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Developments in Electrochemical Sensing Technologies
for Grain and Oil Safety Detection
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Abstract: Mycotoxins, heavy metal ions, and pesticide residues present in grain and oil products pose potential threats to
public health, highlighting the urgent need for the development of efficient and sensitive detection systems to ensure food
safety. In this review, recent advances in electrochemical detection techniques for analyzing such contaminants in grain and
oil matrices are systematically summarized. The application pathways for electrochemical sensing of mycotoxins, heavy
metals, and pesticide residues are discussed, with particular emphasis placed on the integrated strategies involving ion-
imprinted polymers, biomolecular recognition elements, and nanomaterial-modified electrodes for constructing functional
sensing interfaces. Key technical breakthroughs in sensor configuration optimization, signal amplification mechanisms, and
selective recognition are analyzed in the context of overcoming challenges posed by complex grain and oil matrices.
Furthermore, current limitations—including sample matrix interferences, insufficient long-term stability, limited reusability,
and high cost —are also discussed. Future research directions may focus on enhancing anti-interference capability,
improving stability and reliability, and developing cost-effective sensor designs, to promote the practical application of
electrochemical sensing technologies in grain and oil safety monitoring.

Key words: grain and oil safety; electrochemical detection; nanomaterials; molecular imprinting; biosensor

W
s

1E&

HEA: 2025-04-14

MB: ZAhaRAFE42E (LH2024C072) ; B R AAAFLELHERA (32172297) ;A @REBFAEXIARTHRA (PAPD) ;T

HAMARARILE ER B (BE2022317,BE2023358 ) 5 B AT F 5 FIEA B TARF R H-F &7 B (HDFSP250201C ) .
BI9r: #14 (1982—) (ORCID: 0009-0000—4514-5295 ) , 5, B4, #HIF, BF 5 7 61 A e % A4, E-mail: aweil234@163.com.,

*BIE1EE: L3 (1977-) (ORCID: 0000-0002-0443-9649 ) , 5,1, #3%, BF R 7 w1: R %4 5 R ®AL S, E-mail: wanglifeng_8@163.com.


https://doi.org/10.13386/j.issn1002-0306.2025040139
https://doi.org/10.13386/j.issn1002-0306.2025040139
https://doi.org/10.13386/j.issn1002-0306.2025040139
mailto:awei1234@163.com
mailto:wanglifeng_8@163.com

4T 4 W4, S SET AR R BRI - 503 -

AR AT H R T R AT BB Y Rl
i, L AR B G R BN B O R [ R R
NS HEY, R BT R ARG EREE Oy
PR 22 A IS R . I HERL . AL R
GENNEN BB EEBIGEL, S5 R 8. R,
WEETC R TEVEY T s 42, B0 5 22 BE XU
B, FERTER B TEARIIE A L Wit FE
7, BAA BRI EEMEAEUE M, V5 G R F oK
IKFE . INZE L ISR T H 2558 W, Ak, BOH
JBE A2 00 Iz AR I ke sk BE B, U e
(NP G

TR BEERETHRAGEEA T IZAFET
b, A W25 aF M, P s s Rl
AR R BB i 22 AR AR SR BT B 858 S B
FEE AR SR T B R A (S - BT RS HAR
(Liquid Chromatography—Mass Spectrometry, LC-MS)
Tl IR G002 W% ffH25 (Enzyme-Linked Immunosorbent
Assay, ELISA); 55 B 1Kl 22 R 5ot
%7 (Atomic Absorption Spectrometry, AAS ) FTEEJE%
G % B TR 1% 75 (Inductively Coupled Plasma
Mass Spectrometry, ICP-MS); A& 24 5% B4 D) 38 ‘&% 38 1o
SAHETE- B HHE R (Gas Chromatography—Mass
Spectrometry, GC-MS) 1 LC-MS #4747, JS
B IR R REUE S . HEFAER SR (HR =
A B BLA A . BEB AR AT AL BRI AR DL A
SYHEAE, XELATH 2 307 DTRG0 0 g 2 me) 5 14 SE PR
Ko PRI, FFACERAETETE | i s | plAs Al 45 A
W F-Be R MR FERR R . o, F A2 R I 7 i A
HLAG R BUE | DU . Sy B SRR,
7S IS TEAR VIS Gty I3 s ot v ot L RN N 77 o

