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The Development of a Global Shoreland Information Database May Help 

Determine the Appropriate Bacteria and Nutrient Technology Needed to 

Remediate Oil Contaminated Shorelands  

 
By Tiffany A. Veeder 

 
Abstract: 

 

 The use of oil and its derivative products is well known world-wide.  The benefits of oil 

are many and its products, for example, range from gasoline used in our automobiles to its use in 

plastics, building products, and medical supplies.  Oil spill hazards associated with oil extraction, 

production, and transportation can have devastating impacts on the environment and local 

economies.  When oil spills happen in the water, for instance, major shorelands are placed at risk 

of significant harm.  As oil contaminates shorelands, the impacts can range from killing sea 

creatures and seabirds to destroying entire ecosystems.  To help mitigate the devastating effects 

of oil spills, access to information about impacted shoreland environments is crucial to help 

determine what cleanup technologies and strategies can best remediate the oil contaminated 

media.  This paper reviews two useful and appropriate bioremediation technologies, 

bioaugmentation and biostimulation, that use bacteria and supplemental nutrients to assist in the 

degradation of petroleum contamination on beaches and aquatic shorelines.  This paper also 

proposes the development of a global shorelands' information database relating to shorelands that 

are likely targets of oil spills. Before an oil spill occurs, the database would contain specific 

information about various shorelands' ecosystems, including their soil, bacteria, and micro flora 

types.  In the event that an oil spill threatens a beach, the database could be consulted to predict 

what bioremediation technologies would be appropriate and useful for remediation purposes 

before the oil comes into contact with the shoreland. 

 

Introduction: 

 

 With the overwhelming demand for petroleum products in the world, petroleum spillage 

during oil exploration, extraction, and transportation has led to devastating impacts on waterways 

and shorelines throughout the globe.  Often, the spills impart a great cost to local economies that 

rely on businesses such as the fisheries and the tourism industries.  In addition, governments, like 

the United States, have taken severe actions in restricting oil exploration and development 

permits for oil companies when their operations have led to a massive release of crude oil into 

the environment and devastating damage of shorelands.   A prime example of a massive release 

occurred when the oil drill rig, Deepwater Horizon, experienced a catastrophic explosion that led 

to the release of millions of gallons of crude oil into the Gulf of Mexico causing substantial 

shoreland damage.
28

  The oil exploration and development restrictions can cause significant 

economic losses for local communities that depend on the oil operations.  For decades, major 

efforts have been taken by oil companies and governments to reduce the negative impacts of oil 

spills on the environment.  Various remediation technologies, such as soil removal, soil washing, 

dispersants and solidifiers application, for example, have been employed to reduce, mitigate, and 

dispose of contaminated media (soil & water) impacted by petroleum hydrocarbons.  Among  
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these technologies, bioremediation has proven to be successful at a lower cleanup cost.  Two 

types of bioremediation are addressed in this paper: biostimulation and bioaugmentation.   

Biostimulation utilizes the addition of nutrients, such as nitrogen and phosphorous, to stimulate 

growth in the population of an environment's indigenous bacteria.  If present, specific bacteria in 

these populations consume and degrade petroleum hydrocarbons into harmless byproducts.  A 

major challenge to biostimulation is overcoming an oxygen deficient environment created when 

indigenous micro flora populations rapidly increase after being treated with nutrients.  These 

enhanced micro flora populations compete for oxygen reducing the viability and effectiveness of 

oil metabolizing bacteria.  

 Another bioremediation technology used to degrade oil contamination is 

bioaugmentation.  Bioaugmentation is the application of laboratory enhanced bacteria to 

contaminated media which can mediate petroleum hydrocarbons degradation.  The use of 

petroleum eating bacteria for mitigating the impacts of crude oil contamination is desirable 

because it can reduce cleanup costs.  The importance of petroleum degrading bacteria was 

recognized by the scientific community as playing a key role in degrading the crude oil that 

entered the environment as a result of the Deepwater Horizon oil spill.
50

  Bioaugmentation uses a 

variety of naturally existing and laboratory enhanced bacteria to produce a highly efficient 

petroleum mitigating microorganism that consumes oil in saturated waters and shorelands 

