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Background/Introduction 

At the request of George Crombie, Director of Public Works, Town of Plymouth, the 

Massachusetts Department of Public Health (MDPH), Center for Environmental Health’s (CEH), 

Bureau of Environmental Health Assessment (BEHA) provided assistance and consultation 

regarding indoor air quality concerns at the Plymouth Town Hall (PTH), Plymouth, MA.  The 

request was prompted by indoor air quality symptoms (e.g., dizziness, fatigue, eye irritation) 

reported by several occupants who work on the basement level of the building.  On October 15, 

2004, a visit to the PTH to conduct an indoor air quality assessment was made by Cory Holmes, an 

Environmental Analyst in BEHA’s Emergency Response/Indoor Air Quality (ER/IAQ) Program.   

The PTH is a two-story, red brick building with occupied basement constructed in 1892.  An 

addition was built in 1914.  The building has undergone interior renovations over the years, most 

recently from 1995-1998.  The building contains town offices and public meeting rooms.  The 

boiler plant is located in the basement.  Windows are openable throughout the building.   

 

Methods 

BEHA staff conducted air tests for carbon dioxide, temperature and relative humidity with 

the TSI, Q-Trak, IAQ Monitor, Model 8551.  BEHA staff also performed visual inspection of 

building materials for water damage and/or microbial growth.   

 

Results 

 The PTH has an employee population of approximately 40 and can be visited by up to 500 

individuals daily.  The tests were taken during normal operations.  Test results appear in Table 1. 
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Discussion 

 Ventilation 

It can be seen from Table 1 that carbon dioxide levels were above 800 ppm (parts per 

million) in three of twenty-nine areas surveyed, indicating adequate ventilation in the majority of 

areas of the building.  However, it is important to note that a number of areas were unoccupied or 

sparsely populated, which can contribute greatly to reduced carbon dioxide levels.   

Mechanical ventilation is provided by five rooftop air handling units (AHUs) equipped with 

high efficiency pleated air filters (Pictures 1 and 2).  Conditioned outside air is provided through 

ducted wall or ceiling vents and is returned to the AHUs by ducted ceiling-mounted return vents 

(Picture 3).  This system was operating intermittently throughout the building on the day of the 

assessment.  Thermostats that control the HVAC system have fan settings of “on” and “automatic”.  

Thermostats set to the “automatic” setting were observed in several areas during the assessment 

(Picture 4).  The automatic setting on the thermostat activates the HVAC system at a preset 

temperature.  Once the preset temperature is reached, the HVAC system is deactivated.  Therefore, 

no mechanical ventilation is provided until the thermostat re-activates the system.   

 The Massachusetts Building Code requires that each room have a minimum ventilation rate 

of 20 cubic feet per minute (cfm) per occupant of fresh outside air or openable windows (SBBRS, 

1997; BOCA, 1993).  The ventilation must be on at all times that the room is occupied.  Providing 

adequate fresh air ventilation with open windows and maintaining the temperature in the comfort 

range during the cold weather season is impractical.  Mechanical ventilation is usually required to 

provide adequate fresh air ventilation. 

 Carbon dioxide is not a problem in and of itself.  It is used as an indicator of the adequacy of 

the fresh air ventilation.  As carbon dioxide levels rise, it indicates that the ventilating system is 
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malfunctioning or the design occupancy of the room is being exceeded.  When this happens, a 

buildup of common indoor air pollutants can occur, leading to discomfort or health complaints.  The 

Occupational Safety and Health Administration (OSHA) standard for carbon dioxide is 5,000 parts 

per million parts of air (ppm).  Workers may be exposed to this level for 40 hours/week, based on a 

time-weighted average (OSHA, 1997). 

 The Department of Public Health uses a guideline of 800 ppm for publicly occupied 

buildings.  A guideline of 600 ppm or less is preferred in schools due to the fact that the majority of 

occupants are young and considered to be a more sensitive population in the evaluation of 

environmental health status.  Inadequate ventilation and/or elevated temperatures are major causes 

of complaints such as respiratory, eye, nose and throat irritation, lethargy and headaches.  For more 

information concerning carbon dioxide, please see Appendix A. 

