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ABSTRACT

This research focused on a method to minimize the chlorine used in dis-
infecting the anaerobic filter effluents of the Pranakorn Sri Ayuthya Hospital.
The reduction of chlorine demand in the anaerobic filter effluents by air-stripping
method was experimentally investigated using a pilot scale air-stripping tower. The
anaerobic filter effluents contain ammonia nitrogen in the range of 20—30 mg/L,
causing high chlorine demand in the chlorination process. The efficiency of
ammonia nitrogen removal in the air-stripping tower was investigated. It appeared that
the ammonia stripping process can reduce the chlorine dosage up to 60 percent
without wastewater pH adjustment.
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INTRODUCTION

Although wastewater treatment plants
which utilize biological actions are capable
of removing or destroying some of the
organisms originally present in the waste-
water, the discharge of a biologically safe
effluent can be assured only with adequate
disinfection. From the health control view-
point, disinfection process is one of the most
important processes taking place in the treat-
ment plant. Chlorine (Cl,) has been mostly
employed for disinfection of treated waste-
water effluent. The amount of chlorine
necessary for wastewater chlorination varies
with the amount of polluting substances, the
degree of disinfection to be accomplished,
and the temperature of wastewater. The high
concentration of oxidizable compounds in
the wastewater effluent, especially ammonia

nitrogen (NH;—N), significantly increases
chlorine demand in the disinfection process.

The amount of chlorine required to
reach breakpoint chlorination (or production
of residual free chlorine) is in the weight ratio
of 7.6 : 1 of Cl, : NH3-N; which is very
high. Such a high dose of chlorine appli-
cation -may result in the formation of un-
desirable ' trihalomethane compounds. To
prevent the build up of such compounds
and to reduce the chlorine demand, NH;-N
should be removed to some extent from the
wastewater prior to chlorination.

This paper presents results of a study
using pilot scale air-stripping tower to reduce
NHj-N from anaerobic filter effluents of the
Pranakorn Sri Ayuthya Hospital wastewater
treatment plant. The Pranakorn Sri Ayuthya
Hospital wastewater treatment system consists
of an Imhoff tank and four upflow anaerobic

m Pump sump

Imhoff tank
Anaerobic filters
[4) Chiorination tank
[5) Sludge drying beds
@ Control room

Figure 1: Wastewater treatment system of Pranakorn Sri Ayuthya Hospital, Thailand
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filters followed by a chlorination tank as
shown in Fig. 1. Since the main treatment
system is the anaerobic filter process, the
anaerobic filter effluent contains high levels
of NH;-N which significantly increases the
chlorine demand. Hence, it is necessary to
remove NH;-N before chlorination to reduce
the chlorine demand. NH3;-N removal may
be accomplished by physical, chemical or
biological means. Air stripping of NH;-N
is one of the effective physical methods to
remove ammonia from wastewater effluent.

Ordinarily more than 90 per cent of the
nitrogen in raw domestic wastewater is in the
form of ammonia or compounds from which
ammonia is readily formed. In wastewater,
either ammonium ions (NHZ), or dissolved
ammonia gas (NH3) or both may be present;
and NH;3;-N refers to the concentrations of
NH:+NH3. At pH 7, only ammonium ions
is true solution are present. At pH 12, only
dissolved ammonia gas is present, and this
gas can be liberated from wastewater under
proper conditions. The equilibrium between

NH; and NH; is represented by the equation
below.

As the pH is increased above 7.0, the re-
action proceeds to the right (CULP et al.,
1978). Once the ammonia is in the gas
phase, it can be released from solution by
passing the liquid through a stripping tower.
Hence the air stripping process was selected
for this study to remove NHj3-N.

EXPERIMENTAL STUDY

The experimental program dealt with
NH3;-N removal from the anaerobic filter
effluents using a pilot scale air-stripping tower
with and without adjustment of the anaerobic
filter effluent pH. The experimental unit
used for air-stripping of NH3;-N from the
wastewater consists of a tower with a fan
mounted on top as shown in Fig. 2. The
tower is connected with a stock tank from
which wastewater is pumped into the tower.
The quantity of the wastewater pumped into
the tower was determined from a rotameter
connected to the inlet pipe as shown in Fig.
2. The tower is packed with plastic media
of 50 cm depth.

