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Sampling data of many surface water bodies in Broward County tend to reveal 

abnormal levels of bacterial concentrations for total coliform, Escherichia coli and 

Enterococcus. Given the presence of septic systems in geohydrologically sensitive areas 

throughout the County, several studies (Morin 2005 and Bocca 2007) suggested a 

correlation in the high bacterial densities and the septic sites.  

Utilizing XLSTAT, ProUCL and other pertinent statistical methodologies, this 

study has sought to establish whether the high bacteriological concentrations are linked 

primarily to the presence of septic tanks or whether other factors such as distances from 

contaminant sources, seasonal fluctuations in the groundwater table and population 

density have a much more preeminent role in the water quality of the surface water 

bodies. Data analyses from 2004 to 2013 reveal higher concentrations of total coliform 

and E. coli in wet seasons and OSTDS sites; however, other parameters yield mostly 

inconclusive results in dry seasons.  
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1. INTRODUCTION 

In areas with high groundwater table elevation where conventional sanitary sewer 

is not available, the effects of onsite sewage treatment and disposal systems (OSTDS), or 

septic tanks, on consumptive and/or recreational water bodies have been a longstanding 

concern for many public health and environmentally concerned individuals including 

health officials, scientists and engineers. With the shallow water table elevation and the 

increasing urban population density in South Florida, many communities are facing a 

significant challenge meeting their water demand and their waste disposal need while 

mitigating adverse impacts on the available water resources. According to data collected 

by the U.S. Census Bureau for Housing Survey (2007) and released by the Environmental 

Protection Agency (EPA), about 20 percent or 26.1 million of the total housing units in 

the United States were served by septic systems. Among those housing units, 22 percent 

were less than four years old. In Florida, without accounting for the systems taken out of 

service, the Florida Department of Health (2013) has estimated the cumulative number of 

septic tanks installed throughout the State from 1970 to 2013 at 2,698,511 currently in 

use in Florida, serving approximately 4.5 million people (FDEP 2001). These systems 

discharge over 426 million gallons of treated effluent per day into the subsurface soil 

environment. Almost half (41%) of those systems are found along Florida’s southeastern 

Atlantic coastline, where the water table is shallow, population density is high, and there 

are extensive drainage canals that were specifically designed to reduce groundwater 
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 Throughout the years, in many areas of the United States the impacts of sanitary 

and land use policy on land development and population densities have been 

considerable. As has observed Kaplan, the U.S. EPA published an excellent summary of 

land use and environmental impacts of sewers and septic systems in 1983.  

In rural and developing areas, the enforcement of on-site sanitary codes, 

beginning anywhere from 1945 to the end of the 1960s, has served as a form of 

land use control. These codes have limited residential development in wetland 

areas, on soils with a seasonal high water table, including flood-plain areas, on 

steeply sloping areas, and in locations with shallow depth to bedrock because 

these areas are considered unsuitable for on-site wastewater treatment…. The 

codes have minimized development in some environmentally sensitive areas that 

would otherwise be unprotected. (quoted in Kaplan 1991) 

 Bicki et al (1984) released a report titled Impact of On-site Sewage Disposal 

Systems (OSDS) on Surface and Ground Water Quality in 1984. That report was 

prepared for the Florida Department of Health and Rehabilitative Services to assess the 

potential impacts of conventional septic systems sites in light of “increasing public 

awareness and concern for environmental quality and public health.” The report was not 

set to assess variations in seasonality, population densities or any of the other 

independent variables investigated in this current study. While more research was 

suggested to evaluate the fate and transport of chemical and biological contaminants in 

OSDS effluent, the authors have concluded: 

More than one half of the soils in the United States are unsuited for conventional 

OSDSs. Florida has a particularly high percentage of soils unsuited to 
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conventional OSOSs due to conditions of periodically high water tables, low 

relief, and/or shallow depth to bedrock… Proper siting, design, construction, and 

operation of OSDSs is the key to controlling ground water contamination by the 

various effluent constituents. (Bicki et al 1984) 

When OSTDSs are not sited appropriately or installed properly, they can be a 

potential risk to public health and a source of adverse environmental impacts to soil and 

groundwater.  As noted by Hall and Clancy (2009), “when OSTDS are not properly sited 

or maintained, operational and functional failures occur.” The U.S. Census (2000) reports 

10 percent of onsite systems fail. While “failure rates are difficult to determine, but 

recently in Florida, counties with inspection programs have reported rates from 8% to 

11% per year” (Hall and Clancy 2009). Like the aging conventional sewer infrastructure 

throughout the United States, many of the existing OSTDS are performing beyond their 

useful life cycle. Since more than half of Florida’s OSTDS are over 30 years old and 

were installed under standards less stringent than current requirements, “there is 

increasing evidence in a number of coastal and bay environments that the cumulative 

effect of onsite systems contributes substantially to pollutants in these ecosystems, 

particularly to nutrient pollutants” (Hall and Clancy 2009). 

Onsite system failure can result in problems that include direct exposure to 

inadequately treated sewage, ground and surface water pollution, and contamination of 

shellfish beds. The most common reason for onsite systems to fail, and potentially 

contributing to the impairment of natural waters, is placement of systems in soils with 

insufficient capacity for wastewater treatment (Bocca, 2007). A second common reason 

for system failure is installation such that only a small percentage of the soil available for 
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renovation is actually used due to lot size, location adjacent to canals and waterways, and 

the types of soils (Morin, 2005). Like more than 50% of the sites in the United States 

(Bicki et al 1984), the soils in Broward County are unsuited for conventional OSTDS 

sites.  Neither is the groundwater level. 

Where the water table is high, septic tanks have proven to be problematic from a 

water resource perspective (Bloetscher et al. 1999; Meeroff et al. 2008). Impacts are 

traced to a lack of regulation prior to the 1980s and to high densities of septic tanks on 

small lots. Moreover, many of these high-density developments were historically 

inhabited only in the winter months when the water table is low and performance optimal 

(Bloetscher, et al 1999). During the wet season when the water table is high, septic tanks 

cannot operate properly because the water table is above the drainage pipes, interfering 

with the normal hydraulic specifications and complicating pollutant migration modeling. 

Thus, the potential for groundwater and surface water contamination is increased, 

resulting in a need to quantify the contribution of environmental degradation attributable 

to OSTDSs (Meeroff et al. 2008).  The OSTDS will drain to surface waters when the 

water table is high like they are in Broward County for much of the year. 

 In a recent studies published by the Florida Atlantic University, Morin (2005) had 

initially studied the same sites in Broward County to “quantify the pollutant loading 

contributions from OSTDS on coastal canals, with regard to nutrients and pathogens 

indicators (Total coliform, E. coli, and Enterococcus).” That study was performed at the 

inception of the sampling events from 2004 to 2005 in Broward County. After a 

comprehensive investigation of the sampling sites, or site characterization, he compared 

the data from the septic sites in the Melaleuca Gardens neighborhood to the data of the 



6 
 

sewered sites in the Sherman Street neighborhood, which were both in coastal waters. 

The study has found that the surface water quality of the canal was affected by OSTDS 

contribution with higher levels of nutrients and pathogens indicators during the wet 

season. However, no OSTDS impact was detected during the dry season.  

A later study by Bocca (2007) provided a unique opportunity to test the scientific 

approach in a rural setting was presented by the Florida Department of Health in coastal 

Taylor County, FL.  Taylor County is located in Northwest Florida along the Gulf of 

Mexico coastline southeast of Tallahassee.  Taylor County encompasses 789,000 acres 

(3,191 km2),  and approximately 15% of the area is comprised of water bodies, including 

four rivers, numerous drainage canals, creeks, and springs, and nearly 60 miles of Gulf of 

Mexico coastline. Half of its southern coast is part of the “Big Bend Sea Grasses Aquatic 

Preserve” and is classified as “Outstanding Florida Waters.” The major tourist 

attractions are fishing and scalloping, particularly from July through September, so if 

OSTDS contributions show adverse inputs during the summer months, it could have a 

major impact on the shell-fishing industry and tourism (Bocca, 2007).  

  Bocca (2007) used a series of statistical tests including pairwise comparison, 

Student t-Test, Pearson correlation, multivariate analysis of variance (MANOVA) and 

principal component analysis (PCA) to compare the urban population of Broward County 

to the rural population of Taylor County. The goal was to assess how significantly 

wastewater disposal and treatment (sewer vs. OSTDS), human population density (urban 

vs. rural) and seasonality (SLWT vs. SHWT) impact water quality in the coastal areas of 

Broward County and Taylor County. The study has observed poorer water quality in the 

urban sites of Broward County compared to the rural sites of Taylor County; poorer water 
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quality was also found in the OSTDS sites when compared to the sewered sites as well as 

in the SHWT when compared to the SLWT period. Nonetheless, this study did not 

attempt to compare distance variations in the finger canals, and the limited data available 

for Broward County in 2007 were adequate to allow confirmation or rejection of some of 

the tested hypotheses.  Also, Bocca (2007) did not attempt to compare population 

densities between Broward and Taylor Counties or concentration variations with 

distances which are part of this study. 

 Prior work involved the evaluation of water quality impacts in urban areas of 

Broward and Palm Beach Counties in south Florida (Meeroff et al. 2005; Morin 2005; 

Meeroff et al. 2008). The most recent study (Meeroff et al. 2008) attempted to quantify 

the nutrient loading contribution from OSTDS to determine the extent of observed 

nutrient contamination in a major urban setting. The results demonstrated that the 

magnitude of water quality degradation in an urbanized area potentially constituted a 

public health threat because OSTDS were found to perform less efficiently compared to 

sewered areas in terms of COD and microbial pathogen indicators removal during the wet 

season.  But during the dry season, Enterococcus and total coliforms both decreased by 

an average of 13 and 31 percent respectively (Meeroff et al. 2008), while E. coli nearly 

doubled.  In the sewered areas, the Enterococcus concentrations are generally higher 

during the wet season, while in OSTDS areas, the E. coli counts are higher during the wet 

season (Meeroff et al. 2008).  An analysis of the water quality data, molecular techniques, 

nutrient isotopes ratios, optical brighteners, and other methods indicated that the source 

of the differences was attributable to human-derived inputs, presumably from failing 

OSTDS (Meeroff et al. 2008).   
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From a water body perspective, nutrients are a concern, but the regulatory 

agencies look at pathogen activity.  The regulatory community perceives to be the 

possibility of contamination of potable aquifer systems with potentially pathogenic 

organisms found in treated wastewater to be a significant risk. Of the total of 673 

waterborne illness outbreaks that occurred in the United States between 1946 and 1980, 

forty-four percent of those outbreaks were attributable to groundwater sources (Asano, 

1985). Information on waterborne diseases is obtained through voluntary reporting from 

state and local health departments to the Centers for Disease Control and Prevention 

(CDC). Together, the CDC and U.S. EPA have maintained a collaborative surveillance 

system for collecting and reporting waterborne disease outbreaks since 1971. For the 

most recent ten year period under record (1997 – 2006), 137 waterborne disease 

outbreaks were reported to the CDC, with a total of 8,498 illnesses and 17 deaths 

(Barwick et al., 2000; Blackburn et al., 2004; Lee et al., 2002; Liang et al., 2006; Yoder 

et al., 2008; Bloetscher and Plummer, 2011). Of the outbreaks with a known cause (101), 

17 were attributed to chemical or toxin poisoning and 84 to pathogens. Keswick et al. 

(1982) estimated that 50 percent of the waterborne illnesses in the United States in a 

given year originate from groundwater. Pathogen occurrence rate may be much higher in 

places with high organic content in the ground water, which encourages microbial growth 

(Bloetscher, et al., 1997; Bloetscher, et al., 2013). Many of these microbes could be 

found in reclaimed wastewater, 

Historically, pathogens have been a focus of regulatory efforts. The current 

acceptable levels of microbiological risk for drinking water systems in the United States 

has been suggested as 10-4 yearly, with an assumed 2 liter daily exposure over 365 days 
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(Rose and Carnahan, 1992).  Using rotavirus as a pathway, Hejkal et al. (1984) noted that 

disease levels were low from May through September and generally higher during winter 

and spring. However most places have more runoff and higher water tables in the winter 

months, unlike south Florida which is the opposite.  Rotavirus is virulent, and because it 

is waterborne, it was used as a risk factor in Bloetscher (2001) and Bloetscher et al., 

(2014).  

Maintenance of the microbiological quality and safety of water systems used for 

drinking water supplies, for recreation, and for the harvesting of seafood is imperative. 

Contamination of these water systems can result in high risks to human health and 

significant economic losses due to closures of beaches and shellfish harvesting areas 

(Scott et al. 2002). Unfortunately there are potential water quality problems during the 

summer months.  Prior studies conducted by the Suwanee River Water Management 

District (SRWMD) and the Taylor County Health Department (TCHD) in Taylor County 

have documented water quality degradation (Meeroff, et al 2008).  Ongoing beach 

monitoring programs (http://esetappsdoh.doh.state.fl.us/irm00beachwater/default.aspx) 

post public advisories and beach closures approximately 46% of the time due to high 

concentration of indicator bacteria (>400 CFU/100mL for fecal coliforms, >100 

CFU/100mL for Enterococcus).  

1.2 Motivation and Relevance of This Study 

The Broward County Government has expressed its desire to allow its residents 

and visitors to enjoy pristine water bodies and healthy beaches with strict County 

standards that ensure environmental protection. Nonetheless, Broward County has had a 
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very difficult time meeting water quality criteria in terms of its recreational and surface 

water bodies. As reported by Broward County Environment Protection Department or 

BCEPD (2007), only 52% of its collected samples met or exceeded the state-mandated 

criteria of 5.0 mg/L for dissolved oxygen. While about 80% of the County may be 

considered sewered by conventional sewer systems (U.S. Census Bureau 2007), there 

remain some geohydrologically sensitive areas that are being served by septic systems 

(OSTDS). In those cases, the soil quality is not ideal for percolation and treatment of the 

wastewater from the septic tanks as such areas do not have an adequate buffer zone to 

separate the drain fields from the groundwater table. During the wet seasons, the soil 

beneath the drain fields may become saturated and the elevated groundwater table may 

even rise to reach the drain fields thereby impeding the biological treatment process. 

