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Background/Introduction

At the request of Christopher Webb, Director, Malden Health Department (MHD), the Massachusetts Department of Public Health (MDPH), Bureau of Environmental Health (BEH) provided assistance and consultation regarding indoor air quality (IAQ) at the Salemwood School (SES) located at 529 Salem Street, Malden, Massachusetts.  Concerns about general IAQ conditions and mold concerns regarding water penetration issues prompted the assessment.  On June 16, 2011, Michael Feeney, Director of BEH’s IAQ Program made a visit to the SES to conduct an assessment.  BEH staff Cory Holmes, Environmental Analyst/Regional Inspector and Ruth Alfasso, Environmental Engineer/Inspector accompanied Mr. Feeney. 

The SES is a four-story modern brick building complex completed in 1999.  It is comprised of three buildings connected by elevated walkways and portions of the building are below grade (i.e., built into a hill) (Picture1).  The building contains general classrooms, science classrooms, home economics classrooms, art rooms, music rooms, computer labs, kitchen, cafeteria, auditorium, gymnasium, faculty workrooms and office space.  Windows are openable throughout the building.

Methods

Air tests for carbon monoxide, carbon dioxide, temperature and relative humidity were conducted with the TSI, Q-Trak, IAQ Monitor, Model 7565.  Air tests for airborne particle matter with a diameter less than 2.5 micrometers were taken with the TSI, DUSTTRAK™ Aerosol Monitor Model 8520.  BEH staff also performed visual inspection of building materials for water damage and/or microbial growth.  Moisture content of porous building materials was measured with a Delmhorst, BD-2000 Model, Moisture Detector equipped with a Delmhorst Standard Probe.  Surface temperatures of window panes and fan coil units were measured with a ThermoTrace infrared thermometer.  
Results

The school houses approximately 900 children in grades K through 8 and has a staff of approximately 90.  Tests were taken during normal operations at the school, although it is important to note that many classrooms were unoccupied due to end of the year activities (e.g., field day).  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 17 of 98 areas, indicating poor air exchange in nearly one-fifth of the areas surveyed during the assessment.  As previously mentioned, a number of classrooms were empty/sparsely populated or had open windows at the time of the testing, which reduce carbon dioxide levels.  Carbon dioxide levels would be expected to be higher with full occupancy and with windows closed.

Rooftop air-handling units (AHUs) provide mechanical ventilation to occupied areas (Picture 1).  AHUs draw in fresh, outside air through a set of intake louvers and then through a bank of filters.  Air is then distributed to interior areas via ceiling-mounted air diffusers (Picture 2).  Exhaust ventilation is provided by ceiling-mounted return vents ducted back to rooftop AHUs (Picture 3).  

Fan coil units (FCUs) in each classroom facilitate airflow and temperature control (Picture 4).  FCUs do not provide fresh air to rooms; rather, FCUs re-circulate air and provide auxiliary heating and cooling.  Air is drawn into a return vent at the base of the unit (Figure 1) and then conditioned air is filtered and provided to the classroom by a diffuser atop the unit.  Each classroom has one or two FCUs that are controlled by switches with settings for “low”, “high” and “off”.  In a number of areas, FCUs were deactivated and/or obstructed by furniture, books and other stored materials (Picture 5).  In order for FCUs to facilitate airflow as designed, air diffusers and return vents must remain free of obstructions.  In addition, these units must remain “on” and be allowed to operate while rooms are occupied.  
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 heating, ventilating and air conditioning (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 that each room have a minimum ventilation rate of 15 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 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 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, consult Appendix A.

Indoor temperature measurements ranged from 60o F to 77o F (Table 1).  Several of the areas tested were below the MDPH recommended comfort range on the day of the assessment, primarily in the office area in the first floor B wing.  The MDPH recommends that indoor air temperatures be maintained in a range of 70o F to 78o F in order to provide for the comfort of building occupants.  In many cases concerning indoor air quality, fluctuations of temperature in occupied spaces typically experienced, even in a building with an adequate fresh air supply.  In addition, it is difficult to control temperature and maintain comfort without operating the ventilation equipment as designed (e.g., FCUs deactivated/obstructed or supply air at the wrong temperature).

Temperature control complaints were expressed by individuals in a number of areas, which can be attributed to a lack of coordinated HVAC system operation.  The FCUs and the rooftop AHUs were not synchronized within the library wing.  BEH staff conducted surface temperature measurements in the library suite of various HVAC system components.  The cooling coils within the FCUs in the library had temperatures in a range of 45o F to 62o F.  One would expect a temperature range of 5o F difference between FCUs in the same area, not a range of 17o F.  In addition, the ceiling-mounted supply vent had a temperature of 83o F, which is 21o F to 38o F warmer than the FCUs in the library suite.  These temperature differentials indicate the rooftop AHU and FCUs are not properly coordinated to provide consistent temperature in the library wing.  Classrooms in the library had windows open, despite the presence of an operating air-conditioned system.  Open windows can lead to hot, moist air being entrained by the HVAC system which can cause condensation and water damage.
The relative humidity measured in the building ranged from 38 to 62 percent, which was within or close to the MDPH recommended comfort range in all areas surveyed during the assessment (Table 1).  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 a very common problem during the heating season in the northeast part of the United States.
Microbial/Moisture Concerns

Water-damaged ceiling tiles were observed in a few areas, which indicate current/historic plumbing and/or roof leaks (Table 1).  Water-damaged ceiling tiles can provide a source of mold and should be replaced after a water leak is discovered and repaired.  Chronic roof leaks were reported by the occupant in room A 412.  

