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Purpose
• Enable public health professionals to provide information and guidance for
inquiries about dampness and mold growth
• Provide evidence-based guidance to address these inquiries

• Review of potential partners in the public system to address indoor air
quality, dampness and mold growth in buildings
• Empowering options or action plans using the Principals of Healthy
Buildings
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Why address dampness, mold growth
and indoor environmental quality?
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Public health issue
Occurs in a variety of sites and setting including homes, schools, public and
commercial buildings
Transferable to preparedness and response activities
Health and economic consequences
Economic and health burdens are increased among vulnerable
populations
• Economically disadvantaged
• Children
• Elderly
• People with weakened immune systems
Need for evidence-based information, awareness, education & interest
Climate Change
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Health consequences
Approximately 10% of people have asthma

About 15% of people have allergic rhinitis based on physician diagnosis
About 4% of people have chronic bronchitis (cough and sputum production for
more than 3 months in two consecutive years)
Disparities among people depending on where they live, age, gender, ethnicity,
socioeconomic status and season

Health care costs attributed to indoor dampness and mold for North Carolina
Health care costs attributable to dampness and mold in North Carolina
• Allergic Rhinitis $81 million*
• Bronchitis in North Carolina $ 13 million*
• Asthma $32 Million *
* Adapted from Valuing the Economic Costs of Allergic Rhinitis, Acute Bronchitis, and Asthma from Exposure to Indoor Dampness
and Mold in the US, Journal of Environmental and Public Health Volume 2016, Article ID 2386596,
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Economic consequences
Water penetration, intrusion and accumulation is the number one cause of
damage to buildings
Water damage and freezing represent significant percentage of insurance
claims more than 25% of insurance claims (not including rising water)

Lack of understanding the value of well designed buildings with diligent
preventive maintenance and prompt repairs to reduce these dampness and
mold growth
Insurance policies cover claims for specific “perils, dampness and mold growth
due to caused by lack of maintenance and repairs is not a covered loss
Some insurance policies have "exceptions" that may limit coverage for mold
remediation to $5,000 unless policy holder buys an extra rider
Employers may face decreased production, morale, negative publicity and
other liabilities
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General Model to address Indoor Environmental
Quality Dampness and Mold Growth
Healthy Building Principles
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Principles of Healthy Buildings
To promote health and well being

• Dry

• Pest Free

• Clean

• Contaminant Free

• Well Ventilated

• Safe

• Properly Maintained

• Thermally Controlled

8 steps to a healthier home
http://portal.hud.gov/hudportal/documents/huddoc?id=HH8Tips.pdf
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General Principles
Buildings are interactive and dynamic systems and dependent on
• Outdoor Conditions
• How building is designed, constructed operated and maintained
• Types of facilities and equipment including renovations and repairs
• People
 Occupants, managers, owners, builders, developers, regulators
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Why use this model?
All hazards model
Adaptable to different sites and settings
Flexible in details and for different audiences
Management tool
• Establish goals for indoor environmental quality
• Tool for hazard and risk analysis
• Implement and monitor controls

• Develop corrective action plans and verify plan is working as intended
Aligns with public health services
Aligns with existing statutes codes and laws
Method for stakeholders to find common ground
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Alignment with public health services
First building codes were health based
Addressing dampness and mold growth in homes is aligned with several Essential
Public Health Services
• Diagnosing and investigating health problems and health hazards in the
community
• Inform, educate and empower people about health issues
• Mobilize community partnerships to identify and solve health
problems
• Enforce laws and regulations that protect and ensure public health and
safety (not necessarily public health law)

http://www.cdc.gov/nphpsp/essentialservices.html
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Aligns with statutes, codes, and laws
Statutory authority to regulate and permit location, design, construction and
equipment standards for new buildings and renovations
Statutory to enforce property maintenance standards
• NCGS §160A-441 State Minimum Housing Codes -- public officials may order
repair, closure, demolition of dwellings unfit for habitation or with other
hazardous conditions
• NCGS §160A-444 Local jurisdictions may adopt minimum housing codes.
Defective conditions may include … defects increasing the hazards of fire,
accident, or other calamities; lack of adequate ventilation, light, or sanitary
facilities; dilapidation; disrepair; structural defects; uncleanliness.
Landlord tenant law

• NCGS §42-42 Landlord to provide fit premises
• NCGS§ 42-43 Tenant to Maintain the Dwelling
Contract law
• Leases, rental agreements and Home Owners Associations and Property Owners
Associations are contracts – both parties and obligations and responsibilities
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Partners in the Public Health System
“All public, private, and voluntary entities that contribute to the delivery
of essential public health services within a jurisdiction.”
•

Public health agencies at state and local levels

• Healthcare providers
• Public safety agencies
• Human service and charity organizations
• Economic and philanthropic organizations
• Environmental agencies and organizations
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Why does mold grow in buildings?
What are potential health impacts
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Mold and Mold Growth
Molds are organisms in the Kingdom of Fungi
neither plants or animals
• Mildews, yeasts mushrooms
• Environmental molds are saprophytes
(decomposers) that digest food externally
and then absorb it
• Rigid cell walls made of chitin a substance
similar to exoskeletons of insects and
shellfish

Mold growth consists of:
• Hyphae, threadlike segmented cells that absorb water and nutrients from
substrates (materials or surfaces that mold is growing on), grow at the tips
and form fruiting bodies (conidia)
• Conidia release spores, reproductive structures dispersed by air that can
remain viable for long time periods in harsh conditions
• Metabolic waste products compounds
• Enzymes and other substances released into the environment
Indoor mold growth is a potential health hazard independent of whether the
growth is living (viable) or dead (nonviable)
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Environmental conditions that promote mold growth
Presence of viable mold spores
Food sources—organic matter
• Building materials and contents: gypsum board, ceiling tiles, wall paper,
wood products, paints, glues, textiles
• Organic matter: dirt, dust, dead skin cells, biofilms and oily residues on
inorganic surfaces or materials (concrete, fiberglass, metal and plastic)

