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       A  
 AAS  ,  see    Atomic absorption spectroscopy   
 Aberration, microscope  ,   158   
 Acceptability, risk  ,   576–577   
N -Acetylglucosamine
 cell envelope  ,   14   

 fungal cell wall  ,   22    
N -Acetylmuramic acid, cell envelope  ,   14   
Acidithiobacillus ferrooxidans

 acid mine drainage  ,   324   
 metal recovery  ,   325    

Acidithiobacillus thiooxidans , concrete 
corrosion  ,   322   

 Acid mine drainage  
 acid formation mechanisms  ,   324   
 environmental impact  ,   323–324   
 microorganisms  ,   132–133  ,   324   
 prevention  ,   324–325    

Acinetobacter , opportunistic infection  ,   455   
 Actinomycetes, soil  ,   71  ,   73   
 Activated sludge process  

 nitrogen removal  ,   510   
 overview  ,   508–509   
 phosphorous removal  ,   510–511    

N -Acyl homoserine lactones  
 cross-talk  ,   339–340   
 quorum sensing  ,   336–337    

Acylostoma duodenale , features and disease  , 
  466

 Adenosine 5 � -phosphosulfate, metabolism  ,   311   
 Adenovirus, pathogen features and disease  , 

  470–471
 Adenylate energy charge, measurement  ,   211   
 Adhesion, microbial transport effects  ,   367–370   
 Advection–dispersion models, microbial 

transport  ,   380–381   
 AEC  ,  see    Adenylate energy charge 
 Aeration tank digestion  ,  see    Activated sludge 

process
 Aeromicrobiology

 aeromicrobiological pathway  
 deposition

 downward molecular motion  ,   90   
 gravitational settling  ,   90   
 rain and electrostatic deposition  ,   91   
 surface impaction  ,   90    
 launching  ,   88   
 transport  ,   88–89    

 aerosols
 bioaerosol features  ,   87   
 classifi cation  ,   85   
 Stoke’s law  ,   86–87    

 bioaerosol control  

 biocidal control  ,   97–98   
 fi ltration  ,   97   
 isolation  ,   98   
 ventilation  ,   97    

 biosafety
 biological safety cabinet  ,   98–100   
 laboratories  ,   100–101   
 risk classifi cation  ,   99    

 bioterrorism  ,   571–574   
 extramural aeromicrobiology  

 agriculture  ,   92–94   
 waste disposal  ,   94–95    

 history of study  ,   83   
 intramural aeromicrobiology  

 buildings  ,   95–96   
 hospitals and laboratories  ,   96–97   
 public health  ,   96    

 pathogens  ,   83–84  ,   360   
 sampling devices  

 overview  ,   149–150   
 inpingers  ,   150   
 impaction  ,   150   
 centrifugation  ,   152   
 fi ltration and deposition  ,   152–153    

 toxins  ,   84–85   
 viability

 inactivation equation  ,   91   
 ion formation  ,   92   
 open air factors  ,   92   
 oxygen toxicity  ,   92   
 radiation damage  ,   92   
 relative humidity effects  ,   91–92   
 temperature effects  ,   92     

Aeromonas
 indicator organisms  ,   494   
 opportunistic infection  ,   455    

 AFLP  ,  see    Amplifi ed fragment length 
polymorphisms

 AFM  ,  see    Atomic force microscopy   
 Agency for Toxic Substances Disease Registry, 

top pollutants  ,   399   
 Aggregation, soils  ,   60   
Agrobacterium tumefaciens

 host communication  ,   345   
 quorum sensing  ,   337  ,   339    

 AHLs  ,  see    N-Acyl homoserine lactones   
 AIP  ,  see    Autoinducing peptide   
 Algae

 classifi cation  ,   27   
 culture  ,   185–186   
 ecological considerations  ,   27–28   
 habitats  ,   26   
 metabolism  ,   27–28   

 soil  ,   74   
 structure  ,   27    

 Alicyclic hydrocarbons, biodegradation  
 aerobic conditions  ,   407   
 anaerobic conditions  ,   407–408    

 Alkanes, biodegradation  
 aerobic conditions  ,   402–404   
 anaerobic conditions  ,   404–405    

 AMD  ,  see    Acid mine drainage   
 Ammonia

 ammonifi cation  ,   304–305   
 assimilation  ,   303    

 Amplifi ed fragment length polymorphisms, 
analysis  ,   272–273   

 Amylase, assays  ,   213   
 Anaerobic respiration, assays  ,   209   
 Anthrax

 bioterrorism  ,   566  ,   568   
 transmission  ,   360    

 Antibiotics
 resistance

 biosolid concerns in wastewater 
treatment  ,   525   

 mechanisms  ,   353–354    
 selective media  ,   179–180    

 Antibody  ,  see also    Immunoassay  
 affi nity  ,   227–228   
 antiglobulins  ,   228–229   
 classes  ,   226   
 diversity  ,   227   
 monoclonal versus polyclonal  ,   228   
 specifi city  ,   227   
 structure  ,   226–227    

 AOC  ,  see    Assimilable organic carbon 
 Appendages, bacteria  ,   16   
 APS  ,  see    Adenosine 5 � -phosphosulfate   
 Aquatic environment  

 benthic habitat  ,   105–107   
 biofi lms  ,   107–111   
 brackish water  ,   115   
 food production  ,   119   
 freshwater environments  

 lakes  
 microbial characteristics  ,   113–115   
 physical and chemical 

characteristics  ,   112–113    
 rivers and streams  ,   111–112   
 springs  ,   110    

 marine water 
 microbial characteristics  ,   116–117   
 physical and chemical characteristics  , 

  115–116
 microbial mats  ,   107–108   
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 Aquatic environment (continued)
 planktonic environment  

 overview  ,   103–104   
 primary production  ,   104–105   
 secondary production  ,   105    

 Sargasso Sea studies  ,   117–119   
 subterranean water  ,   117    

 Aquatic environment, source tracking of 
microbes  ,   496–498   

 Aquifer, types  ,   58–59   
 Archaea

 functions  ,   21–22   
 habitats  ,   21   
 structural comparison with bacteria  ,   21    

 Aromatic hydrocarbons, biodegradation  
 anaerobic conditions  ,   410   
 heterocyclic compounds  ,   413   
 overview  ,   408–410   
 pesticides  ,   413–414   
 substituted aromatics  ,   410–411    

 Arsenic  ,  see also    Metal remediation  
 methylation reactions  ,   435   
 oxidation–reduction reactions  ,   434–435   
 water levels and toxicity  ,   425    

Ascaris lumbricoides , features and disease  , 
  465–466

 Assimilable organic carbon, water distribution 
systems  ,   536–537   

 Astroviruses, pathogen features and disease  , 
  469–470

 Atacama Desert  ,   128–130   
 Atomic absorption spectroscopy, metal 

quantifi cation  ,   433   
 Atomic force microscopy, principles  ,   171   
 ATP  

 adenylate energy charge  ,   211   
 metabolism  ,   211    

 ATSDR  ,  see    Agency for Toxic Substances 
Disease Registry   

 Autoinducers, signaling  ,   342   
 Autoinducing peptide, signaling in gram-

positive bacteria  ,   341  ,   343   
 Autoradiography, principles  ,   248   
 Avian bird fl u  ,   89    

 B
 Bacterial communities  

 antibiotic resistance mechanisms  ,   353–354   
 diversity  

 natural products  ,   353–354   
 ocean  ,   349–350   
 soil  ,   348–349    

 ecosystem impact  ,   347–348   
 functional diversity  

 soil  ,   350–351   
 soil–plant–microbe interactions  , 

  351–353
 species characterization  ,   348    

 Bacteriophage
 ecology  ,   30–32   
 indicator organisms  ,   492–493   
 structure and life cycle  ,   30    

