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Abstract

Purpose: This study was conducted to develop a module with higher removal efficiency and effectiveness by adapting two or
more deodorization techniques for main cause of odor pollution exposed citizen living near water treatment facilities. Research
design, data and methodology: To consider the standard, unity, electrical wire, compatibility of detachable device by installing
two types of dry deodorization device within one module for easy replacement. Complex odor, H2S, NHs were collected from
sewage treatment facilities for evaluation of deodorization device. Results: Using the developed application in this study, removal
efficiency of complex odor, H2S, NHz were 93%, 100%, 82%, respectively. Conclusions: The H>S removal efficiency of
deodorization device was higher than bio-filter system, which were currently used by sewage treatment. Further, the device should

be considered for use in efficient odor removal system.
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1. Introduction

In Korea, complaints about odor continued to increase at
an average annual rate of 20% despite the enforcement of
the Bad Odor Prevention Act in 2005. In 2016, it increased
21 times compared to 2005, and complaints about odor in
the management area increased slightly. However,
complaints about odor outside the management area have
increased rapidly, accounting for 75.8% of the total
complaints (Ministry of Environment, 2021).

Odor complaints are on the rise, mainly because (Ko et
al., 2012) residents are closer to public treatment plants due
to the expansion of urban areas. The recent trend of
underground design of public treatment plants (Jang et al.,
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2017) is spreading in the metropolitan areas such as
Gyeonggi-Do, Seoul, and Incheon. The main reason is that
more efficient deodorization facilities are needed to cope
with the increasing environmental complaints of local
residents. In order to cope with the increasing number of
complaints about odors, observatories are installed to
dissipate and disperse the odor gas as a substitute for high
chimneys. However, since the installation cost of the
observatory is more than tens of billions of won, the cost is
burdened, so the need for economical odor reduction
technology is being developed. On the other hand, public
treatment plants such as sewage treatment plant, industrial
complex/wastewater treatment plant, food treatment plant,
sludge incineration plant, and livestock manure plant are
major places where odor reduction facilities must be
installed inevitably in the design, development, construction,
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and operation of cities and housing complexes. In the past,
public treatment plants were installed far away from the city
center and housing complexes, so there were fewer
complaints about odors.

However, recently, out of the old city center, various new
housing districts and private houses are being built in the
outskirts, such as near the existing public treatment plants.
With the recent trend of increasing awareness of
environmental issues among residents, the demand for
health and clean air is increasing. In order to respond to these
social changes, we intend to develop a complex reaction
modular deodorization facility applicable to sewage
treatment.

2. Literature Review
2.1. Characteristics of Odor in Sewage

Odor substances generated from sewage include
aldehydes, ketones, carboxylic acids, nitrogen compounds,
and sulfur compounds (Gostelow et al., 2001). The odor is
mainly caused by the mixing of volatile sulfur compounds,
volatile nitrogen compounds, and volatile fatty acids (Kim
et al., 2006). In particular, H,S and NH; are representative
sewage-related odor substances (Jiang & Tay, 2010). Sulfur
compounds such as H,S are mainly generated when sewage
is treated alone in a sewage treatment facility or a part of the
treated water generated from a manure facility is treated in
conjunction (Seo et al., 2013).Such H,S corrodes concrete
sewer pipes prematurely, and NH; is detected by
bioprocessing in water treatment facilities (Abalos et al.,
1999).In addition, H,S and NH; are colorless, harmful
substances with high toxicity, corrosiveness, and irritation,
and have very low initial values for odor detection (Kim et
al., 2002). Table 1 shows the odor intensity and
corresponding concentrations, odor detection initial values,
and threshold limit values (TLVs) of H,S and NH3 (Gandu
etal., 2021; Han et al., 2019; Kim et al., 2002).

In the odor generated from sewage, H,S has a positive
correlation (r=0.677, p<0.01) with the complex odor.H,S
mainly contributes to the formation of complex odors, and
there is no correlation between the two pollutants and NH3
(Lee et al., 2018; Ko et al., 2012).In livestock odor, NH3 has
a positive correlation with complex odor (R?>=0.64-0.642),
and when NH3 concentration is high, the compound odor
tends to be high (Sun et al., 2008; Yeo et al., 2019). In
addition, the complex odor is related to BOD (R>=0.956)

and COD (R?=0.985) (Zarra et al., 2012), H,S (R?>=0.978)
and NH; (R?>=0.991) are related to the flow rate of the
treatment plant (Alinezhad et al., 2019). It would be
desirable to conduct sewage-based odor research in
consideration of water quality factors in the future.

