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Interference Factors and Measurement Model of Soil Nitrate-nitrogen
Detection Based on Electrode Method

Du Shangfeng Cao Shushu Pan Qi Zhu Ying
(College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In the ion selective electrode ( ISE) based soil nitrate-nitrogen ( NO, -N) detection, co-
existing chloridion (Cl™ ), changing of temperature and soil moisture are the primary interference factors.
Aiming at improving the accuracy and timeliness of NO; -N detection on site, measurement models for
eliminating interference factor’ s effects were studied. First, theoretical analysis of modeling and fresh
field soil immediate detection was carried on. Modeling theoretical analysis was based on ISE detection
principle and multivariate calibration in chemometrics. And to improve timeliness of soil NO; -N
detection on site, how to detect fresh field soil immediately and calculate NO, -N content were discussed.
Second, two groups of experiments were conducted. One was ISE potential signals collection of mixed
solutions with different concentrations ( NO, and Cl~ ) at various temperatures measured by detection
instrument. According to modeling dataset of ISE potential signals, interference factor’ s effects were
discussed and three kinds of measurement models were built, including unitary linear regression model of
25°C (base model ), multivariate linear regression model of 25°C ( simultaneous detection of NO, and
Cl™ ), and multivariate temperature correction model of 5 ~30°C ( simultaneous detection of NO; and
Cl™ at changing temperature ). And the accuracy of three models were verified and compared according to
validation dataset. The other one was NO, -N content detection of fresh field soil measured by corrected

and uncorrected NO, -N content conservation equation. The results showed that when Cl~ existed and
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environment temperature changed, multivariate linear regression model of 25°C was the best ( relative

error of NO; and Cl~ was respectively less than —8.37% and -12.03% ).

Besides, corrected soil

NO, -N content conservation equation can reduce the error caused by soil moisture.

Key words: soil nitrate-nitrogen; electrode method; ion selective electrode; chloridion; measurement

model; interference factor
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Tab.1 Modeling solution preparation method

SR it B 91 8 R
415 95 WRE/ R/ W/ L3V
(mol-L~") mL (mol-L™") mL

0-1 75 2x10°* 75
0-2 75 2x1073 75
0 0
0-3 75 2x1072 75
0-4 75 2x10"! 75
1-1 75 2x10°* 75
1-2 75 2x1073 75
1 2%x10°°
1-3 75 2x1072 75
1-4 75 2x107! 75
2-1 75 2x10°* 75
2-2 75 2x1073 75
2 2x10°*
2-3 75 2x1072 75
2-4 75 2x107! 75
3-1 75 2x10°4 75
3-2 75 2x1073 75
3 2x10°3
3-3 75 2x1072 75
3-4 75 2x10°! 75
4-1 75 2x10°* 75
4-2 75 2x1073 75
4 2x10 "2
4-3 75 2x1072 75
44 75 2x107! 75
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Tab.2 Concentration of validation solution
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Fig.2 Nitrate ISE potential signals at different levels

of Cl™ interference
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Fig.3 Nitrate ISE response curves at different levels

of C1™ interference
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Tab.3 Regression parameter and statistical test of

unitary linear regression model
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N N R F
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Tab.4 Regression parameter and statistical test of multivariate linear regression model
H S B Y,
R/
Bﬂ] BI] BZI 2
' N N N R a
fli i P i T8 I T P
5 38.016 25 <0.000 1 —48.4325 <0.000 1 -2.0275" 0.1000 " 0.9923 <0.0001
15 39.212 50 <0.000 1 —48.4850 <0.000 1 -1.2000 0.0500 0.998 3 <0.0001
25 38.518 75 <0.000 1 —-48.1525 <0.000 1 -2.1125 0.007 7 0.9975 <0.000 1
30 41. 62500 <0.000 1 -48.9200 <0.000 1 -1.5250" 0.1000 " 0.994 6 <0.000 1
) R AE 7 Y,
g/
BOZ BIZ BZZ
C - - - R? F
fii P fiii b P fhii P
5 27.901 25 0.05 -3.3125" 0.20" -29.6925 <0.0001 0.8857 <0.000 1
15 22.057 50 0.01 -5.4000 0.01 -32.9800 <0.000 1 0.896 0 <0.000 1
25 32.88875 0.03 -4.6275 0.01 -32.0925 <0.0001 0.886 4 <0.000 1
30 34.336 25 0.03 -6.3725" 0.06 " -32.1075 <0.0001 0.8925 <0.000 1

