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1) B A - R B (Azido-PS,000) B £ o HL
100 pL. EDC (10 g/L) #150 pl. NHS (10 g/L) & # 5]
10 pL 3K (100 g/L) Wb, 78 % il T 983% 20 min
WAL K . 4 ERIR S WCE T RO E L
5 min, # 3 % & 8 000 r/min, # K L&, H 1 000
pl. 0.01 mol/L. PBS (pH 7.4) % i & &, il A 23 pl.
TR -TUE 2 TR 2 (200 mmol/L) , % iR 4k % X
N2 he GiRE KB E T &0 T, &0
b B BR B, SR WO 1000 pl PBST ¥E¥% 5,
Rl 3, 1 000 pl. PBST # &, 1 mL Azido-PS
(1 g/L) ¥ Wi il 45 52 i, ORAF T4 “CUKAE , & 1 .

2 ) i}%%‘%ﬁdﬁﬂ%% (Alkyne‘MNPwoo) E/‘] %IJ% o
J 100 pL EDC (10 g/L) #1 50 ul. NHS (10 g/L)#
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W, A 1T pl Je e -PU 3R 2, R R (372
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Ja % B F s, 1000 pl. PBST & &, 1 mL Al-
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LA
1.7 KA %
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MNP, 50073 I B 5] 50,100 mg/L, B 100 pL Azido-
PS1000 #1100 pL. Alkyne-MNP; o, LA 2] 100 pLL HTIR
I 7% 44 7 W (10 mmol/L) #1100 pl. Cu®* %3 (0.1,
1.10.,100. 200,400,600, 1 000 Al 2 000 pmol/L)
PSR A, IR 10 min,  SZES bR 40 [ 2 fr
TN DU I AR 4R I ORF Cu® P ib JFL AL Cu™, Cu ' itk
B AARIERE SR S5 R A BRI L, T8 & A -
TR ARSI 47 AN b S -RE BRI I A0 -

X 100% (11)
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circuit

1.3 LB Washing bottle; 2. #Fk Microspheres; 3. /ML Small
hole tube; 4. A3 #% 15 J& % Electrode sensor; 5. J& W Waste liquid
bottle; 6. 3 % 7K % Miniature water pump; 7. f# % <. % Miniature
air pump; S. ALK 52455 B Level detection sensor B 9. {7 K
£ g% A Level detection sensor A; 10. Hi 7% & Solenoid valves;
11. 8 3% Peristaltic pump.
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Fig.3 Schematic of particle testing
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Table 1 Particle size results of 10 repeat test for different particles pm
Pﬁ%ﬁi “$C ﬁiﬁf t/ r(;ﬂ L 1 2 3 4 5 6 7 8 9 10 RSD/%  Sp,/%
3 0.5 3.119  3.061 3.103 3.097 3.101 3.101 3.103 3.105 3.078 3.110 0.537 3.257
4 1 4.280  4.320 4.206 4.325 4.334 4.321 4305 4.349 4.316 4.292 0.930 2.495
5 2 5.060  5.029 5.017 4.979 5.029 4987 5.023 4.978 5.097 4.989 0.762 3.484
6 2 5.813 5.817 5835 5849 5815 5802 5.775 5821 5811 5.765 0.431 2.839

2) PRI RO B DEAY o  PTH FIURL TR X kL
AR R /INURL A T 0RR e P, BB T 3.4.6.9 pm
A FREURL , FURI TS FAn 6 2 R, TR /N
TRV R, UKL 73 A 85 4 | BT LATE 4 Floki Az (1) J0R:
T W B AR 3 pm B RORA B %, R B
=9 pm EE RN B D . T 3 pm JUR ik i
(R Y- RN T A s - G a5 sk SR = ]
WOk bk 5 5, FECKIAR 3 pm POk RSD A K, 1 4

