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ABSTRACT 

 

Elevated iron concentrations have been observed in the groundwater 

downgradient of the landfills in Northwest Florida.  It is suspected microbial mediated 

iron reduction should be responsible for the iron release.  The purpose of this research is 

to characterize the microbial community in the soils nearby landfills in Northwest Florida 

to determine the dominant bacterial species.  The iron rich soil in Northwest Florida and 

leachate from landfills are considered the primary contributors to the elevated iron 

concentrations observed in groundwater.  Iron reducing bacteria are capable of releasing 

soluble Fe (II) by reducing Fe (III) bound to the soil minerals.  The leachate has potential 

for providing carbon sources for the reaction, allowing the bacteria to more rapidly 

reduce the iron in the soil.  In this research, the soils from sixteen landfills (fifteen 

Northwest Florida counties) were characterized through sieve analysis and the bacteria 

were quantified and identified.  Traditional plate count method was used for bacterial 

quantification and morphology by means of microscopy and Polymerase Chain Reaction 

(PCR) were utilized for bacterial identification.  The plate counts resulted in 0.03 million 

to 2.0 million colony-forming units (CFU) per gram of soil.  The identification through 

morphology found typical rod and cocci bacteria to be the dominating species.  Although 

potentially iron reducing bacteria were identified through morphology, they were not 

confirmed through DNA analysis.  They need further enriched culturing in order to 

observe obvious iron reducing.  The PCR analysis identified typical soil bacteria, Bacillus 

subtilis, Bacillus cereus, Bacillus thuringiensis, and Pseudomonas aeruginosa.  These 

bacteria are common soil bacteria that are well characterized.  The sieve analysis of the 

soils showed a correlation of increased bacterial population in well-graded soils.  The 

soils also showed an increase in water content when there was a higher percentage of 

finer particles.  However, increased water content and finer particles resulted in lower 

bacterial populations.  Further studies are currently underway to quantify the iron release 

from the soils and the effects the leachate have on the bacterial processes. 
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CHAPTER 1 

INTRODUCTION 

 

In the field of contaminant remediation it is vital to not only understand the 

contaminant present in the soil but also the type of soil and the characterization of the 

microbial community.  To remediate the soil and groundwater contaminants more 

economically and efficiently, natural attenuation has become a viable contaminant 

remediation technology [8].  This remediation technology relies greatly on the 

understanding of the microbial activities in the concerned sites.  For most cases, 

contaminant chemicals present in the soil and groundwater can be digested by microbial 

attenuation with water and harmless gases as the byproduct.  However, natural 

attenuation of contaminants can also possibly lead to an introduction of a new 

contaminant that is also undesirable.  One particular example where the interaction 

between microbes and soil/groundwater may produce undesirable contaminants is near 

landfill sites.  Nearby landfills, the leachate that is released from a landfill site is rich in 

organic contents together with a large array of chemicals which may enhance microbial 

activities at the concerned sites.  In northwest Florida, landfill leachate has been blamed 

for elevated levels of iron and arsenic in groundwater monitoring wells downgradient of 

the landfills.  It is suspected that the geochemical and geomicrobial iron 

reduction/oxidation processes are responsible for producing this undesirable increase of 

iron in groundwater.  This research investigates the microbial community present in soils 

collected from nearby the landfills in northwest Florida.  The iron/sulfate reducing 

microbes that may be responsible for the elevated iron present in groundwater are 

characterized through quantification and identification.  In addition, aerobic processes are 

also investigated by reacting the landfill leachate with the sampled soil.   

The iron sources of the observed elevated iron observations are suspected to be 

from the Northwest Florida iron rich soil.  Soil in northwest Florida consists mainly of 

Myakka.  Myakka is spodospl, acidic soils characterized by an accumulation of 

aluminum and iron oxides.   The iron-reducing bacteria may reduce the iron oxides to 

ferrous iron which is in turn released to the groundwater when hydrocarbon rich landfill 

leachate interacts with the soil. 
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Sixteen different landfills are sampled and the microbial community in these soil 

samples are identified and quantified in this research.  It is the ultimate goal of this 

research to help understand the possible mechanisms for elevated iron in the groundwater 

nearby concerned landfills.  This research is broadly applicable because landfills are 

present throughout the world and the monitoring of their effects on groundwater supply is 

essential for water demands.  Characterization of the microbial community as well as the 

geochemistry, and the soil [28] is an important step in evaluating possible groundwater 

contaminations related to landfills and other waste disposal sites [26].  The scope of this 

research is described in greater details in Section 1.2. 

 

1.1 Field Sites 

 

 Samples for this research were collected from sixteen different landfill sites in 

fifteen counties in Northwest Florida.  The landfill location, name, type of landfill and 

current status are listed in Table 1. 

 

Table 1.  Landfills in Northwest Florida used in Project 

County Landfill Name Landfill Type Current Status 

Bay Steelfield I & III Active 

Calhoun Calhoun County I Closed 

Escambia Perdido III Active 

Franklin Franklin County Central I & III Active 

Gadsden Quincy-Byrd I & III Active -Class I closed 

Gulf Five Points III Active – NL 

Holmes Holmes County I Closed 

Jackson Springhill I Active 

Leon US 27 South I & III Active 

Liberty Liberty County II & III Active -Class II closed 

Okaloosa Baker I Closed 

Santa Rosa Santa Rosa Central I Active 

Santa Rosa Santa Rosa Holley I Closed 

Wakulla Lower Bridge I & III Active -Class I closed 

Walton Walton County Central I & III Active 

Washington Mudhill I Closed 

Class I & II waste = solid waste which is not a hazardous waste that can be disposed in a lined landfill 

Class III wastes = yard trash, C&D debris, processed tires, asbestos, carpet, cardboard, paper, glass, plastic, furniture other than 

appliances, or other materials approved by DEP and not expected to produce Leachate.  NL = No Leachate collection system 

 2 

 

 



 Among the sixteen landfills sampled, seven are Class I only, two are Class III 

only, six are both Class I and II, and one landfill is Class II and III.  In addition, of the 

eleven landfills that are active and still accepting waste, seven contain two different 

classes of landfills. Of those seven landfills, three have one class that is closed.  Fourteen 

out of the sixteen landfills are not considered to be hazardous since they are lined 

landfills containing only Class I or II type waste which is solid household waste.  Two of 

the sixteen landfills, located in Escambia and Gulf Counties, contain only Class III type 

waste, which is yard trash, C&D debris, processed tires, asbestos, carpet, cardboard, 

paper, glass, plastic, furniture other than appliances, or other materials approved by DEP 

and not expected to produce Leachate.  C&D debris refers to construction and demolition 

materials not considered water soluble and non-hazardous in nature from the construction 

or destruction of a structure or renovation project. 

 

1.2 Research Scope 

 

 The scope of this project was to characterize the microbial community present at 

sixteen landfill sites in fifteen counties in Northwest Florida.  Specifically, the iron and 

sulfate reducing bacteria were targeted for characterization.  The results are to be used to 

further understand the mechanisms leading to increased iron observations in groundwater 

nearby landfills in Northwest Florida.  The objectives of this research include the 

following: 

 

• Quantify the bacterial population in soil samples from landfills in fifteen 

Northwest Florida counties. 

• Identify the dominant bacterial species present in the soil samples. 

• Characterize the soil from each landfill by using common engineering soil 

mechanics methods. 

• Derive any correlations between soil sieve analysis and bacterial community. 
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CHAPTER 2 

BACKGROUND 

 

2.1 Soil Microbiology 

 

 Soil consists of many different components, mainly minerals, organic material, 

water, gases, and the living soil population.  The living microbial component of soil is the 

area of interest for this research.  The major microbial groups in soils are viruses, 

bacteria, fungi, algae, and protozoa.  Viruses are usually termed phages, in that they 

infect all other organisms including those in soil.  The fungi are eukaryotic organisms 

that consist of molds, mildews, rusts, smuts, yeasts, mushrooms, and puffballs.  The most 

common fungi are the eukaryotic algae which are made up of water moss, pond scum, 

seaweed, and red tide.  The protozoa are unicellular organisms that are generally 

microscopic in size that in some instances reach macroscopic size.  Of all living 

components in soil, the bacteria are the most numerous [31].  Termed prokaryotic due to 

a lack of nuclear membrane, bacteria are in fact the most abundant of all living organisms 

on earth.  

