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Abstract Antibiotics have been overused in recent years because of their remarkable curative

effect but this has led to considerable environmental pollution. Therefore the development of
approaches aimed at the effective detection and control of the antibiotics is vital for protecting
the environment and human health. Many conventional strategies such as high-performance
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liquid chromatography HPLC  gas chromatography GC  high-performance liquid chroma-
tography-tandem mass spectrometry HPLC-MS/MS are currently in use for the detection of
antibiotics. These strategies have aroused a great deal of interest because of their outstanding
features of high efficiency and speed good reproducibility automation etc. However various
problems such as tedious sample pretreatment low detection sensitivity and high cost must be
overcome for the effective detection of antibiotics in environmental samples. Consequently it is
of great significance to improve the detection sensitivity of antibiotics. The development of new
materials combined with the existing detection technology has great potential to improve the de—
tection results for antibiotics. Carbon dots CDs are a new class of nanomaterials with particle
sizes in the range of 0—10 nm. In addition CDs have desirable properties such as small particle
effect excellent electrical properties unique optical properties and good biocompatibility.
Hence they have been widely utilized for the detection of antibiotics in environmental samples.
In this review the application of CDs combined with sensors and chromatographic technology
for the detection of antibiotics in the last five years are summarized. The development prospects
of CD-based materials and their application to the analysis and detection of antibiotics are pres—
ented. In this review many new sensors CDs combined with molecularly imprinted polymer
sensors aptamer sensors electrochemiluminescence sensors fluorescence sensors and elec-
trochemical sensors combined with CD-based materials and their use in the detection of antibi—
otics are summarized. Furthermore advanced analysis methods such as ratiometric sensor and
array sensor methods are reviewed. The novel analysis methods provide a new direction toward
the detection of antibiotics by CDs combined with a sensor. Moreover CD-based chromato-
graphic stationary phases for the separation of antibiotics are also summarized in this manu-
script. It is reported that the detection sensitivity for antibiotics can be greatly improved by the
combination of CDs and a sensor. Nevertheless a literature survey reveals that the detection of
antibiotics in complex environmental samples is confronted with numerous challenges inclu-
ding the fabrication of highly sensitive sensors in combination with CDs. Furthermore the de-
velopment of novel high-performance materials is of imperative. In addition it is important to
develop new methods for effective data processing. The separation of antibiotics with CDs as
the chromatographic stationary phases is in the preliminary stage and the separation mecha—
nism remains to be clarified. In conclusion there are still many problems to be overcome when
using CDs as novel materials for the detection of antibiotics in environmental samples. Nowa—
days CD-based materials are being intensively studied and various analytical detection tech-
nologies are being rapidly developed. In the future CD-based materials are expected to play an
important role in the detection of antibiotics and other environmental pollutants.

Key words chromatography analysis sensor analysis carbon dots CDs antibiotics

review

. 2021 39 8 816-826.
CHAI Peijun SONG Zhihua LIU Wanhui XUE Junping WANG Shuo LIU Jingiu LI Jinhua. Application of carbon dots in analy-
sis and detection of antibiotics. Chinese Journal of Chromatography 2021 39 8 816-826.



. 818 * 39
4 > Liu oxytetra—
o, cycline OTC MIPs
CDs OTC
T 15.3 ng/mL 5
5 o MIPs
. - CDs OTC MIPs
0 " . CDs OTC
o o MIPs
molecularly imprinted polymers MIPs "' | .
N o carbon
dots CDs " . CDs 7
CDs ¥,
carbon nano dots CNDs . Chen * sulfadiazine SDZ
graphene quantum dots GQDs
polymer dots PDs "% “ SDZ
yoo« ” * . CDs SDZ 0.042 pmol/L.
N N N SDZ
e 91.7% ~ 101. 2%
B CDs SN CDs
CDs o
CDs . Liu
o MIPs @ rCDs/bCDs @ SiO, 0 ~50 nmol/L
tetracycline
1 CDs TC 1. 19 nmol/L
N N TC o
CDs
26 27 . CDS 28 29
03 CDs o
N N - Jalili 3
o 1 5
1.1 min 1/8
1.1.1 penicillin PNG 0.34
nmol/L. N 2
MIPs .
2 chloramphenicol CAP
¥, CDs MIPs CDs 0.1~3 pg/L 0.035 wg/L. Sahebi
M MIPs # - UHPLC-

35

MS/MS PNG 5



*+ 819 -
NH,
a

o N (0] (0] o S - a
I Solvothermal ) Solvothermal 2
o + — O o HoN — =

NS NH, HO oy 180C.4h ° o 180 C, 12h a ..»

