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Abstract Non-point source pollution (NPSP) f{rom agricultural runoff threatens drinking water quality.

Currently, both the available nitrogen and phosphorus are measured by the flow analysis method in the
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laboratory. This method used in laboratory cannot meet the requirements of the available nitrogen and
phosphorus in the field. The paper proposes a determination method of soil available nitrogen and
phosphorus using a micro-tube with multi-optical length, which can flexibly set parameters to meet
different soil extraction systems and test specifications, and then achieve on-site testing of available
nitrogen and phosphorus. In this paper, the measurements of ammonium nitrogen, nitrate nitrogen and
available phosphorus in 26 soil samples were arranged to verify the performance of a measurement system
using a micro-tube with multi-optical length. The soil samples were provided by the Shaoguan Institute of
Agricultural Sciences in Guangdong Province and the Beijing Academy of Agriculture and Forestry
Sciences. The test results show that the detection limits(LLOD) of ammonium nitrogen,nitrate nitrogen and
available phosphorus are 0. 008 6,0. 009 4 and 0. 007 8 mg/L ,respectively. The relative standard deviations
(RSD) are 0. 8% ,5. 7% and 0. 9%. The spiked recoveries are obtained to be 92. 0% —103% , The average
test time for a sample is 6 min. The measurement process is running automatically, which greatly improves
the measurement efficiency and accuracy. Therefore,it can provide technical support for the prevention and
control of agricultural non-point source pollution.

Keywords non-point source pollution; micro-tube with multi-optical length; soil; available nitrogen and

phosphorus;field experiment
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Figure 1 Principle diagram of a measurement system using a micro-tube with a multi-optical length based flow analysis method.
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Figure 2 Soil available nitrogen and phosphorus analyzer

using a Micro-tube with multi-optical length,
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Figure 3  Stability of a compact LED light source.
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Table 1

nitrogen, nitrate nitrogen and phosphorus

b

1
LOD =
’ b

0. 008 6.0. 009 4

Determination of the detection limit of ammonium

1 0.013 6 0. 007 2 0. 008 8
2 0.012 8 0. 008 3 0. 007 3
3 0.012 9 0. 008 4 0. 009 0
4 0.013 0 0. 007 6 0. 008 4
5 0.013 5 0. 007 3 0. 007 0
6 0.0125 0. 007 0 0. 008 4
7 0.012 6 0. 007 3 0. 007 8
8 0.012 8 0. 008 0 0. 007 7
9 0. 0125 0. 006 6 0. 007 8
10 0.013 3 0. 006 1 0. 008 0
11 0.0125 0. 006 8 0. 006 9
0.012 9 0. 007 3 0. 007 9
0. 015 7 0. 000 7 0. 000 7
. 1.2,
3.4 mg/L, N
R2
0. 999 8.0. 999 7 0. 999 4, 4 .
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4 (a) ;(b) i(c)
Figure 4 Standard curves. (a) Ammonium nitrogen; (b) Nitrate nitrogen; (c)Phosphorus
23 3
b
9 Table 3 Comparison of measured values of nitrate nitrogen
in soil using micro-tube with multi-optical length analyzer
b
and ultraviolet-visible spectrophotometer
) /(mg- L")
2.3 , R* 0. 946 1 0. 995 4, S
° S1 11. 0 11. 6
S2 6. 5 7.0
2
S3 7.7 81
S4 12. 6 133
Table 2 Comparison of the measured values of ammonium S5 10, 7 11. 6
nitrogen in soil using micro-tube with multi-optical length S6 8 4 82
analyzer and ultraviolet-visible spectrophotometer S7 T4 &3
/ L) S8 22. 3 23.7
me «
g S9 5. 6 6. 5
S1 6.5 7.1 17
S2 5. 7 6. 6 3
S3 6.6 83 ( x
S4 6.9 80 ( B1~8) 9 (
S5 7.4 7.9 Bo~17)
S6 6. 3 5. 6
S7 46 49 ’
S8 50 47 4.5 . R* 0. 980 1 0. 888 9,
S9 14. 4 14. 9 6 R

5

(a) ;(b)

Figure 5 Comparison of measured values of soil samples from Shaoguan. (a) ammonium nitrogen; (b) nitrate nitrogen
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Table 4 Measured values of nitrate nitrogen in soil samples

using micro-tube with multi-optical length analyzer and

ultraviolet-visible spectrophotometer

Table 5 Measured values of phosphorus in soil samples
using micro-tube with multi-optical length analyzer

