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ABSTRACT

To investigate the odour emission rate from the surface of a municipal solid waste
landfill working area in China, a wind tunnel sampler was used to measure the emission
rates of volatile organic compounds (VOCs), H>S and odour units. The results showed
that the odour emission rate from the non-point source landfill is closely connected
with the environmental temperature and the velocity of surface sweeping. In summer,
the emission rates of VOCs (measured by PID as isobutylene), H>S and odour units
are 385-680 pge(m?es) !, 4-7 uge(m?es)- !, and 46.5-136 OUs(m?ss) ', respectively; in
winter, the emission rates are 140-280 pge(m?ss)™!, 0.5-1.8 pge(m?ss) ', and 8.5-16.2
OUe+(m?ss) !, respectively. The emission rate measured in the high temperature season
is nearly 6 times higher than that in the low temperature season. In the experimental
wind sweeping velocity range of 0.6 to 4 mes™!, there is a linear relationship between
the emission rate and the wind sweeping velocity. The continuous sweeping experi-
ment shows that the emission rate measured with clean air sweeping is the greatest
possible emission rate, which needs to be adjusted when used to estimate the odour
concentration in some cases, such as if the sampling time exceeds 10 min or when
estimating an area emission.

Key words: relleno municipal de residuos solidos, area de trabajo, fuente no puntual, tasa de emision de olores,
tanel de viento

RESUMEN

Para investigar la tasa de emision de olores desde la superficie de un relleno de resi-
duos sdlidos en China, se utilizd un muestreador de tiinel de viento para medir la tasa
de emision de compuestos organicos volatiles (VOCs, por sus siglas en inglés), H2S
y unidades de olor. Los resultados muestran que la tasa de emision de olores desde el
relleno considerado como fuente no puntual se relaciona fuertemente con la temperatura
ambiental y la velocidad de barrido de viento de la superficie. En el verano las tasas
de emision VOCs (medidas por PID como isobutileno), H2S y unidades de olor (OU,
por sus siglas en inglés) fueron 385-680 mg (m?es)-1, 4-7 mg (m?ss)-1 y 8.5-16.2 OU
(m?es)-1 respectivamente. La tasa de emision medida durante la estacion con temperatura
mas alta es cerca de seis veces mayor que la determinada en la estacion de temperatura
baja. En el rango experimental de velocidad de barrido de viento de 0.6 a 4 m2es-1
hay una relacion lineal entre la tasa de emision y la velocidad de barrido del viento.
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El experimento de barrido continuo muestra que la tasa de emision con aire de barrido
limpio es la mayor posible, la que necesita ser ajustada cuando se usa para estimar la
concentracion del olor en algunos casos, como cuando el tiempo de muestreo es mayor
a 10 min o cuando se quiere estimar una area de emision.

INTRODUCTION

Along with socioeconomic development and
improved living standards, the quantity of municipal
solid waste (MSW) in China has continuously been
increasing in recent decades (Vicente-Molina et al,
2018, Zahan et al. 2018). In 2014, the amount of
MSW transported has reached 178.6 million tons, and
107.5 million tons has been disposed for sanitation
purposes, of which approximately 60% was safely
disposed of in landfills ; although the significantly in-
adequate treatment capacities, planning and building
new facilities have been contradicted because of the
public concern on odour nuisance and the proportion
of MSW disposed of in landfills has been declining
each year, it still accounts for a high proportion
(National Bureau of Statistics of China 2015, Zhao
etal. 2015, Tian etal. 2013, Zhang et al. 2010, Ismail
and Hanafiah 2017). Because the organic matter and
moisture of MSW exhaust in many areas of China
are relatively high, odour pollution, which originates
from the transportation and landfill processes, has
become a public hazard. Odour impact in urban areas
can be very difficult to assess and control due to the
inherent complexity of the urban environment, the
large number of potential sources and the local small-
scale variability of the dispersing wind (Pettarin et
al. 2015, Usman et al. 2017). The odour pollutants
that originate from a landfill site mainly come from
the working face and storage piles of the landfill
reservoir, which is an open fugitive surface source
(Romain et al. 2008, Sironi et al. 2005, Rehman et
al. 2017). Better understanding of the diffusion pat-
tern of the surface source is the key to eliminating
the odour pollution of a landfill site (Gao et al. 2017,
Shen et al. 2017).

