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Abstract: This paper presents the results of research on the effectiveness of treating COD and nitrogenous compounds by biological
treatment systems, using mobile media, the system is operated continuously in 4 different stages: Phase 1 with a hydraulic retention time
(HRT) of 6 h, phase 2 of 7 h, phase 3 of 8 h and phase 4 of 8 h, with addition of the microorganism substrate to the aerobic biological
tank and anaerobic. Aeration rates in different periods are respectivelyl Ln/L*min, 2 Ln/L*min, 3 Ln/L*min, 4 Ln/L*min. During the
operation of the system, the concentration of MLSS in aerobic tanks reached 2500 - 7210 mg/L, in anaerobic tanks reached 4000 - 8140
mg/L. The research results show that the COD, NH,;-N, NO;s-N, NO,-N content at the input of the system have the corresponding
values in the range of 100 - 230; 60 - 70, 0.226 - 0.330 and 0.032 - 0.072 mg/L respectively. In all 4 operation phases, at the outflow, the
content of COD remains negligible. In phase 4, after going through the treatment system, the removal efficiency of NH -Nis highest. Its
content is only 3.04 + 0.13 mg/L. The content of NOs -Nreaehe :02L.mg/L and the content of NO, -N reaches 0.01 + 0.001 mg/L.
The results show that this system can be used to treat COD and nttrogen compotinds_that meet the standards of domestic water and can

continue to develop this technology to provide-for placeg W cl‘T Strs scarce.

gorganism, ML

1. Introduction

Domestic wastewater is
discharged after use. Do

expensive.

In fact, there are many methods to trea ic wastewate A )

such as physical methods using “mem® 1’2 ical,

biological and combined methods. An appxopriafe hee ) :

method depends on many factors such as ollutart eValuatm e effectiveness of anaerobic and anaerobic
discharge load, climatic conditions, economic conditioTTs; toto glcal systems, under different retention time conditions,
actual status of treated materials and treatment objects, etc...  different aeration rates and conditions for adding biological
In particular, the biological treatment methods today are ~ media. Study, thereby evaluate the efficiency of the removal
being focused because it is relatively simple, of COD, NH," and TSS in the system and select the optimal
environmentally friendly, low operating costs and relatively conditions for the treatment of domestic wastewater in Co
high treatment efficiency. However, these methods mainly =~ Nhue Tu Liem District, Hanoi Vietnam.

handle pollutants that meet the standard to discharge into the
environment. (Kuschk, Wiessner et al. 2006, Crittenden,
Trussell et al. 2012).

2. Experimental

2.1 Chemicals
To meet the standard of domestic water, the pollutants in

domestic wastewater after treatment must have a content of  Chemicals used in the study include: NH, ,NO;,, NO,,

substances much lower than the discharge standard. To meet
this requirement, usually using reverse osmosis membrane
technology (RO), nano filtration (NF) or using ultrafiltration
membrane technology (UM) or plasma technology

However, these methods requires pretreatment and high
technology investment cost, in addition, the rate of

chlz, KI, NaOH, KN3C4H406.4H20, HzSO4, NH4C1,
KNO;, NaNO,, CH;COOH, NaOH, Phenol, o -
naphtylamin, EDTA, chemicals of Pa manufactured by
Merck, Germany. To determine COD, used HACH rapid
reagent (USA)
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2.2 Inflow wastewater characteristics

Domestic wastewater is taken from the domestic sewer at
the lane of 136 Ho Tung Mau, which is discharged from
daily activities of households, a part of water generated
from households doing business in food service.
Wastewater is collected at the time of relatively large
discharge, from 9-12 h or 16-18 h during the day of
sampling, then transferred to the laboratory for loading into
the treatment system.

The main parameters of domestic wastewater in CauDien
area — Hanoiwas measured, with concentrations of 125-158
mg/L TSS, 100-230 mg/L COD, 55.15- 68.55 mg/L NH, -
N, 0.04-0.08 mg/L NO;, -Nand 0.01-0.14 mg/L. NO5-Nto
feed for the treatment system.

