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Abstract
Background: The presence of excess ammonia nitrogen in aqueous environments has caused various problems such as eutrophication, 
oxygen depletion and aquatic toxicity. Hence, it is necessary to have special consideration in the discharge of ammonia to environment.
Objectives: The aim of this study was to study kinetic of ammonia degasification at a short-time (6 hours) with relatively constant pH and 
temperature.
Materials and Methods: Ammonia degassing was carried out using a diffused air stripper. The unit consisted of 1 L cylindrical column 
with dimension of 30 × 8 cm. The flow rate was set at 2 L/minute at 6 hours. The operating parameters such as ammonia, nitrate, nitrite, 
electrical conductivity (EC), the oxidation-reduction potential (ORP), and pH were analyzed according to standard methods.
Results: According to obtained results, the maximum removal efficiencies were determined 17%, 35.5%, 31%, 66%, and 85.5%, for 50, 100, 200, 
500 and 1000 mg/L ammonia concentrations, respectively. A first-order kinetic model was adopted to represent the ammonia degassing.
Conclusions: The ammonia degassing is a simple and suitable technology for ammonia removal at high concentration. Undesirable 
removal efficiency (17%, 35.5% and 31%) can be occurred in suitable pH 11 in the presence of lower ammonia concentrations (50, 100 and 200 
mg/L).
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1. Background
Urbanization, industrialization, and agricultural 

activities have been entered large quantities of con-
taminants to the ecosystems and aquatic sources (1). 
Ammonia has been recognized as a major pollutant in 
both municipal and industrial wastewater. It exists in 
various industrial wastewater such as coking, chemical 
fertilizer, coal gasification, petroleum refining, phar-
maceutical and catalyst factories (2). Although ammo-
nia is an essential element for living organisms, it can 
contribute to the accelerated eutrophication of lakes 
and rivers, dissolved oxygen depletion, and toxicity 
in receiving water bodies (3, 4). Standard levels of am-
monia in surface water have been reported from 0.25 
to 32.5 mg/L (ppm) in the US (5). Permission levels of 
ammonia concentrations in ambient air have been rec-
ommended by The national institute for occupational 
safety and health (NIOSH) and The occupational safe-
ty and health administration (OSHA) 25 and 50 ppm, 
respectively. Various processes have been utilized to 
remove ammonia from water and wastewater such as 
air stripping, selective ion exchange, break-point chlo-
rination, denitrification, and biological nitrification 
(6). The biological processes are interested techniques 

because environmental friendly aspects, but the bio-
logical system at higher amounts of ammonia could be 
failed. Also, it has a toxic effect on the biological popu-
lation. On the other hand, biological processes (mostly 
nitrification) could be consumed alkalinity and there-
fore they need to chemical additives. Production of a 
large amount of byproducts and undesirable materials 
are a disadvantage of the proposed methods such as 
ion exchange and break-point chlorination, which re-
quire further costly treatment and handling. Air strip-
pers removed volatile organic chemicals from aqueous 
solution by providing contact between the liquid and 
air. The treated air could be released to the atmosphere 
(7). It offers many advantages such as ability of volatile 
compounds stripping, low cost and degasification of 
ammonia at high level concentrations (8, 9). A success-
ful air stripping performance depends on some factors 
that can be asserted as follow: 1) characteristics of the 
volatile material such as partial pressure, Henry’s con-
stant, gas transfer resistance; 2) solution and air tem-
perature; 3) turbulence in gaseous and liquid phases; 
4) the surface area-to-volume ratio, and (5) striping 
time (10, 11).
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2. Objectives
This study aimed to examine the following objectives:
1- To determine the removal efficiency for air stripping 

at high and low concentrations of ammonia.
2- To demonstrate the high potential of air stripping in 

upper ammonia concentration.
3- To determine the ammonia volatilization and kinetic 

constant for diffused system in a short- time (6 hours) 
with relatively constant pH and temperature.

4- To Evaluate and determine the ammonia byproducts 
such as nitrate and nitrite.

5- To trace the oxidation reduction potential and EC vari-
ation during air stripping of ammonia.

3. Materials and Methods

3.1. Regents
All reagents were prepared in analytical grade. An aque-

ous stock solution of ammonia (from NH4Cl salt) was 
prepared in deionized distilled water. Different concen-
trations of ammonia were obtained by diluting the stock 
solution. The pH was adjusted to the desirable value with 
1 M H2SO4 and 1 M NaOH.

