
 

From: rogerbjork 
To: Wenger, Maggie (MPCA) 
Subject: Air quality reporting 
Date: Thursday, August 6, 2020 10:01:09 AM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

I strongly support mandatory reporting for hazardous air pollutants.  I recommend a 
strict timeline for reporting when operational data indicate a pattern leading to 
exceedences. 

Roger Bjork 
4043 White Bear Pky 
White Bear Lake 55110 
6518151334 

Sent from my T-Mobile 4G LTE Device 

aq-ppt4-02b 

mailto:rogerbjork@aol.com
mailto:Maggie.Wenger@state.mn.us


 

From: Heidi Haltson 
To: Wenger, Maggie (MPCA) 
Subject: Air toxicity reporting 
Date: Friday, August 7, 2020 3:26:39 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

I agree that air toxicity reporting should be mandatory. Maybe not three 
times a year, maybe start with once a year for the first year then twice the 
second year, then three times a year from then on. 

This would allow businesses to get a reporting system in place. 

Thank you, 

Heidi Haltson 

Sent from my iPhone 

mailto:heidis.email@yahoo.com
mailto:Maggie.Wenger@state.mn.us


 
 

 

 

 

From: Andrew C Leith 
To: Wenger, Maggie (MPCA) 
Subject: Air Toxics reporting changes 
Date: Friday, July 31, 2020 11:10:16 AM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

I have no concerns about the reporting being made mandatory or annual.  I do have concerns that 
the MPCA does not have the ability to adequately handle the additional data that will be collected. 
As an example, the MNrisk tool is currently, according to the website, using data from 2011 and is 
going to be updated to 2014.  What is the point in collecting data on an annual basis when you can’t 
keep up with data collected every three years? 

Andrew Leith, Ph.D. 
Solid Waste Facility Project Manager 
Hennepin County, Environment and Energy Dept. 

701 4th Ave. S. Suite 700 
Minneapolis, MN 55415 
Tel: 612 348-8993 
Mobile: 612 235-0816 
Andrew.leith@hennepin.us 

Disclaimer: If you are not the intended recipient of this message, please immediately notify 
the sender of the transmission error and then promptly delete this message from your computer 
system. 

mailto:Andrew.Leith@hennepin.us
mailto:Maggie.Wenger@state.mn.us
mailto:Andrew.leith@hennepin.us


 

   

 

 

 

 

 

 

From: DG 
To: Wenger, Maggie (MPCA) 
Cc: Kelly 
Subject: Air Toxics Reporting feedback 
Date: Tuesday, August 4, 2020 6:28:22 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Hello Ms. Wenger, 

I'm responding to specific questions surrounding Air Toxics Reporting and a request for 
feedback. Please see specifics below. 

Would you use the information we collect? 
It depends upon the integrity of the data. 

How? 

I might use it to consider where to purchase a home, whether or not to stay in a home and 
what health impact my family might be exposed to over the course of time. 

Do you have concerns or questions about reporting burden? 

Yes. I don't consider the information culled from self reporting accurate and/or a burden. I do 
consider accurately reporting air toxics, a responsibility on the part of companies that are 
allowed to do business in our great state. Especially, given many businesses involved in 
polluting our air, are located near residential homes and schools. 

* How does this reporting burden change when the inventory is not voluntary but 
mandatory? 

The 'burden' changes if companies have to develop a systematic, accurate way to report. 
Mandating reporting - adds credibility to the notion that it's necessary and should be 
accurate. ... And, why are we asking how to simplify reporting. vs bolster the integrity of the 
data? 

I suggest that the MPCA require that permit fees fund the ability for the MPCA to contract 
with outside agencies who would be responsible to ensure accuracy in reporting data. Much 
like banks are subject to external audits, vs. being asked how they can be less 'burdened' by 
record keeping. 

How should MPCA create the list of Air Toxics and maintain it over time? 

Any list should be created with data integrity in mind. It should be maintained in a manner 
that enables citizens to access information, with ease. The data should be verifiable and 
contain records that denote how figures were arrived at. Data should also include air testing 
information, as should be required along with reporting. 

mailto:gully2505@gmail.com
mailto:Maggie.Wenger@state.mn.us
mailto:neighborsunite55110@gmail.com


 

 

 
 

 

 

  

How to balance emerging pollutants of concern with a fixed list of air toxics in a rule? 

I suggest more stringent criteria for emerging pollutants and a total volume consideration. 

What should be the process for adding a pollutant to the list? 

Provide updates to companies via email with an updated web based list and a timeframe for 
any related compliance. 

What other state’s toxics inventory and/or control programs should the MPCA look at? 

Those with the most stringent guidelines. 

How would you like to participate in a future rulemaking? 

I'd like the opportunity to continue providing feedback. 

Who else should we talk to? 

Environmental and public health groups. 



 

  
  

  
 
 

 
 

     
  

     
    

  
 

     
   
   

    
  
       

  
 

    
 

 
 

     
 

 
  

   
   

    
  

 
 

  
    

     
      

   

August 6, 2020 

Dear Ms. Maggie Wenger: 

On July 16th, 2020, the Minnesota Pollution Control Agency (MPCA) organized an online meeting to 
discuss potential changes to air toxics reporting, primarily an agency interest in making emissions 
reporting mandatory. The Minnesota Chamber of Commerce (Chamber) has members across the state, 
many of whom hold air quality permits or are subject to air quality rules.  This letter contains the 
Chamber’s initial comments and questions on the issue of air toxics emissions reporting. 

MPCA asked the following questions. We will organize our comments around them. 
• Would you use the information we collect? How? 
• Do you have concerns or questions about reporting burden? How does this reporting burden 

change when the inventory is not voluntary but mandatory? 
• What would help simplify reporting? 
• How should MPCA create the list of Air Toxics and maintain it over time? How to balance 

emerging pollutants of concern with a fixed list of air toxics in a rule? What should be the 
process for adding a pollutant to the list? 

• What other states’ toxics inventory and/or control programs should the MPCA look at? 

Data Utility 

MPCA’s existing suite of air pollution-focused online tools and databases provide useful information for 
the public to understand trends and relative concentrations across geographies. As MPCA points out, 
the data fidelity is limited for determining neighborhood-scale concentrations and changes over time. 

If MPCA’s goal is to better understand community level emissions trends and potential health impacts, it 
seems unlikely that an incremental improvement in one sector’s data would help with that goal. The 
emissions data from “point sources,” while voluntary, have historically been of higher quality than the 
data for distributed, smaller sources or mobile sources of air pollution. Emissions from some categories 
of small sources were calculated using population-based emission factors at the county level. 
Improvements in calculations for those sources probably would bring more “bang for the buck” than 
additional requirements for industrial sources. 

MPCA may also consider targeted air quality monitoring to better understand local conditions or specific 
pollutant concentrations. According to section 5.2 of the MPCA’s 2021 Air Monitoring Network Plan for 
Minnesota, the MPCA monitors 10 metals at 18 TSP sites, and 7 carbonyls and 58 individual VOCs at 19 
sites. The MPCA then converts these monitored concentrations into risk values and reports them online. 

400 Robert St. North, Suite 1500, St. Paul, MN 55101 
www.mnchamber.com 

http://www.mnchamber.com/
https://www.pca.state.mn.us/sites/default/files/aq10-18a.pdf
https://www.pca.state.mn.us/sites/default/files/aq10-18a.pdf
https://www.pca.state.mn.us/air/air-toxics-data-explorer


 

   
 

 
    

     
   

  
   

 
     

  
   

    
 

 
 

 
     

   
    

  
   
     

   
   

 
 

      
  

 
  

    
  

    
 

 
   

    
    

These efforts cannot answer every question but they seem to be better and more focused than 
mandatory reporting for the entire regulated community. 

Even neighborhood-scale monitors may not completely characterize public health risks. Retired MPCA 
research scientist Greg Pratt collaborated with other researchers on many papers related to human 
exposure to air pollution. Two are attached. In these studies, comparisons of monitoring data at various 
scales showed that people’s real exposures were driven by the micro-environments they experienced 
throughout their days. 

We encourage MPCA to broadly consider potential efforts to understand concentrations of air toxics 
and weigh their relative effectiveness. If the goal is to provide useful data for policymakers and citizens, 
improvements to the most uncertain data that feed our inventories and models are likely the best path. 
In addition, studies that compare modeled NATA results to monitoring data may provide better targets 
for data improvements. 

Reporting Burden 

Some facilities are already required to calculate emissions of hazardous air pollutants (HAPs) or air 
toxics. For these facilities, a routine, voluntary submittal can be manageable. For facilities that are not 
required to calculate and track emissions, the reporting burden can be significant. 

• The number of pollutants is large (187 HAPs plus numerous air toxics). 
• Calculation methods are not always available. 
• Facilities may not have information necessary to calculate such emissions. For example, the 

information on Safety Data Sheets may not provide information at the desired level of detail 
(compositional data can be (i) missing, especially if below de minimus levels, (ii) conservatively 
high, (iii) expressed as a wide range, and/or (iv) not identified by CAS number (which can make it 
difficult to identify HAPs). 

• Adding air toxics reporting in the Q1 timeframe is especially challenging because this is already a 
very busy time for reporting under other programs. 

A mandatory program may increase the burden in ways that are difficult to predict. Under a voluntary 
program, a facility may submit available data in good faith. Once the program becomes mandatory, we 
are concerned with new requirements that could impose regulatory penalties for reporting errors or 
require analytical testing to characterize specific emissions. A stack test may cost $5,000 to $10,000 per 
pollutant per stack. 

Increasing the reporting frequency from every three years to every year would also increase the burden 
for all affected facilities, including those already submitting emissions information for HAPs and air 
toxics, due to the effort spent entering data into MPCA’s CEDR / e-Services system. Chamber members 
would prefer to keep the current triennial frequency to minimize this burden. 



 

    
   

     
     

 
  

 
    

     
     

  
 

   
   

      
 

 
 

 
  

     
     

  
 

    
 

 
 

   
  

     
  

 
   
     

     
  

 

Any increases in reporting rigor or frequency would be associated with costs for staff time to research 
and calculate emissions. If MPCA intends to process these emissions estimates and enter them into 
dispersion modeling analyses every year instead of every three years that would also lead to increased 
program costs that would likely be passed along to fee-paying permit holders. 

Before proceeding with any related rulemaking, the Chamber requests that MPCA conduct a cost 
analysis for the proposed rule. The analysis should consider the likely data collection costs for regulated 
facilities and the staff costs for MPCA to administer the program and process the data. MPCA could look 
at various scenarios, from an “everybody reports” option to a targeted program that focused on 
geographies or pollutants. However, as noted above, a targeted analysis may be better completed by 
conducting ambient monitoring than an emissions-modeling-risk assessment approach. 

In general, Chamber members believe that it is in the best interests of companies to report accurate 
data and that a shift to mandatory reporting may have a minimal effect on the overall public health 
information available. Before embarking on a new rule, MPCA should better characterize the expected 
improvements and the related costs. 

Streamlining Reporting 

For many facilities, compiling and submitting data for the current voluntary effort may take a week or 
more of real working time. A significant amount of that time is spent hard-keying the information into 
MPCA’s CEDR / e-Services system. Many states, including Minnesota, have improved systems for 
uploading water quality discharge monitoring reports. An improved interface that allowed direct import 
of data would simplify reporting and improve accuracy. 
Reporting could also be streamlined by maintaining consistency on reporting requirements over time. 

Pollutant Lists 

Any rule requiring reporting should establish clear guidelines on relevant compounds, de minimis 
reporting thresholds, and applicable sources. As described above, a rule could start with a limited set of 
sources and compounds in order to target the most important public health issues. Such an approach 
would add predictability and reduce the overall reporting burden. 

The establishment of de minimis levels is not straightforward. If a facility does not have available 
emissions data, there may be no simple way to demonstrate that a particular compound is emitted 
below relevant thresholds. Facilities would be stuck in a chicken-and-egg scenario for small sources or 
compounds unlikely to be emitted. 

https://netweb.pca.state.mn.us/private/login.aspx


 

    
    

   
    

   
  

 
  

    
 

 
 

 
     

  
     

 
    

   
     

   
 

 
 

  
    

      
    

     
 

   
    

 
 

MPCA should consider how to treat unique sources in any future program. Exemptions for research and 
development or temporary sources would be useful for permit holders and avoid extensive work to 
characterize sources that may not be significant. 
The provision of detailed lists of compounds at a process level also creates challenges for the protection 
of confidential business information. MPCA should include provisions that allow sources to protect 
sensitive, process-specific data and formulations. 

Relevant program details, including lists of compounds, should be explicitly listed in any rule and require 
notice-and-comment rulemaking to modify the list. In states where lists may be changed without notice, 
new compounds create unexpected technical challenges for regulated facilities. 

State Examples 

Each state’s air toxics program is unique. For US EPA Region 5 states, Wisconsin is one example of a 
well-defined program, with pollutants and screening modeling thresholds included in rule. There are 
limitations to that program but it has the advantage of being predictable. 

Many other states have policy-based programs, with minimal details included in rule. These programs 
are difficult for permit holders to manage during specific projects. We are not aware of examples of 
easily identified improvements to local pollutant concentrations or public health outcomes that can be 
attributed to these programs. 

Other Comments 

Chamber members are generally against increased reporting requirements as part of the MPCA’s air 
toxics emissions inventory. Many of the most significant sources are regulated by federal NESHAPs. A 
number of the NESHAPs have recently undergone or will be subject to Residual Risk and Technology 
(RTR) reviews, which are required to demonstrate that facilities’ HAP emission limits are protective of 
human health and the environment, with an adequate margin of safety. 

Many of the MPCA’s own reports state that emissions from industrial sources, both as a percent of total 
pollution and in absolute terms, are decreasing. A recent MPCA presentation on online air pollution 
tools showed this point. 



 

 
 

  
  

   
  

  
 

     
    

    
    

 
 

       
 

     
   

 
   

   
   

 

MPCA highlighted several improvements that would potentially result from mandatory reporting, 
including better data quality and useful information for future program changes. However, more 
information is needed that links the specific proposal to these outcomes. Better data is a means to an 
end and a more targeted approach for certain sources or compounds may accomplish the same goal 
with reduced effort. 

Chamber members continue to be frustrated with the timeliness of MPCA approval of permits and 
environmental review submittals. Reporting changes would increase the work required from key staff 
(e.g., dispersion modelers, risk assessors, possibly stack test coordinators) who are already in high 
demand. It is not a good trade off to reduce staff assigned to core regulatory programs to marginally 
improve data quality for emissions inventories. 

Finally, as MPCA considers how to leverage existing programs to better serve communities and reduce 
exposure to air pollution, the Chamber reiterates its support for Clean Air Minnesota (CAM) programs 
and outcomes. While incremental data improvements are good, the overarching goal should be real 
improvements for real people, and that is where CAM excels. MPCA is already very involved with CAM 
and the Chamber appreciates MPCA’s strong engagement and direct support for the collaborative 
effort. Further ramping up MPCA support for CAM projects related to clean cars, wood-burning stoves, 
diesel engines, and community businesses would lead to direct improvements in the air people breathe 
and may be a better way to spend our collective time on air quality issues. 



 

   
    

 
  

 
 

  
 

 
 

 
      

   
     

 

Thank you for the opportunity to comment on the MPCA’s potential changes to air toxics emissions 
reporting. The Chamber and its members are available for further consultation as these efforts proceed. 

Respectfully submitted, 

Tony Kwilas 
Director, Environmental Policy 
Minnesota Chamber of Commerce 

Enclosures: 2 
Evaluating Differences between Measured Personal Exposures to Volatile Organic Compounds and 
Concentrations in Outdoor and Indoor Air 
Comparison of Personal, Indoor, and Outdoor Exposures to Hazardous Air Pollutants in Three Urban 
Communities 



 

  

 
   
   

      
 

  
      

      
 

         
                 

    
     

       
 

 
 

     
               

          
         

      
 

    
 

     
   

      
    

    
           

 
           

       
         

        
   

 
                  

 

        
              

            
           

 
 

August 6, 2020 
Maggie Wenger 
Maggie.wenger@state.mn.us 

Dear Ms. Wenger: 
The White Bear Area Neighborhood Concerned Citizens Group (“NCCG”) appreciates the opportunity to provide 
comments in support of the Minnesota Pollution Control Agency’s (“MPCA”) potential Air Toxics reporting rule. 

The NCCG was formed in response to the disclosure of the situation at the Water Gremlin facility located in 
White Bear Lake Township. As the MPCA is aware, Water Gremlin had been grossly exceeding the limits on the 
emission of trichloroethylene (“TCE”) for 17 years, exposing members of our community to unacceptable levels 
of this highly toxic chemical. Since the NCCG’s formation, it has fought to hold Water Gremlin accountable and 
to ensure that no other community is subject to the fear and potential health effects from unknowing exposure 
to toxic chemicals. 

It is critical for communities across Minnesota to have timely, accurate information about toxins in the air that 
they breathe. This applies especially to communities with high numbers of individuals experiencing poverty, 
people of color and/or indigenous people which are more likely to have nearby air toxics emitting sources. In 
addition, all communities across the state include immunocompromised people and others who are more 
susceptible to air pollutants. And, many communities, including the White Bear area, have already been 
exposed to extreme levels of air pollution. 

The NCCG supports the following points for inclusion in any air toxics reporting rule: 

• This should be a rule, not guidance, and should be incorporated into all permits where 
hazardous air pollutants (“HAPS”) are emitted. 

• The reporting requirement should be extended on a case-by-case basis to emissions of 
chemicals that are not identified as HAPS but are known to have properties similar to HAPS, 
based on peer-reviewed studies. The requirement should also extend to all substances that are 
currently included in the MPCA’s “List of pollutants for Minnesota air toxics emission 
inventory.” 

• Reporting should be required at least on an annual basis. If a permittee is found to have 
regularly or significantly exceeded their HAP limit, the MPCA should impose a more frequent 
monitoring requirement. Under the current tri-annual guidance, in the event there are 
exceedances, a potential delay of three years is unacceptable and needlessly lengthens 
potential exposure. 

With respect to the “Questions for Stakeholders” posed at the end of the MPCA webinar on this topic, NCCG 
responds as follows: 

Would you use the information we collect? How? 
NCCG would use the information collected. NCCG has been instrumental in ensuring that information about 
Water Gremlin has been provided to the Community. NCCG anticipates that other local advocacy groups would 
similarly use the data provided to keep their communities informed about potential issues and to advocate for 
their communities’ health and safety with regulators and legislators. 

1 
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Do you have concerns or questions about reporting burden? How does this reporting burden change when 
the inventory is not voluntary but mandatory? 
NCCG is not a permittee. That said, air permits that include requirements related to air toxics generally have a 
number of requirements. If a permittee is using toxic substances in its operations, it should have the capability 
and resources to monitor and report on emissions of those substances. Additionally, the MPCA has had a strong 
track record of working with the regulated community on new requirements, and NCCG believes that the 
regulated community can adapt to such a requirement. 

The Water Gremlin situation, which spurred the organization of NCCG, is a prime example of why such reporting 
is necessary.  Accurate information about what is in the air we breathe leads to trust in regulation, more 
involved community members, and cooperation and communication between the business community and 
citizens. 

What would help simplify reporting? 
As a non-permittee, NCCG does not have insight into this question.  NCCG believes that it is critical that 
information on air toxics be presented in a way that is accurate, timely, and easily understandable to the 
general public. 

