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WE. UESEST He " WG % LR S CdTe &7 s o He'* #EATAGI, He* 538
MR BRI E TS MRE TR RSO KIS  He' " W E 59O KR E 2 —E ML R,
IR Fh R 56 R SE I T AUNVA P He ™ & i A0 A, A BE A 400 ~ 800 nm, 7EPE AL A& A4 T A5 Jr ik
KR A 6. 11 x 107 mol/L (S/N=3,n=11) , ZMHHEE N 9 x 107" ~5 x 10 ~° mol/L, Hi X #5 #ii ffi 25 (RSD) A
2.86% , FESCEGIREE T SRR Bedt AT AR AR EAL (SNV) THAC PR, FEE 17 (R e /N TR (PLS) BB , #5284t
B B TR0 e T S B B A 7, H AR TE A B U E RECH 0. 878 4, RMSEC 24 11. 631 3 pumol/L, 45 ik 42 i Tk 1E F 4K
90.728 7, RMSEP 2} 18. 717 4 pmol/L, &5REH], SCEABHOR R af  #RAER 5 J7 (8, Segi gt argg Joisge &
B T S DGR ET R He ikl AT,
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Detection Method of Heavy Metal Ions Hg’* Based on
Quantum Dots Fluorescence Probe

QI Mingxing'®>  YANG Pu'® ZOU Ling'® SUN Ming'?
(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Engineering and Technology Research Center for Internet of Things in Agriculture, Beijing 100083, China)

Abstract: The subject of this experiment was Hg’*, Hg’" was detected by L-cysteine-modified CdTe
quantum dot solution, and Hg’* was combined with the surface-modified quantum dots to cause
fluorescence quenching of quantum dots, Hg** concentration and fluorescence. The intensity of
annihilation had a linear relationship. This linear relationship was used to quantitatively detect the Hg”*
content in the solution by quantum dots. The detection band was 400 ~ 800 nm. The detection limit of the
method under optimized conditions was 6. 11 x 10 ~* mol/L (S/N =3, n=11), and the linear range was
9 %107 ~5x10"° mol/L. The deviation (RSD) was 2.86%. In a certain experimental environment,
the variable normalization (SNV) pre-processing of the characteristic band and the partial least squares
(PLS) modeling analysis can obtain better self-prediction ability and actual prediction ability, and the
determination coefficient of the correction set reached 0.878 4. The standard deviation was
11. 631 3 pmol/L, the determination coefficient of the validation set was 0.728 7, and the standard
deviation was 18. 717 4 pmol/L. The results showed that the modeling effect was good, the operation was
simple and convenient, the experiment was fast, reliable and non-polluting, which indicated that the
method of detecting Hg” " by quantum dot fluorescent probe was feasible.

Key words: Hg’" detection; quantum dot; fluorescent probe; spectral analysis
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Tt 52 BRI , 2 s 2tk W AavErpEE 8k p
BEAE N AR R e . PRI FRE RO K A
THEIE S4B SR OR 1 o 2k BN B A 0. 001 mg/LL, ¥l
FH/KBLR A IS 0. 005 mg/L7° 4

158 1 T 4 T A I ik S A OISR A B Ak F
AIMT . ik TR B A R AR A kD D
G RN S A S RN e Ea = S N
T R R SR AN A ] L4
WU SR ARG ST TR A R A Dy s
JEP OISR (R AE AR SN AE B B Ok
SRS I G217 2 S 7 (B 5 S B . —
I 5, T 4R A A AR L REAE AT B 50N T 5F
BTl S0 2 A R e i, BTS2 BIHE B AR
AL FVERAT PRI ME S 25 25 A4 Ay BIR A , — 2l DX LAk
KB R R 4 I B A R R SRR A

T R P = RO BRIIZE AR RUEE (1) 2F- &
PRGN B FH/NSE (1100 nm) 1 7 H 40
REPE T, A0 Y R AR /N T 3T B R AR R R
AP RAEEE N R B R B RS
TN | 7 WA T g 18 S50 B R R 6 2 1k
2 AR MR LR M B, DRI A7 21 [ PN A AR
SHEWMEYICE, HitfE ) =2 & dh T - V%
(40 CdS ., CdSe, CdTe )™ F1 1 — V J& (40 GaAs,
InGaAs . InP) "% JC 2 20 )i i #%/57¢ 45 48 (4 CdS/
HgS/CdS) g K ikr , Hi CdS, CdSe, CdTe %5 & T
FUE HANZSET A . B R FELE YO0
SR AR AL AT e R AR A A B AT

