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Recent progress of mycotoxin determination in agricultural products
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ABSTRACT: Mycotoxin is a kind of stable secondary metabolite produced by certain fungi, which has high toxicity.

Mycotoxin pollution happens occasionally during agricultural products producing, transportation and processing,

which causes potential safety hazard in food and feed. So it is of great importance to set up precise and high-efficient

mycotoxin determination technology. This paper reviewed recent progress of mycotoxin determination technology at

home and abroad from 2 aspects of sample pretreatment method and mycotoxin detection technology, in order to

provide a reference for the continuous testing personnel to accurately determine mycotoxin.
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2 MHESEILIESE

o it I Ak R 6 3 e S TR A B R T BB B AR B
BN L o T P UPU N N S SR IP S NS AL
K as R st STk . BET, SR F AR S A Ak 3R
D7 A -V, A . 5 AR o atifl . s
A4tk . QuEChERS %%,

2.1 R-EER

-1 A L (liquid-liquid partition, LLP)Z$&H| A A
YIBERR PR R ARSI A8 ., I ER . 45
WO A g R ZE ORI — & e . &g ke. B
WE. Q. K. RGO o A B A7 AEAERS, AR
e SR, TR AR - A I AR, 2 B {38 4 B 2K
RS F BN AR, X R AR R A A i
FIRG A, IR4R 5 T AR S IR) R AR 25 BUR AR . Mario
2R Vs Sl Bh AE B AE R BUR (1.5 mL 2R 3.5 mL
IR A 1.0 g (NH,),SO, A6 HX 6 mL MUERE bt iy
FEMIE TR A(ochratoxin A, OTA), %77 E: ARG FR AT ik
0.2 pg/L, IR TE 90% A, B Al E )i b a4
AT, Wang S5V OME AP RE SRS RS A 400 pL
SR CERGD) . 200 pL = 2R AFLEFDFD 0.8 mL i
U (5 D) TR G A b, 1 R i A2 5 13U 4l B 25 T iy
57 &K (aflatoxins, AFs), f#iAE 5 #i4bBEAAKF 20 min,

KK T aifbzeR, B R 90.7%~121.5%. Fl -
AR AR A AR RN T ELE 1.

2.2 [EHHZEEL

[E A1 A5 B (solid phase extraction, SPE)JE: L) [ {444 %l
SRR, R 4 AR AS TR A BT R B R 3 AS R
T4 B AR MDA 7 25 o AR E AL SR AR, i 76 i A A5 B
FARAAL GRS B2 5 FF 5 1 2 B ROR, i T HLIE 7
PIAE R EAESR, RIEFK . GEM . e PR 0y 47 Al
W BB TR SR RS, IR R . s A
PLRAY . Gk ARHRZEN Zhang ZEMF] FWUZ
AR AR B 1 M 2 DK U A 1 P B L 2% T RRR A Ry
EXT AL T EMERER B . ERAERKE
(zearalenone, ZEN)FI OTA #E47 1 4lifk; Jiang 2511 F 4
YRR ITORL A 4 0 R A A AR, N T A A SRR 2
V), AT 5 A B BE, B AR I A A A
¥ 9 FhELE R Wu U HUE IR 5 = IR SRR T
T AT AR A I T TR - L 2R - T IR B A Sy
AR B R B Ak, B RmAUR, FEAEREE . BRIL . RE
TR, WAL TOKRERESL Y AFB, . ZEN 453
3 Du UV AR AR B R R A ARG, 454 ok
TIASR Y AT, 46 50 T AL EUAT ] o A 7[R 28 LR R
AL BR BE R AT LR 2.

