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Abstract

Odorous compounds in the influent of a reclaimed water treatment plant (RWTP), consisting of coagulation, sedimentation,
continuous micro-filtration (CMF), and chlorination in succession, in a north China city, were identified by combining flavor profile
analysis (FPA) with sensory gas chromatograph-mass spectrometry (GC-MS). The sewery/swampy/septic odor with an odor intensity of
6.4 was found to be the major odor group in the RWTP influent, and the existence of well-known odorant including dimethyl disulfide,
dimethyl trisulfide, indole and skatole were confirmed using GC-MS. The result of a spiking test showed that the intensity (3.6) of
the sewery/swampy/septic odor caused by these four chemicals contributed to over 50% of the odor intensity of the influent. The FPA
intensity for sewery/swampy/septic odor in the RWTP effluent was 3.8, showing that the treatment process was not efficient for the

removal of odorants, particularly indole and skatole.
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Introduction

Reuse of secondary effluent from municipal wastewater
treatment plant (MWTP) has been regarded as an important
method to mitigate water shortage problems (Gardner et
al., 2001; Liberti and Notarnicola, 1999). In north China,
which has experienced serious water shortage problems
during the last decade, more and more measures have been
taken to encourage the use of reclaimed municipal wastew-
ater for toilet flushing, lawn watering and surface water
supplementation. These efforts, however, have been hin-
dered by the water quality problems in the reclaimed water.
Among them, although the odor problem is normally not
as harmful to human health as pathogens, micropollutants
and heavy metals, consumers react very sensitively to the
changes in the organoleptic quality of water (Suffet et al.,
2004).

Many efforts have been devoted to identify the odorous
compounds in wastewater. Young (1984) speculated that
indole and its derivatives (such as skatole) had contributed
largely to the characteristic odor in sewage treatment
works. Hwang et al. (1995) found that some sulfur and ni-
trogen containing malodorous compounds remained in the
secondary treatment. An odor wheel classification scheme
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for wastewater have been developed by Burlingame et
al. (2004), showing that important odorants might in-
clude sulfur-based and nitrogen-based compounds, organic
acids, aldehydes and ketones. However, in comparison
with drinking water, which has been studied extensively
(Lin et al.,, 2002; Bruchet, 1999; Jensen et al., 1994;
Mallevialle and Suffet, 1987), efforts in controlling and
managing the odor problems of sewage or reclaimed
water have been hindered by difficulty of identifying
the odor causing compounds due to their extremely low
concentrations and the complicated chemical composition
of sewage. To our knowledge, few studies have been con-
ducted on odorants identification and removal in sewage or
reclaimed water in China.

In the present study, odor characteristics of influent in
a typical reclaimed water treatment plant (RWTP) in a
north China city, consisting of coagulation, sedimenta-
tion, continuous micro-filtration (CMF) and chlorination in
succession, were assessed by using flavor profile analysis
(FPA) combined with sensory gas chromatograph-mass
spectrometry (sensory GC-MS). At the same time, a spik-

ing test was conducted to determine the coptribution of the
odorants to the overall odor in the reclaimed water. The aim
of the study was to determine the major pdorous groups
in the influent of the RWTP, and evaluate the removal
efficiency of the odor and corresponding chemicals by the
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wastewater reclamation process.

1 Materials and methods

1.1 Water samples and chemicals

Water samples were taken from a RWTP in a north
China city. The RWTP, which consists of coagulation, sed-
imentation, continuous micro-filtration and chlorination in
succession, has a capacity of 40,000 m® per day. The
influent of the RWTP is the effluent of a municipal wastew-
ater treatment plant located nearby, and the reclaimed
water is used for toilet flushing and plants irrigation. The
characteristics of the influent are: DOC 5.0 + 2.1 mg/L;
NH;3-N concentration 1.6 + 1.4 mg/L; turbidity 1.8 + 0.7
NTU; color 23 + 5; pH 7.5 £+ 0.3; and conductivity 1717 +
98 uS/cm.

Standards of dimethyl disulfide, dimethyl trisulfide,
indole and skatole were purchased from Accustandard
Inc. (USA). All of other chemical reagents used were of
analytical grade if not noted specially.