How should MPCA create the list of Air Toxics and maintain it over time? How to balance emerging 
pollutants of concern with a fixed list of air toxics in a rule? What should be the process for adding a 
pollutant to the list? 
NCCG believes that emerging pollutants of concern must be added to the list of Air Toxics once the MPCA or the 
Minnesota Department of Health (“MDH”) becomes aware of scientific evidence that a compound has the 
potential to act as a carcinogen or teratogen or otherwise cause adverse health effects. NCCG suggests that 
there be a process for stakeholders to propose that an emerging pollutant be added to the list. 

What other state’s toxics inventory and/or control programs should the MPCA look at? 
NCCG has no information on other state’s programs. While information on how other states are handling such 
programs may prove informative, MPCA should enact the program that best serves the people of Minnesota. 

How would you like to participate in a future rulemaking? 
NCCG would appreciate being added to any stakeholder list related to this issue, and would also be willing to 
participate in any stakeholder advisory groups or forums on this topic. Please add the following individuals to 
the contact list on this issue: 

Thank you again for the opportunity to submit comments on this important initiative. 

Sherry Hastings, 
NCCG Chair/President sherryhastings1066@gmail.com 

Sheri Smith, 
NCCG Board Member sherismith1212@gmail.com 

Kelly Tapkan, 
NCCG Board Member, kelly.tapkan@gmail.com 

Leigh Thiel, NCCG Board Member, 
leigh.thiel@gmail.com 
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From: Sherry Hastings 
To: Wenger, Maggie (MPCA) 
Cc: Sheri Smith; Kelly Tapken; Leigh Thiel 
Subject: Comments in support of MPCA potential Air Toxics reporting rule 
Date: Thursday, August 6, 2020 8:57:38 AM 
Attachments: Changes to air toxics_NCCG Response 8_6_2020.pdf 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Hi Maggie: 

Attached please find comments in support of MPCA potential Air Toxics reporting rule from 
the Neighborhood Concerned Citizens Group (NCCG). Should you need anything in addition 
or have questions, please let us know. 

Thank you. 

Kind Regards, 

Sherry Hastings, NCCG Chair/President 

wbanccg.org 

(651) 324-0243 

mailto:sherryhastings1066@gmail.com
mailto:Maggie.Wenger@state.mn.us
mailto:sherismith1212@gmail.com
mailto:kelly.tapkan@gmail.com
mailto:leigh.thiel@gmail.com
https://gcc01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwbanccg.org%2F&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7C58e723bdc7614e1ddacd08d83a109f42%7Ceb14b04624c445198f26b89c2159828c%7C0%7C1%7C637323190520163268&sdata=bE9nmEwpTSFM6gT7UW26sBL5rXiOcukeAriX%2F6RsZUk%3D&reserved=0
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August 6, 2020 
Maggie Wenger  
Maggie.wenger@state.mn.us      
 
Dear Ms. Wenger: 
The White Bear Area Neighborhood Concerned Citizens Group (“NCCG”) appreciates the opportunity to provide 
comments in support of the Minnesota Pollution Control Agency’s (“MPCA”) potential Air Toxics reporting rule. 
 
The NCCG was formed in response to the disclosure of the situation at the Water Gremlin facility located in 
White Bear Lake Township.  As the MPCA is aware, Water Gremlin had been grossly exceeding the limits on the 
emission of trichloroethylene  (“TCE”) for 17 years, exposing members of our community to unacceptable levels 
of this highly toxic chemical. Since the NCCG’s formation, it has fought to hold Water Gremlin accountable and 
to ensure that no other community is subject to the fear and potential health effects from unknowing exposure 
to toxic chemicals. 
 
It is critical for communities across Minnesota to have timely, accurate information about toxins in the air that 
they breathe.  This applies especially to communities with high numbers of individuals experiencing poverty, 
people of color and/or indigenous people which are more likely to have nearby air toxics emitting sources. In 
addition, all communities across the state include immunocompromised people and others who are more 
susceptible to air pollutants. And, many communities, including the White Bear area, have already been 
exposed to extreme levels of air pollution.  
 
The NCCG supports the following points for inclusion in any air toxics reporting rule: 
 


• This should be a rule, not guidance, and should be incorporated into all permits where 
hazardous air pollutants (“HAPS”) are emitted. 


• The reporting requirement should be extended on a case-by-case basis to emissions of 
chemicals that are not identified as HAPS but are known to have properties similar to HAPS, 
based on peer-reviewed studies. The requirement should also extend to all substances that are 
currently included in the MPCA’s “List of pollutants for Minnesota  air toxics emission 
inventory.” 


• Reporting should be required at least on an annual basis. If a permittee is found to have 
regularly or significantly exceeded their HAP limit, the MPCA should impose a more frequent 
monitoring requirement. Under the current tri-annual guidance, in the event there are 
exceedances, a potential delay of three years is unacceptable and needlessly lengthens 
potential exposure.  


 
With respect to the “Questions for Stakeholders” posed at the end of the MPCA webinar on this topic, NCCG 
responds as follows: 


Would you use the information we collect? How? 
NCCG would use the information collected.  NCCG has been instrumental in ensuring that information about 
Water Gremlin has been provided to the Community.  NCCG anticipates that other local advocacy groups would 
similarly use the data provided to keep their communities informed about potential issues and to advocate for 
their communities’ health and safety with regulators and legislators. 
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Do you have concerns or questions about reporting burden?  How does this reporting burden change when 
the inventory is not voluntary but mandatory? 
NCCG is not a permittee.  That said, air permits that include requirements related to air toxics generally have a 
number of requirements.  If a permittee is using toxic substances in its operations, it should have the capability 
and resources to monitor and report on emissions of those substances.  Additionally, the MPCA has had a strong 
track record of working with the regulated community on new requirements, and NCCG believes that the 
regulated community can adapt to such a requirement. 
 
The Water Gremlin situation, which spurred the organization of NCCG, is a prime example of why such reporting 
is necessary.  Accurate information about what is in the air we breathe leads to trust in regulation, more 
involved community members, and cooperation and communication between the business community and 
citizens.  
 
What would help simplify reporting? 
As a non-permittee, NCCG does not have insight into this question.  NCCG believes that it is critical that 
information on air toxics be presented in a way that is accurate, timely, and easily understandable to the 
general public. 
 
How should MPCA create the list of Air Toxics and maintain it over time?  How to balance emerging 
pollutants of concern with a fixed list of air toxics in a rule?  What should be the process for adding a 
pollutant to the list? 
NCCG believes that emerging pollutants of concern must be added to the list of Air Toxics once the MPCA or the 
Minnesota Department of Health (“MDH”) becomes aware of scientific evidence that a compound has the 
potential to act as a carcinogen or teratogen or otherwise cause adverse health effects.   NCCG suggests that 
there be a process for stakeholders to propose that an emerging pollutant be added to the list. 
 
What other state’s toxics inventory and/or control programs should the MPCA look at? 
NCCG has no information on other state’s programs.  While information on how other states are handling such 
programs may prove informative, MPCA should enact the program that best serves the people of Minnesota.  
 
How would you like to participate in a future rulemaking? 
NCCG would appreciate being added to any stakeholder list related to this issue, and would also be willing to 
participate in any stakeholder advisory groups or forums on this topic.  Please add the following individuals to 
the contact list on this issue: 
 
Thank you again for the opportunity to submit comments on this important initiative. 
 
Sherry Hastings,  
NCCG Chair/President sherryhastings1066@gmail.com 
 
Sheri Smith, 
NCCG Board Member sherismith1212@gmail.com 
 
Kelly Tapkan,  
NCCG Board Member, kelly.tapkan@gmail.com 
 
Leigh Thiel, NCCG Board Member,  
leigh.thiel@gmail.com 







 
  

From: Great River Area Impact Alliance 
To: Wenger, Maggie (MPCA) 
Subject: Comments on Air Pollutant Reporting change 
Date: Friday, August 7, 2020 12:28:13 PM 
Attachments: MPCALetterWenger.pdf 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Dear Ms. Wenger, 

Please see the attached letter from the Great River Area Impact Alliance in support of the 
recent proposed changes to the air pollutant reporting. 

Sincerely, 

Great River Area Impact Alliance 

mailto:greatriverareaimpactalliance@gmail.com
mailto:Maggie.Wenger@state.mn.us



 


 


 
Great River Area Impact Alliance 


Becker, Mn 


 


         


August 7, 2020 


Ms. Maggie Wenger 


Minnesota Pollution Control Agency 


520 Lafayette Road N 


St. Paul, MN 55155 


Dear Ms. Wenger: 


We are a group of concerned citizens in the Becker, Big Lake and Monticello area who formed an 


alliance in the days following the fire at Northern Metals Recycling located in Becker, MN. The 


fire burned from February 18, 2020 to February 22, 2020 prior to the facility even opening. One 


of the concerns that surfaced after the formation of our group was the continued monitoring of the 


Northern Metals Recycling facility to ensure that they are following the limitations set in their 


permits. 


Part of the concern arises from the fact that Northern Metals Recycling admitted that they had 


altered their emissions records from their North Minneapolis recycling facility.  This partly 


contributed to their move to Becker.  To know that the current practice is voluntarily reporting 


every 3 years is extremely concerning. If there are violations, this means that they could continue 


to violate for up to three years without the MPCA and the community becoming aware.  If the data 


is being kept anyway, the permitees should be required to share this information more frequently.   


Great River Area Impact Alliance supports the following changes: 


1. The yearly reporting requirement should be included in any permit in which hazardous air 


pollutants (“HAPs”) are being released.  This should be increased if there are frequent or 


continuing violations. 







2. MPCA should release a yearly report to the surrounding communities to show compliance 


with, or violation of, air permit limits.   


3. MPCA should conduct yearly compliance checks to confirm the accuracy of the self-


reporting done by the permitee.  


4. The list of air toxins should be updated frequently and based on current scientific evidence.  


Stakeholders should be allowed to propose additions to the list.   


Great River Area Impact Alliance wishes to be considered a stakeholder to this issue and would 


be interested in participating in any future groups or discussions regarding this change.  We feel 


this is an important step in ensuring that accurate and up-to-date information is disseminated to 


those affected most by air pollutants: the community members.  Thank you for considering our 


comments.   


 


Sincerely, 


 


Great River Area Impact Alliance 


 







 

 

 

 
   

  

  
 

 
 

 

  
 

 

 
  

From: Leigh Thiel 
To: Wenger, Maggie (MPCA) 
Subject: Community member in support of MPCA proposed changes on air toxics resporting 
Date: Tuesday, August 4, 2020 9:47:22 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Hello Maggie, 
I wanted to make sure my voice was heard in support of the MPCA proposed changes on the 
requirement for more frequent reporting of HAPs being released into the air. 

I am part of the White Bear area community who experienced years of highly excessive TCE 
air pollution. 

Would this excessive pollution have been caught earlier - before year 17 - if this 
regulatory change was in place? 

Would Water Gremlin have exceeded their permit by tremendous levels, including emitting 
120 tons of TCE into the air in 2018 - against a 10 ton/year permit - if this regulatory change 
was in place? 

Would the MPCA have caught the irregularity in data being reported sooner, if this proposed 
change had been in place? 

We won't ever know the answer to these questions. But, common sense would say that 
the odds of discovering the extreme harm Water Gremlin was imposing on our community 
health would have been increased. 

Excessive pollution in the air of HAPs is not just a White Bear issue. It is also happening in 
Rosemont with Spector Alloy - already under investigation by the EPA. It has happened with 
Northern Metals in both Minneapolis as well as Becker. 

I am all for the rights of business to operate.However, there is a standard that has to be met in 
order for any business to have the privilege of emitting hazardous air pollutants into our 
environment. 

We can do better. We need to do better. We have an opportunity to do better. 

Please feel free to reach out to me for any additional information and/or questions. And, please 
let me know how I can help Commissioner Bishop and team make these changes happen. 

Leigh Thiel 
WBA NCCG Board Member 
651-303-0390 

mailto:leigh.thiel@gmail.com
mailto:Maggie.Wenger@state.mn.us
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From: Page Stevens 
To: Wenger, Maggie (MPCA) 
Subject: Feedback regarding MANDATING emission info....... 
Date: Thursday, August 6, 2020 8:06:52 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services 
Security Operations Center. 

Dear Maggie, 

Having just received this opportunity to provide feedback to you, it will be shorter than all the thoughts swirling in 
my mind. 

You MUST mandate that businesses annually report their air emission records to you. 
You MUST follow through and not assume they are telling the truth.....why would they?  They can get by for 
YEARS making higher profits before they MIGHT get caught. 
You MUST have trained inspectors, who become knowledgeable with specific machinery and not take the 
companies word that “everything is fine”. 
After one or two violations, inspections need to increase at the companies expense. 
You MUST take into allowance the vicinity the business is in and LOWER the amount of emissions allowed.  The 
EPA’s levels are much too high - especially in residential areas and with chemicals like t-DCE that are lacking 
proper researched studies. 

Since the Water Gremlin levels of air emissions were revealed, I have become APPALLED learning about this old, 
National inadequate system of monitoring.  Really, what a farce and insult to everyone BUT the businesses 
themselves!  There seems to be a total lack of regard for the health of US citizens and the environment.  There needs 
to be more oversight and power given (or TAKEN!) by our state agencies. 

Please put the residents of MN first....BEFORE the company and their profits!  We are supposedly recognized as a 
state that promotes a healthy way of living, but it is impossible when we are unknowingly breathing in or drinking 
toxic, hazardous chemicals. 

Minnesota made a landmark decision to ban TCE.  Now move ahead with all that has been learned and become an 
agency that truly has the ability to control our environment and health. 

You MUST demand yearly, mandated reporting of HAP’s. 

Thank you for your ongoing work to improve the lives of all Minnesotans. 

Page Stevens 

mailto:pagespage@hotmail.com
mailto:Maggie.Wenger@state.mn.us


 

 

 

 
 

 

 

  

 
  

 

From: Brooks, Ned (MPCA) 
To: Waquiu, Helen (MPCA); Villasenor, Jose Luis (MPCA) 
Cc: Bishop, Laura (MPCA); Wenger, Maggie (MPCA) 
Subject: FW: Air Toxic Rule 
Date: Friday, August 7, 2020 12:35:27 PM 

Looping in Helen and Jose Luis. 

From: Lea Foushee <lfoushee@nawo.org> 
Sent: Friday, August 07, 2020 12:31 PM 
To: Maggie.wenger@statemn.us 
Cc: Bishop, Laura (MPCA) <Laura.Bishop@state.mn.us>; Brooks, Ned (MPCA) 
<ned.brooks@state.mn.us> 
Subject: Air Toxic Rule 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Dear Maggie: 

I finally read your presentation. I am aghast, but not surprised. I have to say the reporting of 
all toxicants should be MANDATORY. Each toxicant should be identified annually, reported 
as to type, amount, frequency, and any known health effects to plant, animal and human life, 
and most importantly notification to most interested groups in the community where the 
emissions occur. Current permitting and regulation of air toxicants does not Protect and 
improve the environment and enhance human health according to the stated MISSION of the 
MPCA. It does the exact opposite. The Environmental Justice concern of the Agency must be 
put into action, because those who suffer sickness and even death disproportionately from 
these toxicants are Minnesota’s most vulnerable communities in North Minneapolis and South 
Minneapolis Phillips Neighborhood. There should be no “Hot Spots” if the MPCA is doing its 
job. It is a real improvement however that the MPCA is acknowledging the existence of hot 
spots and discussing it in a public manner. 

Lea Foushee 
Environmental Justice Director 
North American Water Office 
651-770-3861 

NOTICE: This email (including attachments) is covered by the Electronic Communications Privacy Act, 18 U.S.C. 
2510-2521. This email may be confidential and may be legally privileged. If you are not the intended recipient, you 
are hereby notified that any retention, dissemination, distribution, or copying of this communication is strictly 
prohibited. Please reply back to the sender that you have received this message in error, then delete it. Thank you 

mailto:ned.brooks@state.mn.us
mailto:helen.waquiu@state.mn.us
mailto:joseluis.villasenor@state.mn.us
mailto:Laura.Bishop@state.mn.us
mailto:Maggie.Wenger@state.mn.us
mailto:ned.brooks@state.mn.us
mailto:Laura.Bishop@state.mn.us
mailto:Maggie.wenger@statemn.us
mailto:lfoushee@nawo.org


 

 

 

From: Joy Wiecks 
To: Brandy Toft; Carma Huseby (carma.huseby@llojibwe.org); Philip J. DeFoe; Vallen Cook (vallenc@grandportage.com); Nancy Schuldt 
Cc: Wenger, Maggie (MPCA) 
Subject: Fw: Reminder: comments on Air Toxics reporting changes due by Aug. 7 
Date: Friday, July 31, 2020 2:11:01 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security Operations Center. 

I don't think the hyperlink I just sent works, here is the original email from the MPCA on the air toxics item I just sent. 

From: Minnesota Pollution Control Agency <mpca@public.govdelivery.com> 
Sent: Thursday, July 30, 2020 1:01 PM 
To: Joy Wiecks 
Subject: Reminder: comments on Air Toxics reporting changes due by Aug. 7 

--- Always use caution when opening attachments or clicking links received in any email. Thank you
FDL IT Division---

Having trouble viewing this email? View it as a Web page. 

Minnesota Pollution Control Agency 

Reminder: comments on Air Toxics reporting changes due by 
Aug. 7 
Thank you for joining our webinar on potential Air Toxics reporting changes, held on July 16. If you 
were not able to attend, the recording and presentation are available here. As a reminder, please 

provide any comments by August 7th, 2020 to Maggie.wenger@state.mn.us. 

mailto:JoyWiecks@FDLREZ.COM
mailto:brandy.toft@llojibwe.net
mailto:carma.huseby@llojibwe.org
mailto:PhilipDeFoe@FDLREZ.COM
mailto:vallenc@grandportage.com
mailto:NancySchuldt@FDLREZ.COM
mailto:Maggie.Wenger@state.mn.us
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDAsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMDA3MzAuMjUwOTIyNDEiLCJ1cmwiOiJodHRwczovL2NvbnRlbnQuZ292ZGVsaXZlcnkuY29tL2FjY291bnRzL01OUENBL2J1bGxldGlucy8yOTdlZjczIn0.Ga_KJVhD0_JpP7TznqUwovd1yvc69cvcZ3W2mlCLEA4/s/2913362/br/81715117079-l
https://lnks.gd/l/eyJhbGciOiJIUzI1NiJ9.eyJidWxsZXRpbl9saW5rX2lkIjoxMDEsInVyaSI6ImJwMjpjbGljayIsImJ1bGxldGluX2lkIjoiMjAyMDA3MzAuMjUwOTIyNDEiLCJ1cmwiOiJodHRwczovL3d3dy5wY2Euc3RhdGUubW4udXMvYWlyL3BvdGVudGlhbC1jaGFuZ2VzLWFpci10b3hpY3MtcmVwb3J0aW5nIn0.7W0KNdAVOsnRMWnIBcehGdQjQa2Bmii9_PBMeN4H9-U/s/2913362/br/81715117079-l
mailto:Maggie.wenger@state.mn.us
https://mpca@public.govdelivery.com


         

        

  

The mission of the MPCA is to protect and improve the environment and human health. 

St. Paul • Brainerd • Detroit Lakes • Duluth • Mankato • Marshall • Rochester 

www.pca.state.mn.us • Toll-free and TDD 800-657-3864 

Minnesota Pollution Control Agency [ Contact us ] 

Preferences • Help • This email sent using GovDelivery (800-439-1420) 

This email was sent to joywiecks@fdlrez.com using GovDelivery Communications Cloud on behalf of: Minnesota Pollution Control Agency
520 Lafayette Road North · Saint Paul, MN 55155 · 1-800-439-1420 
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From: Jeanine Boyd 
To: Wenger, Maggie (MPCA) 
Subject: Good Grief! 
Date: Friday, August 7, 2020 12:13:41 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Dear MS Wenger: 

Who ever thought it was a good idea to have businesses self-report toxic air emissions?  That is the 
fox guarding the hen house to be sure! 

