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Background/Introduction 

In response to a request from Martha Goldsmith, Director, Office of Leasing and 

State Office Planning, Division of Capital Asset Management (DCAM),the 

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

(CEH), provided assistance and consultation regarding indoor air quality concerns at the, 

Massachusetts, Registry of Motor Vehicles (RMV) Lowell office located at 452 

Chelmsford Street, Lowell, Massachusetts.  The request was prompted by occupant 

complaints/concerns of chemical odors reported in the building.   

On November 22, 2006, a visit to conduct an indoor air quality assessment was 

made to the DSS by Cory Holmes, an Environmental Analyst in CEH’s Emergency 

Response/Indoor Air Quality (ER/IAQ) Program.  Mr. Holmes was accompanied by 

Jeanette Goyette, (Environmental Analyst in CEH’s ER/IAQ Program) and Robert Rafail, 

Manager of Real Property Management, Executive Office of Transportation.  CEH staff 

and Mr. Rafail were accompanied by Jonathan Kremsky, President, Prime Organics, Inc., 

to examine conditions on the roof. 

The RMV occupies office space in a strip mall (Picture 1).  The RMV is 

physically separated from adjacent business by floor to ceiling walls constructed of 

gypsum wallboard and narrow corridors approximately 6-8 feet in width (Picture 2).  The 

RMV is made up of a large open service area/waiting room (Picture 3), offices and 

storage space.  A chemical manufacturer, Prime Organics, Inc., and an automobile 

insurance agent are located across the corridor to the north side of the RMV.  To the 

south of the RMV is a private office.    
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Methods 

Screening for total volatile organic compounds (TVOCs) was conducted using a 

Thermo Environmental Instruments Inc., Model 580 Series Photo Ionization Detector 

(PID).  Air tests for carbon dioxide, temperature and relative humidity were taken with 

the TSI, Q-Trak, IAQ Monitor.   

 

Results 

 The RMV has an employee population of approximately 50 and is visited by up to 

several hundred individuals daily.  The tests were taken during normal operations.  Test 

results appear in Table 1. 

 

Discussion 

 Ventilation 

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

million (ppm) in all areas, indicating inadequate air exchange at the time of the 

assessment.  It is important to note that a number of areas were sparsely populated or 

unoccupied, which generally results in reduced carbon dioxide levels.  Carbon dioxide 

levels would be expected to be higher with full occupancy, therefore carbon dioxide 

levels measured in these areas and in particular, the RMV service area/waiting room, 

which is a large open area with high ceilings, further illustrates a lack of adequate air 

exchange. 

Mechanical ventilation is provided by rooftop air-handling units (AHUs).  Fresh 

air is drawn into the AHUs and delivered to occupied areas via ceiling-mounted air 
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diffusers.  Return air is drawn into ceiling-mounted vents and ducted back to the AHUs.  

No airflow from the ventilation system was apparent during the course of the indoor 

environmental assessment (approximately 3 hours). 

Digital wall-mounted thermostats control the heating, ventilating and air-

conditioning (HVAC) system and have fan settings of “on” and “automatic”.  

Thermostats were set to the “automatic” setting (Picture 4) during the assessment.  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.  Without a 

continuous source of fresh outside air and removal via the exhaust/return system, indoor 

environmental 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 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 
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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 69o F to 72 o F, which were within or very 

close to the MDPH recommended comfort guidelines in all areas surveyed during the 

assessment.  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.  

Although temperatures measured close to or within MDPH guidelines during the 

assessment.  Complaints of poor airflow and thermal discomfort were expressed by 

 5

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


occupants in several areas.  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 during the assessment ranged from 26 to 35 

percent, which were below the MDPH recommended comfort range in all areas surveyed 

the day of the assessment.  The MDPH recommends a comfort range of 40 to 60 percent 

for indoor air relative humidity.  Relative humidity levels 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 

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

 

 Chemical Odors 

As discussed, the assessment was prompted by concerns of chemical odors 

infiltrating into RMV space.  Concerns relative to odors have reportedly been voiced by 

staff periodically over the last several years, occurring at irregular intervals with no 

particular pattern.  Most recently an RMV employee reported respiratory symptoms 

related to chemical odors that occurred November 17, 2006, the Friday prior to the CEH 

assessment.  CEH staff conducted screening for volatile organic compounds (VOCs).  