3.2. Experiment Setup
The ammonia stripping unit consisted of 1 L cylindri-

cal column with the dimension of 30 × 8 cm using a dif-
fused aerator (HAILEA Aq. Air pump, 5.5 L/minute) in a 
laboratory scale. Figure 1 illustrates the flow diagram of 
ammonia air stripping system. Column, ORP/EC/pH me-
ters, the aerator pump and aeration system, thermom-
eter and heater were main components of the proposed 
system. Air enters through diffusers and rises through 
the liquid to exit at the top of the column. The ammo-
nia gaseous sample transfers from the water to the air 
as the bubbles rise through the water. Transfer of the 
volatile compounds from the water to the air can be im-
proved by increasing the column depth or decreasing 
the size of bubbles. At all experiments, flow rate was set 
at 2 L/minute for 6 hours.

Figure 1. Schematic Flow Diagram of Ammonia Degasification Using Dif-
fused Aeration Air Stripper Systems

3.3. Analysis 
All experiments were analyzed according to standard 

methods for the examination of water and wastewater. 
Nitrate was determined using a spectrophotometer at 
λmax 220 and 275 nm. The nitrite content was analyzed 
by colorimetric method using sulfanilamide and naph-
thylethylendiamine di-hydro-chloride regents at λmax 
543 nm. The determination of ammonia was performed 
by phenate method (λmax 640 nm). The pH, EC and ORP 
were measured with a pH and EC meter and an ORP 
probe (Eutech).

4. Results

4.1. Effect of Ammonium Concentration and pH
In this study, ammonia concentrations from 50 to 1000 

mg/L were considered for the experiments. The overall 
ammonia removal was presented for pH values 7 and 11 
for 6 hours. It is clear that the better ammonia removal 
was provided from wastewater during highly alkaline 
pH 11 for all levels of ammonia. The ammonia degassing 
was seen with different efficiency during working time 
and in all ammonia levels (Figure 2). Higher removal 
efficiency was obtained in pH 11 and higher concentra-
tions of ammonia. Maximum removal efficiency for 50, 
100, 200, 500 and 1000 mg/L were determined about 
17%, 35.5%, 31%, 66% and 85.5%, respectively. In the unad-
justed pH, maximum efficiencies of 5%, 5.8%, 3.7%, 2.1% 
and 1.7% were obtained for 50, 100, 200, 500 and 1000 
mg/L of ammonia, respectively. The results of ammo-
nium degasification, intermediate byproducts, ORP, EC 
and pH are summarized in Table 1.

4.2. Ammonia Stripping By-Products
The generation of nitrite during all experiment was not 

significant. However, nitrate has a remarkable change 
than nitrite in all concentration levels (Table 1).

4.3. The Oxidation-Reduction Potential (ORP) and 
Electrical Conductivity (EC) Variations

Generally, ORP and EC values were decreased with decrease 
in pH values. The ORP values were negative for pH 11 (Table 1).

4.4. Kinetic Study
In the next step, the ammonia degassing rate was de-

termined using first order kinetic for experimental data 
(Figure 3). Calculated values and constants for various 
concentrations and pH values are summarized in Table 2.

5. Discussion

5.1. Effect of Ammonium Concentration and pH
 Table 2 is shown data for ammonia degasification and 

other responses when different initial concentrations 
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Figure 2. Ammonia Degasification Efficiency During Working Time of 6 hours and Different pH

Table 1. The Quantitative Values of Ammonia Degasification
Initial Conditions Time, h NH4 NO2 NO3 pH ORP EC
50 mg/La 0 50 .00 0.00 8.23 1 0.45

2 48.8 .00 0.46 7.89 29 0.43
4 47.55 .00 0.54 7.23 56 0.43
6 47.5 .01 0.50 7.27 89 0.41

50 mg/Lb 0 50 .01 0.00 11 −129 1.24
2 46.05 .01 0.00 10.73 −105 1.12
4 44.11 .01 0.30 10.7 −98 1.04
6 41.47 .01 0.50 10.46 −95 1.04

100 mg/La 0 100 .035 1.43 7.17 56 0.81
2 98.32 .049 3.57 7.25 93 0.87
4 95 .053 4.2 7.35 118 0.87
6 94.21 .055 4.38 7.36 124 0.88

100 mg/Lb 0 100 .017 0.79 11 −65 1.51
2 91.14 .018 0.913 10.67 −30 1.37
4 71.58 .025 1.151 10.35 −29 1.32
6 64.57 .029 1.29 10.13 −17 1.42