He® " 5t F S AE AT i 7 aS 5Ok &l
FH CdTe #il CdSe %5t F S/ He' A& &, A%
B CdTe & F S Fr=Fonm, AR &l T H
I N B BE B 98 AR, 7K B R i s
PR USIAT LA R AR w8 S R R R B R
IR BB HZ /N F i 52559, SUSHA
21018 BB 2 TR B M (19 CdTe 1 T &1 T He®* 114
R, AR 5 AR K & kA T N #iJE (—SR) %
He' " ML FH685  He' ' 0T LS i 0 3 1 i R 45
G BRSO R R 2 X
RAARSI A A W SRR,

CAL 52 DL L2 e 20 A A8 M 7 45 i T /K %
PR CdSe T 1, /EMINE He' ™ (D CHRER , DF5E
R, Hg®* X CdSe FF # MR KR B 5 WY pH
EA R A M, Yt pH {8 7. 4 B %) Hg®
o I ELAT AR /= 1 R A KB A 2. 4 nmol/L, T FH
TR IR R B 5E LAY DIBAR TS 18k
B0 A B CdSe 1 ZnS #ZFe R 05, T L g
M5E He* KB A 1.5 x 10 ™ mol/L, kN

Hg? ™ A S 500 5 4 1 — o i vey RSO 19 12
BTk,

AWFFE LI ST K R TP G He® T /e RAEUE
PRGN Tk o H A FEBR AT i R N SR A
JE AN 5 ¥ AN LR ET L 9 Al B 56 AR
FIHE S TOEETE M AR Y IR SR, 45 51 T
ARSI 73 M ) R <5 i DRSS I 7 12, AL R %
ST SN R B T AR G AR IN  TK A
HoHg T WAL AR, R T AR S SR
Hg " BT RN G 56 I Bt , T 37K
R G JE He B TR,

1 #RFEFE

1.1 LIRSS

FIH SYNERGY4 Y2 1) GE B bR A0 H AR T
AT DI BAR R A . R AER TG 230 ~
1 000 nm  KEAAEREP K 1 nm, Y6438 N 0.000 1
(WCRE ) eI R RIAT e, A ES vT DATE i
REVE G H RGN R (1 DU R 48 rp AT = U4, Fl
FH Y S 22 G m AR R g G £74) 2R 355 1 A '
TER 12, NHCEEAY UVRE SRS 0 2150 21 A RE
K ¥IRe e 55

AR LR PR G 5m BRI AR X (FL) |, 755 T
(27°C) Z51F T RAEEIE L GENE 5 H 4R AEFE
W TECHREE | F ] Matlab 2011b ( 38 F ) 4 % 44
PEATACEE, G RAEAE WS AR I8 T 34T, DAkt f 32
NSNS R
1.2 SReHH

SCEGAT RN E AR B TR He' i AFE L2
RAIRIEMI CdTe T s VW (Jbatdb i RIRFHE
ABRZAF])  HeCL W pH {H M 7. 3 BEEREE (PBS)
GEPTRIL ST K, LRSS L RO H R AR
Bas (SHZ — 82 ) Bebh i € B 2ok ER
¥ BbR AR pH 145,
1.3 ZWHE

LR IRUNT .

