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1.0 Abstract 
Mold growth can occur in all kinds of locations.  Regardless of whether mold is visible or 
concealed, the contamination affects the occupants of the space and compromises the integrity of 
the structure.  Remediation within areas that are typically unoccupied and difficult to access are 
especially challenging as the traditional methods of sanding, scraping, scrubbing, and blasting of 
surfaces are tedious and time consuming. In addition to efficiency issues, space restrictions, poor 
lighting, and temperature extremes increase the potential for impacted surfaces being missed, 
resulting in source contamination being left behind.   
 
Traditional approaches to removing fungal contamination from attics and crawlspaces include 
manual methods of sanding or scraping, the addition of power tools, soda or dry ice blasting, and 
the application of hydrogen peroxide-based cleaners. Although these techniques can be effective 
in removing mold, they offer varying degrees of success in addressing the residual enzyme 
staining that often accompanies mold growth on wooden studs and sheathing.  In an effort to 
address these difficulties Siamons International introduced a product to the restoration industry 
labeled Concrobium Mold Stain Remover (CMSR). Several years of laboratory and field testing 
supported the contention that this product was a new and innovative way to more efficiently and 
effectively clean mold-contaminated spaces, as compared to existing remediation practices. 
Given this data, the manufacturer integrated CMSR and a second product, Concrobium Mold 
Control, into the remediation process that not only removes biological growth and attendant 
staining, but leaves a safe residue that protects the surfaces from harboring mold in the future.  
 
In order to buttress the substantial anecdotal data, a carefully documented study was undertaken 
at an actual project site to evaluate the performance of the Concrobium mold remediation 
process, called Attic Attack. The study showed that after using the Attic Attack process on three 
different attic areas with fungal contamination that ranged from extensive to minimal, surface 
sampling verified a reduction in fungal contamination ranging from 76% to 100%. In addition, a 
visual assessment confirmed a nearly total elimination of the biological staining. Just as 
important, these results were obtained with substantially less labor than is traditionally associated 
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with such a project, which also resulted in the time on site being approximately one third of what 
would have been estimated if manual removal methods had been employed. 
 
Air samples were collected throughout the process. Those results showed a substantial reduction 
by the end of the process in the areas that were most heavily contaminated. However, samples 
from some of the work areas documented that fungal spore concentrations rose both during and 
after remediation. Although an increase in airborne spore concentrations would be expected 
when contamination is being removed from the substrate, the elevated levels following the 
completion of the process illustrates the importance of adequate engineering controls in all areas 
that are being remediated. In addition, these air samples show the importance of workers 
utilizing appropriate personal protective equipment when completing all aspects of the Attic 
Attack process.  
 
2.0 Introduction 
In an effort to meet industry needs, Siamons International developed a number of products to 
assist in the proper remediation of fungal contamination. Two of those products were aimed at 
different parts of the remediation process. Concrobium Mold Stain Remover uses a chemical 
process to eliminate the enzyme staining that occurs during the mold growth cycle.  It was also 
found to be very effective at breaking down the connections that attach fungal organisms to a 
substrate. Concrobium Mold Control was developed for a number of applications, one of which 
is to use it to fog an area after remediation. This leaves a residual surface protectorant to prevent 
regrowth. 
 
In an effort to further assist the restoration trade, the manufacturer built on the history of success 
with the products at both the consumer and professional levels to integrate their application into 
a detailed process that is consistent with the current industry standard of care. This method, 
dubbed Attic Attack, uses a combination of traditional remediation equipment, a specific 
sequence of work, and a grouping of Concrobium products in areas that are difficult to access 
and remediate.  These areas include attics, crawlspaces, and other generally unoccupied spaces 
that have restricted access.   
 
The next step Siamons International took to validate their products and their suggested 
application methodology was to contract with Wonder Makers Environmental to develop an 
objective study that would analyze the effectiveness of the Attic Attack process using 
Concrobium products. After reviewing available data it was determined that objective 
information from a real-world application would be needed to verify the effectiveness of the 
process and identify any adjustments that might be appropriate for specific types of projects.  It 
was further suggested that a contractor with demonstrated expertise in dealing with fungal 
contamination in attics be added to the team to review and evaluate the actual work procedures. 
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John DiMenno, a Certified Mold Professional with G.S. Jones and Sons, who has completed 
extensive research on mold in attics, was contacted and agreed to participate in the study.  
 
The participants in the test involved representatives from the following companies. A brief 
description of their respective roles is also included for clarity: 

 Siamons International – manufacturer of Concrobium products  
 Puroclean – Cleveland area remediation contractor performing the work 
 Wonder Makers Environmental – environmental consultant, project sampling, report 

generation 
 G.S. Jones – remediation contractor/inspector retained for expert project review 

 
The written Attic Attack protocol was reviewed by the study participants and minor adjustments 
were made to clarify the document. Then a number of restoration contractors who are already 
using Concrobium products were contacted in an effort to identify a test location where mold 
remediation needed to be conducted in an attic. A short time after the informal solicitation a 
residence in the Cleveland, Ohio, area, which was being remediated in anticipation of a home 
sale, was selected for the test.  
 
The decision to beta test the Attic Attack process in an actual mold remediation project that was 
carefully monitored and tested to verify the end result was actually more complicated than it 
might first appear.  Altogether the process included:  

 Review and adjustment of the written Attic Attack protocol 
 Development of an overall monitoring and sampling approach  
 Solicitation and selection of the test location 
 Coordination of involved parties including the homeowner, restoration contractor, 

Concrobium technical field representatives, consultants from Wonder Makers 
Environmental, and contracting expert from G.S. Jones and Sons 

 Completion of the work in conjunction with extensive photographic and written 
documentation 

 Analysis of collected samples 
 Interpretation of sample results 
 Development of explanatory report 

 
One of the primary benefits of this practical application of the Attic Attack process by a 
remediation contractor independent of the manufacturer was that it helped to identify specific 
benefits and drawbacks of the procedure. In particular, the test was designed so that numerous 
viewpoints could help discern the value of Attic Attack in regards to cosmetic improvement to 
the treated surfaces.  All too often, particularly in the case of home sales, judgments are made 
regarding risk from fungal contamination based solely on a visual impression.  Therefore, it was 
critical that both parts of the Attic Attack advertisements—that it noticeably improves the 
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appearance of wood by removing mold stains as it helps remove contamination—be evaluated.  
In addition to helping measure the effectiveness of remediation efforts, visual improvement in 
attics and crawlspaces is critical in avoiding a red flag from a home inspector during a property 
transaction, and provides assurance to the homeowner that the problem has been resolved.    
 
3.0 Conclusions  
The following conclusions and supporting evidence are based on the results of the review of the 
home, observation of the remediation process, and evaluation of the analytical data. Supporting 
evidence for each major item is summarized and included with the conclusion.  

 
3.1 The home selected for the case study was an excellent example of a residence 

with mold-contaminated attics.  
3.1.1 Though the overall house appeared to be well maintained, the attics had 

some long-standing ventilation and bathroom exhaust issues, along with 
evidence of past roof leaks, which have caused the documented mold 
conditions. 
 

3.2 The Attic Attack protocol produced very favorable results in a number of critical 
areas that are commonly identified as problems associated with mold remediation 
in attics 
3.2.1 All the attics showed a marked and consistent reduction in the surface 

fungal concentrations.  
9.2.1.1 ATP, microvacuum, and Bio-Tape samples all showed significant 

reductions from the pre-work samples to the post-fogging 
evaluation. 

3.2.2 Visible staining was removed, leaving the substrates with a clean look. 
9.2.2.1 This is especially important when the rationale for conducting the 

work is a property transaction. 
3.2.3 The remediation process was straightforward and simple to implement. 
3.2.4 The workers reported that in a hot, enclosed space with limited room to 

maneuver, Attic Attack would be much easier to implement than sanding, 
blasting, or treating with hydrogen peroxide solutions, as well as be safer 
for the crew members working in the tight spaces. 

3.2.5 The project was completed very efficiently. 
9.2.5.1 The remediation contractor reported that the use of the spray 

reduced his labor by more than half as compared to having to sand 
the surfaces. 

 



Wonder Makers Environmental  Concrobium Attic Attack Study 
July 2013  GC13-11741 

 Page 5 of 7  

3.3 There was a weak correlation between the level of fungal surface contamination 
and levels of airborne mold spores, which may be explained by the amount of 
ventilation in the various attics.  
3.3.1 Prior to cleaning, the airborne fungal counts in the east attic (>250,000 to 

>350,000 c/cm³) were much higher than in the mid attic (25,382 c/cm³) or 
west attic (18,828 c/cm³) despite the fact that the estimated concentrations 
of fungal growth on the surfaces were relatively comparable in the east 
and middle attics. 

3.3.2 The analytical data shows that the mid attic surface counts (50–85%) were 
higher than the east attic (12–72%), with the surface concentrations the 
lowest in the west attic (<1–65%).   

3.3.3 Although the attics were configured differently, there appeared to be 
approximately the same amount of surface area with visible mold growth 
in the east attic and the middle attic. 
9.3.3.1 The amount of surface area with visible fungal growth/staining in 

the west attic was substantially less than that seen in the other two 
attics of the home. 

3.3.4 The east attic workspace had gable vents on both the east and west ends, 
which allowed for flow-through ventilation.  
9.3.4.1 Neither of the other attics had this setup; with the middle attic 

having no direct exhaust to the out-of-doors. 
9.3.4.1.1 The installed ridge vent appeared to be completely 

covered over with roof underlayment paper.  
9.3.4.2 Given the circumstances, it is reasonable to postulate that the 

naturally occurring air flow in the east attic acted to send more 
spores airborne than in the other attics. 

9.3.4.3 When compared to the results in the east attic, the air sample 
results indicate that the engineering controls in the middle and west 
attics were not adequate to deal with the airborne mold spore 
concentrations produced during the Attic Attack remediation 
process.  

9.3.5 The recovery of target spores Fusarium and Stachybotrys in air samples 
collected after the treatment of the east attic was unique to the three work 
areas. 
9.3.5.1 The identification of these "target" spores on a post-remediation air 

samples may be a result of infiltration of outdoor air, since 
Fusarium was recovered on an out-of-doors sample.  

9.3.5.2 The appearance of the target spores may also indicate that the 
Concrobium Mold Stain Remover is loosening the bonds of even 
the “sticky” mold types. 
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9.4 The Attic Attack protocol in the middle and west attics resulted in the substantial 

removal of surface contamination with engineering controls that may not have 
been adequate to deal with the airborne mold spore concentrations created by the 
removal process. 
9.4.1 The absence of good ventilation, which was not induced artificially by 

proper pressurization of the middle and west work areas as compared to 
supplementing existing flow-through ventilation in the east attic, is the 
likely reason for the difference in the air samples results. 
9.4.1.1 Sample results from the middle and west attics actually showed an 

increase, while the surface samples showed a significant reduction.  
9.4.2 In the middle attic the inability to negatively pressurize the windowless, 

poorly-ventilated work area required the contractor to seal the entry and 
attempt to use positive pressure to move the air through the gaps from that 
space to the west attic.  

9.4.3 Although an air mover fan was set up in the window on the north wall of 
the west attic, no isolation barriers were installed in order to improve the 
level of negative pressure. 

9.4.4 These variations in the setup of the three workspaces and subsequent air 
sample results suggest that some additional direction may be in order to 
ensure the contractor provides appropriate engineering controls and air 
management of the work space when conducting work using the Attic 
Attack process. 
9.4.4.1 Although attics are unoccupied spaces, the general remediation 

requirement for negative pressure in areas where mold 
contamination is being removed should be observed.  

9.4.4.2 In addition, a centrally-located HEPA-filtered air scrubber could 
have helped to reduce the airborne particles. 
 

9.5 The nature of quantifying fungal contamination from surface sampling is 
inherently subject to wide swings, depending on where the sample was collected, 
as the representative samples are collected from a very small area.  
9.5.1 Rather than quantifying the extent of contamination, surface sampling is 

more valuable in directly identifying the types of mold contamination that 
are present.  

9.5.2 However, in this case, the reduction of surface contamination is clear in all 
areas, which was also matched with the significant reduction in fungal 
staining. 
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9.6 In several areas the spore concentrations recovered from the airborne samples 
increased slightly between the post-cleaning and post-fogging.   
9.6.1 This may indicate that, despite double HEPA vacuuming, loosened spores 

are propelled into the air by the direct application of the fogging. 
9.6.2 The decision to leave existing fiberglass insulation in place needs to be 

reevaluated given this data. 
9.6.2.1 Although the insulated surfaces were HEPA vacuumed, such 

surfaces act as a filter to temporarily capture spores that are 
liberated from the source of fungal contamination. 

9.6.3 The increase in airborne fungal spore levels following the fogging step of 
the process also emphasizes the importance of workers utilizing 
appropriate personal protective equipment until the final sample results 
have confirmed that the space is appropriate for occupation without safety 
equipment.  

9.6.4 As emphasized in the previous item, elevated airborne fungal spore 
concentrations following the second step of the Attic Attack process 
during this case study emphasizes the importance of having good negative 
pressure and/or HEPA-filtered air scrubbing in the work area for an 
extended period following the completion of the work. 

 
10.0 Certifications 
Michael Pinto provided oversight and generated the report for this study. Mr. Pinto's post-
graduate training is in Public Administration and Environmental Engineering. In addition to his 
scholastic achievements, Mr. Pinto holds the titles of Certified Safety Professional and Certified 
Mold Professional. He is a member of the American Society of Safety Engineers, Restoration 
Industry Association, Cleaning Industry Research Institute, and American Industrial Hygiene 
Association. He currently serves on the Board of Directors for the Indoor Air Quality 
Association. Mr. Pinto is the author of over 150 published technical articles and has successfully 
conducted industrial hygiene/indoor air quality investigations since 1988.  
 
 
 
 
Michael A. Pinto, CSP, CMP 
CEO 
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1.0 Abstract 
Mold growth can occur in all kinds of locations.  Regardless of whether mold is visible or 
concealed, the contamination affects the occupants of the space and compromises the integrity of 
the structure.  Remediation within areas that are typically unoccupied and difficult to access are 
especially challenging as the traditional methods of sanding, scraping, scrubbing, and blasting of 
surfaces are tedious and time consuming. In addition to efficiency issues, space restrictions, poor 
lighting, and temperature extremes increase the potential for impacted surfaces being missed, 
resulting in source contamination being left behind.   
 
Traditional approaches to removing fungal contamination from attics and crawlspaces include 
manual methods of sanding or scraping, the addition of power tools, soda or dry ice blasting, and 
the application of hydrogen peroxide-based cleaners. Although these techniques can be effective 
in removing mold, they offer varying degrees of success in addressing the residual enzyme 
staining that often accompanies mold growth on wooden studs and sheathing.  In an effort to 
address these difficulties Siamons International introduced a product to the restoration industry 
labeled Concrobium Mold Stain Remover (CMSR). Several years of laboratory and field testing 
supported the contention that this product was a new and innovative way to more efficiently and 
effectively clean mold-contaminated spaces, as compared to existing remediation practices. 
Given this data, the manufacturer integrated CMSR and a second product, Concrobium Mold 
Control, into the remediation process that not only removes biological growth and attendant 
staining, but leaves a safe residue that protects the surfaces from harboring mold in the future.  
 
In order to buttress the substantial anecdotal data, a carefully documented study was undertaken 
at an actual project site to evaluate the performance of the Concrobium mold remediation 
process, called Attic Attack. The study showed that after using the Attic Attack process on three 
different attic areas with fungal contamination that ranged from extensive to minimal, surface 
sampling verified a reduction in fungal contamination ranging from 76% to 100%. In addition, a 
visual assessment confirmed a nearly total elimination of the biological staining. Just as 
important, these results were obtained with substantially less labor than is traditionally associated 
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with such a project, which also resulted in the time on site being approximately one third of what 
would have been estimated if manual removal methods had been employed. 
 
Air samples were collected throughout the process. Those results showed a substantial reduction 
by the end of the process in the areas that were most heavily contaminated. However, samples 
from some of the work areas documented that fungal spore concentrations rose both during and 
after remediation. Although an increase in airborne spore concentrations would be expected 
when contamination is being removed from the substrate, the elevated levels following the 
completion of the process illustrates the importance of adequate engineering controls in all areas 
that are being remediated. In addition, these air samples show the importance of workers 
utilizing appropriate personal protective equipment when completing all aspects of the Attic 
Attack process.  
 
2.0 Introduction 
In an effort to meet industry needs, Siamons International developed a number of products to 
assist in the proper remediation of fungal contamination. Two of those products were aimed at 
different parts of the remediation process. Concrobium Mold Stain Remover uses a chemical 
process to eliminate the enzyme staining that occurs during the mold growth cycle.  It was also 
found to be very effective at breaking down the connections that attach fungal organisms to a 
substrate. Concrobium Mold Control was developed for a number of applications, one of which 
is to use it to fog an area after remediation. This leaves a residual surface protectorant to prevent 
regrowth. 
 
In an effort to further assist the restoration trade, the manufacturer built on the history of success 
with the products at both the consumer and professional levels to integrate their application into 
a detailed process that is consistent with the current industry standard of care. This method, 
dubbed Attic Attack, uses a combination of traditional remediation equipment, a specific 
sequence of work, and a grouping of Concrobium products in areas that are difficult to access 
and remediate.  These areas include attics, crawlspaces, and other generally unoccupied spaces 
that have restricted access.   
 
The next step Siamons International took to validate their products and their suggested 
application methodology was to contract with Wonder Makers Environmental to develop an 
objective study that would analyze the effectiveness of the Attic Attack process using 
Concrobium products. After reviewing available data it was determined that objective 
information from a real-world application would be needed to verify the effectiveness of the 
process and identify any adjustments that might be appropriate for specific types of projects.  It 
was further suggested that a contractor with demonstrated expertise in dealing with fungal 
contamination in attics be added to the team to review and evaluate the actual work procedures. 
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John DiMenno, a Certified Mold Professional with G.S. Jones and Sons, who has completed 
extensive research on mold in attics, was contacted and agreed to participate in the study.  
 
The participants in the test involved representatives from the following companies. A brief 
description of their respective roles is also included for clarity: 

 Siamons International – manufacturer of Concrobium products  
 Puroclean – Cleveland area remediation contractor performing the work 
 Wonder Makers Environmental – environmental consultant, project sampling, report 

generation 
 G.S. Jones – remediation contractor/inspector retained for expert project review 

 
The written Attic Attack protocol was reviewed by the study participants and minor adjustments 
were made to clarify the document. Then a number of restoration contractors who are already 
using Concrobium products were contacted in an effort to identify a test location where mold 
remediation needed to be conducted in an attic. A short time after the informal solicitation a 
residence in the Cleveland, Ohio, area, which was being remediated in anticipation of a home 
sale, was selected for the test.  
 
The decision to beta test the Attic Attack process in an actual mold remediation project that was 
carefully monitored and tested to verify the end result was actually more complicated than it 
might first appear.  Altogether the process included:  

 Review and adjustment of the written Attic Attack protocol 
 Development of an overall monitoring and sampling approach  
 Solicitation and selection of the test location 
 Coordination of involved parties including the homeowner, restoration contractor, 

Concrobium technical field representatives, consultants from Wonder Makers 
Environmental, and contracting expert from G.S. Jones and Sons 

 Completion of the work in conjunction with extensive photographic and written 
documentation 

 Analysis of collected samples 
 Interpretation of sample results 
 Development of explanatory report 

 
One of the primary benefits of this practical application of the Attic Attack process by a 
remediation contractor independent of the manufacturer was that it helped to identify specific 
benefits and drawbacks of the procedure. In particular, the test was designed so that numerous 
viewpoints could help discern the value of Attic Attack in regards to cosmetic improvement to 
the treated surfaces.  All too often, particularly in the case of home sales, judgments are made 
regarding risk from fungal contamination based solely on a visual impression.  Therefore, it was 
critical that both parts of the Attic Attack advertisements—that it noticeably improves the 
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appearance of wood by removing mold stains as it helps remove contamination—be evaluated.  
In addition to helping measure the effectiveness of remediation efforts, visual improvement in 
attics and crawlspaces is critical in avoiding a red flag from a home inspector during a property 
transaction, and provides assurance to the homeowner that the problem has been resolved.    
 
3.0 Review of Historical Data 
The frequency and difficulty of dealing with fungal contamination in attics is well known in the 
restoration industry, yet little hard research has been done to quantify the scope of the problems 
or lay out best practices. One of the most thorough examinations of this problem was produced 
as a capstone report by an individual completing the requirements for certification as a Mold 
Professional (CMP). This December 2009 study, although not widely distributed, was extremely 
comprehensive in addressing the issue. As the author stated in his purpose section at the 
beginning of the paper:  
 

The intent of this paper is to inform and educate building restoration and 

remediation contractors, as well as other building trade professionals, about the 

causation, diagnosis, and remediation of attic microbial growth problems. 

 
In addition to the introduction and overview of the issue, the capstone paper has sections on 
building construction styles and techniques for attics, proper investigative steps, correcting 
moisture problems, and recommendations for conducting a fungal remediation project. The paper 
ends with two case studies that illustrate the variability and difficulties associated with proper 
remediation of mold in attics. 
 
It is interesting to note that the capstone paper on mold in attics identified the four most common 
scenarios that lead to fungal contamination of an attic. These situations are computing factors to 
the financial and schedule pressures that often accompany mold remediation projects in attics. 
The author identified the primary situations that lead to mold being discovered as: 

 Remodeling or other construction activities have begun, such as electrical work that 
requires new wiring to be passed through the attic 

 The removal or storage of items in the attic, such as holiday displays 
 The sale or purchase of the house 
 In response to a roof leak that has reached the occupied areas of the home 

 
While a limitation of the paper is that in the remediation section it only addresses two primary 
techniques:  HEPA vacuuming and media blasting. It does discuss the application of chemicals 
as an adjunct to cleaning, but not as a primary remediation technique. Nevertheless, the 
information provided offers such a solid background to the larger issue of mold contamination in 
attics that, with the permission of the author, this capstone paper is included as Appendix L to 
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this report. (Note: the paper's author, John DiMenno, was retained as a consultant from G.S. 
Jones and Sons to review the work procedures utilized during this case study.) 
 
Information regarding the efficacy of Concrobium mold remediation products was provided for 
review as part of this case study. Most of this information was in the form of inspection and post-
remediation reports that had been provided to the manufacturer by individual contractors who 
purchased and used the products. Although such information may be viewed by some as 
testimonials with little practical value, the collection of a large pool of anecdotal data highlights 
trends that can be useful when designing a closely controlled study. 
 
The provided information showed a steady pattern of successful remediation when the 
Concrobium products were utilized. This is especially important given that there was no 
consistent definition of "success" as the projects were completed and evaluated by a wide variety 
of industry professionals. 
 
One example of a project that showed impressive results from both an analytical and visual 
perspective involved a residence in Missoula, Montana, that was subject to a property 
transaction. The cause of extensive mold contamination in the attic was believed to be improper 
containment of bathroom exhaust fans. An independent indoor air quality consultant evaluated 
the home on three separate occasions:  prior to remediation, after an initial round of work using 
Concrobium products, and after a second treatment. The second treatment was requested because 
the inspection after the initial remediation revealed parts of the attic decking where mold growth 
or staining was still visible. Air samples were collected at all three visits and showed reductions 
in overall spore concentration in counts per cubic meter of air from 3,300 to 470, and then down 
to 290. Swab samples were taken from the surface after the two remediation efforts and in both 
those cases zero spores were recovered. It is important to note that the project involved the 
removal of all the attic insulation as part of the mold remediation process. 
 
Data was reviewed from two different projects where levels of mold spores were addressed 
simply by fogging Concrobium Mold Control. It is interesting to note that the fogging in both of 
these cases was conducted to help address health symptoms that were being experienced by the 
occupants. Despite this primary similarity, the two cases were very different in that the Florida 
case involved very high levels of airborne spores while the California situation was assisting a 
sensitized individual who had already conducted extensive remediation and cleaning prior to the 
application of Concrobium Mold Control.  
 