I am one of the White Bear Township citizens effected by the air dumps from Water Gremlin who 
have continued with contempt to skirt curbs on their behavior. 

While I am pro-business as a rule, I expect prudent safe guards and honest reporting to protect 
citizens. 

I have lived in my home since 1985, and have multiple allergy problems for which I have had over 
ten years of shots; a breathing problem, and now a heart problem. 
I have been diagnosed with a chronic heart condition, and have a Medtronic Micra implant in my 
heart. 

I wish I had purchased my home anywhere but where I now reside.  Because of age and minimal 
Social Security income, my resources for change are extremely 
limited. 

Please do whatever it takes to enact tough rules for potential polluters to be monitored and 
supervised and shut down if necessary. 

Human beings are worth infinitely more than the jobs polluting companies provide.  Since a foreign 
entity, Japan, owns Water Gremlin, they disappoint me that they have not 
been more conscientious in the health of all concerned.  My youngest daughter taught in Japan for a 
number of years, and most Japanese people are very environmentally aware. 

Sincerely, 

Jeanine M. Boyd 
4378 Oakmede Lane 
White Bear Twp., MN 55110 

651-429-2610 

mailto:jenmaree@comcast.net
mailto:Maggie.Wenger@state.mn.us


 

 

 
 

 
 

From: Buchholz, RaeAnna 
To: Wenger, Maggie (MPCA) 
Cc: Kwilas, Tony 
Subject: Letter on Air Toxics Reporting 
Date: Friday, August 7, 2020 10:06:39 AM 
Attachments: image008.png 

image009.png 
image010.png 
es030607q.pdf 
es030319u.pdf 
Chamber Air Toxins Reporting Letter_8.6.20.pdf 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Good morning, 

Attached you will find a letter commenting on MPCA on air toxics reporting. 

Kind regards, 
RaeAnna 

RAEANNA K. BUCHHOLZ 
Policy Associate 

Check out our COVID-19 Business Toolkit 

400 Robert Street North, Suite 1500, St. Paul, MN 55101 
P: 651.292.4692 
www.mnchamber.com 

mailto:RBuchholz@mnchamber.com
mailto:Maggie.Wenger@state.mn.us
mailto:tkwilas@mnchamber.com
mailto:mail@mnchamber.com
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Accurate estimation of human exposures to volatile
organic compounds (VOCs) is a key element of strategies
designed to protect public health from the adverse
effects of hazardous air pollutants. The focus here is on
examining the capability of three different exposure metrics
(outdoor community concentrations, indoor residential
concentrations, and a simple time-weighted model) to
estimate observed personal exposures to 14 VOCs. The
analysis is based on 2-day average concentrations of individual
VOCs measured concurrently in outdoor (O) air in three
urban neighborhoods, indoor (I) air in participant’s residences,
and personal (P) air near the breathing zone of 71
healthy, nonsmoking adults. A median of four matched
P-I-O samples was collected for each study participant
in Minneapolis/St. Paul over three seasons (spring,
summer, and fall) in 1999 using charcoal-based passive
air samplers (3M model 3500 organic vapor monitors). Results
show a clear pattern for the 14 VOCs, with P > I > O
concentrations. Intra-individual variability typically spanned
at least an order of magnitude, and inter-individual
variability spanned 2 or more orders of magnitude for
each of the 14 VOCs. Although both O and I concentrations
generally underestimated personal exposures, I concen-
trations provided a substantially better estimate of measured
P concentrations. Mean squared error (MSE) as well as
correlation measures were used to assess estimator
performance at the subject-specific level, and hierarchical,
mixed effects models were used to estimate the bias
and variance components of MSE by tertile of personal
exposure. Bias and variance both tended to increase in the


upper third of the P exposure distribution for O versus P
and I versus P. A simple time-weighted model incorporating
measured concentrations in both outdoor community air
and indoor residential air provided no improvement over I
concentration alone for the estimation of P exposure.


Introduction
Concentrations of hazardous air pollutants in a person’s
breathing zone for a defined period of time are typically
referred to as personal exposures (1, 2). An individual’s
personal exposure for a particular time period (e.g., 48 h)
depends on pollutant concentrations in the indoor and
outdoor microenvironments through which he or she moves
during routine daily activities and on the time spent in each
of these locations. From a public health perspective, it is
often important to estimate the distribution of personal
exposures in a population or to distinguish between indi-
viduals with high versus low exposure. But measuring
personal exposures for a large number of people (including
potentially vulnerable groups such as the young, the elderly,
and the infirm) can be burdensome, time-consuming,
expensive, and, in many cases, impractical. It is imperative,
therefore, to gain a clear understanding of the value of more
easily obtained metrics, such as measurements at outdoor
community sites or indoor residential locations, for estimat-
ing personal exposures.


Although volatile organic compounds (VOCs) are common
constituents of outdoor (3-6) and indoor (7-9) air, com-
paratively little is known about personal exposures. The
relatively few personal monitoring studies that have been
conducted suggest that personal exposures tend generally
to be higher than indoor residential concentrations, which
tend typically to be higher than outdoor community con-
centrations (10-15). Other personal exposure studies have
concentrated on exposure of specific subpopulations to one
or few individual VOCs, with many focused on exposure to
benzene. This paper examines the ability of fixed indoor
residential and outdoor monitors, in combination with time-
activity data, to estimate personal exposures to 14 individual
VOCs for 71 nonsmoking adults in three urban neighbor-
hoods.


Study Design
The study was designed primarily to measure exposures to
VOCs experienced by healthy, nonsmoking adults and to
compare results with concurrent measurements inside their
residences and outside in their neighborhoods (13). A
secondary objective was to measure PM2.5 exposures for a
subset of the subjects, results of which have been published
previously (16-19). Three urban neighborhoods (Phillips,
East St. Paul, and Battle Creek) with different outdoor VOC
concentration profiles based on modeling results (13, 20, 21)
were selected for the exposure monitoring study.


Phillips (PHI) is an economically disadvantaged, pre-
dominantly minority inner-city neighborhood in south
central Minneapolis. Outdoor VOC concentrations in PHI
were predicted to be relatively high because of contributions
from multiple sources. East St. Paul (ESP) is a blue-collar,
racially mixed neighborhood in St. Paul. VOC concentrations
were predicted to be relatively high, primarily as a result of
emissions from nearby manufacturing plants. Battle Creek
(BCK) is a predominantly white, affluent neighborhood on
the eastern edge of St. Paul. Predicted VOC concentrations
were relatively low as compared to the other two neighbor-
hoods.
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A centralized outdoor monitoring site (community site)
was established in each neighborhood. Approximately 25
healthy, nonsmoking adults were recruited from each
neighborhood using house-to-house canvassing and direct
solicitation (informed consent was obtained). Matched 2-day
samples were collected outdoors at the three community
monitoring sites, indoors in participants’ residences (room
where they spent most of their waking hours), and near
participants’ breathing zones, all using passive dosimeters.
Participants also completed time-activity logs recording the
time they spent in seven microenvironments (indoors at
home, work, other; outdoors at home, work, other; in transit)
and the time they were in close proximity to environmental
tobacco smoke. All outdoor community site (O), indoor
residential (I), and personal (P) samples were collected during
three monitoring sessions in 1999: spring (April 26-June
20); summer (June 21-August 11); and fall (September 23-
November 21).


Methods
VOC Collection and Analysis. All VOC concentrations (O, I,
and P) were 2-day (approximately 48-h) average values
obtained with 3M model 3500 organic vapor monitors (3500
OVMs), which are charcoal-based passive air samplers. The
suitability of these VOC badges for outdoor, indoor, and
personal sampling has been demonstrated by Chung et al.
(22, 23). These investigators have also described the deter-
mination of extraction efficiencies and the calculation of
method detection limits. The extraction solvent consisted of
a 2:1 v/v mix of acetone and carbon disulfide, which provided
a very low background for target analytes. All extracts were
analyzed by GC/MS with a Hewlett-Packard 5890 series II
Plus GC with an HP 5972 MS detector, HP 18593B autosam-
pler, and Vectra 486 computer with EnvironQuant Chem-
Station Software and NBS75K Spectra Library, using an
RTX-1/60 m/0.25 mm i.d./1 mm film thickness capillary
column. Analytical and internal standards were prepared,
and VOC concentrations were calculated as described
previously (23). Duplicate O, I, and P badges were collected
periodically during the study (total n ) 80), and correlation
coefficients for the positive measurements were >0.95 for all
individual VOCs except styrene (0.94) and chloroform (0.95).
We define the median relative absolute difference (MRAD)
as the median of the ratios of within-pair absolute differences
divided by the within-pair mean. MRAD was <0.18 for all
VOCs except trichloroethylene (0.44).


Statistical Analyses. All statistical analyses were per-
formed using SAS (24) and S-plus (25). Concentrations less
than the method detection limit (MDL) were included in the
calculations. “Nondetectable” measurements (i.e., samples
with no analytical response or those with values e0 after
blank subtraction) were assigned a value of one-half the
analytical detection limit (ADL).


Three estimators of personal exposure are evaluated:


where Oij and Iij denote the observed concentration for the
ith subject on the jth occasion, from O and I, respectively;
t[O]ij and t[I]ij represent the (time) fraction of the 2-day
monitoring period spent in the O and I environments,
respectively. For the purposes of this analysis, we let P̂[O], P̂[I],
and P̂[OI] represent P̂[O]ij, P̂[I]ij, and P̂[OI]ij for all subjects and
all times. In the simple time-weighted model (eq 3), the
proportion of time in O was defined to be the complement
of the proportion of time in I (i.e., t[O]ij ) 1 - t[I]ij). Thus, the


model implicitly assumes that individuals not in their homes
are exposed uniformly to the measured O concentration
regardless of whether they are indoors or out (a likely
underestimate of actual exposures).


The mean squared error (MSE) was computed for each
estimator of P (see Discussion). To maintain the original
scale of measurement, the root mean squared error (RMSE)
is reported instead of the MSE, and the variance is represented
by its square root as the standard deviation (SD). For P̂[O] and
P̂[I], both RMSE and longitudinal correlations are first pre-
sented, based on estimation of each statistic for each subject.
Geometric means of all duplicate samples are used to facilitate
comparison with previous studies. To maximize the infor-
mation available from our sample, no lower limit on the
number of repeated measurements was applied in the
calculation of these subject-specific RMSEs or longitudinal
correlations (R) except for the mathematical limit imposed
by the statistics themselves. For example, a longitudinal
correlation cannot be calculated for subjects with only one
data point. We report medians with upper and lower deciles
to illustrate the inter-subject distributions of RMSE and R
and to give a sense of their inherent variation.


To further analyze the MSE by its component bias and
variance, mixed effects models were used (26, 27). These
models accommodate duplicate data explicitly, making use
of information on measurement error, and obviating the need
to take means of duplicates. Moreover, mixed effects models
handle variation in numbers of measurements across subjects
by downweighting those with fewer measurements. To allow
for heterogeneity of variance and to more flexibly model
bias, the range of all P exposures was divided into its three
tertiles, and a separate model was fitted for each.


Results
Selected sociodemographic characteristics and exposure-
related attributes for the 71 participants in the study are
summarized in Table 1. Seventy-seven percent were female,
and more than half (56%) were between the ages of 40-65
years. Only one person had less than a high school education,
while 37% had some college, 18% were college graduates,
and 34% reported some post-graduate education. More than
half (51%) had an annual household income of $40 000 or
more, with 8% earning between $75 000 and $100 000, and
3% earning more than $100 000. Eighty-five percent were
white, 7% were African American, 3% were Native American,
1% was Asian/Pacific Islander, and 3% were other. Most
participants (69%) worked outside the home, only 7% lived
with a smoker, and 34% had attached garages. Overall, the
participants were predominantly white, female, well-
educated, relatively affluent, and unlikely to be exposed to
environmental tobacco smoke at home. As expected, par-
ticipants from PHI had the highest percentage of minorities
and the lowest household incomes.


A total of 284 valid, matched P and O sample sets with
time-activity diaries were obtained from the 71 participants.
The number collected for each participant varied from 1 (2
people) to 11 (1 person), with a median of 4 (Q25 ) 3 and
Q75 ) 6). This variability in the number of P samples for
each individual results from the fact that some participants
dropped out of the study early, while others continued to
participate. Furthermore, some of the P samples were invalid
because of protocol errors, monitor malfunctions, or ana-
lytical problems. The range of P VOC concentrations for each
participant is displayed graphically in Figure 1, and the range
of I VOC concentrations for each participant is presented in
Figure 2. For individual VOCs, each line in these range plots
represents one of the 71 participants and spans the range of
concentrations measured for that person. Within each VOC,
the line segments are ordered by maximum concentration,
and the vertical ordering of the VOCs themselves is deter-


P̂[O]ij ) Oij (1)


P̂[I]ij ) Iij (2)


P̂[OI]ij ) Oijt[O]ij + Iijt[I]ij (3)
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mined by the median of these maximum values. Minimum
values appear to be truncated in some cases (for example,
â-pinene, chloroform, and styrene in Figure 1) because many
samples were zero or below.


As shown in Figure 1, a participant’s P exposure to
individual VOCs over multiple monitoring periods (within-
person variability) often spanned 1 or more orders of
magnitude. Moreover, the difference between participants’
with the lowest maximum P values and those with the highest
(between-person variability) often spanned 2 or more orders
of magnitude. This same pattern also held true for partici-
pants’ I concentrations (Figure 2), which were generally lower
than matched P exposures. The evidence indicates that for
these 14 VOCs there was substantial within-person variability
and between-person variability for both P exposures and I
concentrations.


Two subject-level criteria for characterizing the perfor-
mance of P̂[O] are provided in Table 2. The RMSE and R were
calculated for each subject with a sufficient number of
samples for each measure (g1 for RMSE, g2 for R). RMSE
is a measure of the magnitude and variation of the difference
(µg/m3) between measured O concentrations and P expo-
sures, while R is a measure of the linear association between
O and P. Compared to R and for the aims of this study, RMSE
is a more direct measure of performance of these estimators
(see Discussion); however, we present both to facilitate their
comparison. The median value for RMSE and R across all
subjects along with 10th and 90th percentiles are presented.


Looking at the overall results, the median RMSE for P̂[O]


was between 0.2 and 1.8 µg/m3 for 9 VOCs, between 2.5 and
4.8 µg/m3 for 3 VOCs (R-pinene, â-pinene, and m-/p-xylene),
13.4 µg/m3 for D-limonene, and 16.3 µg/m3 for toluene. It
should be noted that RMSE is expected to be elevated for
those VOCs found at higher concentrations, since their
variance is usually higher as well. For all 14 VOCs, P̂[O]


underestimated P exposure. The RMSE of P̂[O] for 6
VOCs (benzene, ethyl benzene, methylene chloride, toluene,
o-xylene, m-/p-xylene) was substantially higher in BCK than
in ESP and PHI. This is not surprising given that O
concentrations in BCK tended to be slightly but consistently
lower than in the other two neighborhoods, while P exposures
tended to be slightly higher (hence a greater underestimation
of P exposures in BCK). Overall, correlation coefficients were
generally unremarkable, with median R for 9 VOCs between
-0.08 and 0.24 and between 0.43 and 0.59 for the other 5
VOCs (benzene, ethyl benzene, styrene, o-xylene, m-/p-
xylene). With the exceptions of D-limonene and tetrachlo-
roethylene in ESP and benzene, styrene, and m-/p-xylene in
BCK, R values were generally comparable across the three
neighborhoods.


Analogous performance measures for P̂[I] by neighborhood
are provided in Table 3. Comparing P̂[I] to P̂[O] overall, there
was a reduction in RMSE for 13 of the 14 VOCs (trichloro-
ethylene remained unchanged). The most dramatic reduc-
tions were observed for D-limonene (from 13.4 to 4.7 µg/m3)
and toluene (from 16.3 to 8.3 µg/m3). Generally, P̂[I] also


TABLE 1. Summary of Sociodemographic Information for Participants in the Study


n (%)


parameter Battle Creek East St. Paul Phillips all communities


no. of participants 25 (35%) 22 (31%) 24 (34%) 71 (100%)
gender


male 7 (10%) 2 (3%) 7 (10%) 16 (23%)
female 18 (25%) 20 (28%) 17 (24%) 55 (77%)


age
18-39 yr 6 (8%) 12 (17%) 11 (15%) 29 (41%)
40-65 yr 17 (24%) 10 (14%) 13 (18%) 40 (56%)
>65 yr 1 (1%) 0 (0%) 0 (0%) 1 (1%)
missing 1 (1%) 0 (0%) 0 (0%) 1 (1%)


education
less than high school 0 (0%) 1 (1%) 0 (0%) 1 (1%)
high school 2 (3%) 2 (3%) 3 (4%) 7 (10%)
some college 7 (10%) 13 (18%) 6 (8%) 26 (37%)
college graduate 6 (8%) 2 (3%) 5 (7%) 13 (18%)
post-graduate education 10 (14%) 4 (6%) 10 (14%) 24 (34%)


annual household income
$10 000-$19 999 2 (3%) 1 (1%) 3 (4%) 6 (8%)
$20 000-$29 999 0 (0%) 4 (6%) 9 (13%) 13 (18%)
$30 000-$39 999 4 (6%) 3 (4%) 3 (4%) 10 (14%)
$40 000-$49 999 2 (3%) 6 (8%) 1 (1%) 9 (13%)
$50 000-$74 999 9 (13%) 5 (7%) 5 (7%) 19 (27%)
$75 000-$99 999 2 (3%) 3 (4%) 1 (1%) 6 (8%)
g$100 000 2 (3%) 0 (0%) 0 (0%) 2 (3%)
refused or missing 4 (6%) 0 (0%) 2 (3%) 6 (8%)


race
white 24 (34%) 22 (31%) 14 (20%) 60 (85%)
African American 1 (1%) 0 (0%) 4 (6%) 5 (7%)
Native American 0 (0%) 0 (0%) 2 (3%) 2 (3%)
Asian/Pacific Islander 0 (0%) 0 (0%) 1 (1%) 1 (1%)
other 0 (0%) 0 (0%) 2 (3%) 2 (3%)
refused 0 (0%) 0 (0%) 1 (1%) 1 (1%)


work outside the home
yes 17 (24%) 13 (18%) 19 (27%) 49 (69%)
no 8 (11%) 9 (13%) 5 (7%) 22 (31%)


live with a smoker
yes 1 (1%) 3 (4%) 1 (1%) 5 (7%)
no 24 (34%) 19 (27%) 23 (32%) 66 (93%)


attached garage
yes 18 (25%) 3 (4%) 3 (4%) 24 (34%)
no 7 (10%) 19 (27%) 21 (30%) 47 (66%)
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tended to underestimate P exposures, but not as much or as
consistently as P̂[O]. Compared to P̂[O], reduced RMSE oc-
curred similarly across neighborhoods, and for benzene,
toluene, o-xylene, and m-/p-xylene remained higher in BCK
as compared to ESP and PHI (similar to the pattern ob-
served for P̂[O]). Correlation coefficients improved dramatic-
ally for all VOCs, with R > 0.85 for 8 VOCs (benzene,
chloroform, D-limonene, methylene chloride, R-pinene,


â-pinene, o-xylene, m-/p-xylene), and 0.57 e R e 0.83 for the
remaining 6 VOCs. Relatively consistent R values for indi-
vidual VOCs were observed across neighborhoods, with the
exception of p-dichlorobenzene (0.16) in BCK and trichlo-
roethylene (0.40) in PHI.