Proper temperature--optimum temperature range for many common indoor
molds is 68°F- 86°F
Adequate amount of water in materials and contents
Time, substrates must remain damp for days or longer
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Other contaminants associated with damp conditions
Dust mites--microscopic spiders
• Feed on dead skin or dander shed by people and pets
• Dander, mites, and waste products accumulate in furniture, carpets,
bedding and stuffed toys
• Optimum temperature for growth is around 77°F
• Optimum humidity for growth > 70%, mites absorb water vapor from air
• Common indoor allergen
Other environmental bacteria
Cockroaches and rodents
• Need food, water, and harborage
• Fragments and waste products are potential allergens
Nonbiological contaminants
• Formaldehyde emitted from wood products increases with temperature
and humidity
• Alkaline hydrolysis reactions of plasticizers in contact with damp concrete
slabs
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Roaches, Mites and Rodents
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Basic information on dampness, mold and health
• People are exposed to a wide variety of airborne biological agents (bioaerosols)
day after day and most healthy adults have no ill effects
• Other indoor environmental contaminants are often associated with dampness
and mold growth
• Sensitive populations and people with certain conditions may be at
greater risk

19
56

Susceptible populations and conditions
Children and elderly
People with allergies/hypersensitivity or pulmonary disease
People with compromised immune systems:
• Pre-existing disease
• People taking certain medications Post-operative patients
• HIV/AIDS
• People being treated for cancer
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Health effects associated with dampness and mold
Evidence of an association between damp and moldy buildings and
• Upper and lower respiratory tract symptoms --Cough and wheeze; Respiratory
infections; Asthma, and exacerbation of asthma, Shortness of breath (dyspnea);
and Allergic rhinitis
Likelihood and severity of health symptoms increases with size of affected area,
degree of mold colonization or water damage, and duration of exposure
Limited epidemiological evidence of an association between damp and moldy
buildings and bronchitis

Clinical evidence--exposure to mold and other microbial agents in damp buildings
increases the risk of hypersensitivity pneumonia, chronic rhinosinusitis, and allergic
fungal sinusitis
Association is necessary but insufficient to demonstrate causation
From a public health and epidemiological view, an association can be sufficient for
further investigation or to recommend and implement remedial actions
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Allergies (type I hypersensitivity)
• Inappropriate over-reaction or stimulation of immune systems
• Exposure to an antigen stimulates production of antibodies that attach to and
activate mast cells
• Mast cells release histamine and cytokines causing symptoms
• Hay fever, allergic rhinitis sinusitis and conjunctivitis
 Inflamation
 Sneezing runny nose
 Sore throat, post nasal drip itchy ears
 Red itchy watery eyes
• Asthma
• Atopic dermatitis (eczema)

• Anaphylaxis
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Allergy Prevalence
• Diagnosis is typically based on medical history.
Skin or blood testing may be useful in certain cases.
Can determine if a person is sensitized but can’t determine where
exposures occur
• About 20% of people are affected by allergic rhinitis
• In 2010, 11.1 million visits to physician offices resulted with a primary
diagnosis of allergic rhinitis.

• Approximately 8% of people 18 and over in the U.S. have hay fever
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Allergens
Indoor aeroallergens are often proteins or polysaccharides derived from
• Pollen and plant material
• Fungal spores, and hyphal fragments,
• Dust mite fecal particles and fragments of exoskeletons
• Cockroach frass – fecal pellets, secretions and exoskeleton fragments
• Cat and dog secretions and dander
• Rat and mouse urine
Some chemical agents are allergens
• Enzymes
• Isocyanates
• Latex
• Cleaning agents
• Formaldehyde

Eight Major Food Allergens per FDA
• Milk, egg, peanut, tree nuts, wheat, soy, fish, and crustacean shellfish
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Asthma
• Obstructive lung disease—harder to exhale

• Three component chain reaction—
• Tissue inside airways become inflamed and swollen
• Tissues produce excess mucus that furthers narrow the airways.
• Muscles around airways them tighten causing constriction and
less airflow
• Symptoms
• Whistling and wheezing, chest tightness, shortness of breath and
unexplained coughing
• Prevalence -- about 10% of population has asthma
Asthma information and resources
http://www.asthma.ncdhhs.gov
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Other relatively rare conditions
Hypersensitivity pneumonia, inflammation of alveoli (tiny air sacs deep in the lungs
where oxygen and carbon dioxide air exchanged)

Chronic rhinosinusitis/allergic fungal sinusitis – inflammation or paranasal sinuses
from reaction to aerosolized environmental fungal spores and fragments
Allergic Bronchopulmonary Aspergillosis – allergic reaction to Aspergillus species most
common is people with asthma or cystic fibrosis

Other invasive opportunistic fungal diseases in immune compromised people Candida
species, Aspergillus species, Cryptococcus species and Fusarium species
Tell your doctor if you’ve been to areas where certain fungal infections are common …
•

Histoplasmosis – infection from inhaling spores from of the fungus Histoplasmosis
capsalatum. Generally associated with disturbing soils or materials contaminated
with bird or bat droppings

