20X 10 FlvkEL £y v e fig 25 s k47 2347,
MR T R AR T 2 TR E . SR SMRIE, T
SRS R B E = ORI LR A S AR, JER T
BT AERR AR R S Y . Narukawa P8R C g
FE, Sia BT LR, AR a
JH e JOAILA A LR 1 00 8, AN TR B BT
HE BT 434, LA 7 52 2= 0 O 5T b (R B 40 B 2 b B A
Yy J1 o Bodur ZEPHE OR3-S sh Ak %
Az - F RO 2 GEil i e i LB RS, As(LIDY)
G B 2.86 pe/kg, B 9.52 pg/kg. BATHA IS
THEBRBARY, L 6 FRIERSTF, (RIFRLEI 8
B R B £ e T A, FRRUER] T HPLC 7ERUEZS 4t
FRgRaEYE . SEYE. HPLC #531E & T ARtk B 55k



%5 13 3]

BCRPL, 55 £ TR AR HH B iy Ak BRI 1 A5 a2t 83

PEMIES IR G o8, HoRME . ik RE, ALK S T
1o R BB DN i 4t P R B 2 A g Bl
312 BT &k

IC DAESFac4 RO R BT, RBAS 200 AN RTE S
R A, JUHGE ST L8 FRCHLa, LUK
MMA . DMA S5 /KIEPEA PR 08T o 207 12 5A7 73 e
L TR R EIMEAF AR, HBTTERREK .
A BRIOR S5 Z AR FR Pz .

Kannamkumarath ZE045 1C-MS HAXH bk . #A17.
SR | FA A AN TR RS R SR SR HUY) b RO RIE S AT OHA
- QL VIRG . 8 T/REEIEA, HIF
BT EIE st 4 MBS, R BUMIERE M As(TIT)
L As(V)JE FE AR, TR T IC 76854
S HF R IRIA . Chu 29146 1C 1 ICP-MS A, Tl & AR
Bz (pH=8)FE L VML, TERERIRINSZEL T 6 FRIE Ak
Loy, ALK T BRHERAE 0.008~0.024 ng/mL 2 [f],
HARENREE . AN, Hoyne ZEPIERxihi= fithKig
PIFh A REah, OLAL TEREUS 408 S5, SR pH=10.5
MITRIR BRI, SEBL AsB. DMA |, MMA | As(Il), As(V) 5
RIS I R A7, HoE RS54 0.59 mg/kg (AsB).
0.10 mg/kg (DMA). 0.12 mg/kg [As(1I)]. 0.07 mg/kg (MMA)
F10.10 mg/kg [As(V)], X —Z5R R, 1C £ T K™ f3k
Jit FP R SR REAS DRI ECAF O 70 B PR RE © 1C 19 2 s A
o S A g xR T DR o B, REBIE A T AR
TRy 32 B3 A FR B 1A A AR SR R, SR
RO SE R B 5 S B RO
3.2 ENEAR

WARRES AP Ot . BB JERTT IR, BT
TR AR B AR (938 PR ET, AR R R R U X — Wi
b, EEZEGIERTTIRAE Sy . FEA AL BE N . RS
HBR L BRI | SRR BAS LA R S 0 P P 25 PR 3Rk
LAV

T RE UL LGRS TR F ARG I AR, AR S
A ok BT R PP LR SR RIS DB AR o 52
Ry, SRR E W] 58 A TH AR AR b, B S R AR
T % Ot i (hydride
spectrometry, HG-AFS). 1 #§7JiF W '% 11% 1 (graphite
furnace atomic absorption spectrophotometry, GF-AAS)m #
ICP-MS %5 J5 i #EA 728 i, WA 73 7 2 e FBORH 3%
B IC Kebr il T B S 20 ok, SRS FIAH B 4G
fr iR, A RESEUE HEAUE BT, W RLbRE T
HAL T VR A | SEPR AT BRI DL R AG D 45 R AT e,
A H WA IR S T A RO R TE B 24miE
A | IR A E R DL BEMERE S UE T TR HA BRI
A TRABET AR s U o b AR . S g i, A
MR SO HMRE, T BSOS, A