 

2.1.1 Soil Bacterial Biota 

 The bacterial population in soil is a very diverse grouping that is classified based 

on several criteria.  Bacteria can be classified based on the following criteria: 

1. Oxygen tolerance 

2. Morphological cell structure 

3. Type of energy source 

4. Type of carbon source 

The ability/inability to grow in the presence of oxygen is an important biochemical trait 

for bacteria.  Bacteria are further separated into three different categories based on this 

classification.  Aerobes are bacteria which must have access to oxygen; anaerobes grow 

only in the absence of oxygen; and facultative anaerobes can grow with or without an 

oxygen supply.   
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 The morphological structure of the bacterial cell is characterized by three 

different groups, bacilli, cocci, and spirilli.  Bacilli are rod shaped, and are the most 

abundant group in soil populations.  Cocci are spherical-shaped and spirilli are spiral in 

shape.  Spirilli are typically not common in soil populations.  The bacilli have the ability 

to persist in unfavorable conditions, like those beneath a landfill with leaked hazardous 

chemicals.  The bacilli produce endospores to survive the unfavorable conditions and can 

germinate when conditions improve for their growth.  Also, they may have the ability to 

adapted to the hazardous chemicals and use them as an energy source. 

 Bacterial classification based on the type of energy source is most important in 

the field of remediation engineering in which the type and population of microbial 

species present in the soil can determine the system design.  In general microorganisms 

are classified as either heterotrophic or autotrophic based on how the microbes obtain the 

growth energy.  Autotrophs are further classified as photoautotrophs or chemoautotrophs, 

i.e., photoautotrophs derive their energy through sunlight and chemoautotrophs through 

oxidation of inorganic materials.  Heterotroph organisms dominate the soil substrata in 

terms of energy transformation, i.e., they require organic substrates to serve as an energy 

and carbon sources.  The availability of these organic substances and other nutrients 

within the soil matrices are essential to the bacterial community.  The bacteria use these 

substances to facilitate cell development.  The major component of a bacterial cell is 

carbon, which makes up approximately 50% of the cells protoplasmic material.  Other 

elemental components of bacterial cells include oxygen (20%), nitrogen (14%), hydrogen 

(8%), phosphorus (3%), sulfur (1%), potassium (1%), sodium (1%), calcium (0.5%), 

magnesium (0.5%), chlorine (0.5%), iron (0.2%), and others (0.3%).  The chemical 

structure for bacteria is typically expressed as C5H7O2N.  Also, some bacteria are capable 

of deriving their energy source through minerals and products of respiration.  Some 

typical transformations that these organisms perform are illustrated below (Figure 1). 
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Figure 1.  Bacterial Energy Transformations 

 

2.1.2 Soil Bacterial Diversity 

 Since one of the goals of this research was to identify the dominant bacterial 

species within the soil samples, it is important to understand the background of soil 

bacteria diversity.  Due to the high variability of bacterial species in soil it is very 

difficult to determine the dominant species.  However, several proposals have been made.  

Paul and Clarke have suggested the dominant bacterial species in soils in terms of 

percentage of the total population based on plate count methods (Table 2).  A more recent 

investigation into the dominant bacterial species in soils was based on libraries of 

 

Table 2.  Dominant Genus in Soil Bacteria [31] 

 

 

16S rRNA and 16S rRNA genes.  Members of the phylum that make up the percentage of 

16S rRNA libraries derived from soil communities were presented (Table 3).  Both 

studies concur in the types of bacterial species present, however, due to different 

methodologies used in detection, the percentages for each are not in agreement.  The 

classification of soil bacteria is constantly being rewritten.  Also, bacteria classification 

changes frequently based on new advances in understanding bacterial cell functions [18].  

Currently, most soil bacteria belong to phylogenetic groups that have few or no known 

representatives [17].  However, as is seen in the current publications and in microbial 

textbooks, the realm of soil bacterial diversity has been described.   
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Table 3.  Dominant Phylum in Soil Bacteria [15] 

 

 

2.1.3 Soil Properties 

 The nature, diversity, and activity of a soils bacterial community are determined 

by the adaptability of the organisms to adapt to or modify the environmental properties of 

soils.  Temperature, pH, moisture, soil type, and redox potential are important 

soil/environmental parameters for bacterial growth.  By modifying or adapting to these 

environmental parameters, a bacterial community can survive. 

 

Temperature.  Temperature within the soil matrix is important for the rate at 

which the chemical and biochemical reactions occur within bacterial cells and 

surrounding environment.  Typically, the optimal growth temperature for most bacteria 

within the 25-30° C range [41].  A broader range where bacteria can grow is typically 

observed to be between 0 and 70 degrees Celsius.  Microorganisms can be characterized 

based on these temperature tolerances or ranges.  Psychrophiles can grow optimally 

below 20°C, mesophiles between 20°C and 40°C, and thermophiles above 45°C.  

Psychrophiles are not common in soil bacterial communities.  Mesophiles, however, are 

the dominating type of bacterial species found in soils while thermophiles are less 

common. 
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pH.  The measurement of pH in soils is essential to understand the types of 

microbial species within a specific soil.  All microbial species have a pH range in which 

their cell functions are possible.  Thus, each species has its optimum pH value for growth.  

Bacterial surface enzymes can also regulate the external pH so that internal cell functions 

are optimized.  These surface enzymes are among the over 1000 surface enzymes [31] 

that are associated with internal functions as well as external functions such as 

membranes.  The balance of the internal pH as affected by the external pH gradients 

within the soil is essential for bacterial growth.  Also, the soil particles themselves affect 

the pH within a specific location.  In particular, clay particles can greatly alter the soil pH 

owing to their negative charges that produce the double layer, thus increasing cations 

within the soil matrices.  Like all soil properties, the soil pH is greatly dependent on other 

soil parameters such as water content and mineral content. 

 

Moisture.  The moisture availability in the soil is another major factor that affects 

microbial growth.  Water serves as an essential component in cell processes, affects gas 

exchange in soil, transports nutrient supply to microbes, regulates soil temperature, and 

works as the growth medium for microbial colonies.   

The pores within soil matrices are filled with water and air.  For microbial growth 

the water to air ratio in the pore is essential.  Too much water content in the pores will  

prohibit sufficient diffusion of oxygen leading to an anoxic environment.  

As discussed earlier, temperature is also one of the microbial growth factors 

within the soil matrices, which is regulated by moisture content in most cases.  The 

moisture content varies with respect to locations owning to variations in height of the  

groundwater table as well as the slope of the soil surface and the position of the sun.  

Also, microbes that exist in soils with a higher water content will tend to more resistant to 

temperature fluctuations.    

In soil matrices, water content is closely related to the water potential, which is 

determined by osmotic potentials. Consequently, water content in the soil matrices can be 

quantified by measuring the soil water potential.  The general optimal water potential for 

microbial growth is approximately -0.05 MPa [31].  Water content can be expressed in 

terms of gravimetric and volumetric water content. 
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Soil Type and Structure.  The soil habitat is comprised of many different 

components including minerals, plant roots, living soil microbes, decomposing organic 

matter, soil gases, and soil water, etc.  All of these components come together to form 

suitable habitats for microbial development.  The most dominant structural feature in the 

soil matrices is the clay-organic matter complexes.  The clay particles are essential to the 

 

 

 

Figure 2. Soil Aggregates [31] 

 

basic formation of these aggregates.  This aggregation of the clays and organic matter 

complexes is one of the most important factors governing microbial activity in soil [31].  

The forces within the soil (freezing, thawing, and root growth, etc.) help mold these 

complexes into aggregates.  These complexes form macroaggregates and their subunits 

 9 

 

 



microaggregates (Figure 2).  Most microbial organisms do not exist in the pore spaces of 

soils, rather they reside on the surfaces of these aggregates due to their bacterial fibrils on 

their surface and polysaccharides produced during metabolism.  Furthermore, functional 

groups on microbial surfaces form bonds with receiving bonding sites on mineral 

surfaces.  The formation of these aggregates further facilitates proper water infiltration 

and availability, oxygen tension, and nutrient movement as needed by the microbial 

community.  Also, clay particles associated with the aggregates have been shown to assist 

in removing contaminants such as arsenic from groundwater [45]. 

 

Redox Potential.  The redox potential, an expression to describe the oxidizing or 

reducing capability of the surrounding environment, is also a major factor controlling soil 

biota.  In soil, oxygen is the major electron acceptor in these reactions.  In scenarios when 

oxygen is limited, NO3
-
, Fe

3+
, Mn

2+
, and SO4

2-
 can serve as electron acceptors.  For this 

research, the occurrence of Fe
3+ 

serving as the electron acceptor, is of greater concern 

than the other reactions.  When the iron is reduced, the now soluble ferrous iron should 

be blamed for the elevated iron observations in the groundwater down gradient of the 

landfills. 

