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OVERVIEW OF PRESENTATION

 Ecology, Growth, and Health Effects of 
Fungi

 Mold Growth in/on Building Materials

 Sources of Moisture in Buildings

 ASHRAE and Water Management

 Conclusions and Recommendations



MYCOLOGY 101

 “Mycology” is from the Greek mykes for 
mushroom and logos for discourse

 Mycology is the study of fungi

 >200,000 fungal species exist

 “Mildew” common lay term for   
environmental fungi

 Fungi are comprised of two basic forms, 
yeasts and molds (filamentous)
 Some are “dimorphic”, having both forms



MYCOLOGY 101 (cont.)

 Fungal cells are similar to cells of higher 
plants and animals, although lacking the 
capacity for photosynthesis

 Fungi are ubiquitous biological contaminants 
of our environments
 Fungal spores are everywhere

 Natural habitat includes water, soil, and 
decaying matter

 Essential for natural decay and recycling



MYCOLOGY 101 (CONT.)

 Fungi survive by secreting enzymes that 
degrade organic substrates into soluble 
nutrients that are absorbed

 In order for fungal spores to germinate (i.e., 
sprout), moisture is required

 As fungi germinate and grow, they form 
branching filaments called “hyphae”

 In order for the hyphae to proliferate (i.e., 
sustained growth and amplification), both 
moisture and nutrients are required



MYCOLOGY 101 (CONT.)

 As fungi continue to grow, the hyphae 
develop into mycelial masses (i.e., 
intertwined fungal hyphae)

 The mycelial masses possess a fuzzy 
appearance when viewed macroscopically

 As the mycelium spreads and the fungal mass 
matures reproductive structures arise from 
the hyphae and produce spores, sometimes 
giving color and texture to the colony
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POTENTIAL HEALTH EFFECTS 
ASSOCIATED WITH EXPOSURE TO 

AIRBORNE FUNGI

 The greatest majority of environmental 
fungi are harmless to man and are 
recognized as saprophytes

 Some fungi are allergenic, some are 
toxigenic, and some are pathogenic



TOXIC EFFECTS ASSOCIATED WITH 
EXPOSURES TO AIRBORNE FUNGI

 Exposure through ingestion, dermal 
contact, and inhalation

 Most information is derived from the 
agricultural literature

 Ingestion was primary route of exposure

 Some evidence of toxicosis through 
inhalation



TOXIC EFFECTS ASSOCIATED WITH 
EXPOSURES TO AIRBORNE FUNGI (cont.)

 Macrophage toxicity and immunosuppression

 Inflammation

 Allergen-induced release of inflammatory agents

 Direct release from fungal spore exposed macrophages

 Carcinogenicity

 Cardiovascular effects

 Restricted blood flow

 Neurologic effects

 Dementia and tremors



STACHYBOTRYS CHARTARUM

 Previously called Stachybotrys atra

 Toxigenic mold producing Trichothecenes 
(satratoxins) and Immunosupressants 
(Phenylspirodrimanes and Cyclosporins)

 Frequently identified in water damaged 
buildings

 Implicated in lung-bleeding in children
 Became THE “toxigenic” mold

 The NY City Guidelines put it back into perspective



INFECTIOUS DISEASES ASSOCIATED 
WITH EXPOSURES TO AIRBORNE FUNGI

 Aspergillosis
 Primary indoor air quality concern in healthcare

 Immunocompromised people

 Cryptococcosis
 Pigeon droppings present an increased risk

 Histoplasmosis
 Soil associated, increased risk near bird “roosting” 

areas

 Coccidioidomycosis
 Endemic in arid regions of US



ALLERGIC DISEASES ASSOCIATED WITH 
EXPOSURES TO AIRBORNE FUNGI

 Allergic Rhinitis

 Characterized by sneezing, nasal blockage, 
ocular tearing, and pruritis of the eyes, 
nose, and throat

 Hypersensitivity Pneumonitis

 Inhalant-induced immunologically mediated 
inflammation of the alveoli and 
bronchioles; e.g., “farmer’s lung” 



ALLERGIC DISEASES ASSOCIATED WITH 
EXPOSURES TO AIRBORNE FUNGI

 Asthma

 Extrinsic and idiopathic forms characterized 
by cough, wheezing, shortness of breath, 
chest tightness; nonspecific airway 
hyperactivity

 Dermatitis

 Characterized by itchy, red, swollen, 
scaling rash, often with blisters



STATE OF THE SCIENCE ON MOLD AND 
HUMAN HEALTH
Centers for Disease Control (CDC)

 People exposed to mold may experience a 
variety of illnesses

 Nosocomial infections

 Cancer from ingestion of mycotoxins

 HP in agricultural settings

 Allergic conditions

 Linkages between indoor airborne exposures 
to mold and other health effects have not 
been scientifically substantiated



BLACK MOLD AND HUMAN ILLNESS
Texas Medical Association

 Adverse health effects from inhalation of 
Stachybotrys spores not supported by peer-
reviewed medical literature

 Probability of causation or exacerbation of 
medical condition due to indoor exposure to 
mold only for:
 Traditional Type I immune reactions

 Rare Type III immune reactions (HP or PH)

 Continued research is needed 



ADVERSE HUMAN HEALTH EFFECTS ASSOCIATED 
WITH MOLDS IN THE INDOOR ENVIRONMENT
ACOEM

 Molds can adversely affect human health 
through allergy, infection, and toxicity

 10% have allergic antibodies, 5% with clinical illness

 Outdoor molds most important in airway allergic disease

 Most molds are not pathogenic to healthy humans

 Scientific evidence does not support the proposition 
that human health has been adversely affected by 
inhaled mycotoxins



