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1. Abstract 

The investigation of water damaged buildings is internationally undertaken on a daily 
basis to assess cause, effect, extent of damage and sometimes health and safety risks . 
The accuracy of investigation may depend on tools, equipment, training and specialist 
support such as laboratories 

 
This paper highlights some of the sampling and investigation errors of typical 

industry protocols used and why conclusions are sometimes flawed and may lead to 
continuing health impact or needless restoration and decontamination cost. Sick Building 
Syndrome (SBS) 1-68 and Building Related Illness (BRI)2 3,68   are recognised as major 
issues in building occupant health. A literature review of referenced papers and 
documents throughout this paper will show how contamination components and building 
defect, can affect health and wellbeing either individually or synergistically. While these 
references make clear the potential risks and hazards of individual components, there is 
also a general recognition that the complex symbiotic effects of chemicals and biological 
activity make definitive and objective investigation very difficult.7-10-11-12 The investigation 
of most SBS or BRI will revolve around the limitations of budget and competence of the 
investigator coupled to the required outcome. While definitive objective investigation may 
be possible, it is often at a high cost, not least when legally proven evidence is required. 
There is therefore a requirement for all stakeholders to recognise the benefits of a 
decision making log, which may, or indeed may not exclude, rather than confirm 
contaminates and recognise risk rather than confirm hazards present.   This paper sets 
out to provide understandable explanation as to why Indoor Environmental Health 
Professionals (IEPs) should be a first choice and that cost is a very poor guide of value 
against the limited skills and equipment limitations of the semi-professional and DIY 
survey. The paper should alert all stakeholders to the difficulties in assessment of cause 
and effect. 

 
 
 
 
2. Summary 

The level and complexity of water damaged building (WDB) investigation will revolve 
around risk and hazard assessment, cost and the required outcome or information. 
Typically, where the cause and extent of water damage is known and professionally 
restored and a small amount of visible mould is removed; there is little need for a 
professional survey. Where mold growth is less than 10 square feet or 1m² UK and USA 
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government bodies recommend do it yourself (DIY) 4- 5- 67  Where visible mould is 
present there is usually no requirement to test or identify it, as in all cases, it must be 
removed. 9 An exception to this is where there is current or historic water damage and 
occupant health may be associated with exposure. In this case an Indoor Environmental 
Health Professional (IEP) may be required to undertake in depth analysis and reporting. 
This paper provides an introduction to the differences and importance of recognising the 
needs of the normal client with a little visible mould and the atopic victim with debilitating 
health effects such as CIRS 6   and general water damage related illness.  

 
 
The importance of identifying the correct testing and investigation technology is 

coupled with their obvious failures and this paper attempts to highlight some of these 
issues. While the paper focuses on usual shortfalls in building and health related 
surveys, you will recognise this is not a training document other than in avoiding possibly 
expensive mistakes and poor decision making based on flawed evidence. These issues 
were identified by US Government Accountability Office (GAO, 2008) report 7 and the 
World Health Organization report (WHO, 2009)10   “There are many compounds, both 
toxigens and inflammagens, present in the indoor air of a WDB that have been identified 
within the complex mixture found in the air and in the settled dust of the interior 
environments of WDB. Further, there is clear data showing that each of these 
compounds can initiate an inflammatory host response such that no single compound 
can be identified as the sole cause of the inflammatory responses seen in affected 
patients.11 Since many sources of inflammatory stimulus exist, some of which are 
synergistic, and no single causative agent within the WDB can be deemed to be solely 
responsible for the symptoms exhibited. The sole causative agent becomes the interior 
environment of the WDB itself. 7 12  The “Consensus document” 12  written by a panel of 
Indoor Environmental Professionals with Surviving Mold reflects on many of the issues 
surrounding cause effect and remediation. This document adds to the consensus 
document by drilling down to some of the some of the core issues encountered while 
developing a meaningful report. 8 This paper may be of significant use to those suffering 
Biotoxin illness, CIRS13 who might identify avoidable mistakes in assessment of their 
building risk and hazards.  
 

This is not a medical paper but is aimed at assisting those that may not realise the 
symptoms they display are possibly related to known genetic differences such as the 
HLA gene 14 and specific types of contamination 8 
Those that do suffer typical symptoms may wish to check their symptoms against the 
online VCS test 15  and of course seek specialist medical help. 
This document explains shortfalls in typically used investigation and sampling protocols 
but even the worst have some benefits and it is for the professional IEP to identify where 
and when different techniques can be used. 
 
 

 
3. Survey Requirements  

A survey should be designed to fit the client’s requirements which are of course 
varied. 
The client’s requirements may revolve around; 

 Extent and cause of damage  

 Biological contaminates and risks  

 Occupant health and possible relationship to WDB 

 Health hazards generally and exposure routes 

 Resolution and recommendations 
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 Budget 
Budget is unfortunately the major risk factor in terms of report usefulness. 
  
 
 
4. What is water damaged building? (WDB)  

The indoor environment and ecosystem is seen as a microenvironment of 
interrelated physical and biological factors, all of which can result in a reservoir or source 
of pollutants. Bacteria and mould spores are ubiquitous and omnipresent and coupled 
with general dust and organic matter; it takes only a little moisture to activate bio 
amplification often within 72 hours 68. The living or biological indoor environment includes 
proteins, enzymes, endotoxins, mycotoxins, glucans and Volatile Organic Compounds 12  
(see Table 4)   Normal building ecology contains both living and dead (viable and non-
viable)  microorganisms10  When uncontrolled and excess moisture is introduced into the 
built environment the normal fungal ecology shifts to the more water tolerant species of 
mould such as Stachybotrys, Chaetomium, and Ulocladium 68.   This water is called free 
water and is available to microorganisms for growth and is described as water activity 
and is noted as aW . Water activity can be compared to equilibrium relative humidity 
(ERH) of a material 7 Free water which has been loosely absorbed should not be 
confused with “Bound Water” which is chemically and molecularly bonded to internal 
surfaces and is very difficult to remove but equally may not affect aW 

16, 68  Many fungi 
have a minimum (aw) requirement such as Penicillium, Cladosporium ,Aspergillus at 0.80 
to 0.90 aw which corresponds to 80 -90% ERH68. ERH and aw should not be confused 
with relative humidity which is air measurement whereas ERH is surface condition. Thus 
the definition of a water damaged building might be expressed as elevated ERH above 
0.80 a W and or >80%ERH.17-18 Decay follows, as does the proliferation of gram negative 
bacteria, actinomycetes, spores etc 19  

 
5. Investigation of Building Related illness 

There is little doubt that a water damaged building can cause health effects to 
occupants especially the atopic. The type and extent of testing and sampling may be 
influenced by both cost and or doctors requirements.   All fungal spores and fragments 
can be allergenic whether viable and inviable 68 Technically the atopic occupant is 
exposed to “pathogen associated molecular patterns (PAMPS)  and this can lead to the 
production of danger associated molecular patterns (DAMPS) 12    Unfortunately the 
atopic CIRS patient has an egg shell vulnerability and the first step in developing a 
testing hypothesis and scope of testing may require a blood test for inflammagens.20  

 

 
6. Survey Types 
The following section explains the different types of surveys available and their individual 
benefits and or limitations. 
 

 
6.1. Do it yourself (DIY)  

This is possibly the most important and regularly undertaken of all surveys but 
one which can lead to a poor decision making process and failure to resolve building 
defects and health issues. DIY surveys often use swabs and mould tests purchased on 
line.  These tests are of limited value as can be seen discussed throughout this 
document. The reliance on safe or high in terms of risk is extremely misleading and has 
no real value. There are no meaningful standards on maximum exposure levels for 
mould and or the multitude of possible synergistic effects. Visual assessments are very 
useful but sometimes water damage and their effects can be hidden in cavities and 
behind wall paper and false assessments result. DIY is however useful to identify 
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unusual and often new effects such as, swelling and cracks and of course tell-tale signs 
like odor and visible discoloration or actual mold growth. Where visible or olfactory 
markers are present they should be investigated and resolved following typical protocols 
such as NYCG 4 DIY sometimes undertake ERMI 47 and other biological sampling by 
swabs and dust collection and don’t understand the results and ask an IEHP for 
Interpretation. ERMI has not been validated for this type of use. 48 Analysis of the lab 
report without knowing the sampling protocols and background are almost worthless and 
likely to be misinterpreted.43 The EPA state ERMI score cannot be used commercially 
and is a research tool only and should not be used for clearance or risk assessment 21, 48 
The laboratory analysis used by ERMI49 by QPCR does provide exceptional data and 
this has been used by HERTSMI 2 23 as a risk and hazard assessment tool 22-23  

 
 
 

6.2. Building Surveyor 
When buying a house a very straight forward structural survey is usually undertaken 

by a registered building surveyor 24. The surveyors  role is usually to identify possible 
defects or latent damage which may detract from the asking price or value of the 
property, This type of survey usually include damp but almost always exclude mould and 
contamination issues and rarely are intrusive and almost never use any equipment other 
than a simple and basic moisture meter. They are generally designed to assess cost or 
value,  legal compliance to land and building regulations and building code. While of 
critical importance to mortgage companies they are not environmental surveys and have 
little or no use where environmental or health concerns exist such as BRI2-3-68 exist.  