The anaerobic filter effluent of the
Pranakorn Sri Ayuthya Hospital wastewater
treatment plant was used as the influent.

+ . . .
NH o rs*NH + H' (1) The influent wastewater pH was adjusted
using 0.1 N NaOH solution.
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Figure 2: Experimental set-up for air-stripping of ammonia from wastewater




NH;-N in the influent and effluent
samples were analysed by the distillation and
titration methods (STANDARD METHODS,
1985).

The effect of NH3-N removal from
wastewater on chlorine demand was investi-
gated by measuring the chlorine demand of
the anaerobic filter effluent (the influent of
the stripping tower) and effluent of the
stripping tower. The chlorine demand of the
samples were determined by measuring the
chlorine dosage applied and the total chlorine
residual. Total chlorine residual was meas-

ured by the DPD ferrous titrimetric
method (STANDARD METHODS, 1985).

RESULTS AND DISCUSSION

Table 1 shows the pH values and
NH;-N concentrations of the influent and
effluent of the air-stripping tower when the
wastewater flow rate was maintained at
8.2 L/min. As expected, the increase in pH
increased the percent NH3-N removal because
NH."was converted to NH; gas. As the pH
was increased from 7.6 to 10.5, the percent
NH;-N removal increased from 28.8 to 71.2
percent.

Table I: Experimental Results of Ammonia Stripping from Anaerobic Filter Effluent

Aj
Run e pH NH;-N Concentration,
NH;-N Removal,

N Rate, mg/L v

b m?>/sec Influent Effluent Influent - | Effluent

1 1.53 7.6 7.8 29.1 20.7 28.8

2 1.53 8.5 8.6 29.1 16.1 42.3

3 1.53 9.5 9.1 29.1 14.3 51.0

4 1.53 10.5 10.4 29.1 8.4 71.2

The amounts of NaOH required to

raise the wastewater pH (whose volume was
1,500 ml) are given in Table II. The amount
of NaOH required to raise the wastewater
pH up to 8.4 was 34.9 mg/L, whereas if the
wastewater pH was to be raised to 9.4 the
required amount of NaOH was 178.7 mg/L.
For maximum NH;-N removal, it would be
desirable to increase the pH to as high as 12,
because at this pH only dissolved NH; gas
is present. However, from an economical
point of view the amount of NaOH required
to raise this wastewater pH may be too high.
From Table II the amount of NaOH required
to raise the wastewater pH to 9.8, where
NH;-N removal efficiency was about 51%
(see Table I) was 266.7 mg/L. The average
flow rate of the Pranakorn Sri Ayuthya

of

Hospital wastewater system is 171 m?®/day.
So, the amount of NaOH required for this
treatment system (to raise the effluent pH
of the anaerobic filters to 9.8) will be 45
kg/day which is rather expensive for the
hospital.

As it appears from the data in Table II
that raising the wastewater pH to 8.2 may
not require so much quantity of NaOH, an
éxperiment was conducted to compare the
efficiencies of NH3;-N stripping between
without adjusting the wastewater pH and
with adjusting the wastewater pH to 8.2.
The NH;3-N removal by air-stripping in case
of without adjusting the wastewater pH was
35 percent, while with adjusting the waste-
water pH to 8.2 the NH;-N removal increased



Table II: Amount of NaOH Required to Raise the Wastewater pH*

Volume of 0.1 N NaOH Measureed pH Amount of NaOH
added, mL of Wastewater Required, mg/L
0.0 7.8 0.0
4.1 8.0 10.9
7.6 8.2 20.3
13.1 8.4 34.9
23.5 8.7 62.7
32.6 8.9 86.9
44.0 9.1 117.3
50.0 9.2 133.3
67.0 9.4 178.7
83.3 9.6 222.1
100.0 9.8 266.7
121.2 10.0 322.9
142.7 10.2 380.5
164.1 10.4 437.6
184.3 10.6 491.5
205.2 10.8 547.2
237.7 11.1 633. 9

*Volume of wastewater sample used = 1,500 mL

to only 38.1 percent. So there was not
significant advantage in the percent NH;-N
removal in the case of adjusting the wastewater
pH to 8.2.

