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Background/Introduction 

 In response to a request from Christopher Linquist, Director, an indoor air quality 

assessment was done at the Westfield Athenaeum (WA), 6 Elm Street, Westfield, 

Massachusetts.  The assessment was conducted by the Massachusetts Department of 

Public Health (MDPH), Center for Environmental Health (CEH).  The assessment was 

prompted by general indoor air quality conditions in the building and primarily in a room 

adjacent to the bookmobile garage. 

 On August 21, 2006, Michael Feeney, Director of CEH’s Emergency 

Response/Indoor Air Quality (ER/IAQ) Program, made a visit to the WA.  The WA is a 

two-story structure that was constructed in three stages.  The original structure was built 

as a residence in 1838 (Picture 1).  An addition, which serves as the main section of the 

library, was constructed in 1927 (Picture 2, Map 1).  Two additions were added in 1966 

to the north side of the 1927 wing (Picture 3) as well as a second wing added to the west 

wall of the 1838 residence (Picture 4, Map 1).   

The 1838 wing contains the administration office on the second floor, with the 

first floor containing part of the children’s library.  The 1927 wing contains the main 

library stacks with a multiple-tiered balcony at the rear of the wing.  The basement 

contains a meeting room (Picture 5) and small rooms serving various purposes.  The 

north 1966 wing contains periodicals and reference material with a single balcony in the 

rear.  A large storage/work room also exists in the basement (Picture 6).  The 1966 west 

wing contains the other half of the children’s library, restrooms and bookmobile garage.  

The bookmobile garage is located in the north exterior wall of the 1966 wing (Picture 7). 

 Windows are openable throughout the building. 
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Methods 

Air tests for carbon dioxide, temperature and relative humidity were taken with 

the TSI, Q-Trak, IAQ Monitor, Model 8551.   

 

Results 

 The WA has a daily employee population of approximately 15-20, with up to 

several hundred individuals visiting on a daily basis.  The tests were taken under normal 

operating conditions.  Test results appear in Table 1.   

 

Discussion  

 Ventilation 

 It can be seen from Table 1 that carbon dioxide levels were below 800 parts per 

million (ppm) parts of air in all areas surveyed, with the exception of the Director’s office 

and the break room.  These carbon dioxide levels are indicative of an adequate fresh air 

supply in most areas of the building. 

The ventilation system is divided into four sections; the 1966 north wing, the 

children’s library, the 1927 wing basement auditorium and the remainder of the building. 

 The second floor of the 1838 wing, the upper levels of the 1927 wing and the basement 

level of the 1966 north wing do not have mechanical ventilation.  Windows are the only 

means to provide ventilation in these areas.  Window-mounted air conditioners provide 

cooling in these areas during warm weather.  In order to share air conditioning between 

the 1966 north wing and the 1927 wing, portable fans are used (Picture 8).   
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CEH staff noted that the air in the basement/workroom of the 1966 north wing 

was stagnant due to lack of air exchange.  Without the dilution and/or removal of air, 

normally occurring pollutants and odors can accumulate and lead to indoor air 

quality/comfort complaints. 

The 1927 wing auditorium contains a fan system to circulate air when the 

auditorium is occupied.  The air handling units (AHUs) for both the children’s library and 

the 1966 north wing are located in below grade mechanical rooms.  Fresh air is drawn by 

the AHUs and distributed via ducted wall and/or ceiling-mounted air diffusers.  Air is 

returned to the AHUs through ducted return vents.   

To maximize air exchange, the MDPH recommends that both supply and exhaust 

ventilation operate continuously during periods of occupancy.  In order to have proper 

ventilation with a mechanical supply and exhaust system, the systems must be balanced 

to provide an adequate amount of fresh air to the interior of a room while removing stale 

air from the room.  It is recommended that HVAC systems be re-balanced every five 

years to ensure adequate air systems function (SMACNA, 1994).  The date of the last 

balancing of these systems was not available at the time of the assessment.   

 The Massachusetts Building Code requires a minimum ventilation rate of 20 

cubic feet per minute (cfm) per occupant of fresh outside air or have openable windows 

in each room (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. 
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 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 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 (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 72 o F to 79 o during the assessment, which 

were within or very close to the upper end of the MDPH recommended comfort range.  

