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ABSTRACT 
Grand Bay National Estuarine Research Reserve (GBNERR) is an important ecosystem in the Mississippi Gulf Coast. The 
GBNERR may be a potential source for contamination with anthropogenic bacterial pathogens that may play a significant role 
in the causation of waterborne human diseases. The objective of this study was to evaluate the interaction of physicochemical 
and microbiological water quality parameters at the GBNERR, determine quantitative levels and establish the potential for 
remediation of post-contamination of water and seafood by human fecal pollution from anthropogenic sources at the reserve. 
Water samples were collected aseptically from Bayous Heron, Cumbest, Point Aux Chenes Bay and Bangs Lake (Pine-O-Pine).
Physicochemical parameters were determined using standard protocols. Eight bacteria/parasitic species including 
Cryptosporidium were concentrated from water samples by membrane filtration. Water samples were tested for the presence 
of traditional indicator microorganisms including: heterotrophic (HPC), total coliforms (TC), fecal coliforms (FC) and 
enterococcus (ENT) in CFU/ml concentrations. Mean values of temperature, specific conductivity, dissolved oxygen and pH 
were within acceptable levels in comparison to MDEQ, USEPA and the USGS standards during the time of investigation. 
However, the values of turbidity in Grand Bay water exceeded USEPA recommended levels in several occasions during the
investigation. Data from this study indicates significant variability (p < 0.0001) in mean bacteria concentrations between sites. 
The data also indicates significant impact of Calcium oxide treatment in the remediation of post contamination and survival of 
pathogens from the GBNERR Bayous Heron, Cumbest and Pine-O-Pine when compared with control findings. The interaction 
of physicochemical and microbiological parameters of water through external chemical manipulation by Calcium oxide may 
provide utility in the remediation of post-contamination with anthropogenic pathogens such as E. coli, Enterococci, 
Campylobacter, Vibrio, Giardia and Cryptosporidium.  Presence of high numbers of indicator bacteria suggest public health 
concerns for oyster and shellfish consumers as well as other water contact activities. Hence, control strategies should be 
developed and implemented to prevent or remediate any future contamination of the GBNERR waters citing the economic 
impact of such contamination on shell fish fishing activities on the reserve. 
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INTRODUCTION 
The United States Centers for Disease Control and Prevention has routinely conducted waterborne disease surveillance since 
1971. Incidence of waterborne disease, related to outbreaks and non-outbreaks are significantly underreported because of the 
generally mild associated symptoms, short duration of illnesses, and lack of patient reporting to a physician, among other 
factors. Waterborne illness outbreaks are not common in the U.S., but they do still occur and can lead to serious acute, chronic, 
or sometimes fatal health consequences, particularly in sensitive and immunocompromised populations. From 1971 to 2002, 
there were 764 documented waterborne outbreaks associated with drinking water, resulting in 575,457 cases of illness and 79 
deaths; however, the true impact of disease is estimated to be much higher.  Current protocols in municipal water treatment are 
effective if applied properly, but it was noted that frequent waterborne disease outbreaks occur due to inadequate, interrupted, 
and intermittent treatment. Contamination of water resources is not uniformly distributed, but their influences are rather affected 
by the number of bacteria to which humans are exposed. Contaminated water plays an important role in the transmission of 
bacteria to humans from humans, animals, and sewage sources leading to the ingestion of water contaminated with zoonotic 
agents [1-8].
Water quality is affected by a combination of natural factors (e.g. precipitation, temperature, bedrock, soil, terrain) and 
anthropogenic factors (e.g. agricultural practices, domestic wastewater/industrial influent).  Anthropogenic and natural factors 
affect water quality and the changes in temporal and spatial relationship will determine improvements in water quality 
management efforts. From a microbiological perspective, the quality of treated water can deteriorate as a result of excessive 
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bacterial growth, which can lead to problems such as a sensory deterioration of water quality (e.g. taste, odor, turbidity, 
discoloration) as well as pathogen proliferation [9].  
Water quality parameters could include, but are not limited to BOD, COD, total phosphorus, ortho phosphate, total Kjeldhal 
nitrogen, and volatile suspended solids.  Heterotrophic microorganisms transform incoming organic compounds into biomass 
and CO2 through metabolic processes, therefore, microbial ecologists must characterize the composition of incoming 
wastewater with a high precision to understand the community structure and meaningfully explore the structure-functions 
relationships of heterotrophs [10-19].
The goal of this research is to establish an effective natural and inexpensive methodology to remediate against anthropogenic 
seafood contamination.  We hypothesized that the chemical modulation of physical-chemical parameters of water will provide 
remediation of anthropogenic contaminants with the resultant seafood safety implications.  To achieve our goal, we have set 
three specific objectives.  1. We will access the bacteriological quality of water by evaluating variations of heterotrophic, 
indicator, and pathogenic microorganisms in specific habitats of the reserve; indicator bacteria are found abundantly in wastes 
where pathogenic microorganisms exist.  They are typically non-pathogenic, but their occurrence can predict disease outbreaks.  
2. We will access the characteristics of water quality in terms of temperature, pH, salinity, conductivity, dissolved oxygen, total 
dissolved solids, nutrients, and determine their potential influence on bacterial densities in comparison to state and federal
public health guidelines; and 3.  We will perform water remediation/treatment using natural chemical modulators (Calcium 
oxide) to access effectiveness in inhibiting bacterial growth and survival in laboratory environments and within anthropogenic 
contaminated water sources by altering physical and chemical parameters [19-25]. 

