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Monitors in the  
Arrowhead Region
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Presenter
Presentation Notes
Not bad, a little under 60% of the threshold is available.

This did not change with the new PM2.5 NAAQS last year. There were discussions to lower, but ultimately, no decision was made.
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Standard: 9 μg/ m3 

Presenter
Presentation Notes
Not bad, a little over 60% of the threshold.

This did change in 2024 – went from 12 to 9. So essentially went from less than 50% of the threshold to over 60%, just because of a regulatory change.
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Presenter
Presentation Notes
Well there’s an issue in Virginia, Duluth is a little over 60% of the threshold.

In virginia, there were 2 exceedances of the daily standard – the NAAQS allowance is 1. 

However, in discussing with the MPCA, it doesn’t look like there’s any further action from the state, and no risk of this data point being used to establish an area of non-attainment. The high date was in 2023, didn’t necessarily looked to be related to any wildfire smoke events. The MPCA did change that monitor to sample every day, as opposed to every sixth day, so they will have better data resolution.



AQI Alerts in 2024
• ~40 days with AQI a le rts  in the  Arrowhead Region

• There were 7 days with AQI alerts in the Arrowhead 
Region in 2024

• There were 31 days with AQI alerts in 2023

• AQI ale rt  from July 11th to July 14th was a  purple  
a le rt , indicat ing potent ia l concentra t ions up to 
225 μg/ m3 

Presenter
Presentation Notes
Currently only have data up till the end of March

225 is almost 6.5x the 24-hr NAAQS.
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Presenter
Presentation Notes
For the most part, we see an increase in the concentration from 2023 to 2024. Reminder that design value looks at the last 3 years of data. So with 2025 being a pretty poor year in terms of daily concentrations, we might see another increase when we toss out the 2022 data and add in the 2025 data.



Why does this mat ter?
• Modeling
• Higher background concentrations result in less headroom for facilities when conducting air dispersion 

modeling.

• Regulatory Uncerta inty
• The PM2.5 NAAQS is currently being revisited by the EPA, but that doesn’t preclude MN from having a separate 

MAAQS standard.

• Currently expecting the EPA to announce updates to the PM2.5 NAAQS on October 20, 2025, targeting a final rule 
signature in spring 2026.

• Environmental Concerns
• Wildfires are going to continue to happen. 



Monitoring vs. Modeling
• “Ground Truth Air Quality” – when properly 

operated, the actual measurements of air quality 
are difficult to challenge and provide the actual 
air quality in an area

• Real time data on actual emissions – background 
concentration, your facility’s impacts, impacts of 
neighbors

• Can lead to better understanding of where your 
facility’s emissions are coming from and improve 
future model performance



Challenges with Monitoring
• Expensive
• Large initial capital cost to install monitors (~$100k - 

$200k depending on the number of monitors)

• Annual costs for maintenance and data validation

• “Permanent”
• While the MPCA does have an off-ramp procedure, the 

conditions may be challenging to meet for a facility.

• Risks
• In the event of a monitored exceedance, a facility must 

show that it is not culpable.

Presenter
Presentation Notes
There are definitely challenges to monitoring as well – it’s not all sunshine and roses.

First is time – monitoring will take time to collect and validate measurements depending on the pollutant. If it’s a gaseous pollutant, all the data can be collected and analyzed real time. However, for other data, such as PM10, you may be required to send samples to a lab and get that data processed. As technology improves, this may be less of a challenge. 

Second is costs – monitoring involves installing monitors at your facility and continued maintenance of the monitors. There may be additional capital costs associated with installing a monitor that do not come with modeling. Proposal for PM2.5 monitors had equipment costs around $100k, and annual support around $50k a year. However, in other projects in R5, we’ve also seen capex costs around $200k and annual O&M at $100k. In addition, need to take into account costs for initial modeling for siting monitors. Modeling is generally a one time cost – monitoring is currently indefinite.


Third is spatial representation – when you model, you have a good idea of the air quality in the area around you – MPCA requires modeling out to 50km from a source. However, monitoring only identifies the air quality at a single location. We’ll talk about this in a bit, but most monitoring installations involve two monitors, one upwind, and one downwind. Yet, you’re still only getting data at two points. Modeling will be able to provide an air quality analysis for an entire area and at least guarantees with a passing model that the entire area that is encompassed by the model is below the NAAQS, whereas the air monitor can only really guarantee it for two locations. 


