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Application of lon—Selective Electrodes to Measure lonic Concentrations
of Macronutrients in Hydroponics

M. S. Kim T, S, Park 8.1 Cho

This study was carried out to investigate the applicability of PVC membrane-based ion-selective electrodes for macronutrients
(K, Ca, and N) by measuring of potassium, calcium, nitrate ions in hydroponic nutrient solution. The capabilities of two
ion-selective membranes with varying chemical compositions for each ion were evaluated in terms of sensitivity, selectivity,
and lifetime to choose sensing elements suitable for measuring typical ranges of nutrient concentrations in hydroponic
solutions. The selected calcium and nitrate ion-selective membranes showed effectively sensitive responses to calcium and
nitrate ions with lifetimes of 25 and 15 days, respectively. The addition of a cation additive to the potassium membrane
cocktail allowed its sensitivity to be increased whereas its lifetime was reduced from 30 days to 10 days.

Keywords : Hydroponics, lon selective electrode (ISE), Potassium, Calcium, Nitrate
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Table 1 Components of membrane (Fluka co.)

(" Numbers in reference list)

ISE ITonophore Plasticizer Matrix Additives
(wt.%) (Wt.%) (wt.%) (wt.%)
K _1[1]" | valinomycin (1) | DOA (66) PVC (33)
K_2[12] | valinomycin (2) | DOS (64.7) | PVC (32.8) |[KTpC1PB (0.5)
Ca_1[1] | ETH 1001 (3.3) | DOS (63.7) | PVC (30.9) |KTpCIPB (2.1)
Ca_2[13] |TMB-PhPP (7.02)| DOPP (63.16) {PVC (29.87)
NOs_1[15]| TDMA NO: (6) | o-NPOE (65) | PVC (29)
NO; 2 (3] | TDDA NOs(4) | DOS (64) PVC (32)
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Table 2 ISA and test solutions for each ISE (Van London-pHoenix co.)

ISE ISA [ Test Solution
(Concentration, M)

K NaCl (0.1 M) KCl

Ca™ KCI (0.08 M) CaCl,

NOy (NH4):SO4 (0.04 M) KNO;

B ool AR 7] = OrionAlS] Ag/AgCl Double
Junction Reference Electrode(P/N 900200) o]t} iEAS
22sk A=A|(electrode body) PhillipsAke] 1S-561(Glas-
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Ab A=Zoll KNOs 0.01 M= Akgus}fﬂq

A B A 71E A 198 55 X 94
W, $HE AT E AFE M| AaiA tid AD B
‘:% o] 839tk tAld A/DE =2+ National Instrument
Co.2] e AT-MIO- 16E-10 =5 0|43 0™ LabView

Fig. 1 Picture of ISE apparatus.
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Table 3 Composition of Yamajaki nutrient solution (tomato, '2)
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Fig. 2 Calibration plot of each ISE.
A2 Ass 3 40l Fejsiist], A= 71e7|(slope) 4k

Ay | [e]

&3 w237 F s glete] YERSIt

Ca 29 AT 719713 Ca 12 44% FElch 2evt
e}

7
Ca 29} 7% A 71271% 7 9l

Molecular KNO3 Ca(N03)2 MgSO4 NH4 EDTA H3BO3 MHSO4 ZIISO4 CUSO4 NazMOO4
Formula -4H,0 *THO | -HPO4 -Fe -H,O -TH,O -5HO -2H,0
Concentration (mg/L) 404 354 246 76 16 1.2 0.625 0.09 0.04 0.0125
Concentration (M) 4 1.5 1 0.66 0.042 0.0195 0.003 0.00031 0.00016 0.00005
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Table 4 Potentiometric characteristics of ISEs

" slope of Fluka's under the same composition,

*: failure membrane)

ISE K 1 K2 Ca 1 Ca 2 NO; 1 NO; 2
R’ 0.9967 0.9994 0.998 0.9962 0.9997 0.9971
Detectionlimit (-logC) 5 5 6 6 4 5
Slope (mV/dec) 50.9 56.4(58") 25.4 1127 -54.3(-60") -51.9(-51.9")
Range (-logC) 1~4 1~4 1~5 1~5 1~4 1~4
Response time (sec) <5 <5 <5 <5 <10 < 10
Repeatability (mV) 0.82 0.85 0.94 0.79 1.86 1.86
Reproducibility (mV) 2.54 1.50 3.04 3.01 1.86 1.85
| Q3] Lok o ® K]l [UPACCIM AASE 7158 dif-it e &4H(Separate

ek, FRA 07 we] 2Afo
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Fig. 3 Calibration plot of K* ISEs by FIM.
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Fig. 4 Calibration plot of K" ISEs by EFIM (Solution I).
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Fig. 5 Calibration plot of K" ISEs by EFIM (Solution II).

Table 5 Comparison of potentiometric selectivity coefficient
(1ogK*) by FIM and EFIM with TUPAC

(: Fluka co)

K1 | K2 [ Cal | Ca2 |NOsI1|NOs2

ISE logh*et , NHY log K204, Mg*™ 1og1(g,“(§3, , H,PO,”
FIM | -175 | -1.55 | -245 | -235 | -08 | -1.65
IUPAC | -1.85 | -1.9 -4.1 49" | 213 | 26
EFIM | -204 | -195 | -1.8 | -1.81 | -198 | -2.08
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Fig. 6 Calibration curves for each ISE.
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Table 6 Comparison of actual and K ISE - predicted concentrations

Dﬂmion_{ Actual Estimated Relative

Rate | Concentration |Concentration (mM) Error (%)
(%) mM) | k1 [ k2 | k1 | k2
50 2 131 | 227 | -3488 | 1379
75 936 | 172
100 39.62 | -13.65

Table 7 Comparison of actual and Ca ISE - predicted concentrations

Dilution Actual
Rate Concen
(%) tration (mM)

Estimated W Relative
Concentration (mM) Error (%)

Ca l Ca 2 Ca l Ca 2
50 3 | 352 ] 333 | 1708 | 1122

1

|
75 45 413 492 | 821 | 933
100 6 4.89 527 | -1849 | -12.01

Table 8 Comparison of actual and NO; ISE - predicted concentrations

Dilution Actual Estimated Relative
Rate |Concentration | Concentration (mM) Error (%)
(%) (mM) NO; 1 | NO: 2| NO; 1 | NOj; 2
50 4.04 4.38 15.58 25.01
75 4.47 -1691 -14.93
100 5.13 -14.72 -26.72

25k A A9 o & AsollMe 27% olule] et
= AA AR AL EAIS A7 ek
NO;_19] o -3l om, 2= 15% Wl thTable 8).
2. A U 2T BN
K 2%0] o9l 104 FE9 $How S45NT, 2
sle] K_19e] 2 309 s S H(Fig. 7).
Ca 2919] & 25%, Ca 17HE 109 AE9] $HE 7}
A Flor F4Hgion 209 ofFel W= 712717} vlejy

22 vl Fig. 8).

41



7 A O 0l 5T 3YE WY ole MY B39 98

“

NO;_1312 10¥°]313, NO; 29& 1595 #3y
(Fig. 9).

act

60

E-S
[~}
s

Slope(mV/dec)
N
o
©
A
N
o

00 05 10 15 20 25 30
Days elapsed

Fig. 7 Lifetime of potassium ISEs.
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Fig. 8 Lifetime of calcium ISEs.

Slope(mV/dec)

00 05 10 15 20 25 30
Days elapsed

Fig. 9 Lifetime of nitrate ISEs.
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