2.3 Treatment system

The treatment system consists of 7 tanks: 1- Inflow—water

tank: made of PE material with a volume of20 liters. 2= *
Aerobic tank: cylindrical structure made-6t PVC ipl,
= 110 mm, height h = 70 cm, contarhing a adtivate
sludge, (substrate), volume of emipty is 3.7_L—Tt
amount of oxygen provided by the air pump conne

with filtration materials in¢luding 1-2
and activated carbon, the vyolume of e
Anaerobic tanks: height

inflow water tank. The flo
tanks is adjusted by the vilv

order to adjust the HRT of the §y}t€n ih :
with a HRT of 6 h, speed aekatio es 1 L
Phase 2 with a HRT of 7 h, acxatiog#€peed with

Ln/L*min. Phase 3 HRT of 8 h,\aerati

,-- with
of 4 Ln/L*min. Phase 4 HRT of 8l a;;.d wit
mifr

values of 4 Ln/L*min, with the addition_o
to aerobic and anaerobic biological tanks.

X T

S

Figure 2.1: Domestic wastewater treatment system used in

research (1- Inflow water tank; 2- Aerobic tank; 3, 5-

Reverse filtration tank 1 and 2; 4- Anaerobic tank; 6
Inflowwater storage tank 7- Sludge Flush valve)

Samples are taken daily at the inflow, outflow, aerobic,
anaerobic and in filter tanks, by cylinders and stored in a

neY:

sample vial made of polymer. Samples can be measured
immediately, or stored at -20°C.

2.4 Measuring methods

The inflow water flow is measured with a cylinder, COD
content is determined by COD reagent manufactured by
HACH USA, Compounds of nitrogen: NH,"-N, NO;-
N,NO,-N is analyzed by spectral methods of molecular
absorption, UV-VIS Optizen 2120UV, England.

3. Results and Discussion
3.1 Bacterial growth

The effeciency of contaminants treatment depends greatlyon
the content of bacteria in biological tanks. The results of
MLSS content analysis in the first 2 phases of system
operation are shown in figure 3-1 below:

The process of bacterial growth
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dily with time of operation.
e intreased from 2500 to 7210
4000 to 8140 mg/L. In phase
eral MLSS content in the system is

he
R @ 1S about 6800-8200 in aerobic
- 3}0 g/F. in anaerobic tanks. The results
eration, bacteria in both systems is very
iec'lly in the early stages of operation, in

t€ria content is stable, this content is
t. suitable for processing.

.2 COD removal efficiency

The efficiency of COD treatment in the system in different
phases is shown in Figure 3-2 below:

250 - Effects of COD removal

200
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Conc. of COD [mg/L]

0
Phase 4
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QAerotank
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QInflow

Figure 3.2: The content of COD in different operating
phases (phase 1 from 11 to 17/2; phase 2 from 19 to 26/2;

Phase 3

Anaerotank
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phase 3 from 26 to 30/2;phase 4 from March 2 to April 24,
2019)

The results show that the COD content of the input
wastewater is not stable, its value ranges from 100 - 230
mg/L. In phase 1 of the operation with a HRTof 6 h, its input
value is in the range of 174 - 220 mg/L. However, after
going through the aerobic tank, the content was only 63.00 +
11.13 mg/L. The results showed that, although the input
value fluctuated quite large, however, after treatment in the
aerobic tank, COD content was quite stable, the efficiency of
aerobic biological treatment was quite high. The process of
removing COD in an aerobic tank takes place as follows:

bacteria
(CH,0), + O,—— CO, + H,0 +Q (1)

The results indicated that, in anaerobic tanks, the COD
content was not detected, indicating that the system was able
to thoroughly treat COD under this condition. The process of
eliminating organic compounds in subsequent stages through

follows(Wang, Fan et al. 2014):
Met hangenase
(CH,0)y———— CH,4
Denitrifier

(CH,0), + NO, —— L0, + H,0 +
Denitrifier
(CH0), + NO5’

(CH,0), + SOy

Desunfurfcant

content was quite hig

making the
treatment efficiency quitg }

inate 100%.

