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Preparation of Monoclonal Antibody Against Heavy Metal Chromium
and Development of Immunochromatographic Assay
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Abstract: A color latex microsphere-based immunochromatographic assay was developed for the rap-
id detection of chromium using a monoclonal antibody. Firstly, chromium haptens were synthesized
by coupling them with carrier proteins via the isothiocyanate method to prepare complete antigens (im-
munogen and coating antigen). The complete antigens were used to immunize mice, and spleen cells
were fused with myeloma cells to obtain a monoclonal antibody (4G9) specifically recognizing chromi-
um. The results showed that the 1C;, value of monoclonal antibody 4G9 was 21.9 ng/mL, and its
cross—reaction rates with other heavy metals, including Cd, Pb, Hg, As, Cu, Fe and Ni, were
all below 0. 3%. Based on this antibody, the conditions of the color latex microsphere immunochro-
matographic assay including antibody dosage, T-line coating concentration, probe loading, and pH
of the detection system were optimized. Under the optimum conditions, the limit of detection (LOD)
of the test strip for chromium was 0. 95 ng/ml., and the linear detection range was 0. 78-25 ng/mL.
For real asparagus samples, the LOD was 5. 15 ng/mL, with spiked recoveries ranging from 75. 3%
to 119% and relative standard deviations below 10%. These results indicate that the established immu-
nochromatographic assay possesses high specificity and sensitivity and can be applied to the rapid de-
tection of chromium residues in actual samples.
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M JGvlR R Cr'r, X — i R e AR R N B SR B AR 0TE P, Rl YRR P B DNA R
BTN A SE B . B — RS AT M EN B HESE, WNE SEREmR . R LMY
MRZIH R EE, PEAARENESEEERT, RO REEP RS ESEE T, A
AR (EE AR B AE BN o Zhang 55706 9 S8 2 PP 42 Jm 55 - 30EA T 1 B RA. , 25 SRR MR 55 T A\ A
fat R EAT AT 2 0 o PRLHAS I 7 53 v ) T 4 o T HA B L

F T AR AR N s, v E R FRUE GB 27622017 (& Shac 4 B R bRiE—E S s e
M) BE, KAZREGIS, S, 228, WIRHMIN,  BE 5B 56 5 i PR 5 8 43 )/
T2.0 mg/kg. 1.0 mg/kgF0. 5 me/kg™™ o )@ B T-RE AT — R AGER 70 Bk, A48 I li
Kok (AAS) | T & FHEIE % (AES) ™ JE 2015 1% (AFS) ™| HLJEHE & 558 & TR i ik
(ICP-MS)" 55, XS/ #Tidk ol SCBLE SRS  ETRE S, (Heb )y, FERY (XEE vt HERER A
SR R B RO R P, NS S B KR R TR A TR R, A A7 B
ZWRFEN HER. AT @ S B B R YT, L TR G E S AT (ELISA) Kl Jy
B, HIFERBUEIR L ng/L; XPEEEENT 7 KEEP S 5 - (Cr™) MBIk 4 G008 J2 AT IR AR SR Al 7 12
HRBEH S0 pg/Lo JobHE M FURHER A S A a0 B, ol Aduikn S0 b &St 5 i £
b2 ], R R R B T, 45 A IR e IR T H R T FUR I ER P IR AT IR AR SR 7 I
AR S G ) — TR B AR

AT A REES 5 77 (ITCBE ) 3@ i S SURR R 12 & e i 52 TR, & Hh AR S Pk b i) 4
JEEE DT, I 1-Z KL (3- ZHR RN AL ) BRIBE —E e (EDC) VK-8 bt 5 7 (A FLC Tk At
HENT TR A TSR S SR AT IR AR A DA I 7 1%, JF T SEBn ke OF 58 e s g Jm A (Cr™) A
B SRR ISR TR