BEH staff conducted a perimeter inspection of the building’s exterior to identify potential sources of water penetration.  The administrative area has sustained water damage on repeated occasions, wetting the gypsum wallboard (GW) and wall-to-wall carpeting.  The GW was replaced with cement board.  Although the carpeting has been cleaned, it has not been replaced.  The administrative area offices are located on the ground floor, which has a below grade exterior foundation wall along the Salem Street sidewalk.  Salem Street is below a steep hill, which directs groundwater towards the building (Figure 2).  Seams between the sidewalk and building as well as the building and slab appeared damaged (Pictures 6 through 8) allowing water to penetrate under the sidewalk and contact the exterior wall of the SES foundation.  
A mulch-covered garden with automatic sprinklers located above this area (Picture 9), can serve as an additional source of water penetration to below-grade spaces.  In addition, a number of plants were growing in close proximity to the building’s exterior (Pictures 14 and 15).  The growth of roots against exterior walls can bring moisture in contact with the foundation.  Plant roots can eventually penetrate the wall, leading to cracks and/or fissures in the sublevel foundation.  The freezing and thawing action of water during the winter months can also create cracks and fissures in the foundation resulting in additional water penetration points. These breaches in exterior areas can also provide a means of drafts and pest entry into the building.  All these conditions can undermine the integrity of the building envelope and provide a means of water entry by capillary action into the building through exterior walls, foundation concrete and masonry (Lstiburek & Brennan, 2001).  
Due to its location, the floors of the administrative offices are likely subjected to moisture exposure due to water penetration and condensation generation year round.  This is evidenced by corrosion of steel wall studs used to hold the GW in place that were in contact with the foundation exterior wall (Pictures 10 and 11).  Carpeting in an area subjected to moisture exposure is not recommended and is likely to become a source of mold growth.  The US Environmental Protection Agency (US EPA) and the American Conference of Governmental Industrial Hygienists (ACGIH) recommend that porous materials (e.g., GW, carpeting) 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 and discarded.
Carpeting in the music room was water-damaged, soiled and wrinkled reportedly due to water leaks.  The Institute of Inspection, Cleaning and Restoration Certification (IICRC), recommends that carpeting be cleaned annually (or semi-annually in soiled high traffic areas) (IICRC, 2005).  Since the average service time of carpeting in a school environment is approximately eleven years (Bishop, 2002), consideration should be given to planning for the installation of new flooring as funds become available.

FCU condensation pans on the ground floor were equipped with condensation pumps (Picture 12).  Each pump is connected to drain pans that withdraw accumulated condensation by hoses.  Each pump should activate once water accumulates within the base of the unit.  Pumps in the art room did not appear to be operating, and in one case, the electrical wires were cut (Picture 13).  This condition may result in water accumulating and pooling in the base of each pump.  Condensation collectors in the pumps were heavily coated with debris that would serve as medium for microbial growth.  Without drainage, these condensation pumps could remain filled with water for several days or weeks.  Each pump could potentially be a source of mold growth and associated odors.

Plants were noted in a few classrooms.  Plants can be a source of pollen and mold which can be respiratory irritants to some individuals.  Plants should be properly maintained and equipped with drip pans and should be located away from univents to prevent the aerosolization of dirt, pollen and mold.

Breaches exist between countertops and sink backsplashes in a number of classrooms (Picture 16; Table 1).  Water can penetrate through backsplash seams if they are not watertight.  Water penetration and chronic exposure of porous and wood-based materials can cause these materials to swell and show signs of water damage.  As discussed, moistened materials that are not dried within 24 to 48 hours can become potential sources for mold growth.  
Other IAQ Evaluations
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 and particulate matter with a diameter of 2.5 micrometers (μm) or less (PM2.5) can produce immediate, acute health effects upon exposure.  To determine whether combustion products were present in the indoor environment, BEH staff obtained measurements for carbon monoxide and PM2.5.  
Carbon Monoxide

Carbon monoxide is a by-product of incomplete combustion of organic matter (e.g., gasoline, wood and tobacco).  Exposure to carbon monoxide can produce immediate and acute health effects.  Several air quality standards have been established to address carbon monoxide 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).

The American Society of Heating Refrigeration and Air-Conditioning Engineers (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 six criteria pollutants, including carbon monoxide and particulate matter (US EPA, 2006).  As recommended by ASHRAE, pollutant levels of fresh air introduced to a building should not exceed the NAAQS levels (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, carbon monoxide levels in outdoor air should not exceed 9 ppm in an eight-hour average (US EPA, 2006).  

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.  On the day of the assessment, outdoor carbon monoxide concentrations were non-detect (ND) (Table 1).  No measurable levels of carbon monoxide were detected inside the building (Table 1).  

Particulate Matter

The US EPA has established NAAQS limits for exposure to particulate matter.  Particulate matter is airborne solids that can be irritating to the eyes, nose and throat.  The NAAQS originally established exposure limits to particulate matter with a diameter of 10 μm or less (PM10).  According to the NAAQS, PM10 levels should not exceed 150 micrograms per cubic meter (μg/m3) in a 24-hour average (US EPA, 2006).  These standards were adopted by both ASHRAE and BOCA.  Since the issuance of the ASHRAE standard and BOCA Code, US EPA established a more protective standard for fine airborne particles.  This more stringent PM2.5 standard requires outdoor air particle levels be maintained below 35 μg/m3 over a 24-hour average (US EPA, 2006).  Although both the ASHRAE standard and BOCA Code adopted the PM10 standard for evaluating air quality, MDPH uses the more protective PM2.5 standard for evaluating airborne particulate matter concentrations in the indoor environment.  

