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Abstract
Sudden odor incidents occurring in the source water have been a severe problem for water suppliers. In
order to apply emergency control measures effectively, it is necessary to identify the target compounds
responsible for odor incidents rapidly. The present work identi�ed the odorants and explored emergency
disposal mechanisms for sudden and severe odors in the QT River's drinking water source (HZ city, China).
Medicinal, chemical, septic, and musty odors with strong intensities were detected in the source water. The
effect of conventional treatments of drinking water treatment plant (DWTP) on odors' removal was limited,
which was evident by the presence of medicinal, chemical, and musty odors with moderate intensities in
the e�uent of DWTP. Total seventeen odorants were identi�ed successfully in the source water of QT River
and the e�uent of DWTP. The measured OAVs and reconstituting the identi�ed odorants explained 87%,
87%, 89%, and 94% of medicinal, chemical, septic, and musty odors, respectively, in the source water of the
QT River and 90%, 87%, and 88% of medicinal, chemical, and musty odors in the e�uent. Styrene, phenol,
2-chlorophenol, 2-tert-butylphenol, and 2-methylphenol were associated with the medicinal odor, while
propyl sul�de, diethyl disul�de, propyl disul�de, and indole were related to the septic odor. Geosmin and 2-
methylisoborneol (2-MIB) were responsible for the musty odor, and cyclohexanone, 1,4-dichlorobenzene,
and nitrobenzene were involved with the chemical odor. Based on the characteristics of identi�ed odorants,
powdered activated carbon (PAC) was applied to control the odors in the QT River. The results indicated
that the medicinal, chemical, septic, and musty odors could be removed entirely after adding 15 mg/L PAC,
which effectively controlled emergency odor problems. Overall, the study would offer a scienti�c basis and
operational reference for emergency odor management and control in DWTP with similar complicated odor
incidents. 

Introduction
As a sudden and emergency event in drinking water source, odor incident is a severe problem for water
suppliers in many countries (Suffet et al. 2004; Yang et al. 2008; Guo et al. 2015). Some examples are Tai
Lake with complex odor in 2007 (Wuxi, China) (Yang et al. 2008), Elk River with licorice odor in 2014
(Virginia, America) (Sain et al. 2015), and olive oil odor event in drinking water in 2013 (Barcelona, Spain)
(Quintana et al. 2016). These odor incidents led to water supply cut off, aroused panic among consumers,
and provoked a stir in society (Suffet et al. 2004; Watson 2004; Yang et al. 2008). Compared to long-
standing odors with weak intensities caused by a microorganism, sudden odor incidents with strong
intensities in source water are more linked to industrial chemical spills (Watson 2004; Wang et al. 2019b).
Intakes of drinking water treatment plants (DWTP) are terminated of severe odors and contaminations in
the source water. Accordingly, more measures should be taken to protect public health (Watson 2004; Yang
et al. 2008). To effectively treat the severe odor incidents in DWTP, it is necessary to �gure out the target
compounds responsible for the odors because there are different emergency treatment technologies for
corresponding classes of odor-causing compounds. Activated carbon adsorption preferably removes 2-
methylisoborneol (2-MIB) and geosmin with musty/earthy odor, while oxidation easily removes thioether
compounds with septic/rancid odor (Guo et al. 2016a; Huang et al. 2020).
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Furthermore, the emerged odor incidents in the water matrix identi�ed as more severe and complex issues
in recent years (Yu et al. 2009; Sain et al. 2015; Li et al. 2019; Guo et al. 2020). The characterization of
odors and corresponding odorants in complicated odor incidents originated from industrial chemical
contamination, and spills have always been a challenge (Dietrich et al. 2015; Sain et al. 2015; Guo et al.
2016b). Once an odor incident breaks out, three-prong processes could be adopted by the water supply
company to control the odors effectively. These include sensory analysis to describe odor issues, chemical
analysis to determine the identities and concentrations of odorants, and treatment to minimize or remove
odors (Dietrich et al., 2014).

