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What does DQ have to do with IAQ?
Submittal: Indoor Environmental Connections
Dr .Spurgeon is a Certified Industrial Hygienist, and has been involved in commercial, residential and hospital IAQ investigations since 1991.   Dr. Spurgeon may be contacted at www.cih@bi-air.com
INTRODUCTION

When an Indoor Environmental Professional (IEP) conducts a mold investigation involving the potential exposure of occupants, those activities may be grouped into two broad categories.  The first category of activities may be referred to as an Exposure Assessment (EA).  There is an exposure if (1) there are “contaminants of concern” (mold, bacteria, allergens, etc.) present in the indoor environment, and (2) those contaminants can potentially affect the occupants.  There are three possible outcomes to an EA.  If the IEP can determine that there is no occupant exposure, then the EA is “negative”.  If it is determined that there is an occupant exposure, then the EA is “positive”.  Unfortunately, in the real world, the result we get is often “uncertain”.  

Industrial hygiene (IH) is defined as the recognition, evaluation and control of potential exposue hazards; which are generally the tasks an IEP performs.  Since IH often involves an assessment of human exposures, it must by necessity be a conservative science.  For example, if the EA remains “uncertain”, then the IEP is directed by that conservatism towards assuming that an exposure may exist until a negative EA can be documented.     

The second broad category of IEP activities may be called a Risk Assessment (RA).  Examples of risk include the risk of water damage to the structure, risk of adverse health effects to the occupants, or legal risk to the property owner or the IEP.  If there is an occupant exposure to airborne mold spores, the IEP should then assess the exposure risk to the occupant; if for no other reason than to minimize the legal risk to the IEP.  A RA should be performed if the EA is either “positive” or “uncertain”.  This simply involves making recommendations to manage the risk.  IEP’s actually perform RA’s all the time. Anytime an IEP includes a recommendation in their report, they have probably performed a risk assessment to arrive at that recommendation.  For example, if there were no risk, why recommend that your client spend possibly thoudands of dollars on a mold remediation?

DATA QUALITY

The US Environmental Protection Agency (EPA) considers data quality (DQ) to be of paramount importance.  EPA has a multi-volume set of guidelines, referred to as Data Quality Objectives (DQO’s), which their scientists are expected to follow when collecting field data.  Both EPA management and scientists know that if the field data are collected incorrectly, the conclusions resulting from an analysis of those data may not be reliable.  The quality of the field data obtained during mold investigations, and the affect DQ has on its utility for performing an EA or RA, has  received little attention within the IEQ community.  

The most commonly used samplers for the collection of airborne mold spores are the slit-impaction samplers, such as the Air-O-Cell, Allergenco-D, Micro 5, etc.  In fact, most of the data relating to airborne concentrations of mold spores were probalby collected using slit-impaction spore samplers.  However, in general, the sampling characteristics of these samplers have not been validated at high spore concentrations, which is exactly where the need for a RA would be most likely to occur.  Experienced IEP’s understand that an EA and a RA require the use of different tools in their “toolbox”.  

What is not often discussed, however, is that the DQ requirements may be different for exposure assessments and risk assessments.  For example, what if a reported concentration of 5,000 Aspergillus/Penicillium (Asp/Pen) like spores/m3 actually corresponded to an average concentration of 11,000 spores/m3 in one investigation and 700,000 spores/m3 in another investigation?  Whether the reported concentration was  5,000 Asp/Pen spores/m3, 11,000 spores/m3, or 700,000 spores/m3, many experienced  IEP’s would come to similar conclusions concerning whether an exposure was occurring. Therefore, any of these results are probably sufficient for performing an EA.  However, if this example reflected the DQ (reliability) of the field samples collected during the typical mold investigation, would it still be possible to use these data to assess occupant risk?  Probably not without the IEP assuming legal risk.
The data in Table 1 were collected in the living room of a residential property.  The six replicate samples were each collected for 5 minutes using the Bi-Air filter cassette (BA) and the Air-O-Cell slit-impaction cassette (AOC).  The average reported Aspergillus/ Penicillium (Asp/Pen) spore concentrations were 5,400 spores/m3 for the AOC and 11,300 spores/m3 for the BA; a BA-to-AOC ratio of 2.1.  This difference was statistically significant based on an Analysis of Variance (ANOVA).  In this example, about 5,000 spores/m3 collected with the AOC corresponded to about 11,000 spores/m3 collected with the BA.  
Table 1. Aspergillus/Penicillium (Asp/Pen) spore (spores/m3) concentrations (spores/m3) for six replicate samples collected in a well-mixed room with the BA and AOC samplers during a 66-minute period. 
	SAMPLER
	BA 
	AOC 