generation atomic fluorescence

BAMBOE 25 43 st n] DL EHAGI, # A AAS | AFS,
ICP-MS &5, JXSET kBRI | o BETR, mT LG 12 il
i v S A PRSEAGI T 5K

X FRIEA R o, WH 2456 @ik s iR,
SR AN B A TR A . FLRT, )iz N TR
&0 BT I EE I T HOR TS 45 S RO 65 -0k
Y6 3% ¥ (high performance liquid chromatography-atomic
fluorescence spectrometry, HPLC-AFS) ., 12 R AH 2,33 - i, J%
WA % B 7 IR BT 3% ¥ (high performance liquid
chromatography-inductively coupled plasma mass
spectrometry, HPLC-ICP-MS) A & ¥ #H {8 1% - i 3% 3% (high
performance liquid chromatography-mass spectrometry,
HPLC-MS)35 . I 5 v e H (0 i 2 B ) 43 1 18 1 S5 56
R R B L PR A FRARSEOL A Ik
REGE A RX I A RIBIE RS, PUELmT THiaE Jyom, JoHEE
TR A5 2R IR PR & R SRR S R AT SR A, A
TP B A R 2 7 KU AR L T OGS AR SR
3.2.1 HG-AFS

HG-AFS i@ i i fb B A S I 2k, X, il
SE ] AR ALY T R BT R R A R R, 2K
€ GB 5009.11—2024 (£ ih %4 [E o5 hRE £ Bl &
TCHLIH I A ) RARETERIBR T, FEAR Y 0 S B A
ez o

WITERAGR N, G IBAAX AR . B, H
T 2L BRR BT IR S G AT A R IR 2 B AT 4R
TR S OUR T K AL BT AL BESS A HG-AFS Kl iyt
AR, AR TSR IEE] 100.0%~106.0%, 1 1.0~10.0 pg/L
TWHINZMEC R REF, KRy 1.0 pg/L.

R S ARSI SN, HG-AFS 5 @5HH]E ol 4 i 26T
BOHT . AN ISR . HPLC-AFS il HG-AFS
PA X o AR A AR B G 7 il A 5, PR TR A 25 2R
¥ @R Ha S R T R AR A RRE . AW E— P RAE T
HG-AFS TEAEYIIMZ R M b Bl Sk o SR b Uil B
PRI HTAL I K, RGN T HG-AFS BN AA1F, %
T3 AT A BRI S T 84.4%~105%, il FOAS H PR
K2 0.6 ng/kg, LLMEVEEY 1.0~20.0 pg/L, H SR
-ICP-MS fIIE LS R—BE R4F, W] HG-AFS ]I TAH
Yool a . BB . R ERINESY . HG-AFS FrifE
RERE o, BRAEEEE, 38515 i MLSC 8 % It B IR #E
LA ) T B, AEFRE A AR IR R oh
ANET AR AL
3.2.2 AAS

AAS SR A 7R E P KOL ROk 51 7 5E i
3T, TGN R R T AR AL D, TEIMARIR
AT AR R T T BN o 5 EETE SR E Hh W
%, HREEG et ioke a AT BREOR, AT LASE BUE 545 5
Mg . K/NEESR A BOR RSB GF-AAS il
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FH1TE

FE T FR 0 PR A, RO T & SRR ARSI R
BE, 5k BRIk 8.39 pe/kg. WhET A R B MM . 1
P DR IR AT 000 Vv R R A, LR TS A R 0 e
WERAE 96%~107%, i HHIZ 5 %0 & 2= A LA TR A 19
A 4EME . Pereira Z5EOTE 3 51 A IE N R B S AT AR E 4
SCHER, AR T Il AR TR, AR R] 30 pe.
K451 5 1CP-MS HAT KA ] Fotk . IEAh, Garcia %51 JF &
TR.J5 DLLME $A, ¥& e Ak A i itk
A, FRARATRC R X A BT A R BRIA$] 0.03 ng/g, H
B ASTEMNE. GF-AAS HA KUY R U FivkE
Hrtt, & AT H LR E XM SR I E

%% |, HG-AFS F GF-AAS 1F R A ay Rt
e, eI g SR A BRE TR AR
9T LI LG PG AR AE T R SR I A R B, A
SO A I SCHR P 2 R AR ARG H R [T Se Re B AT TR
(#2).

