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I - oxygenated systems

2 - nitrate-based chemical fertilizers
3 - essential nutrient

4 - amino acid gylcine
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2 - blue-green algae
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4 - inorganic phosphate
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Samplin Testing Tem; Turbidi ) L

Temp(C) ©y | eH (NTU)ty st
16.6 - - - 1390/01/07
194 - 7.7 0.39 1390/07/03
18.5 - 7.22 0.29 1391/02/16
24.0 18.5 6.98 0.35 1393/02/18
19.7 25 7.34 0.47 1393/07/12
19.6 234 7.24 0.85 1394/02/13
17.7 20.2 7.23 0.61 1394/03/02
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194 21.7 7.3 0.63 Lugie
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Hardness & Alkalinity (mg/Las CaCO3 )

‘ji Total Hardness Pﬁg;?;:g Tg:;pdl(i:l;y Hydroxide Alkalinity |Bicarbonate Alkalinity| C;E;?;g? E (gl?ri)

b 2
1390/01/07 644 431.8 212.2 2465 | 1348
1390/07/03 627.3 434 193.3 0 1890 | 940
1391/02/16 695.8 478.9 216.9 1895 976
1393/02/18|  745.68 462.86 | 282.82 0 459.36 0 2133 (1365
1393/07/12|  734.08 493.21 | 240.87 0 469.64 0 2130|1363
1394/02/13|  781.28 522.54 | 483.6 0 483.6 0 2112|1352
1394/03/02|  760.72 26932 | 491.4 0 491.4 0 2062 | 1320
1395/02/06|  726.14 26594 | 460.2 0 460.2 0 2000 | 1280
1396/10/18 | 702.34 222.34 480 0 480 0 1864|1193
L 5ia 713 398 340 0 474 0 2061|1237
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Anions (mg/L) Cations (mg/L)
0 o g - -
. <t @ o @ <t = = ) < (=] o= o O
) o s o = =
=S| |8|g| 22|22 |° |=|Z2 |¥%|=|2|2]|S8 5
N N =
0.791202.10]278.00]0.00]| 580.80| 97.40 | 0.01 [0.08| 22.62 | 144.00 |68.20]{100.70]|3.14]0.02 17.26| -13.45
1.82]206.90|287.00/0.00/573.72| 93.80 ] 0.03 |0.08] 22.83 | 106.90 | 86.40]|165.80{0.30]0.00| 0.05 19.67] -7.43
0.81)209.70]248.00]0.00]256.80]103.90] 0.03 {0.11] 17.01 | 124.80 ]92.10{201.72]2.90/0.00 | 0.07 22.66| 14.24

0.88]225.06]225.20(0.00{559.78110.46] 0.03 ]0.09| 22.04 | 258.10 |24.72]154.52/12.72]0.18 | 0.03 | 0.77] 21.71| -0.76

0.75]207.98]319.65/0.00{572.30{102.24] 0.02 |0.11| 23.59 | 158.72 |82.15]184.68/3.24]0.04 ] 0.06 | 1.09]22.80| -1.71

0.89]206.741335.12{0.00] 589.32| 95.08 | 0.03 {0.12| 24.05 | 174.97 |83.77]149.76/3.40]0.03 ] 0.08 [0.00]22.23| -3.93

0.88]212.49]303.40{0.00) 598.82|108.20] 0.03 0.10] 23.92 | 155.35 190.67]154.24]3.90{0.04| 0.07 | 0.07122.03| -4.12

0.82]187.06]|298.9210.00{552.24{102.04] 0.03 22.24 | 148.29 186.55]168.40]3.30/0.01 0.06/21.93] -0.70

0.80]165.96]271.60{0.00|576.00| 91.66 ] 0.01 |0.28] 21.31 | 144.72 182.92]159.60]2.40{0.04] 0.06 | 1.05/21.05] -0.59

0.9 | 202.7 | 285.2 | 0.0 | 540.0 {100.5| 0.0 ] 0.1 | 22.18 | 157.3 | 77.5]159.9 | 2.8 |0.04] 0.06 | 0.5 [21.26] lauss

mg/L)meq/ija\{ UT&L@;}:SK)L@}:;TQMML}MCMSW‘YLO—O Jsd>

| Cations: Conc.mgll megw No. meqw
Ca+t 15T.30 20,05 T.85
| Mpges TT.50 1215 6.38
Fe++ 0,04 2192 0,040
| Mn+s .06 2T AT 0.0
Ma« 155.50 22.98 G.96
K+ 260 25,10 o.o7
l:_Tnt.ulr 21.25
| Anions: Conc,mgll  megw Ho. megw
| -
I HCO3- B0, (W) 51.02 .85
L . 285,20 48.03 594
Cl- 202,70 J5. 45 572
L [ 100, 50 G200 1.64
Totak: 22.13

Percent Difference= -2.01 [Acceptable)




Hypothetical Formula of Water Sample

Composition {No.meqgll) Conc. mg/l
Ca(HCO3)2 7.845973 635.96
Mg(HCO3)2 1.003729 73.44

Mg S04 5373559 323.38
FeSO04 0.001432 0.1

Mn S04 0.002185 0.16
Na2504 0.560409 39.80

NaCl 5717429 33414
NaNO3 0.677430 57.58

KNO3 0.071611 7.24
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RIRange Indication
Less than 5.5 Heavy scale formation
5.5toi6.2 Some scale will form
6.2 Lo 68 Mon-scaling or Comosive
a8 i8S Corrosive water
More than 8.3 Very comosive water

Source: Adopted from Refercnoe 4
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Abstract

Nitrate removal using biological heterotrophic denitrification is one of the most
effective and economical processes to remove nitrate from drinking water. In recent
studies, carbon sources such as acetic acid, methanol, ethanol, glucose, etc. have been
used as a carbon source for heterotrophic bacteria. Inevitable residual of these carbon
sources in effluent water and the cost of them are the key challenges for applying of
these carbon sources in drinking water, in the operational scales. To overcome these
challenges, in this research, citric acid produced from sugar beet is used as a harmless,
relatively economical and accessible carbon source. Also, to remove the remaining
trace amounts of carbon source in denitrified water and disinfection of treated water,
ozonation has been used as a dual-purpose process.
Pilot studies of this process during the operation of about one year on natural water
of one of the wells of North Khorasan province in Iran with the nitrate concentration
of 104+10 ppm ppm as NOs™ showed that in four column bioreactor packed by
different media such as natural river gravel, polypropylene plastic (PP), polyethylene
plastic (PE) and Pumice aggregates and by carbon to nitrogen ratio (C/N) of about
stoichiometric amount and HRT of greater than 4 hour and without any other chemical
addition the nitrate removal rates of greater than 85% can be achieved. In the carbon
concentrations, about 1.5 times the stoichiometric values and the HRT of about 5 to 7
hours, the removal efficiency can be as high as 95%. Ozonation of treated water in 30
to 60 minutes also showed that the ozone has the capability of the complete removal

of carbon residuals in effluent of the process from 15-30 ppm as COD to about zero.

Keywords: Nitrate removal; Drinking water; Heterotrophic Denitrification; Citric

Acid; Ozonation
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