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Welcome toWelcome to

We are an environmental microbiology laboratory We are an environmental microbiology laboratory 
providing testing on mold, bacteria, lead and providing testing on mold, bacteria, lead and 
products.products.
You are welcome to tour the lab and talk to the You are welcome to tour the lab and talk to the 
analytical personnel, but please stay on the analytical personnel, but please stay on the 
carpeted areas carpeted areas 
Feel free to use the lunch room and the restrooms Feel free to use the lunch room and the restrooms 
in the labin the lab



2

Nov. 12, 2008  # Nov. 12, 2008  # 33

Course ObjectivesCourse Objectives

Client communication program Client communication program 
To understand the occurrence of bacteria in indoor To understand the occurrence of bacteria in indoor 
environmentsenvironments
To discuss practical methods for bacterial sampling To discuss practical methods for bacterial sampling 
To discuss how to interpret lab reportTo discuss how to interpret lab report
To provide a networking opportunity for local IAQA To provide a networking opportunity for local IAQA 
chapterchapter membersmembers
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Course OutlineCourse Outline

Normal occurrence of bacteria in indoor Normal occurrence of bacteria in indoor 
environmentsenvironments
Sewage contamination and verification Sewage contamination and verification 
testing testing 
LegionellaLegionella sampling and risk assessmentsampling and risk assessment
Sampling for pathogenic bacteriaSampling for pathogenic bacteria
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I. Bacteria in Indoor Environments

• Biology and ecology of bacteria 
• Gram-positive and Gram-negative bacteria 
• Bacterial populations in indoor environments 
• Bacterial sampling and media selection 
• Laboratory analysis and data interpretation 
• Rapid field assessment of bacterial load 
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What are bacteria?What are bacteria?

SingleSingle--celled prokaryotic celled prokaryotic 
organismsorganisms
0.5 0.5 –– 1 µm in diameter, 0.51 µm in diameter, 0.5--
5 µm long5 µm long
In nature, bacteria often In nature, bacteria often 
exist in communities, rarely exist in communities, rarely 
in isolated single cellsin isolated single cells
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BiofilmsBiofilms

In natural environments, bacteria often In natural environments, bacteria often 
attach to the soil or plant surface and form attach to the soil or plant surface and form 
dense aggregations, called dense aggregations, called biofilmsbiofilms..
Biofilms may contain different species of Biofilms may contain different species of 
bacteriabacteria
Biofilms are complex structures that help to Biofilms are complex structures that help to 
increase food supplies and protect the increase food supplies and protect the 
bacteria living in them bacteria living in them 
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Natural Habitats for BacteriaNatural Habitats for Bacteria

SoilSoil
WaterWater
AirAir
AAcidic hot springscidic hot springs
radioactive wasteradioactive waste
Organic matter Organic matter 
PlantsPlants
AnimalsAnimals
Other microorganismsOther microorganisms
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Bacteria are abundant and diverse Bacteria are abundant and diverse 

One gram of soil: One gram of soil: 6,400 6,400 –– 38,000 species, 38,000 species, 40 40 
million bacterial cells.million bacterial cells.
One milliliter of fresh water: one million bacterial One milliliter of fresh water: one million bacterial 
cellscells
One liter of seawater: 20,000 species of bacteria One liter of seawater: 20,000 species of bacteria 
Estimated total numbers of bacterial species range Estimated total numbers of bacterial species range 
from 10 million to one billionfrom 10 million to one billion
There are approximately five There are approximately five nonillionnonillion (5×10(5×103030) ) 
bacteria on Earthbacteria on Earth
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Scientific ClassificationScientific Classification

E. coliE. coli
EscherichiaEscherichia
EnterobacteriaceaeEnterobacteriaceae
EnterobacterialesEnterobacteriales
Gamma ProteobacteriaGamma Proteobacteria
ProteobacteriaProteobacteria
BacteriaBacteria
BacteriaBacteria
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Bacteria TerminologyBacteria Terminology

HeterotrophicHeterotrophic –– carbon source is carbon source is organic carbonorganic carbon compoundscompounds
AutotrophicAutotrophic –– carbon is obtained by carbon is obtained by fixingfixing carbon dioxidecarbon dioxide
AAerobeserobes:: need need oxygenoxygen for for metabolismmetabolism
AnaerobesAnaerobes: does not require : does not require oxygenoxygen for growth and may even for growth and may even 
die in its presencedie in its presence
Facultative anaerobesFacultative anaerobes can use oxygen, but also have can use oxygen, but also have anaerobicanaerobic
methods of energy production. methods of energy production. 
MesophilicMesophilic –– optimum growth temperature is between 15optimum growth temperature is between 15--4040°°C C 
(e.g. 35 (e.g. 35 ±± 22°°C, majority of bacteria, pathogens)C, majority of bacteria, pathogens)
ThermophilicThermophilic –– optimum growth temperature is between optimum growth temperature is between 4545--
8080 °C °C (e.g., 55 (e.g., 55 ±± 22°°C)C)
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Quiz # 1Quiz # 1

Give an example of Give an example of 
aautotrophicutotrophic bacteriumbacterium
Give an example of Give an example of 
heterotrophic heterotrophic 
bacteriumbacterium
Give an example of Give an example of 
Thermophilic Thermophilic 
bacteriumbacterium

Nov. 12, 2008  # Nov. 12, 2008  # 1616

Shapes of BacteriaShapes of Bacteria
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Bacteria ReproductionBacteria Reproduction

Bacteria grow to a Bacteria grow to a 
fixed size fixed size 
Reproduce by cell Reproduce by cell 
division (division (binary fissionbinary fission))
Bacteria can grow and Bacteria can grow and 
divide extremely divide extremely 
rapidly rapidly 
Bacteria population Bacteria population 
can double as fast as can double as fast as 
every 10every 10 minutes minutes 
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Quiz #2Quiz #2

If an If an E. coliE. coli cell can cell can 
double its number in double its number in 
every 20 minutes, then every 20 minutes, then 
how many how many E. coliE. coli cells cells 
will there be after 24 will there be after 24 
hours?hours?
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GramGram--positive vs. Grampositive vs. Gram--negativenegative

Nov. 12, 2008  # Nov. 12, 2008  # 2020

GramGram--positive vs. Grampositive vs. Gram--negativenegative
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RepresentativeRepresentatives ofs of GramGram--positive and positive and 
GramGram--negative bacterianegative bacteria

ShigellaShigellaStreptomycesStreptomyces
LegionellaLegionellaMycobacteriumMycobacterium
EnterobacterEnterobacterEnterococcusEnterococcus
SalmonellaSalmonellaBacillusBacillus
PseudomonasPseudomonasStaphylococcusStaphylococcus
EscherichiaEscherichiaMicrococcusMicrococcus

GramGram--negativenegativeGramGram--positivepositive
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Bacteria are a component of bioaerosolsBacteria are a component of bioaerosols

