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ABSTRACT: Objective To develop a rapid detecting heavy metal mercury and lead residues in Asparagus officinalis
L. by latex microsphere immunochromatographic test strips. Methods Heavy metal mercury and lead antibodies were
conjugated to latex microspheres. Nitrocellulose membranes were coated with heavy metal mercury and lead antigens as

the test line (T line) and goat anti-mouse antibody as the control line (C line). After optimizing conditions, sensitivity,

Yrks B EA: 2026-01-13

EEUH: 2023 4£ 5 5t LR AA BRI H (FIRHE R [202412-6 5); T AR5 H (20392002100)

F—1EE: HHQ001—), Z, WILWRA, FEREE ) Ry o s PR & K L G yse I J5 1 257 . E-mail: 2934162470@qq.com
“BIEEE: SICH(1987—), B, FBWIFI5 48 M L AP IS AR . E-mail: 383464980@qq.com



30 B il 2 A iR A I A 4

FH1TE

specificity and stability were evaluated, followed by testing Asparagus officinalis L. samples. Results The optimal antibody

concentration for mercury detection was 40 pg/mL, with an optimal coating antigen mass concentration of 0.5 mg/mL.

optimal probe volume of 3 pL, optimal detection pH of 7, minimum limit of detection 0.28 ng/mL, half-inhibition rate of

5.60 ng/mL and quantitative range of 1.00-50.00 ng/mL. For lead detection, the optimal antibody concentration was

40 pg/mL, with an optimal coating stock mass concentration of 0.5 mg/mL, optimal probe addition volume of 4 uL,

optimal detection pH of 6, minimum limit of detection was 0.29 ng/mL, half-inhibition rate of 2.15 ng/mL and

quantitative range of 0.10-10.00 ng/mL. Both latex microsphere immunochromatographic test strips demonstrated good

specificity and could be stored for over one year. Conclusion This study successfully develope a rapid test strip for

heavy metals mercury and lead based on latex microsphere immunochromatography technology. It exhibits high specificity

and sensitivity, making it suitable for on-site screening of mercury and lead residues in Asparagus officinalisL..
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ERHE A BRA H); XW-80A EUIRHEIR 51 2% ( g2 ME AR
AR T); TALOS F200X #3% % 5t i% 5 B 1 2 s
(transmission electron microscopy, TEM)(/3 ##3% <0.25 nm,
2 [ FEBR TR BB 23 H]); H1850R B v sk A I 28 O L
P AL RS B A BR AN F]); 2Q2000 Ui v ki H Sh i
Bl HM 3035 B XYZ = 41X 5 A (-1 S An kb B
NCIDS
1.3 BiRECH
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20 mg/mL NHS % #: #REL 2 mg NHS F 1.5 mL %L
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gliKERE 1L,
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PR | REBRLTAEBE(INC ), WK 4RI BRI T 17
M b, AHABEHAIAE B 2 mm DURUER A ) )2 i X,
Y. Z =44 A S RIAL, S BIER AR, VEARHINIZE
(T £R)5IRLR(C £8). TERBHRIEHT, FEFINLDIH AL
P/ 3.8 mm AYIRARS . IR RER A 1 PR,

~ —

ey %Y

BRI

Al T ey
BH M

® ok 4@ R AP ® T4 )RR/

Y EPURPUA Y E4EERAYUK

K1 RguRai R ER

Fig.l1 Schematic diagram of the test strip structure
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T LRIKFEME A C ZRIKBEAE, b T/C Wifl. ZJRE 13 d &
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Fig.2 TEM image of latex microspheres
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TELREHH A R, FOIR MR AR P T HRE
BB K AR, FEPRTR IR I S-S
Gh AR, T VR 2 IS ST 135509l
Pl 3A AL, BAZSHLUR PR 0K, To SIUSERIRIR, it
PRI 40 ng/mL I, To 584 0 010 B o PR
PRI T I, 005t 5 MO e PR B T 2 W 3B 45
B IEIERR 40 png/mL 1E (BIERBT A RO LR LY

Fh 1 3B W1, BB LT, To SLISEH R L,
SRR 9 40 ng/mL HOBH B30, DT S0
HORTHIN, FREHG2E I e b S i, JEEL T 2
BREE T 5 FCAB R IR0 T 2 DR B (AR HE s, 5%
FRFEIERE 40 ng/mL A=A (RIH L A 0 L R
23 RAESHHIULER