1.2 Flavor profile analysis (FPA) and sensory-GC-MS
analysis

Two sensory schemes, including FPA and sensory-GC-
MS methods were employed in this study. FPA was used
to identify the odour group and intensity of the water
samples according to the Standard Methods for Water
and Wastewater (APHA et al., 1995). Sensory-GC-MS
combined with two pre-concentration techniques was used
for the identification of specific odour causing compounds.
Five non-smokers were trained as the panellists of FPA,
and at least four panellists participated in the test. Based
on the consensus of the panel, seven scales of 1-12 were
used to describe the intensity of samples (Mallevialle and
Suffet, 1987).

Sensory GC-MS analysis allows a simultaneous detec-
tion of off-flavors at the olfactory detector port (ODP2,
Gerstel, Germany) and the MS (5975MSD, Angilent,
USA). GC-separation was done on a GC 6890N (Agilent,
USA) equipped with a DB-5MS column (30 m x 0.25 mm
% 0.25 um, Agilent, USA). The GC was programmed from
40°C (constant temperature for 2 min) to 60°C at 4°C/min,
then to 68°C at a rate of 8°C/min (holding for 2 min) and
finally to 250°C at a rate of 8°C/min and then held at
250°C for 2 min. The calibration curves for the odorous
compounds were established all with good linearity and
high regression coefficients (R*> > 0.99). The detection
limits were 5, 5, 10 and 10 ng/L for dimethyl disulfide,
dimethyl trisulfide, indole and skatole, respectively. The
analytical results of the duplicates were all within + 10%
of difference.

1.3 Extraction of organoleptic compounds

Simultaneous distillation extraction (SDE) was used to
extract organoleptic compounds from water samples for
the identification of odorants (Young, 1998). Solid phase
micro extraction (SPME) was then used to quantify the
compounds (Laura, 2007).

During the SDE procedure, 3 L of sample and 50 mL of
dichloromethane were heated in two round boiling flasks
and connected to a Nickerson-Lickens type of distillation-
extraction head for 2 hr. At the end of the process,
the dichloromethane extract was collected, dried with
anhydrous sodium sulfate for subsequent concentration.
The final volume of samples was concentrated to 100 uL
through rotary evaporation followed by nitrogen blow, and
the concentrate was used for GC-MS analysis with scan
mode to find odorous compounds.

SPME was carried out using 85 um Carboxen/PDMS
fibers (Supelco, USA). The sample with 25% NaCl was
first heated to 65°C followed by 30 min head-space
extraction at 65°C. The SPME fiber was desorbed in a
splitless-injector at 280°C during 3 min followed by the
GC-MS with SIM mode.

1.4 Odor contribution test

To evaluate the contribution of the odorous compounds
to the overall odor, a spiking test was designed. The
influent of the RWTP in January, 2010 was analyzed for the
concentration levels of the odorous compounds identified
by sensory GC-MS procedure, and then treated by wood-
based powdered activated carbon (PAC). The treated water
was spiked with the odorous compounds according to
their respective concentrations detected in the influent. The
intensity of the spiked water was then compared with the
original water sample.

2 Results and discussion

2.1 Seasonal changes of odor in RWTP influent by
using FPA

Seasonal changes of odor in the RWTP influent were
investigated using the FPA test, as shown in Fig. 1. The
RWTP influent exhibited a strong sewery/swampy/septic
odor accompanied with a mild earthy/musty odor. The
earthy/musty odor is a prevalent odor subgroup in drinking
water which has been mainly contributed by 2-methyliso-
borneol (2-MIB) and geosmin (Bruchet, 1999; Jensen et
al., 1994; Means and McGuire, 1986; Sklenar and Horne,
1999; Suffet et al., 1999; Yagi et al., 1983). The FPA
intensity of sewery/swampy/septic odor (7.6-8.0) in July
and September in 2009 was stronger than that in March,
2009 and January, 2010 (5.6-6.4), showing that the FPA
intensity might be related with temperature.
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Fig. 1 Flavor profile analysis (FPA) intensity vafiation in a yeary



http://www.jesc.ac.cn

1602 Journal of Environmental Sciences 2011, 23(10) 1600-1604 /Zhiming Yan et al. Vol. 23
40000
] - 3
30000 5 o=
i =
15 g 3 .2
] 1 f—j =l [5) = °
< 1€ ) = =
e 153 g £ z g
2 200007 5 Sz 2 o g <)
122 o g | g T3 i £ z
1= 9 ‘5 z = 2
1000012 2 2 =3 a3 5 3 2
] w M LﬂA‘UJ“J hvwhavioty N, W
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
4.5 9.5 14.5 19.5

