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Abstract Offensive odorant emissions from a food waste
(FW) treatment plant that uses hydrothermal hydrolysis
and aerobic fermentation technology were studied for
1 month through in situ monitoring and laboratory testing.
Results showed that the emission flux (7000 ug kg™ "
FW h™") of total volatile organic compounds and concen-
trations of most volatile organic compounds (VOCs) were
highest at the discharge outlet of the hydrothermal
hydrolysis reactor. Furthermore, VOC composition analy-
sis showed that the concentrations of most hydrocarbons
detected during the sorting/crushing process were higher
than those in the aerobic fermentation process, but more
oxygenated organic compounds and pinenes were released
in the aerobic treatment process. The analysis of VOC
temporal characteristics via ¢ test indicated that even with
various FW loads during the day and night, most VOC
concentrations sampled in the storing room were not sig-
nificantly different. However, great variances among most
VOC concentrations were observed during the sorting/
crushing process and at the hydrothermal hydrolysis reac-
tor. The annoyance degrees of offensive gases were also
determined via analysis of odor indices. The results sug-
gested that sulfocompounds mainly dominated in terms of
high odor activate values during the sorting/crushing pro-
cess, and the fractional content of oxygenated organic
compounds increased in the aerobic treatment processes.
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Introduction

Pollution caused by food waste (FW) is a serious problem
around the world, and the proportion of FW in municipal
solid waste is expanding with rapid industrialization,
urbanization and economic development [1]. Many studies
innovated or improved some efficient or economical ways
to process FW. Among the various technologies for FW
treatment, the combination of hydrothermal hydrolysis and
aerobic fermentation is preferred by FW treatment plants in
China.

Most previous works focused on the FW processing
technology, but not on the negative effects of FW pro-
cessing technology on the surrounding environment and
workers’ health. In the collection and transportation of
FW, a large amount of offensive odorants and leachates
could be generated easily because of the high content of
volatile organic solids and water. Several researchers have
studied the offensive odorants, including ammonia,
hydrogen sulfide and some volatile organic compounds
(VOCs), emitted from municipal solid waste processing
[2, 3]. These substances are present not only in decaying
FW [4, 5], but also in FW aerobic landfill [6]. In fact, the
unpleasant smell is the main reason for the complaints and
the social impact of any waste treatment plant, and such
smell is not limited to the final solid waste disposal [7].
Because of the lower sensory threshold among the dif-
ferent VOCs, sulfur compounds significantly contribute to
the nuisance odor even if they are present in trace con-
centrations [8, 9].
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A typical full-scale FW treatment plant using
hydrothermal hydrolysis and aerobic fermentation tech-
nology was chosen for this study. This treatment technol-
ogy would aggravate air pollution and accelerate the
diffusion of odorous gases under open and unsealed work
conditions. By analyzing the composition and concentra-
tion of each compound in air samples collected at five
sampling points in the FW treatment process, the present
research focused on the emission characteristics of odorous
VOCs, as well as the concentrations of H,S and NHj in the
plant. The spatial and temporal changes of odorant con-
centrations at different treatment stages were determined.
Furthermore, the odorous degree at each sampling point
and the contributing odorant groups were also discussed
extensively in this paper. Significantly, some suggestions
on the sound management of FW treatment factories had
been proposed to alleviate the negative effects of odorous
gases.

Monitoring plan and methods
Site description

A full-scale FW treatment plant was selected for the study.
The plant is a 300 t day ™' treatment capacity plant located
in Suzhou, China. The plant started its operation in 2004
and it is one of the representative FW treatment plants in
China because of its relatively advanced technology, good
management and large-scale, long-term normal operation.

