L F F IR

Review

ACTA CHIMICA SINICA

DOI: 10.6023/A19040139

REIGRA S LIEEN IR RZ LU SN RER

e EERY AR
(IR RS Rt SR ABISHT 63t 100081)

WE DLW TIESERZ IR R IR A A VLIS R(POPs), HAE . B, BORARMIMER, % prE
AERE T 0B N — R EUEY). POPs 3l M8 E N Fr V)8R0 €0 22 438 s A2 . DASR A 5 4z 2 06 1 (SERS)
AR BT R PR I B BAT 8 RGOS HTIRS 5. ARZRR R ZE 1 I RIE T SERS £ AR 73 # POPs [RIRIT FEHERE, J14)
TANFIZRE AR IR, P2 T SERS J3H POPs (35 TR BEEARAE AT, FXFARK SERS $5ARAE POPs 737 7 Tl 1 K gtk
1T RE.

REgE ARG RA 2 OEHE, IEIL MR, A

Recent Progress on the Detection of Dioxins Based on
Surface—enhanced Raman Spectroscopy

Cheng, Jie Wang, Peilong* Su, Xiaoou*

(Institute of Quality Standards and Testing Technologies for Agro-products, Chinese Academy of Agricultural Sciences,
Beijing 100081)

Abstract Persistent Organic Pollutants (POPs), represented by dioxins and dioxin-like polychlorinated biphenyls have the
property of teratogenic, carcinogenic and mutagenic, which have been classified as Group A human carcinogen by the inter-
national agency for research on cancer (IARC) and put into the initial list of Stockholm Convention managed by the United
Nations Environment Program. POPs have posed a threat and impact on food security through the food chain from environ-
ment. The conventional detection methods, such as liquid chromatography-tandem mass spectrometry, high resolution gas
chromatography-mass spectrometry and two-dimensional gas chromatography with time-of-flight mass spectrometry are
sufficiently accurate, but fail to meet the requirements of on-site detection. Meanwhile, the rapid testing technologies for
PCBs mainly included fluorescence detection, electrochemical sensors, and so on. As a new type of rapid detection technolo-
gy, Surface-enhanced Raman Spectroscopy (SERS) has attracted significant attention as a promising analytical technique.
With its ultra-sensitivity, high speed detection, ease of operation, SERS is particularly well-suited for the rapid detection of
POPs. However, the multiple molecules in matrices may generate interfering Raman signals via competitive adsorption with
the target compound on the substrate surface in the SERS detection of real samples. In addition, reproducibility represents a
major bottleneck for the widespread application of SERS. Metal nanoparticle colloids are widely used as SERS substrates due
to the hot spots formed between the nanoparticles. However, metal nanoparticle aggregation in colloidal solutions is difficult
to control, leading to the random formation of hot spots. When the target POPs exist near the hot spots, the intensities of the
enhanced Raman signals were unstable. Other factors influenced by the chemical adsorption such as vibration, charge trans-
fer, and the deformation or distortion of molecules also affect the Raman signals. In the review, we provide an overview of
the recent advances in SERS for POPs determination, especially the different types of enhanced substrates. And several key
technical points of SERS detection including sensitivity, selectivity, and reproducibility have been summarized. Finally, the
development of SERS for POPs detection in the future are proposed.
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B A L R8T B P I 4589 PCBs B ARy — I
22K PCBs (dioxin-like PCBs, DL-PCBs)(# 1), itz
Ah, fEJEREHSK PCBs 1, /NFh#E/RPE PCBs (Indica-
tor- PCBs, In-PCBs)# I\ RTEF A il FB) ) 2H 23 o 2
2 BRI [ Py A IR In-PCBs ¥ B R AT &
i ' PCBs %5 /K.