 Bacteriostat, defi nition  ,   540   
Bacteroides fragilis , bacteriophage as indicator 

organism  ,   493   

 Bardenpho process, wastewater treatment  , 
  510–511

 BATH test, hydrophobicity evaluation  ,   369   
 BDOC  ,  see    Biodegradable dissolved organic 

carbon
 Benthic habitat, features  ,   105–107   
 Bioaerosol, features  ,   87   
 Bioavailability, organic compounds  ,   394–396   
 Biochemical oxygen demand, sewage 

characterization  ,   503–505  ,   509   
 Biodegradable dissolved organic carbon, water 

distribution systems  ,   537–538   
 Biodegradation  ,  see also    Bioremediation  

 factors affecting  
 bioavailability  ,   394–396   
 environmental factors  

 nitrogen  ,   398   
 organic matter content  ,   398   
 overview  ,   397   
 pH  ,   399   
 redox conditions  ,   397–398   
 salinity  ,   399   
 temperature  ,   398–399   
 water activity  ,   399    

 genetics  ,   393–394   
 structure

 electronic effects  ,   397   
 steric effects  ,   396–397    

 toxicity  ,   394    
 organic pollutants  ,  see    Organic pollutants   
 processes  ,   390–393    

 Biofi lm  
 depth-dependent processes  ,   206–207   
 features  ,   107–111   
 water distribution systems  ,   535–536    

 Biogeochemical cycles  
 carbon  ,  see    Carbon cycle   
 Gaia hypothesis  ,   287–289   
 human activity impact  ,   319–320   
 iron  ,  see    Iron cycle   
 nitrogen  ,  see    Nitrogen cycle   
 overview  ,   287   
 sulfur  ,  see    Sulfur cycle    

 Biological oxygen demand  ,   205–206   
 Biological safety cabinet, classes  ,   98–100   
 Biomass, determination  ,   204–205   
 Bioremediation  ,  see also    Biodegradation  

 addition
 gases  ,   416   
 microorganisms or DNA  ,   418–419   
 nutrients  ,   417–418   
 surfactants  ,   418    

Exxon Valdez  spill  ,   5–6  ,   415   
 metals  ,  see    Metal remediation   
 organic pollutant types  ,  see    Organic 

pollutants
 prevalence  ,   416   
 sequential anaerobic–aerobic degradation  , 

  418
 sewage treatment  ,   415   
 types  ,   414–415   
 white-rot fungi  ,   24  ,   409    

 Bioterrorism
 airborne agents  ,   571–574   
 classifi cation of agents  ,   566–568   
 fomite transmission  ,   574   

 foot-and-mouth disease  ,   573–574   
 historical perspective of biological warfare  , 

  565
 water  

 contaminant transport mechanisms 
and water quality modeling  , 
  569–571

 intrusion events  ,   568   
 real-time monitoring  ,   568–569     

 Blue-green algae  ,  see    Cyanobacteria   
 BOD  ,  see    Biochemical oxygen demand; 

Biological oxygen demand   
 Bog  ,   59   
 Bovine spongiform encephalopathy  ,   33–34   
 Bright-fi eld microscopy, principles  ,   159   
 Bromine, disinfection  ,   546   
 BSC  ,  see    Biological safety cabinet   
 BSE  ,  see    Bovine spongiform encephalopathy   
  g -Butyrolactones, signaling in gram-positive 

bacteria  ,   340–341    

 C
Campylobacter jejuni

 diseases  ,   450   
 history of study  ,   449–450    

 Carbohydrate, metabolism  ,   292  ,   294   
 Carbon cycle  

 fi xation and energy fl ow  ,   290   
 reservoirs of carbon  ,   289–290   
 respiration

 carbon monoxide  ,   298–299   
 humus  ,   295   
 methane

 methanogenesis  ,   295–298   
 oxidation  ,   298    

 organic polymers  
 carbohydrates  ,   292  ,   294   
 lignin  ,   294–295   
 structures  ,   293    

 products  ,   290–292     
 Carbon dioxide  

 atmospheric levels  ,   319   
 carbon respiration assays  

 aquatic environments  ,   202   
 overview  ,   198–199  ,   201   
 terrestrial environments  ,   201–202    

 trapping  ,   197    
 Carbon:nitrogen:phosphorous ratio, 

optimization for biodegradation  ,   398   
 Cation-exchange capacity 

 metal bioavailability effects  ,   427   
 soil  ,   62  ,   64    

 CEC  ,  see    Cation-exchange capacity   
 Cell envelope, bacteria  ,   11  ,   13–14   
 Cell mass assays  

 protein assays  ,   197   
 turbidity  ,   196–197    

 Cell wall  
 algae  ,   27   
 fungi  ,   22–23    

 CERCLA  ,  see    Comprehensive Environmental 
Response, Compensation, and Liability 
Act

 CFCs  ,  see    Chlorofl uoro hydrocarbons   
 CGR  ,  see    Coliform growth response   
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 Chemical oxygen demand, sewage 
characterization  ,   503  ,   505   

 Chemoautotroph
 deep-sea hydrothermal vents  ,   130–132   
 iron oxidation  ,   316   
 metabolism  ,   18–19   
 sulfur oxidation  ,   312–313    

 Chemocline, low temperature environments  , 
  124–125

 Chemoheterotroph, metabolism  ,   18–19   
 Chemolithotroph, metabolism  ,   18–19   
 Chemostat, steady-state relationships  ,   45   
 Chitinase, assays  ,   213   
 Chlorination

 disinfection
 chloramines  ,   545–546   
 chlorine  ,   545   
 chlorine dioxide  ,   546   
 kinetics  ,   541–543    

 drinking water treatment  ,   531  ,   533    
 Chlorofl uoro hydrocarbons, atmospheric levels  , 

  319
 Chloroplast, algae  ,   27   
 Cholera  ,  see    Vibrio cholerae   
 Chromosome, size and environmental niche  ,   14   
 Climate change  ,  see    Global climate change   
 Cloning, DNA  ,   266–268   
Clostridium perfringens , indicator organism 

use  ,   491   
 CLSM  ,  see    Confocal laser scanning microscopy   
 Coagulation, drinking water treatment  ,   531–532   
 Coal, desulfurization  ,   326   
Coccidioides immitis , disease features  ,   359   
 COD  ,  see    Chemical oxygen demand   
 Coliform bacteria  ,  see    Indicator organisms   
 Coliform growth response, water distribution 

system testing  ,   537   
 Colony hybridization, principles  ,   248   
 Communities  ,  see    Bacterial communities   
 Comparative genomics, principles  ,   270–271   
 Composting

 substrates  ,   330–331   
 microorganisms  ,   331   
 optimization  ,   331   
 temperature  ,   332   
 sludge processing  ,   522–523    

 Comprehensive Environmental Response, 
Compensation, and Liability Act  ,   389   

 Concrete corrosion, microbial mechanisms  , 
  322–323

 Confocal laser scanning microscopy, principles  , 
  167

 Conjugation, bacteria  ,   17   
 Continuous culture, bacteria  ,   44–45   
 Copper, disinfection  ,   547   
 CPE  ,  see    Cytopathogenic effect   
 Crown gall disease, features  ,   337  ,   339   
Cryptosporidium parvum

 disease  ,   461–462   
 history of study  ,   460   
 life cycle  ,   460–461    

Cryptosporidium , Milwaukee outbreak  ,   4   
 Culture

 algae  ,   185–186   
 bacteria

 concentration from water  ,   174   

 continuous culture  ,   44–45   
 fecal coliforms and membrane fi ltration  , 

  180–181
 growth phases  ,  see    Growth curve, 

bacteria
 heterotrophic plate counts  ,   179   
 media  ,   176–178   
 most probable number technique  , 