 
 

 
6.3. The Water Damaged Building Survey   (WDB) 
Sick Building Syndrome 65 (SBS) and Building Related illness 66 (BRI) and Chronic 

Inflammatory Response Syndrome (CIRS) all have at least one common component, 
water. Uncontrolled water in the form of penetration, leaks, floods, elevated humidity 
ratio and or even dew point condensation can result in bio amplification within 72 hours 
25,68. The uncontrolled moisture in the form of specific humidity, or dew point 
condensation and contact may activate the omnipresent mold spore, cause decay and 
may release Volatile Organic Compounds (VOCs)  Bio amplification will also depend to 
some degree on temperature and cellulose or organic  content of affected materials. 
Biological amplification and decay can take many forms as can be seen in Table 4 12 The 
spread of contamination can be through artificial ventilation or convection currents and 
this can be affect different floors and rooms within minutes 68-70 Bio amplification will also 
depend to some degree on temperature and cellulose/organic  content of affected 
materials. Biological amplification and decay can take many forms as can be seen in 
Table 4 12.  Many contaminates seen in Table 4 will remain in dust and particulates years 
after the water has evaporated and the substrates and surfaces are dry. It is therefore of 
paramount importance that WDB surveys accommodating both current and historic 
events. 

 
Method 

The objective is to measure moisture or water in its various forms but specifically liquid 

and vapour phase. Moisture meters, thermal hygrometers are used in combination with 

Psychrometric charts to assess moisture content of substrates and air. 
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6.4.  The Environmental Survey  

This survey provides a range of important but limited assessments on the built 
environment but almost nothing in terms of biological activity which can be used in health 
risk or hazard assessment.  The information may not provide anything other than a 
reflection of external air quality such as traffic fumes etc. The carbon monoxide 26 and 
carbon dioxide levels 27 especially, can be important as these can help assess ventilation 
rates and occupant safety. 28-29 Although these are useful assessments they cannot be 
used as standalone information in building related illness.  This surveyor will measure, 
temperature and relative humidity which have very limited value. They may also assess 
the presence of visible mould and comment on lifestyle issues. 
The environmental surveyor may sometimes also measure:  

 Total Volatile Organic Compounds 

 Carbon dioxide 

 Carbon monoxide 

 Sulphur dioxide 

 Nitrogen dioxide 
While some gases are indicators of traffic pollution, important gases like formaldehyde 
which can off gas from wet building materials cannot be identified by the average PID 30 
 

         
 

1 The environmental survey undertaken with PID  
 

Method 
The environmental survey is undertaken with a range of electronic sensors coupled to 
visual assessments  
 
  
6.5. Using airborne particulate contamination as a guide to investigation 

 
Table1 below shows the levels of airborne contamination throughout the 

property. It can be seen that the lounge, kitchen and study had the highest levels of 
contamination. The differing floor coverings and drapes and air pathways were 
contributors to these results and therefore may be meaningless as standalone 
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measurement. Particle counting can be very useful prior to air sampling to assess 
airborne debris loading which can mask or occlude laboratory visual assessments See 
Table 3. Particle counting can assist in the identification of problem areas but the 
shortfalls must be recognised. 
 

Galileo first discovered that in a vacuum, if you were to drop two objects from the 
same height, they’d hit the ground at exactly the same time, regardless of their 
respective size and weight.31  Due to air resistance different sizes, shapes, 
aerodynamics and weight, particles will fall or settle at differing rates according to Stokes 
law 32-33 This means that different mould and fragments of bio amplification particulate 
will settle at different rates and indeed re aerosolise at differing rates depending on their 
size. Aerodynamics, air movement (air pathways) and environmental factors such as 
barometric pressure and humidity and physical disruption also contribute to airborne 
loading. The significance of particulate identification can be indicators of serious health 
hazards from biological fragments.37.  While particle counters cannot identify anything 
other than size and quantity this information may assist in the risk assessment of the 
smaller and often higher risk particulates37 The inlet velocity and volume cubic feet per 
minute (CFM) of any particle counter will also have an influence on what it captures and 
identifies. The following reference video shows how poor particle capture is, even when 
using a 1000 cfm Negative Pressure Unit and how only particles close to the mouth of 
any vacuum system are entrained 38   

 
The Health and Safety Executive (HSE) undertook a detailed investigation of 

Strata air and the practicalities of using Negative Pressure Unit (NPU) Filtration devices 
in their publication RR988. 39.   This document confirms the stratification of particulates 
depending on buoyancy etc. The implications of the paper RR988 are that particle 
counters should be used at differing heights and over several hours, possibly with air 
disturbance.  Unfortunately the study also indicates that NPUs are not effective in 
removing airborne contaminates and confirms the shortfalls of all air sampling and of 
course the historic protocols of NPUs when used for decontamination or “Air Scrubbing”. 
Most air scrubbers are HEPA filter rated. This means they capture 99.97% of .3 
particles. These machines require frequent performance testing as movement and 
transportation can affect internal seals.72 Unfortunately, domestic vacuum cleaners are 
rarely tested and they can be reservoirs of contamination and cause aerosolisation of 
contaminates through their exhaust port. In one reported SBS investigation the vacuum 
cleaner was found to be the main contamination source 68   
 
 
 
 
Method 
A hand held particle counter is used to capture and record differing levels of airborne 
particulate size and quantity. The sizes usually range from .3 to 10 micron 
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Table 1 
  

Particulate size µ Melody bed Bedroom Study PC bedroom Lounge  Kitchen 

.3 1391 2119 4936 4746 9332 9223 

.5 454 685 1680 1916 2623 3454 
1.0 51 135 265 311 479 460 
2.5 6 22 90 54 105 101 
5.0 1 13 48 21 52 44 
10 0 7 26 2 20 19 

 
 
 
 
 

 
 
2 Showing a typical capture of recorded measurement on a 6 channel particle 

counter. 
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Table 2 

 
Typical particle sizes of airborne contamination 
 
 
Table 3 
 

Debris 
Rating 

Description Interpretation 

None No particles detected. No particulates on slide. The absence of 
particulates could indicate improper sampling as 
most air samples typically capture some particles. 

<1 No particulates on 
slide. The absence of 
particulates could 
indicate improper 
sampling as most air 
samples typically 
capture some 
particles. 

 
 
 
Reported values are not affected by debris. 1+ 

2+ Decent visibility. 
Particles beginning to 
crowd. 

Non-microbial particulates can mask the presence 
of fungal spores. As a result, actual values could 
be higher than the numbers reported. Higher 
debris ratings increase the probability of this bias. 

3+ 

4+ Poor visibility. 
Particles beginning to 
overlap. 

Excessive debris detected in the sample. Counts 
reported may vary drastically and actual values 
could be higher than the numbers reported. The 
sample should be collected at a shorter time 
interval, or other measures taken to reduce the 
collection of non-microbial debris. In addition, a 
>4+ rating will only allow for a count from the 

>4+ Poor visibility. 
Particles overlapping. 
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perimeter of the slide. 
 

The typical Total Spore Count   lab report caveat showing why airborne debris occluded 
visual detection thereby making the air sample of limited use or benefit 
 
   

 
6.6. Electro Magnetic Radiation 

Electromagnetic fields can be measured to assess levels and possible “Hot Spots”. 
These measurements are for information purposes only and currently provide little 
scientific guidance. 
There is suspicion that elevated levels may have long term health effects and may affect 
biological growth although no current guidance is available. 
 
Radiation is a reported cause of increased ascospore release 68-71 

Where or if levels are elevated the source is identified and efforts to minimise may be 
required by specialists 
 

      
 
3 Radiation fields compared 20.6 ambient to 5,996 upstairs desks with Router 

and wifi 
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Temperature and humidity on their own are worthless measurements in a water 
damaged property. This example shows 95% humidity in the Arctic and this is bone dry 
 

         
6.7. The mold surveyor 

This surveyor will search for mould with various techniques but care must be taken in 
identifying the correct protocols or sampling hypothesis. 

 
Mould sampling should only be undertaken after  an onsite investigation and a 

sampling  hypothesis has been developed. 
Typical sampling protocols may include: 

 Viable and non-viable or dormant spores  

 Spore fragments and mycelia 

 Genus and or speciation  

 Airborne  

 Settled  

 Intrusive and interstitial cavities 

 Dust  

 QPCR-DNA 
Some sampling techniques which are semi quantitative and have very limited worth 
except for monitoring decontamination progress include, Mycometer and Intascope or 
Mould Scope.  These fail to speciate or provide risk or hazard data. 
 