(1) FHAE2E )5 ¥ H 1 x 1077 ~9 x 10 ™ mol/L
25 AR He VA,

(2) % 5 wmol/L /Y LYt 2 FR &1 (1) CdTe
T RFRRE 100 F51E R ZOCHRET

(3) Be il pH {8y 7. 3 BERREL 2% mhiss ik

(4)BL100 pL ~ERt 2 R IE MY CdTe ¥ sl
0,100 WL BERRER 22 PSR, S S5 A He? * 5T, 1R
IR 1:1: 1, B0k 5 70 & 25 min,

(5) H SYNERGY4 R Z U RE AR SR 5 B T 45
VWM JETE 400 ~ 800 nm 15 P B GIESER (# 1) .
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Fig.1  Original fluorescence spectra
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2.1 SRIEFHMH

SN He? Kl (1 SE g R AR R pH AL 0
IR 2 phif i | CdTe 1 i e 8 L oAt < J o 1
SRR, A LB A B e A S S T

e

2.1.1 pH {HFIH

Y R N ROV AR R Y pH (R
B, Ayl El pH{E M 5.8.6.7.7.0.7.3.7.5 8.0,
8.5 [ PBS I, F i+ 45 1 mL FUR[A] pH {HZE
WRERZ 5 mLIRA2), SR G §1E 20 min, J5E
REEWDICIREE (F) o [FSEARMT B mL 2§
FMEBETKERES mL M, HIRE A5,
20 min 5 M BAR RVOCHREE (F,) IR F - F,,
W 2 Fos, i SAOOER B A /R R pH {H I K
MG, Y pH {E R 7. 3 B K R D608 B I8 B i
Ko B pH AN 7.3 B, GG e W b, SCAE A DU
KRB F LR e pH (8 7. 3 WP IRWIR R,

9000 ,::\L — ;)H%7.3
| M —pH{E7.5
i { — pHIti8.0
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Fig.2 Influence of pH value on fluorescence intensity

of quantum dot solution

2.1.2 SR E] AR R
TS, T B A T R Y s
(i), X 52 IO Fsf TR)AS ] £ 6 A S5 B A ot I 58 S ot
R R B ) TS OF o AR 6 AR
i, RG0S I AR e J3E #0445 1) TR B TR TR

FAHF pH B A BERRER 22 ik IR 53950, iR T e
INF o AR SRR S B[] 0 5 A i ) 9 S5 B 46
QL3 B, Bl SN B[R] A8 380 2 't ik B 328 17 e
1,25 min J5 , fta TP, PR A S0 56 0 72
TEFE 25 min A S OO s 1]
1315x10° -
1310x10°
1.305x10' F
B 300x10'

e
TQ 1.295x10%

e

1.290x10'

1.285%x10" F

1.280x10* L L L v !
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Fig.3 Influence of action time on fluorescence

intensity of quantum dot solution

2.1.3 B AR

T AR AR R X SR A R, N,
WREL R R T ANRE S 2k, & T AR B AN
e SR E T W TR RO, T AR 8 — A e A id i
T IO FE A BEARAIE S50 A MER R, SR AR
ORI SE Y 1 SR T I 4 SRR 2 IR RE O
10,50 ,100 %5, 25N 4 s, Y457 Ba ik
AL i B R AR, TR AR 100 %
A R B 7 i AR L N (3 T A R OO 4
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Fig.4  Fluorescence curves of quantum dots

at different concentrations
2.1.4 RN
ARSI EE T R R SLIR AR . R 3
HACIGREN S 1 4 1 mL (O TS ATRIR A 1 mL
IR R I 1 mL AR BS FYETR, 56 2 Ao
1 mL A TR RIR A 2 mL BY28 s v - A
1 mL AR B TV, H 3 400 1 mL B9 T SRR
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IRA 3 mL AUZE MR AN 1 mL fOR TR, 1R
A4 S IEEE 25 min, 2390 3 2R 0DEEER
JE, SRR YR T IS RIS RROR B T
WU 1101 B IR RGP e, SR IS 5
3 AR A LR 1011
2.1.5 HAh4)m ek
PR GE HA 4 B R A S gl T, %

ST HoAMh 4 @ B 0 A S0 45 SR sE e . 43 )
TEHL 13 Fh 4 I B 1 AT SC 50, 13 2 AH [R] 1 s i
T BIRA % 0P, PRI AR 13 Fh R &8 5
T, ERFE 25 min, WAHRASHERZOERE, 51t
[FIETU A8 T b Sy, SEER 45 R A 5 R, A
AT He " % i R IR s 7 A R B R A KA
BB TR B TS R M KA A oAt = %
PO TR, R L el R 1
(1) CdTe T B3 VRO TR B F 1 R 52 M, U B 3%
J5 2 3E TR AR R B
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Fig.5 Interference of other ions on mercury ion detection