The plant operates for 9 h per workday, from 9:00 am to
6:00 pm. The highest FW loads come in at around
11:00 am to 1:00 pm. The FW treatment process is as
follows: after receiving and keeping the FW in the store-
room, the FW is sorted mechanically and manually to
remove inorganic materials. Then, FW is crushed and
transferred for hydrothermal hydrolysis treatment. The
hydrolysis process would take 3 h at 100 °C. At this tem-
perature, macromolecules are not only converted to simple
organic matter, but the raw materials are also sterilized and
disinfected. The hydrolysis products are separated into
solid and liquid. The liquid phase is utilized for biogas
production in anaerobic reactors, whereas the solid phase is
utilized for aerobic fermentation of final products, such as
animal feeds. All treatment processes are run in the same

workshop. Air extractors are used for organizing odorous
gas emissions from hydrothermal hydrolysis reactors.
Twelve ventilators are installed around the workshop to
supply fresh air, but the discharged gases do not undergo
further treatment. The entire treatment flowchart is shown
in Fig. 1.

In situ monitoring description

According to Escalas et al. [10], the concentration of the
majority of the analytes tested in weekdays and weekends
were not significantly different because of the similarities
of the compounds in the plant influent, but the time effect
on the variance of analyte concentrations was observed.
Monitoring was conducted at noon (12:00 am) and night
(8:00 pm) during July 2013, when the temperature was
highest (more than 30 °C at noon and 20 °C at night) and
barometric pressure was lowest. The two monitoring times
also coincided with the phases when facilities are operated
and stopped. Sampling was conducted three times per
week, and the entire sampling period lasted for 1 month.
Data with large errors (because of factory accidents) were
excluded. The average values of the measurements during
different times were calculated using Microsoft Excel
2013.

Five monitoring points were selected according to the
key processes of the treatment plant, and these points were
clustered in a large, closed workshop, as shown in Fig. 2.
These monitoring points included two pre-treatment pro-
cesses (storing room and sorting/crushing process), two
treatment processes (hydrothermal hydrolysis and aerobic
fermentation) and the boundary of the plant.

Offensive odorants from the pre-treatment processes
were mainly the result of the anaerobic environment
formed during FW stacking and transportation. However,
hydrothermal hydrolysis and aerobic fermentation were
high-temperature and high-moisture processes. Thus, the
composition of odorous gas emitted from the two phases
would vary.

Sampling
The odorant gases were tested first by portable detectors

in situ, near the facilities. Moreover, the air at each sam-
pling point was pumped into FEP Teflon sample bags (8 L)

Fig. 1 The process flow
diagram of the FW treatment
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Fig. 2 Layout of the food waste treatment plant and distribution of
monitoring points

and its compounds were analyzed in an authorized
laboratory.

Analytical methods

The concentrations of H,S, NH; and TVOC were moni-
tored in situ using portable detectors. MX6iBird detector
(Industrial Scientific Corporation, USA) was used for H,S
test. OEM detector (Beijing Hongchangxin, China) was
used for NHj testing, and TVOC was tested by TVOC
analyzer with PID detector (RAE system, USA, PGM-
7340), using a PID with a gas-discharge lamp (9.8, 10.6 or
11.7 eV).

The compositions of TVOC were analyzed by the State
Environmental Protection Key Laboratory of Odor Control
of China in Tianjin, with the USEPA method TO-14/TO-15
as reference. The instrument type and the test program
have been reported previously [11].

Quality assurance and control

The following measures were adopted to ensure the accu-
racy and reliability of data obtained from monitoring
points. First, clean air was tested as a blank sample to
determine possible contamination resulting from the sam-
pling, transportation, or storage. The blank sample should
have a background value of less than 0.1 pg/m® [6]; sec-
ond, at each sampling point, parallel samples were col-
lected and long-term monitoring was performed. Finally,
bromochloromethane, 1,4-difluorobenzene, chlorobenzene-
d5 and 4-bromofluorobenzene were used as internal stan-
dards, and a 65-component determined by the USEPA was
used as external standard to qualitatively identify each type
of VOC according to retention time. By comparing the
mass spectra of samples with the VOC standard spectrum,
the concentration of each VOC type was determined.

@ Springer

Results and discussion
Emission characteristics of NH3;, H,S and TVOC

The concentrations of NH3, H,S and TVOC in the waste
treatment plant have been discussed in other reports [12,
13]. In this study, the concentrations of NH; at each
sampling point are shown in Table 1. NH; concentration at
the sampling point of aerobic fermentation was higher than
that at the other points in the working process. The NHj
concentrations were nearly equal to the value obtained in
the plant boundary (about 0.3 mg m ). This finding
indicted that in the aerobic vessel, NH; was much easier to
generate because the macromolecular proteins of FW
transformed into molecular proteins, and the resultant
amino acid would be further degraded under the condition
of high air flow rate [14]. The low NHj concentration at
most sampling points showed that NH; was not a serious
pollutant in this FW treatment facility.