FEA A ARG e A Fig 5 T H A S sy S B4 Jot
SyT T B, AR IEARRR T AR 43 . B e
VO ER A= iy = o7 o VTNIEE 3 o v i TS ER R £
FOARNZ LI B 4357, 38 H 8 R AL oo Canfe i
FEARO X ARERE W) BT A TR R I A A A T I B
PRI R . HAL AL IS AT LU S A 5 Gy
Y r A SEA TR, PSR A I 25 L, JUHGE TR
SJEIT Y FEETEER | ARG PR S HAD IS e B
ROl B A AL BB AR 1 v B R RS T il
I REMSAR YA [F]75 Ge 2RI T R A e, Atz
PR TEALGN KA AT 43 BT A
Feappiit 2 B el -G AN, DASCEREE BT AR
B RCRIIRANPIE 1) . HALZEARIRE R AEAR I 22
SRR A RO, R X TR RS |
OGP AL T L A S AT, A3 B TR R I 2
DRI Z5 b, AR SCHEISE AL AR IR OR
TEARHT S G PR v () Z2 AP SR R IT L3534, o o JoiE
WA . 53T BRI kL . AR oo (oA . A
A S TCHLANKA L (G T 5 2Kl i) i soRt
N, 456 ZiRest Bl Rk g, gl T AR 2

BRI AR N S A RS T T, B ARSI
JHAHET 5 TR PR I SRS

=
A
A%
. ey -
VI
f v y
By
oy

& el ST
- g

I e I I_GJE

- R &% " (Y

BT RS AR R AN 5 Y W 7R R A
Fig.1 Schematic of electrochemical sensor for pollutant
detection
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Fig.2 General setup for electrochemical detection
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Fig.3 Schematic of the working principle of molecular
imprinting materials (a) and molecularly imprinted
electrochemical sensor for the detection of zearalenone (b)™!
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Table 1  Application of unmodified working electrode sensors in grain and oil detection

LIk KR ST LRPETIE o2 E BN
e AR TR T S T 160~800 pg/mL 8.8 ng/mL [30]
et Al SNE etk ) 2.5~50 pmol/L 5.78x107 mol/L [31]

SRHL B AL BE - - [32]
- ot 10 4 - £50.005 mg/k
ALY KM, 228 . - 10,002 mo/ke [33]
TE: =" R TR 230,
T2 RN RS AERR AN 4 0
Table 2 Applications of molecular imprinting sensors in grain and oil detection

ENFAA R KR ST Ed e LRl E =B

DINP-MIP EgRERl PAEs 0.05%107~0.7x10" mol/L 0.117 mg/kg [40]

MIP/Mn-CeO2 U N DON 0.01~50 ng/mL 0.003 ng/mL [15]
MIP/AuNPs/rGNRs 58 ) ZEN 1~500 ng/mL 0.34 ng/mL [41]

MIP/PPy KA Gly 2.5~350 ng/mL 1.94 ng/mL [42]
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Fig.4 Schematic of the working principle of electrochemical
biosensors (a) and cell-based electrochemical biosensor
sensor for DON detection (b)™*
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Table 3 Recent applications of electrochemical biosensors in grain and oil detection

AYE IR P SIHT) LR i =B U
hifk TEAE TN Sk 31 (a) ¥ (BaP) 0.1~100 ng/mL 0.03 ng/mL [67]
R E/S AFBI 1.0 pg/mL~1.0 pg/mL 0.33 pg/mL [59]
hifk P54 RN 5B S I R AFBI 0~20 ng/mL 0.015 ng/mL [50]
LS U\ DON 0.002~80 ng/mL 0.5 pg/mL [51]
(AT P ek B/ S ) ZEN 100 fg/mL~50 ng/mL 89 fg/mL [60]
hifk TR /NE TR FOK DON 10~107 pg/mL 4.5 pg/mL [52]
itk INEER KB DON 0.5~5000 pg/mL 0.0166 pg/mL (53]
M A ZEN 107~10° ng/mL 4.57x10°° ng/mL [61]