  175–176  ,   181–182   
 plating  ,   174–175  ,   177   
 selective plating and antibiotics  , 

  179–180
 soil bacteria 

 2,4-dichlorophenoxyacetic acid 
degraders  ,   182–183   

 dilution  ,   174   
 enhanced cultivation  ,   183–184   
 extraction  ,   173   
 nitrifying organisms  ,   182   
 pseudomonads  ,   182     

 cyanobacteria  ,   185–186   
 fungi  ,   184–185   
 metal–microbial interaction analysis  , 

  432–433
 virus detection  ,   186–188    

 Cyanobacteria
 blooms and health impact  ,   456–457   
 culture  ,   185–186   
 functions  ,   455–456   
 toxins  ,   456–457    

Cyclospora
 disease features  ,   462–463   
 outbreaks  ,   5    

 Cysts, protozoa  ,   26   
 Cytopathogenic effect, virus detection  ,   187–188   
 Cytoplasm

 bacteria  ,   14–15   
 fungi  ,   22   
 protozoa  ,   25     

 D
 2,4-D  ,  see    2,4-Dichlorophenoxyacetic acid   
 Darcy’s law  ,   373–374   
 Dark-fi eld microscopy, principles  ,   159–160   
 Death phase, bacteria growth  

 culture  ,   41–42   
 natural environment  ,   48–49    

 Dehydrogenases, assays  ,   212–214   
 Denaturing gradient gel electrophoresis  

 advantages and limitations  ,   276–277   
 principles  ,   275–276    

 Denitrifi cation  
 assays  ,   196   
 overview  ,   307–310   
 sludge  ,   510    

 Dessication, extreme environments  ,   128–130   
 DGGE  ,  see    Denaturing gradient gel 

electrophoresis
 DIC microscopy  ,  see    Differential interference 

contrast microscopy   
 2,4-Dichlorophenoxyacetic acid 

 culture of degraders  ,   182–183   
 biodegradation  ,   413–414    

 Differential interference contrast microscopy, 
principles  ,   161   

 Dioxins, biodegradation  ,   411   
 Disinfection

 disinfectants
 bromine  ,   546   
 chloramines  ,   545–546   
 chlorine  ,   545   
 chlorine dioxide  ,   546   
 factors affecting  ,   542–544   
 iodine  ,   546–547   
 ionizing radiation  ,   550–551   
 metals  ,   547–548   
 ozone  ,   547   
 photodynamic inactivation  ,   550   
 ultraviolet radiation  ,   548–550    

 kinetics  ,   541–542   
 mechanisms  ,   539   
 terminology  ,   539–540   
 thermal destruction  ,   540–541    

 DNA  
 addition in bioremediation  ,   419   
 amplifi cation  ,  see    Polymerase chain reaction   
 cloning  ,   266–268   
 extraction from environmental samples  , 

  245–246
 gene probing  ,  see    Gene probing   
 hybridization and denaturation  ,   245   
 sequence analysis  ,   270   
 structure and complementarity  ,   243–245   
 transport, factors affecting  ,   375    

 DNA microarray  
 cadmium effects on gene expression  ,   216   
 principles  ,   251–254    

 Dose–response assessment, risk assessment  , 
  576  ,   579–580   

 Drinking water treatment  
 chlorination  ,   531  ,   533   
 coagulation  ,   531–532   
 distribution systems  ,   534–538   
 fi ltration  ,   531  ,   533   
 fl occulation  ,   532   
 historical perspective  ,   531   
 requirements  ,   533–534   
 sedimentation  ,   532–533   
 standards  ,   586     

 E
 Ecosystem services  ,   123   
 EDCs  ,  see    Endocrine disrupting compounds   
 Edophyte natural products  ,   354   
 EDS  ,  see    Energy-dispersive spectrometer   
 EIS  ,  see    Environmental impact statement   
 Electron microscopy  

 elemental analysis  ,   170–171   
 scanning electron microscopy  ,   167–169   
 transmission electron microscopy  ,   169–170    

 Electrostatic deposition, bioaerosols  ,   91   
 Electrostatic interactions, microbial adhesion 

and transport  ,   368–369   
 ELISA  ,  see    Enzyme-linked immunosorbent 

assay
 El Niño  ,   362   
 Endocrine disrupting compounds, removal  ,   415   
 Endospores, bacteria  ,   16–17   
 Endotoxin  ,  see    Lipopolysaccharide   
 Energy-dispersive spectrometer, principles  ,   170   
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Entamoeba histolytica , disease  ,   462   
 Enteric pathogen   see also specifi c pathogens

 fecal concentration  ,   446   
 incubation time  ,   445–446   
 risk assessment  ,   581–586    

Enterovirus , pathogen features and disease  , 
  471–473

 Environmental impact statement, requirements  , 
  388–389

 Environmental law, history and overview  , 
  388–390

 Enzyme assays  
 dehydrogenases  ,   212–214   
 overview  ,   212–213    

 Enzyme-linked immunosorbent assay  
 advantages and disadvantages  ,   234   
 applications  ,   233–234   
 competitive ELISA  ,   234–235   
 technique  ,   233    

Escherichia coli
 chemical composition  ,   288   
 fecal coliforms  ,   490   
 gastroenteritis and diseases  ,   448–449   
 macromolecular composition  ,   11    

 Eubacteria
 appendages  ,   16   
 cell envelope  ,   11  ,   13–14   
 cytoplasm  ,   14–15   
 endospores  ,   16–17   
 glycocalyx  ,   16   
 information transfer  ,   17–18   
 metabolism  ,   18–20   
 overview of features  ,   10–11   
 structural comparison with Archaea  ,   21    

 Exponential phase, bacteria growth  
 culture  ,   38–40   
 natural environment  ,   47    

 Exposure assessment, risk assessment  ,   576  , 
  578–579

 Extramural aeromicrobiology  ,  see
  Aeromicrobiology

Exxon Valdez  spill  ,   5–6  ,   415    

 F
 Fermentation, bacteria  ,   18–20   
 Filtration

 drinking water treatment  ,   531  ,   533   
 microbial transport  

 effects  ,   366   
 models  ,   380     

 Fingerprinting, polymerase chain reaction 
techniques  ,   263   

 FISH  ,  see    Fluorescence in situ hybridization   
 Flocculation, drinking water treatment  ,   532   
 Flow cytometry, principles  ,   167   
 Fluorescence  in situ  hybridization, principles  , 

  165–167  ,   251   
 Fluorescence microscopy  

 biomass estimation  ,   165   
 confocal laser scanning microscopy  ,   167   
 direct counts  ,   164–165   
 fl ow cytometry  ,   167   
 fl uorescence  in situ  hybridization  ,   

165–167
 immunolabeling  ,   165    

 FMD  ,  see    Foot-and-mouth disease   

 Fomite  
 bioterrorism  ,   574   
 classifi cation  ,   560   
 disease spread role  

 overview  ,   558–559   
 pathogens  ,   559    

 sample collection and processing  ,   153–154    
 Food chain, virus-mediated carbon fl ow  ,   32   
 Food recalls, historical perspective  ,   5   
 Foot-and-mouth disease, bioterrorism  ,   573–574   
 Functional genomics, principles  ,   215–217   
 Fungi

 classifi cation and diversity  ,   22–24   
 culture  ,   184–185   
 ecological considerations  ,   24–25   
 environmental functions  ,   22   
 identifi cation  ,   22   
 rhizosphere  ,   352–353   
 sample collection and processing  ,   144   
 soil  ,   73–74   
 structure  ,   22–23     