  
 
 

 
6.8. The Remote Desk Top survey by IEP 

This surveyor undertakes a risk and hazard assessment by phone and live video link 
and reviews recorded information without actually visiting the property and provides a 
risk based report with recommendations.  
The survey may incorporate any or all of the following: 

 Interview with the client to assess health impact and severity (not diagnosis)  

 History of building occupant illness  

 Building damage and or repair and improvement issues 

 Review of any documents and data (previous water damage etc)  

 Video link walk through of the property with focus on high risk issues 
The objective is to provide the client with a low cost risk and hazard assessment based 
on the information gathered. The benefits are the input from experienced surveyor who 
will often identify building and construction defect hidden in plain sight. The report should 
enable the client to make immediate improvements where defect has been identified and 
this may include remediation and decontamination advice. 

 
 

6.9. The Indoor Environmental Health Professional  surveyor 
The IEH will not undertake an inspection or assessment until he has gathered 

enough facts to develop an investigation and sampling hypothesis. The client’s health 
issues must be taken into account when designing an inspection or investigation 
hypothesis. Generally speaking water or moisture damage can result in up to 30 different 
types of contaminates as listed below in Table 4 as identified in the consensus 
document 12 It should be recognised that even the best investigation is worthless if 
medical support is inadequate, therefore before engaging a professional IEH ensure a 
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suitably trained medical practitioner has been engaged. The IEP will be impartial, 
independent and most importantly qualified and competent. 
 
 
 

 
Range of toxins, inflammagens, and microbes found in WDBs 

 

Mycotoxins5 Gram-negative 
bacteria11,13,14 

Hemolysins7,11 

Bioaerosols6 Gram-positive bacteria11,13-

15 
Proteinases7,11 

Cell fragments7 Actinomycetes16 Chitinases7,11 

Cell wall components7 Nocardia11 Siderophores7 

Hyphal fragments8 Mycobacteria17 Microbial VOCs20-21 

Conidia8 Protozoa18 Building material VOCs20 

Beta Glucans7,9 Chlamydia18 Coarse particulates11 

Mannans10,11 Mycoplasma18 Fine particulates11 

Spirocyclic drimanes7 Endotoxins11,13   Ultrafine particulates24-25 

Inorganic xenobiotics12 Lipopolysaccharides13 Nano-sized particulates24,25 

 
Table 4   Contaminates from Surviving Mold consensus document 12 which may 
affect occupant health 
 
 
The sampling hypothesis 
Prior to undertaking any investigation a sampling and investigation hypothesis must be 
developed and this will revolve around many parameters but importantly must include: 

 Recognised symptoms and extent  

 History of health and possible links to building related illness 

 Current diagnosis and medication 

 Visual Contrast Test 15 (optional) 

 Immune response issues (chemotherapy treatments  etc)  

 Doctors opinion, input and or requirements 
Once the relevant factors have been assessed the IEHP will develop an investigation 
and sampling hypothesis (if required) to reflect the client needs and budget. 
 
Objectives will vary but will often include the identification of: 

 Historic issues and assessments 

 Building or construction/design defect  

 Cause of contamination, location and degree 

 Type of contaminates present and possible synergistic effects  

 Water damage issues 

 Spread and possible reservoirs of contaminates 

 Remediation issues  

 Decontamination advice for surfaces 

 Air pathways  

 Air decontamination 

 Third party Surface and air clearance certification   
 

7. Typical survey results depending on who instructed surveyor or surveyor type. 
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While each report may focus on different solutions, each may be useful but not all 
necessary. Where goods, products, services may be linked to the surveyor, a conflict of 
interest may exist and if so, should be declared by the surveyor. 
 
 

 
 
 

8. Typical Mold measurement and failure issues 
 

The following section explains some of the typical measurement protocols and 
their shortfalls when used inappropriately. Inappropriate testing protocols when used 
in isolation are expensive and often worthless in terms of risk assessment or mould 
identification. Information in the following sections will explain why individual 
sampling protocols used in isolation are rarely appropriate and why a meaningful 
investigation will usually rely on many different appraisal techniques and skilled 
interpretation. The protocols and equipment shown in this section were developed by 
manufacturers who sell the virtues of the process. The results almost always comply 
with the manufacturers stated expectations, but the results cannot be used as they 
are not recognised in the scientific community or comply with any standards or 
recognised measurement criteria.73 

 
8.1. Mycometer   

The Mycometer is shown in photo 4. Mycometer and their agents train the 
technician during a one day course. The resultant report is a red green and amber 
traffic light appraisal for air and surface sampling. The traffic light appraisal cannot 
identify genus let alone species. The manufacturers state the product was tested by 
US government EPA through their Environmental Technology Verification Report 41.  
The report states it provides semi quantitative appraisal of bio mass present. The 
report goes on to explain the use as a tool for monitoring progress during clean up 
and remediation process 40-41 The Mycometer cannot identify genus or species 
therefore risk and hazard assessments are impossible. 40-41,73 

 
This in effect means high seasonal levels of normally present environmental moulds 
can be misinterpreted as a hazard (red) and more importantly low levels of toxic 
mould seen as safe or green. 

   

 
 
Photo 4    The Mycometer  

The Mycometer on site lab analysis 
cannot provide useful information in risk 
or hazard assessment but may be 
useful for assessing cleaning and 
source removal 
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8.2. Instascope and Mouldscope Photo 5 
This is real time analysis which provides a rank order bell curve interpretation. 

Unfortunately the bell curve data is made up of limited historic data of different 
countries and different times of the year and of course different building types and 
environmental conditions, plus differences in the target property areas. This 
effectively is comparison but not identification of contaminates outside the average 
counts.  The bell curve cannot accommodate anything other than the central rank 
order distribution and unfortunately cannot recognise some of the more hazardous 
species individually, which may fall outside of average counts. The inside air is 
compared to outside air but cannot accommodate the shift in the multitude of 
variants which includes seasonal and barometric issues.  

 
A concern here is that the outside air is disturbed while the inside air is tested 

without disturbance. This means the air sampling results are prone to false readings 
as spores and fragments may have settled. 

 
More importantly the computer program assesses average counts and not 

specific hazardous (group 1) moulds which are generally accepted as being the toxic 
potentially species associated with water damaged buildings.42 
The major concern is that so often the more toxic moulds form a very small part of 
the overall fungal ecology and this may easily fall outside the central “Average” 
count. See Fig 1 Another failure in this type of sampling is that air sampling is 
dependent on airborne particulates and of course settlement of spores and 
fragments will often result in negative results.32-33-34-35-36 

 
 
 

                                                           
 
 
5 The Instacope and Mouldscope (UK)  can provide a risk assessment but 
rarely provide a hazard assessment and fails to identify risk and hazard 
 
 
 

https://www.google.co.uk/imgres?imgurl=http://hawaiimoldandflood.com/wp-content/uploads/2017/03/instascope.png&imgrefurl=http://hawaiimoldandflood.com/instascope/&docid=U7BA4hvchcqMRM&tbnid=SsW62AhGNSrMcM:&vet=10ahUKEwj51L677J_YAhWsIMAKHfyrCt8QMwhIKAowCg..i&w=169&h=249&bih=575&biw=1084&q=instascope&ved=0ahUKEwj51L677J_YAhWsIMAKHfyrCt8QMwhIKAowCg&iact=mrc&uact=8
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     Fig 1   Showing  typical Bell chart distribution  but missing peripheral counts       

 
Fig 1 The Instascope records only average counts and ignores the most important and 
usually lower counts of toxic moulds found in properties, where even single figures can 
be major indicators of health hazards 
 
 
 
 
9. Exposing the shortfalls  in air and surface sampling 

 
The Environmental Protection Agency (EPA) makes the following statements 43     
 

 “Sampling for mold should be conducted by professionals with specific 
experience in designing mold sampling protocols, sampling methods, and 
interpretation of results.” 

 Sample analysis should follow analytical methods recommended by the 
American Industrial Hygiene Association (AIHA), the American Conference of 
Governmental Industrial Hygienists (ACGIH), or other professional guidelines. 
 

 Inadequate sample plans may generate misleading, confusing, and useless 
results. 

 For someone without experience, sampling results will be difficult to interpret. 
Experience in interpretation of results is essential.  

 Sampling should be done only after developing a sampling plan that includes 
a confirmable theory regarding suspected mold sources and routes of 
exposure. Figure out what you think is happening and how to prove or 
disprove it before you sample! 

 This is known as hypothesis testing and Data Quality Objectives (DQOs) as 
mentioned by the EPA.50 
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Authors Note ref UK 

While several references are made to USA guidance, it should be recognised the Health 
and Safety Executive (HSE) accept this guidance in the absence of UK equivalents   

 

 

 

A most significant statement by the EPA 43  
“The results of samples taken in your unique situation cannot be interpreted without 
physical inspection of the contaminated area or without considering the building’s 
characteristics and the factors that led to the present condition” 

 
This of course means that any form of sampling can only be interpreted as part of a 
professional site investigation. 
 

 In the following Table 5 we see an example of Instatscope/Mouldscope survey. It 
appears at 2360 the outside has almost 4 times the airborne mould spores per cubic 
meter against an average inside value of 600.This is meaningless without speciation. 