In phase 2, when the H
speed of 2 Ln/L.min, th¢ i

only 54.54 + 3.91. In anaerobic tanks, COD is also
completely removed. In phase 4, with aHRT of 8 h and in
the two biological tanks added the substrate,the inflow
content of COD fluctuates the largest, its value is in the
range of 100 -230 mg/L. However, after the treatment
process in the aerobic tank, its content was only 50.43 +
19.65 mg/L. In anaerobic tanks, as in the 4 phases above, the
COD content was completely removed

The research results show that, during the operation of the
system, bacteriaactivates very well, the research system
gives very high and relatively stable removal of COD. The
content of COD after treatment can meet the standards of
domestic water.

3.3 Removal ofNH,*

Evaluation of the removal efficiency of NH,-N in the

system are shown in Figure 3-3. The results showed that,
during the study period, the content of NH4-N inflow
ranged from 55.50 to 68.50 mg/L, but at the outflow, its
content was only 2.06 up to 8.49 mg/L, depending on the
different stages.

In phase 1, the HRT of the system is 6 h, the aeration rate of
1 Ln/L.min, the input content of NH,'-N is in the range of
62.41 to 65.78 mg/L, however after wastewater passing
through the system, the content of NH, -N at the output is
only 7.31 + 1.00 mg/L (removal efficiency reaches 88.66%).
During operation, NH," content decreased with stages. In
aerobic tanks, the content of NH,"-N was only 28.71 + 3.29
mg/L, which corresponded to the removal efficiency of
55.49%. In anaerobic tanks, its content was only 10.60 +
0.73 mg/L, corresponding to a removal efficiency of
63.07%. At this phase, the system operation is still new, the
concentration of MLSS in anaerobic tanks is in the range of
2500 - 7210 mg/L, while in anaerobic tanks, the MLSS

rtent is higher, its content reaches 4000 - 8140 mg/L.

yet tomet the requirements. The
the system can be performed by the

Phase 3
Anaerotank EOutflow

Phase 1
olinflow BEAerotank

26 to 30/2;phase 4 from March 2 to
April 24, 2019)

akes place(Rashidi, GhaffarianHoseini et al. 2015):
C;H,NO, + 0, NH;" + CO, + H,0 (6)

Next to the nitrification process:
Nitrosomonas

NH4Jr + 02—> NO2_ + HzO (7)
Nitrobacter
N02> + 02—) NO3 + H20 (8)
There are also the Sharon processes(Lee 2003):
VsV
NH4Jr + NO3_—) N20 + Hzo (9)

I\II‘I4+ + NOZ_ + HCO3_ "‘I‘I+ — Nz +NO3_ + CH20 + H20 (10)

In addition to the above processes, assimilation of nitrogen
to create biomass takes place:
NH," + HCO; + CO, + H,0 = CsH;0,N + O, (11)

In an aerobic biological tank, the removal process takes
place mainly along the nitrification and Sharon/Anammox
pathways (Lee 2003). In anaerobic biological tanks, the
removal process is mainly based on the Sharon/Anammox
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path.

In phase 2, the system operates stable MLSS content is quite
high and stable in aerobic tank its content reaches 7780 -
8210 mg/L, while in anaerobic tanks its content is higher,
the value ranges from 8420 - 9370 mg/L.With the content of
bacteria is higher than phase 1, besides, the HRT is greater,
the air speed is greater, the amount of O, added to the
system is more, so the removal efficiency of NH,"-N is
better.The content of NH, -N in the aerobic tank was only
18.01 £ 0.93 mg/L, meanwhile, its inflow content is similar
to that in phase 1: 63.61 + 0.43 mg/L, corresponding to a
removal efficiency of 71.68%. In anaerobic tanks, the
content of NH,-N reached 9.42 + 0.47 mg/L, corresponding
to removal efficiency of 47.70%. At the outflow after the
filter, its content is only 5.71 + 0.31 mg/L, lower than phase
1. The results show that, when the HRT of the system is
increased and the amount of O,dissolved increases, the
treatment efficiency of NH, increases, the removal
efficiency of the system in this period reaches_91-62°
However, in this condition, the content of NF

the requirements of domestic water yet

content of bacteria is higher
HRT is greater, so the rg

anaerobic tanks HRT of 8 | 1th
addition of air oxygen at aeration\tate ‘f
phase in the presence of mlcroorga isths '

