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Article info Abstract:

Through research and evaluation, we have some conclusions as follows:
Received:17/6/2024 1.The operation of the Oxidation ditch system in the first and second
Revised: 25/7/2024 months is not really stable. Ammonium parameters (NH4+) in wastewater
after treatment are very high at 19.13 to 19.42 mg/l, not meeting QCVN
14/2008 BTNMT. The parameters pH, BOD, TSS, TDS, Phosphorus,

total coliform, etc. in treated wastewater all meet allowed standards.
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2. After adjusting a number of operating parameters, the operation of

Keywords: the Oxidation ditch system in the months of March, April, May, June
Domestic wastewater is quite stable, good treatment, all parameters to evaluate the quality of
treatment, Oxidation wastewater after treatment such as NH4+, NO3-, pH, BOD, TSS, PO43-,
ditch; Aerobic total Coliform all meet QCVN 14/2008 BTNMT. 3. The organic matter
biological treatment; treatment efficiency of the Oxidation ditch system in the first six months
Anoxic biological of the year reached 83-100%. In January and February, the ammonium
treatment treatment efficiency is low, only reaching 39.6 to 41.9%, and in months

March, April, May, and June, the efficiency is high from 90 to 100%.
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X Iy nwdc thai sinh hoat,
Muong oxy hoa, MOT, Xu ly
sinh hoc hiéu khi, Xir Iy sinh
hoc thiéu khi

Dé qué trinh hoat dong ctia muong oxy hoa hoat dong dat hiéu qua
cao va 6n dinh viéc theo ddi diéu chinh cac thong s van hanh ciing
nhu d4nh gia chit lugng nude sau xir 1y 1a rat can thiét. Qua nghién
ctru danh gia ching t6i c6 mot s6 két luan nhu sau: 1. Hoat dong
ctia hé théng MOT trong thang thir nhét va thang thi hai chwa thyc
su 6n dinh. Théng s6 amoni (NH . )trong nudce thai sau st ly rét cao
14 19,13 dén 19,42 mg/l, khong dat QCVN 14/2008 BTNMT. Céc
thong sb pH, BOD, TSS, TDS, Phét pho, téng coliform vv & nudc
thai sau xur Iy déu dat quy chuin cho phép. 2. Sau khi diéu chinh
mot sb thong s6 van hanh hoat dong cua h¢ théng MOT trong cac
thang 3, 4, 5, 6 kha on dinh, xtr ly tdt, tat ca cac thong s6 danh gia
chét lurgng nudc thai sau xu ly nhu NH,", NO,, pH, BOD, TSS,
PO,*, tong Coliform déu dat QCVN 14/2008 BTNMT. 3. Hi¢u suét
xir Iy chat hitu co cta hé théng MOT trong séu thang ddu niam dat
83-100%. Thang 1, 2 hi¢u suat xir Iy amoni thap chi dat 39,6 dén
41,9%, cac thang 3, 4, 5, 6 dat hiéu sut cao tir 90 dén 100%.

1. Introduction

Oxidation ditch technology treats wastewater
according to the activated sludge principle
with aerobic and anoxic biological treatment
mechanisms to remove organic substances and
nitrogen in wastewater for the first time in 1950 in
the Netherlands, and has now been widely applied
in developed countries around the world such as

France, Belgium, Germany ...etc. Oxidation ditch
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technology chemical technology was transferred
to Vietnam in the 90s of the 20th century. In Thai
Nguyen province, Oxidation ditch technology
began to be applied in recent years._For the
Oxidation ditch operation to be highly effective
and stable, monitoring and adjusting operating
parameters as well as evaluating post-treated

water quality is essential.
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Based on the above reason, we conducted
research on the topic “Evaluation of the domestic
wastewater treatment capacity of the oxidation
ditch system at Gia Sang wastewater treatment
plant, Thai Nguyen city, Thai Nguyen province”.
To evaluate the ability to treat domestic
wastewater of the oxidation ditch system at Gia
Sang Wastewater Treatment Plant in Thai Nguyen
City, to detect the shortcomings and limitations
of the system when it was first put into operation,
thereby proposing solutions to overcome them,
ensuring the wastewater treatment system operates

effectively and stably.