Laboratory data from those projects showed substantial reduction in airborne fungal spores as 
summarized in the two tables below. Although the percentage reduction in the California case is 
not as great as that shown for the Florida home, most indoor air quality experts acknowledge that 
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removing the last fraction of an air contaminant typically poses the most difficulty. Note that all 
numbers are presented as counts per cubic meter of air. 
 
 

TREATMENT WITH CONCROBIUM MOLD CONTROL 
Occupied/Furnished Home in Davie, Florida 

SAMPLE TYPE / AREA Master bedroom Front room Office 

Pre-treatment 34,195 242,855 149,699 

Post-treatment 124 182 689 

Percent reduction 99.6% 99.9% 99.5% 
 

TREATMENT WITH CONCROBIUM MOLD CONTROL 
Occupied/Furnished Home in Pacific Palisades, California 

SAMPLE TYPE / AREA Kitchen Bedroom Office 

Pre-treatment 315 630 182 

Post-treatment 91 239 28 

Percent reduction 71% 62% 85% 
 
A variety of other investigation reports and sample data was also provided, which supported the 
efficacy of the Concrobium Mold Stain Remover or the Concrobium Mold Control products. The 
manufacturer indicated that future plans include the development of a program to collect and 
summarize such data in a more comprehensive and organized manner. 
 
4.0 General Test Design and Location 
As noted previously, the primary purpose of the case study was to determine whether the step-by 
step approach promoted as Attic Attack helps restoration contractors achieve superior mold 
remediation results with greater efficiency by replacing labor-intensive work practices (e.g., 
sanding, wire-brushing), dangerous chemicals (e.g., bleach, hydrogen peroxide), and complicated 
blasting (e.g., soda, dry ice), with a simple, straightforward cleaning process. 
 
The home that was used for the test was located in Mentor, Ohio.  It was constructed in 
approximately 1985 and located within a well-maintained suburban neighborhood of paved roads 
and tree-lined streets. The single-family residence is a two-story wood-framed structure with 
basement, aluminum siding, and sloped shingle roof.   
 
The basement and first floor levels of the home both have approximately 1,200 square feet. The 
second level has approximately 1,000 square feet of occupied floor space. There are three 
separate attics in the home (east, middle, and west).   
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The east attic is over the second floor bedroom section of the home. It is accessed by a folding 
stair from the bedroom hallway below. The attic is walkable with loosely-laid plywood flooring 
over the insulated second floor ceiling framing below. The ceiling joist space is insulated with 
blown-in fiberglass insulation. There was limited exterior ventilation in the east attic from the 
outside via gable vents at either end of the space. The soffit vents serving the space proved to be 
ineffective as they were largely painted over through the years. Additionally, it appeared that a 
bathroom exhaust from the second floor was ventilated into the attic space.   
 
The middle attic is over a single-story portion of the home, connecting the two-story portion of 
the home to the garage. Access to the middle attic is provided through a small door in the second 
floor bathroom. The area is walkable and the construction is similar to the east attic, including 
the poor ventilation. 
   
The west attic is over the finished garage and is accessed from a folding stair. The area is 
walkable and the construction is similar to the east attic, including the poor ventilation.  Narrow 
gaps were observed around the chimney and attic floor where it connected to the middle attic, 
sharing some common air space. 
 
During a recent real estate home inspection visible mold was observed on the structural wood 
framing and plywood roof deck in the east and middle attics. A call was made to Puroclean to 
address the problem. Puroclean, being a local remediation contractor involved in this study, was 
looking for an appropriate test site where the Attic Attack methodology could be implemented.  
After several internal conversations by the study group to clarify parameters of the study, the 
selection of the home was finalized and a date was confirmed for the study to commence.  
 
On the afternoon of June 25, 2013, representatives from Puroclean, Wonder Makers, and 
Concrobium met at the project site to review the site conditions, begin setup of containment, and 
collect air and surface samples to document conditions prior to the start of remediation work.   
 
The team again gathered on the morning of June 26, 2013, to start remediation work. A brief 
conversation between participants verified the work plan, coordinated the sequence of work, and 
assigned responsibilities. Representatives from the four organizations were on site throughout the 
remediation process. 
  
5.0 Project Sampling 
Sampling, using four separate methods, recorded the effectiveness before, during, and after the 
work was conducted. The analytical results of this sampling are provided in the appendices to 
this report. The data documents the efficacy of the Attic Attack process and suggests a few 
adjustments to the protocol for future projects.   
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Both surface and air sampling were conducted in the attic, air samples were collected in the 
occupied area of the home, and outdoor air samples were taken to confirm ambient conditions.   
 
Surfaces were tested with both adenosine triphosphate (ATP) technology, which measures 
biological residue, and impaction style samples, which are subjected to visual microscopy to 
identify fungal, pollen, and particulate. Impaction samples were collected using Air-O-Cell 
cassettes and templates so that a defined surface area was tested using the microvacuum 
technique. In addition, other samples for microscopic examination were collected from the 
wooden studs and roof decking using Bio-Tape sample collection devices, which use sticky 
media on a flexible clear slide to capture material on surfaces.  
 
Air samples were collected in representative areas using a variety of collection devices. All air 
samples were run for 10 minutes at 15 liters per minute in order to pass a total of 150 liters of air 
through the sample cassettes.  
 
6.0 Materials and Equipment  

6.1 HEPA-filtered air scrubber 
A Dri-Eaz HEPA 500 portable air scrubber was used to filter the attic air.  
Polyethylene lay-flat tubing was used to direct the air from the outlet of the unit to 
the work area. 

6.2 HEPA vacuum   
ProTeam – Super Coach backpack HEPA vacuums were used to vacuum the 
surfaces of the attics before and after treatment. The units were fitted with narrow 
circular brush and wide brush attachments. 

6.3 Air movers 
Dri-Eaz Ace Axial Turbo-Dryer.  Used to create negative air pressure within the 
attic space and keep the warm attic as cool as possible for workers, as well as to 
minimize drying time of the sprayed chemicals. 

6.4 Garden sprayer 
A standard pressurized garden sprayer was used to apply Concrobium Mold Stain 
Remover in liquid form. The 1-gallon sprayer was a Roundup Flow-Master model 
#1101P.  

6.5 Cold fogger 
The cold fog application of Concrobium Mold Control was applied using a Flow-
Master ULV Fogger (2-gallon capacity) fitted with a 1½” x 3’-0” vacuum hose to 
direct the fog to specific areas of the attic. (Note:  The fogger employed by the 
contractor was smaller than what is recommended in the Concrobium technical 
literature in order to create a “dense fog” condition.)  
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6.6 Bioaerosol samples 
Bioaerosol samples were collected using either a Bio-Pump Plus model #ZBP-200 
(manufactured by Zefon International) or a Wonder-Air high-volume vacuum 
pump (manufactured by Wonder Makers Environmental), plastic tubing, and 
commercially available Air-O-Cell sampling cassettes.  Specific details of the 
sampling and laboratory analysis are available in Appendix G, Sampling and 
Analytical Methods.   

6.7 Microvacuum samples 
Microvacuum samples were collected from settled dust found on surfaces as a 
result of deposition to determine relative amounts of organic contaminants (fungal 
spores/pieces and pollen) relative to the amount of miscellaneous particulates.  
For such microvacuum samples, a commercially available Air-O-Cell cassette 
was hovered over a surface to collect particulates from an area of 100 cm² defined 
with disposable templates. A Wonder-Air high-volume pump was used to draw 
the particulate laden air from the surface through the cassette and over a slide 
containing collection media. Specific details of the sampling and laboratory 
analysis are available in Appendix G, Sampling and Analytical Methods.   

6.8 Biological surface tape samples 
Tape samples were taken to verify that materials with the appearance of fungal 
growth were indeed sources of biological contamination or to evaluate the 
concentration and type of fungal spores that were present in surface dust. Tape 
samples were collected using Bio-Tape collection devices manufactured by Zefon 
Analytical.  Specific details are available in Appendix G, Sampling and 
Analytical Methods.  

6.9 ATP luminometer, swabs 
The adenosine triphosphate (ATP) luminometer used in analyzing the biological 
condition of the wood assembly was manufactured by Hygiena. Samples were 
evaluated on site using model SystemSURE Plus, which is a portable palm-sized 
unit. Test swabs used in the study were UltraSnap, also manufactured by Hygiena.  
They had an expiration date of June 3, 2014, marked on each unit. Use of the ATP 
luminometer and swabs followed manufacturer’s guidelines. The size of the area 
sampled was approximately 1” x 1” and was marked on the wood frame 
assembly. Prior to use the swabs were kept refrigerated.  
  

7.0 Set –Up and Work Procedures 
7.1 Pre-remediation sampling and visual inspection 

On Tuesday, June 25, 2013, an inspection was made of the project site to assess 
the severity of mold contamination and understand the logistics involved with the 
work to be completed the following day. Additionally, it provided an opportunity 
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to collect air and surface samples of the mold-contaminated areas prior to the start 
of work (pre-remediation). 
 
The purpose of the visual inspection was to identify the areas with more severe 
mold contamination, determine the reason for the mold growth, and to document 
the “before” condition with photos and analytical samples that would then be 
repeated following the defined mold treatment protocol. 
 
All three attics of the home displayed mold growth on the roof structure. There 
were no obvious signs of currently leaking roof or pipes; however, there was 
evidence of prior leaks, noted by deteriorated plywood roof sheeting observed on 
the front slope of the east roof. Also, attic ventilation appeared to be inadequate, 
both high and low, in all three of the attics. Bathroom exhaust was ventilated to 
the east attic, adding to the problem. Generally, the mold growth seemed greater 
on the north and east sides of the attics, which is consistent with the colder surface 
of the structure where humidity is more likely to condense and stay. 
 
Sampling locations were identified and marked on the structure using a permanent 
marker so comparative samples could be collected nearby following treatment. 
Because of the larger size of the east attic, two sets of samples were collected to 
compare the range of contamination from most contaminated (affected) to the 
least (unaffected). 
 
Four different methods of sampling were used. (Additional details about the 
sampling methodology can be found in Section 5.0 and the appendices.) Those 
methods included the following:  
 
7.1.1 Bioaerosol (air) samples to assess the general condition of the attic air 

before and after treatment. A consistent volume of air was drawn over an 
adhesive-covered microscope slide mounted inside an Air-O-Cell cassette, 
which was then analyzed under a microscope to identify and quantify 
fungal spores, fibers, opaque particulates, and pollen. 

7.1.2 Microvacuum samples were collected using the same type of cassette that 
was used for air sampling, although in this case a short 10-second sample 
was collected directly from a 100 cm² (equivalent to 16 square inches) 
area of the wood structural framing or plywood roof deck in each of the 
three attics to identify and quantify fungal spores, fibers, opaque 
particulates, and pollen. 

7.1.3 Bio-Tape samples were collected from the surface of the wood structural 
framing and plywood deck in each of the three attics. The flexible, plastic 
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microscope slide has an area of factory-applied clear adhesive. For each 
sample a Bio-Tape slide was pressed firmly onto the surface to be tested, 
with additional pressure and rubbing action on the adhesive. Following 
collection, the labeled slide was enclosed in the manufacturer’s slide 
storage case and transport to the Wonder Makers laboratory for analysis 
using a microscope to identify and quantify fungal spores, fibers, opaque 
particulates, and pollen. 

7.1.4 Adenosine triphosphate (ATP) sampling uses a swab that directly samples 
a small portion of the surface and then is immediately analyzed on-site 
using a hand-held luminometer to assess the bacterial condition of the 
surface.  
 
Refer to Appendices A, C, and D for data from these samples. 

 
7.2 Protection and isolation 

Each of the three attics was accessed from different areas and was isolated from 
occupied areas unique to their surroundings. Equipment and supplies were stored 
in the open garage and left in the remediation contractor’s van to be accessed as 
needed throughout the day. 
 
7.2.1 East attic 

Carpet leading to the east attic folding access stair was covered with self-
adhering film to protect the carpet from soiling and contamination during 
work. An air mover was located in the attic directing air to the outside via 
the east gable vent, creating a negative pressure within the attic and 
directing airborne dust out of the attic. In the attic the access stair opening 
was fitted with wood posts and rope rail to protect workers from falling 
into the opening.   

 
A zippered access door was installed in the stair opening to isolate the air 
between the attic and second floor. A HEPA-filtered air scrubber was 
installed in the second floor that collected air from the second floor, 
filtered and directed it via lay-flat polyethylene tubing into the attic, 
further assisting the attic with staying cool, moving attic air to the outside, 
and providing filtered air to the attic. Additional incandescent lighting was 
provided so workers could view their work and to improve safety. 

 
Workers wore disposable suits (with hoods and feet) and full-face 
respirators to protect themselves from exposure to the mold 
contamination.  



Wonder Makers Environmental  Concrobium Attic Attack Study 
July 2013  GC13-11741 

 Page 12 of 27  

 
7.2.2  Middle attic 

The second work zone was accessed from the second floor bathroom 
through a zippered access door that was installed in the door opening to 
the middle attic to isolate it from the occupied areas of the home.  A 
HEPA-filtered air scrubber was installed in the bathroom that collected air 
from the bath, filtered it, and directed it via lay-flat polyethylene tubing 
into the middle attic through an opening cut into the zippered access door.  
The middle attic did not have direct ventilation to the outdoors except 
through ineffective and blocked-off soffit vents and ridge vents. The 
pressurized middle attic space directed contaminated air through 1”–2” 
gaps between it and the adjacent west attic (above the garage). Additional 
incandescent lighting was provided so workers could view their work and 
to improve safety. 

 
7.2.3  West attic 

This work area was accessed from the finished garage below via a folding 
access stair. An air mover was installed in the opened window on the 
gabled north side of the attic space to blow air out. The fan exhausted the 
attic air throughout the work day, providing a negative air pressure 
environment for work. The access stair opening was kept open to the 
space below. Additional incandescent lighting was provided so workers 
could view their work and to improve safety. HEPA-filtered air scrubbers 
were not used in the west attic to supplement the removal of airborne 
particles. 

 
7.3 HEPA vacuuming 

Using HEPA vacuum backpack and canister models, workers first vacuumed the 
underside of the roof structure (framing and deck) of each of the attics. The work 
started at the far end of each attic and proceeded top to bottom toward the location 
of the air mover exhausting air from the space. Vacuum accessories included a 3” 
horse hair dust brush and an E-Z glide wide floor tool with brush.  Vacuum 
strokes overlapped each other to ensure that all areas were cleaned. 
  

7.4 Concrobium Mold Stain Remover (CMSR) 
Following the initial HEPA vacuuming of the attic, Concrobium Mold Stain 
Remover was prepared for use. According to the directions on the CMSR bottles, 
properly measured tap water was dispensed into a 5-gallon bucket, followed by 
the addition of the two canisters of ingredients that make up CMSR. The solution 
was stirred until the granules had adequately dissolved into the liquid.  It was left 
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to activate for approximately 30 minutes, stirring occasionally, before the solution 
was poured into the garden sprayer reservoir.   
 
The sprayer with the solution was then brought to the attic for use. The spray was 
applied in back and forth motions along the entire surface to be treated. Surfaces 
quickly reacted to the solution with a light foam appearance, easily identifying the 
areas being treated. The surfaces were then left untouched to allow the CMSR to 
clean the surface. No scrubbing or further agitation of the surface was made, and 
the CMSR was left to dry on the roof structure. The substantial air movement 
within each attic and the warm day allowed the surfaces to dry within 
approximately 30 minutes. 
 

7.5 HEPA-vacuuming / detailed cleaning 
After the roof structure of the attic dried, using HEPA vacuum backpack and 
canister models, workers again vacuumed the underside of the roof structure 
(framing and deck) of each of the attics. The work started at the far end of each 
attic and proceeded top to bottom toward the location of the air mover exhausting 
air from the space. Vacuum accessories included a 3” horse hair dust brush and an 
E-Z glide wide floor tool with brush. Vacuum strokes overlapped each other to 
ensure that all areas were cleaned. 
 

7.6 Post-cleaning sampling and visual inspection 
Following the HEPA vacuuming of the roof structures of the attics, air samples 
and surface samples were again collected, using the four methods previously 
described, to document the post-cleaning condition. Using the markings on the 
wood structure, surface samples were collected adjacent to the pre-remediation 
sample locations. Refer to Appendices A, C, and E for data from these samples.   
 
A visual inspection was also made and photos taken to document the visual 
condition after CMSR treatment. The mold stains were significantly reduced in 
severity. The appearance of the wood was much more consistent with new lumber 
and, generally, did not show evidence of previous mold growth.  
 
The loosely-laid plywood floors of the attics were not intentionally treated with 
CMSR but were vacuumed. Nevertheless, certain parts of the floor were indirectly 
treated due to CMSR dripping on them. Some of these areas of the plywood 
flooring, where the CMSR had dripped during application, showed a marked 
difference from those areas where the solution had not dripped.  
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7.7 Concrobium Mold Control (fog) 
After the post-cleaning sampling was completed, a gallon of Mold Control liquid 
was opened and poured into the cold-fogging machine for use. No dilution or 
mixing of the solution occurred. After an initial attempt to fog the product into the 
west attic with a window fan still operating, the exhaust fans in the attics were 
turned off to reduce air movement in the attics and to allow the fog to dwell.    
 
Given that the fogging equipment used by the contractor was smaller than what is 
typically recommended, the workers followed modified application directions 
from the on-site manufacturer’s representative. The Puroclean workers proceeded 
with the fogging of the three attics with the fog applied close to the surfaces, 
continuing top to bottom, and one rafter space at a time. Although special 
attention was paid to the areas that started out with visible contamination, in that 
the Mold Control fog was directed specifically at the cleaned surface areas, all 
areas of the attic were subject to treatment because of the nature of the fogging 
process and how the droplets filled the space. 

 
Following the manufacturer's directions, the fog was allowed to cure on the 
surfaces of the structure until it was dry to the touch. Given the warm condition of 
the attic framing the fog dried within 20 minutes. Then sampling proceeded to 
document the post-remediation condition of the attic. 

 
7.8 Post-remediation sampling and visual inspection 

Following the fogging of the roof structures of the three attics with Mold Control, 
air samples and surface samples were again collected, using the four methods 
previously described, to document the post-remediation condition.  Using the 
markings on the wood structure, surface samples were collected adjacent to the 
previous sample locations. Refer to Appendices A, C, and F for data from these 
samples. 

 
A visual inspection was made and photos taken to document the visual condition 
after all work was completed. Again, the mold stains were significantly reduced in 
severity when compared to the condition prior to the start of work. The 
appearance of the wood was much more consistent with new lumber and, 
generally, did not show evidence of previous mold growth.  

 
7.9 Removal of engineering controls 

Upon completion of sampling, all remediation work was completed. The visual 
inspection indicated that the project was a success. ATP sampling provided 
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immediate analytical information that indicated that the biological contamination 
residue met any reasonable clearance criteria goals for the project.   

 
Therefore, the critical barriers and zippered access doors and the supplemental 
HEPA-filtered air scrubbers and air movers were removed, as was the additional 
lighting that was installed for the benefit of the workers and photo documentation.  
Carpet protection was removed and folding access stairs put back in place for 
owner use. 

 
8.0 Detailed Data and Summary of Results 
Appendices C, D, E, and F contain the detailed data obtained from this study, including both the 
ATP readings and lab results from samples collected using the air, microvacuum, and surface 
tape techniques described previously.   
 
In addition to the detailed data in the appendices, this section of the report provides a general 
summary of the test results segregated by attic. 
  

8.1 East attic  
8.1.1 From pre-cleaning to post-fogging the ATP samples showed a reduction in 

total biological growth of more than 98%.  
8.1.2 From pre-cleaning to post-fogging the microvacuum samples showed a 

reduction in total spore count of approximately 93–99%. 
8.1.3 From pre-cleaning to post-fogging the Bio-Tape samples showed a 

reduction in total spore count of approximately 99%. 
8.1.4 From pre-cleaning to post-fogging the air samples showed a reduction in 

total spore count of approximately 91%. 
8.1.4.1 A small quantity of target spores (i.e., Fusarium and Stachybotrys) 

were recovered from the post-cleaning air samples collected in the 
east attic, but they were not recovered in any other indoor samples. 
 

8.2 Middle attic 
8.2.1 From pre-cleaning to post-fogging the ATP samples showed a reduction in 

total biological growth of 100%, from 1,138 (stud) and 947 (sheathing) to 
0.  

8.2.2 From pre-cleaning to post-fogging the microvacuum samples showed a 
reduction in total spore count of approximately 84–92%. 

8.2.3 From pre-cleaning to post-fogging the Bio-Tape samples showed a 
reduction in total spore count of approximately 76–91%.  

8.2.4 From pre-cleaning to post-fogging the air samples showed an increase in 
total spore count of approximately 38%.  
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8.2.5 The air sample results from the samples collected after the initial treatment 
with HEPA vacuuming and Concrobium Mold Stain Remover also 
showed an increase in airborne spore concentration as compared to the 
pre-work samples.  

8.2.6 No target spores (i.e., Fusarium and Stachybotrys) were observed on any 
of the middle attic air or surface samples.   

 
8.3 West attic 

8.3.1 The reliability of the ATP sample results from the west attic was suspect 
as repeated swap samples from surfaces that appeared to have visible 
fungal contamination produced a reading of 0 (which indicates a clean 
surface with no biological residue). 
8.3.1.1 A later discussion with a representative of the ATP instrument 

manufacturer revealed a possible explanation for the anomaly. 
8.3.1.2 Visible fungal growth that is extremely old/dry may not register 

properly on the ATP meter because the enzyme that is being 
measured has dried to the point where it is desiccated. 

8.3.2 From pre-cleaning to post-fogging the microvacuum samples of the roof 
deck showed a reduction in total spore count of approximately 85%.  
There was a negligible reduction in the amount of fungal material between 
the pre cleaning and post cleaning samples collected from the roof framing 
as the starting and ending points for those surface samples were both very 
low at approximately 1% spores. 

8.3.3 From pre-cleaning to post-fogging the Bio-Tape samples of the roof deck 
showed a reduction in total spore count of approximately 92%. As with 
the microvacuum samples, the results from the roof framing did not show 
a big reduction because the starting point had very little fungal growth, 
with pre and post cleaning samples recovering less than 1% spores. 

8.3.4 From pre-cleaning to post-fogging the air samples showed an increase in 
total spore count of approximately 19%.  

8.3.5 No target spores (i.e., Fusarium and Stachybotrys) were observed on any 
of the west attic air or surface samples.   

 
9.0 Conclusions  
The following conclusions and supporting evidence are based on the results of the review of the 
home, observation of the remediation process, and evaluation of the analytical data. Supporting 
evidence for each major item is summarized and included with the conclusion.  

 
9.1 The home selected for the case study was an excellent example of a residence 

with mold-contaminated attics.  



Wonder Makers Environmental  Concrobium Attic Attack Study 
July 2013  GC13-11741 

 Page 17 of 27  

9.1.1 Though the overall house appeared to be well maintained, the attics had 
some long-standing ventilation and bathroom exhaust issues, along with 
evidence of past roof leaks, which have caused the documented mold 
conditions. 
 

9.2 The Attic Attack protocol produced very favorable results in a number of critical 
areas that are commonly identified as problems associated with mold remediation 
in attics 
9.2.1 All the attics showed a marked and consistent reduction in the surface 

fungal concentrations.  
9.2.1.1 ATP, microvacuum, and Bio-Tape samples all showed significant 

reductions from the pre-work samples to the post-fogging 
evaluation. 

9.2.2 Visible staining was removed, leaving the substrates with a clean look. 
9.2.2.1 This is especially important when the rationale for conducting the 

work is a property transaction. 
9.2.3 The remediation process was straightforward and simple to implement. 
9.2.4 The workers reported that in a hot, enclosed space with limited room to 

maneuver, Attic Attack would be much easier to implement than sanding, 
blasting, or treating with hydrogen peroxide solutions, as well as be safer 
for the crew members working in the tight spaces. 

9.2.5 The project was completed very efficiently. 
9.2.5.1 The remediation contractor reported that the use of the spray 

reduced his labor by more than half as compared to having to sand 
the surfaces. 