According to Bicki (1984), the families served by septic systems in Florida 

“introduce nearly 170 million gallons (643 million liters) per day into the subsurface 

environment, making it potentially one of the largest sources of artificial ground water 

recharge in the state.” He does not address how much of this drains to surface waters.  

Improper design, siting, construction, operation and maintenance of the septic systems 

will eventually result in their failure whereby becoming a potential source for 

contamination of the water bodies (Hall and Clancy 2009). This study sought to expand 

the overall understanding of OSTDS and their potential impacts on adjacent water bodies 

to ensure that they do not compromise the sustainability of the available water resources. 

Bicki et al. (1984), Bocca (2007), Morin (2005), Hall and Clancy (2009), Otis et 

al (1993) and  Meeroff et al. (2008) have looked into the implications of OSTDS sites on 

the water quality of nearby water bodies including the sites in Broward County and 
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Taylor County. They have outlined the precarious environmental conditions facing 

densely populated urban areas such as Broward County with communities being served 

by OSTDS sites. In areas with high groundwater table and adjacent to surface water 

bodies that are subject to the tidal fluctuations, the studies have generally found poorer 

water quality in those areas. As many have suspected, in wet weather seasons, the water 

table rises and potentially allows the septic waste to leach through the groundwater and 

migrate to the nearby surface water bodies.  Though these studies have derived similar 

conclusions regarding the potential degradation of the water quality due possible OSDTS 

failures and inefficiencies, they were usually based on limited data and did not consider 

the implications of all the independent variables considered in this study. Meeroff et al 

(2008) recommended that further analysis be conducted to determine if the same 

differences can be measured in less densely populated or more rural areas and whether 

the methods applied were appropriate for measuring differences between OSTDS and 

sewered areas near coastal water bodies outside of South Florida.   

In light of those studies, this work sought to expand the data pool available for 

analyses and build on the preceding studies to provide additional insights into the various 

independent variables influencing the high microbial counts to determine if differences 

between OSTDS and sewered areas can be measured using multiple tracers to determine 

if OSTDS contribute to the observed water quality degradation in rural and urban areas, 

and that the problem is aggravated during the seasonal high water table (SHWT).  

Differences between sewered and non-sewered areas were evaluated using pair-wise 

comparison, intervention analysis utilizing data from before and after the installation of 

sewer networks in areas previously served exclusively by OSTDS, and multiple tracers. 
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From prior studies, the highest contribution from OSTDS is expected during the SHWT 

event (Meeroff et al. 2008).  If the approach is successful, the results can be used to 

evaluate source tracking hypotheses for nutrients and pathogen indicators in both urban 

and rural settings during the SHWT and SLWT elevation events so that water quality 

managers will be able to develop plans for improving water quality in similar coastal 

communities.   

The primary data will be that observed in Broward County and Taylor County.  

Factors to be analyzed for a linkage include distances from contaminant sources, seasonal 

fluctuations in the groundwater table elevations and population density which may have a 

much more preeminent role in the water quality of the surface water bodies. None of the 

prior studies have considered the impacts of distance variations from contaminant sources 

on the water quality. Although some of the studies included nutrient and tracer analyses 

to certain extent, the data utilized to perform the simulations were very limited and 

contained numerous outliers. Consequently, this study has sought to improve the 

representativeness of the collected data by expanding the data pool from 2004 to 2013 in 

the hope of bringing additional insights to the overall understanding of septic systems and 

their potential impacts on the invaluable water resources. 

 The framework for this study was established based on the premises that there 

may be four independent variables influencing the water quality in Broward and Taylor 

Counties. They were identified as wastewater disposal methodologies in use at the sites, 

seasonality, variations with distances and population densities. The impacts of the 

wastewater disposal methodologies were measured by comparing OSTDS sites to 

sewered sites. The significance of seasonality was assessed by comparing the data 
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collected during the wet seasons to those collected during the dry seasons. Changes in 

bacteriological densities with distances were measured comparing the concentrations 

from the first site in the main stream to the terminal sites near the edge of the finger 

canals including all the intermittent sites; in the case of Broward County, they included 

five OSTDS sites and five sewered sites (see Figure 3). Lastly, population densities were 

factored into the analyses by comparing the data from the urban areas of Broward County 

to those collected in the rural areas of Taylor County. 
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2. METHODOLOGY 

 It has been hypothesized that the level of pollution varies with population density, 

which is much higher in urban setting compared to the dispersedly populated rural areas. 

Likewise, OSTDS neighborhoods are believed to show much higher level of 

contamination than sewered areas (Bicki et al. 1984 and Hall and Clancy 2009). In wet 

seasons, the rise in the groundwater table elevation is also believed to significantly 

impact the operations of the OSTDS sites and considerably increase the bacterial 

concentration in the water bodies as opposed to dry seasons. To a certain extent, the 

bacterial concentrations are expected to decrease with distance as the sampling points are 

further away from immediate proximity to septic sites along the finger canals of the 

waterways. Given the multiplicity of the parameters present in this study, XLSTAT® and 

ProUCL were the main software packages utilized to ascertain the veracity of these 

hypotheses and determine the preeminent parameter influencing the water quality in the 

studied areas. 

2.1 Site Selection in Broward County 

Broward was founded in 1915 from portions of Dade and Palm Beach Counties 

(McGoun 2014). Prior to 1950, according to Broward County Environmental Protection 

Department (2007), “most domestic wastewater was disposed of through
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septic systems or direct discharge from a number of small waste water treatment 

facilities.” 

The coastal areas under study are characterized by deep, poorly drained Bayvi 

soils formed by sandy marine sediments. These types of soils are frequently flooded and 

generally unsuitable for buildings, which is why many of the homes are built on pile 

foundations. The seasonally high water table and poorly filtering soils are major 

limitations necessitating alternative waste disposal systems, such as mounded septic tank 

absorption fields.  

Through the succeeding decades, many sanitary sewer projects including large 

neighborhood sewer improvement projects had allowed most of the County’s residents to 

switch to conventional sanitary sewer systems connected to municipal or regional 

wastewater treatment plants. Nonetheless, some older neighborhoods particularly in the 

southern part of the County such as Dania Beach, Fort Lauderdale and Hollywood still 

remain on septic systems. Generally, these neighborhoods are located in areas with high 

groundwater table elevation which may not be geohydrologically suitable for septic 

systems. As explained Bicki et al. (1984): 

“Septic tank effluent contains varied concentrations of nitrogen, phosphorus, 

chloride, sulfate, sodium, toxic organics, detergent surfactants, and pathogenic 

bacteria and viruses. Widespread use of conventiona1 OSDSs can result in 

contamination of ground and surface water if the soil does not treat or purify the 

effluent effectively before it encounters ground water.” 
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 In the case of Broward County, more and more fish kill occurrences have also 

raised some concerns regarding the sustainability of the County’s water bodies. Aside 

from the possible contribution of the OSTDS sites in the overall degradation of the water 

quality, the hydrogeological conditions of Broward County may also have a 

compounding effect on the overall water quality. In the technical report series Broward 

County, Florida Water Quality Atlas: Freshwater Canals 1998 – 2003 released in 2007, 

the County's Environment Protection Department (BCEPD) has reported that only 52% 

of 490 samples collected from all Broward County freshwater canals during the 

aforementioned timeline of the study met or exceeded the state water quality criteria for 

dissolved oxygen which required all samples to be greater than or equal to 5.0 mg/L. 

According to that report, “in the wet season, groundwater elevations typically increase 

and can migrate into the canal system. Thus, temperature and hydrology are two major 

seasonal and non-pollutant factors on dissolved oxygen dynamics of Broward County’s 

canals” (BCEPD 2007). 

To study the impacts of OSTDS sites on the surface water bodies of Broward 

County, fifteen (15) sampling sites were selected in Dania Beach and Hollywood (see 

Figure 2). The first five sites were all 100% septic. They were located in Dania just south 

of the Fort Lauderdale Hollywood International Airport or near the southeast quadrant of 

I-95 and Griffin Road. The second group of sampling sites also included five sites that 

were 100% sewered; they were located south of the previous sites at the southeast 

quadrant of I-95 and Sheridan Street. The remaining sites included three background sites 

west of I-95 and two downstream sites east of Federal Highway. Site descriptions and ID 

codes for Broward County are summarized in Table 1.  
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2.1.1 OSTDS Sites/Melaleuca Gardens Neighborhood 

As described in depth by other preceding studies conducted at Florida Atlantic 

University (Morin 2005 and Bocca 2007), Dania Beach had five (5) OSTDS sites labeled 

as A1, A2, A3, A4, and A5 which were located in a residential neighborhood called 

Melaleuca Gardens in a finger canal. They were selected to allow comparative density 

measurements from site A1 to site A5 in order to ascertain the significance of distance 

variations for the various indicator organisms under investigation. That neighborhood is 

inhabited by 16 single-family residences (Morin 2005). Those sites were classified as 

OSTDS sites because there was no conventional sewer connection to them as they were 

exclusively served by septic systems (see Figures 3 and 4). 

The sampling expeditions were carried out yearly in the wet season when the 

groundwater table is the highest elevation and in the dry season when the groundwater 

table is at its lowest elevation. Depending on the fluctuations of the groundwater, that 

older neighborhood may lie about 2 to 4 feet above the groundwater table during the wet 

season (quoted in Bocca 2007). The depth of the main channel was measured around 10 

feet and the depths interior of the finger canal were reported in the range 11 to 12 feet 

(Morin 2005). These sampling sites were located near the end of the Dania Cut-off 

Canal’s waterway which discharges into the ocean about 2½ miles downstream. 
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Melaleuca Gardens and Sherman Street, appear to share many similar socio-economic 

and hydrogeologic conditions. The two neighborhoods were located in similar urban 

setting. Broward County Property Appraiser had assigned a use code of 01 to both 

neighborhoods, which indicate that they were zoned as single family residences. Both 

sites were located in the FEMA flood zone AE at a 100-year flood elevation of 7 feet in 

the North Geodetic Vertical Datum of 1929 (NGVD 29). And both sites abutted a canal 

system which subjects them to the tidal fluctuations of the nearby ocean approximately 2 

to 3 miles downstream to the east. 

2.1.3 Background and Downstream Sites 

Background sites were selected upstream and downstream of the OSTDS and 

sewered sites. There were five (5) sites scattered throughout Hollywood and Dania Beach 

with three of them west of I-95 and two of them east of Federal Highway. As depicted in 

Figures 2–4, they included North Park Road Bridge 1 (C1) and North Park Road Bridge 2 

(C2) which were the upstream/background sites for the sewered sites B1 to B5 on 

Sherman Street, SW 30th Avenue (D1) which was the upstream/background site for the 

OSTDS sites A1 to A5 in the Melaleuca Gardens neighborhood, Port Laudania Marina 

(E1) at the end of the Dania Beach Cut-off Canal downstream of Melaleuca Gardens and 

a marine/beach sampling point (F1) near the Dania Beach fishing piers at the beach. Sites 

E1 and F1 were used for comparative purposes and are not reported in the statistical 

analyses carried for Broward County. 
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 In order to segregate the impacts of population density on the sampling data in 

Broward County, the sampling sites were contrasted against a total of fourteen (14) sites 

in Taylor County. As described in Table 3, those sites included seven (7) OSTDS 

sampling sites, two (2) OSTDS background sites, four (4) sewered sampling sites and one 

(1) sewered background site. A sewer overflow from a lift station near the Jet Skies at the 

Keaton site (T.D1) was suspected. Following the same procedure described Bocca 

(2007), site T.D1 was eliminated from the analyses. The sampling expeditions in Taylor 

County had taken place in May 2006, September 2006, December 2006, May 2007, and 

September 2007. So the sampling data were collected over a period of five months from 

May 2006 to May 2007. According to Bocca (2007), 7 of the 14 sites for which data were 

collected in the sampling expeditions reported in this study were previously investigated 

by the Florida Department of Health (see Figure 6 for site locations). 
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Table 2. Sampling Sites in Taylor County 

Site Name Site ID Condition Longitude Latitude 
Dekle Beach    

Dekle Beach T.A1 OSTDS -83.61963889 29.84911111 

Dekle Beach Canal 
@ Mexico Rd 

T.B1 OSTDS -83.61866667 29.84905556 

Creek @ Dekle T.C1 Background
OSTDS 

-83.61608333 29.84852778 

Keaton Beach    

Cortez Pump station T.D1/Discarded 
 in analysis 

Sewered -83.59169444 29.82544444 

Cortez Road Canal  
MR. Marina Road 

T.E1 Sewered -83.59180556 29.82941667 

Keaton Beach T.F1 Sewered -83.59361111 29.81855556 

Blue Creek T.G1 Background
Sewer 

-83.57641667 29.82475 

Cedar Island Beach    

Heron Rd @ Cedar 
Island 

T.H1 Sewered -83.58675 29.81583333 

Cedar Island Beach T.I1 Sewered -83.58736111 29.81586111 

Steinhatchee    

Roys T.J1 OSTDS -83.39533333 29.67327778 

Japenese Gardens T.K1 OSTDS -83.36702778 29.66925 

Boggy Creek @51 T.L1 OSTDS -83.35922222 29.73341667 

Airport Road T.M1 OSTDS -83.34555556 29.72475 

Steinhatchee Falls T.N1 Background
OSTDS 

-83.34213889 29.74680556 
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 According to the United States Department of Agriculture (USDA) soil survey of 

Taylor County (2000), the soils are typically wettest from late December through March 

and also from June to September. These wet periods also correspond to the highest 

rainfall in the region. The driest part of the year is October through early December, and 

a second dry period occurs in April through May. The least amount of rain falls in the 

second dry period with more evapotranspiration, so the water table is lowest during this 

part of the year. 

