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Technical study of soil nitrogen and phosphorus measurement using perturbation diffusion flow analysis
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Abstract: Currently, efforts to prevent and control agricultural non—point source (NPS) pollution have been intensively increased in China.
Measurement technology of agricultural NPS pollution are urgent required. In this study, a perturbation diffusion flow analysis method was
proposed to measure nitrogen and phosphorus automatically, after investigating both conventional dispersion convection and forced
convection flow analysis methods. In this novel perturbation diffusion flow analysis, the sample solution and reagents were quantified using
a microsyringe pump and then passed into a chemical reaction chamber for mixing. A program—controlled peristaltic pump repeatedly
perturbs the reactant in the chemical reaction chamber. After the chemical reaction was completely stabilized, the reactant was injected
into the photoelectric detection unit to determine the concentrations of nitrogen and phosphorus. Soil samples collected from Qianjiang,
Hubei Province, were used to validate the performance of this novel perturbation diffusion flow analysis method. The experimental results

showed that the correlation coefficient of soil ammonium nitrogen measurements with a combined extractant of sodium sulfate and sodium
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bicarbonate was 0.915 5, compared with the conventional UV—-Vis spectrophotometry in the laboratory. The correlation coefficients of soil

ammonium nitrogen, nitrate nitrogen, and water—soluble phosphorus measurements using the extractant of calcium chloride were 0.998 5,

0.9901, and 0.9911 with a limit of detection of 0.055 4, 0.020 3 mg+L™", and 0.008 4 mg- ™" and relative standard deviation of 1.8%, 4.8%,

and 1.0%, respectively.

Keywords: available nitrogen in soil; available phosphorus in soil; perturbation diffusion flow analysis; chemical reaction chamber;

absorption spectrum; flexible optical length
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Figure 1 Schematic diagram of the principle of soil nitrogen and phosphorus testing by perturbation diffusion flow analysis
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Figure 2 Composition and structure of soil nitrogen and phosphorus testing system by perturbation diffusion flow analysis
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Table 1 Sampling errors of perturbation diffusion flow analysis

PR 2 {H Sampling value/mL

5 {H Measured value/mL

SEXME Average value/mL

0.200 0.195 0.193
0.400 0.384 0.393
1.000 0.986 0.987

0.191 0.193 0.190 0.192
0.390 0.388 0.391 0.389
0.996 0.990 0.989 0.990

R2 MRS THERE

Table 2 Injection errors of perturbation diffusion flow analysis

PEVERE R Setting value of the flow rate/(mL+min™")

SRR {E Actual measured value/(mL+min™)

SE-H{E The average/(mL+-min™")

5 min

4.094

1 min

4.046

4.000

20 min
4.090

4.075

15 min

4.085

10 min

4.060

1% WHART]
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Figure 5 Experimental validation of correlation of soil effective state nitrogen and phosphorus samples by perturbed diffusion flow analysis
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Table 3 Comparison of ammonium nitrogen test results between the two methods

B TR 7 R i e AA3 7! AA3 method A% 712 This study
Concentration of standard ammonium MGs AEXT 52 MGs AHRT 5 22
nitrogen sample/(mg-1.") Test result/(mg-L™") Relative error/% Test result/(mg-1L") Relative error/%
0.25 0.123 50.80 0.25 0.00
0.50 0.473 5.40 0.48 4.00
1.00 0.942 5.80 0.94 6.00
2.00 1.844 7.80 1.94 3.00
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Table 4 Comparison of nitrate nitrogen test results between the two methods
T T S R e B AA3 T AA3 method 751 This study
Concentration of standard nitrate nitrogen 4t 5 FXFiR 2 it 4t 5 FXTIR 2
sample/(mg-1.7") Test result/(mg-17") Relative error/% Test result/(mg-L™") Relative error/%
0.50 0.518 3.60 0.53 6.00
1.00 0.976 2.40 0.94 6.00
2.00 1.967 1.65 1.92 4.00
4.00 3.936 1.60 3.91 2.25
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