The improved performance of I over O concentrations is
illustrated graphically in Figure 3 using three VOCs as
examples. It is clear from the scatter plots that O concentra-


FIGURE 1. Range plot of measured personal VOC exposures for each study participant.
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tions underestimate P exposure in the majority of cases for
benzene, methylene chloride, and toluene. I concentrations,
on the other hand, provide a noticeable improvement in
estimating P exposure, although the tendency is still to
underestimate. Overall, for this population and under the
conditions of the study, matched I concentrations provided
a substantially better estimate of personal VOC exposure
than matched O concentrations for all 14 VOCs measured.


To further investigate the nature of RMSE for P̂[O] and P̂[I],
we divided the domains of measured P exposures into lower,
middle, and upper tertiles and then estimated the two
components of MSE, bias (squared) and variance, using the
mixed effects model. We distinguish the vector of all
numerical observations of personal exposures by P. An
estimate of bias is obtained for each tertile by estimating the
mean of P̂[O] - P (Table 4) or the mean of P̂[I] - P (Table 5).


FIGURE 2. Range plot of measured indoor residential VOC concentrations for each study participant.
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In addition, an estimate of standard deviation (SD) is obtained
from the square root of the variance resulting from application
of the same mixed model.


The results from Table 4 show that both the bias and the
SD of P̂[O] tend to increase from the lower to the middle and
from the middle to the upper tertile of the distribution of P
exposures. For example, in the lower tertile the range of P̂[O]


- P values for individual VOCs is between -1.9 and 0.0; in
the middle tertile it is between -13.2 and -0.1; and in the
upper tertile it is between -62.7 and -2.0. These data suggest
that P̂[O] typically underestimates P exposures in all cases
and that the magnitude of this underestimation increases
with higher P exposures. In terms of variance, the range of
SDs for individual VOCs in the lower tertile is 0.1-9.9,
0.2-6.4 in the middle tertile, and 1.9-360 in the upper-
tertile. Again, the data indicate that the variance of P̂[O]


generally increases with higher P exposures.
The pattern is similar for I versus P in Table 5, with


both bias and variance of P̂[I] increasing from lower to mid-
dle to higher tertiles of P exposures. For example, the range
of P̂[I] - P values for the 14 individual VOCs is -0.9 to
0.4 in the lower tertile, -3.3 to 1.1 in the middle tertile,
and -55.8 to 3.9 in the upper tertile. The evidence suggests
that P̂[I] tends to underestimate P exposures for 12 of the 14
VOCs, especially in upper tertile of the distribution of P
exposures. P̂[I] tends to overestimate, particularly in the
upper tertile, for methylene chloride and R-pinene. Sim-
ilarly, the range of SDs for individual VOCs increases from
0.1 to 5.2 in the lower tertile, from 0.2 to 10.2 in the middle
tertile, and from 1.7 to 351 in the upper tertile, which suggests
that variance in P̂[I] also tends to increase with higher P
exposures.


We investigated the time-weighted estimator P̂[OI] by
examining the RMSE for the model where P exposure equals
the time fraction of the 2-day monitoring period spent indoors


at home (t[I]) times the measured I concentration plus the
complement of the time fraction indoors at home (1 - t[I])
times the measured O concentration (see eq 3). Because the
measured O concentration is likely to be less than or equal
to unmeasured concentrations in the other microenviron-
ments, it represents quasi-baseline conditions (i.e., minimal
exposures) when participants were not inside their homes.
In Table 6, the RMSE for this model is apportioned into bias
and SD using the same approach as for P̂[O] and P̂[I] (Tables
4 and 5).


As found for P̂[O] and P̂[I], the bias (the expected difference
between the estimator and P exposure) to noise (SD) ratio
for P̂[OI] in Table 6 is relatively low. Nevertheless, it is apparent
that the estimated bias of P̂[OI] was similar to that for P̂[I]


(Table 5) in the lower and middle tertiles. At the higher tertile,
the bias was greater for the time-weighted estimator in every
instance except methylene chloride. The SD was generally
similar between P̂[I] and the time-weighted model across all
three tertiles.


Discussion
Chronic exposure to relatively low levels of airborne VOCs
is an inescapable reality for residents of the United States.
This class of chemicals is ubiquitous in occupational and
nonoccupational settings, including both indoor and outdoor
environments. Not only are VOCs released into the air from
industrial processes, internal combustion engines, cigarette
smoking, and bathing or showering in chlorinated water,
they are also common constituents in cleaning and degreas-
ing agents, deordorizers, dry-cleaning processes, paints,
pesticides, personal care products, and solvents (2, 7-15).
Of the 14 VOCs measured in this study, five originate from
primarily indoor sources (chloroform, p-dichlorobenzene,
D-limonene, and R- and â-pinene), while nine are emitted
by a combination of indoor and outdoor sources (benzene,


TABLE 2. Comparison of Matched (Outdoor Community, Personal) VOC Concentrations for Individual Participants in the Study


Battle Creek East St. Paul Phillips all communities


compound RMSEa Rb RMSE R RMSE R RMSE R


benzene 4.9 0.02 1.4 0.79 1.5 0.68 1.8 0.59
(0.9, 19.4)c (-0.92, 0.89)c (0.9, 7.8) (-0.37, 1.00) (0.7, 8.5) (-0.92, 1.00) (0.7, 16.3) (-0.85, 1.00)


chloroform 1.1 0.00 1.4 0.31 1.5 0.00 1.8 0.00
(0.3, 3.3) (-0.51, 1.00) (0.6, 4.6) (-0.16, 0.92) (0.5, 4.2) (-0.54, 0.98) (0.5, 3.9) (-0.50, 0.99)


p-dichlorobenzene 0.6 0.00 0.3 0.15 0.9 -0.01 0.7 0.00
(0.1, 9.5) (-0.54, 0.58) (0.1, 8.4) (-0.73, 0.82) (0.1, 13.5) (-0.78, 1.00) (0.1, 9.8) (-0.72, 0.98)


ethyl benzene 3.7 0.41 1.1 0.51 1.1 0.65 1.5 0.53
(1.0, 14.3) (-0.47, 1.00) (0.5, 13.4) (-0.76, 1.00) (0.6, 12.3) (0.01, 1.00) (0.5, 14.3) (-0.52, 1.00)


D-limonene 12.7 0.43 17.5 -0.31 12.2 0.34 13.4 0.15
(6.3, 36.2) (-0.64, 1.00) (7.6, 86.5) (-0.97, 1.00) (6.9, 40.6) (-1.00, 1.00) (7.0, 57.2) (-1.00, 1.00)


methylene chloride 3.3 0.14 1.5 0.11 0.8 0.38 1.3 0.14
(0.2, 32.0) (-0.93, 0.96) (0.4, 8.3) (-0.90, 0.84) (0.4, 8.3) (-0.76, 1.00) (0.3, 12.4) (-0.86, 1.00)


R-pinene 3.6 -0.04 3.6 0.12 2.0 -0.17 3.0 -0.08
(1.2, 17.9) (-0.93, 0.95) (1.1, 15.4) (-0.87, 0.96) (1.2, 14.6) (-1.00, 0.75) (1.2, 17.3) (-1.00, 0.95)


â-pinene 1.8 0.00 3.6 0.00 1.9 0.28 2.5 0.00
(0.1, 8.8) (-0.13, 0.98) (1.5, 9.5) (-0.40, 0.87) (0.8, 7.2) (0.00, 1.00) (0.8, 9.4) (-0.16, 0.99)


styrene 0.6 0.08 0.5 0.74 0.6 0.40 0.6 0.55
(0.2, 2.1) (-0.20, 0.99) (0.2, 2.3) (0.20, 0.98) (0.4, 1.7) (-0.82, 0.90) (0.2, 2.0) (-0.23, 0.98)


tetrachloroethylene 1.3 -0.15 1.0 0.62 0.6 0.17 0.9 0.24
(0.2, 25.3) (-0.75, 1.00) (0.1, 8.7) (-0.64, 0.99) (0.2, 3.7) (-1.00, 0.98) (0.2, 8.9) (-0.91, 1.00)


toluene 29.9 -0.11 13.8 0.06 10.0 0.33 16.3 0.02
(9.6, 85.2) (-0.99, 1.00) (7.4, 50.4) (-0.65, 0.87) (5.1, 19.3) (-0.49, 1.00) (6.1, 64.5) (-0.90, 0.99)


trichloroethylene 0.2 0.16 0.2 0.43 0.2 0.20 0.2 0.24
(0.1, 1.1) (-0.65, 1.00) (0.1, 1.5) (-0.16, 0.98) (0.1, 0.5) (-0.92, 0.98) (0.1, 1.3) (-0.79, 0.99)


o-xylene 4.2 0.26 1.3 0.44 1.3 0.67 1.6 0.43
(1.2, 17.3) (-0.94, 0.96) (0.5, 16.5) (-0.78, 0.97) (0.6, 16.3) (0.13, 1.00) (0.6, 19.0) (-0.72, 1.00)


m-/p-xylene 14.1 0.19 3.8 0.50 3.7 0.70 4.8 0.47
(3.4, 57.4) (-0.75, 0.98) (1.5, 51.9) (-0.76, 0.99) (1.8, 54.0) (0.08, 1.00) (2.0, 63.4) (-0.69, 1.00)


a Median root mean squared error (µg/m3); n for number of research subjects ) 25 for Battle Creek, 22 for East St. Paul, and 24 for Phillips.
b Median correlation coefficient; n for number of research subjects varies from 20 to 23 for Battle Creek, n ) 22 for East St. Paul, and n varies from
21 to 22 for Phillips. c 10th and 90th percentiles.
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ethyl benzene, methylene chloride, styrene, toluene, trichlo-
roethylene, tetrachloroethylene, o-xylene, and m-/p-xylene).


Measuring P exposures is the only way to determine
unequivocally the magnitude, duration, and frequency of
actual exposures experienced by people as they move through
a variety of indoor and outdoor locations during their normal
daily activities (1, 2). Consequently, P exposure is the de
facto “gold standard” for assessment of individual and
population exposures to VOCs. But because it is usually
impractical and prohibitively expensive to measure P VOC
exposures for everyone (or even a large sample of the
population of interest), there is a continuing need to develop
and validate practical and cost-effective surrogate estimators
that are suitably accurate and precise. In this paper, we have
examined the performance of three candidate estimators of
P exposure: outdoor community concentration, indoor resi-
dential concentration, and a simple time-weighted model.


The evidence indicates that, consistent with previous
studies in urban areas (10-15), P exposures tended to be
higher than measured indoor concentrations, which tended
to be higher than measured outdoor concentrations. The
data for P and I concentrations also show that within-person
variability for the 14 VOCs measured in this study typically
spanned 1 or more orders of magnitude, while between-
person variability usually spanned 2 or more orders of
magnitude. These findings suggest that a substantial number
of people and a substantial number of P and I measurements
for each person may be necessary to adequately characterize
VOC exposures for a particular population.


One of the novel aspects of this study was the use of MSE
as well as correlation measures to assess the performance of
multiple estimators (O, I, simple time-weighted model) for
P exposure. To appreciate the value of MSE as a comparison
metric at the subject-specific level, it is important to recognize
the inherent limitations of R, a more traditional means of
comparing exposure estimators.


To examine and compare estimators of P exposures, we
assumed a set of measured P concentrations from a group
of m subjects represented their actual exposures to an indi-
vidual VOC. The vector of these observations is denoted as


where pij gives the observed P exposure for the ith subject
on the jth occasion. A candidate estimator of P, denoted as
P̂*, is a vector of the same structure as P but with some
function of the data at element p̂*ij. Metrics for assessing the
ability of P̂* to estimate P traditionally include the sample
correlation coefficient, R (28), which may be estimated for
each subject over time or jointly for all subjects, where R
takes values within the interval [-1, +1].


Although R is a common metric for analyzing associations
between P exposures and O or I concentrations, it is only a
measure of the linear association between P̂* and P (29). To
the extent that P̂* is an unbiased and precise estimator of
P, R approaches +1. However, R also approaches +1 in
many other cases. For example, if p̂*ij ) (1/2)pij for all j,
then Ri ) +1 despite the fact that P̂* underestimates P by a
factor of 2.


Another problem with R is its dependence on the
distribution of P values. Despite having the same MSE in
estimating P, it can be shown that an estimator P̂* will yield
potentially very different values of R, depending on the
distribution of values of P that are sampled or selected for
the study. Thus it is not possible to compare an estimator
from one study with one from a different study, unless the
sets of P measurements are the same or at least have similar
distributions. Absent these common features, therefore, we
cannot answer the question of which estimator is better.


In the calculation of a separate, longitudinal correlation
coefficient for each subject, this dependence on the P
distribution adversely affects the usefulness of the resulting


TABLE 3. Comparison of Matched (Indoor Residential, Personal) VOC Concentrations for Individual Participants in the Study


Battle Creek East St. Paul Phillips all communities


compound RMSEa Rb RMSE R RMSE R RMSE R


benzene 2.5 0.86 1.6 0.89 1.1 0.78 1.7 0.86
(0.5, 9.7)c (0.12, 1.00)c (0.4, 6.0) (0.10, 1.00) (0.6, 4.4) (-0.98, 1.00) (0.4, 8.1) (-0.26, 1.00)


chloroform 0.4 0.89 0.6 0.90 0.5 0.70 0.5 0.88
(0.2, 1.5) (0.06, 1.00) (0.3, 1.7) (-0.19, 0.99) (0.3, 2.7) (-0.32, 1.00) (0.2, 1.7) (-0.05, 1.00)


p-dichlorobenzene 0.5 0.16 0.2 0.64 0.5 0.62 0.3 0.57
(0.1, 9.0) (-0.42, 0.99) (0.1, 8.3) (-0.48, 0.99) (0.1, 6.8) (-0.88, 1.00) (0.0, 9.0) (-0.54, 1.00)


ethyl benzene 1.4 0.69 0.8 0.85 0.8 0.73 1.0 0.75
(0.3, 11.0) (-0.94, 0.99) (0.2, 3.0) (-0.26, 1.00) (0.3, 15.6) (-0.13, 1.00) (0.3, 11.1) (-0.39, 1.00)


D-limonene 4.2 0.96 5.8 0.98 4.7 0.94 4.7 0.96
(2.1, 18.9) (0.34, 1.00) (2.5, 36.3) (0.26, 1.00) (1.8, 45.0) (-0.84, 1.00) (2.1, 36.4) (0.11, 1.00)


methylene chloride 1.3 0.95 0.6 0.93 0.8 0.81 0.8 0.90
(0.3, 26.2) (-0.37, 1.00) (0.2, 1.8) (0.37, 1.00) (0.2, 5.7) (-0.09, 1.00) (0.2, 8.7) (-0.04, 1.00)


R-pinene 1.3 0.98 0.8 0.92 1.0 0.92 1.0 0.95
(0.3, 7.2) (0.34, 1.00) (0.3, 6.3) (0.61, 1.00) (0.2, 14.0) (-0.51, 1.00) (0.2, 7.6) (-0.42, 1.00)


â-pinene 0.9 0.98 1.2 0.96 1.1 0.97 1.0 0.97
(0.1, 2.8) (0.00, 1.00) (0.3, 4.9) (0.15, 1.00) (0.4, 2.9) (0.00, 1.00) (0.2, 4.1) (0.00, 1.00)


styrene 0.4 0.65 0.3 0.70 0.4 0.77 0.4 0.71
(0.1, 1.2) (-0.19, 1.00) (0.2, 1.3) (0.01, 0.99) (0.2, 1.1) (0.01, 1.00) (0.2, 1.2) (-0.12, 1.00)


tetrachloroethylene 0.8 0.83 0.6 0.90 0.4 0.77 0.7 0.83
(0.2, 25.1) (-0.32, 1.00) (0.1, 6.4) (-0.19, 1.00) (0.2, 3.0) (-0.12, 1.00) (0.2, 6.5) (-0.30, 1.00)


toluene 12.5 0.65 7.3 0.86 7.5 0.83 8.3 0.77
(2.3, 43.4) (-0.98, 0.98) (1.8, 18.5) (0.22, 0.99) (3.3, 23.8) (-0.25, 1.00) (2.7, 26.9) (-0.67, 1.00)


trichloroethylene 0.2 0.88 0.2 0.88 0.2 0.40 0.2 0.69
(0.0, 2.5) (0.23, 1.00) (0.1, 2.5) (-0.17, 1.00) (0.1, 0.5) (-0.64, 0.99) (0.1, 1.0) (-0.26, 1.00)


o-xylene 2.0 0.92 0.9 0.92 0.7 0.82 1.1 0.90
(0.4, 12.5) (-0.09, 1.00) (0.3, 4.0) (-0.17, 1.00) (0.4, 16.0) (-0.24, 1.00) (0.4, 12.9) (-0.20, 1.00)


m-/p-xylene 5.6 0.90 3.1 0.93 2.2 0.71 3.5 0.86
(0.9, 40.1) (-0.16, 1.00) (0.6, 11.8) (-0.40, 1.00) (1.3, 58.3) (-0.26, 1.00) (1.0, 40.1) (-0.30, 1.00)


a Median root mean squared error (µg/m3); n for number of research subjects ) 25 for Battle Creek, 22 for East St. Paul, and 24 for Phillips.
b Median correlation coefficient; n for number of research subjects varies from 20 to 23 for Battle Creek, n ) 22 for East St. Paul, and n varies from
21 to 22 for Phillips. c 10th and 90th percentiles.


P ) [p11 ... p1n1
, p21 ... p2n2


, ..., pm1 ... pmnm
]
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set of Ri values. The number and distribution of measured
personal exposures will inevitably vary across subjects, but
these factors should not bear on the assessment of the
performance of, say, a monitor located at some central site.
While the performance of this central site monitor may in
fact be identical for all subjects, their own variation in
personal exposure and compliance with the sampling effort
can yield large differences in their longitudinal correlations.
Finally, the use of longitudinal correlation as a comparison
metric also means that subjects with only one measured
VOC value cannot contribute an Ri. But in reality there is no


reason a single observation should not add to our under-
standing of the ability of P̂* to estimate P.