0.01 µm 1.0 µm 10 µm 100 µm0.1 µm

Nuclei mode
Accumulation

mode
Coarse mode

Bacteria

Fungi

Viruses
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Composition of BioaerosolsComposition of Bioaerosols

Liquid or solid or Liquid or solid or 
mixturemixture
Mostly associated Mostly associated 
with airborne with airborne 
particles (dust or particles (dust or 
mist)mist)
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Bioaerosol PathwaysBioaerosol Pathways

LaunchingLaunching

TransportTransport

DepositionDeposition & & 
adhesionadhesion
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Launching of BioaerosolsLaunching of Bioaerosols in Indoorsin Indoors
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Deposition of BioaerosolsDeposition of Bioaerosols

Gravitational Gravitational 
settlingsettling
Downward Downward 
molecular diffusionmolecular diffusion
Surface impactionSurface impaction
Electrostatic Electrostatic 
depositiondeposition
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Factors Influencing Microbial ViabilityFactors Influencing Microbial Viability

Relative HumidityRelative Humidity
–– GramGram--negative bacteria survive longer at low RHnegative bacteria survive longer at low RH
–– GramGram--positive bacteria survive longer at high RHpositive bacteria survive longer at high RH

TemperatureTemperature
RadiationRadiation
Oxygen, Ions, and Open Air FactorOxygen, Ions, and Open Air Factor
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Airborne Airborne Escherichia coliEscherichia coli survivalsurvival
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Escherichia coliEscherichia coli survival on surfacesurvival on surface

From Marshall et al, 1988
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Bacteria SamplingBacteria Sampling –– general considerationgeneral consideration

Have a clear and realistic objectiveHave a clear and realistic objective
–– “I want to get an idea of the airborne bacteria load”“I want to get an idea of the airborne bacteria load”
–– “I want to see “I want to see whatwhat pathogens are in the air”pathogens are in the air”
–– “I want to see what bacteria are in the air”“I want to see what bacteria are in the air”
–– “I want to see if there is anything unusual”“I want to see if there is anything unusual”

Try to define target organismsTry to define target organisms
If an occupant If an occupant is concerned aboutis concerned about infectioninfection/disease/disease, , 
advise him to see a doctor firstadvise him to see a doctor first
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Air Air Sampling DevicesSampling Devices

ImpingementImpingement
–– Trapping of bioaerosols in liquidTrapping of bioaerosols in liquid

ImpactionImpaction
–– Forced deposition of bioaerosols on a solid surfaceForced deposition of bioaerosols on a solid surface

CentrifugationCentrifugation
–– Forced deposition using gravityForced deposition using gravity

FiltrationFiltration
–– Trapping of bioaerosols by size exclusionTrapping of bioaerosols by size exclusion

DepositionDeposition
–– Using natural deposition forcesUsing natural deposition forces
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Bacteria Air SamplingBacteria Air Sampling

Andersen Andersen NN--66 or equivalentor equivalent
At 28.3 lpm flow rate, At 28.3 lpm flow rate, 
sample sample 1 1 –– 33 minutesminutes
Consider representativeness Consider representativeness 
of samplesof samples
For industrial clean rooms, For industrial clean rooms, 
sample 1 msample 1 m3 3 air (= 7 air (= 7 
Andersen platAndersen platees)s)
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Bacteria Surface SamplingBacteria Surface Sampling

Swabs, wipes, contact Swabs, wipes, contact 
platesplates
Wet vacuum systemsWet vacuum systems
Define sampling areaDefine sampling area
Randomly choose Randomly choose 
multiple sampling site to multiple sampling site to 
assess level of assess level of 
contaminationcontamination
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Media for General Bacterial SamplingMedia for General Bacterial Sampling

TSA or TSA wTSA or TSA w// blood blood –– bacterial bacterial 
load (count) and gram stainload (count) and gram stain
MacConkey MacConkey –– GramGram--negative negative 
enteric bacteriaenteric bacteria
Columbia CNA Columbia CNA –– GramGram--positive positive 
bacteriabacteria
PCA PCA –– Heterotrophic bacteria Heterotrophic bacteria 
countcount
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Sample

Valid Data Trash

Valid 
Analysis

Invalid 
Analysis

Laboratory analysis and data interpretation Laboratory analysis and data interpretation 
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Analytical Methods for BacteriaAnalytical Methods for Bacteria

CultureCulture
Biochemical assaysBiochemical assays
Microscopic observation Microscopic observation 
Automatic methodsAutomatic methods
DNA sequencing DNA sequencing 
RealReal--time PCRtime PCR
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Figure 1.1 GramFigure 1.1 Gram--nnegative Rod Bacteria ID Flow Chartegative Rod Bacteria ID Flow Chart
Oxidase Test, Nitrate TestOxidase Test, Nitrate Test, , GramGram--nnegative Bacteegative Bacterriaia

Oxidase (-),Nitrate (+)
Enterobacteriaceae

Glucose Fermentation

(-)
Pseudomonas 
Alcaligenes  .

TSI

Acid Slant
Acid Butt
No H2s

Alkaline Slant
Acid Butt
No H2S

Alkaline Slant
Acid Butt
H2S produced

Acid Slant
Acid Butt
H2S produced

E.coli
Klebsiella
Enterobacter
Yersinia 

Citrobacter
Some Proteus .

Shigella
Some Proteus 

Most Salmonella
Citrobacter

Lactose fermentation

(+)
E.coli

Klebsiella
Enterobacter

Yersinia 
spp.

Indole, MR, VP Tests

Indole (+)
MR(+)
VP(-)
E.coli

Indole (-)
MR (-)
VP(+)
Klebsiella
Enterobacter

Ornithine decarboxylase, motility

(-)
Klebsiella

(+)
Enterobacter

Urease

(+)
Proteus spp.

(-)
Shigella

Lysine 
Decarbonxylase

(+)
Salmonella

(-)
Proteus

sorbitol

(+)
Citrobacter

(-)
Proteus

Oxidation

(-) Alcaligenes (+) Pseudomonas
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DNA sequencing method for bacteria identificationDNA sequencing method for bacteria identification
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What is What is CFUCFU??

CColony olony FForming orming UUnit nit 
On direct impact (Andersen On direct impact (Andersen 
plates) or imprint samples plates) or imprint samples 
(contact plates), one CFU (contact plates), one CFU 
may be from one bacterial may be from one bacterial 
communitycommunity
For prepared plates (swab, For prepared plates (swab, 
dust samples), one CFU may dust samples), one CFU may 
be resulted from one be resulted from one 
bacterial cellbacterial cell

Nov. 12, 2008  # Nov. 12, 2008  # 4040

How to interpret CFU dataHow to interpret CFU data

3 3 
CFU/cmCFU/cm22

1,000,0001,000,000
CFU/cmCFU/cm22StaphylococcusStaphylococcus

Contact PlateContact PlateSwab SampleSwab SampleSample Type:Sample Type:

Counter TopCounter TopCounter TopCounter TopArea Sampled:Area Sampled:
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Serial Dilution (e.g., swab sample)Serial Dilution (e.g., swab sample)

TNTC >1,000 260 28

Results: 

CFU:

2.6 x 106 CFU/Sample

TNTC

Nov. 12, 2008  # Nov. 12, 2008  # 4242

Contact Plates (25 cmContact Plates (25 cm22))
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Put numbers into perspectivePut numbers into perspective

Each visible bacteria colony consists of at Each visible bacteria colony consists of at 
least a million cellsleast a million cells
There may be There may be significant changessignificant changes in the in the 
bacteriabacteria populationpopulation after sampling, depending after sampling, depending 
on the shipping and storage conditionon the shipping and storage condition
Always ship bacteria samples coldAlways ship bacteria samples cold
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What is the What is the normalnormal level of indoor level of indoor 
bacteria?bacteria?