Average precipitation records provided by the National Oceanographic and 

Atmospheric Administration (NOAA) National Climatic Data Center (NCDC) Weather 

Station Historical Data Service (NOAA 2006) for three stations in the Taylor County area 

were also used. All stations show the wettest months in June through September with 

drier periods in November – December and April – May (Bocca 2007). 

Surface water level stage heights were also considered for the determination of 

seasonal water level elevations. Using data provided by the Suwanee River Water 

Management District and United States Geological Survey surface water streamflow 

measurements for Florida, the highest water levels occur in September and also during 

March through April, and the lowest levels occur generally in May through July. Using 

data provided by the NOAA Center for Operational Oceanographic Products and 

Services (CO-OPS 2007), the high and low tidal levels were plotted over the past five 

years. The results of this analysis indicates that the lowest tidal levels generally occur in 

winter (December – February), and the fall quarter (August – October) is consistently 

higher.  
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These assessments were based on NOAA data compiled from 06/01/2000 to 

06/01/2005 which also accounts for tidal fluctuations at the coastal waters. The 

differential elevation between the seasonal high and seasonal low water table elevations 

was found to be 0.5 m (1.5 feet).  

Compiling all of these analyses, and if it is assumed that the transition between 

periods is the worst case scenario for that event, the seasonal high water table field study 

was conducted in September to coincide with the peak of the SHWT, and the height of 

the SLWT occurs in May and again in December. Historical water quality and water 

usage records were generally consistent with these findings (Meeroff et al, 2008).  

Data obtained from the Taylor County Department of Health from July 2004 to 

April 2005 for ten sampling stations (Adams Beach, Canal at Dekle, Creek at Dekle, 

Dekle Beach, Keaton Beach, Bridge at Blue Creek, Canal at Cedar Island, Sandpiper 

Spring, Cedar Island Beach, and Hagens Cove) were plotted as monthly averages. For 

microbial testing, the maximum detected values occurred in July. As a result of these 

analyses, once daily sampling events were planned for 3 consecutive days conducted 

during three SLWT and two SHWT events.  

 From October 2004 to March 2013, the selected sites in Broward County were 

sampled both during the seasonal high water table (SHWT) elevations and the seasonal 

low water table (SLWT) elevations to study the impacts of the groundwater fluctuations 

on the migration of pollutants to the nearby water bodies. For the purpose of this study 

and in consistency with previous analyses conducted at Florida Atlantic University, the 

seasonal low water table elevations in Broward County were assumed to coincide the 

data collected during the dry seasons from the month of February through the month of 
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April, and the seasonal high water table was considered to encompass the data collected 

during the wet seasons from the month of August through the month of November. This 

scenario allowed the study to cover the peak of the seasonal high water table elevation as 

well as the low points of the seasonal low water table elevation. No data were collected 

for Broward County in the transitory months of December, January and May thru July. 

2.4 Sampling Procedures 

 Detailed sampling procedures for the collected data have been already published 

in the preceding studies by Bocca (2007) and Morin (2005). The methodologies used for 

collecting field data and for laboratory analyses were consistent with the standard 

operating procedures approved by the Florida Department of Environmental Protection 

(FDEP). In the case of Broward County, the data especially from the septic and sewered 

sites were collected by a non-gasoline (battery-powered) boat to prevent cross-

contamination of the samples. A grab sampling pole was used to collect data at a depth of 

6 to 12 inches in the sites that were not accessible by boat and by foot to the sampler. The 

events were timed so the samples were taken during the outgoing tides to minimize the 

contamination of the collected data.  

 All sampling sites were selected in order to represent two main groups: 1) sites 

with sewer installed and 2) sites served by OSTDS. Two paired sets of similar single-

family residential locations were selected. In each region, at least three sampling sites per 

location were selected; one beach site, a canal/creek (upstream) site, and a background 

site (i.e. isolated inland water source or spring). A total of fourteen sites were sampled 

(A-N). The same sampling locations were visited during different seasons.  
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Samples are collected from downstream to upstream, to avoid cross 

contamination (Bocca 2007). Sample collection was timed to coincide with ebb tide, the 

period in which the water level is falling from high tide to low tide. This was done to get 

a better representation of the potential contamination contribution from terrestrial 

sources. Samples were not collected during flood tide, the period when the water level is 

increasing from low tide to high, because this condition tends to underestimate the 

contribution of inland or terrestrial sources due to marine dilution. Samples were 

collected at 30-45 cm (1.0-1.5 ft) depth by attaching a sterile Whirl-Pak bag to a 

collection pole. Sub-samples were transferred to appropriate sample containers with 

preservatives, as necessary, and stored at 4°C prior to analysis. In the field, general 

physical water quality data (pH, conductivity, salinity, water temperature, dissolved 

oxygen) was collected using a YSI 556 multi-parameter probe, calibrated daily. 

Additional measurements that were recorded included general weather conditions, 

ambient air temperature, tidal conditions, previous rainfall, channel depth, and current 

direction and strength. A secchi disk was also used to measure the transparency of the 

water at the depth where the disk was no longer visible to the sampler. While sampling 

the sites, visual cues such as animals, debris and other activities including meteorological 

conditions were recorded for further investigation should it becomes necessary. 

 Other instruments used in collecting and processing the data included YSI 5100 

DO Meter, VWR Model 800 Turbidity Meter or YSI 9000 Portable Nephelometer, 

QuantiTray2000 TM 97-Well Sealer System, Apollo TOC Analyzer with STS 8000 

Autosampler, and so on (Bocca 2007). Determining the proper parameters is 

quintessential in analyzing experimental data. During the laboratory process, all the 
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indicator organisms were diluted on a ratio of MPN/100 mL. Other laboratory and field 

parameters considered in this experiment are given in Table 3.  

Table 3. Laboratory and Field Parameters Considered in the Analyses of the Data 

Laboratory Parameters Field Parameters 
Total coliform (TC) and E. coli PH 
Enterococcus Conductivity 
Total organic carbon (TOC) Salinity 
Total nitrogen Temperature 
Ammonia-nitrogen Dissolved oxygen (DO) 
Nitrate  Turbidity 

2.5 Analysis 

Pursuant to the scope of this study and the physical/geographical characteristics of 

the sampling sites, total coliform, E. coli and Enterococcus were selected as the main 

indicator organisms to evaluate the field samples. Per their nature, indicator organisms 

are commonly used as surrogate organisms for the target of pathogenic organisms present 

in wastes and polluted waters that are usually limited in numbers and difficult to isolate 

and identify. A large population of these rod-shaped bacteria known collectively as 

coliform bacteria is present in the intestinal tract of humans and other warm-blooded 

animals. As stated in Tchobanoglous et al. (2003), “Each person discharges from100 to 

400 billion coliform bacteria per day, in addition to other kinds of bacteria.”  

Past studies indicate that the presence of coliforms in water bodies does not 

always mean that contamination with human wastes. Animals and even the soil, 

especially for some of the coliform organisms of the genus Escherichia could be the 

sources of such bacterial concentrations. Nonetheless, as explained by Tchobanoglous et 
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al. (2003), “the absence of coliform bacteria is taken as indication that the water is free 

from disease-producing organisms.” 

In terms of applications, both total coliform and Enterococcus are suitable for 

assessing the quality of saltwater recreation or the Class III recreational water present at 

the sampling sites). Though enterococci tend to be found in lower numbers than other 

indicator organisms, they are shown to have better survival in seawater. As for E. coli, it 

appears to be the most representative of fecal contamination amongst the indicator 

organisms, and it is used to assess the water quality in freshwater recreation 

(Tchobanoglous et al. 2003, 115–118). In recent past, EPA no longer recommends total 

coliform as an indicator of fecal contamination for recreational waters. Therefore, the 

analyses carried out for total coliform in this study are provided for informational 

purposes and for reference to previous studies published about the sampling sites.  

The standards for maximum concentration limits for indicator organisms used in 

environmental studies are set by federal, state and local regulatory authorities. For the 

case of this study, the concentration levels are regulated by Environmental Protection 

Agency (EPA) through the Clean Water Act 304(a), and their enforcements are usually 

delegated to state and local agencies such as the State of Florida and Broward County by 

virtue of the Florida Administrative Code and the Broward County Code of Ordinances. 

A summary of the regulatory standards along with applicable regulations are provided in 

Table 4. 
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Table 4. Indicator Organisms Used to Detect Fecal Contamination and Their Quality Standards 

Indicator Organisms Rules/Regulations Standards for Coastal 
and Recreational Waters 

Total coliform Rule 62-302.530, Florida 
Administrative Code, and 
Section 27-195 of the 
Broward County Code of 
Ordinances 

Total coliform ≤ 1000 
MPN/100 mL as monthly 
geometric mean or ≤ 2400 
MPN/100 mL on any one 
day 

Escherichia coli (E. coli) EPA Clean Water Act 304(a) 
criteria for fresh waters, and 
criteria for indicator for 
bacteriological densities 
(EPA 1986) 
 

E. coli ≤ 126 MPN/100 
mL as geometric mean 
calculated over 30 days or 
a one-time concentration 
of 235 MPN/100 mL 

Enterococcus EPA Clean Water Act 304(a) 
criteria for marine and fresh 
waters, criteria for indicator 
for bacteriological densities 
(EPA 1986) and Department 
of Health (DOH)beach 
monitoring program 
 

Enterococcus ≤ 33 MPN/ 
100 ml in freshwater or ≤ 
35 MPN/100 mL in marine 
water over a 30-day 
period. A single sample is 
limited to 61 MPN/100 
mL in freshwater or 104 
MPN/100mLmarine water 

Sample processing and analysis followed the procedures outlined in Standard 

Methods (APHA, AWWA, and WEF 2005) and approved by the USEPA project officer 

in the Quality Assurance Project Plan filed for the study. Bacteriological samples were 

analyzed within 6 hours of collection by the Laboratories for Engineered Environmental 

Solutions (Lab.EES) using the chromogenic substrate technique (SM9223B and 

SM9230C). All samples were diluted 1:10 with sterilized reagent water to reduce the 

ionic strength. Field duplicates and laboratory replicates were analyzed for approximately 

10% of the samples. Turbidity was conducted using a nephelometric method. Total 

organic carbon and total nitrogen were collected in amber vials and stored at pH<2 prior 

to analysis using a TOC/TN analyzer. Caffeine was collected in 1000 mL amber bottles 

unpreserved and analyzed using a GC/MS method (Gardinali and Zhou 2002). For optical 
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brighteners (OB) detection, absorbent, dye-free cotton pads were placed in the water 

body, on the first day and retrieved on the last sampling day of the event (3 days) and 

were analyzed for fluorescence under ultraviolet light illumination. Nutrients (nitrate, 

nitrite, and ammonia-nitrogen) were filtered through a pre-washed 0.45 μm membrane 

filters using a 50-mL syringe and collected in two 8-mL polystyrene test tubes, one for 

Ammonia-Nitrogen analysis and the other for Nitrate + Nitrite-N and Nitrite-N. 

Ammonia-Nitrogen samples were preserved by addition of 0.2% (v/v) of chloroform. 

Both sets of sample tubes were frozen until analyzed by a certified laboratory using a 

saltwater-specific, automated gas segmented continuous flow method using EPA Method 

353.4 for nitrate+nitrite and nitrite (Zhang et al. 1997) and EPA Method 349.0 for 

ammonia-nitrogen (Zhang et al. 1997).  

Samples for molecular analyses were collected as follows. Three replicate water 

samples (2000 - 4000 mL) were filtered onto sterile Whatman 7141-104 cellulose nitrate 

filters or 0.2 μm Supor-200 filters. The cellulose nitrate filter membranes were incubated 

either on mTEC agar for enrichment of E. coli and Salmonella or M Enterococcus agar 

for enrichment of Enterococcus and Staphylococcus. Filters were incubated overnight at 

35-37°C and then delivered frozen for processing and later DNA extraction. DNA lysates 

were prepared from the filters by bead-beating (Haughland et al. 2005) in Qiagen AE 

buffer at speed 6.5 for a total of 40 s. The lysates were diluted 1:5 with fresh AE buffer 

and stored at -80˚C until analyzed. An aliquot (5 µL) of each 1:5 dilution was utilized as 

template DNA in 50 µL PCR reactions. Standard positive and negative PCR controls 

were used. Samples were tested for the presence of amplifiable DNA and for PCR 

inhibition using primers that amplify a universal region of the bacterial genome (16S 
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rRNA gene). As an additional control, samples were analyzed for the presence 

enterococci (23S rRNA gene targeting the enterococci group including E. faecalis, E. 

faecium, E. durans, E. casseliflavus, E. gallinararum, and E. hirae). The lysates also 

were analyzed for the presence of the following pathogens and markers of human fecal 

pollution: 

 Universal Bacterial 16S rRNA gene (Zheng et al. 1996) 

 Enterococci group general 23S rRNA gene (Haugland et al. 2005) 

 Human-specific marker Enterococcus faecium esp gene (Scott et al. 2005) 

 Human-specific marker Bacteroides HF8 gene cluster (Berhnard et al. 2000) 

 Human marker, Bacteroides HuBac cluster (Layton et al. 2005) 

 Dog marker, Bacteroides DogBac cluster (Layton et al. 2005) 

 Campylobacter jejuni, HipO gene (LaGier et al. 2004) 

 Salmonella spp.IpaB gene (Kong et al. 2002) 

 Staphylococcus aureus clfA gene (Mason et al. 2001) 

 Escherichia coli strain O157:H7 rfb gene (Maurer et al. 1999) 

2.6 Data Processing 

 The collected data were tabulated in Microsoft Excel 2007 and 2010 spreadsheets 

and scrutinized for missing data, outliers, nondetects (left-censored data) and 

concentrations beyond measurement limit (right-censored data). In Broward County, 

there were numerous missing data in the collected samples. Those missing data did not 

require the elimination of additional data from the samples given that the softwares used 

for the study, XLSTAT 2013 and ProUCL 5.0, had the capabilities to handle missing data 

in generating their graphical analyses such as box plots, Q-Q plots, scattergrams and 

histograms. 