For these reasons, we also assessed estimators of P in
terms of MSE and its constituents: bias and variance. For
the estimator of a specific element pij of P, the bias of p̂*ij for
pij is the difference between the expected value of p̂*ij and pij,
i.e.:


where the E[ ] denotes the expectation operator. The variance


FIGURE 3. Plots of (a) indoor residential concentrations (µg/m3) and (b) outdoor community concentrations vs personal exposures to
benzene, methylene chloride, and toluene for participants in the study. As described in the text, nondetectable measurements (i.e., samples
with no analytical response, or those with values e 0 after blank subtraction) are represented with a value of half the analytical detection
limit.


bias[p̂*ij:pij] ) E[p̂*ij] - pij (4)
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TABLE 4. Using Outdoor Community Concentrations To Predict Measured Personal Exposures: Estimated Bias and Variance
(Presented as Standard Deviation in Parentheses) for the Lower, Middle, and Upper Tertiles of the Personal Exposure
Distributiona


personal exposure distribution


chemical lower tertile 1st tertile cutpoint middle tertile 2nd tertile cutpoint upper tertile


benzene -0.3b (0.7)c 2.2 -1.5 (1.4) 4.7 -14.4 (21.9)
chloroform -0.2 (0.2) 0.7 -1.0 (0.3) 1.7 -3.2 (1.9)
p-dichlorobenzene 0.0 (0.1) 0.2 -0.3 (0.2) 0.7 -7.8 (19.2)
ethyl benzene -0.4 (0.5) 1.6 -1.5 (0.7) 3.5 -12.2 (19.3)
D-limonene -4.9 (1.6) 7.7 -11.5 (2.7) 16.6 -47.3 (51.1)
methylene chloride -0.1 (0.5) 1.0 -1.2 (0.6) 2.9 -17.1 (35.7)
R-pinene -0.9 (0.4) 1.8 -2.6 (0.8) 4.2 -15.8 (20.6)
â-pinene -0.2 (0.3) 0.8 -1.5 (0.5) 2.7 -10.9 (23.4)
styrene -0.1 (0.1) 0.5 -0.5 (0.2) 1.0 -2.0 (2.8)
tetrachloroethylene 0.0 (0.3) 0.6 -0.6 (0.4) 1.5 -62.7 (360.4)
toluene -1.9 (9.9) 12.1 -13.2 (6.4) 25.1 -57.8 (79.8)
trichloroethylene 0.0 (0.1) 0.2 -0.1 (0.2) 0.4 -2.4 (7.5)
o-xylene -0.4 (0.6) 1.7 -1.6 (0.9) 3.8 -14.5 (20.4)
m-/p-xylene -1.3 (1.7) 5.4 -5.1 (2.8) 12.4 -45.9 (66.2)
a All estimates and cutpoints in units of µg/m3. b Bias estimated by the mean difference of predictor and personal exposure. c Variance estimated


by the variance of the differences of predictor and personal exposure; with square root applied to present in terms of standard deviation (SD).


TABLE 5. Using Indoor Residential Concentrations To Predict Measured Personal Exposures: Estimated Bias and Variance
(Presented as Standard Deviation in Parentheses) for the Lower, Middle, and Upper Tertiles of the Personal Exposure
Distributiona


personal exposure distribution


chemical lower tertile 1st tertile cutpoint middle tertile 2nd tertile cutpoint upper tertile


benzene -0.2b (1.0)c 2.2 -0.6 (2.1) 4.7 -3.8 (20.8)
chloroform 0.4 (1.8) 0.7 -0.1 (0.6) 1.7 -0.5 (1.7)
p-dichlorobenzene 0.0 (0.2) 0.2 -0.2 (0.2) 0.7 -5.5 (19.4)
ethyl benzene -0.2 (0.4) 1.6 -0.4 (1.1) 3.5 -4.7 (19.5)
D-limonene -0.9 (2.0) 7.7 -1.6 (5.8) 16.6 -13.2 (50.1)
methylene chloride 0.0 (0.3) 1.0 1.1 (10.2) 2.9 3.9 (74.2)
R-pinene 0.0 (0.7) 1.8 0.0 (0.9) 4.2 0.8 (10.4)
â-pinene 0.3 (0.8) 0.8 -0.2 (0.9) 2.7 -2.1 (10.2)
styrene 0.1 (0.4) 0.5 -0.1 (0.3) 1.0 -0.8 (3.1)
tetrachloroethylene 0.0 (0.3) 0.6 -0.3 (0.4) 1.5 -55.8 (350.5)
toluene 0.2 (5.2) 12.1 -3.3 (8.2) 25.1 -19.9 (77.1)
trichloroethylene 0.0 (0.1) 0.2 0.1 (0.8) 0.4 -1.7 (7.6)
o-xylene -0.2 (0.6) 1.7 -0.5 (1.2) 3.8 -5.3 (20.5)
m-/p-xylene -0.6 (1.6) 5.4 -1.7 (3.9) 12.4 -17.0 (66.6)
a All estimates and cutpoints in units of µg/m3. b Bias estimated by the mean difference of predictor and personal exposure. c Variance estimated


by the variance of the differences of predictor and personal exposure; with square root applied to present in terms of standard deviation (SD).


TABLE 6. Using a Simple Time-Weighted Model To Predict Measured Personal Exposures: Estimated Bias and Variance
(Presented as Standard Deviation in Parentheses) for the Lower, Middle, and Upper Tertiles of the Personal Exposure
Distributiona


personal exposure distribution


chemical lower tertile 1st tertile cutpoint middle tertile 2nd tertile cutpoint upper tertile


benzene -0.2b (0.8)c 2.2 -0.8 (1.4) 4.7 -7.5 (21.0)
chloroform 0.2 (1.1) 0.7 -0.4 (0.4) 1.7 -1.2 (1.5)
p-dichlorobenzene 0.0 (0.1) 0.2 -0.2 (0.2) 0.7 -6.6 (19.4)
ethyl benzene -0.3 (0.4) 1.6 -0.7 (0.8) 3.5 -6.9 (19.4)
D-limonene -2.1 (1.8) 7.7 -4.4 (4.6) 16.6 -20.8 (48.6)
methylene chloride 0.0 (0.3) 1.0 0.5 (7.9) 2.9 -3.3 (48.2)
R-pinene -0.3 (0.5) 1.8 -0.7 (0.7) 4.2 -4.8 (9.4)
â-pinene 0.1 (0.6) 0.8 -0.6 (0.7) 2.7 -5.6 (12.0)
styrene 0.0 (0.3) 0.5 -0.2 (0.2) 1.0 -1.2 (2.8)
tetrachloroethylene 0.0 (0.2) 0.6 -0.4 (0.3) 1.5 -60.9 (363.5)
toluene 0.0 (5.7) 12.1 -6.2 (5.9) 25.1 -30.6 (78.6)
trichloroethylene 0.0 (0.1) 0.2 0.0 (0.6) 0.4 -2.0 (7.7)
o-xylene -0.3 (0.5) 1.7 -0.8 (0.9) 3.8 -8.1 (20.2)
m-/p-xylene -0.8 (1.6) 5.4 -2.7 (2.7) 12.4 -26.0 (66.0)
a All estimates and cutpoints in units of µg/m3. b Bias estimated by the mean difference of predictor and personal exposure. c Variance estimated


by the variance of the differences of predictor and personal exposure; with square root applied to present in terms of standard deviation (SD).
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of p̂*ij does not depend functionally on pij and may be
expressed as


The MSE is yet another linear operator comprising these
constituents as


The bias and variance describe different characteristics of
the estimator p̂*ij. Bias describes the extent to which p̂*ij under-
or overestimates pij. Variance conveys the precision of p̂*ij;
the precision of a statistic is sometimes defined specifically
as the inverse of its variance.


Based on MSE as well as R (Tables 2 and 3), I concentra-
tions were a better estimator of P exposure than O concen-
trations for all 14 VOCs, although both consistently under-
estimated P exposure. There are several reasons for this. First,
personal exposures tended to be higher than matched indoor
residential concentrations, which tended to be higher than
matched outdoor community concentrations. For example,
median and 90th percentile values for benzene were 3.2 and
18.3 µg/m3 in personal air, 1.9 and 15.3 µg/m3 in indoor air,
and 1.3 and 3.3 µg/m3 in outdoor air (13). Second, most
participants typically spent the majority of their time indoors
at home (and relatively little outside). Results from the
participants’ 2-day time-activity logs show that, on average,
participants spent 34 h (70.9%) indoors at home. The rest of
the time was spent indoors at work or school (6 h or 12.6%),
indoors in other locations (2.6 h or 5.5%), outside at home
(1.7 h or 3.5%), outside at work or school (0.3 h or 0.6%),
outside at other locations (1.1 h or 2.4%), and in transit (2.2
h or 4.5%). In addition, participants were in close proximity
to a smoker for an average of only 0.5 h (0.9%) over a typical
2-day monitoring period. Third, the measured indoor
concentrations may be an underestimate of what people were
actually exposed to during their time inside at home. The
monitors collected a 2-day integrated sample, but concen-
trations may have been highest when people were cooking
and carrying on other routine activities. And fourth, it is
possible that concentrations in other microenvironments
through which participants moved during the 2-day moni-
toring period were relatively high as compared to measured
I and O concentrations. Thus, although participants spent
a relatively small proportion of their time indoors at work/
school, indoors in other locations, outside at work/school,
outside at other locations, and in transit, concentrations in
these microenvironments appear to make a significant
contribution to measured P exposure.


The bias and variance of all three estimators (indoor,
outdoor, and time-weighted model) tended to increase in
the upper third of the P exposure distribution. This means
that common exposure estimators, such as measured indoor
and outdoor concentrations and time-weighted models, tend
to be less accurate and precise just where we need them
mostsfor estimating exposures at the upper end of the ex-
posure distribution. Future research should investigate
whether these same patterns and relationships hold for (a)
communities with higher outdoor levels of VOCs, (b) a more
diverse sample of adults (race/ethnicity, socioeconomic
status, occupation), and (c) vulnerable segments of the
population (pregnant women and their fetuses, children, the
elderly, the infirm).
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var[p̂*ij] ) E[(p̂*ij - E[p̂*ij])
2] (5)


MSE[p̂*ij:pij] ) (bias[p̂*ij:pij])
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Two-day average concentrations of 15 individual volatile
organic compounds (VOCs) were measured concurrently in
(a) ambient air in three urban neighborhoods, (b) air
inside residences of participants, and (c) personal air
near the breathing zone of 71 healthy, nonsmoking adults.
The outdoor (O), indoor (I), and personal (P) samples
were collected in the Minneapolis/St. Paul metropolitan
area over three seasons (spring, summer, and fall) in 1999
using charcoal-based passive air samplers (3M model
3500 organic vapor monitors). A hierarchical, mixed-effects
statistical model was used to estimate the mutually
adjusted effects of monitor location, community, and season
while accounting for within-subject and within-time-
index (monitoring period) correlation. Outdoor VOC
concentrations were relatively low compared to many
other urban areas, and only minor seasonal differences
were observed. A consistent pattern of P > I > O was
observed across both communities and seasons for 13 of 15
individual VOCs (exceptions were carbon tetrachloride
and chloroform). Results indicate that ambient VOC
measurements at central monitoring sites can seriously under-
estimate actual exposures for urban residents, even
when the outdoor measurements are taken in their own
neighborhoods.


Introduction
Volatile organic compounds (VOCs) are common constitu-
ents of urban air (1-4), and many, such as benzene, styrene,
and toluene, are known or suspected to cause chronic adverse
health effects in exposed populations (5). Many VOCs are
designated as “hazardous air pollutants” under Title III,
Section 112 of the 1990 Clean Air Act Amendments, and
manufacturers are required to provide emissions data for
numerous VOCs as part of the Toxics Release Inventory (TRI),
which is mandated under Title III (Community-Right-to-


Know provisions) of the Superfund Amendments and
Reauthorization Act (SARA).


Regulatory agencies typically maintain information about
ambient, outdoor levels of VOCs (including emissions data,
modeling results, and measured concentrations) for most
major urban areas. There is, however, a scarcity of data on
indoor VOC concentrations in nonoccupational environ-
ments (e.g., residences, offices, vehicles), where people tend
to spend most of their time. Even less is known about VOC
levels that people actually breathe as they move through a
variety of indoor and outdoor microenvironments during
their normal daily activities (6-8). The relatively few studies
that have been conducted suggest that both indoor and
personal exposures are typically higher than matched outdoor
concentrations measured at central monitoring sites (9-
11). Consequently, more and better data on real-world VOC
exposures are needed to improve the quality of health risk
assessments and to evaluate the efficacy of risk management
decisions. This article reports data on concurrent outdoor,
indoor residential, and personal measurements of 15 indi-
vidual VOCs over three seasons in three urban neighbor-
hoods.


Study Design
The study was designed primarily to measure exposures to
VOCs experienced by healthy, nonsmoking adults, and to
compare results with concurrent measurements inside their
residences and outside in their neighborhoods. A secondary
objective was to measure PM2.5 exposures for a subset of the
subjects, results of which have been published previously
(12-15). As part of the process for selecting study com-
munities, the Minnesota Pollution Control Agency (MPCA)
compiled emission rates for eight VOCs from three source
categoriessindustrial point (e.g., manufacturing facility),
mobile (e.g., motor vehicles on an interstate), and area (e.g.,
sum for all dry cleaners in a particular community)sfor the
seven-county Minneapolis/St. Paul metropolitan area. A
Gaussian plume air dispersion model (Industrial Source
Complex 3 or ISCST3) was used to estimate maximum 24-
hour concentrations for three individual compounds (ben-
zene, toluene, and 1,3-butadiene), as well as for the sum of
all eight compounds (the initial three plus carbon tetra-
chloride, chloroform, methyl chloride, styrene, and tetra-
chloroethylene). On the basis of those results, three urban
neighborhoods (Phillips, East St. Paul, and Battle Creek) with
different outdoor VOC concentration profiles (16) were
selected for the exposure monitoring study.


Phillips (PHI) is an economically disadvantaged, predom-
inantly minority, inner-city neighborhood in south central
Minneapolis. It encompasses an area of approximately 2.8
km2 with a population density of 2000-8000 per km2. Outdoor
VOC concentrations in PHI were predicted to be relatively
high because of contributions from multiple sources. East
St. Paul (ESP) is a blue-collar, racially mixed neighborhood
in St. Paul. It has an area of approximately 18.2 km2 and a
population density of 1000-4000 per km2. VOC concentra-
tions were predicted to be relatively high, primarily as a result
of emissions from a large nearby manufacturing plant. Battle
Creek (BCK) is a predominantly white, affluent neighborhood
on the eastern edge of St. Paul. It includes an area of 9.8 km2


and has a population density of 500-2000 per km2. Predicted
VOC concentrations were relatively low compared to those
of the other two neighborhoods.


A centralized outdoor monitoring site (community site)
was established by the MPCA in each neighborhood. Ap-
proximately 25 healthy, nonsmoking adults were recruited
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from each neighborhood using house-to-house canvassing
and direct solicitation. Time-activity diaries and question-
naires indicate that participants were exposed to little or no
environmental tobacco smoke inside their residences. Par-
ticipants tended to be female (77%), 18-65 years of age, and
with some college education. Minorities in East St. Paul were
under-represented. However, participants’ household in-
comes spanned a relatively wide range, ages from 20 to 60
were well represented, and minorities accounted for nearly
half of the Phillips participants. Future papers will explore
the effects of sociodemographic characteristics on VOC
exposures.


Matched 2-day samples were collected outdoors at the
three community monitoring sites, indoors in participants’
residences, and near participants’ breathing zones using
passive dosimeters. All outdoor community-site (O), indoor
residential (I), and personal (P) samples were collected during
three monitoring sessions in 1999: spring (April 26-June 20),
summer (June 21-August 11), and fall (September 23-No-
vember 21). During the spring monitoring session, average
daytime temperature was 16 °C (SD ) 4.1), average daytime
wind speed was 4.2 m/s (SD ) 1.4), and average daytime
mixing height was 1055 m (SD ) 315). Corresponding values
for the summer monitoring session were average temperature
23.7 °C (SD ) 3.2), average wind speed 3.9 m/s (SD ) 1.1),
and average mixing height 1132 m (SD ) 260), and, for fall
the average temperature was 8.7 °C (SD ) 4.1), average wind
speed was 4.3 m/s (SD ) 1.1), and average mixing height was
708 m (SD ) 334). The number of matched VOC samples by
community, season, and monitor location is provided in Table
1.


Methods
All VOC concentrations (O, I, and P) were 2-day (ap-
proximately 48-hour) average values obtained with 3M model
3500 organic vapor monitors (3500 OVMs), which are
charcoal-based passive air samplers. The suitability of these
VOC badges for outdoor, indoor, and personal sampling has
been demonstrated by Chung et al. (17, 18). These investiga-
tors have also described the determination of extraction
efficiencies and the calculation of method detection limits.
Valid analytical results were obtained for 15 VOCs (Table 2).
The extraction solvent consisted of a 2:1 v/v mix of acetone
and carbon disulfide, which provided a very low background
for target analytes. All extracts were analyzed by GC/MS with
a Hewlett-Packard 5890 series II Plus GC with an HP 5972
MS detector, HP 18593B autosampler, Vectra 486 computer
with EnvironQuant ChemStation Software and NBS75K
Spectra Library, using an RTX-1/60-m/0.25-mm i.d./1-mm
film thickness capillary column. Analytical and internal
standards were prepared, and VOC concentrations were
calculated as described previously (18). Duplicate O, I, and
P badges were collected periodically during the study (total
n ) 80), and correlation coefficients were >0.95 for all
individual VOCs except styrene (0.90), carbon tetrachloride
(0.93), and chloroform (0.94).


Statistical analyses were performed using SAS (19) and
S-plus (20). Concentrations less than the analytical detection
limit were included in calculations. Nondetectable measure-
ments (i.e., samples with no analytical response or those
with values of e0 after blank subtraction) were assigned a
value of one-half the analytical detection limit. As with most
measurements of concentrations spanning multiple orders
of magnitude, these values exhibit heterogeneity of variance
across the range of concentrations; larger values tend to vary
more than smaller ones. Without transformation, for estima-
tion of mean relative concentrations the fit of regression
models will be biased toward the behavior represented by
these larger values. To stabilize the variance and thereby
minimize this source of bias, estimated relative concentra-
tions (ERCs: P/O, I/O) were calculated by computing the
differences in log concentrations between P and O, and
between I and O, for each combination of subject and time-
index (the time marking the beginning of a monitoring
period). Anti-logs of the estimated differences in the log scale
arising from the regressions were taken and used to present
the results in a ratio scale.


A central aim of this study was to estimate the effects of
three factors, monitor location (personal, indoor, and
outdoor), community, and season, on the concentrations of


TABLE 1. Summary of Valid, Matched, VOC Samplesa by
Community, Season, and Monitor Location


community spring summer fall all seasons


outdoor Battle Creek 18 11 15 44
East St. Paul 18 11 14 43
Phillips 15 13 17 45
all communities 51 35 46 132


indoor Battle Creek 41 28 35 104
East. St. Paul 45 22 33 100
Phillips 30 28 30 88
all communities 116 78 98 292


personal Battle Creek 39 29 34 102
East St. Paul 43 20 32 95
Phillips 29 29 33 91
all communities 111 78 99 288


a Without duplicates.