without the need to remove soils.  Although bioaugmentation is often used to cleanup oil spills, it 

is challenging to identify the correct bacteria or consortium of bacteria that will thrive in local 

indigenous bacteria populations.  It is also important to provide sufficient nutrients to feed 

bacteria to sustain their growth and survival without causing overgrowth of indigenous micro 

flora which can consume the available oxygen source leading to bacteria death.  In addition, 

local governments of oil impacted shorelands must review and authorize the use of these 

bioremediation strategies which often results in costly delays.  Providing useful shoreland and 

bioremediation data would help government agencies who review and approve oil spill cleanup 

plans.  To meet these needs, I propose the development of a global shoreland's ecological 

information database that would contain pre-oil spill shoreland data.  This would help with the 

development of a preemptive strategy that could provide governments, oil companies, and oil 

contamination cleanup responders with valuable information on the types of bioremediation 

technologies that would work best for oil impacted environments before an oil spill occurs. 

 

Crude Oil Comprised of Total Petroleum Hydrocarbons Harm Shoreland Ecosystems 

 

 Crude oil releases into the environment are toxic and can cause significant, harmful 

effects on established ecosystems.
45

  The harmful impacts of petroleum hydrocarbons in a crude 

oil release that affects shorelands and destroys their ecosystems are visually disturbing and 

obvious as shown in Figure 1 and Figure 2. 
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IMPACT OF OIL ON SEABIRDS 

 

  
Figure 1: Seabirds covered in oil, like this pelican, are the casualties of crude oil spills. 

Source: Marine Defenders. [cited 2022 Apr 27]. Available 

from:https://www.marinedefenders.org/impact-on-mammals-birds-and-fish.html. 

 

REFUGIO BEACH OIL SPILL
 

 

 
Figure 2: Crude oil impacts human use of natural resources as seen in a 2015 photo of the 

Refugio State Beach oil spill in Santa Barbara County, California. Source: NOAA. 2015 May 

[updated 2021 Jun 29; cited 2022 Apr 27]. Available from: https://darrp.noaa.gov/oil-

spills/refugio-beach-oil-spill. 

 

 It is well known that humans can be negatively impacted from petroleum hydrocarbons 

toxicity that emanates from contaminated media where humans may interact with an oil 

impacted environment.
10,28

  Although oil impacted shorelines show clear signs of destruction, 

what goes unnoticed is the potential destruction of beneficial microorganism colonies that exist 

on the shorelands that are interfacing with toxic petroleum hydrocarbons that are present in crude 

oil.
34,38

   

 Crude oil is a complex liquid that is flammable, sticky, and varies in chemical 

composition.
44 

  Environmental damage from crude oil releases are caused by many factors.  

Although the public usually becomes aware of only massive crude oil spills, there are many other 

releases of oil that have detrimental impacts to sensitive environmental media.  Accordingly, 

there are eight major causes of crude oil spills that contribute to the contamination of waterways 

and shorelands as shown in Figure 3. 
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Figure 3: Oil tanker groundings, oil tanker hull failures, and routine oil operations account for 

the largest percentage of all oil spills that negatively impact shorelands.
44 

 

 In order to cleanup shorelands contaminated with oil, three contamination cleanup 

techniques are generally considered for implementation during remediation.  Depending on the 

significance of the release and the type of the impacted media, physical, chemical, and/or 

bioremediation technology may be employed during the remediation process as shown in Figure 

4. 

 

 
Figure 4: Total Petroleum Hydrocarbons cleanup methods include bioremediation processes 

involving bioaugmentation (the use of enhanced bacteria) and biostimulation (the application of 

nutrients to a shoreland's indigenous bacteria) to help remediate oil contaminated soils.  While 

booming activities, a physical approach, help stop or redirect floating oil from reaching the 

shoreline.
44 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=7956214_ijerph-18-02226-g002.jpg
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=7956214_ijerph-18-02226-g007.jpg
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A Shoreland's Indigenous Bacteria Can Reduce the Toxicity of Petroleum Hydrocarbons 

 