Cd* 5~160 umol/L
il KA Cd*, Hg™, Pb** Hg*' 5~160 pmol/L - [66]
Pb>" 10~3000 pmol/L
L wY DON 2~40 pg/mL 1.229 pg/mL [44]
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Te2F A YR ISR T R AFB, o (% a4 1E
T AEA AR ARSI B AN DNA(cDNA) | #i ks
T % (6-Mercapto-1-hexanol, MCH ) Fll - S&&A& i 119
AFB, ifE 4 (Fe-Apt), FIFH HARY AFB, 5i& Bcfd
AR TS & 5 R F 528 1k, NIMTSEEXT AFB, 1R
RECR I, A YE FE AN 1.0 pg/mL % 1.0 pg/mLP, XF
F ZEN pyRl, iFoE 8 & T A Fim Ay ib s A
WAR IR, I 45 A A IR A VDB T Fi Bl 04 S0 AR [
Y Fn DNA B fE 1k 09 iS4 D) HI SR B, B S 1
100 fg/mL~50 ng/mL 1[5 P Y 5 2 U R, BeAik
K KR >y 89 fg/mL, IFAEASMFE MR ML 5
WA COTETRAR S LR, 1A, 57—t T
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feEs AT RE R EE T H 73

ZEN F75 Gk N0 3l 4 fat FE A4 1 ™ 2 s,
AL A K e SRy FL IR TR . — I
WFFEHF) B FIEAFEAN: AuNPs(5~10 nm) 5] &
g dseea I ENy ISR Ve =TT R =X L E R A e 2 E
o ZABIRARRBI T T Z WL MYE R 10 ng/kg~
10 mg/kg RS FIAIINFR 1.1 ng/kg, BRI F K
FFHER AR S b ZEN A7, 55 — S5 F o8 W T &%
TR ICLE Y 53T A AL R (K] 5a), il 4 Ak
B (NIO) AR FLALER AN K AE (MWCNT-COOH) 1 3
[FIVEFH, S2B T ZEN Flif4 B 2% 8% 25 A( Ochratoxin

4 GORPPRME ARG I b BT

Table 4 Recent applications of nanomaterial sensors in grain and oil detection

KA R 3 BoRik] LRV LioalllEoS 225 30k
N-Cs—[BSMIM]HSO g BHT 1.5~25.0 pg/mL 0.34 pg/mL [89]
Fe;0, @Pt hAg BHT 0.5~35 pg/mL 0.214 pg/mL [90]
Cd*" 14.7 nmol/L,
T e T WD AT o ot 2t " Pb*" 17.1 nmol/L,
Mo-WO; KRG, Nk, Eok, N EL KRE Cd¥, Pb¥, Cu®, Hg? 0.1~100.0 umol/L Cu 112 nmol/L, [70]
Hg*" 13.1 nmol/L
S . 2 T2 Cd** 10~1500 ppb; Cd*" 2.2 ppb,
CeMOF@MWCNTSs KRG, AL AN e Cd*, Pb Pb2 41200 ppb Pb? 0.64 ppb [91]
CFP/CoMOF/AuNPs/GSH KRR, Tk, KT cd 1~20 pmol/L 1 nmol/L [92]
1 nmol/L~1 pmol/L
Pb*>* 0.01 pmol/L,
ZIF-67@AMNFs P SN =1 Pb*, Cu™, Hg™ 0.1~200 pmol/L Cu®* 0.042 pmol/L, 1771
Hg?" 0.031 pmol/L
. ZEN ZEN 0.01~10.24 pg/mL ZEN 6 ng/mL
NiO-MWCNT(-COOH) OTA OTA 0.04-10.24 ug/mL. OTA 15 ng/mL (69]
AuNPs oK, M ZEN 10 ng/kg~10 mg/kg 1.1 ng/kg [74]
VMSF/ITO Tk R ZEN 1 pg/mL~1 pg/mL 1.2 fg/mL [87]

TF: BHT: 2,6- U T 345 H1 1 N-Cs—[BSMIMIHSO: A At BR—1-H JE-3- T il iR SL WKM7 B2 = 4L CFPRRET 44K .
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A, OTA) 14 [R] Bt A S ARG o A% [ 2R AE ZEN
OTA RILEM:FE 4351~ 0.01~10.24 pg/mL 1 0.04~
10.24 pg/mL, A IER 53531353 6 ng/mL F1 15 ng/mL,
JRILT RAFms et . SRR e

WEAE, H A ARSI 25 o HE B AR A ROk
P E AR B T IO RE, SR WA R T —E 1
2P FIBERERIEL, A fEAbAS I R, A o R
— 2B TR EAT PR T Mo 84411 WO,
FLB (] 5b) o X R AR AN BEAE B2 RIS 0.1~
100.0 pmol/L Yt [l N i 22 Fl e 4 @ 25T, i 7 LOD
JEEEIN I 11.2~17.1 nmol/L 1Y sl R A . &

EEAB TS | A A AR WO, UM 4N, i H
e REAEAS BRI Z A B e S T B A E B, B
il A AT e M PR | M RE SR A, AR
i B ARG ) T A AL TR AT RENOL

