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Four Step Risk Assessment
• Hazard Identification: To describe acute and chronic human 

health effects; sensitive populations, immunology need to be 
understood.

• Dose-Response: To characterize the relationship between 
various doses administered and subsequent health effects; have 
human data sets but lacking appropriate animal models to increase 
assessment.

• Exposure Assessment: To determine the size 
and nature of the population exposed and the 
route, amount, and duration of exposure.  
Temporal and spatial exposure with changes in 
microbial populations a concern.

• Risk Characterization: To integrate the information from 
exposure, dose response, and health steps to estimate magnitude of 
health risks.  Monte Carlo analysis to give distribution of risks and 
population/community models needed.



Exposure Assessment
• Evaluation of pathways that allow 

microorganisms to be transported from the 
source to the point of contact with human 
beings and

• Estimation of the amount of exposure that is 
possible to take place between humans and 
contaminants.

• Temporal and spatial exposure with 
changes in microbial populations a concern.



Exposure Assessment 
and Risk Characterization

• Exposure and levels of contamination are the 
most important aspect for providing input to risk 
characterization.

• Need better monitoring data, better transport 
models.

• Will need new methods, QPCR, for better 
assessment of non-cultivatible viruses, parasites 
and bacteria.

• Monitor water, air, sewage, fomites, etc.
• Essential for Good Risk Management Decisions



Routes of Exposure
• Ingestion

– Water
– Food
– Hand to mouth (fomites)

• Inhalation (aerosols)

• Dermal

Need to define the pathways for quantifying the 
exposure.  This is done through measurements 
and modeling transport and survival.
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Factors Important in
Assessing Exposure

• Route of Exposures
• Duration of exposures

– Seconds, minutes, hours, 
• Number of exposures

– How many times in a day, month, year
• Degree of exposures

– Liters of water ingested
– Liters of air inhaled
– Grams of food ingested   



Occurrence Analysis for the 
Exposure Process

• Concentrations

• Frequency

• Spatial and Temporal Variations

• Regrowth and Die-off

• Transport



Important Things to Remember 
about Microbial Transport & Fate
• Microbes are colloids – not solutes

– Log-normal or Poisson distributions
• Microbial transport is influenced by 

electrostatic and hydrophobic 
interactions

• Microbes are individuals
– Not all individuals behave the same

• Concentrations of microbes change 
with time via die-off and re-growth 
SURVIVAL ESTIMATES 
EXTREMELY IMPORTANT
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Microbial Inactivation (die-off)
Reduction versus time

LOG 10 (Nt/No) = -kdt

Nt = microbial number at time t
No = initial microbial number
Kd = inactivation rate as a   

function of a parameter
t = time
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Factors that influence  Microbe Survival
• Type of Microbe
• Temperature
• Light (UV portion)
• Matrix (water, air, soil, fomites etc)
Relative humidity  
Moisture content 
Organic material, pH, inorganic salts
Presence of and adsorption to solids

• Antagonistic Microflora
• Time



Factors that influence Enteric Virus and 
Bacteria Survival in Surface Waters

• Temperature
• UV Light
• Organic Matter

• Seawater vs. 
Freshwater

• Sediments

• Antagonistic 
Microflora

• Longer survival at lower temperatures

• Related to amount of sunshine

• Longer survival in presence of organic 
matter

• Shorter survival in seawater

• Prolonged survival in sediments; 
regrowth of enteric bacteria possible 
in sediments

• Certain marine microbes prey on 
bacteria or are antagonistic to virus 
survival; survival is reduced in the 
presence of non-enteric 
microorganisms



Factors that influence Enteric Virus and 
Bacteria Survival at/near Soil Surface
• Temperature

• Soil Moisture

• Organic Matter

• Rate of 
Moisture Loss

• Antagonistic 
Microflora

• Longer survival at lower temperatures

• Related to amount of sunshine

• Longer survival in presence of organic 
matter

• The greater the evaporation rate the 
more rapid the rate of inactivation

• Certain microbes prey on bacteria or 
are antagonistic to survival; survival is 
reduced in the presence of non-
enteric microorganisms



