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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 residues of these carbon sources in effluent water and the cost of them are the key challenges
for applying 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 NO 3 showed that
in four column bioreactor packed with 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 hours and without any other chemical addition, the
nitrate removal rate of greater than 85% can be achieved. In the carbon concentrations, about 1.5 times
the stoichiometric value 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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Table 1. Stoichiometric denitrification reactions with three carbon sources (heterotroph),
and also hydrogen and sulfur (autotroph)

E(Ijeocrfcr)?n Denitrification reaction
Methanol 6NO;~ + 5CH;0H — 3N, + 5C0, + 7H,0 + 60H"
Methanol NO;~ + 1.083CH;0H — 0.066CsH,0,N + 0.467N, + 0.753C0O, + 2.44H,0 + OH"

Ethanol 12NO;~ + 5C,H;OH — 6N, + 10CO, + 9H,0 + 120H"

Ethanol 97NO;~ + 5C,HsOH — 5C5H,0,N + 46N, + 75C0O, + 84H,0 + 970H"
Acetic acid 42NO;~ + 55CH;COOH — 16N, + 10CsH,0,N + 60CO, + 54H,0 + 420H"
Acetic acid NO,~ + 0.813CH;COOH — 0.467N, + 0.066C5H,0,N + 1.296C0, + OH"~

Sulfur 55° + 6NO;~ + 2H,0 — 3N, + 550,% + 4H*

Sulfur 555° + 50NO;~ + 38H,0 + 20C0O, + 4NH,* — 25N, + 4C5H,0,N + 5550,2~ + 64H*

Hydrogen 2NO;~ +5H, — N, + 4H,0 + 20H~
Hydrogen NO,~ + 3.03H, + H* + 0.229C0, — 0.0458C:H,0 ,N + 0.477N, + 3.37H,0
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(Mohseni-Bandpi et al., 2013)
Table 2. A list of some pilot and full scale heterotrophic and autotrophic denitrification

for water (Mohseni-Bandpi et al., 2013)

Process® E(Ijectron Capacity Influent NR"3 Efficiency
onor (m°’/hr)  NO3-N(mg/l) (Kg/m?) (%)
Heterotrophic RBC (pilot scale) Methanol 0.15 40 0.1 93
IBER (pilot scale) Methanol - 50 - 97
MBR (pilot scale) Methanol - 200 - 99
FBR (full scale) Methanol 40 60-80 0.18 96
RBC (pilot scale) Methanol - 15-20 - 91-93
RBC (pilot scale) Ethanol 0.15 40 0.9 91
“Nitrazur “ (full scale) Ethanol 35 16.3 - 72
“Biodenit” (full scale) Ethanol 400 14.7 0.41 74
Liquorice - - -
Batch-bio-film carrier (glycyrrhiza 87
(pilot scale) glabra)
Batch-bio-film carrier Giant reed - - -
(pilot scale) (arundo donax) 100
RBC (pilot scale) Acetic acid 0.15 40 0.11 98
FBR (full scale) Ethanol 254 - 4.35 -
Fixed film (full scale) Acetic acid 800 12-22 2.5-3.5 70
In-situ treatment Sucrose 50 135 0.07 10
In-situ treatment Cellulose 60 13 0.008 20
Autotrophic  Fixed bed (full scale) Sulphur - 18.1 - 94
SLAD process (pilot
Scale) Sulphur - 10-94 - >05
SLAD process (pilot
Scale) Sulphur - 30 - 95-100
Upflow biofilter (lab
scale) Sulphur - 10-100 - 95
Packed-bed bioreactor Sulphur - 18 mmol/L - 95.9
Fixed Bed (full scale) Hydrogen 35 18.1 0.6 95
Fixed bed (pilot scale) Hydrogen 50 18 0.85 97

®Rotating Biological Contactor (RBC); Intensified Biofilm-Electrode Reactor (IBER); Membrane Bioreactor (MBR); Sulphur/Limestone
Autotrophic Denitrification (SLAD); Fluidized Bed Reactor (FBR).
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Fig. 1. Experimental pilot set-up in the nitrate contaminated well chamber
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D
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(3] (<5
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8 [%2)
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Fig. 3. Bioreactors performance using acetic acid and
HRT=12 hr. (startup period)
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Fig. 5. Bioreactors performance using acetic acid and
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Fig. 2. Bioreactors performance during startup period
(first week) in batch mod operation
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Fig. 9. Bioreactors performance using carbon to
nitrogen ratio of C:N=3.3 and HRT=7 hr.
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Fig. 7. Bioreactors performance using stoichiometric
amount of citric acid and HRT=5 hr.
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Fig. 10. Bioreactors performance using carbon to
nitrogen ratio of C:N=3.3 and HRT=5 hr.
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Table 4. COD measurement before and after ozonation process for evaluation of residual carbon in the denitrified water

COD of denitrified Efﬂ?ﬁ%gOD COD in the raw Nitrate Effluent Influent
water after ozonation ST water mixed by removal nitrate nitrate Bioreactor
(30 min) (ppm) water (ppm) citric acid (ppm) rate(%o) (ppm) (ppm)
4.2 15 111 93 7.4 108.2 PP
4.5 18 111 87 14 108.2 gravel
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Fig. 12. Ozonation of the samples in the laboratory
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