200 mg/La 0 200 .007 0.63 7.66 42 1.44
2 198.32 .010 1.3 7.32 97 1.32
4 196.83 .017 3.4 7.3 110 1.34
6 192.69 .050 5.14 7.23 111 1.34

200 mg/Lb 0 200 .00 2.78 11 −220 1.74
2 167.15 .01 3.06 10.64 −180 1.70
4 150.42 .02 5.34 10.51 −138 1.67
6 138.37 .02 7.52 10.38 −110 1.67

500 mg/La 0 500 .029 0.00 6.94 90 2.1
2 495.57 .03 0.32 6.85 110 2.2
4 490.22 .046 0.75 6.8 111 2.2
6 489.44 .062 1.03 6.73 118 2.2

500 mg/Lb 0 500 .038 0.00 11 −112 3.5
2 330 .050 0.36 10.84 −103 3.5
4 178.85 .052 0.78 10.64 −91 3.5
6 170 .048 1.90 10.3 −77 3.5

1000 mg/La 0 1000 .02 0.00 6.67 125 6.3
2 991.31 .04 0.63 6.88 129 6.2
4 987.46 .05 2.38 6.83 140 6.2
6 983.04 .09 2.46 6.8 146 6.1

1000 mg/Lb 0 1000 .08 1.27 11 −129 7.2
2 559.7 .07 2.47 10.73 −105 7.2
4 249.44 .09 3.21 10.7 −98 7.2
6 147.6 .10 3.79 10.46 −95 7.2

aNatural pH.
bpH = 11.
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Table 2. Ammonia Degasification First Order Kinetic Constants
Concentration, mg/L pH Natural pH 11

k R2 k R2

50 .009 .905 .0302 .985
100 .0107 .953 .0777 .966
200 .006 .932 .0605 .963
500 .0037 .934 .1924 .923
1000 .0028 .962 .3274 .994

Figure 3. First Order Kinetic for Ammonia Degasification
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of ammonium and pH were used. The results were ob-
tained after 6 hours of constant air loading at 23 ± 2°C. 
According to the obtained results, higher ammonia 
efficiency was obtained with increase of pH and con-
centration (Figure 2). Maximum removal efficiencies 
for both adjusted (natural pH) and unadjusted (~11) pH 

were determined about 17%, 35.5%, 31%, 66%, 85.5% and 5%, 
5.8%, 3.7%, 2.1%, 1.7% from 50, 100, 200, 500 and 1000 mg/L 
of ammonia, respectively. Higher efficiency removal 
at higher pH can be occurred by displacement ammo-
nium/ammonia equilibrium. The composition of these 
constituents depends on the pH and temperature of the 
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solution from the following dissociation equilibrium. 
Therefore, in higher pH there are greater proportions of 
the nitrogen in form of ammonia gaseous, and the more 
percent is stripped (1).

NH4
+ + OH− → NH3 + H2O

Similarly, other researchers report that the higher effi-
ciency removal of ammonia is achieved at pH 11.7 rather 
than lower pH during air stripping (7). When the pH val-
ue is adjusted in ranges 11 - 12, total ammonium is almost 
converted into molecular form of ammonia in a solution, 
and ensuring the air degasification of ammonia. How-
ever, the overall performance is dependent on the mass 
transfer rate of ammonia from water to air (12).

Ammonia degasification first order kinetic constants 
are shown in Table 2. Accordingly, the first order con-
stant (k) or ammonia loss constant with correlation 
coefficient (r2) was determined for all concentration 
levels. Additionally, the first order kinetic plots for dif-
ferent ammonia concentration are illustrated in Fig-
ure 3. Better the ammonia loss constant with more 
fitted conformity is observed about 0.3272/hour and 
0.994 for 1000 mg/L, respectively. This fact offers that 
the mass transfer rate of ammonia from the suspension 
to air is very high compared to other concentrations. 
Similar result has been reported that the removal effi-
ciency was increased for ammonia stripping from 80 
mg/L to 1574 mg/L (8).