T2 AL FEBARNE HAE P AT LR R

Table 2 Comparative study of spectroscopic techniques for the
determination of arsenic in fats and oils

i o TERIR g,
& HG-AFS 0.013 96.7~103.6 [62]
Y HG-AFS 0.6 84.4~105 [44]
K& HG-AFS 10 94.85~101.24  [63]
KEEFIH HG-AFS 0.19 86.9~98.0 [64]
BEHIEYIM  GF-AAS 8.39 87.06~95.07  [58]
LR GF-AAS 18 96~107 [59]
£ H il GF-AAS 0.03 94~105 [61]

3.2.3 HPLC-ICP-MS
HPLC-ICP-MS -6 %57 AR 1) =i 850 o0 3 A i i AR 1)
IRRRIALS &, RIEEER, LRI X ZFoTE . ZFh

AEBAT /M, 2 H AT S0 A SUS AR HAR 2 —,

1.4k 7 AT E GB 5009.11—2024 B B H7E . o ER 1
FRIZA, TTLAIEE ng/g FEZE pe/g F), Ltk T, AT
WA B A A IR TR P A PR S I . Narukawa 250815
Matsumoto ZFPOGHFFE R W], FIH TMAH ¥ THEER,
FEXF OG5 B A IE T AR, T DA A E B e, A
iR LR A, HOAS BRI /N T e R AR v, AT
DLl 2 T I B A PR SR . X TF R AR IE A,
RIS R E B Ak A5 0 R Uit A AR SR A 1 PR AT 5o ) 2
5543 WA F HPLC-ICP-MS, % #8131 o A [ B 4% P f g ik
11704, FFEOG SRl i BB T T e, B
S M UE B T B AR AT U D 2R TR S 4 B [e) 8, (HUR %
T5 ik B S R A A W AR A4 B L BRE AR Rl
ACPER G, FE T e S0z R 0T . R
R KN R R E A A

3.2.4 HPLC-AFS

HPLC-AFS /2o B A a2 LB - IR T2 R 47
REF LG, TERIE—E MBS B RE S R B, HAg
IR RAMIE . IR BEARRE | BRI, FEE ST
SHEHLH[AsIT) . As(V)]. /N FAHLEI(MMA . DMA |
ASB)EA RSN o X1 /NG5 4T HPLC-AFS K,
WL T FE AR BRI AT R BUAR N 5 R A8 R 52
KFHl Hamilton PRP-X100 FEEAT08, LABSRR — 2% vl
SHEBL, ME AsB. DMA . MMA . As(IIDFT As(V)I &%
T KRR 0.35~0.50 pg/L, ERFRN 1.0~2.0 ug/L, Hiks
I 80.2%~113.0%, AIXIFRERIZEA 1.34%~3.97%, YLE
FHr7>0.999, M EEE KBS AL S T AT SR S
EEAETIES, HPLC-HG-AFS BRI M FH TR . 4fefa
LM R PMIESAIE, B R R B
R 3 FF AT B ol 2 SR O TR R R, K
HPLC-AFS Hift. SAMHMESERIb I AL Gfk, AL
ARl %o i AR A Tk S A2 2= IR AR it JRE T ARG, A5 31458
TP BOBEIBCR ARG R o ELI 2R AR ARG 22 5 35 ki
F HPLC-ICP-MS, 7EJRE iR IEok 4 8 A MmIE i
FHHAFAEARRE, FERTEHH L= WIS TR,
3.2.,5 HPLC-MS

HPLC-MS/MS ZH ML Bl —Fh B 2L B FHE R,
HAMGRI - FA5HfgtTae )1 . 5T ICRmM A ICP-MS
ANIF &, HPLC-MS W] A3 AL AP0 43+ B F RO 5
FARE, O F % 5 RS0 2 2= B AR . Aiis A5 7
UL A B B2 (R AN F IR SR /)
TR EEE TR, IR H L ICP-MS
BURZ, fESLhri P E & R ehE L i s,
FRafIe A5 Ak B 25 5 s A O B 25 5 ZE U Ak 5 ok
PR BB YERE . H AT HPLC-MS 7EI g R RE 254047
(N E A/, B 22 (1 e e LA L B A A 5 |