1 Xy

1.1 #m. KFIS5N=H

PR H SR

LR AT, MR EL Bk, BRARER (4E=95%, dbRIFREY RIS ) s 6~8 IS BALB/c METE
ANER (RIS SR I g A PR 2w ) 5 SP2/0 BBy 40 (h BEBE 40M)Z ) 5 1-£ 3% (3- W BRI AL )
BRIBE G (EDC) . N-¥23E T ZBEE M (NHS) . Z4-1LiE F & E (BSA) . BHEEE (OVA) | 1-(4-Rhi &
I OMFETNE-N, N, N', N'-WWZFEE(TCBE) . HREEER . BRAZEER (4rira, £
Sigma 2375 NEEAHT 1o 284 25 R4 2 I ELISA SR8 (G FHAR S @ SCI Pk ot ) s B FURIER
(M AEEDFEARAR AT ; HAKKII A%

3423 B A AL TREE FR A (FEBR K R BHE A 1)) 5 TS100 BYE1E s (e REm G s iy (b DA
MRy H]) ;5 AMR-100 294 B SR 7 AT A (BTN B BEAER A PR 22 W) ) 5 2ZQ2000 HY 4% v fixi B s &7 UIAL |
HM3035 78 X YZ = 4ERINE A (_FigShrBHE AR A A o
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Fig. 1  Schematic diagram of Cr** complete antigen synthesis
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GPEIR A PRI T . S, WS ITCBE 5 Cr 8. B N 600 WL A& bR, 18N
200 uL 10 mg/mL ITCBE W, WpH{EZE 6.0, ZWMPFERI 6 h, 3] Cr-ITCBEW; FifE, MBI
TR 4 BSA: $%H8 Cr-ITCBE : BSA BYRE/REL A 10 0 1115 © 1, FREUH BRI BSA 23 AT 3 mL
4-F2 L FWRE LR ER (HBS, 0. 01 mol/L pH 7. 4)ZZvhigih , ¥4 bk Cr-ITCBE & 70 A Wiy, 18
AN BSAESI Y, WEpH 7.4, Fik NHESHFER M 24 h, 53] Cr-ITCBE-BSA R ; o, KRN
GRS BT, SIS T, 0. 01 mol/L HBS(pH 7. 4)ZZ0h i 3%EHT 72 h, 6~8 hik— KB
Mo BATERUT A IR ord, BOEE, JRCR AR, i IR S A BSA W& i H S
GIEIRAIREE, BT -20 COR A7

F 15 JF A A% B Cr-ITCBE @ OVA I BE/REE A7 10 TARI20 @ 1 43 B BREUH . B &1 OVAVE T 1.5
mL HBS(0. 01 mol/L pH 7. 4)ZZ i, HoA PR [R] %28 A i o
1.2.2 ZEMELTE

LHOMEWEFSER . F0.01 mol/L PBSZZMIRILHI 1 mg/mL BSA, OVAVT, HB4AiKKEE4ht
JFHREZE 0. 5 mg/mL, i AN OB T /MR, D KSR 200~400 nm,

SDS-PAGE BEHHLIKSERE : R AP GBEIC PRE A G 52 2R 75, H 0. 01 mol/L PBSZZ0h
WL 0. 8 mg/mL BSA . OVAE, IS 2PUREMBER 0. 8 mg/mL, FE/AMIREIE, Wh/KE S min, fF
R E =R G A
1.2.3 BRERENTE