 

2.2 Soil Microbial Structure Nearby Landfills 

 

The structure of the soil microbial community nearby landfills has not been directly 

well studied.  Many studies have characterized bacterial species that are present in 

groundwater down gradient of landfills as groundwater contamination is important for 

health concerns.  In general the landfill has been characterized in terms of zones of 

bacterial reactions (Figure 3).  Beneath the aerobic region, the dominating anaerobic 

species are sulfate and iron reducing bacteria.  Once sulfate and iron sources are depleted, 

methane production is the dominant reaction.  Many studies have characterized the 

bacterial community that exists within contaminant plumes of landfills that have 

contaminated aquifers.  A contaminated aquifer in the Netherlands was shown to have a 

high diversity of iron-reducing bacteria Geobacteraceae within the leachate plume when 

compared to an unpolluted aquifer [23]. In the same location, it was shown that 
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Protobacteria were dominant upstream of the contaminant plume.  Gram-positive 

bacteria dominated the species beneath the landfill and downstream the Protobacteria 

reappeared, however they were different species from the upstream Protobacteria [33]. 

These differences in microbial diversity adjacent to the landfill were observed in 

groundwater samples but not in sediment samples.  Also, a landfill in Denmark noted a 

shift in the bacterial community make-up with an increase in horizontal distance from the 

landfill [1] [43].  It was noted that an increase in iron and sulfate reducing bacteria were 

more pronounced closer to the landfill.   

Overall, most studies conclude that the iron and sulfate-reducing species exist 

beneath the landfill.  It is also noted that the landfill leachate does alter the chemistry of 

the groundwater nearby the landfill thus allowing favorable anoxic conditions for the iron 

and sulfate reducing bacteria [24].  An aquifer contaminated by an anoxic landfill 

leachate showed distinct zones of sulfate reducing and iron reducing [6]. 

 

  

Figure 3.  Oxidation and Reduction Zones of Bacterial  

Activity Downstream of a Landfill [21] 
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2.3 Soil Microbial Characterization 

 

 The characterization of the microbial community within a soil sample is a very 

useful tool in determining the overall health of the soil.  Characterization is a very broad 

term that can cover many aspects of the soil microbes.  For this research the 

characterization that is of interest is the enumeration and identification of the bacterial 

species.  The bacterial species of interest are the iron reducing/oxidizing bacteria.  

Additionally, the most common soil bacteria were identified.   

 

2.3.1 Microbial Quantification 

 The quantification or enumeration of the bacterial population within a soil sample 

has many methodologies.  The most common and inexpensive methodology is the plate 

count method.  This method uses a general substrate or agar to propagate identifiable 

colony forming units (CFU) of growth.  This method is considered unreliable for 

quantifying bacterial growth in a soil sample.  Plate count methods favor faster growing 

bacteria thereby inhibiting slower growing bacteria.  Also, the media used as the carbon 

source can favor certain species. It is estimated that only 0.1 to 10% [31] [2]of the viable 

bacterial population is detected using this method.  However, it is possible to achieve up 

to approximately 50 to 60% of the bacteria present in soil through plate counts [2] [16].  

Also, only aerobic species are cultured using this technique.  However, this method is 

still practiced in monitoring natural attenuation of contaminated sites, and 

bioremediation, etc.  For most cases, it is used as the initiation step into further 

investigations [37]. 

 Other methods to determine the bacterial population of soil samples include direct 

microscopy, most-probable-number-procedures, and other microscopy methods.  These 

methods are an estimation of the viable bacterial populations and are dependent of the 

species in question, media used for growth, and type of soil sample.  Rather than 

estimating the population of the bacterial community it is also common practice to 

measure the bacterial activity or biomass.  By measuring activities such as respiration it is 

possible to characterize the bacterial community through measuring gases production that 

is released by the bacteria.  
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2.3.2 Microbial Identification 

There are several identification techniques for the determination of whether a 

bacterial isolate should be placed within a group of organisms known to fit within some 

classification scheme.  Many different criteria are employed for bacterial identification.  

The techniques and tests that are suitable for the identification, however, depend on the 

type of bacteria or microorganisms that are being identified and how detailed of a 

classification is required.  The common techniques used to characterize soil bacteria of 

interest include:  morphological identification, differential staining, differential media 

screening, serological methods, flow cytometry, phage typing, protein analysis, and 

comparisons of nucleotide sequences. 

Morphological characteristics are useful in bacterial identification through 

absence/presence of cell structures such as endospores, flagella, and glycocalyx, etc.  

Also, the entire cell structure can be analyzed for bacterial identification.  Cell shape and 

cell size are telling parameters in bacterial identification.  Being able to classify a 

specimen based on shape as either bacilli, cocci, or spirilli, will greatly narrow the field 

of potential matches to the specimen in question. 

Serological methods such as agglutination test, ELISA, and Western blot , test 

antibodies that are highly selective in terms of the proteins (or other cell structures) to 

which they bind, to the point that they are able to distinguish the proteins coming from 

one bacterial species in a mixed culture or even one strain among a mixed culture of 

bacterial strains.   

Flow cytometry is a technique that can employ serological methods that suspends 

cells in a liquid medium.  The cells are then analyzed by light, electrical conductivity, or 

fluorescence as the cells individually pass through a small orifice. 

Phage typing is a technique that incorporates the viruses that infect specific 

bacterial strains.  Viruses can be very specific to the bacteria they infect and the pattern 

of infection by many phages may be used in phage typing to distinguish bacterial strains 

or species. 

 Protein analysis techniques such as gel electrophoresis and SDS-PAGE analyze 

the size and other differences between proteins among different organisms.   Such 
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methods are good at detecting small differences between isolates and are especially good 

at establishing clonality of a particular isolate. 

 Techniques for comparison of nucleotide sequences such as Southern blot, nucleic 

acid hybridization, RFLP (restriction fragment length polymorphism), and DNA 

fingerprinting analyze the actual sequence of bases or nucleotides in the organism.  These 

can be inferred or actually determined through the above mentioned techniques. 

 Another technique that is commonly cited in current literature is PCR, or 

polymerase chain reaction, a method of amplifying specific regions of DNA found in an 

organisms genome by selectively catalyzing the replication of those regions.  The 

replicated region is then compared to a database of organisms whose DNA has already 

characterized.  This method was selected for this research due to the reliability of its 

results which has been verified in the current literature.   

 

2.4 Microbial Mediated Iron Release 

 

It has been demonstrated that a pure culture of Shewanella oneidensis strain MR-1 

as well as enrichment cultures of iron-reducing bacteria are capable of conserving energy 

for growth with the sole electron acceptor being the structure FE (III) bound in smectite 

clay [19]: 

CH2O + 2Fe2O + 3H2O = CO2 + 4Fe
2+

 + 8OH
- 

The above reaction is an important discovery since most of the iron on earth exists in the 

form of silicate minerals or iron oxides.  Microbial mediated iron reduction and release 

may be the mechanism for elevated iron in groundwater, when conditions permit.   

 There is also a possibility of iron release due to oxidation of metallic iron.  This 

possibility is greater near C & D landfills [32] which can occur under both aerobic and 

anaerobic conditions.  Iron oxidation is typically a chemical oxidation process.  This 

process can be accelerated by anions such as chloride, carbonate, and sulphate, which are 

found in the leachate. The chemical oxidation of metallic iron is most likely to occur 

under aerobic conditions.  Under anaerobic conditions where dissolved oxygen in 

groundwater is depleted owing to the high oxygen demand of municipal landfill leachate, 

the possibility of microbial mediated iron oxidation becomes high [25].  
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The interactions of bacteria with metallic iron under both aerobic and anaerobic 

conditions have also been well documented in many studies. Microorganisms may 

stimulate the oxidation or corrosion of zero-valent iron [27]. The oxidation usually occurs 

under anaerobic environments due to the rapid reduction of molecular oxygen by Fe
0 

and 

Fe
2+

, and the limited solubility of oxygen in groundwater (markedly near landfills where 

dissolved oxygen is depleted by landfill leachate).  Anaerobic iron oxidation and 

sulphate-reducing bacteria are frequently linked in activities [9]. There is evidence that 

sulphate-reducing bacteria are responsible for pitting the iron through two iron oxidation 

mechanisms, direct and indirect [13] [22].  The indirect mechanism involves oxidation of 

iron by hydrogen sulfide (Fe + H
2
S = FeS + H

2
). The net reaction shows that the sulfate-

reducing bacteria use organic compounds (shown here as [CH
2
O]) and H

2 
for sulfate 

reduction:  

 

The direct mechanism usually involves the sulphate-reducing bacteria 

Desulfovibrio species. These species are capable of obtaining electrons from metallic iron 

in a more direct manner than via free hydrogen:  

  

A newly isolated Methanobacteria-like archaeon that have a more direct access to 

electrons from iron than via hydrogen consumption [9] supports the direct mechanism 

approach.  