®1 BREMFUEESE
Table 1 Purification of mycotoxins by LLP

R HEHER PRIBOK aifb A (B & 7 E =BG
WA AFs, OTA -7k B B e 71.73~115.37 [4]
bi-NEy AFs =N V-V 4 B 80.3~97 [5]
AN AFBI FH -7k TR - 53 C 101~146.8 [6]
“W Hm ALY 2 -K+ A e W -TZE 70 [7]
e AFs M- N T3 THE 5l B VA -V 2 B 70.06~115.65 [8]
ML OTA PP 245 - AT T+t R S SN BT 90 [9]
iEL7/R ] AFs ARG TR LR R A VR -V AR L 83.6~96.3 [10]
*2 ENRERSHERERSE
Table 2 Purification of mycotoxins by SPE
E-971) HE#HE FEBOK aifb AR VR [BISCR /% 275 30k
iERZRli AFB,, ZEN, OTA FH -7k TV [ A 2 R HH - 2, i - HH 89.4~97.1 [11]
LS 13 FhE R 27K PEG-MWCN%:EMNP RAEAE Z (1% i) 81.8~106.4 [12]
SYIRESL AFB,, ZEN, OTA  WIEL-/KIAM 3DPCMs 1 6 Bt HiR- 2% 70.01~100.12 [13]
5/ SN OTA LR Tk MIL-101 # P2 BUkE: i 82.8~108 [14]
414 9 PP ELTA R ZR(%TIR) rGO/Au FHUHE: 5% i 70.2~111.2 [15]
K& AFB,, B,, Gy, G, 75%Z. N PU/GO 4K £ 4kt FH e 76~101 [16]
ok AFB,, ZEN - -7k MAA-co-DVB [FI A Ut N 78.0~102.8 [17]
iz AFB, 7K CDs-DMIP [#{ A4 BUkE: H -2 1 79.5~91.2 [18]
YIRS 6 FhEL /R K MA-d-p [ FHAE BUkE Ay 84.27~104.96 [19]
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22,1 AR B HERIEA

JH I [ AH 43P 2K B AR (matrix solid-phase dispersive
extraction, MSPD)J&—F EE 9l A% & 5 [ AH 2K B0 — i it
JE e, S [ A ¥ 50 o g [T A A BORE e 248 BIBR 28 B Y
) A A BRI [ R 3 B BB AR v FH 1 [ A
B Cis. FALERSE, &AM E A, 2 BRSO3
FESh, TR ERET . 2R, Gabriel 222
1 g REREAE [ H 43 B, 70% H IR £ 7K 2% thi (50 mmol/L,
pH 9.0)/ENVEBIME, (&5 . RALAS, XFFREEACHT i B 5[5
Ao ECE TR ERFER PR T HFE B
(fumonisin By, FB)F1 By, FIAIEE] 86%~106%, #THI%E
JoT [T AR A3 A A TR L2 3.
222 REFAAE

A% 3% A (immunoaffinity column, IAC)JE—Fil
TR AN GAR AR S 25 A DT Ak 2 Al 5 09 A [ R 25 B
K, B FZEOR EABESEENY, TN TR
R Emalifh . L5000 e e MR B AR B f 5 M TR
Bt H bR L R, (AR A ZEBUR S 3 —, WORKSE
()R, [R] B 2 IR B A B 2R B, BN N FRE A . 20K
S o M AN TR R M6 AT Bk e 2% B A 52w, AnZUig .
B, WAL 2B w0 R G SR A R 2 A
Fe AL BE A% [F B IR T R R R, KRS T AT
R, [ R A S 3 AR B AR . Hu ZEPT5R I &5 45 £ il
PO B S 5 S5 FIEE X 80 A AHEE il HH Y AFs \ZEN \OTA |
7% 4,1l 55 K (sterigmatocystin, STG) I T-2 B & #E47 [ i) 12

BRI, 25 50 38 B G0 8 2% RVRE HL AT A 1) 7 4 M R
PN, WL 2 EAG I ARAE; Liu 5520050 o AR RS A
FH I G 5 AL P Al Ak B2 e vh B 25 ) OTA, K fili
S B G825 FRE FH B BR R 22 sh IR, PRFT 8 °CHYA
Bieh, g SRR, % b PR s S AR AT A
3~8 ¥, I EIBCRIITE 70% A E o 37 S 55 Fk: Ak
Fikng 4,
2.3 QuEChERS 553%

QUuECERS 7772 J& 1| FH W M SRR 22 () F9 AH B4 F I
W24 B ISR BRE i PO AL FR A B B, HATeE . BRAER
o PO AERE A, HATC ) 12 N TR R e Z 80
LA T 2 AP0 S ARk, A A — S R A
B A LA R AR BRI FLRER
[RIM I Z Fh B T 2 . Alcantara Z5045% 3 G I AR 5 b
J# 4+t (enhanced matrix removal lipid, EMR-Lipid)ij4b ¥
ARG E BRI ZR IR . S5 5 RS A
ZE RO [ 5] PSA+C g %57 H, EMR-lipid W i3] 88 % 55 A4 %
RS AY o LA, Qian 4501k FH — S Ak - DU AL = 2k
(ZrO,-Fe;O)E 1 [ AR WL BfE 4 K, & 3% Z BRI 2 -7K
(80720, V/VYWENZEBUR, FESr T —Fh a8t Re A R HE
i) QUEChERS 75, XHARURHRE S, ity 13 P B 5 K il
1T T 4lifk o 207 i Rl 89.3%~112.6%, FHXTFR
2R 0.9%~10.4%, HBIFLH B ZE QuEChERS HHbJr
$hingk s,