 G
 Gaia hypothesis  ,   287–289   
 Gas chromatography, substrate utilization 

assays  ,   193–194   
 GC  ,  see    Gas chromatography   
 Gel electrophoresis  

 agarose gel electrophoresis  ,   251   
 denaturing gradient gel electrophoresis  , 

  275–277
 proteomics  ,   217–218   
 pulsed fi eld gel electrophoresis  ,   274–275   
 temperature gradient gel electrophoresis  , 

  275–277
 Gene probing  

 agarose gel electrophoresis  ,   251   
 autoradiography  ,   248   
 colony hybridization and lifts  ,   248   
 databases  ,   247   
 DNA microarray  ,   251–254   
 fl uorescent  in situ  hybridization  ,   251   
 Northern blot  ,   249  ,   251   
 overview  ,   246–248   
 phyloarray  ,   254   
 Southern blot  ,   248–249    

 Generation time, calculation  ,   40   
 Geometric average, bacteria numbers in water  , 

  495
 Geosmin, cyanobacteria production  ,   456   
 GFP  ,  see    Green fl uorescent protein   
Giardia lamblia

 cysts  ,   459–460   
 epidemiology  ,   458–459   
 history of study  ,   458   
 transmission  ,   459–460    

 Global climate change  
 greenhouse gases  ,   319  ,   328   
 microbial infectious disease impact  , 

  362–363
  b -Glucuronidase, reporter gene  ,   278   
 Glycocalyx, bacteria  ,   16   
 Green fl uorescent protein, reporter gene  , 

  279–280
 Growth curve, bacteria  

 culture

 continuous culture  ,   44–45   
 death phase  ,   41–42   
 exponential phase  ,   38–40   
 lag phase  ,   38–39   
 Monod equation  ,   42–43   
 stationary phase  ,   40–41   
 substrate concentration effects  ,   42–44    

 division time  ,   37   
 mass balance of growth  

 aerobic conditions  ,   50–52   
 anaerobic conditions  ,   53–54   
 calculations

 bioremediation  ,   51–52   
 carbon  ,   50    

 overview  ,   49–50    
 natural environments  

 death phase  ,   48   
 exponential phase  ,   47   
 lag phase  ,   47   
 overview  ,   38  ,   46–47   
 stationary phase  ,   47      

 H
 Halogenated aliphatic hydrocarbons, 

biodegradation  
 aerobic conditions  ,   405   
 anaerobic conditions  ,   405–406    

 HAV  ,  see    Hepatitis A virus   
 Hazard identifi cation, risk assessment  ,   575  , 

  577–578
Helicobacter pylori

 diseases  ,   452   
 history of study  ,   452   
 transmission  ,   453    

 Hemolytic-uremic syndrome  ,   449   
 HEPA fi lter  ,  see    High-effi ciency particulate air 

fi lter   
 Hepatitis A virus, pathogen features and 

disease  ,   473–474   
 Hepatitis E virus, pathogen features and 

disease  ,   474   
 Heterotroph

 substrate utilization assays  ,   192–194   
 tracer studies to determine heterotrophic 

potential  ,   207–209    
 Heterotrophic plate count, indicator organisms  , 

  491–492
 HEV  ,  see    Hepatitis E virus   
 High-effi ciency particulate air fi lter, bioaerosol 

control  ,   97–98   
 High-performance liquid chromatography  

 proteomics  ,   217–218   
 substrate utilization assays  ,   193–194    

 High temperature environments  ,   126–128   
 Histidine kinase, signaling in gram-positive 

bacteria  ,   341   
 Histoplasmosis, features  ,   359–360   
 Historical perspective, environmental 

microbiology  ,   3–6   
 Homologous recombination, bacteria  ,   17   
 Hot springs, microorganisms  ,   126–128   
 HPC  ,  see    Heterotrophic plate count   
 HPLC  ,  see    High-performance liquid 

chromatography
 HSK  ,  see    Histidine kinase   
 Humus, metabolism  ,   295   
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 HUS  ,  see    Hemolytic-uremic syndrome   
 Hydrophobic interactions, microbial adhesion 

and transport  ,   369–370   
 Hydrothermal vent, chemoautotrophs  ,   130–132   
 Hyperthermophiles, survival    

 I
 ICC-PCR  ,  see    Integrated cell culture-

polymerase chain reaction   
 ICPAES  ,  see    Inductively coupled plasma 

atomic emission spectroscopy   
 ICPMS  ,  see    Inductively coupled plasma mass 

spectroscopy   
 Imaging, microscopy  ,   171   
 Immunoaffi nity chromatography  

 advantages and disadvantages  ,   238   
 applications  ,   238   
 technique  ,   237–238    

 Immunoassays
 antibodies

 affi nity  ,   227–228   
 antiglobulins  ,   228–229   
 classes  ,   226   
 diversity  ,   227   
 monoclonal versus polyclonal  ,   228   
 specifi city  ,   227   
 structure  ,   226–227    

 enzyme-linked immunosorbent assay  
 advantages and disadvantages  ,   234   
 applications  ,   233–234   
 competitive ELISA  ,   234–235   
 technique  ,   233    

 fl uorescent immunolabeling  ,   232   
 immunoaffi nity chromatography  ,   237–238   
 immunocytochemistry  ,   238–239   
 immunomagnetic separation  ,   235–236   
 immunoprecipitation  ,   239–240   
 signal molecules  ,   230–231   
 Western immunoblot  

 advantages and disadvantages  ,   237   
 applications  ,   237   
 technique  ,   236     

 Immunocytochemistry  
 advantages and disadvantages  ,   239   
 applications  ,   238–239   
 technique  ,   238    

 Immunolabeling, fl uorescence microscopy  , 
  165  ,   232   

 Immunomagnetic separation  
 advantages and disadvantages  ,   236   
 applications  ,   235–236   
 technique  ,   235    

 Immunoprecipitation
 advantages and disadvantages  ,   240   
 applications  ,   239   
 technique  ,   239    

 Indicator organisms  
 bacteriophage  ,   492–493   
Clostridium perfringens   ,   491   
 deal criteria  ,   485   
 defi nition and examples  ,   486   
 fecal coliforms  ,   490   
 fecal streptococci  ,   490–491   
 heterotrophic plate count  ,   491–492   
 principles  ,   485–486   
 prospects  ,   493–494   

 source tracking  ,   496–498   
 standards and criteria  ,   494–495   
 total coliform testing  

 limitations  ,   487   
 membrane fi lter test  ,   487  ,   489   
 most probable number test  ,   487–488   
 overview  ,   486–487   
 presence–absence test  ,   487–489     

 Inductively coupled plasma atomic emission 
spectroscopy, metal quantifi cation  ,   433   

 Inductively coupled plasma mass spectroscopy, 
metal quantifi cation  ,   433   

 Infl uenza viruses, pathogen features and 
disease  ,   478   

 Integrated cell culture-polymerase chain 
reaction, principles  ,   260–261   

 Intramural aeromicrobiology  ,  see
  Aeromicrobiology

 Iodine, disinfection  ,   546–547   
 Ion-selective electrode, metal quantifi cation  , 

  433
 Ionic strength, microbial transport effects  , 

  371–372
 Ionizing radiation, disinfection  ,   550–551   
 Iron

 fertilization of oceans  ,   315   
 siderophore structure and function  ,   

314–315
 Iron cycle  

 marine environments  ,   315   
 oxidation

 chemoautotrophs  ,   316   
 photoautotrophs  ,   316–317    

 reduction  ,   317   
 reservoirs  ,   314   
 soils and sediments  ,   314–315    

 ISE  ,  see    Ion-selective electrode 

 L
lacZ , reporter gene  ,   278   
 Lag phase, bacteria growth  

 culture  ,   38–39   
 natural environment  ,   47    

 Lake 
 microbial characteristics, 113–115) 
 physical and chemical characteristics  , 