PEHL 6~8 JAI 41 BALB /o /NS S JFHFA T 008, W0IR G0 3 Sl JG BEA T s i, 2 0 A b il 4
PE LR, IS 3R IR G T 4G, B — RN 5 S i — JEDeE /N R T R S B L) S I T % iy, T4
ELISA 5 ZHUIMIERM, DAH e P on . Pk ikt . e/ Nl T4 iem s . s
I 3 KA LA /AN AT 0B 02, BhB 4 RR/NER IR IR BRERUIM. , W SIAR BE S5 1R ULAE 75% GRS, 5
min P ERCHE IR T A R, 6 PR A RS T, R BR/NER A - B SER A =5 ¢ 1~15 0 1 EcE
FLBIR FH PEG 1500 A5 A Ab 22 A5 7 i 40 & Al B T Il A 2SI M . P 103235 4 ELISA I 2 241 i
i, EBHYESL. Pk . R ARSI AL, RE A BRAR R PH A FLIE T
Ve, BRI AR AR . 1] BALB/c /NS IS IE S 230 I 4, IS5 5F H ek -
AR E A A b K
1.2.4 HmEREEEETE
1.2.4.1 ZMmlE  SRABHETE S ELISA o6 5 i S se T TR0 I 2 o A5 40 0k 5 P Rk 2%
RRE 3k . 9k, 27k, 81k JGaraltuti, LIRS /N E kI S FRRe Lk VR BIVERE S, K55t
4G9 HIURFR BN 1k FFEA AT 3 fBAG LR FE S 2 187 ko ZEIE A 450 nm A0 & HWE G REE(E (OD,, )
T3 B OD {E/BAPE ODE=>2. 1 MHtids i R R B AP TIRAN
1.2.4.2 BHEALE  SRAEFHAEE SR ORI S T U R, e EE
i, ARG HACEE VR & TR, BOR SRt , B bRA 8 5L, FHPEXTRE8FL, BHPEXTHES
s BRARAS I LA AL IR AR TG BRI % 50 wl, SRIG N 50 wL B e G i BT, I B3 37 C
WEE 30 ming FERMNWE, Yotk SREHT, TEGNRASLLE B B0 A 8 FLH 20 il N 8 Tl br
41 (IgG1, TgG2a. TgG2b, TgG3. IgM. IgA. Kappa. Lambda) % 100 wL, W F AR 37 CHEHE 30
min; FEEMNEE, Yotk s IREFT, L5 AN BLAAR A FR A5 B & 50 pL, W b EAREE
37 “CHAE 20 min; BEFLIIAN 50 WL SR 28 1 e RIBEFRSGI E 450 nm AR G(E . 2% OD (B S FLPT
X R EERR BT, JE BT g R
1.2.4.3 Al g HREBIRZ MK AR EREE 2, 0.7, 0.2, 0.07 pe/mL, HPUIARFRE
TSP Tk FFUG 35 RA LU AR RE AR 2 187 k, RIFIMIFETES ELISA 1506 ] 25 10 B s B DU B AL 7 k4 1l
5, FEHRAR(DIHEEMTE(K).

_ n—1
T PTa TS FTATy W

A KRR n A AR T 220 B 1 2% o 26 P B e DU BE RO B B [AB” Je izt
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2R IR RWROGAELAY 50% it I BDTIRHE , [ Ab Je Ry 55— i & P B OB R) 50% 5o 7 A P fAeife 2
1.2.4.4 #4iF % RH SDS-PAGE HLPKIERHAAT 4G FEATALEED & , f#H 0. 01 mol/L PBSZZ 1
WK AP 4G TR 0. 8 mg/mL, HoAt PR “1.2.27,
1.2.5 RBFENZE

SR H 18)3% 35 4 ELISA VEAE R AR TAEWE PN AR R E R EDTA-Cr W, FEI K 450 nm 2 2
HEEEE, LIEDTA-Cr R BEMREAAER, OD{E ML PR HIbRIE RN 2, i Hoo B 4wk i) 4%
PIIA E (1C,,) ,  LAIC, R i e s B D LR 1) R
1.2.6 HRMENE

R TEGr ELISA VAR e pr 5 HAMM E &R (5. R, # . A7, 8. 2. B EDTAZE &Y
(EDTA-metal ions) B IC fE, LLHBS-EDTA MR A EE 1 me/mL 09 4R FRIEIE S 50 ng/mL, HAth
7 FPE 4 E AR FE A 500 ng/mL, FEHRAT(2) THERGIN R MR (CR), FIWAPES 5 HME SR
TFAERE SR

IC5, of EDTA — Metal ions
IC,, of EDTA — Cr**

1.2.7 RBIRMKEERHHHESHERIERNK

HL25 pL B aFLBMER, N NHSFIEDCIA , PR IR 5137850 2-(N-MG IR ) Z R (MES)
FMER, HE RS, BRIRS. MAEEMEAYT, IR h; FEE N BSA, PR%0.5h;
B MAN PEG-20000{FW, PRiZEA10.5h, BOF7FEE, B