DAMP INDOOR SPACES AND HEALTH
Institute of Medicine

 Sufficient evidence of causal relationship:

 Upper respiratory tract symptoms

 Cough

 Wheeze

 Asthma symptoms or HP in sensitized persons

 Limited or suggestive evidence for:

 Lower respiratory tract symptoms in healthy children

 Inadequate or insufficient evidence for:

 Most toxic effects



MOLD GROWTH ON BUILDING 
MATERIALS



MOLD GROWTH ON BUILDING 
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GROWTH ON HVAC SURFACES
Duct Liner



GROWTH ON HVAC SURFACES
Sheet Metal



GROWTH ON HVAC SURFACES
Plastic Liner Within Flex-Duct



GROWTH ON HVAC SURFACES
Stainless Steel



BUILDING MATERIAL AND HVAC 
SYSTEM MYCOLOGY

 Fungal spores contaminate all building materials 
and ventilation systems, being introduced with 
outdoor air or from indoor amplification sites

 Contamination Occurs During:

 Manufacture

 Transport 

 Storage 

 Construction 

 “Life”



BUILDING MATERIAL AND HVAC 
SYSTEM MYCOLOGY (cont.)

 In certain circumstances, fungal spores will 
germinate and undergo limited in situ growth

 Thus, it is not unusual to detect limited 
growth of fungi on building materials or in 
HVAC systems

 Limited growth of fungi is not considered a 
health issue in buildings

 However, sustained and excessive growth of 
fungi has been associated with “unhealthy” 
air and occupant complaints



MOLD GROWTH ON BUILDING 
MATERIALS

 Any building material that gets wet can 
“support” fungal growth
 Fungal spores are there (or will get there)

 Some materials are simply “support 
structures”

– Fiber glass, concrete block

 Some materials also serve as a nutritive 
source

– Gypsum board, ceiling tiles, wood features

 Control water to control mold growth



MOISTURE MANAGEMENT IN BUILDINGS
ASHRAE Work Group Mold

 Control humidity

 Prevent surface condensation

 Provide adequate insulation

 Provide appropriate building pressurization

 Prevent/minimize infiltration

 Ensure proper water management in HVAC 
and plumbing systems

 Manage climatic conditions and occupant 
activities



ASHRAE STANDARD 62.1
Water Management in HVAC Systems

 Primary Focus for Committee:
 Drain pan design

 Carryover from cooling coils

 Proper application of humidifiers and water spray 
devices within the air distribution system

 Air Distribution System
 Airstream surfaces resistant to mold growth

 Duct construction and installation

 Access for inspection and cleaning

 Operation and Maintenance



ASHRAE STANDARD 62.1
Duct Construction and Installation

 New Requirements in the chapter on 
“Construction and System Start-Up”

 Mandates appropriate construction and sealing

 Focus is minimizing the potential for mold 
growth

 Leakage in the supply side may result in condensation

 Leakage in the return side can pick-up and distribute 
contamination

 Crawlspace studies



CONCLUSIONS/RECOMMENDATIONS

 Mold growth is a significant issue, 
but….water management is the problem

 Manage moisture to prevent mold growth
 Preferred over mitigation or remediation

 ASHRAE is an established lead 
organization in moisture management



CASE STUDY
A PROBLEM AT VESIC LIBRARY

 Why Now?

 What has Changed?

 What is the Source of Water?

 What Were the Engineering Issues?



THE PROBLEM AT VESIC
Why Now?

 Libraries are High-Risk Environments

 Book bindings are good nutritive sources and 
may be hygroscopic

 Elevated Relative Humidity Increases the 
Risk

 We measured High RH in the Stacks 68-
74%



THE PROBLEM AT VESIC
What has Changed?

 The HVAC System was the Same 
 Operating as designed

 Books from the Mathematics Library 
had been Moved into Vesic

 The Stack Orientation was Changed to 
Accommodate the Additional Books

 Chemical Fume Hoods had been 
Installed in Adjacent Laboratory Space



THE PROBLEM AT VESIC
What is the Source of Water?

 No Flooding or Leaks Reported

 No leaking Windows

 High RH in the Stacks

 Books can absorb water from the air

 Maybe some condensation of books near supply diffusers 

 Studies have shown that books stored in high RH 
environments may take years to absorb/retain 
enough moisture to support mold growth



THE PROBLEM AT VESIC
What are the Engineering Issues?

 HVAC System not Designed to Control RH

 Single Return Vent for Entire Floor

 Diffuser not Moved when Stacked were 
Reconfigured

 Strong Negative Pressure Caused by 
Fume Hoods

 Pulled in high RH outdoor air



THE PROBLEM AT VESIC
What Did We Find?

 Visual Examination Documented Mold 
Colonies on Some Books

 Books farthest away from return grille

 Books in poor airflow areas

 Microscopic Examination Revealed 
Penicillium and Aspergillus



THE PROBLEM AT VESIC
What Did We Find?

 Air Sampling Demonstrated Relatively Low 
Airborne Concentrations of Fungal Spores

 General exposure risk was low

 Visible Growth on Books Could Result in 
Elevated Exposures

 “Burst” exposures near the face

 This concern prompted the closure of the first and 
third floor stack areas



AIR SAMPLING RESULTS FROM 
VESIC LIBRARY

Locations Spore Concentration, CFU/m3* Predominant Mold

Outdoor 412 Cladosporium sp., Penicillium sp.

1st Floor 78 Penicillium sp., Cladosporium sp.

2nd Floor 52 Penicillium sp., Cladosporium sp.

3rd Floor 20 Penicillium sp., Cladosporium sp.
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