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In-situ Soil Nitrate Nitrogen Detection System Based on Novel Solid-state
Ion-selective Electrode with Composite Nano-conductive Layer
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China Agricultural University, Betjing 100083, China
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Abstract: An all-solid-state nitrate doped polypyrrole ( PPy (NO, ) ion-selective electrode (ISE) was
prepared with a nanohybrid composite film of gold nanoparticles ( AuNPs) and electrochemically reduced
graphene oxide ( ERGO ). Preliminary tests on the ISE based in-situ soil nitrate nitrogen ( NO, -N)
monitoring was conducted in a laboratory 3-stage column. Gold nanoparticles ( AuNPs ) and
electrochemical reduced graphene oxide ( ERGO) nanocomposite were used to improve the stability,
sensitivity, and lifetime of ISE. The electrode life was significantly improved, and the average response
slope was 44. 02 mV/dec within 65 days. The relationship between soil depth, soil texture, soil moisture,
and soil nitrate nitrogen content of percolate was analyzed by the in-situ real-time monitoring system of
soil percolate. The results showed that different soil depth, texture, and moisture had no effect on the
detection of nitrate nitrogen concentration in soil exudate. The nitrate nitrogen was significantly affected
by the sampling depth, which was raised by 30 ~60 mg/L with a depth increase of 10 cm. the influence
of water content was not obvious. The soil particle size of 2. 5 mm was the influence pole. The influence
was not obvious when the particle size was smaller than 2. 5 mm, while the nitrate nitrogen concentration
was decreased by 19.5% in soil percolate solutions with particle size larger than 2.5 mm. The
determination results of nitrate nitrogen in tested percolate samples by ISE and UV — VIS methods were in
good agreement. Obvious differences of 5 ~ 6 times concentrated nitrate nitrogen concentration were found
between the in-situ percolate samples and conventional soil extracts.
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Tab.1 Apparatus for ISE fabrication and

performance tests
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Fig. 1 Rhizon percolate sampler
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Tab.2 Information of tested soil samples

- - Jo i [:Eo¥0ie 4ied R E L/ AR R, ESE R, AR R
HKE/ %  (mgkg™) (g-kg™") (mg-kg™") (mg-kg™") (g-kg™")
1 10 19.91 61.87 6.12 5. 14 12.51 10. 62
2 20 20.32 68. 47 6. 87 5.68 11.21 10. 59
3 B 40 21.42 75.67 7.96 4.78 16.53 10.77
4 LHRE/om 50 21.05 70. 98 7.41 4.28 15. 14 10. 14
5 80 19.82 47. 88 4.94 5.77 13. 41 10. 67
6 90 20. 11 52.31 6.11 6.41 15.77 10. 48
7 0~0.9 21.21 51.75 5.94 7.12 16. 21 10. 55
8  WigikifE/mm 0.9 ~2.5  20.41 55.47 5.19 8.79 16.22 10. 55
9 >2.5 19. 87 54.31 4.99 10.72 16.21 10. 51
10 10 11.23 72. 44 7.95 8.74 16.15 16.74
11 15 15.11 77. 64 7.69 8.74 16.12 16.77
12 &K%/ % 20 20. 54 49.59 4.84 17.78 16. 41 16. 14
13 25 24. 67 51.20 5.23 9.14 16.74 16. 62
14 30 30. 87 50.24 5.12 11.24 16.59 16. 48
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Fig.2  Structure diagram of experimental soil column
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Fig.3 ISE potentiometric performance in continuous

65 days testing
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Tab.3 Selectivity coefficient of GCE/ERGO/AuNPs/PPy ISE for typical interference ions in soil
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Fig.4 Effects of environmental factors on soil nitrate nitrogen in percolate solution
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