g v AUV ST T RS 5 R 0 VA 5 P G AL A
I e FAZ O RAERE S T A G R e — A G 2
##(ammonium 1-pyrrolidinedithiocarbamate, APDC), {#iH:57¢
HLEIE I As (APDCY 4544, FEATF SR T SR AE U245
BY TR RN 0.024 mg/ke, EHEFR R 0.048 mg/ke,
AN P AT (A HLAFR AR ], T AT bkt o i PR 2
TR, IR T 44k HPLC-MS 754 7L ik 5k
K E MBS I3, Wang 250045 5 4B DLLME
5 HPLC-MS BH, XTI AHADMA . MMA FIi%
TP T TR RS BR A 1.0~5.8 ng/g), TR HIZEK
FHEARRT AL ATACEL | SEBUA HIRERG E R AV . IEAh,
Minakata ZE7H1 Zhao 27 (i A G Q1E LS R- 23 e H
BRI R h A AR R AR v TOH LA B R 0L A i, AT
FH T HPLC-MS 7& i JE 75 5% 1L BIL il #F 55 b 19 1% FH o
HPLC-MS/MS WIPL#EAET HARERMN D TAMLEERET], &
R R A A 3B, (RN >, B2k
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HPLC-ICP-MS [#hFEHE AR, FETRAMFE I E1 745 R UG HIE .
3.2.6 HALFER

SR A R i ol B NN LT PR AS T U AN GLE X A1
R I 7 T ATEE G BR T 428 HPLC-ICP-MS \HG-AFS
FIRZAN, IR . GRS RGOS . 43 B
A AERIRES | RS R SR M BOR ORI B O,
280 1) B A PR O AN S e W AR TR s AR . AU
3 R AESS . ETECHZE L R I 2 L R AL R
ZEEARAE AR A 38 M T S — . (B2 BRI
BITERZRAKFE . WISEAREN B TIR, 5
BE it Ay B r A 7 A AL A 5 R R T I P B AT
BB o Liang 25748 —Fh 4+ X As(II) 4 B 58 BE LA,
i e th— A BB S H 2 F SN 4A11 FUIRESRE,
VeI M T — Fp 2% T 38 5 57 2 HL (surface enhanced
Raman spectroscopy, SERS)#& 2Tl 484, HAG M R
iK% 7.62 pg/Lo SWow I PREE . AT AL B A6 00 49V 77 -
Chen %513 5o FEDH TR Bl s R AT I K-12 N4, 1

BT —AFET As(V)I R R 3T a0 A UL e . 1%
FEIRAENT As(IINAT B BYFI = IR N, 0.1~4 mmol/L 75 RN
et R, TP B AR AR AY A P W . Gupta

As(ITD) . ZRBEH R AORRAR Ho (ot R ekl . Oroval 25177001
FHIE R AL SRR AR, T As(TI 5 | &2 6L
RO B B BRI (R R 0.9 ppb), JEHZEA
kAR A Y R ] LR E] 91%3] 109%, 257l il
OIMTARAL T — Rl . AL, Song ZESIFE TP T
As(IIERS, M Au@Ag BiseaN A 11 SERS 128625,
Kt BRIA 0.1 ppb. Pungjunun 257051 T —FpZ 4850t
BB 2), WS AORR SIS 2 S NI R A U3
YIRS b, R PR BEAR V8 1 OR: 2 G T e i 7 {1,
Kt BR AT LUK E] 20 ng/mL, SEELT R ICHLAH A EL 7 P
FE o HSEXEE )L H AR 2 RAE KR 4 R A L o h 15 2
BAF, X TGS e S aE TR T B T R A5 5%,
e X e BT vk LR B T Sebr

®3 ETHEERFTENHTEEURRE —ITN

Table 3 Unified evaluation of different detection techniques based on the characteristics of oil matrices

HARA bR et e I TTE 2% Xk
RE R AT BT T HER R, T IR T
o HG-AFS YNy T HrEE 155 L AT HLF AR [44]
N .iw
: Grans ML PREFHRD B RURSM.  RHOEE, ROSERZMER
- AT £ ST N B
pLcicoys | POITERIIE. REUEH GBI R MIEOEERS I
ICp- B ZREFMRN Eie . ERAE T 4 2
. PEOT IR . TUAATRE B AR REOT R, A TR A
BHRAX  HPLCAFS W R Py BLA ST [66]
oo O TEMBEENE BN T THACKE SRS, AR A
- SRR A SR 55 T A K S R 1301
PRSIV F7 . BERAEfRAE | < ey / w\fT\:l]f“‘,
T R T o I

AN

Jre ZE ARG

. x

C!