 
9.3 There was a weak correlation between the level of fungal surface contamination 

and levels of airborne mold spores, which may be explained by the amount of 
ventilation in the various attics.  
9.3.1 Prior to cleaning, the airborne fungal counts in the east attic (>250,000 to 

>350,000 c/cm³) were much higher than in the mid attic (25,382 c/cm³) or 
west attic (18,828 c/cm³) despite the fact that the estimated concentrations 
of fungal growth on the surfaces were relatively comparable in the east 
and middle attics. 

9.3.2 The analytical data shows that the mid attic surface counts (50–85%) were 
higher than the east attic (12–72%), with the surface concentrations the 
lowest in the west attic (<1–65%).   

9.3.3 Although the attics were configured differently, there appeared to be 
approximately the same amount of surface area with visible mold growth 
in the east attic and the middle attic. 
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9.3.3.1 The amount of surface area with visible fungal growth/staining in 
the west attic was substantially less than that seen in the other two 
attics of the home. 

9.3.4 The east attic workspace had gable vents on both the east and west ends, 
which allowed for flow-through ventilation.  
9.3.4.1 Neither of the other attics had this setup; with the middle attic 

having no direct exhaust to the out-of-doors. 
9.3.4.1.1 The installed ridge vent appeared to be completely 

covered over with roof underlayment paper.  
9.3.4.2 Given the circumstances, it is reasonable to postulate that the 

naturally occurring air flow in the east attic acted to send more 
spores airborne than in the other attics. 

9.3.4.3 When compared to the results in the east attic, the air sample 
results indicate that the engineering controls in the middle and west 
attics were not adequate to deal with the airborne mold spore 
concentrations produced during the Attic Attack remediation 
process.  

9.3.5 The recovery of target spores Fusarium and Stachybotrys in air samples 
collected after the treatment of the east attic was unique to the three work 
areas. 
9.3.5.1 The identification of these "target" spores on a post-remediation air 

samples may be a result of infiltration of outdoor air, since 
Fusarium was recovered on an out-of-doors sample.  

9.3.5.2 The appearance of the target spores may also indicate that the 
Concrobium Mold Stain Remover is loosening the bonds of even 
the “sticky” mold types. 
 

9.4 The Attic Attack protocol in the middle and west attics resulted in the substantial 
removal of surface contamination with engineering controls that may not have 
been adequate to deal with the airborne mold spore concentrations created by the 
removal process. 
9.4.1 The absence of good ventilation, which was not induced artificially by 

proper pressurization of the middle and west work areas as compared to 
supplementing existing flow-through ventilation in the east attic, is the 
likely reason for the difference in the air samples results. 
9.4.1.1 Sample results from the middle and west attics actually showed an 

increase, while the surface samples showed a significant reduction.  
9.4.2 In the middle attic the inability to negatively pressurize the windowless, 

poorly-ventilated work area required the contractor to seal the entry and 
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attempt to use positive pressure to move the air through the gaps from that 
space to the west attic.  

9.4.3 Although an air mover fan was set up in the window on the north wall of 
the west attic, no isolation barriers were installed in order to improve the 
level of negative pressure. 

9.4.4 These variations in the setup of the three workspaces and subsequent air 
sample results suggest that some additional direction may be in order to 
ensure the contractor provides appropriate engineering controls and air 
management of the work space when conducting work using the Attic 
Attack process. 
9.4.4.1 Although attics are unoccupied spaces, the general remediation 

requirement for negative pressure in areas where mold 
contamination is being removed should be observed.  

9.4.4.2 In addition, a centrally-located HEPA-filtered air scrubber could 
have helped to reduce the airborne particles. 
 

9.5 The nature of quantifying fungal contamination from surface sampling is 
inherently subject to wide swings, depending on where the sample was collected, 
as the representative samples are collected from a very small area.  
9.5.1 Rather than quantifying the extent of contamination, surface sampling is 

more valuable in directly identifying the types of mold contamination that 
are present.  

9.5.2 However, in this case, the reduction of surface contamination is clear in all 
areas, which was also matched with the significant reduction in fungal 
staining. 
 

9.6 In several areas the spore concentrations recovered from the airborne samples 
increased slightly between the post-cleaning and post-fogging.   
9.6.1 This may indicate that, despite double HEPA vacuuming, loosened spores 

are propelled into the air by the direct application of the fogging. 
9.6.2 The decision to leave existing fiberglass insulation in place needs to be 

reevaluated given this data. 
9.6.2.1 Although the insulated surfaces were HEPA vacuumed, such 

surfaces act as a filter to temporarily capture spores that are 
liberated from the source of fungal contamination. 

9.6.3 The increase in airborne fungal spore levels following the fogging step of 
the process also emphasizes the importance of workers utilizing 
appropriate personal protective equipment until the final sample results 
have confirmed that the space is appropriate for occupation without safety 
equipment.  
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9.6.4 As emphasized in the previous item, elevated airborne fungal spore 
concentrations following the second step of the Attic Attack process 
during this case study emphasizes the importance of having good negative 
pressure and/or HEPA-filtered air scrubbing in the work area for an 
extended period following the completion of the work. 

 
10.0 Discussion 

Discussions about the results and impact of the case study on the mold remediation 
industry are based on the results of the visual inspection, measurements collected on site, 
sample analysis results, current industry information, and the professional judgment of 
the report authors. These discussions are based on the conditions existing at the time of 
the case study and available information about the products and processes utilized during 
the project. The discussions are also bounded by reality and common sense in that the 
study was conducted on a real project that was bid for a set price prior to the contractor 
and homeowner agreeing to allow additional observation and oversight. 
 
10.1 Contractors that want to achieve the best results should be familiar with both the 

Attic Attack protocol and the manufacturer’s instructions for the use of specific 
Concrobium products. 
10.1.1 For example, the method of application of Mold Control fog potentially 

affected the results.   
10.1.1.1 The fogging units sold by Concrobium for use with their Mold 

Control product, and specified in their technical literature, are big 
enough to create dense fog in 2 minutes in an attic the size of 
those remediated in this case study. The smaller, more portable 
equipment has a higher air to product output and will likely have 
to be set in the containment and left to run (pointing upward) 
until a dense fog is produced. 

10.1.1.2 Concrobium’s website suggests that the fogger be set centrally in 
the space to be treated and left there for a period of time 
determined by the volume of the space, only redirected 
occasionally to each corner of the room.   

10.1.1.3 Although the recommended fogging equipment is large and not 
as easy to carry and use as the fogger used for this project, the 
manufacturer makes it clear that it is critical to get a dense fog 
(so that it is hard to see through it to the other end of the room) 
that fills the space without disturbing insulation or other potential 
reservoirs.  
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10.1.1.4 The contractor moved the unit around during fogging and 
completed it moderately quickly due to the temperatures in the 
attic.  

10.1.2 The Concrobium Mold Control directions state that negative air should be 
turned off during treatment. 
10.1.2.1 Maintaining negative air flow during fogging will simply remove 

the product and reduce its effectiveness. 
10.1.2.2 Future modifications to the Attic Attack instructions should 

reference the existing product use instructions and emphasize 
that equipment exhausting air from the space should be turned 
off prior to the fogging. 

10.1.2.3 The protocol should also note that the contractor is to leave the 
fogger in place for a prescribed period. 

10.1.3 Further clarification from the manufacturer about determining when Mold 
Control is dry (by touch or specific moisture measurement) would be 
beneficial. 
10.1.3.1 An alternate, simpler approach would be to recommend a certain 

dwell time after fogging, such as two or four hours, before 
instituting air exhaust processes and/or collecting post-
remediation air samples. 

 
10.2 In this case, many of the parameters of the project were set prior to its selection 

for extended monitoring, which may have influenced the results.  
10.2.1 The project pricing did not include removal and replacement of the 

insulation. 
10.2.1.1 Although the remaining insulation was vacuumed, most 

remediation professionals consider such open insulation to be a 
fungal reservoir when visible contamination is present.  

10.2.1.2 Insulation replacement would assure that all microbial 
contaminated materials have been removed from the 
environment.  

10.2.2 Although some Concrobium Mold Stain Remover and Concrobium Mold 
Control did reach the floor during the project, cost considerations 
prevented the contractor from either covering or fully treating the floor or 
the exposed blown-in insulation.   
 

10.3 Extensive sampling that was conducted throughout the case study allowed for an 
evaluation of the two major parts of the Attic Attack process.  
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10.3.1 The analytical data from the case study showed that the restoration steps 
involving Concrobium Mold Stain Remover had a significant impact on 
both staining and measurable amounts of fungal contamination. 

10.3.2 The data from the samples, especially air samples, do not show the same 
positive gain for the part of the process that involved fogging Concrobium 
Mold Control.   

10.3.3 Although the initial indication might be that the samples justify changing 
the Attic Attack protocol to only include surface cleaning using HEPA 
vacuuming and CMSR, such a modification in the recommended process 
is likely premature. 
10.3.3.1 Extensive historical data shows that appropriate fogging with 

Concrobium Mold Control has a positive impact on controlling 
reservoirs of spores both in the air and on surfaces. 

10.3.3.2 Controlling reservoirs of fungal contamination is critical, 
particularly when all impacted porous materials, such as 
fiberglass or cellulose insulation, are not removed as part of the 
remediation process. 

10.3.3.3 Additional information should be developed on the impact of 
fogging on the overall success of attic restoration projects. This 
information could be solicited from previously completed 
projects where air sampling was utilized as part of the post-
remediation evaluation, as well as from other formalized case 
studies. 

 
10.4 Evaluating the performance of a particular product or process in the mold 

remediation industry is hampered by the lack of substantive agreement as to an 
appropriate endpoint for the work.  
10.4.1 There is continuing debate in the industry regarding all aspects of post-

remediation evaluation, including whether sampling is necessary or if a 
thorough visual inspection is adequate.  
10.4.1.1 There are a large variety of sampling types that are often used to 

help evaluate the effectiveness of a mold remediation project. 
These include surface samples, air samples, and sometimes bulk 
samples of remaining insulation or wooden structural members. 
Even after the general sample type has been determined there is a 
myriad of sample collection and analytical methods available, 
ranging from laser particle counters, Swiffer-style dust wipes, 
vacuum filters, specially engineered cassettes, swabs, and tapes 
to pre-wetted, sterile sponges. 
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10.4.1.2 Following the collection and analysis of samples, the difficulty 
continues as there is no accepted industry standard of care on 
how to evaluate the results. 

10.4.1.3 In an effort to address a number of these issues a detailed visual 
inspection was conducted before, during, and after the work. 
Four different types of samples were collected to supplement the 
visual inspection. 

10.4.1.4 Evaluation of sample data related to projects that fall under the 
Attic Attack protocol should take into consideration that the 
work is being performed in unoccupied areas. Therefore, the 
primary emphasis should be on avoiding cross contamination of 
other areas of the structure during the work process. 

10.4.1.5 Neither contractors nor building occupants should have the 
expectation that the remediated area will be mold free upon 
completion of the project. Surface mold growth, along with 
surface capture of spores in the rough contours of wooden studs 
and roof sheathing is normal. That is why some industry 
guidance documents (S520 Standard and Reference Guide for 

Professional Mold Remediation put out by the Institute of 
Inspection Cleaning and Restoration Certification [IICRC]) note 
that the goal for remediation project should be to return the space 
to a "normal fungal ecology". 

10.4.1.6 Numerous studies have shown that even if airborne 
contamination remains after source removal, fungal spore 
concentrations in buildings will normalize over time to be 
reflective of the type of spores that are found in the air out-of-
doors. 

   
10.5 Regardless of the current state of the restoration industry in regards to mold 

remediation clearance evaluation, specific recommended approaches to this part 
of the process could be offered in the Attic Attack protocol.  
10.5.1 Since, as noted previously, many such projects are undertaken as part of a 

property transaction, one of the key goals is to make these surfaces 
visually clean.  
10.5.1.1 One of the key goals should be treated surfaces that look normal 

enough that when a home inspector visually assesses the space 
he or she does not see mold growth or residual staining and 
indicate that treatment is needed. 

10.5.1.2 Given the current industry variability in regards to post-
remediation sample interpretation, the documented reductions of 
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between 76% and 100% for surface samples in this case study 
could be used as a starting point to build a consensus as to the 
number and type of samples that should be collected to 
supplement a visual inspection. 

10.5.1.3  Regardless of the interpretation criteria selected for surface test 
results in treated attics and other non-occupied spaces, the post-
remediation verification for the comparative samples from the 
occupied areas should be the same as if the project were 
completed inside the dwelling.  
10.5.1.3.1 Therefore, mold type and spore count standards that 

are used during typical remediation projects should 
still be the benchmark. 

 
10.6 This case study points out the general limitations of any remediation where the 

source(s) of water intrusion have not yet been fully identified or rectified. 
10.6.1 Such cases are common during property transactions where the primary 

concern of the seller is dealing with the visible markers of fungal growth. 
10.6.2 In the case study home, the attic mold problem probably was a result of an 

inadequately ventilated home over a period of years, combined with hot 
and humid conditions (especially the previous summer of 2012), and 
humid bathroom air exhausted into the attic spaces. 

10.6.3 Though the documented result of the Attic Attack treatment very 
significantly improves the surface and air conditions, if the root cause of 
the problem is not addressed in a timely manner the mold growth will 
return.   

10.6.4 If the contractor using the protocol is to have some liability protection 
from reoccurring attic mold, part of the program has to be the 
identification of the source of the problem and the assumption of 
responsibility to adequately resolve it. 

 
10.7 Although additional analytical data is necessary to offer more definitive 

evaluation of the post-cleaning fogging step of the Attic Attack process, the 
existing information supports adjustment of the Attic Attack written protocol in a 
number of key ways. 
10.7.1 The protocol should clearly indicate that personal protective equipment 

and engineering controls should be utilized until the area has been 
returned to a normal fungal ecology.  
10.7.1.1 Personal protective equipment should be utilized throughout the 

fogging process as a protection against both mold spores and 
respirable droplets of the Mold Control product. 
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10.7.2 As it is currently stated, the protocol should continue to emphasize the 
importance of appropriate engineering controls during remediation 
following the Attic Attack protocol.  
10.7.2.1 Additional emphasis should be placed on the installation of 

barriers and ventilation equipment in order to put the workspace 
under negative air pressure to protect adjacent areas from 
contamination.  

10.7.2.2 The protocol should be adjusted to recommend that, regardless of 
whether or not the air pressure in the attic is negative, the air in 
the work area should be “scrubbed” with HEPA-filtered negative 
air machines exhausted through diffusion tails. 
10.7.2.2.1 The case study results showed that there is significant 

disturbance of fungal sources during the removal 
process, which can result in elevated levels of 
airborne spores. 

10.7.2.2.2 The laboratory evidence in this case study showed 
that in two of the three areas airborne spores had not 
been transported out of the attic via a fan in a window 
or through a limited series of gaps between two attics.  

10.7.2.2.3 While not conclusive, the limited evidence from this 
one case study indicates that trying to use positive 
pressure in one area (middle attic) in conjunction with 
a window fan to create negative pressure in another 
space (west attic) was not effective.  

10.7.2.2.4 A better approach in such difficult situations without 
clear access to the out-of-doors would be to use 
HEPA-filtered equipment in neutral pressure fashion 
to scrub the recirculated air.  

10.7.2.2.5 With the availability of smaller HEPA-filtered 
negative air machines it is reasonable that in most 
situations two to three units could be placed within 
the work space to scrub the air during remediation 
activities.  

10.7.2.2.6 These units could have been left in operation during 
fogging since they would have helped to circulate the 
product in the air and would not have been exhausting 
the product to the exterior. 

10.7.3 The Attic Attack protocol should be adjusted to provide information on 
proper use of Concrobium products in the case of temperature extremes. 
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10.7.3.1 In this particular case elevated temperatures impacted the choice 
of engineering controls and the ability of workers to complete 
work in a reasonable timeframe. 
10.7.3.1.1 Some of the project workers wondered if the elevated 

temperatures were causing the CMSR or Mold 
Control to dry too quickly. 

10.7.3.2 Work in such spaces also takes place during seasons when 
surface temperatures and/or air temperatures are below freezing. 
10.7.3.2.1 Instructions for storing, mixing, applying, and 

checking product effectiveness in cold temperatures 
should be included with the Attic Attack instructional 
materials. 

 
11.0 References 
A number of documents were used in developing this report to provide both specific and general 
information necessary to increase the utility of the document. The sources used for particular 
comments about the Attic Attack protocol or Concrobium products used during the case study 
are included as Appendices I, J, and K.  
 
As discussed in section 3.0, there is limited industry data detailing issues related to mold in attics 
and crawlspaces. The CMP capstone paper prepared by John DiMenno in 2009 provides one of 
the most comprehensive treatments of the subject and was used as the basis for many of the 
assumptions built into the case study design and sampling parameters. Because of its importance 
to the industry, as well as this case study, it is included as Appendix L. 
 
Many references were utilized in a general fashion, particularly those that provide background 
information for the discussion about the current standard of care found in section 10 of the 
report. All such references, the following documents are the ones that the report authors relied on 
most heavily:  
 Texas Mold Assessment and Remediation Rules (25 TAC Sections 295.301-295.338) 
 Occupational Safety & Health Administration (OSHA), A Brief Guide to Mold in the 

Workplace 
 Health Canada, Fungal Contamination in Public Buildings: A Guide to Recognition and 

Management 
 American Conference of Governmental Industrial Hygienists, Bioaerosols: Assessment and 

Control 
 American Conference of Governmental Industrial Hygienists, Field Guide for the 

Determination of Biological Contaminants in Environmental Samples 
 The Institute of Inspection Cleaning and Restoration Certification (IICRC), S500 Standard 

and Reference Guide for Professional Water Damage Restoration 
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 The Institute of Inspection Cleaning and Restoration Certification (IICRC), S520 Standard 

and Reference Guide for Professional Mold Remediation 
 New York City Department of Health, Guidelines on Assessment and Remediation of Fungi 

in Indoor Environments 
 American Industrial Hygiene Association, Report of Microbial Growth Task Force 
 Environmental Protection Agency, Mold Remediation in Schools and Commercial Buildings 
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1. The home used for testing the Attic Attack process is located in Mentor, Ohio.  At the time of the case 

study the home was for sale. Upon inspection of the attic spaces some visible mold growth was 
observed. This situation was brought to the attention of Puroclean, who suggested the home be used to 
test Concrobium’s Attic Attack.  During the afternoon of June 25, 2013, representatives from 
Puroclean, G.S. Jones, and Wonder Makers Environmental arrived at the home to inspect access, begin 
set-up of equipment, and collect samples in the attic prior to commencement of the cleaning work.   
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2. The attic consisted of three separate spaces, each with its own access. The attic above the main house 

(east) was accessed from a retractable stair in the second floor corridor. That section of attic had limited 
ventilation and was insulated at the ceiling structure with approximately 6” of blown-in fiberglass 
insulation. It was largely walkable with loosely-laid plywood flooring and an open wood-framed roof 
structure.  
 

3. Visible mold was observed in the east attic. The mold was more evident on the north half of the attic 
roof structure and appeared to increase toward the east end. Because of the large size of the attic, air and 
surface samples were collected prior to the start of work at both the northeast (visibly affected) and 
southwest (visibly unaffected) corners of the attic.  
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4. In each attic space bioaerosol samples of ambient air were collected and analyzed for mold, fibers, 

pollen, and opaque particulates. This photo shows a sample being collected using a timed and calibrated 
pump to draw a precise amount of air through the cassette during a 10-minute sampling period.  
 

5. Microvacuum samples were collected using bioaerosol cassettes and a pump to draw air and particulates 
directly from the surfaces of both the plywood deck and wood framing for approximately 10 seconds. 
Each “vacuumed” area was approximately 16 square inches (100 cm²) and the samples were analyzed 
for the same type of particulates as the bioaerosol samples.  
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6. Bio-Tape surface samples were collected from the plywood deck and wood roof framing near the 

microvacuum sample locations, and were analyzed for the same type of particulates as the bioaerosol 
samples.  
 

7. Adenosine triphosphate (ATP) swab samples were collected from the surfaces of both the plywood deck 
and wood roof framing near the locations of the other samples in order to analyze potential 
contamination of the surface using bioluminescence technology. ATP sampling provides an immediate 
reading of the bio-contamination of a surface without the delay and increased cost of laboratory 
analysis.   
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8. The attic between the main house and garage (middle) was accessed through a door in the second floor 

bathroom. This attic had limited ventilation and was walkable, though convoluted in shape, as it 
wrapped around and over the bathroom as well as connected to the sloping roof sheathing of the east 
side of the garage. Mold growth was generally observed to be more prevalent on the north side of the 
middle attic. Similar air and surface samples were collected here as were collected in the east attic.   
 

9. The attic above the garage (west) was accessed via a retractable stair in the garage. Mold growth was 
observed on the underside of the plywood roof sheathing and on the wood framing, most prominently at 
the northeast corner.   
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10. For comparison purposes, air samples were collected in adjacent but visibly unaffected areas on the 

second floor (northeast bedroom and bathroom) to verify the ambient spore count of those spaces.  
 

11. On Wednesday morning, June 26, 2013, work began with installation of engineering controls and 
protective covering of the carpet. An air sample was collected out-of-doors to confirm ambient 
conditions on that day.   

 
 



PHOTOGRAPH LOG Concrobium Attic Attack Study
 GC13-11741 

Wonder Makers Environmental       July 2013 
7 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12. The east and west attics were negatively pressurized using air movers in the exterior wall penetrations 

(window and gable vent), directing air to the outside.   
 

13. The east and middle attics were isolated from the adjacent occupied spaces using zippered polyethylene 
doors. The east (house) attic was also injected with HEPA-filtered air from the second floor space 
through the access door.   
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14. Because the middle attic did not have an exterior access for negatively ventilating the space, HEPA-

filtered air was pushed from the second floor bathroom into the space to positively pressurize the area, 
with the intention that air pressure would then flow into the garage (west) attic through the gaps in the 
sheathing between the two attics.   
 

15. Fall protection posts were installed around the opening for the folding access stair to the east attic.  
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16. HEPA vacuuming of the roof framing and sheathing commenced in one attic and then proceeded to the 

other attic spaces. This initial step was meant to remove the majority of gross contamination from the 
surfaces prior to using Concrobium Mold Stain Remover.  
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17. Concrobium Mold Stain Remover was mixed using the appropriate amount of water (a), Mold Stain 

Remover parts 1 and 2 (b), stirred (c), and allowed to set (d) for the required 30 minutes prior to filling 
the sprayer for use (e).   

 

e 

d c 
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18. After HEPA vacuuming was completed the surfaces were sprayed with mixed Mold Stain Remover 

using a standard garden sprayer. The sprayed liquid was allowed to dry on the surfaces without 
scrubbing or other agitation. Mold Stain Remover is designed to penetrate the surface, working to 
release the grip that biological contamination has on the semi-porous wood framing and plywood so that 
the contamination can be removed.  
 

19. When the Concrobium Mold Stain Remover was initially sprayed onto the attic surfaces where 
contamination was present those surfaces reacted by foaming.   
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20. After the wood framing and plywood deck surfaces had dried, they were again HEPA vacuumed to 

remove residual contamination/mold stain.   
 

21. Air and surface samples were again collected from both the plywood roof and wood framing in each of 
the attics using the same four processes described previously. The goal of this sampling was to verify 
the effectiveness of the cleaning process prior to the final step of cold-fogging the surfaces with 
Concrobium Mold Control.  
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22. After the air and surface sampling was complete, each of the attics was cold-fogged using Mold Control 

in a fogging machine (a).  The fog was dispensed in proximity to the surfaces that had been cleaned to 
provide a treatment that would help resist regrowth of mold on the surfaces (b).  