The probability that the monitor will exceed 80% of the applicable NAAQS or MAAQS during the next three years is less than 10% based on the concentrations, trends, and variability observed in the data collected by the industrial monitors (see instructions for Table A2);

The facility has been operating the under conditions that are representative of permit allowable emissions (total facility actual emissions greater than or equal to 80% of limited potential-to-emit). If not, the Permittee is willing to accept limits to reduce total facility limited potential-to-emit to be more representative of actual monitored emissions;

With monitoring, there is the risk that your monitoring data could show an exceedance of the NAAQS. In this scenario, the MPCA has said that they’ll treat exceedances at a facility’s monitor like any other regional monitor. Your facility will not necessarily be immediately blamed for the exceedance, but your area becomes potentially a non-attainment area. The MPCA will work to find the culpable sources, and your facility is not automatically considered culpable just because the monitor at your facility has an exceedance. In addition, there might be other issues like wildfires or dust storms that are just out of your control that can lead to exceedances. We conducted monitoring for a client during the summer and the only times we saw concerning spikes in the monitoring data were around July 4th (fireworks) and when there was prescribed burning in the area. So need to be aware that having a monitor can lead to data that is not favorable, even if you’re not responsible for it. 

There is currently no off-ramp to monitoring. Unlike modeling where once you pass, you don’t need to remodel until you make some other changes to your facility, or maybe the next permit renewal, for monitoring, because you’re monitoring actual operations, you have to continue monitoring indefinitely. Your facility won’t be limited to how you operated since you didn’t set any operating limits to “pass” but you must keep confirming that your facility will be NAAQS compliant. Unlike modeling, where once you have a passing solution, you likely won’t have to model your facility for a while, with monitoring, there are regular reports and recordkeeping requirements that you will need provide to the state agency (current requirement is to submit data quarterly). 

Monitor siting can also be an issue if the highest impacts determined through siting are not on your property. You have to put the monitor in a place that meets EPA siting criteria, that has power availability, and if you don’t own the land that the monitors needs to be on, it can be very challenging to work with neighbors to get a monitor installed. 
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Temporary Monitors



What are  temporary monitors?
• Non-regulatory a ir quality monitors
• Community Air Monitors

• Portable monitors that provide regulatory-quality data

• Home application

• Can provide  representat ive  monitoring data  for a  
specific area

• Portable (easy to test multiple locations)

• Cost effective

• Different technologies can result in much different data



Types of Monitors
• Part icle  Sensors
• Low-cost monitors

• Utilize laser particle counters

• Can tend to “read high”

• Nephelometer-Based Sensors
• Uses light to calculate density of particles

• Expensive

• Regulatory-quality data 

Presenter
Presentation Notes
Particle sensors

Use a laser to count the number of particles
Assumes a uniform density for a particle, then calculates mass from that information. However, because it’s based on uniform density, it’s usually resulting in more conservative values, as the uniform density tends to be higher than many individual particles that are counted.

Nephelometer - an instrument for measuring the concentration of suspended particulates in a liquid or gas colloid.
These monitors are calibrated to certain standards, so they are inherently higher cost than these community monitors.



Regulatory-Quality Temporary Monitors
• Calibrated to NIST standards

• Can monitor for both PM and gaseous pollutants

• Extremely portable – runs off a battery or solar panels

• Remote connection

• Expensive

Presenter
Presentation Notes
You can be pretty sure that the data you’re seeing off these monitors is what you would see on a regulatory monitor. The technology is similar and the monitors are calibrated to high standards. These monitors can also come with their own meteorology station that can help refine the data even further to figure out if your facility is upwind of the monitor if it detects high values.
You can evaluate multiple pollutants if you see issues in other areas – gaseous pollutants include VOC, NO2, SO2, CO, O3, CO2, H2S, CH4. While we do tend to focus on PM only, it may be helpful to look at other pollutants. One example is ozone – there are currently no non-attainment areas in MN, but if standards were lowered, there definitely may be areas of the state that could see issues. For the 2024 design value, Duluth was reading 55 ppb and Cloquet was reading 56 ppb, compared to the current NAAQS of 70 ppb. However, there have been discussions of lowering that standard to 65 ppb or ever 60 ppb.  There aren’t really any regional issues with other pollutants, although the only monitor in the region for NOx and SO2 is in Virginia.
A big difference between these monitors and permanent ones is the ability to move it around the facility and see where your issues might be. With permanent monitors, you have to install them in certain areas, determined in a joint process between a facility and the MPCA. So you only know about the monitored concentrations in those areas. However, these temporary monitors are not tied to a permanent energy source. You can connect a battery to it or even solar panels, and a lot of these are modular, so if a battery isn’t working, you can easily just swap out a part to get the monitor working again. 
These monitors are also all connected to the internet, so you can get live data. However, another helpful thing is unlike permanent monitors that have to go through required monthly maintenance, you can monitor these remotely and just check if any parameters are out of order in order to go inspect it.
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Use Cases



Facility Monitoring
• Install an upwind and downwind monitor at the 

facility

• Identify external impacts affecting pollutant 
concentrations

• “Test Drive”

Presenter
Presentation Notes
You aren’t limited to just one downwind and one upwind either. If you want to have more data, or say you are planning for a future project and expect pollutant concentrations to be higher in a certain area, you can just place a monitor there.