Many researchers have conducted studies on the
odour pollution of MSW landfill sites, which have
mainly focused on the chemical composition of
landfill odour, the odour concentration of different
sampling positions in landfill sites and the regional
impact of the odour pollution (Capelli et al. 2008,
Chiriac et al. 2009, El-Fadel et al. 1997, Romain et al.
2008, Chiriac et al. 2007, Davoli et al. 2003, Dincer
et al. 2006, Fang et al. 2012, Lu et al. 2011, Zou et
al. 2003, Tan et al. 2017). Besides the properties of

MSW, the amount of odour diffusion from the land-
fill surface source is affected by the meteorological
conditions (Chiriac et al. 2009, Dincer et al. 2006, Lu
et al. 2015, Yun et al. 2017). Most previous studies
were based on the sampling method of instantaneous
ambient air or using short-term enrichment tubes,
from which the odour concentration tested is heavily
influenced by the meteorological condition, and the
quantity of odour diffusion from the landfill surface
source is difficult to generalize or deduce (Grzeczka
and Szymak 2016, Carvalho et al. 2016, Qu et al.
2017). Some previous studies determined the down-
wind odour concentration and used the concentra-
tion data to calculate the diffusion with a Gaussian
diffusion model (Chemel et al., 2012; Nicolas et al.,
2006); however, the heavy field test workload and
the stability of the meteorological conditions during
the testing can substantially influence the test results
(Chemel et al. 2012, Nicolas et al. 2006, Xiao et al.
2017). Other researchers have also used static wind
cover or wind tunnels to measure the diffusion of
surface sources, such as agricultural soil, sewage
surfaces and livestock farms (Capelli et al. 2009,
Hudson et al. 2009, Hudson et al. 2006, Sarkar and
Hobbs 2003, Sironi et al. 2006, Van der Weerden et al.
1996, Wang et al. 2001). Some researcher measured
the emission rate of hydrogen sulfide from quiescent
liquid surfaces to the atmosphere in the Lab (Prata et
al. 2016, Razali and Said 2017). However, emission
rate is fundamental information to evaluate Emission
factors (EFs) and actually very little data is available
for landfill fugitive emission source in China (Liu et
al. 2016, Halim and Phang 2017). Moreover, there
have been few studies of MSW landfills on assessing
emission rates from the working face of a landfill,
especially field experiments of odour, and the impact
of surface wind velocity of the working surface in
four seasons has not been taken into consideration in
previous research (Liu et al. 2015, Sironi et al. 2005).

In this study, in the Shanghai Laogang MSW
landfill, a wind tunnel was used to sample and simu-
late the surface wind flow on the working face. The
odour concentration was measured in combination
with VOCs, H»S, artificial olfactory discrimination
and the air sense. The odour diffusion rate on the
working surface of different seasons was measured
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during the research, combined with the area data
of the working face to estimate the odour diffusion
quantity of the surface source, which can be used
to research the impact of different meteorological
conditions on odour and provide targeted guidance
to odour hazard control.

MATERIAL AND METHODS

Wind tunnel sampling system

The diffusion rate of the surface source is directly
related to the surface wind and temperature. In this
study, a wind tunnel system with volume adjust-
ment and a display device was used to measure the
odour diffusion rate of the MSW working surface.
The scheme of the wind tunnel system is shown in
Fig. 1(a):

A frequency conversion fan was used to produce
the surface wind at the tunnel section with a velocity
of 0-4 mes™!, the grain activated carbon (GAC) tank
was used to eliminate the odour in the background
atmosphere, and the calibrated pressure flowmeter
was used to display the wind velocity of the tun-
nel section. The wind tunnel was made of stainless
steel, as shown in Fig. 1(b), and consisted of air inlet
and outlet pipes, increase and decrease pipes, the
principal part and an elbow pipe. There were three
flow deflectors located in the increase pipe, making
the wind flow evenly distributed at the tunnel cross-
section area. The principal part was a cuboid with an
opening bottom, at which a 20-millimetre-long steel
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Fig. 1. (a) Scheme of the wind tunnel system (1. Frequency
conversion fan; 2. GAC tank; 3. Pressure flowmeter; 4.
Wind tunnel; 5. Monitoring site) and (b) Picture of the
wind tunnel

plate was extended to make the wind tunnel easy to
stick into the MSW surface and create an airtight
sweep atmosphere. There was also a 50-millimetre-
long valgus wing plate located at the edge of the
bottom to align the bottom of the wind tunnel and
MSW working surface. The opening bottom covered
an area of 400 mme100 mm on the MSW surface,
whereas the vertical section of the wind tunnel was
100 mme60 mm. The odour pollutant carried by
sweep wind was evenly distributed in the outlet pipe
through the decrease pipe, the elbow pipe and the
straight outlet pipe. The monitoring site was located
at the end of the outlet pipe.

