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Table 1 Physical and chemical properties of tested paddy soil
pH NH;-N NO;-N CaCO; HCO5
(mg/kg) (mg/kg) (g/kg) (g/kg) (g/kg)
7.09 10.10 12.30 0.031 41.8
1.2 2800 ~3 800 cm'
KNO; 1500 ~ 1800 cm™
(NO;-N 0 20 40 60 80 100 120 140 la
160 180 200 mg/L) 1047 cm™ 1000 ~1100 cm
[10,12-13] 5 g
3 ml KNO; (NO3-N 0 20 40 NO3-N
80 120 160 200 mg/L)
1200 ~
1.3 1500cm™ M 1b) NO;-N
1.3.1
Nicolet 6700 (Thermo Fisher Scientific, NO;5;-N
) DTG 45°C ZnSe 1035~1060 cm’
ATR(Bruker, ) (800~  25cm™! 1200 ~ 1500 cm™'
4000 cm ™) 32 300 cm™!
4cm’ 0.474 7 cm/s
1.3.2 DXR
780 780 nm 50 ~
3400 cm™ 24~44cm’ 25 mm NO;-N
400 lines/mm (200 mg/L) 10.21
Smart DXR 532 nm 10.73x107 1 000
50 ~ 3400 cm'
1.4 1 000
MatlabR 2009a [16] 1 000
(filtfilt ) NO;-N
NO;-N
Peakfit 4.2 (FFT Filtering)
(Auto Fit and Subtract Baseline) 1035 ~1 060 cm™
Matlab Excel 2003 1200 ~1 500 cm™ NO;3;-N
) 2a 2 NO3-N
R 0.995 4
2.1
4b NOs-N
KNO; R 09911
1 KNO; NO3-N
2 800 ~ 3 800 cm! 1500 ~ 1 800 cm™ 2.2
H-O H-O

[14]
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Fig. 1 Raman spectra (a) and Mid-infrared attenuated total reflectance spectra (b) of KNO; solutions
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Fig. 2 Linear regressions between NOs3-N content and Raman spectra (a) as well as NO3-N content and mid-infrared
attenuated total reflectance spectra (b) in KNO; solution
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Fig. 3 Raman spectra of tested paddy soil
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Fig. 4 Raman spectra (a) and mid-infrared attenuated total reflectance spectra (b) of soils with different nitrate contents
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Rapid Determination of Nitrate in Solution and Soil Using Raman
Spectroscopy and Mid-Infrared Attenuated Total Reflectance
Spectroscopy

SHAO Yan-qiu, DU Chang—wen*, SHEN Ya-zhen, MA Fei, ZHOU Jian-min

(State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China)

Abstract: Raman spectroscopy and mid-infrared attenuated total reflection spectroscopy (ATR) were applied to determine
nitrate-N content in solution and in soil. The results showed that the characteristic band of nitrate in solution in Raman spectrum
was located 1 047 cm™', and the intensity of the band increased with the nitrate nitrogen concentration. The coefficient of
determination (R?) between band area and nitrate-N content was 0.995 4. The characteristic absorption band of nitrate in ATR was
in the range of 1 200—1 500 cm ', the absorption band is proportional to nitrate-N content, and the coefficient of determination R?
between band area and nitrate-N content was 0.991 1. For soil samples, the characteristic absorption band of nitrate by ATR was
1 250-1 500 cm ', the absorption band has a significant positive correlation with nitrate, and the coefficient of determination R’
between band area and nitrate-N content was 0.968 4. However, the band of nitrate was not obvious by Raman spectroscopy.
Therefore, both of two methods could determine nitrate in solution, but the sensitivity of Raman spectroscopy was better than
ATR spectroscopy; for soil samples, ATR could be used to predict the nitrate but Raman spectroscopy could not.

Key words: Raman spectroscopy; Mid-infrared attenuated total reflectance spectroscopy Nitrate; Solution; Soil