•

Coccidiomycosis (Valley Fever) opportunistic infection from inhaling Coccidioides
species. Coccidiosis spores typically associated with land disturbing activities in
Southwest US
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Mycotoxins and Toxic Black Mold
Mycotoxins are substances produced and released by molds as secondary
metabolites
• >200 mycotoxins identified
 Aflatoxin (Aspergillus sp)
 Tricothecenes (Stacybotyrs sp)
• Known to cause serious illnesses in animals and people that ingest contaminated
food
1993-1997 Centers for Disease Control (CDC) reports on clusters infants with
idiopathic acute pulmonary hemosiderosis (IAPH) through to be associated with
exposure to toxic black mold, Stachybotrys chartartum, in Cleveland and Chicago
2000, CDC Update: Pulmonary Hemorrhage & Stachybotrys - review of 1993- 1997
investigations concluded that earlier association between exposure to Stachybotrys
chartarum and IAPH was not proven.
2015, CDC Notes from the Field: Use of Unvalidated Urine Mycotoxin Testing for
Clinical Diagnosis of Illness
• Urinary mycotoxin testing has not been validated by FDA for identification,
measurement or prediction of a patient’s clinical status
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Symptoms associated with dampness and mold growth
Epidemiological and clinical evidence is insufficient or unavailable to determine
whether an association exists between damp buildings and these symptoms
• Fatigue and weakness
• Muscles aches, cramps, joint pains, morning stiffness
• Abdominal pain, diarrhea
• Headache, memory loss, concentration difficulty, confusion, learning
difficulties, difficulty finding words, disorientation, mood swings, anxiety or
panic
Exposure to mold and health symptoms -- how people think
•

Post Hoc Propter Ergo Hoc, After this, Because of this
 The cause of something is another thing that occurred earlier

•
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The absence of evidence is not evidence of absence

What do you tell the concerned citizen?
The presence of water damage, dampness, visible mold, or mold odor may
be unhealthy depending of size, location and degree of damaged as well as
sensitivity of exposed individuals
Recommend to:
• Identify and correct source(s) of water that enable mold and microbial
growth or contribute to other problems
• Clean and dry hard inorganic surfaces and materials
• Remove porous and organic materials colonized with mold growth as
rapidly and safely as possible and dry environment
• Consider other contributors to health impacts using healthy buildings
principals
Transform “mold” into dampness and mold growth and then into
maintenance and repairs, along with other changes or actions that
promote health and wellbeing.

California public health Statement on Building Dampness Mold and Health
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BREAK
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Sources of moisture in buildings
Rainwater and groundwater
Plumbing or fixture leaks

Infiltration of hot and humid air
High relative humidity and condensation surfaces

Water vapor generated by occupants
Heating, Ventilation, and Air-Conditioning (HVAC) Systems
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Moisture movement in buildings
In bulk form (liquid water) by gravity, wind, and pressure differences
As air-transported moisture, wind and air pressure differences

By capillary movement (wicking) in and between layers of materials
By diffusion
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Water and Moisture in air and materials
Water can be in solid, liquid, or gas phases
• Energy change (heating or cooling) is required for water to change phases
In materials, water can be “free”, adsorbed, absorbed, or chemically bound

Moisture is the presence of water (as a liquid or a vapor)
Warm air (and materials) hold more moisture than cool air and materials
Relative humidity (humidity)
• The amount of moisture in air compared to the amount of moisture that
could be held in air when saturated at a given temperature
• Dew point – the temperature at which air is saturated--100% relative
humidity
• Absolute humidity – the mass water vapor per unit volume of air
Equilibrium Moisture Content (Wood Moisture Content)
• The amount of moisture in a material compared to the amount of
moisture the material could hold when saturated at a given temperature
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Temperature and moisture in air and materials
Temp RH

DP

AH

Summer-am

72°F

93%

70°F

8.0 grains/ ft3

Summer-pm

90°F

49%

70°F

7.8 grains/ ft3

Winter-am

33°F

93%

31°F

2.1 grains/ ft3

Winter-pm

53°F

49%

34°F

2.2 grains/ ft3

Summer EMC in wood*

Winter EMC in wood *

Raleigh

14.2 %

12.5%

Asheville

15.8 %

13.4 %

Wilmington

14.3 %

12.8 %

*Solid wood not exposed to sun or liquid water

Above 15% EMC is considered to be excessive
Above 20% risk for wood decay increases
Wood fibers are saturated at about 30%
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The 4th phase--bound water
Water physically or chemically attached
to solid materials or in solutions
Adsorbed water – wicking or capillarity, lightly
bound to surfaces or between pores by
electrostatic attraction
 Free or lightly bound water supports
microbial growth

Absorbed water in a solution is more tightly bound

Chemically bound water is tightly bound
• Hydrated Calcium Sulfate, aka gypsum

 Heat (energy) required to liberate
chemically bound water

Chemically bound water
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Wetting and drying

• Liquid water penetrates shingles
and flashings
• Dips down rafters
• Wicks through insulation to stain
ceiling
• Meanwhile water is evaporating
from these materials
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Phases of water in air and materials

Phases of water, sources, storage, wetting & drying
Phase
Sources

Transport processes
Wetting Processes

Storage

Drying Processes
Transport processes
Moisture Sinks

Liquid

Liquid & vapor

Precipitation
& Plumbing

Surface water
& Ground water

Wind, gravity
and Leaks

Capillarity

Wetting
(absorption)

Rising damp/
Wicking

Liquid & vapor

Vapor

Activities &
Processes

Outdoor air

Diffusion

Sorption
(adsorption)

Convection

Condensation
absorption

Vapor: adsorbed into materials, in air
Liquid: capillaries pores, pools and depressions
Free
Drainage
Gravity

Sorbed vapor:
Desorption

Diffusion

Vapor: Interior and Exterior Air
Liquid: To exterior and perhaps interior

Straube, Moisture In Buildings ASHRAE Journal January 2002

Built-in

Capillary Liquid:
Evaporation
Convection

Outdoor sources --flooding
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Outdoor source –down spout drainage
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Outdoor sources grading and landscaping

