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on daily overlay in a landfill and its impact on landfill odor control

Jun Jiang1,2
& Jianhua Li1 & Sami Rtimi3

Received: 26 March 2020 /Accepted: 9 September 2020
# The Author(s) 2020

Abstract
In the present work, we studied the NH3 and H2S odor fluxes between the exposed working area and the HDPE covering film
holes of the daily overlay in an actual landfill site with a daily operating area of 1600m2 in Hangzhou, China.We showed that the
odors were released from the membrane pores and the average concentrations of NH3 and H2S release reached 109.6 ± 56.6 and
86.0 ± 31.1 mg/m2/s, respectively. These concentrations are 43.8 and 57.3 times the exposed working surface. Furthermore,
mathematical modeling based on the total amount of odor release revealed that there was a linear positive correlation between the
total odor amount and the landfill operation area. However, the maximum number of film holes allowed on the covering layer has
nothing to do with the working area and exposed working time, which is mainly determined by the HDPE film width in terms of
ensuring the deodorizing effect of the covering operation. If the HDPE film with a width of more than 4 m is used, the number of
film holes allowed within 100 m is more than 8. Therefore, in order to reduce the odor, the appropriate film width should be
selected according to the actual operating conditions such as the mechanical operation level at the time of welding, the design of
the landfill site, and the operational norms. This study explores the effect of film hole quantity of the daily cover in the landfill on
the odor release from the landfill, which can provide an important reference for the design, operation, and decision-making of the
daily cover operation of the sanitary landfill.
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Introduction

Odor accounts for less than 1% v/v of total landfill gas (Lim
et al. 2018), but because of its harm to surrounding air quality,
it affects the health of surrounding residents (Liu et al. 2015;
Njoku et al. 2019). Therefore, it has been considered the big-
gest pollutants to landfills (Drew et al. 2007). Landfill odor
control has attracted the attention of landfill managers, de-
signers, and the neighboring areas (Hurst et al. 2005; Njoku
et al. 2019).

There are many materials used for temporary covering in
landfills, including traditional coveringmaterials such as high-
density polyethylene (HDPE) film, geotextiles, and
geosynthetic bentonite cushion (GCL) (Querio and Lundell
1992; Capaccioni et al. 2011; Take et al. 2012; Rowe et al.
2016), and some non-traditional materials such as construc-
tion waste, waste wood, and other waste (Solan et al. 2010;
Hurst et al. 2005). Covering with traditional materials will
occupy the storage capacity of the landfill and reduce its space
for landfill waste. The use of non-traditional materials, namely
waste, as coveringmaterials can effectively improve this prob-
lem, so it has become a research hotspot in recent years
(Narani et al. 2020; Ait-Benichou et al. 2008; Solan et al.
2010). However, the instability of non-traditional materials
and the odor reduction effect still need to be verified.

Daily landfill cover with membrane, construction waste,
compost, wood chips, among others can help reducing odor
emission (Solan et al. 2010; Hurst et al. 2005; Capaccioni
et al. 2011) as well as other nuisances such as windblown
litter, vermin, flies, and birds (EPA 1997). Plaza et al.
(2007) have shown that overlays can act as effective barriers
for gasses and odors. Therefore, the temporary covering
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operation is widely used as an economical and effective odor
control method in the current landfill operation process.

The current landfills are still dominated by traditional daily
covering materials, especially high-density polyethylene film
due to its low permeability (permeability coefficient can reach
10−14 m2/s), enough toughness, appropriate weather resis-
tance, good stability, and easy operation (Hwan and Chung
2008; Rowe et al. 2016). HDPE is widely used in daily landfill
cover for actual operations.

When using HDPE for landfill day coverage, membrane
holes may be generated due to carelessness, errors, or acci-
dents. If the wrong or careless construction method is used on
site, the probability of film holes will be greatly increased. For
occasional accidents (such as a falling tool), these membrane
holes will be few and far apart from each other. Starting from
the landfill design phase, the number of membrane holes on
site will depend on the measures taken by the project, includ-
ing material testing, construction, and construction supervi-
sion. Of course, it is possible not to produce membrane holes,
but this possibility is very small, because it means that no
errors occurred and the used construction method is safe,
which is impossible in practice (Gilson-Beck 2019).
McQuade and Needham (1999) pointed out that the probabil-
ity of the formation of membrane holes is closely related to the
material’s resistance to environmental stress cracking, friction
performance, effectiveness of protective materials, and careful
manipulation by landfill engineers.

