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White Paper for Evaluating Revisions to the Municipal Solid Waste (MSW) Landfills New Source 
Performance Standards (NSPS) and Emission Guidelines (EG) 

• This series of white papers examines ways to improve the NSPS for Municipal Solid Waste (MSW) 
Landfills using new information and new technology to further control and reduce landfill gas 
emissions. 

• Topics include applicability (size of landfill), controls (emission rate and timing of controls), 
operating practices (cover practices, active face), waste composition (organics), and emission 
monitoring (technology). 

Topic: The use of fenceline monitoring for early detection of emissions from landfills 

This white paper investigates the use of fenceline monitoring as a technique to detect emissions from 
landfills early such that the landfill owner/operator can take action to address and mitigate the source of 
the emissions. Fenceline monitoring and associated work practice requirements have been promulgated 
in other regulations developed by EPA as an important component of mitigating emissions from fugitive 
and other difficult-to-monitor sources such as equipment leaks, storage tanks, loading operations, and 
wastewater treatment systems. This white paper explores the feasibility of incorporating a similar 
fenceline monitoring program in the upcoming NSPS/EG rulemaking.  

Rationale and Possible Results 

Fenceline monitoring requirements and associated work practice standards have been promulgated in 
several regulations by EPA. For example, fenceline monitoring and associated work practice 
requirements have been implemented at petroleum refineries through requirements in 40 CFR part 63, 
subpart CC. Fenceline monitoring requirements have also been finalized for chemical plants and Group I 
polymers and resins plants in 40 CFR part 63, subparts H and U, respectively, for coke ovens in subpart 
CCCCC, and for integrated iron and steel facilities in subpart FFFFF.  

The petroleum refinery regulations1 require owners and operators to monitor benzene emissions at the 
facility’s fenceline using passive diffusive sorbent tubes and Methods 325A and 325B of 40 CFR part 63 
(EPA Method 325A/B). Method 325A is used to locate the monitors around the perimeter. Method 325B 
describes the analysis procedures, uptake rates, and appropriate sorbents for use in the passive monitors 
for the hazardous air pollutant (HAP) to be monitored.  

The passive sampling tubes are left in place for two weeks and then collected and analyzed. When one 
set of passive sampling tubes is collected, a new set is deployed, providing continuous sampling at the 
fenceline. For each biweekly sampling period, the facility determines its contribution to the fenceline 
emissions by subtracting the lowest sample result in the set from the highest sample result. This 
concentration difference (∆c) is then averaged over a year on a rolling basis (i.e., the most recent 26 
results are averaged every biweekly period). If the facility exceeds the threshold specified in the rule (the 

 
1 Although fenceline monitoring requirements exist for other source categories, the discussion here is limited to the 
requirements at petroleum refineries because the fenceline monitoring requirements for the other source 
categories have not gone into effect yet.  
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action level), the work practice requirements are triggered and the facility must investigate the root 
cause of the exceedance, and if appropriate, take corrective action to mitigate the emissions.2  

Fenceline monitoring data have been generated at petroleum refineries for several years. Data show that 
petroleum refinery fenceline concentrations have dropped by an average of 30 percent since the 
inception of the monitoring program requirements in the four years beginning in 2018 (U.S. EPA 2023). 
These results illustrate that fenceline monitoring and the associated work practices are an effective tool 
in reducing benzene emissions at the fenceline of petroleum refineries. The fenceline monitoring 
program in refineries added a new layer of monitoring that allowed for the early identification and repair 
of fugitive sources of emissions. 

The fenceline monitoring approach is used to identify areas within the facility that may be contributing 
to high emissions at the fenceline. The source(s) of the emissions can be subsequently identified and 
repaired as necessary, or different operational practices may be employed to reduce emissions from 
intermittent events in the future. Fenceline monitoring has been used to: 

1. Measure HAP emission concentration around the fenceline of facilities as opposed to estimating 
emissions. 

2. Identify areas within the facility that may be sources of HAP emissions – these sources could be 
point or area sources. 

3. Manage fugitive emissions by allowing facilities to identify and repair leaking equipment such as 
pumps, connectors, and valves; implement better control of storage tanks; address emissions 
from wastewater treatment operations; and innovate or update process operations to reduce 
HAP emissions. 