Tsai & Macher (2005), USEPA Building Tsai & Macher (2005), USEPA Building 
Assessment Survey and Evaluation (BASE) studyAssessment Survey and Evaluation (BASE) study
100 large US office buildings in 10 climate zones100 large US office buildings in 10 climate zones
Building were selected randomly, excluding only Building were selected randomly, excluding only 
buildings with highly publicized IEQ problemsbuildings with highly publicized IEQ problems
Andersen NAndersen N--6 sampler, Tryptic soy agar (TSA)6 sampler, Tryptic soy agar (TSA)
Conducted between 1994 Conducted between 1994 –– 1998, summer, winter, 1998, summer, winter, 
morning and afternoonmorning and afternoon
Total 5201 samples (4782 air samples + 419 blank Total 5201 samples (4782 air samples + 419 blank 
samples)samples)
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Tsai & Macher (2005), BASE studyTsai & Macher (2005), BASE study
Average concentration of airborne culturable 
bacteria (CFU/m3)

Indoor Outdoor Indoor Outdoor
Gram+  rods 10.6 33.6 11.4 43.6
Gram+  cocci 48.3 26.2 28.7 21.8
Gram-   rods 3.5 14.9 2.6 11.0
Gram-   cocci 1.6 1.1 1.3 3.3
Unknown 51.8 89.1 42.6 114.7
Total bacteria 116.0 165.0 86.7 194.5

Summer Winter
Bacterial Group

Common Gram-positive cocci: 
Enterococcus, Micrococcus, Staphylococcus, Streptococcus

Nov. 12, 2008  # Nov. 12, 2008  # 4646

Quiz #3Quiz #3

The BASE study indicates that the average The BASE study indicates that the average 
indoor airborne Gramindoor airborne Gram--positive cocci positive cocci 
concentration is higher in summer than in concentration is higher in summer than in 
winter. What might be the reasons for that?winter. What might be the reasons for that?
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Tsai & Macher (2005), BASE studyTsai & Macher (2005), BASE study
The indoor/outdoor ratioThe indoor/outdoor ratio

Temporal variation influences the assessment Temporal variation influences the assessment 
A portion of the airborne bacteria in the indoors could A portion of the airborne bacteria in the indoors could 
be attributed to the entry of bacteria from outdoors be attributed to the entry of bacteria from outdoors 
The indoor/outdoor ratios ranged 0.1 The indoor/outdoor ratios ranged 0.1 –– 16.416.4
Whether the indoor/outdoor ratio >1 or Whether the indoor/outdoor ratio >1 or ≤≤ 1, indoor 1, indoor 
sources of bacteria were presentsources of bacteria were present
–– Indoor/outdoor >1, average indoor concentration = 68 + 0.91 Indoor/outdoor >1, average indoor concentration = 68 + 0.91 

(outdoor concentration)(outdoor concentration)
–– Indoor/outdoor Indoor/outdoor ≤≤ 1, average indoor concentration = 54 + 1, average indoor concentration = 54 + 

0.14 (outdoor concentration) 0.14 (outdoor concentration) 
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Tsai & Macher (2005), BASE studyTsai & Macher (2005), BASE study
Conclusions and ImplicationsConclusions and Implications

Seasonal pattern across ten climate zonesSeasonal pattern across ten climate zones
GramGram--positive rods were more abundant in outdoor air positive rods were more abundant in outdoor air 
nationwidenationwide
Airborne GramAirborne Gram--positive cocci concentration was higher positive cocci concentration was higher 
indoors than outdoorsindoors than outdoors
Typical indoor bacterial air concentration in offices and Typical indoor bacterial air concentration in offices and 
similar nonsimilar non--manufacturing workplace: manufacturing workplace: 
–– 75th percentiles: 124 CFU/m75th percentiles: 124 CFU/m33

–– 90th percentiles: 175 CFU/m90th percentiles: 175 CFU/m33
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What type of indoor environment is this?What type of indoor environment is this?

ChryseobacteriumChryseobacterium –– plant materials, raw milk, water, and animals.plant materials, raw milk, water, and animals.
KlebsiellaKlebsiella ––soil, water, grain, fruits, and vegetablessoil, water, grain, fruits, and vegetables
KluyveraKluyvera ––food, soil, sewage and human clinical specimensfood, soil, sewage and human clinical specimens
KocuriaKocuria –– ccommonly found on human skin. ommonly found on human skin. 
LactococcusLactococcus –– lactic acid bacteria, used in the dairy industry lactic acid bacteria, used in the dairy industry 
LeuconostocLeuconostoc ––plants and in dairy and other food products.plants and in dairy and other food products.
MicrococcusMicrococcus –– ooccur primarily on mammalian skin and in soil ccur primarily on mammalian skin and in soil 
PseudomonasPseudomonas –– often found in moist area.often found in moist area.
PsychrobacterPsychrobacter –– Associated with fishAssociated with fish, , processed meat and poultry products.processed meat and poultry products.
RothiaRothia –– Normally inhabit the human mouth and throat.Normally inhabit the human mouth and throat.
StaphylococcusStaphylococcus –– skin and mucous membranes of warmskin and mucous membranes of warm--blooded vertebrates blooded vertebrates 
VibrioVibrio –– Found in aquatic habitats with a wide range of salinities. Found in aquatic habitats with a wide range of salinities. 
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Field Assessment of Bacterial LoadField Assessment of Bacterial Load

ATP monitorATP monitor
–– Measures Measures adenosine triphosphate (ATP)adenosine triphosphate (ATP)
–– Used on food preparation surfaceUsed on food preparation surface
–– Measures general cleanness Measures general cleanness 
–– NNo significant correlation between the ATP o significant correlation between the ATP 

monitor readings and the monitor readings and the microbial loadmicrobial load

QuikAlert (Vista Enterprise)QuikAlert (Vista Enterprise)
–– For food contamination testingFor food contamination testing
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II. Sewage Contamination and Testing

Sewage ConstituentsSewage Constituents
Health Risk of Sewage ContaminationHealth Risk of Sewage Contamination
Sewage Indicator OrganismsSewage Indicator Organisms
Verification Test MethodsVerification Test Methods
Air sampling issueAir sampling issue
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Major Constituents in SewageMajor Constituents in Sewage (1)(1)

•• WaterWater ( > 95( > 95%%) ) 
•• PathogensPathogens: : bacteria,bacteria, virusesviruses,, and and parasitparasiteses. . 
•• NonNon--pathogenic pathogenic bacteriabacteria (>(>1100,00000,000 CFUCFU/ml/ml) ) 

& fungi& fungi
•• OrganicOrganic particlesparticles: : fecefecess,, hairshairs, , foodfood, , vomitvomit, , 

paper fibres, plant material, paper fibres, plant material, humushumus, etc. , etc. 
•• SolubleSoluble organic materialorganic material: : ureaurea, fruit sugars, , fruit sugars, 

soluble soluble proteinsproteins, , drugsdrugs,, pharmaceuticalspharmaceuticals, etc. , etc. 
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Major Constituents Major Constituents in in SewageSewage (2)(2)

•• InorganicInorganic particlesparticles: : sandsand, grit, metal particles, , grit, metal particles, 
ceramicsceramics, etc. , etc. 

