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WEARNBRLEBRWNEREZS T —ARBEEN
RRF Frtomet b AR A G E 0 H k. BIE BT
Felb F R R &5 HARFRR . Bl g R F Lk
W5 AR LR B BT R R AR, IR R &
B SRR R e B AR AR AR R T B
BEIR S KA S A SR AL E 0.1~8.1 pg/L &
SHEBAN.AFHSEH I AR BRI 48X FH(RD)
T ik %) 0.995, £ 300,600,1 200 pg/kg 3 ANFAmAKF T
KA B R ERCR A 76.0%~102.2% A8 AR AR £ 3 b
Fl0%., KA&wMA ER . GR FTHEATH S
B R, AW AR R A 266.3,421.0,349.1,484.4 pg/kg
(n=20), ZH &G THhi&Ln ik, 20 FTREK. L.
Mot S HR ARG EHNL,

KR 50 R A EHARGELISA XA &

Abstract: Using the principle of enzyme-linked immunosorbent
assay., a method for quantitative determination of carbendazim
residues in fruits, vegetables, tea, and tobacco was established.
First, the carbendazim hapten was prepared through acid-base
neutralization chemical reaction, and then the anti-carbendazim

monoclonal antibody was screened out by immunizing mice to
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prepare the enzyme-labeled goat anti-mouse anti-antibody, and fi-
nally the prepared anti-carbendazim Monoclonal antibodies and
enzyme-labeled goat anti-mouse anti-antibodies were used in the
development of enzyme-linked ELISA kits. The results showed
that within the linear range of 0.1~8.1 pg/L, the target carben-
dazim had a good
coefficient (R?) could reach 0.995.

the addition levels of 300, 600, and 1 200 pg/kg were 76.0% ~

linear relationship, and the correlation

The recoveries of the kits at

102.2% . and the relative standard deviations were all less than
10%.
cabbage, and tea samples,

421.0, 349.1, and 484.4 pg/kg (n=20). This method was a

The kit detected carbendazim in tobacco leaves, apples,

and the detection limits were 266.3,

rapid detection method and suitable for the determination of car-
bendazim residues in fruits, vegetables, tea, and tobacco leaves.
Keywords: carbendazim; monoclonal antibodies; enzyme linked

immunosorbent assay kit
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e B BR A . A B, b i B R AR A 7
HBE A T
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1.2 HmEHE

1.2.1 PHES& W= 20 mL, il =9 & MR BT
2 mL, KK ZE 0 °CMiEIR % 0.5 g . Bi#: 1 h, A& £
R L0 g M= OBREW IR BEFE B 2 he 45 1R B
P M 1 mol/L & &AL HV AT pH % 7.0, 011 200 mL
AR B, MoK 300 mL, 3 4 B HE L B 4 WO H
HL R 30 min, 43 )2, 4r 2 B JZ KN BT A AU BRI
W, HEZE (10 °CH,50 mL ZBEFT 2 . 15 84 54 2 0.76 g,
WR 672%™, e ERZ OB M O REAR T
TSR B W) 22 T R AT WS AL B B o 7E 2R BF 51 A 3k, ZE K
BIHEAT 0, F 2 B, H NMR(CDCl; , 300 MHz) 68
8.31(1H,dd, J = 1.616,J = 1.239),7.69 (1H, dd, J =
8.716,J =1.616),7.64 (1H,dd, J =8.716, ] =1.239),
3.85(3H,s),

WAL EY) a 0.7 ¢ FH OBV . N 0.43 g SAALB 1Y
KE W 10 mL, 3l A G A i # B R 3 hs iE %
(60 °C) B2 2, insk 200 mL, it Z B8R Z 1§ 100 mL, 7
SrOEEE A LK HUTIE 25 (55 OO RABR 25 K
RO R AME— R OBE Viaus * Vewen =
T DX H AT VR 47 2. 83 b =9 CEBLEAL & )
0.54 g, Y& Fy 83% ,' H NMR(CDCI, ,300 MHz)§:3.79
(3H,s),6.27(2H,s),6.90(1H,dd,J =2.225,] =1.850),
6.46(1H,dd, J =8.422, ] =2.225),7.34 (1H,dd, ] =
8.422,] =1.850),5.00(1H,s),9.15(1H,s), FR™=¥%
WG AR 205 U 2 L AE AL =B 6=6.27 IMAFHER IR b5
7 e vy AR W W e L BT R PR G U . 2 R R
JRA B 2R L 1,

1.2.2 il 4 FRECAR IV B8 E 50 me, iz 7
AYVERRTE 3.8 mL 0.1 mol/L B4k 2 Wi (pH 7.2) 1,
B AT 0.2 mL Hy O i 1-(3-ZH & JE N 36)-3-
SR W Mg R R 6 R N2 3 5% FAE WM 45 30 mg, il
AZEW A b BERE 30 min; I 15 mg 2 bR % % F
1 mL B R e v W AR5 2 M A B A iR
fife B P 24 he BN 4356, —20 CTLAE,