See the effect of wildfires, fireworks, construction, road traffic

You can go through the technical process of installing permanent monitors, but instead of the capital costs of installing permanent monitors, you can just rent temporary monitors. You can still place these monitors near the locations where you would have located a permanent monitor so that you can tell what the data would be if you had permanent monitors.

Can help develop an idea for what the true regional background concentration for an area. While it’s not regulatory data, it can help inform a facility on modeling. Is the background monitor data that the facility is using for the modeling demonstration representative? Is there a better regulatory monitor you could be using that has a similar background concentration?





Refine  Emission Rates

• Motivations for monitoring in lieu of modeling are 
usually due to conservative emission factors

• Using temporary monitors as a pseudo stack test

• Results in more accurate emission calculations and 
air quality modeling demonstrations

Equation 1. Gaussian Equation
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Equation 2. Simplified Gaussian Equation
𝐶𝐶 = 𝐹𝐹𝐹𝐹

Presenter
Presentation Notes
We’ve used the methodology in other states, most recently Arizona. Cal EPA has guidance documentation describing procedures and statistical methods used to develop emission rates using dispersion modeling and ambient monitoring. NIH has also used this method to derive PM emissions from cattle facility operations, US EPA has validated the method in environmental fate studies

This really only works for PM – stable compounds with long residence times in the atmosphere.

Definitely recommend talking to the regulatory agency prior to pursuing this process.

Equation 1 is the full Gaussian equation, and Equation 2 shows a simplified equation with fixed meteorology, where concentration is directly proportional with flux. This means that an ambient air reading taken downwind of an emissions source would be directly proportional to the emission rate at the source. Hence, using collected concentration and corresponding meteorological data, a dispersion modeling tool (representing the meteorology terms in the equation) can be used to back-calculate a corresponding emission rate. 
 
Pseudo stack test - does require time and effort, and may disrupt facility operations for a time, since you want to collect sufficient data to come up with a number. You might need to run equipment at specific throughputs to get a wide range of data, or shut down certain equipment at different times in order to isolate emissions from a single source. Or perhaps you just calculate an emission rate for the entire facility. Regardless, you combine monitor data and modeling demonstration to back calculate a representative emission rate for a certain or your facility.






Representat ive  Background Concentra t ion
• Useful if a facility is in an area with no 

representative monitors

• If intending to use for a regulatory exercise, a 
facility may need to install a permanent monitor

• However, a facility is not tied to keep the monitor 
running if compliance can be determined via 
modeling.

Presenter
Presentation Notes
Can help develop an idea for what the true regional background concentration for an area. Is the background monitor data that the facility is using for the modeling demonstration representative? Is there a better regulatory monitor you could be using that has a similar background concentration?

There are plenty of areas that do not have monitors, and the existing monitors in MN may not be representative of the region that a facility is located. For example, for SO2, there are a number of monitors in the Greater Twin Cities area, which also include monitors that are near large refineries and industrial sources, and then one monitor in Virginia. If the area that your facility is located does not match the surrounding area that is reflected either in the monitors in the Twin Cities or in Virginia, then maybe you take a year to collect enough representative data to develop your own background concentration to pass modeling. This of course requires a lot more planning ahead, since data must be collected for at least a year, but at the end of the exercise, if you can demonstrate compliance using air dispersion modeling, there is no longer a need to keep the monitor online.






Summary

• 2024 Design Values for the  
Arrowhead Region

• PM Concentrations in the are in 
line with recent history

• 2025 has not been a good year 
for wildfires

• Expect PM10 and PM2.5 design 
values to increase

• Before  Insta lling Permanent  
Monitors:

• Use temporary monitors as a 
tool in the decision-making 
process

• There are different types of 
monitors for different 
applications

• Potent ia l Uses for 
Temporary Monitors:

• Facility monitoring

• Refining emission calculations

• Determining a representative 
background concentration

01 02 03
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