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Abstract

Grand Bay National Estuarine Research Reserve (GBNERR) is an important ecosystem in the
Muississippi 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 to 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 bacterial species
including Campylobacter 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 acetic acid 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 acetic acid may
provide utility in the remediation of post-contamination with anthropogenic pathogens such as £.
coli, Enterococci, Campylobacter, Vibrio, Giardia, and Cryptosporidium. Presence of high
numbers of indicator bacteria suggests 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 shellfish fishing activities on the reserve.
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INTRODUCTION

Water quality monitoring is the foundation for first-hand data on environmental water
management. A reasonable water quality monitoring network should not only meet the
needs for long-term data accumulation, water quality assessment, and trend analysis but also
reflect in a timely manner, the dynamic status of the water environment, and water pollution.
Water quality monitoring provides scientific guidance for water resource management and
water environment protection [1]. There has been great emphasis on the importance of
assessing the microbiological quality of water in Grand Bay National Estuarine Research
Reserve (GBNERR) in Mississippi due to the increased impact of pathogenic bacteria from
anthropogenic sources. Improving access to safe water sources can result in significant
benefits to both health and quality of life [2, 3].

An estimated 1.1 billion people worldwide rely on water supplies that are at high risk of
fecal contamination [4]. The deterioration of aesthetic aspects of drinking water, such as
taste, odor, and color represents up to 80% of consumer complaints to water utilities [5].
Diarrheal disease is a major cause of death and disease, especially among young children in
low-income countries where the most common causes are fecal-contaminated water and
food, or poor hygiene practices. The bacterial, viral, and protozoan pathogens causing
diarrheal disease are primarily transmitted via the fecal-oral route, through the consumption
of fecal-contaminated food and water. Among the most important of these are rotavirus,
Cryptosporidium spp., Escherichia coli, Salmonella spp., Shigella spp., Campylobacter
Jejuni, Vibrio cholerae, norovirus, Giardia lamblia, and Entamoeba histolytica, though the
relative importance of these varies among settings, seasons, and population groups [4, 6]

Water quality monitoring prevented Vibrio infection in Mobile Bay, Alabama. In 1992,
Vibrio cholerae infected the shellfish supplies due to contaminated ballast water in cargo
ships. The United States Food and Drug Administration (FDA) recommended the U.S. Coast
Guard to have ships dump and change ballast water at high seas before entering ports;
overall, no infections were documented. In 1989, Cabool, Missouri lacked disinfection of the
city's water supply and during heavy rains runoff containing £. coli O157:H7 from cattle
manure washed into the well system. This infection resulted in 243 cases, 32
hospitalizations, and four deaths [7-11].

Oxidation processes, such as chlorination and ozonation or UV/H,0, advanced oxidation,
are commonly applied as primary disinfection strategies for bacterial inactivation. However,
oxidative treatments often result in modification of the substrate composition. Primary
disinfection processes with high ozone or free chlorine dosage also typically result in
inactivation of the entire bacterial community, thus leaving room for new microorganisms to
colonize the treated water and consume the altered nutrient pool. These oxidative processes
create highly unstable water due to combined effects of increased nutrients availability and
absence and/or inactivation of bacterial cells, thus, creating a new niche for bacterial growth
[5, 12].

Recreational water quality programs and drinking water distributors worldwide collect water
samples, test for indicator bacteria, and post, close or otherwise restrict access to
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recreational waters based on the concentrations of indicator bacteria present [4, 12].
Common indicator bacteria including heterotrophic (HT), total coliforms (TC), fecal
coliforms (FC), enterococci (ENT), E. coli, Shigella, and Salmonella are observed in this
study to contaminate GBNERR surface waters according to United States Environmental
Protection Agency (USEPA) [13-18] and Centers for Disease Control and Prevention (CDC)
Maximum Contaminant Level Goal (MCLG) [7-11].

The goal of this research was 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 increase in the achievement of seafood safety
end points. To achieve our goal, we set three specific objectives. 1. Assess the
bacteriological quality of water by evaluating variations of heterotrophic and indicator
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. Assess the characteristics of water quality in
terms of temperature, pH, salinity, conductivity, dissolved oxygen, total dissolved solids, and
nutrients as well as determine their potential influence on bacterial densities in comparison
to state and federal public health guidelines, and 3. Perform water remediation/treatment
using natural chemical modulators (acetic acid; [19-25] to assess effectiveness in inhibiting
bacterial growth and survival in laboratory environments and within anthropogenic
contaminated water sources by altering physical and chemical parameters.