  112–113
 Land application  

 biosolids and animal wastes  ,   523–524   
 wastewater  ,   516–518    

 Lead  ,  see also    Metal remediation  
 methylation reactions  ,   435   
 poisoning  ,   422    

Legionella , features and disease  ,   95–96  , 
  238–239  ,   359  ,   453–454   

 Legionnaires ’  disease  ,   95  ,   359  ,   453–454   
 Leucine, radiolabel incorporation into protein  , 

  210–211
 Lignin, metabolism  ,   294–295   
 Lime, sludge processing  ,   523   
 Lindow man  ,   59   
 Lipopolysaccharide

 airborne  ,   85   
 biosolid concerns in wastewater treatment  , 

  525–526
 cell envelope  ,   14    

 Low temperature environments  ,   124–125   
 LPS  ,  see    Lipopolysaccharide   
 Luciferase, reporter gene  ,   278–279    

 M
 MAC  ,  see     Mycobacterium avium  complex   
 Marine water  

 microbial characteristics  ,   116–117   
 physical and chemical characteristics  , 

  115–116
 Mass balance, bacterial growth  

 aerobic conditions  ,   50–52   
 anaerobic conditions  ,   53–54   
 calculations

 bioremediation  ,   51–52   
 carbon  ,   50    

 overview  ,   49–50    
 Mass spectrometry  

 proteomics  ,   217–218   
 substrate utilization assays  ,   195    

 McMurdo Dry Valleys  ,   124–125   
 Membrane fi lter test, coliforms  ,   487  ,   489   
 Membrane fi ltration, fecal coliforms  ,   180–181   
 Mercury  ,  see also    Metal remediation  

 biosensors  ,   433–434   
 methylation reactions  ,   326–327  ,   435   
 poisoning in Minamata Bay, Japan  ,   328    

 Metagenomics, analysis  ,   268–270   
 Metal corrosion  

 economic impact  ,   320–321   
 microbial mechanisms  ,   321–322    

 Metal recovery, principles  ,   325–326   
 Metal remediation   see also specifi c metals

 bioavailability  ,   425–427   
 classifi cation of metals  

 essential metals  ,   423   
 nontoxic nonessential metals  ,   

423–424
 toxic metals  ,   423    

 environmental dangers  ,   421–422   
 factors affecting  

 cation-exchange capacity  ,   427   
 chemistry  ,   426–427   
 pH  ,   427   
 redox potential  ,   427     

 Metal resistance  
 evolution  ,   429   
 mechanisms

 general mechanisms  ,   430   
 metal-dependent mechanisms  ,   

430–432
 overview  ,   429    

 methylation reactions  ,   435   
 microbial approaches  

 soils and sediments  ,   437–438   
 water  ,   438–439    

 oxidation–reduction reactions  ,   434–435   
 physicochemical approaches  ,   435–437   
 solubility  ,   425   
 sources of metals  ,   424–425   
 speciation  ,   425–426   
 studies of metal–microbial interactions  

 culture medium  ,   432–433   
 metal quantifi cation  ,   433–434    

 total versus soluble metal  ,   422   
 toxicity effects on microbes  ,   427–428    
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 Methane
 addition in bioremediation  ,   416   
 atmospheric levels  ,   319   
 methanogenesis  ,   295–298   
 oxidation  ,   298    

 MF test  ,  see    Membrane fi lter test   
 Michaelis–Menten kinetics, heterotrophic 

potential studies  ,   208   
 Microbial mat, features  ,   107–108   
 Microbial transport  

 aeromicrobiological pathway  ,   88–89   
 DNA transport, factors affecting  ,   375   
 facilitation  

 gene transfer  ,   377   
 surfactants  ,   376   
 ultramicrobacteria  ,   376    

 factors affecting  
 adhesion  ,   367–370   
 cellular appendages  ,   372–373   
 fi ltration  ,   366   
 hydrogeological factors  ,   373–375   
 ionic strength  ,   371–372   
 persistence and activity of microbes  ,   375   
 pH  ,   371   
 physiological state  ,   366–367    

 models
 advection–dispersion models  ,   380–381   
 fi ltration models  ,   381    

 studies
 column studies  ,   377–378   
 fi eld studies  ,   378–379   
 tracers  ,   379–380     

 Microscopy  
 atomic force microscopy  ,   171   
 electron microscopy  

 elemental analysis  ,   170–171   
 scanning electron microscopy  ,   

167–169
 transmission electron microscopy  , 

  169–170
 fl uorescence microscopy  

 biomass estimation  ,   165   
 confocal laser scanning microscopy  ,   167   
 direct counts  ,   164–165   
 fl ow cytometry  ,   167   
 fl uorescence  in situ  hybridization  , 

  165–167
 immunolabeling  ,   165    

 historical perspective  ,   157   
 imaging  ,   171   
 light microscopy  

 bright-fi eld microscopy  ,   159   
 dark-fi eld microscopy  ,   159–160   
 differential interference contrast 

microscopy  ,   161   
 phase-contrast microscopy  ,   160   
 polarization microscopy  ,   161–162    

 sample preparation  
 liquid culture samples  ,   162–163   
 soil samples  ,   163    

 theory  ,   157–159    
 Microsporidia, diseases and transmission  ,   463   
 Mineralization, process  ,   391   
 Monod equation  ,   42–43   
 Mortality

 causes  ,   357–358   

 developed versus developing countries  , 
  357–358

 Most probable number test  
 arithmetic average  ,   495   
 coliforms  ,   487–488   
 technique  ,   175–176    

 MPN test  ,  see    Most probable number test   
 Multiplex polymerase chain reaction, principles  , 

  262–263
Mycobacterium avium  complex, diseases  ,   455    

 N
Naegleria fowleri , disease features  ,   359–360  , 

  362  ,   462   
 NAG  ,  see    N-Acetylglucosamine   
 NAM  ,  see     N -Acetylmuramic acid   
 National Contingency Plan, Superfund sites  , 

  389
 National Environment Policy Act  ,   388–389   
 National Priority List  

 Superfund sites  ,   389   
 top pollutants  ,   399    

 NCP  ,  see    National Contingency Plan   
Necator americanus , features and disease  ,   466   
 Nematodes

Acylostoma duodenale   ,   466   
Ascaris lumbricoides   ,   465–466   
Necator americanus   ,   466   
 overview of parasites  ,   457–458   
Schistosoma mansoni   ,   467–469   
Taenia saginata   ,   467   
Trichuris trichiura   ,   466    

 NEPA  ,  see    National Environment Policy Act   
 Nested polymerase chain reaction, principles  , 

  261–262
 Nitrate, water contamination  ,   329–330   
 Nitrate reduction  

 assimilatory reduction  ,   306   
 dissimilatory reduction  

 ammonia as product  ,   306–307   
 denitrifi cation  ,   307–309    

 nitrate reductase assays  ,   213    
 Nitrifi cation  

 culture of nitrifying organisms  ,   182   
 overview  ,   305–306   
 sludge  ,   510   
 substrate utilization assays  ,   194–195    

 Nitrogen cycle  
 ammonia

 assimilation  ,   303   
 ammonifi cation  ,   304–305    

 fi xation  ,  see    Nitrogen fi xation   
 nitrate reduction  ,  see    Nitrate reduction   
 nitrifi cation  ,   305–306   
 overview  ,   299–300   
 reservoirs of nitrogen  ,   300    