 However, the data collected on 11/20/2011 exhibited significant anomalies across 

all the indicator organisms that were sampled on that day including Enterococcus. 
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Compared to all the other data sets collected throughout this study, they did not appear to 

be representative of the population under investigation. Without the representativeness of 

the samples, reliable analytical inferences cannot be drawn about the population 

parameters. Since this study was primarily concerned with the overall water quality at the 

sites rather than the isolated extreme events, the data from that date were flagged for 

further investigation and purged from the data analyses. 

2.6.1 Outlier and Data Handling 

 Several outliers were suspected in the data sets collected in Broward County and 

Taylor County. Graphical analyses of the raw data were conducted in XLSTAT® 2013 

which generated box plots, scattergrams and Q-Q plots for the data sets. The generated 

plots were visually scrutinized for potential outliers and further refinement of the data 

given that data with outliers rarely follow a normal distribution. Given that the presence 

of outliers in data sets tend to destroy their normality especially when such outliers are 

results of wrong values like typos and lab errors, as explained Singh and Singh (2013), “it 

is highly unlikely that a data set consisting of outliers will follow a normal distribution 

unless outliers are present in clusters.” 

 Apart from the methodologies such as graphical displays of Q-Q plots, histograms 

and other model-based methods like the Grubbs' test for outliers or the Dixon's Q test, 

one of the common methods used to identify and filter out unlikely observations from 

data sets is to classify data below the 10th and above the 90th percentiles as outliers. 

Similarly to the protocol in the statistical outlier analysis followed by Florida Department 

of Environmental Protection (FDEP) in its State of Florida Numeric Nutrient Criteria 

Development Plan, the upper outlier limit was defined as “75th percentile + 1.5 * 
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interquartile range” (FDEP 2009). The interquartile range is meant to show the dispersion 

range from the 25th percentile to the 75th percentile, which is the middle 50% of the 

collected data sets as well as the most robust range of the analysis. Based on other 

literatures, the lower outlier limit was formulated as 25th percentile - 1.5 * interquartile 

range which filters out the outliers on the left tails of the distributions (Grady 1994). The 

use of the 90th percentile as the representative sample by FDEP was also supported by its 

annual Waterbody Identification Number (WBID) geometric mean TN and TP 

concentrations for benchmark in the peninsula bioregion as the basis (FDEP 2009). 

 All the data collected on 11/20/2011 were removed from the data sets prior to the 

outlier analyses due to the anomalies as explained in the preceding section. After 

surrogate values were used to replace right-censored and left-censored data according to 

the procedures described in sections 2.6.2 and 2.6.3, the interquartile ranges were 

computed in XLSTAT 2013 and the formulas were applied to the raw data to filter out 

some of the outliers. Subsequent to the statistical outlier analyses, data points above and 

below the outlier threshold limits were removed from the data sets. Consequently, 5 data 

points were eliminated for total coliform in the OSTDS sites during the wet seasons; 1 

data point was removed from the OSTDS sites and 5 data points were removed from the 

sewered sites for total coliform during the dry seasons. In terms of E. coli, 1 data point 

was eliminated for the OSTDS sites during the wet seasons without the elimination of 

any sewered site; 4 data points were removed from the OSTDS sites and 7 data points 

were removed from the sewered sites for E. coli during the dry seasons. As for 

Enterococcus, 5 data points for the OSTDS sites and 7 data points for the sewered sites 

were eliminated during the wet seasons; 12 data points were removed from the OSTDS 
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sites and 4 data points were removed from the sewered sites for Enterococcus during the 

dry seasons. The number of data points removed from the background sites were 

generally two or less per site with no data removal at certain sites.  

 It is understood that there are cases where similar data refinement may not be 

possible when dealing with very small sample sizes. As explained Florida Department of 

Environmental Protection, all the data from an individual sites are usually excluded from 

the analysis if more than 50% of the data points are identified as outliers “since the 

remaining data for the site cannot be considered representative of the site” (FDEP 2009). 

Although the data from Taylor County were limited, the same data refinement 

methodology was applied to its data to ensure consistency with the data from Broward 

County.  

 There are arguments both pro and against the elimination of outliers in statistical 

data sets. Though some authors object to their removal, Osborne and Overbay (2004) 

believe that they are in the minority as many more authors favor their removal. They 

pointed out “how significantly a small proportion of outliers can affect even simple 

analyses. The examples show a strong beneficial effect of removal of extreme scores. 

Accuracy tended to increase significantly and substantially, and errors of inference 

tended to drop significantly and substantially once extreme scores were removed” 

(Osborne and Overbay 2004). Keeping with both sides of the arguments, visual/graphical 

displays such as histograms, Q-Q (Quantile-Quantile) plots were generated for data prior 

to and after the elimination of the outliers. The graphical results of the two scenarios were 

reported as raw and refined data respectively for all the box plots in the preliminary data 
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analyses. The conclusive analyses of this study were ultimately carried out using the 

refined data. 

 Given that the presence of outliers in data sets tend to destroy their normality 

especially when such outliers are results of wrong values like typos and lab errors, it is 

highly unlikely that a data set consisting of outliers will follow a normal distribution 

unless outliers are present in clusters. Where warranted, there are various robust 

procedures such as trimmed means and least median of squares (LMS) available to 

researchers to protect their data from being distorted by the presence of outliers (Osborne 

and Overbay 2004). As noted Singh and Singh (2013) , “the final conclusion about the 

data distribution should be based upon the formal goodness-of-fit tests as wells as Q-Q 

plots. This statement is true for all GOF tests (e.g., normal, lognormal, and gamma 

distributions)”. As explained Singh and Singh (2013), there appears to be some confusion 

among practitioners who mistakenly assume that one can perform Dixon and Rosner tests 

only when the data set follows a normal distribution without the removal of outliers as 

data with outliers rarely normally distributed. 

2.6.2 Left-Censored Data (Nondetects)  

The sampling data contained several observations that were reported below 

detection limit, which was specified at 10 MPN/100 mL in the case of this study. Those 

observations are known as left-censored data or nondetects. Nonetheless, such data did 

not appear to have much relevance for total coliform and E. coli in Broward County 

given that the data sets for both indicator organisms included only one data point reported 

below detection limit. As for Enterococcus, there were about 29 data points reported 

below detection level. Aside from the aforementioned nondetects, it is worth noting that 
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Enterococcus had 40 data points reported to be equal to 10 MPN/100 mL while E. coli 

had only one. These statistics did not take into account the data for the downstream sites 

E1 and F1 which were omitted in the data analyses. All things considered, possible 

human errors in the data reporting cannot be ruled out.  

According to Singh and Singh (2013), “like outliers, nondetects (NDs) are also 

inevitable in most environmental data sets.” Environmental regulatory agencies such as 

FDEP have typically allowed the use of a surrogate value equal to one half of the 

reported detection limit (or DL/2) for nondetect observations in adherence to their 

convention and for simplicity. For more advanced analyses, other more rigorous methods 

and software programs such as Chebyshev inequality and bootstrap methods could be 

used to estimate the various environmental parameters of interest (FDEP 2013; Singh and 

Singh 2013).   

 In Taylor County, nondetects were also mostly noticed for E. coli and 

Enterococcus especially during the seasonal low water table elevations. Total coliform 

only had one data point below detection limit while E. coli had 13 and Enterococcus had 

44 nondetects. Since this study was seeking to establish the correlations between the 

observably high microbial concentrations and the various environmental variables such as 

seasonality and sewer condition of the sites, nondetects may not have much relevance to 

the scope of this study as they are commonly discarded in many studies (Singh and Singh 

2013). To carry the statistical analyses in Broward and Taylor Counties, half of the 

reported/raw values for left-censored observations, or 5 MPN/100 mL, were utilized for 

simplicity. As explained by the EPA, the use of substitution for nondetect data is not 

necessary in most instances: 
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“In environmental studies, identification of high outliers (coming from the right 

tail of data distribution) potentially representing impacted locations is important 

as locations represented by those extreme high values may require further 

investigation. Therefore, for the purpose of the identification of high outliers, one 

may replace the NDs by their respective detection limits (DLs), DL/2, or may just 

ignore them (especially when elevated DLs are associated with NDs and/or when 

the number of detected values is large) from any of the outlier test (e.g., Rosner 

test) computations, including the graphical displays such 192 as Q-Q plots” 

(Singh and Singh 2013, 191). 

2.6.3 Right-Censored Data 

 Right-censored data are extreme concentrations or observations of continuous 

random variables that are known to be higher than a certain not-to-exceed threshold value 

or measurement limit. As described by the EPA (2000) in its Development Document for 

Effluent Limitations Guidelines and Standards for the Centralized Waste Treatment 

Industry, “right-censored measurements are those that were reported as being greater than 

the highest calibration value of the analysis.”  

 The total coliform data collected in Broward County contained numerous right-

censored observations. This was especially true for data collected on 11/20/2011 that 

were deemed unrepresentative and excluded from this study. Afterwards, without 

accounting for the downstream sites E1 and F1, almost 15% (35 out of 234) of the raw 

data collected for total coliform during the wet seasons were reported as either equal or 

greater than 24,196 MPN/100 mL, which was the calibration limit for the laboratory data 

in this study. However, that percentage was dropped to less than 4% during the dry 
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seasons for total coliform. As for E. coli and Enterococcus, the data sets did not exhibit 

right-censored observations for those two indicator organisms. For Taylor County, the 

collected data contained 9 data points higher 24,196 MPN/100mL for total coliform. The 

samples of E. coli had only one right-censored data point while Enterococcus had none.  

 To deal with the right-censored data, keeping with previous studies for the sites, 

the same procedure used by Bocca (2007) was followed in this study. Values that were 

higher than 24,196 MPN/100 mL were replaced by that maximum calibration limit. EPA 

(2000) has used of right-censored values “as though they were non-censored.” With that 

assumption, EPA also has used Aggregation of Field Duplicates which average the values 

reported for the samples and their duplicates. This procedure yields the same as the 

calibration limit in this study given that the samples and their duplicates were generally 

higher than 24,196 MPN/100 mL. In short, for the raw data sets, extreme concentrations 

in the right tails of the distributions were not deleted because they were right-censored 

data unless they fail the other outlier tests described in the outlier section 2.6.1. 

2.6.4 Data Grouping 

Similar data arrangements and procedures were used to perform the statistical 

analyses for the collected data in Broward and Taylor Counties. For site-to-site 

comparisons and distance variations in Broward County, the OSTDS sites were 

individually grouped as sites A1, A2, A3, A4 and A5 in the order the data were collected. 

Likewise, the sewered sites were individually grouped as sites B1, B2, B3, B4 and B5. 

Therefore, the first five sites on the graphical displays depicted OSTDS sites, and the 

consecutive 5 sites represented sewered sites. The remaining sites were background and 

downstream sites which were not reported in this study.  
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For pairwise comparisons between SHWT and SLWT, the data for wet and dry 

seasons for each site were arranged next to each other to facilitate visual analyses. Each 

pair of the data, e.g. A1 (SHWT) and A1 (SLWT), B1 (SHWT) and B1 (SLWT)…, 

represented the data collected for the same site during the wet and the dry seasons. 

In terms of the overall statistics comparing wet and dry seasons, OSTDS vs. 

sewered sites and urban vs. rural sites, the data for all the OSTDS sites were combined 

altogether as one aggregate data set (Site A) and those of the sewered sites were 

combined together as another aggregate data set (Site B). Nonetheless, to calculate 

overall percentages of increase or decrease in distance variations, only the two extreme 

points from the main stream to the edge of the finger canals were considered. 

Consequently, the data for site A1 and A5 were utilized for the OSTDS sites while B1 

and B5 were selected for the sewered sites. Where yearly and monthly analyses were 

performed, the data were respectively grouped together based on the years and the 

months that they were collected.  

2.7 Statistical Test 

 Several statistical tests were utilized in this study. Graphical tests such as Q-Q 

plots, box plots, histograms, scattergrams and trend analyses were for descriptive 

analyses of the data including data distribution and visual identification of outliers. Other 

statistical tests included Shapiro-Wilk tests, goodness-of-fit tests, correlation tests and t-

Test. 
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2.7.1 Graphical Analyses 

 In descriptive statistics, graphical tests are very important in processing and 

assessing data. Graphical tests such as Q-Q plots, box plots, histograms and scattergrams 

are the easiest way to visualize and identify outliers in data sets. In terms of the Q-Q 

plots, a linear pattern displayed by the majority of the data suggests approximate 

normality of the data set. Also a high correlation coefficient value, such as 0.95 or 

greater, of the linear pattern may suggest approximate normality of the data set under 

study (Singh and Singh 2013). In terms of outlier analysis and data processing, Singh and 

Singh (2013) argued that “there is no substitute for graphical displays of data sets as 

graphical displays provide added insight about the data set and graphical displays do not 

get distorted by outliers and/or mixture populations.”  

 Box plots, Q-Q plots and scattergrams were generated from a simultaneous 

process in XLSTAT® 2013 at 95% confidence level or at alpha = 0.05 significance level. 

The cut-off lines for the Q-Q plots were not visually displayed on the graphs given that 

the software package did not have such capability. Values above the 90% percentile and 

below the 10% percentile are generally considered as the cutoff lines for graphical tests 

such as box plots. Commonly a linear pattern displayed by the majority of the data 

suggests approximate normality of the data set (Singh and Singh 2013). When most of 

the plotted points fall close to the normality line shown diagonally on the graphs, the 

samples are interpreted as normally distributed. Since these visual tests are subjective to 

certain extent, the normality distributions of the samples were ultimately confirmed by 

goodness-of-fit tests in ProUCL. For each set of data, ProUCL indicated whether the data 

sets passed the normality or appeared to be approximately normal. Furthermore, as 
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described in the goodness-of-fit section, numbers such as Shapiro-Wilk test statistics and 

Shapiro-Wilk critical values were generated along with p-values at alpha = 0.05 to 

confirm or reject normality. 

