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ABSTRACT

An odor impact assessment had been carried out in order to evaluate the negative impact
on the population living in the neighborhood of Zhengwangfen wastewater treatment plant
(WWTP) in Beijing. The results indicated that the discharged NH; and H,S concentrations
were highest in the pretreatment and biological treatment units, while the discharged odor
index was highest in the pretreatment, biological, and sludge treatment units in the two
existing WWTPs. Using the method of the odor index evaluation for H,S and NHj;, we
concluded that the maximum concentrations of NH; and H,S in Zhengwangfen WWTP
were 0.0043 and 0.059 mg/ m3, respectively. On the basis of Gaussian point source diffusion
model, the maximum protective distance of different treatment units was 196.43 m, which
indicated that the 200 m setback distance for WWTPs, dictated by local regulation, appeared
to be sufficient under usual operating and normal weather conditions.

Keywords: Odor; Odor treatment; Wastewater treatment plants; Air emission; Environmental

impact assessment

1. Introduction

As the capital of China, Beijing covers an area of
1,6410.54 kmz, its population was about 20.693 million
in the year 2012. With social and economic develop-
ment, Beijing’s urban infrastructure is developing
rapidly. Over the past several decades, Beijing has
taken great efforts in wastewater treatment. However,
the newly built wastewater treatment plants (WWTPs),

*Corresponding author.

which used to be far away from downtowns, were
gradually surrounded by residential areas. During the
treatment process of WWTPs, emissions of disgusting
odors have a negative impact on the nearby local pop-
ulation. In particular, in the following conditions, such
as high humidity and stable atmospheric class, the
odors would be increasingly strong [1]. More and
more complaints about unpleasant odor emitted from
WWTP have continued to rise. Beijing Municipal Envi-
ronmental Protection Advocacy Center released sur-
vey results of the 10™ public environmental awareness
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survey in the year 2013. It showed that Beijing
residents were most concerned about air quality
accounted for 90.2%, while over 70% respondents who
lived nearby WWTPs said they had been influenced
by the odors.

WWTPs are public projects for environmental pro-
tection, which can reduce the discharge of hazardous
substances and wastewater emissions, and improve
the ecological environment. However, if not properly
managed, the processed liquid or gaseous waste will
generate malodorous compounds (e.g. ammonia and
aliphatic amines, sulfidric acid, mercaptanes and sul-
fides, aldehydes and ketones, organic acids etc.) in
WWTPs [2].

Some former studies have stated that the unpleas-
ant odors from WWTPs may cause the symptoms,
such as nausea, headache, lack of appetite, and more
seriously and rarely, other acute and even chronic
health effects [3,4]. Therefore, it is important to predict
and assess the odor emissions from WWTPs for pro-
tecting the human health. Different methods have
been applied to assess the odor emissions of WWTDPs.
A well-known tool for odor impact assessment and
prediction is odor emission factors [5]. Recently, a dis-
persion model was used to assess the odor emissions
from a WWTP through an inverse dispersion tech-
nique using ambient concentration measurements and
meteorological parameters as inputs [6].

In this paper, in order to ensure safety of the
neighborhood, an odor impact assessment process of a
WWTP was provided. Odor emission data in two
existing WWTPs (Xiaohongmen and Beixiaohe
WWTP) were used to predict the odor emission in
Zhengwangfen WWTP. Gaussian point source diffu-
sion model was used for assessing the suitability of
setback distance. Along with the collection and analy-
sis of data, it could be seen that the distribution and
diffusion of the odor of WWTPs could provide scien-
tific basis for the odor control in WWTDPs.

2. Materials and methods
2.1. Plant description

Planned Zhengwangfen WWTP, which treats
approximately 450,000 m*/d municipal sewage from
5,000,000 local inhabitants, is located in the south-west
area in Beijing city and occupies about 303,400 m? in a
flat. In this paper, the odor emission data in two
existing WWTPs (Xiaohongmen and Beixiaohe
WWTP) were used to predict the odor emission in
Zhengwangfen WWTP. Fig. 1 shows the site location
of Zhengwangfen, Xiaohongmen, and Beixiaohe
WWTPs in Beijing. The overview of above three
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Fig. 1. Site location of Zhengwangfen, Xiaohongmen, and
Beixiaohe WWTPs.

WWTPs are shown in Table 1. It can be seen that the
water and sludge treatment processes of three WWTPs
are basically the same in that all use the CAS and
ozone. Actually, the principle of the MBR is similar to
that of BAF + UF, which are all based on the biological
oxidation and retention of suspended solids. The main
theory of sludge treatment unit is anaerobic digestion
and dewatering. The capacity and area of
Zhengwangfen and Xiaohongmen is almost alike, the
location of them are all in the south and within the
fifth ring road of Beijing. At the same time, the influ-
ent quality of three WWTPs is municipal sewage
water. Therefore, it is feasible to make an analogy
with these two existing WWTPs.

The layout of Zhengwangfen WWTP is shown in
Fig. 2. It can be seen from Fig. 2 that the nearest resi-
dential distance from Zhengwangfen WWTP is 550 m.