2.2. Reduction Method of Odor in Sewage

The main methods of sewage treatment are bio-filter,
bio-trickling filter, and bio-scrubber (Shammay et al., 2016).
The bio-filter adsorbs odor substances to the carrier filled
with soil and compost in the filter tower and then removes
them using microorganisms (Liang et al., 2016). The bio-
trickling filter inoculates the inert filler with
microorganisms in the wet scrubber, and the irrigation
solution containing nutrients is circulated and sprayed to
dissolve the odor substances in the sprinkling solution and
then treated biologically. The bio-scrubber consists of two
facilities: an absorption tower that dissolves odor substances
in water and a bioreactor that decomposes odor substances
dissolved in water (Won, 2007).

Bio-filter is a simple and inexpensive biological
treatment method that requires low capital and operating
costs, has effective removal performance and low pressure
drop for low-concentration malodorous substances, and
does not generate waste streams in the process. However,
the filter bed must be replaced every 2-5 years, and it is not
effective against high-concentration odor substances, it is
difficult to control humidity and pH, and the bed can be
clogged by fine dust. Bio-trickling filters, like bio-filters, are
also simple and inexpensive methods, have low medium
capital and operating costs, have low pressure drop, and can
effectively remove acid-generating contaminants, including
contaminants. However, if high concentrations of
contaminants and nutrients are increased, the filter bed may
become clogged as biomass grows (Barbusinski et al., 2017;
Won, 2007).

Bio-scrubber is composed of small volume devices, so it
is easy to control pH and temperature, there is no clogging
problem, and it has the advantages of suitable capacity
(Kennes & Thalasso, 1998). However, this method is
economical only for compounds with high solubility, and it
is difficult to obtain high treatment efficiency, can wash out
slowly growing microorganisms, and has disadvantages of
sludge disposal, complicated procedures in the beginning,
and high operating costs (Won, 2007).
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Table 1: Odor Intensity, Status, Corresponding Concentration of TLV of H2S and NH3

; f H2S(ppm) NHs(ppm)
S EAL L St Conc. | Odor thresholds | TLV-TWA | Conc. | Odor thresholds | TLV-TWA

0 None <0.0005 <0.15

1.0 Threshold 0.0005 0.15

15 0.0017 0.30

2.0 Moderate 0.0056 0.59

2.5 0.019 0.85

3.0 Strong 0.063 0.0011 10 2.35 0.037 25
3.5 0.21 4.68

4.0 Very Strong 0.72 9.33

4.5 2.39 18.62

5.0 Excessive strong 8.10 37.10

Note: Unit of odor thresholds is ppmv
3. Research Methods and Materials

3.1. Experimental Devices

Conditions

and Operating

3.1.1. Composition of Complex Module

Its main function is to improve on-site operation and
responsiveness of facilities with outdoor air variability
through complex module configuration compared to fixed
type facilities. In fact, the composition and environment of
complex odors are different depending on the site. In order
to solve the part where the efficiency of any deodorization
method is not stable, it is very important to configure two or
more deodorization methods to be variably applied to the
field. A module with higher deodorization efficiency and
field adaptability was constructed as presented in Figure 1.
This device constitutes a complex module by arranging two
types of dry deodorization equipment (catalyst, adsorbent) in
one module. It is designed to increase the responsiveness to
the components of complex odors and the environment, is
designed in consideration of specifications and electrical
wiring for easy replacement of internal parts.

190

Figure 1: Design of Complex Module for Odor Reduction

3.1.2. Design of Zigzag Air Flow

In order to maximize the deodorization effect, the design
method of expanding the contact area with the odor gas was
applied by studying the zigzag method from the existing
straight deodorizing airflow method. This design has higher
efficiency even when the same number of reaction modules
are installed. In addition, there is an effect of increasing the
residence time to obtain the time required for the conversion
of the intermediate oxide and Os into the O, and O clusters
as well as the increase of the contact area with the odor gas.
This device was designed to maintain the airflow speed of
0.4-1.0m/sec, lower than the normal photocatalytic
deodorization equipment airflow speed of 0.8-1.5m/sec
(Figure 2).