•• Soluble inorganic materialSoluble inorganic material: : ammoniaammonia, road, road--salt, salt, 
seasea--salt, salt, cyanidecyanide, , hydrogen sulphidehydrogen sulphide, , thiocyanatesthiocyanates, , 
thiosulphatesthiosulphates, etc. , etc. 

•• AnimalsAnimals: : protozoaprotozoa, , insectsinsects, , arthropodsarthropods, , fishfish, etc. , etc. 
•• MacroMacro--solidssolids: : sanitary towelssanitary towels, , nappies/ diapersnappies/ diapers, , 

condomscondoms, , needlesneedles, toys, dead , toys, dead petspets, body parts, etc. , body parts, etc. 
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Major Constituents in SewageMajor Constituents in Sewage (3)(3)

•• GasesGases: : hydrogen sulphidehydrogen sulphide, , carbon dioxidecarbon dioxide, , 
methanemethane, etc. , etc. 

•• EmulsionsEmulsions: : paintspaints, , adhesivesadhesives, , mayonnaisemayonnaise, , hairhair
colourants, emulsified oils, etc. colourants, emulsified oils, etc. 

•• ToxinsToxins: : pesticidespesticides, , poisonspoisons, , herbicidesherbicides, etc. , etc. 

(F(From:  Wikopediarom:  Wikopedia –– wwastewaterastewater) ) 
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Health Risk of Sewage ContaminationHealth Risk of Sewage Contamination

PathogensPathogens
Secondary metabolitesSecondary metabolites
Abiotic Constituents:Abiotic Constituents:
–– Heavy metals such as lead and mercuryHeavy metals such as lead and mercury
–– Insecticides, herbicides, pesticidesInsecticides, herbicides, pesticides
–– Industrial wastes, radioactive and toxic Industrial wastes, radioactive and toxic 

compoundscompounds
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Bacterial Pathogens in Human SewageBacterial Pathogens in Human Sewage

–– Aeromonas hydrophilaAeromonas hydrophila
–– Camphylobacter jejuniCamphylobacter jejuni
–– Clostridium difficileClostridium difficile and other species of and other species of ClostridiumClostridium
–– Escherichia coliEscherichia coli
–– Helicobacter pyloriHelicobacter pylori
–– Klebsiella pneumoniaeKlebsiella pneumoniae
–– Listeria monocytogenes Listeria monocytogenes and other species of and other species of Listeria Listeria 
–– Salmonella typhiSalmonella typhi and other species of and other species of SalmonellaSalmonella
–– Shigella dysenteriae Shigella dysenteriae and other species of and other species of ShigellaShigella
–– Vibrio choleraVibrio cholera
–– Yersinia enterocoliticaYersinia enterocolitica and other species of and other species of YersiniaYersinia
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Virus Pathogens in Human SewageVirus Pathogens in Human Sewage

–– AdenovirusAdenovirus
–– CalicivirusCalicivirus
–– Coxsachievirus Coxsachievirus (some strains)(some strains)
–– EchovirusEchovirus
–– HepatitisHepatitis
–– Norwalk virusNorwalk virus
–– PoliovirusPoliovirus
–– ReovirusReovirus
–– RotavirusRotavirus
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Parasites in Human SewageParasites in Human Sewage

–– Ascaris Ascaris speciesspecies
–– Balantidium coliBalantidium coli
–– Cryptosporidium Cryptosporidium 
–– CyclosporaCyclospora
–– Entamoeba histolyticaEntamoeba histolytica
–– Giardia lambiaGiardia lambia
–– Isospora balli Isospora balli andand I. hominisI. hominis
–– Necator americanusNecator americanus
–– Taenia Taenia speciesspecies
–– Toxoplasma gondiiToxoplasma gondii
–– Trichuris trichuriaTrichuris trichuria
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Secondary Metabolites in Sewage Secondary Metabolites in Sewage 
ContaminationContamination

Endotoxin Endotoxin –– cellcell--membrane constituents of membrane constituents of 
GramGram--negative bacterianegative bacteria
Enterotoxins Enterotoxins –– proteinaceous toxins proteinaceous toxins 
produced by Gramproduced by Gram--negative bacteria on negative bacteria on 
their outer membranestheir outer membranes
Volatile Compounds Volatile Compounds –– MVOCs, Ammonia, MVOCs, Ammonia, 
Hydrogen sulfide (rotten egg gas). Hydrogen sulfide (rotten egg gas). 
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Why Test for Sewage Indicator OrganismsWhy Test for Sewage Indicator Organisms

Testing for the enteric Testing for the enteric 
pathogens is oftenpathogens is often
–– DifficultDifficult
–– Lab intensiveLab intensive
–– TimeTime--consumingconsuming
–– ExpensiveExpensive
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Criteria for Sewage Indicator OrganismsCriteria for Sewage Indicator Organisms

Naturally occurs in the digestive systems of human Naturally occurs in the digestive systems of human 
and warmand warm--blooded animals, but not grow in the blooded animals, but not grow in the 
environmentenvironment
Be present whenever enteric pathogens are presentBe present whenever enteric pathogens are present
Survive longer than all the enteric pathogensSurvive longer than all the enteric pathogens
Their quantity correlates to the degree of pollutionTheir quantity correlates to the degree of pollution
The testing method for the indicator organism should The testing method for the indicator organism should 
reliable, fast, inexpensive and easy to performreliable, fast, inexpensive and easy to perform
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Sewage Indicator BacteriaSewage Indicator Bacteria

Total coliforms Total coliforms 
Fecal coliforms Fecal coliforms 
E. coli E. coli 
Fecal streptococci and enterococciFecal streptococci and enterococci
Developed and validated for ground, drinking, Developed and validated for ground, drinking, 
recreational waters and wastewaterrecreational waters and wastewater
Used in IAQ practicesUsed in IAQ practices
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ColiformsColiforms as Indicator Organismsas Indicator Organisms