 Temperature readings ranged from 70o F to 75 o F, which were within the BEHA 

recommended comfort guidelines the day of the assessment.  The BEHA recommends that indoor 

air temperatures be maintained in a range of 70 o F to 78 o F in order to provide for the comfort of 

building occupants.  Uneven heating and cooling were expressed to BEHA staff in a number of 

areas throughout the building (Table 1).  In many cases concerning indoor air quality, fluctuations 

of temperature in occupied spaces are typically experienced, even in a building with an adequate 

fresh air supply.   

 The relative humidity measurements in the building ranged from 52 to 66 percent, which 

were above the BEHA recommended comfort range in some areas surveyed.  The BEHA 

recommends a comfort range of 40 to 60 percent for indoor air relative humidity.  Relative humidity 

in excess of 70 percent for extended periods of time can provide an environment for mold and 

fungal growth (ASHRAE, 1989).  Relative humidity levels in the building would be expected to 

http://www.mass.gov/eohhs/docs/dph/environmental/iaq/appendices/carbon-dioxide.pdf
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drop during the winter months due to heating.  The sensation of dryness and irritation is common in 

a low relative humidity environment.  Low relative humidity is a very common problem during the 

heating season in the northeast part of the United States. 

 

 Microbial/Moisture Concerns 

 A personal humidifier was observed in the basement that had residue/build-up in the 

reservoir (Pictures 5 and 6).  These reservoirs are designed to catch excess water during operation 

and should be emptied/cleaned regularly to prevent microbial and/or bacterial growth.  A number of 

areas also had water coolers installed over carpeting (Picture 7).  Water spillage or overflow of 

cooler catch basins can result in the wetting of the carpet, which can lead to mold growth, especially 

if wetted repeatedly.   

Around the perimeter of the building, shrubbery and other plants were growing against the 

foundation and exterior walls (Picture 8).  The growth of plants/roots against the exterior walls and 

along the foundation can bring moisture in contact with wall brick and eventually lead to cracks 

and/or fissures in the foundation below ground level.  These conditions can undermine the integrity 

of the building envelope as they provide a means for water to enter the building through the 

foundation concrete and masonry via capillary action (Lstiburek & Brennan, 2001).  Several open 

utility holes were also observed on the exterior of the building, which can also provide a means of 

water penetration (Picture 9).  

The US Environmental Protection Agency and the American Conference of Governmental 

Industrial Hygienists (ACGIH) recommends that porous materials (carpeting, ceiling tiles, etc.) be 

dried with fans and heating within 24 to 48 hours of becoming wet (US EPA, 2001; ACGIH, 1989).  

If porous materials are not dried within this time frame, mold growth may occur.  Water-damaged 



 6

porous materials cannot be adequately cleaned to remove mold growth.  The application of a 

mildewcide to moldy porous materials is not recommended.   

 

 Other Concerns 

Several other conditions that can potentially affect indoor air quality were identified.  Indoor 

air quality can be negatively influenced by the presence of respiratory irritants, such as products of 

combustion.  The process of combustion produces a number of pollutants.  Common combustion 

emissions include carbon monoxide, carbon dioxide, water vapor and smoke (fine airborne particle 

material).  Of these materials, exposure to carbon monoxide can produce immediate, acute health 

effects upon exposure.  To determine whether combustion products were present in basement areas 

where complaints originated, BEHA staff obtained measurements for carbon monoxide.   

Carbon monoxide is a by-product of incomplete combustion of organic matter (e.g., 

gasoline, wood and tobacco).  Several air quality standards have been established to address 

airborne pollutants and prevent symptoms from exposure to these substances.  The MDPH 

established a corrective action level concerning carbon monoxide in ice skating rinks that use fossil-

fueled ice resurfacing equipment.  If an operator of an indoor ice rink measures a carbon monoxide 

level over 30 ppm, taken 20 minutes after resurfacing within a rink, that operator must take actions 

to reduce carbon monoxide levels (MDPH, 1997). 

ASHRAE has adopted the National Ambient Air Quality Standards (NAAQS) as one set of 

criteria for assessing indoor air quality and monitoring of fresh air introduced by HVAC systems 

(ASHRAE, 1989).  The NAAQS are standards established by the US EPA to protect the public 

health from 6 criteria pollutants, including carbon monoxide and particulate matter (US EPA, 

2000).  As recommended by ASHRAE, pollutant levels of fresh air introduced to a building should 
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not exceed the NAAQS (ASHRAE, 1989).  The NAAQS were adopted by reference in the Building 

Officials & Code Administrators (BOCA) National Mechanical Code of 1993 (BOCA, 1993), 

which is now an HVAC standard included in the Massachusetts State Building Code (SBBRS, 

1997).  According to the NAAQS established by the USEPA, carbon monoxide levels in outdoor air 

should not exceed 9 ppm in an eight-hour average (US EPA, 2000).   