The variance of H,S concentration was strongly corre-
lated with the change in monitoring point. The hydrother-
mal hydrolysis reactor and sorting/crushing process were
the main sources of H,S emission, thereby indicating that
H,S was generated easily under the conditions of high
temperature, high moisture, and low oxygen concentration.
Furthermore, the H,S concentration detected during
hydrothermal hydrolysis was higher compared with that
detected during the sorting/crushing process.

The hydrothermal hydrolysis reactor and aerobic fer-
mentation tank were also the main sources of TVOC
release in the plant. The sorting/crushing process is also a
dominant pollution source, because some substances could
be generated in an anaerobic environment.

The temporal distribution of NH3 and TVOC concen-
tration has been reported in our previous studies [15]. In the
previous study, NH; concentration was relatively stable,
and little difference was observed between concentrations
during the day and at night. However, TVOC concentration
during the day was much higher compared with concen-
tration at night, because more FWs were received during

Table 1 Emission of NH;, H,S and TVOC from FW processing
during the working period (unit: mg m™>)

NH; H,S TVOC
Storing room 0.283 0.037 21.18
Sorting/crushing 0.310 0.379 30.66
Hydrothermal hydrolysis 0.248 0.886 129.29
Aerobic fermentation 0.431 0.058 55.11
Boundary 0.340 - 0.59
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the day and high temperature favored the release of odor-
ous gases.

Flux evaluation of TVOC emission

VOC:s are the most important contaminants generated from
the FW treatment process, and the amount of VOCs
emitted was much higher than those of H,S and NHj. To
measure the emission fluxes and quantities in the different
treatment processes, Eq. (1) was used to calculate their
values [16, 17], as follows:

F =0 x Colt) /My, (1)

where Q is the airflow rate of odorous gases from the
treatment reactor discharge outlet (L h™h, Cy (@) is the
concentration monitored in the discharge outlet (ug L"),
My is the mass of the disposed waste in an hour (kg) and
t is the work hour (assuming that each workday had 9 h).
The dimensions of the VOC discharge outlets where each
process was conducted were as follows: storing room,
3 m x 3 m; sorting/crushing, 0.6 m x 0.6 m; hydrother-
mal hydrolysis reactor, 10 circle holes with a radius of
0.3 m; and aerobic fermentation tank, 0.5 m x 0.5 m. The
data are shown in Fig. 3.

The descending order of TVOC emission fluxes had
little difference compared with the order of TVOC con-
centrations. The TVOC emission flux in the storing room
was higher than the TVOC emission flux measured during
the sorting/crushing phase and in the aerobic fermentation
tanks because of the larger outlet area in the storing room.
The emission flux of the hydrothermal hydrolysis reactor
was higher than 7000 pg kg~' FW h™'. The present study
indicated that a closed environment was helpful in pre-
venting the spread of contaminants.

Spatial VOC characterization

In the laboratory tests, 50 VOC species were detected
using GC-MS and these compounds could be classified
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Fig. 3 TVOC emission fluxes in the treatment processes

into four major groups: oxygenated organic compounds (9
species), aromatic hydrocarbons (12 species), hydrocar-
bons (24 species) and sulfocompounds (5 species). Table 2
shows the mean concentrations of the dominant substances
(C > 0.01 mg m™?) in the VOC composition analysis at
five monitoring points.

In the treatment unit of hydrothermal hydrolysis, the
concentrations of most VOCs were higher compared with
those in other units, because high temperature and high
moisture promoted the emission of offensive odorants, with
some odorants generated from the front treatment units.
The treatment processes of sorting/crushing and aerobic
fermentation were the two other main sources of odorous
VOC release. However, the VOC types at the two above-
mentioned sampling points differed.