Retention time (min)

Fig. 2 Sensory GC-MS identification of odors and corresponding chemicals.

2.2 Identification of main odor causing compounds us-
ing sensory GC-MS

Figure 2 shows the sensory GC-MS chromatogram of
the RWTP influent extracted by the SDE technique. A
decaying vegetation odor perceived at a retention time
of 5.1 min was detected as dimethyl disulfide. And a
septic odor at a retention time of 11.8 min was identified
as dimethyl trisulfide by GC-MS. The odor threshold
concentration (OTC) of dimethyl disulfide was reported
as 0.2-5 ug/L in water (Young, 1998), and Young (1998)
categorized dimethyl disulfide as a kind of compound
which can cause marshy/swampy/septic/sulfurous odor.
The reported OTC of dimethy] trisulfide in water is 10 ng/L
(Buttery et al., 1976), which is significantly lower than
that of dimethyl disulfide. Wajon et al. (1988) observed a
correlation between the presence of dimethyl trisulfide and
a swampy odor. Swampy and septic odors are sometimes
difficult for panelists to differentiate (Khiari et al., 1997).
Therefore, dimethyl trisulfide was assigned to the main
chemical causing the septic odor described by FPA in the
study.

Two other odors at 19.6 and 20.8 min were assigned to
indole and skatole, respectively, by sensory GC-MS. The
OTC:s of indole and skatole have been reported as 0.3 mg/L
and 1.2 ug/L in water (Islam et al., 1998; Young, 1998).
Indole was described as having a fecal and stench odor
at high concentrations (Vainstein et al., 2001). Dravnieks
(1985) indicated that skatole exhibits sewer odor. On
the other hand, two sweet odors (6.7 and 10.9 min), a
medicinal odor (7.8 min), an other undesirable odor (8.8
min), and a chemical odor (17.7 min) were detected by
sensory GC without identifiable compounds.

Figure 3 shows the evolution of the above four com-
pounds over a year. It is clear that all of the four compounds
were detected in different seasons. Variations of the four
chemicals were consistent with the FPA intensity during
the whole year (Fig. 1). The concentration of dimethyl
disulfide varied between 80 ng/L in Jan, 2010 and 202 ng/LL
in Mar, 2009. Dimethyl trisulfide varied between 70 ng/L
(Jan, 2010) and 212 ng/L (Sep, 2009), all of which were
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Fig.3 Variation of the four odorous chemicals in a year.
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higher than the OTC. Indole varied between 199 ng/L (Jan,
2010) and 423 ng/L (Sep, 2009). Skatole varied between
113 ng/L (Jan, 2010) and 370 ng/L (Mar, 2009). It seemed
that the temperature might affect the production of the
odorants.

The levels of the odour compounds in wastewater have
been reported by some researchers. Hwang et al. (1995)
investigated the levels of odour compounds in secondary
effluent of a sewage wastewater treatment plant, in which
the concentration of dimethyl disulfide is 6.3 ug/L, indole
and skatole were not detected. Although the level of
dimethyl disulfide, indole and skatole were generally lower
than their OTCs in the study, the compounds may be
linked to the overall odor detected by FPA panel while
other odorous compounds co-exist. Similar conclusion has
been reported by Khiari et al. (1997), who found that
the combination of dimethyl disulfide, dimethyl trisulfide
and 2-isobutyl-3methoxypyrazine contributed to decaying
vegetation odor in drinking water supplies, while no single
compound appeared to produce the characteristic decaying
vegetation odor.