2.7.2 Shapiro-Wilk Goodness-of-fit (GOF) Tests  

 Shapiro-Wilk goodness-of-fit tests were carried out to determine whether the data 

collected from the sampling sites follow a normal distribution. It tests the null hypothesis 

with the assumption that the sample data come from a normally distributed population. 

According to Addinsoft (2013), the Shapiro-Wilk test is a goodness-of-fit test best suited 

to samples of less than 5000 observations. The Shapiro-Wilk test is deemed more robust 

than the t-Test because the sample mean and standard deviation of the t-Tests are 

influenced greatly by outliers; it is also deemed more powerful than the Chi-Square test. 

Although it is widely used for small sample sizes, it may often fail for samples with less 

than 20 observations (Singh and Singh 2013).  

 The Shapiro-Wilk tests were utilized for goodness-of-fit tests in ProUCL 5.0. The 

processed and refined data were uploaded to that software package which analyzes the 

input data and yields the results of the analyses in a tabular format. For samples of sizes 

50 or less, a Shapiro-Wilk test statistic and a Shapiro-Wilk critical value at alpha=0.05 

were generated along with an approximate p-value associated with Shapiro-Wilk test. 

Where the Shapiro-Wilk test statistics exceeded or were very close to the Shapiro-Wilk 

critical values, the software informed the user that the data appear normal or approximate 

normal at the specified significance level. For test statistics below the Shapiro-Wilk 

critical values, the user was informed that the data are not normal at the specified 

significance level, which was alpha=0.05 for this study. 
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2.7.3 Trend Analyses 

 Trend analyses were also performed using ordinary least squares (OLS) 

regression methods to determine increasing or decreasing trends in time series data sets in 

ProUCL 5.0. The collected data were grouped in the order that there sampled based on 

the dates of the sampling events. The tests were carried out at alpha=0.05 significance 

level. For those data sets which showed a significant trend, the software package 

informed that user that there is significant evidence of an increasing trend or decreasing 

trend in the reverse scenario. 

2.7.4 Correlation Tests 

 Correlation test with Pearson correlation coefficient were performed in XLSTAT 

2013 to determine whether there significant correlations between seasonal fluctuations 

(SHWT vs. SLWT), sewage disposal of the sites (OSTDS vs. sewer) and population 

densities (urban vs. rural). According to Addinsoft (2013), “this coefficient is well suited 

for continuous data. Its value ranges from -1 to 1, and it measures the degree of linear 

correlation between two variables.” It is also noted that the Pearson correlation 

coefficient R^2 represents the square of the Pearson correlation coefficient between the 

dependent response variable and the independent predictor variable. The p-values 

computed for each coefficient allow testing the null hypothesis with the assumption that 

the coefficients are not significantly different from zero. Nevertheless, “if two variables 

are independent, their correlation coefficient is zero, but the reciprocal is not true” 

Addinsoft (2013).  

 The correlation tests performed in XLSTAT 2013 generated correlation matrix 

(Pearson), p-values, and coefficients of determination (R^2) for relationships among 
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various variables along with the graphical depictions of the significance of those 

relationships. Missing data were automatically removed from the statistical analyses. The 

results that meet the set significance level (alpha=0.05) were shown in bold in a tabulated 

format. The correlation matrix and the table of the p-values were displayed with 

significant correlations in bold to show the relationships between the input variables and 

the output variables. Given that total coliform is no longer recommended freshwater 

recreation and Enterococcus appeared to be an unreliable indicator organism in this 

study, correlation tests were not likely to yield significant results for those indicator 

organism thereby were performed only for E. coli. 

2.7.5 Student t-Tests 

 The use of student two-sample t-Test is appropriate for comparing two randomly 

and normally distributed samples with the assumption that there is homogeneity of 

variances between the samples (Sheskin 2000, 247). For final comparisons of 

independent variables such as SHWT vs. SLWT, OSTDS vs. sewer, and urban vs. rural, 

two-sample t-Tests were used for some of the statistical analyses in this study. Although 

the two-sample t-Test does not account for the compounding effects of the various 

independent variables, it allows the comparison of the individual populations for 

homogeneity of variances thereby confirming whether there are significant differences in 

their means. Given that total coliform is no longer recommended by the EPA as an 

indicator organism for freshwater recreation, the above Student t-Tests were performed 

only for E. coli and Enterococcus.  
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2.8 XLSTAT® Add-in Software Package 

 The primary software utilized to carry out the analytical analyses for this study 

was XLSTAT®. That software package is a complete and user-friendly statistical 

analysis add-in to Microsoft Excel starting from Excel 97 up to Excel 2013 which has 

been in circulation for over ten years. Its interface is available in seven languages 

(Chinese, English, French, German, Italian, Japanese, Polish, Portuguese, and Spanish), 

and its algorithms are claimed to be the result of many years of research of thousands of 

statisticians, mathematicians, computer scientists throughout the world. As described by 

its technical manual, “the software relies on Visual Basic Application for the interface 

and on C++ for the mathematical and statistical computations” (Addinsoft 2013). 

2.9 ProUCL Version 5.0.00 

 ProUCL version 5.0.00 (ProUCL 5.0 or ProUCL) was the secondary software 

utilized to analyze the data collected from the sampling sites. According to its technical 

guideline, this statistical software package was developed by Lockheed Martin 

Information Systems & Global Solutions (IS&GS) - CIVIL under a contract with the 

United States Environmental Protection Agency (EPA). The EPA through its Office of 

Research and Development (ORD) funded and managed the research described in the 

ProUCL Technical Guide, which has also been peer reviewed by the EPA and approved 

for publication. The ProUCL software was developed as a research tool for United States 

Environment Protection Agency (USEPA or EPA) scientists and researchers of the 

Technical Support Center and Office of Research and Development - National Exposure 

Research Laboratory (ORD-NERL), EPA Las Vegas. Its main objective was to compute 
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rigorous statistics to help decision makers and project teams in making correct decisions 

at a polluted site which are cost-effective, and protective of human health and the 

environment. More precisely, it is used by the EPA for background evaluations, 

groundwater monitoring, exposure and risk management and cleanup decisions in support 

of the Comprehensive Environmental Recovery, Compensation, and Liability Act 

(CERCLA) and Resource Conservation and Recovery Act (RCRA) site projects.  

 Furthermore, to address the statistical needs of the environmental projects of the 

EPA, the ProUCL software has been upgraded and enhanced to include many graphical 

tools and statistical methods described in various EPA guidance documents. Some of the 

various statistical tests embedded in that software package are Shapiro-Wilk test, t-test, 

Wilcoxon-Mann-Whitney (WMW) test, analysis of variance [ANOVA], Mann-Kendall 

[MK] test and decision statistics including Upper Confidence Limits (UCLs) of mean, 

Upper Prediction Limits (UPLs) and Upper Tolerance Limits (UTLs). The statistical 

analyses performed in ProUCL are comparable to those performed in other commercial 

packages such as SAS and Minitab 16 although not all methods available in the 

commercial softwares are available in ProUCL. For the purpose of this study, ProUCL 

was utilized to generate box plots and compare them to those obtained from XLSTAT, to 

identify outliers and to perform goodness-of-fit tests.  As argued by Singh and Singh 

(2013, 32) in the ProUCL Technical Guide:  

“All box plot methods including the one in ProUCL convey the same information 

about the data set (outliers, mean, median, symmetry, skewness). ProUCL uses a 

couple of development tools such as FarPoint spread (for Excel type input and 

output operations) and ChartFx (for graphical displays); and ProUCL generates 
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box plots using the built-in box plot feature in ChartFx. For all practical and 

exploratory purposes, box plots in ProUCL are equally good (if not better) as 

available in the various commercial software packages to get an idea about the 

data distribution (skewed or symmetric), to identify outliers, and to compare 

multiple groups.”  
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3. RESULTS AND ANALYSIS 

3.1 Normality Tests and Statistical Significance of Analyses 

 Normality is crucial in assessing the application of various parametric or 

nonparametric statistical methods for particular data sets. Though expanded from 

previous studies, the field data collected for this study were relatively limited in numbers, 

and there were also other factors such as outliers and nondetect values which may cause 

significant distortion in the normality of those data. Subsequent to the identification of 

the data outliers and their selective removal as outlined in the Data Analysis section, 

several methodologies and goodness-of-fit (GOF) tests were performed to determine 

whether the remaining data sets were likely to follow a normal distribution or not. 

Graphical analyses were also used to determine the suitability of different statistical tests 

given that “there is no substitute for graphical displays of data sets as graphical displays 

provide added insight about the data set and graphical displays do not get distorted by 

outliers and/or mixture populations” (Singh and Singh 2013). 

 Aside from visual/graphical displays such as histograms, Q-Q (Quantile-Quantile) 

plots or P-P (Probability-Probability) plots, XLSTAT® offers four statistical tests for 

testing the normality of the data sets. The first one is the Shapiro-Wilk test which is 

goodness-of-fit test best suited to samples of less than 5000 observations. The second 

statistical test is the Anderson-Darling test which is a modification 
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of the Kolmogorov-Smirnov test that is suited to several distributions including the 

normal distribution for cases where the parameters of the distribution are not known and 

have to be estimated. The third statistical test is the Lilliefors test, also a modification of 

the Kolmogorov-Smirnov test, which is suited for normality of large data sets when 

population mean and variance are unknown and have to be estimated. And the last test is 

the Jarque-Bera test which is more powerful the higher the number of values (Addinsoft 

2013, 125; Singh and Singh 2013). 

 Over the course of the sampling expeditions from October 2004 to March 2013 in 

Broward County, the sample size for each of the sites was less than 20. Even when all the 

data for the septic sites or the sewered sites were combined together for any of the two 

seasons, the total observations were less than 100. Considering this relatively few field 

data available for this study as well as the limiting parameters in the application of 

normality tests, the Shapiro-Wilk test was deemed to be the most suitable test to analyze 

the data sets. While the maximum observations for the use of the Shapiro-Wilk test in 

XLSTAT® is set at 5000, the software package “ProUCL 5.0 has the extended version of 

the Shapiro-Wilk (S-W) test to perform normal and lognormal GOF tests for data sets of 

sizes up to 2000” (quoted in Singh and Singh 2013).  

 The central limit theorem may not have much relevance to this study considering 

its relatively small sample sizes. Assuming normal distribution functions for 

nonparametric data may often lead to erroneous results. Nonparametric statistical 

procedures are robust and resistant to outliers thereby offer better performance for a wide 

variety of data distributions. They are more suitable to situations where the 

population/data distribution is unknown. As observed by Singh and Singh (2013), “the 
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most commonly used distribution for tests involving environmental data is the normal 

distribution.” However, “it is noted that goodness-of-fit (GOF) tests to determine data 

distribution (such as the Shapiro-Wilk [S-W] test for normality) often fail if there are not 

enough observations (e.g., <20 observations), or if the data contain multiple populations, 

or if there is a high proportion of NDs in the collected data set” (Singh and Singh 2013). 

Even though nonparametric methods may be more appropriate for small sample sizes, the 

use of graphical displays for visual comparisons is recommended as the p-values tend to 

be too high due to lack of statistical power with small samples.  

 Apparently the applications of the parametric statistical functions such as one-

sample t-test, two-sample t-test and/or Chi-square may be of limited value in this study. 

According to the EPA (2000), “the t-test is not robust to outliers because the sample 

mean and standard deviation are influenced greatly by outliers” and “the chi-square test 

does not have the power of the Shapiro-Wilk test...” 

 All the statistical analyses were performed theoretically at 95% confidence limit, 

which is the sound confidence limit commonly used by EPA scientists and other 

environmental researchers. Given so, the significance level also called critical level (p-

value) of the test was assessed based on alpha = 1 - confidence coefficient, which yielded 

a value of 0.05. Accordingly, the null hypothesis was rejected for all levels of 

significance greater than or equal to the p-value.  

 The relative performances of different testing procedures can be assessed by 

comparing, p-values associated with those tests (e.g., GOF tests). The p-value of a 

statistical test is defined as the smallest value of α (level of significance, Type I error) for 

which the null hypothesis would be rejected based upon the given data sets consisting of 
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sampled observations. The p-value of a test is sometimes called the critical level or the 

significance level of the test. Whenever possible, critical values and p-values have been 

computed using the exact or approximate distribution of the test statistics (e.g., GOF 

tests, t-test). 

3.1.1 Distributions and Normality of Total Coliform in SHWT 

In ProUCL, goodness-of-fit tests for all the individual OSTDS sites A1 to A5 and 

the sewered sites B1 to B5 indicated that all those sites were either normal or 

approximately normal in their probability distributions at 0.05 significance level. When 

the sampling data in the OSTDS sites A1 to A5 were combined into one data set (site A) 

for the sampling points in the Melaleuca Gardens neighborhood and when the sewered 

sites B1 to B5 were combined into another data set (site B) for the sampling points on 

Sherman Street, the combined OSTDS site A did not appear to have a normal 

distribution. The combined sewered site B appeared to be approximately normal at 0.05 

significance level based on goodness-of-fit tests (see Figures 11–14). 