FIHAKE A 34 TG R RE A5 AN W
et ian, {3 R 3L S TR A VIAEZE RS Sk Ik g
N FLAEAIR S UK S A RME R F b, #4
T FH ARG K BB v B R 1 e A AL TR
AR DPV S REI, HT AR Cu' S
B R A N, IS L A N BTG . A
FH, F i 145 ( Scanning Electron Microscope, SEM) .
375 5 H, 7 [ f#%% ( Transmission Electron Microscope,
TEM) 85F-B X MR T RGEFRAE, UESE T H RArY
ZER S5 PERE . 45 R ORI AT A B M i R
SO, A BRAR == 0.1576 pg/L, £ Bl oy 10°~
1072 g/L, X HCH B EA DL 1 Pat . ZESEBR/KRE
Sy, HLEIRCER S 94%~107%, AL T H (0, i A
PESSEAITET.

BERB G IASRTE T A AR R AL B L
SR R PERE, ASERAEAS SR R U S 2
KM B 04 k5 e . sl A T RR Ak A A f e
HL AL AR, SCBL T X 222805 Y i) i R A PR
R, A AR S A SR LB T 36Al . Aok
TIFFE R FREAE YK GEAA PR 5 B S AL, i sh HAE
SRR S P T Z N S ek A
2.4.2 YeKiEIE GRS LS A R AALSAREIINE G, O
LA LB AIRIN THAR, BT T R i R U
IR S, Ay v B 2 SR P VR P AT e RS T
RE T RNAART oI R FE B, 9K il 5 itk
AR R IIES G, TR A T 9K 8 19 3t b 25
() | AR AP TERE . T VR B LAR] 2% F4) 2R i 4
PEUT ., HAE, AR TE REAT 1443 [a] BRSO 7 2
PETH T HALZA R N RCHE AR . oK S5k
2o BT B AR G M 0 Rl G, O sh o B
LU9781)  BARASEAGIIN B2 | A gy [ 218384 A S A AT a1
SBFEER , P R R SRMIMOME . TG
HAE B e S Ty T, K 8 FL AL AL R AR SE
s HRE AL PRz EURS i b U3 6 i e ) o
FARE 80, R 2E 28 e T N AR A YE R o

B WFFEHIVE H —FhIL T gh K 18 19 B b 2Aad A
{GIRES, FHT ZEN [URN, S8 gl B e 55 5
AR A E ] o il R4 AR H ) (Indium Tin
Oxide, ITO) HIAK R A= K 3 A TP FLAA AL
(Vertically Ordered Mesoporous Silica Film, VMSF),
AL RS FH IR A 2B T 25X Ru(NH,) &
SEERGE PR B 4R, [FIBT4h & b A 5847 (Graphene
Oxide, GO)JEMAYAAAKIZ GHRET, WEHGR T IIfE
o 2 ZEN HiEiRSE G5, 6 HENRH B A
Ru(NH;) ", B AR AL = A R B AL IR R S 5, A
MIZEE T ZEN BARSIE ERi™7, X —Rugss &
T YUKIE B WAF S & L OLEFN GO 1Y S R [ fE
7, IR T B KRR SERE S ZEN 5387,

AN, 55—l fE PPy@ B Kot ZFLagi&
BB B AR U ZrO, Gk, R & I —Fh R
ORI i o SR B 0 R A ST RS AR
Blo B ZFLERIYFEFLAEN 4.07 nm, PPy@ &
Kotk Z LR G Bk B2 A B R
ZrO, Mt za, Mg se T AL B R PERE . %
L CAREN S AR e A i ol L 5 e e = S R ST ES 6 o |
(10~1000 pg/kg) SHARAIAL HIFR (24.4 ng/kg) , 7E5
FrRAEAS A R A ISR 95.5%~99.1%,

TS AE AN KB T DR AR Y S5 A 70 HEL A S A v
HoA WO, (R T i PR e 2 A5 SR B P BRI T 52—
YKEEMEI N TR . Bk, gekimiE R 5
HAbA R ARG, &, sl T ReE 2 S AR T
PREFHL A S . R sE e, B2 ROk, 1
BE— 2B 2R U PR oS A B N T2, S
B S0 TS GRS R LT 2R R S
25 BAHREA