R1 29 P BEIE A K TEF {4

Table 1 TEF for 29 dioxin-like compounds (dioxin, furans and
DL-PCBs)

EESY BN E 7 54 BV
B K R BRI L GURR
(PCDD/Fs) (DL-PCBs)
2,3,7,8-TCDD 1
1,2,3,7,8-PeCDD 1 Non-ortho PCBs
1,2,3,4,7,8-HxCDD 0.1 PCB-77 0.0001
1,2,3,6,7,8-HxCDD 0.1 PCB-81 0.0003
1,2,3,7,8,9-HxCDD 0.1 PCB-126 0.1
1,2,3,4,6,7,8-HpCDD 0.01 PCB-169 0.03
OCDD 0.0003

Mono-ortho PCBs

2,3,7,8-TCDF 0.1 PCB-105 0.00003
1,2,3,7,8-PeCDF 0.03 PCB-114 0.00003
2,3,4,7,8-PeCDF 0.3 PCB-118 0.00003
1,2,3,4,7,8-HxCDF 0.1 PCB-123 0.00003
1,2,3,6,7,8-HxCDF 0.1 PCB-156 0.00003
1,2,3,7,8,9-HxCDF 0.1 PCB-157 0.00003
2,3,4,6,7,8-HxCDF 0.1 PCB-167 0.00003
1,2,3,4,6,7,8-HpCDF 0.01 PCB-189 0.00003

1,2,3,4,7,8,9-HpCDF 0.01
OCDF 0.0003
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Pt K ) B RS AR S e P, 5 g
B 22 4 N B 5 %% R9E; Nature Ecology and Evolution
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Figure 1 Carry-over of dioxins
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B AN Z A, % R RS e R S e e iR
TEJE .

E RTEF X POPs 4 888 22 R A AUAR i v,
ARG - R VAT, A RS B AT A T B
B SR - = T PR R R AR AR R
INFERBU A%, T HIEFELT “PEl—2 E i
—IRGi " RN A RE S AT AL, A I AR A 5
f, HLAE LS I el 72 PR A I 7 T, H Nebert
SO POPs ZARSLBRALEE LIR, T 2,3,7,8- 0 HUAR
) IS B B 57 A e 2 AR (ARR ) R MRS A 0BT O
EH K —HEZ& POPs AW I B Fe k. BRI
I B A= s 2 AR AR ARSI EAE S POPs 11 %6
JrEt, B ARG EROD BV /3% T3P, ELISA
Ga e ATIEI SIS A, AR A AR KR HE G 5 v
ARG, WTOEHE Pt PCRYL. B4
U5

R TH Y 50 $7 2 6 1% (Surface-enhanced Raman Spec-
troscopy, SERS)J&E NI IR 90K R 5t & @ A k)= A=
B — bz 2 SO I SR, AT SIS B A1 1 v R R
“Hror” WA, ST 10°~10" £ K R mE T
1% ng $£2 pg AKF(1& 2). fif B SERS X H AR & R B
PUE N AR, KX POPs (40T, T+ &
POPs 7 #1771 BAT s 2 UM S - A

2 SERS ti#iafl e

SERS 85 L3 B4 A5 5L 1 JR kAR i 45 1 1AL
$E(Localized Surface Plasmon Resonance, LSPR)H Hi#
(Electro Magnetism, EM)35i 13 T H faf % £ (Charge
Transfer, CT)JfbE3E5mm R0 —Flod s Rz 14 55,
2 B AL K B B AR TN, LAY+ 2 U R
FERZ U4 JE AR LSPR HISZMR I KK 58, &2 40Kk
TIRIEE . RARFI AT AN, 1 — R T CT ks
Hnm, LRV LA W PR R RS D1 4B 2R TH 4 AL
AL, W) 415 4 e 2 T ) R () 2 TA)AH
HAEH, BPENDGHIEOR T Ao T H0E RT3 5t
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Figure 2 Schematic diagram of SERS

AT — B, 4 R T i B TT IO b T A
IR RSN, PSR, ME T TRILE, H2
AU 3R,

JEA R, AT — A A 58 R BT AR T
411ty SERS B 4 F0 83 BV VG 1050 R BRI B0 25 .
SR AU R TR 1S R S £ 0 45 R,
EATH SERS 72/ R TR B s 2 10 R T A
21 EM#13E

KZHP BB N SERS EIH T 5t &8 R
R F R, E A2 RS R FE T B H 1R R s e 3
WO E. X R IEAT BE L B R 50T
(A 1 B E A, R Ty U AN R B 43 7 1) SERS
ZE5. RMEE FHRILREBA)CN, MM REE
BRI 32 B0 G REG BF, FL 3 I 1 55 B8 T R il Bk )
MRS, TSYaB MBI E, JERAELR, B4R
FH M I Yo, PR AR R SR B2 WO R s
POPs (1) R B SERS i, TG Wy 2 i) H Ax
POPs b T 241 LSPR X3, [FIF}, &7 % & EM #4548
SRR LA T A0 B2, 355 KR (PR |
()P % 53 At 2 5 A U ) D ] R
22 CT#HIHE