The microbial mediated iron reaction processes compete with chemical processes, 

promoting and potentially dominating iron release near landfills where landfill leachate 

interacts with the soil since organic matter can serve as energy and carbon sources for 

microbial activities.  Iron-reducing bacteria and sulphate-reducing bacteria coexist in the 

subsurface and compete for growth in most cases.  Some of the bacterial species, sulfate 

and iron reducing/oxidizing bacteria, are listed in Table 4.  These bacteria exist under a 

specific range of soil parameters.  Typically, the bacteria exist in temperatures of 

approximately 30°C under acidic conditions.  Most can exist in soil matrices as well as in 

water. 
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Table 4.  Bacterial Species involved in Corrosion Processes [31] 

 

 

 

The iron reducing bacteria are also capable of causing the release of other 

contaminants that may be attached to soil minerals [39] [20].  The Savannah River Site in 

South Carolina is a well documented to contain many contaminants.  It has been 

suggested that the increase in soluble iron may cause the release of many toxic metals 

and radionuclides which are frequently attached to Fe (III) oxides [36].  Aside from the 

increase in iron in groundwater it is also important to characterize the microbial 

community to increase knowledge of other contaminants released due to iron reducing 

bacteria. 

 

 

 

 

 

 

 

 

 16 

 

 



CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Soil Sampling 

 

All soil samples utilized for analysis were collected by Florida Department of 

Environmental Protection - Northeast District personnel.  A summary outlining the 

procedures used for sampling was provided along with the corresponding samples 

approximately every two weeks.  The time of collection and the weather conditions were 

provided for each sampling.  In general soil samples were collected 1 to 3 feet below the 

surface.  The soil was immediately placed in either a Ziploc bag or a Styrofoam cooler 

and sealed.  All samples were delivered to the lab on the day of collection and placed in 

refrigeration to maintain bacterial vitality.  Samples were collected from a total of fifteen 

different counties in northwestern Florida (Table 5).  The soil classifications are based on 

soil surveys using the three common techniques, AASHTO, USCS, and USDA Soil 

Name as described in historical soil surveys. 

 

Table 5.     Soil Samples and Soil Identification 

 

 AASHTO – American Association of State Highway and Transportation Officials 

 USCS – Unified Soil Classification System     USDA – United States Department of Agriculture 
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Figure 4.  Northwest Florida Counties 

 

3.1.1 Sieve Analysis  

 A sieve analysis was performed for all soil samples.  The method employed for 

the sieve was a typical methodology used for soils for engineering purposes.  A 600-700 

gram in-situ sample from each location was weighed out for the sieve test.  All samples 

were placed in an oven for approximately 10 days at 30°C.  After samples were 

determined to be thoroughly dry, their dry weight was recorded.  All samples were 

broken up with a pestle and mortar in order to assure all soil particles were separated.  

The dry weight of the samples was determined after the pestle and mortar were used.  A 

stack of sieves were arranged from top to bottom in the respective order of decreasing 

sieve size openings, i.e. sieve number 4, 10, 20, 40, 60, 100, 140, 200, and Pan.  The dry 

soil sample was placed on sieve number 4 and then closed and placed on a sieve shaker 

for 15 minutes.  The total weight of soil retained on each sieve was then weighed ending 

with the weight of soil collected in the pan.  If a considerable amount of soil was retained 

on the sieve number 200 a wash through was performed on that soil to determine if any 

additional soil could pass through to the pan.  The following calculations were performed 

on the data obtained from the sieve test. 

 

1. Percent mass soil retained on each sieve or n
th

 sieve (Rn) 
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2. Cumulative percent of soil retained on each sieve or n
th

 sieve (Σ Rn) 

 

3. Percent finer for each sieve 

 

From these calculations a grain size distribution plot was developed for each soil sample.  

Grain size was plotted on the log scale and percent finer was plotted on the natural scale.  

These plots were used for comparison with plate count data to investigate any correlation 

between grain size distribution and colony forming units. 

 

3.1.2 Water Content 

 The water content for all sixteen soil samples was determined based on the sieve 

analysis described above in section 3.1.1.  The soil samples were weighed pre-drying and 

post-drying.  The difference in their weights divided by total dry weight gives the water 

content, w.  The water content of the samples is considered to play a very important role 

in quantifying the total plate counts or colony forming units that were observed from each 

soil sample. 

 

3.2 Aerobic Plate Counts 

 

For enumeration of aerobic bacterial growth present in the soil samples the plate 

count method was employed.  A general nutrient agar was used as the growth medium.  

Sterile techniques were used throughout the entire process.  For each soil sample 

collected one gram of soil was diluted in sterilized tap water to obtain a concentration of 

bacteria that was countable on the plates (Figure 5).  Samples were vigorously mixed 

during dilution to assist in dislodging the bacteria from the soil particles.  A total of 100 

µl of diluted soil suspension was plated on three plates per soil sample.  Sterilized water 

was spread on an agar plate to serve as the control.   
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Figure 5.   Plate count dilution methodology 

 

3.3 Aerobic Species Characterization 

 

 The characterization of aerobic as well as anaerobic bacterial species present in 

the soil samples followed the same basic steps.  For both species, characterization 

involved in species identification was based on morphology and polymerase chain 

reaction (PCR) testing.  The methodology used for bacterial growth differed for the 

aerobic and anaerobic due to presence/absence of oxygen.  The set-up used for the 

anaerobic characterization is described in the following section, 3.4.  The aerobic species 

bacterial growth procedure involved preparation of a growth medium salt solution.  The 

procedure used is as follows; 

Aerobic Species Culturing Preparation 

Salt Solution 

1. 10 grams MgSO4·7H2O 

2. 1.0 grams MnCl2·4H2O 

3. 0.4 grams FeSO4·7H2O 

4. Add three components above to 1.0 liter distilled water. 
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Growth Medium 

1. Add 5.44 grams KH2PO4 and 6 ml salt solution/100 ml of growth medium. 

2. Make medium to 1.0-liter total volume. 

 

Aerobic Microbial Cultures 

1. 10 grams of soil sample 

2. 2.0 grams glucose (carbon source) 

3. 100 ml of growth medium 

4. Place all components in bottles and supply a constant air supply as seen in 

figure below. 

 

 

Figure 6:  Aerobic Bacterial Culturing 

  

The growth bottles received constant air supply for approximately two weeks.  From 

these growth chambers material was withdrew for identification both through 

morphology and PCR analysis.  For the morphology identification, both mixed cultures 

and pure cultures were fixed on slides by heating and viewed under a bright field 

microscope. For the mixed culture a small amount of soil/water material was withdrawn 

from the chamber and fixed onto the slide by heating.  Again, since this research was 
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more concerned with identification of iron reducing/oxidizing bacteria, samples with a 

higher visual appearance of iron content were selected.  Also, given that the iron 

reducing/oxidizing bacteria are gram-negative bacteria, a Gram’s Stain was performed on 

all slides.   

For the PCR analysis a pure culture is required, otherwise an accurate analysis can 

not be obtained.  As with the morphology identification, a small amount of soil/water was 

withdrawn from the chamber and plated on a nutrient agar Petri dish.  After 

approximately 48 to 72 hours of incubation, an area of uniform growth of bacteria was 

swiped with a loop and spread in a diluted manner on a new plate for growth.  From this 

growth a single isolated colony was selected for the PCR analysis.  Prior to the test, the 

specimen was placed in cold storage to retard growth. 

  

3.4 Anaerobic Species Characterization 

 

The same culturing preparation used in the aerobic culturing (3.3 Aerobic Species 

Characterization) was also used in the anaerobic culturing, with a few alterations. For 

anaerobic growth, the soil and media mixture were placed in a 750 ml flask and sealed.  

Approximately 5 ml of potassium hydroxide was placed in the arm tube to serve as the 

CO2 entrapping device (Figure 7).  This method helps to alleviate pressure in the system 

 

 

Figure 7:  Anaerobic Bacterial Culturing 
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and closer mimic real world conditions.  The system was allowed approximately one 

month of incubation before for further analysis. 

 For the morphological identification, a small amount of water, soil mixture was 

removed from the system.  To avoid introduction of oxygen to the system, a needle was 

inserted through the rubber stopper.  The same steps were then followed as were done 

with the aerobic species. 

For the PCR analysis of the anaerobic species, a pure culture was again cultured. 

