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Background/Introduction 
 
 At the request of Steven Perry, Senior Labor Relations Advisor, Human Resources 

Division/Office of Employee Relations, the Massachusetts Department of Public Health’s 

(MDPH) Center for Environmental Health (CEH) provided assistance and consultation regarding 

conditions at Career Opportunities, 77 High School Road Extension (the building), in the 

Hyannis section of Barnstable, Massachusetts.  This facility currently houses several public 

agencies, including the Massachusetts Department of Employment Training (MDET) 

Massachusetts Department of Transitional Assistance (MDTA) and the Massachusetts 

Rehabilitation Commission (MRC).  Job Training and Employment Corporation (JTEC) also has 

workspace within this building.  Concerns about water damage to the interior of the building and 

possible mold contamination prompted the request. 

 On March 16, 2006, a visit to conduct an indoor air quality assessment at the building 

was made by Michael Feeney, Director of CEH’s Emergency Response/Indoor Air Quality 

(ER/IAQ) Program.  The building was originally constructed as an indoor roller skating rink in 

the late 1960s-early 1970s.  The original structure consists of painted cinderblock exterior wall 

(Picture 1) built on a cement slab.  It was converted into office space in 1998.  Windows are not 

openable in the building.  

 

Methods  

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

Q-Trak, IAQ Monitor.   
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Results/Discussion 

 Ventilation 

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

million (ppm) in all but one area sampled, indicating inadequate air exchange in areas across the 

facility.  Ventilation is provided by air handling units (AHUs) located above the suspended 

ceiling of the original structure and within a mechanical room in the southeast corner of the 

building.  The AHUs are connected to ductwork, also located above the ceiling tile system.  The 

ductwork distributes air to ceiling mounted air diffusers.  Air diffusers are designed to create 

airflow by directing air to move along the ceiling and walls, subsequently allowing it to mix and 

circulate.  No exhaust system was identified at the time of inspection.  Without exhaust 

ventilation, indoor air pollutants can build up and lead to indoor air quality/comfort complaints.    

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

ventilation operate continuously during periods of building 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.  The date of the last servicing and balancing was not available at the time of the 

assessment.  It is recommended that existing ventilation systems be re-balanced every five years 

to ensure adequate air systems function (SMACNA, 1994). 

The Massachusetts Building Code requires that each area have a minimum ventilation 

rate of 20 cubic feet per minute (cfm) per occupant of fresh outside air or have 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 
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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 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 MDPH 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 67o F to 74 o F during the assessment.  These 

temperatures in most areas were within the MDPH recommended comfort guidelines.  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 ranged from 27 to 35 percent, which was below the MDPH 

recommended comfort range in all areas surveyed.  The MDPH recommends a comfort range of 

 4

http://www.mass.gov/Eeohhs2/docs/dph/environmental/iaq/appendices/carbon_dioxide.pdf


40 to 60 percent for indoor air relative humidity.  Relative humidity in the building would 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 

common problem during the heating season in the northeast part of the United States. 

 

 Microbial/Moisture Concerns 

A number of activities had been taken by the landlord to remedy water penetration to the 

building, including: replacing the roof, removing water damage ceiling tiles, and sealing 

windows using a sealing compound (Picture 2).  However, several areas of water damage 

remain.  According to building occupants, no efforts have been made towards improving 

drainage in the rear of the building; the current slope of the building allows water to penetrate 

through an exterior door at the south/rear of the building.  Of note is a carpet in the hallway 

vestibule.  The carpet extends beneath the door threshold, thereby exposing it to the outdoors 

(Picture 3).  As rain strikes this carpet edge, capillary action draws water into the interior of the 

building, wetting carpet and likely the adjacent gypsum wallboard.  Splashing rainwater can lead 

to chronic moistening of the exterior wall and doors, which in turn moistens carpet installed 

against the doorframe.  Mold colonization of the carpet and adjacent GW can occur from 

repeated moistening due to driving rain/melting snow.   

As mentioned previously, the window frames appear to be water damaged at the corners 

of the sill (Picture 4).  The sills and window frames are made of gypsum wallboard, which is 

prone to distortion and expansion when wet.  This damage appears to allow cold air to penetrate 

through the window frames, which in turn reduces the temperature of the GW below the dew 

point resulting in condensation.  When warm, moist air passes over a surface that is colder than 
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the air, water condensation can collect on the cold surface.  Over time, water droplets can form.  

Condensation is the collection of moisture on a surface at or below the dew point.  The dew point 

is the temperature that air must reach for saturation to occur.  The dew point is a temperature 

determined by air temperature and relative humidity.  If a surface has a temperature equal to or 

below the dew point, condensation will accumulate.  For example, at a temperature of 80o F and 

indoor relative humidity of 80 percent, the dew point for water to collect on a surface is 

approximately 76 o F (IICRC, 2000). 

As previously discussed, attempts were made to caulk the corners of window frames from 

the exterior portion of the building.  It is not clear whether using caulking to seal rubber gasket 

window frames is an appropriate method of repair.  Caulking compounds may be formulated 

with acidic materials (e.g., acetic acid), which may actually accelerate deterioration of rubber 

gaskets.  Of note is that each damaged window had a corresponding hole in the sealant (Pictures 

5 and 6).  GW sills for these window frames appear to be water-damaged; however, these GW 

sections do not appear to have visible mold colonies.  It is unlikely that these sections of window 

frame were repaired. 

The US Environmental Protection Agency (US EPA) and the American Conference of 

Governmental Industrial Hygienists (ACGIH) recommends that porous materials 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 

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

mildewcide to moldy porous materials is not recommended.    