 
 
 

a 

b 
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23. After allowing the fog to dissipate and the surfaces to dry, the air and surfaces were again sampled using 

the four previously described processes to verify the effectiveness of the combined protocol that had 
been completed. The engineering controls, equipment, and protective coverings were then removed 
from the site as all contractor activity had been completed.   
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Summary of Air Sampling Results in the East, Middle and West Attic 

Sampling 
Period 

Fungal Material (counts per cubic meter) 
East Attic Area 1 East Attic Area 2 Middle Attic West Attic 

Total  A/P Target Total A/P Target Total A/P Target Total A/P Target 
Pre-

Cleaning >250,000 >250,000 0 >350,000 >350,000 0 25,382 17,000 0 18,828 7,600 0 

Post 
Cleaning 22,680 17,000 24* 21,964 15,000 24** 34,228 32,000 0 >50,000 >30,000 0 

Post 
Fogging 23,964 21,000 0 28,188 24,000 0 41,036 37,000 0 23,310 16,000 0 

% 
Reduction >90.5 >91.6 100 >91.9 >93.1 100 -38 -55 NA -19 -52 NA 

*Stachybotrys **Fusarium 

Summary of Microvacuum Surface Sample Results in the East, Middle and West Attic 

Sampling 
Period 

East Attic Stud East Attic Deck Mid Attic Stud Mid Attic Deck West Attic Stud West Attic Deck 
Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* 

Pre-
Cleaning 12 100 0 72 100 0 75 100 0 70 100 0 <1 100 0 65 100 0 

Post 
Cleaning <1 0 0 14 92 0 17 100 0 4 97 0 2 95 0 <1 0 0 

Post 
Fogging <1 0 0 5 95 0 6 100 0 11 100 0 1 100 0 10 100 0 

**Estimated as percentage of sample constituents   *Estimated as percentage of total fungal material 

Summary of Bio-Tape Sample Results in the East, Middle and West Attic 

Sampling 
Period 

East Attic Stud East Attic Deck Mid Attic Stud Mid Attic Deck West Attic Stud West Attic Deck 
Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* Total** A/P* Target* 

Pre-
Cleaning 2 40 0 30 100 0 50 100 0 85 100 0 <1 100 0 12 95 0 

Post 
Cleaning 2 10 0 <1 0 0 35 100 0 50 100 0 <1 50 0 1 100 0 

Post 
Fogging <1 100 0 <1 80 0 5 100 0 20 100 0 <1 0 0 <1 0 0 

**Estimated as percentage of sample constituents *Estimated as percentage of total fungal material  Possible wood rot basidiospores on east attic stud pre-
cleaning and post cleaning 
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SAMPLE COLLECTION LOG 
Pre-Remediation 

  
PROJECT #: GC13-11741  PROJECT NAME: Concrobium Attic Attack Study   SPECIALIST: T. Kloosterman 
   

Date Sample 
No. 

Sample 
Code Description Location 

Time Flow Rate 
Summary of Results / 

Comments On Off 
Elapsed 

Time 
(min.) 

Start Stop 
Ave. 
Flow 
Rate 

6/25/13 11741-01 IA AS, BK Out-of-doors 1559 1609 10 15 15 15  

6/25/13 11741-02 IA AS, BK East attic (NE) 1548 1558 10 15 15 15  

6/25/13 11741-03 IA AS, BK East attic (SW) 1548 1558 10 15 15 15  

6/25/13 11741-04 IA AS, BK Middle attic 1541 1551 10 15 15 15  

6/25/13 11741-05 IA AS, BK West attic 1533 1543 10 15 15 15  

6/25/13 11741-06 IA AS, BK Occupied adj. space  
(NE bedroom) 1617 1627 10 15 15 15  

6/25/13 11741-07 IA AS, BK Occupied adj. space  
(2nd floor bath) 1620 1630 10 15 15 15  

6/25/13 11741-08 MV Un-impacted stud East attic (SW)  - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-09 MV Un-impacted deck East attic (SW) - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-10 MV Impacted stud East attic (NE) - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-11 MV Impacted deck East attic (NE) - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-12 MV Impacted stud Middle attic  - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-13 MV Impacted deck Middle attic  - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-14 MV Impacted stud West attic - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-15 MV Impacted deck West attic  - - 10 sec 14.5 14.5 14.5  

6/25/13 11741-16 TS Un-impacted stud East attic (SW) - - - - - -  

6/25/13 11741-17 TS Un-impacted deck East attic (SW) - - - - - -  
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Date Sample 
No. 

Sample 
Code Description Location 

Time Flow Rate 
Summary of Results / 

Comments On Off 
Elapsed 

Time 
(min.) 

Start Stop 
Ave. 
Flow 
Rate 

6/25/13 11741-18 TS Impacted stud East attic (NE) - - - - - -  

6/25/13 11741-19 TS Impacted deck East attic (NE) - - - - - -  

6/25/13 11741-20 TS Impacted stud Middle attic - - - - - -  

6/25/13 11741-21 TS Impacted deck Middle attic - - - - - -  

6/25/13 11741-22 TS Impacted stud West attic - - - - - -  

6/25/13 11741-23 TS Impacted deck West attic - - - - - -  

6/25/13 11741-24 ATP Un-impacted stud East attic (SW) - - - - - -  00 RLU 

6/25/13 11741-25 ATP Un-impacted deck East attic (SW) - - - - - -  03 RLU 

6/25/13 11741-26 ATP Impacted stud East attic (NE) - - - - - -  616 RLU 

6/25/13 11741-27 ATP Impacted deck East attic (NE) - - - - - -  453 RLU 

6/25/13 11741-28 ATP Impacted stud Middle attic - - - - - -  1,138 RLU 

6/25/13 11741-29 ATP Impacted deck Middle attic - - - - - -  947 RLU 

6/25/13 11741-30 ATP Impacted stud West attic - - - - - -  00 RLU 

6/25/13 11741-31 ATP Impacted deck West attic - - - - - -  00 RLU 
 
Sample Code – IA=IAQ air; MV = Microvacuum; TS = Bio-Tape sample of surface; ATP = Adenosine triphosphate swab  
Description – Includes additional detail of sampled material and codes for specific types of samples.  AS=area sample; BK=background 
Location – Includes building, floor level, area, room number, etc.        
Time – Military time 
Flow Rate  – Flow rate in liters per minute.     
Results / Comments – observations, clarifications to the sample collected 
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SAMPLE COLLECTION LOG 
Post-Cleaning 
   

PROJECT #: GC13-11741  PROJECT NAME: Concrobium Attic Attack Study   SPECIALIST: T. Kloosterman 
   

Date Sample 
No. 

Sample 
Code Description Location 

Time Flow Rate 
Summary of Results / 

Comments On Off 
Elapsed 

Time 
(min.) 

Start Stop 
Ave. 
Flow 
Rate 

6/26/13 11741-32 IA AS, BK Out-of-doors 1040 1050 10 15 15 15  

6/26/13 11741-33 IA AS, BK East attic (NE) 1427 1437 10 15 15 15  

6/26/13 11741-34 IA AS, BK East attic (SW) 1429 1439 10 15 15 15  

6/26/13 11741-35 IA AS, BK Middle attic 1351 1401 10 15 15 15  

6/26/13 11741-36 IA AS, BK West attic 1314 1324 10 15 15 15  

6/26/13 11741-37 MV Cleaned stud East attic (NE) - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-38 MV Cleaned deck East attic (NE) - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-39 MV Cleaned stud Middle attic  - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-40 MV Cleaned deck Middle attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-41 MV Cleaned stud West attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-42 MV Cleaned deck West attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-43 TS Cleaned stud East attic (NE) - - - - - -  

6/26/13 11741-44 TS Cleaned deck East attic (NE) - - - - - -  

6/26/13 11741-45 TS Cleaned stud Middle attic - - - - - -  

6/26/13 11741-46 TS Cleaned deck Middle attic - - - - - -  

6/26/13 11741-47 TS Cleaned stud West attic - - - - - -  

6/26/13 11741-48 TS Cleaned deck West attic - - - - - -  

6/26/13 11741-49 ATP Cleaned stud East attic (NE) - - - - - -  0 RLU 
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Date Sample 
No. 

Sample 
Code Description Location 

Time Flow Rate 
Summary of Results / 

Comments On Off 
Elapsed 

Time 
(min.) 

Start Stop 
Ave. 
Flow 
Rate 

6/26/13 11741-50 ATP Cleaned deck East attic (NE) - - - - - -  0 RLU 

6/26/13 11741-51 ATP Cleaned stud Middle attic - - - - - -  0 RLU 

6/26/13 11741-52 ATP Cleaned deck Middle attic - - - - - -  0 RLU 

6/26/13 11741-53 ATP Cleaned stud West attic - - - - - -  0 RLU 

6/26/13 11741-54 ATP Cleaned deck West attic - - - - - -  0 RLU 
 
Sample Code – IA=IAQ air; MV = Microvacuum; TS = Bio-Tape sample of surface; ATP = Adenosine triphosphate swab  
Description – Includes additional detail of sampled material and codes for specific types of samples.  AS=area sample; BK=background 
Location – Includes building, floor level, area, room number, etc.        
Time – Military time 
Flow Rate  – Flow rate in liters per minute.     
Results / Comments – observations, clarifications to the sample collected 
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SAMPLE COLLECTION LOG 
Post-Fogging 
   

PROJECT #: GC13-11741  PROJECT NAME: Concrobium Attic Attack Study   SPECIALIST: T. Kloosterman 
   

Date Sample 
No. 

Sample 
Code Description Location 

Time Flow Rate 
Summary of Results / 

Comments On Off 
Elapsed 

Time 
(min.) 

Start Stop 
Ave. 
Flow 
Rate 

6/26/13 11741-55 IA AS, BK Out-of-doors 1451 1501 10 15 15 15  

6/26/13 11741-56 IA AS, BK East attic (NE) 1533 1543 10 15 15 15  

6/26/13 11741-57 IA AS, BK East attic (SW) 1530 1540 10 15 15 15  

6/26/13 11741-58 IA AS, BK Middle attic 1521 1531 10 15 15 15  

6/26/13 11741-59 IA AS, BK West attic 1510 1520 10 15 15 15  

6/26/13 11741-60 MV Cleaned stud East attic (NE) - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-61 MV Cleaned deck East attic (NE) - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-62 MV Cleaned stud Middle attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-63 MV Cleaned deck Middle attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-64 MV Cleaned stud West attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-65 MV Cleaned deck West attic - - 10 sec 14.5 14.5 14.5  

6/26/13 11741-66 TS Cleaned stud East attic (NE) - - - - - -  

6/26/13 11741-67 TS Cleaned deck East attic (NE) - - - - - -  

6/26/13 11741-68 TS Cleaned stud Middle attic - - - - - -  

6/26/13 11741-69 TS Cleaned deck Middle attic - - - - - -  

6/26/13 11741-70 TS Cleaned stud West attic - - - - - -  

6/26/13 11741-71 TS Cleaned deck West attic - - - - - -  

6/26/13 11741-72 ATP Cleaned stud East attic (NE) - - - - - -  00 RLU 
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Date Sample 
No. 

Sample 
Code Description Location 

Time Flow Rate 
Summary of Results / 

Comments On Off 
Elapsed 

Time 
(min.) 

Start Stop 
Ave. 
Flow 
Rate 

6/26/13 11741-73 ATP Cleaned deck East attic (NE) - - - - - -  08 RLU 

6/26/13 11741-74 ATP Cleaned stud Middle attic - - - - - -  00 RLU 

6/26/13 11741-75 ATP Cleaned deck Middle attic - - - - - -  00 RLU 

6/26/13 11741-76 ATP Cleaned stud West attic - - - - - -  00 RLU 

6/26/13 11741-77 ATP Cleaned deck West attic - - - - - -  00 RLU 
 
Sample Code – IA=IAQ air; MV = Microvacuum; TS = Bio-Tape sample of surface; ATP = Adenosine triphosphate swab  
Description – Includes additional detail of sampled material and codes for specific types of samples.  AS=area sample; BK=background 
Location – Includes building, floor level, area, room number, etc.        
Time – Military time 
Flow Rate  – Flow rate in liters per minute.     
Results / Comments – observations, clarifications to the sample collected 
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ATP SAMPLE RESULTS 
   

PROJECT #: GC13-11741 SPECIALIST: T. Kloosterman 
PROJECT NAME: Concrobium Attic Attack Study    

 
A portable meter was used to assess the effectiveness of surface decontamination immediately after 
cleaning and after fogging. The field portable, direct read device (luminometer) uses special swabs to 
collect and measure adenosine triphosphate (ATP), the universal energy molecule found in all animal, 
plant, bacteria, yeast, and mold cells. When ATP is brought into contact with the chemical reagent in 
the sample collection swab, light is emitted in direct proportion to the amount of ATP present. The 
system measures the amount of light generated and provides information on the level of contamination 
after 15 seconds—the higher the reading, the more contamination present.  
 

The ATP luminometer used in analyzing the biological condition of the attic rafter studs and plywood 
sheathing was manufactured by Hygiena. Their model “SystemSURE Plus” is a portable palm-sized 
unit.  Test swabs used in the study were “UltraSnap,” also manufactured by Hygiena.  They had an 
expiration date of June 3, 2014, marked on each unit.  Prior to use, the swabs were kept refrigerated.  
 
Use of the ATP luminometer and swabs followed manufacturer’s guidelines. Each area sampled was 
1” x 1” and was identified with unique sample numbers on the various structural components using a 
black permanent marker. Three sets of samples were collected:  Prior to cleaning of the visibly mold-
contaminated materials, after cleaning, and after fogging. The samples collected after cleaning and 
fogging were taken from an area of similar material and original level of fungal contamination as was 
sampled prior to cleaning. 
 

ATP READINGS 

LOCATION/MATERIAL PRE-CLEAN POST-CMSR POST-FOG % DIFFERENCE 

East Attic Samples 26 & 27 Samples 49 & 50 Samples 72 & 73  
Stud 616 0 0 100% 

Sheathing 453 0 8 98.2% 
Middle Attic Samples 28 & 29 Samples 51 & 52 Samples 74 & 75  

Stud 1138 0 0 100% 
Sheathing 947 0 0 100% 

West Attic Samples 30 & 31 Samples 53 & 54 Samples 76 & 77  
Stud 0* 0 0 0 

Sheathing 0* 0 0 0 

* Visible fungal growth that is extremely old/dry may not register properly on the ATP meter because the enzyme that is 
being measured has dried to the point where it is desiccated.  



  Wonder Makers Environmental 

Wonder Makers Environmental 
 

SAMPLING AND ANALYTICAL METHODS 
 

PROJECT: GC13-11741 DATE: June 26, 2013 
    
PROJECT NAME: Concrobium Attic Attack Study SPECIALIST: T. Kloosterman 

 
Temperature and Humidity Measurements   
Temperature and humidity measurements were not made during the project.  However, generally 
stated, each of the attics was very warm and humid, especially during afternoon work on June 25 
and 26, 2013.  Outdoor temperatures ranged from 75º to 85º F. 
 
Non-cultured Air Samples 
Non-cultured air samples (IA) were collected using either a battery-powered Bio-Pump or a 
Wonder-Air high-volume vacuum pump, plastic tubing, and commercially available Air-O-Cell 
sampling cassettes.  Air sampling was performed pursuant to current industry guidelines with 
guidance from the manufacturer's recommendations.  The battery-powered pump was calibrated 
with each use to a flow rate of 15.0 liters per minute.  The high-volume sample pump was 
calibrated at the beginning and end of each day using a rotometer and timer.  Each vacuum pump 
was calibrated to a flow rate of 14.5 and 15.0 liters of air per minute with each machine set to run 
for ten minutes.  As such, each non-cultured air sample had 145 or 150 total liters of air drawn 
through the cassette orifice.  During operation, particulate laden air was accelerated through the 
cassette where particulates adhered to collection media on a small slide located inside the 
cassette. 
 
Sample analysis was conducted in conformance with Wonder Makers Environmental’s written 
analytical standard operating procedures and in accordance with the American Society for 
Testing and Materials Standard Test Method D 7391-09 (Categorization and Quantification of 
Airborne Fungal Structures in an Inertial Impaction Sample by Optical Microscopy). For sample 
preparation, the collection slide was removed from the cassette and mounted under a cover slip, 
media side up, with Calberla’s staining solution. For analysis, a minimum of 20% of the sample 
trace area was examined by direct microscopic examination at a magnification of 1000x using oil 
immersion. Each category of particulate (fungal material, pollen, fibers, and opaques) was 
quantified and reported as counts per cubic meter of air (c/m3). Fungal types were identified to 
genus level when possible.  The entire trace area was then scanned at a magnification of 600x, 
noting any bioaerosols that were not quantified, as well as any clumps, groups, and/or chains of 
spores that would significantly increase the count total for a particular category. 
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Microvacuum Samples 
Non-cultured microvacuum surface samples (MV) were collected to provide a qualitative and a 
relative quantitative determination of organic and inorganic particulates. A commercially 
available Air-O-Cell cassette was carefully hovered over the surface to collect particles from the 
suspect area. A Wonder-Air high-volume pump was used to draw the particulate laden air from 
the surface through the cassette and over a slide containing collection media.  The vacuum pump 
was calibrated to a flow rate of 14.5 liters of air per minute at the beginning and end of each day 
with a rotometer and timer.  Sampling times were approximately ten seconds, and typically 
sampled an area that was approximately 4” x 4”.  
 
Sample analysis was conducted in conformance with Wonder Makers Environmental’s written 
analytical standard operating procedures, using plane light microscopy techniques.  For sample 
preparation, the collection slide was removed from the cassette and mounted under a cover slip, 
media side up, with Calberla’s staining solution.  For analysis, the entire sample trace area was 
viewed by direct microscopic examination at a magnification of 600x and the relative percentage 
of fungal spores/hyphae in comparison to other sample constituents was determined. The types 
of fungal spores present and the order of preponderance were then determined at a magnification 
of 1000x using oil immersion, by examining 20% of a representative area of the sample trace. If 
no spores were detected or observed during analysis the result was reported as below the method 
detection limit (BMDL).   
 
Biological Surface Tape Samples 
Tape samples were taken to verify that materials with the appearance of fungal growth were 
indeed sources of biological contamination or to evaluate the concentration and type of fungal 
spores that were present in surface dust.  Tape samples were collected using Bio-Tape collection 
devices manufactured by Zefon Analytical.  These Bio-Tape samplers come individually 
packaged in plastic slide holders containing a flexible plastic microscope slide with a section of 
clear adhesive.  For sample collection, the slide holder was opened, the disposable cover on the 
adhesive portion of the slide removed, and the slide touched to the surface to be sampled.  
Because of its flexibility, the slide can contour to irregular surfaces for proper collection. 
 
Sample analysis was conducted in conformance with Wonder Makers Environmental’s written 
analytical standard operating procedures, using plane light microscopy techniques.  For sample 
preparation, a cover slip was mounted over the adhesive portion of the slide, with Calberla’s 
stain solution.  For analysis, the sample was scanned at a magnification of 600x to make a 
general assessment of distribution and uniformity of the deposit and make a preliminary estimate 
of the percentage of fungal material and the preponderance of spores. For slides with a relatively 
uniform distribution of materials, a final determination of types fungal spores present and the 
order of preponderance was made at a magnification of 1000x using oil immersion by examining 
20% of a representative area.  For slides with uneven distribution, the total percentage of fungal 
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material and preponderance was based on areas where material was deposited.  If no fungal 
spores were detected during analysis, the result was reported as below the method detection limit 
(BMDL). 
 
ATP Sampling 
A portable meter was used to assess the effectiveness of surface decontamination. The field 
portable, direct read device (luminometer) uses special swabs to collect and measure adenosine 
triphosphate (ATP), the universal energy molecule found in all animal, plant, bacteria, yeast and 
mold cells. When ATP is brought into contact with the chemical reagent in the sample collection 
swab, light is emitted in direct proportion to the amount of ATP present. The system measures 
the amount of light generated and provides information on the level of contamination after 15 
seconds—the higher the reading, the more contamination is present.  
 
The ATP luminometer used in analyzing the biological condition of surfaces was manufactured 
by Hygiena. Their model “SystemSURE Plus” is a portable palm-sized unit.  Test swabs used in 
the study were “UltraSnap” also manufactured by Hygiena.  They had an expiration date of June 
3, 2014, marked on each unit.  Prior to use, the swabs were kept refrigerated  
 
Use of the ATP luminometer and swabs followed manufacturer’s guidelines.  The size of each 
area sampled was 1” x 1” and was identified with unique sample numbers on the various 
structural components using a black permanent marker. Samples were collected at three separate 
times:  Prior to cleaning of the visibly mold-contaminated materials, after cleaning (HEPA-
vacuum, application of CMSR, HEPA-vacuum), and after fogging. The samples collected after 
cleaning and fogging were taken from an area of similar material and adjacent to the fungal 
contamination that was sampled prior to cleaning. 
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Concrobium	  Attic	  Attack!	  Process	  Instructions	  	  	  	  	  	  	  	  	  	  	  	  	  

	  

Overview	  	  

A	  particularly	  vexing	  problem	  in	  the	  mold	  remediation	  industry	  is	  addressing	  fungal	  contamination	  sources	  in	  the	  
areas	  of	  buildings	  that	  are	  generally	  unoccupied	  and	  that	  have	  restricted	  access	  to	  and	  movement	  within	  the	  
space.	  	  Attics	  and	  crawlspaces,	  which	  typically	  pose	  these	  challenges,	  often	  have	  visible	  mold	  growth	  and	  are	  
readily	  viewed	  by	  repair	  personnel,	  home	  inspectors,	  and	  others.	  Unlike	  wall	  cavities	  where	  new	  finish	  material	  is	  
applied	  after	  remediation	  is	  complete,	  the	  visual	  appearance	  of	  attics	  and	  crawlspaces	  plays	  a	  much	  bigger	  role	  in	  
client	  satisfaction	  with	  the	  contractor's	  efforts	  in	  dealing	  with	  microbiological	  growth.	  

Given	  these	  challenges,	  any	  remediation	  process	  specifically	  designed	  for	  these	  sites	  should	  offer	  the	  following:	  

• Compliance	  with	  accepted	  industry	  practices	  and	  the	  established	  standard	  of	  care	  
• Effective	  removal	  of	  fungal	  contamination	  (physical	  separation	  of	  mold	  from	  substrate	  and	  removal	  from	  

the	  site)	  
• Effective	  removal	  of	  mold	  staining	  	  
• Improved	  appearance	  without	  resorting	  to	  colored	  coatings	  or	  other	  topical	  applications	  that	  can	  obscure	  

the	  underlying	  surface,	  add	  toxic	  chemistry	  and	  create	  vapor	  barriers	  where	  none	  should	  be	  

Fortunately,	  by	  matching	  state-‐of-‐the-‐art	  mold	  remediation	  products	  with	  a	  detailed	  understanding	  of	  industry	  
practices,	  a	  comprehensive	  approach	  for	  addressing	  mold	  contamination	  in	  difficult-‐to-‐reach	  spaces	  is	  now	  
available.	  The	  following	  methodology	  provides	  an	  overview	  of	  the	  steps	  required	  to	  remediate	  and	  restore	  mold-‐
damaged	  attic	  spaces	  –	  and	  similar	  restricted	  areas,	  such	  as	  crawlspaces	  –	  using	  the	  Concrobium	  Attic	  Attack!	  	  This	  
step-‐by-‐step	  approach	  helps	  restoration	  contractors	  achieve	  superior	  mold	  remediation	  results	  with	  greater	  
efficiency	  by	  replacing	  labor-‐intensive	  work	  practices	  (sanding,	  wire-‐brushing),	  dangerous	  chemicals	  (bleach,	  
hydrogen	  peroxide),	  and	  complicated	  blasting	  (soda,	  dry	  ice)	  with	  a	  safe,	  innovative,	  straightforward	  cleaning	  
process.	  	  	  

Step	  1:	  Site	  evaluation	  

As	  with	  any	  mold	  remediation	  process,	  a	  detailed	  site	  evaluation	  should	  be	  completed	  to	  assess	  the	  problem	  and	  
develop	  an	  appropriate	  work	  scope	  for	  the	  project.	  This	  evaluation	  should	  include:	  

• A	  thorough	  visual	  inspection	  with	  particular	  attention	  paid	  to	  areas	  with	  water	  staining	  or	  potential	  
microbial	  growth.	  