Carbon monoxide should not be present in a typical, indoor environment.  If it is present, 

indoor carbon monoxide levels should be less than or equal to outdoor levels.  Outdoor carbon 

monoxide concentrations were non-detect or ND (Table 1).  Carbon monoxide levels measured in 

the basement were also ND.  Although no carbon monoxide or associated combustion odors were 

detected during the assessment, BEHA staff observed spaces beneath the boiler room door (Picture 

9).  If the boiler room becomes pressurized, odors and particulates can be forced around the door 

and into the hallway.  It is also important to note that the boilers were not operating at full capacity 

during the assessment.  During the winter heating season when boilers are operating, odors and/or 

emissions would be more prominent. 

A number of areas contained photocopiers.  Volatile organic compounds (VOCs) and ozone 

can be produced by photocopiers, particularly if the equipment is older and in frequent use.  VOCs 

are materials, which evaporate readily and can be irritating to eyes, nose and throat.  Ozone is a 

respiratory irritant (Schmidt Etkin, 1992).  Occupants should ensure local exhaust ventilation is 

operating near photocopiers to remove/reduce excess heat and odors.   

Also of note was the amount of materials stored inside offices.  In areas throughout the 

building, items were observed on windowsills, tabletops, counters, bookcases and desks.  The large 

number of items stored provides a source for dusts to accumulate.  These items, (e.g., papers, 

folders, boxes) make it difficult for custodial staff to clean.  Several areas had cloth curtains that 
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were water damaged, stained or had accumulated dust.  Dust can be irritating to eyes, nose and 

respiratory tract.  Items should be relocated and/or be cleaned periodically to avoid excessive dust 

build up.   

 

Conclusions/Recommendations 

In view of the findings at the time of the visit, the following recommendations are made: 

1. Operate ventilation systems throughout the building continuously during periods of occupancy 

independent of thermostat control to maximize air exchange.   

2. Operate thermostats in the fan “on” setting during occupancy to provide continuous air 

circulation.   

3. Consult a ventilation engineer concerning re-balancing of the ventilation systems.  Ventilation 

industrial standards recommend that mechanical ventilation systems be balanced every five 

years (SMACNA, 1994).   

4. For buildings in New England, periods of low relative humidity during the winter are often 

unavoidable.  Therefore, scrupulous cleaning practices should be adopted to minimize common 

indoor air contaminants whose irritant effects can be enhanced when the relative humidity is 

low.  To control for dusts, a high efficiency particulate arrestance (HEPA) filter equipped 

vacuum cleaner in conjunction with wet wiping of all surfaces is recommended.  Drinking water 

during the day can help ease some symptoms associated with a dry environment (e.g. throat and 

sinus irritations). 

5. Clean and disinfect dehumidifiers/humidifiers as per the manufacture’s instructions to prevent 

microbial growth. 

6. Seal open utility holes on exterior of the building to water intrusion drafts and/or pest entry.   
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7. Remove foliage to a minimum of five feet away from the foundation.   

8. Ensure plants have drip pans.  Examine drip pans periodically for mold growth and disinfect 

with an appropriate antimicrobial where necessary.   

9. Relocate or place tile or rubber matting underneath water coolers in carpeted areas.  Clean and 

disinfect reservoirs as needed to prevent microbial growth. 

10. Seal boiler room doors on all sides with foam tape, and/or weather-stripping.  Ensure tightness 

of doors by monitoring for light penetration and drafts around doorframes. 

11. Clean/change filters for AHUs as per the manufactures instructions or more frequently if 

needed.   

12. Clean supply/return vents periodically of accumulated dust. 

13. Relocate or consider reducing the amount of materials stored in common areas to allow for more 

thorough cleaning.  Clean items regularly with a wet cloth or sponge to prevent excessive dust 

build-up. 