Generally, the gas chromatography with mass spectrometry (GC/MS), especially with olfactory port (GC/O),
identi�es the odorants in the water matrix (Yu et al. 2009; Guo et al. 2019b). Recently, with rapid
development in analytical technologies, the advanced chromatography and the detectors, including
comprehensive two-dimensional gas chromatography (GC/GC) with more separating power, time of �ight
mass spectrometry with more sensitivity, and triple quadrupole tandem mass spectrometry with high-
resolution ratio, are used to identify and determine indiscernible odorants in complex odor events
(Adahchour et al. 2008; Guo et al. 2016b; Wang et al. 2019a). Mainly, the combination of the above
technologies is a valuable and practical way to identify complex odorants. GC/GC had been used to
identify indiscernible odorants corresponding to olfactometry peaks evaluated by GC/O (Chin et al. 2011;
Guo et al. 2019b). Odor activity values (OAVs) and reconstitution tests con�rmed the identi�ed
compounds' odor contribution (Benkwitz et al. 2012; Guo et al. 2019a). The above approaches have
successfully identi�ed and con�rmed the odor-causing compounds in the food industries, including coffee,
wine, fruit, and the water matrix (Chin et al. 2011; Benkwitz et al. 2012; Guo et al. 2020).

There are several emergency disposal technologies for odor removal, including switching the odor water
source with a new water source and adding powdered activated carbon (PAC), potassium permanganate
chlorine, and chloramine (Ma et al. 2012; Omoike et al. 2019; Huang et al. 2020). According to the
characteristics of odor incidents and equipment facilities at DWTP, appropriate emergency disposal
technology and measures could be adopted for water suppliers for sudden odor incidents. Switching the
odor water source with a new water source is limited to certain places or cities with an alternate water
source (Hu et al. 2018). The addition of potassium permanganate is su�cient to control the growth of
odor-producing algae and remove colors and odors to some extent. However, the overdose of potassium
permanganate results in red-violet color (Ma et al. 2012; Omoike et al. 2019). Chlorination has some
removal effect on the odors caused by reductive compounds such as thioethers, thiols, etc (Ma et al.
2016). Notably, the musty odor caused by 2-MIB and geosmin could not be removed effectively by
oxidation of potassium permanganate, chlorine, and chloramine (Antonopoulou et al. 2014; Ma et al.
2016). Compared with the mentioned emergency technologies and measures, PAC has advantages such
as high removing e�ciency for different category odorants and low investment cost (Huang et al. 2020).
Thus, PAC is a practical approach to remove emergency odors for water suppliers and treat some source
water seasonal odor problems (Matsui et al. 2010; He et al. 2016; Huang et al. 2019; Huang et al. 2020).
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Serious odor problems suddenly emerged in drinking water supplies from QT River in HZ city, China, which
lasted one month approximately. Consequently, countless consumer complaints were received by
environmental protection agencies. The present study identi�es the odor-causing compounds and their
emergency disposal in DWTP using conventional processes, including coagulation, sedimentation, sand
�ltration, and chlorination, to clarify and control the unfamiliar odor problems. The study has attempted to
identify target odor-causing compounds and take emergency measures. The present work would offer a
scienti�c basis and operational reference for DWTP's emergency odor management for sudden odor
incidents.

Materials And Methods
Chemicals and reagents

The authentic standards of odorants of the highest purity level, as shown in Table S1, were purchased
from Sigma-Aldrich (USA). Solvents and reagents, including dichloromethane, methanol, and alkanes (C7-
C30), of HPLC grade, were purchased from Supelco Co. (USA). Ultrapure deionized water was obtained
through a Milli-Q puri�cation system (18MΩ*cm).

General situation of odor incident

Since December 10th, 2013, serious odor problems suddenly emerged in drinking water supplies from QT
River in HZ city, China, and lasted approximately one month (Table S2). On the �rst day of the odor
outbreak, the environmental protection agency received 112 complaints from consumers. The
identi�cation of odor-causing compounds and urgently disposal of odors by PAC were conducted for
clarifying and controlling this abnormal odor problems immediately. Until January 10th, 2014, the upstream
pollution source was identi�ed and closed. Subsequently, the PAC addition was stopped and ended the
odor incident.

