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Construction of highly sensitive surface-enhanced Raman scattering sensor and its appli-

cation in the rapid detection for trace formaldehyde from human urine
Zheng Chunchen,Zhang Liying, Du Shuhu”
(School of Pharmacy ,NJMU ,Nanjing 211166 ,China)

[Abstract] Objective:To construct highly sensitive surface-enhanced Raman scattering (SERS) sensor and implement the rapid de-
tection of trace formaldehyde from human urine. Methods: A novel SERS sensor was fabricated by modifying p -aminothiophenol (p-
ATP) on the surface of Ag nanoparticles (Ag NPs). When the aqueous formaldehyde was dropped into Ag NPs colloid, the condensa-
tion reaction between p-ATP and formaldehyde resulted in the quenching of Raman signals of p-ATP. Thus,formaldehyde was indi-
rectly detected by SERS. Results:Results showed that the method had a good linear relationship in the range of 1.0x10%-1.0x10~
mol/L. with a correlation coefficient of 0.991 7. The limit of detection was 6.5%10~ mol/L. and the recoveries of formaldehyde were
97.5%~106.0% from the spiked urine samples,which were satisfactory. Conclusion:The method can be applied for the determination
of trace formaldehyde in urine with the advantages of less time-consuming, non-preconcentrated procedure and high sensitivity.
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Figure1 Transmission electron microscope image of Ag NPs
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Figure 2 Influences of laser intensity (A) and exposure time (B) on Raman signals of p-ATP
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Figure 3 SERS spectra of different concentrations of p-ATP in colloidal Ag NPs
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Figure 4 Evolution of SERS spectra of p-ATP in colloidal Ag NPs with the increase of formaldehyde concentration from 0

to 5.0x10~° mol/L (A) and standard curve for determination of formaldehyde solution (B)
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Table 1 Intra-day and inter-day precision

RS 4 2

H )RS % 2

R K 1
(o) TEWIEE  RSD i RSD
(mol/L) (%) (wmol/L) (%)
1.50 1.47 3.79 1.54 5.51
1.53 1.44
1.46 1.45
2.00 2.03 2.52 1.99 3.06
2.00 2.01
1.98 2.05
2.50 2.48 2.08 2.51 2.52
2.49 2.53
2.52 2.48
500
400
. a
ZC;
} 300
2 200 - £ s = " = =
E
g
<
&= 100 A
0 T T T T

OI.O OI.S 1.0 1.|5 20 25 30
18] (h)
5 FAEMBEENR
Figure 5 The stability of the proposed method

F2  FEENAEDEKE

Table 2 Recovery test of formaldehyde spiked in urine

- IR e T e RSD(%)
(pmol/L) (mol/L) (%) (n=5)
IR 0.00 1.03 - -
0.80 1.86 97.5 6.72
1.00 2.11 103.0 4.52
1.20 2.35 106.0 6.05
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(RGN, N AR T 522, PR HE TS A 91 1L B 28
TR AN A O R A SAEH T, R
R VR 3 T v, 28 B R, S 380 T PR B R

I
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Table 3 Detection of formaldehyde in human urine

FEA AR (%) FF % ¥k ¥ (umol/L)
4 AN (n=10) 23.2+3.4(19~29) 1.10£0.19
AR A (n=10) 49.6+4.7(42~57) 4.03+0.68
ZAE N (n=10) 67.6+5.8(61~78) 10.10+1.46
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Figure 6 Schematic drawing for the construction of SERS sensor and the corresponding Raman response mechanism
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