R E R Z NG RAGEH EM HLEDR IR,
WA TS FESW M B R &R RN, 52
W Bt 737 1f) SERS 58 5 2 Lb HoAth JLJZ 4> 7 1) SERS 52 FE
58 100 735 LA by A2 B W B 7R 51 & @ 3R Th 1R 2 7+ e
F=4E SERS 1545, HUA WL P7E 5t 4 2R T S L g FR oA
“ 7 (hotspots) 15> F A BEH 5 1) SERS RN, — 464t
IS SRR, BT Y E IR, AL aR e AR,
T2 R AR B 2 R T A, B R TE T
W B EAPK ISR 5, 2T Mot &R R s
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KM 7T BRI, SR K S B
AREEAHUTECET, W07 Bt &) PR Be B 3R IR
TR oy 7 b, B IR o> 7 IR ERIT B 5t & )8
b, TSR T FRAE, P24E SERS AU SR,
POPs J& T Hi/KEtb &9, X LL5 3L R 3K TH B KB
F, Mg SERS ZrHras K. B 1757 — i it
R R I E REBMB IR . £5 04T POPs 45 )ik 48 4%
Jiik, 1843 POPs 53R K AAH EAFH, MifiszEl SERS
g (HAESEBRFE Sh 3R 5 POPs ) SERS 4T id #2H,
T QAT S BL POPs 78 J8 JEC 3R THI FRIWR BT, DA ey s
A ZE T X H bR POPs K& £S5, HArdikRs
BRI f v

3 SERS %#f POPs Hy<i# S

3.1 DMREUE

SERS 73T SCHE fiz — /e s am B I A M 3, iR
A RE T H SERS WMk, Hgmx H4x POPs 434t
MRBE. (DIE CT (L 5E A EM 3SR LERIL R (R
N, EHFRY) SRR RA R B B H ARIAL T A R ¢
5 X 37 & SEHLN H AR POPs SERS 155 UK HTH2.
I, ffer R RVE YRR POPs AR “A L
ORI e H MR F L (2) POPs fEM L. £ b
SR B T IR PR, OGS SRS, Wi S
W EHG5E hotspots, FEFEHIH M HE SERS 73 #r 1l
DB ) 8, X o SEEL POPs 3 RS TEE L AT $R 4%
fF. BEEDUKEL S SHlE AR TR, B 7RG g0K
/R o FE SR AN, & e A U TR A A SR A
W, g “qER7 PO gy AU “ R f
NIV E A= iP S2 T M i uR2Lp QAR Py AL
R R A v FE R s AR, 3R T B AR
T REE. ARORTESTERIBONE 2%, Hil% A .
3.2 OMREM

KB/ AREFE IR D1 & 8 H R FRE Y SERS 4y
AT 1 5 B . X R R A oK 4 /AR AE S AR I R AR
hotspots, 7E hotspots EH T, S2HLH Y% SERS 155
LT O (BN B R S S U 1Y IR G S TRale XS iap i S A
ST, R, HARIAE K Bt 4 J8 2 R b U7 =X
HIBENL, 753G 56055 I 22, X i fe e v
ORI, —BOR UG, P diil SERS FEERAVERE
PEFE KT 1 AER ), S8 @ R 5 =R ORI 3
JRIFRE M. ()M T £ 584 (graphene, Gr)HIE & 41
KEEE. Gr VTR TR — T AR, PR
AIERK) o B, BAERBYS Gr ERIT AL
BUK, 5iEait&mankaity—FAA SERS &k, #
N GERS (Graphene-Enhanced Raman Scattering) &
PO R IR SR AAE P REAE Gr TS T R A,
AR T H A BB IR, 9N hotspots
M B v 23 AT R AR T, B L “ Gr SR R AN
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K” BECEHTERE S SERS 2rbrfae M, B G 5 —
YK KL HEAT AR AR 8 1 1 58 T T B AR K B T
JIE8 AERE A A gE R R YRR SE R« B EE DL
)42 i) 2 75 B R A ) TR L (2) R SR AH R . R
e 3k 1 9 K & B, a4 N5 T AR (Oblique  Angle
Depostion, OAD)FI A, 7ERBAHERIIE . R %)R
T ) g Y 2 20« i PEGUOR R RE 51 (AgNR). il 51
AgNR Y5147, Py AT ) 3G 5545 5 98 B AF A 7
Z(RSD)YHI/NT 10%A01 15%, 3FH TNy T4 &4
SERS 43T 1. (H & A . (3)IE i r e A A
51l hotspots 7347, MITIHE =43 B B AR e 1. e i i
T pH P MRS RS E M
.