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 (DO), 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 pm, 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. A precision Coliform water
bath incubator was used for £. coliand 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). Various flask sizes including, 75
CM?2 corning flask, canted neck, tissue culture treated nonpyrogenic flasks, polystyrene,
sterile corning flask; 25 CM?2 were used in this study. Culture Media Sources and
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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
were 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 at 4°C 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
filtration technique; APHA protocol 9215D, 9222B, 9222D and USEPA Method 1600 for
testing HPC, TC, FC, Vibrio (TCBS), and ENT respectively. Briefly, 10 to 100 mL of water
samples was used to enumerate bacteria chosen for isolation in this study. Samples were
treated with 1-20% concentrations of acetic acid (50% w/w) for 2 and 4hrs prior to plating.
Ten milliliter of the sample was passed through a 0.45 um membrane filter that trapped
bacteria on its surface [20]. Colonies were counted, counts 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 count
consistency or differences.

Heterotrophs (HT) are a group of microorganisms (yeast, molds, and bacteria) that use
organic carbon as a food source, and are found in all types of water. Detecting heterotrophs
using a heterotrophic plate count (HPC) is a standard way to measure the bacteriological
content of water, and is used for both public and private waterways. The presence of HT in
water does not necessarily pose a health risk to humans, but the information from the HPC
can be used as indicator for conditions favorable for bacterial growth. The higher the HT
more favorable the water is for microorganism growth. The HT counts from three public
water sources on the Gulf Coast in Mississippi are shown in Tables 1-3. The initial HT
counts been 140 + 25 CFU/mL at Bayou Cumbest, 120 + 50 CFU at Bayou Point of Pines,
and 150 = 12 CFU/mL at Bayou Heron, which are under the 500 CFU/mL limits considered
safe limits set by the U.S EPA. These limits are not a health based standard. HT counts
higher than 500 CFU/mL interferes with proper detection of the total coliform and E. coli
measurements. Even though the HT is well within the EPA limits they are significantly
above the 10 CFU/mL limits established for drinking water.

Clean drinking water is a concern for many areas of the world and need for safe,
economical, and effective disinfectants is greatly needed. Acetic acid has been shown to be
an effective mycobacterial agent. Heterotrophs thrive on organic carbon and acetic acid
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treatment may actually enhance the growth of heterotrophs. Acetic acid was used in
concentration from 1% to 20% and these concentrations were incubated with the water for
longer periods of time (2 and 4 hours) to determine its effects on the survival of common
pathogenic bacterial species and HT counts. Tables 1-3 show the Total Coliforms (bacteria
found in water or soil that is influenced by surface water, and animal or human waste), Fecal
Coliforms (bacteria present in the gut and feces of warm-blood animals), Campylobacter,
and Enterococcus were sensitive to concentrations of acetic acid as low as 1% and were
completely inactivated at 1% and higher concentrations and longer incubation. £. coli and
Vibrio were less affected by longer incubation and increasing concentrations of acetic acid
ranging from 1% to 10%; these organisms were inactivated at 20% concentration in
combination with 4hrs of incubation. Increasing the incubation time as well as the acetic
acid concentration did not enhance the clearance of these specific bacteria; showing their
resistance to such treatments. Shigella /Salmonella showed modest sensitivity to, and
inactivation responses as concentrations of acetic acid increased over 10% with longer
incubation times.

Table 1 shows the survival trends of eight microbial species upon exposure to acetic acid in
water samples from Bayou Cumbest. As can be seen all organisms grew at 0% (control).
Heterotrophic organisms showed survival that is responding negatively to increased acetic
acid concentration. Total coliforms, fecal coliforms, Campylobacter, and Enterococcus were
all inactivated the 1% acetic acid concentration. Vibrio, £. coli, and Salmonella/Shigella
showed various resistances to the acetic acid treatment; Salmonella/Shigella were inactivated
completely at 10%, while both Vibrio and E. coli were inactivated at 20% acetic acid.

Table 2 shows the survival trends of eight microbial species upon exposure to acetic acid in
water samples from Bayou Point O Pines. As can be seen all organisms grew at 0%
(control). Heterotrophic organisms showed survival that is responding negatively to
increased acetic acid concentration. Total coliforms, fecal coliforms, Campylobacter, and
Enterococcus were all inactivated the 1% acetic acid concentration. Vibrio, £. colf, and
Salmonella/Shigella showed various resistances to the acetic acid treatment; Salmonella/
Shigella were inactivated completely at 10%, while both Vibrio and £. co/iwere inactivated
at 20% acetic acid.