4. Realize significant HAP emission reductions through ongoing fenceline monitoring. 

5. Work with local communities surrounding facilities to illustrate the efforts and work practices 
that have been implemented to reduce HAP emissions from facility operations and reduce 
community exposure to HAP emissions. 

Although fenceline monitoring at refineries has resulted in reductions in emissions at the fenceline 
through identification and repair of fugitive sources of emissions, and implementation of different 
operational practices, it is not as clear whether similar reductions would be realized at MSW landfills. 
Landfill point and fugitive sources are unique compared to petroleum refineries; many refinery sources 
can be identified and repaired relatively quickly, or operational practices can be implemented to reduce 
emissions.  

Because of the large footprint of the landfill, the topography encountered at landfills, and the variability 
of the emissions found at landfills, identifying the sources of elevated emissions monitored at the landfill 
perimeter is not always straightforward. However, a fenceline monitoring approach could be used to 
indicate when, and in general where, there are elevated emissions at the landfill. This could allow landfill 
operators to combine their knowledge of the site with additional monitoring techniques, such as 
Method 21 of 40 CFR part 60 Appendix A-7 (EPA Method 21) or optical gas imaging, to identify leaking 

 
2 In certain instances, corrective action may not be warranted because the emissions may be caused by offsite 
sources and events outside the control of the facility. 
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wellheads, leachate sources, cover penetrations, cracks or seeps in the landfill cover, or other fugitive 
sources on the landfill surface and mitigate these emissions. 

The use of fenceline monitoring has been implemented at landfills, although in a different way than at 
petroleum refineries. Because landfills are large facilities, in some cases covering hundreds of acres, and 
because of the topography of the landfill, the everchanging location of the work face and vehicle traffic, 
and the operational activities occurring at the landfill, it may not be practical or even necessary to install 
monitors around the entire fenceline of the landfill. It may be just as effective to install monitors around 
the facility perimeter along the active area of the landfill. Where fenceline monitoring has been applied 
at landfills, the monitors have been placed at strategic locations on the landfill perimeter, close to both 
the active face of the landfill and to the surrounding communities that would be most affected by 
emissions from the landfill.  

Fenceline monitoring for methane and hydrogen sulfide at the Arbor Hills landfill (AHL) in Salem 
Township, Michigan is instructive in how fenceline monitors could be incorporated into the upcoming 
NSPS/EG rulemaking. AHL has developed a website that provides background information, a map 
showing the most recent results for each of the six monitors, a table of results (for both methane and 
hydrogen sulfide) for each monitor, and the meteorological data from a 10-meter meteorological tower 
(GFL Environmental, 2024). 

Investigations 

Since early 2024, EPA has met with MSW landfill stakeholders, including representatives from industry, 
environmental groups, and environmental justice groups to understand the perspective of the various 
stakeholders. Based on these meetings, it is clear that the affected communities around the landfills 
would like to better understand the emissions from the landfills; in other words, they would like to know 
to what emissions they are being exposed. These groups would like for landfills to conduct fenceline 
monitoring and would like to see the monitoring results, similar to a landfill in North Carolina.  

The Sampson County Disposal (SCD) Landfill (North Carolina), will post data to a community website, 
providing another example of how communities can be made aware of fenceline monitoring results. 
Identifying emission events sooner than the quarterly surface emissions monitoring events that are 
required in the NSPS/EG and requiring the landfill owners/operators to address locations on the landfill 
surface that require repair (either surface areas or cover penetrations) would be beneficial because it 
would help address emissions that communities are exposed to in a more expedient fashion. 

As discussed in more detail below, in Michigan, AHL entered into a consent decree with the Michigan 
Department of the Environment, Great Lakes, and Energy (EGLE) to conduct monitoring at the perimeter 
of the landfill adjacent both to the working face of the landfill and to local communities (State of 
Michigan, 2024). The consent decree requires that the landfill install six monitors at the northeast 
perimeter of the landfill to monitor emissions of both methane and hydrogen sulfide (H2S). The consent 
decree specifies the installation of six Scentroid CTair monitoring stations, which monitor for both H2S 
and methane on a continuous basis using a sampling rate of approximately once per minute. Results are 
posted using an averaging period of 15 minutes on a rolling basis.  