3.3 oimiEEM

B, SRR R, AR SR, REZ T
VIR AE L LT 5 AR POPs P24 S5 4+t xF HFRY)
SERS I T ™. tbak, POPs Fiim%, £ AthHE
T5Y, WS AT R B AR ek, B R
Sl B B PR S AT AL B R 5 SERS BEFKE KK $R
B MR R R T B A RS E i
PRBOT gy A B8 A o e S M L) B T, B VR A
HRUO, AR RO R S sy R, St
RIS H bR POPs 055 5 & 4E.

4 SERS %1 POPs fiRi#tE

POPs {f A —Fh £ ZORIE T B 75 4w, midit
BN EEE. fEHEE. & LN Sh & AT
WA, Fo0 E I A ARSI T4, X SERS 43#r
PR TR, — kUL, XTFE S POPs ] SERS
IIMTES KR AL, JERXT H AR SERS Y 55 25
ANREDIR. Bk, ECERE AT AR BT B AT B 4L,
RE XK P = H bR POPs 23 M I £ A R B2, (H H A1,
X H POPs SERS Tt/ bR, FAHA /L
F R ARAE ST . FK, SRS e T xF
POPs 73 #T1f] SERS 75 1%, #& SERS 7 #T I ATE.

41 BEE “HR7 BER

T T 22 2 48 i A 18 T I RS 1) 0 B Sk S
I H k% POPs [#] SERS 4> #7. 4l Tang 25| Si Ayl #H
B, RMEES AT % ZnO 9UKHERES, SR )5
TE B 51 22 T 28 T I3 T3 K AR (AgNPs) R 744 50
R KRR E S 3D 9K G 3). %4851
A =R ISR IS S [F— ZnO HKHERES) | AgNPs
Z TR 24T ZnO YKHERES L AgNPs
W2 TR, = A ZnO YN KHERE 51 T 4 K
BT 0% e AH ELAE TR R A5 78 =R AR 7] F 3 5 A
sAERTR, X PCB-77 (3858 K Fik 3.24 X107, KR
BREIA 107" moleL ™", BRI BRI KIS T i R
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B, HAEXT PCB-77 s Hrid #E b, T2 10 h W Bt i
], AKF A SE PR M SRAE. Li S R a0
K g U§ (PAN-nanohump) 2 [HI Ik 5 #E AR ER, #4500 0 2% 5
#5 [) AgNPs @ PAN-nanohump 45#J, 7E 107 molsL ™"
WKL PCB-77 faill, (H R BUEA R, XARES
PCB-77 {EFE R R & AT A K.

cone-shaped ZnO-NRs arge Ag-g;?herg 3rd _
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I

B3 3D HagrREs e
Figure 3 Schematic image of the fabrication of 3D hotspots SERS
substrate
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N “HiFR” Hix POPs £ R K LASLHLH 2
S5, ERRR TR IE (R 2). @A L
LR (D)BREESRAS . A1 7R R R 1 1K B e
SRR, W Vu AL S SEI S POPs A ELAE (& 4a) ).
Q) HIKE(-CDs) I B REAEIY). CDs BT e s
RRSRIK AN EE R, sed i s /EH “4i3k” POPs
7 T(FE 4b). Q)Y HIE-GSH)&M, FIH GSH i
-SH fBEEZE LR R ™. (4)&E B /R Th e LB, Fi
DNA & RNA 1E R TG, SCHLNT H AR POPs HI4F
S, M3k E AR POPs &, fRIBCTESE KR &AL
PRE) =R BRI T BB AR, L SERS il
RAEARE, ISR E R 2 AR AR SE I H AR POPs 1)
FESE RN Xk R PR O B P A 0 A 1 I 4R
BUE ERAR R G ALH AR (Systematic Evolution of Lig-
ands by EXponential enrichment, SELEX)#F{Tifiig, H
TAERK, BONEBL (5) 8805 03, R A 2806 1)
FMEIEK I B RN, B ot & BAK T A B0
(GO) B JF AL A7 580 (hGO) R THI, IEIT n-m JLHufE
B % POPs, MIMISEHL SERS 73T