The concentrations of some hydrocarbons, including
1,2-dichloroethane, heptane, propane, isobutene and
butane, were much higher during the sorting/crushing
process than during other processes. This indicated that
nutrients of raw materials can be converted to this VOC
group under anaerobic conditions during FW transportation
and stacking. Furthermore, these compounds were hardly
further degraded under conditions of lower oxygen con-
centration, even if the mechanism underlying the degra-
dation activity has not been reported.

On the contrary, the emission amount of oxygenated
organic compounds from the process of aerobic fermenta-
tion was higher than that generated during the sorting/
crushing process. In addition, concentrations of the terpe-
nes, (o-pinene, B-pinene and limonene) were also main-
tained at a high level, even if these terpenes were not
oxygenated organic compounds and this finding has been
confirmed in previous FW treatment studies [18]. The
reason for the high terpene concentration may be related to
the presence of citrus fruits or citrus oils in FW [16].

The concentrations of aromatic hydrocarbons (including
benzene, toluene, ethylbenzene and paraxylene) during the
sorting/crushing process and in aerobic fermentation were
approximate values, because aromatic hydrocarbons were
difficult to generate or degrade whether in an anaerobic
environment or in an aerobic environment. These com-
pounds were monitored from the FW itself without treat-
ment processes.

Ethanol was another important VOC in this study, and
its concentration remained at a higher level (higher than
10 mg m ™) during the entire process. In the hydrothermal
hydrolysis reactor, the ethanol value was about
59.5 mg m >. This was an interesting and exciting phe-
nomenon because as a new and clean energy resource,
ethanol production from waste has been reported widely
[19, 20]. The ethanol production potential of FW has been
proven by Ma et al. [21] and Hatfield [22]. The composi-
tions of FW, such as sugars, starches and cellulose, were
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Table 2 Mean concentrations of VOCs monitored in September

Compound Mean concentration (mg m—>)