41
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Outdoor sources roofs
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Outdoor source--air infiltration
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Outdoor source wind driven rain water
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Moisture movement -- capillary aka wicking
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Moisture in manufactured homes
Indoor plumbing leak

Image from MHRA Moisture Problems in Manufactured Homes:
Understanding their causes and finding solutions

•
•
•
•
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Constructed of materials sensitive to water damage
Integrated floor system with plastic barrier “bottom board”
Installed quickly at the site by several contractors
Often set-up with poor exterior drainage, lack ground vapor retarder and
poorly installed skirting that allow liquid water and humid air under home

Moisture from appliances and equipment
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Mold growth in poorly ventilated areas

Image from MHRA Moisture Problems in Manufactured Homes:
Understanding their causes and finding solutions
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Condensation and absorption
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Crawlspaces
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Crawlspace designs
Wall vented crawlspace
Grading and drainage to divert water away
from the foundation
Exterior foundation damp proofing
Adequate ventilation to promote air flow
Ground vapor retarder
• 6 mil poly, lapped seams smooth
• Ground is smooth and slight slope to
drain to daylight
• No debris
• Insulation is placed in floor system

Sealed crawl space adds

Vapor retarder up foundation walls
with termite gap
Mechanical Dehumidification
• Permanent dehumidifier
• Supply air from dwelling HVAC
system
• Continuously supplied house air
• Continuous exhaust air
• Conditioned space

Floor leakage control
Air duct leakage control
Sections R408 and R409 of NC 2012 Residential Building Code
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Moisture generated by occupants and activities
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• Bathing

0.12 pints per bath

• Showering

1 pint per 10 minute shower

• Unvented clothes dryer or indoor dryer

4 to 6 pints per load

• Cooking

0.3 to 1.2 pints per meal

• Dishwashing

0.2 to 0.6 pints per meal

• Floor mopping

0.03 pints/square foot

• House plants (5-7)

0.8 to 0.9 pints per day

• Humidifier

2 pints per hour

• Defrost refrigerator

1 pint per day

• Sauna, steam bath whirlpool

3 pints per hour

• Seasonal evaporation from building materials

up to 17 pints per day

• Ground moisture migration

up to 100 pints per day

• Seasonal high outdoor humidity

up to 250 pints per day

• Respiration

0.1 pints per hour/person

Condensation
Occurs when surface temperature is lower than the dew point of surrounding air
Phase change from vapor to liquid
Driven by
• Surface temperature
• Absolute moisture content in air (dew point)
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Condensation driven by surface temperature
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Control condensation by raising surface temperature
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Condensation driven by vapor pressure
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Condensation driven by moisture content of air

Unvented kerosene space heaters produce 7.6 pints of water per kerosene consumed
Propane or gas space heaters produce nearly 7.6 pints per 10,000 BTU burned
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Thermal Stack Effect

http://makinghouseswork.cchrc.org/
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Exterior walls, grading, and drainage
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Heating Ventilation and Air-conditioning (HVAC)
Purpose is to provide source of clean and dry outdoor air to
• Dilute indoor pollutants
• Distribute air
• Provide thermal control
• Exhaust contaminants from point sources
• Maintain appropriate air pressure relationships
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Split system forced air HVAC
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Packaged HVAC
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Baseboard heat and Window Unit
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Thermal Comfort and Humidity Control
Thermal comfort is a balance heat generated by a person and gains/loses to
environment. Ideal thermal comfort is a narrow band that is subjective and
variable and intended to satisfy > 80% of occupants
• Summer 74-80°F and 30-60% relative humidity
• Winter 65-76°F and 30-60% relative humidity
Assume light sedentary activity with appropriate clothing for the season
Does not account for heat sinks, radiant sources, air drafts, or changes over time
and space

<30% Drying and irritation of skin and mucous membranes, including eyes and nasal
passages, Increased survival Influenza and Corona Viruses
>60% Increased potential for mold and microbial growth, dust mites and insect
infestations, Increased risk for chemical emissions, Increased risk for condensation
surfaces
“Free moisture” content of wood, paper and other hydrophilic (water loving)
materials depends on temperature and relative humidity of surrounding air
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Provide thermal comfort-poor location of thermostats

Thermostat

Thermostat

Supply vent
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Provide clean and dry outdoor air
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Distribute air to occupants
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Remove Contaminants where they are generated

HVAC Return
B-vent water heater

Clothes dryer
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Maintain appropriate pressure relationships
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Maintenance
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Air-conditioning condensate drainage
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Heating Ventilation and Air-conditioning
HVAC design – proper size for heat loads to prevent short cycling
HVAC operation – raising temperature during unoccupied periods (setback)
can increase humidity and reduce air for dilution ventilation
Mold growth on insulation downstream from coils
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Filtration

Use medium efficiency pleated filter with a MERV rating between 8 and 11 for best
capture efficiency for small particles, least resistance to air flow, and lowest cost

MERV 8 filters remove < 20% of 3-10 micron sized particles and <70% of 1 to 3
micron sized particles
Other ratings Microparticle Performance Rating (3M) or Filter Performance Rating
(Home Depot) or called allergy filters
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Cleaning and Clutter
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Contaminant free
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Break
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A systems approach to assess, respond and
remediate dampness and mold growth
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Questions to ask about dampness and mold growth
Why
• Describe sources of moisture (liquid or vapor) floods, roof
leaks, plumbing leaks, water in basement/crawlspace, poor
drainage, and condensation.
When/Where
• Are moldy odors present? Summer or winter? How long have
conditions existed? Describe locations, of wet, water
damaged or moldy materials. Has moisture moved or
accumulated in materials and contents? Is heating and airconditioning affected?
What
• Kinds of materials are water damaged or moldy? Describe the
size of affected areas and the degree damage or the extent
that damp materials are colonized by mold growth?
Who
• Has property owner been notified of maintenance or repair
needs? Who has done work to prevent further damage or
solve problem?
• Are occupants reporting health complaints or sought medical
care? Are there sensitive or susceptible people exposed?
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General guidance for mold remediation
Goal is to restore the building to a clean and dry condition
Identify potential sources of excess moisture
Follow moisture flow through materials and contents
Fix source of moisture intrusion or accumulation
Assess category of water damage
Assess class of water damage or degree materials are colonized with mold
growth
Develop and implement a plan to using category and class to get mold growth
out of environment
• Clean and dry
•