The monitoring system includes a feature that alerts landfill personnel through an app on their 
smartphones when emissions are detected at levels above specific thresholds for methane or H2S. The 
landfill is required to identify the source of the elevated emissions detected at the fenceline and mitigate 
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the exceedance of the perimeter action levels within 48 hours after detection; if AHL cannot mitigate the 
exceedance within 48 hours, AHL can request an extension of time from Michigan EGLE. 

Examples/Case Studies 

This section discusses consent decrees for two landfills where fenceline or perimeter monitoring of 
emissions has been required. These examples illustrate how fenceline monitoring requirements could be 
implemented at landfills and illustrate some of the challenges inherent in applying fenceline monitoring 
at landfills.  

Arbor Hills Landfill, Salem Township, Michigan 

The AHL consent decree originated after residents in the neighborhoods located adjacent to the 
northeast corner of the landfill complained to EGLE about odors from the landfill. The consent decree 
was reached between AHL and EGLE as a remedy for the landfill to respond to instances of high H2S 
emissions. EGLE viewed the use of perimeter or fenceline monitoring as a way for the landfill to identify 
odor issues and address the source of the emissions quickly.  

Continuously monitoring emissions at the fenceline provides the landfill with an indication of when there 
is an issue that needs to be investigated and based on the location of the high monitor readings, the 
perimeter monitoring system incorporates software to help the facility identify the source of high 
emissions when the perimeter action levels for either methane or H2S are triggered. However, there 
have been instances where, upon investigation, it has been challenging for the landfill operators to 
identify the source of odor; the landfill consists of 337 acres and emissions measured at the fenceline 
provide only a general idea of where the emissions are coming from.  

In developing the consent decree, EGLE worked with AHL to determine H2S and methane concentrations 
or perimeter action levels that would trigger an alert to landfill operators’ phones. Perimeter action 
levels of 30 parts per billion (ppb) for H2S and 40 ppm for methane, based on a 15-minute rolling average 
were established for the fenceline monitors at AHL. The 30 ppb perimeter action level for H2S is based on 
the California ambient air quality standard for H2S of 0.03 ppm for a one-hour average; the perimeter 
action level at AHL of 30 ppb H2S is based on a 15-minute average. To determine the perimeter action 
level for methane, a consultant conducted perimeter methane monitoring at AHL over a two-week 
period and correlated emissions measured with emissions events at the landfill; the 40 ppm perimeter 
action level corresponds to an unusual emissions event at the landfill. Based on their experience in 
applying this perimeter action level at the fenceline, EGLE contends that this level is the appropriate 
level to trigger further investigation. 

The Michigan-Ontario Ozone Source Experiment (MOOSE) study, a flyover study conducted by EGLE 
along with other partners including the Ontario Ministry of Environment, Conservation and Parks 
(MECP), Environment and Climate Change Canada (ECCC), the National Aeronautics and Space 
Administration (NASA), and the US Environmental Protection Agency (EPA), identified narrow bands of 
H2S plumes and the locations where these bands tend to occur (Michigan EGLE, 2021). Using modeling 
and this flyover study, EGLE determined the number of monitors needed to provide adequate coverage 
around the northeast corner of the landfill, and the locations that should be monitored to ensure 
detection of H2S emissions with a high level of confidence. The northeast corner of the landfill was 
chosen for monitoring because it is adjacent to the active face of the landfill and is closest to the 
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neighborhoods that have submitted complaints. Figure 1 provides a map of the facility showing the 
location of the monitors. 

 
Figure 1. Location of the perimeter monitoring stations at the Arbor Hills Landfill, Salem Township, 
Michigan (State of Michigan 2024). 

The AHL also operates a compost facility just to the north of the landfill. The compost facility sometimes 
receives materials that are in a fermented state, such as yard waste that has already begun to 
decompose, which causes odor to originate from the compost plant. One monitor is located about 
0.3 miles Southeast of the main composting processing area, which has resulted in instances where the 
methane perimeter action level was exceeded. However, there have not been any exceedances of the 
H2S perimeter action level at this monitor due to the composting pile. Nevertheless, the composting area 
has been and continues to be a significant source of odor complaints. The odor complaints are usually 
the result of improper composting management or accepting compost loads that are already fermenting 
upon arrival.  

