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The concentrations, and removal rates of five phthalate esters (PAEs) (dimethyl
phthalate (DMP), diethyl phthalate (DEP), dibutyl phthalate (DBP), diisobutyl
phthalate (DiBP) and di (2-ethylhexyl) phthalate (DEHP)) in the five
representative sewage treatment plants of Chaohu catchment were
investigated by season in this study. Our results showed that five PAEs were
ubiquitous contaminants in the five sewage treatment plants. Thereinto, the
contents of DiBP were significantly higher than that of the other four kinds of
PAEs, and the total concentrations of PAEs in the influents in summer
(17.51–33.93 μg L−1) were significantly higher than those in winter
(10.14–24.08 μg L−1). Different PAEs showed different removal efficiencies in
sewage treatment plants, and the orders of individual removal rates was as
follows: DMP > DEP > DBP > DiBP > DEHP. The total concentration of PAEs in
the effluent was relatively low in Chaohu catchment. The biochemical treatment
section of the sewage treatment plant contributed themost to the removal of total
PAEs, while the pretreatment and advanced treatment sections contributed less. In
addition, environmental temperature had an obvious effect on the biochemical
treatment process. Appropriate combined treatment processes could efficiently
improve the removal effect of PAEs in sewage treatment plants.
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1 Introduction

Phthalates (PAEs) are widely used as important additives in the plastics industry, and
they are synthetic organic compounds (Gani and Kazmi, 2016a). PAEs have been used as
plasticizers and additives for decades in the plastics production industry (Zhu et al., 2018), In
addition, they have a wide range of applications and are widely used in other industries, such
as cosmetics, flooring, pharmaceutical products and medical devices, among others (Tian
et al., 2018). The extensive use of PAEs not only changes product performance, but also
improves human life and living conditions (Gao and Wen, 2016).

However, Since PAEs as additives do not chemically bind to the substrate of
materials such as plastics, they are easily released from the substrate and then into the
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environmental media, such as water (Latini, 2005; Reyes-
Contreras et al., 2011; Paluselli et al., 2018; He et al., 2019),
soil (Wang et al., 2017; Wang et al., 2022), sediment (Kang et al.,
2016), air (Lu and Zhu, 2021), and so on. PAEs have estrogenic
activity, which will interfere with the normal endocrine function
of organisms after entering the body (Yirun et al., 2021;
Barbagallo et al., 2022). Besides, PAEs can easily bind to
hemoglobin molecules in human body, which may influence
erythrocytic function (Tan et al., 2017). China is a major PAE
consumer, accounting for more than 25% of the global PAE
consumption (Lu and Zhu, 2021). PAEs were ubiquitous in
water environment, and dimethyl phthalate (DMP), diethyl
phthalate (DEP), dibutyl phthalate (DBP) and di-(2-
ethylhexyl) phthalate (DEHP) were the most frequently
detected (Ding et al., 2019). The results showed that PAEs
concentrations were high in groundwater in the
United States, and the highest concentrations of DEP and
DBP were 147 and 50 μg L-1, respectively (Gani et al., 2017).
PAEs are reproductively toxic to aquatic organisms in aquatic
environments, which may also pose a potential threat to human
health (Wang et al., 2015). Hence, PAEs has been regarded as
one of the priority risk control pollutants in many countries. It is
of great significance to study effective removal methods and
reduce the discharge of PAEs into the water environment (Yang
et al., 2015).

The main sources of PAEs in sewage could mainly include the
industrial production of PVC products, the escape of various
PVC products in daily life, the use of various detergents and
disinfectants, the use of personal care products, the
sedimentation of PAEs in the atmosphere and the dissolution
of PAEs in municipal water supply and drainage pipes (Gani
et al., 2019). The activated sludge process and improved methods
are mainly used for domestic sewage treatment in China and
foreign countries (Chen et al., 2020). The traditional activated
sludge process has a certain removal effect on the PAEs in sewage
through the adsorption and degradation of aerobic
microorganisms, but the overall effect is not obvious
(Balabanič and Krivograd Klemenčič, 2011; Xu, 2017).

In this work, five PAEs (DMP, DEP, DBP, DiBP, and DEHP)
were investigated, in five typical sewage treatment plants with
different processes in the Chaohu catchment in different seasons,
and the concentration distribution of these PAEs in the influent/
effluent and each section of the sewage treatment plant was grasped.
The removal rules of PAEs in different processes and treatment
technologies were analyzed to provide technical support for
improving the removal efficiency of PAEs in the sewage of the
Chaohu catchment.