ST ARG 2 PR PR 535 4 A B
R, S5 RmE 1 AT, [ AR BRI A
R L4 S0 ng/mL, SREHIR K 3 uL . AR R
FEH 0.5 me/mL B, T 2GRS T/C (ETHIRAR, I,
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$ . =
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o 1402
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0 0
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Piibric B/ (ug/mL)

o RINEEREET IR 3 uL . s R R 0.5 mg/mL
(P RrEIT STIEE 2

A2 AT I, [ AR R T ik A 10 ng/mL,
METHEN 4 pL. WERFEWRE N 0.5 mg/mL i, T
LRIRFEMA T/C (A RAR, FEHIH SRR F I
FF AR 4 uL . SR BTRRER 0.5 mg/mL AE AR
FAES .
24 RAKEKRNAR pH HUER

TEGIEENTL RS, pH S PR 2 R4, [FAT
TR EHE KN pH 2 P EFLRHER R . hHIE 4A AT,
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kR AT S, RAERE, RBUZNTZEL, St
pH A 7 Bk B K, 1 ERIREE T HUM i 23 A 22y, %
SRR, 1 BERsE R Pk A2k, Rbiess pH N 7 1,
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Fig.3 Results of optimized antibody labeling quantity

1 HEBEXRRARAAZTLEBHERERESKRITASER
Table 1 Results of optimizing the original mass concentration of T-line coated mercury test paper strips and probe dosage in the
chessboard titration experiment

P PREF F /UL A i 5 et B /(mg/mL) T &K EE T/C /%
NO.1 0.5 71874655 0.60+0.09 39.4
NO.2 5 0.6 7836+226 0.83+0.02 324
NO.3 0.7 7834+702 0.86+0.08 312
NO.4 0.5 4296+75 0.39+0.03 62.5
NO.5 4 0.6 6180+253 0.65+0.05 43.7
NO.6 0.7 83524335 0.88+0.04 30.9
NO.7 0.5 3393+380 0.31:£0.04 68.0
NO.8 3 0.6 54064682 0.60£0.09 44.9
NO.9 0.7 5580+50 0.64+0.03 43.9
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*2 MABEXHREHAREZTREHRERESRIAESER
Table 2 Results of optimizing the original mass concentration of T-line coated lead test paper strips and probe dosage in the chessboard
titration experiment

i PRET I /uL A% J5 T R B /(mg/mL) T &K T/C /%
NO.1 0.4 3853+789 0.35+0.06 80.9
NO.2 4 0.5 39004309 0.33£0.03 87.4
NO.3 0.6 47704382 0.38+0.03 86.4
NO.4 0.4 3988+143 0.3120.01 85.9
NO.5 5 0.5 44964224 0.35+0.02 85.7
NO.6 0.6 5208+173 0.39+0.01 85.7
NO.7 0.4 42604842 0.39+0.07 86.1
NO.8 6 0.5 44894224 0.410.02 83.2
NO.9 0.6 53224965 0.43£0.06 84.3
160
= 7/C
A 20f T N =F e 20t o 1120
—— iR 130
1.5+ T 140 1.5} I 1 190

S e =
Uc M‘ Do /\ \i\\\ o\

2 130 20 X — | 3
& 1.0F = E £ 10} & 16020
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0.5F | = 0.5+ {30
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Rl R pH Rl = pH
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Fig.4 Results of optimized pH detection system

2.5 FREHZNELS R

FE 40 pL PUIRBSING, RECEINGE 3 uL, C LRIER
0.5 mg/mL, AR pH Ky 7 BRAAESRMAT, XF0. 0.5,
1.0, 2.0, 5.0, 10.0, 20.0, 50.0. 100.0 ng/mL FZRARAERS
WA TR N S5 B, BB SRR BE 2 T, it
YOOI T BRI ARTR, ARk 5oR AT AT R AK
WRR, T/IC WBEIEM, H&SE BB, B/, LK
HA) SRSk Ik B M AR FR (X, ng/mL). B/By J9ZAARFR(Y)Z: il iy
o KB E R K LN S HTEN
Y=-0.05+1.04/[1+(X/6.44)" ], FX=ZRECH 0.9985, YR NF
IR 1.00~50.00 ng/mL B, 5 B/B, EIE B
Z Y=-0.1604 Ln(X)+0.7765, #5&REH 0.9978, HfEAsH
FR(limit of detection, LOD, LIHMHIZRIEF 10% 149 HY
We R8N0 0.28 ng/mL, 1Cso 4 5.60 ng/mL, & il
FEl oA 1.00~50.00 ng/mL . Zik 4L 4% R BA & R BUE, fiE
i Xt 5 1 —F EL A A5 ) AR S UL B R S e 74 S P 0