• Identification	  of	  the	  source(s)	  of	  the	  moisture	  issue	  so	  corrective	  action	  can	  be	  taken.	  At	  a	  minimum,	  the	  
following	  should	  be	  considered:	  

o Exterior	  moisture	  sources	  (compromised	  shingling,	  flashing	  deficiencies,	  or	  separations	  around	  
chimneys)	  

o Interior	  moisture	  sources	  (pipe	  leaks,	  exhaust	  issues,	  HVAC	  malfunction,	  elevated	  water	  table)	  
o Inadequate	  ventilation	  leading	  to	  moisture	  accumulation	  and	  vapor	  diffusion	  (inoperable	  roof	  

vents)	  
• Appropriate	  environmental	  measurements	  as	  necessary	  to	  complement	  the	  official	  inspection,	  including	  

moisture	  measurements	  and,	  possibly,	  air/surface	  sampling	  for	  identification	  of	  microbial	  contaminants.	  
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Step	  2:	  Planning	  for	  Building	  Occupant	  Safety	  

A	  plan	  should	  be	  developed	  and	  implemented	  to	  prevent	  cross-‐contamination	  from	  the	  attic	  (or	  other	  unoccupied	  
spaces)	  to	  occupied	  parts	  of	  the	  building.	  This	  plan	  should	  address:	  

• Pressurization	  (negatively	  pressurize	  attic	  or	  positively	  pressurize	  living	  spaces,	  or	  both)	  
• Isolation	  (set	  up	  plastic	  sheeting	  and	  other	  isolation	  systems;	  seal	  ductwork	  and	  vents)	  
• Airborne	  particulate	  reduction	  (mechanical	  air	  scrubbing	  and/or	  outdoor	  air	  exchange)	  

	  

Step	  3:	  Planning	  for	  Worker	  Safety	  

Attics	  and	  other	  confined	  areas,	  such	  as	  crawlspaces,	  present	  particular	  challenges	  for	  restoration	  contractors.	  A	  
comprehensive	  plan	  should	  be	  developed	  and	  implemented	  that	  addresses	  issues	  including:	  

• Proper	  classification	  of	  job	  site	  with	  respect	  to	  ingress/egress	  and	  confined	  space	  issues	  
• Site	  access	  (plan	  to	  safely	  enter	  and	  exit	  restricted	  attic	  space	  without	  cross-‐contamination)	  
• Appropriate	  worker	  PPE	  availability	  (to	  protect	  against	  not	  only	  microbial	  growth	  contamination,	  but	  also	  

against	  airborne	  dust	  and	  insulation	  in	  the	  attic	  environment)	  
• Maintenance	  of	  safe	  environmental	  working	  conditions	  (e.g.,	  temperature	  control,	  lighting,	  hazard	  

reduction,	  engineering	  controls)	  
	  

Step	  4:	  Reduction	  of	  Loose	  Particulate	  	  

Once	  the	  work	  site	  has	  been	  properly	  prepared,	  it	  is	  essential	  that	  steps	  be	  taken	  to	  control	  particulate	  matter	  that	  
could	  become	  airborne	  during	  remediation	  procedures.	  To	  effectively	  limit	  the	  spread	  of	  loose	  contaminants	  (both	  
visible	  and	  microscopic)	  it	  is	  important	  to	  remember	  that	  there	  are	  three	  classes	  of	  particulate	  matter	  that	  should	  
be	  addressed	  by	  the	  mold	  remediator:	  	  1)	  airborne	  particulates,	  2)	  settled	  particulates,	  and	  3)	  adhered	  
particulates.	  (Certain	  industry	  guidelines	  classify	  settled	  particulates	  from	  mold	  as	  "condition	  2”,	  and	  adhered	  
particulates	  that	  appear	  to	  be	  physical	  growth	  as	  "condition	  3".)	  

To	  reduce	  the	  airborne	  particulate	  count	  and	  limit	  the	  amount	  of	  settled	  particulate	  that	  could	  become	  airborne	  
during	  remediation	  procedures,	  the	  following	  steps	  should	  be	  taken:	  

• Deploy	  a	  mechanical	  air	  scrubber(s)	  with	  a	  HEPA	  filter	  throughout	  the	  work	  process	  to	  reduce	  airborne	  
particulates.	  

• Examine	  contaminated	  attic	  contents	  and	  either	  discard	  or	  clean	  items,	  depending	  on	  their	  value	  and	  the	  
likelihood	  that	  the	  items	  can	  be	  effectively	  cleaned.	  	  Mold-‐saturated	  paper-‐based	  products,	  soft	  porous	  
items,	  and	  fabrics	  can	  be	  difficult	  to	  clean	  at	  a	  reasonable	  expense.	  Items	  to	  be	  discarded	  can	  be	  HEPA	  
vacuumed	  first	  if	  desired,	  but	  should	  in	  all	  cases	  be	  sealed	  in	  plastic	  bags	  and	  removed	  from	  the	  area.	  

• All	  surfaces	  should	  be	  HEPA	  vacuumed	  to	  remove	  loose	  particulate	  matter	  –	  particularly	  those	  showing	  
evidence	  of	  mold	  growth.	  

• Most	  standard	  types	  of	  attic	  and	  crawlspace	  insulation	  (fiberglass,	  treated	  cellulose,	  spray	  foam,	  foam	  
board,	  etc.)	  will	  not	  typically	  support	  direct	  mold	  growth.	  Whether	  it	  is	  necessary	  to	  remove	  and	  replace	  
the	  insulation	  is	  a	  question	  that	  must	  be	  answered	  on	  a	  case-‐by-‐case	  basis.	  Some	  of	  the	  factors	  to	  
consider	  when	  determining	  if	  insulation	  needs	  to	  be	  removed	  include	  the	  type	  of	  insulation,	  moisture	  
content,	  degree	  of	  mold	  accumulation,	  amount	  of	  natural	  ventilation,	  volume	  of	  air	  migration	  from	  the	  
space	  to	  the	  occupied	  areas,	  sensitivity	  of	  the	  occupants,	  current	  effectiveness	  of	  the	  material,	  the	  cost	  of	  
removal	  and	  replacement,	  and	  requirements	  of	  local	  building	  codes.	  

	  

	  



Concrobium	  Attic	  Attack	  Methodology	  Version	  1	  July	  2013	  

Step	  5:	  Adhered	  Particulate	  and	  Stain	  Removal	  

Once	  airborne	  and	  loose	  particulate	  matter	  has	  been	  addressed,	  mold	  that	  is	  adhered	  to	  surfaces	  needs	  to	  be	  
physically	  separated	  from	  the	  substrate	  for	  removal.	  Using	  the	  Attic	  Attack!	  method,	  wire-‐brushing	  and	  sanding	  
are	  replaced	  by	  the	  application	  of	  Concrobium	  Mold	  Stain	  Remover.	  Once	  dried	  on	  the	  surface,	  the	  solution	  
accomplishes	  two	  things:	  1)	  physical	  separation	  of	  mold	  from	  the	  surface	  and	  2)	  surface	  mold	  stain	  removal.	  	  

• Ensure	  target	  surface	  temperature	  is	  at	  least	  60°F	  
• Mix	  Concrobium	  Mold	  Stain	  Remover	  according	  to	  instructions	  and	  set	  up	  spray	  equipment	  
• Apply	  Concrobium	  Mold	  Stain	  Remover	  to	  areas	  of	  visible	  mold	  growth	  

o Saturate	  surfaces	  and	  observe	  results	  for	  approximately	  20	  minutes	  (avoid	  spraying	  the	  solution	  
directly	  on	  insulation)	  

o Reapply	  solution	  to	  surfaces	  where	  mold	  stains	  do	  not	  appear	  to	  be	  fading	  (Note:	  rough	  surfaces	  
or	  areas	  of	  deep	  stubborn	  staining	  may	  respond	  better	  if	  agitated	  with	  a	  nylon	  cleaning	  brush)	  

o Allow	  surface	  to	  dry	  

Step	  6:	  Detailed	  Cleaning	  

Once	  adhered	  mold	  has	  been	  loosened	  from	  the	  surface	  and	  mold	  stains	  have	  been	  removed,	  detailed	  cleaning	  
should	  be	  undertaken	  to	  remove	  any	  fungal	  micro-‐fragments	  that	  remain	  on	  the	  surface.	  Careful,	  detailed	  HEPA	  
vacuuming	  and	  cleaning	  are	  critical	  for	  the	  complete	  removal	  of	  all	  remaining	  bio-‐contaminants.	  While	  in	  some	  
situations	  the	  entire	  site	  should	  be	  HEPA	  vacuumed,	  at	  a	  minimum	  the	  following	  steps	  should	  be	  completed:	  

• HEPA	  vacuum	  all	  previously	  moldy	  and	  treated	  surfaces	  using	  brush	  attachment	  
• HEPA	  vacuum	  all	  visible	  dust	  and	  corners/crevasses	  

Step	  7:	  Surface	  Protection	  

Once	  the	  attic	  has	  been	  cleaned	  to	  a	  standard	  necessary	  to	  meet	  clearance	  criteria,	  the	  site	  can	  be	  treated	  with	  a	  
preventive	  antimicrobial	  for	  ongoing	  mold	  resistance.	  Using	  a	  ULV	  (cold)	  fogger,	  apply	  Concrobium	  Mold	  Control	  
according	  to	  the	  manufacturer’s	  directions.	  	  The	  product	  is	  a	  VOC-‐free,	  odorless	  fungistat	  that	  is	  vapor-‐permeable	  
after	  it	  dries,	  unlike	  typical	  coatings	  and	  sealers.	  When	  fogged,	  Concrobium	  Mold	  Control	  will	  help	  to	  clean	  the	  air	  
and	  will	  provide	  surfaces	  with	  an	  antimicrobial	  resistance.	  In	  general,	  the	  fogging	  involves:	  

• Adjusting	  the	  conditions	  in	  the	  remediated	  space	  to	  facilitate	  as	  much	  dwell	  time	  in	  the	  air	  as	  possible	  
(reduce	  airflow	  and	  movement)	  

• Using	  a	  ULV	  fogger,	  applying	  a	  heavy	  fog	  to	  the	  entire	  remediated	  space	  
• Allowing	  surfaces	  to	  dry	  (from	  1	  to	  3	  hours,	  depending	  on	  conditions)	  

Step	  8:	  Post-‐Remediation	  Verification	  and	  Documentation	  

Once	  the	  protection	  phase	  is	  complete,	  the	  site	  is	  ready	  for	  post-‐remediation	  verification	  activities:	  

• Moisture	  measurements	  to	  ensure	  that	  remaining	  materials	  have	  dried	  properly	  	  
• Surface	  measurements	  utilizing	  an	  ATP	  sampling	  instrument	  for	  immediate	  results	  
• The	  use	  of	  an	  indoor	  environmental	  professional	  to	  sample	  according	  to	  previously-‐agreed-‐upon	  

verification	  plan	  
• Documentation	  of	  the	  process,	  including	  before	  and	  after	  photos,	  a	  summary	  of	  the	  work	  steps,	  and	  a	  log	  

of	  measurement/sample	  results	  
• Completion	  of	  any	  final	  repairs	  to	  control	  future	  moisture	  intrusion	  
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Concrobium® Mold Stain Remover is an 
innovative mold stain cleaning system designed 
to help restoration professionals complete jobs 
more effectively and profitably. 
The unique, non-foaming solution quickly and 
easily removes the toughest mold stains on a 
range of surfaces, and is the ideal choice for 
professional mold remediators:

>  Unmatched efficacy - high oxidation potential 
 effectively removes mold stains from surfaces,   
 renewing their look in a single application.
 
> Easy to use - requires no scrubbing and no 
 clean-up; just wet the surface and allow to dry! 
 Cleans most surfaces in a single application.
 
>  No harmful chemicals - contains no chlorine  
 or other harmful chemicals; the active ingredient  
 is widely used in food processing. After use the  
 product breaks down into oxygen and water.
 
>  No special equipment - can be applied with any 
 standard sprayer; no need for special application 
 equipment or training, and no need to subcontract  
 out mold cleaning services.

Recommended Uses
Concrobium Mold Stain Remover can be used in homes, 
hospitals, schools, commercial and industrial buildings 
... anywhere mold stain removal is required. It’s ideal for 
post mold remediation clean-up and restoration.
 
Safe for use on most hard, non-porous or semi-porous 
surfaces such as wood and composite wood, concrete, 
masonry, drywall, grout, fiberglass, tile, plastic laminate 
and metal.
 
The product is engineered to remove cosmetic mold 
stains from surfaces. To kill active mold, treat the area 
first with Concrobium Mold Control® and then use  
Mold Stain Remover to clean any remaining mold stains.  
Follow stain removal with another application of 
Concrobium Mold Control to prevent mold from returning. 

How it works
Concrobium Mold Stain Remover employs peracetic 
acid (PAA), a highly effective oxidizing agent for 
mold and bacterial stains. Upon mixing, the patented  
enzyme-driven process generates peracetic acid  
of 2%, an effective threshold for cleaning.

Peracetic acid delivers superior oxidizing and 
cleaning capability vs. other competing cleaning 
agents 

Usage guidelines
>  Mix both containers with 1.2 gallons of room   
 temperature water, to give a total of 1.5 gallons of   
 cleaning mixture, stirring regularly (Approx. 300-400  
 sq. ft of coverage per 1.5 gallons)

>  Wait 30 minutes after mixing with water to allow   
 sufficient time for cleaning agent to be generated 
 - Use within 2 hours of initial mixing

>  Just wet surface and allow to work – tough stains  
 may require up to 24 hours to disappear

> Recommended to be used in conjunction with 
 Concrobium Mold Control to kill and prevent   
 mold and spores

 

Product Specification Sheet

Solution

Peracetic acid
Hydrogen peroxide
Bleach
Chlorine dioxide

Oxidation  
Potential (volts)

1.81
1.77
1.49
0.95



Concrobium Mold Stain Remover: Before and After Results

Mold removal test: Attic Mold removal test: Concrete

AfterAfter

Before Before
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www.ConcrobiumPro.com1-866-811-4148

Concrobium MSR vs. Other Approaches

Method
Manual Approach
(Wire-brushing, sanding)

Hydrogen Peroxide

Soda & Ice Blasting

Concrobium  
Mold Stain  
Remover

Advantages
• Common, straight forward 
approach

• Inexpensive chemical

• Effective

• Highly effective
• No special equipment or training                
 required
• Inexpensive
• No cleanup
• No scrubbing

Disadvantages
• Labour Intensive
• Time consuming

• Hazardous to apply
• Requires some scrubbing
• Ineffective on many mold stains

• Requires special equipment and training
• Often subcontracted out to specialist
• Expensive; too expensive for small jobs
• Messy – requires significant clean-up

Product benefits
Concrobium® Mold Stain Remover offers significant advantages compared with traditional approaches to 
professional mold stain removal. 



Concrobium Mold Control® is a Health Canada 
registered solution that kills and prevents mold 
without any harmful chemicals.  The colourless, 
odourless solution is used by professionals for:

>Mold clean-up and prevention
>Disaster restoration
>Pre-treatment of building materials
>Musty odour control

Concrobium Mold Control dries to form an invisible 
antimicrobial shield that encapsulates and physically 
crushes mold spores. The antimicrobial barrier remains 
on surfaces to provide continuous protection against 
mold growth.

Recommended Uses

Concrobium Mold Control can be used in homes, 
businesses, institutions, cottages, RVs, boats – anywhere 
that mold takes hold. 

Disaster restoration - mold remediation and prevention 
following flooding and leaks

Construction and renovation – pre-treatment of building 
materials (e.g. drywall, lumber) for mold prevention; 
remediation of mold found during renovations

Specialty mold clean-up and prevention – Cars, RVs, 
boats, sporting equipment 

Safe for use on virtually any surface (finished and 
unfinished):  drywall, lumber, plaster, concrete, siding, 
shingles, composite decking, metal, marble, tile, grout, 
fabric, upholstery, furniture, and clothing.

Safe for use on hard surfaces and fabrics.

Application Guidelines

Application – For best results, apply a thin, even coating 
of Concrobium Mold Control to the surface, and allow to 
dry thoroughly. Once dry, use product to clean any residual 
staining.  If staining persists, use Concrobium Mold Stain 
Remover to completely remove all mold staining.  Once 
mold stain has been removed, leave a thin, even coating 
of Mold Control on the surface to provide protection 
against future mold growth.

Application techniques – Roller, brush, rag, garden 
sprayer.  Can also be applied with a cold fogging machine 
to treat large or inaccessible areas.

Coverage – Coverage varies according to surface and 
application method.  

Fogging: approximately 1,400 sq ft. per gallon (the 
equivalent of a 20’ x 20’ room with 8 foot ceilings, all 
surfaces).  

Spray (manual or compression sprayer): Approx. 500 sq. 
ft. per gallon depending on sprayer type and surface 
absorbency.

Expect reduced coverage on absorbent surfaces such as 
fabrics, carpet, lumber and unpainted drywall. 

Special application instructions – Do not dilute. 
Do not rinse. Do not use bleach-based products in 
combination as this may reduce product efficacy. 

Handling – No special controls, ventilation, or 
personal protective equipment is required while 
handling the product. To avoid applicator exposure to 
mold or mold spores during use, consult product label 
section: “PERSONAL PROTECTION EQUIPMENT 
REQUIREMENTS FOR APPLICATORS”.

Storage – Store containers between 39°F and 100°F.  
If product freezes, thaw and mix thoroughly. 

Product Specification Sheet

www.GreenSpec.comwww.GreenSpec.com
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Physical Properties and Hazard Rating Information

Concrobium Mold Control is a patented solution 
comprised of three naturally-occurring salt 
compounds. The proprietary solution dries to form 
an invisible polymer that kills mold and prevents 
new mold growth. The solution does not contain 
any harmful chemicals and in independent lab 
tests received the safest toxicity rating possible 
(Category lV).

Appearance: Clear liquid
Odour: Odourless
Boiling Range: 212°F / 100°C 
Weight/US Gal: 8.5 lbs (3.9 kg)
Evaporation Rate: Slower than ether
Vapor Density: Heavier than air
pH: 11.1 – 11.5

Known or suspected carcinogens: None

HMIS/WHMIS Hazard Ratings

Health 0
Fire 0
Reactivity 0
Special 0
Ammonias: None    
Chlorines: None
VOCs: None 
Alcohols: None

Oral: No known hazards in normal use. LD50 >5000 mg/kg

Dermal: No known hazards in normal use. LD50 >5050 mg/kg

Eye Irritation: No known hazards in normal use. Non-irritating

Skin Irritation: No known hazards in normal use. Non-irritating

Inhalation: No known hazards in normal use. LC50 >2.28 mg/L

Sensitization: No known hazards in normal use. Not a sensitizer.

Regulatory and Product Testing Information
DIN Registration #: 02269996

Test Method    

ASTM Quantitative Carrier Test  
(QCT-2)

EPA Hard Surface  
Mildew Fungistatic Test

EPA Fabric Surface Mildew  
Fungistatic Test

ASTM D3273

Description   

Fungicidal test against mold and fungi. Challenge 
organisms: Aureobasidium pullutans, ATCC 
9348 and T. mentagrophytes, ATCC 9533

EPA standard to validate efficacy of product to 
control mold and fungal growth on hard nonporous 
surfaces including tiles, wood, drywall, plastic and 
metal. Challenge organism: Aspergillus niger, 
ATCC 6275

EPA standard to validate efficacy of product 
to control mold and fungal growth on articles 
or surfaces composed of fabric. Challenge 
organisms: Aspergillus niger, ATCC 6275 and 
Penicillium variabile, ATCC 32333.

Industry standard test to evaluate efficacy of 
product to resist mold in an environmental chamber. 
Challenge organisms: Aureobasidium pullulans 
ATCC 9348, Aspergillus niger ATCC 6275 and  
Penicillium citrinum ATCC 9849

Results

Achieved >99.9% kill level. Meets  
Health Canada requirement for 
demonstrating fungicidal activity.

No growth on treated surfaces vs.  
100% growth on control surfaces.  
Meets EPA requirement.

No growth on treated surfaces vs.  
100% growth on control surfaces.  
Meets EPA requirement.

Woven paper ...................No growth
Wood .................................No growth
Wood composite ............No growth
Drywall ...............................No growth

www.ConcrobiumPro.com1-866-811-4148
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INTRODUCTION 
 
As a mould professional, we are routinely asked by real estate, insurance, 
business and legal professionals as well as homeowners for our opinion and 
expertise regarding microbial growth problems. The list of places within a 
structure I have been asked to report on, investigate and remediate over the past 
9 years extend from the basement to the attic and everywhere in between on 
both the interior and exterior of structures. These tasks have included a simple 
remediation as the result of an intermittent second floor drain leak, to the 
investigation and diagnosis of a multi-story office building whose mould problem 
ranged from carpet-like growth covering sections of floor joists to small areas of 
growth around bathroom fans. Along the way of these interesting, dirty, colorful, 
odorous and sometimes dangerous adventures, I routinely encounter a common 
microbial growth problem that has interested me due to the sometimes complex 
and obscure nature of the presentation of the condition.  
 
Because of my interest with this specific condition, and the need for a multi-
faceted and interesting topic for my capstone paper, I present you with: 
 

Attic Microbial Growth, Diagnosis, Remediation and Prevention 
 
The intent of this paper is to inform and educate building, restoration and 
remediation contractors as well as other building trade professionals about the 
causation, diagnosis and remediation of attic microbial growth problems.  
 
The basic principals of investigating and remediating microbial growth in 
structures will not necessarily be discussed within this paper since it believed that 
the professional reading this paper would already have that knowledge. This 
paper will however discuss techniques and methodology specific to investigating 
and remediating microbial growth in attic spaces.   
 
While those reading this paper should have a good understanding regarding 
microbial growth in structures, attic microbial growth conditions do differ slightly 
with regards to causation, diagnosis and remediation. The following chapters will 
discuss the various anomalies associated with attic microbial growth problems.  
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OVERVIEW OF THE PROBLEM 
 
Attic as defined by Merriam-Webster:  
 
 Main Entry: at·tic  

Pronunciation: \ˈa-tik\ 

Function: noun  

Etymology: French attique, from attique of Attica, from Latin Atticus 

Date: circa 1696 

1 : a low story or wall above the main order of a facade in the classical 
styles 
2 : a room behind an attic 
3 : a room or a space immediately below the roof of a building : GARRET 
4 : something resembling an attic (as in being used for storage) 

 
For the purpose of this paper, I will define an attic by the above, however, I will 
also add that an attic, at least defined throughout this paper will be defined as a 
room or rooms that are not designed for regular human habitation. Because of its 
definition as “a room or a space located immediately below the roof of a building”, 
one could easily interpret the Webster definition as a finished dwelling space, 
such as a finished third floor attic.   
 
As with microbial growth conditions found in other locations of the building, attic 
microbial growth problems can lead to several undesirable consequences for the 
building owner including:  
 

 The potential to cause occupant health problems  
 Structural degradation of building components  
 Devaluation of the structure 

 
Property owners tend to be much more aware of mould problems in other areas 
of the home rather than the attic space simply due to the fact that the attic is 
routinely a non-accessed space of the building. From my experience the most 
common scenarios in which an owner becomes aware of an attic mould problem 
is:  
 

 During a phase of building remodeling, such as when re-wiring a 
portion of the home and new wring will be passed through the attic 

 During the removal or placement of stored content in the attic, such 
as holiday decorations 

 During the sale or purchase of a building  
 When the uppermost floor of a structure experiences a roof leak 
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As you can see from above, the potential for an owner to not be aware of a 
microbial growth condition of their attic is great. And as many of us have 
witnessed, a microbial growth condition that is allowed to continue with no 
intervention will typically become worse over time.  
 
It has been my experience that depending on who discovers the mould growth 
and from what source the funding for remediation will come from determines the 
urgency of the condition. For example, generally when a homeowner discovers 
mould in their attic and they are denied coverage from their insurance carrier, 
suddenly the urgency in remediation has diminished. Conversely, when a home 
inspector retained by a prospective buyer discovers mould in an attic, costs for 
the remediation and ultimately the remediation of the space can become central 
in the purchase of the home.  
 