 
In the Table  6  we see the results of the Mycometer survey again coloured chart 

which has absolutely no international or national acceptance or meaning. 
 

In Table 7 we see the survey results from Mould score of a swab and or culture 
based analysis with CFUs as the only analysing criteria which is meaningless other than 
high or low what? 

 
In Tables 5-6-7 the assessments and results are displayed in colours. You will of 

course realise there are no risk or hazard values in colours in fact there is even limited 
value in numbers without knowledge of species. 

 
In table 7 the results are of viable counts and of course cannot include the more 

hazardous non-viable fragments or mycelia.37 Speciation is unlikely to be undertaken by 
the lab in low cost culture based sampling. 

You will also appreciate that without species and other valuation, absolutely no 
useful data was provided with these surveys in terms of Building Related Illness which 
could be used to assess vulnerabilities of CIRS patients or even identify risk 23.  

 
Most importantly the significance of this statement can be seen in the Quantitative 

PCR (ERMI) analysis in Tables 10 & 11 You will see group 2 moulds are recognised as 
normal environmental moulds while the Group 1 targets specific and potentially toxic 
moulds associated with water damage. In the ERMI calculation the group 2 moulds are 
taken away or actually ignored in the ERMI score. Without speciation almost all mould 
sampling is irrelevant. 
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Table 5      Mould Scope UK 
 

 
 

 

REDCATED 

Table 6   Mycometer  
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Table 7 Absolutely no technical measurement in swab or culture dish CFU counts  
 
 

 
10.      Recognising shortfalls of  air and surface sampling with culture based 

methods 
 

The mould surveyor may use culture plates in either an air sampling vacuum pump or 
use them to collect spores which drop onto them. An alternative to this will be a swab 
sample, where a swab is wiped across a suspect surface or at random and this is 
transferred to a culture dish. 
 

There are failures in all these methods and World Health Organisation (WHO) 
state they have serious limitations 10. These limitations are recognised as: 

 Culture plates cannot grow dead (non-viable) dormant or  fragments of mould 
or mycelia, which according to WHO are 40 times more hazardous than 
whole spores 37    
 

 Culture plates should use a variety of different growth media to accommodate 
the different mould growth requirements (British and International standards 
16000 1-19)   One plate doesn’t fit all) so the cost can be very high. 

 

  Dominant species can overlay and obscure slow growing species 44 
 

 Typical Rodac (convex plates) should use DG-18 or MEA agar 16 
 

Culture based sampling must recognise the different growth requirements of specific 
molds. 
Some agars may also require suppression additives to control competing bacteria 
growth.18 
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The following are limited examples of agars and suppression to be considered:  

 Saprophytic fungi    Malt extract agar with Rose Bengal  or chloramphenicol 

 Xerophilic saprophytic fungi Malt- Salt agar EA with Dichloran glycerol (DG-18) 

 Stachybotrys chartarum and Memnoniella echinata  Cellulose agar 
 

Many agars typically used are rich in carbohydrates which favour rapidly growing 
species only18 The mould report will provide a very limited and inaccurate picture which 
provides almost no real information to assess possible risk of mould contamination other 
than in the areas sampled, which of course excludes the majority of risks from non-viable 
spores, fragments and mycelia etc 37 

 
 
Surface sampling should always be a combination of different protocols16   

 
 
 

              
6 Culture (settle) plate and SAS pump for culture based air sampling results have 
serious limitations 10  
 
 
11. Example of typical poor mould  report 

In the following table (8) viable spore traps (culture dishes) were used around a room 
to assess mould contamination. The lab results show Colony Forming Units (CFUs) that 
the inside of the property is much cleaner than the outside ambient. The reality is 
absolutely no conclusion could be made from this analysis because from further testing 
we confirmed: 
 
The outside must be considered as normal with all group 2 moulds 
F3 sample (Lounge) which initially looked the lowest was found to be contaminated with: 

 Aspergillus fumigatus  (60cfu) 45 

 Penicillium brevicompactum (130) (an immunosuppressant) 
 
Culture based sampling without speciation cannot assess risk or hazard23  
Culture based sampling does not identify fragments which are the highest mould 
hazard.37 
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Sample Ref Location Type  Concentration 
CFU* 

Identification 

F1 Bedroom 1 Viable spore 
trap 

350 
150 

Penicillium sp 
Aspergillus sp 

F2 Bedroom 2 Viable spore 
trap 

290 
150 

Penicillium sp 
Aspergillus sp 

F3 Lounge Viable spore 
trap 

60 
130 
450 

Aspergillus sp 
Penicillium sp 
Cladosporium 

F4 Ambient  
(outside)  

Viable spore 
trap 

400 
200 
2000 

Penicillium sp 
Aspergillus sp 
Cladosporium 

 
Table 8   *Colony Forming Units  

 
 

12.  Total Spore Counts 
In this air test, air is pulled through a sampling cassette at a specified but variable  

rate dependent on air debris loading (measured separately) This type of sampling is 
recognised as having limitations and therefore should only be undertaken by someone 
who understands these issues. 18-33-34-35-36-38   This sampling is economical and can 
identify risk areas when used with other investigation criteria and may be seen as an 
initial investigation protocol 10 There is a high variability of results and this can be due to 
many factors, some of which can be reduced by careful assessment and most 
importantly using qualified and ISO approved laboratories. Comparison can be made 
between inside and outside air conditions (spore types and levels), however there are 
many issues which can make this very unreliable65.Consideration should be made 
regarding the cassette “Cut” which specifies a considered point of capture for various 
sized spores in micron.  

 
When taken in context, the total spore count lab results can provide very useful 

information to the professional IEP. See for example section 16 and comparison to ERMI 
47which is a Quantitative Polymerised Chain Reaction (QPCR-DNA ) and provides 
speciation. The WHO suggest Total Spore counts may be a first choice in any 
investigation following the development of the testing hypothesis.10  
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7 Air sampling for Total Spore Counts  
 
 
13. ERMI and Quantitative Polymerised Chain Reaction (QPCR) 47 

The ERMI sample is analysed by QPCR-DNA and identifies whole spores, fragments 
and mycelia of target moulds which are divided into two groups (1 and 2). 

 
Group 1 moulds 

These are recognised as the moulds which grow in water damaged buildings and 
are capable of causing negative health impact and production of mycotoxins. These 
moulds are present but usually below detection levels in ambient air.  

 
 

Group 2 moulds 
This is a smaller group of normally present moulds found both inside and outside 

(ambient) conditions. Although not believed to be toxic they are of course allergenic as 
are all moulds. 
 

The lab analyses the 5mg dust sample into two distinct groups and makes complex 
calculations. The two groups are 1 and 2. Group 2 is taken from group 1 to provide the 
ERMI score. This is called the Relative Mould Index (RMI) and reflects the percentage of 
1096 homes sampled in USA.  Typical ERMI assessment can be seen in Tables 10 & 11 
and they show depending on where samples are taken, the results vary, and therefore 
multiple sampling may be required. 
The original ERMI study did not compare the score with health impact comparison 
between highest and lowest scores The sickest people in the study could have had a 
score of minus 2 or 10 but they were not recorded. 
 

In the Journal of Occupational & Environmental Hygiene the ERMI score was 
compared to occupant health issues such as wheeze and the authors found no 
statistically significant difference between children with and without wheeze 46 although 
further studies have provided additional risk assessment 49 Therefore judging an ERMI 
score as an indicator of health risk is not recommended.   Of course the ERMI QPCR 
data can be much more useful when assessing the presence of potentially toxic moulds 
and interpretation into HERTSMI 2 23 
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Table 9 Showing the Mold Index against 1026 properties in USA 
 
 
 
14. ERMI as a significant tool  (QPCR) 

 
The speciation of group 1 and 2 moulds from the lab analysis is extremely important 

where it identifies the group 1 Toxic moulds* 
 *moulds which can but do not always produce toxins 

 
Table 10 below shows typical lab analysis of collected dust and with an ERMI 

score of 23 and this sampled area was extremely contaminated although visibly clean. 
This result when reviewed on Table 9 would be seen as extremely important in the 
assessment of health impact of building related illness in this property but there is a 
major concern here. 

In Table 11 we see an ERMI score of ZERO and the spore count equivalent in 
the low hundreds and double digits. The concern here is that this sample (Table 10) was 
taken in a room next to sample (Table 11)  

 
There was no visible mould in either of the adjacent rooms although builders had 

recently removed the bath and plasterboard walls because of a “minor” leak 
 

 

Table 5 
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9 The source of dust for ERMI sample (Table10) (post builders clean) 
 

 
15. ERMI 47 sampling general errors 

 
The example of Table 10 and 11 where major differences were identified in two 

adjacent rooms is a major concern. While ERMI is a very important tool, it is clear how to 
use it properly, is of paramount importance. 