Storing room Sorting and crushing Hydrothermal Aerobic Outskirt

hydrolysis fermentation

11:30 21:00 11:30 21:00 11:30 21:00 11:30 21:00 100 m  Limit value
Dichloromethane® 0.0234  0.0172  0.0128 0.0129 0.0473 0.0022 0.0095 0.0136 0.0039 No defined
Carbon disulfide® 0.0193  0.0097  0.0492 - 1.0336 0.5170 0.1598 0.0399 - 2.0
Ethyl acetate® 0.3001  0.1409 1.2584 0.5441 3.4070 1.7646 0.9942 0.2604 0.0094 No defined
Benzene® 0.0063  0.0084  0.0097 0.0061 0.0166 0.0143 0.0110 0.0142 0.0031 No defined
Toluene? 0.0216  0.0259  0.0449 0.0238 0.0882 0.0655 0.0626 0.0499 0.0082 No defined
Chlorobenzene® 0.0015  0.0020  0.0052 0.0006 0.0104 0.0021 - 0.0032 - No defined
Ethylbenzene® 0.0126  0.0110 0.0313 0.0105 0.0572 0.0340 0.0396 0.0158 0.0038 No defined
Paraxylene? 0.0017  0.0016  0.0143 0.0034 0.0212 0.0134 0.0176 0.0090 - No defined
0-Xylene® 0.0022  0.0024  0.0082 0.0023 0.0104 0.0074 0.0102 0.0046 0.0002 No defined
P-Ethyl toluene’ 0.0028  0.0026  0.0040 0.0023 0.0108 0.0071 0.0044 0.0033 0.0011 No defined
1,3,5-Trimethylbenzene? ~ 0.0017  0.0014  0.0032 0.0012 0.0054 0.0040 0.0028 0.0021 0.0004 No defined
1,2,4-Trimethylbenzene?  0.0036  0.0035  0.0054 0.0028 0.0064 0.0026 - 0.0037 0.0010 No defined
Naphthalene* 0.0096  0.0093 - - 0.0105 - - 0.0024 0.0048 No defined
Hydrogen sulfide” 0.0806  0.0445 0.3786 0.0769 0.8857 1.2471 0.1631 0.0653 - 0.03
Methyl mercaptan® 0.0410 0.0146  0.2109 0.0748 1.2290 0.6249 0.2014 0.0635 - 0.004
Dimethyl sulfide” - 0.0045  0.0512 - 0.5069 0.2881 0.1140 0.0374 - 0.03
Dimethyl disulfide® 0.0574  0.0779  0.0902 0.0914 0.4668 0.2967 0.1554 0.1007 - 0.03
Acetaldehyde® 1.9882  0.5317 22184 0.2429 21.8768 10.2642 11.925 5.721 - No defined
o-Pinene® 0.0251  0.0226  0.2546 0.1335 8.0274 3.1700 4.9030 0.8490 0.0084 No defined
B-Pinene?* 0.0263 - 0.3772 0.0566 6.0448 2.5954 3.9867 0.7280 - No defined
Limonene® 0.1576  0.1342  1.5384 1.4916 17.0832 8.5539 8.5380 3.0427 0.0210 No defined
Propylene® 0.0146  0.0191  0.0490 0.0178 1.4208 0.8003 0.1864 0.0361 - No defined
Dichlorodifluoromethane®  0.0021  0.0026  0.0024 0.0024 0.0031 0.0015 0.0022 0.0025 0.0024 No defined
Chloromethane® 0.0082  0.0083  0.0080 - 0.0306 0.0196 0.0156 0.0053 0.0022 No defined
Ethanol® 11.2192 125418 13.5762 14.2863  59.5286 37.0036 12.3092  13.6042  0.0884 No defined
Acetone® - - 0.0780 - 2.3470 1.0999 1.1188 0.4508 - No defined
Hexane* - 0.0102 - - 0.10125 0.0253 - 0.0028 0.0022 No defined
Chloroform® 0.0030  0.0012  0.0132 0.0050 0.02385 0.0114 0.0080 0.0012 - No defined
1,2-Dichloroethane® 0.0073  0.0135 0.0125 0.0080 0.0156 0.0140 0.0091 0.0145 0.0048 No defined
Heptane® 0.0112  0.0083  0.0624 0.0258 0.0179 - - 0.0032 0.0010 No defined
Tetrachlorethylene® - 0.0037  0.0067 0.0203 0.0312 0.0090 - 0.0008 - No defined
1,4-Dichlorobenzene® 0.0032  0.0034 - 0.0087 0.0044 0.0010 - 0.0032 0.0020 No defined
Propane® 0.0198 0.0162 0.0334 0.0122 0.0432 - - 0.0496 0.0064 No defined
Isobutene® 0.1342  0.1068  0.3660 0.0524 0.8538 0.6711 0.0736 0.0210 0.0034 No defined
Butane® - 0.0059  0.1128 0.0113 0.1790 0.1461 - 0.0231 0.0030 No defined
Pentane® 0.1549  0.1638  0.4288 0.0530 2.6628 1.6455 0.4048 0.0745 0.0140 No defined
Heptane® 0.0062  0.0037 - 0.0187 0.0179 - - 0.0010 - No defined
Octane® 0.0052  0.0037  0.0696 0.0300 0.5526 0.3350 0.157 0.0269 - No defined
Decane® 0.0061  0.0060 — - 0.0394 0.0100 0.0533 0.0259 0.0001 No defined

? Compounds belonging to hydrocarbons

® Compounds belonging to sulfocompounds

¢ Compounds belonging to oxygenated organic compounds

4 Compounds belonging to aromatic hydrocarbons
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Table 3 Concentrations of certain odorants limited in the official
rules and monitored at the boundary point

Offensive odorants Boundary value Limit value

mg m™

Carbon disulfide - 2.0
Hydrogen sulfide - 0.03
Methyl mercaptan - 0.004
Dimethyl sulfide - 0.03
Dimethyl disulfide - 0.03
Ammonia 0.34 1.0
Trimethylamine - 0.05
Styrene - 3.0

the preferred substrates for producing ethanol and other
bioenergies. In the hydrolysis process, these complex car-
bohydrates are converted to simple monomers in an acidic
environment.