	Samples
	6
	6

	Minimum
	8,000
	3,400

	Maximum
	15,100
	7,100

	AVERAGE
	11,300
	5,350


The data in Table 2 are for four replicate samples that were collected during a second residential project. The replicate samples were collected for 60 minutes using the BA and for 5 minutes using the AOC.  The AOC samples were collected during the BA sampling period.  Clusters of Asp/Pen spores were dominant in these samples, whereas single spores or small chains are more typical in field samples, as was the case for the data in Table 1.  In addition, a substantial fraction of the Asp/Pen spores were very small, about 2 microns in diameter, which were not observed in the AOC samples.
Table 2. Asp/Pen and Chaetomium spore concentrations (spores/m3) for four replicate BA and AOC samples collected in a residential property.

	Asp/Pen
	Chaetomium

	ROOM
	BA
	AOC
	RATIO
	BA
	AOC

	Living Room
	365,000
	24,500
	15
	1,800
	60

	Kitchen
	585,400
	14,800
	40
	1,150
	0

	Bedroom
	702,500
	4,800
	146
	300
	0

	Bathroom
	1,406,000
	103,200
	14
	2,700
	0

	AVERAGE
	765,000
	36,800
	54
	1,500
	15


The average concentration of Asp/Pen spores detected with the BA samples was 765,000 spores/m3, which substantially exceeded the average concentration detected with the AOC samples of 36,800 spores/m3.  In this particular indoor environment, the average  Asp/Pen concentration measured with the BA was 54-times that reported for the AOC.  The ratios of BA to AOC concentrations ranged from a low of 14 to a high of 146.  Significantly, all the BA concentraitons were in the concentration range cited by ACOEM as being associated with adverse health effects, while only but one of the AOC concentrations was (barely) within that range.
Chaetomium was detected in all four BA samples in Table 2, with an average concentration of 1,500 spores/m3.  In comparison, the average concentration for the AOC samples was 15 spores/m3.  Therefore, the average Chaetomium concentration was 100-times greater for the BA samples compared to the AOC samples.  Chaetomium, a toxigenic fungus, was only detected in one of the AOC samples, and that was at the limit of detection.  It would not have been reported as a significant contaminant in that particular indoor environment, and would not have been considered in the risk assessment, although it was obviously present.  
CONCLUSIONS

If one assumes an airborne concentration of at least 5,000 Asp/Pen spores/m3 is sufficient to classify an indoor environment as contaminated, then the data in Tables 1 and 2 collected using slit-impaction samplers were adequate for performing an exposure assessment (determining if an exposure existed).  

With a “cut-size” (50 % collection efficiency) of about 1.9 to 2.7 microns, slit-impaction samplers generally retain 50 % or less of the Asp/Pen spores that are present in the environment.   This retention rate is well documented in the peer reviewed literature.  However, as illustrated in Tables 1 and 2, the typical BA-to-AOC ratio of 2.1 was not constant, but varied substantially between projects. Because of the short sampling times and the low spore retention rates, these samplers tend to both underestimate, and at times overestimate, the average concentrations of contaminant spores.  Unfortunately, the degree to which the short-term sample results differ from the average exposure is usually indeterminate.  This not only results in false negatives, but in false positives as well.  For example, there is about a 5 % chance that a 5-minute sample will detect over 15,000 spores/m3 when the average concentration is only 1,500 spores/m3.
Both slit-impaction spore samplers and multi-hole culturable impaction samplers tend to provide the lower bound of exposure, and may substantially underestimate the average and maximum exposures – the exposures most closely associated with occpant risk.  Therefore, they may not be suitable for performing risk assessments (assessing the potential risk to the occupant), where the average exposure as well as the maximum (95th percentile exposure, for example) may be of concern. This may be especially true in sensitive environments, such as hospital transplant watds, where Asp/Pen spore concentrations of less than 1 spores/m3 may be important.    
Current sampling methods for airborne mold spores may be useful for performing exposure assessments, but the DQ of the reported data may not always be sufficient for performing risk assessments (either confirming or refuting the potential for occupant risk).  The newer spore samplers based on filtration rather than adhesive-strip impaction offer longer sampling times, improved spore retention, are less prone to over- and under-estimating average spore concentrations, and often detect a wider range of spore types.       
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