Withdrawal of water, soil mixture was performed under anoxic conditions.  This was then 

plated onto a nutrient agar plate and immediately sealed.  The cultures were incubated at 

30°C in dark conditions for approximately one week.  After diluted streaks were made 

from isolated colonies, a single colony was selected for the PCR analysis. 

  

3.5 Polymerase Chain Reaction (PCR) Analysis 

 

 One of the more reliable and most cost effective methodologies for identification 

of bacterial species is Polymerase Chain Reaction (PCR) analysis.  The current literature 

regards PCR analysis as one of the most reliable means of bacterial species identification.  

Also, Dr. Reeves of Florida State University Biology Department was consulted on this 

manner and he also suggested employing the PCR analysis for identification of bacterial 

species.  Brenda Bennison of Florida State University developed the methodology used in 

the PCR analysis which was originally from Gussow, D. and T. Clarkson, 1989.  The 

technique involves the steps listed below. 

 

1. An isolated pure colony is grown on media.  The isolated colony is swiped with 

an applicator stick and inoculated in 50 µl of 10 mM EDTA in a 1.5 ml microfuge 

tube. 

2. Boil for 5 minutes, vortex, and then centrifuge. 

3. Prepared Master Mix that contained all ingredients for the reaction except the 

enzyme (Taq DNA Polymerase) and the sample DNA.  Refer to Table 6:  Master 

Mix Components for PCR Analysis. 
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Table 6:  Master Mix Components for PCR Analysis. 

Component Quantity 

10X Taq Buffer 100 µl 

50 mM MgCl2 70 µl 

5 mM dNTP mix 10 µl 

1
st
 primer  50 µl 

2
nd

 primer 50 µl 

H2O 705 µl 

 

 There were a total of five samples tested, four soil samples and one known 

bacteria to serve as a control.  A total of 500 µl of the Master Mix was used for the five 

samples with 99 µl per sample.  A volume of 2.5 µl of the Taq polymerase was added to 

the 500 µl.  From this a total of 99 µl was added to separate labeled PCR tubes.  A 

volume of 1 µl of the DNA from the samples prepared from step 2 mentioned above is 

added to each tube to bring the total volume to 100 µl.  Samples were then placed in a 

thermocycler and the program REEVES50 was initiated and run. 

 For analysis of the PCR reaction, a 1% agarose gel was poured.  For the gel 2 µl 

of the each DNA sample was mixed with 8 µl 2xTBE and 2 µl of gel loading buffer.  

Along with the samples a molecular weight standard and a mass ladder were pipette into 

the wells.  The gel was run at ~100 volts for one and a half hours, until the bromphenol 

blue band migrated at least two-thirds of the total gel length.  The gel was then stained 

with ethidium bromide solution and agitated for 30 minutes.  The gel was then rinsed and 

photographed in the transilluminator.  

 Upon verification of the PCR reaction by viewing the gel bands, the PCR samples 

were then purified for analysis by the sequencing laboratory.  A QIAGEN QIAquick-spin 

PCR purification kit was used to purify the samples.  Refer to the appendix for this 

procedure.  After the purification the samples were then labeled and sent to the FSU 

sequencing laboratory for amplification of the samples.  Once the results were obtained 

the sequences were entered into the National Center for Biotechnology Information 

(NCBI) website and identified based on the strands that have been previously identified. 
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CHAPTER 4 

RESULTS 

 

 Characterization of the bacterial community present in sixteen different landfills 

was determined using plate counts for enumeration and morphology/PCR analysis for 

identification.  The plate count method only accounted for aerobic species growth.  Also, 

only a representative number of samples were selected for the identification of bacterial 

species.  The sampling depth was equivalent among the samples and therefore did not 

factor into the analysis.  Also, the soil was characterized based on sieve analysis and soil 

profiles from available literature. 

 

4.1 Soil Characterization 

 

 The soil samples were characterized based on sieve analysis.  The moisture 

content and the percent fines were determined from the sieve analysis.  For each county 

detailed sieve analysis is available in the Appendix.  The sieve analysis is summarized in 

Table 7.  All values reported are in grams of sand retained per sieve.  All sieve runs were 

maintained at a low % lost after the test, with Washington County having the highest loss 

of 1.6%.  The total weight that was used for each county varied due to variance in 

 

 Table 7.  Sieve Analysis of All Soil Samples 
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Table 7.  (cont’d) 

 

 

soil water present.  A total of 500 grams of dry soil was required for an accurate sieve 

test.  To assure this weight was retained after drying each soil, a total weight well above 

500 grams was weighed-out.   

 Franklin County and Calhoun County had the highest water content of 20%, and 

19.5%, respectively.  Gadsden and Gulf were determined to have the lowest water 

content, both at approximately 3.5%.  The two Santa Rosa County samples had the 

highest percent fines, 6.9% for the Holley landfill, and 6% for the Central landfill.  Gulf 

and Bay county were determined to have the lowest percent fines, both at 0.23%.  Water 

content and percent fines were plotted for all the samples to derive any correlation 

(Figure 8).  The plot is a best fit line derived from sixteen data points.  The plot shows a 

direct correlation between percent fines and water content.  The water content increased 

with the increase in percentage of finer particles.  This is due to the increase in surface 

area available for the water molecules to interact with.  The finer particles refer to clay 

particles which interact with water molecules through surface charges and forces.  It is 

well documented that clay particles have a very large capacity to hold water. 
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Figure 8. Water Content vs. Percent Fines for all Soil Samples 

 

4.2 Plate Counts 

 

 Plate counts were performed for all sixteen landfill locations from the fifteen 

counties in Northwest Florida.  Plates were allowed 48 hours of incubation before 

counting the colonies.  The morphology of the colonies that formed was in general 

consistent across all samples.  There were a few samples that developed a mold or fungus 

in addition to the bacterial colonies.  The morphology of the colonies was circular 

Table 8.  Plate Counts - Average CFU Count Ranked Highest to Lowest 
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in shape with variations in size, and color was typically a pale yellow to tan.  Some plates 

would develop a light green pigmentation, which after consulting Dr. Reeves of FSU 

Biology Department, was determined to be a reaction of pseudomonas bacterial species. 

 The plate counts show that Gadsden County had the highest CFU of 1.97 x 10
6
.  

Santa Rosa Central showed the lowest bacterial CFU of 3.00 x 10
4
.  The average CFU for 

all samples was 4.96 x 10
5
.  The CFU counts are an average of three replications for each 

soil sample.  The average CFU for the soils falls within the range suggested for a soil 

with a healthy biological community [37] [44]. 

 

4.3 Aerobic Species Characterization 

 

 The aerobic bacterial species were also characterized based on morphology.  Only 

a select representative soil samples were used in the identification using morphology.  

For the aerobic species, Okaloosa County and Liberty County were selected based on 

visual appearance of the soil.  Okaloosa County (Figure 9) had a very dark red coloration 

indicating high iron content.  Although the red coloration does not definitively indicate 

high iron content, it is usually indicative of a soil with a high iron and clay content.  

Liberty County was selected based on it’s dark brown and rich organic appearance. 

 

 

Figure 9.  Okaloosa County Soil Sample 

(7-8 grams of soil in 7.6 cm diameter glass dish) 

A small amount of soil/water from each growth chamber (Figure 6. pg 21) was smeared 

on a slide and stained using Gram’s Stain.  These slides show a mixed culture of bacterial 
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growth.  Additionally, for Okaloosa, a pure culture was obtained from growth on an agar 

plate and also smeared and stained.  Images were collected from slides using the FSU 

imaging laboratory (~500 X magnification).  Figure 13 includes a micrometer scale that 

can be referenced for Figures 10-18.  The species was further identified by PCR analysis 

and those results are discussed in section 4.5 PCR Analysis Results.   

From Okaloosa County two aerobic strains of Bacillus were positively identified.  

The gram positive bacteria Bacillus cereus (Figure 10) and Bacillus subtilis (Figure 11) 

were identified from pure cultures.  These two Bacillus bacteria are well documented soil 

bacteria and are common in the depth zone where the samples were taken.  Also, a 

culture from Franklin County was identified as Bacillus thuringiensis. 

