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residues in food

ZHEN Jian-Hui'*, SUN Peng-Yuan®**, GONG Wen-Wen>*’, JIN Xin-Xin**’, JIA Wen-Shen>*”,
ZHAO Jie>*’, CHEN Rui-Chun', PAN Li-Gang**®, LIANG Gang**""

[1. Shijiazhuang Customs Technology Center P.R.China, Shijiazhuang 050051, China; 2. Beijing Academy of Agriculture and
Forestry Science, Beijing Research Center for Agricultural Standards and Testing, Beijing 100097, China; 3. Beijing University of
Agriculture, College of Bioscience and Resource Environment, Beijing 102206, China; 4. Risk Assessment Lab for Agro-products

(Beijing), Beijing 100097, China; 5. Beijing Municipal Key Laboratory of Agriculture Environment Monitoring, PR.China,
Beijing 100097, China]

EEWB: Wb SmaA &9 H (20325502D . 21326610D). dbaETi A AR 4:(L182031) . B A ARIFIL 4 HF I 4:(21806013
31801634)

Fund: Supported by the Hebei Province Key Research and Development Program (20325502D, 21326610D), Beijing Natural Science Foundation
(L182031), and the National Natural Science Foundation of China (21806013, 31801634).

RN . IMIS I A L [ B — R

*ZHEN Jian-Hui and SUN Peng-Yuan are co-author.

FEIEMEE: RN, WL, RBIEFSE G, R R B A R A KR T A A BORT O B ESE . E-mail:
liangg@brcast.org.cn

*Corresponding author: LIANG Gang, Ph.D, Associate Professor, Beijing Research Center for Agricultural Standards and Testing, Beijing

Academy of Agriculture and Forestry Science, No. 9, Shuguang Garden Middle Road, Haidian District, Beijing 100097, China. E-mail:
liangg@nercita.org.cn



5578

B dn 2 4 R R I A 4R L

12 %

ABSTRACT: Food safety is a global topic, and it has attracted great concerns as it is closely related to the human
health. Developing analytical techniques that are simple and suitable for fast screening and detection of toxic
chemicals in food are vital to ensure food safety. Antibiotics have played an important role in agriculture and animal
husbandry, but the irrational use of antibiotics has led to the abuse of antibiotics, causing serious animal-derived food
safety issues and threatening the human health. Although there are a variety of detection methods for antibiotic, there
are still challenges in the sensitive and quantitative detection for antibiotic. Therefore, the establishment of rapid and
accurate methods for antibiotics is of great significance for controlling the rational use of antibiotics and assessing
environmental risks. This paper summarized the application of DNA aptamer biosensing technology in the detection
of antibiotics, focused on the sensing principles and application progress of 3 types of sensors: Electrochemical,
colorimetric and fluorescent, demonstrated the advantages and disadvantages of different sensing methods, and

finally discussed the problems and future prospects of the aptamer biosensing technology, in order to provide

reference for the future research on the specificity of aptamer technology.

KEY WORDS: antibiotics; aptamer; biosensor; electrochemistry; colorimetry; fluorescence
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b R R EFRAEME KRS, HE T
I B WO B RRR L S 2 AN IR L AR
WEER R, BIRAE DB R M AL RS &,
IR B R TR A B AR SRR A 2 5 R 25 Y 90
TR S PHERRECR | gk AR, A R sE M
A G REPE 2 (AnBe AR RIS L B | A K2y
P&, oAk R A SRR (ol S 3 I A v g i 2 1,
B BPANTE IR, BRI PR 23 s YLK IR g,
XA ST R EOR, Mgk B T R AP A R AR
MRS At ), S Rk, b
T AT 24 T N

WETRTE | R P A K B A T SO E Rz
MATEHFF S, BR. &, ISP FES
WA RIS 25W) . BT, PiA: A AT AR (5% -
5t 3% ¢ FH ¥ (liquid chromatography-mass spectrometry,
LC-MS). S M 3%- ik B ¥ (gas chromatography-mass
spectrometry, GC-MS)% i (AR Ky 3204, HAT o
W, R EE RN A UL, A SRR . KR
PURTALIR | e B A 42 B 37 BT A A B AR B 86 5%
PF, MELLWHE R IR WA L Al B S 8 4R A PRSI
K, BN MRS R TUSEOR . R, A
PP LA, PR AR, PRk
PRI A RS DU A ) 5 SR ok bl ey, A T AR PR
Gifl . FREE . SRR MBUE R IR R LT, B
TR sl i fh i 22 4 WA R I EOR 8, IRA B
FRIAAR L B A PR, PREE N RBEAR B R ERY 4,