The straight-line facility type has a short period of time
for the gas to stay in the reaction room, so it moves to the
reduction room before the oxidation reaction is finished,
thereby reducing the deodorization efficiency. To overcome
this phenomenon, the interior was designed in a zigzag
shape, and the reaction room was designed to be long so that
the contact reaction time of the gas could be delayed. The
zigzag airflow design from the existing straight deodorizing
airflow method maximizes the residence time and contact
area of the odor gas. As shown in Figure 1, this device is
designed to minimize catalyst poisoning by avoiding the
frontal contact type, and it is judged that it is possible to
secure the time required for the conversion of intermediate
oxides and Os to O due to the increase in residence time.

>
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g

Figure 2: Application of Non-contact OxidationTechinque
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3.1.3. Application of Optical-based Reflection Technique

The inside of the equipment has a zigzag structure, and
a mirror reflector is installed inside to amplify the UV lamp
light source of the photo-catalyst using the principle of
specular reflection. When considering the amount of
reflection, diffuse reflection and diffuse reflection are
advantageous, but these two types of reflection have the
disadvantage that it is difficult to achieve an economical
effect because they require a coating of a different material,
so specular reflection is adopted. In addition, this was
configured to reduce ozone concentration to 0.07 ppm by
applying MnO, catalyst and CusS catalyst plate to lower than
0.1 ppm.

3.2. Research Methods

In April-May 2021, in order to confirm the effectiveness
of the deodorization facility with a treatment capacity of 80
m?/min for one sewage treatment facility located in Suwon-
City, Gyeonggi-Do, the complex odor, H»S, and NHj3
samples at the inlet were collected before application of the
device. A total of 5 samples were collected and analyzed.
After the application of the device, the complex odor, H,S,
and NH; samples at the outlet were irradiated the same
number of times, and the residual O3 samples were collected
and analyzed Stimes to confirm the reduction in O3
generation at the outlet. For complex odor, odor samples
judged to be of the highest instantaneous intensity were
collected within Sminutes from the outlet, site boundary, and
damage point. It was analyzed according to the air dilution
factory method according to the standard method of odor
compounds.

Panelists were determined by performing proficiency test
with 1.0 wt%-acetic acid, 0.1 wt%-trimethylamine, 1.0 wt%-
B-phenylethylalcohol. Dilution factor was calculated by
equation of air dilution olfactory method (National Institute
of Environmental Research, 2019). Sampling volume of air
samples for determination of H,S, NH3; was 10 L, H,S
samples were collected using the suction box method and
analyzed using GC/FPD according to the low temperature
concentration-capillary column GC method. When analyzing
sulfur compounds, GC-FPD method is more effective. The
advantage of using FPD is low interfering reaction with other
substances, selectively quantifiable in separation and
detection (Lee et al., 2009). Therefore, sampled air samples
were concentrated by using liquid gas until below -183 °C.
After allowing the refrigerants to desorb, this prepared
samples were injected into the GC (National Institute of
Environmental Research, 2018b). NH; gas was sampled by
using 0.5% Boric acid, then the solution was agitated with
sodium nitroprusside solution and sodium hypochlorite

solution. NH;3; concentration was determined by

measurement difference in absorbance of indophenol group
using a UV/Vis spectrometer at 640 nm (National Institute of
Environmental Research, 2018a). Residual O3 gas sampled
using the sampling pump with PTFE filter. Sampled O3 was
measured using the Ultraviolet Photometric Method
according to Standard Methods for the Measurements of Air
Pollution in Korea. O3 concentration was determined by
measurement of difference in absorbance of O3 in cell using
a light source selected by short wavelength ultraviolet (254
nm) with applying an optical filter(National Institute of
Environmental Research, 2021). Table 2 summarizes the
sampling media and analytical instrument in determination
of pollutants.

Since the number of data collected was too small, the
concentration of the contaminant was presented as the
median value. The performance of the deodorization facility
was calculated and presented according to the following
removal efficiency equation (1) (Shammay et al., 2016).

Cinlet - Coutlet

Removal Ef ficiency = B — X 100
inlet

(M

Cintet 1s the average concentration at the inlet, and Couyet 1S
the average concentration at the outlet.