 A shoreland's natural defense against an invading crude oil release is found in its bacteria 

populations.  It is well documented that large populations of indigenous bacteria are known to 

exist in oil-rich environments.
16,58

  Bacteria naturally help reduce toxic oil contamination to 

harmless byproducts that no longer pose a threat to delicate ecosystems within a crude oil 

impacted environment.
16,22 

 The quantity and quality of bacteria that consumes petroleum 

hydrocarbons during the remediation process is a function of the individual constituents that 

make up unique crude oil types and indigenous environmental factors.
15,53

  The bacteria that 

degrades petroleum hydrocarbons have been identified as existing in at least 79 bacteria 

subdivisions.
50

  The degrading bacteria have been identified as Acinetobacter, Achromobacter, 

Alteromonas, Alkanindiges, Arthrobacter, Dietzia,  Burkholderia, Marinobacter, Enterobacter, 

Kocuria, Mycobacterium, Pseudomonas, Pandoraea, Rhodococcus, Streptococcus, 

Staphylococcus, and Streptobacillus and are essential in the petroleum hydrocarbon degradation 

process.
8,20,26,31,43,52,53,57

  Some bacteria, such as Alkanindiges sp., for example, are known to 

exhibit infrequent to substantial bacteria shifts that are greatly influenced by environmental 

constraints that are observed with diesel oil contamination.
15

  What the studies demonstrate is 

that many bacteria microorganisms possess potential that is essential for cleaning up crude oil 

contaminated shorelands and their respective ecosystems.
8,53  

While other bacteria are simply 

ineffectual to assist in the remediation process.
8,53

  In regard to bioremediation strategies, studies 

suggest that a consortium of petroleum hydrocarbons degrading bacteria would provide the most 

effective result for successfully remediating a petroleum hydrocarbons contaminated shoreland 

environment.
11

  Researchers constructed a halotolerant Hydrocarbon Utilizing Bacterial 

Consortium (HUBC) that consisted of the bacterial isolates, maltophilia, Stenotrophomonas, 

Ochrobactrum sp., and Pseudomonas aeruginosa that were found to be effective at degrading 

crude oil where the degradation percentage reached 83.49%.
51

  Other researchers used a defined 

co-culture of an indigenous bacteria consortium and exogenous Bacillus subtilis to effectually 

accelerate crude oil degradation.
48 

 Other studies similarly conclude that an indigenous bacterial 

consortium had higher crude oil degradation potentials and efficacy than individual bacteria in a 

marine ecosystem environment.
56

  One field study revealed that bioaugmentation using an 

artificial bacteria consortium consisting of Alcaligenes xylosoxidans, Gordonia sp., 

Pseudomonas fluorescens, Pseudomonas putida,  Aeromonas hydrophila, S. maltophilia, 

Xanthomonas sp. and Rhodococcus equi provided a high biodegradation efficiency rate of (89%) 

in a one-year treatment period of diesel oil-contaminated soil.
47 

 Based on the aforementioned 

studies, it is reasonable to conclude that using a bacteria consortium to accelerate the remediation 

process is an effective bioaugmentation strategy for cleaning up a crude oil contaminated 

shoreland. 

 

Biostimulation is an Effective Bioremediation Process that Uses Nutrients to Increase 

Indigenous Bacteria Populations that Help Cleanup Oil Contaminated Shorelands 

 

 Unlike bioaugmentation, biostimulation uses nutrients to stimulate the growth of a 

shorelands' naturally existing indigenous bacteria population that can successfully remediate 

Total Petroleum Hydrocarbons (TPH) impacted media.  Many factors, however, can limit or 
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affect biodegradation in a given location, including  indigenous media nutrients, moisture 

concentrations, pH levels, media temperature, oxygen concentrations, contaminant 

concentrations, and soil properties.
5,6,7

  Biostimulation is the process by which environmental 

media is modified, through the introduction of nutrients, to promote the growth of indigenous 

bacteria that can help degrade petroleum hydrocarbons.  The modification is the result produced 

when adding electron acceptors and nutrients, like nitrogen, oxygen, or phosphorus, to oil 

impacted media which, in a number of cases, are in quantities too insufficient to promote healthy 

microbial activity and growth that is needed to assist in a successful remediation process.
14,36,37

  

When adding electron donors, like nutrients or oxygen, to petroleum contaminated sites, 

indigenous, oil consuming, bacteria populations and their biochemical activity increase 

dramatically resulting in the growth of microorganisms necessary to promote effective 

bioremediation.
35

  Applying nutrients, like nitrogen, or enhanced exogenous bacteria to 

contaminated media can be conducted using aerial disbursement as shown in Figure 5.
49,55 

 

DEEPWATER HORIZON OIL SPILL 

 

 
Figure 5: Aerial application of chemicals on oil released from the Deepwater Horizon oil spill. 