Several studies confirmed that membrane holes will lead to
odor leakage. Based on the theoretical derivation, the
membrane/geomembrane pore leakage depends on the liner
cross section and contact between the geomembrane and the
underlying low-permeability layer (Giroud 1997; Rowe
2018). In general, the quantity and size of holes (especially
those caused by wrinkles or seams) have a great impact on the
geosynthetic clay liner (GCL) leakage (Mendes et al. 2010,
Rowe 2012; Fox et al. 2011; El-Zein and Rowe 2008; Rowe
and Abdelatty, 2012). However, these studies mostly focused
on the leakage of leachate from different anti-seepage systems
of the landfill and its impact on the groundwater. Most of the
research on landfill focuses on odor concentration, diffusion,
deodorization measures, and their impact on the surrounding
environment and health (Lim et al. 2018; Liu et al. 2015;
Njoku et al. 2019; Cheng et al. 2019).

In this study, we focus our attention on the leakage source
of odors mediating the membrane holes of the daily cover
layer. It was unclear how the odor leaks on the membrane
holes. We also show that the leak will determine whether the
temporary covering operation of the landfill is meaningful for
odor reduction. This study takes an actual landfill in
Hangzhou as the site, to study the effect of film holes on the
temporary cover film on the control of landfill odors using
NH3 and H2S as indicators. We aim to (i) clarify the leakage
of odors from the film holes from the temporary cover layer

and (ii) determine the maximum number of membrane holes
allowed to achieve the odor reduction based on mathematical
linear modeling. We tried to provide important references for
landfill design, operation, and management.

Material and methods

Landfill and its operation process

The landfill station selected in this study is Hangzhou
Tianziling Second Landfill, which is in the Qinglongwu
Valley (120.2 E, 30.3 N) of Tianziling Mountain in Shitang
Village, Banshan Town, northern suburb of Hangzhou. It is a
22.02 million–m3 station. It adopts a combination of vertical
and horizontal anti-seepage technologies. It is operational
since 2007. The landfill receives more than half of the waste
in Hangzhou, with an average daily landfill volume of more
than 5000 t and a daily maximum landfill volume ofmore than
6000 t. Hangzhou is the first city in China to pilot garbage
cleaning and direct transportation, that is, mixed domestic
garbage generated by residents is loaded by garbage trucks
and sent directly to a landfill for landfill disposal. There is
no garbage transfer station in the middle. The landfill uses
the independently established “Tianziling Landfill operation
method” to standardize landfill treatment of garbage as shown
in Fig. 1.

After the garbage is transported to the landfill by the trucks,
the garbage is first weighed, then the truck drives to the res-
ervoir area and arrives the dump platform in the reservoir area
by the steel plate road to discharge the garbage. After the
unloading is completed, the earthmoving machine enters the
site. The rubbish is flattened and compacted to make the rub-
bish density more than 1 t/m3. Next, the most important step is
to use a HDPE film with a width of 6 m and a thickness of
0.75 mm to temporarily cover the rubbish to prevent the odor
which is emitted into the air, and rainwater seeps into the
garbage dump. At this point, the landfill operation is basically
completed. The leachate produced by the garbage pile is col-
lected into the sewage storage tank through the crisscrossed
high-density polyethylene pipes in the bottom of the reservoir,
then it is processed at the landfill sewage treatment plant.
Landfill gas (mainly composed of biogas) is transported to
the biogas power plant for power generation through gas col-
lection wells and pipelines and is integrated into the East
China Power Grid. The biogas power plant can generate
280,000 kWh of electricity per day. Using the operation flow
shown in Fig. 1, the average daily landfill operating area is
1800 m2. This study examines the change in the release of
odors using NH3 and H2S as indicators before and after the
coverage in order to characterize the effect of daily cover
treatment on the reduction of odors. Among them, the release
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of odor after covering mainly examines the release amount of
the membrane pores.