Ambient air sample collection and sampling

The ambient air samples collected in this research
were all sampled and measured at 1.5 metres above
the ground. The pollutant concentration at 1.5 me-
tres above the ground could accurately reflect the
pollutant impact on human activity according to the
related standard.

The field tests in this research were arranged in
different seasons, and during every testing time, an
MSW working surface with an area of 100 square
metres was selected as a measurement region. There
were three sample sites measured at the same time for
each surface wind condition, taking the mean value
of the three tests as the measurement result of one
certain condition.

Four-time periods in one year were selected for
the field test, i.e., spring (April), summer (July),
autumn (September) and winter (November). The
testing site was the MSW working surface in the
Laogang MSW disposal base. The meteorological
parameter during the field test are shown in Table I.

Gas sample measurement
Odour concentration measurement.

In this study, a measurement method that com-
bined the Triangle odour bag method and the elec-
tronic nose method was used to determine the odour
concentration. Each odour sample was determined
by the electronic nose in the field. Simultaneously,
six gas chambers were used to collect the diffusion
odour from the MSW working face according to
Chinese government standard No. GB/T 14675.
These gas chambers were then sent to a professional
testing institution for artificial olfactory discrimina-
tion. The measurement results of artificial olfactory
discrimination served as learning samples for the
electronic nose in the data processing period, based
on which an acclimation model was established to
transfer the signal tested by the electronic nose into



152

N. Qiang et al.

TABLE I. METEOROLOGICAL PARAMETERS DURING THE FIELD EXPERIMENT.

Season ~ Weather Temperature/ Pressure/  Humidity/ Temperature Wind  Wind velocity/
°C hPa % difference between direction mes~
day and night/°C
spring cloudy 19.9 1009.4 80.5 8.2 SE 1.9
summer  cloudy 29.9 1001.6 74.1 5.1 SE 5.6
autumn cloudy 20.7 1007.5 76.8 6.4 NE 2.3
winter overcast 3.6 1028.4 71.9 4.4 NwW 39

an olfactory discrimination value. The electronic nose
used in this research was the PEN3 electronic nose
produced by AIRSENSE, Inc. (Germany). PEN3 con-
sisted of the sensor array (with 10 individual metallic
oxide sensors), the flow control system and analysis
software. The results of the artificial olfactory dis-
crimination included a dimensionless dilution ratio,
which referred to the EU 2003 standard EN13725
“Air quality- determination of odour concentration
by dynamic olfactometry”, and the odour unit used
in this research was OUsm™ for calculation conve-
nience (BSI 2003).

VOC measurement

Due to the complexity and diversity of the MSW
odour pollutant, portable PID and FID detectors
were used in this research to determine the VOC
concentrations. The PID sensor had a sensitive
response for aromatic hydrocarbons, ketones, pi-
nenes and parts of organic sulfurs or amines; barely
responded for alkanes; and was easily disturbed by
high humidity air. The FID sensor was sensitive to
hydrocarbons, parts of halogenated hydrocarbons
and ketones; was slightly responsive to aldehydes
and alcohols; and the impact of air humidity was
negligible. The PID detector used in this research
was a PGM-7240 PID sensor from the US RAE,
Inc., with a measurement range of 0.001 to 200 ppm,
and used isobutene for the calculation. The FID de-
tector was a micro-FID detector from PHOTOVAC
Inc. (USA), with a measurement range of 1 to 50000
ppm, and used methane for the calculation. Isobu-
tene and methane standard gases were respectively
used to calibrate the PID and FID detectors each
time before the field measurement.

H3S measurement

The H»S detector was a Jerome 631-X H»S de-
tector from Arizona Inc. (USA) and had a measure-
ment range of 0.003 to 50 ppm. The sensor required
regeneration, zero-set and calibration before testing,
as well as regeneration following the testing.

