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OLFACTORY CHARACTERISATION
OF NMVOC EMISSIONS FROM
WWTP INLET WORKS
FIVE AUTHORS

Abstract

The emission of odour from wastewater treatment plants
(WWTPs) can cause annoyance to a local population. Odour
measurement is usually assessed either as odour
concentrations (dilution olfactometry) or by the chemical
assessment of the odorous compounds. These techniques
either provide information on the perceived effect of the
emission (olfactometry) or chemically speciate the odours
(analytical), however provide limited information on the
relationship between odour impact and the chemical
composition.

The integration of chemical and olfactory techniques using
GC-MS/O allows for the correlation of chemical and sensory
measurements. An olfactory detection port (ODP) provides
odorant characterisation, whilst the instrumental detector
(MSD, FID, etcetera) provides chemical speciation. GC-MS/O
analysis of WWTP inlet works emissions has shown that
samples vary in both chemical species present, and their
respective concentations, reflecting potential for nuisance from
a range of different odorants. It also demonstrates the potential
benefits that GC-MS/O analysis can offer in identifying key
chemical markers for odour abatement and mitigation system
design.

Introduction

Complaints due to odour annoyance have become a major
issue for wastewater treatment operators as the repeated
release of unpleasant odours from these facilities can
constitute a nuisance to a local population (Gostelow et al.,
2003). The affect on local populations has become more
significant with the expansion of suburbia and the associated
encroachment, resulting in closer proximities between
wasterwater treatment plants (WWTPs) and residential
receptors. Traditionally, odour abatement for WWTPs has been
managed by buffer distances between the industry and local
receptors. More recently odour management strategies have
become more proactive with the installation of odour
abatement systems that either collect and disperse the
emission or treat the emission to acceptable level to limit the
impact on local populations. Often these systems do not
deliver the expected reduction in odour emissions and/or meet
their original design specifications for removal efficiency,
resulting in the emission of odorous compounds which reach
local receptors and lead to odour complaints. The cause of
these process failures is often due to inadequate chemical and
odorant characterisation and misinterpretation of potential

mass loadings. A secondary effect of inadequate odour
composition information is the ineffective evaluation of odour
abatement performance during commissioning and operation.

The assessment of odour management and abatement
systems is based on an understanding of the emissions
present in the facilities with background environmental
conditions. Typical odours emitted from WWTPs consist of a
wide range of odorants; the essential components being
hydrogen sulphide (H2S), methanethiol (CH3SH), dimethyl
sulfide ((CH3)2S), aldehydes and ketones. However, the design
of most odour abatement system designs is based on the use
of one key odorant, hydrogen sulfide, to determine the loading
capacity for the system. To limited extent some secondary
odorants such as volatile organic compounds (VOCs) and/or
volatile organo-sulphur compounds (VOSCs) have been used
during the design/assessment process.

The implication of only using one or two odour markers to
design an abatement/mitigation system is the potential for
failure due to significant variation in source composition and
more specificaly odorant composition. Failure to adequately
remove the malodourous compounds from an emission may
result in odour nuisance to local receptors.

Odour Measurement

The measurement of odorous emissions is usually assessed
either as odour concentrations (OU) by dilution olfactometry
(using a national standard e.g. AS/NZ 4323:2001 or EN
13725:2003 for dilution olfactometry) or by the chemical
analysis of the odorous compounds using analytical
instrumentation such as gas chromatography coupled with
mass spectrometry (GC-MS) or the use of surrogate chemical

Combining chemical and sensory

assessment to gain understanding

of the significant odorants.

Figure 1. Olfactory analysis of odour sample.
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markers, like H2S (Gostelow et al., 2001). Sensory
measurements use a panel of human sniffers (Figure 1) to
characterise odours in terms of their perceived effect but give
no information regarding the chemical composition, whereas
analytical measurements characterise odours in terms of their
chemical composition but give little information as to their
perceived effect of the odour on a receptor. 

Chemical methods for odour monitoring can include field
and laboratory analysis of H2S emissions (Figure 2) utilising
electrochemical sensors, titrimetric methods etcetera, and the
continuous in-situ monitoring of H2S and VOCs (Figure 3) using
electrochemical sensors, chemical impregnated tapes etcetera. 

