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Research advances on detecting heavy metals and harmful elements based
on fluorescent probe quantum dots
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Abstract: In recent years, it is a hot spot of research on detecting heavy metals such as Pb (II), Cu (II), and Hg (II) and harmful element
As (IIT) based on novel fluorescence probe quantum dots (QDs). This review introduced the preponderance optical properties and
advantages of QDs. In addition, the principles of fluorescence quenching concerning ion complexing reaction, electron transfer,
fluorescence resonance energy transfer and others, fluorescence enhancement and methods combined with rolling circle amplification
of DNA, redshift of emission wavelength, fluorescence ratio and others were presented. Finally, the paper summarized the applications
and took prospect to provide the basis for the detections of heavy metals and harmful elements in Chinese materia medica based on
fluorescence probes QDs.
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Table 1 Advantages and disadvantages of methods for detecting heavy metals and harmful elements
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Table 2 Detection of heavy metals and harmful elements based on changes of QDs fluorescence intensity

TR 25+ it et PR/ (umol L") ZRPETEFE/(umol L") SRk
WHER  BFEERMN Pb?*  CdTe. CdZnSe 0.04 — 11
S-DAB-G5-CdSe 60 10~150 12

TGA-CdSe 0.27 2.0~100.0 13

Cu**  CdSeTe 0.007 1 0.02~2.0 14

CdSe 0.005 0~100 15

CdTe. GSH — 0.01~1 16

CTS-CdS 0.001 2 0.008~3.0 17

MSA-CdSe 0.003 4 0.02~0.35 18

DDTC-CdSe/CdS 0.003 3 0~1.56 19

L-cysteine-ZnS 7.1 — 14

Hg’* TEA-CdSe 0.19 0~35 20

CdTe — 0.005~0.5 21

As*" GSH-CdTe 0.02 5.0~250 22

Cr** GSH-CdTe 0.154 0.19~19 23

MR R Hg>*  C[6]/Si05/CdTe NPs 0.001 55 0.002~0.014 24
MSA-CdTe — 0.01~1 25

S-Calix-CdSe/ZnS 0.015 0~30 26

N-acetyl-/-cysteine-ZnS 0.005 0~24 27

CdTe — 0.008~2.0 28

cd” 4] 9.4X10° — 29

Cu**  CdSe/ZnS — 0~10 30

IR AE R AR Pb>*  CA-CdTe. MUA-AuNPs 0.145 1.06~21.79 28
Dz-CdSe/CdS — 10~20 31

Cu?*  PFR-CdTe — — 32

TORHIH  TORMIRREERE Cd*  S-DAB-G5-CdSe 60 0.05~0.7 12
MPA-CdTe. EDTA 0.01 0.05~1 33

Zn**  MPA-CdTe 1.2 1.6~35 34

Agh  Cds 0.005 0.02~1.0 21

Cu®*  AO. CdTe 0.002 75 0~37.5 35

Ba’* ME-CdSe 0.004 2 0.1~1.2 36

HAbRA B Pb** DNA . CdS 7.8%10° 10~1.0 37
Cr'*  MSA-CdTe. B2 =F}-H,0, 6X107°° 2X107°~30 38

R Cu®’ MRETM 1100 — 39
RATPAAFE Ag"  TGA-CdTe 0.05 0.1~15 40

DAB- T BefE iR R &4, GS-SB AN, GSH-ZMEH Ik, CTS-52%ME, MSA-5iEIEIE, DDTC-— 23 “HAALE TN, TEA-=ZF,
CA-FiH: M, MUA-E+—IilR, Dz-WBilks, PFR-ZEMFEEMAS, MPA-FIENEE, AO-EL% LHE, ME-$i% LB, TGA-#HLM; “NAEE
EEAEITLER

DAB-diaminobutane-based polydendrimers, G5-generation 5, GSH-glutathione, CTS-chitosan, MSA-mercaptosuccinic acid, DDTC-diethyldithiocarbamate,
TEA-triethanolamine, CA-cysteamine, MUA-11-mercaptoundecanoic acid, Dz-dithizone, PFR-phenol formaldehyde resin, MPA-mercaptopropionic acid,

AO alcohol oxides, ME-2-mercaptoethanol, TGA-thioglycolic acid; * harmful elements of non-heavy metal
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BTl AR R e R A B R, R 4556 R (on binding reaction). HL TR FE IS