VOCs are carbon-containing substances that have the ability to evaporate at room 

temperature.  Frequently, exposure to low levels of total VOCs (TVOCs) may produce 

eye, nose, throat and/or respiratory irritation in some sensitive individuals.  In an effort to 

determine whether VOCs were present in the building, air monitoring for TVOCs was 

conducted throughout the RMV.  Outdoor TVOC concentrations measured were non-
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detect or ND (Table 1).  Indoor TVOC concentrations throughout the building were also 

ND.   

It is important to note that measurement of TVOCs is a real-time measurement of 

the conditions present in the building at the time of the assessment.  At the time of the 

CEH assessment, no odors related to chemical processes were detected; however, Mr. 

Kremsky reported that no chemical processes were being conducted in the Prime 

Organics space.  Mr. Kremsky did report that the lab was conducting a particularly 

odorous process the previous Friday that likely resulted in the odors detected by RMV 

staff on November 17, 2006.   

As mentioned previously, conditions on the roof were examined to identify 

potential pathways. Due to past complaints of odors several of the local exhaust stacks 

for fume hoods were raised; however, at the time of assessment CEH, staff observed one 

stack had not been raised (Picture 5).  This particular candy-cane shaped exhaust vent 

directs exhaust air downward, discharging exhaust fumes towards the roof at a height of 

approximately 1-foot (Picture 6).  The air intake for the AHU is located approximately 2-

feet above the surface of the roof, 35 to 40 feet southeast of the candy-cane exhaust vent 

(Pictures 7 and 8).  Under certain wind and weather conditions, it is possible for odors to 

be entrained into the ventilation system via the AHU air intake, which may account for 

the irregular pattern of odor complaints.  Kremsky reported that it was this hood that was 

in operation on Friday November 17, 2006.  During the assessment, Mr. Kremsky 

verbally agreed to extend the stack; CEH staff and Mr. Rafail concurred that extending 

the vent would greatly reduce the likelihood of odor entrainment. 
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 Microbial/Moisture Concerns 

A few areas had water-damaged ceiling tiles, occupants also expressed concern 

regarding current roof leaks that are reportedly collected in a bucket above ceiling tiles.  

The bucket could not be observed by CEH staff due to the height of the ceiling.  If water 

collection buckets are present, they should be emptied regularly to prevent stagnant 

odors, overflow and/or a safety hazard.  Water-damaged ceiling tiles can provide a source 

of mold and should be replaced after a water leak is discovered and repaired.   

Repeated water damage to porous building materials (e.g., carpeting) 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 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. 

 

Conclusions/Recommendations 

In view of the findings at the time of the visit, the following recommendations 

are made: 

1. Continue with plans to raise fume hood exhaust ventilation stack 

(approximately 6-10 feet from the roof surface), in a manner similar to those 

that have already extended.  Raising of the stack should greatly reduce the 

entrainment of chemical odors into the RMV’s mechanical ventilation system.   
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2. Work with building management, Prime Organics, Inc., staff and RMV officials 

to establish a notification protocol (e.g., direct phone call) for prompt response 

in the event of reoccurring odors within the building. 

3. Operate ventilation systems continuously.  Set thermostat controls to the fan 

“on” position to provide constant supply and exhaust ventilation during periods 

of occupancy. 

4. Have building management consult with the building’s HVAC consultant to 

determine whether the existing fresh air intake system has the capability to 

provide sufficient outside air.  Increased fresh air supply is recommended given 

the elevated levels of carbon dioxide measured during the MDPH assessment. 

5. Consider balancing mechanical ventilation systems every 5 years, as 

recommended by ventilation industrial standards (SMACNA, 1994). 

6. In order to improve thermal comfort/temperature control, it is highly 

recommended that RMV staff work in conjunction with building management 

and their HVAC vendor to examine the configuration of floor space and the 

placement of thermostats/sensors.   