Sampling and preparation

The study investigated the source water and e�uent of QT DWTP when the odor incident occurred. QT
DWTP adopted conventional coagulation, sedimentation, sand �ltration, and chlorination and used QT
River as the water source. Amber glass bottles (one liter) were �lled with the water samples from source
water and e�uent of DWTP. Water samples were immediately transported to the laboratory using an
insulated box with ice bags to maintain the temperature below 4 °C. Flavor pro�le analysis (FPA) evaluated
the odor characteristics. Also, the pre-concentration of liquid-liquid extraction (LLE) and the instrumental
analyses, including GC/MS/MS, GC/O, and GC/GC, was accomplished (Guo et al. 2016b; Wang et al.
2019a). The previous study considered the effect of collecting and transporting water samples on
odorants' variation based on speci�c measures, including amber glass bottles, insulated boxes, ice bags,
etc., to prevent the change in water quality. However, the sensory evaluation and odorant analysis between
in-situ experiments and laboratory operations indicated no signi�cant differences (Guo. 2016c). In the
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present study, each water sample was analyzed in parallel, and the concentrations of identi�ed odorants
were averaged for the duplicate analyses.

Sensory analysis

The FPA evaluated the odor characteristics of water samples (APHA, 2005). Seven-point scales from 1 to
12 described the odor intensity explained as 1: threshold value, 2: very weak odor intensity, 4: weak odor
intensity, 6&8: moderate odor intensity, 10&12: strong odor intensity. The panelists were carefully screened
and trained to guarantee the accuracy of sensory analysis. 3–6 non-smokers with normal olfactory
function are usually recommended in the method. In this study, 8–10 panelists with ages between 24 and
45 years conducted the sensory analysis of odors. The training and procedures could be found in Standard
Methods for Water and Wastewater (APHA, 2005). The 3-alternative forced-choice (3-AFC) method
determined the odor threshold concentration (OTC) of the related odor-causing compound (ASTM, 1997).
The odor evaluating panelists also assessed the water sample extracts passed through GC-O/MS.

Odorants' analyses by GC-O, GC/GC, and GC/MS/MS

The GC/O and GC/GC analysis identi�ed the odorants in source water and e�uent of DWTP with QT River
as a water source (Guo et al. 2016b). The GC/MS/MS performed the odorant's quantitative analysis (Wang
et al. 2019a). Odor activity value (OAV) and reconstitution test evaluated and con�rmed the detected
odorants' contributions to the whole odor pro�le (Benkwitz et al. 2012). The odor contribution ratio of
reconstituted sample to primary sample was calculated by dividing the speci�c odor intensity of
reconstituted sample by the corresponding odor intensity of the primary sample.

Emergency control of odor problems occurred in QT River for DWTP

For emergency management and control of the odor problems in the QT River, laboratory batch tests of
activated carbon adsorption of odors were conducted. 0 mg/L, 5 mg/L, 10 mg/L, 15 mg/L, and 20 mg/L of
PAC (F325) were added in 500 mL source water samples from QT River in conical �asks and oscillated for
30 min at 150 rpm/min frequency. The FPA performed the sensory analyses of the source waters in the
conical �asks to evaluate the effect of PAC on odor removal. Finally, the optimized PAC dose of 15 mg/L
was supplied to the DWTP and added to the coagulation process's water intake. The FPA evaluated the
sample collected from the DWTP e�uent to realize PAC's emergency odor control effect.

Results And Discussion
Odor characteristics of source water and e�uent of DWTP

Fig.1 shows the odor categories and intensities of source water and e�uent from QT DWTP. Four odor
categories, including medicinal, chemical, musty, and septic odors, with intensities of 11~12, 11.4~12,
10.7~11.7, and 11.3~11.9, respectively, were detected in source water, suggesting severe and complicated
odor characteristics in the QT River. After conventional coagulation, sedimentation, �ltration, and
disinfection, the odor characteristics were changed to medicinal, chemical, and musty odors with
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intensities of 6.4~9.2, 6.7~9.7, 6.8~9.2, respectively. Odor intensities of source water reached a strong
scale (the maximum odor intensity), while odor intensities of e�uent reached a moderate scale, indicating
the critical odor situations in the QT River. Generally, musty odor is associated with the metabolism of
microbes such as algae and bacteria activities (Li et al. 2012a; Zhang et al. 2013; Li et al. 2018), while
medicinal, chemical, and septic odors are more related to exogenous pollutions (Suffet et al. 2004; Watson
2004; Agus et al. 2012). The odor characteristics are further elaborated with odor-causing compounds in
the next section.