 

 

Figure 10.  Okaloosa County Aerobic Sample 

Bacillus cereus 
 

 

 
Figure 11.  Okaloosa County Aerobic Sample 

Bacillus subtilis 
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Figure 12.  Liberty County Aerobic Sample 

Unknown Cocci Bacteria 

 

 

Figure 13.  Okaloosa County Mixed Culture 

Unknown Pseudomonal-like Bacteria 
 

 

 

Figure 14.  Okaloosa County Mixed Culture 

Unknown Bacilli Bacteria 
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 The remainder of the bacteria that were identified can not be 100% accurately 

identified to genus and species name without DNA identification.  Therefore, based on 

morphology, bacteria  can be categorized in terms of class of species.  The mixed culture 

bacteria were obtained from the growth chambers and placed on the slide and stained 

with Gram’s stain.  Two dominant bacteria observed in the Okaloosa sample are 

identified in Figures in 13 and 14.  Figure 13 was a dominant species throughout the 

sample and had a head and tail morphology.  Figure 14 showed a long rod-like bacteria 

that were also a dominant species within the Okaloosa samples.  The sample from Liberty 

County (Figure 12) contained a cocci-shaped bacteria that was the dominant species 

throughout the sample.  Samples from other locations, such as Franklin County, Gadsden 

County, and Walton County were also viewed and the results showed a variation of the 

above mentioned bacteria.  It was therefore assumed that these bacteria would be a clear 

representative group from all other samples. These bacteria listed in the figures are 

further analyzed in the Discussion section. 

 

 

4.4 Anaerobic Species Characterization 

 

 The same methodology used for the aerobic identification was also used in the 

anaerobic identification.  One pure culture was obtained for the anaerobic identification.  

From the Okaloosa sample a strain of Pseudomonas aeruginosa (Figure 15) was 

identified through the PCR reaction (refer to section 4.5 for further discussion).   

 

 

Figure 15.  Okaloosa County Anaerobic (Pseudomonas aeruginosa) 
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Figure 16.  Liberty County Anaerobic Mixed Culture 

Unknown Pseudomonal-like Bacteria 

 

 

 

Figure 17.  Walton County Anaerobic Mixed Culture 

Unknown Pseudomonal-like Bacteria 

 

 

Figure 18.  Gadsden County Anaerobic Mixed 

 Culture-Unknown Bacilli Bacteria 
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The remainder of the identification was obtained from other counties.  In Figure 16 from 

Liberty County, a Pseudomonal-like bacteria similar to the one identified in the aerobic 

sample from Okaloosa County, was the dominant strain in that sample.  From Walton 

County, a similar bacteria that had the head flagella morphology (Figure 17) was 

determined to be the dominant species in that sample.  Gadsden County mixed culture 

samples (Figure 18) revealed a bacilli-like bacteria as the dominant species.  For all 

samples, a total of three replications were made of the slides per sample and from those 

slides the dominant bacteria present was imaged.  All images presented above of the 

aerobic and anaerobic bacteria followed this technique. 

 

4.5 Polymerase Chain Reaction (PCR) Analysis 

 

 PCR analysis provided more accurate and reliable results.  After going through 

the initial process as described in the Materials and Methods section, a 1% agarose gel 

was poured and the DNA samples were pipette into the wells within the gel.  Voltage was 

then applied to the gel and allowed to run for approximately one hour and fifteen 

minutes.  The resulting bands from the samples (Figure 19) were determined to be at the 

1400 mark as indicated by the stepped band on the left side of the gel.  This process was  

 

 

Figure 19.  Gel Electrophoresis of DNA Samples 
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performed in Dr. Robert H. Reeves laboratory in the Biology Department at The Florida 

State University (FSU).  Following the confirmation of the gel, the DNA samples were 

sent to the FSU DNA Sequencing Laboratory.  The samples sent for identification were 

labeled and their subsequent identification are as follows: 

 

DNA Samples Analyzed by PCR  Species Identified 

A. Okaloosa County Aerobic Sample Bacillus subtilis 

B. Okaloosa County Anaerobic Sample Pseudomonas aeruginosa 

C. Okaloosa County Aerobic Sample Bacillus cereus, Bacillus thuringiensis 

D. Franklin County Aerobic Sample  Bacillus thuringiensis, Bacillus cereus 

 

Only four samples were chosen for the PCR analysis due to inability to culture a pure 

strain from other samples and also due to scheduling conflicts with the DNA Sequencing 

Laboratory.  The DNA code obtained from the DNA laboratory were Blasted in the 

NCBI database (http://www.ncbi.nlm.nih.gov/) and the results present the top strain 

whose DNA code matches the samples code with the highest certainty.  Samples C and D 

list the top strain match first, followed by the second closest match.  The other samples 

results are a 100% match with the strain listed above. 

 

4.6 Iron Reducing/Oxidizing Bacteria 

 

 As mentioned in the Introduction, this research was done as part of Dr. Gang 

Chen’s research project with the Hinkley Center for Solid and Hazardous Waste 

Management in Gainesville, Florida.  It is worth of incorporating some of the data 

generated through his project to correlate with the data described in this research.  The 

data from his research that are also described here are from the Third Progress Report 

that was submitted to the Hinkley Center. 

 The focal point of Dr. Chen’s project is to determine the impact landfill leachate 

has on iron release from Northwest Florida iron rich soils.  Laboratory batch experiments 

of the soil samples from the landfills were conducted to monitor total iron concentration 

over a period of time.  The results show that iron release was most pronounced in soil  
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Figure 20.  Laboratory Batch Experiments Using Soil Samples Collected from 

Landfill Sites Reacting with Corresponding Landfill Leachate [5] 

 

from Walton County (Figure 20).  These experiments were performed in the presence of 

iron reducing bacteria that was pre-cultured using iron-rich soil as base consortia (same 

set-up described in the Methods and Materials section).  These results confirm that iron 

reducing bacteria were present in the growth chambers that were used to isolate bacteria 

for identification in the PCR analysis and the morphology identification.  However, as is 

noted in the Results section, no iron reducing bacteria were isolated for the PCR analysis.  

The bacteria isolated in the morphology identification may have contained the iron 

reducing bacteria.  This is further addressed in the Discussion section. 
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CHAPTER 5 

DISCUSSION 

 

 The methods of plate counts, PCR analysis, and morphological identification of 

the bacterial community have provided a meaningful characterization of the soil adjacent 

to landfills in Northwest Florida.  Common bacteria were identified which was expected 

and possible iron reducing bacteria were identified.  The plate counts of the bacteria also 

provided meaningful data in evaluating the bacterial soil communities overall health.  

The relationship that exists between the bacterial population and soil parameters of water 

content, percent fines, and the sieve analysis are further discussed in this section. 

 

5.1 Soil Parameters vs. CFU Plate Counts 

 

 The results from the plate counts and the soil analysis are compared to determine 

any correlation between soil parameters of water content and percent fines and the 

bacterial counts.  It is expected that the increase in water content and increase in 

percentage of fine particles would favor bacterial growth.  Both soil parameters are 

essential for a healthy bacterial population within the soil matrices.  The water provides 

essential material for growth and the finer particles offer more surface area for the 

bacteria to cling to.  Both soil parameters, water content and percent fines, are listed in 

Table 9 below, along with plate counts and soil classification based on USDA soil 

surveys.  The data is further broken down in Table 10, which rank each category highest 

to lowest.  A majority of the soils sampled were classified as sands (69%), four were 

loamy sands and three soils were classified as fine sands.  Overall, the soils had a 

relatively low water content and percentage of fine particles.  All three parameters are 

compared in Figure 21 (pg. 38).  Figure 21 illustrates any direct correlation between the 

three parameters.  The chart does show some correlation when considering only two of 

the parameters however, there is no obvious correlation when considering both water 

content and percent fines as compared to the CFU counts.  The CFU data are the least 

reliable of the parameters due to their inherent ability to account for the total population 
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of bacteria.  Adding additional enumeration techniques to account for the plate count 

limitations may have allowed for a better correlation to be observed [12]. 