Remove and dispose

Protect workers, non-impacted materials and areas of the building
Federal, state, and industry standards for best practices
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Best practices--mold remediation
Government guidance
• EPA Mold Remediation is Schools and Commercial Buildings
• New York City Guidelines on Assessment and Remediation of Fungi in Indoor
Environments
Industry Standards
Institute for Inspection Cleaning and Restoration Certification(IICRC)
• S500 Standard and Reference Guide for Professional Water Damage Restoration
• S520 Standard for Professional Mold Remediation
Are guidelines appropriate for every site and setting?
Are guidelines evidence-based realist and affordable?
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Category of Source water
Category 1 water – Clean -- potable water or rain water
Category 2 water – Grey -- contains contaminants, soils, dissolved organics from
washing machines, dishwashers, and showers
Category 3 water – Black – grossly unsanitary– rising water, flood waters, sewer
backup etc.
Effect of time and temperature
• Over 2-4 days clean water will degrade into grey water as soils and other
contaminants are dissolved and microbial amplification begins.
• Over 2-4 days grey water will degrade into black water as microbial
amplification accelerates
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Classification of water damage
Based on the probable rate of evaporation and types of materials affected

Category 1 -- Small areas of only nonporous, nonpermeable materials are
affected. Materials not easily damaged. Little need for restorative drying

Category 2 -- Larger areas affected. Porous materials such as drywall are
affected. Some effort will be needed for restorative drying
Category 3 -- Large areas of highly porous materials are affected. Maximum
effort needed for restorative drying
Category 4 -- Water has penetrated inside wall cavities or between layers of
materials.
• Large areas carpet and drywall effected
• Porous materials in walls, floors, and ceilings are saturated
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Size and location
Size Per EPA and New York City Guidance
• <10 square feet
• 10 to 100 square feet
• >100 square feet
• For comparison a 4 by 8 panel is 32 square feet
Location
• Will cleaning or removal cause spread moldy dusts outside work area?
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Remedial actions
General agreement– project complexity and the need for engineering controls, work
practices, and personal protective equipment increases
• As the size of affected areas, and degree of contamination increases
• As work trends toward removal of moldy materials
Superficial growth on finished (paints or coatings) and on hard inorganic or nonporous
surfaces – clean and dry

Clothing and textiles– often may be cleaned and dried, may have permanent stains
Solid wood furniture and other hard or semi-porous materials -- clean and dry
Soft, fluffy or organic based materials books and papers –clean and dry or dispose
Carpet, drywall and insulation -- dispose

Upholstered furniture, mattresses and box springs -- dispose

84

Cleaning: an environmental management process
Identifying unwanted matter
Extracting or separating unwanted matter from objects in the
environment

Containing of unwanted matter so it can be effectively collected and
removed
Transport unwanted matter to suitable location for proper disposal.
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Biocides, sanitizers, disinfectants and anti-microbial
pesticides
EPA registered as antimicrobial pesticides
Most of these products have directions for use hard surfaces and clean surfaces
• Not a substitute for cleaning to remove spores, fragments, and organic matter
Use when necessary to protect health beyond restoring surfaces to a clean and dry
condition
The label is the law !!! Follow label instructions for safety and effectiveness
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Clean and dry or remove and dispose?
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Clean and dry or remove and dispose?

88

Clean and dry or remove and dispose?
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Clean and dry or remove and dispose?
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Clean and dry or remove and dispose?
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Clean and dry or remove and dispose?
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When is work complete?
Underlying moisture problem identified, eliminated and environment
controlled
Isolation of the work area was appropriate and effective
Mold removal and worksite cleanup performed according to the site- specific
plan
Any additional moisture or water damage or mold damage found was properly
addressed
Upon completion, surfaces in the work area and adjacent areas are:
• Dry
• Free from visible dust and debris.
• Without any musty or moldy odors
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Outside assistance: consultants and contractors
Mold professionals
Licensed Home Inspectors
Pest Control Professionals for Wood Destroying Organisms

Residential Services Energy Network (RESNET) Certified Home Energy Raters
Building Performance Institute, Certified Building Analysts

Architects, engineers and contractors
Heating and air-conditioning contractors
Health care providers
Professional services to assess and remediate mold growth can be very expensive
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Organizations offering mold certifications
National Environmental Trainers
National Association of Mold Professionals
Mold Inspection Consulting and Remediation Organization
Institute of Inspection Cleaning and Restoration Certification
Professional Certification Institute
Southeastern Mold Institute
American Council for Accredited Certifications
Professional Home Inspection Institute
Restoration Industry Association
American Society of Home Inspectors
National Air Duct Cleaners Association
National Association of Certified Home Inspectors
American Board of Industrial Hygiene
Mold and Indoor Air Quality Board of Ethics
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Testing for mold
The Environmental Protection Agency (EPA) does not recommend mold
testing as first step to assess problems
The Centers for Disease Control and Prevention (CDC) does not recommend
routine mold testing

