HIO|RA|ARZSE (J. of Biosystems Eng.)
Vol. 32, No. 5, pp. 348~353 (2007)

ZAXHUiE uiLlo| o|2ME BMS st THE MM ZF JHE
Wy oys mu

Development of a Solid State lon Sensor Module for Analysis of
Hydroponic Nutrients

G. Kim

S. B. Lee

Y. C. Chang

Absiract

A solid state ion sensor module has been developed and evaluated for hydroponic nutrients analysis. The sensor module
consisted of five ion-selective electrodes (ISE) fabricated by screen-printing technology. The electrochemical responses of
ion sensors for nitrate, ammonium, potassium, calcium, and pH were measured with specially designed 7-channel low
voltage signal transducers. The analytical characteristics of the sensors were comparable with those of conventional ISE
sensors. The solid state jon sensors exhibit linear relationships over five concentration decades. Detection limit of the
sensors were 5.6x10°~1.6x10" M depends on jons. Performance test results showed that relative errors of measured ion
concentrations were less than 5% for NOs', K, Ca* ion, and pH. The concentration of NO3, NH{, K, Ca2+, and pH ion
in standard solution and nutrient solutions could be determined by direct potentiometric measurements without any

conditioning before measurements.
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Fig. 1 Schematic diagram of the ion selective sensor.
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Table 1 Chemical compositions of ion-selective-electrode membranes

ISE Matrix Ionophore Plasticizer Lipophilic Additive®

< pvch Valinomycin DOS* -
33.0 wt% 1.0 wt% 66.0 wt% -

o PVC ETH1001° NPOE' KTpCIPB'

33.0 wt% 1.0 wt% 66.0 wt% 50 mol.%
. PVC Nonactin DOS -
N 33.0 wt% 1.0 wi% 66.0 wt% -

PVC TDDA® NPOE KTpCIPB

i 32.7 wt% 2.0 wt% 65.3 wt% 50 mol.%
) PVC TDMANO;" DBPi -
NOs 33.0 wi% 1.0 wi% 66.0 Wi% -

. In mol.% relative to the ionophore,
. Poly (vinyl chloride),
. Bis (2-ethylhexyl) sebacate
. Tetradodecylammonium tetrakis (4-chlorophenyl) borate,
. 2-Nitrophenyl octyl ether,
Potassium tetrakis (4-chlorophenyl) borate,
. Tridodecylamine,
. Tridodecylmethylammonium nitrate,
Dibutyl phthalate
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Fig. 2 Circuit diagram of potentiometer for the ion sensor.
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Table 2 Potentiometric characteristics of the ion-selective-electrode sensors

JTon Slope (mV/dec.) Detection limit (log C) Linear range (-log C) Response time ()

NOy -60.58 425 1~43 <5

NH;" 57.29 -6.37 1~6.4 <5

K’ 57.17 -5.90 1~59 <5

ca® 28.69 -6.80 1~6.8 <5

H+ 572 -12.5 1~125 <5
A elX(Selectivity) 5= ¥ 20 WERISIcE A=ahe] -84 Aeiy 2479 K o] &A4E NHy 019 ¥57HK
© 0]229] Nemst sloped] 283 71€7)(59.6 mV/decade) ~ ©1-&HT} 1008] o] g W FT T= Ao HEhgaL
g zk= 7o g Yepit) w5 uE o] AE] Hd=rure] (B ASE, -1.90), 1 £19) Haljo] el FdE 719 T4
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Table 3 Selectivity coefficients of the ion-selective-electrode sensors when an interference ion is in the nutrient solution

Ton Interference ion
Selectivity, log KLY
K+ Na+ NH4+ Mg2+ Ca2+ Li+
-4.60 -1.94 -4.89 -4.73 -5.47
Selectivity, log KL%
ca? < Na' NHy Mg TG
-4.75 -5.27 -5.09 -5.56 -4.84
Selectivity, log KL+
NH,' K Na® Mg Ca® Lit
-2.16 -3.56 -3.88 -1.35 -2.98
Selectivity, log K%;
NOs cr HCO5 HPO,” NO, S04~ AcO Br
-2.16 -3.56 -3.88 -1.35 -2.98 -2.02 -0.91
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Table 4 Estimation of ion concentrations with ion-selective-electrode sensors using standard addition method

Ton I Estimated (mM) Analytically Calculated Relative Error
Mean Standard Deviation (mM) (o)
K 5.00 0.085 5.00 0.0
ca” 1.94 0.057 2.00 2.9
NH,' 0.60 0.038 0.66 -10.6
NOs 9.08 0.192 8.99 1.0
pH 5.03 0.01 5.04 -0.2
Table 5 Durability of ion-selective-electrode sensors A Qs o)L rEE SAY A WS
ISE Difference between Day 1 ZAs17) J8te] ISEAN R o] 555 F74% vk 5 Al
and Day 15 (%) Mz 159 F ASE B ) ARl v 5% jsle] 2
"
CKﬁ 483 & AFajolsh wAstel, 7 717k o] YA o2 e
a -2.00 .
- ZA0] 758 Ao FE Iy .
NHs 303 =70 ] ]"6_ o~ %1‘:]’
NO3 -5.49
pH -0.20

o ZAW7] 95te] ISEANE 0% w2 =43 the Eol
AR 159 5 A5Y R o AR el wEt 5% el
Az o)} AL, FAMAZ 42 M) 4o 7}

AARAST 0.99 0|49
o) ¢ we} 5.6x107°~1.6x
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