2. Methods

- Directly survey and evaluate the operations
of the oxidation ditch technology system and
the operation of the treatment system. Adjust
operating parameters when detecting parameters
that evaluate the quality of the output water that

do not meet standards.

- Sampling time: January, February, March,
April, May, June.

- Untreated water sampling: on the second day
of each month; Water sampling location at the

reservoir.

- Treated water sampling of the oxidation ditch
system: 3 consecutive days at the end of each
month; Sampling location at the discharge of the

disinfection tank.

- The post-treatment results are calculated
based on the average of the parameters determined

on 3 consecutive days.

- Water samples were analyzed and tested at the
Center for Water Quality and Protection under the
Ministry of Natural Resources and Environment
(VILAS 1145-VIMCERT 218). Methods of
water sampling, preservation and transportation
according to current regulations of the Ministry
of Natural Resources and Environment - VILAS
1145-VIMCERT 218. Total dissolved solids

(TDS) are measured directly at the site using
SOP 01.05

- Testing parameters and testing methods are
according to current regulations of the Ministry of

Natural Resources and Environment.

- Monitoring parameters: pH, BODS, TSS,
TDS, H2S, NH4+, NO3-, PO43-, Y Coliforms of

wastewater before treatment and after treatment.

3. Results and discussion

3.1. Overview of oxidation ditch system
technology at Gia Sang Wastewater Treatment

Plant, Thai Nguyen city.

The technology used to treat wastewater of
Thai Nguyen city at Gia Sang Water Treatment
Plant is the oxidation ditch system, with a
designed treatment capacity of 8,000 m3/day
and night.

The oxidation ditch system has two modules
arranged in a zigzag pattern to increase ditch
length as well as reduce construction area.
Oxidation takes place along the length of the
raceway based on agitator disturbance and
direct aeration. Among them, there are two most

effective reaction areas:

+ In the air blowing area, aerobic
microorganisms will decompose organic matter
and perform the nitrification process of NH4+

radical into NO3- radical.

+ In the sludge mixing area, the wastewater is
completely mixed, increasing the contact between
the sludge and the waste stream, where the process
of reducing Nitrate (NO3-) to molecular Nitrogen
gas (N2) takes place.

+ The oxidation ditch system has two radial
settling tanks, two sludge dewatering machines,
an automatic monitor for parameters such as pH,
DO, EC of water, a channel system to measure
input and output flow and a disinfection tank. (the

disinfectant chemical here is javen).
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+ Domestic wastewater from the centralized
tank will be adjusted for pH and load if they
are too high or too low, then pumped into the
biochemical treatment system Oxidation ditch. At
the oxidation ditch system, wastewater is treated
by aerobic and anaerobic microorganisms, then the
treated water is pumped to a radial sedimentation
tank to separate sludge and pumped through a
disinfection tank before being discharged into the

environment.

3.2. Evaluation of the domestic wastewater
treatment capacity of the oxidation ditch system
at Gia Sang Wastewater Treatment Plant, Thai

Nguyen City

3.2.1. Evaluation of the domestic wastewater

treatment capacity of the oxidation ditch system

To evaluate the domestic wastewater treatment
capacity of the oxidation ditch system at the
Factory, we conducted monitoring of domestic
wastewater samples before and after treatment
in January, February, March, April, May, and
June. From the analysis results, we evaluated the
treatment capacity and stability during the trial

operation of the oxidation ditch system.

The monitoring results in Table 1 show that
the content of parameters of domestic wastewater

before treatment is mostly within the allowable

limits calculated according to column A of QCVN
14/2008. Only 3 parameters exceed the allowable
standards, which are BOD35, total Coliforms and
Amoni (by N): Amoni content (by N) is 31.68
mg/l, exceeding the allowable standard by 6.3
times; BODS is 73.1 mg/l, exceeding the allowable
standard by 2.4 times; total Coliforms is 4,275
MPN/100ml, exceeding the allowable standard by

1.4 times.