More recently, the integration of olfactory and chemical
analysis techniques (GC-MS/O) has been applied to the
analysis of odours and off-flavours. The coupling of an
olfactory detection port to a GC-MS and splitting the GC
column effluent between the two detectors allows
simultaneous chemical and odorant speciation. GC-MS/O
allows the odorants to be separated, individually identified and
described in terms of their perceived odour character. 

The ODP (Figure 4) consists of a nose cone where panellists
detect the separated odorous compounds by continuously
sniffing the GC column effluent and characterises it for
perceived intensity and an odour description. 

The end of GC column is split into two streams by way of a
column splitter (Figure 5) that directs column effluent
simultaneously to the MSD and ODP though heated transfer
lines. The ODP operators are able to describe the odorant
character and intensity level using dedicated software that
integrates with the chromatographic software.

GC-MS/O analysis has had limited applications to the
assessment of nuisance and malodorous emissions but has
been extensively applied to the analysis of taste and odour (or
off-flavours and taints) in drinking water and moreover for
aroma analysis of foods and beverages. In drinking water
monitoring, GC-MS/O analysis has been applied to the
characterisation of common off-flavours such as geosmin and
MIB (Hochereau and Bruchet, 2004) the results of which have
yielded the drinking water odour wheel (Figure 6), which relates
odour descriptors to specific odorants (Suffet et al., 1999). 

The application of GC-MS/O for the assessment of
environmental odours has mainly focused on characterising
the changes in composition of odorous emissions from various
agricultural and waste management operations such as swine
finishing barns, poultry houses and dairy facilities (Kai and
Schäfer, 2004; Wright et al., 2005).

Simultaneous chemical and olfactory analysis (GC-MS/O)
frequently characterises an emission matrix as a complex

Figure 2. Field monitoring of H2S. Figure 3. Continuous monitoring of H2S.

Figure 4. ODP operator sniffs GC column effluent for odorants.

Figure 5. Column splitter directing column effluent to the MSD

and ODP.
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mixture of odorous and non-odorous chemicals; often a
multitude of chemical peaks will correspond to only a limited
number of olfactory responses. Furthermore, the olfactory
detector (human nose) is more sensitive than that of the
analytical detector (MSD) for specific odorants, resulting in
olfactory responses from the ODP yet an absence of a
corresponding instrumental detector peak. 

This paper will describe the application of simultaneous
sensory and analytical assessment (GC-MS/O) for the chemical
and odorant characterisation of the emissions from inlet works
of several waste water treatment plants. It will also address the
broader application of GC-MS/O to the design and assessment
of abatement and mitigation system performance.

Materials and Methods

The results that are presented here focus on the NMVOC
analysis of odorous samples collected from the inlet works of 4
WWTPs in Northern Queensland. NMVOC samples were pre-
concentrated using sorbent tubes containing either Tenax TA
(inert, hydrophobic sorbent for n-C7 to n-C30) or Carbotrap 300
(a blend of Carbopack C, Carbopack B and Carbosieve SIII for
ethane to n-C20) (Markes International, UK). Callibrated
sampling pumps were used to draw known volumes of sample
onto the sorbent, to allow for subsequent relative
quantification. The use of different sorbents ensures that the
compounds identified in subsequent analysis accurately
represent the suite of compounds that are being emitted from
the source. The analytes were thermally desorbed from the
sorbents and refocused within the general purpose graphitised
carbon cold trap of the thermal desorber (Markes Unity,
Markes International, UK).