2.3 Contribution of typical odorous compounds to over-
all odor

The above four odorants were spiked[into the PAC-
treated RWTP influent at different doses sijown in Table 1.
The odor intensity of the resulting spik¢d systems was
evaluated using the FPA technique. The djfferent conceny
trations of dimethyl trisulfide, which OTC(]is the lowestin
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Table 1 Doses of the four odorous chemicals in the powered activated
carbon (PAC)-treated reclaimed water treatment plant (RWTP) influent

Compound Dose 1 Dose 2 Dose 3 Dose 4
Dimethy! disulfide (ng/L) - - - 80
Dimethyl trisulfide (ng/L) 20 40 80 70
Indole (ng/L) - - - 200
Skatole (ng/L) - - - 113

the four odorants, were added to RWTP influent samples
after treated with 60 mg/L. PAC. Before the experiment,
it was confirmed that no perceptible odor existed in the
RWTP influent samples after treated with 60 mg/L PAC.

Contributions of odorants to complex aromas have been
studied by some researchers in food field. Grosch (2001)
evaluated the key odorants of foods and their contribution
to the overall odor by FPA and an aroma models. To our
knowledge, however, little is known about the contribution
of mixtures of odour compounds to the overall odor in
the field of reclaimed water. Therefore this work provides
valuable information of identification of key odorants in
reclaimed water for the odor management.

As shown in Fig. 4, FPA intensity of
sewery/swampy/septic odor in both dose 1 and dose
2 was 2, which increased to 2.8 when the dose of dimethyl
trisulfide was increase to 80 ng/L. The FPA panelists
perceived decaying vegetation odor at low dimethyl
trisulfide concentrations and septic odor at higher
concentrations. The intensity of sewery/swampy/septic
odor increased to 3.6 when all of the four odorants were
spiked into the PAC-treated influent, showing that the four
chemicals possibly contributed more than 50% of the odor
in influent (the odor intensity of the RWTP influent was
6.4). The result indicates that there were other unknown
odorants causing the sewery/swampy/septic odor in the
influent.
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Fig. 4 Variation of FPA intensity at different chemical doses.
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2.4 Removal of odor during the wastewater reclama-
tion process

Changes of the sewery/swampy/septic odor intensity
as well as the four odorants along the wastewater recla-
mation process are shown in Fig. 5. It is clear that
coagulation/sedimentation (CS) and CMF only resulted in
a slight reduction of the odor and the corresponding chem-
icals. Disinfection using chlorine removed the dimethyl
disulfide and dimethyl trisulfide significantly, resulting in
the decrease of the sewery/swampy/septic odor. However,
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Fig.5 Variations of FPA intensity (a) and odorous chemicals (b) at
different treatment process stages in the RWTP. CS: coagulation and
sedimentation; CMF: continuous micro-filtration; CH: chlorination.

chlorine was not very effective for the removal of the
other two chemicals, particularly skatole. The removal
efficiencies of indole and skatole by the whole treatment
process were only 37.2% and 31.3%, respectively. There-
fore, indole and skatole as well as some unknown ordorants
might contribute a lot to the sewery/swampy/septic odor
in the RWTP effluent. The relatively high FPA intensity
of the sewery/swampy/septic odor (3.8) in the effluent
demonstrated that the current treatment process was not
sufficient for the removal of the odor. Peter and Von Gunten
(2007) reported that ozonation is a powerful tool capable
of oxidizing most of odor compounds to more than 50%.
It has been reported that ozone is very effective for the
removal of the swampy odor in water (Tobiason et al.,
1992). Therefore, to get further removal of the odor in
the reclaimed water, some other supplementary treatment
procedures such as ozonation might be useful.

3 Conclusions

Combining FPA with sensory GC-MS analysis, it was
found that the sewery/swampy/septic odor was the major
odor group in the RWTP influent, and dimethyl disulfide,
dimethyl trisulfide, indole and skatole were important
odorants. The conventional wastewater treatment process
including mainly coagulation, sedimentation, continuous
micro-filtration and chlorination was not effective enough
in the removal of the odor, particularly for the removal of
indole and skatole. The above information was useful for
solving the odor problems in reclaimed water.
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