To evaluate the ambient air pollution of the sur-
roundings resulting from these offensive odorants, con-
centrations were detected at 100 m away from the plant
boundary. The result showed that the detector failed to
sense the 15 VOC species. Moreover, the concentrations
of certain tested substances were lower than the pollu-
tants’ emission standards in China (Emission Standards
for Odor Pollutants, China), as shown in Table 3. Among
the eight pollutants, trimethylamine and styrene were not
monitored at any sampling point in the plant. Thus, the
FW treatment plant only slightly influenced the
surroundings.

Temporal VOC characterization

For the different inlet organic loads during the day and
night, some VOC emission concentrations in most waste
treatment plants were greatly diverse [10]. In this study,
two sampling times were selected. During the day, many
FWs are transported from restaurants, and all the processes
are run. At night, most of the facilities in the plant do not
function.

The effect of time on the differences between the mean
concentrations of each compound monitored at noon and
night was computed via a statistical method. A ¢ test was
run to determine the temporal effect of each analyte, at a
significance level of 0.05, and the results are shown in
Table 4. The symbol ‘+’ indicates that the concentrations
of analytes showed significant differences between the two
times. On the contrary, the symbol ‘—’ indicates that no
significant difference was found. The results indicated that
in the storing room, only a few compounds were signifi-
cantly different in terms of detected concentration.

Meanwhile, in the aerobic fermentation monitoring site, the
number of compounds was low. The temporal effects were
positive only for 3 out of 39 and 11 out of 39 VOCs ana-
lyzed in the storing room and in the aerobic fermentation
process, respectively, at the 0.05 significance level. This
means that for most VOCs, the emission concentrations
were not significantly higher during the day than at night.
By contrast, the ¢ test indicated that the temporal effect was
significant for 27 out of 39 and 29 out of 39 target com-
pounds at the sorting/crushing point and in the hydrother-
mal hydrolysis tank, respectively, at the 0.05 significance
level.

Few analytes differed in terms of concentrations in the
storing room, because only oxidized gases were emitted
from the surface of the FWs. Thus, the spontaneous course
was nearly the same for the two monitoring times. How-
ever, the VOCs generated during the sorting/crushing
phase were mainly from the anaerobic part of FW inner,
and they spread rapidly and easily during mechanical
stirring when the facility was operating. In the process of
hydrothermal hydrolysis, except for the continuous stirring,
the high temperature could speed up the release of VOC to
the environment during the day. Furthermore, most of the
compounds that showed negative difference results for
concentration values were hydrocarbons and aromatic
hydrocarbons. These results may have resulted from the
low correlation between the formation of these compounds
and the operation conditions.

Characterization of the odor properties
from the treatment process

Analysis of odor indices

For the different odorants, no absolute equation exists
between concentration and their annoyance degree because
of the various odor thresholds (OTs). Thus, people were
sensitive to some offensive odorants because of their low
odor threshold, even if the concentrations of such com-
pounds are at trace level; these odorants would cause
annoyance and public health problems of nearby resi-
dences. To assess the annoyance degree of any substance i,
odor activity value (OAV) of i is calculated by Eq. (2) [23,
24]. The OT and OAYV of H,S, NH; and main VOCs are
summarized in Table 5:

Odor activity value (OAV)
= Odor concentration (mg -m?)/OT (mg -m™).
(2)

People would have negative perception of the odor
when OAV exceeds 1. Most OAVs of the monitored
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Table 4 Analysis of significant differences caused by time effect (day and night)

Compound Monitoring processes (4 significant difference; — no significant difference)

Storing room Sorting and crushing

Hydrothermal hydrolysis

Aerobic fermentation

Dichloromethane® -
Carbon disulfide® —
Ethyl acetate® +

d
Benzene —

d
Toluene —

Chlorobenzene —

+ 4+ + o+t

Ethylbenzene® -

Paraxylene’ -
O-Xylene* -
P-Ethyl toluene® -
1,3,5-Trimethylbenzene® -

+ o+ + +

1 ,2,4—Trimethylbenzened —
Naphthalene® —
Hydrogen sulfide” -

Methyl mercaptan® —
Dimethyl sulfide” -
Dimethyl disulfide® -
Acetaldehyde® +
o-Pinene® - -
B-Pinene®* + -