Outdoor PM2.5 concentrations were measured at 23 μg/m3 (Table 1).  PM2.5 levels measured indoors ranged from 13 to 47 μg/m3 (Table 1); one location was above the NAAQS PM2.5 level of 35 μg/m3 while all others were below it.  The elevated PM2.5 level measured in classroom A 309 was likely a result of end of the year cleaning and sorting activities being conducted at the time of testing.  Frequently, indoor air levels of particulates (including PM2.5) can be at higher levels than those measured outdoors.  A number of activities that occur indoors and/or mechanical devices can generate particulates during normal operations.  Sources of indoor airborne particulates may include but are not limited to particles generated during the operation of fan belts in the HVAC system, use of stoves and/or microwave ovens in kitchen areas; use of photocopiers, fax machines and computer printing devices; operation of an ordinary vacuum cleaner and heavy foot traffic indoors.  
Volatile Organic Compounds

Indoor air concentrations can be greatly impacted by the use of products containing 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.  For example, chemicals evaporating from a paint can stored at room temperature would most likely contain VOCs.  In an effort to identify materials that can potentially increase indoor VOC concentrations, BEH staff examined rooms for products containing these respiratory irritants.

Cleaning and sanitization products were observed in some rooms (Table 1).  These products contain chemicals that can be irritating to the eyes, nose and throat of sensitive individuals.  Cleaning products should be properly labeled and stored in an area inaccessible to children.  In addition, a Material Safety Data Sheets (MSDS) should be available at a central location for each product in the event of an emergency.  Consideration should be given to providing teaching staff with school issued cleaning products and supplies to prevent any potential for adverse chemical interactions between residues left from cleaners used by the facilities staff and those left by cleaners brought in by others.

The majority of classrooms contained dry erase boards and related materials.  Materials such as dry erase markers and dry erase board cleaners may contain VOCs, such as methyl isobutyl ketone, n-butyl acetate and butyl-cellusolve (Sanford, 1999), which can be irritating to the eyes, nose and throat.  

Air fresheners were observed in some areas (Table 1).  Air fresheners contain chemicals that can be irritating to the eyes, nose and throat of sensitive individuals.  Further, air fresheners do not remove materials causing odors, but rather, mask odors which may be present in the area.
In an effort to reduce noise from sliding desks/chairs, tennis balls had been sliced open and placed on the base of legs in some classrooms (Table 1; Picture 17).  Tennis balls are made of a number of materials that are a source of respiratory irritants.  Constant wearing of tennis balls can produce fibers and cause VOCs to off-gas.  Tennis balls are made with a natural rubber latex bladder, which becomes abraded when used as a chair leg pad.  Use of tennis balls in this manner may introduce latex dust into the school environment.  Some individuals are highly allergic to latex (e.g., spina bifida patients) (SBAA, 2001).  It is recommended that the use of materials containing latex be limited in buildings to reduce the likelihood of symptoms in sensitive individuals (NIOSH, 1997).  

Other Conditions

In many classrooms, large numbers of items were on the floor, windowsills, tabletops, counters, bookcases and desks, which provide a source for dusts to accumulate (Pictures 18 and 19).  These items (e.g., papers, folders, boxes) make it difficult for custodial staff to clean.  Items should be relocated and/or be cleaned periodically to avoid excessive dust build up.  In addition, these materials can accumulate on flat surfaces (e.g., desktops, shelving and carpets) in occupied areas and subsequently be re-aerosolized causing further irritation.  A number of occupants had complaints/concerns regarding a lack of routine cleaning and maintenance, primarily regular cleaning of floors, which had accumulated debris and were soiled in many areas (Picture 20).  

A number of air diffusers/surrounding ceiling tiles, exhaust/return vents and personal fans contained accumulated dust/debris (Pictures 2 and 3).  If exhaust vents are not functioning, backdrafting can occur, which can re-aerosolize accumulated dust particles.  Accumulated dust/debris was also noted inside FCUs.  Re-activated FCUs, supply/exhaust vents and fans can also aerosolize dust accumulated on vents/fan blades.

Filters for the FCUs were observed to be ill-fitting, with many of them damaged and/or resting on the floor (Pictures 4, 21 and 22).  Filters were placed on top of the library FCU air diffusers (Picture 23).  Replacing filters in FCUs is difficult due to their design.  Each FCU is enclosed behind a heavy wood panel held in place by phillips head screws.  In order to remove the FCU wood panel without damaging the wood or screw holes, each panel would need three maintenance staff: two to remove the screws on each side of the panel while a third holds the panel in place. This makes filter replacement a time intensive effort.  A more typical FCU design is to have a metal panel that can be removed by a single person who can then replace the filter and clean the interior of the FCU.  
In the music room office, a neck scarf was found wrapped around the fan driveshaft (Picture 24), causing the fan to run rough, indicating that this FCU did not have a filter installed properly.  A Division of Occupational Safety report on a site visit to the SES performed in 1999 noted that the “local cooling and warming units had loose fitted and misplaced air filters” (MDOS, 1999) suggesting that this is a long-term problem at the school.  