TE HL AL ZAARTIN o, SR FH Z2 R g i AR Ha Ak
DN W Ik . XAy kst 455 F A
MR AR AR BT, DAL AR P RE, LAFE S i R
TP FNBEFRED 2, fldn, A geKiEE EA B
Y2808, AHN T4 >3 T 38 B A S i 22 19 A
B, R RF L i S R O S HARE AR LA T
&M, AR Fe o3 A FEIFAE o [RIAT, GeZe ki v (s
M) B LS T 5 v S E AR 25, AR
S AL NG TR . AR P R PR T
e o il RS N S N O S I i = RE R ke 3 R 52 N
HEMZ N T T 5 = N R ST 55, LT Sy AT g
RIS o 3R 5 B4E T LG BME G TEARTIAS:
A A R g o
2.5.1 YUKiEIE SR BRI BTN
K3 T 1) FEL A2 A A IR A 1 2 A v R 3R
R PERE . A AR E R GO FifiEfk & JezH &
(Catalytic Hairpin Assembly, CHA) 2K H&, FF A T —
Pl 52 A G KGR T AR AL GRS FH T kR IE OTA
PRI . A AR FE GO 5 DNA R4 FIE
JH, it OTA filt % CHA [0 #% 25 jil K 3 X% DNA
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Table 5 Applications of composite material sensors in grain and oil detection

Rk Heils ST LRI 2% S 3k
f&?ﬁg\lcpzii PR N ST | AFB1 3.81 pg/mL~1 pg/mL 1.13 pg/mL [102]
A“@éfg‘;m Tk AFBI 104~10' ng/mL 0.19 pg/mL [103]
NF/wPLaE-CS/AuNPs/MWNT Kk (G 10~100 pg/L 4 pg/L [104]
AuPd NPs/Ui0-66 P
i (e TET 0.01~500 ng/mL 0.789 pg/mL [100]
NHZ'M“Oé%%@A“ NBs E/ SV ZEN 10°~10 ng'mL"! 6.27x10° ng-mL™" [101]
GNUs-Apt-TAMRA A5l ZEN 0.01~60 ng/mL 0.01 ng/mL [99]
AuNP;%%gMOF KELARA: | e AFBI1 0.001~500 ng/mL 1.2x107 pg/mL [98]
%E%ﬁ g OTA 10 pmol/L~1 pmol/L 6.2 pmol/L [96]
TE B AR AL VMSFAN K T8 e, Ek AFBI1 3 pg/mL~3 png/mL 2.3 pg/mL [97]
00304/1\%252/ Au ES S ZEN 1.0x107°~1.0x10™ mol/L 1.95%10” mol/L [105]

4: Sn0,/SiC NCs: b4 / Bt fibas DERYIKEE; HRP-GNPs-Ab: B S LY - 4 4K ORL-BU 14 SRR AR 19 /N2 16 (plant-esterase from
wheat flour, wPLaE ); Tetracycline(TET): PU¥F3; Sea urchin gold nanoparticles(GNUSs ) : ¥4 44 K FTkL o

(dsDNA), I FI] FH 45 A= 90 A 38 18 o B 3R 2,05 0 i

(Polyethylenimine, PEI) il Zr,0, ¥ /Z Kl dsDNA
U, SEIL TR ZE 6.2 pmol/L FIRIMIBR, 75 L1 %25 7Y
FES T RIS, HAh, F5F VMSF gKilia
PR AR S R AR T BB AL AT AU AR AR AT Ru(NH,) 6
BIP AT N, PR T —F T AFBI Kl 64w R A%
A2l Bo AR E WML ERAS . VMSF 1Y BHES Tk £
TP AT R T A A2 Ru(NH,) SRR A L2415 5,
i AFB1 (4 I A 38 5o 38 Fe A 45 & 7= 2 23 [a] v BH AL
B, S 3UE SRR, MITTSZEL AFB1 A2 SRl 46
MR 2.3 pg/mL, DI T AEAE TN B RFE S
SEBRAMATET . LI ORI T 4kl S o aE kgl