Limonene® — -

I+ o+

+

Propylene® - +
Dichlorodifluoromethane® — -
Chloromethane?® — -
Ethanol® —
Acetone’® -

+ +

Hexane® -

Chloroform® —
1,2-Dichloroethane® -
Heptane® —
Tetrachlorethylene® —
1 ,4-Dichlorobenzened —
Propane® -
Isobutene® -
Butane® -

Pentane® —

T e S e S

Heptane® —
Octane® -
Decane® - -

_|_
+
+

e e e s

N I e I T T e

+

+ +

* Compounds belonging to hydrocarbons
° Compounds belonging to sulfocompounds
¢ Compounds belonging to oxygenated organic compounds

d Compounds belonging to aromatic hydrocarbons

VOCs in the treatment processes were below one. How- sum of odor activity value (SOAV) was calculated to
ever, previous studies suggest that malodorants have a  evaluate annoyance degree for any malodorant group, as

cumulative effect on olfaction annoyance [24]. Thus, the described by Eq. (3):
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Table 5 OT and OAYV of the various odorous compounds at each sampling point
Compounds OT* (mg m™) OAV

Storing warehouse Sorting/ Hydrothermal Aerobic Boundary

crushing hydrolysis fermentation

Dichloromethane 565.39 - 0.0002 - - -
Carbon disulfide 0.665 0.0326 0.0740 1.5536 0.2402 -
Ethyl acetate 23.096 0.0130 0.0545 0.1475 0.0430 0.0004
Benzene 15.210 0.0004 0.0006 0.0011 0.0007 0.0002
Toluene 0.652 0.0331 0.0689 0.1353 0.0960 0.0128
Chlorobenzene 0.984 0.0015 0.0005 0.0105 - -
O-Xylene 3.092 0.0007 0.0026 0.0034 0.0033 -
1,3,5-Trimethylbenzene 0.850 0.0020 0.0038 0.0064 0.0033 0.0005
1,2,4-Trimethylbenzene 0.600 0.0060 0.0090 0.0107 - 0.0017
Hydrogen sulfide 0.0007 115.14 540.85 1265.28 233 -
Methyl mercaptan 0.00014 292.86 1506.43 8778.57 1438.57 -
Dimethyl sulfide 0.0078 - 6.5641 64.9872 14.615 -
Dimethyl disulfide 0.00862 6.659 10.464 54.1531 18.028 -
Acetaldehyde 0.0028 710.07 792.28 7813.14 4258.93 -
Ethanol 19.168 0.5853 0.7083 3.1056 0.6422 0.0046
Ammonia 1.0629 0.2662 0.2926 0.23 0.41 0.32

*QOT, odor threshold; the data refer to Nagata [25] and Rosenfeld et al. [26]. OT values of some compounds are not always the same in different

references

k
SOAV = "0AV, (3)
i=1

where k represents the amount of offensive odorant in any
group (four groups were present) as previously mentioned.
Except for VOC, the odorous smell caused by H,S and
NHj; could not be ignored. Therefore, a total odor activity
value (TOAV) was adopted to show the olfactory annoy-
ance degree of each treatment process by adding the
SOAVs of four VOC groups and the OAVs of H,S and
NH3;, as Eq. (4) shows:

TOAYV = (OAVNH3 + OAVy,s + SOAV). (4)

Furthermore, odor contribution (OC) was studied to
assess the fractional content of H,S, NH; and TVOC in
TOAYV and the odor quotient of each VOC group in SOAV.

Because air pollution caused by offensive odorants was
more serious under high FW loads than under low FW
loads, only the annoyance degrees of offensive odorants
monitored during the day were discussed here.

Odor indices variance in different treatment
processes

Although the odorous gases had little influence on sur-
roundings according to previous discussions, their olfactory
nuisances and occupational health and safety to the workers
in the factory cannot be ignored. From the discussion of the

VOC spatial emission characterization, the types and con-
centrations of VOC showed great differences at various
sampling points. Consequently, the annoyance degrees of
odorous gases generated from different processes varied, as
shown in Fig. 4. Both TOAV and SOAV had the same
change tendencies, and the orders of the two values from the
highest to lowest were as follows: hydrothermal hydrolysis,
aerobic fermentation, sorting/crushing and sorting room.
The high-temperature and moisture conditions in
hydrothermal hydrolysis process had positive effects on
odorant emissions, and the aeration in the aerobic fermen-
tation increased the speed of release of odorous gases and
VOCs. Additionally, the two values at the boundary were
approximately 1, which was smaller by two to three orders
compared with those in the work processes.