As noted previously, the building has experienced chronic water damage to the exterior 

wall system/slab as a result of prolonged exposure to water pooling at the rear of the building 
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(Picture 7).  The roof at the rear of the building is outfitted with a drainage system that is 

connected to downspouts.  Downspouts are configured to allow rainwater to accumulate at the 

base of the slab at the rear of the building (Picture 8).  This causes chronic wetting of the exterior 

wall.  Downspouts should be designed to direct rainwater away from the base of the building to 

prevent rainwater from penetrating through the slab/exterior wall seam into the building interior.  

Water penetration can cause the moistening of GW and result in mold growth. 

Several areas also have a number of plants.  Plant soil, standing water and drip pans can 

be potential sources of mold growth.  Drip pans should be inspected periodically for mold 

growth and over watering should be avoided. 

 

Conclusions/Recommendations 

Building management has made a number of improvements to the building, however 

condensation around the window frames and water penetration through the rear exterior wall 

appear to remain as problems.  Based on these observations, the following recommendations are 

made. 

1. Remove and replace any mold contaminated/water damaged GW, insulation, carpeting 

and ceiling tiles that are along the rear exterior walls.  This measure will remove actively 

growing mold colonies that may be present.  Remove mold contaminated materials in a 

manner consistent with recommendations found in “Mold Remediation in Schools and 

Commercial Buildings” published by the US Environmental Protection Agency (US 

EPA, 2001). 

2. Properly seal all window frames and seams in exterior wall with an appropriate sealant 

compound. 
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3. Monitor each repaired window frame for any evidence of additional water damage. 

4. Operate ventilation systems that are operable throughout the building continuously during 

periods of occupancy independent of thermostat control to maximize air exchange.  To 

increase airflow in classrooms, set univent controls to “high”.  Set univent thermostats to 

the fan “on” position to operate the ventilation system continuously during the workday. 

5. Examine the feasibility of directing downspout water away from the base of the exterior 

wall.  

a. Improve the grading of the ground away from the foundation at a rate of 6 inches per 

every 10 feet (Lstiburek & Brennan, 2001). 

b. Install a water impermeable layer on ground surface (clay cap, asphalt, cement) to 

prevent water saturation of ground near foundation (Lstiburek & Brennan, 2001). 

6. 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.  Drinking water during the day can help ease some 

symptoms associated with a dry environment (throat and sinus irritations).  Consider 

obtaining a vacuum cleaner equipped with a high efficiency particulate arrestance 

(HEPA) filter to trap respirable dusts. 
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Picture 1 
 

 
 

Cinderblock Exterior of the Building 
 
 

Picture 2 
 

 
 

Sealing Compound Applied To Window Frames 
 
 
 
 



Picture 3 
 

 
 

Close Up Of  Carpet Installed Under Door Threshold  
 

Picture 4 
 

 
 

Example of Water Damage at the Corners of Window Sill 
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Picture 5 
 

 
 

Space in Sealant Used to Repair Window Frame 
 
 

Picture 6 
 

 
 

Space in Sealant Used to Repair Window Frame 
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Picture 8 

Picture 7 
 

 
 

Pooled Rainwater at the Rear of the Building 
 
 

 

 
 

Downspouts Are Configured To Allow Rainwater to Accumulate  
At The Base of the Slab at the Rear of the Building 

 



TABLE 1  
Indoor Air Test Results 

77 High School Career Opportunities Building, Hyannis, MA  
March 16, 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% 

1-1 
 
 

Ventilation 

Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

Outside 
(Background) 

380 42 26     

196 1095 72 29 0 N Y N Water damaged GW 

Syarlat Office 1018 72 29 1 N Y N Water damaged GW 
Door open 

Ferrari Office 900 71 28 0 N Y N Water damaged GW 
Plants 

176 1015 72 29 0 N Y N  

173 1037 73 28 3 N Y N Water damaged ceiling tile 

167 953 73 27 0 N Y N  

125 990 73 28 1 N Y N  

121 955 71 27 1 N Y N Water damaged GW 
photocopier 

126 1346 72 35 3 N Y Y Water damaged GW 
Door open 

150 906 73 28 2 N Y Y Water damaged GW 



TABLE 1  
Indoor Air Test Results 

77 High School Career Opportunities Building, Hyannis, MA  
March 16, 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% 

1-1 

Ventilation 

Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

152 848 73 27 1 Y Y N Water damaged GW 

153 863 74 28 1 N Y N Water damaged GW 

185 1010 73 29 1 N Y N Water damaged GW 
3 water damaged ceiling tiles 

186 929 73 29 0 N Y N Water damaged GW 
1 water ceiling tile 

190 947 72 28 2 N Y N Water damaged GW 

193 986 73 28 1 N Y N Water damaged GW 
1 water ceiling tile 

194 1023 73 28 1 N Y N Water damaged GW 

Kitchen 1054 70 31 2 N Y Y Water damaged GW 

117 1087 71 31 0 N Y Y Water damaged GW 
Door open 

142 1060 72 28 1 N Y N Water damaged GW 

141 1025 72 28 0 N Y N Water damaged GW 

136 1147 73 30 1 N Y N Water damaged GW 
 



TABLE 1  
Indoor Air Test Results 

77 High School Career Opportunities Building, Hyannis, MA  
March 16, 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% 

1-1 

Ventilation 

Location 

Carbon 
Dioxide 
(*ppm) 

Temp 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

135 1143 73 29 1 N Y N Water damaged GW 

134 1113 73 28 0 N Y N Water damaged GW 

133 1161 74 28 1 N Y N Water damaged GW Water damaged GW 

105 561 67 26 0 N Y N Unoccupied room 
 

Waiting room 806 67 31 1 N Y Y  
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