Table 3 shows the survival trends of eight microbial species upon exposure to acetic acid in
water samples from Bayou Heron. As can be seen all organisms grew at 0% (control).
Heterotrophic organisms showed survival that is responding negatively to increased acetic
acid concentration. Total coliforms, fecal coliforms, Campylobacter, and Enterococcus were
all inactivated the 1% acetic acid concentration. Vibrio, £. coli, and Salmonella/Shigella
showed various resistances to the acetic acid treatment; Salmonella/Shigella were inactivated
completely at 10%, while both Vibrio and £. coliwere inactivated at 20% acetic acid and
longer incubation.

DISCUSSION

The GBNERR presents as a potential source for contamination with anthropogenic bacterial
pathogens that may play a significant role in the causation of waterborne human diseases.

Biomed Sci Instrum. Author manuscript; available in PMC 2019 February 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Farah et al.

Page 6

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 acetic acid. Our study provided evidence for
the utility of acetic acid 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.

The literature shows that 5% acetic acid for 20 minutes reduced the viability of some strains
of E. coli and often resulted in a more bacteriostatic effect. Cortesia and colleagues (2014)
showed the bactericidal activity of acetic acid was due to it carboxylic acid function and
because of the drop in pH. The other interesting component was the HT counts, which never
reached levels considered safe for drinking water. In fact, two out of three cases resulted in
an increase in HT measured by HPC. The results of this study are consistent with results
published by others [21-25], which showed that increased acetic acid concentration resulted
in a regrowth of HT and accumulation of biofilms in drinking water pipes. Overall the
results show that some species of bacteria can be treated with low levels of acetic acid at
concentrations which would not necessarily affect the taste of the water. Nonetheless, some
bacteria that are associated with food borne illnesses and can result in life threatening illness
in both competent and immunocompromised individuals did show some resistance to acetic
acid, however, they were cleared by higher concentrations and longer incubation and
consistently proven to be bactericidal in treated water samples from three bayous at the
GBNERR reserve in MS.

Cortesia et al. [21] found that acetic acid (vinegar) efficiently kills M. tuberculosis after 30
min of exposure to a 6% acetic acid solution. The activity is not due to pH alone, and
propionic acid also appears to be bactericidal. M. bolletiiand M. massiliense nontuberculous
mycobacteria were more resistant, although a 30-min exposure to 10% acetic acid resulted in
at least a 6-10g10 reduction of viable bacteria. Acetic acid (vinegar) is an effective
mycobactericidal disinfectant that should also be active against most other bacteria [19-25].

Acetic acid has been shown to have good antibacterial activity against various planktonic
organisms, however data is limited on efficacy, and few studies have been performed on
biofilms. Acetic acid was antibacterial against planktonic growth, with a minimum
inhibitory concentration of 0.16-0.31% for all isolates and was also able to prevent
formation of biofilms (at 0.31%). Eradication of mature biofilms was observed for all
isolates after three hours of exposure. Clearly, acid resistance and the development of acid
tolerance by food-borne pathogenic bacteria may be significant at several points along the
farm-to-table continuum of food production. It is important that we understand how previous
environment and processing conditions can affect the acid tolerance status of food-borne E.
coli O157:H7 in order to devise strategies for better control of the occurrence, growth, or
survival of this organism in foods [26-34].

Biomed Sci Instrum. Author manuscript; available in PMC 2019 February 11.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Farah et al. Page 7

White vinegar is nontoxic, cost-effective, easy to access, and appropriate for household use.
However, this agent may not be suitable for medical use. The low pH and corrosive nature of
the acid can result in deterioration and destruction of metal and plastic materials.

CONCLUSION

This study provided evidence for the utility of acetic acid in the remediation of
anthropogenic contamination of three Bayous at the GBNERR. The findings showed the
total inactivation of eight pathogenic microbial species that constitute public health threat to
the fishing activities at the GBNERR. The interaction of physicochemical and
microbiological parameters of water through external chemical manipulation by acetic acid
may provide utility in the remediation of post-contamination with anthropogenic pathogens
and indicator bacteria such as coliforms, fecal coliforms, £. coli, salmonella and
Campylobacter and enterococci. Presence of high HT indicates an environment conducive
for bacterial growth. Hence, control strategies should be further developed and implemented
to prevent or remediate any future contamination of the GBNERR waters.
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