Note the supporting evidence of this survey with the total spore count in Table 12 
samples 2 and 3 WC and master bedroom which correspond to the ERMI samples in 
Tables 10 and 11. 
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Table 10 

Table 11 
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Table 12     Note samples 2 and 3 correspond with the ERMI results in Tables 10 & 11 
 
 

 
16.      ERMI lab analysis used to calculate HERTSMI 2 23 
The HERTSMI 2 calculation identifies three ranges of risk to the CIRS patient: 

 Statistically safe to re-enter a building 

 Borderline 

 Dangerous for those with CIRS to enter   
The calculations should only be applied to properly diagnosed CIRS patients. Absolutely 
no other risk or hazard assessment can be applied from this formulae and improper 
application of HERTSMI 2 can result in unnecessary and possibly high risk exposure.  
  

 
17.       General Investigation failures 

Typically a survey should be a risk and hazard assessment which will provide the 
client and medical profession with an overview of environmental conditions and 
imbalances. Generally the more types or differing sampling, the more information is 
gathered but this should only be advocated following the development of a sampling 
hypothesis and Data Quality Objectives 50 Unfortunately this can be expensive and a 
balance of cost and risk must be pursued. 

 
Of course whether a property is contaminated with one or more toxic substances the 

end result will be the same, remove the cause, remove the contamination and this will 
usually be the same whatever the levels or types and multipliers. This often means once 
any form of contamination or causation is established, the survey has been successful. 
Limitations to this do exist and the sampling hypothesis which should be established 
prior to the survey will dictate outcome requirements. 
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18.    Surface contamination measurement with Adenosine Tri Phosphate (ATP)51 
ATP testing is often used as a measurement of cleanliness or decontamination. 

Indeed ATP swab testing can be used as an indicator of surface cleanliness or biological 
material present, although it cannot distinguish between mould and bacteria, live, dead 
or indeed different organic soiling.74 Unfortunately the technology was developed and 
indeed sold to assess comparison of cleaning efficacy from previous cleans and not to 
identify cleanliness. The technology was specifically aimed at hard non porous surfaces 
typically found in food preparation areas. 

 
The use of cotton swabs on soft or uneven surfaces will see a loss of swab and 

detritus which will affect the sample size. The readings are not considered as an 
accurate assessment of overall contamination but some may use to verify compliance to 
IICRC condition 2 as found in IICRC S520 requirements and materials should have 
moisture content less than 15%. Condition 2 is settled spores but of course ATP analysis 
cannot distinguish between bacteria, mould and therefore speciation and risk 
assessment is impossible. An area of 4 square inches is swabbed and the swab is 
inserted into a luminometer which reads levels of the reaction luciferase which emits light 
in ranges according to the levels of contamination and this is reported as femtomole of 
ATP in terms of light (Relative Light Units). ATP is an indicator which may indicate the 
need for further testing. 

 
Obviously a low RLU on a surface contaminated with hazardous organism could 

show clean against higher RLU of a low risk contaminate. 
 
Table 13 shows typical results when used as a measurement for condition 2 but the 

limitations are obvious. 
 
 
 

 

Swab testing 
result 

Condition S520 standard Reading 
RLU 

Interpretation 

1-50 1 Normal Fungal 
Ecology 

 Pass 

50-150 2 Settled Spores  Caution 
>150 3 Actual Growth  Fail 

 
Table 13   Using ATP to typically comply with IICRC S520 74 
 
Note ATP will not distinguish differences between non-viable or dead components of 
mould or bacteria or indeed differentiate between organic materials 
 
 
 
Fig 2 shows the process of swabbing and the results can be seen in minutes 
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Fig 2 Showing the ATP sampling process and analysis meter  
 
 
19. Psychometrics and false readings  

 
Psychometrics is the science of moisture transfer in the air. There is a belief that 

mould for example won’t grow under 75% humidity and 77F or 25 degrees centigrade, 
however different moulds require differing environments.  

 
Some molds prefer relatively dry conditions xerophiles, while some prefer wetter 

conditions known as hydrophilic. Equally some moulds prefer higher temperatures but 
then some grow in refrigerators.52-53   Should we be challenging the use of home 
humidity and temperature sensors and measurement techniques as seen in photo 11?    
 
 

                        
 

10 The author in the Antarctic where temperatures can tumble to  -22F  -30c the 
humidity was 90% but no mould anywhere? 
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The explanation regarding high relative humidity but dry conditions can be seen on 
the Psychrometric chart in Table 14.Temperature and humidity on their own are of no 
significant use when assessing risk of mould growth or water damage. At -10c the 
Antarctic air can only transport .002 grams of moisture per kilogram of dry air  

In   Table 14  below we see that Rh is a worthless measurement without temperature 
and more importantly the calculation of air moisture , (known as specific humidity) as 
calculated on the “Psychrometric chart” It can be seen the higher the temperature the 
more moisture air can hold, but equally the lower the temperature the less moisture can 
be carried.54 This means simply raising the temperature will reduce relative humidity as 
the heat causes the air to expand and increases its capacity to hold moisture. 

  

Author Note this is a simplistic explanation of humidity as air cannot technically hold 
moisture54  

 
Dew point condensation,(DPC is the physics behind a dehumidifier. The dehumidifier 

pulls warm moist air into the machine which passes over a cooling coil. The drop in 
temperature causes Dew Point Condensation and water literally falls from the moist air 
into the drip pan. Here we see lowering the temperature increases relative humidity until 
the air reaches a saturation point and releases the held moisture.  

 
In the home DPC occurs were the normally present moisture in the air meets a 

cooler surface which is usually less insulated and or ventilated and the water literally falls 
out and condenses on the cooler surface often with resultant, localised mould growth.3-54 
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Table 14 

 
24c @50% Rh carries .000925 g/kg of moisture per kg  of dry air   Dew Point at 17c 
 
19c@50 Rh carries .0007g/kg of moisture per kg dry air . Dew Point  at 13c  
 
See photo 10     20c @60% Rh    0087g/kg of moisture per kg of dry air (measured in 
grains per pound in USA)  
 
Table 14 
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20. Moisture mapping and the importance of EMC and Equilibrium Relative 

Humidity  (ERH) 
  
Moisture mapping correctly is essential if the cause of moisture and resultant 

biological amplification is to be traced.  There are international standards for moisture 
measurement in different materials and using different measurement techniques.  A 
moisture mapping survey cannot usually be undertaken with a simple moisture meter as 
often used by building surveyors which is known as a wood moisture equivalent meter 
(WME). A conductive or radio meter as seen in photo 12 

 

 
12 The conductive moisture meter is configured to calculate moisture content of 

wood only. Table 15 next provides a very rough comparison for other materials. 

11 What is the value of this data? 
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Structural material MC WME% ERH 

Wood 16 16 N/A 

Drywall 3.0 12 N/A 

Plaster 0.3 15 N/A 

Brick 1.5 15 75 

Concrete  3.5 15 75 

Sand cement screed 6.0 15 75 

 
Table15      Comparison of building materials against the Wood Moisture Equivalent 
(WME) meter 55   

 
 
 

 
 

 
 
13 You cannot hammer delicate moisture pins into concrete  or brick 
 

 
 
 
 The Table 16 below shows how Equilibrium Moisture Content (EMC) is used to 

measure the moisture content in materials (Note NOT on the surface)  
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Table 16    In table 16 it can be seen moisture content is measured in relative humidity 
between 75% and 85% EMC. (Dry and damp) 

 
 
 
 

 
 
14 This shows methodology of measuring EMC and ERH in concrete floors 
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21. The importance of EMC, a W, U - R  values and Dew Point Condensation (DPC) 
 

If we took a bottle of coke and a box of eggs out of a fridge into a warm room we 
would see the coke bottle sweat but no visible change in the egg box. Both are at the 
same temperature but different materials respond differently depending on porosity and 
heat transfer qualities. The reason is dew point condensation occurred on the non-
porous bottle but although the egg box was the same temperature, the moisture was 
adsorbed and increased the EMC.  
 