#3 EREMESBEFLEESE
Table 3 Purification of mycotoxins by MSPE

95 KRR B 53R VIR W% Sk
] OTA FHL T [ AH 43 BUAE L Cis F 2 80~93.65 [20]
HRAL AFs FHL T [ AH 43 BUAE B ERIAEar- e 2N 87.3~95.4 [21]
BN FB;, FB, F S5 [ FH 43 A B T 70% H R B 7K 5% b i 86~106 [22]
INKL AR SRR AFs FH T [ A 43 AR B TSR AR 1 2N 90.39~100.95 [23]
PN S AB, HE ST AR 3 AR IR Cis I 78~83 [24]
F4 REFMESCEESE
Table 4 Purification of mycotoxins by IAC
95 BT R PRBUF R Vel iRl /% =P UN
1t AFs 80% FfI i PR R S O A 2% 74.8~97.3 [25]
WAL T-2 H#E FH - /K PO G g2 3R AT FH g 79.7~94.5 [26]
T Ak 5 Fh T CHEIRIZ TR ZYURGIE L TR FH it 70~110 [27]
A 4 PR ZNEIKIZ ZPUR G KRR FH /7K 80~110 [28]
HEFZEMT 2% OTA R /K BT A B8 S A IR ER 2% il 70 [29]
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Table 5 Purification of mycotoxins by QuEChERS

=95 PLPH B 3R PRI = FUE /% 3 ik
Tk 7 FhEHEER HE-K-H R JoKBREREE . PSA. Cis 89.7~112.9 [30]
w0 8 MR 1% RN TOKBRRREE . BRFREA 75.5~113.4 [31]

N EKL KRR MElhER 95%Z. N, 1EBEbE RREE . FAAbay 88~127 [32]
R 15 Fh AR R LRI PSA. Rk, T/\KeFERELE . KBRIREE  81.0~104.7 [33]
[ 16 FI R R ZIE-H R EMR-Lipid 75 [34]
Tt BFEEER  JHG%LER)-K AR 89.3~112.6 [35]

3 MBI

i, E AN & Z BRI B R FEEaFE 4 K2
&R e NN Lo Ve 23 a1 E s NN U /L L 20 ol BN
Kot rr e A o
3.1 (UEREM
3.1.1  FHRUERA €A

AR 2,3 (high performance liquid chromatography,
HPLC)2&— Rl R 8 R VA RGURF A AN [ AR P () B —
SB[ LU B TR B 5 71 L 28 i A R T s A A B ]
A E AT b S A (4 23 2 S AR Y )i, HAR AL
o R TR RN AT P B R RS, AR R DU L AL
PR ANTE, W] LAk AN [R) A G 25, o S8 ARG D 5
(ultraviolet detector, UVD) . %46 £ (fluorescence detector,
FLD). —H % M5 #6:l #% (diode array detector, DAD)H o
B, B ARC N HTFRM AFs, HXit7 2 (deoxynivalenol,
DON), OTA. T-2, ZEN LR EE#R S ke,
Somsubsin 457 FH 15 e i B R HE B AT LI R AR RO
KAESL P AFs, JF454 HPLC-FLD £oR AT & &=, %

il g AFM, 195 i, SRR QI 1E i s, fn
S5 5LR P AFM, (I R BH S B2 = (VTR AR 157 67%) iR
TR R RO C SRy iR 6,
3.1.2 AR &gk