In many cases the filters were occluded with dust/debris.  Once a filter is saturated it can actually serve as a source of particulates to be re-aerosolized into the airstream by the FCUs.  In addition, it can accelerate the degradation of HVAC equipment by making the equipment work harder to draw air through clogged filters.  The amount of airborne particles prevented from entering the air stream is determined by the dust spot efficiency.  Dust spot efficiency is the ability of a filter to remove particulates of a certain diameter from air passing through the filter.  Filters at the SES are of a fibrous mesh-type that provides minimal filtration.  Filters that have been determined by ASHRAE to meet its standard for a dust spot efficiency of a minimum of 40 percent would be sufficient to reduce airborne particulates (Thornburg, 2000; MEHRC, 1997; ASHRAE, 1992).  Note that increased filtration can reduce airflow produced by the FCU by increased resistance (called pressure drop).  Prior to any increase of filtration, the FCU should be evaluated by a ventilation engineer to ascertain whether it can maintain function with more efficient filters. 
Upholstered furniture, cushions, pillows and soiled area carpets were observed in several classrooms (Table 1; Picture 25).  Upholstered furniture pillows and cushions are covered with fabrics that are exposed to human skin.  This type of contact can leave oils, perspiration, hair and skin cells.  Dust mites feed upon human skin cells and excrete waste products that contain allergens.  In addition, if relative humidity levels increase above 60 percent, dust mites tend to proliferate (US EPA, 1992).  In order to remove dust mites and other pollutants, frequent vacuuming of upholstered furniture is recommended (Berry, 1994).  It is also recommended that upholstered furniture (if present in schools), be professionally cleaned on an annual basis.  If an excessively dusty environment exists due to outdoor conditions or indoor activities (e.g., renovations), cleaning frequency should be increased (every six months) (IICRC, 2000).  
Some classrooms have food storage and preparation areas (Table 1; Picture 26).  Stored food attracts insects and rodents, as is food waste such as crumbs or food in trash cans.  Evidence of rodent activity (e.g., droppings) was noted in several areas (Table 1; Picture 27), including the art room (Picture 28).  Rodent infestation can result in indoor air quality related symptoms due to materials in their wastes.  Mouse urine contains a protein that is a known sensitizer (US EPA, 1992).  A sensitizer is a material that can produce allergic symptoms (e.g., running nose or skin rashes) in sensitive individuals following repeated exposures.  Building maintenance staff has placed sticky traps in the return vents of FCUs (Picture 22).  The use of rodent traps in FCU will tend to attract rodents into the units, where rodent-related allergens can be drawn into and distributed by the FCUs.  
A three-step approach is necessary to eliminate rodent infestation: 

· removal of the rodents;

· cleaning of waste products from the interior of the building; and 

· reduction/elimination of pathways/food sources that are attracting rodents. 

To eliminate exposure to allergens, rodents must be removed from the building.  Please note that removal, even after cleaning, may not provide immediate relief since allergens can exist in the interior for several months after rodents are eliminated (Burge, 1995).  Once the infestation is eliminated, a combination of cleaning and increased ventilation and filtration should serve to reduce allergens associated with rodents.

Conclusions/Recommendations

At the time of the assessment Mr. Webb reported that the MHD was working with the Malden School Department to institute a school-wide program based on the US Environmental Protection Agencies “Tools for Schools” Program (US EPA, 2000) to identify and mitigate indoor environmental issues and building problems.  It is also important to note that the majority of complaints made by school staff during the assessment consisted of routine cleaning and maintenance.  In view of the findings at the time of the visit, the following recommendations are made:
1. Have an HVAC consultant examine the library wing HVAC system to calibrate the controls in order that the FCUs and rooftop AHUs operate consistently to provide properly chilled air to classrooms. 
2. Operate FCUs as designed to facilitate airflow and temperature control.  Inspect FCUs for proper operation and make repairs as needed.
3. Remove all blockages from FCUs to ensure adequate airflow.
4. Ensure classroom doors are closed for proper operation of HVAC system and to maintain comfort.  

5. Install filter racks in FCUs building-wide.  Ensure FCU filters fit securely in their racks, making modifications (e.g., install clips, alter racks) as necessary.  After filter racks are installed, consider upgrading to higher efficiency pleated filters.
6. Allocate sufficient personnel to replace FCU filters at least twice a year or as per the manufacturer’s instructions.  Do not place filters on FCU air diffusers. 
7. Consider adopting a balancing schedule of every 5 years for all mechanical ventilation systems, as recommended by ventilation industrial standards (SMACNA, 1994).

8. Consider creating a log book or computerized work order system for staff to submit specific cleaning/maintenance requests.  Make the log book or work order information available for staff/management in a central location.  Cleaning/Maintenance requests should include date, requester, a detailed description of where and what the issue is as well as a section for cleaning/maintenance personnel to sign off or document progress of request.   

9. Improve cleaning/dust control measures.  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 dusts, a high efficiency particulate arrestance (HEPA) filter equipped vacuum cleaner in conjunction with wet wiping of all surfaces is recommended.  Avoid the use of feather dusters.  Drinking water during the day can help ease some symptoms associated with a dry environment (throat and sinus irritations).
10. Consider contacting a building engineering firm, public works and/or building envelope specialist to determine methods of preventing chronic water infiltration/condensation in below grade areas.

