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Rapid Pretreament Method for Soil Nitrate Nitrogen Detection
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Abstract; The aim of the research was to improve the efficiency of soil pretreatment for ion-selective
electrode (ISE) based soil nitrate-nitrogen detection. Modern experimental apparatuses for soil sample
pretreatment, such as microwave, high-speed centrifuge and high-speed vortex oscillator, were validated
to replace the traditional pretreatment tools. The single factor test was conducted. Four influencing
factors, including microwave time, shaking time, centrifugation rate and time, were selected and
optimized. The analysis of variance was applied to analyze the results of orthogonal experiments. The
optimized parameters of ISE based soil rapid pretreatment process were obtained as microwave drying time
of 9 min, high-speed vortex time of 40 s, centrifugal speed of 1 000 r/min and centrifugal time of 60 s.
With the optimized parameters, the validation experiment of 59 soil samples indicated that the mean
relative error of the rapid pretreatment and root mean square error were 7.48% and 7.91 mg/L,
respectively. The rapid pretreatment time was less than 15 min for a sample.
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Tab.1 Physical and chemical properties of soil samples

AR E L/ R/ HHFR L, ERSEFE ER -y &V
FEA P 5 255 pH
(mg-kg™") (g-kg™") (g-kg™") (mg-kg™") %
1 13. 30 0. 74 5.08 5.10 15. 00 38.59
2 12.30 0.31 5.53 3.30 2.90 18. 41
3 76.70 1.61 7.61 4.15 19.30 21.82
4 SO0k 130. 64 0.91 7.81 4.20 25.20 23.94
5 22.35 0. 90 4.81 8.10 39. 00 25.39
6 48.73 0.62 6.91 2.70 8.70 23.33
7 61.15 0. 94 8. 04 4.30 14. 50 10. 15
8 ~ 66 Wil 20. 49 ~ 143. 57 0.58~2.10 7.13~7.79  2.56 ~10. 31 8.35 ~38. 90 20. 56 ~34. 82
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Fig.1 Effects of shaking time on measurement accuracy
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Fig.2 Effects of centrifugation speed and time on

measurement accuracy of ISE
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Fig.3 Relationships between sample drying

degree and microwave time
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Fig.4 Effects of microwave time on measurement accuracy
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Tab.3 Results of orthogonal experiment on

ISE rapid pretreatment

s A B ¢ D RN R 25/ %
1 1 1 1 1 75.11 74.23  76.88
2 1 2 2 2 9.75 9.56 8.99
3 1 3 3 3 8. 60 9.12 8.69
4 2 1 2 3 34.15  35.21 34.12
5 2 2 3 1 9.59 9.58 8.95
6 2 3 1 2 6.25 7.01 6. 56
7 3 1 3 2 51.22  52.92 50.23
8 3 2 1 3 7.23 8.13 8.23
9 3 3 2 1 9.71 8.56 9.52
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Tab.4 Test of between-subjects effects on
rapid pretreatment

[E L L L F Sig. {i
K IF A % 1.48 8 3173.98 0" *
A 0. 094 2 804.75 0
B 1.228 2 10 510. 74 0"
c 0. 068 2 578.26 0"
D 0. 094 2 802. 17 0
R 0.001 18

TE: o+ o+ RGP ,p <0.01,

SR 2R X R 25 ) 2 R A AR R 2
B IE SR 45 R Duncan 2 5 LB 56 45

BEAT AT, O 2 X R 22 A 5 3 Bm 3 A
4 R 3 KA kil R B A 2 W) OC AR L AN IEL S T
Ro AR AR M B ANE TP
PR X 8 2 i SR 30 P P4 L A AR K P 25 4 D eI, A
Brp ] A B E T2 G A, B C, Dy, BV
I [E] 9 min %35 B 6] 40 s | B0 5638 1 000 1/ min | B
FE] 60 s

M % ff

"y
S 30— % \§§ /
" 20 / \\\ /

HE
P S %S B8 A0 X 52 22 0 0 3 B 2
Fig.5 Estimated marginal mean of average relative error
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Fig. 6 Validation results of rapid pretreatment

before and after optimization
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