They do not persist for extended periods of time, such They do not persist for extended periods of time, such 
indicate recent contaminationindicate recent contamination
Abundant in the digestive systems of human and warm Abundant in the digestive systems of human and warm 
blooded animalblooded animal
They occur in greater number than the major pathogensThey occur in greater number than the major pathogens
They can be readily testedThey can be readily tested
But, they are sensitive to desiccation and biocidesBut, they are sensitive to desiccation and biocides

Nov. 12, 2008  # Nov. 12, 2008  # 6464

Total coliforms, fecal coliforms and Total coliforms, fecal coliforms and E. coliE. coli

E. coli

Fecal Coliforms
Thermotolerant

Total Coliforms
Gram-negative
Lactose-fermentating
Rod-shaped
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Escherichia coliEscherichia coli

GramGram--negative bacillinegative bacilli
Spread by fecalSpread by fecal--oral oral 
route or by contaminated route or by contaminated 
food, water, milk, and food, water, milk, and 
improperly cooked beefimproperly cooked beef
Four strainsFour strains
E. coliE. coli O157:H7O157:H7

Nov. 12, 2008  # Nov. 12, 2008  # 6666

EnterococcEnterococci as Indicator Organismsi as Indicator Organisms

Mainly Mainly E. faecalisE. faecalis and and E. E. 
faeciumfaecium
Colonize the gastrointestinal Colonize the gastrointestinal 
and genital tracts of humansand genital tracts of humans
More tolerant to salt water, More tolerant to salt water, 
chlorination, and other stresschlorination, and other stress
Fit for recreational water Fit for recreational water 
testingtesting
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Sewage Cleanup Verification CriteriaSewage Cleanup Verification Criteria

Disinfection or elimination of potential health Disinfection or elimination of potential health 
hazardshazards
Testing for indicator bacteriaTesting for indicator bacteria
Parasites, Enteroviruses, endotoxins, allergens, Parasites, Enteroviruses, endotoxins, allergens, 
irritantsirritants
EndotoxinEndotoxin

Nov. 12, 2008  # Nov. 12, 2008  # 6868

Verification Test MethodsVerification Test Methods

Coliform cultureColiform culture--based methodsbased methods
Other cultureOther culture--based methodsbased methods
ChemicalChemical--based methodsbased methods
–– CaffeineCaffeine
–– Fecal sterols (coprastanol is unique to human)Fecal sterols (coprastanol is unique to human)
–– EndotoxinEndotoxin

MolecularMolecular--based methodsbased methods
–– Bacteria, virusesBacteria, viruses
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Comparison of Sewage Cleanup Comparison of Sewage Cleanup 
Verification Testing MethodsVerification Testing Methods

Method Sensitivity Viability False - False + TAT Cost
E. coli Culture High Yes Rare Rare 2 days $
Enterococci Culture High Yes Rare Possible 2 days $
Bifidobacterium Culture Low Yes Possible Rare 3 days $$
Phage & Viruses Culture Low Yes Possible Rare 3 days $$$
Bacteria Molecular High No Rare Rare 1 day $$$
Phage & Viruses Molecular High/Low No Possible Rare 1 day $$$
Caffeine, Pharmaceuticals High/Low No Possible Rare 1 day $$$
Endotoxin High No Rare Rare 1-2 days $$
Facal sterols High/Low No Possible Rare 1 day $$$

Nov. 12, 2008  # Nov. 12, 2008  # 7070

ColiformColiform Testing Testing -- ONPG & ONPG & MUG MUG MMethodethod

ColilertColilertTMTM

–– Total coliformTotal coliform
–– E. coliE. coli

Incubate at 35Incubate at 35±±0.50.5˚̊C for C for 24 24 hourshours
When total coliforms metabolize nutrientWhen total coliforms metabolize nutrient--
indicator, ONPG, the sample turns yellowindicator, ONPG, the sample turns yellow
When When E. coliE. coli metabolize nutrientmetabolize nutrient--indicator, indicator, 
MUG, the sample fluorescesMUG, the sample fluoresces
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ColiformColiform Testing Testing –– ONPG & ONPG & MUG MUG MMethodethod
(IDEXX Literature)(IDEXX Literature)

Nov. 12, 2008  # Nov. 12, 2008  # 7272

ColiformColiform Testing Testing –– ONPG & ONPG & MUG MUG MMethodethod
(IDEXX Literature)(IDEXX Literature)

From IDEXX Website
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Coliform Testing Coliform Testing –– Aemtek StudyAemtek Study
What is really there?What is really there?

Nov. 12, 2008  # Nov. 12, 2008  # 7474

Coliform Testing Coliform Testing –– Aemtek StudyAemtek Study
What is really there?What is really there?

Total Coliforms E. coli
E. coli Fecal-origin coliform
Citrobacter Coliform
Enterobacter Coliform
Citrobacter Coliform
Enterobacter Coliform
Pseudomonas Gram-negative
Brevundimonas Gram-negative
Pantoea Gram-negative
Pseudomonas Gram-negative
Bacillius Gram-positive

+ -
- -

Colilert Results
What we have found Note

+ +
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Enterococci TestingEnterococci Testing
(IDEXX Literature)(IDEXX Literature)

EnterolertEnterolertTMTM

–– EnterococcusEnterococcus faecalisfaecalis
–– E. faeciumE. faecium

Incubate at 41Incubate at 41±±0.50.5˚̊C for C for 2424
hourshours
When enterococci When enterococci 
metabolizes the nutrientmetabolizes the nutrient--
indicator, the sample indicator, the sample 
fluorescesfluoresces

Nov. 12, 2008  # Nov. 12, 2008  # 7676

Enterococci TestingEnterococci Testing
(IDEXX Literature)(IDEXX Literature)
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Enterococci TestingEnterococci Testing –– Aemtek StudyAemtek Study
What is really there?What is really there?

Enterolert Results What we have found Note
Enterococcus (2 species) Fecal-origin, Gram-positive
Serratia Coliform
Flavobacterium Gram-negative
Sphingobacterium Gram-negative- Bacillius Gram-positive

+

Note: after Enterolert testing and incubation at 41Note: after Enterolert testing and incubation at 41±±0.50.5˚̊CC

Nov. 12, 2008  # Nov. 12, 2008  # 7878

What you should know about sewage What you should know about sewage 
screen testingscreen testing

The ColilertThe Colilert™™ & Enterolert& Enterolert™™ methods are methods are 
EPA approved for EPA approved for waterwater testingtesting
It was adapted for surface swab testingIt was adapted for surface swab testing
Soil samples may require plating method or Soil samples may require plating method or 
need confirmation testing because presence need confirmation testing because presence 
of other bacteria may result in false positive of other bacteria may result in false positive 
or false negativeor false negative
Absence of Coliforms or Enterococci do not Absence of Coliforms or Enterococci do not 
indicate absence of other bacteriaindicate absence of other bacteria
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Air sampling after sewage contaminationAir sampling after sewage contamination