1.00~50.00 ng/mL A H v B RE A5 2 35 S BAe o HP SR i
WG YR KO-, BB T SE AR S v SR B B 1A e
R K

1€ 40 pL PUIRA NG, PREFES N 4 pL, C 2R ik
B4 0.5 mg/mL, ALK pH K 6 B AE LT, X0,
0.02. 0.05. 0.10. 0.20, 0.50, 1.00, 2.00, 5.00, 10.00.,
20.00, 40.00 ng/mL FYETFRAEREHEATAL I . WA 6 P,
# %o R o4& KX s B o BN
Y=1.00-0.003/[1+(X/2.15)"1%], #E R BN 0.9981, 4%
ik B K 0.10~10.00 ng/mL B, 5 B/By S I IFAYZ
PEX R Y=—0.1692 Ln(X)+0.5362, #H X R E N 0.9824,
LOD A 0.29 ng/mL, ICs, A 2.15 ng/mL, ERIEHEH
0.10~10.00 ng/mL. LA F&5HRFM, ZIRAHHA =
FRASE, KA MR ZE 0.10 ng/mL, HiR4E4&US %
TR REE X 0.9981, BRI SRR, AEME T Ti%
DX ) PR 19 A
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Fig.5 Working curve of mercury latex microsphere immunoassay test strips
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Fig.6 Working curve of lead latex microsphere immunoassay test strips
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Table 3 Specificity test results for latex microsphere test strips

EA R RIFE S EEIRE R
g P PRI
i . XL
A8 S
J&  ICse/(ng/mL) ICs/(ng/mL) S
/%

22/%
K 10.87 100 >1000 <0.2
i) >1000 <1.087 2.13 100
B >1000 <1.087 >1000 <0.2
5 >1000 <1.087 >1000 <0.2
[ >1000 <1.087 >1000 <0.2
it >1000 <1.087 >1000 <0.2
il >1000 <1.087 >1000 <0.2
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Fig.7 Chart of immunological test strip aging experiment results
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Fig.8 Actual sample working curve for mercury latex microsphere immunoassay test strips
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Fig.9 Actual sample working curve for lead latex microsphere immunoassay test strips
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Table 4 Comparison with some recent literatures on heavy mental mercury/lead immunoassay

oRIIDIRZS %t 4 LODs/(ng/mL) ICs¢/(ng/mL) E =B
kIR x’ 100 [17]
G IR ML i 6 (18]
PR A 5 B AR - B K 37.33 [42]
PR £ 45 B TR - T # 0.64 [43]
WIS K 0.06 [44]
D IR 0 0.3 0.3~88.8 [45]
A 1.96 ng/mL, ICsy A 20.62 ng/mL, & & L [Fl N
3 £

A G T A 3 G v e IR, S T — A TR
N SR ok o < ol BB B R DR A I T 1, SRR
BB BRI S SR T IR AR AR I R, AR

167 FUB O S BE TRAT Bl s i A, B T S B AGIN 1

PR AN 40 pg/mL; ACAALHE R E K 0.5 mg/mL;
RFUBERARET & 3 ul; BYFURROR AR TR
4 uL; FRFLBEHER AR IN G2 WA pH ol 7, B FLIEER
PRI ZE W pH o 60 T N7 5 v DN 2 4 J R B 1Y
LOD Jy 0.28 ng/mL, ICs A 5.60 ng/mL, il 48452 F
i LOD 4 0.29 ng/mL, ICs 4 2.15 ng/mL. ¥i% )5 1 8
T G S S A X SR v R 4 JE SR 11 LOD

5.00~100.00 ng/mL, X4 J&4%H LOD 4 0.28 ng/mL, ICsg
& 6.44 ng/mL, EETEHEA 0.90~46.19 ng/mL. %% LAk,
ARG HE N T T FUBAER 1 4 J R A4 S JE ATl Ak
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