LRI B ARG B AR T 4 R SRSk 1) — Fh B 2
BRASAINEL AR, R Bl BEE R K S R A e, 55
ForFhric . GURRE . AT ST SR AR A IR R 1Y

P i EAR T TR AR IIPERE . ASCERIR TR RC AR
PG BRI U R TP B, A TSRO A
HfbSE L ik DOERE YRR DT A 2T R T
J&, FEXIE BC A A L I A T AT 1] SR K T
HEAT TR, DU A RE B A AR I AR IS %

1 #HERERFERERKAREREZEN P
Rz H

SE NSRS TIRUE = C R W N R s N T i 2l i)
EESERZATIRY), HIRERRIPUIK, e SRR IS A,
BESHURM L BA T 200, rfb2eG . TR
Y. AT AL BRI, AN ST e
U ARG KAE TS . FRF RN 0 | SRR LB T
2 28 DR AR P A S 62 < N T LA, 23 30
WA, BIRERIACHT Z AT AR
AN BE RN F A AR A1, R 10 AFAR RIS i
IRAEA PG AR 5 T AT FRAS B S B & R, I 1,
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1% R 385 TC AR TR 1 118 5 A R A ) R 119 = 4 25 [R) 45 44
FEAE T SEAR T RUN . A RIS A R O A X
AR T HA R R AR BRI . P, 0 2k 5 A
JIER S G A R TC A  AE r  RE E R a A
R IRAS I OG5, t2Pr A B TAESE —E S 17l .
N HFTN AR, E N SMIFTE A AE ST A TR BRI R 7 3
A IR Z by 2 45 T T I BOR Y LU, O 2 AR A
ok Y, e A 255 Bl AR O 2 T8, HAN 26U 2VR)
M SEY R ICH) BEAMERL T IR IR EE A AC, # ssDNA
SO S EE R BUAE W R R R R SRR A SR I, B ik
F W RIS G NS RE RS 2R T R & B Y 4, T T
BSEVD R E FL A, LT IR Fe’-IDA BBk IE
FAE G W18 B0 52 BT Kk R BE itk 1k (systematic evolution
of ligands by exponential enrichment, SELEX)4% /R 1 & 41
EHIKEOR, iR TR R RRIE AR . X b
LU B 2 1 el 0 K Bk Ry 43 B Bk AR, DA SE VD R
NHEAR AR, RTG53 25 B G N T % 36 U AL I 3 I 1A
T Ve B 7 ¥R, IZOE AR K SRV R B RS, X T4
FIARAL 23 F 35 00 5 . AR A R RIS HA R
FVE o e oC T UL B Ak i A B0 O 3 e AR (0 45 & 5 4y
B m, AR R BRI AR, ETHESN
SELEX ARG 1 5 8 B Rm £ . &% 571 DNA
WEER . 7E BIRAFSE LA b, e RS PR AR R R
M C &gy TR T RS A %),
VWA (e . 280655 ) A Rl AR B A 25 10 A= 0 4% s )
HooR, (RSBl bR 2 0 3 B Rk R, B T 3K T
KRBV . OCTERB LR . A Wy AH 25V AT S 0 R AL
SFFY B R (B KR R AOR | AR
AABE. BFE. 290RKEF . REE ALY E
Bk ik 22 P A A A5 AR R U, K AR T T
A A% AR ARG I R

2 BUFERAME RN ARERE FZENH
HI R

2.1 BUFEREERIZENFEE

MHLAE SRR, AL AL 2 A6 I 3 2 R 2 L A
BELC i WA, G rp AR 2 3 S S LA W 3 R A A
FELT I LA RE BB A A5 5 o LA 5 )7 R i SR AR i
PR YIS A S BARE S, S B0B I 1> T AR ICE
Pic A (B3 T A RN ) 5 HE A S THT B B 2 2 R (Bl
HRL R A TR AL ) AT 51 S R 5 AR A, ] I A S
T A% TR 3 G A (035 TC A B R % ) 5 T 45 4 A 7
51 S L LA A o AR AR B A D SR i DR Bt
o)