4.3 ZEigEEiL

FIFH-SH; 255 fe B R BN B S5 H #r POPs
HHAT LR EE R 4L, T4 SERS 40#r. 45MAb)E i)
FTLE PRI POPs 43 5 3 5 38 )i B A SH R E 71,
FEIHE RO B 2 WSO R B o, 8 T E4T SERS U
BT POPs Kb &M h St &R %2, 1T
EAR B IR s B i FE v, IR B A 2, SRR
HAx POPs [FIEFENE R NANZS Z5 451, 75 52 FRAe i 28 i
HH B AT AT M B E— 53 . Rindzevicius 2P0
PCB-77 it B R M AL R PCB-77-SCH;. W9 /K H
P 2 R AR R AR B, E R R X S A B R R
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Table 2 Kinds of modification on the surface of SERS substrates

H b BE R R REUE(@molL™) Sk
PCB-47, -77 alkanethiol RV 10" [45]
PCB-40, -54, -65,-80  p-CD +3% — [50]
PCB-77 B-CD Bl 107" [51]
PCB-3,-29, -77 B-CD Bl 10°¢ [46]
PCB-77 HS-8-CD  #ril 107’ [47]
PCB-47 GSH +.1 — (48]
PCB-77 aptamer PRl 107 [36]
PCB-77 aptamer PRl 33x10°%  [37]
PCB-77 aptamer PRl 10°¢ [52]
PCB-47, -52, -77 GO FRil 107 [49]
PCB-3,-77 GO Bl 10" [53]
RS SCR

SERS &1, AR A M 10 #2152 10 molL ™' (&
5).
5 RE

FIF SERS #47 POPs {0 Mgl iE B il 4T, {HAESE
BREE S 20 ik 75 B 5 9 DU R J LA T
51 BSXMHEMATIERA

SEBRRE S SRR UEVATRAR H, B B NS 4. SERS H
RAEN—TR A A, RNESIEFT . B
BIhAE. BB UG RE AT A AR R L L
FE b BT AR EE 5y 7 BB A R R RIS | e DL R s
. HAETE SERS BRI ERZ, sy eI R
ERL BORAEERY, EAR AR RO R g
TR ) R s PO T ik, IR Tk LA RS
SZHLS SERS B HIESR. EFRETEENRIMLAERS
VLI A 2 T 06 &R R R B I DR AR T A F R R
55 SERS BEH, MSZE6 = 2 H FIARER R T e 2R
ShEL TR M, 2 SERS SRk 1 M B

8338822

. 2 A A A . S

52 ERERIAMSKRMAA

SERS #HARCA KL T4, 1ESEBrfaill Rk AT
N A B AR R, ek E R
PEFN A1) 4% A S BRI AL, TREEAL
VEAETF RGO BRI, H i 5 2 A E A AL i Al
TERTERBENL, F=2E p3h (s 5 he e P e, [ ARy 2
JER 1)k TR R8P 38 5 i s 1 0 2 75 2 B 1Y I 290 7 AL,
WG B — PR AEAE 2 nm K EE R 2 Ta], 45
AHGNK RTLE 2 nm KPR AE, thah, [ A3 R 7E 2
FE BT N 5 A, 75 B [ A B R SR TS M
W N BRI A, R R R ER
KT R AP AN R e E R TN T
15%. ULk, POPs Ak & W75 5 Hh 1 & & KA,
XFEATTRI A AT I T IR B o A Y, e — D iR e
JES 11 3 A R A AN 3R B TR — B Wi U A AT 1),

TESEBR B A, S I s A A 2 7R R ) O A
F.OHA, WRE AT, — A2 R E 7 TH AR
T $Em SERS A Az e A REE, FIH IR
i e AR TR AR IS ARARFE A R & A
BORES, HTETIRE & ENE. SSEMERN
eor. EAT, T R A S R — M TE 70~100 Jo/
(2 emX2 cm), XX TPETE AT S, A S
Qa0 AR 2 JE ) A AR 2 R B B S R I R
P2 IEACR A SIS AR, H AT B2 A 5
2%, B AN AL P i, R AN RS S EANTE,
TEARUEEL S G 0 HER AT IR T, T ZE AR5 AR,
R R OG0 CCD [, (R
UG ARG R LL e =1, AR TR ERADN, BotaH4
e TR E R . =R AR S TR R R AT R A
HIRAS. anfEy POPs iEU B (LA 1l %%, H A
A AB DG i, B E A A =) 22 W, 7R K0
ik

