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The need for rapid on-site monitoring of hydroponic macronutrients has led to the use of ion-selective electrodes, because
of their advantages over spectrophotometric methods, including simple methodology, direct measurement of analyte,
sensitivity over a wide concentration range, and low cost. Stability and repeatability of response can be a concern when
using multiple ion-selective electrodes to measure concentrations in a series of samples because accuracy might be limited
by drifts in electrode potential. A computer-based measurement system could improve accuracy and precision because of
both consistent control of sample preparation and easy calibration of sensors. Our goal was to investigate the applicability
of a cobalt-based electrode used in conjunction with a laboratory-made automated test stand for quantitative determination
of POy4 in hydroponic solution. Six hydroponic solutions were prepared by diluting highly concentrated paprika hydroponic
solution to provide a concentration range of 1 to 300 ppm PO4-P. A calibration curve relating electrode response to phosphate
in paprika hydroponic solution titrated to pH 4 with 0.025M KHP was developed based on the Nikolskii-Eisenman equation
with a coefficient of determination (R?) of 0.94. The laboratory-made test stand consisting of three cobalt-based electrodes
measured phosphate concentrations similar to those obtained with standard laboratory methods (a regression slope of 0.98
with R* = 0.80). However, the y intercept was relatively high, 30 ppm, probably due to the relatively large amount of
variation present among multiple measurements of the same sample. Further studies on the high variation in EMFs obtained
with cobalt electrodes during replicate measurements were required for P estimations comparable to those obtained with

standard laboratory instruments.
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Fig. 1 Automated measurement system (left) and its block diagram for controlling the measurement system (right).

K= #solutions to test

K= # solutions to test
MN=#repsto test

= # solutions to test
M =#reps totest

i= U,J =0
¥
i=i+1
v
Read sample info
L]
‘ Call Ringe (1) |
¥
Call Rinse (1 Call Measurement (1)
Call Rinse () far baseline
l Call Measurement (1 ‘ Call Wash phase
Call Measurement (j) i !
l Call Rinse ()
R
N 7 ~ v
- . eﬂ
_ﬂi =K? > Call Measurement () \  Manually /-'
™~ - \ Load sample
S /
N
X
] /./’/ Ry Call Measurement (j)
— i=M? >
\\\ _/I N
T -
v -

=kr
e
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tivity (center), and sample measurement (right).
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Table 1 Specifications of components of the measurement system

Name Specifications Manufacturer

Model: HC-KFS13
built-in rotary encoder
Gear ratio: 1/5

Motor rpm: max. 4500

Servo motor Mitsubishi (Japan)

Model: MR-J2S-10A
Power: AC 220V, 60 Hz Mitsubishi (Japan)
- PWM control

Motor driver

Model: HTV 0301-3
Solenoid valve - 3 Way Hyoshin (Korea)
- DC 12V

Masterflex multichannel
MOdel: L/S 7519-06 Cole-Parmer (USA)
Flow rate: max. 3400 ml/min

Peristaltic pump

Model: PCI-7390
Motion controller - Number of axes: 4 National Instruments (USA)
- p- command servo, stepper

Model: PCI-6221

16-bit, 250 k
A/D converter 6-bit, 50. S/s National Instruments (USA)
16 analog input channels

- 2 analog output channels
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