7. 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 
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during the day can help ease some symptoms associated with a dry environment 

(throat and sinus irritations). 

8. Ensure leaks are repaired and replace water-damaged ceiling tiles.  Examine the 

area above and around these areas for mold growth.  Disinfect areas of water 

leaks with an appropriate antimicrobial as needed. 

9. If containers (e.g., buckets) continue to be used as a temporary measure for 

collecting water above ceiling tile systems, they should be cleaned and emptied 

periodically to prevent mold/bacterial growth and associated odors, as well as a 

safety hazard. 

10. Clean supply, return and restroom exhaust vents periodically of accumulated 

dust. 

11. Clean carpeting annually or semi-annually in soiled high traffic areas as per the 

recommendations of the Institute of Inspection, Cleaning and Restoration 

Certification (IICRC).  Copies of the IICRC fact sheet can be downloaded at: 

http://www.cleancareseminars.com/carpet_cleaning_faq4.htm (IICRC, 2005). 

12. Refer to resource manuals and other related indoor air quality documents for 

further building-wide evaluations and advice on maintaining public buildings.  

Copies of these materials are located on the MDPH’s website: 

http://mass.gov/dph/indoor_air. 
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Picture 1 
 

 
 

Location of RMV in Chelmsford Street Strip Mall (as Indicated by the Large White Sign)  
 

Picture 2 
 

 
 

Corridor Separating RMV from Prime Organics Lab, Note Walls are Floor to Ceiling Gypsum 
Wallboard 



Picture 3 
 

 
 

RMV Service Area/Waiting Room, Note Large Area, High Ceilings and Sparse Population  
 

Picture 4 
 

 
 

Thermostat for HVAC System in Fan “Auto” Mode  
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Picture 5 
 

 
 

Raised Exhaust Ventilation Stack for Fume Hood on Right, Curved Exhaust Vent (Not Raised on Left) 
 
 
 

Picture 6 
 

 
 

Close-Up of Curved Exhaust Stack, Note Stack Discharges Air Approximately  
1-Foot above and towards the Roof 
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Picture 8 

Picture 7 
 

 
 

Curved Exhaust Stack (in foreground) AHU/Fresh Air Intake (large unit in background), Note Air 
Intake is on side of AHU Closest to the Curved Exhaust Vent (Southeast approx 35-40 feet) 

 

 

 
 

Opposite View from AHU Air Intake (in foreground) Curved Exhaust Vent (in background)  
(Southeast approx 35-40 feet) 



TABLE 1 
 
Indoor Air Test Results – Registry of Motor Vehicles, 452 Chelmsford Street, Lowell   Date:  November 22, 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% 

1-16 

Ventilation 

Remarks 

Carbon 
Dioxide 
(*ppm) TVOC 

Temp. 
(°F) 

Relative 
Humidity 

(%) 
Occupants 
in Room 

Windows 
Openable Supply Exhaust Remarks 

Outside 
(Background) 

400 ND 47 24     Partly cloudy, winds NE 5-15 
mph 

State Police Room 1902 ND 70 35 3 N Y Y No airflow detected from vent 
system 

Plate Room 1370 ND 71 31 4 N Y Y No airflow detected from vent 
system 

Hearing Room 911 ND 72 26 0 N Y Y No airflow detected from vent 
system 

Service Area/Waiting 
Room 

1837 ND 72 31 75 N Y Y  

Hallway (between 
RMV and Prime 
Organics)  

 ND    N N N  

Deputy Collectors 
Office 

949 ND 69 34 1 N N N Door open to hallway 

Counting Room 1436 ND 70 34 0 N Y Y No airflow detected from vent 
system, damaged ceiling tile 

Cash Room 1621 ND 72 33 0 N Y Y No airflow detected from vent 
system, thermostat fan “auto” 

Lounge 1597 ND 72 32 1 N Y Y  

State Police Area 1634 ND 72 32 0 N Y Y 1 water damaged ceiling tile  
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