11. Remove carpet from the administrative offices and music room.  Replace with appropriate flooring that will not be susceptible to mold growth.

12. Contact a masonry firm or general contractor to replace sealant/breaches along exterior walls/foundation (Pictures 6 through 8) to prevent water penetration, drafts and pest entry.
13. Do not use a sprinkler to water the garden on the Salem Street sidewalk.

14. Consideration should be given to removing the Salem Street garden and paving the area to prevent water damage to the building interior.

15. Do not open windows if HVAC system is in its chilled air setting to avoid condensation.

16. Monitor conditions in classrooms as needed, and adjust the HVAC system to avoid elevated relative humidity (>70%) which can create conditions for condensation generation and/or mold growth.

17. Consider supplementing the HVAC system in below grade areas with portable dehumidifiers as needed during humid, spring/summer months.  Ensure that dehumidifiers are cleaned and maintained per the manufacturer’s instructions, to prevent standing water and mold growth. 

18. Repair existing water leaks (e.g., chronic roof leak reported in A 412) and replace any remaining water-damaged ceiling tiles.  Examine the area above these tiles for mold growth.  Disinfect areas of water leaks with an appropriate antimicrobial, as needed.  

19. Ensure plants, trees and shrubs are located at least five feet away from exterior walls/foundation of the building.
20. Ensure proper installation of weather-stripping/door sweeps on exterior doors.  Ensure tightness of doors by monitoring for light penetration and drafts around doorframes.
21. Ensure indoor plants are equipped with drip pans.  Examine drip pans periodically for mold growth and disinfect with an appropriate antimicrobial, as needed.  Move plants away from the air stream of mechanical ventilation equipment.

22. Seal breaches, seams and spaces between sink countertops and backsplashes to prevent water damage.
23. Routinely clean dry erase board trays of accumulated particulate.

24. Store cleaning products properly and out of reach of students.  All cleaning products used at the facility should be approved by the school department with MSDS’ available at a central location. 
25. Reduce the amount of food stored and prepared in classrooms and the number of classrooms with microwaves and other food preparation equipment.  Stored and waste food products can be attractive to insect and rodent pests and the operation of microwaves, toasters and other food preparation equipment can contribute to indoor air quality problems. 

26. Use the principles of integrated pest management (IPM) to rid this building of pests.  Activities that can be used to eliminate pest infestation may include the following:
a. Keep list/inventory of location of all rodent bait/sticky traps, monitor on a regular basis and replace as needed to prevent odors from rodent die off.  Do not place rodent traps in the airstream of ventilation equipment; 
b. Do not use recycled food containers for other purposes.  Seal containers to be recycled in a container with a tight fitting lid to prevent rodent access;
c. Remove non-food items that rodents are consuming or using as bedding;
d. Store food in tight fitting containers;
e. Avoid eating at workstations.  In areas were food is consumed, vacuum periodically to remove crumbs;
f. Regularly clean crumbs and other food residues from toasters, toaster ovens, microwave ovens coffee pots and other food preparation equipment;
g. Examine each room and the exterior walls of the building for means of rodent egress and seal appropriately.  Holes as small as ¼” is enough space for rodents to enter an area.  If doors do not seal at the bottom, install a weather strip as a barrier to rodents; 
h. Reduce harborages (cardboard boxes, paper) where rodents may reside; and
i. Refer to the IPM Guide, which can be obtained at the following Internet address: http://www.state.ma.us/dfa/pesticides/publications/IPM_kit_for_bldg_mgrs.pdf
27. Refrain from using strongly scented materials (e.g., air fresheners) in classrooms.

28. Relocate or consider reducing the amount of materials stored in classrooms to allow for more thorough cleaning of classrooms.  Clean items regularly with a wet cloth or sponge to prevent excessive dust build-up.
29. Clean upholstered furniture/pillows/cushions and area rugs annually.  If not feasible, consider removal.

30. Clean air diffusers/surrounding ceiling tiles, exhaust vents, FCUs and personal fans periodically of accumulated dust.  If stained ceiling tiles cannot be cleaned, replace.

31. Replace latex-based tennis balls with latex-free tennis balls or alternative “glides”.

32. Refer to resource manual and other related indoor air quality documents located on the MDPH’s website for further building-wide evaluations and advice on maintaining public buildings.  These documents are available at: http://mass.gov/dph/iaq. 
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Figure 2: Direction of Groundwater around the SES
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Black arrows show the expected major direction of groundwater flow in the vicinity
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Salemwood School Complex with Buildings Connected by Elevated Walkways (Arrow)
Below Grade Classrooms North and East Side (Brackets)
Note: Rooftop Air Handling Units
Picture 2
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Ceiling-Mounted Supply Diffuser

 Note: Dust/Debris Accumulation on Louvers
Picture 3
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Ceiling-Return Vent

 Note: Dust/Debris Accumulation on Louvers
Picture 4
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Fan Coil Unit

 Note: Filter on Floor below Unit (Arrow)

Picture 5
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Fan Coil Unit (Arrow) Obstructed by Furniture and Various Classroom Items 
Picture 6
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Missing/Damaged Sealant between Sidewalk and Building
Picture 7
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Cracks, Missing/Damaged Sealant between Pavement and Building

Picture 8
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Breach between Exterior Wall and Ground

Picture 9
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Plants and Mulch near/against Exterior Wall

Picture 10
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Corroded Steel Wall Studs over Wall-to-Wall Carpet in Administrative Offices