2 Material and methods

2.1 Reagents and materials

DMP, DBP, DEP, DiBP, DEHP, 3,4,5,6-deuterated DBP, 3,4,5,6-
deuterated DnOP and 3,4,5,6-deuterated DEP were all purchased
from AccuStandard Inc., NewHaven, Connecticut, USA. 3,4,5,6-
deuterated DnOP and 3,4,5,6-deuterated DEP were selected as
internal standards (IS), and 3,4,5,6-deuterated DBP was selected

as surrogate standard (SS). High-performance liquid
chromatography (HPLC) grade methanol, dichloromethane
(DCM), n-hexane (HEX), and pesticide grade acetone (ACE)
were all purchased fromThermo Fisher Scientific, Waltham,
Massachusetts, United States. Other reagents used in this study
were all purchased from Sinopharm Chemical Reagent Co., Ltd.,
Shanghai. Glasswarewas cleaned in an ultrasonic cleaner (FRQ-
1054ST, Hangzhou Farant Ultrasonic Technology Co., LTD., China)
and then dried. C18 solid phase extraction (SPE) columns (6 mL,
500 mg) were purchased from Supelco Co., Bellefonte, Pennsylvania,
United States. All chemical reagents were of analytical grade and
used without further purification. All the chemical reagents used
were excellent or analytical pure. Ultra-pure water was used
throughout the experiment.

2.2 Sample collection and pretreatment

Five representative sewage treatment plants in the basin were
selected, including Tangxihe Sewage Treatment Plant (TX), Zipeng
Sewage Treatment Plant (ZP), Industrial Sewage Treatment Plant of
Circular Economy Park (XH), Wangxiaoying Domestic Sewage
Treatment Plant (WXY) and Beilaoxu Sewage Treatment Plant in
Binhu (BH). Water samples were collected once a month with a
volume of 1 L per time from July to September (summer) and
October to December (winter) in 2020–2021. The detailed
information was included in Table 1.

PAEs were extracted from water samples based on the
method developed by He et al. (2019). The collected water
samples were filtered through a 0.45 μm fibre membrane
within 24 h. One liter of filtered water was infunded in a
brown glass bottle for PAE analysis. 200 ng of SS was added
into the prepared water. Water sample extraction and elution
were performed in a fully automatic solid-phase extraction
instrument (Activation: the SPE column was activated with
12 mL of a mixture of HEX and DCM(1:1), 6 mL of methanol,
and 6 mL of ultrapure water. Extraction: the water sample
containing SS was passed through the SPE column. Elution:
the target compounds were eluted with 18 mL of a mixture of
HEX and DCM (1:1) and repeated three times). The eluent was
dehydrated with anhydrous sodium sulfate and concentrated to
approximately 1 mL by quantitative concentrator (Buchi), and
stored in Teflon lined screw-cap glass vials until analyzed.

2.3 Sample analysis

PAEs were identified and quantified by gas chromatograph
mass spectrometer (GCMS TRACE1300) (Thermo Fisher,
United States). DB-5MS (30 m × 0.25 mm × 0.25 μm) capillary
column was used as the chromatographic column. The initial
column temperature was maintained for 1 min at 60°C, rising to
220°C at 20°C/min, then to 250°C at 5°C/min for 1 min, and finally
to 280°C at 200°C/min for 7 min. The sample volume was 1 µL
with a splitless inlet, the injector port temperature was 280 °C,
and high purity He (>99.99%) was used as carrier gas at a 1 mL/
min flow rate. EI was the ion source with a temperature of 300°C
and electron energy of 70 eV.
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2.4 Quality assurance and quality control

For sample collection, three parallel samples with procedural blanks
were processed for each quarterly sampling site, each sample was
measured 3 times, and the data obtained were all mean values. The
SS was added to the samples tomonitor the accuracy and precision of
the pretreatment and analysis process. The method recoveries for water
of the studied PAEs ranged from 73.5% to 101.3%. The instrument
detection limits (IDLs) ranged from 0.1 to 0.5 n g L−1.

2.5 Removal rate calculation

The following equation was used to calculate the Removal rate of
PAEs in the effluent of each section.