Odorants identi�ed in source water of QT River and e�uent of DWTP

Sensory evaluation of source water and e�uent from DWTP located at QT River detected medicinal,
chemical, musty, and septic odors with moderate or strong intensities (Fig. 1). It is noteworthy that the
GC/O detected more olfactory odor peaks, as shown in Fig. 2, 3, and Table 1. Fourteen olfactory odor
peaks, including four medicinal peaks, three chemical peaks, two musty peaks, four septic peaks, and one
�shy peak, were detected in the QT River source water. Post conventional processes, there were still nine
olfactory odor peaks, including four medicinal peaks, two chemical peaks, two musty peaks, and one �shy
peak, detected in the e�uent of DWTP. The GC/O detected olfactory odor peaks were almost consistent
with the sensory evaluation outcomes. Among identi�ed olfactory odor peaks, peak number (No.) 6, 7, 8,
11, 13, and 14 were all detected both in the source water and e�uent, while, No. 1, 2, 3, 4, 5, 9, 10, 12 were
only identi�ed in the source water, and No. 15, 16, 17 in the e�uent. Total seventeen olfactory odor peaks,
including �ve medicinal peaks, four chemical peaks, two musty peaks, four septic peaks, and two �shy
peaks, were detected in the QT River source water and DWTP e�uent. The GC/GC analysis (Fig. S1)
successfully screened and identi�ed seventeen odor-causing compounds (Table 1), corresponding to the
GC/O detected seventeen olfactory odor peaks.

Table 1 shows the identi�ed relevant odorants for medicinal peaks No.1, 6, 7, 13, and 17 as styrene, phenol,
2-chlorophenol, 2-tert-butylphenol, and 2-methylphenol, respectively. Usually, phenolic odorants with
medicinal odors associated with agriculture and industry are frequently detected in drinking and
wastewaters (Davi et al. 1999; Agus et al. 2012). Especially, 2-tert-butylphenol, which is a typical industrial
product of antioxidant, medical intermediate, pesticide intermediate, perfume raw material, etc., has been
detected as a typical odor-causing compound in the cross-linked polyethylene pipes used for drinking
water supply (Liu et al. 2017; Kalweit et al. 2019). The studies reported that the phenolic compounds
detected in the source water are related to industrial sewage discharge (Chen et al., 2018). Fortunately,
these compounds are rarely identi�ed in the source and �nished waters without industrial contamination.

The chemical odors for olfactory peaks No. 3, 8, 9, 15 were identi�ed as cyclohexanone, 1,4-
dichlorobenzene, nitrobenzene, and cis-3-hexenol. Benzene compounds are usually deemed essential
chemical products and mainly obtained from coking, gasoline, and petroleum industries (Botalova et al.
2009). In contrast, cyclohexanone and cis-3-hexenol mainly involved with industrial solvents, additives for
perfumes, and wastewater discharge (Mayuoni-kirshinbaum et al. 2012; Sheng et al. 2016). The odor
descriptor for cis-3-hexenol reported green, grassy, melon rind-like with a pungent freshness (Watson.
2004). However, the olfactometry peak descriptor reported grassy, chemical, plastic by the FPA panel. The
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results might be related to odor characteristics' variation at different impact factors such as exposed
subjects, naïve subjects, and concentration of odorants (Gallagher et al. 2015; Guo et al. 2019a).

The septic odor peaks of No. 2, 5, 10, and 12 were identi�ed as propyl sul�de, diethyl disul�de, propyl
disul�de, and indole. In the preceding odor studies across China, thioethers were discovered as signi�cant
septic/marshy odor-causing compounds (Guo et al. 2015; Wang et al. 2019b). These septic odor
compounds were mainly associated with domestic pollution, industrial sewages, agricultural operations,
etc (Schiffman et al. 2001; Liu et al. 2012; Lu et al. 2013). 

The detection of various arti�cial compounds, such as phenols, benzenes, sul�des, etc., indicated that the
water matrix of QT River was suffered from exogenous pollutions (Hu et al. 2020; Liu et al. 2021). The QT
river is situated near the most agricultural, urban, and industrial areas in China, resulting in easy water
contamination by exogenous pollutions. Supplementary protection procedures need to be adopted to
alleviate the future risk of odor occurrence in the QT River. Signi�cantly, the polluting factories should
strictly adhere to the e�uent standards. Also, cleaner production and end treatment should be
strengthened in the production processes of polluting factories and enterprises. Otherwise, the risk of
source water contamination from the QT River could emerge.