The MDPH 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.  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 measured in the building ranged from 46 to 62 percent 

during the assessment, which was within or close to the upper end of the MDPH 

recommended comfort range.  The MDPH recommends a comfort range of 40 to 60 

percent for indoor air relative humidity.  Relative humidity levels in the building would 
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be expected to 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 number of areas in the 1838 wing had water damaged plaster (Pictures 9 and 

10), that roughly corresponded to roof drains that were retrofitted into the existing 

building.  A number of the roof drains were corroded (Picture 11), which could cause 

leakage through the drain/roof junction.   

 Plaster damage in the Director’s office (Picture 12), was observed near a seam 

that exists between the 1838 and 1927 wings (Picture 13).  It is likely that the seal 

between the buildings and/or between sections of the cement cornice of the 1927 building 

(Picture 14) are no longer water-tight.   

 Water damage to plaster in the 1928 wing vaulted ceiling roughly corresponds to 

clinging plants on the outside of the building (Picture 15).  Clinging plants can hold 

moisture against exterior brickwork, increasing the potential for water penetration and 

subsequent damage to interior walls.  

Several areas had a number of water damaged ceiling tiles (Picture 3), which can 

indicate leaks from the building envelope and/or plumbing system.  Repeated water 

damage to porous building materials (e.g., ceiling tiles, plaster) can result in microbial 

growth.  The US Environmental Protection Agency (US EPA) and the American 

Conference of Governmental Industrial Hygienists (ACGIH) recommend that porous 

materials be dried with fans and heating within 24 to 48 hours of becoming wet (US 
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EPA, 2001; ACGIH, 1989).  If not dried within this time frame, mold growth may occur. 

 Once mold has colonized porous materials, they are difficult to clean and should be 

removed. 

 

Other Concerns  

 During the course of the assessment, it was discovered that the roof decking was 

coated with a spray-on insulation material that appeared to be water damaged (Picture 16) 

and/or eroding (Picture 17).  In addition, a number of open-ended pipes exposing an 

insulation material (Picture 18) and water damaged floor tiles were observed in the 

basement level of the WA.  Due to the potential for these types of materials to contain 

asbestos, testing to determine this should be done.  If it is asbestos it should be 

remediated in conformance with all applicable Massachusetts asbestos abatement and 

hazardous materials disposal laws. 

Of note is the location of the bookmobile garage, which has an entrance in the 

basement storage/work room of the 1966 north wing (Picture 19).  Under normal 

conditions, a garage can have several sources of pollutants present from the operation of 

vehicles.  These sources of pollutants can include: 

• Vehicle exhaust containing carbon monoxide and soot; 

• Vapors from diesel fuel, motor oil and other vehicle liquids which contain 

volatile organic compounds;  

• Rubber odors from new vehicle tires. 

In general, common combustion emissions can include carbon monoxide, carbon 

dioxide, water vapor and smoke.  The bookmobile garage is not equipped with a 

mechanical exhaust system to remove exhaust during vehicle idling.  The interior door to 
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the bookmobile garage can serve as a pathway for vehicle exhaust and other pollutants to 

move from the garage into the lower level of the 1966 north wing.  

In order to explain how vehicle exhaust emissions may be impacting adjacent 

areas, the following concepts concerning heated air and creation of air movement must 

be understood. 

♦ Heated air will create upward air movement (called the stack effect). 

♦ Cold air moves to hot air, which creates drafts. 

♦ As heated air rises, negative pressure is created, which draws cold air to 

the equipment creating heat (e.g., vehicle engines). 

♦ Combusted fossil fuels contain heat, gases and particulates that will rise in 

air.  

♦ In addition, the higher the temperature of air the greater the airflow 

increases.  

Each of these concepts has influence on the movement of air.  As motor vehicles operate 

indoors, the production of vehicle exhaust in combination with cold air moving from 

outdoors through open exterior doors into the warmer garage can place it under positive 

pressure.  Positive pressure within a room will force air and pollutants through spaces 

around doors, utility pipes and other breaches in walls, doors and ceilings.  To reduce 

airflow into adjacent areas, identification and sealing/reduction of these potential 

pollutant pathways should be considered.  

 AHU filters are designed to strain particulates from airflow.  AHUs examined 

were equipped with multiple filters (Picture 20).  Filters should be one piece that fits 

flush with the filter rack.  If two filters are to be used, the filter rack must have the 

appropriate equipment to make each filter fit flush in the rack.  Air drawn into the AHU 
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will bypass filters through spaces between filters and racks.  This can result in dust, dirt 

and other debris being distributed by the ventilation system.   

 

Conclusions/Recommendations 

In view of these findings at the time of the visit, the following conclusions and 

recommendations are made: 

1. Consider installing an exhaust fan in the bookmobile garage to vent vehicle 

exhaust from the building. 