ŋ � Ci − Co( ) × 100% /Ci

The ŋ values were the removal rate of PAEs, these values were
expressed in %. Ci and Co values were the concentrations of these
PAEs in the influent and effluent of sewage treatment plants,
respectively, these values were expressed in μg·L−1.

3 Results and discussion

3.1 Concentration distribution of PAEs in the
influent

DMP, DEP, DBP, DiBP and DEHP were all detected in five
sewage treatment plants in the Chaohu catchment. The
concentrations of these PAEs in the influent of sewage treatment
plants in summer and winter are shown in Figure 1.

All the investigated PAEs were detected in the influent of each
sewage treatment plant. The contents of DiBP were significantly higher
than that of the other 4 kinds of PAEs. TheDiBP concentrations ranged
from 6.82 to 14.56 μg L−1, and the ranges of the other 4 kinds of PAEs
were 0.67–5.56 μg L−1 (DMP), 0.98–4.85 μg L−1 (DEP), 2.36–6.84 μg L−1

(DBP) and 1.42–7.17 μg L−1 (DEHP), respectively.
Among the five wastewater treatment plants, the XH is an industrial

sewage treatment plant, where DEHP concentrations in the influents
(7.17–7.40 μg L−1) were significantly higher than those of the other
4 plants (1.42–2.67 μg L−1). This might be because there are multiple
chemical enterprises in the water collection range of the plant, andDEHP
is currently the most widely used PAEs in the production process of the

TABLE 1 Sewage treatment plant process and layout of sampling location.

Name of Sewage Treatment Plant Treatment process Sampling location

Tangxihe Sewage Treatment Plant (TX) A2O+ MBR TX1: adjust the pool (AP); TX2: grit chamber (GC); TX3: A2O; TX4; MBR; TX5: drain
basin (disinfection basin) (DB)

Zipeng Sewage Treatment Plant (ZP) A2O ZP1: adjust the pool (AP); ZP 2: grit chamber (GC); ZP 3: A2O; ZP 4: settling basin
(SB); ZP 5: drain basin (disinfection basin)

Industrial Sewage Treatment Plant of Circular
Economy Park (XH)

SBR+ Fenton fluidized bed XH1: adjust the pool (AP); XH 2: air flotation pool (AFP); XH 3: SBR; XH 4: Fenton
fluidized bed (FFB); XH 5: settling basin (SB); XH 6: drain basin (disinfection
basin) (DB)

Wangxiaoying Domestic Sewage Treatment
Plant (WXY)

Anaerobic pool + improved
oxidation ditch

WXY1: adjust the pool (AP); WXY 2: grit chamber (GC);WXY 3: anaerobic pool (AP);
WXY 4: Improved oxidation ditch (IOD); WXY 5: settling basin (SB); WXY 6: drain
basin (disinfection basin) (DB)

Beilaoxu Sewage Treatment Plant in Binhu (BH) A2O BH1: adjust the pool (AP); BH 2: grit chamber (GC); BH 3: A2O; BH 4: settling basin
(SB); BH 5: drain basin (disinfection basin) (DB)

FIGURE 1
Percentage distribution of PAEs in the influent of sewage treatment plants in summer and winter (μg·L−1).
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chemical industry, which is used as a plasticizer in the PVC production
process to improve the flexibility of materials. By comparison, it was
found that DiBP showed a high concentration in both domestic sewage
and industrial sewage, which was similar to the results ofWu et al. (2019)
in Shanghai. This might be due to the increasing use of DiBP as a
substitute forDEHP andDBP because of the increasingly strict regulation
in recent years (Çifci et al., 2013). Although, at present, there are few
researches on the pollution level of DiBP in sewage treatment plants in
China, DIBP and DBP were the most abundant PAEs in Lake Chaohu,
and DIBP should attract more attention in the future (He et al., 2019).
The high concentration of DiBP in the influent indicates that DiBPmight
have become one of the primary PAEs pollutants in the investigated area.

Through analysis of PAEs content in the influent of all sewage
treatment plants in different seasons (summer and winter), the results
showed that the total concentration of PAEs in the influent in summer
(17.51–33.93 μg L−1) was significantly higher than that in winter
(10.14–24.08 μg L−1). Compared with DBP, DiBP and DEHP, the
influent concentration of DMP and DEP decreased significantly in
winter. This difference might be because the higher environmental
temperature in summer, the concentrations of these PAEs in the
influent of sewage treatment plants had great influence on temperature.