M= FoR A RECR R

(e U R (A TR 2 ) i R AR 8 1 J3E T B (EL Y e KA
XHRZEAN - 8.37% , R T WL TR Y fe KA
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Tab.5 Experimental data of validation set

- ; ﬂl’rﬂﬂjEﬁié‘/mVEz R/
FEf 1 241.3 211.9 22.5
) 194. 5 206. 8 22.0
Bl 6 RIS SIRERN—T&MEUE R 3 147. 1 202, 3 918
Fig.6 Unitary linear fitting of each regression B 4 97.1 197.3 218
parameter and temperature ﬁiju 5 241.0 180.5 21.8
E, =0.106 4T +37.347 - (0.009 6T +48.318)1gCy, . + FEih 6 191.4 174.7 21.8
’ B 57 142. 4 169. 4 21.8
(0.00557-1.8189)lgC, - B 8 96. 9 165.3 )1 g
E, =0.340 3T +22.916 - (0. 094 4T +3. 157 8)1gC,, - - B9 238.5 149.4 25.4
(0.080 9T +30.201)IgC.., - i 10 190.1 144.9 2.2
Eedh 11 141.2 139. 4 28.5
(16) Kedh 12 91.9 134. 1 27.9
USRS WS - R PR W R I B s an 3k S 1 214.3 186.9 25.1
7N o + ¥ 2 214.9 187.0 21.7
R M | ~ 12 (O s s B0 215.2 187.0 25.4
fRA25C M —TEL P MR (R (14)  gom 1), P e 1872 5.2
o ” . " +W% 5 218.2 187.3 25.0
25C I Z e PERNARBI R (X (15) , BRI 2) F1 5 ~ iy o184 873 N
30°C 1Y 2 70 i e A5 IR AR (X (16) OB 3), 43 #F T 7 218.7 187.4 26. 1

I P 3 A s - JBE TS -5 v (L AR X 1R

22,45k 6 Pk .

H17 6 A& e AR R T AT I A
T25CHy— oL P ] A T (KA Y 1) il PR AR 5 1
WA A e KAHXS IR 2238 %) 1 32.53% 55 ~
30°C 1y Z i i A IE AR (B 3) fil MR AR B 1 e
THAE R R RS IR 22 0 9. 60% , S & 1 W Z 1155
{E A foe KA B 22 0 18. 66% 5 1l 25°C /Y 22 T £k ik