Analytes were separated and identified using a GC-MSD
(Agilent 6890N GC, 5973NMSD, Agilent Technologies),
odorants within the sample matrices were assessed using an
olfactory detection port (ODP2, Gerstel GmbH & Co., Germany)
(Figure 4). The chromatographic column was a polar (HP-
INNOWax, 30m x 0.25mm x 0.25μm, J&W Scientific Agilent
Technologies) capillary column. The helium carrier gas flow rate
was maintained at a constant flow rate of 1.6mL/min during the
chromatographic run. The oven was temperature programmed
for a total run time of 26.50min (50°C for 2 min, 5.00°C/min to
125°C, 10°C/min to 200°C hold for 2 min) this provided

adequate separation of the eluting compounds. The mass
selective detector was operating in continuous scan mode (35
– 500 m/z) with the obtained mass spectra recorded using the
Agilent ChemStation software and analysed offline using the
Enhanced Data Analysis package (Agilent Technologies). The
identification of the volatile organic compounds relied upon the
matching of the acquired mass spectra with the ChemStation
databases (NIST02 and Wiley275). 

Identification of the compounds present within the matrix
yielded a large number of different classes of compounds
including aromatics, sulphur containing organic species,
nitrogen containing species, aldehydes, ketones, alcohols and
other general hydrocarbons. 

GC-MS/O analysis involved splitting the gas-chromatograph
effluent between the mass selective detector (MSD) and the
ODP. The temperature and flow programmes for the GC were
identical to those given in the preceding text. The olfactory
stimulus chromatograms (or odour chromatograms) were
recorded using the Gerstel ODP Recorder software. Offline
data anlysis was performed using the Agilent ChemStation
Data Analysis software. 

To enhance the potential for olfactory detection the split
between the MSD and ODP was set to 2:3 (MSD:ODP), these
split ratios were calculated using the Gerstal Column Calculator
(Gerstel GmbH & Co., Germany.) These calculations were
based on a column flow of 1.6mL.min-1 for the carrier gas
Helium with an initial temperature of 50°C with the flow
programmed to be constant flow as the temperature increases.

The analysis of NMVOCs was supplemented by the
collection and analysis of odour bags by dilution olfactometry
(to AS/NZ 4323:2001), this allows for the comparison to be
drawn between the NMVOC emissions and the odour
concentrations.

Results

GC-MS Analysis

A summary of the NMVOC detected at the 4 WWTP inlet works
is shown in Table 1. The GC-MS analysis identified 123
different NMVOCs in total from all the WWTPs. The chemical
analysis also highlighted the significant variability in chemical
composition and abundance between. It is plausible that this
variation reflects the nature of the wastewater sources entering
the sewer and subsequently reaching the WWTP. From the 123
NMVOC detected, 16 compounds (trichloromethane, toluene,
o-xylene, p-xylene, nonane, 1,3,5-trimethyl-benzene, decane,
1,2,3-trimethyl-benzene, 1,4-dichloro-benzene, d-limonene,

Figure 6. Example of odour wheels for off-flavours in drinking

water (Suffet et al., 1999).

Figure 7. GC-MS/O analysis of emissions from the inlet works of

WWTPs.
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eucalyptol, undecane, dodecane, naphthalene, tridecane, and
2-methyl-naphthalene) were found in all 4 WWTPs whereas the
remaining 107 compounds, only 10 were found in 3 of the
WWTPs and 33 were only found in 2 of the WWTPs. More than
half of 123 compounds detected were only found in one of the
four WWTPs.

The composition of the detected NMVOCs in the 4 WWTPs
was composed of C1-C19 compounds with nearly 95% of
them being C5-C15 compounds, mainly simple hydrocarbons.
The other groups of compounds consisted of seven chloride
compounds (trichloromethane, 1,4-dichlorobenzene, 1,2-
dichlorobenzene, 1,3-dichlorobenzene, methylenechloride,
methyl-cyclohexane, tetrachloroethylene) and three sulfur
compounds (dimethyl disulfide, dimethyl sulfide, and
aminomethanesulfonic acid). There was only one nitrogen
containing compound detected at the 4 WWTPs,
aminomethanesulfonic acid, which is also a sulfur containing
compound. 

It should be noted with caution that the methodology that
was used for this study does not favour the collection and
assessment of sulfur and nitrogen containing compounds,
reflecting the limited number of nitrogen and sulfur compounds
detected in the samples.