The obvious analogy is the environmental conditions as shown in photo 11 of 20c at 
60% Rh. The air and DPC may be a low risk if the whole room was homogenous in 
temperature,  insulation qualities and porosity of  materials but some areas like corners 
and behind furniture, wall pictures may be at lower temperatures and more porous which 
can  result in DPC. This can occur in interstitial cavities and generally hidden due to 
construction design /build defect .16-56-57     
  
 

Equally thermal conductivity of different construction materials can mean DPC in 
a single room can vary (Heat Transfer) measured as U value in “K” m²/W 58 p19 
b\ 
Low thermal conductivity is equivalent to high insulating capability (resistance value) 
Therefore in moisture mapping survey it is important to understand the risk of different 
materials and even more importantly how they were installed. The infra-red photo 
number 39 shows the effectiveness of cavity insulation except where the contractors 
failed to install it properly, resulting in DPC to isolated areas of wall.56  
 
 

          
15 Same temperature but different response to dew point condensation 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwia7sCXlsXYAhWkDsAKHSeWATcQjRwIBw&url=http://www.thejournal.ie/nz-woman-dies-after-drinking-10-litres-of-coke-every-day-792310-Feb2013/&psig=AOvVaw23HbqGC7By_l7SPcbIg2rK&ust=1515391172571377
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Insulation U and Thermal resistance R values  
 

The rate of heat loss from a building element is usually specified in terms of the 
thermal transmittance or U Value. 
The converse to U value is R value which is thermal resistance and this applies to each 
layer of construction material.58  

 
Table 17 shows typical U values of construction materials when dry. All permeable 
porous materials will see U values increase when wet because of increased conductivity 
thereby increasing DPC risk 
Penetrating rain or rising damp and even interstitial condensation may increase U value 
which can reduce dew point temperatures, perpetuating the issue.   59    

 
 

Material  U Value 

Solid brick wall 2 
Cavity wall 1.5 
Insulated wall 0.18 
Single glazing 4.8 to 5.8 
Double glazing 1.2 to 3.7 
Triple glazing 1 
Solid timber floor 3 

 
Table 17 
 
 
It is important to realise that although U values are awarded at the point of laboratory 

testing, poor design and construction defect can dramatically alter thermal efficiency. 
Most importantly both U and R values can be altered by moisture often associated with 
interstitial dew point condensation58   and this can be caused by the misplacement or 
failure of the vapor barrier or vapour check 60 If we now apply this to mold growth we can 
see that the type and condition of any material can influence or be influenced by aW and 
environmental factors 3-16 
 
23. Water activity and mould growth requirements 
The development of mould and biological activity will depend on moisture at various 
levels and state and in particular the water activity, aW 

In table 18 we see the relationship between Relative humidity and Water activity  

 

 

 

 

 

 

 

 

 
Table 18 The correlation between RH and aW 
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24. The following table shows water requirements for active mould growth 53 68 
The differing water requirements should alert the surveyor to the complex issues of 
primary, secondary and tertiary growth  
 
 

Coloniser 
group 

aw  range Classification Species 

Primary 
colonisers 

<0.80 Xerophilic/Xerotolerant Penicillium chrysogenum, 
Aspergillus versicolor. A fumigatus. 
A niger, A.Sydowi A.ustus. 
Eurotium spp.  P.brevicompactum, 
P.commune, Wallemia sebi, 
Paecilomyces variotti. P.palitans 

    

Secondary 
Colonisers 

0.80-0.9 Mesophilic Alternaria spp,Cladosporium spp, 
Eppicoccum nigrum,Phoma 
spp,Ulocladium spp 

    

Tertiary 
colonisers 

>0.9 Hydrophylic Chaetomium globosum, Fusarium, 
Menoniella echinata, Rhizopus 
stolonifer, Stachybotrys 
chartarum,Trichoderma spp,  

 
Table 19 Fungi Growth requirements surface humidity (aW)  
 
 
 
 
 
HERTSMI 2    aW range 
 
The HERTSMI 2 roster 23 shows a wide range of moisture requirements.   
 

HERSTMI 2  
Species 

Specific range 
aW 

Type General a W  
Range 

Colonisers 

Aspergillus 
penicilloides   

0.73 0.77 Extremely 
Xerophilic  

<0.075 Primary 

Aspergillus 
versicolor 

0.78-0.79 Moderately 
Xerophilic   

0.75-0.79 Primary  

Chaetomium 
globosum 

0.9 Hydrophilic >0.90 Tertiary 

Stachybotrys 
chartarum 

0.94 Hydrophilic >0.90 Tertiary 

Wallemia sebi 0.69-0.75 Extremely 
Xerophilic 

< 0.75 Primary 

 
Table 20 HERTSMI 2 specific aW   growth requirements  
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24 An example of environmental misinterpretation  
 

The following example is emphasised to highlight issues. 
 

We can see from the environmental meter that room behind the wall is at low risk at 20c 
60% Rh (photo 15). The IR scan shows temperature variations between 4.6  and minus 
3.5c (photo 16) 
 
We can see from Table 21 that Dew Point Condensation (DPC) will occur at 12 c 
Despite high internal temperatures DPC within the poorly insulated wall cavities of the 
drywall is inevitable, although no visible mould was present, air sampling confirmed 
tertiary mold growth emanating from cavities. 

 
 

        
 
15  Room looks low risk         16     IR photos shows temperature range                                                                                    

                                           of cavity wall from -3.5 to 4.6c 
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Table 21 
 
 
                 Temperature 20c 
                 Relative humidity 60%  
                 Dew Point   12c 
 

16     Misleading results 
This section identifies examples of common mistakes and resultant false moisture 
content readings. These false readings can be due to a variety of issues but some of the 
most common mistakes are misinterpreting results from conductive materials or 
deposits: 
  

 Carbon rich materials can influence conductive and radio meters providing 
false results 

 Lead paint on dry wood surfaces will show wet. 

 Hygroscopic salts adsorb moisture from the air and can cause false wet 
readings on dry walls 

 Hygroscopic salts such as Nitrates and  chlorides from ground water can be 
confused with surface salts or surface hygroscopic materials 61    
 

 Bricks generally can be affected by sulphate and salt  attack and this can 
lead to moisture damage and false diagnosis 58-60-61 
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17 Cinder block with high conductivity due to high carbon content 
 
 
 
 

 
 
18    Chloride and nitrate salts of sodium give false wet readings  
 
 

Some building materials have a high carbon 
content which causes high conductivity and 
false wet readings on conductive moisture 
meters  

http://www.wickes.co.uk/Hemelite-Medium-Dense-Block-7-3N-100mm/p/166860
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19 Visible salts (efflorescence) are seldom hygroscopic and are usually sulphates 
 
 
 
 
 

 
 
20 Tap water and central heating pipes can result in  false wet readings  
 
 
 
 

 
 

 
 

https://www.google.co.uk/imgres?imgurl=http://www.diydoctor.org.uk/project_images/efflorescence-causes-and-cures/efflorescence-on-brickwork.jpg&imgrefurl=http://www.diydoctor.org.uk/projects/efflorescence-causes-and-cures.htm&docid=Zzc5mIbjyFIRHM&tbnid=0OVkv4iGq5mWRM:&vet=10ahUKEwitkOOBx6_YAhXqKcAKHSbTBj04ZBAzCE4oSzBL..i&w=275&h=184&bih=639&biw=1239&q=photo%20efflorescence%20plaster&ved=0ahUKEwitkOOBx6_YAhXqKcAKHSbTBj04ZBAzCE4oSzBL&iact=mrc&uact=8
https://www.google.co.uk/imgres?imgurl=https://www.permagard.co.uk/media/catalog/cache/Salty_Wall_FW_775__775_.jpg&imgrefurl=https://www.permagard.co.uk/advice/internal-damp-proofing-guide&docid=c7RRVy7A-oH3oM&tbnid=zCW_MfcnBqODkM:&vet=10ahUKEwjqhJ3uxq_YAhXhBcAKHWnVDmQQMwhyKCowKg..i&w=500&h=300&bih=639&biw=1239&q=photo%20efflorescence%20plaster&ved=0ahUKEwjqhJ3uxq_YAhXhBcAKHWnVDmQQMwhyKCowKg&iact=mrc&uact=8


  Page 39  July 3, 2018 

39 

 

 
 
21 Foil backed insulation or drywall (plasterboard ) give false readings 

  
 
 
 
 
 
 
 
25 Conclusions of inspection failures 

We have seen a short list of typical survey failures in preceding sections. These 
mistakes can have far reaching consequences in terms of deteriorating health or often 
unnecessary and costly repairs. While the preceding sections have shown industry 
failures, it should be recognised the information provided by even flawed protocols can 
be used when the shortfalls are understood and accounted for or indeed changed to 
eliminate the offending issues. 
 
 

 
26 Walk through survey 

The walk through survey is a first step and this is to assess possible construction 
or design defect and visible deterioration. Changes in building dynamics brought about 
by “improvements” and or material changes to air flow and insulation are often found to 
have unbalanced the original building design. Possible sources of contamination and 
reasons for poor Indoor Air Quality (IAQ) should be assessed and from this initial 
assessment a list of target areas identified. 
 