The results of chlorine demand tests of
the influent and effluent of the air-stripping
tower without wastewater pH adjustment
and with wastewater pH adjusted to 8.2
are presented in Table III. For the influent
(i.e. the anaerobic filter effluent of the Prana-
korn Sri Ayuthya Hospital wastewater treat-
ment plant), the chlorine demand was 5.9
mg Cl,/L to keep the total chlorine residual
of 1.0 mg Cl,/L. After air-stripping without
wastewater pH adjustment, the chlorine
demand was reduced to 1.6 mg Cl,/L to keep
the total chlorine residual of 1.1 mg Cl,/L.
In case of wastewater pH adjusted to 8.2,
the total chlorine residual of 1.0 mg Cl,/L.

Assuming the reduction of chlorine
demand in the air-stripping tower used in this
study will be the same as that in the proposed

air-stripping tower to be installed at the
Pranakorn Sri Ayuthya Hospital wastewater
treatment plant, the comparative operating
costs of chlorination in the present treatment
system and in the proposed treatment system
with air-stripping tower are shown in Table
IV. The total operating costs of chlorination
system in the present treatment system to
maintain different total chlorine residuals
is presented in Table IV (A). The estimated
operating costs of chlorination system with
the provision of air-stripping tower without
wastewater pH adjustment and with waste-
water pH adjusted to 8.2 are shown in Table
IV (B) and 1V (C), respectively. The amount
of chlorine dosage required in the present
treatment system is 7.44 mg Cl,/L to keep
the total chlorine residual of 1.2 mg Cl,/L.
For the Pranakorn Sri Ayuthya Hospital
wastewater treatment plant, assuming a waste-
water flow rate of 171 m?/day, the operating

* cost of chlorination is estimated to be 102
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Table III: Measurement of Chlorine Demand in the Influent and Effluent of Air-
Stripping Tower without Wastewater pH Adjustment and with Wastewater
pH Adjusted to 8.2

INFLUENT
Volume of Volume of Chlorine Total Chlorine
Sample Used, Chlorine Dosage, Dosage, Chlorine Demand,
mL (53.2 mg Cl,/L) mg Cl,/L Residual, mg Cl,/L
mL mg Cl,/L
100 8 4.3 0.2 4.1
100 9 4.8 0.4 4.4
100 10 3.3 0.5 4.8
100 11 5.9 0.6 5.3
100 12 6.4 0.8 5.6
100 13 6.9 1.0 5.9
100 14 7.4 | . 6.2
EFFLUENT (without wastewater pH adjustment)
Volume of Volume of Chlorine Total Chlorine
Sample Used, Chlorine Dosage, Dosage, Chlorine Demand,
mL (53.2 mg Cl,/L) mg Cl,/L Residual, mg Cl,/L
mL mg Cl,/L G
100 3 1.6 0.6 1.0
100 4 2.1 0.8 1.3
100 5 2.7 1.1 1.6
100 6 3.2 1.2 2.0
100 7 3.7 s 0 i
100 11 5.9 2.6 3.3
EFFLUENT (with wastewater pH adjusted to 8.2)
Volume of Volume of Chlorine Total Chlorine
Sample Used, Chlorine Dosage, Dosage, Chlorine Demand, -
mL (53.2 mg Cly/L) mg Cl,/L Residual, mg Cl,/L
mL mg Cl,/L
100 2 i 0.4 0.7
100 3 1.6 0.7 0.9
100 4 2.1 1.0 1.1
100 5 2.7, 1.2 1.5
100 6 3.2 1.3 1.9
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Table IV: Estimated Operating Costs of Ammonia Stnppmg and Chlorination at The
Pranakorn Sri Ayuthya Hospital

A. Operating costs of chlorination for the present treatment system.

Total Chlorine " Chlorine Added, Chlorine Cost, Total
Residual, Baht/day” Operating
mg Cl,/L mg Cl,/L kg Cl,/day” Costs,

Baht/day
0.50 3,32 0.91 73 73
0.80 6.38 1.09 87 87
1.20 7.44 1.27 102 102

a Assume wastewater flow rate of 171 m>/day
b Assume 60 Baht/kg (60% Cl,)

B. Operating costs of ammonia stripping without wastewater pH adjustment and
chlorination for the proposed treatment system.