No recognized airborne exposure limits to protect health for total counts of
airborne mold, counts of individual types of molds, and assayable bioaerosols
(endotoxin, mycotoxin, and fungal antigens)
North Carolina does not have oversight of
 Certified Mold inspectors
 Certified Mold Remediation Contractors
 Limited knowledge about the curriculum, content and quality of
training, or specific requirements to obtain 3rd party certifications
Testing may be driven by marketing, insurance, professional standards of
practice, and litigation
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Considerations before mold testing
Has there been an informed and thorough survey of the area?
Will testing prove or disprove a specific hypothesis developed from the
building survey?
How will the results going to be interpreted and what do they really mean?
• What is a normal fungal ecology?
Will test results inform health-based decisions or actions?
Is money better spent on fixing the underlying problems?
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Limitations of mold testing
Most testing is by spore trapping with analysis by visible microscopy
• Grab sampling represents conditions at the time and place sample was collected
• Spore counts varies over time and space
 May or may not be representative of actual conditions
 Difficult to make inferences about other times and conditions
From public health perspective
• Response is always to correct underlying moisture issues and
• Remove mold growth from the environment
Linking mold with specific causation is difficult
May not be helpful to get a party to respond appropriately
May divert attention from underlying issues causing moisture problems or other IEQ issues
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Interpretation of Results
Do grab samples in an area represent what a person inhaled?
Are spores the agent, surrogate or independent of the e agent causing the health
symptoms?

Compare suspect areas, non-suspect areas and outdoors
“Similar” and “Relative” Abundance” are terms open to professional judgement
One consultant’s interpretive expectation for “normal fungal ecology”
• Total spore count indoors is less than one-half outdoors
• Individual mold spore types found indoors are also found outdoors
• Indoor concentrations of spore types found indoors are less than one-half spore types
found concentrations
• Individual spore types not found outdoors are less than 1000 counts/m3
• Aspergillus/Penicillium species less than 500 counts/m3
• Stachybotrys species close to zero
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Inspection Reports
Consultants often base conclusions on laboratory reports which provide information
about general associations between various types or molds and health symptoms
Only physicians can make determinations about exposures and specific medical
causation
High quality reports include
• Statement of purpose,
• Observations and findings
• How any testing supports or does not support observations
• Basic understanding of mycology and different mold sampling techniques
• How results may or may not clearly indicate fungal colonization
• How conclusions are determined -- combinations of observations and analytical
results
• Limitations and uncertainties
• Recommendations, should be evidence-based, realistic and achievable
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Clearance testing
Mold consultants often recommend and perform “clearance” air
sampling after remediation work is completed in an attempt to
demonstrate that the building is safe for occupants.

• There is no scientific basis for the use of air sampling for this purpose.
• No consistent exposure-response relationships have been
demonstrated for specific bioaerosol measurements that allow
reassurance of building occupants that an indoor environment is safe
or that a health hazard continues after remediation.
• Once remediation is completed (e.g., moldy and damaged materials
removed, surfaces have been cleaned, and musty odors no longer
evident), the best evidence that the building is safe may be that
occupants no longer experience building-related symptoms."
Preventing Occupational Respiratory Disease from Exposures Caused by
Dampness in Office Buildings, Schools, and Other Nonindustrial Buildings
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Real world mold test results –post remediation
Spore type

10

Indoor

outdoor

Spores/m3

percent

Spores/m3

Percent

Alternaria

13

1.8%

40

1.4%

Ascospores

27

3.8%

200

7.1%

Basidiospores

Nd

433

15.5%

Bipolaris/drecheslera

13

1.8%

nd

Curvularia

80

11.3%

66

2.3%

Periconia/smuts

68

9.5%

87

3.1%

Unidentified

40

5.6%

154

5.5%

Aspergillus/penicillium

13

1.8%

227

8.1%

Cladosporium

453

60%

1580

56.4%

Fusarium

Nd

13.5

0.5%

Chaetomium

Nd

6.5

0.25%

TOTAL

710

2800

Final remarks mold testing
Well designed and implemented sampling programs as part of systematic
surveys may be useful for
• Validation of existing controls to reduce or eliminate chemical, physical or
biological hazards in workplaces and other indoor environments
• Informing actions to improve controls by reducing or eliminating workplace
or indoor environmental hazards
Poorly designed and implemented sampling programs without the context of a
systematic survey may not
• Provide data needed to prove or disprove theories being considered
• Be interpretable for risk assessment or risk management purposes
• Answer the original question that was proposed
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Other Considerations:
Asbestos
• The Health Hazards Control Unit administers the North Carolina
Asbestos Hazard Management Program.
• Regulates building demolition and renovation activities
• Some requirements are not applicable to single family homes

• Accredits workers, inspectors, and project designers and other asbestos
professionals
• Removing asbestos containing materials is a regulated activity

Contact the Health Hazard Control Unit at (919) 707-5950 for details
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Other Considerations:
Lead-based paint
• The Health Hazard Control Unit administers
Lead-based Paint Abatement Program and the Lead-based Paint
Renovation Repair and Painting Program (RRP)
The RRP program requires that firms and individuals disturbing lead- based
paint in child occupied facilities (homes) built before 1978 to be certified
and to follow “lead safe” work practices to prevent environmental
contamination
• Certifies contractors and firms that perform these activities
• Abatement and disturbing lead-based paint during renovation repair and
painting in child-occupied facilities are regulated activities
• EPA 1018 disclosure about potential lead-based paint in pre-1978 homes

Contact the Health Hazard Control Unit at (919) 707-5950 for details
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Residential rental agreements
§ 42-42. Landlord to provide fit premises
 Fit premises – structural condition
 Keep systems and facilities in good repair
 Smoke detectors and carbon Monoxide
 12 conditions defined as Imminently Dangerous
§ 42-43. Tenant to maintain dwelling unit
 Clean premises as clean as condition permit
 Prevent unsanitary conditions with tenant’s control from developing

106

Dampness and mold growth in rental properties
Transform “mold” into maintenance and repairs. Both parties want a home that is
dry, clean, properly-ventilated, well- maintained, contaminant-free, pest-free, and
safe
Document requests to the landlord for repairs
• Keep records, notes, letters, electronic messages, photographs and a diary
Include detailed descriptions of conditions in need of repairs
• Times and dates the landlord was notified,
• Notes on any conversations, results of inspections, the date(s)and nature of
any repairs and remedial actions, and if actions solved the problem.