The consent decree also required that AHL use the Sniffer Drone (an unmanned aerial system developed 
by Sniffer Robotics, Inc.) to conduct surface emissions monitoring as follows: 

• Monthly, at 30-meter intervals in areas with final cover or geomembrane temporary cover and at 
15-meter intervals in areas with daily and interim cover outside of the working face. 

• Quarterly, at 15-meter intervals that traverse the working face after daily cover has been applied 
and the landfill has stopped receiving waste. 

At all locations with methane concentrations greater than 500 parts per million (ppm), a Jerome 631-X 
meter or equivalent must be used to measure H2S surface concentrations. AHL is required to submit the 
surface emissions monitoring (SEM) data in map form, and after four quarters, AHL must submit an 
annual report to determine whether adjustments must be made to SEM. 
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Mapping the locations on the landfill surface with high methane emissions provides AHL with data that 
allow the operators to find and address these emissions. Locating and fixing leaks sooner improves the 
surface integrity of the landfill and likely reduces the number of alerts received through the perimeter 
monitoring system. The experience of implementing the consent decree at AHL has included the 
following outcomes and observations: 

• The perimeter monitoring system allows AHL to identify major problems at the landfill that need 
to be addressed.  

• Odors have been reduced, although odor complaints from neighboring communities still occur. 
AHL believes that the perimeter monitoring system has helped identify possible emission events, 
correlate these events with complaints received, and subsequently mitigate the emissions 
events. 

• AHL is notified whenever there is an exceedance of the perimeter action level, which allows the 
operators to take action to address the source of the emissions in an expedient manner. There 
are times when the source of the emissions cannot be identified. Additionally, the perimeter 
monitoring system has allowed AHL to identify exceedances in real time so that problem areas 
can be identified and resolved quickly. Landfill staff are alerted by phone at all hours if an 
exceedance occurs and have gone onsite in the middle of the night during the worst events. 
Prior to the implementation of the perimeter monitoring system, problems may not have been 
identified for days or weeks. The system has allowed the identification of specific issues at the 
landfill; back trajectory analysis has been used to pinpoint areas with high emissions. 

• Weather has affected the perimeter monitoring system. For example, the monitors are solar 
powered and sometimes there is not enough sunlight to power the monitors. AHL’s third-party 
consultants are prepared to change out dead batteries with charged back-up batteries as 
needed. Additionally, AHL is investigating the feasibility of connecting each monitoring station to 
a direct power source, thereby minimizing the need for solar power. While there is no data 
capture requirement in the consent decree, EGLE and AHL have agreed to an 80 percent uptime 
averaged over a quarter averaged over all six monitors. In practice, AHL has been achieving a 95+ 
percent uptime and often 99 percent uptime. Note that AHL has an extra monitor mounted to a 
trailer and that is sometimes used to maintain measurements at a location if a monitor is down. 

• Learning how the SnifferDRONE that is used to conduct surface emissions monitoring operates 
presented a challenge initially. 

• There have been specific instances where odor is caused by leachate when the leachate handling 
system breaks down. When the system breaks down, H2S emissions are high enough to be 
detected. However, H2S perimeter action level exceedances are rare.  

• Exceedances of the perimeter action levels occur almost exclusively between sunset and sunrise. 
There have been only a handful of exceedances during the day.  

• The perimeter monitoring system has allowed AHL to make GCCS adjustments in the localized 
area next to the fenceline monitors. 

• The fenceline monitoring system is relatively new, and it may be that a combination of the 
fenceline monitoring along with other surface monitoring techniques, or a combined remote 
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sensing stack would be effective in identifying the source of emissions and mitigating those 
emissions. 

Due to the success of the monitoring program at AHL, EGLE is in the process of requiring another landfill 
in Michigan to install a perimeter monitoring system similar to the one implemented at AHL.  