BL100 wL 3G IF I RER M 53, 4. 5. 6. 7 png B RPTEEATAEE, B3 pLRER5 90 wL HBS-
EDTA PR A G INERE bR, B PAT3 IR, HESRAR TR B LU T/IC M, RISPUE
PRI E
1.2.8 HBIRMIKEEEMIRKERUE R pHEMLK

% H 10 mol/L NaOH ¥ ¥ Fl 1 mol/L HC1 i I HBS-EDTA ZZ vhi#¥ i pHfE M £ 5.0, 6.0, 7.0,
8.0. 9.0, NIFRAEEH S0 ng/mL, HALTRAKEEAE S TERIHIE, 0 (R R BRI pH B
1.2.9 HeIRRIKEEERMIRESHMAL

SR FARC R 8 SET0 T T2k BE . BREHH BT iAL, W18 TEIRE#0.3, 0.4, 0.5 mg/mL 1iR4E
%%, 4yHIE3. 3.5, 4 pLi3%EH5 90 pL HBS-EDTA ZEP i 90 wL 50 ng/mL EDTA-Cr R4 5 i
Bl , BHEATIIR, TR . T/ TZEHMHI R, SR AR eSS, =am
28 =(1-B/B,)x100%( B R FHIEIMFRSAE F RO T/CAEL, B, ABIMENbRSAT FAO T/CAED .
1.2.10 #REEMXKAEHNAR

FFRE S . NC BRI K GRAN)F [i] E 7E PVP ¥ el b, it F ROBER RERCK SE DT R i as gk I
(Cr"-ITCBE-OVA) R —E ik B . HRIBRAUBEIR C. T4k, THEUEHEDI%,
1.2. 11 REIRMIKkERETRKEZEN R EENE

H HBS-EDTA ZZ0h % OB R R F A5 LU AR RE) 7, 200 ng/mL @R % 0. 39 ng/mL, [1]
FFLH N 90 WL ASFIR EE ) EDTA-Cr ¥, B4 PAT3 IR idskikdi5& T, CLRAR B, LIEDTA-
Cr WA B IR A b, T/CAE AN RRZA i Ml 2, BORE AL bR i X BB A5 3 Hobr i 26, LLIC,,
(10% I ) st B2 A B A HE BR (LOD) >
1.2.12 REARKRBKEREMIRZFRENE

fdi F HBS-EDTA ZZ 0 ia il JUFR RS DL 4 g FARi g . R, Bl 8%, AL 2k, BRI
AT F3 1 wg/mL I EDTA 250, AP R IRIESAT 1 wg/mL A EDTA 25 97H1 50 ng/mL
1) EDTA-Cr " G TR, R PAT3 K, idsR T/C M.
1.2.13  SLERFE @A 5 iR = Y 20 E

KA THE0. 25 ¢ B T RWHE MM FE, AR, BN 30% 00,5/, 160 CidiAt
B, OGRS T, dUKEEE 100 mL, 4 CRAE, S EEHEARZ ICP-MSIE , SRR
SN 0.070 4 mg/kg, KA EEH90. 2%,

CR(%)= (2)
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¥ BRI HBS—EDTA 2 e R, TLA0) PR I L BE 4 1-200 mgfmlL (ORI, B 90
WL IRETLY . IREF SRS T, SALTAT3IK, JRIRATAR T, CARIE, M
SEREAORREIN . IR N 85 T MO R K S . 10, SOFI100 ngfl., LN
BRI 5 AR B 95 (RSD) LL IO 4R 4 00 T 4 5 0 e B A

2 HRSHE

2.1 REFRELEE
2.1.1 ZEIMEAREEE

HERE T EPURN RN R IME 24 . BF/R, #AEEE BSA. OVA HISE2 PR I FFEIES,
T280 nm 24T, Pr& i sE 2 bUR A ERE A MFHENE, HAR TEEEAEEERE, v1RH
SEEPURE A R o
2.1.2 SDS-PAGE BEHkLE