Total Chlorine Added, Chlorine Fan and Pump Total -
Chlorine mg Cl,/L | kg Cly/ Cost, Power Electrical® Operating
Residual, day* Baht/ (W) Power Costs Costs,
mg Cl,/1 day® (Baht/day) | Baht/day

0.60 1.59 0.27 22 800 38 60

0.80 2.13 0.36 29 800 38 ' 67

1.20 3.19 0.55 44 800 38 82

1.50 3.72 0.64 51 800 38 89

a Assume wastewater flow rate of 171 m>/day
b Assume 60 Baht/kg (60% Cl,)
¢ Assume 2 Baht/kW — hr

C. Operating costs of ammonia stripping with wastewater pH adjusted to 8.2 and
chlorination for the proposed treatment system.

Total Chlorine Added | Chlorine NaOH Added, NaOH Fan and Pump Total
Chlorine | mg Cl,/L | kg Cly/ Cost, |mg/L |kg NaOH/L| Cost, |Power| Electrical® Operating
Residual, day” Baht/ Baht/ | (W) | Power Costs | Costs,
mg Cly/L day® day*® (Baht/day) |Baht/day

1.40 1.06 0.18 14 20.27 3.46 104 800 38 156

1.00 2.13 0.36 29 20.27 3.46 104 800 38 171

1.30 3.19 0.55 44 20.27 3.46 104 800 38 186

a Assume wastewater flow rate of 171 m®/day
b Assume 60 Baht/kg (60% Cl,)

¢ Assume 22 Baht/kg (73% NaOH)'

d Assume 2 Baht/KW-hr.
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Figure 3: Estimated operating cost curve of chlorination at the Pranakorn Sri Ayuthya
Hospital to maintain different total chlorine residual

Baht/day. With the introduction of ammonia
stripping tower at the Pranakorn Sri Ayuthya
Hospital wastewater treatment plant, the
chlorine dosage required is expected to be
reduced from 7.44 mg Cl,/L to 3.19 mg
Cl,/L to keep the total chlorine residual of
1.2 mg Cl,/L. Accordingly, the operating
cost of chlorination can be reduced from
102 Baht/day to 82 Baht/day without waste-
water pH adjustment. If the wastewater pH
is raised to 8.2, this operating cost will
increase to 186 Baht/day, due to the addi-
tional cost of NaOH required for pH adjust-
ment, to maintain the total chlorine residual
of 1.3 mg Cl,/L.

The estimate operating cost curves of
chlorination at the Pranakorn Sri Ayuthya
Hospital with and without ammonia stripping
are shown in Fig. 3.

CONCLUSION

The conclusions obtained from this
experimental study are summarised below:
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1) The anaerobic filter effluents of the Pra-
nakorn Sri Ayuthya Hospital wastewater
treatment plant contain ammonia nitrogen
in the range of 20-30 mg/L with causes
high chlorine demand in the chlorination
process.

The efficiency of ammonia nitrogen
removal in the pilot scale air-stripping
tower used in this study depended mainly
on the influent wastewater pH. As the
influent wastewater pH increased, the
percent removal of ammonia nitrogen
increased. The maximum ammonia
nitrogen removal in this study was 71.1
percent when the wastewater pH was
raised to 10.5.

2)

3) It appeared that raising the wastewater
pH to a very high value (above 9) may be
inappropriate from the economical point
of view because of the large quantity of

chemical (NaOH) used.



4) At present, the chlorine dosage required
at the Pranakorn Sri Ayuthya Hospital
wastewater treatment plant is 7.4 mg
Cl,/L to keep the total chlorine residual
of 1.2 mg Cl,/L. With the provision of
an air stripping tower, the chlorine dosage
can be reduced to 3.2 mg Cl,/L (about
60% reduction) without wastewater pH
adjustment. When the wastewater pH is
raised to 8.2, the chlorine dosage can be
further reduced to 2.7 mg Cl,/L (about
65% reduction).

5) Based on the results obtained in (4), the
operational cost of chlorination at the
Pranakorn Sri Ayuthya Hospital can be
reduced from the present value of 102
Baht/day to 82 Baht/day without waste-
water pH adjustment to keep the total
chlorine residual of 1.2 mg Cl/L. If
the wastewater pH is raised to 8.2, this
operational cost will be increase to 186
Baht/day due to the additional cost of
NaOH needed for pH adjustment.
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