Not recommended, but if you have to:Not recommended, but if you have to:
Use Andersen or similar samplerUse Andersen or similar sampler
Sample meaningful volume, e.g., 1 mSample meaningful volume, e.g., 1 m33

Target on GramTarget on Gram--negative bacterianegative bacteria
Use selective media, e.g., MacConkyUse selective media, e.g., MacConky
Incubate at 35Incubate at 35˚̊CC
Consider sample endotoxinConsider sample endotoxin

Nov. 12, 2008  # Nov. 12, 2008  # 8080

III. Legionella Sampling and Analysis

Legionella growth 
conditions
Legionella sampling 
and analysis 
strategies
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Legionnaire's DiseaseLegionnaire's Disease

First reported at American First reported at American LegionLegion
Conference in 1976 Conference in 1976 ((221 221 infectedinfected,, 34 deaths34 deaths))
The causative agent was namedThe causative agent was named LegionLegionella ella 
pneumophilapneumophila
It is It is the the most common airborne bacterial most common airborne bacterial 
infection associated with contamination in infection associated with contamination in 
building water systemsbuilding water systems

Nov. 12, 2008  # Nov. 12, 2008  # 8282

Legionnaire's DiseaseLegionnaire's Disease -- Route of EntryRoute of Entry

Entry by inhalation of Entry by inhalation of 
aerosols containing aerosols containing 
LegionellaLegionella or aspirationor aspiration
Affect the respiratory Affect the respiratory 

tracttract
Cause pneumoniaCause pneumonia
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Pontiac Fever Pontiac Fever –– a case studya case study

HotelHotel’’s whirl pool spa and swimming pools whirl pool spa and swimming pool
Symptoms: headache,Symptoms: headache, fever,fever, chills,chills, shortnessshortness
ofof breathbreath andand fatigue.fatigue.
LegionellaLegionella micdadeimicdadei was isolated was isolated 
High heterotrophic plate count (68,000,000 High heterotrophic plate count (68,000,000 
CFU/mL)CFU/mL)
High endotoxin level (14,400 endotoxin High endotoxin level (14,400 endotoxin 
units/mL)units/mL)

Nov. 12, 2008  # Nov. 12, 2008  # 8484

LegionellaLegionella

GramGram--negative bacillinegative bacilli
Ubiquitous natural inhabitants Ubiquitous natural inhabitants 
of fresh water of fresh water 
>50 species>50 species
Legionella pneumophilaLegionella pneumophila
Serogroup 1Serogroup 1
Optimum growth tOptimum growth temperature: emperature: 
3535°°C C –– 4545°°C C ((2020°°C C –– 5050°°CC))
Growth in Growth in biofilmbiofilms and get s and get 
nutrients from algae, protozoa, nutrients from algae, protozoa, 
and and otherother bacteriabacteria
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Possible Possible LegionellaLegionella Growth SitesGrowth Sites

–– Air WashersAir Washers
–– Architectural Fountains and WaterfallsArchitectural Fountains and Waterfalls
–– Cooling TowersCooling Towers
–– Direct Evaporative Air CoolersDirect Evaporative Air Coolers
–– Emergency Water Systems (Fire Protection)Emergency Water Systems (Fire Protection)
–– Evaporative CondensersEvaporative Condensers
–– Fluid Coolers (Closed Circuit Cooling Towers)Fluid Coolers (Closed Circuit Cooling Towers)
–– Hot and cold water faucetsHot and cold water faucets
–– HumidifiersHumidifiers
–– Indirect Evaporative Air Coolers Indirect Evaporative Air Coolers 
–– Metal Working SystemsMetal Working Systems
–– Misters and Atomizers Misters and Atomizers 
–– Municipal Water SuppliesMunicipal Water Supplies
–– Pools, whirlpools and spasPools, whirlpools and spas
–– Potable Water SystemsPotable Water Systems
–– Storage tanks and hot water heatersStorage tanks and hot water heaters
–– Any other source of aerosolized water Any other source of aerosolized water 

Nov. 12, 2008  # Nov. 12, 2008  # 8686

Legionella Legionella SamplingSampling

Water samplesWater samples
Swab sample for faucet, pipeline, etc.Swab sample for faucet, pipeline, etc.
Use sterile container/swab Use sterile container/swab 
Water sample volume: 100 mL Water sample volume: 100 mL –– 1L1L
Add potassium thiosulphate or sodium Add potassium thiosulphate or sodium 
thiosulphate to inactivate chlorine and other thiosulphate to inactivate chlorine and other 
oxidizing biocidesoxidizing biocides
Deliver the sample to the lab within 2 daysDeliver the sample to the lab within 2 days
Ship/store the sample at 5 Ship/store the sample at 5 ±± 33˚̊CC
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Quiz #4Quiz #4

What is the What is the 
preferred sample preferred sample 
volume for water volume for water 
LegionellaLegionella testing?testing?

Nov. 12, 2008  # Nov. 12, 2008  # 8888

LegionellaLegionella Detection Detection –– Culture MethodCulture Method

Standard Methods 9260J Standard Methods 9260J -- for for 
analyzing water samples with high analyzing water samples with high 
bacterial countbacterial count

ISOISO--1173111731–– Part 2: Direct membrane Part 2: Direct membrane 
filtration method for waters with low filtration method for waters with low 
bacterial countsbacterial counts
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LegionellaLegionella Detection Detection –– Culture MethodCulture Method

Membrane filtration of water sample to concentrate the Membrane filtration of water sample to concentrate the 
samplesample
RecoveryRecovery on buffered charcoal yeast extract (BCYE) on buffered charcoal yeast extract (BCYE) 
agaragar ((LegionellaeLegionellae do not grow on do not grow on TSA TSA agaragar) ) 
Heat or acid treatment to reduce other microbes Heat or acid treatment to reduce other microbes 
IIncubation ncubation at 36 at 36 ±± 22˚̊C C for up to for up to 1010 days, suspect days, suspect 
colonies are confirmed as colonies are confirmed as LegionellaeLegionellae if they grow on if they grow on 
BCYE containing cysteine, but not on agar without BCYE containing cysteine, but not on agar without 
cysteine added. cysteine added. 
Use immunological assay to identify Use immunological assay to identify the species and/or the species and/or 
serogroups present in the sample.serogroups present in the sample.

Nov. 12, 2008  # Nov. 12, 2008  # 9090

LegionellaLegionella Detection Detection –– QPCR MethodQPCR Method

Quantitative Polymerase Chain Reaction (QPCR) Quantitative Polymerase Chain Reaction (QPCR) 
QPCR employs the DNA amplification technology QPCR employs the DNA amplification technology 
using targetusing target--specific DNA primers and the specific DNA primers and the 
fluorescence detection technology, allowing fluorescence detection technology, allowing 
amplification to be read in real time.  amplification to be read in real time.  
Quantification is performed by calculating starting Quantification is performed by calculating starting 
number of DNA copiesnumber of DNA copies
Reported as DNAReported as DNA--equivalent number of cellsequivalent number of cells
Pro: quick turn around timePro: quick turn around time
Con: does not differentiate live or dead cellsCon: does not differentiate live or dead cells
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Data InterpretationData Interpretation

The EPA has suggested an acceptable level of The EPA has suggested an acceptable level of 
LegionellaLegionella in drinking water to be in drinking water to be 00 CFU/ml.  CFU/ml.  