3.2 Concentration distribution of PAEs in the
effluent of each section

The concentrations of PAEs in the effluent of each section of the five
sewage treatment plants in summer andwinter are presented in Figure 2.

The concentrations of DBP, DiBP, DEHP, DMP, andDEP showed a
gradual decline in the effluent of each section of the investigated
treatment plants, indicating that each section had a certain removal
efficiency on PAEs (Figure 2). DiBP was still present in the highest
concentrations, with 3.04–5.92 μg L−1. In addition, the concentrations of
DBP andDEHPwere 1.38–2.79 μg L−1 and 0.96–3.10 μg L−1, respectively,
while those of DMP and DEP were between 0.20–1.43 μg L−1 and
0.38–1.45 μg L−1, respectively. These values were significantly lower

than the other 3 kinds of PAEs. Although the concentrations of PAEs
in the effluent havemet the existing discharge requirements (there are no
relevant discharge standards for DiBP and DMP), which does not mean
that it will not cause a hazard to the aquatic ecological environment
(Akinola et al., 2021; Zhang et al., 2021).

Previous studies have shown that the total concentrations of PAEs
in the effluent of sewage treatment plants in China were mainly found
in the range of 1–10 μg L−1 (Xu, 2017; Wu et al., 2019). The total
concentrations of PAEs in the effluents of sewage treatment plants in
the Chaohu catchment are similar to that in Jinan, Xi’an, Handan and
other cities (Xu, 2017), but lower than that in Qingdao, Shanghai and
Harbin, showing a relatively low level (Wu et al., 2019). However, in
developed countries such as the United States, France and Australia
(Dargnat et al., 2009; Clara et al., 2010), the total concentration of PAEs
in the effluent of sewage treatment plants does not exceed 10 μg L−1. In
the investigation on five kinds of PAEs in the sewage treatment plants in
Australian, the total concentration of PAEs was only 0.71 μg L−1 (Tan
et al., 2017), which was significantly lower than the levels of PAEs in the
effluent of sewage treatment plants in China. However, in developing
countries such as India, South Africa and Nigeria (Gani and Kazmi,
2016b; Salaudeen et al., 2018), the concentrations of PAEs in the
effluents mainly ranged from 10 μg L−1 to 100 μg L−1. In particular,
Olujimi et al. (2017) reported the levels of seven PAEs in the sewage
treatment plants of Nigeria reaching 56.10–129.08 μg L−1, which were
significantly higher than those in the other countries in the world.

3.3 Removal efficiency of PAEs in the
pretreatment section

The pretreatment structures mainly include grit chamber (TX,
ZP, BH and WXY) and air flotation pool (XH), the removal
efficiency of PAEs in the pretreatment section of each sewage
treatment plant is shown in Figure 3.

The removal rates of PAEs in the grit chamber of different
sewage plants are different (Figure 3), while DMP and DEP were not

FIGURE 2
Concentration of PAEs in the effluent of each section of the sewage treatment plants in different seasons (μg·L−1) (AP: adjust the pool, GC: grit
chamber, DB: drain basin, SB: settling basin, AFP: air flotation pool, FFB: Fenton fluidized bed, IOD: Improved oxidation ditch).
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removed in all the sewage plants except for XH. The total removal
rate of PAEs was between 0.02% and 3.63%, and the removal effect
was not pronounced. Even in some sewage treatment plants (TX, ZP,
BH), the contents of DMP and DEP in the effluent of the grit
chamber did not decrease but increased. This is mainly because
DMP and DEP are characterized by low logKow (1.47 and 2.38,
respectively), high water solubility (4,000 mg L−1 and 1,000 mg L−1,
respectively) and short alkyl chain length (1 and 2, respectively). In
the sedimentation process, DMP and DEP attached to suspended
sediment were easy to fall off in the water, leading to the
phenomenon that the contents of DMP and DEP increased
instead of decreasing.

The air flotation section of XH could remove most suspended
sediment and parts of organic matter in sewage. The removal effect
of PAEs was slightly better than that of the grit chamber, especially
for DEHP, the removal rates 18.09%–20.04%, were higher than
those of the other PAEs.