AR (a3 - 1% % (liquid chromatography-tandem mass
spectrometry, LC-MS/MS)Z 644 HA 5 /3 2 1 55 5y R il
JBE B VBORH €455 R0 BT RS AR 45 A iR I B R, B R ORI
. EENTEE S, BRI M ERER, Ham
BbE, AL G RIAERL L S . ATRE L A
R MALAY b, I OTA . AFs, DON 52471 b a3
- BTIE L SURT 43 Ay 8 i SO A 03 - B 15 7k A e R A
- o Ana SR FH R IR 0RO (0 R EE TAT S )
W% (ultra liquid
flight-tandem mass spectrometry, UPLC-TOF-MS){#) /5 0%}
Tk 9 P B EEERIEAT TIRE . %% 17 min RIW] 58 AL
FEERN,  E AT TR O T A R OR AT R A
WA R AR, Beatriz 251N 54 19 Rl ELTR # R A9 A
1M %% % i Captiva EMR-Lipid £ R £ B4 1k 5, A
HPLC-MS/MS J& A 19 F ELE B R AT 158 Mg 0T
SRR, AFB HT-2 AR ER 73514 0.04.2.7 ng/mL, R

performance chromatography-time of

Tk R, EARKMIBR AT ik 0.0011~0.1700 pg/L. Shuib DON #F, HAbE & Z K MREHN 9.1 ng/mL.  HrA
SR TR € A AT A D SR A I RE T AL B 2O - BRI AN SR 7,
6 BSMEHEBLERINEESR
Table 6 Detection of mycotoxins by HPLC
FLJ HINER s kR KgAK /am Piogan] R SHEIE
T — A : +
S FB, i %Ma (‘S‘hgnl:ﬁzuxl ?giﬁ Ds Sﬁ) HPLC-FLD EEX=3 3% 0.02 mg/kg 82.1~87.8 [36]
=3 AFs gk (ZSOLaCT:? C‘SE; , HPLCFLD B3 65% 005~0.1 pgkg  77.5~109.8  [37]
mmx4.6 mm, 5 pm Em=4
INERERL ORMHIRSZE k-2 %g?mﬁj?ﬁ‘?ﬁif HPLC-FLD EE’F”% 1520 pghkg  75.78~11824  [38]
. . Symmetry Cys Ex=365 0.0011~0.1700 ~
oK AFs IK-FEE-Z G (150 mm x 3.9 mm, § pm) HPLC-FLD Erred3s ik 70~104 [39]
3 i _ £ s Nucleosil 100 Clg HPLC-DAD- Ex=335 - -
FEE TREEEE O K-OIE-HEE (250 mm<46 mm, 5 m) 1D Emaco 01271258 pgkg  702~1058 [40]
A4 AFM, I a Socrﬁnﬁlffzrs;}ngl"lsdum) HPLC-FLD EEX=3 6% 00015 pgkg  852~107 [41]
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Table 7 Detection of mycotoxins by LC-MS/MS
895} HHHR sl GRS H i KPR [FER % B3R
£k 9FMEEHE 0.1%HR-Z I Zorbax EclipsePlus Ciy UHPLC-TOF-MS - 774~1104  [42]
(2.1 mm x 50 mm, 1.8 um)
§ A N T Zorbax EclipsePlus C
3 HigEs & s 3583 P! 18 X _ -
TR 6 R FR - FR R KT T (100 mm *2.1mm, 1 8um) UHPLC-QqQ-MS 0.5, lpg/L  80~120 [43]
0.1% R, W HEREK Macherey-Nagel C 0.038~
N i d y-INagel Cig _ B
W23 R R VRN (100 mm 2.1 mm, 1.8 pm) UPLC-MS 3043 pg/L 0 [44]
. » K (0.1% P R FI T i) BGB Analytik Vertrieb GmbH
Y 9FPHERFER Eﬁﬁ(ﬁ 10 E‘%*ﬂq%é Cis HPLC-MS/MS 0.5 pg/L 56.5~109 [45]
#0.1% ) (100 mm 2.1 mm, 5 um)
. KO %HR)-H K Ascentis Express C 0.04~
}7{ P P 18 _ . -
M3 19 FREER (FIRE0.1% 1) (150 mm x2.1 mm, 2.7 m) HPLC-MS/MS 9.10 gL 68.8~109.3  [46]
47K (0.1% PR R)- Thermo Scientific BDS 0.13~ 83.5-992
N sfe =% . . . .
KEEHRL  HEMs AT 2IE0.1% T i) Hypersil Cs HPLC-MS/MS 400 mg /L [47]

(3 mm x50 mm, 3 um)