22 HBUAFERAERSMRER

P AP G ) L A 3 S DA B T b MR R 4 AR ) A A
Tz, HHr Bl m e A 7E 4 2 A% R A A R — R A T
M BT A AL B il ROUSHANIT 25915 T 3 % Ha. A GCE/
A1 SRR /R A KT T TR R T A IR A 4 B A SRS,
I FH IE PO AR KT R AR 4 1 S R 0 R SR RE
AW EABEZNEBRRGE LT & R
W, KIFR A 3x107"% mol L', KIM 45RO T 52 Wty
W W 471 9 2 28 3 A AL SRS, B TSl iR S L& R A
S A KRR AAERS, LT EEZ AN,
KB & 1x10° mol/L. SHARMA Z5PURH & R ALIE F
G4 TR R R A W 2 ) D R Rl Pl A SR T, 5 9 A T Ak
R I R AREE R AL TR IE Bk, & T — Ukt 22 o Bl
AR AR, SEBL T R R AR I, A I B
2.3x107' mol/L, DAPRA P24 45 T SUZ (v
I R 38 P A 1 2k B ) e O s S O e, 3 o T 2 A
T 5 | P A R B A, SEER TR A R MR INEE R 1 IR
BF A W, R I BR 4 A 1x107'° L 1x10° mol/L .
MOHAMMAD %Iy T U8 iR RS I i, 25 T 1R
SMITEG TR S BT UIVE A L O B ARy SR IR, 5
BT X REEE R AL AEAR I, RS IIBR R 1.14x10°° mol/L.
FI 2Ly 5 3, TAGHDIST Z:P4H% 1 1 M K% e 14 I
BRH, BT IS RS AR 0 R S AR AR IR S DB T
BFE S BT IR A, A T IO A 0 H AR SR I T v,
GIPR A 4.5%x107" mol/L. tb4h, BHIF T 1% 58 i 42 7+
R R S . 51 AHIE NS F RGO 5
PE— AP T AL R P BE, U0 PILEHVAR 25250544
KEBMT BN, FEFHKESERKN Au-S HIE
FHA A8 T R P 3 O ARG BRI, SEBL T AUV R R
AL 2RI, KM FE A 1x107° mol/L, TAGHDISI 2512
T DNA Z b AE FHE 0 F 5L 85 PR 10 3 FC A4 A8 1 H A
S, M EA S AR R RERE, AR ic W
)35 A DA PR R SR TR 9, AR W P R AL A S R AR AL
SCEL T BRI VD R BRI, K IER A 1x107'° mol/L. NIE
STV T R TR (5 0 B A SR s 114 L 23 T Ak £
AR, SEBL TR AR R R S R, R R R
5.13x107° mol/L. FI| FHJ A B4 By (4 bR 06 25 4 14 S 2,
WANG 2P T —Fh & Je 4R 4T 45 H93E it (& DNA &8
A, LT RACE R WS R AR E R, KRRy
1.3x107"° mol/L., GONZALEZ-FERNANDEZ %52t 1
WAy B B AR AL AR R, T35 AR 5 38 AR 1 1 55 AR
FH R I FE AL B & A fh, ST AR
A Jr ik, KPR 5x10°° mol/L.

Bl B RLRL 2 1) R TR, KM Rk ok i i
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BRI 2%, WER T T AT o B AT A A I
AECO33 1 WANG 268341 1,3,6,8- U (4- F B RE2E 2L TE (Py)
SRR (M) JEUREE 3o B A A T — o R A S A
A ML B 22 (covalent organic framework, COF) £f K}
(Py-M-COF), Jfilt—H#E T HF Py-M-COF [y HL{b2#1E
BU AL AR, SCBLT 20N T 8 2R 0 R R AR, A pR
1 1.2x107"* mol/L. YAN ZEB5LF R 75 R 2s 0 2 FL9N
KRR, 455 BRSNS B Gk B i i T A5
E 1 sbaES R LETINA S R e S LN e e S ol F |
7 4.6x107"° mol/L, 2.2x107'" mol/L., ZHU Z5PM4 ZF 1E4k
Bi-BiOI@C &AM kh- S8 R IE ML A1 T B A i AR 3R 1T,
A T EE R L, BER S 7.9x10 mol/L.
QIN 2B £ 1 3 e (/B AL /58 £ L/ — SR A Bkl ok 4
fERRFH, JETIE FL R 5 AR S R B W e SR VR A,
HEAL T AR AL R R OB AL A T, R PRk ]
7.5x10°"° mol/L. sKEChE S AHLEAIIAEL . BB T
BREFEN AT S48 - HLHESE (metal organic
MOFs) #t #b ([Ru(bpy);]** @Ce-UiO-66/
Mn:Bi,S;), F%E T A F VP ALIE RO i fb 22 R A, SEB
TEE YD R R R AR, AR A 6x1072 mol/L, XU
DN B G AL 2E P RE B 2 T B A Y A AL IR
KA AR RHBI/CV-PCN)Y & T 48 AL 4085 (ITO ) L AR AL 1T,
Hil % T R Bl RARATO LR ITE S T RIET 2t
AL AA A I i, AR 9.18x107"° mol/L, 15 i 21401 x:
FHIK G AL R TR S AR TiO/ 1 8806 A
IR, M T 55 A I 0 O i Ao A1 k7
SEEL TR B A R UG, AR A 13107 mol/L.