By comparing the results of different seasons, it was found that
there was little seasonal difference, which might be because the
pretreatment process was mainly physical process, and the removal
of PAEs in this section was less affected by water temperature.

3.4 Removal effect of PAEs in the
biochemical treatment section

3.4.1 Removal effect of PAEs by A2O and its
combined treatment process

The biochemical section of TX adopted an A2O+MBR combined
process, and the ZP and BH adopted A2O+ settling basin process,
and the PAEs removal rates in the biochemical section of the three
plants shown in Figure 4.

The A2O biological reactor tank and its combined section had
higher removal rates for DMP, DEP, DBP, and DiBP (Figure 4),
among which the removal effect for DEP and DMP was the most
significant, with the highest removal rates up to 93.2% and 89.6%,

respectively (summer, TX). The removal rates were followed by DBP
and DiBP, with 78.4% and 68.3%, respectively (summer, TX). The
removal rate of DEHP was relatively lower, with a maximum of
48.7% (summer, TX). The efficiency of biochemical treatment in TX
was the highestamong the three plants, with the removal rates of
total PAE of 76.1% in summer and 57% in winter.

By comparing the results obtained in summer and winter, the
A2O biological reaction tank and its combined process in the three
sewage treatment plants all showed higher removal rates of PAEs in
summer than in winter. This might be because the influent
temperature in winter would reduce the activity of
microorganisms in the reaction chamber, leading to a decrease in
the population and the enzyme activity of microorganisms
degrading PAEs, resulting in a lower removal rate and higher
effluent concentration of PAEs in the sewage (Gao et al., 2014).
In addition, no matter in what season, the removal effect of PAEs by
the A2O biological reaction tank of BH was better than that of ZP,
which might be because the influent concentration of PAEs in BH
was higher than that of ZP, the hydraulic retention time of BH (16 h)
was longer than that of ZP (13 h), and the effect of external
temperature was lower due to indoor operation.

3.4.2 Removal efficiency of PAEs by anaerobic +
improved oxidation ditch combined process

In the biochemical treatment section of WXY, the anaerobic +
improved oxidation ditch + settling basin combined process was
adopted. The PAEs removal rates of PAEs in this process is detailed
in Figure 5.

The improved oxidation ditch can remove DMP, DEP, DBP and
DiBP efficiently (Figure 5), especially for DEP and DMP, with the
removal rates of 76.9% and 70.3%, respectively (summer). The
removeal efficiencies were followed by DBP and DiBP, while the
removal rate of DEHP was relatively lower, with the maximum of
only 47.8% (summer). This result was roughly similar to the
situation of the A2O biological reaction tank and its combined
section. By comparing different seasons, it was found that the

FIGURE 3
Removal efficiency of PAEs in the pretreatment section of five sewage treatment plants in summer and winter.
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total PAEs removal rate in the improved oxidation ditch was higher
in summer (60.7%) than in winter (49.5%), indicating that the
process was also affected by external temperature.

3.4.3 Removal effect of PAEs by SBR+ Fenton
fluidized bed combined process

In the biochemical treatment section of XH, the SBR+ Fenton
fluidized bed + settling basin combined process was adopted. As
shown in Figure 6, in summer, the SBR reactor and Fenton fluidized
bed’s combined process had higher removal rates on DMP, DEP,
DBP and DiBP, with 92.1%, 89.0%, 64.8%, and 54.3%, respectively.
In winter, the removal rates were slightly decreased, reaching 80.0%,
76.5%, 49.5%, and 45.9%, respectively. The total PAEs removal rate
was 63.6% in summer and 53.4% in winter, exhibiting an obvious
seasonal difference.

3.4.4 Differences in biochemical treatment
segments

The removal rate of total PAEs in the biochemical treatment
section was noticeable. PAEs removal in the biochemical section is
performed mainly in two ways, one is the degradation of PAEs by
microorganisms, the other is the adsorption of activated sludge, and
the biodegradability of PAEs will gradually decrease with the
increase of its logKow. It is difficult to obtain a satisfactory
removal effect through biodegradation for PAEs with a logKow

greater than 4 (Meng et al., 2014). Therefore, DEHP with a
logKow of 7.5 might be removed mainly by adsorption into
activated sludge in this process (Zhao et al., 2017), and microbial
degradation is relatively limited.