OH

Blue emitting carbon Yellow emitting carbon

APTES, TEOS
‘ + ) —
Step 2

CTAB micelle PN

\ l Templale removal

l Template rebinding

e

® .® _NLTES
i Slnp 1

%o

1 a b
a Synthesis of carbon dots CDs and b
the sensing mechanism of penicillin *

33
Fig. 1

schematic of the preparation of ratiometric sensor and

TEOS tetraethoxysilane APTES 3-aminopropyltriethoxysilane CTAB cetyltrimethylammonium bromide PNG penicillin

0.03~0.20 pg/kg » AuNPs
UHPLC-MS/MS . o
15 2.1~
22.0 ng/L. MIPs N
UHPLC-MS/MS . Roushani ¥ AuNPs
GQD-SH
streptomycin STR .
51
1.1.2 GQDs-N-S
20~60 DNA AgNPs GCE
RNA “ STR 0.003 3 pg/mL
N STR 99. 03% . Roush-
47 48 . am 52 ZnS
Wang ¥ AuNPs GCE
AuNPs STR
. 0.35 fg/mL
STR
0.04~0.24 pmol/L 18 nmol/L o
98% o
CDs  AuNPs

AuNPs CDs



« 820 * 39
MIPs N 1.0
x107"?~1.0x10”7 mol/L
CAP 0.5 pmol/L CAP
97%~103%. Hu
ECL
EDTA CDs Ru
o CDs  MIPs bpy 3 ECL
TC o
o MIPs 1.0 nmol/L~0. 1 mmol/L
33 0. 47 nmol/L.
o TC 88.9% ~
Geng 7 104. 6% . ECL 5 64
CdSe \ CDs ECL
. CDs ECL
CDs ECL
o 0.05~10.0 pg/mL CDs
0. 013 pg/mL . N ECL
o MIPs o
1.2.2
MIPs N
o MIPs . CDs
. 65
. Roushani  * . Yu
6 CDs
CAP 0.3 pmol/L . TC.
CAP 103% doxycycline DOX 7 290 nm
1.2 365 nm CDs
N o Al™ CDs
56 . 67 7
7 2
50 nmol/L.
o CDs
1.2.1 CDs
electrochemiluminescence o CDs
ECL o
. Chen ® N.B.F
3, ECL N B FCDs
N . CDs sulfathiazole STZ 5.5
o ng/mL. . STZ
ECL o 96. 7% ~101. 0%
He © \ STZ



8 . 821 «
Ocmm Qs mom
[
oo “R&. “ﬂ&. . BCDs-Euw/CMP-
— V%% %%~ e % cit N N
el ﬂ ﬁ
TC TC 0.05 pmol/L
Addto %G 88  Addto %% 99 o (D TC
_//Q\\_ _/Q\_ @ Quenched CDs o
- —, 338 ol
FRAggEE Lo Lo
MTR DOXTCY CTE OXY CHL SDI #*  Antibiotic
2 17 66
Fig. 2 Flow chart of two-step detection for seven
kinds of antibiotics
MTR metronidazole DOX doxycycline TCY tetracycline
CTE chlortetracycline OXY oxytetracycline CHL chloram-
phenicol SDI sulfadiazine.
Fu
70 Forster reso-
nance energy transfer FRET CDs 7
OTC 0.41 pmol/L #F ., Mao
S OTC OTC.TC 8
95. 0% ~ 105. 0% isoleucine Iso 4
CDs
o CDs
N N “ ” o 4 8
. CDs CDs
CDs . . . linear discrimination
analysis LDA 3.
N 8 . Long
. Miao " 77
CDs 3 4 N
TC. aureomycin CTC | OTC CDs
5.18.6. 06+ 14 nmol/L. 1 pmol/L 4
Miao " CDs TCs .
3 o
Xll 78
o Hu 7 10 pmol/L 4
CDs CMP / TC. OTC,. metacy—
cline MTC .DOX
BCDs-Euw/CMP-<it TC o TCs 100%