In order to understand attic microbial growth problems, the professional should 
be well versed in residential and commercial construction methods as well as 
specific building systems. Those systems include: the building exterior envelope, 
including the roof system, thermal insulation and moisture control, building 
ventilation, mechanical systems and interior finishes. Simply relying on the 
evaluation of one area or system component, the professional is setting himself 
for failure.  
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BUILDING CONSTRUCTION AND BUILDING SYSTEMS 
 
Building Construction Methods, Materials and Systems  
 
A vast array of building construction methods and systems exists throughout the 
United States. Rather than discuss, in detail, every type of construction and 
building system a professional could encounter throughout the country while 
inspecting or remediating an attic mould condition, this section will focus on the 
average wood framed residential structure found in the northeast and north 
central portions of the United States. By definition, the average structure would 
be between 1500 and 5000 square feet, contain no basement, a crawlspace or a 
full basement, one or two floors and an unfinished attic space.  
 
 It has been my experience that in general, construction methods and building 
systems of structures within the above sizes tend to be similar in nature. Of 
course there are always variables and when faced with a structure that is non-
typical, the building professional should perform all additional necessary research 
and if needed, retain additional professionals.   
 
Wall framing  
 
Typically, structures found in this area of the country are of wood framed 
construction. Generally residential structures built pre-war are constructed using 
a method in which the exterior walls studs extended from the first floor level past 
the second floor framing and extended to the roof. This method of framing is 
commonly known as balloon style framing. Wall framing methods changed after 
World War 2, and in general, exterior wall framing in a post-war vintage home will 
be framed with the wall supported by the first floor deck and continuing to the 
underside of the second floor deck. Subsequent upper level floors would be 
framed on top of the floor system (second floor), and end at the underside of the 
roof system. This method of framing is known as conventional or Western style 
framing. In both framing methods, the roof system is generally secured to the top 
plate of the wall system. 
  
One may also find, generally in pre-war homes and older, solid masonry walls. In 
this type of construction the exterior walls consists of at least two wythe of brick 
or concrete masonry units with a finish layer of exterior brick. The roof systems of 
buildings constructed in this manner were simply attached to a sill plate which 
was attached to the masonry. 
 
Although this paper will be primarily discussing the roof system of structures, it is 
important for the professional to be familiar with typical interior and exterior wall 
finishes and how they may interact with the performance of the building and its 
systems.   
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Roof framing  
 
Most of the roof framing encountered during the professional’s inspection of 
residential structures will fall into one of two categories; conventional framed or 
trussed. In general, a conventional framed roof will be comprised of ceiling joists, 
roof rafters, ridge board(s) and various other components such as collar ties, jack 
rafters, cripplers, etc. Each of these components are cut, fit and installed as 
individual pieces. In contrast, a truss roof consists of modular units which make 
up the ceiling joist and rafters. Typically a ridge board is not used in this roof 
system, however, additional components, such as chords, within the truss body 
and braces, which connect multiple trusses, are used. To connect individual 
components of the truss to one another, metal truss plates are used.  
 
Just as variations in building size and shape are endless, so are roofs sizes and 
shapes. Today it is not uncommon to find roofs of differing pitches and types 
constructed in either conventional framing or truss designs.  
 
Professionals should also be aware and able to easily identify different type of 
roof decks. Most commonly one will generally find wood planks, such as 1x6, 1x8 
or 1x10, or wood panels such as plywood and oriented strand board (osb). Wood 
planks were typically used pre and post war up until the 1960’s. Wood panels 
can be found in homes from the 1950’s to present day. Oriented strand board will 
usually be found in homes constructed in the 1980’s to present day.   
 
Roof finishes  
 
Roof finishes found on residential structures will generally be of one of two types: 
shingles or membrane type roofing.  
 
Shingle construction can be of asphalt, asphalt composition, slate, tile, concrete, 
wood, organic composites, synthetic composites, steel and various other 
varieties. Shingles are generally installed on moderate to steep sloped roofs. On 
low sloped roofs, one can expect to find membrane type roofing. This type of 
roofing material would include: EPDM rubber, modified bitumen, TPO, PVC, built-
up asphalt systems, cold applied and self-adhering asphalt membranes as well 
as other varieties.  
 
Although not commonly found in the residential setting, metal, such as aluminum, 
steel, copper and stainless steel can also be found on steep, moderate and low 
sloped roofs.   
 
Regardless of the type of roofing material found on a structure, the roof will most 
always have some form of flashing at roof penetrations, side walls, valleys or 
chimneys. Flashing materials generally consist of one of the following: aluminum, 
copper, tin, steel, stainless steel, and rubber.  
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Other items commonly encountered during residential inspections of roofs are 
skylights, antennas and satellite dishes. 
 
Ventilation  
 
Roof ventilation can be found in numerous forms and at various locations on the 
roof, gable walls and at the soffit and fascia. Found on the roof surface, the most 
common vents include ridge vents, either continuous nail over type or metal and 
plastic static type vents, turbine vents and powered roof vents. Located on gable 
walls, one can encounter static vents or powered exhaust vents. Located within 
the soffit one can encounter static soffit vents incorporated into the soffit and 
constructed of vinyl or metal.  
 
Many new types of ventilation products are currently on the market and include 
fascia vents and roof deck vents, for homes that do not have soffits and vents 
which install at the upper portion of shed style roof at the intersection of wall.  
 
Insulation   
 
Almost all modern and updated homes encountered during an attic mould 
inspection will have some form of insulation. Generally most attic insulation will 
consist of either batt type or blown-in type.  
 
Most modern batt insulation is generally of fiberglass construction although 
alternatives do exist such as cotton, sheep’s wool and rock wool. Blown-in 
insulation is generally of fiberglass or cellulose construction.  
 
Batt insulation will generally contain some form of vapor barrier attached to its 
surface. The vapor barrier can be constructed of kraft paper, foil or plastic. The 
exception to this is if a second layer of batt insulation is installed over existing 
insulation or if a vapor barrier is installed prior to the installation of ceiling 
finishes. Blown-in insulation does not contain a vapor barrier attached to its 
surface. Generally the vapor barrier for this type of insulation is installed directly 
to the underside of the ceiling joists prior to the insulation installation of the 
finished wall surface coating serves as the vapor barrier.  
 
Although fairly new to the residential housing market, spray applied foam 
insulation is becoming more popular. This material is sprayed directly onto a 
surface, bonding and sealing that surface during its curing process. In an attic, 
this material can be sprayed directly onto the ceiling system or directly onto the 
roof system. Currently there is much discussion regarding pros and cons of the 
spray applied foams. If encountered, it is highly recommended that the inspection 
professional contact the manufacturer of the insulation system.  
 
The last component commonly found with the residential insulation system of an 
attic is ventilation baffles. Constructed of fiberboard, foam or other lightweight 
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materials, ventilation baffles are installed at the lower edge of the roof, above the 
exterior wall and between the roof rafters. The purpose of the baffles is to 
maintain adequate air flow from soffit vents into the attic space. If not in place 
and if the attic insulation is installed tight to the underside of the roof deck above 
the exterior walls, air flow from the soffits can be diminished or completely 
restricted.   
 
Interior finishes 
 
Interior finishes found in the residential setting will generally be of drywall, plaster 
or wood.  
 
Drywall finishes consists of sheet products applied directly to the ceiling or wall 
framing whose seams, corners and fastener holes are covered with joint 
compound. The material is secured to walls and ceilings with fasteners such as 
nails, screws or a combination of adhesive and fasteners.    
 
Plaster finishes are installed using a base material referred to as lath, applied 
directly to the wall or ceiling framing then covered over completely with a plaster 
based material. Unlike drywall whose seams, corners and fasteners holes are the 
only items covered with joint compound, plaster finishes can be built up in 
thickness using successive coats. Lath material can be of gypsum, wood or 
metal. The plaster itself is typically a gypsum based product which may contain 
reinforcing fiber material.  
 
Wood ceiling and wall finish materials commonly encountered in the residential 
setting include wood paneling. The paneling can be of sheet materials or of 
dimentional lumber. Both types of material can be installed directly to the ceiling 
or wall framing or laminated over drywall or plaster finishes.    
 
Mechanical systems 
 
Mechanical system of residential home generally refers to the heating and 
cooling systems of the home as well as ventilation systems. While the inspection 
professional does not necessarily need a mechanical engineering degree, it is 
very helpful if he has a basic understanding of residential mechanical systems.   
 
Heating and cooling systems in residential home will generally fall into two 
categories, forced air ventilation or hydronic. Forced air systems, with variations 
of high velocity or low velocity use a blower to distribute heated or cooled air via 
ductwork throughout the home. Hydronic systems use hot water or steam, 
heated by a boiler and distributed through the home via piping to radiators. 
Typically in a residential setting, hydronic systems do not provide cooling.  
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Both systems require some form of energy to generate cooled air or heated air, 
water or steam. Generally cooling is accomplished through electricity while 
heating is accomplished through wood, coal, natural gas, propane or fuel oil.  
 
As with any building system, variations of heating and cooling systems exist and 
if the inspection professional encounters an unfamiliar system that may impact 
his analysis of the attic inspection, a mechanical engineer or contractor should be 
consulted.  
 
The other mechanical component typically encounter in a residential setting is a 
homes ventilation system. This general will include kitchen, bathroom or laundry 
exhaust fans and ducting. Again, variations and other systems may be 
encountered and when this occurs, a mechanical engineer or contractor should 
be consulted.  
 
Miscellaneous items 
 
Items within this category are attic access portals, electrical fixtures and electrical 
systems one could encounter while inspecting or remediating an attic space.  
 
Attic access is generally through a hatch or a pull down stair system located in 
the ceiling of the uppermost floor of the structure. Occasionally, access to the 
attic is via its own set of stairs, however, with the need to maximize space in a 
home, this is not a commonly found detail. Generally due to the limited need for 
access to the attic and the space constraints in fitting an access portal into the 
ceiling framing system, attic access points are general small in size. If one will be 
inspecting a home which has been recently constructed and is built following the 
International Residential Code, the minimum size of the attic opening would be 
20” by 30”. Other factors, such as placement of the access portal in the living 
space will dictate size.  
 
Attic pull down stairs are generally constructed of wood or aluminum. Most of the 
times, these stairs are not meant to serve heavy construction foot traffic, rather 
they are meant to provide an easy method for the homeowner to access the attic.  
 
In most residential structures, light fixture boxes and the fixtures themselves are 
mounted directly to ceiling joists. In older construction, it is not uncommon to find 
plastic or metal boxes or fixtures, in the case of recessed lights and exhaust fans, 
which contains penetrations leading to and from the attic to the living space. 
However, current codes dictates that sealed fixtures be installed to prevent air 
flow between unheated and heated portions of the structure.  
 
Because of its wide open space and access to rooms below, wiring for lighting, 
outlets, etc. as well as low voltage; cable television, alarm, data and telephone, 
are generally installed throughout the attic. Depending on the age of the 
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structure, size and the amount of remodeling the structure has undergone, the 
wiring could range from simple to very complex.   
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THE BUILDING INVESTIGATION 
 
Just as a physician would not diagnose a person without a detailed examination, 
we as mould professionals should not diagnose a structure without a detailed 
evaluation. A mould professional must perform a detailed evaluation of the 
subject property in order to come to a comprehensive conclusion as to the cause 
of the microbial growth.  
 
The process of diagnosing an attic microbial growth problem includes the 
following:  
 

 Client interview  
 Initial building evaluation  
 Detailed building evaluation  
 Physical inspection  
 Microbial sampling  

 
Client Interview 
 
The client interview is an integral part of the diagnosis since much can be 
learned about past problems with the property, when the mould was first 
discovered, how long the growth has been present and if the owner or occupant 
has attempted himself or had anyone complete remediation activities.  During the 
interview process I generally like to ask very open-ended questions, specific but 
not extremely technical. Especially in the case of residential attic mould 
problems, you must remember that the homeowner may not be very 
knowledgeable when it comes to construction terminology and as a result, you 
may need to tailor your questions accordingly.   
 
The interview should be structured in a way that is logical in its process. I 
typically like to start with basic questions regarding the structure such as age, 
how long it has been owned and how and when the problem was first noticed. 
From there, I will typically go into more in-depth questions regarding systems of 
the building such as roofing, mechanical systems and recent remodeling. 
Responses from those questions will typically guide me to more specific 
questions such as details about a recent roof replacement or the installation of a 
new furnace. At the conclusion of the interview, I always like to ask the owner or 
occupant if they have anything to add or if they have any questions regarding the 
interview.  
 
The interview process does not have to take a long time, however, one should 
allow enough time to gather the necessary information. If a person other than the 
owner is present during the interview, I generally like to include them in interview, 
however, be cautious when doing so since sometimes this can derail your efforts. 
Of course all of the information attained during the interview along with the date, 
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time and attendees should be documented in writing and placed in the project 
file. 
 
Initial Building Evaluation  
 
The purpose of the initial evaluation is to gain an understanding of the building 
layout and construction. I tend to refer to this evaluation as the “nickel tour”. 
Ideally this evaluation should be completed along with the building owner or 
representative and should, if possible, include a limited inspection of the exterior, 
roof, interior and attic space. Generally during this inspection, owners tend to go 
directly to the origin of the mould first. I tend to let the owner lead the tour at this 
point since I am only interested in learning about the building and not forming a 
conclusion yet.  
 
Detailed Building Evaluation  
 
The purpose of the detailed evaluation is to gain knowledge of the spatial 
relationship of areas of the building to one another. Additionally, this evaluation 
will provide insight into the construction of the building, types of material and 
systems, proper construction techniques and the quality of the construction.   
 
The areas evaluated will be dependant on items discussed during the interview 
as well as your initial thoughts on the cause of the problem. For example, if the 
owner stated that the roof had recently been replaced since it was leaking into 
the second floor, a basement inspection most likely would not be warranted. 
However, if the owner stated that they found mould in the attic around a recently 
installed plumbing pipe stack, an inspection from the roof through the first and 
second floors into the basement may be warranted.  
 
When evaluating the building, always be aware of risks of the environment in 
which you are in. During the inspection of the attic, be aware of the hazards that 
can exist in this environment. Sharp items such as nails protruding through roof 
sheeting or exposed metal gusset plates can easily cause cuts and puncture 
wounds. Use caution when ascending or descending access ladders or stairs. Be 
aware that most of the time an attic does not contain a floor surface. Rather, an 
inspector either has to walk or crawl on ceiling joists or bottom truss chords. Also 
be aware that almost all finished ceilings are not designed to support any 
substantial amount of weight including a human. Therefore, standing or leaning 
on the backside of ceiling surfaces will quickly have you in the living area of the 
floor below. Wiring in attic spaces is sometimes loosely installed on top of the 
ceiling joists or truss chord which can create a tripping hazard. Lastly, consider 
the respiratory hazards in an attic space. First and foremost is the microbial 
growth itself, however, also consider the airborne dust and insulation. Because of 
this appropriate PPE should always be considered.  
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Generally an inspector will not encounter many hazards in the living spaces of an 
occupied building, however, if the space is unoccupied and/or if the building has 
sustained extensive structural or water damage, appropriate PPE should be 
used.  
 
On the exterior of the structure again, the inspector should not encounter many 
hazards in an occupied building with the exception of elevated and roof 
inspections. I cannot stress enough the importance of proper safety when 
inspecting elevated areas of buildings and roofs. The inspector should be familiar 
with proper procedures regarding the set-up, working on, and OSHA regulations 
regarding ladder work. The same holds true for work in aerial lifts and on roofs.  
 
Unfortunately no hard and steadfast guidelines exist as to how and what areas 
should be inspected to perform a comprehensive attic mould inspection. The best 
method therefore to complete a comprehensive building evaluation will be to use 
the information gathered during the interview, your building construction 
knowledge and to keep and open mind as to the interrelationships between 
building systems.   
 
Physical Inspection  
 
Environmental measurements of the building include items such as temperature, 
dew points and relative humidity levels of the attic and surrounding spaces and 
temperature of roof sheeting, wall and ceiling surfaces.  
 
At minimum to establish what the conditions are within a given space, the 
inspector should have an invasive moisture meter, hydro-thermometer and a 
non-contact thermometer. With today’s technology these devices can be 
purchased for very little money.  
 
Typically I like to take, at minimum, readings of the attic space, at least one room 
below the attic and outdoor measurements of the air temperature, relative 
humidity and dew point. Using a comparison of these measurements in different 
locations as well as a comparison to establish acceptable levels, in the case of 
indoor relative humidity, can help to establish conditions which may or may not 
be conducive to microbial growth.   
 
Using a non-contact or direct contact thermometer to measure the roof sheeting 
during cold temperatures will provide information to determine if conditions exist 
for condensation to form. Using an invasive moisture meter to test roof sheeting, 
roof framing and ceiling finishes, an inspector can determine if elevations in 
moisture levels in these materials are elevated. Testing specific areas of the attic 
can also help determine if an active roof leak is present.  
 
Also useful and more easily attainable due to their lower costs is a thermal 
imaging camera. Users of these devices must understand the technology in that 
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the camera does not detect moisture rather the camera detects heat patterns or 
temperature changes in objects. This can be extremely useful in diagnosing attic 
mould problems since the camera can distinguish cooler areas of rooms below 
the attic which may indicate areas of elevated moisture in materials or may 
indicate areas which are not or poorly insulated. Thermal imagery should always 
be treated as a non-invasive scanning tool and if an area is found to be 
questionable, it should be further evaluated with a moisture meter.  
 
An example of just how useful a thermal imaging camera is in diagnosing 
insulation problems was found in a case our firm was asked to evaluate in which 
the homeowner was experiencing dark streaking on their cathedral ceiling of the 
master bedroom. We found from interviewing the owner that they routinely used 
candles and we felt that much of the streaking was due to their use. What was 
puzzling, however, was that much of the streaking noted on the ceiling was 
perpendicular to the rafter spans and that the streaking appeared to have no set 
pattern. When the ceiling was scanned with the thermal camera it was found that 
numerous gaps existed in the insulation. These gaps caused cold spots on the 
ceiling which attracted the candle soot leading to the condition noted.  
 
Physical size measurements of the attic space overhang size, and vent openings 
are very important in determining if the attic microbial growth is related to a 
ventilation problem. Not only should measurements of vents be taken, but an 
accurate count of how many, in the case of static roof vents and soffit vents and 
what type of vents are present and what their net free ventilation area is. If the 
building is so equipped, information regarding the size and CFM of exhaust fans 
should also be noted.  
 
If costs are to be established for the remediation and repairs to the structure then 
accurate measurements of the attic space, affected rooms, roof and exterior 
portions of the home should also be established.   
 
Microbial Sampling  
 
As with all mould projects, sampling strategies should be guided based upon the 
information provided by the owner during the interview as well as findings 
discovered during the initial and detailed evaluations and the physical inspection.  
 
It has been my experience that in general, if visible microbial growth is noted on 
attic surfaces during the evaluations and inspections, that microbial sampling 
prior to remediation activities does not lend additional information that will provide 
guidance for the remediation process. If visible microbial growth is not noted on 
surfaces and concerns of cross contamination or non-visible growth exist by the 
owner, then sampling should be considered.  
 
Post remediation verification (PRV) is almost always warranted except for those 
instances in which a localized very small amount of growth is noted. PRV will 
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protect both the remediator and building owner by documenting success of the 
remediation.  
 
The type of sampling completed will again be dependent on the situation at hand. 
In the case of air sampling, several items must be considered as attic spaces 
differ in their relationship to the interior space of the structure as other interior 
rooms do. The first and most significant item is that the air exchange in an attic is 
between the attic and the exterior of the building. Due to the free exchange of air 
through attic ventilation, (soffit vents, ridge vents, etc.) mixing of and common 
elements in the attic air will be present. Because of this, one has to assume, 
discounting interior influences, that the microbial conditions as well as the 
temperature and relative humidity inside the attic space should be similar to 
those on the exterior of the building. Because of the close relationship to the 
exterior environment, mould counts and genus in the attic should be very similar 
to those on the exterior of the structure. If the technician were to find elevations 
in counts or significant differences in genus to those on the exterior, it most likely 
would indicate a growth condition in the attic.  
 
Conversely, if the technician were to find counts and similar genus’ to those in 
the dwelling space below the attic, then one must assume free exchange of air 
between the dwelling space and the attic.  
 
The second item which may influence air sampling is the lack of air exchange in 
an attic space. If the air exchange in the attic is diminished or non-existent, the 
sampling results may be skewed in either direction which could lead the 
remediator into a false sense of remediation success or indicate the need for 
additional remediation. It is therefore very important that prior to remediation 
activities, the remediation contractor determine that all building defects which 
may have been influencing the growth in the first place be corrected.  
 
With regards to surface sampling, the sampling methodology is similar in nature 
to other areas of the home but again the technician should be familiar with attics 
since this too can skew results. For instance, if the technician were to take 
surface swab samples on the lower portion of the roof near the eaves, most likely 
the concentration of growth would be higher than other areas sampled 
throughout the attic. This would be due to the fact that at the eaves, air is taken 
into the attic and along with the intake air high concentrations of spores from the 
outside environment are also present. As one samples further away from the 
intake source, the spore counts should be less.  
 
The above sample represents a case in which no visible growth was found. The 
value of sampling visible growth, in my opinion, is not justified since if the growth 
is present it should be removed.     
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Findings and diagnosis conclusion 
 
Upon gathering the above information, the inspector should have in his 
possession the necessary information needed to form a sound factual conclusion 
as to the cause of the microbial growth in the attic space. It is always a good idea 
to review your information prior to leaving the project side, either in the presence 
of the building owner or on your own, to make sure that you have the necessary 
information.  
 
Once the inspector is comfortable with his findings from the inspection, a plan 
can be implemented to achieve the desired outcome. Of course the inspector 
would have discussed the desired outcome with the building owner during the 
interview process so that all parties involved with the project are well aware of 
what the end point of the project is.  
 
As with any project, the desired outcome is based on many factors including 
cost, timelines and site challenges. For the purpose of this paper we will assume 
that all attic microbial growth projects have unlimited funding, can be completed 
at a normal pace and are fairly straight forward with regards to site conditions.  
 
Assuming the above, the next chapters will discuss the correction of building 
design problems and remediation of the attic.  
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CORRECTION OF MOISTURE PROBLEMS 
 
Correction of microbial growth in attics can be generally be accomplished by the 
correction and or modification of the following items:  
 

 Exterior moisture sources  
 Interior moisture sources   
 Ventilation  
 Vapor diffusion  

 
As we are well aware of, the presence of moisture is the key contributing factor 
for microbial growth. Attic microbial growth problems are no exception. If the attic 
space is kept dry the likelihood of microbial growth is slim.  
 
Exterior Moisture Sources 
 
When a person thinks of exterior water intrusion problems relative to attic mould 
conditions, the first items suspected is a leaking roof. While many time this is 
true, if the inspector evaluates only the roof he may be missing other key 
components which may be the proximate cause or a contributing factor.  
 
Finished roof surfaces include many types of materials such as asphalt fiberglass 
shingles, wood shingles and shakes, tile and slate shingles, ballasted and fully 
adhered rubber membranes, modified bitumen and built-up asphalt roofing. Each 
of these systems have their own set of unique qualities and therefore a 
discussion of how these systems can fail would require a paper on its own. 
Therefore, for the purpose of this paper, I will discuss asphalt fiberglass shingles 
which are the most common roof finish found on residential roofs.    
 
Roof leaks can occur at any location on the roof. Most of the time if a leak is 
found in the field of a roof slope it is due to missing or displaced shingles, 
exposed fasteners or roof shingles so deteriorated that they no longer perform as 
intended. Of course depending on the cause of the leak in the field of a roof 
slope, replacement of a shingle or shingles or removal and sealing of exposed 
fasteners can be at the minor end of the repair scale or complete roof 
replacement at the major end of the repair scale.  
 
Typically if a roof leak is occurring in the field of a roof slope, visible microbial 
growth, elevations in roof sheeting moisture content or deterioration of roof 
sheeting will be found.  
 
Roof flashings, at side walls, chimneys, pipe and other roof penetrations and 
valleys and skylights are also key areas that are prone to leaks. The inspector 
should evaluate these areas very carefully and if necessary, use water spray 
from several different directions to attempt to replicate a leak. Once the problem 
area is identified the failed flashing should be sealed or replaced.   
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Similar to roof leaks in the field of a roof slope, visible microbial growth, 
elevations in roof sheeting, moisture content or deterioration of roof sheeting will 
be generally be found at failed roof flashing locations. 
 