 

F
to

F
to

igure 7. ProU
o A5 

igure 8. ProU
o B5 

CL histograms

CL histograms

s of total colifo

s of total colifo

54 

orm in SHWT

orm in SHWT 

 with distance 

with distance 

variations in t

variations in t

the OSTDS sit

the sewered sit

 

tes A1 

 

tes B1 



 

F

F

igure 9. Q-Q p

igure 10. Q-Q

plots of total co

 plots of total c

oliform in SHW

coliform in SH

55 

WT with distan

HWT with dista

nce variations i

ance variations 

n OSTDS sites

in sewered sit

s A1 to A5 

tes B1 to B5 

 

 



 

F

F

igure 11. Tota

igure 12. Q-Q

al coliform in S

 plots of total c

SHWT for com

coliform in SH

56 

mbined OSTDS

HWT in combin

 sites A vs. sew

ned OSTDS sit

wered sites B in

tes A vs. sewer

n ProUCL 

red sites B 

 

 



 

F

F

igure 13. Norm

igure 14. Norm

mality test of to

mality test of to

otal coliform in

otal coliform in

57 

n SHWT in OS

n SHWT in sew

STDS sites A1 

wered sites B1

to A5 using Pr

 to B5 using Pr

roUCL 

roUCL 

 

 



58 
 

3.1.2 Distributions and Normality of E. coli in SHWT 

The collected data were analyzed to determine whether they fit into any particular 

distribution. ProUCL was utilized to generate histograms, and XLSTAT® was used to 

create Q-Q plots for graphical representations of the data shown in Figures 15–18. With 

the data collected up to 2013, most of the sites appeared to be normal or approximately 

normal in their data distribution at 0.05 significance level. As indicated in the goodness-

of-fit tests performed in ProUCL, all the individual OSTDS sites A1 to A5 and the 

sewered sites B1 to B5 were characterized as either normal or approximately normal at 

0.05 significance level. These sampling sites seemed to also follow a gamma distribution 

as well as a lognormal distribution at that significance level. The results of these 

statistical analyses were provided in the appendices. 

Nonetheless, when the sampling data in the OSTDS sites A1 to A5 were 

combined into one data set for sites A and when the sewered sites B1 to B5 were 

combined into another data set for sites B, they did not seem to follow the same 

distribution as the individual sampling sites. The Shapiro-Wilk Test in ProUCL for 

normality, as illustrated in Figures 19–22, indicated that the combined data were not 

normally distributed at 0.05 significance level. 
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Figure 19. Histograms of E. coli in SHWT for combined OSTDS sites A vs. sewered sites B in ProUCL 

 

Figure 20. ProUCL Q-Q plots for E. coli in SHWT for combined OSTDS sites A vs. sewered sites B 
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Figure 21. ProUCL statistical test for normality of E. coli in SHWT in OSTDS sites A1 to A5 

 

Figure 22. ProUCL statistical test for normality of E. coli in SHWT in sewered sites B1 to B5 
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3.1.3 Distributions and Normality of Enterococcus in SHWT 

Graphical analyses and goodness-of-fit tests in ProUCL indicated that most of the 

sampling sites had a normal distribution. Most of them also met the characteristics of the 

gamma and lognormal distributions. Figures 23–26 conveyed the generated histograms in 

ProUCL and the Q-Q plots in XLSTAT for Enterococcus in the seasonal high water 

table.  

Further statistical tests in ProUCL using goodness-of-fit tests indicated that the 

individual sampling sites A1 and B1 thru B5 were either normal or approximately normal 

at 0.05 significance level. However, when combining all the sampling data in the OSTDS 

sites A1 to A5 into the overall site A and the sewered sites B1 to B5 into the overall site 

B, the combined data sets did not show a normal distribution. In fact, they did not fit into 

any of the three distributions (normal, gamma and lognormal) at 0.05 significance level 

except for site B which appeared to be gamma distributed. Normality was also performed 

for the combined sampling sites A and B. As displayed by Figures 27–30, the combined 

data did not follow a normal distribution at 0.05 significance level.  
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Figure 27. Histograms of Enterococcus in SHWT for combined OSTDS sites A vs. sewered sites B in 
ProUCL 

 

Figure 28. Q-Q Plots for Enterococcus in SHWT for combined OSTDS sites A vs. sewered sites B 
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Figure 29. ProUCL statistical test for normality of Enterococcus in SHWT in OSTDS sites A1 to A5 

 

Figure 30. ProUCL statistical test for normality of Enterococcus in SHWT in Sewered Sites B1 to B5 
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3.1.4 Distributions and Normality of Total Coliform in SLWT 

Both XLSTAT® and ProUCL were used to assess the distributions of the 

sampling sites. XLSTAT® was used to generate Q-Q plots while ProUCL was utilized to 

generate histograms for the sampling data. Based on the graphical displays below, all the 

sampling sites appeared to be more or less normal in their distributions. For a more 

conclusive assessment, goodness-of-fit tests were used in ProUCL. It indicated that all 

the individual OSTDS sites including the background sites were normally distributed at 

0.05 significance level except site B5.  

For the overall trend, the sampling data in the OSTDS sites A1 to A5 were 

combined into one data set (site A) for the sampling points in the Melaleuca Gardens 

neighborhood and the sewered sites B1 to B5 were combined into another data set (site 

B) for the sampling points on Sherman Street. The combined data sets did not appear to 

be normal at 0.05 significance level. Further statistical tests using the Shapiro-Wilk Test 

for normality in ProUCL confirmed that the combined OSTDS site A and the combined 

data set for the sewered site B were not normally distributed at 0.05 significance level. 
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3.1.5 Distributions and Normality of E coli in SLWT 

Box plots and histograms were created respectively in XLSTAT® and in ProUCL 

for graphical analyses of the sample distributions. All the sampling sites appeared to be 

more or less normally distributed. Since ProUCL had the capability to confirm or reject a 

probability distribution at a given significance level, that software package was used to 

perform goodness-of-fit tests for all the sampling sites. Consequently all the individual 

sampling sites including the background sites were confirmed to be normally distributed 

at 0.05 significance level.  

For the most part, the goodness-of-fit tests had shown that sampling sites passed 

the tests for both gamma and lognormal distributions. Though all individual sites were 

confirmed to be normally distributed at 0.05 significance level, the combined OSTDS site 

A and sewered site B did not appear to be normally distributed. As displayed in Figures 

45 and 46, the seemingly more rigorous Shapiro-Wilk Test for normality in ProUCL 

indicated that neither the combined OSTDS site A nor the combined data set for the 

sewered site B were normally distributed at 0.05 significance level. 
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Figure 45. ProUCL statistical test for normality of E. coli in SLWT in OSTDS sites A1 to A5 

 

Figure 46. ProUCL statistical test for normality of E. coli in SLWT in OSTDS sites B1 to B5 

 



78 
 

3.1.6 Distributions and Normality of Enterococcus in SLWT 

To establish the appropriate probability distributions of the samples, box plots 

were used to generate histograms in XLSTAT® and ProUCL was used to generate 

histograms of the collected data. All the sampling sites appeared to be more or less 

normally distributed. Since ProUCL had the capability to confirm or reject a probability 

distribution at a given significance level, that software package was used to perform 

goodness-of-fit tests for all the sampling sites. Consequently all the individual sampling 

sites including the background sites were confirmed to be normally distributed at the 0.05 

significance level.  

For the most part, the goodness-of-fit tests had shown that sampling sites passed 

the tests for both gamma and lognormal distributions. Though all individual sites were 

confirmed to be normally distributed at 0.05 significance level, the combined OSTDS 

sites A and sewered sites B did not appear to be normally distributed. As shown in 

Figures 53 and 54, the more rigorous Shapiro-Wilk Test for normality in ProUCL 

indicated that neither the combined OSTDS sites A nor the combined data set for the 

sewered sites B were normally distributed at 0.05 significance level. 
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Figure 51. Enterococcus in SHWT for combined OSTDS sites A vs. sewered sites B in ProUCL 

 

Figure 52. Q-Q Plots for Enterococcus in SLWT for combined OSTDS sites A vs. sewered sites B 
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Figure 53. ProUCL Statistical Test for Normality of Enterococcus in SLWT in OSTDS sites A1 to A5 

 

Figure 54. ProUCL Statistical Test for Normality of Enterococcus in SLWT in SHWT in Sewered Areas 
B1 to B5 
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3.2 Seasonal Fluctuations and Bacterial Concentration Variations with Distances from 

Contaminant Sources to Finger Canals 

 The impacts of the seasonal fluctuations of the groundwater table were assessed 

for all the indicator organisms using XLSTAT® and ProUCL softwares. In high 

groundwater table areas with onsite storage treatment and disposal system (OSTDS) or 

mainly septic tanks, water quality tends to deteriorate in the seasonal high water table and 

improve in the seasonal low water table. The deterioration of the water quality is 

generally due to the lack or reduction of the buffer zone (unsaturated soil thickness) 

between the septic tanks’ drain field and the groundwater table thereby allowing the 

sewage to make its way to the water bodies with little or no filtration through the ground 

soil. Without adequate filtration, the untreated sewage disperses its nutrients trough the 

receiving water bodies without sufficient treatment and may become a significant source 

of water contamination. 

 Conversely, in the seasonal low water table, the impacts of OSTDS on the water 

bodies appear to be minimal. Under such condition, the OSTDS sites tend to perform at 

their optimal conditions given that the buffer zone between the drain field and the 

groundwater table are at their greatest separation distances, and the sewage goes through 
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a longer filtration process percolating through the ground soil before reaching the 

groundwater. Consequently, the sewage is more likely to receive adequate treatment to 

mitigate its deleterious effects on adjacent water bodies and/or the groundwater in the dry 

season (see Figure 1). 

3.2.1 Seasonal High Water Table Elevations and Variations with Distances for 

OSTDS Sites A1 to A5 and Sewered Sites B1 to B5 

3.2.1.1 Total Coliform in Seasonal High Water Table 

 In the seasonal high water table, the arithmetic and geometric means of total 

coliform counts appeared to be slightly higher in the OSTDS sites A1 to A5 than the 

sewered sites B1 to B5 although site B3 did not fit that trend. As expected, the 

background site D1 (for the OSTDS sites A1 to A5) appeared to display lower bacterial 

concentrions than the downstream OSTDS sites in the Melaleuca Gardens neighborhood. 

Nonetheless, the background sites C1/C2 (for the sewered sites B1 to B5) appeared to 

show higher concentrions than their downstream sewered sites on Sherman Street. 

Figures 55 and 56 did not reveal other particular trend in the behavior of the collected 

data for total coliform. There were no significant variations with distances depicted by 

the box plots and the scattergrams. With the high levels of bacterial concentrations 

recorded for total coliform in both the OSTDS sites and the sewered sites, it may be fair 

to infer that the seasonal high water table adversely impact the water quality in both 

OSTDS and sewered sites although the impact may be worse in the OSTDS sites A1 to 

A5. 
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Figure 55. Total coliform in SHWT and concentration variations with distances in OSTDS sites A1 to A5 
vs. sewered sites B1 to B5. First figure shows graphical depictions for raw data, and second figure shows 
visual transformation after removal of some outliers. 
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Figure 56. Scattergrams for total coliform in SHWT and concentration variations with distances in OSTDS 
sites A1 to A5 vs. sewered sites B1 to B5 

Combined Data for OSTDS Sites A1 to A5 and Sewered Sites B1 to B5 in SHWT 

 For a closer analysis of the overall trend of the sampling data collected for total 

coliform in the seasonal high water table, the data from sites A1 to A5 were combined 

into one data set for the OSTDS (Melaleuca Gardensneighborhood) site A. Likewise, the 

data from sites B1 to B5 were combined into another data set for the sewered site B on 

Sherman Street. Figure 57 indicates higher means for the combined OSTDS site A than 
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Data Analyses for Total Coliform in SHWT in ProUCL 

The analyses for total coliform in ProUCL showed similar results to those 

obtained from XLSTAT®. All the characteristics of the box plots (minimum/maximum, 

first quartile, second quartile and third quartile) in ProUCL appeared to coincide with the 

identifiers of the box plots in XLSTAT®. The median of the combined OSTDS sites A1 

to A5 were shown to have a higher concentration than the combined sampling data for 

the sewered sites B1 to B5.  As previously noted in XLSTAT®, due to their higher 

bacterial concentrations, the sampling data for the background sites mainly sites C1/C2 

seemed to also stand out in the graphical analyses generated in ProUCL. 

3.2.1.2 E. coli in Seasonal High Water Table and Variations with Distances 

Statistical analyses of E. coli in seasonal high water table revealed a much higher 

concentration of E. coli in the OSTDS sites A1 to A5 as compared to the sewered sites 

B1 to B5. The OSTDS sites also reflected higher concentrations than their background 

site D1 in all the characteristics of the box plots including all the quartiles and the 

maximum concentrations. Furthermore, as illustrated in the succeeding figures and tables, 

the data had shown an increase in the bacterial concentrations with distance variations in 

the OSTDS sites A1 to A5 from the main channel to the inner edge of the finger canal. 

No significant trend was observed in the bacterial concentrations as it relates to the 

sewered sites B1 to B5. The background sites C1 and C2 for the sewered sites did not 

lead to any particular conclusion apart from the fact that they seemed to be on a par with 

the other concentration variations detected for sewered sites. 
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In some regards, the results appeared to be consistent with one of the main 

premises of this study. If leaking septic systems were contributing factors to high 

bacterial concentrations noticed in these sites, the OSTDS sites A1 to A5 should show 

higher level of bacterial concentrations than the sewered sites. As expected for the 

sewered sites B1 to B5, they seem to remain almost flat (with no observable increase) 

throughout the seasonal high water table elevations.  