2.2. Odor assessment

During the operation process of WWTPs, there
exists the possibility of odor emissions. In typical
large-scale WWTPs, the treatment processes mainly
include pretreatment, biological treatment, sedimenta-
tion, advanced treatment, disinfection, and sludge
treatment units. Most of odor emissions generally
come from the pretreatment and sludge treatment
units [7-9]. Odor emissions are caused by a wide
variety of components. Overall, there are three of
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Table 1
The overview of 3 WWTPs in Beijing
Capacity
No. WWTPs Founding time (10" m®/d) Area (m®) Treatment process
1 Zhengwangfen 2015 60 313,600 Wastewater: CAS® + MBR® + O5°
Sludge: Thermal hydrolysis + anaerobic digestion +
dewatering and drying
2 Xiaohongmen 2005 60 490,900 Wastewater: CAS + BAF! + UF°+ O3
Sludge: Mesophilic anaerobic digestion + dewatering
and drying
3 Beixiaohe 1990 10 58,500 Wastewater: CAS + MBR + O;

Sludge: Concentration + dewatering and drying

Cyclic activated sludge.
PMembrane bioreactor.
“Ozone oxidation.
9Biological aerated filter.
€Ultrafiltration.

categories compounds: sulfur-based compounds, such
as hydrogen sulfide, methyl mercaptan, and dimethyl
sulfide etc.; nitrogen-based compounds, such as
ammonia, diamines, and methyl indole etc; com-
pounds containing carbon, hydrogen, or oxygen ele-
ments, such as lower alcohols, aldehydes, and fatty
acids etc. According to the literature, the highest con-
centrations of odor emissions from WWTPs are ammo-
nia and hydrogen sulfide, while the maximum odor
intensity compounds are methyl mercaptan and
hydrogen sulfide [10,11]. These irritating odor gases
can endanger human health. In addition, H,S can
combine with oxygen in the air, after that it may be
oxidized to sulfuric acid under the action of sulfur
bacteria. It will lead to corrosion of concrete or cast
iron. Meanwhile, the high concentrations of sulfur-
containing and nitrogen-containing compounds can
inhibit the nitration reaction, which will reduce the
nitrogen removal efficiencies in WWTPs. Therefore,
H,S and NHj are used as the key elements in the field
of odor evaluation for WWTPs [12].

By monitoring the WWTPs odor, it can be seen
that the situation is constantly changing. Beijing
belongs to the warm and semi-humid continental
monsoon climate and has significant seasonal weather
conditions. Due to the changes in different seasons,
there are obvious differences for the WWTPs odor sit-
uation, which is much more serious in summer and
autumn than others. Therefore, the summer and
autumn is the optimal reason to control the WWTPs
odor to avoid complaints occurring [13]. In this paper,
the odors emitted from Xiaohongmen and Beixiaohe
WWTPs were detected in August and September of
the year 2013. According to the plant layout and pro-
cess characteristics in the factory district, there were

eight monitoring points in each WWTP, for odor
detection of four times a month. Thermometer,
hygrometer, barometer, and anemometer instruments
are used to monitor air temperature, air humidity,
atmospheric pressure, and wind speed, respectively.

In this paper, the odor emission impacts from
WWTPs are evaluated by odor index, the concentra-
tions and emission rates of H,S and NHj;. The collec-
tion and detection of odor samples are in accordance
with the triangle odor bag method (GB/T14675-1993)
[14], which has been described in the former study
[15]. Sampling on point source is collected by means
of a vacuum pump and a sampling bag realized with
a suitable material. H,S is analyzed by using methy-
lene blue spectrophotometric method and NHj is ana-
lyzed by using Nessler's reagent spectrophotometry
according to the Standard Analysis Methods of China
[16]. To predict the odor emissions from Zheng-
wangfen WWTP, the odor must first be quantified. In
this research, analogy survey method is applied to
quantify the odor source [17].

With regard to odor dispersion, it is mainly
affected by meteorological factors (i.e. season, atmo-
spheric conditions, such as wind speed and direction,
humidity, temperature etc.), and physical obstacles
(high buildings, tall and large trees etc.) [18]. Fig. 3
shows the annual and seasonal wind rises in Beijing
area, indicating an appreciable percentage (12.3%) of
the calm (windless weather or with the wind speed
less than 0.5 m/s at a height of 10 m in the air), with a
slight prevalence of Southwest winds. To predict the
odor impact on the surrounding environment and
human health, modeling has been accepted widely as
a useful tool for assessing the potential odor disper-
sion from WWTPs [19].
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Fig. 2. Layout of Zhengwangfen WWTP (G—grille, BR—blower room, AC—aerated grit chamber, PT—primary settling
tank, MG—membrane grille, BT /1-4—Dbiological tank, CT—clear water tank, G5—gas storage, AO—anaerobic ammonium
oxidation, SD—sludge drying, ST—sludge comprehensive treatment, DT—digestion tank).