The results in Table 1 also show that the
quality of domestic wastewater after treatment by
the oxidation ditch system has been significantly
improved. In January, BODS decreased from 73.1
mg/l to 9.5 mg/l, Coliform decreased from 4,275
MPN/100ml to 950 MPN/100ml. In February,
BODS decreased from 72.6 to 9.54 mg/1, Coliform
decreased from 4,307 MPN/100ml to 1,163
MPN/100ml, within the allowable limit of QCVN
14/2008 BTNMT.

The ammonium content in the water after
treatment decreased in the months, but they were
still high at 19.13 mg/I to 19.42 mg/l and exceeded
the allowable standard by 3-4 times. This shows
that during the trial run, the ammonium content in

the water after treatment did not meet the standard.

Table 1. Results of domestic wastewater treatment

of the oxidation ditch system from January to March

January February March QCVN 14/2008
No | Parameters | Unit | Before After Before After Before After BTNMT
treatment | treatment | treatment |treatment| treatment |treatment (column A)

1 pH - 7.62 72 7.51 7.41 7.53 7.92 5-9

2 BOD; mg/l 73.1 9.5 72.6 9.54 153 <0.5 30

3 TSS mg/l 17.4 10.7 17.9 10.3 11.1 24 50

4 TDS mg/l 403 368 398 375 339 347 500

5 H,S mg/l 0.13 0.10 0.15 0.12 0,13 0.14 1.0

6 NH,* mg/l 31.68 19.13 3225 19.42 15,11 <0.1

94




Du Ngoc Thanh/Nol 10. No 4_August 2024| p.91-99

January February March QCVN 14/2008
No | Parameters | Unit | Before After Before After Before After BTNMT
treatment |treatment| treatment |treatment| treatment |treatment|  (columnA)
7 NO; mg/l <0.1 2.35 <0.1 2.37 0.28 8.79 30
8 PO43' mg/l 4.40 2.25 4.6 2.38 4.70 2.
9 | YColiforms | MPN/ 4,275 950 4,307 1,163 1,830 1100 3,000
100ml
Source: Research results
In March, April, May, and June, the nitrate (NO3) => NO2 => NO => N20 => N2

aerostrip was adjusted to operate stably and
at a suitable rotation speed for the anaerobic
treatment process of bacteria in the ditch

so that ammonium (NH4+) is converted to

evaporates. The results are also consistent with
the studies of Ben Alaya, Chang ZiGuo and Pen
Yongzhen, Xiaodi Hao.

Table 2. Results of domestic wastewater treatment

of the oxidation ditch system from April to June

April May June QCVN
X 14/2008
No | Parameters Unit Before After Before After Before After
BTNMT
treatment | treatment | treatment | treatment | treatment | treatment
(column A)
1 pH - 7.72 7.49 7.82 7.68 7.76 7.59 59
2 BOD; mg/l 153 2.6 <5 <0.5 12.6 <0.5 30
3 TSS mg/l 11.1 3.7 12.07 <1 10.4 <l 50
4 TDS mg/l 359 335 362 335 358 320 500
5 H,S mg/l 0.15 0.11 0.15 <0.1 0.16 <0.1 1.0
6 NH, mg/l 15.11 1.46 17.00 <0.1 10.1 <0.1 5
7 NO, mg/l 0.28 442 0.40 54 1.34 8.9 30
8 PO43’ mg/l 3.88 1.78 4.01 1.64 3.58 1.8
9 | YColiforms | MPN/100ml 1,830 1,326 1,700 970 1,580 1,020 3,000

The results of monitoring the input wastewater
in the months of April, May, and June in Table 2
show that the content of the monitored parameters
is mostly within the allowable limits calculated
according to column A of QCVN 14/2008 [5]. Only
the Ammonium content (according to N) in the
months exceeded the allowable standard by 2.0 -
3.4 times, this is also the most obvious characteristic
of domestic wastewater in urban areas with high

population density in the rainy season.