 As for the bacterial concentrations with distance variations in the OSTDS sites 

A1 to A5, the main channel (A1) was further away from the contaminant sources. There 

should be a greater level of flow circulation and mixing in the main channel compared to 

the inner parts of the finger canal. Therefore, it should have lower bacterial 

concentrations than the other sampling sites that were located in the inner parts of the 

finger canal. As reflected by the data, all the quartiles including the median of the box 

plots seem to show an increase of concentration with distances in XLSTAT®. Although 

the arithmetic mean for A1 appears to be slightly higher than that of A2 while its 

maximum concentration exceeds those of A2 and A3, all the geometric means computed 

in Figure 58, 59 and Table 23 in the appendices show a consistent increase from A1 

through A5 starting from the main channel to the inner edge of the finger canal. This is 

probably due to the fact that geometric means are more robust than arithmetic means 

thereby less susceptible to presence of outliers in the data sets. Geometric means may 

also be more suitable to statistical analyses where the data emanate from different 

population sources. 
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Figure 58. E. coli in SHWT and concentration variations with distances in OSTDS sites A1 to A5 vs. 
sewered sites B1 to B5. First figure shows graphical depictions for raw data, and second figure shows 
visual transformation after removal of some outliers. 
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Figure 59. Scattergrams for E. coli in SHWT and concentration variations with distances 

Combined Data for OSTDS Sites A1 to A5 and Sewered Sites B1 to B5 
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Similarly to the results obtained for E. coli in XLSTAT®, ProUCL analyses of 

the data collected during the SHWT revealed a much higher level of bacterial 

concentrations in the OSTDS sites A1 to A5 than the sewered sites B1 to B5. 

Furthermore, the box plots seemed to show a consistent increase in the bacterial 

concentrations starting the main channel (A1) moving toward the inner edge of the finger 

canal (A5). Although A1 reflected a higher maximum concentration than A2 and A3 on 

the aforementioned figures, its median concentration was much lower than all the other 

OSTDS sites. As for the sewered sites B1 to B5, no conclusive trend was observed. 

3.2.1.3 Enterococcus in Seasonal High Water Table 

Statistical analyses of Enterococcus in seasonal high water table did not reveal 

any consistent trend. As shown in Figures 61 and 62 as well as Tables 26–28, the 

bacteriological concentrations of Enterococcus in the OSTDS sites A1 to A5 were similar 

or slightly less than the concentrations of Enterococcus in the sewered sites B1 to B5. 

Generally, as expected, the background sites D1 (for the OSTDS sites A1 to A5) and 

C1/C2 (for the sewered sites B1 to B5) appeared to have lower bacterial concentrations 

than their downstream sampling sites. Apparently the OSTDS sites A1 to A5 and the 

sewered sites B1 to B5 were not particularly influenced by the elevation of the 

groundwater table during the seasonal high water table for Enterococcus. As the data 

seem to have pointed out, the sewered sites may have fared slightly worse during the 

seasonal high water season. 
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Figure 61. Enterococcus in SHWT and concentration variations with distances in OSTDS sites A1 to A5 
vs. sewered sites B1 to B5. First figure shows graphical depictions for raw data, and second figure shows 
visual transformation after removal of some outliers. 
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Figure 62. Scattergrams of Enterococcus concentration variations with distances using both raw and 
refined data 
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Data Analyses for Enterococcus in SHWT in ProUCL 

Data analyses in ProUCL generated similar results to those obtained from the 

XLSTAT® software package. The box plots did not reveal any conclusive trend for 

Enterococcus in the seasonal high water table. Nonetheless, contrary to expectations, the 

overall concentration in the sewered sites B1 to B5 was higher than that detected in the 

OSTDS sites A1 to A5.  

3.2.2 Seasonal Low Water Table and Variations with Distances for OSTDS Sites A1 

to A5 and Sewered Sites B1 to B5 

3.2.2.1 Total Coliform Total Coliform in Seasonal Low Water Table 

 In the seasonal low water table, the arithmetic and geometric means of total 

coliform counts appeared to be higher in the sewered sites B1 to B5 than the OSTDS sites 

A1 to A5 (see Figures 64 and 65). This observation seemed to be contraty to what was 

observed during the seasonal high water table. The background site D1 (for the OSTDS 

sites A1 to A5) appeared to display higher bacterial concentrations than most its 

downstream OSTDS sites in the Melaleuca Gardens neighborhood. Furthermore, the 

background sites C1/C2 (for the sewered sites B1 to B5) appeared to show higher 

concentrations than their downstream sewered sites on Sherman Street. Apparently no 

adverse impact could be attributed the operation and maintenance of the systems given 

that their sites seemed to perform as well or better than the sewered sites. 

 The boxplots and scattergrams in aforementioned figures as well as the computed 

data in Tables 29–31 in the appendices, indicated an increase in the bacterial 

concentrations for the OSTDS sites A1 to A5 based on the geometric means of the 
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sampling data. Other parameters such as the arithmetic means and the medians seemed to 

point out a similar trend for both the OSTDS sites and the sewered sites although site B5 

seemed to have deviated from that trend. The overall trend seemed to indicate a limited 

increase in concentrations from the main channels A1 and B1 to the inner edges of the 

sampling sites A5 and B5. Nevertheless, the trend was much clearer for the OSTDS sites 

A1 to A5. 

 

Figure 64. Total coliform in SLWT and concentration variations with distances in OSTDS sites A1 to A5 
vs. sewered sites B1 to B5 
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Figure 65. Scattergrams for total coliform in SLWT and concentration variations with distances in OSTDS 
sites A1 to A5 vs. sewered sites B1 to B5 
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Data Analyses for Total Coliform in SLWT in ProUCL 

The analyses for total coliform in ProUCL showed similar results to those 

obtained from XLSTAT®. All the characteristics of the box plots (minimum/maximum, 

first quartile, second quartile and third quartile) in ProUCL appeared to coincide with the 

identifiers of the box plots in XLSTAT®. As noted above, due to their higher bacterial 

concentrations, the sampling data for the background sites mainly sites C1 and C2 

seemed to stand out in the graphical analyses generated in both XLSTAT® and ProUCL. 

3.2.2.2 E. coli in Seasonal Low Water Table 

Similarly to the observations during the seasonal high water table, the bacterial 

concentrations of E. coli appeared to be higher in the OSTDS sites A1 to A5 than the 

sewered sites B1 to B5 in the seasonal low water table elevations (see Figures 68 and 69). 

Also the background site D1 reflected higher concentrations than the downstream 

OSTDS sites A1 to A5. Most significantly, the E. coli concentrations appeared to be 

greatly influenced by distance variations in the OSTDS sites A1 to A5. As shown in the 

aforementioned graphical representations, the data seemed to also show an increase with 

distance variations for the sewered sites B1 to B5 although the site B3 appeared to buck 

the trend. 
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Figure 68. E. coli in SLWT and concentration variations with distances in OSTDS sites A1 to A5 vs. 
sewered sites B1 to B5 
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Figure 69. Scattergrams for . E. coli in SLWT and concentration variations with distances in OSTDS sites 
A1 to A5 vs. sewered sites B1 to B5 

Combined Sampling Data for OSTDS Sites A1 to A5 and Sewered Sites B1 to B5 

The sampling data for E colifrom sites A1 to A5 were combined into one data set 

for the OSTDS (Melaleuca Gardens) neighborhood site A, and the data from the 

A1 A2 A3 A4 A5 B1 B2 B3 B4 B50

1000

2000

3000

4000

5000

6000

Scattergrams for E. coli in SLWT (Raw Data)

A1 A2 A3 A4 A5 B1 B2 B3 B4 B50

200

400

600

800

1000

1200

1400

Scattergrams for E. coli in SLWT (Refined Data)



 

sa

S

b

ov

co

in

F

B

ampling site

herman Stre

acterial conc

verall trend

oncentration

ndividual sew

igure 70. Box 

 

es B1 to B5 

eet. The com

centrations t

d for the tw

ns observed 

wered sites (

plots and scat

were combi

mbined data

than the com

wo main s

for E coli

(see Figure 7

ttergrams of E.

104 

ined into an

a for the OS

mbined data 

sites (A an

 in the ind

70). 

. coli in SLWT

nother data s

STDS sites 

set for the s

d B) was 

dividual OST

T for combined

set for the se

A1 to A5 h

sewered site

consistent 

TDS sites c

d OSTDS sites

ewered site 

had much h

es B1 to B5.

with the h

compared to

s A vs. sewered

B on 

higher 

 This 

higher 

o the 

 

d sites 



105 
 

Data Analyses for E coli in SLWT in ProUCL 

Graphical analyses for E coli in ProUCL in the seasonal low water table had 

confirmed the same trends observed in XLSTAT®. For the most part, except for site A1, 

the sampling data from the OSTDS sites had higher concentrations than the sewered sites 

in their respective distances from the main channels. As illustrated by the box plots, a 

clear increase with distance variations was observed for the OSTDS sites A1 to A5.  

3.2.2.3 Enterococcus in Seasonal Low Water Table 

Similarly to the data collected for Enterococcus in the seasonal high water table, 

statistical analyses of Enterococcus in the seasonal low water table did not reveal any 

conclusive trend in the distance variations especially for the OSTDS sites A1 to A5. The 

sewered sites seemed to have shown an increase in bacterial concentrations up to the 

sampling site B3. Then the concentrations seemed to have been diminished at the 

sampling sites get closer to the inner edge of site B5. Also the background site C2 

reflected much higher concentrations than the other sites apart from site B3. 

All in all, the most significant trend in the graphical analyses of the data appeared 

to the higher bacterial concentrations shown for the sewered sites B1 to B5. In the 

seasonal low water table, the arithmetic and geometric means as well as the medians of 

the data seemed to indicate no adverse impacts of the septic systems in the OSTDS sites 

A1 to A5. As previously seen with the sampling data for Enterococcus in the seasonal 

high water table, the OSTDS sites reflected much lower bacterial concentrations than the 

sewered sites during the seasonal low water table (see Figures 71 and 72). Thus, in terms 
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of Enterococcus concentrations,the OSTDS sites A1 to A5seemed to perform betterthan 

the sewered sites B1 to B5 regardless of the season. 

 

Figure 71. Enterococcus in SLWT and concentration variations with distances in OSTDS sites A1 to A5 
vs. sewered sites B1 to B5 
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Figure 72. Scattergrams of Enterococcus in SLWT and concentration variations with distances in OSTDS 
sites A1 to A5 vs. sewered sites B1 to B5 
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Data Analyses for Enterococcus in SLWT in ProUCL 

The box plots obtained from ProUCL were consistent with those generated by the 

XLSTAT® software package. Enterococcus did not follow a consistent increasing pattern 

in the OSTDS sites A1 to A5 during the seasonal low water table. As pointed out for 

XLSTAT®, it increased from site B1 to B3 in the sewered sites and then tapered off as 

the distance got closer to the inner edge of the finger canal. The overall trend showed 

higher concentrations for the sewered sites than the OSTDS sites.  

3.2.3 Comparisons of OSTDS to Sewered Sites and Distance Variations without 

Seasonal Fluctuations 

 To isolate the impacts of the distance variations on the bacteriological densities in 

Broward County, the data sets for each of the sites were combined to into one aggregate 

data set which encompass data for both seasonal high and low water table elevations. 

Doing so mitigates the effects of seasonal fluctuations while emphasizing the trends in 

distance variations as well as comparisons between OSTDS and sewered sites. The 

results, displayed in Figures 74–79, show E. coli as the only indicator organism with a 

clear and consistent increase with distance variations in the OSTDS sites A1 to A5 

although not for the sewered sites B1 to B5.  

 When the seasonal high and low water tables were factored into the prior 

analyses, total coliform had shown some increases with distances in the OSTDS sites. 

Nonetheless, both total coliform and Enterococcus fail to show any consistent trend for 

neither the OSTDS sites nor the sewered sites when the impacts of seasonal fluctuations 

were mitigated. Such results seem to indicate that the latter indicator organisms may not 
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Table 5. Summary of Findings for Variations with Distances OSTDS Site A1 to A5 vs. Sewered Site 
B1 to B5 for the Various Indicator Organisms 

Seasonal High Water Table (SHWT) 
Indicator Organisms Variations with Distances in 

OSTDS Sites A1 to A5 
Variations with Distances in 
Sewered Sites B1 to B5 

Total coliform No discernable increase  No observable increase 
E. coli Increase except for mean A1 No observable increase 
Enterococcus No observable increase No observable increase 

Seasonal Low Water Table (SLWT) 
Total coliform  Increase mostly except for A4 Increase mostly except for B5 
E. coli Consistent increase No conclusive increase 
Enterococcus No conclusive increase No observable increase 

Without Seasonal Fluctuations 
Total coliform  No observable increase No observable increase 
E. coli Consistent increase No observable increase 
Enterococcus No conclusive increase No observable increase 

3.2.4 Yearly and Monthly Densities for E. coli and Enterococcus in Combined 

OSTDS and Sewered Sites  

 Yearly and monthly densities for E. coli and Enterococcus were computed in this 

study to assess the variations in the data from the inception of the sampling expeditions to 

the last data collection date reflected in this study. All the OSTDS sites from A1 to A5 

were combined into one aggregate data set, and the same process was repeated for the 

sewered sites from B1 to B5. The yearly data showed that the years 2009 and 2012 had 

the highest bacterial concentrations in the OSTDS and sewered sites respectively for E. 

coli. The data for Enterococcus showed much greater fluctuations in high and low 

monthly concentrations. It is noticeable that those peak concentrations did not happen 

simultaneously for all the indicator organisms neither in both OSTDS and sewered sites. 

There may be several explanations for these observations including abnormal weather 

conditions and more data available for certain years than others. Further investigation 

may be needed for a conclusive assessment. 
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Figure 80. Yearly Densities for E. coli in Combined OSTDS Sites A1 to A5  

 

Figure 81. Yearly Densities for E. coli in Combined Sewered Sites B1 to B5  
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Figure 82. Yearly Densities for Enterococcus in Combined OSTDS Sites A1 to A5 

 

Figure 83. Yearly Densities for Enterococcus in Combined Sewered Sites B1 to B5  
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 Monthly data for E. coli did not reflect consistent trends in the concentration 

densities. The month of April showed the highest bacterial density in the sewered sites 

followed by the month of November in the OSTDS sites. Given that some of the months 

especially August had very little data, possibilities such as the sample sizes of the 

monthly data may be a factor in these observations.  