Regulatory agencies and scientific community Regulatory agencies and scientific community 
agree that any species or serotype of agree that any species or serotype of 
LegionellaLegionella that is detected in a building water that is detected in a building water 
distribution system above 1 CFU/ml is distribution system above 1 CFU/ml is 
unacceptable and that some measure of unacceptable and that some measure of 
response is required.  response is required.  

Nov. 12, 2008  # Nov. 12, 2008  # 9292
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LegionellaLegionella Data ReportingData Reporting

““Make the results of all water monitoring Make the results of all water monitoring 
tests available to building occupants when tests available to building occupants when 
excessive levels of LDBexcessive levels of LDB [Legionnaires' [Legionnaires' 
disease bacteria] disease bacteria] are found. Visitors and are found. Visitors and 
employees have rights to sampling results employees have rights to sampling results 
as per OSHA Standardas per OSHA Standard..””

OSHA websiteOSHA website

Nov. 12, 2008  # Nov. 12, 2008  # 9494

Internet Resources for Internet Resources for LegionellaLegionella Sampling Sampling 
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IV. Sampling for Pathogenic Bacteria

Bacterial pathogensBacterial pathogens
Important bacterial toxinsImportant bacterial toxins
Bacterial recoveryBacterial recovery
Sampling efficiencySampling efficiency
Novel or high volume samplingNovel or high volume sampling

Nov. 12, 2008  # Nov. 12, 2008  # 9696

IE significant: IE significant: EnterobacteriaceaeEnterobacteriaceae

Include many genera of Include many genera of 
gram negative bacilligram negative bacilli
Some colonize the Some colonize the 
intestinal tracts of humansintestinal tracts of humans
Grow well on blood agar Grow well on blood agar 
and MacConkey at 35and MacConkey at 35°°CC

EnterobacterEnterobacter
EscherichiaEscherichia
KlebsiellaKlebsiella
ProteusProteus
SalmonellaSalmonella
ShigellaShigella
YersiniaYersinia
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PseudomonasPseudomonas

Aerobic, gram negative bacilliAerobic, gram negative bacilli
Widely distributed in the Widely distributed in the 
environment and in moist environment and in moist 
areasareas
Nosocomial infections in Nosocomial infections in 
hospitalshospitals
Infection sources include Infection sources include 
hydrotherapy baths, hydrotherapy baths, 
respiratory therapy equipmentrespiratory therapy equipment
Pseudomonas aeruginosaPseudomonas aeruginosa

Nov. 12, 2008  # Nov. 12, 2008  # 9898

Important Airborne Bacterial PathogensImportant Airborne Bacterial Pathogens

LegionellosisLegionellosisLegionella pneumophilaLegionella pneumophila

PneumoniaPneumoniaKlebsiella pneumoniaeKlebsiella pneumoniae

DiptheriaDiptheriaCorynebacterium diptheriaeCorynebacterium diptheriae

PneumoniaPneumoniaClamydia psittaciClamydia psittaci

Whooping coughWhooping coughBordetella pertussisBordetella pertussis

Pulmonary anthraxPulmonary anthraxBacillus anthracisBacillus anthracis

DiseasesDiseasesPathogensPathogens
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Important Airborne Bacterial PathogensImportant Airborne Bacterial Pathogens

Pneumonic plaguePneumonic plagueYesinia pestisYesinia pestis

Strep., respiratory infectionStrep., respiratory infectionStreptococcus pyogenesStreptococcus pyogenes

Staph, respiratory infectionStaph, respiratory infectionStaphylococcus aureusStaphylococcus aureus

Typhoid feverTyphoid feverSalmonella typhiSalmonella typhi

Meningococcal infectionMeningococcal infectionNeisseria meningitidisNeisseria meningitidis

Pulmonary tuberculosisPulmonary tuberculosisMycobacterium tuberculosisMycobacterium tuberculosis

DiseasesDiseasesPathogensPathogens

Nov. 12, 2008  # Nov. 12, 2008  # 100100

StaphylococcusStaphylococcus

Gram positive, catalaseGram positive, catalase--positive cocci in positive cocci in 
pairs and clusterspairs and clusters
Commonly colonize the surface of skin and Commonly colonize the surface of skin and 
mucosal membranes of mammals and birdsmucosal membranes of mammals and birds
Staphylococcus aureusStaphylococcus aureus is frequently is frequently 
encountered human pathogen, causing skin encountered human pathogen, causing skin 
to systemic infectionsto systemic infections
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Methicillin ResistantMethicillin Resistant Staphylococcus aureus Staphylococcus aureus 
(MRSA) (MRSA) 

Staphylococcus aureusStaphylococcus aureus that is resistant to methicillin that is resistant to methicillin 
and other more common antibiotics such as oxacillin, and other more common antibiotics such as oxacillin, 
penicillin and amoxicillin. penicillin and amoxicillin. 
Most common skin infectionMost common skin infection
Invasive MRSA infections occur in health care facilityInvasive MRSA infections occur in health care facility
MRSA is an important pathogenMRSA is an important pathogen
–– Pathogenicity Pathogenicity 
–– Fewer antibiotic treatment options Fewer antibiotic treatment options 
–– MRSA are transmissibleMRSA are transmissible

Nov. 12, 2008  # Nov. 12, 2008  # 102102

Detection of MRSA Detection of MRSA 

Culture: the cefoxitin disk screen test, the latex Culture: the cefoxitin disk screen test, the latex 
agglutination test for PBP2a, or a plate agglutination test for PBP2a, or a plate 
containing 6 µg/ml of oxacillin in Muellercontaining 6 µg/ml of oxacillin in Mueller--Hinton Hinton 
agar supplemented with NaCl (4% w/v; 0.68 agar supplemented with NaCl (4% w/v; 0.68 
mol/L) mol/L) 

PCR: detect the PCR: detect the mecmecA gene, which mediates A gene, which mediates 
oxacillin resistance in staphylococci. oxacillin resistance in staphylococci. 