Hi b2 A A R R B Pl | R, LSS,
AT F e . POV MM L BAIIA R, AL
JE T A 35 2 T VR AR AR I AR &R PR R AR TR, RN
HE R BT THEPERE, HOR & 2 bS8 fh 2 T 6 F AR
JEATIE AL . MBS . SRR 2, BRI T At Rk
A7 Rl S 24 R AR K ME L T R R AR AR
T

3 EEEEERMERENEARERE RENH
IR A

3.1 LERSRER R RSN [RIE
FLEdEHA R PR, TR, R
BHE AR 3 DR S A A I EAR . o, 942K 4 (AuNPs)
FA IR A G2 S A AR, i I EE (AR R
AR R B 2 —, gk -G oA - IR ST, @
0 i B — o R T R B U 1 290 K < 1 v R R R S 1 LA
Pl PR AN, 5 FRIET ORGSR,
HAEE LA DNA i AR TH, DNA FIEERR 2 [ 1

frameworks,

P KRR RS, ERWEERRE T YRS RE
gk A -3 i AR 5 S I, LR R 4 K
G HAMARIEE, AT MR R B e AE e, Tk
4 538 FLARAVE R RO JS A0 06 22 55 B I I 1A R B AR A,
IR R A
3.2 tbEZERAEESMRHAR

ZHOU ZUNg sl T3& FoiR-a0 K & ik 2, R
AuNPs 7 NaCl ¥ % 38 82 K 43 5O A s 1 28 2 6 28 1k,
T EHF R ME AR TR T A5 A
R Sk L MR E AR, AR A 3.4x107° mol/L.
[FH, WANG ZU51LF PUBR 2808 il (R -4k & Lk R,
B TR R A LR %, RS 2.693x
10 mol/L. LUO %1 b 2 i B i Ak 1) 4 0 Kok +
H AT, TR R IE I A DU 3R R AE RS A R R
H 7 X 4 K 4 PR AT 175 SRR A s s 1 A8 b, ST T
RGOS ALK R, BMIBR A 8.78x107° mol/L.
LAVAEE % U7V F 4 40 K Ar A A4 Ak 18 4 T i 1A 5 40
PRES G R e, ME T 4 9N Kok T -3 A -1 S Ak A --
ML R EHAR R, SCHL T HRAR IR R VD 2 10 LL a7 A
M, KBRS 1.2x107° mol/L, 444K 5% HAG AL & P,
] LI Ak 3,3',5,5"- U Bk Bk R 1% (tetramethylbenzidine,
TMB)E ALY & A B Ak, 1 ZHANG ZEUSI7eff 5t
HOR B, 244 9K AR 5 DU IR 2RI P AR RS A AR TS
— R, T IAE T & 9K KE-E R A-TMB %4 H
ok &R, AL T I E b R i, R I RR N
4.6x10 " mol/L. ILAh, S 4 MRTEMJF AT Al LA Bl
K4 IETE 526 nm HATRAAEW I, Z IS &, SHEN
LG IR S T DU PR 20 4 R I I8 JE P R, I 7
T HBEE K 4 He kI Oy s, SEEL T PO RA R E A
S3HT, KPR A 4.5%10°° mol/L.