Gaussian diffusion model is based on the statistical
theory of turbulence with a large number of experi-
mental data analysis and normal distribution assump-
tions. It is a kind of mathematical model that
simulates the spread of pollutants in the atmosphere,
including the Gaussian point source diffusion model,
a closed point source diffusion model, Gaussian sur-
face source (virtual point source) diffusion model, and
a variety of weather conditions, small and complex
terrain conditions. Due to its easy and small amount
of computation and high consistency between calcula-
tion results and experimental values, Gaussian diffu-
sion model has been widely used in various countries.

In Beijing, in order to prevent the spread of odors
from affecting the surrounding residents, municipal
administration claims that the unit of the WWTPs

must be covered all like vinyl resin plate, under which
the odor will flow to a chimney, then release to air.
Gaussian point source diffusion model was utilized to
estimate odor diffusion in this study [20].

3. Results and discussion
3.1. Odor source quantification

In order to ensure the representativeness of the air
sample and reduce the interaction between the odor
samples, the unified sample points were set at
approximately 1 m from above open surface of differ-
ent treatment units in WWTPs. Table 2 reports the
results of the odor concentration measurements for
each odor source being considered at each treatment
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Calm=14.6%

Fig. 3. Annual and seasonal wind rises in Beijing area.

phase. The comparison of the data showed no signifi-
cant differences between the concentration values that
were relevant to the same process step. The first

Calm=7.5%

column of each group represents the arithmetic mean
of the odor concentrations. In order to highlight the
variability of the data, the second column reports the
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Table 3
Estimated odor source strength in Zhengwangfen WWTP
NH; H,S
Concentration Emission Concentration Emission Odour
Units (mg/m®) rate (kg/h) (mg/m®) rate (kg/h) index
Pretreatment 0.53 2.7x107% 8.25 0.075 162
Biological 0.28 9.3x107° 0.05 8.7x107° 115
treatment
Advanced 0.12 82x107* 0.015 7.8x107* 29
treatment
Sludge treatment 0.125 9.6x107* 0 0 66
Residence \‘ ‘ | Rea!dmc;
i

/ ) 0005mg/m .
/ f‘. 0.0004mg/m* IIlI /
| i I| r————\
lootsarmn) | 0.0001mg/m?

[ | 0.0002mg/m* :
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|
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l |Il \; / I JII 'II
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Fig. 4. Estimated odor emissions: maximum air isoconcentration curves at ground level in the worst weather condition

(a) NH; and (b) H,S.
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Residence

Fig. 4. (Continued).

standard deviation of these values. The third column
refers to the emission rate of NH; and H,S in two
WWTPs. As shown in Table 2, the discharged NHj
and H,S concentrations are the highest in the pretreat-
ment and biological treatment units, while the dis-
charged odor index is the highest in pretreatment,
biological, and sludge treatment units in two WWTPs.
There are some inevitable reasons that the above treat-
ment phases require optimal residence time, tank
deepness, and anaerobic treatment process along with
controllable factors like inadequate aeration.
Considering the worst situation, based on the
measured data in two WWTPs, we estimated the odor

H,S

Table 4
The maximum protective distance of different treatment
units (m)

Units NH3 HQS
Pretreatment 0.14 196.43
Biological treatment 0.15 4.79
Advanced treatment 0.05 1.45
Sludge treatment 0.10 0

source strength of Zhengwangfen WWTP as follows
(Table 3).
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Fig. 5. The atmospheric environment protection distance of Zhengwangfen WWTP.

3.2. Odor emission prediction

Under the worst weather conditions (i.e. moderate
to extremely stable atmospheric conditions and slight
breeze), the Gaussian point source diffusion model
was used to estimate the maximum odor concentra-
tions from Zhengwangfen WWTP under normal plant
operating conditions, reported in Fig. 4.

Having applied the technical methods for making
local emission stands of air pollutants in China [21],
we determined the maximum protective distance of
different treatment units in Zhengwangfen WWTP
(Table 4).

In view of the atmospheric protection distance of
above treatment units, combined with the layout plan
of Zhengwangfen WWTP, the atmospheric environ-
ment protection distance envelope of Zhengwangfen
WWTP was determined with each treatment unit cen-
ter as a circle with the maximum protective distance
as the radius (shown in Fig. 5).

4. Conclusion

In this study, the odor emission impacts from
Zhengwangfen WWTP in Beijing were evaluated by
odor index. The odor source strength was quantified
using the analogy survey method according to the two
existing WWTPs. It is concluded that the discharged
NH; and H,S concentrations were the highest in the
pretreatment and biological treatment units, while the
discharged odor index was the highest in the pretreat-
ment, biological, and sludge treatment units in
WWTPs.

On the basis of Gaussian point source diffusion
model, the maximum concentration of NH; and H,S
from Zhengwangfen WWTP were 0.0043 and
0.059 mg/m?, respectively. The 200 m setback distance
for WWTPs dictated by local regulation appeared to
be sufficient in usual operation and under normal
weather conditions in the case of Beijing.
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