Sampson County Landfill, Roseboro, North Carolina 

The SCD landfill in Roseboro, North Carolina is the largest landfill in North Carolina and has been in 
operation since 1973. The local residents have made complaints to the North Carolina Department of 
Environmental Quality and Sampson County about the SCD for many years. The SCD operators entered 
into a consent decree with the Environmental Justice Community Action Network (EJCAN) on August 30, 
2024 (U.S. District Court – Eastern District of North Carolina (2024). SCD agreed to implement specific 
actions, including perimeter monitoring that could be model requirements for other landfills where 
neighboring residents have submitted complaints. The consent decree requires the SCD operators to do 
the following: 

• Implement a continuous Emissions Monitoring System at the perimeter of the landfill for one 
year. The parties to the consent decree will select an independent third-party consultant to 
design and implement the continuous monitoring system. The consent decree indicates that the 
parties will agree on the placement of the monitors and the emission standards (emission 
thresholds). There are no details on the monitoring system at this time. 

• The monitoring data from the Emissions Monitoring System is to be posted to a community 
landfill website. 

• The landfill will monitor for a year, then submit a report with recommendations for emissions 
and odor mitigation, and address complaints. 

• Use an EPA-approved drone SEM method, rather than EPA Method 21, to conduct SEM.3 The use 
of the drone SEM will allow SCD to reach areas of the landfill that are excluded when a human 
operator conducts SEM using Method 21. 

• Restrict the acceptance of special waste. 

• Conduct community engagement through the community website and regular quarterly 
meetings. 

• Develop a community engagement and complaint process, including the establishment of a 
community hotline. 

• Urge local emergency management personnel to develop an Emergency Management Plan and 
Emergency Alert System to alert the community within two miles of the landfill in the event of 
an emergency at the landfill that may impact public safety or prompt the need for evacuation. 

• Establish a school recycling and composting program at 10 Sampson County schools and fund a 
public campaign in Sampson County to encourage recycling in order to divert waste from the 
landfill. 

This consent decree was only recently signed in August 2024; therefore, there are no results associated 
with its implementation to date. However, the expectation is that the implementation of a fenceline 

 
3 At the time of development of this paper, OTM-51 is the only EPA-approved drone SEM method. 
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monitoring program at SCD will reduce the emissions from the landfill over time, thereby reducing the 
residents’ exposure to landfill emissions. The pollutants and emission levels will be agreed upon once a 
third-party consultant conducts an analysis of the site and surrounding hog facilities and provides 
recommendations on monitors, locations, and perimeter action levels.  

Additional Information 

This section provides statistical data on the number of people that live in close proximity to landfills and 
can be exposed to emissions from the landfills; these statistics illustrate the need to reduce emissions 
from landfills in order to minimize impacts on residents. 

Statistical Data on the Number of People That Live in Close Proximity to Landfills Across the U.S. 

Industrious Labs (IL) conducted an analysis of the impact of MSW landfills on fenceline communities. IL 
compiled data from several publicly available data sources and provided the following information: 

• There are over 1,200 active MSW landfills in the United States. 

• More than 800,000 people live within 1 mile and over 13 million people live within 3 miles of an 
active MSW landfill. 

• There are more than 1,300 closed MSW landfills in the United States. Closed landfills continue to 
emit gases, including methane, after closure. 

• Nearly 2 million people live within 1 mile and 23.5 million people live within 3 miles of a closed 
MSW landfill.  

Regulation Changes and Implementation 

The NSPS/EG requires landfill owners and operators to conduct quarterly SEM using EPA Method 21 to 
monitor the surface of the landfill for high emissions of methane to help determine whether the landfill 
GCCS is operating effectively. If EPA Method 21 identifies areas on the surface of the landfill with 
methane emissions higher than 500 ppm, then the landfill owner or operator must address the 
emissions from that location. SEM is not required at landfills that do not have a GCCS installed. There are 
no current requirements to conduct fenceline monitoring at MSW landfills. 