TABLE 2. Summary Statistics for Outdoor, Indoor, and Personal Locations, for Matched, VOC Sampling Periods


outdoor (ug/m3) indoor (ug/m3) personal (ug/m3)


VOC n %detb mean median Q10 Q90 n %detb mean median Q10 Q90 n %detb mean median Q10 Q90


benzene 132 100.0 1.6 1.3 0.6 3.3 292 99.7 5.8 1.9 0.8 15.3 288 100.0 7.6 3.2 1.4 18.3
carbon tetrachloride 132 99.2 0.6 0.6 0.5 0.9 292 99.7 0.6 0.5 0.4 0.9 288 99.7 0.6 0.6 0.4 0.9
chloroform 132 25.8 0.1 0.1 0.1 0.2 292 75.3 1.5 0.9 0.1 3.4 288 79.2 1.5 1.0 0.1 3.9
p-dichlorobenzene 132 58.3 0.1 0.1 0.1 0.2 292 72.6 1.2 0.2 0.1 1.5 288 83.3 3.2 0.4 0.1 5.1
ethyl benzene 132 98.5 0.7 0.5 0.2 1.4 292 99.0 3.9 1.4 0.5 8.9 288 100.0 5.6 2.2 0.9 11.8
d-limonene 121a 86.8 0.3 0.2 0.1 0.6 262a 99.6 16.1 9.0 2.2 30.7 258a 100.0 23.4 11.9 4.1 52.6
methylene chloride 132 80.3 0.4 0.4 0.1 0.8 292 97.9 7.8 1.1 0.2 11.5 288 100.0 6.2 1.4 0.4 12.1
a-pinene 121a 74.4 0.2 0.2 0.1 0.4 262a 99.6 6.7 2.5 0.7 12.4 258a 99.6 6.6 2.7 0.9 14.6
b-pinene 121a 9.1 0.1 0.1 0.1 0.1 262a 71.0 3.3 1.2 0.1 5.2 258a 77.5 4.5 1.6 0.1 7.1
styrene 132 43.2 0.2 0.1 0.1 0.4 292 74.3 0.8 0.5 0.1 1.4 288 85.4 1.1 0.7 0.1 2.0
tetrachloroethylene 132 98.5 0.4 0.3 0.1 0.7 292 97.6 2.9 0.6 0.2 3.8 288 100.0 31.8 0.9 0.2 7.0
toluene 132 82.6 4.8 3.0 0.1 11.5 292 97.9 22.4 12.3 2.4 53.8 288 99.3 30.3 17.1 5.1 62.9
trichloroethylene 132 73.5 0.2 0.1 0.0 0.3 292 83.9 0.5 0.2 0.0 0.8 288 91.7 1.0 0.2 0.0 1.4
o-xylene 132 97.0 0.8 0.7 0.2 1.7 292 99.7 4.7 1.6 0.5 11.4 288 100.0 6.8 2.3 1.1 15.6
m-/p-xylene 132 98.5 2.5 2.0 0.6 5.5 292 99.7 14.5 4.8 1.7 36.9 288 100.0 21.0 7.4 3.3 48.6


a Fewer valid samples were available because of calibration problems. b Percentage of samples with instrument readings above zero.
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15 VOCs. Rather than present all 405 combinations (3 × 3
× 3 × 15) with inferential statements about each, key marginal
distributions are examined (“marginal” here referring to the
margins of this 3 × 3 × 3 × 15 table). These include VOCs
by each of the following: (a) monitor location, (b) monitor
location and season, and (c) monitor location and com-
munity. In the statistical modeling of these factors for the
outdoor concentrations, conditional on season and com-
munity, the outdoor measurements were treated as inde-
pendent. Duplicate outdoor measurements for a subset of
samples were processed by taking their geometric mean as
a single measurement, and using inverse-variance reweight-
ing to account for the greater precision that results for these
cases. Accordingly, the mutually adjusted effects of com-
munity and season were estimated by a fixed-effects, analysis
of variance (ANOVA)-type model, which was applied to each
VOC.


The incorporation of monitor location effects calls for a
more sophisticated approach than fixed-effects ANOVA. This
study has a “hub-and-spoke” design, with four levels of
potentially high correlation: (1) multiple subjects associated
with each neighborhood-specific outdoor measurement, (2)
multiple monitoring periods associated with each subject
over time, (3) duplicate measurements taken from some
subjects in some monitoring periods, and (4) duplicate mea-
surements taken outdoors for some monitoring periods.To
estimate the difference between, for example, the personal
and outdoor levels of a VOC, standard t-statistics or fixed-
effects ANOVAs do not account for this correlation and there-
fore could produce biased estimates as well as under-sized
confidence intervals. To address this problem, for each VOC
a hierarchical, mixed-effects statistical model (21, 22) was
used to estimate the mutually adjusted effects of monitor
location, community, and season while accounting for all
four sources of correlation. Fixed effects were modeled for
log P/O, log I/O, and for the additive effects of community
and season on each of these log relative concentrations.
Random effects were modeled for study subjects (n ) 71),
for common O measurements at each sampling time-index,
and for subject-time-index combinations with repeated
measures. For the 12 O monitoring periods with duplicate
measurements, the geometric mean of each duplicate was
used with inverse variance reweighting to account for their
higher precision. Exponentiation of these estimated effects
yields P/O and I/O as relative concentrations, and the effects
of community and season as multipliers of these relative
concentrations.


Results
A community- and time-index-matched sample refers to
either an I or P sample for which there was at least one
corresponding O measurement in the same community and
over the same period of time. The number of valid, com-
munity- and time-index-matched, 2-day VOC samples is
shown in Table 1 by monitor location (O, I, P), community
(BCK, ESP, PHI), and season, spring (SPRG), summer (SUMR),
fall (FALL)). There were 132 O samples, 292 I samples, and
288 P samples available for analysis. Sampling spanned a
total of 110 days (55 2-day VOC monitoring periods), with
40 in SPRG, 30 in SUMR, and 40 in FALL. Comparable
numbers of valid samples were collected for each community.
The I and P samples represent data from 71 subjects, 25 in
BCK (2-17 P samples per subject), 22 in ESP (5-18 P samples
per subject), and 24 in PHI (2-15 P samples per subject).


A summary of measured concentrations for all 15 VOCs
is provided in Table 2. Percentage of samples above the
analytical detection limit tended to be highest for P samples
(77.5-100%), intermediate for I samples (71-99.7%), and
lowest for O samples (9.1-100%). The compound least often
detected in O (9.1%), I (71%), and P (77.5%) air was b-pinene.


In contrast, benzene, carbon tetrachloride, ethyl benzene,
tetrachloroehylene, o-xylene, and m-/p-xylene were detected
in more than 97% of all O, I, and P samples. Median and 90th
percentile values for all compounds, except carbon tetra-
chloride, were highest in P samples, intermediate in I samples,
and lowest in O samples.


A comparison of distributions of all VOCs by monitor
location (O, I, P) is displayed in Figure 1. The VOCs are ordered
by their median O concentrations. The same four compounds,
chloroform, p-dichlorobenzene, styrene, and trichloroeth-
ylene, tended to be found in the lowest absolute concentra-
tions for all sample types. Similarly, toluene, m-/p-xylene,
and benzene tended to be found in the highest absolute
concentrations for all sample types. Both a-pinene and
d-limonene were consistently found in relatively high
concentrations for I and P samples.


Comparisons of distributions of all VOCs and monitor
locations (P, I, O) are provided in Figure 2 by season and in
Figure 3 by community. The VOCs are ordered as in Figure
1. The same general patterns (e.g., P > I > O) observed in
the overall data (Figure 1) were also apparent within each
season and within each community. In general, the same
compounds as before were found in either relatively high or
relatively low absolute concentrations across both seasons
and communities.


The effects of community and season on outdoor con-
centrations alone are summarized in Table 3. The statistical
model in this case comprises fixed effects only, and was fitted
by maximum likelihood with software from SAS (19) and
S-plus (20). The estimates in Table 3 are the anti-logs of the
estimated fixed effects in the model, including 95% confi-
dence intervals where appropriate (confidence intervals were
not available for some VOCs with low detection rates).


The estimated outdoor VOC concentrations (µg/m3) in
BCK in SPRG (referent values) are based on the fitted
regression model. The effects of the other two communities
(ESP, PHI) and the other two seasons (SUMR, FALL) are
represented in terms of multiplicative factors (or “effect
modifiers”) on the estimated concentrations in BCK in SPRG.
For example, averaged across all three seasons, the ESP
outdoor site has twice the level of benzene as BCK. The model
estimated concentration of benzene for ESP in FALL is 2.0
ug/m3, which is derived from 0.7 ug/m3 (for BCK in SPRG)
× 2.0 (effect modifier for ESP) × 1.4 (effect modifier for FALL).


The data indicate that estimated outdoor concentrations
tended to be lower in BCK compared to ESP and PHI for
most of the 15 VOCs (except carbon tetrachloride, a-pinene
in PHI, b-pinene, and trichloroethylene in ESP). Estimated
outdoor concentrations tended to be lower in SPRG compared
to both SUMR and FALL for benzene, p-dichlorobenzene,
ethyl benzene, styrene, o-xylene, and m-/p-xylene. On the
other hand, estimated outdoor concentrations in SPRG
tended to be higher than both SUMR and FALL for carbon
tetrachloride, d-limonene, methylene chloride, toluene, and
trichloroethylene.


The estimated relative concentrations (ERCs) for matched
P/O, I/O, and P/I samples in BCK in SPRG (referent values),
including 95% confidence intervals, are presented in Table
4, columns 3-5. Columns 6-9 show the estimated effects of
the other two communities and seasons on the P/O ERCs in
BCK in SPRG, while columns 10-13 show the estimated
effects of the other two communities and seasons on the I/O
ERCs in BCK in SPRG. The estimated community and
seasonal effect modifiers represent the multiplicative effect,
beyond that of the referent community (BCK) and season
(SPRG), on either P/O or I/O. The data in Table 4 can also
be used to derive approximate values for VOC-specific ERCs
by community and season. For example, the P/O ERC for
benzene in ESP during FALL is approximately 1.9, which is
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derived by multiplying 6.9 (P/O ERC for benzene in BCK in
SPRG) × 0.3 (ESP effect modifier) × 0.9 (FALL effect modifier).


Consistent with previous analyses, concentrations of
carbon tetrachloride are relatively constant for O, I, and P
samples, and vary little across season and community (ERCs
= 1). There is substantial variability, however, in ERCs for
the other VOCs. For example, the P/O ERCs in BCK in SPRG
ranged from 3.0 (trichloroethylene) to 73.8 (d-limonene), I/O
ERCs ranged from 1.6 (trichloroethylene) to 54.8 (d-li-
monene), and P/I ERCs ranged from 0.8 (chloroform) to 2.3
(p-dichlorobenzene). P/O ERCs were 3 or greater for 14
compounds, and I/O values were 3 or greater for 12
compounds. Eleven compounds had P/I ERCs >1, 3 com-
pounds had P/I ERCs approximately equal to 1, and only
chloroform (0.8) had a P/I ERC <1. For all measured VOCs
in BCK in SPRG, except chloroform, mean P concentrations
were g matched I concentrations, and, except for carbon


tetrachloride, mean I concentrations were > matched O
concentrations.


The data indicate that for 11 of 15 VOCs, relative P/O
concentrations tended to be lower in ESP and PHI as
compared to BCK (effect modifiers < 1.0), with carbon
tetrachloride, chloroform, b-pinene, and trichloroethylene
in ESP being the exceptions. For example, the P/O ERC for
benzene in ESP or PHI was only 30% of the comparable value
for BCK. The data also show that there is relatively little
seasonal effect on P/O for most compounds, except for
methylene chloride (twice as high in the summer and fall)
and toluene (1.5 times higher in the summer and 2.0 times
higher in the fall).


The situation is similar for I/O comparisons, with ERCs
in ESP and PHI tending, on average, to be lower than those
in BCK (effect modifiers < 1.0), except for carbon tetrachlo-
ride, p-dichlorobenzene in PHI, and b-pinene, in ESP, and


FIGURE 1. Distributions of all valid, matched VOC concentrations for outdoor, indoor, and personal samples
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trichloroethylene in ESP. The I/O ERCs for benzene in ESP
and PHI, for example, are only 30% that of BCK. The I/O
ERCs were similar across seasons for most VOCs (effect
modifiers = 1.0), except for chloroform in summer (0.6
compared to spring), methylene chloride (twice as high in
summer and fall compared to spring), b-pinene in fall (2.7
times higher than spring), and toluene in the fall (1.9 times
higher than spring). Both P/O and I/O ERCs for BCK generally
exceed one, several of these by a factor of 10. The P/O and
I/O ERCs for ESP and PHI are generally lower, but still exceed
one in all but a few cases.


Discussion
For 14 of the 15 VOCs measured in this study, 2-day average
concentrations were highest for personal samples, inter-
mediate for indoor residential samples, and lowest for
outdoor community air samples. Carbon tetrachloride was
the exception (P = I = O) because airborne concentrations
appeared to be relatively uniform indoors and out. This
finding is consistent with the fact that carbon tetrachloride
is banned and no longer produced so that measured ambient
levels represent global background values. It also indicates
that carbon tetrachloride is equilibrated in the indoor
environment within the time scale of our measurements.
The P > I > O pattern, which is consistent with previous
studies (9-11), persisted across all three urban neighbor-
hoods and for all three seasons.


While accommodating the three-way interaction of
monitor location, season, and community for each of these
15 VOCs would produce different estimates, this was not our
aim. We believe it is important and relevant to estimate the
overall effects in each of these three categories, for example,
the overall effect of East St. Paul, across all three seasons.


Comparing all 15 VOCs in this way alone creates a great deal
of information by itself, and keeps the focus on overall effects.
The addition of all three-way interactions would create many
more tables of output, while not contributing substantially
to our understanding of these overall effects.


Outdoor VOC concentrations were relatively low com-
pared to those in other metropolitan areas, primarily because
the Minneapolis-St. Paul metro area is (a) predominantly
downwind of rural areas in the U. S. and Canada that tend
to have low VOC emissions, (b) well ventilated by consistent
winds, and (c) not situated in a valley that could trap
pollutants. Although outdoor concentrations were similar in
the three neighborhoods, levels in BCK tended to be
marginally lower than those in ESP and PHI (in agreement
with model predictions). No important seasonal differences
were identified. The 2-day sampling time allowed for enough
material to be collected so that the percentage of samples
above the analytical detection limit was reasonably good for
most compounds (all exceeded 70% detection except the O
samples of b-pinene (9%), chloroform (26%), styrene (43%),
and p-dichlorobenzene (58%)).


Indoor residential VOC concentrations are a function of
both outdoor sources (such as automotive exhaust and
smokestack emissions) and indoor sources (as for example
environmental tobacco smoke, consumer products, and
cooking emissions). In addition, indoor concentrations can
also be influenced by factors such as ventilation rates,
chemical reactions, and sorption to surfaces. Of the 15 VOCs
measured in this study, one (carbon tetrachloride) originates
exclusively outdoors, five (chloroform, p-dichlorobenzene,
d-limonene, and a- and b-pinene) are almost soley from
indoor sources, and nine (benzene, ethyl benzene, methylene
chloride, styrene, toluene, trichloroethylene, tetrachloro-


FIGURE 2. Distributions of all valid, matched VOC concentrations by monitor location and season
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ethylene, o-xylene, and m-/p-xylene) are emitted by both
indoor and outdoor sources. Previous studies suggest that
levels of many VOCs are typically higher inside residences


than matched outdoor concentrations (9-11). In this study,
for instance, in BCK in SPRG d-limonene, which is primarily
from indoor sources such as room deodorizers, furniture


FIGURE 3. Distributions of all valid, matched VOC concentrations by monitor location and community


TABLE 3. Modeling Results for Comparison of Outdoor VOC Concentrations by Community and Season


community and season effect modifiers (relative to BCK in SPRG)
voc n


est. (ug/m3) for
BCK in SPRG ESP PHI SUMR FALL


benzene 132 0.7 2.0 1.9 1.1 1.4
(0.6, 0.9) (1.6, 2.6) (1.5, 2.4) (0.9, 1.4) (1.1, 1.7)


carbon tetrachloride 132 0.7 1.0 0.9 0.9 0.9
(0.6, 0.8) (0.9, 1.1) (0.8,1.0) (0.8,1.0) (0.8,1.0)


chloroform 132 0.1 1.1 1.2 1.0 1.7
(NAb, NA) (NA, NA) (NA, NA) (NA, NA) (NA, NA)


p-dichlorobenzene 132 0.1 1.3 1.7 1.1 1.5
(NA, NA) (NA, NA) (NA, NA) (NA, NA) (NA, NA)


ethyl benzene 132 0.2 3.6 3.1 1.2 1.7
(0.1, 0.2) (2.5, 5.0) (2.2, 4.4) (0.9,1.7) (1.2, 2.4)


d-limonene 121a 0.2 1.7 1.3 0.7 0.9
(0.1,0.2) (1.1,2.5) (0.9,2.0) (0.5,1.1) (0.6, 1.3)


methylene chloride 132 0.3 1.2 1.1 0.6 0.8
(0.2, 0.5) (0.8, 1.7) (0.8,1.7) (0.4, 0.9) (0.5, 1.1)


a-pinene 121a 0.1 1.4 1.0 1.2 0.9
(0.1, 0.2) (1.1, 1.9) (0.8,1.4) (0.9,1.7) (0.7,1.2)


b-pinene 121a 0.1 0.9 1.0 1.0 1.4
(NA, NA) (NA, NA) (NA, NA) (NA, NA) (NA, NA)


styrene 132 0.1 1.3 1.2 1.4 2.1
(NA, NA) (NA, NA) (NA, NA) (NA, NA) (NA, NA)


tetrachloroethylene 132 0.2 1.5 2.0 1.0 1.3
(0.1, 0.2) (1.1, 2.1) (1.4, 2.8) (0.7,1.4) (0.9,1.8)


toluene 132 1.0 7.2 2.4 0.5 0.6
(0.5, 1.8) (3.6,14.4) (1.2, 4.8) (0.2, 0.9) (0.3, 1.2)


trichloroethylene 132 0.1 1.0 1.6 0.8 0.8
(0.1, 0.1) (0.7, 1.6) (1.0, 2.4) (0.5, 1.3) (0.6, 1.3)


o-xylene 132 0.2 3.4 2.9 1.4 1.7
(0.2, 0.3) (2.5, 4.6) (2.1, 4.0) (1.0, 1.9) (1.3, 2.3)


m-/p-xylene 132 0.6 3.6 3.1 1.3 1.6
(0.5, 0.8) (2.6, 5.0) (2.3, 4.3) (0.9, 1.9) (1.2, 2.2)


a Fewer valid samples were available because of calibration problems. b NA ) not available due to low outdoor detection rates.
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polishes, and household cleaners, had an I/O ERC of 54.8
(95% CI: 33.5, 89.8). The VOC that was most often found in
the highest absolute concentrations in O, I, and P samples
was toluene, which has many outdoor and indoor sources.
It had an I/O ERC of 20.8 (95% CI: 10.0, 43.2) in BCK in
SPRG.


Personal exposures (P samples in this study) are a function
of VOC concentrations in the various microenvironments
through which people move during their normal daily
activities, and the time they spend in those microenviron-
ments. Past research indicates that P concentrations tend to
be higher than matched I residential concentrations (as well
as outdoor levels) for many VOCs (9-11). This is because
most people spend more than 90% of their time indoors
(home, work, school, restaurants, inside vehicles) where VOC
concentrations are often relatively high. For the majority of


people, highest personal VOC exposures are likely to occur
away from home (for example, filling the car at a self-service
station, working in a poorly ventilated office, sitting next to
an active smoker at dinner, commuting in heavy traffic,
visiting a dry cleaner). Some people, however, live in homes
with significant indoor VOC sources (for example, VOC-
intensive hobbies, occupants who smoke, VOC contamina-
tion from an attached garage, high-VOC-emission products,
furnishings, or materials), which can be a major determinant
of their personal exposure. The P/I ERCs were predominantly
greater than 1 across all communities and seasons in this
study, with most P concentrations exceeding matched I
concentrations by 30% or more.