. 822 . 39
a
antibiotics C-dots+antibiotics complex
@
g
§
8
I
b TC OTC CTC SPM ERY SM CHL NEO ¢
_ 5r
[Jcos4l| & SM
Wl cos2 || @ ﬁsm
0.05 [ Jcps3|| = NEO
; ol =
= o.00f<ln o Tor orc
= & CHL @
(]
005 & o
s cTC
-0.10 >
-10 0 10
Factor 1(%):78.8
3 76
Fig. 3 Antibiotic identification principle and result analysis charts "
a. schematic illustration of antibiotic recognition b. fluorescence response of these four CDs against eight antibiotics c. LDA plot
with 95% confidence interval.
TC tetracycline OTC oxytetracycline CTC aureomycin SPM spiramycin ERY erythromycin SM streptomycin CHL chlor-

amphenicol NEO neomycin.

CDs

o principle com-

ponent analysis PCA
LDA

support vector machine

SVM

1.3

79 80
°

CDs

CDs
81
Huang ¥
PoAP /GQD GCE
levofloxacin LV o
LV 10 nmol/L
3 MIP/G-Aw/GCE
LV
96.0% ~101. 0% . GQD
LV
PoAP T GQD
GCE 0 GQD GCE
Gondim ¥ GQD@ Nafion Nafion
84
» CDs CDs

o CDs



8 . 823
. Muthusankar % Co,0, o Wu ¥
CDs
N-CQD @ Co,0,/MWCNTs N
NF GCE N-CQDh@ CDs
Co,0,/MWCNT/GCE
NF CDs
0. 044 pmol/L o o
CDs CDs
N-CQDs MWCNTs
% CDs
CDs CDs
GCE
. CDs Yang
GCE CDs N.S N metal
o CDs organic frameworks MOF Zr -MOF
CDs UiO-67/NSCN TC
CDs 0.08 ~20.0 mg/L TC
0. 063 mg/L TC o
2 CDs TC
427.35 mg/g
50 TC UiO-67/NSCN
. Peng
o CDs ”
o 45.5  45.2 3.5 ng/mL
Yuan ¥ 3.0 ng/mL .
CDs Sil-Gle-CDs N . CDs
ofloxacin OFL | 6
CDs -COOH
63 000 N/m CDs Sil- . CDs
Glc . CDs
CDs
19
CDs 5 CDs
7 CDs
XBridge HILIC. Globalsil™ Amino Sil- . Lahouidak ™
Glc-CDs CDs CDs
9 min OFL

50 100 N/m.

10. 7 ng/mL

35.5



e 824 ¢ 39
ng/mL. 7 %, CDs
HPLC N o
. o GQD CDs
}ng/L 19 .
- 40
3
. Taranova %
quantum dots QDs CDs 5
“« ) 4 . 1 CDs CDs
OFL. CAP. STR 0.3.0.12 N
0.2 ng/mL 3 o
40~300 7 OFL CDs . .
10 min ELISA 1/18,
- 2 CDs
8%
N CDs
s CDs
cD s 3 CDs
o S
CDs N
’ ’ CDs o
CDs
CDs CDs

Fig. 4 Schematic diagrams of antibiotic detection by
traffic light immunochromatography test
a. test strip before the assay b. assay results for the sample
containing STR c. assay results for the sample containing CAP
and OFL.
1. test zone for streptomycin STR
amphenicol CAP

2. test zone for chlor—
4. STR
conjugate antibody 5. CAP conjugate antibody 6. OFL conju-
gate antibody 7. control line.