and ultraviolet-visible spectrophotometer

/(mg+ L7") /(mg -+ L")
Bl 23,9 20. 8 B9 319 25. 6
B2 14.0 10. 8 B0 371 429
B3 26. 9 29 0 B11 55. 3 49. 1
. - 1 e
BA 57 6 54, 4 B12 25. 0 24. 6
B A B13 27. 2 33 2
o 2Lz 216 B14 19, 4 23, 6
28 9 T8 BI5 210 22,3
B7 9.1 10.3 B16 14. 3 15. 3
B8 10. 8 12. 9 B17 11 4 10. 5
6 (a) ; (b)
Figure 6 Comparison of measured values of soil samples. (a)Nitrate nitrogen; (b)Phosphorus
24 7
Table 7 Spiked recoveries of micro-tube with
6 multi-optical length flow analysis method
/ / / /
’ (mg+L~ ) (mg+L (mg-L" %
’ > Lo 1 00 2.92 97. 0
. JO
(RSD, n=7) 3,00 497 101
0. 50 1. 44 92. 0
0.80%.5 7% 0.90%., 92. 0% ~ 0. 98 0
0 1. 50 2. 52 103
IOSA ’ ° 1. 00 3. 06 103
2. 03
3. 00 5 09 102
6 N
Table 6 Repeatability of ammonium nitrogen,
nitrate nitrogen and phosphorus /(mg- L™") 3
1 1. 94 0. 93 2. 00 ’
2 1L 95 0. 96 2. 04 y N
3 L 95 1. 04 2. 05
A 1 92 0 94 2 02 Q 008 6.0 009 4 Q 007 8 mg/L,
5 1L 97 0. 93 2. 03
6 1. 96 1. 04 2. 05
’
7 1L 95 1L 05 2. 02
1. 95 0. 98 2. 03 ’
0. 016 0. 056 0. 018 RSD 0.80%.5 7%




64 2022
0. 90%, 92. 0% ~103%, [7] . : -
6 min, Lyl ,2022,12(1);
, , 102-106.

WANG Hua, WANG Yugong, YU Zhifeng. Determination
’ ’ ' of ammonia nitrogen in soil by automatic flowinjection-
’ spectrophotometry [ J ]. Chinese Journal of Inorganic

Analytical Chemistry,2022,12(1):102-106.

[8] , , ,
- ' ' (7. :
[l ,2021,26(12) :157-165.

(2]

(3]

(4]

L6]

XU Xinliang, CHEN Jianhong, ZHANG Xiongyi.
Analysis on the spatiotemporal evolution characteristics of
agricultural non-point source pollutionin China [ J ].
Journal of China Agricultural University, 2021, 26 (12);
157-165.
Lyl
,2020,36(10) :197-205.
SUN Di, YANG Renjie, LI Mengting, et al. Influences
of spring and autumn on the nitrogen and phosphorus
contents of the slurry predicted by near-infrared
spectrum model on dairy farms[ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2020,
36(10):197-205.
CN
. ,2018,8(5) :23-27.
HAN Pengcheng, SHI Yehong, LI Ruihua, et al. A
research on quantitative determination of nitrogen in
the soil by laser induced breakdown spectroscopy in the
air-based on CN molecular spectral line[ ]J]. Chinese
Journal of Inorganic Analytical Chemistry.2018,8(5)
23-27.

[Jl. ,2021,11(3)
50-54.
MEI Anjun, LI Jia, WANG Changwei, et al.

induced breakdown

Laser-
spectroscopy analysis of soil
nutrient elements based on two-dimensional correlation
method[ J]. Agricultural Engineering, 2021, 11 (3):
50-54.

LIN K N,ZHU Y,ZHANG Y B, et al. Determination
of ammonia nitrogen in natural waters: Recent advances
applications [ J ]J. Trends in Environmental
Analytical Chemistry,2019,24.e00073.

ESTELA ] M, CERDA V. Flow analysis techniques
for phosphorus:an overview[ J]. Talanta,2005,66(2) :

307-331.

and

(9]

[10]

[11]

[12]

[13]

2022,12(1) :121-126.
LI Yali,KONG Ling’e, LIU Mi,et al. Determination of
nitrate concentration in water-soluble fertilize by a
continuous flow analyzer[ J |. Chinese Journal of Inorganic
Analytical Chemistry,2022,12(1) :121-126.

[l ,2018,
24(3) :52-54.
CHEN Dehua, JTIANG Bingyan. Simultaneous determination
of phosphate, nitrate nitrogen and nitrite nitrogen in
seawater by flow injection[ ]J]. Environmental Protection
and Technology,2018,24(3) ;52-54.

[Jl.

,2013,35(5):101-105.
YANG Jingmin, ZHANG Zhongqing, YU Xiaobin, et al.
Rapid determination of soil nitrate content with continuous
flow injection-ultraviolet spectrophotometry[ J]. Journal of
Jilin Agricultural University,2013,35(5):101-105.
(1] +2019,28(6) :94-97.
HE Shuwen, XUE Weifeng, LIANG Jianjian. Determination
of NH,-N in seawater by orrline flow injection method[]].
Chemical Analysis and Meterage,2019,28(6) :94-97.
[l ,2018,8(2) :63-65.

SUN Lili, ZHANG Zhijie, GUI Suping. Determination
of potassium oxide in water soluble fertilizer by flow
analytical system [ J ]. Chinese Journal of Inorganic
Analytical Chemistry,2018,8(2) :63-65.

[Jl.

’ ’

,2020,10(3) :23-27.
HAN Shaogiang, YANG Jing' ai, YANG Jian' an.
Determination of leaching toxicity of cyanide in solid
waste by continuous flowing spectrophotometry [ ] ].

Chinese Journal of Inorganic Analytical Chemistry,

2020,10(3) :23-27.