Educate landlord of consequences
• Accelerated deterioration of materials, equipment and contents;
• Structural damaged and decay by infestations of wood destroying organisms and
termites and;
• Increased repair costs and possible reduction in property values.
Best outcome occurs when tenants and landlords communicate and cooperate
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When landlords are not cooperative
Enforce terms of lease agreement
• Don not withhold rent to force landlord to make repairs
• Read lease, understand and comply with tenant obligations and
responsibilities
• Remind landlord of obligations under lease and statutes
• Keep records and documentation to demonstrate landlord’s knowledge of
conditions
• Negotiate and work with landlords to facilitate repairs--get agreements in
writing
• Negotiate favorable terms to terminate lease or rental agreement Consider
return of security deposits, rent recoupment (rent already paid), rent
abatement (reimbursement of repair costs by withholding future rent)
• Small claims court lawsuit for rent abatement or rent recoupment
NC Attorney General --Renting a Home
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Minimum Housing Codes
Structure
• Space, use and required facilities
• Means of egress (exit)
• Structural condition
• Electrical facilities and equipment
• Plumbing systems and fixtures
• Heating standards
• Pest control

Maintenance
• Grading and drainage
• Paintings and coatings
• Sanitation, garbage and
Rubbish disposal
• Pest Control

• Emphasize structural, maintenance, and repair items that may be
code violations
• Be as specific as possible about needed maintenance or repairs that
would prevent dampness or related to water damage
• Mold is not directly regulated by minimum housing codes
• Code Officials react poorly when complaint is about mold
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Statutory tools
§ 160A-441 through 160A-444 minimum Housing Codes.
Building inspectors can declare unsafe buildings that appears to be especially
dangerous to life because of its liability to fire, bad conditions of walls,
overloaded floors, defective construction, decay, unsafe wiring or heating
system…and order repair closure or demolition
Legal order
Must follow agency procedures
Must provide for due process
The end game
• If property is declared unfit for human habitation tenant may be forced to
move
• Jurisdiction may ultimately order demolition of the structure and have
difficulty recovering costs
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Public, affordable and subsidized housing
Purpose is to assist low income families, families with children, the elderly
and disabled to live in safe decent and affordable housing
Financing through

• US department of Housing and Urban Development
• North Carolina Housing Finance Agency
• USDA Rural Development
Public Housing
• Owned and operated by local Public Housing Authority (PHA)
• Housing Choice Voucher Program (Section 8) administered by the local PHA
Affordable Housing – profit and not for profit corporations
• Financial incentives (tax credits, low interest loans tax free bonds)
• Rent subsidies to tenants and operating assistance
• Supportive housing for people with disabilities
• Supportive housing for the elderly
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Public and affordable housing
Tenant has lease agreement with owner/management or developer
Owner/manager/developer has agreed to meet certain federal and state
requirements, to design construct and manage the development including
site maintenance and tenant eligibility.
Funding source monitors compliance with federal and state requirements
• NCHFA monitors funded assets using HUD Housing Quality Standards
• PHA monitors Section 8 rental assistance properties using monitors
property HUD Uniform Property Maintenance Conditions Standards
• Inspectors certified by HUD monitor public housing using Uniform
Property Maintenance Conditions Standards

• USDA monitors funded assets using HUD Housing Quality Standards
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Other related statutes
Fair housing law -§ 41A-4. Unlawful discriminatory housing practices.
• Refuse to permit, at the expense of with a person with a disability, reasonable
modifications of existing premises...necessary for the handicapped person's
full enjoyment of the premises
• Refuse to make reasonable accommodations in rules, policies, practices, or

services, when these accommodations are necessary to for a person with a
disability to equal use and enjoyment of a dwelling

Retaliatory Eviction -§ 42.37.1 Public policy that tenants cannot be evicted for:
• Requesting repairs
• Filing a complaint to a government agency
• Complaining to landlord
• Exercising rights under a lease agreement
• Joining/participating in a tenants rights group

Can be evicted for:
• Willful neglect of a property (not cleaning or maintaining the property
responsibly)
• Building code renovations or repairs that require that the tenants be
displaced

113

Other options for assistance
HUD multi-housing family complaint 800 number
Legal aid of North Carolina
North Carolina Human Relations Commission
Local Social Services
Urgent Repair, Rehabilitation and Weatherization Programs

CDBG grants for urgent repairs or rehabilitation

114

Opportunities when using healthy building principles
Keep an open mind – All hazards safety and health model
Put concerns in context
Provide education and information about thermodynamics of moisture
movement
Education and information about evidence-based best practices for mold
cleanup
Empower people
• Getting the best service from consultants and contractors
• Understanding leases and rental agreements

Consumer Advocacy
• Understanding evidence based technological solutions
Engage and cooperate with partners in public health system
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Opportunity for Consumer Advocacy -Contractors
Evaluate contractors and proposals
• References, professional licenses or certifications
• Written estimates and scope of work
• Employee safety and health programs and proof of required insurance,
• Permits for building, electrical, or mechanical plumbing work
• Warranties

Require contractors to build into work plans verification processes to assure
that site specific workplan is followed.
• Daily logs of work activities, equipment operation, deviations, changes, and
significant incidents
Require, participate and document final inspections with project manager to
validate that work is complete as intended.