Source: NRC US ecology. [cited 2022 May 3]. Available from: 

https://response.restoration.noaa.gov/sites/default/files/images/13/dwh-dispersant-application-

from-airplane_us-air-force_980.jpg. 

 

Limited Contact between Petroleum Hydrocarbons and Bacteria Reduce Degradation Efficacy 

 

 Biodegradation efficacy of petroleum hydrocarbons mainly relies on two characteristics: 

(1) bioavailability of bacteria to petroleum hydrocarbons, and (2) contact between hydrocarbon 

substrates and bacteria that must occur before molecular oxygen can be introduced into 

molecules through functional oxygenases.
18, 54

  Evolving bacteria can change their surface cell 

components enhancing their adhesion to petroleum hydrocarbon substrates.
21,23 

 Effective 

bioremediation agents often display this potential which accelerate the removal of petroleum 

hydrocarbon contamination from environmental ecosystems.
21,23

   Surface adhesins of bacteria 

are often involved in the biodegradation of hydrophobic hydrocarbon substrates.
59

  Researchers 

discovered that adherence of hydrophobic contamination to the cells of bacteria is primarily 

associated to hydrophobic fibrils, fimbriae, lipids, and outer-membrane proteins to small 
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molecules present in bacterial cell surfaces.
41 

 Even though bacteria cell wall adherence enhances 

the biodegrading effects of these organisms, it is not essential to attach bacteria cells to selected 

substrates.
1
  Because it is not essential to attach bacteria to selected substrates, bacteria with 

abundant surface hydrophobicity are effortlessly aggregated and form biofilms which produce 

possible disease risks.
12

  As a result, it was determined that using hydrophilic microorganisms to 

combat petroleum hydrocarbons contamination appears to be a better strategy as opposed to 

using hydrophobic microorganisms.
33

  
 

 

Environmental Factors Can Influence Bacteria Biodegradation Rates of Petroleum 

Hydrocarbons 

 

 Environmental factors including electron acceptors, nutrients, substrates, and temperature 

are essential in bioremediation; and, they influence biodegradation reactions.
52

  Many petroleum 

hydrocarbon degrading bacteria can obtain superior results during petroleum hydrocarbons 

degradation under laboratory conditions, but yield less than satisfactory results in field tests.
15

  

Some studies have found that bacteria strains possess different temperature sensitivities during 

the biodegradation process which suggests that temperature greatly affects biodegradation 

efficacy.
24,57

  Another study similarly concluded that lower temperatures could account for poor 

field results relating to biodegradation of the petroleum hydrocarbon compounds, phenanthrene 

and dibenzothiophenes, which were well degraded experiments in vitro.
39,40

  In addition to the 

soil matrix and manner of contamination occurrence, temperature may be a major consideration 

to the efficacy of sustainable bacteria growth and metabolism that are essential to biodegradation 

efficiency.
2 

 

Soil Conditions and Micro Flora Present Challenges to Biostimulation Effectiveness 

 

 To promote the growth and the activity of oil degrading microorganisms needed to 

stimulate the bioremediation process, the placement of additives into the shoreland soils where 

bacteria live may be difficult in certain soil structures  - impermeable tight, clay, for example.
3
  

These tight soils inhibit the penetration of additives into the oil impacted media.
3
  Another 

challenge to using biostimulation is that nutrient addition to oil impacted media intended to 

stimulate the bioremediation process may inadvertently cause the rapid growth of naturally 

existing heterotrophic microorganisms causing competition for oxygen between the petroleum 

degrading bacteria and the micro flora.
3
  This competition can lead to an oxygen deficient 

condition that can lead to the death of key oil degrading bacteria jeopardizing the bioremediation 

process. 