MR T L G I A AR, LU 200N it Ay
#% T haipinDNA Z5#4), SAE7EREAR 4> F I hairpinDNA 25
P FTFE, TR HS (0350 43 A% R 5 4 it 4 S A I B BR (MIB)
Pt BREFAZTRIE BUALEE, 7EULFEAE BT T 5 FREUIE
G S O e 1 R AR 8 R R kil iy ik,
DB A 4.1x107" mol/L . FI9iE 255U FH AU 5% DNA % 444
Kok FHUHEFAER, 3T T 3 TR L R IR AT DNA
Z 22 A 2R I AR 5 TR R W ) L £ 3 T A A ) 1 IR A
FEF YR 4 Bk R ARSI T -RAREE 2 (19 = R ks
W, AIER 9x107° mol/L. 1HAh, FHiEZEEAN 5 LK 4t
2k HEBRAUR R AE RN &, 36T 2477 558 B 14 (split type
adaptor, SPA)ER, #EYHAIRIN T 5REW RFEEFHESE
(4 BEAE TR B, R <Je 0 R g Sy T Y 5 5
A S e 1) B i U AR A TR TR L A I s 2 #G
MIFR A5 2.8x107°, 6.95x107'2 mol/L, WANG 2515415
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T SPA SRMSFIE 1AL L (o f 8, FIHT SPAT, SPA2
55 A 85 3R R S AR AR R BN o 416 W 18 (horse
radish peroxidase, HPR)E B RIL 8, &1 HRP fiE{LJiK
WGt Ak, S AR R B E AT, BRI R
13107 mol/L . %5 1 SE B T 3 F 1 2544 B b € 40 #r,
RTT RS AR R Bt TR .

Ltk B R B | PRl AT AR SRR A, S T T
o fe A 2 O A RNHE AR AR I o (EAE X T AR A e T
BRI F, kB2 k% oM 5 A Ik R 170t
5, GRS AR BNRAER -, BARAEG op
T FR bR AT RS I LA R A D P e, BLAESE
B A b 43 B B 5 32 B4R R 38 T4, 5 e e T 45 2R 1 o
T P AT A, L O R AR R T B 2 I AR
W, RERA TR ELOLESHRET
] 1R St

4 TOLEBEBMMERAENBEARERE RRNH
AR

4.1 RAEIEF AR RSN R IR

R A B DOGPETT, R IR 9 67k 1 Pl A 12 gk
N S S TN i o 3 i Vi e = ¥ S 7 1 LA SRS AL B S
WAL BTN TS A = B R U, 3 e A
R IBA R A R RS FE R LA (DT
PE I A1 -1 K FE BRI 9 28 AL 43 (5 A 2 S A5 S )
1A ZR1530L (2 S 5 P B 0 LA (o T A e ) -k
G OK B R (28 08 /T A0 K A5 ) TR KORL 5 I A TR ARG TN Ak
ZRPTL 3y 5 DA BRI T A (A T A M ) -
PR ANE G I TR G I 4 2100, (4) T
5 G-k DNA EAFRFHE SR E9eE S
BB AL B PR R P JE T b AL A R BT R,
A PBOHE RS T A (AN BLEE . XUBE . hairpin, =
IR . G-I A 25 7 55 ) B 3 Pl 145 B4R 4 F 1 F O =K,
A VR R 5 R 5 6 A 5 1 s al MR AR AR Ak, AT AT
PASZ X SRR 1) 2 it AT
4.2 WA BHAERFZARIER

98 & I SYBR Gold 4k AT LIFI HL5E DNA & A AE
FFF = R R B ORME S, BIRAMIINE 1T v iy 3'>5'J7
] 3% A AL 7K S A% DNA, 25T i 5 38 TAGHDISI %512
Myt 7 i We A4/ B Ak (A% )-SYBR Gold-#% B2 M) g 111
YA BT MAR R, 24 5 2 58 B R & A= A1 FH B 3 e
/B R % &5 A4 fifE e AR B Ak B gk, PR T AR Ab
YIE 111 % XU5E DNA FKRVE, R 2 EER 20
5%, MASERRELBERKNES &7 LTk,
HFUHELHTHBEBREEASN, BMWEN 545%

10 mol/L. FIH EiR 4 FIihr i FE, MA 831 T k5
0% AL [ (fluorophore, FAM) . ¥4 K 3£ (BHQ1) % i fic
=R BeR 4R 5T, Hf FAM. BHQI #RiCHY DNAL,