To put measured values in the context of related health
effects, observed P, I, and O concentrations are compared
in Table 5 to acceptable risk limits for the six VOCs in this


TABLE 4. Comparison of Estimated Relative Concentrations (ERCs) for VOCs (P/O, I/O, P/I) Based on a Mixed-Effects Model Fitted
for Each VOC


community and season ERC effect modifiers (relative to BCK in SPRG)


ERC for BCK in SPRG P/O I/O


VOC n P/O I/O P/I ESP PHI SUMR FALL ESP PHI SUMR FALL


benzene 636 6.9 4.4 1.6 0.3 0.3 1.0 0.9 0.3 0.3 0.9 1.0
(4.8, 10.0) (3.1, 6.4) (1.3, 1.9) (0.2, 0.4) (0.2, 0.5) (0.8, 1.2) (0.7, 1.1) (0.2, 0.4) (0.2, 0.6) (0.7, 1.2) (0.8, 1.2)


carbon tetrachloride 636 1.0 1.0 1.0 0.9 1.0 1.1 0.9 0.9 1.0 1.1 0.9
(0.9, 1.1) (0.9, 1.1) (1.0, 1.1) (0.8, 1.0) (0.9, 1.1) (1.0, 1.3) (0.8, 1.0) (0.8, 1.0) (0.9, 1.1) (1.0, 1.2) (0.8, 1.0)


chloroform 636 9.5 11.6 0.8 1.0 1.1 0.7 1.3 0.8 0.6 0.6 1.2
(5.9, 15.2) (7.2, 18.5) (0.6, 1.1) (0.6, 1.9) (0.6, 2.0) (0.4, 1.1) (0.9, 1.9) (0.4, 1.5) (0.3, 1.0) (0.4, 0.9) (0.8, 1.8)


p-dichlorobenzene 636 5.6 2.4 2.3 0.5 0.8 1.0 1.1 0.6 1.0 1.2 1.2
(3.3, 9.4) (1.4, 4.1) (1.7, 3.1) (0.2, 1.0) (0.4, 1.7) (0.7, 1.5) (0.8, 1.6) (0.3, 1.2) (0.5, 1.9) (0.8, 1.8) (0.8, 1.7)


ethylbenzene 636 18.8 12.1 1.6 0.2 0.2 0.9 0.7 0.2 0.2 0.8 0.8
(12.1,29.1) (7.8,18.7) (1.3,1.9) (0.1, 0.3) (0.1, 0.3) (0.6, 1.2) (0.5, 1.0) (0.1, 0.3) (0.1, 0.4) (0.6, 1.2) (0.6, 1.1)


d-limonene 570a 73.8 54.8 1.3 0.6 0.8 1.0 1.2 0.6 0.7 0.9 1.3
(45.0, 121.0) (33.5, 89.8) (1.1, 1.6) (0.3, 1.2) (0.4, 1.5) (0.6, 1.7) (0.8, 2.0) (0.3, 1.2) (0.4, 1.2) (0.5, 1.5) (0.8, 2.0)


methylene chloride 636 5.8 4.4 1.3 0.5 0.4 2.0 2.0 0.5 0.5 2.0 2.3
(3.1,10.8) (2.4, 8.2) (1.1, 1.6) (0.2, 1.3) (0.2, 1.0) (1.2, 3.1) (1.3, 3.0) (0.2, 1.2) (0.2, 1.0) (1.3, 3.2) (1.5, 3.5)


a-pinene 570a 20.5 20.2 1.0 0.7 0.7 0.9 1.3 0.6 0.6 0.9 1.3
(12.9,32.5) (12.8,32.1) (0.9,1.2) (0.4, 1.3) (0.4, 1.3) (0.6, 1.4) (0.9, 1.8) (0.3, 1.2) (0.3, 1.1) (0.6, 1.3) (0.9, 1.9)


b-pinene 570a 6.5 6.4 1.0 1.8 1.0 0.8 3.0 1.2 0.6 0.9 2.7
(4.0, 10.5) (4.0, 10.4) (0.7, 1.4) (1.0, 3.4) (0.5, 1.9) (0.5, 1.4) (2.0, 4.5) (0.7, 2.3) (0.3, 1.2) (0.5, 1.4) (1.8, 4.1)


styrene 636 4.3 3.2 1.3 0.9 0.8 1.1 1.1 0.8 0.8 1.0 1.1
(2.9, 6.2) (2.2, 4.6) (1.1, 1.7) (0.6, 1.5) (0.5, 1.3) (0.8, 1.5) (0.8, 1.4) (0.5, 1.2) (0.5, 1.4) (0.7, 1.3) (0.9, 1.5)


tetrachloroethylene 636 9.4 5.5 1.7 0.4 0.3 0.7 0.7 0.4 0.3 0.7 0.8
(5.5, 16.3) (3.2, 9.4) (1.4, 2.2) (0.2, 0.8) (0.1, 0.6) (0.5, 1.1) (0.5, 1.1) (0.2, 0.9) (0.2, 0.7) (0.5, 1.0) (0.5, 1.1)


toluene 636 27.1 20.8 1.3 0.1 0.1 1.5 2.0 0.1 0.1 1.0 1.9
(13.1,56.4) (10.0,43.2) (1.0,1.6) (0.0, 0.2) (0.1, 0.3) (0.7, 3.4) (1.0, 4.2) (0.0, 0.2) (0.1, 0.4) (0.4, 2.1) (0.9, 3.9)


trichloroethylene 636 3.0 1.6 1.9 1.0 0.6 1.1 0.8 1.1 0.9 1.1 1.0
(1.8, 5.2) (0.9, 2.8) (1.4, 2.5) (0.5, 1.9) (0.3, 1.3) (0.6, 1.9) (0.5, 1.3) (0.6, 2.2) (0.4, 1.7) (0.6, 1.9) (0.6, 1.6)


o-xylene 636 18.0 11.0 1.6 0.2 0.2 0.8 0.7 0.2 0.2 0.7 0.8
(11.7,27.8) (7.2,17.0) (1.4,2.0) (0.1, 0.3) (0.1, 0.4) (0.6, 1.1) (0.5, 1.0) (0.1, 0.3) (0.1, 0.4) (0.5, 1.0) (0.6, 1.1)


m-/p-xylene 636 19.2 12.4 1.5 0.2 0.2 0.8 0.8 0.2 0.2 0.7 0.8
(12.5,29.7) (8.1,19.2) (1.3,1.9) (0.1, 0.3) (0.1, 0.3) (0.6, 1.1) (0.6, 1.0) (0.1, 0.3) (0.1, 0.3) (0.5, 1.0) (0.6, 1.1)


a Fewer valid samples were available because of calibration problems.


TABLE 5. Comparison of Benchmarks for Acceptable Lifetime Cancer Risk and Measured Personal, Indoor, and Outdoor VOC
Concentrations (in µg/m3)


personal indoor outdoorvolatile organic
chemical (CAS no.)


concentration
for benchmark


cancer riska median 90th percentile median 90th percentile median 90th percentile


benzene 1.3b 3.2 18.3 1.9 15.3 1.3 3.3
(71-43-2)
carbon tetrachloride 0.7c 0.6 0.9 0.5 0.9 0.6 0.9
(56-23-5)
chloroform 0.4c 1.0 3.9 0.9 3.4 0.1 0.2
(67-66-3)
p-dichlorobenzene 0.9d 0.4 5.1 0.2 1.5 0.1 0.2
(106-46-7)
methylene chloride 20b 1.4 12.1 1.1 11.5 0.4 0.8
(75-09-2)
trichloroethylene 5d 0.2 1.4 0.2 0.8 0.1 0.3
(79-01-6)


a Estimated lifetime excess cancer risk (95th percentile upper-bound) of 1 × 10-5 (1 in 100 000) for an individual exposed to this concentration
for a 70-year lifetime. b Minnesota Health Risk Value (HRV). c U. S. Environmental Protection Agency IRIS (Integrated Risk Information System)
Value. d California Environmental Protection Agency Value.


VOL. 38, NO. 2, 2004 / ENVIRONMENTAL SCIENCE & TECHNOLOGY 9 429







study that are designated human carcinogens (5, 23, 24). The
established risk threshold in Minnesota (24) is the airborne
concentration (µg/m3), which, if breathed over a 70-year
lifetime, is estimated (using a 95th percentile upper-bound
estimate) to increase an exposed individual’s lifetime cancer
risk by 1 × 10-5 (1 in 100 000). All median and 90th percentile
concentrations in P, I, and O samples were below the
acceptable risk level for methylene chloride and trichloro-
ethylene. All measured concentrations of carbon tetrachlo-
ride, which were relatively constant across O, I, and P samples,
were at or near the risk threshold value (0.7 ug/m3). For
chloroform and p-dichlorobenzene, median and 90th per-
centile concentrations in outdoor air were below acceptable
risk limits. However, in I and P samples, 90th percentile values
for p-dichlorobenzene and both median and 90th percentile
values for chloroform exceeded the applicable reference
levels. For benzene, the median and 90th percentile con-
centrations exceeded the acceptable risk value in O, I, and
P samples.


Further research is needed to better understand the
significance of these results for health risk assessments and
related risk management decisions. It is especially important
to gain insight into how outdoor concentrations affect indoor
levels in buildings and vehicles, and how outdoor and indoor
levels in important microenvironments affect personal
exposures. It is also crucial to learn more about indoor sources
and to better understand the nature and magnitude of indoor
emissions. Subsequent analyses of this data set will investigate
inter-individual and intra-individual variability in VOC
exposures over time, and examine cross-sectional and
longitudinal correlations between outdoor and personal
measurements.


In summary, it is common for regulatory agencies to rely
on ambient air measurements at central monitoring sites as
a proxy for human exposures to hazardous air pollutants in
urban areas (25, 26). Often this approach is used as part of
a screening risk assessment, which aims to make conservative
estimates of potential health risks (e.g., use assumptions that
tend to over-estimate risk with an appropriate margin of
safety or uncertainty). But the data presented here suggest
that outdoor measurements at central neighborhood sites
can substantially under-estimate actual exposures (and
associated health risks) for local residents.


The evidence, which is consistent with previous studies,
suggests that people typically encountered substantially
higher VOC concentrations during their normal daily activities
compared to ambient VOC levels recorded at central
monitoring sites. It is worth noting that observed differences
between indoor and outdoor concentrations may be less in
urban areas with higher ambient VOC levels (lower I/O ERCs
even if indoor residential VOC levels are similar because
outdoor values may be higher). Results suggest that other
indoor (e.g., inside vehicles, inside at work) and outdoor
(e.g., walking on a busy street) microenvironments beyond
those measured in this study are also important determinants
of real-world VOC exposures.
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400 Robert St. North, Suite 1500, St. Paul, MN 55101  
www.mnchamber.com  


August 6, 2020 
 
 
Dear Ms. Maggie Wenger: 
 
On July 16th, 2020, the Minnesota Pollution Control Agency (MPCA) organized an online meeting to 
discuss potential changes to air toxics reporting, primarily an agency interest in making emissions 
reporting mandatory. The Minnesota Chamber of Commerce (Chamber) has members across the state, 
many of whom hold air quality permits or are subject to air quality rules.  This letter contains the 
Chamber’s initial comments and questions on the issue of air toxics emissions reporting. 
 
MPCA asked the following questions. We will organize our comments around them. 


• Would you use the information we collect? How? 
• Do you have concerns or questions about reporting burden? How does this reporting burden 


change when the inventory is not voluntary but mandatory? 
• What would help simplify reporting? 
• How should MPCA create the list of Air Toxics and maintain it over time? How to balance 


emerging pollutants of concern with a fixed list of air toxics in a rule? What should be the 
process for adding a pollutant to the list? 


• What other states’ toxics inventory and/or control programs should the MPCA look at? 
 
Data Utility 
 
MPCA’s existing suite of air pollution-focused online tools and databases provide useful information for 
the public to understand trends and relative concentrations across geographies. As MPCA points out, 
the data fidelity is limited for determining neighborhood-scale concentrations and changes over time. 
 
If MPCA’s goal is to better understand community level emissions trends and potential health impacts, it 
seems unlikely that an incremental improvement in one sector’s data would help with that goal. The 
emissions data from “point sources,” while voluntary, have historically been of higher quality than the 
data for distributed, smaller sources or mobile sources of air pollution. Emissions from some categories 
of small sources were calculated using population-based emission factors at the county level. 
Improvements in calculations for those sources probably would bring more “bang for the buck” than 
additional requirements for industrial sources. 
  
MPCA may also consider targeted air quality monitoring to better understand local conditions or specific 
pollutant concentrations. According to section 5.2 of the MPCA’s 2021 Air Monitoring Network Plan for 
Minnesota, the MPCA monitors 10 metals at 18 TSP sites, and 7 carbonyls and 58 individual VOCs at 19 
sites. The MPCA then converts these monitored concentrations into risk values and reports them online. 



http://www.mnchamber.com/

https://www.pca.state.mn.us/sites/default/files/aq10-18a.pdf

https://www.pca.state.mn.us/sites/default/files/aq10-18a.pdf

https://www.pca.state.mn.us/air/air-toxics-data-explorer





 


These efforts cannot answer every question but they seem to be better and more focused than 
mandatory reporting for the entire regulated community. 
 
Even neighborhood-scale monitors may not completely characterize public health risks. Retired MPCA 
research scientist Greg Pratt collaborated with other researchers on many papers related to human 
exposure to air pollution. Two are attached. In these studies, comparisons of monitoring data at various 
scales showed that people’s real exposures were driven by the micro-environments they experienced 
throughout their days.  
 
We encourage MPCA to broadly consider potential efforts to understand concentrations of air toxics 
and weigh their relative effectiveness. If the goal is to provide useful data for policymakers and citizens, 
improvements to the most uncertain data that feed our inventories and models are likely the best path. 
In addition, studies that compare modeled NATA results to monitoring data may provide better targets 
for data improvements. 
 
Reporting Burden 
 
Some facilities are already required to calculate emissions of hazardous air pollutants (HAPs) or air 
toxics. For these facilities, a routine, voluntary submittal can be manageable. For facilities that are not 
required to calculate and track emissions, the reporting burden can be significant.  


• The number of pollutants is large (187 HAPs plus numerous air toxics). 
• Calculation methods are not always available. 
• Facilities may not have information necessary to calculate such emissions. For example, the 


information on Safety Data Sheets may not provide information at the desired level of detail 
(compositional data can be (i) missing, especially if below de minimus levels, (ii) conservatively 
high, (iii) expressed as a wide range, and/or (iv) not identified by CAS number (which can make it 
difficult to identify HAPs). 


• Adding air toxics reporting in the Q1 timeframe is especially challenging because this is already a 
very busy time for reporting under other programs. 


 
A mandatory program may increase the burden in ways that are difficult to predict. Under a voluntary 
program, a facility may submit available data in good faith. Once the program becomes mandatory, we 
are concerned with new requirements that could impose regulatory penalties for reporting errors or 
require analytical testing to characterize specific emissions. A stack test may cost $5,000 to $10,000 per 
pollutant per stack. 
 
Increasing the reporting frequency from every three years to every year would also increase the burden 
for all affected facilities, including those already submitting emissions information for HAPs and air 
toxics, due to the effort spent entering data into MPCA’s CEDR / e-Services system. Chamber members 
would prefer to keep the current triennial frequency to minimize this burden. 







 


Any increases in reporting rigor or frequency would be associated with costs for staff time to research 
and calculate emissions. If MPCA intends to process these emissions estimates and enter them into 
dispersion modeling analyses every year instead of every three years that would also lead to increased 
program costs that would likely be passed along to fee-paying permit holders.  
 
Before proceeding with any related rulemaking, the Chamber requests that MPCA conduct a cost 
analysis for the proposed rule. The analysis should consider the likely data collection costs for regulated 
facilities and the staff costs for MPCA to administer the program and process the data. MPCA could look 
at various scenarios, from an “everybody reports” option to a targeted program that focused on 
geographies or pollutants. However, as noted above, a targeted analysis may be better completed by 
conducting ambient monitoring than an emissions-modeling-risk assessment approach. 
 
In general, Chamber members believe that it is in the best interests of companies to report accurate 
data and that a shift to mandatory reporting may have a minimal effect on the overall public health 
information available. Before embarking on a new rule, MPCA should better characterize the expected 
improvements and the related costs. 
 
Streamlining Reporting 
 
For many facilities, compiling and submitting data for the current voluntary effort may take a week or 
more of real working time. A significant amount of that time is spent hard-keying the information into 
MPCA’s CEDR / e-Services system. Many states, including Minnesota, have improved systems for 
uploading water quality discharge monitoring reports. An improved interface that allowed direct import 
of data would simplify reporting and improve accuracy. 
Reporting could also be streamlined by maintaining consistency on reporting requirements over time. 
 
Pollutant Lists 
 
Any rule requiring reporting should establish clear guidelines on relevant compounds, de minimis 
reporting thresholds, and applicable sources. As described above, a rule could start with a limited set of 
sources and compounds in order to target the most important public health issues. Such an approach 
would add predictability and reduce the overall reporting burden. 
 
The establishment of de minimis levels is not straightforward. If a facility does not have available 
emissions data, there may be no simple way to demonstrate that a particular compound is emitted 
below relevant thresholds. Facilities would be stuck in a chicken-and-egg scenario for small sources or 
compounds unlikely to be emitted. 
 



https://netweb.pca.state.mn.us/private/login.aspx





 


MPCA should consider how to treat unique sources in any future program. Exemptions for research and 
development or temporary sources would be useful for permit holders and avoid extensive work to 
characterize sources that may not be significant. 
The provision of detailed lists of compounds at a process level also creates challenges for the protection 
of confidential business information. MPCA should include provisions that allow sources to protect 
sensitive, process-specific data and formulations. 
 
Relevant program details, including lists of compounds, should be explicitly listed in any rule and require 
notice-and-comment rulemaking to modify the list. In states where lists may be changed without notice, 
new compounds create unexpected technical challenges for regulated facilities. 
 
State Examples 
 
Each state’s air toxics program is unique. For US EPA Region 5 states, Wisconsin is one example of a 
well-defined program, with pollutants and screening modeling thresholds included in rule. There are 
limitations to that program but it has the advantage of being predictable.  
 
Many other states have policy-based programs, with minimal details included in rule. These programs 
are difficult for permit holders to manage during specific projects. We are not aware of examples of 
easily identified improvements to local pollutant concentrations or public health outcomes that can be 
attributed to these programs.  
 
Other Comments 
 
Chamber members are generally against increased reporting requirements as part of the MPCA’s air 
toxics emissions inventory. Many of the most significant sources are regulated by federal NESHAPs. A 
number of the NESHAPs have recently undergone or will be subject to Residual Risk and Technology 
(RTR) reviews, which are required to demonstrate that facilities’ HAP emission limits are protective of 
human health and the environment, with an adequate margin of safety. 
 
Many of the MPCA’s own reports state that emissions from industrial sources, both as a percent of total 
pollution and in absolute terms, are decreasing. A recent MPCA presentation on online air pollution 
tools showed this point. 
 







 


 
 
MPCA highlighted several improvements that would potentially result from mandatory reporting, 
including better data quality and useful information for future program changes. However, more 
information is needed that links the specific proposal to these outcomes. Better data is a means to an 
end and a more targeted approach for certain sources or compounds may accomplish the same goal 
with reduced effort.  
 
Chamber members continue to be frustrated with the timeliness of MPCA approval of permits and 
environmental review submittals. Reporting changes would increase the work required from key staff 
(e.g., dispersion modelers, risk assessors, possibly stack test coordinators) who are already in high 
demand. It is not a good trade off to reduce staff assigned to core regulatory programs to marginally 
improve data quality for emissions inventories. 
 
Finally, as MPCA considers how to leverage existing programs to better serve communities and reduce 
exposure to air pollution, the Chamber reiterates its support for Clean Air Minnesota (CAM) programs 
and outcomes. While incremental data improvements are good, the overarching goal should be real 
improvements for real people, and that is where CAM excels. MPCA is already very involved with CAM 
and the Chamber appreciates MPCA’s strong engagement and direct support for the collaborative 
effort. Further ramping up MPCA support for CAM projects related to clean cars, wood-burning stoves, 
diesel engines, and community businesses would lead to direct improvements in the air people breathe 
and may be a better way to spend our collective time on air quality issues. 
 







 


Thank you for the opportunity to comment on the MPCA’s potential changes to air toxics emissions 
reporting.  The Chamber and its members are available for further consultation as these efforts proceed. 
 