 

https://www.roofingsuperstore.co.uk/product/celotex-tb3025-zero-odp-rigid-insulation-board-2-4m-x-1-2m-x-25mm.html
https://www.roofingsuperstore.co.uk/product/celotex-tb3025-zero-odp-rigid-insulation-board-2-4m-x-1-2m-x-25mm.html
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22 The home environment may include bedding animals and possible cause of 

building related illness  
 
 
 

 
 
23 The rear of the bedside cabinet against a cold external wall resulting in DPC 
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24 The client without health issues didn’t recognise the two bowls of tablets and 

inhalers was an indicator of health severity. The 12inch tile in the forground was 
saturated and fell from the ceiling durng the inspection 

 
 
 
 
 
 
 
 
27 Example 1 of construction design /build defect 
In the following photos (24-31) examples of new construction which failed to comply with 
its design objectives of a green and environmentally friendly home.  
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24 This home on a flood plain was built on steel uninsulated stilts in direct contact 
with uninsulated flloor 
 
 

 
 
25 Photo 25 is an IR of photo 24. Heat doesn’t always rise and in this example we 
see heat moving downwards to soffit of garage due to poor insulation.  
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26 Poor insulation to garage soffit where steels are not insulated and become a heat 
sink 
 
 
 
 

        
 
27 The temperature of the support steel 15c with lower attached steel at 0.2c acting 

as a heat sink 
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28 The loss of heat through wall and floor  to the garage below (photo 25) caused 

the lower inside wall to reach Dew Point with both surface and intertsial mould 
growth 

 
 
 

 
 
29 This window frame did not have a thermal break confirmed by continuity of  

conductivity. This caused DPC on the window frame and window reveal   
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30 Despite having tickle vents visible they were not installed properly as they did not 
penetrate the window 
 
 
 
 

   
 

30 The kitchen vent didn’t appear to control ventilation (see photo 31)  
 
 
 

See louvre removed in 
photo 31 
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31 The louvre in photo 31 removed. The builder didn’t drill through the  the concrete 
and steel  lintel and mould formed behind the  plastic louvre  
 
 
 
 
28 Thermal loss, gain and  “Emissivity”63 
 

Heat energy from the sun is a radiant heat in the Infra-Red spectrum, which 
is short wave radiation. This heat energy coming through the glass heats up the building 
fabric and furnishings, in addition to any internal heat sources such as the heating 
system. The heat radiated off the fabric and furnishings is long wave radiation.  
Uncontrolled heat loss or gain can affect  living conditions and cooling-heating costs  
and also result in isolated dew point condensation issues. Glass is a particular issue and 
manufacturers have developed low emmisivity coatings to reduce these effects.The low 
e coating on the glass allows most of the visible light to pass through as well as the short 
wave heat energy, but blocks long wave energy from passing through. This ensures the 
heat from inside the building is reflected back into the room and so heat losses are 
significantly reduced. 
Emissivity is the value given to materials based on the ratio of heat emitted compared to 
a perfect blackbody, on a scale from zero to one. A black body would have an emissivity 
of 1 and a perfect reflector would have a value of 0. 
Warm surfaces are usually cooled directly by air, but they also cool themselves by 
emitting thermal radiation. This second cooling mechanism is important for simple glass 
windows, which have emissivity close to the maximum possible value of 1.0. "Low-E 
windows" with transparent low emissivity coatings emit less thermal radiation than 
ordinary windows.  In winter, these coatings can halve the rate at which a window loses 
heat compared to an uncoated glass window 
 
 

These coatings are invisible to the naked eye and must be fitted on the correct 
side of the apperture to ensure homogernous emissivity. 
Installing window glass the wrong way round can result in localised thermal differences 
and cause window frames and surrounds to have differing dew point temperatures. 
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This effect  can be significant when thermal breaks are not installed in frames  and can 
result in  mould and biological activity, often in cavities, frames and even glass 
 
 
Unfortunately builders or glazers do not always install or fit the glass the right way 
around and the emissivity coating should be checked for location when window areas 
are of concern   
 
   
 
 

32 The Bohle meter is typically used for detecting and determining the location of 
low-E coatings on single panes or double glazed units (4-10 mm glass thickness of 
individual panes). When checking double glazed units, measurements must be taken 
from both sides in order to determine the exact position of the coating. 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Page 48  July 3, 2018 

48 

 

29 Example 2 of construction design /build defect Example 
Photos 23-34 show simple faults which can have long term effects and costs 
 
   

 
 
33 The damp proof membrane (DPM) did not rise high enough and the walls were 
saturated from penetrating and risng damp 
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34 Pretty design of downpie hidden in canopy support but not adequate for 
downpour when outlet misses French Drain and penetrates the building 
 
 
 
33 Infra-red survey 

Infra –Red technology has brought massive benefits to the professional surveyor and 
especially the IEP. While there are benefits there are also drawbacks too, especially 
when these technical tools are used without training. It is important to realise infra-red 
cameras require a degree of training and many false readings can result if the camera 
operator hasn’t achieved at least a level 1 accreditation. An infra-red survey can identify 
areas of concern which moisture meters and other measuring techniques cannot.These 
areas are described as Delta T (difference in temperature) where temperature 
differentials in similar materials is markedly different, these areas should be investigated. 
 
Temperatures in well insulated environment should be homogenous and the camera 
shot would show all the same colours and temperature throughout.  
Of course it is impossible to have a totally homogenous insulation with the same 
temperature signature in a building. Ceilings, different walls and windows will all show 
different temperatures but the technician will identify Delta t on the same surfaces. This 
can be seen in the following IR photos where even small Delta t provides a focus of 
attention. 

 
It should be understood that IR cannot identify moisture but wet surfaces are usually 

more heat conductive and therefore show up slightly cooler. Target areas must be 
assessed with moisture meters to confirm or deny moisture presence. Equally the IR 
camera can identify potential Dew Point Condensation risks and the IR camera when 
used in conjunction with the Psychrometric chart (Table 9) the measurement of surface 
temperatures can indicate potential risk of DPC. 
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35 This IR photo shows temperature differences of 50% on same wall (17c and 
33.5c)   The relative humidity is only 50% and the wall is dry. 
            
 
 

 
 
36 This photo is of the same was as photo 35 above but the yellow ring section 
removed to expose mould growth which was constanly infiltrating to affect occupants 
health 
 
 
 
 
 
 

Yellow circle showing 17c was 
opened up to expose mould growth 
caused by DPC. See below 
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37 These pictures show a bathroom extract which was not connected to external 
ducting and IR shows possible damp areas confirmed by moisture measurement  
 
 
 
 

 
 
38 This house had cavity wall insulation poorly installed which caused internal 
condensation and mold growth 
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39 This is a construction defect where drywall (plasterboard) is affixed by Dot and 
Dab  to an external brick wall and resulted in dew point condensation 
 
 
 
 

 
 
40 Dew point condensation to a ceiling in a poolry insulated  (cold) loft (mould 
growth above) 
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41 The IR camera recording 99.9% moisture content and air temperature allowing 
Dew point to be calculated  
 
 

34 Influencing air sampling results 
In this example (photo 42) builders removed the visible mould and believed the walls 

only required redecoration. Sampling  the cavity showed low counts, obvioulsy obscured 
by debris  see (Table 3) despite very low sampling time. 
 
With gaps and air pathways from internal cavities to the occupied spaces a concern was 
that the occupants would be exposed to contamination ingress for years to come. 
Photo 44 shows a Minnesota blower door which placed the building under negative 
pressure and make up air would flow through available air pathways including cavity 
walls. 
It can be seen in Table 22 that the areas tested was contaminated from mould growth 
due to the poor construction practice. This was not present prior to negative pressure 
application. Basically a drip feed of contaminates for occupants in the completed house 
if not challenged. 
 



  Page 54  July 3, 2018 

54 

 

 
 
42  New construction where builders removed surface mould and stated only 
redecoration was necessary 
 
 
 
 

 
 
43 Negative Pressure blower  door fitted to front door and produces negative 
pressure to property therby exposing leaks 
 



  Page 55  July 3, 2018 

55 

 

 
 
Table 22  Lab analysis of air samples following application of negative pressure. 
Very dirty (4+) but highly contaminated air sample  
  
 
 
 
 
35 The importance of air pathways 

The World Health Organisation (WHO) has stated that inhalation of mold spores and 
particularly fragments may have a risk factor 40 times higher than ingestion. This of 
course includes all potential forms of contaminates.37   The significance of this can be 
explained because small particles <7.5 micron can bypass human defence systems and 
enter the blood stream through the lower respiratory system. These small particles must 
be assumed to be either allergenic or potentially toxic with potential for inflammatory 
response. With the recognition of this major factor, it is of course important to identify 
contamination sources and their potential route (air pathway) which may spread 
contaminates far from their origination. 
The IEH will use special equipment and knowledge of air flow to identify these important 
risks. 
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44 Typical equipment carried by the IEHP  
 
 

 
 
45  The Foxboro Mirran used to identify Volatile Organic Compounds (VOCs) and 
used in conjunction with trace gas SF6 to monitor air pathways 
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46  A smoke generator used to identify air pressure differentials and air pathways 
 
  
 

 
 
47 Monitoring dust (including mold fragments) post decontamination to assess 

efficacy of air cleaning  
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36 Is the property Safe? 
Whether or not the building is safe are the most common questions after any form of 

investigation is undertaken. There are many International guidelines 64 on exposure but 
no standards which can dictate health or safety and there are no maximum levels of 
exposure. Some will quote a maximum of 500 Colony Forming Units (CFUs) while others 
350 CFUs.of the same species73 The symbiotic effects of different biological agents, 
chemicals and human genetic differences or susceptibility means maximum exposure 
levels are unlikely in the near future.   Investigators can never definitively conclude or 
prove that an environment is safe and presents no risk of exposure to biological 
agents.67 In part; this means that if investigators have not looked or tested for biological 
agent, they cannot say it’s not there. 68  

“Absence of evidence is not evidence of absence”. 