PR 2 BSA I OVA £ 52 2B ) SDS-PAGE HLVk & 2C. DR, & 2C H BSA 194> F
H1E66~67 kD 28], HIEAALT Marker B /R 5> 11 72~55 kD 2 0], HEENT 55 kD, BIE & i) %%
J5 25417 5 BSA Sl ML 580 B RS, 6PH 5 BSA MBS B o8 IR A ez o [RIBE,  1& 2D o B
OVA BT &5 Ui B8 JE i S5t AHES T OVA ) Serlf ARt B Fe . HI R — AN 50000, sl i &
JEH

A 307 —BSA B 3.09 —— 0.5 mgmL OVA
- - -Cr-ITCBE-BSA10 - - - Cr-ITCBE-OVA10
----------- Cr—ITCBE-BSA15 v Cr-ITCBE-OVA20
220 = 2.04
e g
8 8
E Nzl B
3 \ 5
Z 1.0 \ Z 10
0— T 1 T 1
200 300 400 200 300 400
Wavelength/nm Wavelength/nm
C 1 2 3 4

1—Marker 1—Marker
. 2—BSA 2 2—0VA
3—Cr-ITCBE-BSA10 ~  3—Cr-ITCBE-OVA10
i | 4—Cr-ITCBE-BSA1S : 4—Cr-ITCBE-OVA20

P2 f5e BRI R KA B) 5 SDS-PAGE UK (C. D) SE/ELER:
Fig. 2 Identification of chromium complete antigen by UV spectra(A, B) and SDS-PAGE electrophoresis(C, D)

2.2 BuERAMFESS&E
2.2.1 pEmE

43 MILL Cr*~ITCBE-OVA 10 Fll Cr**~ITCBE-OVA20VE A5, SR A% ELISA 7%, % Cr¥*~ITCBE-
BSA10 5 Cr’*-ITCBE-BSA15 G35 /N SR 13 1) 2 HL UL IE FEAT R . 25 R %8, Ll Cr*-ITCBE-
BSA10 G5/ . FELL Cr-ITCBE-OVA10 Al R A&, ARG BRR R seROCR , Wi 060
R R . LA, 25 RILTERN G, WHIRERE (R D), SR G H TS . s
LS 3L 5ils, £33 1 M43 ERRT EDTA-Cr BEHTI A AEAR (4G9) .
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1 /NERDUMIE SN I 5E 255
Table 1 Determination results of antiserum titer in mice
Mouse Negative 0D, Positive 0D, Titer Inhibition rate/%
1 1. 151 0. 854 27 000 26
2 1. 817 1.012 27 000 44
3 1.217 0. 819 27 000 33
4 1.95 1.09 9 000 44
2.2.2 BEERAEEEE
2.2.2.1 MM E LR SR BIESES ELISA 0 & 0 5 sd BEHUAR RO BEA T E , 25 R & 2 Fr
7, FRBRPHE OD (E/BTE OD fE>2. 1A FIMTbRiE , BAHT4GI MIRLIN 4727 ko
F2 PN E LS
Table 2 Results of monoclonal antibody titer determination
Dilution factor 1k 3k 9k 27k 81k 243k 729k 2 187k Negative
4G9 0D, 2.384 1.778 1.205 0.720 0.324 0.179 0.117 0. 140 0. 180
P/N 13.2 9.9 6.7 4.0 1.8 1.0 0.7 0.8 -
2.2.2.2 TREEZR ZWE, BFEDIR4GY 51gG2a. Kappa L 2
e, o e e , 180 kD —
T OD,, (R, H1eC1. 1gC2b M “H MM, M5 1M, o B
DN N S SN N o (=11 95 kD —
[gG3 M IgCA “HL P AR, BWHIRHT4C M EHESRED N 2w G
IgGZaﬂEﬂ Kappa, 55kD [N o
e e L e s e - 53D [
2.2.2.3 BHAENELER WME3FR, 9 1UKIE N Marker, 552
VKIE TG, IZIPPUATEIT, B TEESOKD A4, FiE 30 S
S FRAE20 kD AiAT, EHAPTIRATEE B [ —
2.2.2.4 EmpMNESER RHBIETES ELISA LN EEM T, 45 P
RIE4A FrR, 5 AR (DI HEAR AP 4G ERMEEH (KD 170 | -
4.13%x10" L/mol, @7 K 7E 10'~10" L/mol 1 Bl 4 &5 22 R0 HTiR">, ik .
RS HR 0 B L o R ok S T
2.2.3 REFEMNEER s
R EHESE S ELISA TR REUZHEITIE , LLEDTA-Cr B EE B3 Sl e L n