3.1.3 BlE Ak &k ik

B I P €355 (supercritical fluid chromatography,
SFC) 2 — Tl 38 Ao 24 A5 1l 550 3 A ¥ 30 %) s 0 AR I B ke 42
il 7 1 SR 9L A A [ 2 43 R A AT S 38 40 5 E
B, BHAME . @R XIREE AT ER N, EERE RN
T R A A, BB S R [R) I P 5 R SR 09 4 B A
M. 4 Marthe S5USR FH A 9 -8 1 2L 0 4 €035 H B %
B 5 2 B0 S T ML S 6 AR D R R AT AR
W5 Lei SFUOVEEST T —Fh 36 TR I S 004 2 13 B ARAG £
R 4 Fp AFs 975 . FSEREERG R C ARic & Fah
FEfh, SOF-RMC L2 BUR, LUBIG A CO, FnH BEVE N
Tt S AR ZE ORI T B BE VRN, 1 TN T BN B R
HEAT2lAK, 30 min PN RPT] 58 a4 0 L TR HE 2K A A
3.1.4 AABEE-REE

ROM 3% - BT 3% 15 (gas  chromatography-mass
spectrometry, GC-MS)ZF F R B &5 . B FI7E (At
rHR B B 1 22 Sk SR S A B RS, HAA R R
TR A SR BT T-HERE 77, REAS R AA il 2 L &,
IEHIR 2N, R e Tang ZEP20R AU (i - IR
TERARME T A9+ DON REAM =& & AR
SR AL FR (A E, N B RS T AT A4k 2 BRI AT 58
M, E e EK T 15 min, % DON. 3-epi-DON #i

®9 SHEGE-

3-keto-DON F £ H B 435124 0.80 ., 3.00 1 0.05 pg/L, [FlIK
K 89.5%~103.6% o (HIZAGIN J7 35 A8 F Fha s Pk, wE
PERMTER, WEARMET R, Hr SO - @R vk an
9 Fim,
3.2 REBEUFEMIZAR
321 SEMRAREHAR

B 5 8 K 4 5 R (gold immune colloidal technique,
GICT) & —F A A 4 A PR sl iR i 7m 2 R bR e 4 1)
BRI RT L AR o Z ARy iR ER A B, ARSIk, R
MRS, ARG, AU A, XPERBEILIS Y, WO T
£ S AR R AFB, . OTA. DON, FB, 5 H#HEF X &
F035 Huang 255505 IR G S0 e 2 AR, #Er 7 —
FhEER I 259 FB, 1 DON BOek ., R =4
W JFIRAETERDIR ) 2 99 K Jokr EARIE FB, 1 DON Hogfs
ok, 2SR R BUE R 5.0 ug/L, R e ]y
5 min. Duan 2R FHRCIA S s )2 rE AR, dAr T —Fl
FAF R ok 2 M W R RN k. @i
CdSe/ZnSQDs #HEERNRAMAKRL T, FI T @, 15
B RILL R 3 R AT BE T A GOKER 3 3] 5 OTA . FB,
ZEN B EHIRSE 4, 10 min BI AT 52 5% 6 KRR S BRI
BT B B R B AR A R v AN 3R 10,

RIEZFRNEES R

Table 9 Detection of mycotoxins by GC-MS

E'9 KRR B AR B/ % S25 30k
WeE T-2. HT-2 HA L IRUT TRk 47.2~110.8 [50]
PRI 11 FPEHEER AR R iRl 70~120 [51]
M DON A ez taneill 89.5~103.6 [52]
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Fz10 RERABSFEENAEESE
Table 10 Detection of mycotoxins by GICT

E9/ HWHR R [oAIIpsR7N B /% e I B E=BEN
AR OTA FrBERR = 4h 4. GICT 5 ng/mL [53]
T Ak DON 75.7~96.1 200 pg/L [54]
Hzh FB,. DON FrBEmR = h 5.0 ng/mL [55]
Tk OTA. FB;. ZEN 4. GICT 5. 20, 10 ng/mL [56]
M ZEZ 41 AFB, 1% R A 0.1 mg/L [57]
Fz11 BEEERMCEENERSR
Table 11 Detection of mycotoxins by ELISA
£ HHFR PRI [AUIEFN a5 /% ez B Z:75 3Lk
izas AFB, ZIE-K [A4£354 ELISA  76~92.8 176.56 ng/L [58]
ok TR T2 WEEK  frHesEg BLisa S 11T 0.125 pg/L [59]
98.1~102.5
] STG ONE-1EBEE HAE5e4r ELISA 88~127 1.5 ug/L [60]
BEERIER  ZEN RIUKMY  WESK WSS ELISA  e29-1136 14278123 “fé 3L‘237'1~1653'9 [61]
NG| TR E HT-2, T-2 FH -7k J3E 4Pk ELISA 0.1~0.3 ng/mL [62]