(b) e .
o B &
= &
M 2 SN 3

E ¥ l

, RACS AR
ﬂ - S ‘/&/ @

g i

B2 UL AR TR B 5 () SRR (b) A7 2 7Y
Fig.2 Schematic diagram of structure (a) and detection process (b)
of paper-based electrochemical analytical device!”™!

4 DEFEBESRKRE

MR A R R R T T S L PR AR,
SRS h i BB ORE SR R 2 — o TBR R R
e, HRBULEAT B A TS A R T E . Bk
RAWMAR, 7 LA B R . MR T IA TR,
WG PR RR . RARER . BT H i = FR 545
BTy, GyAEBm . SRR AR i A rp e A B
LR o ANAINRITIR Z) I H R T, SBURF%
I, AAS OGS SMOERES ST . R R B0,
RAREZE G B T2 53 5 W B R4 s . e h ik, 1
WREETHR WETEHIRE, T3 HPLC-ICP-MS 258 AR 143 85
RO (S 1 0 e B i =R S IR TTE,
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AL BETN 2 Sy AR AT AR BRER RUSCR, TR 5 1 4 o i A )+ )
FEAAAMRRORE, T R A 15825

BRIE THE4N, MBS SR E B 2 AR
PG AT AR TR PG I, A 2B (AsB
il DMA) IR TR AR AT, (0305 43 B F0 A2 s AT
Fo A RIE . FEME A Tl B b, A YT i Ak 225
J AR 25 11 (0 % AL RIABE 2, DT 5 i 45 538 1 o df o, 4310
SREALSIET AsB 2748 i DMA, B R IIE S /i o
LSRN )7 AAS ., AFS BARE Z HHNE, (B2 R
BB . HPLC-ICP-MS. HPLC-MS T R U
L DGRBS ELE, T 4R I e AR ARSI Y B
SRR, R RL . SRS R A AL R S R B
(1R AR 2 el ) R ARG T R R 1B (3 48 . K S 1 AR S T
e, — 7 TR RS B v, B — r R R ORIE S T
G (0 TR R R S B S, R B T v ARG )y 1 T 2
B R AT SR RS R R, T R AR A X
MR AESE . SIS M NT . BS P ol 0 45 45y A
HW R R, 728 358 R T AR A 5 A
KR,

(SRR, A HLRR RS | TS ) (4 fi b B
IAEERB R AMERR, BEE R iR BUcR . REIE AR M
B ROFAEIX 3 AN AR ME RSB, AT 3 AT eI 2
AT SE M Z BIBR I . BRI A0, BUA M5t TARED
L R ER DA R SR A (A 45 SR AT U SRR RS R
b, AT AN BE AR A [ o Ak B4 1oz T o

EEXF IR MERS, R FE B A DL 5 e

(OWHF K& B ASRR R AT A By v 3 S & S5
JiR A 38 T 1) BT B A IBORE R, IR FE R 40 B SR A ) 52
PRAHILE 435 i) B S5 SRS S, R BRI R L
W, ARSI ) . DRB AL B T AR 1 45 TR A A Y
Wtk R, [ Sl 200 AR IS T A4 i 55, [t
BT O AT BOOLR SRR L OOURH PR 1) 2 B A 7 70 )i
FH, BT X R B 5 A A A SR IO R STy s
TR NEFE S R W AR AR IUA R

Q)MESNTELRBAE LS (- B o W R
W RAEASIUR, TR SRR .

YIS A APRUEY BT S8 A, SRR |
R A5 52 24 A PO RR HE D T . B5CH IR R S PR A o, $
FhA A 4 58 B AT Lo 5 0T 38 B

SRR ZHARMER -5, Ftg . miess, @k
EHARMHEEERER, FFHPRM LRSS | 4ULH
b2 FrE il BRI RS R, RISk
TIN5, VRAME ey R I R I B, S
TR I B2 (B 22 ()3

L5 AR, RN R A A A% B v A g W 1
AU AT K, B 2R AR s . gy

S % BRI AN B P i A AR 25 S s MR R R,
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