which helps the process of denaturation
compounds and nitrification process, so the treatment
efficiency increases.This is proved by: the content of NH,'-
N in the aerobic tank 13.90 £ 1.62 mg/L, corresponding to
the removal efficiency of 78.02%. Meanwhile, at the outflow
of anaerobic tanks, the content of NH,"-N was 2.73 + 0.41
mg/L. Thus, it can be seen that the removal efficiency of the
system reaches 95.67% and the content of such outflow can
meet the standards of domestic water. From the results of the
study, it showed that the operating conditions of the system:
the HRT of 8 hours, aeration speed of 4 Ln/L.min, with
additional media, MLSS content in biological tanks 7000-
9000 mg/L gives the highest NH," treatment efficiency and
its value meets the standards of domestic water supply.

3.4 Removal efficiency of NO, va NOj

Research results of NO,-N and NO;-N removal in the
system are shown in Figure 3-3 and Figure 3-4. Experiment

as not met .

results show that, in the studied periods, the content of input
NO,-N was in the range of 0 to 0.083 mg/L, the content of
input NO5™-N was in the range of 0 to 0.16 mg/L, however,
at its output, its content does not change significantly, its
value is 0 to 0.028 mg/L. In addition, according to different
stages, their content increases gradually, especially for NOs
in stage 4 has the highest increase. Comparing between
aerobic and anaerobic treatment tanks, in general, the
content of NO,™ and NOjs’in aerobic tanks is higher than that
of anaerobic tanks.

The results of the study indicated that, during operation
according to different retention times, different aeration
rates, and the addition of microorganisms, it did not
significantly affect the efficiency of the treatment. These two
types of compounds can be proved by their content in
treatment tanks, their value is lower than standard of
domestic water (see Figures 3-3 a and b).

an be explained, in all 4 phases of operating the
system in the_aerobic tank, the initial process of nitrification

1
COﬁl

ang, Fan\ et al. 2014),thereby not only
also remove NH," so the content

the system is 8 hours,

without microbiological
Effects of NO,™-N removal
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Figure 3.3: NO, removal efficiency (a) and NOs removal
efficiency (b) by different operation stages(phase 1 from 11
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to 17/2; phase 2 from 19 to 26/2; phase 3 from 26 to
30/2;phase 4 from March 2 to April 24, 2019)

In anaerobic tanks, the content of NO;-N and NO,-N is
lower than of aerobic biological tanks in all 4 phases of
operation (see Figures 3-3a and b). In anaerobic
environments, the removal of NO3;-N and NO,-N is mainly
through denitrification (see Equation 3,4) and Sharon
process(Lee 2003, Wang, Fan et al. 2014).Because their
input content in anaerobic tanks is quite low, their removal
efficiency in this tank is also quite low, the decrease of the
total nitrogen concentration in compounds NH,"-N, NO;™-N
and NO,-N in the aerobic tank in 4 different phases
respectively: 18.39; 9.13; 4.44 and 10.52 mg/L.After passing
through anaerobic tanks, their content is negligible,
particularly in phase 1, its content is only 0.03 £+ 0.001 mg/L
for NO;™-N and 0.03. + 0.006 mg/L for NO,-N. In phase 2,
its content is only 0.027 + 0.0017 mg/L for NO;-N and
0.021 + 0.005 mg/L for NO,-N. In phase 3, its content is
only 0.030 £ 0.005 mg/L for NO;-N and 0.015 y
mg/L for NO, -N. And in phase 4 with the addition of medla°

the content of NOjs'it increases to 0.626°+ 0.176 ‘W folJ
NO;-N and 0.023 + 0.007 mg/L for NO,-N Q\l

The results showed that the cofitent of NOj;apd” NO, aftér

economical efficiency.

4. Conclusion

system in combination wi
biological substrate. The

HRT of 8 hours, the aeratio
Ln/L.min, the content of COD,

for treating domestic wastewater into daily-lifé~wa
supply clean water on site for areas where water is scarce
such as mountainous areas and islands, and contribute to
reducing environmental pollution caused by direct discharge
of domestic wastewater.
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