14. For further building-wide evaluations and advice on maintaining public buildings, see the 

resource manual and other related indoor air quality documents located on the MDPH’s website 

at www.mass.gov/dph/iaq.  
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Ceiling-Mounted Supply and Return Vents for HVAC System 
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Typical HVAC Thermostat 
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Dehumidifier in Basement Office 
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Basement Dehumidifier Reservoir Black with Mold Growth/Scale 
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Water Cooler on Carpeting 
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Shrubbery/Plant Growth against Exterior Wall 
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Utility Hole around Pipe 
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Double Doors to Boiler Plant  



TABLE 1 
 

Indoor Air Test Results – Plymouth Town Hall, 11 Lincoln St., Plymouth, MA – October 15, 2004  
  

* ppm = parts per million parts of air 
 

Comfort Guidelines                                                                                            
Carbon Dioxide -  < 600 ppm = preferred 

 600 - 800 ppm = acceptable 
 > 800 ppm = indicative of ventilation problems 

Temperature -  70 - 78 °F 
Relative Humidity -  40 - 60% 

1-1 

1. Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable 

Ventilation 

Remarks Supply Exhaust

Background 348 63 73     Weather conditions: Cloudy, 
light rain  

Copy Room 
Basement 

488 71 61 0 N N Y 2 Photocopiers 

Park 
Superintendent 

603 70 66 2 N Y N  

Center 
Cubicles 

486 70 63 4 N Y Y Dehumidifier bottom of 
reservoir-scale/mold  

Recreation 483 70 62 1 Y Y Y Temperature complaints-cold 

Data 
Processing 

522 71 52 1 N Y Y Mainframe/computer equipment

Accountant 578 71 60 2 Y Y N  

Finance 
Committee 

524 71 59 0 Y Y N Plants 

Procurement 498 71 58 1 N Y N  

Retirement 
Board 

510 73 54 2 Y Y N Dehumidifier, plants 

Town Mgr. 
Reception 

630 72 55 2 N Y Y  



TABLE 1 
 

Indoor Air Test Results – Plymouth Town Hall, 11 Lincoln St., Plymouth, MA – October 15, 2004  
  

* ppm = parts per million parts of air 
 

Comfort Guidelines                                                                                            
Carbon Dioxide -  < 600 ppm = preferred 

 600 - 800 ppm = acceptable 
 > 800 ppm = indicative of ventilation problems 

Temperature -  70 - 78 °F 
Relative Humidity -  40 - 60% 

1-2 

1. Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable 

Ventilation 

Remarks Supply Exhaust

Selectman’s 
Secretary 
Office 

664 72 56 0 N Y Y Dusty return vent 

Assist Town 
Mgr. 

697 70 60 1 Y Y Y  

Town Mgr. 651 70 60 6 Y Y Y  

Human 
Resource 
Office 

743 70 60 1 N Y Y  

Engineering 
Dept. 

777 73 59 2 Y Y Y 2 blueprint machines, supply 
vent blocked, temperature 
control complaints-cold 

Engineering 
computer 
office 

926 75 55 2 N N N  

Public Works 
Office 

666 74 54 1 N Y Y  

Water Division 583 73 52 3 Y Y Y  

Planning & 
Development 

583 73 52 3 Y Y Y Temp control issues-cold 



TABLE 1 
 

Indoor Air Test Results – Plymouth Town Hall, 11 Lincoln St., Plymouth, MA – October 15, 2004  
  

* ppm = parts per million parts of air 
 

Comfort Guidelines                                                                                            
Carbon Dioxide -  < 600 ppm = preferred 

 600 - 800 ppm = acceptable 
 > 800 ppm = indicative of ventilation problems 

Temperature -  70 - 78 °F 
Relative Humidity -  40 - 60% 

1-3 

1. Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable 

Ventilation 

Remarks Supply Exhaust

Town Planner 571 72 54 0 Y Y N  

Plantation 
Room 

585 73 55 0 N Y Y Dusty Vent 

Community 
Development 

623 73 55 3 Y Y Y Air purifier 

Assessors 
Office 

604 74 55 4 Y Y Y Personal fan 

Health 
Department 

860 74 55 2 Y Y Y Vent blocked-paper 

Plymouth 
Beach Room 

636 73 53 0 Y Y N  

Inspectional 
Services  

721 73 54 13 Y Y Y Plants, window open 

Dir of Inspect 
Services 

624 71 60 2 Y Y N  

Town Clerk 617 72 58 5 Y Y Y  

Boiler Room 514 74 59 0 N Y N Spaces around door, carbon 
monoxide (ND) 

 
 