 Nitrogen fi xation  
 enzymes  ,   303   
 legume–rhizobi symbiosis  ,   302  ,   345   
 overview  ,   300–301   
 rates  ,   301   
 species  ,   301    

 Nitrogenase, assays  ,   213   
 Nitrous oxide 

 atmospheric levels  ,   319  ,   328   

 prevention approaches  ,   328–329   
 problems of pollutants  ,   328   
 sources  ,   327–328    

 Norovirus, pathogen features and disease  ,   475   
 Northern blot, principles  ,   249  ,   251   
 NPL  ,  see    National Priority List   
 Nucleic acids  ,  see    DNA; RNA    

 O
 OAFs  ,  see    Open air factors 
 Open air factors, microbial viability  ,   92   
 Operational taxonomic unit, soil bacteria  ,   71   
 Opportunistic pathogens, bacteria  ,   454–455   
 Organic pollutants   see also specifi c pollutants

 biodegradation  
 alicyclic hydrocarbons  

 aerobic conditions  ,   407   
 anaerobic conditions  ,   407–408    

 alkanes
 aerobic conditions  ,   402–404   
 anaerobic conditions  ,   404–405    

 aromatic hydrocarbons  
 anaerobic conditions  ,   410   
 heterocyclic compounds  ,   413   
 overview  ,   408–410   
 pesticides  ,   413–414   
 substituted aromatics  ,   410–411    

 halogenated aliphatic hydrocarbons  
 aerobic conditions  ,   405   
 anaerobic conditions  ,   405–406     

 overview  ,   399  ,   402   
 table  ,   400–401    

 OTU  ,  see    Operational taxonomic unit   
 Oxidation pond, wastewater treatment  ,   513–515   
 Oxygen, addition in bioremediation  ,   416   
 Ozone, disinfection  ,   547    

 P
Paraechovirus , pathogen features and disease  , 

  471–473
 Parainfl uenza viruses, pathogen features and 

disease  ,   477   
 Paramyxovirus, pathogen features and disease  , 

  477
 Parasites  ,  see    Nematodes; Protozoa   
 P–A test  ,  see    Presence–absence test 
 Pathogens   see also specifi c pathogens

 bacteria  ,   447–457   
 environmental change effects  

 global climate change  ,   362–363   
 urbanization and deforestation  ,   363    

 environmental fate and transport  ,   479–480   
 exposure  

 imbibing  ,   361   
 ingestion  ,   360–361   
 inhalation  ,   360    

 households
 fomites and disease spread  ,   558–560   
 sources

 air  ,   555–556   
 food  ,   556   
 water  ,   556–558    

 transfer  ,   559  ,   562    
 incubation time  ,   445–446   
 mortality burden  ,   357–359   

 
ส่ังสำเนาหน้าท่ีตอ้งการไดท่ี้ info@dss.go.th



595Index

 overview  ,   445–447   
 overview of environmentally-transmitted 

pathogens  ,   445–446   
 parasitology  ,   457–469   
 risk assessment  ,  see    Risk assessment   
 soilborne pathogens  ,   359–360   
 viruses  ,   469–479   
 water-based and airborne pathogens  ,   360  , 

  446–447
 wastewater treatment  

 animal manure  ,   528   
 Class B biosolids  ,   524–528   
 removal  ,   511–513     

 PCBs  ,  see    Polychlorinated biphenyls   
 PCE  ,  see    Perchloroethylene   
 PCP  ,  see    Pentachlorophenol   
 PCR  ,  see    Polymerase chain reaction 
 Pentachlorophenol, biodegradation  ,   411   
 Perchloroethylene, biodegradation  ,   405–406   
 Pesticides, biodegradation  ,   413–414   
 PFGE  ,  see    Pulsed fi eld gel electrophoresis   
 PFU  ,  see    Plaque-forming unit   
 pH

 biodegradation effects  ,   399   
 metal solubility effects  ,   427   
 microbial transport effects  ,   371   
 soil  ,   65–66    

 Phage  ,  see    Bacteriophage; Virus   
 Phase-contrast microscopy, principles  ,   160   
 Phosphatases, assays  ,   213   
 3 � -Phosphoadenosine-5 � -phosphosulfate, 

metabolism  ,   311   
 Photoautotroph

 iron oxidation  ,   316–317   
 sulfur oxidation  ,   313    

 Photodynamic inactivation, disinfection  ,   550   
 Photoheterotroph, metabolism  ,   19   
 Photosynthesis, bacteria  ,   20   
 Phyloarray, principles  ,   254   
 Phylogenetic analysis, ribosomal RNA genes  , 

  258
 PICT  ,  see    Pollution-induced community 

tolerance
 Planktonic environment  

 overview  ,   103–104   
 primary production  ,   104–105   
 secondary production  ,   105    

 Plaque-forming unit, virus detection  ,   187–188   
 Plasmid

 analysis
 advantages and limitations  ,   277   
 principles  ,   277    

 aromatic degradation capacity  ,   409–410   
 functions  ,   15   
 types  ,   15    

 Polarization microscopy, principles  ,   161–162   
 Pollution-induced community tolerance, 

antibiotic resistance  ,   354   
 Polychlorinated biphenyls, biodegradation  , 

  412–413
 Polymerase chain reaction  

 advantages and limitations  ,   266   
 fi ngerprinting techniques  ,   263   
 gene detection  ,   258–259   
 integrated cell culture-polymerase chain 

reaction  ,   260–261   

 multiplex polymerase chain reaction  , 
  262–263

 nested polymerase chain reaction  ,   261–262   
 overview  ,   254   
 primer design  ,   258   
 real-time polymerase chain reaction  , 

  263–264  ,   266   
 restriction fragment length polymorphism 

analysis  ,   272   
 reverse transcriptase-polymerase chain 

reaction  ,   259–260   
 steps  ,   254–257    

 Polyvinyl chloride, degradation by fungi  ,   24   
 Pontiac fever  ,   95   
 Pore water velocity, equation  ,   375   
 Presence–absence test, coliforms  ,   487–489   
 Prion

 biosolid concerns in wastewater treatment  , 
  526–527

 overview of features  ,   33–34    
 Probiotics, signaling in gram-positive bacteria  , 

  341–342
 Propanil, biodegradation  ,   393   
 Proteases, assays  ,   213   
 Protein, cell mass assays  ,   197   
 Proteomics, principles  ,   217–218   
 Protozoa

 classifi cation  ,   25   
 ecological considerations  ,   26   
 metabolism  ,   26   
 parasites

Cryptosporidium parvum   ,   460–462   
Cyclospora   ,   462–463   
Entamoeba histolytica   ,   462   
Giardia lamblia   ,   458–460   
 microsporidia  ,   463   
Naegleria fowleri   ,   462   
 overview  ,   457–458   
Toxoplasma gondii   ,   463–464    

 sample collection and processing  ,   148–149  , 
  151

 soil  ,   74–75   
 structure and function  ,   25–26    

Pseudomonas aeruginosa
 communication with other cells  ,   343   
 indicator organisms  ,   493   
 opportunistic infection  ,   343  ,   454    

 Pulsed fi eld gel electrophoresis  
 advantages and disadvantages  ,   275   
 principles  ,   274–275    

 PVC  ,  see    Polyvinyl chloride   
 Pyrite, oxidation–reduction reactions  ,   435    

 Q
 QAPP  ,  see    Quality assurance project plan   
 QSAR  ,  see    Quantitative structure–activity 

relationship
 Quality assurance project plan, development  , 

  137
 Quantitative structure–activity relationship, 

biodegradability of compounds  ,   394   
 Quorum sensing  

N -acyl homoserine lactones  ,   336–337   
Agrobacterium tumefaciens   ,   337  ,   339   
 cross-talk  ,   339–340   

 gram-positive bacteria variations  ,   340–342   
 light emission  ,   337   
 squid  ,   338     