Odor monitoring indicators and methods

Odor monitoring indicators

There are many types of odors in landfills, including saturated
hydrocarbons, unsaturated hydrocarbons, organic alcohols,
aromatic hydrocarbons, halides, sulfur compounds, mercap-
tans, and inorganic compounds (Lu et al. 2015; Sonibare et al.
2019). In this study, NH3 and H2S were used as indicators for
the odor investigation based on the following three points: (1)
Long-term monitoring results of the landfill showed that the
gas concentrations of ammonia and hydrogen sulfide released
by the landfill account for 84.05–93.94% of the total odor
concentration (Ding et al. 2012). Ammonia and hydrogen sul-
fide are the main odor gas components emitted by the landfill.
(2) Ammonia and hydrogen sulfide release reflects the degra-
dation of nitrogen and sulfur in the waste dump (Ding et al.
2012; Asadollahfardi et al. 2019; Lim et al. 2018), while ni-
trogen and sulfur are the main constituent elements of fresh
garbage, especially kitchen waste. NH3 and H2S can accurate-
ly reflect the odor generation on the mixed fresh landfill op-
eration surface, and (3) the prolonged exposition to NH3 and
H2S for a long time causes serious impact on health (Aatamila
et al. 2010; Ding et al. 2012; Lee et al. 2006).

Odor collection point

Before and after the landfill day cover operation, 6 sampling
points on the exposed working surface and film holes (8) on
the temporary cover layer were randomly selected for odor
collection and monitoring. The in situ gas collection method
(Fig. 1) of the static box is used for odor collection, and the gas
collection bag is a Tedlar gas collection bag with a volume of
0.5 L.

On the exposed working area, considering the possible in-
fluence of day and night changes on gas release, a day was

randomly selected in June, and day and night monitoring was
conducted at 6 AM, 12 PM, 6 PM, and 12 PM throughout the
day and 6 h (Fig. 2). On the temporary cover layer, the damage
points (P1–P8, Fig. 2) were randomly selected for odor col-
lection (Fig. 3). The gas monitoring time of the membrane
pores was measured three times at 0, 15, and 30 min between
10:00 and noon.

Index analysis method

In order to examine the odor release from the membrane holes
on the temporary cover and its effect on odor control, this
study uses NH3 and H2S gas release fluxes for characteriza-
tion. The gas release flux mainly uses the static box shown in
Fig. 1 to collect odor at the gas collection points described in
the “Odor collection point” section and then measures the
concentration of hydrogen sulfide and ammonia, and then
calculates the release flux according to the following formula.

At the t +Δtmoment, the mass of the gas to bemeasured in
the box is the amount of t moment plus the amount of Δt
moment entering:

VCtþΔt ¼ VCt þ j
0
sΔt ð1Þ

j
0 ¼ V

S
dc

dt
ð2Þ

where V is the box volume (m3), C is the target gas concen-
tration (mg/m3), S is the box bottom area, and j is the gas flux
(mg/m2/h).

To correct the flux in combination with ambient tempera-
ture, we use the following equation:

j ¼ j
0 � 273

273þ t
ð3Þ

Among them, the concentration of hydrogen sulfide and
ammonia is mainly detected by spectrophotometry. The gas-
eous components are transferred to an aqueous solution by
bubbling the gas in a sulfuric acid and zinc acetate solution,
respectively. NH3 uses Nessler’s reagent spectrophotometry;

Fig. 1. Tianziling Landfill operation method
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methylene blue colorimetry was used to monitor H2S concen-
tration (Ding et al. 2012).

Estimating total odor release using linear modeling

A mathematical linear model was used to estimate the total
amount of NH3 and H2S released from the exposed working
surface and the temporary covering layer, and then used to
evaluate the effect of the number of membrane holes on odor
reduction. The model is based on the following assumptions:
(1) study the odor reduction effect of the inner membrane
pores within 24 h, (2) the landfill operation is carried out
simultaneously with the temporary cover. The daily exposed
operation area of the landfill is the same as the temporary
coverage area, (3) ignoring the difference in odor emissions
caused by the time difference between dumping, compaction,
and temporary covering operations. The odor release time of
bare operations is t, calculated based on the actual operation
time of garbage dumping, and compaction and the gas release
time in the temporary covering layer is 24-t. (4) We only
consider the amount of odor released from the surface of the
landfill, and we do not consider the actual environmental
odors caused by factors such as air diffusion.