Masonry chimneys are also problematic with regards to exterior water sources. 
Not only do chimney flashing tend to fail, but if the chimney is of masonry, water 
can enter the interior of the attic space through degraded or missing brick, mortar 
or chimney crowns. Water can also migrate through the brick if a brick with low 
water permeability was used. Another source routinely found with masonry 
chimneys is the formation of condensation inside the flues as a result of 
oversized or non-insulated chimney and chimney liners. If this condition is 
suspected it is best to consult an HVAC professional.      
 
An item to be aware of when evaluating a masonry chimney is the presence of 
effloresce on the brick or stone and mortar. This white powdery substance is not 
microbial growth. Rather this substance is the result of moisture washing out 
soluble salts in the masonry and depositing them on the masonry surface. While 
not a problem with regards to microbial remediation, this condition is a tell-tale 
sign of moisture infiltration.  
 
Generally microbial growth is not found on chimneys inside attic spaces, however 
if moisture is migrating through the masonry, it may be wicking into the wood 
surrounding the chimney and in turn leading to microbial growth on those 
surfaces.  
 
Correction of chimney moisture infiltration can be as simple as re-flashing and as 
involved as complete reconstruction of the chimney.  
 
Ice damming is a condition formed by the thawing and re-freezing of melted 
snow, especially at the lower roof edge on the roof overhang and in gutters. This 
condition can cause water to pond and flow up and under shingles causing water 
leaks.  
 
Generally when ice damming occurs visible microbial growth will be noted near 
the lower edge of the roof sheeting when viewed from the attic. Correction of this 
condition is helped by proper sizing of overhangs, proper attic ventilation and the 
use of heat cables on the roof and in the gutters.  
 
Gutter back-ups are also a cause of water infiltration from the exterior. Most of 
the times this is the result of clogged gutters and downspout, however, it can also 
be due to an excessive amount of water from the roof.  
 
Wall finish and window and door leaks are another source of moisture infiltration 
that can lead to attic mould problems. Due to the design of the structure, it is very 
possible that water could infiltrate side wall finishes at flashings or penetrations 
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and wet roof sheeting or framing members which could ultimately lead to 
microbial growth. Again, the inspector should be well aware of construction 
material and methods when evaluating these areas. If a problem is discovered at 
a side wall, or penetration it should be corrected prior to any attic remediation.  
 
Interior Moisture Sources 
 
Interior moisture sources can be the result of supply or drain piping leaks, 
improper exhaust fan ducting and HVAC equipment malfunction.  
 
Although it is uncommon to have water supply piping in attics, especially in 
heating climates, they are sometimes found. Typically the water lines supply 
water for humidifiers connected to air handler units in the attic. Leaks can occur 
at any area of the piping but typically will occur at pipe joints.  
 
Drain lines and vent piping are commonly found in attics. The drains lines are 
generally connected to condensate pans of air handlers or humidifiers and the 
vent piping is generally a part of the DWV piping circuit. Similar to water supply 
leaks, drain line leaks typically occur at pipe joints and at connections with the 
appliance. Vent pipe leaks can consist of leaks at pipe flashings at roof lines, 
typically microbial growth will be visible on the roof sheeting or at failed pipe 
joints. Although these piping systems do not have water actively running through 
them, they will accumulate condensation. If the pipe joints are not installed 
properly, the condensation in the pipe can leak and accumulate on insulation or 
the backside of ceiling finishes.  
 
One of the most common problems I encounter in attic mould cases is improperly 
ducted exhaust fans. According to 2006 International Residential Code, (IRC), it 
states in Section M1507.2:  
 

Recirculation of air: Exhaust air from bathrooms and toiler rooms shall not 
be recirculated within a residence or to another dwelling unit and shall be 
exhausted directly to the outdoors. Exhaust air from bathrooms and toilet 
rooms shall not discharge into attic crawl space or other areas inside the 
building.  
 

Exhausting air from bathrooms, kitchens and even dryers into attic spaces is 
simply pumping warm moist air into an enclosed space. When the air impacts the 
cold air and /or surfaces of the attic space it will condense and form liquid water. 
Obviously this condition will ultimately lead to microbial growth. The only 
corrective measure if this condition is found is to duct the exhaust to the exterior 
of the building.  
 
Another commonly found problem with exhaust fans is no insulating the ducts or 
installing a duct run so long that it has sags in its length. Because warm moist air 
is being exhausted through a non-insulated duct, condensation can form on the 



4 
 

interior of the duct. If a sag exists in the duct, water can accumulate and possibly 
leak if a seam or hole exists.  
 
Faulty HVAC equipment is a common culprit that can introduce moisture into the 
attic space and ultimately lead to microbial growth. Most of the times the cause is 
clogged condensate pan drains or a failed condensate pump.  
 
Ventilation   
 
Generally when I am asked to evaluate an attic mould problem the person 
contacting me already has the problems solved- “John I think the attic is not 
vented properly”. While this may be very true, simply evaluating the ventilation of 
the attic may only be a portion of the problem. As always the inspector needs to 
look at the big picture as to the cause of the mould growth.  
 
The first step in understanding attic ventilation is to discuss a few guidelines. 
From The 2006 IRC, Section R806.2:  
 

The total net free ventilating areas shall not be less than 1/150 of the area 
of the space ventilated except that reduction of the total area to 1/300 is 
permitted, provided that at least 50 percent and not more than 80 percent 
of the required ventilating area is provided by ventilators located in the 
upper portion of the space to be ventilated at least 3 feet (914mm) above 
the eave or cornice vents with the balance of the required ventilation 
provided by eave or cornice vents. As an alternative, the net free cross-
ventilation area may be reduced to 1/300 when a vapor barrier having a 
transmission rate not exceeding 1 perm (5.7x10 kg/s* m*Pa) is installed 
on the warm-in-winter side of the ceiling.   

 
A simple explanation of the above is the following:  

 If full soffit to ridge ventilation is installed, the ratio of net free 
ventilation area to attic floor space must be at least 1/300 

 In most other cases the ratio required is at least 1/150 
 
The net free ventilation area simply means that the calculation of the vent size is 
based on the space of the openings and not on the physical size of the vent. For 
example a 12” x 12” vented soffit does not have a net free ventilation area of 144 
si rather it has approximately 14 si.  
 
In general, calculating how much net free ventilation is required for a balanced 
soffit to ridge vent system which will meet the 2006 IRC the following formula can 
be used:  
 
 Sq. ft. of attic floor space = Sq. ft. of NFVA required  
    300 
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Using the above formula by substituting the denominator with 150 will produce 
the square foot of net free ventilation area for home with unbalanced air flow.  
 
The calculations above will tell the inspector if the attic has the proper ventilation 
however, why does it matter if the attic is properly vented as it relates to attic 
mould problems?  
 
Proper attic ventilation will provide a means for accumulated moisture in the attic 
space to be exhausted to the exterior of the home. If the moisture is not 
exhausted it will accumulate, raise the relative humidity inside the space and the 
elevated humidity will ultimately condense on the cooler attic surfaces. The 
condensation that forms on the cooler attic surfaces will provide the necessary 
moisture to both begin and sustain microbial growth.  
 
Some of the tell-tale signs found in an attic that signify elevated relative humidity 
levels is: ice forming on protruding nails, microbial growth on roof sheeting, 
framing members and content, and wet insulation and content.  
 
The accumulated moisture can be from several sources such as a physical leak 
from the roof, flashings or piping or from vapor diffusion.  
 
Vapor Diffusion 
 
Vapor diffusion is the phenomena in which water vapor naturally travels from 
high humidity conditions to low humidity conditions. The force of vapor diffusion 
is so great the moisture even travels through building materials such as drywall. 
Even vapor barriers/retarders cannot fully prevent vapor diffusion.  
 
Because every structure will experience vapor diffusion, it is safe to say that an 
attic, which generally will have a low relative humidity (at least during heating 
seasons), can be easily influenced. This is why attic ventilation is so important, 
so that it can remove accumulated moisture. As moisture moves through interior 
finish materials to the attic space, the relative humidity in the attic is going to 
increase. If the relative humidity continues to increase until it reaches the dew 
point, condensation will form. Again the condensation will provide the necessary 
moisture to both begin and sustain microbial growth.    
 
As we know from published standards, relative humidity levels above 55% to 
60% creates conditions which are favorable for microbial growth. If moisture is 
infiltrating the attic space through vapor diffusion quicker than it can be 
exhausted the relative humidity will increase.  
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When evaluating an attic, an inspector should explore all possible areas where 
vapor diffusion may be occurring such as:  
 

 Through ceiling finishes  
 At penetrations in ceilings – electrical boxes, recessed light fixtures, 

access panels 
 
The inspector should also evaluate the type, thickness of insulation and the 
presence of a vapor barrier since these items also have an impact on vapor 
diffusion.   
 
As we are well aware of, if the source of moisture is not corrected prior to 
microbial remediation, the project is doomed for failure. Therefore it is critical that 
the contractor is aware of the cause of the growth prior and he should confirm 
that the repairs to the building have been completed prior to remediation. Once 
repairs to the structure are completed, remediation of the attic space can begin.  
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ATTIC REMEDIATION 
 
Once the cause of the microbial growth is determined and corrected, a strategy 
can be discussed regarding the remediation process. As with microbial 
remediation in other areas of a structure, if the cause of the growth is not 
corrected, the success of the remediation is doomed from the beginning.  
 
The remediation process is not simply the act of removing the growth; rather it is 
a comprehensive plan which includes costs for the remediation, the project 
timeline, site conditions and most importantly the desired outcome.  
 
For this chapter, we will explore the remediation process specific to attic spaces. 
Unlike remediation in occupied areas of the home, remediation in attic spaces 
can be challenging, dangerous and much more time consuming. This chapter will 
discuss:  
 

 Worksite safety 
 Project set up  
 Remediation tools and supplies  
 Physical removal of microbial growth 
 Post remediation activities 

 
Worksite Safety 
 
As with any other mould remediation project, or any construction project for that 
matter, job site safety should be a number one priority for all persons involved.  
 
Working in attic spaces has several hurdles when discussing safety. First, the 
access into the attic space is generally very limited via either a ceiling access 
opening or a pull down attic stairs. In the case of the former, the use of a step 
ladder by personnel who have donned PPE is very hazardous due to tripping, 
slipping and limited field of vision. Additionally, passing equipment, material and 
contaminated materials through a small opening over one’s head or down to a 
person tends to be hazardous. The use of fold down attic stairs, while somewhat 
better than step ladders, can be similarly hazardous for the above mentioned 
PPE concerns as well as the typical instability of these devices. Most of the times 
the weight capacity of attic stairs is low and the tread width is very narrow.  
 
Regardless of the access means, prior to remediation activities, a plan should be 
created to assure a save and easy means of accessing the attic.  
 
Other safety considerations when working in attics is the low head room, the 
possibility of falling through the ceiling to the rooms below, cuts and puncture 
wounds from exposed nail plates and fasteners, and overloading the ceiling joists 
or truss system with workers and equipment.  
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When utilizing media blasting, the operators should be very aware of several 
safety aspects specific to these systems. Skin abrasions from contact with the 
media, hose ruptures and, in the case of dry ice blasting, depletion of oxygen in 
the attic environment and skin burns from handling the dry ice and collapse of 
ceiling finishes from overloading with spent media are real concerns that should 
be addressed prior to any work. Proper training of employees and maintaining 
and having access to proper equipment are paramount.  
 
A plan should be in place, and all workers should be aware of the means of 
egress should a fire or emergency occur at the worksite. Clearly marked exit 
paths should always be in place prior to the beginning of the remediation.  
 
Project Set-Up 
 
Prior to any remediation activities, the inspector, owner and key persons with the 
remediation contractor should walk the project and discuss the requirements and 
expectations of each party involved. I have been involved in numerous projects in 
which the contractor never informed the owner that the negative air machines 
would be in operation 24/7.  
 
The contractor should inform and discuss what room or rooms will be out of 
service and for how long, what content will need to be removed and where it will 
be placed and what the path through the home the workers will require both to 
access the work area and carry out debris. Working hours and days should also 
be discussed at this time.  
 
The project manager should also determine if adequate power is available to 
operate equipment, where NAM will be exhausted, where dumpsters and debris 
will be placed and where material and equipment can be staged and stored.  
 
Once the parameters are established with the owner, the first day on the project, 
the project manager should meet with his crew to discuss items such as parking, 
dumpster locations, areas of the home they can and cannot be in, bathroom 
facilities and break time activities such as eating and smoking on the property. 
 
Remediation Tools and Supplies 
 
The necessary tools and supplies for the remediation project will be dependant 
on the amount of growth to be removed, the materials in which the growth is on 
and the scope of work discussed between the contractor and inspector.  
 
As with any other remediation activity, cross-contamination to non-impacted 
portions of the structure cannot occur and require the use of critical and 
containment barriers. Materials necessary for these items include plastic 
sheeting (non-flammable preferably), tape and adhesive sprays, lumber and Zip 
Wall systems. 
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Heavy gauge plastic bags for disposal of contaminated materials and a means to 
seal them, either with wire ties or tape are also required.  
 
The physical removal of the growth can be accomplished through the use of a 
HEPA vacuum with a brush or scraper attachment or in conjunction with stiff 
nylon brush. Replacement HEPA vacuum bags should be readily available for 
the workers.  
 
Scoops and short handled rakes are helpful to remove loose or blown-insulation 
prior to bagging. As always be careful when using these items to avoid snagging 
or pulling on wires.  
 
Worker PPE of one of the most important tools necessary for any microbial 
remediation project and attic remediation is no exception. Tyvek coveralls, 
including a hood and booties should be worn by all in the work area. Gloves, 
goggles and at minimum an N95 respirator should be used by all workers as well. 
The use of a full-face respirator tends to work better since the need for separate 
eye protection is limited. When clad in PPE, the remediation worker will be 
limited in movement and this is especially concerning when ascending ladders 
into attics or crawling over ceiling joists.  
 
Negative air machines are just as necessary in attic mould remediation as they 
are in any other remediation project. The biggest challenge with a negative air 
machine during attic mould remediation is that they generally cannot be located 
in the work area. Rather, the intake of the machine has to be ducted to the work 
area while the machine is located either in another part of the work area or 
outside of the work area. As always when using a NAM, monitoring of the 
pressure differential and filters should be constant.  
 
Removal of growth through media blasting is a fairly new (< 10yrs) concept to the 
remediation and restoration industry that is very effective. Mostly any type of 
common media can be including; corn cobs, walnut and pecan shells, sand, soda 
and dry ice. The key item to keep in mind when using media blasting is safety 
since many bad things can occur (see above), very quickly when using this 
technique.   
 
Biocides, sanitizing solutions and antimicrobial sprays and encapsulants can also 
be necessary to complete a successful attic remediation project.  
 
Physical Removal of Microbial Growth   
 
The physical removal of microbial growth from surfaces and content in attics is 
really no different than that of other areas of a structure. Tools used for removal 
is essentially the same as are the techniques?  
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Insulation, whether it is fiberglass batt or fiberglass or cellulose blown-in cannot 
be effectively remediated. Therefore, whether the whole attic is affected or only a 
portion, the insulation in the defined work area should be removed.  
 
Contaminated content stored in attics can be remediated depending on what it is 
its value and what it is stored in. The 25 year old artificial Christmas tree in a 
deteriorated cardboard box should probably be discarded. However, the 
Christmas decorations stored in a sealed plastic storage bin can easily be HEPA 
vacuumed and wiped. As always, these decisions should be communicated with 
the owners prior to any decisions by the contractor.   
 
Microbial growth on the roof sheeting, whether it is plywood or solid wood can be 
removed through the use of HEPA vacuuming along with a brush or scraper 
attachment. The limitations when using this method is first, the nails protruding 
through the roof deck will generally damage attachments, and secondly 
vacuuming will generally not be effective at growth removal between roof 
sheeting boards.  
 
A better and more efficient method to remove growth from roof sheeting is 
through media blasting. This method is fast, can clean between roof sheeting 
boards and can easily clean at the lowest portions of the roof near the eaves. 
The limitation to this method is the equipment, cost, training of workers, safety 
concerns and the removal of spent media when using sand, soda, etc.  
 
Removal of growth from rafters, ceiling joists and trusses can be completed 
through either HEPA vacuuming or blasting. The same limitations noted with 
cleaning of roof sheeting using HEPA vacuuming will also be found when 
cleaning these items. Media blasting will generally be far superior, again the 
same limitations exist as when cleaning roof sheeting.  
 
Caution should be used when cleaning roof structure components, roof sheeting 
or structural components since protruding nails and splice plates can cause 
injury. 
 
The application of sanitizing solutions and biocides completed during the HEPA 
vacuuming process (HEPA sandwich) or at the completion of HEPA vacuuming 
or media blasting, should be guided by the inspection finding, effectiveness of 
remediation and discussions with the owner regarding the use of these products 
in the structure.  
 
If used, the application via pump sprayers is very effective especially when 
accessing very narrow spaces at the eaves or gable walls.  
 
The application of antimicrobial encapsulants is a necessary part of the 
remediation as viewed by some while others tend to not use these products. The 
idea behind antimicrobial encapsulants is that a product is applied, usually via 
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spray, to microbial affected materials which have already been remediated. The 
encapsulants are applied to prevent future growth on these surfaces. 
 
Application of encapsulants in areas with fluctuating moisture levels, which go 
beyond that 55% to 60% level, may provide some benefit however, in an attic, 
provided all moisture issues are kept in check, the moisture levels should not 
fluctuate. Therefore, it is my opinion that these encapsulate sprays are not 
necessary in an attic and can be more harmful than helpful.  
 
Some remediators believe that the encapsulants applied over microbial growth 
will seal the material and prevent further growth or that the encapsulants will take 
the place of mediocre remediation. I have witnessed first hand that this is 
generally not the case and that when these products are applied in this manner, 
the scope and cost of a remediation project goes up considerably.  
 
My opinion as to the use of antimicrobial encapsulants in an attic environment is 
that they are not required at all provided the following;  
 

 All measures have been taken to correct the moisture problem(s) in 
the attic 

 The microbial remediation of the attic was completed correctly and 
all affected areas, such as the structure, insulation and content 
were addressed 

 
Post remediation Activities  
 
Post remediation activities should include the following:  
 

 Inspection of the attic by the contractor  
 Inspection and testing by an industrial hygiene firm  
 Removal of containment and critical barriers  
 Repairs to the structure  

 
Inspections by the Contractor  
 
Inspection of the attic by the contractor should be performed by the remediation 
contractor at the conclusion of the microbial remediation and before inspection 
and testing by the industrial hygiene firm. The purpose of the inspection is to 
determine if any areas were missed during the remediation and to determine if 
the work area is clean. At this time the contractor can perform his own testing, air 
or surface, if so required. The results of this testing will determine if additional 
remediation is necessary.  
 
The sole purpose of the inspection by the contractor is to put the first set of eyes 
on the project and avoid unnecessary trips, and costs due to multiple inspections 
by the industrial hygiene firm.  
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Inspection by the Industrial Hygiene Firm 
 
The purpose of this inspection is to provide, by a third party, a report which 
quantifies the remediation process. The type of testing and areas tested should 
be discussed with the contractor to assure the remediation work area is fully 
included. However, the industrial hygiene firm should be the only party to 
interoperate the results and recommend further remediation or completion of the 
project regarding those results.  
 
It is highly recommended that the industrial hygiene firm not be retained by the 
contractor since this could be a conflict of interest. Rather, the industrial hygiene 
firm should be retained by the owner or persons funding the project.  
 
Removal of the Containment and Critical Barriers   
 
Upon passing all post remediation testing, all barriers can be removed. Of 
course, prior to any testing all barriers should have been HEPA vacuumed and 
wiped down.  
 
During this phase all NAM can be shut off and removed from the project site. 
Prior to removal of the machines the intake and exhaust ports should be sealed. 
Also all hosed should be bagged and sealed prior to removal from the project 
site.  
 
Repair to the structure  
 
Once all remediation activities are complete repairs to the structure can begin. At 
this point, the repairs would follow any typical construction project work flow.  
 
Repairs to correct attic moisture problems should already be completed as 
should roof or exterior finish replacement.  
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Case Study #1 Smith Residence 
 

The inspection of the Smith residence took place on March 3, 2009, in the 
presence of Mr. and Ms. Smith.  
 

Background  
 
The two-story home is 35 years old and has been owned by the Smiths for the 
past 30 years.  
 
The home contains a finished basement with approximately one-half of it below 
grade. The first floor of the home contains a family room, kitchen, dining room 
power room and entry. The second floor of the home contains four bedrooms, a 
master bathroom, a common full bathroom and a center hall.    
 
Construction of the home consists of: concrete masonry unit foundation walls, 
wood framed floor, wall and roof systems. Interior finishes of home consist of 
drywall and paneled walls, drywall ceilings and ceramic, vinyl and carpet floor 
finishes.  
 
Exterior finishes of the home include: brick veneer, vinyl siding at the gable ends 
of the home only, aluminum soffit, fascia and gutters, vinyl windows, wood doors 
and asphalt fiberglass shingles as the finished roof surface. 
 
Mechanical systems of the building include: a forced air furnace which supplies 
heated and cooled air throughout the home, a gas-fired hot water tank, exhaust 
fans in each bathroom and a kitchen exhaust hood. The home also contains a 
masonry fireplace located in the family room.   
 
The home recently received several renovations including a new roof, new soffit, 
fascia and gutters, new gable end siding and a complete renovation of the 
master bathroom. The exterior renovations were completed in the spring of last 
year while the master bathroom renovation was completed in the fall of last year.  
 
Near the end of January 2009, Mr. Smith entered the attic to put away the 
family’s Christmas decorations. While arranging boxes of decorations he noticed 
ice formations on the tips of nails which penetrated through the roof sheeting 
along with dark discoloration on the roof sheeting and rafters. Mr. Smith stated 
that when he removed the Christmas decorations in November, he did not notice 
any of these conditions.  
 
At the time of my inspection, the Smiths had not completed any repairs or 
remediation to correct the conditions noted in January.   
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Inspection  
 
The inspection of the home began with an inspection of the interior.  
 
A general visual examination of the exterior of the home, from the ground level, 
revealed no evidence of water overflow from the gutters or displaced gable 
siding, or soffit panels. An inspection of the brick veneer of the home as well as 
of the chimney, located on the north end of the home revealed no evidence of 
moisture infiltration indicative of missing brick faces or the presence of 
efflorescence.  
 
The roof of the home consists of a simple gable style roof which measures 45’ 
long. The front and rear slopes each measure 18’ long and the pitch of the roof is 
a 5/12.   
 
Three tab shingles were applied throughout the roof surface and are capped with 
the same. The roof contains four roof penetrations, each of which is a plumbing 
vent. The masonry chimney, located at the gable end of the home extends inside 
the roof structure on three sides only. The roof contains no ridge vent, static 
vents or powered vents.  
 
The inspection of the front and rear roof slope revealed no missing or displaced 
shingles. An inspection of the four roof penetrations revealed that they were 
flashed properly and appeared water tight. An inspection of the chimney revealed 
no missing or displaced mortar, no displaced brick or brick faces and no cracking 
or displacement of the stone chimney crown. The chimney contained two terra-
cotta flues; the largest measuring 10”x 10” appeared to be for the fireplace since 
it contained heavy amounts of soot deposits. The second flue, measuring 8” x 8” 
contained a 5” aluminum flue liner which is believed to be connected to both the 
furnace and hot water tank. An inspection of the chimney flashing revealed that 
all flashing components were installed correctly and were tight.  
 
While descending the ladder, the rear gutter was inspected and found to be void 
of water. An inspection of the eave of the roof revealed that an ice-dam 
protection membrane was installed at the lower edge of the roof along with a 
metal drip edge. An inspection of the home’s soffit revealed that the soffit at the 
rear of the home was solid rather than vented. An evaluation of the balance of 
the home’s soffit revealed that all soffit panels were solid.   
 
The inspection then moved to the interior of the home at the second floor.  
 
Prior to inspecting the second floor, environmental readings of the second floor, 
attic and exterior were taken using a GE Protimiter MMS. Those readings were 
found to be as follows:  
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Date Room Relative Humidity Temperature Dew Point
3/3/2009 Attic 68.00% 35.0 25.0
3/3/2009 Second floor 45.00% 71.0 45.0
3/3/2009 Exterior 40.00% 35.0 13.0

 
A general inspection of the second floor bedrooms, bathrooms and hall revealed 
no visual evidence of water damage to the ceilings or walls of these rooms. 
When asked if the home had ever experienced a water intrusion event, Mr. Smith 
stated that he was not aware of any events during their ownership.  
 