- 2812 - XX

Chinese Traditional and Herbal Drugs 28 46 % % 18 3§ 201549 A

PNN=N

£ Celectron transfer process). % MILIRAEE LTS
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33 Hits
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k22 &6 Celectrochemiluminescence, ELC)
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He™ 25 TP B 5 27 AR A 0 2 Sl K 20 R B
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i Ag-SR #h . E-EVITE 2 15 L ek &P
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Wl 5 E BRI .
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4 i = KON B ) BRI rh A BN )z
M, TR, Rl T, S R
AT RE AL B A 2 S X LA T 5 B T G T
245, HEFPUTERNARRN. PR T R
RETBOR N T 25 1) 22 Ve vrA,  HRIWIE S

BEERI A EORBI AW R, Eelm A H TR
F49 73 BT RS U A L AE AN ST 5 56 3%, JEH AR PR
R AT RN 5 AR A B8 S 4 i od S A A 2 1
ke BT R REE S RG4Sy
JUEERE L RN TANFRE T R A FE TR A
WM TCEE A& — PRSI B8 . X E SRR WK, &
LRpIETPESRAAFCRNENL. EBAE
B R DURRE, TN T 2SR R R, BT R
JERE S IR, (1D BT E—MEF S
AFRRAE BA ANFRZOGE T, IR IEBET T RE
WAstifG, o HE 7 RO A B[R R 2
Fh& R BT, X3 mnd A AR B B (2
BT ETRPOURE, 5 DNA. fiZk. 99K&5
BRI AEA, AT DAFERE 0 52 0 B i A A, 4
A ARG (3) FERUM IR I A (H 45
TSN L& R, W2l E T A
PWICIREN R R 2 AT Semf . SR N E SR 5 H
FHILR.

Yao 5P H A B A 448 B T R
WAL, B2 p 2 i Cu® AT AT ARG
W, TG 5 A% 0% Tk B T ARAG A U 1 A A3t
TATRE, ROy E T AR T A E S
BEAFITRMRNITE T BRI I . sHET



° 2814 -

%%

Chinese Traditional and Herbal Drugs

Fa6H H 18 201559 A

RRICRE AR R I H i E e 57 F o
F N FE 3 BBOR 2 BF T8 1ORTE,  IF HLREEE X
B RO )R 54 TR N 5 4

&, SHARAEAETHEERSH F ORI+
S (AR
SE 3Rk

(1]

(]

[10]

[12]

[13]

[14]

WoE, JLAEZE, MkE, & BT IREHIRIESNENE
B B bR A I v 1) S 3 R B LA o 2 R T SR
o). HEPZEAE, 2013, 38(23): 3997-4005.
PR, AL, AT, &5 BT RO E
RO P RCRE R (7], T EERR R, 2005,
36(3): 230-233.

AR, BhOCHE, TRE. BT RUOGCIREHEE &0
IR [J]. AERERE, 2008, 20(9): 1385-1390.

PR 25 [S]. —&B. 2010.

R, WA BT AIKHEE B AR O
Prwt et (1], Fheadli, 2013, 58(7): 524-530.

Xu C, Bakker E. Multicolor quantum dot encoding for
polymeric particle-based optical ion sensors [J]. Anal
Chem, 2007, 79(10): 3716-3723.

Gao X H, Nie S M. Quantum dot-encoded mesoporous
beads with high brightness and uniformity: Rapid readout
using flow cytome try [J]. Anayt Chem, 2004, 76(8):
2406-2410.

Liang G X, Liu H'Y, Zhang J R, et al. Ultrasensitive Cu?t
sensing by near-infrared-emitting CdSeTe alloyed
quantum dots [J]. Talanta, 2010, 80(5): 2172-2176.
MEE, AN, kM, & KRS R E T
RAEREDTCHCMIT R [J]. @EFERA S
%, 2003, 24(2): 216-220.

OISR, FERE, X B A WOGTE IR RORE - RS
AR TR UL —— — PO E A R 2
JCHRIHIE [1]. A4k, 2000, 19(1): 33-36.
Ali E M, Zheng Y, Yu H, et al. Ultrasensitive Pb**
detection by glutathione-capped quantum dots [J]. Anal
Chem, 2007, 79(24): 9452-9458.