2.2 —IoEkEmEAER

il S 00 ) B AR A, WIS IE R y =
0.917 9x +3. 488 , P E REL R* =0.878 9, 213 [l
F9x107° ~5 x 10 ° mol/L, Jr A MR A 6. 11 x
10 ~° mol/L(S/N=3,n =11) , X brENw 2= (RSD)
H2.86% .
2.3 ZLLMEREIARE

I FH 268 52 119 A8 A0 TN o 4 i vk 3 e L
AR B PR L, B B RRAE I . AR Gk
FHOC R BOL L BURFIE R B, 6 N H 4 i B ik i
536 BETE 400 ~ 800 nm % B 2 [A] (9 AH X 28K

1 & 6 AT MR 40 A R AH OC R AR B, R A
fIE XS 7E 495 ~ 625 nm P B Ak, HAH 5 R B
0.9, HH¥E 565 nm Kbk B K, £ o2 M Ml 45
AI(MLR) J2& 38 i JLAS F A8 £ o T P AR £ () — Fp
Jrids, A CHE S AN B TR S A B TR
JEE AR TR A ST, A5 BRI 05 D7 B R T o
AR E SR ORE F & i, A SRR K

b

|
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09
0.8
0.7}
2 0.6F
E 05}
= 04}
03}
02}
0.1}

91-00 4I50 560 550 6(I)O 6‘50 7(I)O 750 860
K mm
6 SRESFHESVOOIEAE X REL

Fig.6  Correlation coefficient of mercury ion

concentration and fluorescence spectrum

ok 515,540 565 585 nm #E 1T £ JC 8] 3 43 #r
M IE B 15 1 Tk E R B 0.867 9, RMSEC i
10.746 5 wmol/ L, B ik SE AT (il e i R EUCH 0.746 5,
RMSEP 4 15. 132 1 pmol/L,

— TR A — 2 508 11 U= ] LA 34 2
BRI % K 515,540,565 585 nm X MLR
R e N TE LV EE AL & Rl
Z BRI 5 2 2H (540 nm) B A d & Y

FEEATEMRARRE e T A i fE 8, i
A B A 8 R A
2.4 FHHEIVFEE

F AT AT (PCA ) S5 AH B B ) — 2 # i,
3 1 1 5 A e fift HL A B A — 2H A TGS AR R Y
Beo TEFRS o rad B, E e Xt A AR O A B
HEAT A3, SR J5 R BGE B BSR4 R AT £ 0
MBI, AR SC PR oK, SR HR ) 32 o 2 fig
EAERA I o R R IR B . S E R
1,23 B, 3 54 J7 F2 51k 32 43 0 4 83.88% |
94.22% F197.77% .,

XTEEMUATHT 3 > FEor AT M 734, 45 2R %
WY, B IE AR A A Tk e R A 0.795 6, RMSEC
10. 840 pmol/L, B iEHE P E R ALK 0. 683 7, RMSEP
A 20. 10 pmol/L,

2.5 PLS [o3#&8)

K FHAS [ 7 50 Ak B4 538 ARt e /0> — 7€ [ )5 A5
R A S EHE b, LAAS H — A58 - %) T 00 A5
AL BT B TR BTy A JoAREE S i | 2tk
SIREIE (MSC) SNV — s . Biist sy, IR 2E
XK PLS R4, 25 BAS R NER 1 R,

HH 1 R, FEXTRAAE 8 B gE A 790 Ak 2 A A 0ot
FErh ORE AL BT B % PLS A5 7 it 2 7 0 T
SR, 38 A A ] A5 R A1 U B oA 28 3ot A ] T3 4cb
BT HEAL A TR0 e 22, EIE 45 AR IE 4 i U
FEUK, Al RMSE 8K, He bG35 Bl 285 MSC
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x1 REDIEREFEREERSH
Tab.1 Partial least squares regression model

modeling parameters

PLS KRR Lioaniess
kbR
) EH RMSEC/ RMSEP/
ViRS . R
T (pmol -L71) (pmol -L71)
A% 3 0.7045  20.4148 0.6631  52.6970
SG it 3 0.8000 10.0231 0.7162 16.1316
MSC 2 0.9004 7.0210 0.6910 75.6700
SNV 2 0.8784 11.6313 0.7287 18.7174
—Migsr 3 0.9379  18.5667  0.6225  36.658 8
ZHisr 4 09609  13.9382  0.6910  23.1897