3. test zone for ofloxacin OFL

DuLF Liu W K. Agron Sustain Dev 2012 32 2 309

2 WangLY WangJN LiJH etal Chinese Journal of Chro-
matography 2020 38 3 265

2020 38 3 265

3 Zhao C ZhouY de Ridder D J et al. Chem Eng J 2014
248 280

4  Charvaud L Jarde E Jaffrezic A et al. J Hazard Mater
2019 361 169

5 Lida N Mizukoshi E Yamashita T et al. Int J Cancer
2019 145 10 2701

6 Wong A Santos A M Cincotto F H et al. Talanta 2020
206 120252

7 QiaoM Ying G G Singer A C et al. Environ Int 2018
110 160

8 Ghodsi J Rafati A A Shoja Y. Sensor Actuat B-Chem
2016 224 692

9 Song JL Huang MH Jiang N et al. J Hazard Mater 2020



* 825

11

12

14

15

17
18

19

20

21

22

23

24

25

26

27
28

29

30

31

32

33

34

35

391 122024
Xie X Wang B Pang M D et al. Food Chem 2018 269
542
Yang SX MaSY Zhu KL etal JFood Compos Anal
2020 88 103462
PengJ Kong DZ LiuL Q etal Anal Methods-UK 2015
7 12 5204
Cardoso A R Marques A C Santos L et al. Biosens Bioel—
ectron 2019 124 167
Munawar A Tahir M A Shaheen A et al. J Hazard Mater
2018 342 96
Yang Q Peng HL LiJH et al. New J Chem 2017 41
18 10174
Wang MH HuMY LiuJM et al Biosens Bioelectron
2019 132 8
HouJ LiHY Wang L et al. Talanta 2016 146 34
ZhuSJ Song YB Zhao X H et al. Nano Res 2015 8
2 355
Chen J Gong Z J Tang W Y et al. TrACTrends Anal
Chem 2021 134 116135
Wang ZF Zeng HD Sun L Y. J Mater Chem C 2015 3
6 1157
Yuan FL WangZ B Li X H et al. Adv Mater 2017 29
3 1604436
Jiang K Wang YH Gao X L et al. Angew Chem Int Edit
2018 57 21 6216
Wang G QiJ Qi AJ et al. Chinese Journal of Analysis
Laboratory 2019 38 1 7
. 2019 381 7
Wang XR LiBW YouHY etal Chinese Journal of An-
alytical Chemistry 2015 43 10 1499
2015 43 10
1499
Han X X Qi J Song Z H et al. Scientia Sinica Chimica
2020 50 4 463
2020 50 4
463
LanL'Y Yao Y Ping J F et al. Biosens Bioelectron
2017 91 504
LY XuJY SunCY. Rsc Adv 2015 5 2 1125
Hasanzadeh M Mokhtari F Shadjou N et al. Mat Sci Eng
C-Mater 2017 75 247
Javanbakht S Namazi H. Mat Sci Eng C-Mater 2018 87
50

Faridbod F Sanati A L. Curr Anal Chem 2019 15 2
103
Shao Y Y Wang J Wu H et al. Electroanal 2010 22

10 1027
Singh M Singh S Singh S P et al. Trends Environ Ana
2020 27 e00092
Jalili R Khataee A Rashidi M R et al. Food Chem 2020
314 126172
Jia M F Zhang Z Yang X B et al. Scientia Sinica Chimi-
ca 2017 47 3 300