KBS G RIS T, S B AR IR T AT
S

2.5.2 YRR SIZRE R A ARG ITASR, 9N

KM G IZRR AN EE A e A2 A R IR I T
R R T B RS T, R R R L A AR T 4

. AFB1 1E > —Fham B0 5 4, A H2AT

LR Y AW O A ANORORE T /4 B 4 TR A PLHE 2R

(AuNPs/Co-MOF) &M b 4}, 45 JClE 5 iR 3R

W, I & A FEL A~ PR A G B R RE NS I B HY SRS
SR, ISR FEEEE 0.001~500 ng/mL [AHS
M FBIFMIRZEE 1.2%1072 pg/mL FIRGINRE, w7 H @,
A4 RABCPEAIEEEELS 53 —T0 3 TV AR S Gl Ko
5§ ZEN & FCAAR P2 AL 18R, SR T AZ IR S A A%
LA R, SZELTE 0.01~60 ng/mL U [Fl PN frug i
N, FEIAE] T 0.01 ng/mL AYRGINER, IIEBH T HAEE 5
R P, kA, R MXene-Au 49K E A
BOELRE S 38 5 MB/AuPd 94>k & & 44 81/Ui0-66,
TFR T T PUSRZEAGIN 0 A2 A L Jas . liad
R AF 5 R R WS, 2 AL s AN & T 5 5 )

W, 1 BB 0.01~500 ng/mL B4 I 75 B FIAIG 25

0.789 pg/mL YRR, JF—2E48 T A M4
R H R AT S F9R 45 & CRISPR/Cas
12a 455 DNAzyme §" 34 1) IR BT AL A0, #4)
T —Fp T ZEN Rl i A8 R AR A adE iR A )
LA o Al I Uk H M B4 A4 KL, U NH,-MnO,/
Pd@Au NBs ZKE-SkEL lESEEL T 1x107°~10 ng-
mL ™' [z L, KRR A 6.27%10°° ng'mL ',
JEER Y R A i Reoe P AR O S S oE SR,
DKM GAZBREE AN Z56 N H BE NS A 3T+ ik
2 WAL TR Y FABURE RIS, S 2 A I
PEEF R 2,
2.5.3 PS5 ZIReAOKA R PR dE ik gs
BHUARBRE AN AR A AR AR 25 O BRANK B | R
AN AL A e 4 AR 25 i PR RE AN KA RL, F9T
Fa g T —Fh HAT m R AFB1 B S fb2E
HEMILERES o AR R L R R PIRER AL T 2
RE WS- 5, I8 OR T A b2A 55, DA m
TALIBESIRTIMPERE . SCIG S R FREH, AL IBAR X
AFB1 BRI £6 PE 75 B >~ 3.81 pg/mL~1.00 pg/mL,
K BRAKZE 1.13 pg/mL, JREEH A w5 1 SR R Fina]
FEPEN FEE R T, AL R R R
T IRRE TEFRE SR, BRI NGRS, 84.6%~107.6%,
AR SE BN 5.42%~10.49%, XFNGESHiR 599K
AA AR SR s, Ay DR B A FH v b i B i A R R
Bl #2417 & SRRy 48, 58 i T H Ak E AT jak
FEARAE B S22 A Ao 1 T o
3 ZESRE

ASSCLFIAR T HL A2 A AL B AR AR T 28 A 403 v
PRGN YR, A THE TR R B mE T
AR 2453 B8 455 UL TS5 Yy i Ak R Iy ko JE ek
KT BRI AR . JCHLAN AL R0 2E B A1 5 1]
BT, A AR AR S A I R U | PRt A
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Wi 7 TV T IS T k3 N ST B A R
RSB R T HARTS B rl e, i Lan
KBS FA I Y FE TR AR S iy i) ) B~
o, BRI TR S S OSSO AN R AU . [F]
B, AR IR S AL SE T T AL A i AR a2
P, Wt T H AR R B S B ARSI R RE . XLt
BRI, HES) T i A s T EAR I 2 4
AT Z N, 7R T 46 ) RO | PR bz il
B a PR

SRV A AR TR AR AR 22 A W J s T T
BPERE, (AT I — Lo iy LA DR A, B 5, R
LT TR S A RS MEA P A AT SRR R
Z—, EHIEAE R AR ST h, el IR
RIS T T HRRE T, AT AT A AT ) F Pk
mio HUK, USRI TERRN T i R R0
AL, (B AR R v AR PRI R R 1 s
—2PIIE. JEHSEAE A RIS AE T, A iy T 5
PEFHFANE AR . Ak, AR i AR (7] s
BRI 1 HIRUEN T, difal FECRUEPERERIHTHE T AR
AR, AT ARSI A R A S

A A A AL AR BT TR W DT A A RE
HUFFELPR T, A AL AR BRI 28 U A
PRSI L AOVEF, S A A S i R A
MR 7T o G P RO BT AR
Wk, A A IR R B i ARG . SRABUEE AT
THCRE I U7 TATAS I, Aok 2 A I S s
KR FITAT 5 B ARSI B
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