TAL RS | A IE B2 FGGUFAE i P R B AR (]
A A IE4E RMSE f5e/)h, Br LA 280 MSC Filib B2 J5
(AR BE (R B PR AT PLS BB A T R B4
{BAESEBRTFM Hh RMSEP 3% 75. 67 wmol/L, X IH7E
I S 15 1S v | A6 RRAE % B B R R SNV 1
ABFR T A PLS SR L A TE 4 Y T E R AR
0.878 4 ,RMSEC 4 11. 631 3 pmol/L, B iF 8 i i
ZH0M0.728 7,RMSEP 4 18. 717 4 pumol/L, B~ Fx
HE2E 30, VAW A T M B AL
2.6 FHEWIE

R T 25U B2 VR A A T SR XA
YRy He " #6471 5 20 b7, 25 SR 0k 2 i,
Horp RSD S e TRzl i s v, iR 2 nl g, A
AHRHR2ZZJEEITE 1. 33% ~3% 22 [a] ,RSD 1E 0. 65% ~

2.41% Z 8], [MISCRAE 97% ~ 101. 33% Z [a], 2
12 1 ELA B i B RS T R DA e e

*k2 Hg'TEHNW
Tab.2 Hg" quantitative analysis

o brEfE/ M E/ XS RSD/ (AR
[2]3]

(nmol-L™") (nmol-L~") #2%/% % %
e 1 10 £0.3 9.8+0.2 2.00 1.32  98.00

FEfh 2 15+1.4
FEA3 20+1.7

15.2+1. 1 1.33 2.41 101. 33
19.4 1.7 3.00 0. 65 97.00

3 HFig

(1) 38 X 7 s BRA R I ST , DL 2%
TRRAL, A8 T S0 5 28, VA IR IAEE T, 1
$£0.05 pmol/L. CdTe &+ %W AN pH (H R 7.3 1Y
PBS ZZATRIR A G A He' B, 4 IA 10 pl
VW, IMAARAR A 1: 11, RS TE] K 25 min,

(2) TEPRAL A5 F T I A5 D7 A I Rl 6. 11 %
10 mol/L (S/N=3,n=11) ,Z&MTERE 9 x 107 ~
5 %10 ° mol/L,RSD N 2.86% , WA4FAE B 4T T
F A A GBS R AL B 2 547 T PLS
L, 5 ILER, X RRAE I B EAT SNV T AL B T
HEAT PLS BB A5 204840 1) A T00I0 8 7 0 S s $50)
AEJT, Hh B IE SR AT E R B 0. 878 4 ,RMSEC i
11. 631 3 pmol/L, S iEHE Ay U REL M 0.728 7,
RMSEP 4 18. 717 4 wmol/L, J e fAETFMIAR 7Y

2 % x #t

(1] BRFeRs. FREER S E S w5 Y LR SR BT ST 1]. R K FATFE,2012,2(6) :38 -41.
WEI Lingling. Study on vegetable heavy metal pollution and control in china[ J]. Journal of Agricultural Catastrophology,2012,

2(6) :38 —41. (in Chinese)

(2] &5 BRNIR. WRERIGREMEMERILT]. FPEemlps 52243, 2001 ,35(6) : 420 -421.
LI Chunying, QIU Bingyuan. Toxicity of methylmercury[ J]. Chinese Journal of Preventive Medicine,2001,35(6) ;420 —421.

(in Chinese)

(3] ZFH, b EERIG e SBR[ 1]. BUCRILRHE ,2010(16) : 268 -270.

LI Zhan,LI Kun. Harm of the heavy metals pollution and its remediation[ J].