MR, OD N ASFRLS BRI M2k, 255401 AB BT, BidE  Fie.3  Antbody purity determination

Hi 28 1) J7 B2 4 y=0. 046 33+1. 52 395/[ 1+ (x/21. 874 53) ¥ ] | /%y

0.994 0, MHTAGOHYIC, 421, 9 ng/ml. BEUHAET bt oo ) ) HE 5 4 ELISA 7 ik o0 RO R

AP R SRR R &

JA 5
48717 %2 pe/ml L B g
© 0.7 pg/mLALgE 1.54
¢ 0.2 pg/ml A B
v 0.07 ng/mLAH i
1.2
3.2
= = 0.9
1.6 0.6+
0.3
0 T T T T T T
Ix107" 1x1071° 1x107° 1x10-* 1 10 100
Concentration of 4G9/(mmol-mL™") Concentration of EDTA-Cr**/(ng-mL™")

K4 BBtk 4G9 JEM T (A) SRR 2 (B) M E 4528
Fig. 4 Determination of affinity(A) and standard curve(B) of monoclonal antibody 4G9
2.2.4 BRRMENE
K MHHETE S ELISA i5I € ST 40 S HAME SR (R, R, o, 8. M. gk, B

A SRR,
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ZEWANFE 3 PR . BB 4G9 X EDTA-Cr* /Y 1C,, 4 21. 9 %3 EEIREE GRS UGS SR

ng/mL, S HANE S mAAE R ) /NF 0. 3%, i H: Table 3 The percent CI‘OSS-I‘eaCtIVIIY of Cr'"=Ab with
EDTA and other metal ions

Eﬁﬁgﬁﬂg#%%lrio Heavy metal ion 1C,/(ng-mL™") CR/%

2.3 HEIKMBKEMRKZHNTHSE EDTA-Cr” 21.9 100

e e g g EDTA-Cd* >500 <0.3

2.3.1 HEFHBRMORL ) P S o

Prisbric SO S RN SA s, SPiikbrid A EDTA-Ph> 500 <0.3

3 pgHMIE 7 pght, RAERM T/CHIES ETF, FFAE6 pg pomA T oA

BRI A s AR TR R, Hilkbrid &l EDTA-Fe™ 5500 0.3

6 pg i TR EEERCR . LG8, 6 ne ik EDTA-Ni" >500 <0.3
Fric .

2.3.2 #BIKREEKEEEMXKEKNE R pHEMRL

AR MR R pH BRI Z R NIE SB PR, BEE pHAEM 5. 0128 T2 9.0, Hl R 2EBL3h
JAHAIFAEPH 5. 0F1 7. O b igefsy, 10 TZAK PEEAE pHAE A 7. Ok o L& HWEL, BHXE pH 7. 0 keI
ZafEpH1E.

