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Sensing NOs—N and K lons in Hydroponic Solution Using lon—Selective Membranes

W, K. Kim T.S. Park VY. JKim M. Y. Roh S. I Cho H.J.Kim

Rapid on-site sensing of nitrate-nitrogen and potassium ions in hydroponic solution would increase the efficiency of
nutrient use for greenhouse crops cultivated in closed hydroponic systems while reducing the potential for environmental
pollution in water and soil. Ion-selective electrodes (ISEs) are a promising approach because of their small size, rapid
response, and the ability to directly measure the analyte. The capabilities of the ISEs for sensing nitrate and potassium in
hydroponic solution can be affected by the presence of other ions such as calcium, magnesium, sulfate, sodium, and chloride
in the solution itself. This study was conducted to investigate the applicability of two ISEs consisting of TDDA-NPOE and
valinomycin-DOS PVC membranes for quantitative determinations of NO3;-N and K in hydroponic solution. Nine hydroponic
solutions were prepared by diluting highly concentrated paprika hydroponic solution to provide a concentration range of
3 to 400 mg/L for NOs-N and K. Two of the calibration curves relating membrane response and nutrient concentration
provided coefficients of determination (R*) > 0.98 and standard errors of calibration (SEC) of < 3.79 mV. The use of the
direct potentiometry method, in conjunction with an one-point EMF compensation technique, was feasible for measuring
NOs-N and K in paprika hydroponic solution due to almost 1:1 relationships and high coefficients of determination (R’
> 0.97) between the levels of NOs-N and K obtained with the ion-selective electrodes and standard instruments. However,
even though there were strong linear relationships (R* > 0.94) between the NOs-N and K concentrations determined by
the Gran’s plot-based multiple standard addition method and by standard instruments, hydroponic NOs-N concentrations
measured with the ISEs, on average, were about 10% higher than those obtained with the automated analyzer whereas the
K ISE predicted about 59% lower K than did the ICP spectrometer, probably due to no compensation for a difference
between actual and expected concentrations of standard solutions directly prepared.

Keywords : Hydroponic solution, PVC Ion-selective membranes, Direct potentiometry, Gran’s plot, Multiple standard
addition method, NO;-N, K
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Table 1 Compositions of NO; and K ion-selective membranes used in the study
NOs ion-selective membrane Composition(wt%) K ion-selective membrane Composition(wt%)

TIonophore TDDAM 15 Valinomycin 2

Plasticizer NPOE" 40 DOS™ 64.7

Matrix pvc! 45 PVC 328

Additive KTpCIPB™ 0.5

fa] Tetradodecylammonium nitrate, ) 2-nitrophenyl octyl ether, [ Bis(2-ethylhexyl)sebacate, @ High-molecular-weight polyvinyl chloride,

€l Potassium  tetrakis (4-chlorophenyl) borate
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Fig. 1 A membrane prepared with a glass ring (left) and cut in a
diameter of 4.0 mm (right).

Table 2 Target concentrations of nutrients in hydroponic solution prepared for paprika (unit: mg/L)

NO;-N NH4-N P

K Ca Mg S

Concentration 178.5 17.5 31

225 130 27 32

Table 3 Compositions of chemical compounds used for preparing 200X concentrated solution for hydroponic cultivation of paprika

(Sonneveld, 2002)

Tank Chemical salt Amount of Chemical (per 2L water)
Potassium nitrate (KNO3) 48 g
Calcium nitrate (5[Ca(NO;),:2H,O]NHsNO;) 1404 ¢
A solution
Ammonium nitrate (NHsNO3) 96 g
Fe-EDTA (EDTAFeNa-3H,0) 1292 g
Potassium nitrate (KNO3) 48 g
Dipotassium hydrogen phosphate (KH,PO4) 272 g
Magnesium nitrate hexahydrate (Mg(NOs),:6H,0) 64 g
Magnesium sulfate heptahydrate (MgSO47H,0) 494 ¢
B solution Boric acid (H;BOs) 031 g
' Manganese sulfate pentahydrate (MnSO4 5H,0) 0.484 g
Eﬁ‘:ﬁfﬁts Zinc sulfate heptahydrate (ZnSOs7H,0) 0228 g
Copper sulfate pentahydrate (CuSO45H,0) 004 g
Ammonium molybdate tetrahydrate ((NHs)sM07024-4H>0) 0018 g
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where, E = equilibrium potential [V]
Eo = normal potential [V]
Ej = liquid junction potential [V]
CoVo = the concentration and volume of the
sample solution
CV = the concentration and volume of the standard
solution
= universal gas constant [JK'lmol'l]
= absolute temperature [K]
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