METHODS 
Sampling Stations and Study Sites: The boating dock from Bayou Heron, Cumbest, and Point-O-Pines of Grand 
Bay were chosen as sampling sites for this investigation Individual sites along the boating docks were chosen 
randomly at each bayou [2]. Sample Collection and in situ Analysis of Physicochemical Parameters: Water 
samples were collected aseptically between 2016 and 2017. The HANNA Instrument 9828 model multi parameter 
meter (YSI) was used to measure the physical and chemical characteristics of water temperature, pH/acidity, 
dissolved oxygen, turbidity, and conductivity; all samples were collected in situ.  At each boating dock, water 
samples were collected in duplicate in sterile 250mL screw-caped plastic bottles. Samples were processed at the 
Environmental Microbiology Research Laboratory at Jackson State University. Materials: The funnel assembly 
used for membrane filtration was obtained from Micro Filtration Systems (MFS); Lenntech B.V., Delft, 
Netherlands); EMD Millipore Microbiological Analysis Membrane Filters 0.45 μm, and the  47 mm carrying units 
were obtained from Millipore (EMD Millipore, Milton, Abingdon, England); Barnant Company Vacuum Pressure 
Station 115V 60hz 1.5 A was from (Barnant Company, Barrington, IL 60010). Precision Coliform water bath 
incubator was used to incubate for E.coli and fecal coliform growth on EMB agar (Precision Scientific Inc., 
Chicago, IL 60647).Isotemp Incubator (Thermo Fisher Scientific, Fair Lawn, New Jersey 07410). Fisher Scientific 
Digital Vortex Mixer, 115 VAC, 150 Watts, 50/60 Hz (Thermo Fisher Scientific, Fair Lawn, New Jersey 07410). 
Corning flask, 75 cm2 Cell Culture Flask, Canted Neck, Tissue Culture Treated Nonpyrogenic, Polystyrene, Sterile. 
Corning Flask, 25 cm2. [38]. Media Preparation: m-HPC agar and enterococcus agar were from (Becton,
Dickinson and Company, Sparks, Maryland 21152).  The m-FC agar:  Sigma-Aldrich m-FC agar (Sigma-Aldrich, 
St. Louis, Missouri, 63103), The m-Endo agar:  Oxoid m-Endo agar LES and Remel (Thiosulfate Citrate Bile Salts 
Sucrose (TCBS) agar were from Thermo Fisher Scientific, Remel Products Lenexa, KS 66215.  Campylobacter 
agar:  Oxoid Blood-Free Campylobacter agar (Oxoid LTD., Basingstoke, Hampshire, England). EMB agar:  Oxoid 
Levine Eosin Methylene Blue (EMB) Agar (Oxoid LTD., Basingstoke, Hampshire, England).   After the preparation 
of each agar according to manufacturer’s recommendations, 4ml of medium was then poured into 50 mm x 9 mm 
pre-sterilized Lab craft petri dishes (Curtin Matheson, Labcraft, Morris Plains, NJ 07950).  The petri dishes were 
then allowed to solidify at room temperature.  The prepared media were stored in the refrigerator for a maximum 
of two weeks. Bacteriological assessment of water quality and chemical remediation: Water samples were 
processed within eight hours of collection or frozen for evaluation of microbiological water quality. Samples were 
used to determine the concentrations of Vibrio spp. (TCBS), Campylobacter spp., fecal coliforms (FC), enterococci 
(ENT), heterotrophic bacteria (HPC) and total coliforms (TC).  The samples were processed using membrane 
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filtration technique; APHA protocol 9215D, 9222B, 9222D and USEPA Method 1600 for testing HPC, TC, FC, 
Vibrio (TCBS), and ENT respectively.  In these techniques, 10 to 100 mL of water samples was used to enumerate 
all bacteria chosen for isolation in this study.  Ten milliliter of the sample was passed through a 0.45μm membrane 
filter that trapped bacteria on its surface [20]. Samples were treated with 0.25, 0.5 and 1% concentrations of Calcium 
oxide (W/V) and were incubated for 0, 2 and 4hrs.   Colonies were counted, corrected for dilution factors and used
for comparisons of treatment vs. control samples in CFU/ml. To differentiate between bacteriostatic and bactericidal 
effect, colonies were recounted after 144 hrs to confirm consistency or differences in counts.

