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Introduction
Research indicates that people spend as much as 90 percent of their time indoors (EPA 1995).  In view of this information, there exists a vital need for awareness of the potential effects of indoor air pollution on human health.  Molds are part of the natural environment breaking down dead organic matter, but indoor mold growth is listed as one of the biological causes of, or contributing factors to, sick building syndrome (EPA 1991).  Mold and dampness in living areas are strongly associated with increased respiratory symptoms such as coughing, wheezing, asthma and other respiratory problems.  (Spengler et al. 2004, Delfino et al. 1996, Gent et al. 2002, Bush et al. 2006, Verhoeff et al. 1997).  

The aforementioned research demonstrates that there exists a growing concern for indoor mold occurrence in public and private buildings.  Mold incidence originates from dampness, previous water damage (i.e. pipe leaks, floods) and high relative humidity in buildings, which provides an appropriate environment for mold spore growth.  In order to measure levels of mold contamination in residences and commercial indoor environments, air and surface sampling techniques commonly employed include viable and non viable sampling for mold spores.  The mold spores are counted directly or cultured and then counted to provide an airborne or surface concentration that can be compared to reference values.   These techniques can take days or even weeks before results are available.  This delay can result in additional exposure to occupants and delays in cleaning the mold contamination.     

Sporulation and species growth produce compounds known as Microbial Volatile Organic Compounds (MVOC’s) which often generates musty odors that are associated with mold presence.  MVOCs can be detected at very low levels and even if there is no visible mold within a building.  Their presence is direct evidence of active or recently active mold growth, and therefore, MVOC detection and identification in the field may serve as an initial good indicator of mold presence in indoor environments where it may not be visually identifiable.   It is expected that this new technique of MVOC sampling will prove more effective and eliminate the problem of detecting mold spores behind walls and in crawl spaces.   MVOCs diffuse through building materials more readily than spores and thus should be detected when spores are not.  
The purpose of this study is to correlate the levels of MVOC found in different buildings and homes through the use of chemical air sampling methods, while simultaneously measuring bioaerosols.  These air sampling data will be used in the final phase of this research for the development of “MVOC Profiles” using a pattern recognition program.  The profiles will be used as references standards for the assessment of mold contamination in indoor environments.     
Methods
Eight damp basements along with one commercial building were evaluated using four methods: 1) visual inspection, 2) viable mold spore sampling, 3) total spore counts and 4) air borne levels of MVOCs.  
Visual inspection for mold occurrence was done in all locations.  Maps were drawn for basement layouts and visual mold occurrence was noted.  Humidity occurrence in wood, drywall and brick were detected along with temperature and relative humidity.  Viable and non viable biological samples were collected using air sampling pumps in all 9 locations.  The Viable samples (Fungi) were collected with an Anderson stage 6 impactor on malt extract agar (MEA) and dichloran glycerol agar (DG18) then cultured for 7 days at which point colonies were counted.  Air-O-Cell spore traps were used to collect non-viable samples and analyzed by light microscopy to count the spores.  
MVOCs were collected using SPME fibers simultaneously with the biological samples.  The fibers are coated with polydimethylsiloxane that has a high affinity for the MVOCs.  The SPME fibers were exposed for two hours.  A total of four fibers were exposed inside the sampling locations while one was placed outside.  Two of the inside fibers were collocated throughout the nine sampling sites.  Fiber placement along with possible surrounding VOC contamination sources were noted within basement.  Positioning of sampling devices were based on visual inspection of mold occurrence.  The SPME fibers were then inserted directly into a Gas Chromatograph/Mass Spectrometer (GC/MS) for desorption and analysis.  
In order to corroborate results obtained through SPME, stainless steel sorbent tubes containing Tenax material were co-located alongside the fibers.  Tenax® tube sampling was done with small air sampling pumps at ~50 mL/min for two hours, and identification was accomplished through the use of gas chromatography and mass spectrometry (GC/MS).  
Results 
During the visual inspection the test locations were assessed for relative mold contamination using the following criteria: relative humidity, temperature, visual mold occurrence and any noticeable water damage.  Visual inspection was quantified by area (in ft2) of mold occurrence.  A scale from 1-5 was assigned making 1 the least contaminated of buildings and 5 the most.  
Table 1-House Evaluation

	House
	Relative Humidity (%)
	Temperature (oF)
	Indoor/Outdoor

Spore, DG, MEA
	Mold Assessment

	1Dame
	84.20
	67.55
	0.9, 6.9,18.3
	5

	2Ros
	54.30
	62.15
	2.2, 4.7,3.3
	4

	3RL
	58.00
	81.05
	1.1, 0.8 1.5
	2

	416 Wa
	80.65
	67.55
	5.9, 4.7, 3.1
	3

	5 8 cedar
	76.30
	67.55
	2.1, 22.9, 17.2
	3

	6-11 cedar
	75.80
	71.15
	1.7, 4, 3.4
	3

	7 380
	57.30
	69.35
	3.6, 6.2, 2.5
	2

	8- 14 Leroy
	70.90
	66.65
	5.3, 21.2, 11
	5

	9- 4 Wash
	82.30
	71.15
	21.1, 13.3, 13.4
	5


All samples collected were analyzed for identification of MVOCs based on the chromatograms given by the mass spectrometer.  The list of MVOCs was based on data from the literature.  (Fischer et. al 1999, Gao et. al 2002, Fiedler et. al 2001, Wady et. al 2003).  Sampling with the SPME identified 27 MVOCs in the test locations.  The top two recurring MVOCs are displayed in Figure 1a-1b along with the corresponding spore levels found in each test location.   MVOCs are measured using the area under their peaks from their chromatograms, and the spore levels are reported as colony forming units per cubic meter within the house (CFU/m3).  These graphs offer a relationship between MVOC occurrence and spore incidence. 
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Figure 1- Relationship between two MVOCs and spore concentrations found in 9 homes: A) Alpha-Pinene, B) D-Limonene vs. total CFU/m3  
The homes in the Figure 1a-1b were those that had an occurrence of all three aforementioned MVOCs during the sampling period.  Houses ranked with a low score on the assessment scale (houses 3 and 7) show low spore counts while those with a higher value (house 9) illustrate a higher count.  At it is shown on Figure 1a, some MVOCs are high in the cleaner homes and lower in the more contaminated ones.  This may be due to activities that may emit some VOCs such as cleaners present in the sampling area (as found in homes 5 and 6) or lifestyle of inhabitants (such as chronic smoking in house 3).  Also, MVOCs are dependent on mold growth stage and type; therefore, some MVOCs may show up only on certain stages of mold growth giving account to their absence on contaminated homes.  This can also said for the relationship of CFUs to total MVOCs present in all the houses sampled as seen in Figure 2 which shows low MVOC occurrence in some contaminated houses.  
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Figure 2-Relationship between mold contamination and total MVOCs

Conclusions
In general, it is shown that MVOC occurrence can be used to indicate mold presence in homes.  Although peak areas for some MVOCs do not directly relate to high CFU/m3, MVOC incidence within the homes sampled signified mold contamination.  In those cases where MVOCs are higher than the CFU/m3 there is reason to believe there are confounding factors affect effective MVOC detection. 
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