Surface source diffusion rate estimation or cal-
culation

The surface source diffusion rate can be expressed
as the product of the sample concentration and the
flow rate in the sampler:

SER= 0 x ¢ /4

where:

SER = odour diffusion rate of unit area, mge(m?es)!
or OUs(m?ss) ™!

Q = flow rate of sweep wind, m>es™
¢ = odour concentration, mg°rn*3 or OUem >

A = area covered by the sampler, m?.

1

RESULTS AND DISCUSSION

Wind velocity impact on the odour concentration
of the ambient atmosphere

The VOCs were measured by the PID detector
(calculated by isobutene) on two measurement sites
at the same time, i.e., the MSW working surface and
an area 100 metres downwind of the working region,
during which time the wind direction was maintained
as constant, as shown in Fig. 2:

As shown in Fig. 2, the VOC concentrations in
the ambient atmosphere decrease with increasing
wind velocity when the conditions of temperature,
the MSW component and the operation mode were
similar in both the working area and in the downwind
area. At the height of 1.5 metres in the working area,
the VOC concentrations decrease by 50% as the wind
velocity increases from 3 mes~! to 6 mes™!, whereas
in the downwind area, a 30% decrease was observed
(100 m from the working area). The field measure-
ment results indicated that the wind velocity of the
ambient atmosphere made a substantial difference
on the emission and diffusion of the MSW surface,
whereas the wind velocity impact differed between
the measurement sites. In this research, the micro-
meteorological model method was used to calculate
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Fig. 2. VOC concentration as a function of wind velocity during
landfill operation

the surface source diffusion rate, whereas the ar-
rangement of the sample sites and time length had a
considerable impact on the estimation.

Odour pollutant diffusion rate of different seasons
and wind velocity
VOC emission rate

In this research, a wind tunnel system was used
to measure the odour pollutant diffusion rate of the
MSW working surface in three different seasons:
spring, summer, autumn and winter. The results are
shown as Fig. 3 and Fig. 4.
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Fig. 3. VOCs emission rate (PID as isobutylene) from the landfill
working area

As shown in Fig. 3 and 4, in the range of 0.6 to
4 mes™!, the VOC emission rate increases with in-
creasing wind velocity. In comparison with the results
of spring, summer, autumn and winter, the emission

rate of the MSW surface increases with increasing
temperature; however, the emission rate measured
by the PID detector is far below that measured by
the FID detector.
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Fig. 4. VOCs emission rate (FID as methane) from the landfill
working area

The emission rate of the MSW working surface is
different for different components of the odour pol-
lutants. Differences are also noted in terms of how
the odour pollutants are transported to the working
surface.

The odour pollutants were produced in both
aerobic and anaerobic conditions; however, most of
the odour gas derives from the anaerobic process. In
aerobic conditions, the organic components such as
protein will transfer to stimulating ammonia through
the aerobic bacteria, whereas in anaerobic conditions,
these organic components will be decomposed by the
anaerobic bacteria. The decomposition products are
incompletely degraded hydrocarbons, hydrocarbon
oxygen, some sulfide and nitrogen compounds, such
as alkenes, micro-molecular volatile fatty acids,
alcohols, aldoketones, mercaptans, alkyl sulfides,
amines and amides, and large amounts of methane are
produced during the gas phase of the deep anaerobic
process for the organic component (Chiriac et al.
2009, Chiriac et al. 2007, Davoli et al. 2003, Dincer
et al. 2006, Fang et al. 2012, Lu et al. 2011, Zou et
al. 2003). Although the solid component accounts for
a large proportion of the MSW, a liquid component
also exists, and there is considerable space within the
sealed waste bag in the landfill area; therefore, under
many circumstances, there are different aerobic or
anaerobic processes in different parts of the MSW
landfill area, in contrast to a case with relatively
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uniform organic liquid, such as sewage and sludge.
The complexity of the degradation process for the
MSW landfill working surface is significant, and
there are a variety of potential emission metabolites
during the degradation process. In general, there are
two main origins of odour pollutants. The first is
bedding waste that has been landfill compressed, of
which the anaerobic proportion is relatively high, and
some has entered the anaerobic gas period. The other
is the MSW being disposed, which has been collected
and transported for 1 or 2 days. The degradation of
this MSW depends on the temperature and removal
mode (Staley et al. 2006). In summer, the temperature
is relatively high, the biochemical reaction rate of
the MSW landfill working surface is at a high level
because of the high temperature and moisture, and
the working surface is generally in the hydrolysis and
acid phase. In winter, the temperature is much lower,
the biochemical reaction rate of the MSW landfill
region is slow, and the working surface is generally
in the post-hydrolysis and acid phase.