The inspection then moved to the attic of the home. Access to the attic is through 
a 24” by 24” wood opening located in the master bedroom walk in closet. The 
attic access panel is constructed of ½” painted plywood loosely laid on wood trim. 
Construction of the attic is of wood framed trusses spaced 24” on center covered 
with plywood roof sheeting. Attic insulation consisted of 6” fiberglass batt 
insulation with kraft paper facing. The insulation was installed with the paper 
facing against the drywall ceiling. Loose pieces of wood sheeting boards were 
installed sporadically throughout the attic space in order to support stored 
content. A single porcelain light fixture provided light for the attic space.   
 
A visual inspection of the roof sheeting revealed visible microbial growth on 
nearly all surfaces of the roof sheeting. Further inspection of the roof trusses, 
both the upper and lower chords as well as the webs revealed little to no visible 
microbial growth. At the approximate center of the attic space, the insulation was 
pulled back from the bottom chord of the truss and the backside of the drywall 
was tested with an invasive moisture meter. Readings of moisture content in the 
drywall, at this location were found to be slightly elevated. Physical moisture was 
not noted on the drywall or insulation at this location.  
 
Further inspection of the attic space above the master bathroom revealed that 
the exhaust piping for the master bathroom exhaust fan was simply extended 
above the ceiling line approximately 3’ and exhausting into the attic space.  
 
An inspection of the content of the attic, which included numerous cardboard 
boxes, books and plaster storage totes revealed visible microbial growth on 
several boxes and many of the books.  
 

Discussions  
 
As a result of the inspection of the Smith home, it was determined that the cause 
of the microbial growth in the attic of the home was the result of the two main 
factors including:  
 

 The introduction of warm moist air into the space primarily from the 
master bathroom exhaust fan as well as from the loosely fitting 
access door to the attic. 
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 The complete lack of ventilation in the attic space.  
 
Prior to leaving the home, I spoke with Mr. Smith regarding my findings. He 
stated that prior to the exterior renovations, the roof of the home contained 
asphalt fiberglass shingles and an aluminum ridge vent. In addition, the soffits of 
the home were of wood and contained a 2” wide aluminum strip vent on the eave 
soffits only. He also stated that when he met with the contractor who performed 
the exterior renovations, the contractor stated that with the “new type of shingles 
on the market” a home does not need any ventilation. Because Mr. Smith trusted 
the contractor, he agreed to the roof installation without a ridge vent and to the 
solid soffit on all sides of the home.  
 
I explained to Mr. Smith the cause of the mould growth in his attic and what steps 
DiMenno Restoration could complete to remediate the attic and prevent future 
mould events.    
 

Building Repairs  
 
The scope of the Smith project was as follows: 
 

 Complete removal of the roof shingles and roof sheeting 
 Removal of all attic insulation  
 Remediation of the following:  

o Roof truss components 
o Backside of the drywall ceiling 

 Removal of the solid soffit panels on the eave sides only 
 Installation of new plywood sheeting 
 Installation of new 30 year shingles  
 Installation of a new nail over ridge vent 
 Installation of vented soffit panels on the eave sides only 
 Installation of insulation baffles  
 Installation of R-38 blown-in fiberglass insulation  
 Installation of a flexible aluminum duct from the 2nd floor bathroom 

exhaust fan to a roof mounted hood  
 Installation of an insulated attic access door 

 
The first task in the remediation process was to seal off the attic space from the 
living area. Since the attic access was located in the master bedroom closet, it 
was decided, with input from the Smiths, to relocate all content from the master 
bedroom closet and bedroom into the adjoining rooms. This task was completed 
by the Smiths.  
 
Because of the master bedroom contained a elevated deck, it was decided that 
rather than carry equipment and contaminated items through the home, access 
to the room would be carried out through use of the sliding door leading to the 
deck. To access the second floor deck, tubular scaffolding which contained stairs 
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was erected below the deck. A section of deck was removed from the master 
bedroom deck and the scaffolding was placed close to the deck and also secured 
firmly to the deck.  
 
Once the exterior access to the room was completed, the carpet in the bedroom 
and closet were completely sealed with plastic sheeting as were all supply and 
return air grills and the door leading to the second floor hall. The shelving in the 
closet was removed and marked for re-installation later.  
 
Once the access to the second floor bedroom was complete and the bedroom 
and closet prepped, workers donned PPE which consisted of Tyvek suits, gloves, 
and full-face respirators, entered the attic space to begin prepping the attic for 
remediation.  
 
First, all attic content was double bagged and handed down to crews in the 
closet. A second crew carried the bagged content down the scaffolding to a van 
where it was delivered to our warehouse for cleaning.  Around each ceiling 
penetration, which included electrical ceiling boxes and recessed light fixtures, 
the insulation was pulled away from the device and either plastic or a metal 
enclosure was placed over the fixture. The plastic and metal enclosure was 
taped to the backside of the drywall to completely seal it and avoid any cross 
contamination. At the bathroom exhaust fan, our electrician, who also donned 
appropriate PPE, disconnected the electric to the device and removed the wiring. 
The insulation surrounding the fan was pulled back and the entire fixture was 
wrapped and sealed with plastic sheeting.  
 
Since the time of year in which the work was being completed was in the early 
fall, it was decided to remove all attic insulation prior to removal of the roof 
shingles and sheeting since it would make clean-up easier. Workers removed 
and doubled bagged the insulation and handed them through the attic opening 
where other workers carried them down to a waiting dump truck for disposal.  
 
During the preliminary work in the attic as well as during the removal of the 
insulation, a negative air machine was in place exhausting out a window located 
along the side wall of the bedroom.  
 
The shingles, roof sheeting and soffit panels were removed and replaced. Since 
this work was completed over a period of one week, and since the possibility of 
water infiltration from a non-covered roof was real, the roof was covered with a 
plastic tarp nightly.  
 
Once the roof and other exterior work was completed, workers began the 
remediation of the microbial growth in the attic. The negative air machine that 
was placed prior to any work activity in the attic and which was in operation 
during the removal of the shingles and roof sheeting, remained in operation 
during the actual remediation activities. Beginning at the peak, workers first 
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HEPA vacuumed all surfaces of each truss including the webs and chords, all 
surfaces of the gable end walls and the backside of the ceiling drywall. Workers 
then wiped all surfaces, very carefully, with a sanitizing solution.  
 
Upon completion of the remediation of the trusses, I personally inspected the 
attic work area and found several areas in which the workers missed areas of 
growth, mostly on the underside of truss members at the eaves. The workers 
were instructed to re-clean these areas.  
 
Once a satisfactory initial inspection was reached, I contacted Wahl 
Environmental who took several air samples in the second floor of the home, attic 
space on the exterior of the home. I was notified several days later that all indoor 
and attic samples contains lower spore counts than those found on the exterior of 
the home and as a result, the hygienist from Wahl Environmental cleared us for 
removal of the containment.    
 
A new bathroom fan was installed and the insulated duct was connected to a roof 
mounted damper installed during the shingle installation. New insulation was 
installed throughout the attic. To aid in their storage, several areas of the attic 
floor had plywood installed. To prevent the plywood from compressing the 
insulation, the bottom truss chord was built up to compensate for the insulation 
thickness. The area around the attic access panel was also built up to contain the 
insulation and the backside of the attic access panel was insulated.  
 
Mr. Smith retained an attorney, sued and won a case for faulty workmanship 
against his roofing contractor.  
 
 



1 
 

Case Study #2 Jones Residence 
 
Initial Report  
 
The inspection of the Jones Residence took place on December 20, 2008.  
 

Background 
 
The two-story home has been owned by the Jones since being constructed 14 
years ago. For the purpose of this report, rooms of the second floor of the home 
as well as the attic space will be the only areas of the home discussed in this 
report.  
 
The second floor of the home contains three bedrooms consisting of a master 
bedroom, located along the rear of the home and two smaller bedrooms located 
along the front of the home. The master bedroom contains a walk in closet which 
is located at the rear left corner of the home. In front of this closet is the 
bathroom of the second floor. In the approximate middle of the second floor is a 
hall which spans from the left side of the home to the right. A small linen closet is 
located within the hall.  
 
Finishes of the second floor bedrooms include: painted drywall ceilings and walls, 
wood trim and doors and carpeted floors. Finishes of the bathroom include 
painted ceilings and walls, wood trim and doors, a skylight which is contained 
within a drywall shaft and a vinyl floor.   
 
The attic space is unfinished and contains blown-in insulation on the attic floor 
and batt insulation around the skylight shaft.    
 
In April 2005, the Jones had several ceiling fans installed in the bedrooms. 
During this installation, while in the attic, their electrician noticed mould on the 
roof sheeting and trusses within the attic. Concerned with the mould, the Jones 
contracted with Restoration Specialists who, according to Mr. Jones, HEPA 
vacuumed and cleaned the roof sheeting and trusses then sealed them with a 
white primer/ sealer. According to Mr. Jones, Restoration Specialists found that a 
vent pipe for the bathroom exhaust fan was vented directly into the attic space. In 
addition to venting the pipe to the exterior of the home, through the roof, 
Restoration Specialists also relocated the vent from the interior of the skylight 
shaft to the ceiling of the bathroom. Insulation within the attic was not removed or 
replaced during the work performed by Restoration Specialists.    
 
Most recently, in December 2008, Ms. Jones was in the second floor and noticed 
water dripping and wet areas of the ceiling in the hall and master bedroom closet. 
She also noticed areas of mould growth on the on the bathroom ceiling. 
Concerned with this, Mr. Jones inspected the attic and found visible mould 
growth on many areas of the roof sheeting and trusses.  
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At the time of my inspection, no repairs to correct the mould problem in the attic 
had been completed. Furthermore, no repairs to the water damaged ceilings in 
the hall or master bedroom closet had been completed.  
 

Inspection  
 
Inspection of the home began in the front bedrooms. An inspection of the right 
bedroom revealed no visual evidence of water intrusions or visible microbial 
growth. Mr. Jones stated that he did not notice any signs of water intrusion in this 
room.  
 
The inspection then moved to the left front bedroom. An inspection of the ceiling 
of this room revealed slight water stains on the ceiling and dimpled nail heads. 
 
An inspection of the master bedroom closet revealed visible water stains around 
the light fixture as well as water stains on the interior of the glass light globe. No 
water stains were noted on the ceiling or walls of the master bedroom.  
 
The bathroom displayed a numerous areas of water stains on the interior shaft 
walls of the skylight, as well as on the walls and ceiling of the room. 
 
In the hallway, visible water stains and visible microbial growth was noted on the 
ceiling near the linen closet. Inspection of the interior of the closet revealed no 
evidence of water intrusion.  
 
The inspection then moved to the attic. An inspection of the front roof slope 
revealed several areas of visible microbial growth on the underside of the roof 
sheeting as well as on the trusses. The majority of growth was noted near the 
access panel of the attic which is located on the right side of the home.  
 
The inspection of the rear roof slope also revealed visible microbial growth on the 
underside of the roof sheeting and on the trusses near the access panel. 
Additionally microbial growth was also noted on the roof sheeting and trusses 
near the center of the rear slope, at the ridge, around the skylight and on the 
lower portion of the roof slope near the center of the roof.  
 
The inspection of the front and rear roof slopes at the attic access panel, with a 
moisture meter revealed elevated moisture levels in the roof sheeting and 
trusses. The sheeting at this location felt solid and no indication of deterioration 
was noted.  
 
An inspection of the upper center portion of the rear roof slope revealed visible 
microbial growth and fruiting bodies. A test of this area, with a moisture meter, 
revealed a large amount of moisture within the roof sheeting. Furthermore while 
testing the sheeting, it was noted that the structure of the sheeting was very 
weak in nature; so much that a finger was easily pushed into the sheeting at an 
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area of extensive microbial growth. Close inspection of this portion of roof 
sheeting revealed light permeating through the sheeting indicating a hole to the 
exterior side of the roof. An inspection of the blown-in insulation on the floor of 
the attic, below this location, revealed matted insulation and evidence of water 
intrusion.   
 
The inspection of the rear roof slope surrounding the skylight revealed visible 
microbial growth on both roof sheeting and the trusses. A test of the roof 
sheeting and trusses in this area with a moisture meter revealed elevated 
moisture levels in both the roof sheeting and trusses. Paper-faced batt insulation 
was found loosely installed against the walls of the skylight shaft. An inspection 
of the one side of the shaft wall, behind the insulation revealed no visible growth 
on the wood framing or drywall of the shaft.  
 
Adjacent to the skylight shaft was the bathroom ventilation fan. Prior to the 
remediation of the attic, this fan simply exhausted into the attic space. Post 
remediation, the contractor connected the fan to a vinyl duct and exhausted the 
fan through the roof. An inspection of the duct revealed that it was connected to 
both the fan and to a metal pipe which appeared to exit the roof.  
 
A general inspection of the attic revealed visible microbial growth on the right and 
left gable walls and various other areas throughout the attic space. Also noted 
during the inspection was framing members and roof sheeting which contained 
no white coating. Generally the coating was absent due to insulation, both blown-
in and batt, being installed against the member. At these locations, higher 
amounts of visual microbial growth were sometimes noted.  
 

Conclusion  
 
As a result of the inspection of the Jones home it is my opinion of the following. 
 
The visible microbial growth noted in the Jones attic is the result of elevated 
moisture levels within the attic space. The elevation in moisture levels is the 
result of the following:  
 

 An active roof leak near the upper center of the rear roof slope 
 Vapor diffusion from the skylight shaft 
 Possible roof leaks from around the skylight  
 Air leakage from the attic access panel 

 
Furthermore it is believed that the following conditions may have or are currently 
aggravating the microbial growth in the attic:  
  

 Ineffective microbial remediation performed in 2005 
 Lack of insulation removal 
 Attic ventilation 
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The active roof leak in the attic is allowing moisture to enter both the attic interior 
and the structure of the roof sheeting. Due to this moisture infiltration, microbial 
growth has occurred in the area surrounding the roof penetration. The moisture 
has provided a necessary component to both begin and sustain the growth. 
Additionally, the moisture that is entering the attic space is causing, most likely to 
a small degree, the relative humidity within the attic space to increase. It is 
believed that due to the moisture intrusion at this location, combined with other 
factors which are influencing the relative humidity in the attic, that water is 
dripping from below the origin point, saturating the insulation, and finally 
migrating through the drywall ceiling of the hall and front left bedroom.  
 
Due to this being an active leak, it is my recommendation that the leak be 
addressed as soon as possible to prevent further damage to the home. 
Correction of this leak may not completely correct the microbial growth condition 
in the attic or the water intrusion in the hall or front bedroom; however, it should 
help to minimize the conditions.  
 
The inspection of the attic, specifically around the skylight, revealed that the 
insulation surrounding the skylight shaft was loosely installed. Due to the 
insulation being installed in this manner, warm moist air, from bathing activities, 
is believed to be permeating the drywall of the skylight shaft. Once into the attic 
space, the gaps in the insulation are allowing the warm moist air to impact the 
cooler surfaces of the roof sheeting. If the temperature of the roof sheeting is 
cool enough condensation will form. This condensation will provide the 
necessary component to both begin and sustain the microbial growth in the attic. 
It is also believed that condensation from the skylight area is causing the damage 
to the ceilings of the bathroom and master bedroom closet.  
 
Although the bathroom does contain an exhaust fan, its location is unfortunately 
not ideal. The arrangement of the skylight in shaft provides a stack for warm air 
to rise up into. Although using the fan during bathing activities will remove some 
moist air, much of the air will still want to rise into the shaft.  
 
Several correct measures should be considered with regards to the skylight. First 
the insulation around the skylight should be replaced with new insulation. The 
replaced insulation should be installed with a vapor barrier which extends from 
the floor of the attic to the roof sheeting and be well sealed at all junctions. The 
insulation should be installed in a manner which allows for no air gaps at floor of 
the attic, at the roof sheeting or at any areas in which the insulation abuts itself. 
Second, inspection of the exterior of the skylight should be completed to verify 
that the skylight or flashings are not leaking. This inspection was not possible at 
the time of my inspection due to snow on the roof. Third, consideration of 
replacing the current fixed skylight with a venting skylight should be taken. If a 
venting skylight were installed, warm air that migrates into the shaft during 
bathing activities would be quickly exhausted to the exterior of the home.   
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The access panel leading to the attic is believed to be allowing warm moist air, 
from the interior of the home, to enter the attic space. Similar to the skylight area, 
as this air impacts cooler roof surfaces it condensates. The moisture which forms 
provides the necessary moisture to both begin and sustain microbial growth. To 
correct the condition at the attic an alternative, better sealing access panel 
should be installed.  
 
One factor which is believed to be of some influence to the microbial growth in 
the attic is the remediation which took place in 2005. Noted during the inspection 
of the attic were two conditions which are cause for concern.  
 
First, areas were noted where no coating was applied. At these locations it 
appeared that the insulation, both blown-in and batt (at the skylight) were never 
pulled away from the framing. Very clear demarcation lines between painted and 
non-painted portions of the framing members were noted and at these locations 
insulation was found. This condition is concerning since if the insulation was not 
pulled back from the framing it may suggest that it was not pulled away to 
complete remediation. If not remediated viable growth may have remained in 
these areas and due to the influx of moisture, from both the roof leak and 
condensation, microbial growth would have occurred.  
 
Second, the insulation, both blown-in and batt, was not removed from the attic. It 
is believed, from discussions with Mr. Jones, that the remediation of the attic 
included some form of HEPA vacuuming and/ or wiping of the roof sheeting and 
trusses. If such work was performed within the attic, then it is assumed that 
during the remediation activities mould spores were disturbed, became airborne 
and settled onto horizontal surfaces. The remediation activities would have 
added to the spores which would have already been present on the surface of 
the insulation due to be airborne in the attic space. With viable spores present on 
top of and in the insulation, when moved about, from persons in the attic of 
simply by air movement, these spores, when subjected to elevated moisture 
levels, from both the roof leak and condensation, microbial growth on roof 
surfaces would have occurred. Please note: it must be understood that fiberglass 
and mineral type insulation are typically not a food source for microbial growth 
due to their material composition and post processing treatments. However, it is 
believed that in the case of the Jones attic, the insulation acted as simply a 
surface for the mould spores to settle and not a food source.  
 
To correct the concerns regarding the 2005 remediation it is my recommendation 
of the following:  
 

 Completely remove all insulation from the attic and replace after all 
microbial remediation is completed 

 HEPA vacuum, and treat all surfaces of the attic space  
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 Perform post remediation testing of the attic space by a qualified 
third-party IAQ firm 

 
All above items should be performed by a qualified remediation contractor who 
should consider the following:  
 

 Proper use of personal protective equipment (PPE)  
 Proper use of negative air containment systems 
 Proper removal of materials to prevent cross contamination  
 Proper remediation techniques  

 
Although difficult to determine due to limited access to the exterior of the home, 
attic ventilation may also be a partial cause of the microbial growth condition. If 
the attic is improperly vented, any moisture which may accumulate within the 
space will not easily be vented to the exterior. A ridge vent and soffit baffles were 
noted during the inspection of the attic interior, however, sizing of these items 
was not possible.  
 
Until the exterior of the home and roof are inspected, it will be difficult to attain a 
comprehensive conclusion to the cause of the microbial growth in the Jones 
Attic. Scheduling of that inspection will be weather dependant and once 
completed a report will follow. However, based on the above it is my opinion that 
the majority of the microbial problems in the attic are a result of the manner in 
which the 2005 remediation was performed, conditions in and around the skylight 
shaft, the active roof leak and air leakage from the interior of the home into the 
attic space.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



7 
 

Follow-up Jones Report  
 
The following report in follow-up to a report submitted on February 3, 2009, 
regarding the home at the above referenced address.  
 
I inspected the home on February 28, 2009, in the presence of Mr. Jones. The 
intent of this inspection was to evaluate the upper roof of the home. This was not 
possible during the initial inspection due to snow on the roof.  
 

Background  
 
The upper roof gable measures 29’ long. Each slope measures 15’ in depth. The 
shingles of each slope are of asphalt fiberglass shingles which are 14 years old 
according to Mr. Jones. An exterior masonry chimney is located at the upper 
portion of the front slope along the right side. A portion of the upper and lower 
side of the chimney and the entire left side of the chimney penetrate the front roof 
slope. No other roof penetrations were found on the front roof slope.  
 
The rear roof slope contains two plumbing penetrations, a roof vent and a 
skylight. The skylight measures 2’ x 2’ and is manufactured by Wasco and is 
located on the left side of the roof near the center span. The vent hood is of 
aluminum and is located to the left of the skylight.  
 
The roof also contains an aluminum continuous ridge vent.  
 

Inspection  
 
The inspection of the front roof slope revealed no missing or displaced shingles. 
The inspection of the chimney flashing revealed that it is place and appears to be 
in good condition.  
 
The inspection of the rear roof slope revealed no missing or displaced shingles. 
Near the lower center edge of the roof, a small area which appeared to be 
patched with roof cement was noted. Also near this area were areas of shingle 
abrasion. 
 
An inspection of the skylight revealed displacement of the rubber flashing on all 
sides of the skylight. This displacement was such that the flashing was lifted off 
of the roof in many areas causing displacement of the shingles. In addition to the 
flashing issues, the shingle area around the skylight was noticeably damp.  
 
The inspection of the vent adjacent to the skylight did not reveal any significant 
findings other than the damp shingle condition surrounding the vent.  
 
The inspection of the aluminum ridge vent revealed that the vent was in place 
along its length. Inspection of the nails securing the vent to the roof revealed that 
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several of the nails were no longer sealed and many of the non-sealed nails had 
become displaced. A detailed inspection of the roof, near the ridge vent, at the 
location in which an active leak was noted during the attic inspection, revealed no 
visible penetration in the shingles. Noted at a soft area of the roof near the ridge, 
which was believed to be the approximate location of the penetration, was a 
partially displaced nail which secured the ridge vent.  
 

Conclusion  
 
As a result of the inspection of the upper portion of the Jones roof it is my opinion 
of the following. 
 
 The front slope of the roof revealed no findings which would suggest that an 
active water intrusion event is occurring at this location.  
 
The rear slope revealed several findings of significance which may be allowing 
water to enter the structure.  
 
The first condition is the condition of the skylight. Due to the displacement of the 
skylight flashing, it appears that water and or snow and ice, may be entering 
under the flashing and into the roof structure. It is very possible that due to the 
condition of the flashing, water is entering the roof structure and influencing the 
microbial growth in the attic.  
 
The second condition which may be allowing water to enter the attic is at the 
ridge vent. At this location, at least one area was noted, due to the displaced nail 
and soft area of the roof, which is allowing water to enter the attic. It is believed 
that several other areas of the ridge exist which may be allowing water to enter 
the attic.  
 
The inspection of the roof revealed several other conditions which, in my opinion, 
are not related to the attic microbial condition but should be addressed. The fist is 
the condition of several shingles near the lower center of the roof. In discussing 
the patched shingle tab and abraded shingles with Mr. Jones, he believed that 
these conditions were the result of ice removal during a 1995 ice damming 
condition.  
 
Secondly, the vent installed next to the skylight which provides an exhaust Jones 
for the bathroom exhaust fan should be replaced with an exhaust hood designed 
specifically for this application. The current vent does not provide any type of 
damper and may not perform adequately.  
 
The roof evaluation did reveal several conditions which are believed to be 
influencing the microbial growth in the attic. Therefore, it is my recommendation 
that these conditions be addressed as soon as possible. The flashing around the 
skylight should be replaced and properly sealed and the fasteners securing the 
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ridge vent should be replaced. Roof sheeting replacement may be necessary at 
both the skylight and areas along the ridge vent due to deterioration.  
 
Correction of the above will not necessarily correct the microbial growth condition 
in the Jones attic, however, the elimination of direct water impingement from the 
above sources will eliminate one significant element which is influencing the 
growth. Once the roof water intrusion is corrected, other conditions influencing 
the microbial growth should be addressed.  
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