Picture 11
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Corroded Steel Wall Studs, Electrical Outlet and Telephone Jack Box 

in Administrative Offices

Picture 12
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FCU Condensation Pump

 Note: Mouse Trap (Right)

Picture 13
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Art Room FCU Condensation Pump with its Wires Cut

Picture 14
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Ground Sloped Toward Edge of Building and Plants Adjacent to Windows

Picture 15
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Trees/Shrubs Growing in Close Proximity to Building

Picture 16 
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Sink with Damaged and Unsealed Backsplash (Arrows)

Picture 17
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Chair with Tennis Balls as Glides

Picture 18
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Accumulated Items in Classroom

Picture 19
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Classroom with Items, Including Floor Rugs and Beanbag Chairs

Picture 20
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Scuffed, Dirty Classroom Floor

Picture 21
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Ill-Fitting Fan Coil Unit Filter (Bottom)

Picture 22
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Ill-Fitting Fan Coil Unit Filter, Also Note Rodent Traps inside Unit (Arrow)

Picture 23

[image: image24.jpg]



Filters on Top of Fresh Air Diffusers of FCUs in the Library

Picture 24
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Neck Scarf Wrapped around the Fan Driveshaft in Music Room Office
 Picture 25
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Upholstered Furniture in Classroom

Picture 26
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Classroom Food Preparation Area

Picture 27
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Rodent Droppings and Waste Food in Classroom Collection Bin

Picture 28
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Bait and Mouse Trap in the Wall Cavity of the Art Room

 Note: Mouse Waste on the top of the Condensation Pump

	Location
	Carbon

Dioxide

(ppm)
	Carbon Monoxide

(ppm)
	Temp

(°F)
	Relative

Humidity

(%)
	PM2.5

(µg/m3)
	Occupants

in Room
	Windows

Openable
	Ventilation
	Remarks

	
	
	
	
	
	
	
	
	Supply
	Exhaust
	

	Background
	360
	ND
	74
	59
	23
	
	
	
	
	Front of building, sunny and breezy

	5-8
	512
	ND
	67
	56
	
	2
	N
	Y
	Y
	

	A 203
	621
	ND
	75
	54
	22
	0
	Y
	Y
	Y
	Sticky rodent traps in FCU 

	A 204 (computer lab)
	492
	ND
	73
	53
	17
	0
	Y
	Y
	Y
	Dirty exhaust, FCU on cool and slightly noisy, FCU filter missing, 

	A 205
	501
	ND
	75
	55
	20
	0
	Y
	Y
	Y
	Items obstructing top/front of FCU

	A 206
	590
	ND
	72
	60
	25
	1
	Y
	Y
	Y
	DEM, FCU off, FCU-FA, TB, space between sink backsplash and countertop

	A 209
	485
	ND
	74
	51
	21
	0
	Y
	Y
	Y
	Items obstructing front of FCU, space between sink backsplash and countertop

	A 210
	499
	ND
	75
	56
	21
	0
	Y
	Y
	Y
	Rug, vents appear off, CP

	A 212
	487
	ND
	75
	55
	20
	0
	Y
	Y
	Y
	FCU on cold, FCU-FA, DEM, computers, food storage

	A 213
	545
	ND
	74
	52
	20
	0
	Y
	Y
	Y
	Items obstructing front of FCU, CP, space between sink backsplash and countertop

	A 214
	560
	ND
	75
	56
	23
	0
	Y
	Y
	Y
	Many items, DEM, FCU noisy, PF, area rug, clutter, TB (a few)

	A 303
	1004
	ND
	74
	55
	25
	20
	Y
	Y
	Y
	Dirty supply and exhaust, FCU on cold, PS, DO, DEM, FCU-FA, old sink

	A 305
	583
	ND
	74
	54
	24
	0
	Y ajar
	Y
	Y
	Dirty exhaust, DEM, FCU-FA, DO, sink backsplash (leak?)

	A 306
	730
	ND
	71
	60
	23
	0
	Y
	Y
	Y
	Dirty exhaust vent, FCU on high (loud), DEM, area rug, sink backsplash, PS

	A 308
	558
	ND
	73
	55
	19
	1
	Y
	Y
	Y
	FCU filter on floor

	A 309
	1259
	ND
	73
	53
	47
	25
	Y
	Y
	Y
	DEM, cleaning/sorting activities

	A 310
	573
	ND
	74
	52
	20
	0
	Y
	Y
	Y
	Items obstructing front/top of FCU, DO

	A 311
	619
	ND
	74
	53
	23
	0
	Y open
	Y
	Y
	Supply and exhaust dirty, FCU-FA, DO, sink backsplash

	A 312
	551
	ND
	73
	49
	19
	0
	Y
	Y
	Y
	Items obstructing front of FCU, DO, FCU-noise

	A 313
	1112
	ND
	75
	51
	22
	25
	Y
	Y
	Y
	Windows covered, exhaust dirty, DEM, items, sink, FCU on cold, DO

	A 314
	793
	ND
	75
	55
	17
	21
	Y
	Y
	Y
	FCU-off/noise, filters on floor, CP, rodent waste in snack box

	A 315
	1068
	ND
	76
	54
	23
	25
	Y
	Y
	Y
	Sink, DEM, FCU-FA, computers and printers, FCU on cold, FCU dirty