268 —270. (in Chinese)

Modern Agricultural Technology,2010 (16) ;

(4] TR, 7R, 207 PEKIEES B R R R S R )]. ) RiMETER4%,2010,17(1) . 14 - 18.
WANG Haidong, FANG Fengman, XIE Hongfang. Current status and prospects of research on heavy metal pollution in China
[J]. Guangdong Journal of Trace Element Science,2010,17(1) ;14 —18. (in Chinese)

[5] CHRIS F H. The speciation of mercury and organomercury compounds by using high-performance liquid chromatography[ J].
TrAC Trends in Analytical Chemistry,2000,19(2 -3) . 167 —179.

[6] SHANTI S S,HENK S,RIET V. In vitro alleviation of heavy metal-induced enzyme inhibition by proline[ J]. Phytochemistry,

1998,49(6) :1531 — 1535.

(7] FWess, 2R 3em, PR, KA R IR ISOEIE RN E K T i R B 1 [ 1] L% SE80 3 ,2010,27(1) 1247 - 248.
YANG Xiaojing, LI Meili, BAI Jianhua. Determination of heavy metal ions in wastewater by the flame atomic absorption
spectrometry[ J ]. Chinese Journal of Spectroscopy Laboratory,2010,27 (1) ;247 —248. (in Chinese)

(8] iK%, BB JE, . ICP — MS FI AFS I %E FRET KR A9 S 9 L[], OBl 9e80%,2009,26 (4) 1000 - 1002.
ZHANG Ying, GU Xilong, TAN Ying. Determination of Pb in natural water by ICP — MS and AFS[J]. Chinese Journal of
Spectroscopy Laboratory,2009,26(4) ;1000 — 1002. (in Chinese)

(T#E 220 W)



220 & ML % iR 20194

CHEN Yugqing, YANG Wei, LI Minzan,et al. Measurement system of winter wheat LAI based on Android mobile platform[ J].
Transactions of the Chinese Society for Agricultural Machinery,2017 ,48 (Supp. ) :123 - 128. (in Chinese)

[20] REZ,HEZ. HTMLS H 30 s e M BRI SIRIET]. BT ER 584 TR ,2017(3) 126 -27.

[21] Xlgh. T HTMLS RBRWERS 3 W RGP 5L D] )N B R 3 TR, 2013.
LIU Wei. Research and implementation of mobile navigation system based on HTML5 [ D]. Guangzhou:; South China
University of Technology, 2013. (in Chinese)

[22]  BRik. JET HIMLS BR5-F S ERTEA SRS R G H BRI BESE D . K g3k 2015,
CHEN Da. Research about cross-platform technology in real-time public transit application based on HTML5 [ D]. Dalian;
Dalian Maritime University, 2015. (in Chinese)

[23] 5z, XMt BT HTMLS #hEE AR B sh 2 S AT ()], Tt TR ,2012,20(22) 120 - 122.
LU Li, LIU Zhen. Design of the mobile terminal navigation based on HTMLS geolocation technology[ J]. Electronic Design
Engineering,2012,20(22) :120 — 122. (in Chinese)

(24]  JHBH,JASEWR, B, 5. ST CaeR Ml R RGBS B0 1], Il R ,2015,38(7) (135 - 140.
ZHOU Yang,ZHOU Meijiao, HUANG Bo, et al. The research and design of serial communication system based on C#[]].
Electronic Measurement Technology,2015,38(7) ;135 — 140. (in Chinese)

[25]  FJk, B Bt o i ) PR GR AR 5 - CALT ] THRAL T A2 5101 ,2004,25(6) 1929 -931.
WANG Xin, LI Feng. New type of object oriented programming language — C#[ J]. Computer Engineering and Design,2004 ,
25(6) :929 —931. (in Chinese)

[26] K5 Wb Comfeih &5 AU IREL T ]. 44,2013 ,34(3) ;145 - 146.
ZHANG Yuenan. Analysis of the C# programming language features and functions[ J]. Software,2013,34(3) ;145 - 146. (in
Chinese)

[27] XUEKF, KK EE. Visual C# FHFH ADO. NET $iln] SQL Server £ AR [ J]. A HLRLN FH ,2004(11) :66 - 69.