 R
 Radiolabeled tracers  

 carbon dioxide trapping  ,   197   
 incorporation into macromolecules  

 leucine into protein  ,   210–211   
 overview  ,   209–210   
 thymidine into DNA  ,   210     

 Real-time polymerase chain reaction, 
principles  ,   263–264  ,   266   

 Remediation  ,  see    Bioremediation   
 Reporter gene  

 advantages and disadvantages  ,   280–281   
 colorimetric reporters  ,   278   
 fl uorescent reporters  ,   279–280   
 luminescent reporters  ,   278–279   
 theory  ,   277–278    

 Resolving power, microscope  ,   157–158   
 Respiration

 assays
 anaerobic respiration  ,   209   
 basal rate in soil samples  ,   202–203   
 biological oxygen demand  ,   205–206   
 biomass determination  ,   204–205   
 carbon respiration  

 aquatic environments  ,   202   
 overview  ,   198–199  ,   201   
 terrestrial environments  ,   201–202    

 depth-dependent processes in biofi lms  , 
  206–207

 oxygen uptake  ,   195   
 substrate-induced microbial activity  , 

  203–204
 bacteria  ,   18–20   
 carbon

 C1 carbon compounds  ,   298–299   
 humus  ,   295   
 methane

 methanogenesis  ,   295–298   
 oxidation  ,   298    

 organic polymers  
 carbohydrates  ,   292  ,   294   
 lignin  ,   294–295   
 structures  ,   293    

 products  ,   290–292    
 soil and subsurface  ,   69–70    

 Respiratory syncytial virus, pathogen features 
and disease  ,   478   

 Response-regulator protein, signaling in gram-
positive bacteria  ,   341   

 Restriction endonucleases, target sites  ,   271   
 Restriction fragment length polymorphism  

 advantages and disadvantages  ,   275   
 fl uorescence techniques  

 amplifi ed fragment length 
polymorphisms  ,   272–273   

 terminal-restriction fragment length 
polymorphisms  ,   274    

 polymerase chain reaction sequence 
analysis  ,   272   

 theory  ,   271   
 whole genome analysis  ,   271–272    

 
ส่ังสำเนาหน้าท่ีตอ้งการไดท่ี้ info@dss.go.th



Index596

 Reverse transcriptase-polymerase chain 
reaction, principles  ,   259–260   

 Reynolds number  ,   89   
 RFLP  ,  see    Restriction fragment length 

polymorphism
 Rhinovirus, pathogen features and disease  , 

  476–477
Rhizobium –legume symbiosis  

 communications  ,   345   
 nitrogen fi xation  ,   302    

 Rhizosphere
 defi nition  ,   351   
 microorganisms  ,   352–353   
R/S  ratio  ,   351–352    

 Ribosomal RNA genes  
 algae classifi cation  ,   27   
 bacteria classifi cation  ,   10  ,   16  ,   348   
 fungi classifi cation  ,   22   
 phylogenetic analysis  ,   258   
 protozoa classifi cation  ,   25    

 Risk assessment  
 acceptability of risk  ,   576–577   
 dose–response assessment  ,   576  ,   579–580   
 enteric pathogens  ,   581–586   
 exposure assessment  ,   576  ,   578–579   
 factors affecting  ,   577   
 hazard identifi cation  ,   575  ,   577–578   
 lifetime risks of mortality  ,   576   
 overview  ,   575–577   
 regulatory agencies  ,   576   
 risk characterization  

 defi nition  ,   576   
 risk projection and management  ,   581   
 uncertainty analysis  ,   580–581     

 RNA  
 gene probing  ,  see    Gene probing   
 Northern blot principles  ,   249  ,   251   
 reverse transcriptase-polymerase chain 

reaction  ,   259–260   
 structure and complementarity  ,   243–245   
 transcription and translation  ,   245    

 Rotavirus  
 pathogen features and disease  ,   474–475   
 risk assessment  ,   585    

 RP  ,  see    Resolving power   
 RR  ,  see    Response-regulator protein   
 rRNA genes  ,  see    Ribosomal RNA genes   
 RSV  ,  see    Respiratory syncytial virus   
 RT-PCR  ,  see    Reverse transcriptase-polymerase 

chain reaction    

 S
 Safe Water Drinking Act  ,   586   
 Salinity, biodegradation effects  ,   399   
Salmonella

 diseases  ,   447–448   
 most probable number technique  ,   

181–182
 typhoid fever  ,   447–448    

 Sample collection and processing  
 air sampling devices  

 centrifugation  ,   152   
 fi ltration and deposition  ,   152–153   
 impaction  ,   150   

 inpingers  ,   150   
 overview  ,   149–150    

 fomites  ,   153–154   
 microscopy  ,  see    Microscopy   
 quality assurance project plan  ,   137   
 soil

 microscopy sample preparation  ,   163   
 processing and storage  

 bacteria community DNA analysis  , 
  142–144

 bacteria culture-based analysis  ,   141   
 fungal hyphae and spores  ,   144   
 viruses  ,   144    

 sampling  ,   138–139    
 subsurface 

 processing and storage  
 bacteria community DNA analysis  , 

  142–144
 bacteria culture-based analysis  ,   141   
 viruses  ,   144    

 sampling  ,   139–140    
 water  

 bacteria processing  ,   147   
 protozoa detection  ,   148–149  ,   151   
 sampling  ,   144–145   
 viruses

 detection  ,   147   
 elution and reconcentration  ,   147   
 sample collection  ,   145–147      

 Sanitizer, defi nition  ,   539   
 SARA  ,  see    Superfund Amendments and 

Reauthorization Act   
 SARS  ,  see    Severe acute respiratory syndrome   
 Saturated zone  

 aquifers  ,   58–59   
 microorganisms in deep zone  ,   80–81   
 wetlands  ,   59    

 Scanning electron microscopy, principles  , 
  167–169

Schistosoma mansoni , features and disease  , 
  467–469

 Sedimentation, drinking water treatment  , 
  532–533

 Selenium  ,  see also    Metal remediation  
 bioremediation in San Joaqin Valley  ,   436   
 methylation reactions  ,   435    

 SEM  ,  see    Scanning electron microscopy   
 Septic tank, wastewater treatment  ,   515–516   
 Severe acute respiratory syndrome, pathogen 

features and disease  ,   479   
 Sewage  ,  see    Wastewater treatment   
Shigella , diseases  ,   449   
 Siderophore, structure and function  ,   314–315   
 Silver, disinfection  ,   548   
 SIP  ,  see    Stable isotope probing   
 Slime mold, overview of features  ,   25   
 Sludge  ,  see    Wastewater treatment   
 Sludge volume index, calculation  ,   509   
 Smallpox, bioterrorism  ,   566  ,   568   
 Soil

 aggregation  ,   60   
 architecture  ,   60–62   
 atmosphre

 constituents  ,   69   
 oxygen and respiration  ,   69    

 bacterial composition and growth  ,   46–49  , 
  348–349

 cation-exchange capacity  ,   62  ,   64   
 complexity  ,   57   
 culture of bacteria  