Ak A2 kL RSDy /T 10%, B B & 4 1 50k e 1k
BT

3)HEE TR BEPE A o 2 D4 R A & 7 i
N AR E K g R A R R =27 720+
330.33, R*=0.994, RC-2100 Fiki - H 2% F 014 i 2k
M+ y=30.32x+155.82, R*=0.997., 5 RC-2100 i
BT ACEE TR T A, 0RO RO X 5 25 /T 1024,
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Table 2 Particle counting results of 10 repeat test for different particle size
e pm  RRKEE/ (mg/L) 2 3 4 5 6 7 8 9 10 RSDY%
Particle size Concentration
3 20 7210 8084 7587 6907 7472 8117 8443 8313 7463 7243 6.78
4 40 6620 7425 7310 6953 6410 6747 7147 7136 6537  68%4 4.90
6 40 5080 4696 5244 4661 4921 5329 4669 5070 5136 4965 4.54
9 100 2195 2254 2187 2075 1961 2056 2051 2009 2040 2061 4.81
300007 +R¢C%22100 H/NF 5%, FRAAEKAHERS 1 pm REERSS &
k3 | —e—AZLHE Thisdevice 180 " N N N P
2 P B Brnorbars R, RS B AR BRI 4 pm BB AT
£ 20000F leéo £ Y
? 60 & 1 pm @ERFEAT I
£ 15000f g ) .,
4 {40 Azido-PS,o 5 Alkyne-MNP, ., 52 & ¥ 1Y 1%
Z 10000} K , _ ,
= Ly BERALLE RN 8 7R o FE 8A~C 43 1l 12 U5 Jo 44
= s000f ; . P
N BT U 0.,10.,20 pmol /L 1 R 1E 45 5t , 451
r A 10 . . .
0200 400 600 800 1000 N, R BN B T 1 Azido-PS,y 5 Alkyne-
Particle s coneensaton MNP0 R 255 45 7 — i ([ 8A ) , TV I T 40 55 F
E7 FEEIEER J& , 2 W Azido-PS,, 5 Alkyne-MNP, o &2 & ¥
Fig.7 Device comparison (K 8B.C), %2 T Cu fii Azido-PS,, F1 Al-

FR A b3 2 VP AN 45 SR T, A 3 R AR It
Sp/NF 5%, Uk B AR 25 0] A DX 20 R [RDRLAR Uk
MR T i1, 4069 pm 3 FPERE A RSD

A:0 pmol/L;B:10 pmol/L;C:20 pmol/L.

BRIEAT T 25 G, BEAE B B T U R RS0, wE Tk AN AL
Bk 45 A RCHE T BT, I 52 Azido-PS,00 5 Alkyne-
MNP 0 L 25 45

C i Fe 3 .

B8 MHKIMHMKRESHERERR

Fig.8 Microscopic images of magnetic beads and bead binding
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9 A5 T 1 ST 1 ] 5 VA o o T 28
L 9A AT, 2 Bk B2 N 10 pmol /L _F T #]
500 pmol /L B, J0kE A~ %0 B i T R . aniEl 9B i,
TE X BCAE bR R T, Y M B 7 W S 10~1 000
pmol/L , Z8 ¥ 75 #  « y=4 224.42—424.792x (2=
lg[Cu”" ), R*=0.997 , 4 & 11k i 5 ki A~ # 2 [H]
ROZEPE R R B, AR (limit of detection, LOD)
5 2.29 pmol/L.

P10 A D1 W WA S 0 B 12 A S ) A 8 - Ik
B 2 o dy 181 10 AT T, 24 4 B vk B2 7E 0~100
pmol/L, £k ¥ 7 #2 A : y=0.00752—0.0101, R*=
0.998,L.OD 7 0.47 pmol/L.

g5 b, 2P 05k AR o il e 2 1k B R4, A
FRA , RS
2.6 $HE TN E

B B T K I E] 29 4 min, JErb UERE SRR L
2 min, R RO S5 R G 29 2 min o 5T R9¢
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Fig.9 The standard curve of this research method(A) and linear range(B)
sk [a] i R Sk 94.57%~102.01%, A1 X} 45 #E i 22 4
' 3.74%0~4.56 0 , AW 5T J5 1 5 I W o SO BE Ik
2 06f FHEG P2 R AR 228 K, BN 75 2 5 5 A D 5
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ol JE WM 530 P 5 A 005 W0 O A7 388 1o
oal 604 o N 2 Al 145 B T A
5 i Al 3 Ak ORI T BRI A ] vk
009 20 20 60 80 100 B Ry fiE
Cu’/(p mol/L)

10 JRF RIS St B SR AR 1 2%
Fig.10 Atomic absorption spectrophotometer
standard curve
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A IR (48 min) VARG I TAAH HE L AR S
T R B
2.7 WMERIILE

ARG 55 T W o e B VA 8 R AR S B
IR TR it RS U B 5 R R SRR K B RE
ORI

e 3 SEBRAE AL AR IS 5L, B2 3 AT, AR
R 5 7 1 - 349 [ iR oA 87.85%~101.08 %4, AH Xt b
i 22 4 4.35%6~6.53 %0 , I W 43 D66 B - 1)