(28] ZEWERE. JET C#y LAALIE A SR BO T ST A& [ D], U : F R % ,2010.
LI Xiaolu. Design of host computer monitoring configuration software based on C# [ D]. Ji'nan; University of Jinan, 2010. (in

Chinese)

(E#E5E 199 IT)
(9] Whstk, F3546. 1CP — AES [RIIISE K H iR A1 At B 86 BRI ) . i 52 96%2,2009,26(3) + 605 - 608.
YAO Lin, WANG Zhiwei. Determination of trace Mo, Co, B, Sb, V and Ti in water by ICP — AES[ J]. Chinese Journal of
Spectroscopy Laboratory ,2009,26(3) ;605 —608. (in Chinese)

[10] TRV XU KA B EOE BRI E (il b [T ] TP AR TIBT BE 2 2%08,2002,36 (1) : 52 - 55.
XU Maojun. Determination of lead in food by direct spectrophotometry with dithizone aqueous phase[ J]. Chinese Journal of
Preventive Medicine,2002,36(1) ;52 —55. (in Chinese)

(117 EYL, RILL, X008 5. 2R X BHRIOOEIEE N E K R i [ )], K57 1,2013,23(2) :20 -22,11.
WANG Kai, MIN Hong, LIU Shu, et al. Determination of trace arsenic in water by total reflection X-ray fluorescence
spectrometry[ J ]. Journalof Inspectionand Quarantine,2013,23(2) ;20 —=22,11. (in Chinese)

(127 JR0mme, tR4E &2 45 Ea R PuA I ik A r s e e[ 1] . k7 2013 ,42(2) ; 355 - 359.
SU Shuaipeng, XU Fei, CAO Hui, et al. Perspective in the rapid methods for the detection of heavy metals[ J]. Applied
Chemical Industry,2013,42(2) :355 -359. (in Chinese)

[13] LI Chuanguang,LU Zhenda, ZHANG Qiao, et al. Confined growth of CdSe quantum dots in colloidal mesoporous silica for
multifunctional nanostructures[ J]. Science China Materials, 2015,58(6) : 481 —489.

[14] SHYUAN L K, HENG LY, AHMAD M, et al. Abstract: evaluation of pesticide and heavy metal toxicity using immobilized
enzyme alkaline phosphatase with an electrochemical biosensor [ J]. Asian Journal Biochemistry,2008,3(6) :359 —365.

[15] OUENDADJI S,GHEMID S,MERADJI H, et al. Theoretical study of structural, electronic, and thermal properties of CdS,
CdSe and CdTe compounds[ J]. Computational Materials Science,2011,50(4) ;1460 — 1466.

[16] LEE J H,CHOY D,LEEI G, et al. Characterization of defects in -V semiconductor materials (InP, GaAs and InGaAs/InP
on Si) in nano-sized patterns by transmission electron microscopy| J]. Microsc. Microanal ,2016,22(3) :1540 —1541.

[17]  BUlm), . B T s 6ak a1 R0 R B FOOCRE A [ )], SEi SR P2 ,2018,36(3) : 300 - 304.
HE Jiantong, FU Zheng. Construction the mercury ion fluorescent probe based on highly luminescent carbon quantum dots[ J].
Experimental and Laboratory Medicine,2018,36(3) : 300 —304. (in Chinese)

[18] GHICA M E, BRETT C M A. Glucose oxidase inhibition in poly ( neutral red) mediated enzyme biosensors for heavy metal
determination| J]. Microchim Acta,2008,163(3 —4) :185 - 193.

[19] SUSHA A S, JAVIER A M, PARAK W J, et al. Luminescent CdTe nanocrystals as ion probes and pH sensors in aqueous
solutions[ J ]. Colloids and Surfaces A,2006,281(1 —3) .40 —43.

[20] CAI Z X, YANG H, ZHANG Y. Preparation, characterization and evaluation of water-soluble l-cysteine-capped-CdS
nanoparticles as fluorescence probe for detection of Hg( Il ) in aqueous solution[ J]. Analytica Chimica Acta,2006,559(2) :
234 -239.

[21] LIHB, ZHANG Y,WANG X Q. Calixarene capped quantum dots as luminescent probes for Hg’* ions[ J]. Mater. Lett. ,
2007,61(7) .1474 - 1477.