Source: Research results

The ammonium content in the treated water in
April decreased significantly from 15.11 mg/1 to
only 1.46 mg/l, meeting the permitted standard.
However, when comparing the ammonium
content in the treated water in April with that
in March, it was much higher. This shows that

the biochemical reactions of the oxidation ditch

system were not really stable.
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The ammonium content in the treated water in
May decreased significantly from 17.0 mg/1 to less
than 0.1 mg/I.

Nitrate content in treated wastewater in all
months increased higher than before treatment,
increased the most in June from 1.34 mg/I to 8.9
mg/l. The reason is that the biochemical oxidation
process of microorganisms occurred, converting a
large part of nitrogen in the form of ammonium
to nitrate. This form of nitrate nitrogen (NO3) has
not yet been completely converted into molecular
nitrogen (N2) during the treatment process due
to lack of oxygen to evaporate. However, the
remaining nitrate content in treated wastewater is
much lower than QCVN 14/2008 BTNMT.

Thus, after 6 months of operation, the oxidation
ditch system has gradually stabilized. The results
of the environmental parameters of domestic
wastewater after treatment such as BOD5, Amoni,
Coliform all meet QCVN14/2008 BTNMT.

3.2.2. BOD5 and Ammonium

efficiency in domestic wastewater of MOT system

treatment

To see more clearly the ability of the oxidation
ditch system to treat domestic wastewater, we
determined the treatment efficiency of the system
for some agents that can cause water pollution such
as organic matter and ammonium nitrogen. The

monitoring results are shown in the following tables.

Table 3. Treatment efficiency of organic matter
(according to BODS) in domestic wastewater

of oxidation ditch system

QCVN
Input | Output | Performance
Month mgh) | (mgn) %) 14/2008
m m
& ’ BINMT
1 73,1 9,5 87,
2 72,6 9,54 86,9
3 15,3 <0,5 100,0
30
4 15,3 2,6 83,
5 <5 <0,5 100,0
6 12,6 <0,5 100,

Source: Research results
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Table 3 shows that the organic matter treatment
efficiency of the oxidation ditch systemis relatively
stable over the months, ranging from 83.0-100%.
In April, the lowest treatment efficiency is 83%.
In January and February, the treatment efficiency
is 87%. In March, May and June, the treatment
efficiency is 100%.

Table 4. Ammonium treatment efficiency
(by N) in domestic wastewater

of oxidation ditch system

QCVN
Input | Output | Performance
Month (g | (mgh) %) 14/2008
BTNMT
1 31,68 19,13 39,6
2 32,25 19,42 41,9
3 15,11 <0,1 100,0
4 15,11 1,46 90,3 >
5 17 <0,1 100,
6 10,1 <0,1 100

Source: Research results

Table 4 shows that the ammonium treatment
efficiency (by N) in domestic wastewater of the
oxidation ditch system in January and February
was very low, reaching only 39.6 to 41.9%. This
shows that the adjustment of aeration to provide
oxygen for bacteria to convert nitrogen from
ammonium to nitrate in the aerobic biochemical

reaction zones in the ditch was not good.

After adjusting the aeration mode in March,
the ammonium treatment results of the oxidation
ditch in March, April, May, and June achieved
high efficiency from 90 to 100%.

Through determining the domestic wastewater
treatment efficiency of the oxidation ditch system
in 6 months, it shows that the technology has
gradually entered stable operation.

3.3. Existing problems and solutions to
improve the efficiency of the oxidation ditch
system at Gia Sang wastewater treatment plant,

Thai Nguyen city

Through the time of researching and monitoring

the operation of the oxidation ditch system at Gia
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Sang Wastewater Treatment Plant in Thai Nguyen
city, we have also drawn out some shortcomings
and solutions to keep the Plant operating stably.