3 9t it

A G R LB IE R T VR AR ORL T R
3 0 A AN [RDRE AR Y e 107 A, ST T ORI
VAR TR RN ORI b S I R AR AR X
W22/NF 5%, 5 RC-2100 FAr - E s il 25 S5 Xt b
R BURLTH RO X 1R 25/ T 10 %, Ui A R 48 T iR
VIR NEIE R EYOETE v S am O Al )i TP i B
Gl A2z vk A A T I T B R A AU
TS 0 ] 2 - PR AS DN 7 v R B A] 2 4 min, 5
AT I | PHARS AR TR RN A ) A SR
AH G, % T vk A6 0 B[] B, 48 W T R 2 A ol 45 1)
AR EAE O R R AR I R S, 5
JEA% A LSPR & 8 i AG I 4 5 7 A4 7 96 CRE I BR

®3 LEEGESTER(n=3)

Table 3 Results of actual sample analysis (n=3)

o Ak TS I
I e B2/ (pmol /L) This method Atomic absorption spectrophotometry
Concentration of standard -

Sl e BE % /0, Sl e B 2% /0
sample @{ﬂqﬂ?f;/(urﬁol/ll) R/ % RSD/% *ﬂ{ﬂﬂ‘ﬁ‘?E/(prrTol/ll) [T/ %6 RSD/%
Concentration Recovery rate Concentration Recovery rate
10 9.31+0.013 93.11 5.78 9.78+0.022 97.82 4.56
40 35.2740.054 87.85 6.53 37.964-0.045 94.57 3.74
80 80.87+0.076 101.08 4.35 81.6140.034 102.01 3.86
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9.69 pmol/ L)X} bE , AT 5 felf FH AR LA TR S
T FRAT , 48 R T AR S A A R A R R (2.29
pmol/L) AR, 7 SR Ty, HW6 2 3R [ LAY [ A
GB 5749 —2006 € £E 1if Tk 7K TAE AR ) ok v i 25
- vl B A I R ) B 5R (15.6 pmol /L) o X H S8 36
B, AR 5T 5 1 R B WA 53 6 16 B A A T 52 B
Pl B R 2 SR AR — 3 R M Ao B
AR B B, A58 5 1 JC 75 B Bt AR IS , i
BUAS ARG , B DA B Uk R, B B T AT AR
PRl Ze it A0 BR  BRAE IR . 25 1 T A BH R
AR AU T H508 1 ) B A Ty ik EL A VR AT 2R
T PR | SR ORE v ARSI AR A P

A 5T A FH TR MM Cu®™ 18 JFL AL Cu™ . Cu™
Ak B BRI A T S A R AR B 3 K 2 Bk
SR B 1 728 T DA T S5 BT 25 A PRSI T
&85 AL Zn Cr Hg 2o R, G e ift—2
B9 3 T v PR WA IORE T B0 R G 1 £ o 42 ) T
EPARSHIN 17 3k , ARE i 12 7 3k B R I A5 %
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A method of rapidly detecting Cu** based
on liquid particle counter

FENG Wanxian', HUANG Hanying', CHEN Yiping®, WANG Zhilong”, CHEN Rui*

1. College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2. College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China

Abstract A liquid particle counter was developed with electrical resistance method and a method of
detecting heavy metal Cu®" combined with the click chemistry method to solve the problems including the
complicated operation, long cycle of detection and high cost of detection existed in the current methods of
detecting heavy metals in water quality. A model for identifying the particle size and a model for particle
counting were established. A particle counting software based on LLabVIEW was developed. A rapid meth-
od of detecting Cu®" in water was realized by using polystyrene microspheres as detection probes and parti-
cle counters as detection platforms. The results showed that the relative error of particle size identification
and particle counting was less than 5% and 10% , indicating that the accuracy of particle counting meets the
requirements. When the concentration of Cu*" was 10-1 000 pmol/L, there was a good linear correlation
between the number of polystyrene microspheres and the concentration of Cu*". The average recovery rate
was between 87.85% and 101.08%. The detection limit was 2.29 pmol/L. The time of detection was
about 4 min. Compared with the traditional method of detecting Cu®", the method of detecting Cu*" with a
liquid particle counter based on the electrical resistance method has the advantages of simple operation, fast
speed of detection, high sensitivity and low cost of detection.

Keywords rapid detection method ; electrical resistance method ; liquid particle counter; particle size

identification; Cu”" ; heavy metal pollution; safety of aquatic product quality
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