2. Install/replace weather-stripping around the bookmobile interior door to limit air 

penetration through the doorframe.  Check for air-tightness by monitoring for 

light and/or drafts around door.  

3. Ascertain whether the spray-on insulation on the roof decking contains asbestos 

and encapsulate or remove in conformance with Massachusetts law.  Other areas 

of the basement should also be inspected, including pipe insulation and floor tile. 

 Consult with a licensed asbestos inspector for the most appropriate course of 

action concerning remediation.  Do not remove/replace water damaged ceiling 

tiles until this issue is resolved. 

4. Examine the feasibility of installing an exhaust ventilation fan for the 

work/storeroom. 

5. Repair leaks in roof drains.  Once leaks are repaired, repair/replace water damaged 

plaster. 

6. Examine the junction between the 1838 and 1927 wing for degrading seals and 

repair as needed.   
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7. Examine the 1927 cornice for eroded seams and repair as needed.  Repair water 

damaged plaster once exterior wall is repaired. 

8. Obtain spacers to render air filters flush within their racks to prevent air by-pass. 

9. 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 

(throat and sinus irritations). 
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Work/Storeroom in 1966 North Wing Basement 
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Fans Drawing Air from the 1966 North Wing to the 1927 Wing 
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Water Damaged Plaster, 1838 Wing Meeting Room 
 
 

Picture 10 
 

 
 

Water Damaged Plaster, 1838 Wing Break Room 
 
 



 
 

 

Picture 11 
 

 
 

Corrosion on Outside of Roof Drain 
 
 
 

Picture 12 
 

 
 

Water Damaged Plaster, 1838 Wing Directors Office 
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Seam between the 1838 and 1927 Buildings 
 
 
 

Picture 14 
 

 
 

Cornice of the 1927 Building (Arrows Indicate Staining) 
 

 
Picture 15 
 



 
 

 

 

 
 

Ivy on the exterior of the 1928 wing 
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Water Damaged Spray-on Insulation 
Picture 17 

 



 
 

 

 
 

Eroding Spray-on Insulation (Through Hole in Suspended Ceiling) 
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Entrance to Bookmobile Garage 
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AHU Air Filters



TABLE 1 
Indoor Air Test Results 

Westfield Athenaeum, Westfield, MA 
August 21, 2006 

 

* 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% 

Table 1, page 1   
 

Ventilation 

Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

Outside 
(Background) 

378 87 42     Partly cloudy 

Whitman Study 667 75 46 3 y n N Window-mounted air conditioner 
Water damaged plaster 
Water damage in fireplace 
Door open 

Break room 907 74 46 2 Y N N Window-mounted air conditioner 
Water damaged plaster 
Door open 

Director’s office 816 75 49 1 Y N N Water damaged plaster 

Mezzanine, young adult loft 726 76 51 1 N N N Abandoned dumbwaiter 

2nd floor storage 713 77 49 0 Y N N Water damaged plaster 

Mezzanine biography 699 76 52 1 N Y Y 13 water damaged ceiling tiles 

1st  floor fiction 679 76 48 0 N N N  

Main desk 689 77 50 6 Y N N Water damaged plaster 



TABLE 1 
Indoor Air Test Results 

Westfield Athenaeum, Westfield, MA 
August 21, 2006 

 

* 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% 

Table 1, page 2   
 

Ventilation 

Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

Research/Periodicals 696 76 50 18 Y Y Y 16 water damaged ceiling tiles 

Reed room 701 79 51 0 Y M M Fans  

Rand Art Museum 690 78 51 0 Y N N  

Committee room 621 76 53 0 Y N N  

Small committee room 660 76 56 0 Y N Y Exhaust fan 

Lang Auditorium 511 75 56 0 N Y Y  

Basement hallway between 
auditorium and children’s 
activities 

    N N N Water damaged floor tiles 

Children’s Activities 509 72 48 0 Y N N  

Work room/storage area 546 72 62 0 Y N N Musty odor 



TABLE 1 
Indoor Air Test Results 

Westfield Athenaeum, Westfield, MA 
August 21, 2006 

 

* 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% 

Table 1, page 3   
 

Ventilation 

Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

Children’s Library front desk 692 74 52 8 Y N N Window mounted air conditioner 
6 water damaged ceiling tiles 

Children’s Library rear entrance 634 74 57 8 Y Y Y 8 water damaged ceiling tiles 

Children’s Library , boy’s rest 
room 

    N N Y Exhaust vent off 
8 water damaged ceiling tiles 

 
 