The olfactory peaks No. 11 and 14 with musty odors were recognized as 2-MIB and geosmin, respectively,
the principal musty/earthy odorants in the worldwide water matrix (Lin et al. 2002; Watson 2004; Li et al.
2019), mainly produced by cyanobacteria and actinomycetes (Suffet et al. 1999; Li et al. 2012b; Sun et al.
2013). The olfactory peaks No. 4 and 16 with �shy odors were identi�ed as heptanal and 2,4-heptadienal,
respectively, which were reported to be found in �shy odor events and mainly associated with algal
metabolites (Watson 2004). The presence of 2-MIB, geosmin, heptanal, and 2,4-heptadienal indicated that
the microbial metabolism existed in the QT River. The detection of the above odorants, involved with
exogenous pollution and microbial metabolism, suggested a high risk of odor incidents in the QT River and
the subsequent need for further attention and protection in the future.

Evaluation and con�rmation of identi�ed odorants

Table 1 listed the identi�ed odorants in source water and e�uent of DWTP located at QT River in
December 2013. A total of seventeen detected compounds were quanti�ed (Fig. S2), and OAVs were
measured to evaluate the identi�ed odorants' contribution to source water and e�uent odors. Fig. 4
demonstrates the identi�ed compounds sorted based on their odor features and material structures as
medicinal odorants (styrene, phenol, 2-chlorophenol, 2-tert-butylphenol, and 2-methylphenol), chemical
odorants (cyclohexanone, 1,4-dichlorobenzene, nitrobenzene, and cis-3-hexenol), stink odorants (propyl
sul�de, diethyl disul�de, propyl disul�de, and indole), musty odorants (2-MIB and geosmin) and �shy
odorants (heptanal and 2,4-heptadienal).

Among the identi�ed odorants in the source water of the QT River, the concentrations of styrene, phenol, 2-
chlorophenol, and 2-tert-butylphenol with medicinal odors were 255~345, 252~342, 186~252, and
264~358 ng/L, respectively. The conventional coagulation, sedimentation, �ltration, and disinfection,
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reduced the concentrations of the residual phenol, 2-chlorophenol, and 2-tert-butylphenol to 170~230,
160~216, and 179~243 ng/L, respectively. Usually, compounds with OAVs > 1 are considered crucial to the
corresponding odor characteristics (Benkwitz et al. 2012). Based on measured OAV and rank of identi�ed
odorants in the QT River, 2-chlorophenol and 2-tert-butylphenol were considered major medicinal odor
compounds. Geosmin and 2-MIB with OAVs of 8~10 and 7~9 in the source water and 6~8 and 4~6 in the
e�uent were signi�cant compounds responsible for musty odor. OAVs of propyl sul�de, diethyl disul�de,
propyl disul�de, and indole in the source water were 5~6, 1~2, 3~4, and 0.8~1.0, respectively, as major
septic odorants in the QT River. Interestingly, the concentrations of chemical odorants were lower than their
corresponding OTCs. However, the chemical odor intensities in the source water and e�uent were strong
and moderate, respectively. The observed result could be associated with the synergistic effect among
odorants (Watson 2004; Guo et al. 2019a). Thus, it is necessary to verify the identi�ed odorants' mutual
odor effect by reconstitution test.

After the DWTP's conventional process, the e�uent exhibited 2-methylphenol with a medicinal odor, cis-3-
hexenol with a grassy/chemical odor, 2,4-heptadienal with a �shy odor. The observed concentrations of 2-
methylphenol, cis-3-hexenol and 2,4-heptadienal in the e�uent were 150~204 ng/L, 178~240 ng/L, and
101~137 ng/L, respectively. Compared with high OTCs of 14700 ng/L (2-methylphenol), 1200 ng/L (cis-3-
hexenol), and 5000 ng/L (2,4-heptadienal), OAVs of these three emerged odorants were less than 1,
con�rming these compounds could not be major odor contributors.