L.2.3 @RS & FRECOPIE & 50 me, 2 740
fi#7E 3.8 mL 0.1 mol/L BFREL % v (pH 7.2) 1, 15 5
W B A 0.2 mL H, O ¥ 1-(3- —H G LN I)-3-2. 3¢
T — 0 R R TR R AN N-F2 JE BE FA IE B 45 30 mg. A =
VW B B 30 ming B 13 mg 4L E BT 1 mL —

H
N
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Figure 1

Synthesis of carbendazim hapten
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L e v, SR UG 212 A B W B P s R B
24 h, J&*ﬁﬁﬁj‘%,*% CHRA,
1.3 Egtricfuim sl &
FI 1.2 15 2 5 G 525 )5 G0 7% Balb/c il 5 2% 38 8 41 i
B aliAb 22 T R B T W T AR R g T AR 2L 19 3
EHURPTPTORTT A B i Ak
EAIl 03 TR TR 71 R LN
14 MBESHKE RTEREKEEERBRIRG &
(1) X5 2 B HUEARREAT 1+ 2 000,1 ¢ 4 000,1 ¢
8 000 [4h BE 7 B, X 1 4 19 50 50 B PR M IR HEAT 1 ¢

iR A

10 000,120 000,1 : 40 000,1 = 80 000 4 B B . I
FEWRK N 450 nm, XD E SRR,
B
K = B—Ox 100% , @D)
A

K—TH WOt %

by A2 A

B 5

Bo——0 pg/L AR BV RO EE .

(2) A3 Wit b AR B9 B0 R AL B A B 100 pL . 5 1
37 CTFHE 2 ho A 150 pL 0.02 mol/L PBS ZZ uf i .
Ho A5 (B TR A8 0.0506,37 CRIER
2 W B R AR A 45
L5 HHPEERKXEENE

F A RIDAWIN %5 4f8 43 #1 #k #4F 2 57 A v il 26 23 1)
DL I 24 9 1) A AE b ViR B2 L Logit (B/Bo) S A i il 8 1
B VLA AR S K R TR AR Y R O B RO 2 b 2, B AT
SE 2 R AR B A
1.6 XEIEHREN
L6.1 ARPIFR M 20 {3 283 BIE A 25 AR AS R 1.5
A W A AE A e 8 O TSR 20 00 B A e B A B 1 22
JIT AR A R BE A S B (E 5 3 R v 22 2 A ED O A
TR
1.6.2 MR BEAVERRE K 2 B R AR HE M S I = A A
A TR TN SEE 53 5] 2 300,600, 1 200 pg/ kg Al 3 4>
OP L S N R S I o = N G s S R 3 W = 1 DA
#EfR 22 (RSD) ,
1.6.3 REM KiKBH SN aT 4 CTER. S
AT E H 100 58 B B BE B (0 pe/ L) R & 1Cs, L
Te A AR AS B [ L SR 12 DA
L.6.4  BUMER e WER AP B R ST A HE L SE AT
2-E IR G 2 R S5 L I E IR
ICso AR (2D TR WER e | JEHE A i L HE A L 2-
BEORIEORME 1 32 U . 512 50 20 3l 1 2 18 R ok B
551 50 20 Ml ) 2 B R AP e B 1 T 43 LL L B SR 32
B
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R:%xwoﬁ, (2)

IREP:

c.iél;ﬁ oomﬂlﬂﬁl 112 W R g/ Ls

C,——5178 50709l i) Z T RIS UMK pe/ L.
2 RS
2.1 MIRBHWRE BREREKRERE

W78 W BE Sy 0.0,0.1 pg/ L 19 22 T R Ar HE 189 W6 BE
AL DLRIER (DHE B.1 pg/L)/B, (0.0 pg/L)
M WObE. M AR — 2 M BT Pk
AR B) — 2 B A e A0S & 8K S B B R L Bt DR
B 5 W BT AR AR S ] o Bl 16 f % X 70 & 1 o OC B JURL
FRARAE 1002 7L BB A2 (R IF A 0UR L A1 B0 LR & e/
i TR A O [ A 77 e 1) St R 108 ) ) 3K ) R el
Z., WA RS RS X S BO.1 pg/L) /B,
(0.0 pg/L) I H 43 W G 3R AE 70 % ~ 85 % [ Z R, IF 4 Fi
BEAE RO JFRb R A 15 8 £ . BRIt S £ BT I A0
FEEH 8 000, B 5e B TR i B A £y 80 000,
2.2 ERAEMEZ

FIH RIDAWIN % 4 23 7 8¢ £ 22 37 A ofi ittt 26 (L
& 2> FriEfh ZE A B O 0.0~8.1 pg/ L 385 & 19 2 4K
M BE (IC50) H 0.851 pg/Ls 3 B KM TR Ay =
—1.686x+1.117, % & R ¥ R* K 0.995,
2.3 iR