 

Time is a Limiting Factor in the Effective Use of Bacteria in the Biodegradation Process 

 

 Petroleum hydrocarbon degrading bacteria depend on their degrading enzymes to be 

effective in the bioremediation process.
29,46

  Because population growth and metabolism is 

essential for effective biodegrading bacteria, adequate time is required to synthesize petroleum 

hydrocarbon degrading enzymes.  Selected bacteria have demonstrated that petroleum 

hydrocarbons have degraded in as little as several days and, under laboratory culture conditions, 

even less than one day.
10,52

  Limitations on functional petroleum hydrocarbons degrading 

bacteria result from their complex blend of different biological and abiotic factors.
56,60

  In 
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addition, after an oil spill occurs, screening for indigenous bacteria or flora in contaminated 

release zones is unrealistic because there simply is no time to assess, investigate, and select the 

appropriate exogenous bacteria to apply to the oil impacted media after the oil contacts a beach.
19

   

Moreover, securing government approval to use bioremediation technology is often time 

consuming.
19

   Despite the limitations, microbial organism remediation technology serves an 

essential function in providing environmental security when interfacing with petroleum 

hydrocarbons contaminated environments associated with its low cost, negligible environmental 

influence, useful effect, and lack of secondary contamination.
13

  Furthermore, petroleum 

hydrocarbons in crude oil can be entirely mineralized into carbon dioxide and water under 

various microbial actions, notwithstanding time consuming limitations symptomatic of 

bioremediation technologies. Therefore, to decrease the microbial remediation period and 

enhance the remediation rate, using a consortium of microbial remediation technology is an 

effective strategy to accelerate the removal of petroleum hydrocarbon pollutants from soil.  

Although other technologies, such as electrokinetic remediation technology,
25 

 photocatalytic 

remediation technology,
57

  nanotechnology,
4
 and bioreactor technology 

42
 may assist 

microorganisms degrade petroleum hydrocarbons, it is the consortium of bacteria that have 

proven to be the leading technology that should be considered first when implementing a 

bioaugmentation strategy to remediate petroleum hydrocarbons impacted media. 

 

The Creation of a Global Shoreland Information Database Could Prove to be a Preemptive 

and Useful Tool in Cleaning Up Crude Oil Contaminated Shorelands with Bioremediation 

Technologies 

 

 Currently, there is no global shorelands database that can provide specific ecological and 

environmental information about a shoreland's characteristics and its delicate ecosystem that lies 

in and around areas possessing a high probability of being impacted by an accidental release of 

crude oil.  As addressed in this article, biostimulation and bioaugmentation processes work by 

engaging specific types of bacteria populations with oil impacted shorelands.  Using enhanced 

bacteria of a specific type to degrade oil may prove to be ineffective when applied to shorelands 

possessing a different type of indigenous bacteria.  Similarly, using various mixtures of nutrients 

intended to increase oil degrading native bacteria population growth may prove to be ineffectual 

if native micro flora populations, for example, dramatically increase causing competition for 

oxygen among the native oil consuming bacteria resulting in an oxygen deficient environment 

causing bacteria death. With bacteria death, the bacteria bioremediation process will become 

ineffectual.  As described in previous sections of this article, there are many types of bacteria that 

degrade oil as part of the bioremediation process.  If a database existed that could provide 

detailed ecological information about shorelands in areas likely to be impacted by crude oil 

releases, then oil producing and transporting companies, environmental consultants, and 

governments would have the ability to access information on what bioaugmentation and/or 

biostimulation technologies would prove useful to get a head start on cleaning up crude oil 

impacted shorelands in the event that an oil spill were to occur.  Soil and water sampling 

laboratory results would generate key information needed for the global database.  The types of 

information generated from the laboratory results would include soil structure and geologic 

conditions, native bacteria type identification, micro flora species identification, pH levels, 

seasonal water and ambient location temperatures, and saline concentrations.  Collecting the  

 



9 

 

 

 

information for the database could be accomplished using a consortium of groups comprised of 

the oil industry, environmental consultants, and local governments who have a vested interest in 

protecting shorelands that are likely targets of petroleum contamination in the event of a crude 

oil spill. 
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