Table 2: Sampling Media and Analytical Instrument Used in
this Study

Material _Sa!npling Analytical instrument
medial/instrument
Complex Suction box )
odor Polyester bag
GC/FPD
(GC-2010 Plus,
H:S Tedlar bag ShimadzuCorporation,
Japan)
Absorption liquid )
NH; (0.5 % Boric acid) UV-Vis spectrometer
Model 202, 2B (UV=1201,
odel £z, ShimadzuCorporation,
O3 Technologies Inc., ]
USA apan)

4. Results and Discussion

4.1. Levels of Odorous Pollutants before and after
Application of Deodorization Device

4.1.1. Levels of Complex Odor

The complex odor level at the inlet before the
deodorization facility was applied was 250-300 OU/m?, and
after the deodorization facility was applied, it was reduced
to 10-30 OU/m?, and the removal efficiency was 88-97%
(Figure 3a). The difference between before and after facility
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application is shown as a box plot in Figure 4a. The complex
odor concentration at the inlet is 300 OU/m?®, 48public
sewage treatment facilities in Korea (122-6,694 OU/m?),
sewage treatment facilities near Daegu Industrial Complex
(3.7-11.8 OU/m?), leather located in Ansan, Gyeonggi-Do
compared to the initial concentration of wastewater from the
manufacturing facility (3,000 OU/m?), a pig farm in
Chungcheongbuk-Do (5.5-448.1 OU/m?), and a pig factory
in Canada (818-3,822 OU/m?), the level was not low (Ko et
al., 2012; Lee et al., 2018; Jung et al., 2018; Yeo et al., 2019;
Sun et al., 2010). It was lower than the minimum value of
500 OU/m?, which is the minimum value of the complex
odor standard at the outlet, and the research target facility
was being managed. The compound odor concentration at
the outlet was 21 OU/m?, which was lower than the result of
applying the ultrasonic-air ejector pretreatment unit (120
OU/m?) (Jung et al., 2018).

4.1.2. Levels of Hydrogen Sulfide
The H,S level at the inlet before the deodorization

facility was applied was 0.29-0.56 ppm, and after the
deodorization facility was applied, it was reduced to 0 ppm
and the removal efficiency was 100% (Figure 3b). The
difference between before and after facility application is
shown as a box plot in Figure 4b. The H»,S concentration at
the inlet was 0.39 ppm, public sewage treatment facilities
(0-6.23 ppm), sewage treatment facilities (0-41.97 ppm),
leather manufacturing facilities (1.5 ppm), the H»S level of
the poultry farm in USA (0-0.005 ppm), Canadian pig farm
(0.017-0.041 ppm), and 0.06 ppm, the maximum value of
the designated odor substances, were higher than the level,
which was not low (Ko et al. , 2012; Lee et al., 2018; Jung
et al.,, 2018; Lee et al., 2020; Sun et al., 2010).The H,S
concentration at the outlet was not detected as 0 ppm.
Ionizer (108-139 ppm), adsorption tower (5.9-7.7 ppm),
combined deodorization device (4.4-15.8 ppm) through H,S
gas with a flow rate of 1.5 m*min (Lee et al., 2017),
ultrasonic-air ejector device (0.1 ppm) was lower than the
result of applying (Jung et al., 2018).
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Figure 3: Removal of Odorous Pollutants and Emission of Residual O3 by Deodorization Device.
(a) Complex Odor and (b) H2S and (c) NHs and (d) Residual O3
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Figure 4: Boxplot on (a) Complex Odor, (b) H2S, (c) NHs before and after Application of
Deodorization Device for the Investigated Sewage

4.1.3. Levels of Ammonia

The NHj3 level at the inlet before the deodorization
facility was applied was 0.12-0.16 ppm, and after the
deodorization facility was applied, it was reduced to 0.02-
0.03 ppm. The removal efficiency was 79-86% (Figure 3c),
and the difference between before and after facility
application is shown as a box plot in Figure 4c.The NH3
concentration at the inlet is 0.14 ppm, the NH3 level of the
Daegu sewage treatment facility (11.48-40.36 ppm), the
leather manufacturing facility in Gyeonggi-Do (0.6 ppm),
the pig farm in Chungcheongbuk-Do (6.0-20.7 ppm), and
the poultry farm in the United States (23+3 ppm), lower than
that of pig farms in Canada (7-22 ppm) but measured
concentration was higher than outdoor area of the center
office near the water regeneration center in Korea (0.1 ppm)
(Lee et al, 2018; Jung et al., 2018; Yeo et al., 2019; Lee et
al., 2020; Sun et al., 2010; Kim et al., 2021). It is lower than
the minimum level of 1 ppm among the standards for
designated odor substances, indicating that the research
facility is well managed. The NH; concentration at the outlet
through the deodorization facility is 0.03 ppm, and the
ionizer (9-21 ppm), the adsorption tower (11-16 ppm), and
the combined deodorizer (1-15 ppm) (Lee et al., 2017), and
the ultrasonic-air ejector device (0.1 ppm) was lower than
the result (Jung et al., 2018).