Odour pollutants are absorbed by liquid and solid
substances or diffused out from inside the MSW ac-
cording to the characteristics of the odour pollutants.
The diffusion rate is based on the porosity, the length
of the channel and the impetus of the concentration
gradient. The diffusion rate of odour pollutants on the
MSW landfill working surface is low, whereas the
odour concentration on the surface is relatively high
when the surface wind velocity is slow. In this case,
the impetus of mass transfer is slight, which makes
it difficult for the odour pollutant to diffuse, leading
to a low surface emission rate. The odour pollutant
concentration decreases with increasing surface
wind velocity, thereby increasing the concentration
gradient between the internal MSW and ambient
atmosphere. Simultaneously, the thinning boundary
of the laminar layer on the MSW surface leads to a
higher mass transfer rate from the inside to the out-
side, characterized by an increasing emission rate.

The VOCs measured and represented by the PID
shown in Fig. 3 are mainly organic compounds and
are generated during the prime stage of the aerobic or
anaerobic phase, whereas the methane is unrespon-
sive. The FID detector is highly responsive to the hy-
drocarbons, whereas the oxygen organic compounds
are relatively unresponsive. Methane and carbon
dioxide make up the main part of landfill gas, with
the other components only composing a small propor-
tion (Stayley et al. 2006). The measurement result of
the FID detector is generally the reflection of hydro-
carbons, including methane. As is shown in Fig. 4,
the emission rate measured by the FID detector is

approximately two orders of magnitude higher than
that measured by the PID detector. In addition, the
productivity of methane is at a high level in summer
due to the high temperature and anaerobic extent;
therefore, the emission rate measured in summer
is significantly higher than those in spring, autumn
and winter.

In the wind velocity range of 0.6-4 mes™', the
emission rate of non-methane VOCs on the MSW
landfill working surface in summer is 385-680 pg
(m?es)”!, whereas in winter, the value is 140-280 pg
(m?es)”!, which shows a basically linear relationship
with the wind velocity.

H>S emission rate

H>S, which is an essential odour pollutant, has
been drawing researchers’ attention for a long
time. In this research, the measurement result of
emission rate tested for the MSW landfill working
surface is shown in Fig. 5. When the surface wind
velocity during the test is in the range of 0.6 to
4 mes™!, the H,S emission rate of the MSW working
surface increases with increasing wind velocity and
temperature. Compared to the VOC result, the H>S
emission rate is much lower, i.e., nearly 1% of the
VOC value (measured by the PID and calculated by
isobutene). H»S is produced during the deep anaero-
bic process, and according to the results of foreign
researchers, the H»S concentration in landfill gas is
approximately 54 mgem >, which is almost one in
eight thousand to the methane concentration (Powell
et al. 2006). In the comparison of Fig. 5 and Fig. 4,
the emission rate ratios of H»S and methane on the
MSW working surface are similar. In summer, when
the wind velocity is in the range of 0.6 to 4 mes ™!, the
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Fig. 5. H>S emission rate from the landfill working area
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emission rate of H2S on the MSW working surface
is 4-7 pge(m>es)~". For a landfill site with an area of
10000 square metres, when the wind velocity is 3 m
s~! in summer, the emission rate of H,S is 234 g h™'.

Odour unit emission rate

As observed in Fig. 6, when the surface wind
velocity of three testing seasons is in the range of
0.6 to 4 mes™', the emission rate of odour pollutants
on the MSW landfill working surface is 3.6-141
OUe+(m?ss 1). In general, the variation trend of odour
pollutants is similar to those of VOCs and H»S,
which both show increasing emission rates with in-
creasing temperature and wind velocity. Taking the
condition in which, the wind velocity is 2.9 mes!
as an example, the emission rate of odour pollutants
at 29 centigrade is 2.3 times higher than that at 20
centigrade and 6.7 times higher than that at 3.6 cen-
tigrade. Overall, the odour pollutant emission rate in
summer is in the range of 46.5 to 136 OUs(m?ss) !,
whereas in winter, the concentration range is 8.5-
16.2 OUs(m?es) . Sironi et al. (2005) found that the
emission rate of odour pollutants in the working area
of the fresh MSW landfill surface is 59 OUs(m?ss) ",
whereas the value reported by is 25.91 OUs(m?ss)';
however, both of these results lack considerations of
wind velocity data (Sarkar and Hobbs 2003).
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Fig. 6. Odour unit emission rate from the landfill working area