As described earlier in this white paper, fenceline monitoring has been conducted at the perimeter of 
AHL in Michigan for both H2S and methane. When perimeter action levels are triggered, the perimeter 
monitoring system sends an alert to the AHL staff. AHL staff then investigate the cause of the emissions 
and address the issue. The implementation of the perimeter monitoring system allows the operator to 
identify and respond to emission events faster than if AHL were to rely on the quarterly SEM only. In 
some instances, it has been challenging for AHL staff to identify the triggering event. However, overall, 
the perimeter monitoring system has allowed AHL to be more responsive to these events. It is important 
to note that pollutants of interest vary significantly when it comes to ease of detection. Hydrogen 
sulfide, for example, is more feasible to detect given the lack of natural or expected emissions in the 
surrounding area. Methane, on the other hand, proves more difficult when considering both the intrinsic 
sources (e.g., nearby farms, wetlands, compost) and fugitive components that cannot be easily 
separated with fenceline monitoring alone. Further research and site-specific modeling are needed to 
better assess fugitive methane emissions. 
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With the requirement for another MSW landfill in Michigan and one in North Carolina to install 
perimeter monitors, perimeter monitoring is recognized as a tool that landfills can use to improve and 
maintain the surface integrity of the landfill and to be more proactive in identifying triggering events. 
Additionally, as shown with the consent decree for SCD in North Carolina, perimeter monitoring could be 
a way to work with the communities that reside near landfills to identify emissions events sooner and to 
mitigate them more quickly.  

Implementing a perimeter monitoring program at MSW landfills in the upcoming NSPS/EG rulemaking 
could be evaluated in an overall monitoring program that could, as an example, include the perimeter 
monitoring approach plus the use of fixed sensors across the surface of the landfill, sensors attached to 
drones that can map the surface of the landfill, or the use of sensors fixed to satellites. For example, 
drone technology could offer a safer and equivalent approach to SEM to identify issues on the landfill 
surface. However, drone-based monitoring only provides data periodically, such as once per quarter. 
Perimeter monitoring systems provide the capability to capture data much more frequently, but 
identification of the exact emissions source generally requires further investigation.  

A drone-based system could be used in conjunction with a perimeter monitoring system to identify the 
locations on the landfill surface that have triggered alerts from the perimeter monitoring system. This 
combination monitoring approach would need to be evaluated fully before it could be incorporated into 
the NSPS/EG. This evaluation would need to consider the effectiveness of the current perimeter 
monitoring programs, the cost of the monitoring systems, and how best to identify the number of 
monitors and their locations on the perimeter of the landfill. Additionally, EPA would need to evaluate 
which pollutants to monitor and the concentrations that would trigger alerts, as well as subsequent 
investigation and mitigation requirements. 

Summary and Next Steps 

This paper examined the use of fenceline monitoring as a technique to detect emissions from landfills. 
This paper described the implementation of fenceline monitoring at petroleum refineries using passive 
diffusive monitors with Methods 325 A/B. Fenceline monitoring at refineries has allowed for early 
notification of emissions events such that owners/operators can take action to address and mitigate the 
source of the emissions sooner. This white paper also described the implementation of fenceline or 
perimeter monitoring at AHL in Michigan where six fenceline monitors were installed at the northeast 
corner of the landfill to monitor both H2S and methane emissions. Another landfill in Michigan and one 
in North Carolina are also set to implement fenceline monitoring in the near future.  

EPA will continue to gather information on the effectiveness of perimeter monitoring programs and 
evaluate whether this type of monitoring could be incorporated into the updated NSPS/EG. Specifically, 
EPA could: 

• Continue to evaluate the effectiveness of the existing perimeter monitoring programs at landfills, 
especially for early identification of emissions events to inform repair and mitigation of 
emissions.  

• Gather information on monitoring equipment that could be installed at the perimeter of 
landfills. 

• Evaluate the costs of alternative monitoring systems that could be implemented at the perimeter 
of the landfills. 
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• Analyze the feasibility of developing an emissions monitoring program that could include the use 
of multiple monitoring platforms with a view towards:  

o Reducing emissions from the landfill 
o Supporting the efforts of landfill owners and operators in improving the surface integrity 

of the landfills by establishing best practices 
o Reducing the impacts of landfill gas emissions on residents that live in close proximity to 

MSW landfills.  

• Address the question: Could a perimeter monitoring program enhance the SEM programs that 
are contemplated for the upcoming NSPS/EG rulemaking? 

• Explore the development of a reference test method for fenceline monitoring if EPA decides to 
incorporate it into the upcoming NSPS/EG rulemaking. 
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