4.1.4. Levels of Residual Ozone

The residual O3 level at the outlet was 0.02-0.03 ppm
(Figure 3d), which was lower than the 8-hour average of
0.06 ppm among domestic air environment standards. In
Figure 5, the residual O3 level was slightly decreased or
increased in response to the increase or decrease of NHj3
(Kang et al., 2020).

4.2. Performance of Odorous
Deodorization Device

Pollutants by

Figure 6 summarizes the removal efficiency for
reduction methods of odorous pollutants (Morral et al., 2021;
Jung et al., 2018; Lee et al., 2017; Easter et al., 2005). The
performance was calculated by mean. The combined odor
removal efficiency by applying the deodorizing device was
93%. This performance was lower than application of soil
media (95%) to the bio-filter system and the ultrasonic-air
ejector pretreatment device (96%), but organic media (72%)
and inorganic/inert media (< 70%) in the bio-filter system
was lower than the applied performance results in this study.
The H»S removal efficiency applied to the device was 100%
that is more effective rather than bio-filter system (96-99%),
the ionizer (0-7.9%), an adsorption tower (92.7-95.4%), a
combined deodorizer (95%), an ultrasonic-air ejector
pretreatment device (93.3%). The removal performance of
NHj; by device for odor reduction was 82% that lower than
biotechnologies (94.4-94.5%), an ultrasonic-air ejector
pretreatment (83.3%), however, this efficiency was higher
than other odor reduction methods (51.4-79%).

However, performance of deodorazation device in this
study was performed without considering water quality
factor such as pH, BOD, COD. Further, we were not
considered operational parameter such as loading rate,
retention time (Kim et al., 2008). These factors is crucial for
the reduction of odor in water treatment.
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Figure 5: Levels of Odorous Pollutants and Residual O3

in Outlet of Sewage

5. Conclusions

Since the composition and environment of the complex
odor are different for each site, the effectiveness of the
deodorization method can be applied differently. Since it is
difficult to easily determine a suitable installation type to
deal with a complex odor, which is a combination of
chemical components, it is configured to variably apply two
or more deodorizing methods to the field. Therefore, it is
composed of a module with higher deodorization efficiency
and field adaptability. That is, two types of dry
deodorization equipment were installed in one module and
research was conducted considering the standard of parts,
standard unification, electrical wiring, and compatibility
with attachable and detachable devices so that they can be
easily replaced. The performance of the sewage complex
odor, H>S, and NH3 to which the deodorization facility
manufactured in this study was applied was 93%, 100%, and
82%, respectively, and the residual O; level was 0.02-0.03
ppm. Major substances generated by existing sewage
treatment facilities are complex odor, H,S, and NH3, and
most sewage treatment plants use biological processes to
treat them.

H,S Complex Odor

NH;

Ultrasonic-air ejector pretreatment device

Ultrasonic-air ejector pretreatment device

Ultrasonic-air ejector pretreatment device

Inorganic/Inert media with biofilter

Inorganic/Inert media with biofilter

Removal Efficiency(%)
10 15 20 25 30 35 40 45

0 5
This study

Organic media with biofilter
Soil media with biofilter

This study
Adsorption tower
Combined deodorizer

lonizer
Organic media with biofilter
Soil media with biofilter

This study
Adsorption tower
Biofilter

Biotrickling filter
Bioreactor

Combined deodorizer
lonizer

50 55 60 65 70 75 80 85 90 95 100

Figure 6: Performance Data for Reduction Methods of Odorous Pollutants in Water Treatment
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Although the removal performance of complex odor was
higher than that of the deodorization facility of this study,
the H,S performance was higher than that of the
deodorization facility, so it is thought that the inconvenience
of residents due to the bad smell caused by applying the
developed product to the sewage treatment facility will be
reduced. On the other hand, in the case of NHs, the
performance of the developed device was higher than that of
the ionizer and the adsorption tower, but it was not higher
than the combined deodorization device and the ultrasonic-
air ejector pre-treatment device. Hence, future research have
to be carried out to collect a large sample and to consider
water quality factor, operational parameter for improvement
of performance in deodorization device.
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