Based on the above assumptions, the total amount of NH3

and H2S released through the film holes on the exposed oper-
ation and the temporary cover layer is:

Y 1 ¼ QNH3
þ QH2S

� �� t � 3:6� A

¼ 3:6At QNH3
þ QH2S

� � ð4Þ

Y 2 ¼ QNH3
þ QH2S

� �� 24−tð Þ � 3:6� A� 100Wð Þ

� B ¼ 0:036AB 24−tð Þ QNH3
þ QH2S

� �

W

ð5Þ

Y ¼ Y1þ Y2 ð6Þ

Among them, Y is the total amount of odors emitted from
the operation area throughout the day; Y1 is the total amount
of odors released in the working area without cover per day;
Y2 is the total amount of odors released through the membrane
holes on the daily temporary cover, g; QNH3 and QH2S are
the release fluxes of NH3 and H2S on the exposed working
surface and membrane hole, respectively, expressed in mg/
(m2 s); t is the daily waste dumping and compaction operation
time, that is, bare operation time, h; A is the landfill operation
area, m2; W is the cover film width, in meters, the actual film

(a) Odor collection on bare work surfaces 

(daytime)

(b) Examples of monitoring film hole on 

the temporary cover

Fig. 3 Example of on-site photos
of landfill odor collection

Fig. 2 Large-size static box
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width is usually 1–8 m; and B is the number of film holes per
100 m of film, B ≥ 0.

Data processing method

Origin and EXCEL were used for data processing and
charting, and SPSS 16.0 (SPSS for Windows, version 16.0,
USA) was used for statistical tests (p < 0.05).

Results and discussion

Odor release flux on the exposed landfill surface

The release fluxes of NH3 and H2S throughout the day in the
1–6 # monitoring points on the exposed working surface of
the landfill operation area are shown in Fig. 4. The release flux
of NH3 reached 2.1–3.2 mg/m2/s with an average of 2.5 ± 0.9
mg/m2/s, while H2S reached 1.0–1.9 mg/m2/s with an average
of 1.5 ± 0.9 mg/m2/s. Our results show that waste in the ex-
posed area releases NH3 and H2S in agreement with previous
studies. The release rate of NH3 is 1.2–3.2 times higher than
that of H2S. This is mainly due to the presence of aerobic and
anaerobic zones in the landfill. At the surface, oxygen accel-
erates the ammoniation of organic nitrogen compounds (Ding
et al. 2019; Lim et al. 2018). The release of H2S is mainly
based on the anaerobic sulfate reduction by anaerobic micro-
organisms (mainly sulfate-reducing bacteria) (Asadollahfardi
et al. 2019; Lee et al. 2006). However, since the odor threshold
of H2S (1.5–150 g/m3) is much lower than that of ammonia
(500–1000 g/m3) (Ding et al. 2012), the acute toxicity of H2S
is much greater than that of ammonia. Occupational exposure
is taken as reference. The human exposure to 76 ppm hydro-
gen sulfide for 10 min can cause death, while the required
ammonia concentration leading to death is 2700 ppm within
the same exposure time. This is 35.5 times that of H2S as

recently reported (the United States Environmental
Protection Agency 2020). Therefore, even though the NH3

release from the landfill surface has reached 3.2 times that of
H2S, the discomfort caused by H2S and its impact on the
health and environment are greater. This justifies why many
documents list H2S as one of the main goals of odor control in
the landfill (Ding et al. 2012; Lu et al. 2015; Aatamila et al.
2010). Therefore, the release of H2S with 1.0–1.9 mg/m2/s
throughout the day should not be underestimated and should
be of great concern to managers and operators.