It is indicated from Fig. 6 that the odour pollutant
emission rate is approximately linear with the wind
velocity in the testing wind condition. The slope
of the change curve in summer, autumn or spring
is larger than that in winter. The possible reason is
the low formation rate of odour pollutants under
low temperature conditions. In seasons with high

temperature, such as summer, with higher forma-
tion and mass transfer rates, the adsorption capacity
is relatively low as well, and the growth slope of
the emission rate is higher than in the low-temper-
ature seasons. Therefore, it is crucial to reduce the
surface wind velocity in high-temperature seasons
of summer, autumn and spring to control the emission
rate of the MSW landfill working surface.

Impact of ventilation time

As previously mentioned, in addition to the
surface wind velocity, the odour pollutant emission
rate of the MSW landfill surface also depends on the
odour pollutant content of the MSW and the mass
transfer rate; therefore, the measurement area was
changed for each working condition. A continuous
wind tunnel sweep test was conducted both in winter
and summer to determine the emission rate trends for
the MSW landfill surface under continuous sweep-
ing wind. The emission rate was measured through
the time node, and the result of the growth trends is
shown in Fig. 7.
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Fig. 7. Effect of sweep time on the odour emission rate

The wind velocity during the measurement in
summer is 3.88 mes ™ and 1.15 mes™! in winter. As
observed in Fig. 7, the odour pollutant emission rate
generally decreases with the continuously sweep-
ing surface wind. In summer, the emission rate
significantly decreases after 9 minutes of sweeping
wind, and the attenuation ratio reaches 39% after 20
minutes of ventilation. In winter, a decreasing trend
occurred from the beginning of the measurement,
and the attenuation ratio reaches 76% after only 15
minutes. Both the decreasing extent and odour pol-
lutant emission rate in summer are less than those
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in winter because the odour pollutant emission rate
of the MSW landfill surface is determined by the
formation rate of the odour components during the
MSW biochemical reactions and the diffusion rate
of the odour pollutants. The high temperature in
summer leads to a high formation rate of the MSW
odour pollutants, high odour content in the MSW,
and relatively high diffusion rate; these characteris-
tics cause the emission rate to be higher in the first
several minutes of the sweep test and then decrease
significantly after 9 minutes. The odour component
content and diffusion rate are at relatively low levels
in winter, though the temperature and odour concen-
tration of the inner MSW is higher than those on the
surface, and the low diffusion rate makes the MSW
of the outer layer relatively isolated from the inner
part, leading to the instantly decreasing emission rate
at the beginning of the test.

The result of the continuous sweep measurement
indicates that the emission rate value measured by
the fresh-air sweep method refers to the maximum
rate, which needs to be corrected when it is used to
calculate an average odour concentration of a test lon-
ger than 10 minutes. The correction factor is smaller
in summer and higher in winter, a characteristic that
requires further research.

CONCLUSIONS

The correlation between the emission rate of
VOCs on the MSW landfill working surface with
the wind velocity was studied through a wind tunnel
sweep test, and the results showed a basically linear
relationship with the wind velocity. To be specific,
the results show that in the wind velocity range of
0.6-4 mes!, the VOC emission rate was 385-680
pge(m?es) ! in summer and 140-280 pge(m?ss)!
in winter. In addition, the H,S emission rate was
also distinct between summer and winter based on
the wind tunnel sweep measurements. In the wind
velocity range of 0.6-4 mes, the H,S emission rate
in summer was 4-7 pge(m?+s)"!, and it decreased to
0.5-1.8 pge(m?+s)"! in winter.

Based on the results of the wind tunnel sweep mea-
surement, in the wind velocity range of 0.6-4 mes !,
the odour pollutant emission rate in summer was
46.5-136 OU+(m?es) !, whereas in winter, the value
was 8.5-16.2 OUs(m?es)"!. The growth rate in sum-
mer was higher than in winter. Furthermore, the
result of the continuous sweep test indicates that the
emission rate value measured by the fresh-air sweep
method refers to the maximum rate.
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