3.3.1. Problems during operation

+ Preliminary treatment, some raw waste still

enters the inlet tank.

+ During the treatment process, primary
treatment is rarely used, only extended aeration is
used to nitrify and remove BOD. Here, extended
aeration is used to minimize sludge production
as well as provide a long period of time for

endogenous sludge reduction.

+ Long sludge retention time in the initial stage
to accumulate sludge to increase the number of
microorganisms.

+ In the first 2 months, the amount of oxygen
supplied for the biochemical oxidation process
was low, so the ammonium content was still high
in the water after treatment. In months 3, 4, 5,
and 6, to speed up the nitrification process, the
operator adjusted the aeration too high, leading to
a high nitrate content in the water after treatment,
which was not beneficial for the quality of the

output water.

+ Aeration equipment - Aire - O2, brush-type
rotating block, disc-type rotating block, Aerostrip
sometimes did not operate stably, the rotation
speed was not suitable for the substrate load in
the tank, which sometimes led to local oxygen

deficiency.

+ Automatic monitoring systems, the
connection between the treatment system and
the server in the operator’s house sometimes

disconnected for unknown reasons.

3.3.2. Remedial measures to improve the
efficiency of operating the oxidation ditch system
at Gia Sang Wastewater Treatment Plant, Thai
Nguyen City

From the above existing problems in the
operation of the oxidation ditch system at Gia
Sang Wastewater Treatment Plant in Thai Nguyen

City, we propose some measures to overcome the

existing problems and improve the efficiency of

the treatment system operation as follows:

+ Regularly check, at least twice a day, the trash
screen system at the inlet of the tank. Periodically
pump sand from the inlet wastewater tank to avoid
accumulation of sand at the bottom of the tank and

sand being sucked into the oxidation ditch.

+ Level 1 treatment only uses the extended
aeration method to nitrify and remove BOD, so
to ensure a suitable pH for microorganisms, it is
necessary to have an automatic neutralizing agent
injection mode during the process of pumping

wastewater from the tank to the oxidation ditch.

+ Long sludge retention time in the initial
trial run to accumulate sludge to increase the
number of microorganisms. Therefore, after stable
operation, it is necessary to recalculate the sludge
retention time to suit the input substrate content

and endogenous decomposition ability.

+ Ensure the amount of dissolved oxygen
supplied for the nitrification process right from the
beginning in the ditch to avoid the high ammonium

content remaining in the water after treatment.

+ To reduce the nitrate content in the effluent,
after a period of stable operation of the treatment
system, it is necessary to rebalance the number
of microorganisms belonging to the nitrification
group so that the amount of nitrogen in the two
forms of ammonium and nitrate remains in the

water at the lowest content.

+ Monitor and adjust the aeration equipment
- Aire - 02, brush-type rotating block, disc-type
rotating block, Aerostrip to operate stably, the
rotation speed is suitable for the substrate load in
the tank to evenly distribute oxygen to avoid local

oxygen deficiency.

4. Conclusion and Discussion

Through research, we have some conclusions

as follows:

1. The operation of the oxidation ditch system

in the first and second months was not really
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stable. The ammonium (NH4+) parameter in
the wastewater after treatment was very high at
19.13 to 19.42 mg/l, not meeting QCVN 14/2008
BTNMT. The parameters of pH, BOD, TSS, TDS,
Phosphorus, total coliform, etc. in the wastewater

after treatment all met the permitted standards.

2. The oxidation ditch system operated stably
in March, April, May, and June; all parameters for
evaluating the quality of treated wastewater such
as NH4+, NO3-, pH, BOD, TSS, PO43-, and total
Coliform met QCVN 14/2008 BTNMT.

3. The organic matter treatment efficiency of
the oxidation ditch system in the first six months
of the year reached 83-100%. The ammonium
treatment efficiency in January and February was
low, reaching only 39.6 to 41.9%. After adjusting
the aeration mode, the ammonium treatment
efficiency in March, April, May and June reached
high efficiency from 90 to 100%.
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