The release of ammonia was seen to increase up to 3.2 ± 0.8
mg/m2/s at noon, then decreases and stabilizes between 2.1
and 2.3 mg/m2/s. This increase corresponds to the daily pho-
toperiod and the relatively high temperature at 12 noon in this
region. The high temperature enhances the ammoniation and
the decomposition of complex compounds by the existing
microorganisms more vigorous (Ding et al. 2019).
Furthermore, the relatively high temperature accelerates the
volatilization of ammonia (Lim et al. 2018), allowing higher
ammonia release from the collection points. Surprisingly, the
release of H2S does not increase within the photoperiod. H2S
was higher in the dark period with 1.9 ± 1.2 mg/m2/s at 6:00
AM, then its concentration decreased during the day.
Recently, the H2S release was studied to depend on the anaer-
obic microorganisms’ activity in the landfill, rather than the
aerobic ones found at the landfill surface (Asadollahfardi et al.
2019; Lee et al. 2006). Besides, the metabolic activities of the
microorganisms in the landfill generate local heat, allowing
the temperature of the stack waste to be maintained at relative-
ly stable values that are not affected throughout the day. This
aspect is still open and needs deep investigation with respect
to the kind waste, the depth, and the generated leachate.

Odor release from membrane holes in temporary
cover

In order to reduce the release of odors, temporary covers are
often used in landfill operations. The studied landfill used a
0.75-mmHDPE film for temporary coverage. However, holes
are easy to appear due to the settlement of the pile, construc-
tion, and characteristics of the landfill materials during the
landfill operation. Due to the gas diffusion properties, odors
escape from these membrane holes. Figure 5 shows the con-
centration of NH3 and H2S released from themembrane pores.

As shown in Fig. 5, the 8 randomly selected membrane
pores all released NH3 and H2S with a certain flux. The NH3

concentration varied from 27.6 to 206.3 mg/m2/s and the H2S
concentration 55.4–151.2 mg/m2/s, respectively. The average
values were 109.6 ± 56.6 mg/m2/s and 86.0 ± 31.1 mg/m2/s.
Such high released concentrations of NH3 and H2S from the
membrane pores indicate that the landfill waste contains more
degradable organic matter with proportions that can reach 50–
70% as reported before (Zhou et al. 2014). These materials are
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degraded by specific microorganisms such as nitrifying bac-
teria (including ammonia-oxidizing bacteria, AOB) and
sulfate-reducing bacteria. This aerobic–facultative–anaerobic
microenvironment formed under the membrane, leading to the
release of ammonia and hydrogen sulfide. The difference in
the ammonia and hydrogen sulfide concentrations is mainly
due to the difference in the activity of microorganisms that
degrade nitrogen and sulfur.

Statistical analysis showed that among the 8 membrane
holes randomly selected, there was a significant difference in
the ammonia gas fluxes of 2 #, 3 #, 7 #, and 8 #, and the release
of hydrogen sulfide from 1 #, 7 #, and 8 #. There is a signif-
icant difference in flux, which indicates that the odor emission
is different between different membrane pores, which is main-
ly affected by factors such as membrane pore size and gas
flow dynamics (Fox et al. 2011; Take et al. 2012; Rowe and
Abdelatty 2012). This latter and its specific relevance need
further study. However, although the NH3 and H2S emission
fluxes of the 8 randomly selected membrane holes are differ-
ent, they all emit NH3 and H2S. It can be seen that the mem-
brane holes are important for the release of foul pollutants on
the temporary cover and require great attention (McQuade and
Needham 1999; Plaza et al. 2007).

Furthermore, compared with the release of NH3 and H2S
on the exposed working surface (as presented in the “Odor
release flux on the exposed landfill surface” section), the re-
lease of NH3 and H2S from the membrane pores of the cover
layer is significantly larger. The average release concentra-
tions of NH3 and H2S from the pores are respectively 43.8
and 57.3 times those of the exposed working surface. Such
high concentrations of NH3 and H2S from the membrane
pores are mainly due to the gas diffusion characteristics. The
NH3 and H2S generated by the decomposition of organic sub-
stances under the membrane cannot be diluted and diffuse
quickly to the air due to the insulation of the cover layer.
Nevertheless, these gasses concentrate just at the membrane
holes before release. Overall, the HDPE coverage does reduce

the large-area leakage of NH3 and H2S odors (Plaza et al.
2007), but the existence of the holes intensified the diffusion
flux of “point” sources of odors’ dispersion.