RESULTS 
Figure 1: displays the physicochemical characteristic of water from three Bayous at the GBNERR. As can 
be seen, the data showed that there is consistency in the physicochemical trend within the three Bayous 
with some differences in DO% as well as temporal profile. 

Table 1: shows the survival trends of eight microbial species upon exposure to Calcium oxide in water samples 
from Bayou Cumbest. As can be seen all organisms grew at 0% (control). Heterotrophic, Total coliforms, Fecal 
coliforms, Campylobacter, Enterococcus. Vibrio, E. coli, and Salmonella/Shigella were all totally inactivated at the 
lowest concentration (0.25%) of Calcium oxide. 

Table 1:  Distribution of eight microbial species isolated from Bayou Cumbest upon exposure to Calcium oxide;
numbers are in CFU/ml.  

Organism 0% Calcium oxide 0.25% Calcium oxide 0.5% Calcium oxide 1%

Heterotrophic 180±34.23 0.00 0.00 0.00

Total Coliforms 150±34.23 0.00 0.00 0.00

Fecal Coliforms 160±34.23 0.00 0.00 0.00

Campylobacter 210±34.23 0.00 0.00 0.00

Vibrio 150±34.23 0.00 0.00 0.00

Enterococcus 180±34.23 0.00 0.00 0.00

Ecoli 200±34.23 0.00 0.00 0.00

Shigella/Salmonella 250±34.23 0.00 0.00 0.00

Figure 1:  Comparison of Physicochemical parameters of three Bayous within the 
GBNERR. 
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Figure 1:  Microbial enumeration after Calcium Oxide exposure in samples from Bayou Cumbest. As can be seen, this figure 
displays the inactivation and survival trends of eight microbial species upon exposure to Calcium oxide. Heterotrophic, Total 
Coliforms, Fecal coliforms, Campylobacter, Vibrio, Enterococcus,. E. coli and Salmonella/Shigella were inactivated at the 
lowest concentration (0.25%) of Calcium oxide. No species showed resistance to the effects of Calcium oxide. 
Table 2:  Distribution of eight microbial species isolated from Bayou Point O Pines upon exposure to Calcium oxide; numbers 
are in CFU/ml.  

Table 2: shows the survival trends of eight microbial species upon exposure to Calcium oxide in water samples from Bayou 
Point O Pines. As can be seen all organisms grew at 0% (control). Heterotrophic, Total coliforms, Fecal coliforms, 
Campylobacter and Enterococcus; Salmonella/Shigella, Vibrio and E. coli were completely inactivated at 0.25% Calcium 
oxide.   