Sometimes medical examination is required to confirm the presence of building 

contaminates in blood or urine. 

 
 
 
 Some rely on ERMI score while others total spores counts, and mycotoxin analysis, 

CFUs, VOCs and bacteria too, but the reality is no single score system can 
accommodate all possible contaminates either singly or symbiotically.  

An exception is the HERTSMI2 23 which clearly states the limitations and of course 
the specific risk and hazard and has supportive evidence. Of course even here we have 
the limitations of CIRS specific risk. 
The risk and hazard assessment will be a culmination of all available information coupled 
to occupant’s reaction and medical symptoms. Unfortunately the only real measurement 
is exposure and some homes may not be decontaminated successfully. 65   Considering 
all the possible contaminates which may be present the cost and time required to 
explore all possible health hazards would be prohibitive for most. An important issue is 
that there are no maximum exposure levels for most of the likely contaminates and 
symbiotic action could multiply any effects between differing contaminates. The most 
important aspect is the occupant’s personal genetics and immune response and this is 
perhaps the most important variable. In essence this may mean what is safe for some 
may be harmful to others.13-14  
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37 Example 3    Risk assessments  
The following examples explain some of the vagaries in risk and hazard assessment.  
 
Table 23 
 

Risk factors Rating Issues 

Age of occupants over 65 or under 5 10 Reduced or developing immune 
system 

Immune response issues 
Chemo/radiotherapy etc 

10 Reduced immune system 

Atopic or sensitised individuals 10 Genetically prone  HLA gene etc 
New or emerging symptoms  10 Building related issues 
Contamination issues proven 5 Risk assessment  
Potentially toxic contamination found 10 Higher risk 
Historic issues and basis of concern 5 Risk multiplier and confirmation 
Acute exposure  5 Short term issues only 
Chronic (long term exposure)  10 Dose issues  
Long term damp or water damage  10 Reflects risk when not properly 

repaired 
*Occupants with open wounds/surgery etc * 15 Infection issues  

                                                                                        
Score total 

  

 
Note. The above score card (Table23) was a developed by the author but has absolutely 
no scientific or medical value and is for risk assessment purposes of the client only. 
Scores over 30 are cause for concern although even low scores may represent a health 
hazard to some sensitised occupants. There are no recognised safe levels of exposure 
and ambient levels are used for comparison 
 
 

 
 
48 The tenants of this ground floor flat were extraordinarily happy and healthy. The 
local government landlord asked me to investigate. An underground leak resulted in all 
plasterboard (drywall) being wet to a height of 1 meter (rising damp) The mould was 
even worse in the cavities but the species wasn’t affecting health indeed the family 
actually stated they felt better since the mould developed? 
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49 This minor leak from an en suite shower tray resulted in mould growth in this 5 
month old new build. Analysis proved T2 toxin from Trichoderma growing under the 
carpet. (see photo 50-51) and within 4 weeks of moving out all symptoms disappeared. 
 
    

   
 
50      The FEMA handbook for response technicians which lists Mould T2 toxin as a 
WMD 
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51 USA government agency “FEMA” recognise T2 Mycotoxin as a possible terrorist 
Weapon of Mass Destruction with lethality as “Moderate” See also Ebola lethality 
(Moderate to high)  
 
 
38 Conclusion 

The assessment of building related illness is very complex and requires 
competent professionals with experience, recognised training and certification 
coupled to the use of specialist equipment and recognised laboratory analysis. 
The qualifications may take years to achieve and the Indoor Environmental 
Professional (IEP)  will have a broad knowledge of building construction,  health 
issues and symptoms and all aspects of contamination and of course 
decontamination. 
 

The ACGIH 3  section 2.1.4 state the possession of a degree does not 
automatically qualify a person as an expert. Equally the lack of a degree does not 
mean a person is unqualified, however they should be qualified and have 
obtained the necessary certifications and registrations.  While the forgoing 
sections have highlighted typical failures and flaws in testing and investigation, it 
should be remembered that all investigation and sampling techniques have both 
strengths and weaknesses and the IEP will adapt and account for these issues to 
provide a meaningful report.The recipient of the flawed investigation and mould 
report may be under a false impression of safety or risk and we hope this paper 
will assist those making choices regarding investigation. 

 
The IEP may cost a little more than other surveyors but the unfortunate 

reality is that without understanding the risk and hazard properly, health 
improvement even with treatment, is likely to be impossible if hazardous 

Page 111-3-1 FEMA Emergency Response 
to terrorism. Feb 2003 
 
Blue  Ebola            Lethality Moderate to 
high 
Red T2 Mycotoxin  Lethality Moderate  
 
Note The author presented a desk top 
exercise to UK government and simulated 
terrorist attack using T2 toxin (2014) 
produced by Trichoderma mold. 
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exposure is always present. IEPs may admit that investigating a sick building for 
building related illness is more of an art than a science and this is because of so 
many variables. These variables are complex and although accuracy and even 
precision can be improved it will be through increased sampling, types of 
sampling and cost. The IEP will balance the symptoms and doctors/client likely 
requirements against budget and practicalities. 

 
39 How to identify a professional and competent IEP 

a. In all cases a broad based knowledge of building construction, water 
damage, mould and Indoor Air Quality is required coupled to training and 
certification. The understanding of contamination and decontamination 
coupled to vector agents is a must. A minimal understanding of health 
impact and ability to develop sampling and investigation hypothesis 
identifying benefits and shortfalls with a clear understanding of health and 
safety and relevant legal compliance   

 
b. In the USA some states have certification requirements while others rely 

on industry certification bodies such as CIEC or CIH and guidance bodies 
such as  ACGIH. 

 
  

c. In the UK the main certification bodies are CIEH and BOHS but both 
focus on occupational health therefore the onus is on the IEP to prove 
they are competent with broad based training and internationally 
recognised certification bodies such as ISO and this may follow CIEC and 
of course USA certification where none apply in UK 
 

d. Importantly the leading body international body ACGIH states the 
possession of a degree or PhD is by no means identification of 
competence and an engineering background with relevant training and 
certification may be more relevant.  

 
e. In the UK it is apparently a criminal offence under the Fraud Act 2006 and 

Unfair Trading Regulations 2008  to promote oneself as a qualified IEP 
when recognised accreditation and  competence has not been achieved 
or  most importantly proven.(This is not legal advice)  

 
 
 
Acronym 
 

ACGIH American Congress of Governmental Hygienists  

AIHA American Industrial Hygiene Association 

ATP Adenosine Tri Phosphate 

aW Water Activity  

BRI Building Related Illness 

CFM Cubic Feet per Minute 

CFUs Colony Forming Units  

CIRS  Chronic Inflammatory Response Syndrome 

DAMPS Danger associated molecular patterns  

Dot & Dab Random blobs of plaster used to hold drywall to concrete and brick walls 

DPC Dew Point Condensation 



  Page 63  July 3, 2018 

63 

 

DPM Damp Proof Membrane  

DQOs Data Quality Objectives 

DIY Do It Yourself 

EMC Equivalent Moisture Content  

EMR Electro Magnetic Radiation 

EPA Environmental Protection Agency (USA) 

ERH Equilibrium Relative Humidity  

ERMI Environmental Relative Mold Index  

EXT  External  

GAO Government Accountability Office (USA)  

Grains  The USA equivalent of g/kg in Grains per pound  

g/kg Grams of moisture per kilogram of dry air  

HEPA High Extraction Particulate Arrest 

HERTSMI  Health Effects Roster of Type Specific Formers of Mycotoxins & Inflammagens 

HLA  A specific genetic difference which may affect 25% of the population 

HSE  Health and Safety Executive  (UK government body)  

IEH Indoor Environmental Hygienist 

IEP Indoor Environmental Professional  

IICRC S520 Institute Inspection Cleaning Restoration Contractors 
Mold guidelines   

Instatscope  Portable machine for assessing airborne mould and associated contaminates 

IR Infra-Red Thermography 

ISO International Standards Organisation 

MC Moisture Content  

 µ Micron  One millionth of a metre or micron 

Mycometer  Fluorogenic detection of enzymes associated with all mould   

NPU  Negative Pressure Unit 

NYCG New York City Guidelines 

PAMPS pathogen associated molecular patterns 

QPCR Quantitative Polymerised Chain Reaction 

R value Thermal resistance value of a material 

RH Relative Humidity 

RLU Relative  Light Units  

RMI Relative Mold Index (see ERMI) 

RR988 HSE paper on stratification of particulates  

SAS Surface Air Sampling 

SBS  Sick Building Syndrome  

SF6 Sulphur Hexafluoride 6  (trace gas)  

sp Species 

U value The value of heat transfer or transmittance in any material 

UK United Kingdom 

USA United States of America 

VCT Visual Contrast Test  which may assist in the identification of brain inflammation 

VOCs Volatile Organic Compounds 

WHO  World Health Organisation 

  

WHO 2009 Indoor Air Quality Dampness and Mould 2009 

WDB Water Damaged Building 

WME Wood Moisture Equivelant 
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