 2,4-dichlorophenoxyacetic acid 
degraders  ,   182–183   

 dilution  ,   174   
 enhanced cultivation  ,   183–184   
 extraction  ,   173   
 nitrifying organisms  ,   182   
 pseudomonads  ,   182    

 formation  ,   58   
 functional diversity of bacterial 

communities
 overview  ,   350–351   
 soil–plant–microbe interactions  , 

  351–353
 gene transfer  ,   48   
 hydrogeological factors and microbial 

transport  ,   373–375   
 metal remediation  ,   437–438   
 microorganisms  

 actinomycetes  ,   71  ,   73   
 algae  ,   74   
 bacteria  ,   71–73   
 distribution  ,   75–76   
 fungi  ,   73–74   
 protozoa  ,   74–75    

 natural products from microorganisms  , 
  353–354

 organic matter  ,   66–67   
 pathogens  ,   359–360   
 pH  ,   65–66   
 primary particles and texture  ,   59   
 profi les  ,   62–63   
 sample collection and processing  

 microscopy sample preparation  ,   163   
 processing and storage  

 bacteria community DNA analysis  , 
  142–144

 bacteria culture-based analysis  ,   
141

 fungal hyphae and spores  ,   144   
 viruses  ,   144    

 sampling  ,   138–139    
 solution chemistry  ,   67–68   
 stresses

 abiotic  ,   70–71   
 biotic  ,   70    

 surface area of particles  ,   61   
 water potential  ,   68–69    

 Source tracking, microbes in aquatic 
environments  ,   496–498   

 Southern blot, principles  ,   248–249   
 Speciation, metals  ,   425–426   
 Species, bacteria characterization  ,   348   
Spirulina , food production  ,   119   
 Springs

 freshwater environments  ,   110   
 hot springs  ,   126–128    

 SRB  ,  see    Sulfate-reducing bacteria   
 Stable isotope probing, principles  ,   215   
Staphylococcus aureus , indicator organisms  , 

  494
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 Stationary phase, bacteria growth  
 culture  ,   40–41   
 natural environment  ,   47    

Stenotrophomonas maltophilia , opportunistic 
infection  ,   455   

 Steric effects, biodegradation  ,   396–397   
 Sterilization, defi nition  ,   539   
 Stoke’s law  ,   86–87   
 Subspecialties, environmental microbiology  , 

  1–2  ,   6   
 Substrate utilization assays  

 cheomoautotrophic substrates  
 nitrifi cation  ,   194–195   
 sulfur oxidation  ,   195    

 heterotrophic substrates  ,   192–194    
 Subsurface  

 characteristics  ,   57–59   
 microorganisms  

 deep environments  ,   77–81   
 overview  ,   76–77   
 shallow environments  ,   77    

 respiration  ,   69–70   
 sample collection and processing  

 processing and storage  
 bacteria community DNA analysis  , 

  142–144
 bacteria culture-based analysis  ,   

141
 viruses  ,   144    

 sampling  ,   139–140     
 Sulfate-reducing bacteria, metal corrosion  ,   321  , 

  435
 Sulfur cycle  

 assimilatory reduction  ,   311   
 mineralization  ,   311   
 overview  ,   309–310   
 oxidation

 chemoautotrophs  ,   312–313   
 photoautotrophs  ,   313    

 reduction  ,   313–314   
 reservoirs of sulfur  ,   310–311    

 Sulfur hexafl uoride, atmospheric levels  ,   319   
 Sulfur oxidation, substrate utilization assays  , 

  195
 Superfund Amendments and Reauthorization 

Act  ,   389   
 Surfactants  

 addition in bioremediation  ,   418   
 microbial transport enhancement  ,   376    

 SVI  ,  see    Sludge volume index    

 T
 2,4,5-T  ,  see    2,4,5-Trichlorophenoxy acetic acid   
Taenia saginata , features and disease  ,   467   
 Tapeworm  ,  see    Taenia saginata   
 TCDD  ,  see    2,3,7,8-Tetrachlorodibenzo- p -dioxin
 TCE  ,  see    Trichloroethylene   
 TEAs  ,  see    Terminal electron acceptors   
 TEM  ,  see    Transmission electron microscopy   
 Temperature  

 biodegradation effects  ,   398–399   
 high temperature environments  ,   126–128   
 low temperature environments  ,   124–125   
 thermal destruction  ,   540–541   

 viability effects in air  ,   92    
 Temperature gradient gel electrophoresis  

 advantages and limitations  ,   276–277   
 principles  ,   275–276    

 Terminal electron acceptors 
 assays

 alternative acceptors  ,   196   
 oxygen uptake  ,   195    

 respiration  ,   18    
 Terminal-restriction fragment length 

polymorphisms, analysis  ,   274   
 Terrorism  ,  see    Bioterrorism   
 2,3,7,8-Tetrachlorodibenzo- p -dioxin, 

biodegradation  ,   411–412   
 TGGE  ,  see    Temperature gradient gel 

electrophoresis
 Thrombocytopenic purpura, hemolytic-uremic 

syndrome  ,   449   
 Thymidine, radiolabel incorporation into DNA  , 

  210
 TOC  ,  see    Total organic carbon   
 Total organic carbon, sewage characterization  , 

  503  ,   505   
Toxoplasma gondii

 epidemiology  ,   463   
 life cycle  ,   463–464   
 outbreaks and control  ,   464    

 Tracers, microbial transport studies  ,   379–380   
 Transconjugates, microbial transport 

enhancement  ,   377   
 Transduction, bacteria  ,   17–18   
 Transformation, bacteria  ,   17–18   
 Transmissible spongiform encephalopathy, 

prion diseases  ,   33   
 Transmission electron microscopy  

 metal quantifi cation  ,   434   
 principles  ,   169–170    

 Transport  ,  see    Microbial transport   
 Tree of life, microorganisms  ,   9–10   
 T-RFLP  ,  see    Terminal-restriction fragment 

length polymorphisms   
 Trichloroethylene, biodegradation  ,   392  , 

  405–406
 2,4,5-Trichlorophenoxy acetic acid, 

biodegradation  ,   413–414   
Trichuris trichiura , features and disease  ,   466   
 Trickling fi lter, wastewater treatment  ,   

506–507
 TSE  ,  see    Transmissible spongiform 

encephalopathy
 TTP  ,  see    Thrombocytopenic purpura   
 Turbidity, assay  ,   196–197   
 Typhoid fever  ,  see    Salmonella    

 U
 Ultramicrobacteria, applications  ,   376   
 Ultraviolet radiation  

 disinfection  ,   548–550   
 stress

 extreme environments  ,   128–130   
 microbial inactivation  ,   92     

 Ultraviolet spectrometry, substrate utilization 
assays  ,   192–193   

 UMB  ,  see    Ultramicrobacteria   

 Uncertainty analysis, risk characterization  , 
  580–581

 Underground storage tank, leakage  ,   387   
 Urbanization, microbial infectious disease 

impact  ,   363   
 UST  ,  see    Underground storage tank    

 V
 Vadose zone  

 features  ,   58   
 microorganisms  ,   78–80    

 van der Waals forces, microbial adhesion and 
transport  ,   369   

 VBDC  ,  see    Viable but diffi cult to culture   
 VBNC  ,  see    Viable but nonculturable   
 Viable but diffi cult to culture  

 defi nition  ,   46   
 subsurface microorganisms  ,   76    

 Viable but nonculturable  
 defi nition  ,   46   
 subsurface microorganisms  ,   76    

Vibrio cholerae
 cholera historical perspective  ,   451–452   
 serogroups  ,   451    

Vibrio fi scheri , quorum sensing  ,   337   
Vibrio harveyi , bioluminescence  ,   344   
Vibrio parahaemolyticus , diseases  ,   452   
 Viroid, overview of features  ,   33   
 Virus  

 detection by cell culture  ,   186–188   
 enteric viruses  

 adenovirus  ,   470–471   
 astroviruses  ,   469–470   
Enterovirus   ,   471–473   
 hepatitis A virus  ,   473–474   
 hepatitis E virus  ,   474   
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