Respectfully submitted,  


 
Tony Kwilas 
Director, Environmental Policy 
Minnesota Chamber of Commerce 
 
 
Enclosures: 2 
Evaluating Differences between Measured Personal Exposures to Volatile Organic Compounds and 
Concentrations in Outdoor and Indoor Air 
Comparison of Personal, Indoor, and Outdoor Exposures to Hazardous Air Pollutants in Three Urban 
Communities 
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To: Wenger, Maggie (MPCA) 
Subject: Letter re: new Pollution Laws proposed 
Date: Friday, August 7, 2020 12:28:00 PM 
Attachments: Maggie Wenger re Pollution Laws.IMG_20200807_0001.pdf 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Jeanine M. Boyd 
4378 Oakmede Lane 
White Bear Twp., MN 55110 

Home:  651-429-2610 

mailto:jenmaree@live.com
mailto:Maggie.Wenger@state.mn.us



Jeanine Boyd


To:
Subject:


maggie.wenger@state.mn.us
Good Griefl


Dear MS Wenger:


Who ever thought it was a good idea to have businesses self-report toxic air emissions? That is the fox guardirrg the hen
house to be surel


I am one of the White Bear Township citizens effected by the air dumps from Water Gremlin who have continued with
contempt to skirt curbs on their behavior.


While I am pro-business as a rule, I expect prudent safe guards and honest reporting to protect citizens.


I have lived in my home since 1985, and have multiple allergy problems for which I have had over ten years of shots; a


breathing problem, and now a heart problern.
I have been diagnosed with a chronic heart condition, and have a Medtronic Micra implant in my heart.


I wish I had purchased my home anywhere but where I now reside. Because of age and minimal Social Security income,
my resources for change are extremely
Limited"


Please do whatever it takes to enact touah rules for potential polluters to he monitored and supervised ond shut down
if necessary.


Human beings are worth infinitely more than the jobs polluting companies provide. Since a foreign entity, Japan, owns
Water Gremlin, they disappoint me that they have not
been more conscientious in the health of all concerned. My youngest daughter taught in Japan for a number of years,
and most Japanese people are very environmentally aware.


Sincerely,


Jeanine M. Boyd


4378 Oakmede Lane


White Bear Twp., MN 55110


65L-429-2614
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From: Hansen, Zack 
To: Wenger, Maggie (MPCA) 
Cc: Reinhardt, Victoria; Frethem, Nicole J; Hedin, Kathy; Reed, Michael; Donkers, Dan 
Subject: Potential Changes in Air Toxics Reporting 
Date: Friday, August 7, 2020 12:51:16 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Ms. Wenger, 

I am writing on behalf of Saint Paul – Ramsey County Public Health regarding the possibility of 
mandatory reporting of air toxics. We understand that this is the initial opportunity to comment as 
the MPCA evaluates whether to proceed with rulemaking. 

We support this concept, and believe it would be of great value in protecting public health and the 
environment in Ramsey County. We also believe that the strong relationship of the data from this 
reporting to environmental justice would greatly benefit Ramsey County. 

As mentioned in the slides used in your presentation, we have prepared vulnerability analyses that 
are used in a number of ways, most recently to identify areas to target grants for reduction of VOCs 
through the Business Pollution Prevention program cited in the Power Point. Air quality related data 
available through tools such as MNRISKS and its translation into air pollution index through the 
MPCA’s Environmental Justice story map are examples of additional data layers that will inform 
future analyses.  Having more current and reliable data underlying those systems make such 
analyses more powerful, relevant and useful.  Examples of practical applications of more complete 
and timely data include identifying specific entities to reach out to for technical and financial 
assistance; creating a more relevant and impactful Community Health Assessment, supporting public 
health and county strategic planning and program design, and targeting resources where they would 
have the most impact. 

In addition, we believe it would assist in our regulatory role in hazardous waste, and increases the 
possibility that MPCA would be able to more readily identify air quality permit emission violations. 

If developed, it would be important that the data be readily available in a timely manner to allow for 
public use. It would also be important to design the rule to be flexible with regard of listing chemicals 
to be reported, so that required reporting provides for emerging pollutants of concern. Flexibility 
could be accomplished by having reporting required for chemicals with certain characteristics, rather 
than or in addition to a specific list, in a manner that hazardous waste is reported (e.g. flammable, 
corrosive, ignitable, reactive). 

Thank you for the opportunity to comment. We look forward to participating in the MPCA’s ongoing 
process on this issue. 

mailto:Zack.Hansen@CO.RAMSEY.MN.US
mailto:Maggie.Wenger@state.mn.us
mailto:victoria.reinhardt@co.ramsey.mn.us
mailto:Nicole.Frethem@co.ramsey.mn.us
mailto:/o=ExchangeLabs/ou=Exchange Administrative Group (FYDIBOHF23SPDLT)/cn=Recipients/cn=userf5675536
mailto:michael.reed@co.ramsey.mn.us
mailto:dan.donkers@CO.RAMSEY.MN.US
file:////c/I%20am%20writing%20on%20behalf%20of%20Saint%20Paul%20–%20Ramsey%20County%20Public%20Health%20regarding%20the%20possibility%20of%20mandatory%20reporting%20of%20air%20toxics.%20We%20understand%20that%20this%20is%20the%20initial%20opportunity%20to%20comment%20as%20the%20the%20MPCA%20evaluates%20whether%20to%20proceed%20with%20rulemaking.
https://gcc01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fmorevaluelesstrash.com%2Fbpp&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7C1db5872c5e58406cad7208d83afa7ab9%7Ceb14b04624c445198f26b89c2159828c%7C0%7C1%7C637324194758659317&sdata=XiTEseuzR3VFkaXJBMiZDa%2FuX%2BE%2FJRPxlizfPBPgzDM%3D&reserved=0


  

 
 

Zack Hansen | Environmental Health Director 
Saint Paul – Ramsey County Public Health 
Environmental Health 
2785 White Bear Ave. N., Suite 350 
Maplewood, MN  55109 
651-266-1160 (O) 
651-796-8359 (C) 
www.co.ramsey.mn.us 
www.morevaluelesstrash.com 

https://gcc01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.co.ramsey.mn.us%2F&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7C1db5872c5e58406cad7208d83afa7ab9%7Ceb14b04624c445198f26b89c2159828c%7C0%7C1%7C637324194758659317&sdata=3U55CaAmNVjOO2OEWmcNtQ1eitypNZ0ktLjMFcPongo%3D&reserved=0
https://gcc01.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.morevaluelesstrash.com%2F&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7C1db5872c5e58406cad7208d83afa7ab9%7Ceb14b04624c445198f26b89c2159828c%7C0%7C1%7C637324194758669272&sdata=pUbVjk9MuziyrKyb1TvSoCQaC2E2z9FZtxTMkzVXGtI%3D&reserved=0


 
 

 

 

 

 

 

From: Becca Fry 
To: Wenger, Maggie (MPCA) 
Subject: Potential Changes to Air Toxics Reporting 
Date: Wednesday, August 5, 2020 5:37:25 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Hi Maggie, 

I’m reaching out about the potential changes to air toxics reporting. I want to show my 
support for requiring companies to report, not only triennially, but yearly. But I have questions 
about why this is an effort the MPCA is after. 

In a CBS news story that ran on October 8, 2019, regarding Water Gremlin, MPCA 
Commissioner Bishop admitted there’s work to be done regarding self-reporting. She was 
quoted as saying that self-reporting, “…has failed in this case and we’ve seen that fail. This 
self-reporting as well as this “trust our companies but verify” isn’t always working. So we need 
to take a closer look at that,” Bishop said. 

From my understanding, the end result is that the MPCA wants more complete information of 
what companies are emitting, but as with any data analysis, garbage in = garbage out. With 
Commissioner Bishop acknowledging self-reporting is a broken, failing system, why make 
more businesses do it? It doesn’t make any sense. 

What has been done to ensure the data being self-reported is accurate? And what has 
changed to make companies suddenly trustworthy enough to require them to self-report? 

Would love to discuss, 

Rebecca Wayerski 

(715) 340-8205 

mailto:wayerski82@gmail.com
mailto:Maggie.Wenger@state.mn.us


  

   

 

 

 

 

From: Jennifer Abbey 
To: Wenger, Maggie (MPCA) 
Subject: Public comment RE: Potential changes to air toxics reporting 
Date: Friday, August 7, 2020 3:57:14 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Hello Maggie, 

I'm not sure that I'm addressing the following public comment to the correct individual. Would 
you please forward to the appropriate party if necessary? 

I'm writing to express citizen support for making MN facilities with air permits required to 
report emissions of HAPs on a regular basis to MPCA. 

My family is very concerned about the higher likelihood of low-income communities and 
communities of color and indigenous communities to be near higher levels of air pollution in 
our state. We are also concerned about recent findings with Water Gremlin and Northern 
Metal having reported inaccurate emission information thus endangered the health of MN 
citizens. 

We believe that more frequent, transparent reporting by companies across the state would 
reduce risk to our community's air quality and health. 

Thank you, 

Jennifer Abbey 
Minneapolis, MN 

mailto:jenniferabbey@gmail.com
mailto:Maggie.Wenger@state.mn.us


   

 

From: JEANINE BOYD 
To: Wenger, Maggie (MPCA) 
Subject: Re: Air Toxics Reporting Comment 
Date: Friday, August 7, 2020 12:25:04 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Jeanine Boyd 

Subject: Good Grief ! 
To: maggie.wenger@state.mn.us 

Dear MS Wenger: 
Who ever thought it was a good idea to have businesses self-report toxic air emissions? That is 
the fox guardirrg the hen house to be surel 

I am one of the White Bear Township citizens effected by the air dumps from Water Gremlin 
who have continued with contempt to skirt curbs on their behavior. 

While I am pro-business as a rule, I expect prudent safe guards and honest reporting to 
protect citizens. 
I have lived in my home since 1985, and have multiple allergy problems for which I have had 
over ten years of shots; a breathing problem, and now a heart problem. I have been diagnosed 
with a chronic heart condition, and have a Medtronic Micra implant in my heart. 

I wish I had purchased my home anywhere but where I now reside. Because of age and 
minimal Social Security income, my resources for change are extremely limited. 

Please do whatever it takes to enact tough rules for potential polluters to be monitored and 
supervised and shut down if necessary. 

Human beings are worth infinitely more than the jobs polluting companies provide. Since a 
foreign entity, Japan, owns Water Gremlin, they disappoint me that they have not been more 
conscientious in the health of all concerned. My youngest daughter taught in Japan for a 
number of years, and most Japanese people are very environmentally aware. 

Sincerely, 

Jeanine M. Boyd 
4378 Oakmede Lane 

mailto:jenmaree@live.com
mailto:Maggie.Wenger@state.mn.us
mailto:maggie.wenger@state.mn.us


 

 

 

White Bear Twp., MN 55110 

65L-429-2610 

From: Wenger, Maggie (MPCA) <Maggie.Wenger@state.mn.us> 
Sent: Friday, August 7, 2020 12:12 PM 
To: jenmaree@live.com <jenmaree@live.com> 
Subject: Air Toxics Reporting Comment 

Jenneane, 
If you wish to respond to this with your comment on Air Toxics reporting, I will add it to our file of 
comments received. 

Thanks! 
Maggie Wenger 
651-757-2007 
Maggie.wenger@state.mn.us 

NOTICE: This email (including attachments) is covered by the Electronic Communications Privacy Act, 18 U.S.C. 
2510-2521. This email may be confidential and may be legally privileged. If you are not the intended recipient, you 
are hereby notified that any retention, dissemination, distribution, or copying of this communication is strictly 
prohibited. Please reply back to the sender that you have received this message in error, then delete it. Thank you 

mailto:Maggie.wenger@state.mn.us
mailto:jenmaree@live.com
mailto:jenmaree@live.com
mailto:Maggie.Wenger@state.mn.us
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From: Brandy Toft 
To: Joy Wiecks; Wenger, Maggie (MPCA) 
Cc: Carma Huseby (carma.huseby@llojibwe.org); Philip J. DeFoe; vallenc@grandportage.com; Nancy Schuldt 
Subject: Re: Air Toxics 
Date: Friday, July 31, 2020 2:15:51 PM 
Attachments: 036_sm_fb_a1347472-45be-4a0b-af83-b901fa688c57.png 

036_sm_twitter_ead36a19-13db-46c4-9186-b34bea9f203c.png 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

Agreed - Thanks Joy for reaching out. 

Brandy 

Brandy Toft 
Environmental Deputy Director 

brandy.toft@llojibwe.net 
http://www.llojibwe.org/ 
190 Sailstar Drive NW, Cass Lake, MN 56633 

This email, including attachments, is confidential and/or legally privileged. It is intended for 
use only by the person to whom it is directed. If you are not the intended recipient and/or 
received it in error, you should reply by email to the sender; delete this email, including 
deletion of all associated text files from storage locations including individual and network 
storage devices; and refrain from disseminating or copying this information. 

From: Joy Wiecks <JoyWiecks@FDLREZ.COM> 
Sent: Friday, July 31, 2020 2:00 PM 
To: maggie.wenger@state.mn.us <maggie.wenger@state.mn.us> 
Cc: Brandy Toft <brandy.toft@llojibwe.net>; Carma Huseby (carma.huseby@llojibwe.org) 
<carma.huseby@llojibwe.org>; Philip J. DeFoe <PhilipDeFoe@FDLREZ.COM>; 
vallenc@grandportage.com <vallenc@grandportage.com>; Nancy Schuldt 
<NancySchuldt@FDLREZ.COM> 
Subject: Air Toxics 

Hi Maggie, 

I'm attaching a link to the MPCA's presentation on air toxics reporting for the other air tribal 
folks to see.  I think this is a great idea and Fond du Lac would like to have further discussions 
with MPCA at some point.  Sorry, I meant to be on the webinar on July 16th but was not able 
to make it. 

mailto:brandy.toft@llojibwe.net
mailto:JoyWiecks@FDLREZ.COM
mailto:Maggie.Wenger@state.mn.us
mailto:carma.huseby@llojibwe.org
mailto:PhilipDeFoe@FDLREZ.COM
mailto:vallenc@grandportage.com
mailto:NancySchuldt@FDLREZ.COM
mailto:brandy.toft@llojibwe.net
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.facebook.com%2FLeechLakeBandOfOjibwe&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7Cdc2a070a8dd54fecc8d208d83586223e%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637318197505207288&sdata=mKkOxFwBnaaKOmECxU%2FUUbwdJYBEdNg4wAY%2BO0pF4Bg%3D&reserved=0
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Ftwitter.com%2Fofficialllbo%3Flang%3Den&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7Cdc2a070a8dd54fecc8d208d83586223e%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637318197505207288&sdata=hIm24HpSCdvo%2FzR3Ubn3qDGEKTQCE0BTd1skSfxXOa0%3D&reserved=0
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.youtube.com%2Fuser%2Fuser_name_here&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7Cdc2a070a8dd54fecc8d208d83586223e%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637318197505207288&sdata=1x7l56if87FeQ2Jn0xUiUWU3Wu3STMG2tDNC6J1Mq6A%3D&reserved=0
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.pinterest.com%2Fuser_name_here&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7Cdc2a070a8dd54fecc8d208d83586223e%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637318197505217280&sdata=9iOkKDo8H%2BiGkTPwnr7WPaQLLEXJ9pz95f%2FK1JOwoWU%3D&reserved=0
https://gcc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.instagram.com%2Fuser_name_here&data=02%7C01%7Cmaggie.wenger%40state.mn.us%7Cdc2a070a8dd54fecc8d208d83586223e%7Ceb14b04624c445198f26b89c2159828c%7C0%7C0%7C637318197505217280&sdata=oEgutTdcUVimuOTaKqS0RyNbkBK2JSQyLqvxy2F%2Bv2Y%3D&reserved=0


mailto:NancySchuldt@FDLREZ.COM
mailto:vallenc@grandportage.com
mailto:vallenc@grandportage.com
mailto:PhilipDeFoe@FDLREZ.COM
mailto:carma.huseby@llojibwe.org
mailto:carma.huseby@llojibwe.org
mailto:brandy.toft@llojibwe.net
mailto:maggie.wenger@state.mn.us
mailto:maggie.wenger@state.mn.us
mailto:JoyWiecks@FDLREZ.COM


https://www.pca.state.mn.us/sites/default/files/aq-ppt4-02.pdf 

-Joy 

https://www.pca.state.mn.us/sites/default/files/aq-ppt4-02.pdf


 
     

 

 
 

  

From: baseball022002@aol.com 
To: Wenger, Maggie (MPCA) 
Subject: Toxic Air 
Date: Friday, August 7, 2020 3:34:49 PM 

This message may be from an external email source. 
Do not select links or open attachments unless verified. Report all suspicious emails to Minnesota IT Services Security 
Operations Center. 

I strongly urge changes to the current TOXIC  air permit reporting regulations. 
Please don't wait until another large scale disaster like Water Gremlin is discovered and more 
innocent lives are completely destroyed. 
How much is a life worth in Minnesota? What if it was yours? Your mother's, child's, or your 
grandchild's life could be the next taken or destroyed because of the sheer lack of 
responsibility and negligence to uphold strong and safe measures to protect our citizens right 
to breathe non toxic air. I pray that all people in Minnesota will have that right, and stop being 
sacrificed for profit. 

Current Survivor and Victim of Water Gremlin Toxic Disaster (17 plus years) 

Ann Coffey 
4214 White Bear Parkway 
White Bear Township, MN 55110 

mailto:baseball022002@aol.com
mailto:Maggie.Wenger@state.mn.us


 

 

 
  

 

 

         

 

  

 

 

 

 

      

       

  

   

      

 

   

       

   

       

  

  

   

         

 

Great River Area Impact Alliance 

Becker, Mn 

August 7, 2020 

Ms. Maggie Wenger 

Minnesota Pollution Control Agency 

520 Lafayette Road N 

St. Paul, MN 55155 

Dear Ms. Wenger: 

We are a group of concerned citizens in the Becker, Big Lake and Monticello area who formed an 

alliance in the days following the fire at Northern Metals Recycling located in Becker, MN. The 

fire burned from February 18, 2020 to February 22, 2020 prior to the facility even opening. One 

of the concerns that surfaced after the formation of our group was the continued monitoring of the 

Northern Metals Recycling facility to ensure that they are following the limitations set in their 

permits. 

Part of the concern arises from the fact that Northern Metals Recycling admitted that they had 

altered their emissions records from their North Minneapolis recycling facility. This partly 

contributed to their move to Becker. To know that the current practice is voluntarily reporting 

every 3 years is extremely concerning. If there are violations, this means that they could continue 

to violate for up to three years without the MPCA and the community becoming aware. If the data 

is being kept anyway, the permitees should be required to share this information more frequently.  

Great River Area Impact Alliance supports the following changes: 

1. The yearly reporting requirement should be included in any permit in which hazardous air 

pollutants (“HAPs”) are being released. This should be increased if there are frequent or 

continuing violations. 



   

  

    

  

        

  

       

       

  

     

 

 

 

 

  

 

2. MPCA should release a yearly report to the surrounding communities to show compliance 

with, or violation of, air permit limits.  

3. MPCA should conduct yearly compliance checks to confirm the accuracy of the self-

reporting done by the permitee. 

4. The list of air toxins should be updated frequently and based on current scientific evidence.  

Stakeholders should be allowed to propose additions to the list.  

Great River Area Impact Alliance wishes to be considered a stakeholder to this issue and would 

be interested in participating in any future groups or discussions regarding this change. We feel 

this is an important step in ensuring that accurate and up-to-date information is disseminated to 

those affected most by air pollutants: the community members. Thank you for considering our 

comments. 

Sincerely, 

Great River Area Impact Alliance 
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