Organism 0% Calcium oxide 0.25% Calcium oxide 0.5% Calcium oxide 1%

Heterotrophic 130±33.70 0.00 0.00 0.00

Total Coliforms 110±33.70 0.00 0.00 0.00

Fecal Coliforms 160±33.70 0.00 0.00 0.00

Campylobacter 110±33.70 0.00 0.00 0.00

Vibrio 120±33.70 0.00 0.00 0.00

Enterococcus 210±33.70 0.00 0.00 0.00

E. coli 160±33.70 0.00 0.00 0.00

Shigella/Salmonella 140±33.70 0.00 0.00 0.00

Table 3:  Distribution of eight microbial species isolated from Bayou Heron upon exposure to Calcium Oxide; 
numbers are in CFU/ml. 

Organism 0% Calcium oxide 0.25% Calcium oxide 0.5% Calcium oxide 1%

Heterotrophic 210±33.60 0.00 0.00 0.00

Total Coliforms 180±33.60 0.00 0.00 0.00

Fecal Coliforms 120±33.60 0.00 0.00 0.00
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Campylobacter 130±33.60 0.00 0.00 0.00

Vibrio 110±33.60 0.00 0.00 0.00

Enterococcus 160±33.60 0.00 0.00 0.00

E. coli 150±33.60 0.00 0.00 0.00

Shigella/Salmonella 130±33.60 0.00 0.00 0.00

Figure 2:  Microbial enumeration after Calcium oxide exposure in samples from Bayou Point of Pines. As can be seen, this 
figure displays the inactivation and survival trends of eight microbial species upon exposure to Calcium oxide.
Heterotrophic, Vibrio, E. coli, Salmonella/Shigella, Total coliforms, Fecal coliform, Campylobacter and 
Enterococcus were totally inactivated at the lowest Calcium oxide concentration of 0.25%.  

