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Introduction

• High infrared reflectivity of new 
pigments 

– Reflect more sunlight than 
conventionally-pigmented roofing 
products 

– Lowering roof surface temperature 
– Reducing building cooling-energy demand

• Prior studies conducted with roof coatings:
– Revealed solar reflectance decreases significantly in 2 years 
– Hypothesized that loss of solar reflectance is caused by 

surface contamination and weathering of the roof
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• Research Objective
– Determining how surface 

contamination and weathering 
affect the roof material 
reflectance and emittance

– Relevance to promoting energy 
efficiency and product marketing

– Biological component

• Field Locations
– Multiple samples of the test   

roofs exposed at seven of 
California’s climate zones

Objective and Field Sites
CA Topographic Map

(Cheng, et.al. 2011 Building and Environment)
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• Examine biogeochemical fouling of roof for change of roof 
reflectance 
– Roof tiles weathered for 1.63 and 4.1 yr 
– Solar reflectance 
– Crustal and carbon element analyses
– Microbiological analyses as membrane                                          

lipid analyses

• Following solar reflectance testing samples for membrane lipid 
analyses were shipped overnight and frozen at -80°C. 

• Retrieved fouling material using muffled glass fiber filters, and 
sodium phosphate buffer with gentle rubbing.

Methods

Metal

Clay 

Before After 
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How do we look for microorganisms?

• Direct microscopic counts 
– Estimate of total microbial abundance 

(acridine orange)
• Cultivation methods - bacteria, fungi, 

and protozoa
– Plate counts and most probable number
– Selective and differential media



6 Managed by UT-Battelle
for the U.S. Department of Energy

• Activity assays - metabolic and respiratory 
capabilities
– Utilization and formation of metabolic end-products
– Labeled electron donors or acceptors
– Enzyme screening

• Analytical Chemistry and Molecular 
Biology
– Quantifying cellular macromolecules

• Membrane lipids, proteins, and nucleic 
acids

• Petrology, chemical and isotopic analyses

library.thinkquest.org

How do we look for microorganisms?
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What are lipids?

• Important structural molecules 
located in the bacterial 
membrane and cell wall

• Heterogeneous class of 
organic molecules 

• Extractable from biological 
material in organic rather than 
aqueous solvents

Inside Cell

Outside Cell Fatty Acid
(Two per phospholipid)

Phospholipidintracellular 
components

environmental 
conditions

(Madigan 2003; White, Stair, & Ringelberg, 1996)

• Specialized lipids (biomarkers) aid in
– identifying microorganisms
– determining the surrounding environmental conditions
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• PLFA - GC/FID, GC/MS (White and Ringelberg, 1997)
• Quinones - HPLC coupled to atmospheric pressure PI or CI MS/MS (Lytle et al., 2004; Geyer et al., 2005)
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• Used to estimate viable biomass
– Expressed as pmol
– Converted into cells

Interpretation of  PLFA Profiles
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Polyunsaturated fatty acid

Saturated fatty acid

Fatty acids chemical structures

Monounsaturated fatty acid

18:2w6

18:0

Interpretation of  PLFA Profiles

Fatty acids are grouped 
by chemical class
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Interpretation of  PLFA Profiles

• Community composition by chemical class groups
– Normal saturates (14:0) Generic or ubiquitous 
– Terminally branched saturates (i15:0) Gram-positive bacteria and sulfate 

reducing bacteria
– Mid-chain branched saturates and branched monounsaturates (br19:1) 

Actinomycetes and sulfate reducing bacteria
– Monounsaturates (16:1ω7) Gram-negative bacteria
– Polyunsaturates (18:4ω6) Eukaryotes (fungi, plants, humans)

• Specific individual PLFA may indicate a genus or type of 
organism (fungi – 18:2ω6)

• Nutritional/physiological status of the Gram-negative 
populations
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• Starvation (nutrient 
limitation) and exposure to 
toxic compounds cause 
metabolic reaction to 
stabilize cell membrane
–Cells convert unsaturated 

fatty acids to cyclopropyl
fatty acids
• Cyclopropyl/monoenoic

precursor ratio > 0.5
–Cells convert the cis isomer 

of unsaturated fatty acids to 
the trans isomer
• Trans/cis ratio > 0.1

PLFA Stress Biomarkers



13 Managed by UT-Battelle
for the U.S. Department of Energy

What are Respiratory Quinones?

• Electron carriers that diffuse freely through the membrane 
of the cell and are involved in microbial respiration
– Ubiquinones: aerobic Gram-negative bacteria and eukaryotes
– Menaquinones: Gram-positive bacteria, anaerobic grown Gram-

negative bacteria and Archaea
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Microbial Biomass

• PLFA  estimates relate 
more to surface 
structure of roof 
material than to climate

• Biomass measured in 
“picomole per sq cm” 

• Biomass less than 30 
pmol PLFA per square 
cm exhibits less than 
5% loss in solar 
reflectance

• Converted to cells: 
– clay tiles = 1.25 x106 cells/cm sq.
– concrete and metal tiles = 6.0 and 1.5 x 105 cells/cm sq. respectively 

(Cheng, et.al. 2011 Building and Environment)
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Microbial Community Composition

• Cyanobacteria and/or fungi 
most prominent species 
(18:2ω6)

• Other major PLFA were16:0, 
18:1ω9c, 18:1ω7c, 18:0 in 
decreasing relative abundance

• a15:0 and i16:0 were found in 
clay and concrete tile, while 
only clay tiles showed br17:0 
and br18:0

• Stress indicator, cy17:0, was 
seen in the alpine climate

(Cheng, et.al. 2011 Building and Environment)
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Crustal and Carbon Elements
• Al and organic carbon (OC) contributed to the increase of 

solar reflectance values found at the sites. 
• Results on these contributions to the change of solar 

reflectance values will be discussed by Mengdawn.

Conclusions
• Roof tile microbial biomass is related to tile composition or 

surface structure.
• PLFA and quinone profiles showed diverse microbial 

communities.
• Cyanobacteria or fungi represent the dominant player. 

• Expanded microbial analyses include cultivation and 
molecular analysis for in-depth community membership and 
phylogenetic identification.  
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Questions
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Genus, Organism, Group PLFA Biomarker

i17:1w7cDesulfovibrio
Desulfobacter

Thiobacillus
Actinomycetes

Eukaryotes

10me16:0

Sulfate/Iron Reducing Bacteria

Desulfobulbus 17:1w6c
Methane Oxidizing Bacteria

16:1w8c, 16:1w5Type I Methanotrophs
Type II Methanotrophs 18:1w8c, 18:1w8t

10me18:0
cy17:0, cy19:0

Fungi 18:2w6
Algae 18:3w3 
Protozoa 20:4w6
Diatoms 20:5w3

Examples of  Specific PLFA 
Biomarkers
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• Ubiquinones and Menaquinones
profiles
– Concrete tiles and Metal (alpine) 

samples had no menaquinones .
– Clay and other metal tiles 

showed diverse quinones
profiles

– UQ/MK ratio of 0.37 to 0.44 may 
indicate the presence of 
microaerophilic to anaerobic 
niches in some clay and metal 
tiles 

Microbial Community Composition

(Cheng, et.al. 2011 Building and Environment)
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