K values





Bio aerosols



Types of Bioaerosols

• Sneezing
• Showers
• Cooling towers
• Waste handling

– Sewage treatment
– Land application of biosolids and sewage
– Compost facilities



Factors Affecting the Survival of 
Microorganisms in Aerosols

• Relative humidity 
– Depends upon the microorganism – optimal may be 

at either high, low, or medium relative humidity
• Sunlight (UV light)

– Longer survival at night
• Suspending media 

– Lower survival in the presence of organic matter
• Temperature 

– Greater survival at lower temperatures



Inactivation of 
Respiratory Viruses on Fomites
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Inactivation of 
Enteric Viruses on Fomites
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Transport Pathways

• Sources
• Types of microbes
• Concentrations
• Exposure sites
• Movement from source to exposure
• Factors influencing transport & survival 



Accumulation in sediments
(viruses occur in higher 

concentrations
in sediment than the overlaying water)

Sewage outfall

Resuspension by rain,
wave action, tides,

dredging, etc.

Virus association with suspended
solids (acts to prolong virus survival)

Aerosolization 
by breaking waves

Uptake by crustacea
and bottom feeding fish

Transport and fate of enteric viruses 
in the marine environment
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Steps in Estimating Exposure 
from Pathogens in Biosolids

Pathogen concentration
in biosolids

Number of
Pathogens after treatment

Concentration after
land application

A person comes into contact 
with the biosolids

Duration of exposure
One day

Amount of hand contact

Amount swallowed
50-480 mg 94



Exposure in the Indoor Environment
Life in the 21st Century

• Most of our time is spend indoors
• More people work in offices than ever before
• We travel more than ever before
• We spend less time cleaning than the last 

generation ( but with modern appliances)
• We spend more time in public places
• We are more mobile and have more electronic 

equipment (e.g. cell phones)



Disease Spread by Fomites

• Route of exposure
– Children under 12 months bring hands to their face 60 

times per hour
– Cross contamination of foods

• Which fomites are important
– How often does hand contact occur on which 

fomites?
• Frequency of pathogens on fomites in a given 

environment
• Concentration of pathogen on a fomite



Transmission by Fomites

• Hard surfaces
– Phones, tap handles, desk tops, door knobs, cutting 

boards, table tops

• Cleaning clothes
– Sponges, dish clothes

• Clothing
– Laundry, towels, bed sheets



Transmission by Fomites

• Bathroom (Bano)
– Sinks, taps, bottom of the toilet seat
– Norovirus, Graidia, Cryptosporidium, Shigella

• Kitchen
– Sponge, sink, cutting board
– Salmonella, Campylobacter

• Schools
– Norovirus, rhinovirus, Salmonella



% Time Coliform Bacteria 
Detected (public restrooms)

• Top of the toilet seat 20
• Flush handle 6
• Wall behind toilet 9
• Floor in front of toilet 64
• Sink 61
• Tap 15
• Urinal – inside 30
• Urinal flush handle 0
• Sanitary napkin disposal –outside 57
• Door knob 4





Sites by Coliform Densities
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The Forgotten Fomites 
Critical Control Points for 
cleaning and management

• Phone (cell phone)
• TV remote
• Computer keyboard
• Computer mouse
• Sink taps/handles
• Sponges/cleaning clothes
• Laundry



DRYING CYCLE (HEAT)  and BLEACH



Risk of Rotavirus Infection 
from  Laundering

Concentration of Virus

2 x 107

2 x 105

2 x 104

200

2
Risk of infection ~ 1:10

Assumption

The amount in 0.001 gr of feces

After washing 99% reduction cm2 clothing

After 28 min. drying

1%  transferred to hands

1%  transferred to mouth



Exposure Summary
• Large numbers of pathogens can be excreted into the 

environment.
• There are many examples of pathways of exposure.
• Hands play a prominent role in the indoor environment.
• Water plays a prominent role in the outdoor 

environment.
• Prevalence, concentrations and transport from the 

source to the exposure site needs to be accounted for 
in calculating the transmission/exposure.

• Survival is very important factor, which depends on 
environmental factors and the type of microbe and may 
be from hours to months.

• Quantitative assessment of inactivation rates and 
transport are important in modeling exposures.
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