Effect of film pores on odor reduction effect

As shown previously in this study, the presence of membrane
pores allows the NH3 and H2S to be released at high concen-
trations on the temporary cover layer. If the appearance of film
holes can be prevented, it is undoubtedly an effective way to
control odors, but it is ideal and difficult to avoid the appear-
ance of film holes on the temporary cover layer during actual
operation (Gilson-Beck 2019; McQuade and Needham,
1999). Therefore, researchers have carried out a lot of research
on the occurrence probability of membrane holes (Nosko and
Crowther 2015), quantification methods (Take et al., 2007),
and their repair technologies such as leakage location technol-
ogy (Gilson-Beck 2019). The film holes on the cover layer are
closely related to the effect of landfill odor control, and the
daily cover of HDPE film is not cheap. At present, the cost of
covering HDPE film in China is about 100,000 RMB (approx-
imately $ 14,900) per hectare (Chen et al. 2011). Therefore,
the number of membrane holes will directly determine wheth-
er the economically expensive behavior of temporarily cover-
ing HDPE is worthwhile for odor control. The threshold of the
number of membrane holes needs to be further clarified to
provide a reference for actual project management and opera-
tion. Next, based on the obtained results and the actual status
of the actual landfills investigated, we showed the effect of the
number of membrane holes on the odor reduction effect.

Based on the total odor release estimation model
established in the “Effect of film pores on odor reduction
effect” section, the daily average operating area “A” of the
investigated landfill in this study was 1800 m2, and the actual
bare operation time “t” was 6 h. Accordingly, the average
releases of NH3 and H2S were calculated using Eq. 4. The
total release on its exposed working surface can be calculated
as:

Y1 = 3.6 At (QNH3+QH2S) = 3.6A*t*(2.5 + 1.5) = 14.4 At =
86.4A = 1.56*105 g = 156 (kg)

The landfill is in accordance with the operation flow of Fig.
1. After the waste pile is compacted, HDPE with a 6-m width
is used for daily coverage after welding. From Eq. 5, the total
odor released from the film holes on the temporary cover layer
in the remaining (24-t) hours can be obtained as:

Y 2 ¼
0:036AB 24−tð Þ QNH3

þ QH2S

� �

W

¼ 0:036AB* 24−tð Þ 109:6þ 86ð Þ
W

¼ 7:04AB 24−tð Þ
W

¼ 7:04AB* 24−6ð Þ
6

¼ 21:1AB ¼ 37:98B kgð Þ
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Fig. 5 Gas release flux from the membrane holes on the HDPE cover (8
membrane holes, the average values are [NH3] = 109.6 ± 56.6 mg/m2/s;
[H2S] = 86.0 ± 31.1 mg/m2/s).
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In the above Y2, B is the number of film holes per hundred
meters of film, and B ≥ 0. Based on the above two equations, it
can be concluded that the relationship between Y1, Y2, and the
working area is shown in Fig. 6, where Y2 and B value are
closely related.

Figure 6 shows that the total amount of odor emission
increases with the increase of landfill operation area with a
linear relationship (Liu et al. 2015). In addition, the Y2 re-
leased on the daily cover layer fluctuated above and below
Y1 as the B value changed. It can be seen that the total amount
of odors released by the film holes from the cover layer de-
pends on the landfill operation area (that is, the coverage area),
which has a close relationship with the number of film holes.
In the case of a certain landfill operation area, the number of
film holes in the cover layer will determine whether the tem-
porary cover operation has the effect of reducing odors.

Furthermore, Eq. 6 is used to estimate the total amount of
odors Y and Y′ released under the two scenarios (with and
without covering) as follows:

Y ¼ Y 1 þ Y 2 ¼ 14:4At1 þ 7:04AB 24−t1ð Þ
W

¼ 86:4Aþ 21:1AB

Y 0 ¼ Y1 ¼ 3:6 At2 QNH3 þ QH2Sð Þ ¼ 14:4 At2

In order to obtain the maximum threshold value of the
number of film holes, it can be known from the above formula
that assuming that the temporary film deodorization operation
of the landfill is meaningful, then Y < Y′. That is, 14.4 At1 +
7.04AB * (24-t1)/W < 14.4At2, i.e.,

B <
14:4W t2−t1ð Þ
7:04 24−t1ð Þ

In this equation, according to the scenario assumption, t2 is
the exposure time when the covering operation is not adopted.
It is 24 h according to the first assumption (see the “Effect of
film pores on odor reduction effect” section). When t2 is
brought into the above formula, we can know that if Y < Y′,
then B < 2.05W.