	A 316
	826
	ND
	75
	55
	22
	24
	Y
	Y
	Y
	FCU-off (noise) paper in unit, filters on floor, dirt/dust accumulation on vents, CP 

	A 403
	865
	ND
	74
	54
	32
	19
	Y
	Y
	Y
	Dirty supply and exhaust, TB, sink backsplash

	A 406
	1036
	ND
	74
	58
	31
	19
	Y
	Y
	Y
	Dirty supply and exhaust, (white scarf left overnight turned grey), dirty floors, items

	A 408
	667
	ND
	73
	57
	20
	1 (just emptied)
	Y
	Y
	Y
	3 computers, fax, items under sink, DEM, CP

	A 409
	1105
	ND
	74
	57
	22
	23
	Y
	Y
	Y
	Dirty supply and exhaust

	A 410
	880
	ND
	74
	53
	16
	22
	Y
	Y
	Y
	Items obstructing front/top of FCU, CP, dirt/dust accumulation on vents

	A 411
	1129
	ND
	74
	55
	25
	21
	Y
	Y
	Y
	Dirty supply and exhaust vents, TB, FCU off

	A 412
	1194
	ND
	75
	51
	22
	25
	Y
	Y
	Y
	WD CT, chronic roof leak reported

	A 413
	637
	ND
	74
	57
	24
	3
	Y
	Y
	Y
	Dirty supply, DO, paper under sink, CP

	A 414
	1026
	ND
	75
	58
	17
	23
	Y
	Y
	Y
	Items obstructing front/top of FCU/noise-paper in unit

	A 415
	459
	ND
	74
	57
	18
	0
	Y
	Y
	Y
	Fan coil on cold

	A 416
	852
	ND
	75
	56
	18
	23
	Y
	Y
	Y
	DO, dust/debris accumulation on vents, Items obstructing front of FCU

	A 425
	588
	ND
	73
	58
	17
	3
	Y
	Y
	Y
	Items under sink, backsplash

	A-125
	408
	ND
	72
	59
	
	2
	N
	Y
	Y
	

	Admin
	487
	ND
	77
	38
	21
	3
	N
	Y
	Y
	PF, carpeted area

	Admin copy area
	515
	ND
	74
	40
	20
	0
	N
	Y
	Y
	Several PCs, fridge, microwave, toaster, CP

	B 109 (conference)
	536
	ND
	72
	44
	19
	0
	N
	Y
	Y
	DEM

	B 117 (conference)
	513
	ND
	69
	49
	20
	0
	N
	Y
	Y
	

	B 118 (copy room)
	471
	ND
	67
	53
	19
	0
	N
	Y
	Y
	

	B 121
	541
	ND
	69
	52
	21
	0
	N
	Y
	Y
	DEM, carpet

	B 130
	501
	ND
	69
	55
	20
	0
	N
	Y
	Y
	

	B 135 (tech ed)
	486
	ND
	72
	51
	21
	1
	Y
	Y
	Y
	MT-1, bait traps, mouse traps, food storage problems, mouse waste

	B 201
	510
	ND
	75
	52
	19
	9
	Y
	Y
	Y
	

	B 205
	588
	ND
	74
	51
	21
	0
	N
	Y
	Y
	Dirty supply vent, paper storage

	B 209
	476
	ND
	74
	53
	20
	0
	Y
	Y
	Y
	Items obstructing top/front of FCU, space between sink backsplash and countertop, dryer vent flexible hose coiled (recommend shortening)

	B 210 (middle school office)
	603
	ND
	75
	53
	24
	1
	Y
	Y
	Y
	AT

	B 211 (computer lab)
	691
	ND
	75
	50
	21
	21
	Y
	Y
	Y
	FCU filter on floor, dust/debris accumulation on vents

	B 304 (computer lab)
	440
	ND
	69
	47
	15
	0
	Y
	Y
	Y
	PF-dusty

	B 313
	502
	ND
	73
	48
	15
	0
	Y
	Y
	Y
	DO, FCU filters on floor

	B 315
	496
	ND
	73
	51
	16
	0
	Y
	Y
	Y
	DO, FCU filters on floor

	B 404 (Art)
	747
	ND
	74
	56
	21
	1
	Y
	Y
	Y
	Paper and items, large sinks, TB, CP under sink, items on FCU

	B 413 (music room)
	972
	ND
	73
	52
	15
	1
	Y
	Y
	Y
	~20 occupants gone ~5 minutes, DO, WD carpet/wrinkled, dirt/dust accumulation on vents, recommend carpet removal

	B wing, Mrs. Folly’s office
	519
	ND
	66
	56
	20
	0
	N
	Y
	Y
	

	B-101
	483
	ND
	67
	52
	
	0
	N
	Y
	Y
	Water damaged metal studs and carpet

	B-118
	505
	ND
	66
	53
	
	0
	N
	Y
	Y
	Photocopier

	C 101
	536
	ND
	70
	62
	26
	0
	Y
	Y
	Y
	FCU on (loud), DEM, PS

	C 103
	788
	ND
	72
	62
	29
	8
	Y
	Y
	Y
	DO, dust/debris accumulation on vents

	C 104
	533
	ND
	72
	60
	26
	5
	Y
	Y
	Y
	FCU loud, DEM

	C 106
	523
	ND
	73
	56
	26
	0
	Y
	Y
	Y
	DO, dust/debris accumulation on vents

	C 109
	480
	ND
	73
	59
	24
	2
	Y
	Y
	Y
	DEM, plants and soil, items, plants outside window