Depending on pH, the ammonia in aqueous solutions 
is in equilibrium with its protonated forms. However, 
a given amount of ammonia will be divided between 
NH3 and NH4

+ ion, the higher concentration of sum of 
ammonia species the higher amount of ammonia dis-
solved in water in ammonia form is present. Because 
of equilibriums between the gaseous-liquid phases, in 
saturate solution with air, the gaseous phase will con-
tain some amount of air (this amount will be released 
form aqueous solution), and the air stream will trans-
port it from the equilibrium. It means the free and 
summarized NH3 concentration in the solution will be 
decreased until the limit, where the partial pressure of 
NH3 above the solution becomes as low that this meth-
od becomes ineffective. The equilibrium is dependent 
to concentration and pH. When we have ammonia in 
the solution at neutral or acidic conditions, we have 
not ammonia stripping. The equilibrium is dependent 
to concentration and pH. When we have ammonia in 
the solution at neutral or acidic conditions, we have 
not ammonia stripping ammonia can form NH4

+ ion in 
aqueous solutions, therefore if the residual ammonia 
content is in ammonium ion form, the stripping is not 
effective.

5.2. Henry’s Law, Mass Transfer and Temperature 
Dependence

Air stripping is a mass transfer of volatile compounds 
that are dissolved in water from the water phase to the 

air phase. The equilibrium relationship is linear and is 
defined by Henry’s law. For low concentrations of volatile 
compound a (9):

(1) pa =Ha xa

Where, Pa that is the partial pressure of a gas above a liq-
uid is directly proportional to the mole fraction of the 
gas (xa) dissolved in the liquid. The Ha is known as the 
Henry’s constant.

Henry’s law constant (HLC) represents, for environ-
mental conditions, the air-water equilibrium partition 
coefficient for a particular chemical compound presents 
in a dilute aqueous solution (dilute typically defined as 
less than 0.001 - 0.01 mole fraction, corresponding to less 
than 5 - 50 g/L for a compound with a molecular weight of 
100 g/mole) (13). As seen in Table 2, Henry’s constant val-
ues based on two common units are presented (14).

The value of the constant generally increases or de-
creases with the liquid temperature. However, the solu-
bility of gases generally decreases with increasing tem-
perature (15). Practical application of the technology 
for contaminant removal is generally limited to com-
pounds with Henry’s constant values greater than 100 
atmospheres (9).

In cease of ammonia stripping, if removal efficiency as 
a function of temperature is related to energy consump-
tion, the best ratio of energy costs/benefits is achieved by 
keeping the process temperature at 60°C (14).

5.3. Ammonia Stripping By-Products
The increase in ammonia removal efficiency caused the 

increased nitrate/nitrite production. Generally, no sig-
nificant amount of nitrite was produced at all levels. Ni-
trite (NO2

−) is the unstable form of nitrogen and is easily 
converted. So, lower amount is seen during air stripping 
(Table 1). However, more production rates were observed 
at higher ammonia removal efficiencies.

5.4. The Oxidation-Reduction Potential (ORP) and 
Electrical Conductivity (EC) Variations

Variation data of the ORP via ammonia stripping pro-
cess are provided in Table 1. The concomitant decreases in 
ORP and increases in pH were observed with increasing 
the ammonia removal percentage. Variations of ORP were 
determined in range −220~ −146 mV. Generally, low pH 
and high ORP create oxidizing conditions whereas high 
pH and low (negative) ORP stand for reducing condi-
tions. In this regard, variation of EC was determined, and 
no significant changes in the amount of EC were exhib-
ited during ammonia degasification time.

5.5. Limitations of Air Stripping
Air strippers frequently become fouled by mineral 

deposits when calcium exceeds 40 mg/L, iron exceeds 
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0.3 mg/L, magnesium exceeds 10 mg/L, or manganese 
exceeds 0.05 mg/L, or from biological growth. Activated 
carbon and thermal oxidation are commonly used to 
treat the off-gas (9). At low concentrations of stripped 
gaseous, operating costs appear to be equally affected 
by the mass transfer coefficient of the target compound 
(16). The costs for removing low concentrations of tetra-
choroethylene (TCE) are nearly twice those for removing 
vinylidine chloride, a compound with a much higher 
Henry’s constant (17).

5.6. Conclusions
Based on the results of this study, the following parts 

can be expressed:
1- The ammonia degassing is a simple and suitable tech-

nology for higher concentration of ammonia.
2- Successful ammonia stripping efficiency is depen-

dent on initial pH and ammonia concentrations.
3- Lower pH cannot able to remove ammonium ions due 

to no change in NH3/NH4
+ equilibrium.

4- Ammonia and pH were seen as main affected factors.
5- Undesirable removal efficiency can be occurred in 

suitable pH (more than 10.5) in presence of lower ammo-
nia concentration.

6- To remove the lower amounts of ammonia in suitable 
pH, more time and higher aeration flow are required.
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