It was observed that less NMVOCs were detected in the
emissions of WWTPs A and B than those found in the
emissions of WWTPs C and D. This difference can be
attributed to the discharges entering the sewers that feed into
the WWTPs. The discharges feeding in to WWTP C and D
were more industrial in origin compared to WWTPs A and B.
The high industrial based composition of wastewater therefore
aids in the generation of a large number and variety of
NMVOCs at the WWTP inlet works. 

A comparison of the composition of the detected NMVOCs
with published odorous compounds (Gostelow et al., 2001)
shows that only 3 NMVOC (dimethyl disulfide, dimethyl sulfide,
and acetic acid) detected in the inlet works are reported to
known odorous compounds. An additional 38 of the NMVOCs
detected at the 4 WWTP inlet works have also been reported
in gaseous emissions from WWTPs (Bianchi et al., 1997;
Langenhove et al., 1985; Wu et al., 2006) or in wastewater
(Escalas et al., 2003; Nikolaou et al., 2002).

ODP Analysis

GC-MS/O analysis allows the simultaneous collection of
olfactory and mass spectral data from GC analysis. Figure 7
shows a typical total ion chromatogram with the odour
chromatogram overlayed to identify the odorants within the
matrix for two emissions from the inlet works of WWTP. The
results show that only a limited number of NMVOC present in
the emission can by identified by the ODP operator as an

odorous compound and therefore could be potentially
responsible for the odorous emissions from the WWTP inlet
works. 

Figure 7 also shows that the intensity of odorous
compounds can be scaled from 0-3 thereby identifying the
compounds that have been identified as having a high odour
impact on the assessor, and potentially most likely to cause
odour nuisance to local receptors.

The GC-MS/O analysis of the samples collected at the waste
water treatment plants showed that between 2 to 14 different
odorants were detected by the ODP operators. Seven of these
odorants detected were present in more than 50% of the ODP
analyses. Table 2 lists the retention time and odour character
as percieved by the ODP operators.

The characters of the odorants perceived by the ODP
operators reflect the potential of these emissions to cause
odour nuisance if they were to reach local receptors. The
design of an odour abatement system would need to aim at
mitigating the compounds that will have the highest potential
to cause odour nuisance if they are to reach a local receptor. 

Conclusion

GC-MS/O analysis of samples from WWTP inlet works
revealed that that there is a complex matrix of NMVOCs that
form the emissions from these unit processes. The
simultaneous collection of olfactory and mass spectral data by

Table 1. A summary of NMVOCs detected at

> 3 WWTP inlet works.

Table 2. A summary of the seven major odorants identified at

the 4 WWTPs inlet works.

RI (min) Odour description

11.01 – 11.87 Alcohol, solvent, seafood, rubber

12.50 – 12.63 Vegemite, yeast, greeny, meaty worm, rosemary, burning

13.30 – 13.49 Solvent, metallic, burning

13.83 – 14.13 Earthy, earthy metallic, solvent, yeast

14.14 – 14.24 Metallic, earthy, solvent, curry, onion

14.27 – 14.38 Solvent, plastic, rubber, tan, pungent metallic

15.52 – 15.66 Burning, smoky earthy, solvent
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way of GC-MS/O analysis demonstrates that only a small
number of the NMVOC’s present within the entire emission
matrix are responsible for the resulting odour. A total of 123
distinct NMVOC’s were detected across all the WWTP inlet
work samples. 

However only 16 of these were common between sites.
These compounds reflected a variety of long chain alkanes
(nonane (C9) to tridecane (C13)) substituted aromatics (o- & p-
xylene, 1,2,3- & 1,3,5-trimethylbenzene, 1,4-dichlorobenzene,
toluene, naphthalene, 2-methyl-naphthalene) terpenes (d-
limonene, eucalyptol, α-pinene) and trichloromethane. Other
compounds that were present within selected samples
included halohydrocarbons, volatile organo-sulphur
compounds (disulfides). The sensory analysis of the the
samples yielded fourteen unique odorants, seven of these
being common to all samples.

This study illustrates the potential for combined chemical
and sensory assessment utilising GC-MS/O to gain critical
understanding as to the chemical composition and more
significantly the odorants that are present within a sample
matrix. 
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