Fig. 5 and Table S3 demonstrate the comparison of odor characteristics of primary samples and
reconstituted water samples. Odor intensities of medicinal, chemical, septic, and musty odors in the
reconstituted water sample could explain 87%, 87%, 89%, and 94% of corresponding odors in the source
water from the QT River. Similarly, reconstituting identi�ed odorants could explain 90%, 87%, and 88% of
medicinal, chemical, and musty odors, respectively, in the e�uent. Almost all odorants in the odor incident
in the QT River were screened and identi�ed in this study. The musty odor was mainly caused by geosmin
and 2-MIB, medicinal odor was mainly caused by 2-chlorophenol and 2-tert-butylphenol, septic odor was
caused by propyl sul�de, propyl disul�de, diethyl disul�de, and indole. The result was consistent with the
OAVs' evaluation to identify odorants (Fig. 4). 87% of chemical odors' explanation in the reconstituted
samples suggested that the major compounds causing chemical odor were identi�ed and veri�ed.
Considering OAVs < 1 for compounds causing chemical odors, the synergistic odor effect of other odorants
on chemical odor is possible (Watson 2004). Even though all identi�ed odorants were added in the
reconstituted water samples, odor intensities of primary samples could not be explained 100%, indicating
that the odor incident of QT River was complicated and might be affected by other materials. As observed,
odor-causing compounds under the limit of detection concentrations might be undetected, and other co-
existing organic matters without odors could in�uence the whole odor pro�les (Li et al. 2020).

Effect of PAC on removing odors in source water of QT River

Fig. 1 illustrates the odor characteristics of e�uent from DWTP after the coagulation, sedimentation,
�ltration, and disinfection process. The results showed intensities for medicinal odor as 6.4~9.2, chemical
odor as 6.7~9.7, and musty odor as 6.8~9.2. Fig. 4 shows the OAVs of geosmin with a musty odor, 2-MIB
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with a musty odor, 2-chlorophenol with medicinal odor, and 2-tert-butylphenol with medicinal odor in the
e�uent were still greater than 1. Thus, these odorants contribute signi�cantly to the e�uent's odor pro�le.
These results indicated that the effect of conventional processes on odors' removal is limited. For
emergency control of odors occurring in the source water of QT River, laboratory batch tests of activated
carbon adsorption of odors of the source water from the QT River were performed. As shown in Fig. 6, an
increase in PAC dosage improved the effect of PAC on odor removal. The addition of 15 mg/L of PAC
followed by 30 min oscillation exhibited no odors detected in the source water sample from QT River.
Immediately, the emergency control measure of 15 mg/L PAC was fed to the DWTP, which resulted in the
complete removal of e�uent odors (Fig. S3). PAC has proved to be an effective way to control emergency
odor problems. The factors in�uencing the PAC adsorption, including pH, natural organic matter (NOM),
operating conditions of PAC addition, etc., should be recognized in practical situations (Li et al. 2015).
However, considering the pressing circumstances of emergency treatment and management of odor
incidents in the source water, the speci�c conditions to use PAC and the associated problems need to be
investigated in the future.

Conclusion
The paper focused on the comprehensive study of the emergency response, including potential odorants
and control strategy, to an odor incident in the QT River located at HZ City, China. The medicinal, chemical,
septic, and musty odors with strong intensities were detected in the source water of QT River. The
medicinal, chemical, and musty odors with moderate intensities were still detected in the e�uent of DWTP
after the conventional processes of coagulation, sedimentation, sand �ltration, and chlorination.
Combination of GC/O and GC/GC successfully identi�ed seventeen odor-causing compounds in source
water and e�uent of DWTP with QT River as the water source. The measured OAVs and reconstituting
identi�ed odorants could explain 87%, 87%, 89%, and 94% of medicinal, chemical, septic, and musty odors,
respectively, in the source water from the QT River and 90%, 87%, and 88% of medicinal, chemical, and
musty odors, respectively, in the e�uent. Styrene, phenol, 2-chlorophenol, 2-tert-butylphenol, and 2-
methylphenol were associated with the medicinal odor, while propyl sul�de, diethyl disul�de, propyl
disul�de, and indole were related to the septic odor. Geosmin and 2-MIB were responsible for the musty
odor, and cyclohexanone, 1,4-dichlorobenzene, and nitrobenzene might be involved with the chemical odor.
The effect of conventional processes of DWTP on odors' removal was limited, which was evident by the
presence of medicinal, chemical, and musty odors of moderate intensities in the e�uent of DWTP. For
emergency management and control of odor incidents in the QT River, the addition of PAC with gradient
concentrations was optimized through batch tests. Medicinal, chemical, septic, and musty odors could be
removed entirely by 15 mg/L of PAC, indicating an effective way for odors' removal in DWTP. The present
study accomplished odor analyses and control of emergencies to offer a scienti�c basis and operational
reference for DWTP's emergency odor management in complicated odor incidents.
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Table 1 Summary of characteristic olfactometry peaks and identi�ed odorants in source water and e�uent
of DWTP located at QT River
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Peak
No.