Opb
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' "8

.
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Figure 4 (a) Alkanethiol modification; (b) f-CD modification
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Figure 5 (a) The adsorption of PCB-77 on the base surface; (b) The adsorption of PCB-77-SCHj; on the base surface; (¢) The SEM images of substrates;
(d) SERS spectra of PCB-77 at concentrations of 5X 10 °~5X10"° molsL . (¢) SERS spectra of PCB-77-SCHj at concentrations of 5X 10>~5X10"*
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53 MANKRHYT TS ZERSH

H 1 & % POPs f) SERS HF 57 i A< 4 1 £ PCBs
FEWH, PCB-77 MM AIRIEZ T 95%, XAHEL
PCB-77 =i EX RIS A ¢, X HAh POPs ZRULA P
SERS W FJLTF- AR K. 1B #r, E PN AMOMHIEEE
Hirb, MK H 17 Fh PCDD/Fs #1 12 1 DL-PCBs #5
H % HE) TEF, POPs M &K1 — il Ji Y&
(Toxic Equivalent Quantity, TEQ)KRZE /. (ALK F—Fh
POPs &zt A1, AT LLR 4 O I 78 2L 4,
AL DI 25 AL 12 R R v A 38 TR B S 2R i
38T POPs FhEAIHREIE— B ATH 78, DAL A2 Spr
N R, g, —L3i % POPs thAWIRIL, 12
BCORIFSS(PBDES). 405 &AL A H5(SCCPs) A9 ¥ h iR
(PFOs) VA Je B 4 D712 fF R R — S £ 5.
[FI;, POPs RUAEWFIEAZ, 2 AWENGH, SHXT
ZFf POPs IRl 2 $EFR b7 B B L. ABRIR
53 W 2R G5/ S BRI 73 (GEMS/FOOD)E 7 Pt
PCBs(PCB 28, 52, 101, 118, 138, 153, 180)) S EAF N
M PCBs 5 4B DLIIFEAR; BRI E e 4% )5 (EFSA) R
6 fhig Pt PCBs (PCB 28, 52, 101, 138, 153, 180)fF A%t
£ AL AT KRS D5 1 H B R A s g
YR FEFRUE(GB 2762-2017) 7t B A L 5 7K 72 s B e
Hl iR 7 Bhg Rt PCBs(PCB 28, 52, 101, 118, 138, 153,
180)FR &M 0.5 mg/ke™. Ak, FRET 2018 FEFF4HL
it P 3T R VAL RE B AR AR E(GB 13078-2017) R, 3 1
TR} R R R 6 R R 1 PCBs HIFR 87K 10~
175 pg/kg®. 3@ 1 Bh ik 2 T H 82 05 (0 3 5o o it
PCA Z5) A SEixt 2 H bR R BRI 04, 32 Hril &
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5.4 BIEAIESEHRIE

XTI e 1 B i AL BT T, BER R B AR
PRI SRR R e BE BT AR, R ORI R E
PERA FE R R B E RS IMERTE. SRR
A RE R, BEE T L ORCHE T B R A ST, o e
SERS S 7 VEAE I 2 I N,

fE& T

2, Wk, AHARAR, TEARLHFRRLRZAFES
AR BARFRLPT, = REFEMRE. £2MNF SERS ity
M H AR POPs L # AL MR F AT 7. K& SCIH L 20 &4, &
BAEAEF 6 R, HIRRLE 3 A.

EHA, HE, ARR, PERLHERRLE LS
Kl R, —RETEARLE. 2 EAFRAHAE
Rk T4 4B POPs HAT ARAFR. HH R A A SCI X 30
S, BREAEH 4T, HHREERH S .
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HBEE, Wk, —HRR, FERLAPERRLR AR
HEERMNBERFR. E2AFRHRRE SRR TL4AEEN
HAFR. £k SCI #3580 A%, BB RELMEH 10 57,
H R B R Ao RAAT AR 10 257, HREF 8 4.
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