A 20 B 2.0 — —1.0
3pg 4pg Spg 6pg Tpg [ T-line intensity 2.4 S5 6 7 8 9 EIT-line intensity-

—T/C . “& —=—Inhibition

_.
o
1
T
L
=}

E L 1
. ‘ /\\\I e = : 2
> 1.24 '[ S ' S
T / L1 T
0.8
_ 0.2
0.8 \I/ Ls

T T T T T -0

T T
3 4 5 6 7 5.0 6.0 7.0 8.0 9.0
Antibody loading/pg pH

5 HrikbRidE (A) SRR pHE (B) Ptk 4l
Fig. 5 Results of antibody added (A ) and pH value(B) optimization for the detection system

2.3.3 HEIREKEEEMREEZSHML

RAFESH AL RINE AR, MMEE TEIREE, S R I, TLRAE A T/C Y
FEIE RGN, HIZNSERNEIE R . A HEL, WEHHEA 3.0 pLi, MR 5 INPRZEAY T LK
FERRADN, C. TERAbRIE ., BEmE R M3, 0 ul, FREARETERRE TR, 4RERT
LR IER 0. 3 mg/mL IR B . BARTLIRE R 0. 5 mg/mL, FREHHE 4.0 pLi, HWAEFFRIE S
B A, HE R TR IR S s, PIRIR 5T 1200 ), ARWFo0 e FE T ik
0.3 mg/mL. FEHH RN 3. 0 pLEAIRA SR EESE

F4  TEIRESTRE MRS

Table 4 Optimization of T line concentration and probe dosage

H
o
/L

T-line intensity/10*
—
T-line intensity/10*
S
I
——
—l——l/
\7H
)
/
//
T
=1
>

Sample No. T-line concentration/(mg*mL™") Probe volume/pLL T-line intensity T/C Inhibition rate/%
1 0.3 3.0 6517+704 0. 53+0. 06 78.0
2 3.5 6 821+483 0. 59+0. 04 73.1
3 4.0 5041£113 0.47+0. 01 75.7
4 0.4 3.0 8 075+322 0. 82+0. 07 76.2
5 3.5 9422+160 0. 94+0. 03 72.9
6 4.0 7455+123 0. 72+0. 00 76.3
7 0.5 3.0 9 686+560 1. 02+0. 13 73.5
8 3.5 11401+791 1. 03+0. 07 68.9
9 4.0 9795+753 0.87+0. 11 77.9

2.3.4 XBEIRNIKEEENIRKEITERLZL
TERESMET, BB EDTA-Cr Bk =420, 0.39, 0.78., 1.56., 3.12, 6.25. 12.5. 25,
50, 100, 200 ng/mL ¥R, LLEDTA-Cr ik BEAREAHR (v) . T/CE AR (y) & ihibriEth 2k, 4521
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ﬁn 6A FET , TEO. 78?25 r‘lg/mL JEHE A ,‘ T/CAH 5 EDTA-Cr** B R 4
W () X AL (Inwe) REHE R R, [l H 7 2 y==0. 313 42Inx+ Table 5 Specific evaluation results

2.006 09, FHEZRE A2 H0.961 0, ﬁ@jﬂg%}g@ﬂ}ﬁﬁ@ Heavy metal ion  IC,/(ng-mL™") CR/%

SR ENTIRAE S TOD 0. 95 ng/m., 1C, 4 17. 56 ng/ml.. gd . o
2.3.5 ¥ BIRFEEKEREMIKEFREEN Hg? >1 000 <0.1

Wi W EAIR . R, Bl AL L Bk BRI o 1o o
1 pg/mL BOFRUE SR, R H T 4 % (6 FLIB R G058 2 . 1000 o1
PRAR ST, SO T/C i, 35 B BRIy T/C Fe* >1000 <0.1
S, THE R IR SR A 4RI 1C,,, TS N Al 2.1

HAAARSR 5 HAR SR B 58 RV o SRNG5S PR, BT s i o 234 iAo 5 A 5 b
I ZE RV R /NT0. 1%, RHIARARA IR R AL o

A DOI—BEE;LCJSISBGLIF'L&ZS 12451 25 W(T[IOO 20? B [* ok 10 20| 5 oq ?()Q

F —HA

3.0 12
uT/C uT/C
2.54
207 0.3 =-0.101 77Inv+0.987 12
y=-0.313 421nx+2.006 09 s
© ?=09610 o =0-
= 1.54 =
1.0+ 0.64
0.5
T T T T T T
1 10 100 1 10 100
Concentration of Cr**/(ng-mL™) Concentration of Cr**/(ng-mL™")