All
olfactometry
peak
descriptors
by FPA
panel

Consensus
olfactometry
peak
descriptor

Compounds RT
min

RI Odor
description

Reference

1 Medicinal,
plastic

Medicinal Styrene 6.17 885 Medicinal,
paint,
Sweet

(Young et
al. 1996;
Watson.
2004)

2 Septic,
stinky

Septic Propyl sul�de 6.65 898 Septic,
marshy,
rotten egg

(Suffet et
al. 2004;
Watson.
2004)

3 Chemical,
solvent

Chemical Cyclohexanone 6.84 903 Chemical,
solvent

(Suffet et
al. 2004;
Watson.
2004)

4 Fishy, oily Fishy Heptanal 7.10 909 Fishy, oily (Watson.
2004)

5 Septic,
stinky

Septic Diethyl disul�de 7.39 917 Septic,
rancid,
rotten egg

(Suffet et
al. 2004;
Watson.
2004)

6 Medicinal,
plastic

Medicinal Phenol 8.25 940 Medicinal,
wet paper

(Young et
al. 1996)

7 Medicinal,
plastic

Medicinal 2-Chlorophenol 8.35 943 Medicinal,
musty,
antiseptic

(Young et
al. 1996;
Watson.
2004)

8 Chemical,
solvent

Chemical 1,4-
Dichlorobenzene

11.82 1042 Chemical,
antiseptic,
almond

(Young et
al. 1996)

9 Chemical,
solvent

Chemical Nitrobenzene 12.72 1069 Chemical,
antiseptic

(Suffet et
al. 2004;
Watson.
2004)

10 Septic,
stinky

Septic Propyl disul�de 14.54 1127 Septic,
rancid,
rotten egg

(Suffet et
al. 2004;
Watson.
2004)

11 Musty,
earthy

Musty 2-MIB 15.81 1169 Musty,
earthy

(Watson.
2004)

12 Septic,
stinky

Septic Indole 16.15 1180 Septic,
marshy

(Suffet et
al. 2004;
Watson.
2004)
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13 Medicinal,
musty

Medicinal 2-tert-
Butylphenol

18.89 1277 Medicinal,
musty, wet
paper

(Young et
al. 1996;
Watson.
2004)

14 Musty,
earthy

Musty Geosmin 21.76 1387 Earthy,
musty

(Watson.
2004)

15 Grassy,
chemical,
plastic

Chemical cis-3-Hexenol 6.25 887 Green,
grassy,
melon
rind-like
with a
pungent
freshness

(Watson.
2004)

16 Fishy, oily Fishy 2,4-Heptadienal 7.78 927 Fishy, oily (Watson.
2004)

17 Medicinal,
plastic

Medicinal 2-Methylphenol 11.05 1019 Medicinal,
musty, wet
paper

(Young et
al. 1996;
Watson.
2004)

Figures
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Figure 1

Odor characteristics of source water and e�uent of DWTP located at QT River
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Figure 2

Odor peaks overlaid on a GC-O/MS chromatogram for source water of QT River in full-scan mode, pre-
concentration method: LLE, pre-concentration factor: 1000, the red line (histogram): olfactory peaks
detected by GC-O, 1: medicinal, 2: septic, 3: chemical, 4: �shy, 5: septic, 6: medicinal, 7: medicinal, 8:
chemical, 9: chemical, 10: septic, 11: musty, 12: septic, 13: medicinal, 14: earthy
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Figure 3

Odor peaks overlaid on a GC-O/MS chromatogram for e�uent of DWTP located at QT River in full-scan
mode, pre-concentration method: LLE, pre-concentration factor: 1000, the red line (histogram): olfactory
peaks detected by GC-O, 6: medicinal, 7: medicinal, 8: chemical, 11: musty, 13: medicinal, 14: earthy, 15:
chemical, 16: �shy, 17: medicinal
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Figure 4

OAV ranking of odorants identi�ed in source water and e�uent of DWTP located at QT River
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Figure 5

Odor characteristics of source water, e�uent of DWTP located at QT River and corresponding reconstituted
samples in odorless waters, (a): source water, (b): e�uent
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Figure 6

Effect of PAC with gradient doses on removing odors of source water in QT River, medicinal, chemical,
musty, septic odors were completely removed after adding 15 and 20 mg/L PAC, no data were shown on
corresponding PAC dose.
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