Empowering people –understanding leases
Best outcomes occur when tenants and landlords communicate and understand their
respective duties and obligations
Tenant options for resolving dampness and mold growth,
• Can problem be managed by actions under the tenant’s control -- cleaning, preventing
unsanitary conditions from developing, decluttering, improved ventilation?
If problems are related to conditions that require the landlord to perform maintenance and
repairs
•
•

Transform “mold” into moisture issues and then maintenance and repairs. Provide
owner with written list of specific issues
Keep records, notes, letters, electronic messages, photographs and a diary about
requests for repairs.

Contact minimum housing code enforcement if available
Focus on alleged code violations instead of mold
View as leases and rental agreements as contracts and use landlord and tenant law to
resolve dispute
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Will technological solutions will be effective?
Mold evokes emotional reactions and tendency to look for quick fixes for complex
technical problems

Dampness and mold growth opportunities for consultants, contractors and others
to market services or solutions without evidence base for effectiveness or that
could cause harm
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Community partners in the public health system
“All public, private, and voluntary entities that contribute to the

delivery of essential public health services within a jurisdiction.”
Local health departments

Human service and charity
organizations

Healthcare providers

Public safety agencies
Public housing authorities

Affordable housing managers and
developers

Economic and philanthropic
organizations
Environmental agencies and
organizations
Designers, developers, builders and
contractors

School Nurses
Legal aid

School Maintenance Directors
Real estate developers and managers
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Insurance companies and regulators
Cooperative Extension Service

Challenges to using healthy homes
General shortage of safe, decent, and affordable housing
No easy prescriptions, every site and setting may require specific moisture
management plans and techniques
Building practices – designers, developers, builders, contractors and owners
(decision makers) may not be affected by future moisture problems and may
be isolated from consequences of their choices
Tighter structures for energy efficiency with increased used of engineered
wood products and other porous, hygroscopic and organic building materials
Increased dependency on mechanical ventilation
Regulatory and resource, limitations
• Environmental health staff and housing code officials may not link
complaints about mold to underlying structural, maintenance, repair or
sanitation issues
• Staff, resource limitations, and regulatory imperatives prevent devoting
time and effort to educate and inform people or to act as change agents
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Challenges to using healthy homes
Lack of awareness, resources and understanding of the importance of about
maintenance and repairs

Owners may not appreciate, budget, or be diligent in performing maintenance
and making repairs
Tenants may not understand, devote resources or perform maintenance
duties
Inconsistency
• Insurance companies may be either reluctant to accept mold claims or
require stringent remedial actions on accepted claims
• Home Inspectors must report on abnormal or harmful water penetration or
condensation but are not required to report on mold because it is
“suspected adverse environmental condition or hazardous substance”
Education and awareness
• Difference between “mold” and mold growth
• Demystify and debunk the myth of toxic mold
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Challenges to using healthy homes
Tenants – don’t understand or think it’s unfair to pay rent when landlords fail to make
repairs. NC Law makes failure to pay rent grounds for eviction

Unintended consequences from enforcing statutes and codes
• Nobody likes government intrusion into private matters
• Substantial violations may cause code officials to declare dwelling unfit for
habitation
Unintended consequences in attempting to negotiate or enforce leases/rental
agreements
• Landlords may choose not to renew leases
• Landlords may choose to terminate month to month rental agreements or increase
rent to defer repair costs to tenant
• Few tenants keep records or have the ability to successfully to negotiate or enforce
leases especially when cases go to civil court
• Tenants may prevail but remedies are often is insufficient to pay for financial and
social costs of finding a new place to live
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How can public health system help ?
• Listen
• Help to focus on underlying issues and develop coherent stream of thought
• Help focus on actionable items- empower people to take actions
• Provide checklists and other guidance
• Refer to other community and partners and resources
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Conclusion
Indoor environmental quality and healthy housing is a public health issue
Dampness, mold growth and indoor environmental quality problems are complex
technical and social problems
Disconnect between designers, builders, owners, employers, and building occupants
Current evidence suggests observations of dampness, water damage, mold, or mold
odors are the best indicators of health hazards, rather than microbiologic
measurements
Despite challenges healthy homes offers an evidence-based method to investigate
problems, guide recommendations, promote health and wellbeing and leverage
partners consistent with good public health guidance and best practices
Greatest health benefits in health were reported among vulnerable populations,
especially those with respiratory disease
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Governmental Guidance
• EPA -- Mold remediation in Schools and Commercial Buildings
https://www.epa.gov/sites/production/files/201408/documents/moldremediation.pdf
• EPA Moisture Control Guidance for Building, Design, Construction and
Maintenance
https://www.epa.gov/sites/production/files/2014-08/documents/moisturecontrol.pdf
• NY City Department of Health and Mental Hygiene --Guidelines on
Assessment and Remediation of Fungi in Indoor Environments
https://www1.nyc.gov/assets/doh/downloads/pdf/epi/epi-moldguidelines.pdf
• CDC NIOSH Preventing Occupational Respiratory Disease from Exposures
Caused by Dampness in Office Buildings, Schools, and Other Nonindustrial
Buildings http://www.cdc.gov/niosh/docs/2013-102
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Questions?
Contact me:

David Lipton, CIH
Occupational and Environmental Epidemiology Branch
(919) 707-5900 (main)
(919) 707-5961 (direct)
David.lipton@dhhs.nc.gov
5505 Six Forks Road, Raleigh NC 27609
1912 Mail Service Center, Raleigh NC 27699-1912
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