 

Table 9.  Water Content,  Percent Fines, CFU,  

and Classification of all Soil Samples 

 
County WC % Fines CFU Classification 

Bay 5.50 0.23 7.00E+05 Lakeland sand 

Calhoun 19.49 3.44 6.20E+05 Dorovan Pimlico Rutlege 

Escambia 10.18 1.19 1.00E+05 Arents Urbanland 

Franklin 20.34 1.31 4.00E+04 Resota fine sand 

Gadsden 3.74 0.53 1.97E+06 Susquehann Sawyer Complex 

Gulf 3.60 0.23 9.00E+04 Mandarin fine sand 

Holmes 7.71 2.73 4.20E+05 Stilson loamy sand 

Jackson 6.70 4.55 3.10E+05 Dothan loamy sand 

Leon 11.30 5.22 9.20E+05 Orangeburg fine sandy loam 

Liberty 4.80 0.56 9.50E+05 NA 

Okaloosa 12.80 4.12 1.20E+05 Dothan loamy sand 

Santa Rosa C 12.24 6.01 3.00E+04 Lakeland sand 

Santa Rosa H 6.15 6.91 7.50E+05 Troup loamy sand 

Wakulla 5.08 1.53 4.60E+05 Udorthents & Quartzipsamments 

Walton 5.36 0.39 1.40E+05 Lakeland sand 

Washington 5.21 0.45 3.20E+05 Lakeland coarse sand 

 

Table 10.  Ranking, Highest to Lowest of Water Content,  

% Fines, and CFU for all Soil Samples 

 
Water Content % Fines CFU Counts 

1 Franklin 20.34 1 SR Holley 6.91 1 Gadsden 1.97E+06 

2 Calhoun 19.49 2 SR Central 6.01 2 Liberty 9.50E+05 

3 Okaloosa 12.80 3 Leon 5.22 3 Leon 9.20E+05 

4 Santa Rosa C 12.24 4 Jackson 4.55 4 SR Holley 7.50E+05 

5 Leon 11.30 5 Okaloosa 4.12 5 Bay 7.00E+05 

6 Escambia 10.18 6 Calhoun 3.44 6 Calhoun 6.20E+05 

7 Holmes 7.71 7 Holmes 2.73 7 Wakulla 4.60E+05 

8 Jackson 6.70 8 Wakulla 1.53 8 Holmes 4.20E+05 

9 Santa Rosa H 6.15 9 Franklin 1.31 9 Washington 3.20E+05 

10 Bay 5.50 10 Escambia 1.19 10 Jackson 3.10E+05 

11 Walton 5.36 11 Liberty 0.56 11 Walton 1.40E+05 

12 Washington 5.21 12 Gadsden 0.53 12 Okaloosa 1.20E+05 

13 Wakulla 5.08 13 Washington 0.45 13 Escambia 1.00E+05 

14 Liberty 4.80 14 Walton 0.39 14 Gulf 9.00E+04 

15 Gadsden 3.74 15 Bay 0.23 15 Franklin 4.00E+04 

16 Gulf 3.60 16 Gulf 0.23 16 SR Central 3.00E+04 

  

 37 

 

 



  

 

Figure 21.  Water Content and Percent Fines vs. CFU for all Soil Samples 
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 Alternatively, when considering one of the soil parameters as compared to the 

CFU counts, there is a definitive correlation.  There are many soil parameters that 

influence the bacterial population and diversity.  The sieve analysis is a common method 

employed to determine a few basic soil characteristics.  The water content and percentage 

of fine particles that were derived from the sieve analysis for the soil samples from the 

different landfills are compared against the plate counts.  The water content and percent 

fines are two soil parameters that have a strong influence on the population of bacteria.  It 

is expected that the increase in both parameters would favor bacterial growth.  However, 

for the soil samples collected from the landfills that was not the case (Figure 22 and 23).   
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Figure 22.  Water Content vs. CFU for all Soil Samples 

 

 In Figure 22 (best fit line from 16 data points) the bacterial population, according 

to the plate count method, decreases with an increase in water content.  The opposite 

trend was expected in this case.  The sampling techniques as well as the plate count 

method are limiting factors.  Also, it was determined that the dominant species present 

were Bacillus species.  The Bacillus ability to form spores favors drier conditions which 

may explain the opposite trend of decreasing CFU with increasing water content.     
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Figure 23.  Percent Fines vs. CFU for all Soil Samples 

  

 As with water content, the bacterial population decreases with an increase in 

percent fines present in the soil (Figure 23-best fit line from 16 data points).  The decline 

is less pronounced as seen with water content.  Again, since the dominating species was 

determined to be Bacillus, the coarser particles may favor the growth of spores.   

One other contributing factor may be the soils themselves.  As indicated above, 

the majority of the soils were identified as being loamy or fine sands.  The sieve analysis 

of the soils revealed that the majority of the soils did exhibit a poor grading, meaning the 

soil particles were in general the same size (refer to the Appendix for individual soils 

sieve analysis).  The comparison of the sieve analysis of the three parameters, water 

content, percent fines, and CFU counts is shown in the following three charts.  The charts 

are grain size distribution charts that show the distribution of the sand particles based on 

size.  Each of the three charts are similar, combining all sixteen soils sieve tests.  The 

difference is the colors given to each soils sieve analysis are based on where that 

particular soil falls in a ranking of one of the three parameters (Table 10) i.e., water 

content, percent fines, and CFU counts.  Each chart represents only one of the three 

parameters.  The color scheme indicates ranking of the parameter: yellow indicates a high 

ranking, blue indicates an average ranking, and red indicates a low ranking. 
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 The grain size distribution charts can be compared to typical curves that are either 

well graded, gap graded or poorly graded (Figure 24).  The comparison of the grain size 

distribution to the CFU counts (Figure 25) do show some favoring of well graded soils to 

increased bacterial growth.  The soils with the lowest CFU counts tend to have a more 

gap graded distribution.  The soils with a higher CFU count fall within the middle of the 

distribution curve and tend to have a more linear distribution of particles. 

 

 

Figure 24.  General Nature of Grain Size Distribution Curves [7] 
 

 

 

 The comparison of the grain size distribution to water content (Figure 26) also 

shows the well graded soils have a tendency to have a higher water content.  The soils 

with the lower water contents tend to have a less linear distribution.  Also, all of the 

lower water content soils fall at the lower end of the percent finer on the chart, indicating 

less finer particles present. 

 The comparison of the grain size distribution to percent fines present (Figure 27) 

also shows strongly that the well graded soils have a higher percentage of fine particles.  

This grain size chart shows a clear distinction between the soils that have a well graded 

distribution and those that do not when comparing percent fines.  For all three charts it is 

not important to determine which county a line is, just where the county ranks in the three 

categories.  This is given by the color of the line, however, a reference as to which county 

every line represents, is given in Figure 28.
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Figure 25.  Comparison of Grain Size Distribution and CFU Plate Counts 
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Figure 26.  Comparison of Grain Size Distribution and Water Content 
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Figure 27.  Comparison of Grain Size Distribution and Percent Fines 
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Figure 28.  County Reference For Grain/Particle Size Distribution Charts



5.2 Aerobic Species Characterization 

 

 The characterization of the aerobic species was limited to a few soil samples, 

mainly Okaloosa County.  This county was chosen due to the red appearance of the soil 

which suggests a high iron content.  The bacteria that were identified, Bacillus subtilis, 

Bacillus cereus, and Bacillus thuringiensis, are all common bacteria that are found at the 

depth level where all of the soil samples were taken.  For the aerobic species, the above 

mentioned species were identified from pure cultures through PCR analysis.  For the 

morphology identification, the mixed cultures were used for identification.  In Figure 29,  

 

 

Figure 29.  Aerobic Bacterial Species Identification 

 

the two mixed culture bacteria that were the dominant species present were an unknown 

rod bacteria and an unknown bacteria that resembles a thiobacillus as described in Figure 

30.  This classification is based solely on morphology and the fact that the bacteria were 

grown in the media conducive to iron reducing/oxidizing conditions.  Both of the 

unknown rod bacteria are gram negative strains which is another strong characteristic for 
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their classification for iron reducing/oxidizing bacteria.  For proper identification of these 

two unknown bacteria, a DNA analysis would have to be performed from a pure culture.  

The difficulty of obtaining a pure culture of these bacteria lies in the nutrient agar used 

for culturing.  The agar may only provide growth for the faster growing bacteria but not 

for the slower growing bacteria such as iron reducing bacteria.  The selection of a 

different growth consortium would allow for the desired bacteria’s growth.   

 

 

Figure 30.  Morphology of Some Iron-Precipitation/Oxidizing Bacteria [31] 

 

5.3 Anaerobic Species Characterization 

 

 The anaerobic characterization provided additional problems of maintaining 

bacterial growth under anoxic conditions.  While the growth chambers used in this 

research did provide anoxic conditions, the growth of the bacteria in the agar plated were 

more difficult to achieve.  The one anaerobic species identified through PCR was the 

Pseudomonas aeruginosa, which is a facultative bacteria.  A pure culture of the 

pseudomonas was achieved using the plate count method, however again it may have 

allowed the faster metabolic organisms to produce colonies first, thus out-competing the 

slower iron reducing bacteria.  The PCR analysis bacteria was again obtained from  
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Figure 31.  Anaerobic Bacterial Species Identification 

 

Okaloosa County as was the aerobic species.  The mixed culture species were obtained 

from Gadsden, Liberty, and Walton Counties (Figure 31).  Liberty and Walton Counties 

both have similar bacteria that resemble thiobacillus, an iron reducing strain.  Gadsden 

county samples contained a bacillus-like bacteria that was also gram positive.  The 

Walton County bacteria were a gram-negative strain and the Liberty County bacteria 

were gram-positive strains.  The bacteria morphology closely resembles the thiobacillus 

mentioned earlier (Figure 30) but again this is based solely on morphology and the 

conducive conditions within the anaerobic growth chambers for iron reducing/oxidizing 

bacteria proliferation.   
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CHAPTER 6 

CONCLUSIONS 

 

 The objectives listed in the project scope are listed below with their respective 

results: 

• Quantification of the bacterial population in soil samples from landfills showed 

the samples exhibited a healthy bacterial community [44]. 