From the above analysis, the maximum number of film
holes allowed on the film is determined only by the film width
(W) and has nothing to do with the exposed working time (t)
and the working area (A). It can be found that from the per-
spective of odor reduction, the larger the film width, the more
film holes are allowed as shown in Table 1.

Therefore, in the actual landfill treatment, the appropriate film
width should be selected based on themechanical operation level
while designing, welding, and constructing (McQuade and
Needham, 1999). Taking the landfill investigated in this study
using a 6-m-wide HDPE film for temporary coverage as an
example, it is recommended that the number of membrane holes
per hundred meters of the landfill site should be ≤ 12; otherwise,
the effect of reducing odor will not be exerted.When the number
of film holes within 100m is 8, the total amount of odor released
is 73.8% of the bare operation, and the amount of odor reduction
reaches 26.2%. It can be seen that from the perspective of the
total amount of odor release, the daily cover film can effectively
reduce total odor emissions if the optimal hole number is
respected. At this level, it is worth to mention that the covering
operation itself may generate odor emissions.

In the actual landfill operation, in order to reduce welding
and facilitate the process, a filmmore than 4-m wide is usually
selected for daily coverage. According to Table 1, the permis-
sible number of pores in the 100-m-long inner membrane is 8.
In the actual operation process, if the construction method is
correctly standardized and the occurrence of unexpected
events such as the fall of tools is minimized as possible, the
number of film holes in the film covering operation can be
controlled within this level range. Hence, the use of daily
mulching operations in actual engineering is still significant
for reducing the total amount of odors.

Conclusion

In this study, the Hangzhou landfill operating at full load was
used to study odors release that can be harmful for the neigh-
boring environment. The released odors’ concentration of
NH3 and H2S from the film holes on the exposed working
surface of the landfill and its daily cover were quantified and
compared to understand the effect of the film holes. We found
that the film holes on the cover of the daily operation in the
landfill released higher concentrations of NH3 and H2S, which
are 43.8 and 57.3 times the average release in the exposed
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Fig. 6 Mathematical modeling of the total amount of odors release as a
function of the landfill working area

Table 1 The maximum number of membrane holes allowed under
different film widths

Film width (m) 1 2 4 6 8

Max holes allowed 2 4 8 12 16

4449Environ Sci Pollut Res (2021) 28:4443–4451



working area, with NH3 being 2.5 ± 0.9 mg/m2/s and H2S
being 1.5 ± 0.9 mg/m2/s. Although the daily film coverage
of the landfill reduces the large-area escape of NH3 and H2S
odors, the existence of membrane holes has increased the dif-
fusion of odors forming “point” sources. A linear model of the
total odor emission of NH3 and H2S is used to evaluate the
effect of the number of membrane holes on the odor control of
the landfill. We found that the total amount of odor emission
on the exposed working surface and the temporary covering
layer showed a linear positive correlation with working area.
In order to ensure the deodorizing effect of the covering op-
eration, there is a maximum allowable film hole number
threshold on the covering layer, which is independent of the
working area and exposed working time, and is mainly deter-
mined by the HDPE film width (W). For the landfill in this
study, a 6-m-wide HDPE film was used for daily coverage. If
the number of membrane holes within 100 m is less than 12,
the daily coverage operation is meaningful for odor control. If
the number of membrane holes within 100 m of the landfill is
only 8, the total reduction of odor emissions can reach 26.2%.

In this study, by comparing the NH3 and H2S odors release
from the exposed operating surface and the film holes in the
cover layer of landfill, the effect of film holes on the cover layer
on the odor emission of the landfill was discussed. From the
perspective of controlling the total odor emissions, we clarified
the threshold of the number of film holes on the daily cover and
its impact by modeling and provided an important reference for
the design, operation, and decision-making of the daily cover
operation of the landfill. It should be noted that the mathemat-
ical linear model used in this study is relatively rough and
simple, and should be further optimized based on the charac-
teristics of the landfill, such as landfill age, membrane hole size,
and weather condition. In addition, the cause of the membrane
hole analysis, the composition of released odor, and long-term
release law can be further improved in future work.
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