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Abstract

High concentrations of HCO;™ (bicarbonate ion) in hydroponic water lead to high pH and to change in
solubility, and consequently inhibition of absorption of available ions. An adequate and practical method
is needed to remove HCO;™ in the water for hydroponics. To compare the efficiency of HCO;™ removal,
the effect of injecting HNO;, H;PO,4 or H,SO, was tested. Acid injection was effective to remove HCO;~,
Based on the assumption that an equivalent of HCO;™ ion is neutralized by an equivalent of acid,
KHCO); was dissolved in a double distilled water at 50, 100, 150, 200 or 250 mg-L™" concentration and
either HNO;, H;PO, or H,SO, was injected at a certain ratio, and the resulting pH change and HCO;~
ion removal was measured. According to the results obtained, HCO;™ in hydroponic water was titrated,
and concentration of the residual HCO;™ ion well correlated with the amount of acid injected.
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Table 1. Acids used to neutralize HCO5 ion.

s tonaion P el S
HNO; H* + NO;~ 63 1.84
H,PO, H'+H,PO, 98 1.71
H,S0, 2H*+ S0 49 1.42
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Table 2. Amount of acids added to neutralize HCO; contained in deionized water.

HCO;™ conc. (mg- L) in deionized water

Acid

50 100 200 250 300
HNO; 36.40 72.70 109.10 145.50 181.80 218.20
H;PO, 47.00 94.00 140.90 187.90 23490 281.90
H,S0, 21.80 43.70 65.50 87.30 109.10 131.00

HNO; supplement (mL-L™") = HCO5~ (ppm) ~ 61 (HCO5™ equivalent) x 63 (HNO; equivalent) + 1.42 (HNO; specific gravity)
H;PO, supplement (mL-L™) = HCO;™ (ppm) + 61 (HCO5~ equivalent) X 98 (H;PO, equivalent) = 1.71 (H;PO, specific gravity)
H,S0, supplement (mL-L™) = HCO5™ (ppm) = 61 (HCO5~ equivalent) x 49 (H,SO, equivalent) + 1.84 (H,SO, specific gravity)
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Fig. 1. Response curve of acid addition used to neutralize
HCO;™ in deionized water. Vertical bars represent standard
errors of means. In some cases, the error bar is obscured by
the symbol.
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Fig. 2. Response curves of acid addition used to neutralize
HCOj;™ in deionized water. Vertical bars represent standard
errors of means. In some cases, the error bar is obscured by
the symbol.
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Fig. 3. Titration response curves of water samples to addi-
tion of different acids. Vertical bars represent standard
errors of means. In some cases, the error bar is obscured by
the symbol.
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Table 3. Amount of acid added to neutralize HCO;™ in
water (See the regression curves in Fig. 2).

F(x), Amout of acid (UL-L™") added to

HCO:™ remove HCO;™ in water (UL-L™)
conc. in HNO; HsPO, H,S0,

water  Coefficients:  Coefficients:  Coefficients:

(mgL™) b[0] 530  b[0] -1.22  b[0] 048

b[1] 1.10 b[1] 1.066 b[1] 1.10

r 0.998 0.999 0.999

0 5.3 -1.2 0.5
5 10.8 4.1 6.0
10 16.3 94 11.5
15 21.7 14.8 17.0
20 272 20.1 225
25 327 254 28.0
30 38.2 30.8 335
35 437 36.1 39.0
40 49.2 41.4 44.6
45 54.6 46.7 50.1
50 60.1 52.1 55.6
55 65.6 574 61.1
60 71.1 62.7 66.6
65 76.6 68.1 721
70 82.0 734 77.6
75 87.5 78.7 83.1
80 93.0 84.0 88.6
85 98.5 894 94,1
90 104.0 94.7 99.6
95 109.5 100.0 105.2
100 114.9 105.4 110.7
105 120.4 110.7 116.2
110 1259 116.0 121.7
115 1314 121.4 127.2
120 136.9 126.7 132.7
125 142.3 132.0 138.2
130 147.8 137.3 143.7
135 153.3 142.7 149.2
140 158.8 148.0 154.7
145 164.3 153.3 160.3
150 169.8 158.7 165.8
155 175.2 164.0 171.3
160 180.7 169.3 176.8
165 186.2 174.6 182.3
170 191.7 180.0 187.8
175 197.2 185.3 193.3
180 202.6 190.6 198.8
185 208.1 196.0 204.3
190 213.6 201.3 209.8
195 219.1 206.6 2153
200 224.6 212.0 2209
205 230.1 217.3 226.4
210 235.5 222.6 231.9
215 241.0 2279 2374
220 246.5 233.3 2429
225 252.0 238.6 248.4
230 257.5 2439 2539
235 2629 2493 259.4
240 268.4 254.6 264.9
245 2739 2599 270.4
250 279.4 265.2 275.9
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