Figure 3:  Distribution of eight microbial species isolated from Bayou Heron upon exposure to Calcium oxide;
numbers are in CFU/ml. As can be seen, this figure displays the inactivation and survival trends of eight microbial 
species upon exposure to Calcium oxide. Heterotrophic, Vibrio, E. coli, Salmonella/Shigella, Total coliforms, Fecal 
coliform, Campylobacter and Enterococcus were completely inactivated at the lowest Calcium oxide concentration 
of 0.25%.  
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DISCUSSION 
The objective of this study was to evaluate the interaction of physicochemical and microbiological water quality parameters at 
the Grand Bay NERR, determine quantitative levels and establish the potential for remediation of post-contamination of water 
and seafood by human fecal pollution from anthropogenic sources at the reserve through the treatment of post contaminated 
water with different levels of calcium oxide. Our study provided evidence for the utility of Calcium oxide in the remediation 
of anthropogenic contamination of three Bayous at the GBNERR. The findings show the total inactivation of eight pathogenic 
bacterial species that constitute public health threat to the fishing activities at the GBNERR with special reference to shellfish 
production. Solid data in the literature supports our findings on the utility of Calcium oxide in reducing food and water 
contamination (tables 1-3 and fig 1-4). 
According to the National Oceanic and Atmospheric Administration, calcium oxide crumbles with exposure to moist air.  
Calcium oxide reacts with water to form corrosive calcium hydroxide, with evolution of much heat.  Temperatures as high as 
800° C have been reached with addition of water (moisture in air or soil).  The substance may react with water (some violently), 
releasing corrosive and/or toxic gases and runoff. Contact with metals may evolve flammable hydrogen gas.  Containers may 
explode when heated or if contaminated with water.  Calcium oxide is classified as a base and an oxidizing agent.  It neutralizes 
acids with the generation of heat.  The use of lime to reduce or eliminate pathogenic organisms resulting from anthropogenic 
sources represents a relatively cost effective method of treatment.  Calcium hydroxide (Ca (OH)2) or Calcium oxide (CaO) can 
be added to elevate the pH of the matrix for a defined period of time creating lime stabilization in aqueous solutions. To meet 
class B requirements for both the pathogen and vector attraction reduction the pH must be elevated to 12 for two hours and be 
maintained at 11.5 for a minimum of twenty-two hours. Lime has been historically used for the disinfection and odor 
suppression of solid wastes. Lime treatment reduces the number of microorganisms in discharged effluent when calcium 
hydroxide binds to the solid material, facilitating flocculation in sedimentation or flotation processes while the hydroxide 
alkalinity of the lime has an antimicrobial effect. Calcium oxide is nonflammable, but will support combustion by liberation of 
oxygen, especially in the presence of organic materials.  This supports the observed bubbles after calcium oxide was added for 
treatment.  It reacts very violently with liquid hydrofluoric acid and it reacts extremely violently with phosphorus pentaoxide 
when reaction is initiated by local heating [18-25]. 
Qualitative and quantitative research has demonstrated the bactericidal properties of lime through inactivation of Escherichia 
coli and Salmonella and Staphylococcus. Previous research to evaluate the persistence of enteric virus under lime stabilization 
conditions has demonstrated that a high pH is effective at reducing or eliminating Poliovirus type 1 from sludge, however, 
there is little information to indicate the removal and inactivation of other human pathogenic viruses, such as rotavirus and 
adenovirus, which were not cultivatable when original liming studies were conducted. Installation of a lime stabilization 
treatment system is relatively rapid, with minimal capital costs, compared to alternative treatment technologies, and generates 
a relatively safe and sustainable product.  Conductimetric assay measures the change in electrical conductivity of the growth 
medium caused by bacterial metabolism. Studies conducted by Sawai [20] concluded that CaO was most effective against 
Staphylococcus aureus followed by metallic oxides, MgO and ZnO.  The parameters provide some useful indicators for 
antimicrobial agents, such as the dependence of antibacterial activity on agent concentration, and the affinity between the agent 
and the bacterial cells [26-32].  
In regards to the bactericidal effects of CaO (scallop-shell powder) on foodborne pathogenic bacteria, CaO is a substitute for 
synthetic chemical substances used as a disinfectant and sanitization agent of foods and food processing equipment.  In this 
study, Calcium oxide treatment was observed against three common foodborne pathogenic bacteria: Escherichia coli, Listeria 
monocytogenes, and Salmonella typhimurium. Solutions at concentrations of 0.01 and 0.03% did not greatly affect bacterial 
survival; however, concentrations of 0.05% CaO solution for 10 min were greatest.  As in our study, the bactericidal action of 
CaO was maintained for at least 24 h of storage to observe maximum toxicity.  Studies conducted by [22] revealed that, after 
40-min treatment with either Ca2+ or Mg2+, S. aureus cells exhibit viability loss to varying extent in a dose-dependent manner,
with a maximal viability loss of ~60% observed at Mg2+ concentration of 40 mM, the highest dose tested. It is noteworthy that
a relative loss of 60% in viability ratio corresponds to an absolute number density of ~3 × 105 CFU/mL (colony-forming units
per milliliter) in bacterial cells killed. The two alkaline-earth-metal ions, Ca2+ and Mg2+, are physiologically essential for
diverse living organisms, both disrupt model S. aureus membranes and kill stationary-phase S. aureus cells, indicative of
membrane-activity [21,22, 33-39]. These studies offer solid support to our objectives and findings in this study.
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CONCLUSION 
The objective of this study was to evaluate the interaction of physicochemical and microbiological water quality parameters at 
the Grand Bay NERR, determine quantitative levels and establish the potential for remediation of post-contamination of water 
and seafood by human fecal pollution from anthropogenic sources at the reserve through the treatment of post contaminated 
water with different levels of Calcium oxide. Our study provided evidence for the utility of Calcium oxide in the remediation 
of anthropogenic contamination of three Bayous at the GBNERR. Our findings showed total inactivation of eight pathogenic 
microbial species that constitute public health threat to the fishing activities at the GBNERR with special reference to shellfish 
production. The data also indicates significant impact of Calcium oxide treatment in the remediation of post contamination by 
anthropogenic pathogens from the GBNERR Bayous Heron, Cumbest and Pine-O-Pine when compared to control findings.
The interaction of physicochemical and microbiological parameters of water through external chemical manipulation by 
Calcium oxide may provide utility in the remediation of post-contamination with anthropogenic pathogens such as E. coli, 
Enterococci, Campylobacter, Vibrio, Giardia and Cryptosporidium.  Presence of high numbers of indicator bacteria suggest 
public health concerns for oyster and shellfish consumers as well as other water contact activities. Hence, control strategies 
should be developed and implemented to prevent or remediate any future contamination of the GBNERR waters. 
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