Figure 4a shows the fractional contents of H,S, NH; and
TVOC, with NH; showing little effect on the TOAV except
at the plant boundary. H,S monitored at the sorting/
crushing unit comprised a considerable fraction of the
TOAV (about 20 %). Furthermore, at sorting/crushing
warehouse and in the hydrothermal hydrolysis process, H,S
was about 5-10 % of the calculated TOAV. VOCs, as the
most important pollutants generated from FW treatment,
generally contributed more than 80 % of the offensive
odors to the ambient air of the plant. To present more
detailed information on the VOC odors, Fig. 4b was plotted
to indicate the nuisance odors caused by the four VOC
groups and the changes in their values at different
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Fig. 4 The variances of TOAV A

(a) and SOAV (b) values in 100% =T 0
different monitoring points
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monitoring points. From the fractional content of each
group, we concluded that the groups of oxygenated organic
compounds and sulfocompounds are worth noticing. The
sulfocompounds were dominant in the odors caused by
VOCs, because this offensive odor group is mainly gen-
erated in the process of microbial anaerobic metabolism
[27, 28]. However, the fraction of monitored sulfocom-
pounds did not sharply decrease at the hydrothermal
hydrolysis reactor (about 50 %) and the value reached
up to 20 % in the aerobic fermentation process, thereby
suggesting that they could not be oxidized easily via aer-
obic fermentation. By contrast, the fractional ratio of

@ Springer

oxygenated organic compounds gradually increased in the
following order: sorting/crushing phase, hydrothermal
hydrolysis tank and aerobic fermentation reactor. Thus,
several suggestions have been proposed here to improve
the work conditions and to alleviate the damages caused by
odorous gases. First, the ventilated condition should be
further strengthened and more ventilators are needed,
especially near the sampling points of hydrothermal
hydrolysis and aerobic fermentation, in which high values
of TVOA and SOAV analyzed. Moreover, some further
treatment facilities could be equipped for reducing the
environmental pollution caused by collected odorous gases.
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Conclusion

In this work, a typical FW treatment plant that uses
hydrothermal hydrolysis and aerobic fermentation tech-
nology was selected to study the emission of offensive
odorants in the different treatment processes during the day
and night.

TVOC generated in the plant was mainly from the
hydrothermal hydrolysis reactor and the aerobic fermen-
tation process. The emission flux of TVOC was highest (up
to 7000 pug kg=' FW h™') at the discharge outlet of the
hydrolysis monitoring reactor.

The spatial variability analysis of VOC composition
indicated that the concentrations of hydrocarbons during
the sorting/crushing process were higher compared with the
concentrations of hydrocarbons emitted in the aerobic
fermentation process. On the contrary, oxygenated organic
compounds, which are also typical odorous VOCs, had
higher concentrations in the aerobic fermentation process.
Additionally, aromatic hydrocarbon concentrations were
nearly the same under aerobic and anaerobic conditions.

The ¢ test was used to analyze the temporal character-
istics of VOC emissions, and the results indicated that the
concentrations of compounds monitored at storing room
and the aerobic fermentation tank were not significantly
correlated with the FW load changes from day to night.
However, significant differences were found in the VOC
concentrations obtained at noon and at night at the sorting/
crushing sampling point and at the hydrothermal hydrolysis
reactor, because the conditions of continuous stirring and
high temperature favored the release of odorous gases in
the daytime.

Finally, the annoyance odor analysis showed that sul-
focompounds were dominant contributors to the nuisance
smell at each sampling point because of their low threshold
values. Moreover, the SOAV analysis showed that sulfo-
compounds were easily generated under anoxic conditions.
In the aerobic treatment processes, the fractional content of
the oxygenated organic compounds greatly increased.
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