Dealing with the A2O treatment process adopted by sewage
treatment plants in other areas in China, the removal effect of the
same kind of PAEs was significantly different. For example, the

FIGURE 4
Removal efficiency of PAEs by A2O and its combined treatment processes.

FIGURE 5
Removal efficiency of anaerobic + improved oxidation ditch
process.

FIGURE 6
Removal efficiency of SBR combined process.
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removal rate of DEHP was only 37% in the study on the Harbin
Sewage Treatment Plant (Gao et al., 2014). However, the removal
rate of DEHP by this process was as high as 90% in the study on the
Qingdao Sewage Treatment Plant (Wu et al., 2019). Xu (2017)
discovered in the study of Xi ’ Sewage Treatment Plant that the
removal rate of DBP by this process could reach 68%–94%,
consistent with the research results of this paper. Dargnat et al.
(2009) found in the study of a French sewage treatment plant using
the oxidation ditch process that the total removal rate of 3 kinds of
PAEs (DMP, DEP and DEHP) reached 84%. Gani and Kazmi
(2016a) studied 3 wastewater treatment plants in India
(traditional activated sludge process, SBR process and UASB
process) and concluded that the removal rate of total PAEs in
the 3 sewage treatment plants was in the range of 74%–83%.
While Salaudeen et al (2018). Studied 3 sewage treatment plants
in South Africa (traditional activated sludge process and oxidation
ditch process) and the removal rate of total PAEs reached 92%,
which was similar to the results in this paper. In conclusion, there are
many reasons that the same process has similar or different removal
efficiency, such as the location of the sewage treatment plant, sewage
composition, and sampling season. However, how these factors
affect the removal efficiency remain to be further studied.

By comparing the removal rates of total PAEs by three combined
processes in the biochemical section, it was found that the combined
treatment process of A2O+MBR and SBR+ Fenton fluidized bed
reaction system could efficiently improve the removal of PAEs by
sewage treatment plants.

3.5 Removal effect of PAEs in the advanced
process section

Different advanced treatment methods were adopted in the
investigated sewage treatment plants. TX used contact
disinfection basin, ZP used efficient settling basin + active sand
filter + ultraviolet disinfection canal, XH used tertiary sedimentation
tank + denitrification filter + rotating filter + disinfection basin, and
WXY used denitrification filter + disinfection basin and BH used

efficient settling basin + denitrification settling basin + ultraviolet
disinfection canal. Water samples were all collected at the
disinfection end. The removal rates of PAEs in this section are
shown in Figure 7.

The advanced treatment sections of TX and WXY had little
effect on the removal of PAEs (Figure 7). In summer, the removal
rates of total PAEs were only 1.7% and 2.1%, respectively. Although
a denitrification filter was added in WXY, it failed to improve the
removal efficiency. An efficient settling basin was added in the
advanced treatment section in both ZP and BH. However, the
removal rates of total PAEs were only 2.4% and 1.1% (both in
summer). Compared with TX andWXY, the removal rates were not
improved significantly. The advanced treatment section of XH was
the most complex compared with other plants, but the removal rate
of total PAEs was only 1.1%–1.6%, indicating that the removal of
total PAEs in the advanced treatment section was negligible.

The removal rate of total PAEs in the advanced treatment
section was not evident. Although many processes were used
(XH), the total removal rate was not significantly improved.

4 Conclusion

The investigated five PAEs were all detected in the influent of
sewage treatment plants in the Chaohu catchment, China, and DiBP
was dominant PAEs. The total concentrations of PAEs in the
influent in summer (17.51–33.93 μg L−1) were significantly higher
than in winter (10.14–24.08 μg L−1). The order of removal rates of
individual PAEs was DMP >DEP >DBP >DiBP >DEHP, and their
concentrations in the effluent accord with the current relevant
discharge requirements. The removal rate of total PAEs in the
biochemical treatment section was noticeable, the pretreatment
section and advanced treatment section contributed little, and the
environmental temperature had a noticeable influence on the
biochemical treatment process. The appropriate combined
treatment processes (A2O+MBR and SBR+ Fenton fluidized bed
reaction system) could improve the removal effect and stability of
PAEs in the sewage treatment plant.

FIGURE 7
Removal efficiency of PAEs in the advanced treatment section of the sewage treatment plants.
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