• Identification of common soil dwelling bacterial species bacillus and 

pseudomonas as well as potential identification of iron reducing bacteria.  

• Characterization of the soil samples showed an overall trend of sandy soils that 

were poorly to well graded.   

• The particle distribution curves from the sieve analysis may indicate a trend of 

well graded soils favoring bacterial growth. 

 

 Some limitations within the methodology that could be altered to obtain a more 

in-depth characterization of the bacterial community in soil samples adjacent to landfills 

include: 

 

1. Sample soils at different depth intervals and at different locations near the 

landfill. 

2. For the anaerobic characterization, try and maintain sampling that minimized 

exposure to the atmosphere. 

3. Employ additional quantification methods to account for limitations in the 

plate count method.  Methods to consider would measure bacterial activity, 

such as respiration, in addition to direct microscopy for direct quantification. 

4. For culturing bacteria, add different consortium to account for slower growing 

bacteria. 

 

 Utilizing multiple methods to characterize microbial communities in soil will 

ultimately increase the chances of identifying a more complete bacterial community.  
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Also, focusing on a particular type of species, such iron reducing bacteria will allow for 

more tailored or engineered methodologies. 

This research is broadly applicable because landfills are present throughout the 

world and the monitoring of their effects on groundwater supply is essential for water 

demands.  Characterization of the microbial community as well as the geochemistry, and 

the soil [28] is an important step in evaluating possible groundwater contaminations 

related to landfills and other waste disposal sites [26]. 

The State of Florida has thresholds on iron concentrations in groundwater.  This 

research can identify the possible mechanisms for the elevated iron concentrations in 

order to work towards a solution to reduce the iron in groundwater in order to meet 

drinking water standards. 

Currently, additional research for this particular project is underway.  Ultimately, 

the overall objective is to identify the dominant forces driving increased iron observations 

in groundwater down gradient of landfills.  It is suspected the combination of the iron 

rich soil and landfill leachate are increasing the iron-reducing bacteria’s ability to make 

the iron soluble in the groundwater.  The results of the characterization suggest the 

potential for this theory.  Further research would need to be conducted that would analyze 

a greater amount of parameters.  Some aspects to consider analyzing would include 

organic content of soils as well as total iron concentrations.  Additional soil samples 

taken at different location as well as different depths would also offer valuable insight.    

It is also recommended that direct quantification of the iron reducing bacteria through use 

of selective media or measurements of bacterial activity such as respiration be performed 

for more definitive results. 
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APPENDIX A:  SOIL SIEVES 

 

 

Figure 32.  Bay County Sieve Analysis 
 

 

Figure 33.  Calhoun County Sieve Analysis 
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Figure 34.  Escambia County Sieve Analysis 

 

 

Figure 35.  Franklin County Sieve Analysis 
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Figure 36.  Gadsden County Sieve Analysis 

 

 

Figure 37.  Gulf County Sieve Analysis 
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Figure 38.  Holmes County Sieve Analysis 

 

 

Figure 39.  Jackson County Sieve Analysis 
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Figure 40.  Leon County Sieve Analysis 

 

 

Figure 41.  Liberty County Sieve Analysis 
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Figure 42.  Okaloosa County Sieve Analysis 

 

 

Figure 43.  Santa Rosa County (Central) Sieve Analysis 
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Figure 44.  Santa Rosa County (Holley) Sieve Analysis 

 

 

Figure 45.  Walton County Sieve Analysis 
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Figure 46.  Wakulla County Sieve Analysis 
 

 

Figure 47.  Washington County Sieve Analysis 
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APPENDIX B:  PCR QIAGEN PROCEDURE 

 

 

Figure 48.  QIAquick-spin Protocol for PCR Analysis 
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BIOGRAPHICAL SKETCH 
 

 

BACKGROUND 

 

Environmental/civil engineer with 7 years experience in a variety of tasks including 

hydraulics and hydrology, environmental permitting, construction oversight, and quality 

assurance.  Experience in managing and conducting a variety of engineering and 

scientific projects.  Have diverse experience and project background for multi-party and 

multi-discipline projects. 

 

 

EDUCATION 

   

Florida State University 

M.S. in Civil/Environmental Engineering, anticipated graduation Summer 07. 

 

Valdosta State University 

B.S. in Biology, graduated 12-99. 

 

 

PROFESSIONAL EXPERIENCE 

 

URS CORPORATION (current employer) 

Tallahassee, FL 32399                         

Graduate Water Resources Engineer – 7/06 to present 

 

Develop modeling schemes for Everglades Restoration Project.  Use of modeling 

software including Hydrologic Engineering Center-Hydrologic Modeling System 

(HEC-HMS) and Dynamic Model for Storm Water Treatment Areas (DMSTA).  

Extensive use of Excel to develop modeling schemes.  Extensive use of the South 

Florida Water Management District DBHYDRO database – a hydrometeorological, 

water quality, and hydrogeologic data retrieval system.  Field Engineer for 

oversight of liner installation in stormwater ponds.  River bank stabilization for 

Army Corp of Engineers. 

 

 

FLORIDA DEPARTMENT OF ENVIRONMENTAL PROTECTION 

Tallahassee, FL 32399                         

Environmental Specialist II – 8/05 to 7/06 

 

Assist Enforcement Manager in enforcing permit requirements throughout the state.  

Enforce permit requirements in NPDES (National Pollutant Discharge Elimination 

System) Stormwater Section.  Review civil/environmental engineering plans for 

permit requirements.  Regulate and maintain industrial and construction permits in 

NPDES section.  Work with contractors in bringing facilities in compliance with 
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permit requirements.  Coordinate with consultants/engineers, local/federal 

governments and agencies; and other parties involved in compliance and 

enforcement activities with the NPDES Stormwater program.  Conduct field 

inspections and write inspection reports. 

 

 

LANDIS INTERNATIONAL, INC.        

Valdosta, GA 31601                        

Quality Assurance Manager - 8/01 to 8/05 

 

Review and audit scientific tests and reports performed and written in accordance 

with GLP (Good Laboratory Practices) EPA federal law.  Quality Assurance 

Manager of Quality Assurance Division.  Maintain and update SOP (standard 

operating procedures) manual.  Maintain and update Master Schedule (ongoing 

research studies) in accordance with GLP.  Assist in GLP tests including, field, 

laboratory, efficacy and toxicity tests on plants and insects.  Write technical, 

scientific documents to submit to EPA for support of registering a new product 

(Chief Editor for two, 400+ pg Reduced Risk Petitions published in Federal 

Register). Travel to scientific conferences and represent the company - including 

workshops given at the EPA in Washington, DC and California EPA.  Travel to 

various scientific test sites and laboratories around the country and world to inspect 

and assure testing facilities are adhering to EPA/OECD/OSHA guidelines.  

Extensive knowledge in pesticide environmental fate and transport. 

 

 

DuPONT (formerly GRIFFIN LLC)                                     

Valdosta, GA 31601                                  

Research Biologist - 3/00 to 8/01 

 

Worked with Formulations/Analytical Chemists in implementing tests that provide 

data to evaluate the performance of agricultural chemicals under development or to 

improve the efficacy of products currently being sold.  Furnish the Regulatory 

Affairs with data on biological performance of products to meet registration 

objectives.  Support new product development by providing preliminary data to 

Technical Services to be used as a guideline for future field tests.  Provide expertise 

in the area of biological testing, toward developing and implementing Operating 

Plan to achieve group objectives.  Researched, designed, and implemented novel 

biological testing methods to differentiate products and/or provide cost savings.  

Operated the Biological laboratory and greenhouses including ordering of supplies 

and general maintenance following OSHA regulations and policies.  Responsible 

for reporting data to appropriate parties and input of data into lab notebooks.  

Trained and supervised technicians.  Maintain fungal and bacterial cultures 
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JOSEPH W. JONES ECOLOGICAL RESEARCH CENTER 

Newton, GA 31770                         

Conservation Ecologist summer internship - 6/99 to 9/99. 
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