DNA2 1] D)5 G 85 25 38 W {4 30 2 el 5L B+ ME B J0ORUEE,
tF BHQI 5 FAM Jg=3kXf sk 4148, Hl A& ZR+ FAM
WA F VKRS, BEHGERSERAKRAEERE,
FAM . BHQI #ric i) DNA ¥ B 21, 1R R 26K
S, TS T A& R A R ORI, R B
2.16x10° mol/L. [f|¥, JALALIAN Z&l43 3 7 =B fk
DNA %5#4, Hh FAM BHQI 735451 T DNAT 4 3 Jf:
A5 hairpinDNA (Gdi Be#A)/E TR B = B¢ {& DNA, 244
PR 58 B B hairpin £5 #4047 7 3 B it DNAL, {iF
B DNATTE WP X hairpin 2544, BHQ1 X} FAM
AR, WRRIGES R, TSI T YR
LRI, KR K 2.09%107° mol/L, FFMaE T +&H%
BEER M Iy i, KPR A 1.67x107° mol/LI!, 7E bR #H
FEHLAl [, CHEN %510 HAT G-PUBK AR ZEH4) i) DNA2 5
e bk =B LE R o FAM  BHQ1 R #R1C 19 DNA1, 4
PUIFE Y hairpin DNAGE B ) VE G Bl DNA2, 1
DNA2 76 ¥ W P B A G-VU B A 25 44 mT 5 5% 85 6 T /6
DS W S 20 & A =R R A W ITEZ N <]
W, KR R 9.7x1071% mol/L ., M4, [ — €& i
(Circular dichroism, CD)#F5% % B U #F 2 18 F 1R 78 7 i
FPATIE B G-PUBRIR S5 K, a5 T 59k SYBR 1 R/
FESEMEVE T AR BRI DO R S, MU R 5 iE ik
ERJE G-THER RS smIR, § 30K R 901 5 FEAK,
F I JEHE YANG 2607y 8 13 PR -SYBR 1 28 614
R R, SCBL T DU IR R R I, R R Ok 2.25x
107 mol/L . MA 218 55 %% ¥ IR 5 2538 e A 5 R IR 2
F A 5 0 B R A FRRERE AS B G-DU B R 25, Ik —
HHEN BIE TR R T AT 5% G-DUB AL H 4 & 5
SRR G RS, TENLIERE DA TR RO
JEAG I, R MBR A 3x107'0 mol/L. B4 KAk an A
B BRAVKRE AT I m-m 1R TR — A HLE G S TR
BB F7 S8 L BRANK R TE, TG T 5 IR AOR MR Z
(6] & A m-m AE 2 5 SO0 6 T 55 (B KAE D,
HFHZJ5H DOLATT ZELV7E §7f 3k JRH% v AL 13 I A oty ik
fifh b, AT 9ISy T AR IE LR REr, M T A B -
PR ICIE LR AL RAT A R, FEF 4 BN T
S E KA, LI T RS R AR S AR, AR
BN 3.7x107° mol/L. WF5E KB E C BlHEH B HA i 5
P, TLLS R T AgNO;s A Al B Ot B 98 K R
(620 nm), Ttk HOSSEINI 2:1701)) + 45 2 3E it /& DNA
R R IR —mEK T e C WAL B (C12), X
W AFAE AgNO; B, 1R C12 3843 1] LI AL I JF 75 Wi
i AgNO; A A B 9K 72 (620 nm), AR FR o™
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BRI DI S, MW P A & E e, & R
DNA #4r5 + 8 R B AMERIE SRS Was a0, %
SERXTH R AR TR e a7 A K AE R, BRI TR R
PMES, BT RRIE S AL T L HERNE
FAMHE, KRR 1x1071° mol/L. YT 2617 ke & 7 3 Fic 4
-9k 4 -SYBR Green 1 % HHREMAR, HTEMIA. 9
K4 5 AR RV R SE 4/ B SYBR Green 1 5 3& it (&1
FJE = A me Se B PE IR, SCE0 T S TR0V 2 G v R AR
KM BR > 3.4x107'° mol/L.

0 B AL AR R P AR S T PRI RE T, GOy
R F oLk Z A . BELAL 7R ik £ &
FCARHEATBY U1, T8 R 3 2 2R S v 45 A 1 A BEE i 1A
FBE, o B S R E D KRBT . CuS KR F&5 4, F
FH A5 i85 2 508 Be AR A0 e VR L, o 40 B AR B
A, SEET SRR LA R AU L e, SRR R
CuS Xf @R PHAVER, @ T Rifs R m ROt
il 7, KRR N 2.6x107' mol/L., LIU 731D & fir
A I BE 2R 5 1 5 40 5¢ S b RE AR TC 1938 G A B R h
AT 9 AL A I A Z1, ) P A AR 5 08 s o S A
F M G e BR SEE T B v R AR, AG ) BR A
1.7x107"° mol/L,

PEITE A RO S . BRI | 155 R 5
Mo, PIE T Z bR AT . (H9 ek ks R
F, FEEAEV WA AR TF RGN, D 2e 15 R g
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