Fl6 TR G AT IAAR S (A) L5 SRR EA 5 (B) BRI £
Fig. 6 Standard curves of heavy metal chromium immunoassay strip(A) and actual asparagus sample(B)
2.3.6 SEEREFmAN S EWZERNE

B ICP-MS A, H 4 R B8 45 5 A B PR 0 5 SR AR EA T AR B, 1) A BB 1) 125 SRR AR T T P IS
INEEFRUE S BRI E R0, 2. 5. 10, 20, 50, 100, 200 ng/mL, LB ST Bk B R AR bR (x) ,
T/CAECAALKR () 2zl briEdh 2. 25 RNE 6B /R, TEF% & TR IR B 0~200 ng/mLJEEN, HAHEL
(Inv) 5 T/C 2 B IFREHELE R, BIHHFE R y=—0. 101 77 Inx+0. 987 12, FFZ%~40.968 8, Pt
SEIEE A O FLR ISR G052 J 2 TR AR SR AE SE B I 5 SR AR I ) LOD 24y 5. 15 ng/mL,  PIHRASINFR (VLOD )
710 ng/ml,

HRZE TCP-MS Ao ) 2 4 J B8 45 SR S BH PR ) P SR AR HEA TR AR T, I E A 8 v T Bt o v ot 28
BKEAS. 10, S0HI100 ng/mL, R EEIRE OFLLER G2 2T B TR, 4558 Mk o6
Fise TEAFPIIFRIREE T, FEA P a3k 75. 3%~119%, RSD #)/NT 10%., ASWF5E BT @7 r A4,
FLIE IR G0 IEHTIRACSAEART I SE A A OF 58 ) IS B B i s el i 8, %R AR PE RS R
U, A v SEBRAE AR I A B i

6 SR IIBRIICR S TR bRl 25

Table 6  Results of the spiked recoveries and RSDs for asparagus samples

Spiked concentration/(ng*mL™") Detected concentration/(ng*mL™") Recovery/% RSD/%
5 5.14 103 6.3
10 7.53 75.3 9.7
50 52.7 105 7.3

100 119.2 119 9.2
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2.4 SEHMAEMNIEE

53R 7 H2 0 SCHRA LG, ARTF ST 5L T 50 e BT 8 S A R ) 5 4 Jim 8 X % (A AL B BR T % 2T
Jik, HIC,BAM ic-ELISA J7i%, {HLOD S5y FRYA S, BA RN b, AFF
BARNIRAR 5= h B T A

#7  HHAE SRS RPE T IERIR L

Table 7 Comparison with some recent literatures on heavy metal chromium immunoassay

Immunoassay method LOD/(ng-mL™") 1C./(ng- ml, ") Detection range/(ng-mL™") Reference
ELISA 1 75 000 - [15]
CG-LFA 50 - - [16]
ic-ELISA 1 8. 64 1.13~66.3 [26]
CG-LFA 50 - 5~80 [27]
LM-LFA 0.95 17. 56 0. 78~25 This work
‘
3 &

MR ESIREREAENG, AR T ESESEEaIUR, ltERTENESE
B EEDTIR 4G9, HIC,H21. 9 ng/ml, SHAME SRR XM, Feathim, ETIHEy TESR
B AATFUISER 0 2RI 78, RE T e R S ih . PUAIRBUE A 6 pe; TREHITHE A3 pL;
T &5 iR BE 4 0.3 me/mL; K2 pH B 4 7. 0. B @2 J7 126 B 4 J& #% 19 LOD 4 0. 95 ng/mL, 1C,, A
17.56 ng/mL, ZeMEEHE 4 0. 78~25 ng/mL, 15 HAhHE &8 ANTAAERE R R o 1% 7750 54 v 4 Jm 4%
B LOD 7 5. 15 ng/mL. vLOD 410 ng/mL, MIFREICE A 75. 3%~119%, HHABRE MR ZEI /N T 10%, 245
WFIT 33 S R O FLI S BR S5 2 M 7 iR I PERE R I . SRR R . Rl &, EH T hE
4 Jm AR B B R PRSI
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