322 BEBEKIEBM X

it EBE B 3 W% [ 925 (enzyme-linked immunosorbent assay,
ELISA)E 5K B 1 1B I s o [ 5 F [ AH 2k A e 1,
LR N e RN NPy WACK & o d e eoie S = W] 3 QR e
MFAR F2 22450k 3 Fp: HHEESES . MIESE SRR SE 4 HE
HR G e W B o L o A TEEDR Gy WL B 3 3 45 ot ) 1
B 5 AT 5 R B 5 4 ] 2E R AR AR b i pTiR, Tk
S PR AT I ) H R, LA SRy sk 1) AR R
AR A S ARG (70 5 5 4 T EDK 92 WO R 248 1) T
FRIC AT DU ) 55 [ ZE B AR AR b B s RIRE S 25 5 1
TR, ZOr kR R PR AR A A, W TR
TR B 22 St A 5 I S G v IR e WO o 9 2 i L e
JEL BT A T S R 3k B R E Y, 1207k R — Rk,
W B R R S U R B K PV, Oplatowska
AG 00 e Sy T — o AL B BT M B0 T T A IR A T
B, By b X AN ] 45 4 v 24 4 1l 5 3K (sterigmatocystin,
STG)HEAT T2 mE f ik, 455 B R vERZE0T K 98% L I,
Dong ZETF & T — Bl F I i B v B B0 A 10 ) 2 3 4
TRt B0 SR8 W By i, 9% vk LT TR B R S A A R R
AP G R S ZEN B R, K R4
WM 114.2~812.3 ng/L H1 237.1~1653.9 ng/L, Henri %562

FIFAAE R AW HT-2 Fe 5Pk, siohmxd/Ng | sede
R hiG el HT-2 YE47 T st R Se A el o, 45
HFRAY IS 0.3, 0.1, 0.3 ng/mL., 750 B 1 7 2 W S
W B ARSI vk e 11,
33 SYEEESEEMEAR

A A B S — R B AR ARSI R B e 4 ok L
ORISR o 2B ARG I v HLAT R St v L Dt . T
fRieh . AR S, W T AFs pkeI . Wu 2951 %
TR T R 1 2R A B IR A M AR iR, R
AT AFB, BB AT, 4 HBEH 0.9 ng/L. Zheng
SR T — RGN AFB, (kAR S AL R, R
FEHNE 1 BR, %5k GG R IR BB oe, SR T i
LA EXOINY 2 48155 HORH AR XS AFB1 #4171 MRERKS
W, HARGARANE 1.3% 75 1% AFB, Bk I 53 4550 I v,
A1k 6x10° ng/L., Zhang 25181 7 7 —FhL T RBERR 4K
150 TR H Ak 2 G AL AR A I EOR AR L Y AFB,,
ZAR IR R i R e B 0K AFB, . AFB, Fiik ., 3t
W T R A B 20 K A5 /5 T W A% B 16 e A A el 5 R
(alkaline phosphatase, APARC BT 1gG —RIiikes &,
Wil AP HEAGIRYIKR, 77 AE AL SR AN AFB,, £
HBR A 3.5 ng/Lo 17 2% OB a3 3k, HLA G T A
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] J, A DN 25 Rk R, BRTE T2 Rk
AFBI1 B
34 FIEBEMEAR

A DU 2 B8 30 L S U5 AR S R AR R A R T R A
AESGTE, LA ke % ) B 3 75 28 0 o HL Ak 2% 2 ORI AR X
i, ZI T AFs, OTA £HEMNIIHKEN . Souraya
2R 00T e FH 4R ANk R B 32 95 e O G AE S, PR o Ol
BARH AR BRI E) AFs Fl OTA. Sieger 25742 T —
Foft 1) v 21 A0 AT 5 2 RO G Yy B K
INFZ LA R AE A RE R AFB, BT 5E o A BT
I I I NI R SRR AR S N
(GaAs/AlGaAs) MR FAHLS &, F2R FH Z o Bs 1o #1
Ay RS Z 15 YRR S iE AT 2, R AR R
B Bp e sk BRI B A, A B4 0T 2R 2 R IR AL R
Qu ZEUOSIFE Sy — il i o M 2 00 33 - 1T 4 R 2 T Y
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