Algarra M, Campos B B, Alonso B, et al. Thiolated DAB
dendrimers and CdSe quantum dots nanocomposites for
Cd (IT) or Pb (II) sensing [J]. Talanta, 2012, 88: 403-407.
Wu H M, Liang J G, Han H Y. A novel method for the
determination of Pb2+ based on the quenching of the
fluorescence of CdTe quantum dots [J]. Microchim Acta,
2008, 161(1/2): 81-86.

Koneswaran M, Narayanaswamy R. Mercaptoacetic acid
capped CdS quantum dots as fluorescence single shot
probe for mercury (II) [J]. Sensors Actuators B, 2009,
139(1): 91-96.

[15]

[16]

[17]

[18]

(21]

(22]

(23]

(25]

[26]

Chan Y H, Chen J X, Liu Q S, et al. Ultrasensitive
Copper (II) detection using plasmon-enhanced and
photo-brightened luminescence of CdSe quantum dots [J].
Anal Chem, 2010, 82(9): 3671-3678.

Ma Q, Ha E, Yang F P, ef al. Synchronous determination
of mercury (II) and copper (II) based on quantum
dots-multilayer film [J]. Anal Chim Acta, 2011, 701(1):
60-65.

Lai S J, Chang X J, Fu C. Cadmium sulfide quantum dots
modified by chitosan as fluorescence probe for copper (I1I)
ion determination [J]. Microchimica Acta, 2009, 165(1/2):
39-44.

Chen S T, Zhang X L, Zhang Q H, et al. CdSe quantum dots
decorated by mercaptosuccinic acid as fluorescence probe for
Cu* [1]. J Luminescence, 2011, 131(5): 947-951.

Wang J Z, Zhou X P, Ma H B, et al
Diethyldithiocarbamate CdSe/CdS
quantum dots as a fluorescent probe for copper ion
detection [J]. Spectrochim Acta Part A, 2011, 81(1):
178-183.

Shang Z B, Wang Y, Jin W J. Triethanolamine-capped

functionalized

CdSe quantum dots as fluorescent sensors for reciprocal
recognition of mercury (II) and iodide in aqueous solution
[J]. Talanta, 2009, 78(2): 364-369.

Chen J L, Zhu C Q. Functionalized cadmium sulfide
quantum dots as fluorescence probe for silver ion
determination [J]. Anal Chim Acta, 2005, 546(2):
147-153.

Wang X X, Lv Y, Hou X D. A potential visual
fluorescence probe for ultratrace arsenic (I11I) detection by
using glutathione-capped CdTe quantum dots [J]. Talanta,
2011, 84(2): 382-386.

Zhang L J, Xu C L, Li B X. Simple and sensitive
detection method for chromium (VI) in water using
glutathione-capped CdTe quantum dots as fluorescent
probes [J]. Microchimica Acta, 2009, 166(1/2): 61-68.

Li T, Zhou Y Y, Sun J Y, et al. Ultrasensitive detection of
mercury (II) ion wusing CdTe quantum dots in
sol-gel-derived silica spheres coated with calyxarene as
fluorescent probes [J]. Microchim Acta, 2011, 175(1/2):
113-119.

Wang C, Zhao ] W, Wang Y, et al. Sensitive Hg (II) ion
detection by fluorescent multilayer films fabricated with
quantum dots [J]. Sens Actuators B Chem, 2009, 139(2):
476-482.

Li H B, Zhang Y, Wang X Q, et al. Calixarene capped
quantum dots as luminescent probes for Hg®" ions [J].

Mater Lett, 2007, 61(7): 1474-1477.



%%

Chinese Traditional and Herbal Drugs

Fa6% H18H 2015FE9 H + 2815 ¢

(27]

[29]

[32]

[33]

[34]

[33]

[37]

Duan J L, Jiang X C, Ni S Q, et al. Facile synthesis of
N-acetyl-l-cysteine capped ZnS quantum dots as
aneco-friendly fluorescence sensor for Hg*" [J]. Talanta,
2011, 85(4): 1738-1743.

Chao M R, Chang Y Z, Chen J L. Hydrophilic ionic
liquid-passivated CdTe quantum dots for mercury ion
detection [J]. Biosensors Bioelectron, 2013, 42: 397-402.
Sutariya P G, Pandya A, Modi N R, ef al. A highly
efficient PET switch on-off-on fluorescence receptor
based on calyxarene for selective recognition of Cd*" and
St*" [1]. Analyst, 2013, 138(8): 2244-2248.