	C 110
	481
	ND
	73
	56
	23
	0
	Y
	Y
	Y
	FCU filters on floor, DO, CP, dust/debris accumulation on vents

	C 111
	620
	ND
	72
	52
	24
	0
	Y
	Y
	Y
	Dust/debris accumulation on vents, DO

	C 112
	449
	ND
	75
	57
	27
	0
	Y open
	Y
	Y
	DEM, plants, FCU cluttered

	C 113
	505
	ND
	75
	54
	24
	1
	Y
	Y
	Y
	DEM, items and paper

	C 114
	593
	ND
	73
	54
	23
	5
	Y open
	Y
	Y
	Dust/debris accumulation on vents, PF 

	C 116
	551
	ND
	74
	54
	26
	1
	N
	Y
	Y
	Dust/debris accumulation on vents, mini refrigerator

	C 201 (computer)
	1029
	ND
	75
	50
	25
	30
	Y
	Y
	Y
	Every desk has a computer, FCU-FA, fan coil on (cold), microwave, food storage

	C 203
	1013
	ND
	75
	55
	24
	12
	Y
	Y
	Y
	FCU filter on floor, DO

	C 204
	581
	ND
	75
	53
	25
	0
	Y
	Y
	Y
	Dirty exhaust vent, DEM, microwave, CP, printers, FCU-FA, Fan coil off

	C 206
	774
	ND
	75
	54
	22
	0
	Y
	Y
	Y
	TB, FCU filter on floor (noise), CP

	C 209
	677
	ND
	76
	56
	27
	2
	Y
	Y
	Y
	Dirty fan exhaust, DEP, plug-in, WD-CT, sink backsplash sealing, eyewash, coffee and food storage in science prep room

	C 210
	713
	ND
	76
	53
	25
	0
	Y
	Y
	Y
	FCU filter on floor, items on top of FCU, DO

	C 211
	470
	ND
	77
	51
	25
	0
	Y
	Y
	Y
	Dirty exhaust, DEM, area rugs

	C 212
	657
	ND
	77
	53
	23
	0
	Y
	Y
	Y
	Old soiled area carpet, UF

	C 214
	424
	ND
	74
	48
	28
	0
	Y
	Y
	Y
	DO

	C 303
	466
	ND
	76
	53
	22
	0
	Y
	Y
	Y
	Dirty exhaust, DEM, items on FCU, TV and computers, FCU-FA, food

	C 306
	443
	ND
	75
	54
	21
	0
	Y (blinds down)
	Y
	Y
	FCU-FA, CP, DEM, FCU off, computers and printers

	C 310
	455
	ND
	74
	53
	22
	0
	Y
	Y
	Y
	DO, TB, DEM, FCU-FA, PF, fan coil off

	C 312
	460
	ND
	73
	55
	20
	0
	Y
	Y
	Y
	Dirty exhaust, FCU-FA, AT, DEM, DO

	C 314
	476
	ND
	73
	52
	21
	0
	Y
	Y
	Y
	Very dirty supply, exhaust, DEM, 2 computers and printers, FCU on cool, blocked with books

	C 401
	430
	ND
	76
	54
	24
	0
	Y open
	Y
	Y
	Dirty floor, food in trash

	C 401 (3)
	516
	ND
	75
	55
	26
	0
	Y
	Y
	Y
	Weak supply/exhaust, big TV, FCU off and dented

	C 413
	577
	ND
	75
	55
	20
	0 (just left)
	Y
	Y
	Y
	DEM, FCU on cool

	C 414
	555
	ND
	75
	55
	16
	5
	Y
	Y
	Y
	Floor dirty, FCU filter on floor

	Cafeteria
	825
	ND
	74
	55
	32
	~120
	Y
	Y
	Y
	

	Copy center
	706
	ND
	74
	51
	22
	0
	N
	Y
	Y
	4 PCs

	Girls restroom on 4th floor
	
	ND
	
	
	
	
	
	
	
	1 AT

	Gymnasium (left side)
	419
	ND
	74
	50
	19
	0
	N
	Y
	Y
	High airflow, DEM, large fans on ceiling (off), mat storage, under bleacher area dirty

	Gymnasium (right side)
	389
	ND
	74
	51
	13
	1
	N
	Y
	Y
	Classes held outside due to warm weather

	K-4
	450
	ND
	60
	54
	
	0
	N
	Y
	Y
	

	K-8 Admin
	523
	ND
	75
	40
	21
	0
	Y
	Y
	Y
	

	Library
	508
	ND
	73
	48
	14
	2
	Y
	Y
	Y
	Filters on air intakes, dust/debris accumulation on vents

	Main  Office
	510
	ND
	70
	55
	
	2
	N
	Y
	Y
	

	Nurses Suite
	533
	ND
	71
	50
	20
	3
	N
	Y
	Y
	

	Office B
	448
	ND
	65
	58
	
	0
	N
	Y
	Y
	

	Principal 5-8
	505
	ND
	67
	56
	20
	0
	N
	Y
	Y
	Coffee maker

	Principal K-4
	526
	ND
	71
	46
	20
	0
	N
	Y
	Y
	DEM, water dispenser on carpet

	Teachers’ work room
	591
	ND
	76
	52
	21
	3
	Y
	Y
	Y
	Exhaust dirty, fridge, food storage, microwave, coffee, FCU-FA, plants, PC
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