12 2 WA IXT7 RO SRR 3R R A AR AR
B RS B 4 531 b 266.3,421.0,349.1,484.4 pg/kg. fF
S TGS 2% T Y T R T SR R 2 o I
BECGERR N 2 000 pg/L), GB 2763—2019¢ £ & %4 [
FhrE BERTPRAGE KRR RE)ME T 2 W RN

R AR R R AR B BR A 1 5 me/ kg CRF 2R of 4
PEATRLAE) o BRI L3207 VR RE RS W6 2 X 2 TR R BRI ZE0R .
F1 HEBEBKREZERE(ODs wm)

Table 1 ()ptlmal concentration of antigen and

antibody (OD 150 um )
HhikE MEWE/ TR A2 R
BEREE (ug+ L7 1:2000 1:4000 138000
0.0 3.164 3.104 3.052
1:10 000
0.1 3.086 3.099 2.994
0.0 2.768 3.185 2.878
1:20 000
0.1 2.677 3.191 2.980
0.0 2.271 2.249 1.934
1:40 000
0.1 1.966 1.886 1.843
0.0 1.201 1.591 1.793
1: 80 000
0.1 1.294 1.545 1.451




&M | Vol.37, No.l

2.81

Logit(B/B,)

28 1 1 1 ]

0.1 03 09 2.7 8.1
Frifi bk 2
Standard concentration/(p g * L)

B2 2@HZApdL

Figure 2 Standard curve of carbendazim

24 HEEMERE

S RIS I N R 1 N o A O o o N O
Ry 76.0 %6 ~102.2 %, it P AR X A o R 22k 4.8 %60 ~
9.7 %, At 1] AH X Fs v D 22 4 8.0 %6 ~ 8.6 %6 . fiff 1Bk f 3 ik

x3 REER
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Table 2 Determination of detection limit of
samples (n=20) ng/kg
FeA S H PR 22 A 0 R
o 96.1 56.8 266.3
RS 146.1 91.7 421.0
EE3 137.9 70.4 349.1
P 212.2 90.7 484.4

TG 1 B RS B G, i P A AT Y AR X A A D
FEYITE 1026 LAY o RE PRI 3K 0 o 1 4
2.5 BEMH

Hi % 4 AL AR & T 4 CRAFRERE IE R AT 12 4
J13 iR 56 1A 8] e KOG (E (0 pg/ L) S8 B2 1,59 ~
1.91,IC:, FE F 2 0.367~0.772 pug/ L, Ml R A 14 18] i
TR 72.6%0~95.3% R WoR T . Uk I i K o
WG RE R 7 4 CTFREBMMA 124 .

EWHERXR

Table 3 Precision and accuracy test
AR/ [l i % / 24 RSD/ %
EiiR7 -
(pg = kg™ 1) 1 2 3 4 S =4 HtE(n=3)
1 86.1 78.3 86.9 78.2 86.1 5.6
300 2 91.4 102.2 94.9 86.3 91.4 7.3 8.2
3 83.0 78.7 87.7 87.2 83.0 5.1
1 90.6 96.4 92.7 85.9 90.6 4.8
600 2 76.0 92.5 79.9 86.9 76.0 9.6 8.6
3 100.8 83.9 77.8 86.5 100.8 9.7
1 83.4 82.3 93.6 92.0 83.4 6.9
1 200 2 98.5 101.1 98.9 83.6 98.5 8.1 8.0
3 85.5 92.3 102.0 86.3 85.5 8.9
F4 REMHRKRE 2.6 MEFRYE
Table 4 Stability of the kit at 4 °C W ok e | ST A e T A L 2- G I 2R I ks Sy 7
RAENTE /T BRWEREE ICso/(pg - L7H [/ % T Z AR 3 e 2 R A T e R ke | T
1 1.68 0.772 76.9 FEFCATHE FEATHE 2 FUHE R I DR e 1 38 U R R I %
z 159 0.367 81.6 TR R B0 5 W R e | YRR A e R AT 2- U R O R
3 1.80 0.613 76.3 W fY) 28 IR <1 %%, UG IR 22 1 PTG RR T R AT
4 1.86 0.532 95.3 N
5 1.66 0.446 72.6 3 éjl:l:l«@
6 1.72 0.655 86.0 IR T — Ao R B3R s 2 R R
7 1.62 0.572 76.8 BB e WM kLl R A R R R ZH
8 1.87 0.702 86.7 R REPUIAR R L T IR S N & . 46
9 1.84 0.623 87.2 SRR % WA E M A B )AL R 45~ 60 min, Jf
10 L.77 0.369 76.1 HAHREE S ALE 1E 0 T 5L 2 50 30 25 X 4 u 3 2R
11 1.91 0.369 a7 KoM 2 W Rk EEHFETHESN., GB 2763—
12 1.81 0.662 73.9

2019C R Sk 2 A ZARME B il PR 2 SR B PR ) HL
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