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Fabrication of a Single-Use Multi-Sensor System for Farming and Gardening
by an Elecrochemical Method
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This paper describes the development and testing of a single-use multi-sensor system for mea-
suring the concentrations of ions used in nutrition for crops. The sensor consists of a conduc-
tive paste material on an insulating PET film ; selective ligands can simultaneously measure the
concentration of many nutrient ions. It includes electrodes, a heater, a calibration fluid and a
waste container, and gives test results within 3 minutes. By using two kinds of sensor systems,
pH and EC are measured, together with the concentrations of K*, Ca*", Mg®", HoPO,~, NOs~
and NH, . This single-use multi-sensor system is reliable, fast, and easy and inexpensive to use.
The single-use multi-sensor system and reference analyzers showed a good correlation for a wide
variety of nutrient components.

Keywords : nutrient solution ; single-use multi-sensor system ; electrochemical sensor; ion-selec-
tive electrode.
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Fig. 1 Single-use Multi-Sensor System

1: sensor; 2: calibration fluid pack; 3: conductivity
pad; 4: waste container; 5: sample injection port
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Fig. 2 Construction of Single-use Multi-sensor System

1: upper block; 2: lower block; 3: sensor; 4: heater;
5: calibration fluid pack; 6: conductivity pad; 7:
waste container
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Fig. 3 Operation of sensor system

Stepl: Calibration fluid was delivered automatically
over the sensors; Step2: The sample solution is inject-
ed by a syringe from the port of the sensor card;
Step3: Sample determination took about 60 seconds
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Fig. 4 Cross Section of Sensor

1: working electrode; 2: reference electrode; 3:
electro-conductive electrode; 4: PET substrate; 5:
ion-selective electrode layer; 6: screen-printed elec-
trode and electro-conductive carbon-paste material
layer
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Fig. 5 Typical Response Curve for the Sensing
System

BUNSEKI

KAGAKU Vol. 54  (2005)
3-3 EERAE

VUYWL ARNF Y=Y AT A ERFHIIT 5720
2HE 4 OREREE OR R e WME Lz, ¥y 7V —A%
VT =3 27 2L D lE SR &R DG
PACEED CMER R E OMB % Fig. 6 1RS. 72, £
neh o fngEA & HBEREE Table 2 1IR3, K
R ORI NH, PIEEAEFREL T ad o 72,
VUYTNI—=ATNTF X =Y AT LI B
% BRSO AR 53O W 2 V26 L CIR W i Tl 251 58
ThbH., —), ThHEF—7OHhT, ca’", Mg'",
HoPO, RO AR TR EET 2R L T 5
VYT NI=ARNTF 2 =T AT AEA A VERIEE
WiLERA L Cn5b,. 44 VBRI B DR 780 % A
PIWCHEEA T AL T BIREO AL F Ve llE LT
WLDIZHLT, sl LTllELAFyru~< 7
FST74—IZAF VAL TV IWE L IEERIC X > TAF
VALEN TR END 72D TH S, HWFEK: OB &R T
ARSI GFAET S92 Ca°7, Mg®", HPO, 131 4
ALENREOA L ST, GRS LHELIZIRETD
T 5. A& ¥ BIREBEREI X 5008 ifﬁzmén
TOWRWIHIZMET 22 B TERVWDIZ, RO
TERERIZHR TR R THEDD 5. ﬁ%@x%‘@%
iz AEDWE, Mo 4+ v ORETHINL T
57 LehioT, WMWHBERT %88 COERRES %
BT 520KV AT LAOHENEL TS EEZT
Wb, SRiE, WEY Y IVOREFEICEY, £+
K DOMR ST, ARERSELEELZREBOWE D EEY
WEFT 2 HELHE Lo EEZ TS

Db, Ry nva—2a<ivFt o4 —3 25 L I3HY
B R OWE & M, RVCIREEPETHEST 52
kﬁ?%é@?,ﬂ%@%%&k%’,%@%f R} B,
SO EYNEIT 57201V THIENTES.

Table 1 Within-run reproducibility of data for pH, K", Ca*", Mg®", HsPO, , NOs , NH; " and EC

Time pH K'/ -1 Ca2+/_1 Mgﬂ/_l H2P047_/1 NO{/_I NH4+/_1 EC/_I
[—1] mmol 1 mmol 1 mmol 1 mmol 1 mmol 1 mmol 1 dSm
1 6.91 8.9 5.5 4.1 3.2 15.9 1.8 2.57
2 6.77 8.8 5.1 4.4 3.2 15.2 1.9 2.52
3 6.74 9.0 5.5 4.3 4.0 16.1 2.0 2.53
4 6.77 8.6 4.7 4.1 3.3 15.6 1.8 2.54
5 6.80 8.7 5.2 3.7 3.5 16.9 1.8 2.52
Ave 6.80 8.8 5.2 4.1 3.4 15.9 1.9 2.54

SD 0.066 0.158 0.332 0.268 0.336 0.635 0.089 0.021
CV 0.97 1.80 6.38 6.51 9.77 3.98 4.81 0.82
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Table 2 Summary of correlation analysis of the single-use multi-sensor system vs. reference analyzers for

various nutrient solutions

Item unit Range Slope Intercept R
pH [—] 4.0~8.0 0.95 0.28 0.99
K* /mmol 1 0~ 60 1.11 -0.34 1.00
Ca™’ /mmol 1! 0~35 0.66 -0.20 0.98
Mg®" /mmol 1™ 0~10 0.56 0.76 0.85
H.PO,~ /mmol 17! 0~10 1.26 -0.40 0.96
NO;~ /mmol 1! 0~110 0.71 2.47 0.99
EC /dSm™" 0.5~12.0 0.94 0.14 1.00
Soil Sci. Plant Anal., 26, 2391 (1995).
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