25 L TR, 25°C 1 — O LR [l A AR Y JE v U R
TR T B A R 22 K 525 °C B 22 S0 1 0]
VRS B AS A0k /N 1 DR S 1 I 5 ) i 2 SR
RZEJFILE TR BRI B T R T R [
A 55 B 5 ph T R AR PR Sl A s L R RE T R, R B
5°C I 30°C 1Y 2 T M [l VA B R0 £ 1] )9 2 A (2 3%
(K 4) 125 ul 5 2 505 35 5 — Ju 4 Ak 1] 9 A 400
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Tab.6 Contrastive analysis of ion concentrations measured by three kinds of models
WS A/ (mol - L") AHX 1% 22/ %
i NO; cl- NO; cl-
RLAY 1 HLHY 2 KA 3 RLAY 2 iR 3 RLAY 1 KA 2 LR 3 B 2 HLHY 3
e 1 L17x107% 1.02x107* 1.05x10°* 9.95x10°° 9.85x10°° 16. 51 1.91 5.18 -0.55 -1.50
FEdh 2 1.00x107* 9.53x10°* 9.67x10"* 1.04x10° 9.50x10"° 0.42 -4.65 -3.25 3.87 -5.01
Fih 3 8.90x107% 9.20x107* 9.18x107* 1.03x10°° 8.96x10°°% -11.03 -8.01 -8.20 3.46 -10.35
FEfL 4 8.88x1072 1.00x10™" 9.85x107% 1.05x107° 8.73x10°°% -11.16 0.43 -1.46 4.93 -12.75
£S5 118 x107* 9.36x107° 9.83x107° 9.58 x10°° 9.04 x10 > 18.13 -6.39 -1.66 -4.20 -9.63
FEdh 6 1.16 x107% 1.00x107* 1.03x10°* 1.03x10°* 9.35x10"° 15. 81 -0.01 3.35 3.22 -6.51
FEsL T 1.10x107% 1.04x107% 1.06 x10°2 1.08x10°* 9.37 x10"° 10. 45 3.93 5.68 7.72 -6.28
e il 8 8.97x1072 9.16x10°2 9.17x107% 1.06x10°* 8.80x10~° -10.33 -8.37 -8.30 5. 62 -11.98
FEdh 9 1.33x107* 9.57x107° 1.04x10"* 8.89x10°* 1.08x10°*  32.53 -4.33 3.76 -11.07 7.86
FEAL 10 1.23x107% 9.69x10°% 1.04x107° 8.80x10°* 1.19x107%  22.95 -3.15 4.27 -12.03 18. 66
FEdh 11 1,17 x107% 1.00x1072 1.06 x107% 9.32x10°* 1.18x107*  16.72 0.12 6.01 -6.80 17.55
FEAE 12 9.83x107% 1.06x10°" 1.10x10°" 9.91 x10°* 1.12x107*  -1.69 5.58 9. 60 -0.89 12.06

0B 2% , W B0 JEE A T A TR ) M J3E O A
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B S b 1 ~7 By HEAUA BB HOR i
A 25°C Z Rk AR (X (15) R 2) ,3F
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A A U B2 3C (BN (1)) SR IE 5 B9 4l 25
B e A (K (12)) A SRR, 525
(b BEAL w0 23 56 01 B 3R G I 45 2R ) 1) X BE 4 2R
LUE e

H1 2 7 AT R R IE B il A R B F TR A
AT - I, BRI S RS A & N
2 5 (o G 0 45 SRl /) 5 B K R
T, A TE B0 B AE 5 2 2 {14 R X 5 22 L 0 7
K, ib 3 - 25.96% 5 MM AL IE J& (9 A X i 22 B 2
BN, AR T - 11.49% o R, A IE 5 B9 il 25 205
i TR S URT A RN B e K 5

RT TEASKEHNELIEMNER
Tab.7 NOj; -N content of fresh field soil with different soil moistures

&5 Tk A AR/ (mg-kg ™) AR X R 2/ %

6,/ % RALIE R 2%/ (mg-kg™") RKIE IR &
1 0 24.16 24.16 -8.82 -8.82
+ 2 7.14 23.45 27.56 -11.51 4.01
+W 3 14.29 23. 15 27.48 -12. 64 3.69
+ 4 21.43 19. 85 23. 64 26.5 -25.09 -10.78
TS 28.57 20.02 23.89 -24.45 -9.85
T 6 35.71 19. 83 23.69 -25.17 -10.61
W7 42.86 19. 62 23.45 -25.96 -11.49
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24 e [o] U1 A8 28 i R AR 0 R 22 B KA - 8.37%
AT RRIRE R —12.03% 1 J& £ 20 43 937 3 )
F1 R f L 50 B 2R o 2 o0 2k Il A R S B i3
fi B A8/ 1R S 1R A i 2 S

{19 [7] IR A7 5 F00

(3) U BE A8 A I, ol T R AR A A i A i I
AE T B, 5 30 5°C Fil 30°C 1y 22 S0 2R % [l 5 45 Y Y [m]
HZ RN B3 T4 0] 3 2805 5 — o2 bk Bl
TR E I 2, I & B J0 I R E A A
AR BE R AR 3 41, 3 57 22 0 il JBE R IE A A Y i
IO FRAE R o L I A i B 2 o
JE R IEBLRY
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