Sung T W, Lo Y L. Highly sensitive and selective sensor
based on silica-coated CdSe/ZnS nanoparticles for Cu®*
ion detection [J]. Sens Actuators B Chem, 2012, 165(1):
119-125.

Zhao Q, Rong X L, Ma H B, et al. Dithizone
functionalized CdSe/CdS quantum dots as turn-on
fluorescent probe for ultrasensitive detection of lead ion
[J]. J Hazard Mater, 2013, 250/251: 45-52.

Yang P, Zhao Y, Lu Y, et al. Phenol formaldehyde resin
nanoparticles loaded with CdTe quantum dots: a
fluorescenceresonance energy transfer probe for optical
visual detection of copper (II) ions [J]. Am Chem Soc
NANO, 2011, 5(3): 2147-2154.

Wu P, Yan X P. A simple chemical etching strategy to
generate “ion-imprinted” sites on the surface of quantum
dots for selective fluorescence turn-on detecting of metal
ions [J]. Chem Commun, 2010, 46(37): 7046-7048.

Hu X, Ran M, Zheng F, et al. Quantum dot-based
“turn-on” fluorescent probe for detection of zinc and
cadmium ions in aqueous media [J]. Anal Chim Acta,
2010, 687: 82-88.

Guo C X, Wang J L, Cheng J, et al. Determination of
trace copper ions with ultrahigh sensitivity and selectivity
utilizing CdTe quantum dots coupled with enzyme
inhibition [J]. Biosens Bioelectron, 2012, 36(1): 69-74.
Mahmoud W E. Functionalized ME-capped CdSe quantum
dots based luminescence probe for detection of Ba®* ions
[J]. Sens Actuators B Chem, 2012, 164(1): 76-81.

Tang S R, Tong P, Li H,

et al. Ultrasensitive

[38]

[39]

[40]

[42]

[44]

[45]

[46]

electrochemical detection of Pb** based on rolling circle
amplification and quantum dots tagging [J]. Biosensors
Bioelectron, 2013, 42: 608-611.

Kanwal S, Fu X H, Su X G. Size dependent active effect
of CdTe
chemiluminescence system for chromium (III) detection
[7]. Microchim Acta, 2010, 169(1/2): 167-172.

Yao J L, Zhang K, Zhu H J, et al. Efficient ratio metric

fluorescence probe based on dual-emission quantum dots

quantum dots on  pyrogallol-H,0,

hybrid for on-site determination of copper ions [J]. Anal
Chem, 2013, 85(13): 6461-6468.

Wang J, Liang J G, Sheng Z H, et al. A novel strategy for
selective detection of Ag' based on the red-shift of
emission wavelength of quantum dots [J]. Microchim
Acta, 2009, 167(3/4): 281-287.

Wang Y, Tang Z Y, Correa-Duarte M A, et al. Mechanism
of strong luminescence photo activation of citrate-
stabilized water-soluble nanoparticles with CdSe cores
[J]. J Physical Chem B, 2004, 108(40): 15461-15469.
Zhang B H, Qi L, Wu F Y. Functionalized manganese-
doped zinc sulfide core/shell quantum dots as selective
fluorescent chemodosimeters for silver ion [J]. Microchim
Acta, 2010, 170(1/2): 147-153.

Sahoo H.
spectroscopic nanoruler: Principle and applications [J]. J
Photochem Photobiol C: Photochem Rev, 2011, 12(1):
20-30.

Clapp A R, Medintz I L, Mauro J M, et al. Fluorescence

resonance energy transfer between quantum dot donors

Forster resonance energy transfer-A

and dye-labeled protein acceptors [J]. J Am Chem Soc,
2004, 126(1): 301-310.

Hao C L, Xu L G, Xing C G, et al. Oligonucleotide-based
fluorogenic sensor for simultaneous detectionof heavy
metal ions [J]. Biosensors Bioelectron, 2012, 36(1):
174-178.

Zhao Z, Zhou X M. Ultrasensitive electrochemi-
luminescence detection of mercury ions based on DNA
modified
nanoparticles probes [J]. Sens Acruators B Chem, 2012,

171: 860-865.

oligonucleotides and cysteamine gole