2017 47 3

300
Amjadi M Jalili R. Spectrochim Acta A 2018 191 345

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59
60

61

62

63

64

LiuHC Ding L ChenL G et al. JInd Eng Chem 2019

69 455

Sun X C Wang Y Lei Y. Chem Soc Rev 2015 44 22

8019

Song W Duan WX LiuYH etal. Anal Chem 2017 89
24 13626

SuL Yang L Sun Q et al. New J Chem 2018 42 9

6867

Chen X Q LuanY Wang N W etal JSep Sci 2018 41
23 4394

Liu X Q Wang T Wang WJ et al. JInd Eng Chem 2019

72 100

Chullasat K Nurerk P Kanatharana P et al. Sensor Actu-

at B-Chem 2018 254 255

Jalili R Khataee A. Food Chem Toxicol 2020 146
111806

Sahebi H Konoz E Ezabadi A et al. Microchem J 2020
154 104605

CuiJ X ShiQJ Wang GM et al. Environmental Chemis—

try 2020 39 4 1065

. 2020 39 4 1065

Roushani M Rahmati Z Farokhi S et al. Mat Sci Eng C-

Mater 2020 108 110388

Emrani A S Danesh N M Lavaee P et al. Food Chem

2016 190 115

Wang B Chen YF WuY Y et al Biosens Bioelectron

2016 78 23

Wang JL LuTT HuY etal Spectrochim Acta A 2020

226 117651

Ghanbari K Roushani M. Bioelectrochemistry 2018 120

43

Roushani M Ghanbari K Hoseini S J. Microchem J 2018
141 96

Roushani M Ghanbari K. Anal Methods-UK 2018 10
43 5197

Ahmad O S Bedwell TS Esen C et al. Trends Biotechn-

ol 2019 37 3 294

Roushani M Rahmati Z Hoseini J et al. Colloid Surface

B 2019 183 110451

GengYY Guo ML Tan J A et al. Sensor Actuat B—

Chem 2018 268 47

Khansili N Rattu G Krishna P M. Sensor Actuat B-Chem

2018 265 35

Majdinasab M Mitsubayashi K Marty J L. Trends Biotech—

nol 2019 37 8 898

ChenY CaoY Ma C et al. Mater Chem Front 2020 4
2 369

LiLL ChenY ZhuJJ. Anal Chem 2017 89 1 358

LuZY QiWJ XuG B. Chem Soc Rev 2015 44 10

3117

Zheng X T Ananthanarayanan A Luo K Q et al. Small

2015 11 14 1620

HeZ J Kang TF Lu L P et al. J Electroanal Chem

2020 860 113870

HuYX SuLY WangS et al. Microchim Acta 2019 186
8 512

Liu X G Huang D L. Lai C et al. TrACTrends Anal



> 826 °

39

65

66

67

68

69

70

71

72

73

74

75

76

71

78

79

80

81
82

Chem 2018 109 260

Zan M H Rao L Huang H M et al. Sensor Actuat B-

Chem 2018 262 555

YuJJ Yuan K Li X et al. Spectrochim Acta A 2019

223 117366

Tsai WH Huang T C Huang J J et al. J Chromatogr A

2009 1216 12 2263

QiHJ Teng M Liu M et al. J Colloid Interf Sci 2019

539 332

Chen LT Liu YL Cheng G H et al. Sci Total Environ

2021 759 143432

FuYZ Huang L Zhao S J et al. Spectrochim Acta A

2021 246 118947

Miao H Wang YY Yang X M. Nanoscale 2018

8139

HuJ Yang X F Peng Q Q et al. Food Control 2020

108 106832

XuS H Gao T Feng X Y et al. Biosens Bioelectron

2017 97 203

Svechkarev D Sadykov M R Bayles KW et al. ACS Sen-

sors 2018 3 3 700

Huang W Xie Z Y Deng Y Q et al. Sensor Actuat B—

Chem 2018 254 1057

Mao YN CuiSN LiWT et al Sensor Actuat B-Chem

2019 296 126694

LongDY PengJ D Peng HJ etal Analyst 2019 144
10 3307

XuZJ Wang Z K Liu MY et al. Spectrochim Acta A

2020 232 118147

Velusamy V Palanisamy S Kokulnathan T et al. J Colloid

Interf Sci 2018 530 37

Labib M Sargent E H Kelley S O. Chem Rev 2016 116
16 9001

GanT SunJY YuMM etal. Food Chem 2017 214 82

HuangJY BaoT HuT X et al. Microchim Acta 2017

184 1 127

Gondim C S Duran G M Contento A M et al. Food Anal

10 17

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Method 2018 11 6 1711

Pang PF YanFQ LiHZ etal. Anal Methods-UK 2016
8 24 4912

Muthusankar G Devi R K Gopu G. Biosens Bioelectron
2020 150 111947

ChenJ Huang YN Wei X et al. Chem Commun 2019
55 73 10908

Yuan N Chen J Cai T P et al. J Chromatogr A 2020
1619 460930

Yuan N Chen J Zhou H
121140

WuQ Hou X D Zhang X F et al. Talanta 2021 226
122148

Li M Chen L X. Chinese Journal of Chromatography
2020 38 1 95

et al. Talanta 2020 218

2020 38 1 95
Yang Q F Hong H Luo Y K et al. Chem Eng J 2020
392 123680
PengJ LiuDH Shi T et al. Anal Bioanal Chem 2017
409 17 4157
Dong SY Lou Q Huang G Q et al. Anal Bioanal Chem
2018 410 28 7337
Lahouidak S Soriano M L Salghi R et al. Electrophore-
sis 2019 40 18/19 2336
Ibarra I S Rodriguez J A Paez-Hernandez M E
Electrophoresis 2012 33 13 2041
Taranova N A Berlina A N Zherdev A V et al. Biosens
Bioelectron 2015 63 255
Byzova N A Smirnova N I Zherdev A V et al. Talanta
2014 119 125
Byzova N A Zvereva E A Zherdev A V et al. Talanta
2010 81 3 843
Byzova N A Zvereva E A Zherdev A V et al. Anal Chim
Acta 2011 701 2 209
Chen HY Zhang L. HuY et al. Sensor Actuat B-Chem
2021 329 129135

et al.



