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Application of a- Strip lon-Selective Electrode Sensor for
Hydroponic Nutrient Solution Analysis
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ABSTRACT

A simple disposable thick-film potentiometric strip has been developed and evaluated for hydroponics
application. The strip consisted of four ion-selective electrodes (ISE) fabricated by screen-printing technology. The
electrochemical responses of ion sensors for nitrate, ammonjum, potassium, and magnesium were measured with
specially designed 16-channel low voltage signal transducers. The analytical characteristics of the sensors were
comparable with those of conventional ISE sensors. The thick-film sensors exhibit linear relationships over five

concentration decades. The concentration of NO;~

ion in standard solution can be determined by direct

potentiometric measurements without any conditioning before measurements. However, measurement of K', NH,",

and Mg
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ionic concentrations in nutrient solutions seems not feasible.
Hydroponics, Ion-selective electrode, lon sensor, Nutrient solution.
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Table 1 Compositions of ISE membranes

ISE B Matrix (wt.%0) lonophore (wt.%) Plasticizer (wt.%) Additives (wt.%)
NO;~ i PVC (31.2) TDMANO3 (1) NPOE (66)
NH,' PVC (33) Nonactin (1) DOA (66)
K* PVC (31.8) Valinomycin (1) DOA (66)
Mg* PVC (33) Fluka Mg-111 (0.9) NPOE (53) KTpCIPB (0.75)

Mg o]&& 98 AZEAZE TDMANO3, nonac-
tin, valinomycin, Fluka Mg-IVE 27} A2315 0w,
PVC 5§29} dioctyl adipate(DOA) | 2-Nitrophenyl
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Fig. 2 Response of a NOs3; electrode in
various concentrations of KNOs.
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Fig. 3 A calibration curve of the NOs~
electrode in KNOj3 solution.
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Table 2 Potentiometric characteristics of ion-selective electrodes

ISE R? Slope (mV/decade) Linear range (-log C) Response time (s)
NO;~ 0.9985 —23.96 1~5 <20
NH," 0.9983 20.73 1~5 <20

K" 0.9986 222 1~5 < 30

Mg* 0.9932 8.5 1~5 <30

Table 3. Potentiometric selectivity coefficients of the nitrate, potassium, ammonium, and

magnesium |SE

ISE Interferent ion Selectivity coefficient
PO 4.72%x107°
NO;~ ci” 1.88x107°
SOs*~ 7.87%x107°
NH," 2.144
K’ Mg* 3.02x107*
Ca® 1.64%107°
K 9.68%107°
NH,* Mg 4.18%107°
ca® 3.16x107°
NH, very high
Mg™* K 1.45%107°
Ca™* 52x107°
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Table 4 Estimation of nitrate concentration with nitrate ISE using standard addition method

Step Ziii::riiti(?;‘L;) f the Potential (mV) AE (mV) Concentration (M)
0 239.017 0
1 208.342 30.675 0.0084
2 196.175 42.842 0.0089
3 188.358 50.659 0.0091
Average 0.0088
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Table 5 Comparison between analytically calculated concentration and estimated con-
centration of several ions in hydroponic nutrient solutions

I Analytically Calculated Estimated Concentration Relative Error
ons Concentration (mM) (%)
NOs~ 8 88 10
K* 4 1.2 70
NH," 4 83 107
Mg 2 42 1100
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WA AELY] B2 Al okl o ABolew contact. Anal. Chim. Acta 302:241-248.
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of w oleAwlAd AZ ule EAL oA 4. Koncki, R., S. Glab, J. Dziwulska, I. Palchetti

ADHE 2t AAAAE o83t 54 % £43
Atk

A¥ 23 NO;,© 548 o]
540 st W8l
ISE MRS HAsiA A8 5+ e

Hyck wjFdue] o} Alolsx Wt ¥zd
2 2E AAshd 10% 237 dAstyets )
Z ISEAIA S 1730 AR 7lFez $AAu)e] o
= 54 18" & Rog XMoo
NH"§ o] 2AFL o 3 o]2Ee oisf &2
ARYES EPRARL gl o)2F= F5A
e ARLAT 2ASRX, K, Mg E ol e AT
o] ¥ NHe ofgel ofd W Adeiez s
R84 AHSEA] A ISE AIAE o] &7 #iF
49 s ol&rx FAL YT Ao AdHY

o

fo
r)~
£
ok

o
(=)

©].2.
N E

1}

P

rok

Ao

1. Harvey, D. 2000. Modern analytical chemistry.
McGraw-Hill Co. Inc. p. 816.

—=341—

and M. Mascini.

tiometric electrodes with solvent-polymeric ion-

1999. Disposable strip poten-
selective membranes fabricated using
printing technology. Anal. Chim. Acta 385:451-
459,

. Lee, D. K, H. J. lee, G. S. Cha, H. Nam and
K. J. Paeng. 2000. Ion chromatography detector

screen-

based on soiid-state ion-selective electrode array.
J. Chromatogr. A 902:337-343.

. Legin, A, A. Smimova, A. Rudnitskaya, L.
Lvova, E. Suglobova and Y. Vlasov. 1999.
Chemical sensor array for multicomponent analysis
of biological liquids. Anal. Chim. Acta 385:131-
135.

. Mourzina, Yu. G., J. Schubert, W. Zander, A.

Yu. G. Vlasov, H. Luth and M. J.

2001. Development

systems based on chalcogenide thin film chemical

the

analysis of metal

Legin,
Schoning. of multisensor
sensors  for simultaneous  multicomponent
ions in complex solutions.
Electrochimica Acta 47:251-258.

. Perez-Olmos, R., A. Rios, J. R. Fernandez, R. A.



53] 71 A1 8 5] A)

S. Lapa and J. L. F. C. Lima. 2001. Construc-
tion and evaluation of ion selective electrodes for
nitrate with a summing operational amplifier.
Application to tobacco analysis. Talanta 53:741-
748.

. Rof, B., G. Steiner, M. Kiesshauer, M. Bradter
1995.

sensors for a

and K. Cammann, Instrument with inte-

grated rapid determination of
inorganic ions. Sensors and Actuators B 26:380-

383.

10. Sigma-Aldrich Homepage. 29. May. 2002. Sigma-

11.

12.

—342-

A28 A4z 2003 82

Aldrich Inc. <http://www.sigmaaldrich.com/img/
assets/5100) .

Uhlig, A., F. Dietrich, E. Lindner, U. Schnaken-
berg and R. Hintsche. 1996. Miniaturised ion-
selective sensor chip for potassium measurement
in a biomedical application. Sensors and Actuators
B 34:252-257.

Zhu, J. Z., J. F. Xie, D. R. Lu, G. X. Zhang and
Z. R. Zhang. 2000. Micromachined glucose sensor
and K* ISE based on containment array. Sensors
and Actuators B 65:157-159.