52

Nov. 12, 2008  # Nov. 12, 2008  # 103103

MycobacteriumMycobacterium tuberculosistuberculosis

Causes tuberculosisCauses tuberculosis in humans in humans 
The leading cause of death in The leading cause of death in 
the world from a bacterial the world from a bacterial 
infectioninfection
Affects 1.8 billion people/year Affects 1.8 billion people/year 
(i.e., 1/3 of the world’s (i.e., 1/3 of the world’s 
population)population)
Has an important place in Has an important place in 
history and masterpiece history and masterpiece 
literatureliterature

Nov. 12, 2008  # Nov. 12, 2008  # 104104

Sampling for Airborne Sampling for Airborne MycobacteriumMycobacterium

Get public health Get public health 
professionals involvedprofessionals involved
Culturable bioaerosol Culturable bioaerosol 
samplingsampling
–– Liquid impinger Liquid impinger 
–– Filter cassettesFilter cassettes

The bacterium is 1The bacterium is 1--10 x 0.210 x 0.2--
0.7 0.7 µµm, with characteristic m, with characteristic 
mycolic acids in cell wallmycolic acids in cell wall
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Analysis of Analysis of MycobacteriumMycobacterium

Requires special media (agarRequires special media (agar--based, eggbased, egg--based or based or 
liquid)liquid)
Incubation at 35Incubation at 35--3737ººCC
GenusGenus--specific and speciesspecific and species--specific DNA probesspecific DNA probes
It was estimated that the indoor airborne It was estimated that the indoor airborne 
Mycobacterium tuberculosis Mycobacterium tuberculosis droplet nuclei droplet nuclei 
concentration is as low as 1 infectious unit per 310 concentration is as low as 1 infectious unit per 310 
mm3 3 

Infectious dose is less than 10dose is less than 10

Nov. 12, 2008  # Nov. 12, 2008  # 106106

Important Airborne Important Airborne BacterialBacterial ToxinsToxins

Botulinal A toxin (Botulinal A toxin (Clostridium botulinumClostridium botulinum))
–– Lethal dose by inhalation is 0.3 Lethal dose by inhalation is 0.3 µµg, neurotoxing, neurotoxin

Staphylococcal enterotoxinStaphylococcal enterotoxin
–– Lethal dose by inhalation is 25 Lethal dose by inhalation is 25 µµgg

Lipopolysaccharides (endotoxin)Lipopolysaccharides (endotoxin)
–– Dose for toxic effect by inhalation is <10 ngDose for toxic effect by inhalation is <10 ng
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EndotoxinEndotoxin

The outer membrane of gramThe outer membrane of gram--negative bacteria: negative bacteria: 
lipopolysaccharidelipopolysaccharide
Stable: e.g., it requires 250°C and a duration of 30min Stable: e.g., it requires 250°C and a duration of 30min 
to break down endotoxinto break down endotoxin
Release to the environment during active bacterial cell Release to the environment during active bacterial cell 
growth or after bacterial cell lysisgrowth or after bacterial cell lysis
Can be found in office buildings & homes where there Can be found in office buildings & homes where there 
are humidification systems, sewage treatment facilities, are humidification systems, sewage treatment facilities, 
and agriculture product processing facilities  and agriculture product processing facilities  

Nov. 12, 2008  # Nov. 12, 2008  # 108108

Health Effects of Endotoxin ExposuresHealth Effects of Endotoxin Exposures

AllergenAllergen
CCause respiratory distress syndromesause respiratory distress syndromes
Acute lung effects Acute lung effects –– reported zeroreported zero--change change 
threshold as low as 90 EU/mthreshold as low as 90 EU/m33

Chronic lung effects Chronic lung effects –– exposure of 10 exposure of 10 –– 200 EU/m200 EU/m33

may lead to adverse respiratory health effectmay lead to adverse respiratory health effect
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Environmental Endotoxin SamplingEnvironmental Endotoxin Sampling

Settled dust or air can be sampled by using Settled dust or air can be sampled by using 
filter cassettes (e.g., polycarbonate filter cassettes (e.g., polycarbonate 
membrane filters or Teflon filters)membrane filters or Teflon filters)
Use endotoxinUse endotoxin--free sampling cassettesfree sampling cassettes
Seal the cassettes well after samplingSeal the cassettes well after sampling
Ship the samples cool to avoid significant Ship the samples cool to avoid significant 
changes in gramchanges in gram--negative bacterial negative bacterial 
populationpopulation

Nov. 12, 2008  # Nov. 12, 2008  # 110110

Endotoxin AnalysisEndotoxin Analysis

Chromogenic Chromogenic Limulus Limulus 
Amebocyte Lysate Amebocyte Lysate 
(LAL) assay, utilizing (LAL) assay, utilizing 
blood from the blood from the 
Horseshoe crab. Horseshoe crab. 
Very sensitiveVery sensitive
The results are read The results are read 
by a microplate by a microplate 
readerreader
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Bacterial RecoveryBacterial Recovery

Know your target bacteriaKnow your target bacteria
Select analytical method firstSelect analytical method first
General purpose vs. selective mediaGeneral purpose vs. selective media
Know mKnow method detection limitethod detection limit

Nov. 12, 2008  # Nov. 12, 2008  # 112112

Quiz #5Quiz #5

What should we be  What should we be  
concerned about concerned about 
when sampling for when sampling for 
a pathogen?a pathogen?
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Sampling EfficiencySampling Efficiency

Efficiency of locating 
randomly distributed 
bacteria
Efficiency of collecting 
bacteria on selected 
location
Efficiency of extracting 
bacteria from sampling 
device

Nov. 12, 2008  # Nov. 12, 2008  # 114114

Novel or High Volume Sampling Novel or High Volume Sampling 
Methods Methods (examples)(examples)

Surface: MSurface: M--Vac Vac 
Sampling SystemSampling System
Air: High volume Air: High volume 
samplersampler
Air: LongAir: Long--term term 
sampling devicessampling devices
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MM--Vac SystemVac System

Nov. 12, 2008  # Nov. 12, 2008  # 116116

Liquid Impinger Liquid Impinger 
e.g., BioSampler (SKC, Inc.)e.g., BioSampler (SKC, Inc.)

8 hours or less8 hours or less
Dilute buffer solution Dilute buffer solution 
Typical airflow rate: 12.5 lpmTypical airflow rate: 12.5 lpm
Culture, PCR, biochemical Culture, PCR, biochemical 
analysis, and immunoassay   analysis, and immunoassay   
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High Volume Air Sampler High Volume Air Sampler 

Collection media: LiquidCollection media: Liquid
5 minutes to 6 hours5 minutes to 6 hours
Airflow rate: 450 lpmAirflow rate: 450 lpm
Culture, PCR, biochemical Culture, PCR, biochemical 
analysis, and immunoassay   analysis, and immunoassay   
For fungi, bacteria, virusesFor fungi, bacteria, viruses

Nov. 12, 2008  # Nov. 12, 2008  # 118118

Personal ProtectionPersonal Protection
when sampling for pathogenic bacteriawhen sampling for pathogenic bacteria

Consult with public health experts Consult with public health experts 
Investigators should use appropriate Investigators should use appropriate 
personal protective equipmentpersonal protective equipment
–– Respiratory protection gearRespiratory protection gear
–– MicroorganismMicroorganism--resistant clothingresistant clothing
Avoid cross contaminationAvoid cross contamination
Practice good personal hygienePractice good personal hygiene
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Internet Resources for Pathogen InformationInternet Resources for Pathogen Information

Nov. 12, 2008  # Nov. 12, 2008  # 120120

Thank you!Thank you!

Questions?Questions?