 

Figure 84. Monthly Densities for E. coli in Combined OSTDS Sites A1 to A5  
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Figure 85. Monthly Densities for E. coli in Combined Sewered Sites B1 to B5  

3.2.5 Pairwise Comparisons between SHWT and SLWT 

 To assess the impacts of the seasonal fluctuations (wet and dry seasons) on the 

water quality of the sampling sites, the data for all the indicator organisms collected 

during the seasonal high water table (HWT) were combined together as one group and 

the data collected during the seasonal low water table (LWT) were grouped together as a 

second data set. The data collected for total coliform, E coli and Enterococcus during the 

wet season in the OSTDS sites were compared to those collected during the dry season 

for the OSTDS sites, and the same analyses were performed for the data collected for the 

sewered sites during the wet and dry seasons. 

 For all the site-to-site and season-to-season comparisons, generally the data 

collected during the seasonal high water table appeared to show much higher bacterial 

concentrations than those collected during the seasonal low water table. These 

observations were especially true for total coliform in all the sampling sites as illustrated 

by Figures 86 and 87. 
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3.3 OSTDS Sites vs. Sewered Sites 

One of the main hypotheses of this study was that water quality would be worse 

in the OSTDS sites than the sewered sites. Given that conventional sewer was not 

available to the OSTDS sites studied in Broward County and Taylor County, higher 

bacterial concentrations were expected for all the indicator organisms. This hypothesis is 

due to the pollution migration from potentially leaking septic systems or septic drain 

fields not having adequate/safe soil treatment buffer from the groundwater table. 

For the most part, analyses of the collected data did not quite support or reject the 

above premise for all the indicator organisms. As shown in sections 3.2.1 and 3.2.2, in 

Broward County during the seasonal high and low water table conditions, statistical 

analyses of E. coli revealed higher bacterial counts for the OSTDS sites A1 to A5 than 

the sewered sites B1 to B5. That observation was also true for E. coli even when seasonal 

fluctuations were omitted from the analyses (see Figures 76 and 77). While total coliform 

showed higher concentration in the OSTDS sites during the seasonal high water table, it 

was considerable lower in the seasonal low water table. As for Enterococcus, its bacterial 

concentrations were consistently lower for the OSTDS sites A1 to A5 than the sewered 

sites B1 to B5. In fact, the geometric means of Enterococcus were mostly below the 

maximum allowable density of 35 MPN/100 mL in the OSTDS sites during the seasonal 

low water table. Although some of the OSTDS sites of Broward County showed 

excessive levels of bacteriological densities for Enterococcus, the data seem to show 

Enterococcus as a much more significant issue for the sewered sites. 
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When the analyses where extended to the rural areas of Taylor County, the 

bacteriological densities in Broward County were largely higher than those in Taylor 

County with the notable exception of E. coli in the sewered sites during the seasonal high 

water table elevations. The bacterial concentrations of total coliform and E. coli in Taylor 

County were generally lower in the OSTDS sites than the sewered sites. However, those 

of Enterococcus were significantly higher in the OSTDS sites regardless of the seasons. 

A summary of the results are reported in Table 6 and 7 for Broward County. 

Table 6. Geometric Means of Collected Data in Broward County  

Broward County Total Coliform E. coli Enterococcus 

  OSTDS Sewer OSTDS Sewer OSTDS 
Sewe
r 

SHWT 9,750 8,171 481 261 39 53 

SLWT 5,575 8,022 421 256 28 56 

Without Seasonal Fluctuations 7,296 8,158 448 258 33 55 

Table 7. Percentage of Higher/Lower Concentrations Observed in Broward County  

Percentage of Higher/Lower Concentrations with Distances in OSTDS Sites (A1 and A5)  
and Sewered Sites (B1 and B5) 

 Broward County Total Coliform E. coli Enterococcus 

  OSTDS Sewer OSTDS Sewer OSTDS 
Sewe

r 

SHWT 52% 29% 99% -25% 63% -14% 

SLWT 55% 36% 203% 26% 41% 8% 

Without Seasonal Fluctuations 48% 27% 146% 1% 49% -3% 

3.4 Population Density 

3.4.1 Urban Areas of Broward County 

 In terms of population density, urban areas are generally characterized by higher 

population density than rural areas. Where conventional sewer systems are not available 

to such highly concentrated populations, septic systems are often the alternative used to 
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treat and dispose their sewage. Given that high population density tends to reduce the 

geographical space thereby the lot sizes available to individual residents, there is less land 

available to spread the sewage leaching from drain fields and to afford adequate 

biological treatment of the waste. With the higher concentration of septic tanks per square 

mile, the loading rate of the nutrients to the groundwater can be considerably increased. 

3.4.2 Rural Areas and Potential Regrowth in Taylor County 

 As for rural areas, they are generally dispersedly populated over larger 

geographical areas. With the wide availability of relatively affordable lands in those 

areas, there are greater flexibilities in meeting the minimum horizontal setback distances 

from receiving water bodies as well as the minimum vertical setback distances from 

impermeable soil layers and the water table. Also where the soil has low permeability, the 

residents have much larger lot sizes to expand the drain fields thereby to compensate for 

the low permeability and attain adequate treatment. Given that groundwater does not 

travel at much speed, nutrients and microorganisms that happen to make their way to the 

groundwater still undergo a more extensive dilution process which results in lower 

nutrient concentration in the nearby water bodies. Thus the impacts of OSTDS tend to be 

less pronounced in rural areas than in urban areas. 

Bocca, Meeroff, and Bloetscher (2007) had studied the potential for sediment 

regrowth in Taylor County due to the bacterial concentrations observed even in the sites 

that were recently converted to sewer during the course of the study. Limited samples 

were taken from Adams Beach, Dekle Beach, Keaton Beach and Cedar Island Beach for 

testing. It was determined that the potential for regrowth was likely if the ratio of the 

second day value to the initial value of the indicator organisms exceeded one.  
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During the SLWT, the samples collected from all four sites in May 2007 showed 

a ratio higher than one for E. coli. Remarkably, the strongest regrowth potential was 

noticed in the Cedar Island Beach site which had almost 50 times more colonies per gram 

of dry sediment. Cedar Island Beach was also the only site among them showing a ratio 

higher than one for Enterococcus. Nonetheless, the results could not be reproduced 

during the SHWT in September 2007 where all the ratios were less than unity for both E. 

coli and Enterococcus. The regrowth potential appeared be seasonal. Consequently, 

microbial regrowth in warm, shallow and stagnant waters was suspected as a possible 

source of the contamination as preceding studies had suggested; however, the results 

from that study were inconclusive due to the limited sample size, and further study of 

shallow sediments was recommended (Bocca et al. 2007). 

Considering the potential regrowth was suspected particularly in the Cedar Island 

Beach sites, graphical analyses for the sampling data were first performed separately for 

years 2006 and 2007 as shown in Figures 92 and 93. Then they were performed for the 

wet seasons and the dry seasons following the same procedures seen in Broward County.  

The data collected for total coliform generally exceeded 1,000 MPN/100 mL and most of 

the sampling sites were in exceedance of 10,000 MPN/100 mL, which is the allowable 

concentration for a single sample. As illustrated by Figures 94 and 95, the data in the 

seasonal high water table elevations were generally higher than those of the seasonal low 

water table elevations.  
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Figure 92. Yearly (2006) bacterial densities for total coliform in Taylor County 

 

Figure 93. Yearly (2007) bacterial densities for total coliform in Taylor County 
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Figure 94. Total coliform in SHWT and concentration variations with distances in OSTDS sites T.A1, 
T.B1, T.J1 to T.M1 vs. sewered sites T.F1, T.E1, T.I1, and T.H1 for Taylor County 

 

Figure 95. Total coliform in SLWT and concentration variations with distances in OSTDS sites T.A1, 
T.B1, T.J1 to T.M1 vs. sewered sites T.F1, T.E1, T.I1, and T.H1 for Taylor County 
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 Analyses of E. coli in Taylor County showed bacterial concentrations much 

higher than the allowable limit of 126 MPN/100 mL in most of the sites especially during 

the seasonal high water table. The arithmetic means of the combined samples exceed 

1300 MPN/100 mL both OSTDS and sewered sites during the seasonal high water table 

elevations although a few sites showed concentrations much lower than that threshold 

value. When the geometric means were considered, they are substantially lower than the 

arithmetic means. In both the wet and the dry seasons, the geometric means were 

generally lower than the single grab limit of 235 MPN/100 mL allowed for E. coli. 

Nonetheless, contrary to expectations, the bacterial concentrations were much lower 

during the seasonal high water table elevations thant the seasonal low water table 

elevations. Considering the limited data available as well as potential outliers in the data, 

the impacts of distance variations were not obvious for most of the sampling sites. 

Graphical analyses of the data are reflected in Figures 96–99. 

 

Figure 96. Yearly (2006) bacterial densities for E. coli in Taylor County 
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Figure 97. Yearly (2007) bacterial densities for E. coli in Taylor County 

 

Figure 98. E. coli in SHWT and concentration variations with distances in OSTDS sites T.A1, T.B1, T.J1 
to T.M1 vs. sewered sites T.F1, T.E1, T.I1, and T.H1 for Taylor County 
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Figure 99. E. coli in SLWT and concentration variations with distances in OSTDS sites T.A1, T.B1, T.J1 
to T.M1 vs. sewered sites T.F1, T.E1, T.I1, and T.H1 for Taylor County 

 The geometric means of the data collected in the OSTDS sites in Taylor County 

appeared to show mostly lower bacterial concentrations for Enterococcus than the sites in 

Broward County during the seasonal high water table. This observation was not true for 

the data analyzed during the seasonal low water table. As previously seen with the data 

collected in Broward County, Enterococcus does not follow a consistent trend in its 

bacterial concentration variations during the season high water table and the low water 

table elevations (see Figures 100–103). Also no conclusive trend in its bacterial 

concentration variations with distances was evident from the analyses. 
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Figure 100. Yearly (2006) bacterial densities for Enterococcus in Taylor County 

 

Figure 101. Yearly (2007) bacterial densities for Enterococcus in Taylor County 
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Figure 102. Enterococcus in SHWT and concentration variations with distances in OSTDS sites T.A1, 
T.B1, T.J1 to T.M1 vs. sewered sites T.F1, T.E1, T.I1, and T.H1 for Taylor County 

 

Figure 103. Enterococcus in SLWT and concentration variations with distances in OSTDS sites T.A1, 
T.B1, T.J1 to T.M1 vs. sewered sites T.F1, T.E1, T.I1, and T.H1 for Taylor County 
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3.5 Final Statistical Tests 

3.5.1 Trend Analyses and Insights 

Trend analyses were performed using Mann-Kendall Trend Test in ProUCL (see 

Figures 104–109). According to the technical guide provided with that statistical software 

package, when the assumptions about normality of the data are not met, “one can use 

graphical displays and nonparametric trend tests: Mann-Kendall and Theil-Sen tests to 

determine potential trends in time series data set” (Singh and Singh 2013). Like the 

Theil-Sen test, the Mann-Kandall trend test in ProUCL is performed on time series data 

sets and can handle missing values. This test can be performed by a group variable and 

displays the selected trend test for each group in the data set.  

 As described in ProUCL, the Mann-Kendall (M-K) trend test is a nonparametric 

test which is used on a time series data set: (ti, yi); i:=1,2,….n. As a nonparametric 

procedure, the M-K test does not require the underlying data to follow a specific 

distribution. The M-K test can be used to determine increasing or decreasing trends in 

measurement values of the response variable, y observed during a certain time period. 

Nonetheless, this trend test in ProUCL software requires the user to enter the data in 

chronological order as the graphical trend displays may be meaningless without proper 

chronological order. 

 The outcomes of the trend test are compared to the null hypothesis, H0: Data set 

does not exhibit sufficient evidence of any trends (stationary measurements) to these 

three alternative hypotheses:  

1. HA: Data set exhibits an upward trend; or   



134 
 

2. HA: Data set exhibits a downward trend; or  

3. HA: Data set exhibits a trend (two-sided alternative).  

 

Figure 104. Trend analysis for total coliform in SHWT for sites A and sites B 
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Figure 105. Trend analysis for total coliform in SLWT for sites A and sites B 
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Figure 106. Trend analysis for E. coli in SHWT for sites A and sites B 
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Figure 107. Trend analysis for E. coli in SLWT for sites A and sites B 
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Figure 108. Trend analysis for Enterococcus in SHWT for sites A and sites B 
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Figure 109. Trend analysis for Enterococcus in SLWT for sites A and sites B 

 At 5% significance level (α = 0.05), trend analysis using the Mann-Kendall Trend 

Test for total coliform in SHWT in ProUCL shows statistically significant evidence of a 

decreasing trend in the bacterial concentrations over the span of time the sampling data 

were collected. Although the remaining indicator organisms show some variations in 

their trend during both the seasonal high water and seasonal low water table elevations, 
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there was insufficient statistical evidence to establish a trend at the aforementioned level 

of significance. Therefore, the null hypothesis could not be rejected for the tested 

parameters. 

3.5.2 Correlation Analyses 

 It was the original intent of the author to use multivariate analysis or multiple 

analyses of variance (MANOVA) to establish the correlations in the different variables 

influencing the poor water quality in the sampling sites. After contacting the support desk 

for the XLSTAT® software package, the author was informed that XLSTAT® did not 

have a specific function for MANOVA although some of the tests that are performed 

during a MANOVA can be done either with discriminant analysis or with the 

multidimensional tests available in the parametric tests in XLSTAT®. Based on the 

preceding analyses, among the indicator organisms, E. coli was the only indicator 

organism for which multiple variables appeared to influence the bacterial concentrations 

in the sampling sites with some level of consistency. Consequently, correlation tests were 

performed solely for E. coli.  
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Table 8. Correlation Matrix (Pearson) for E. coli in Broward County 

Variables Broward 
SHWT 

Broward 
SLWT 

Broward 
OSTDS 

Broward 
Sewer 

Broward SHWT 1 0.096 0.991 -0.424 

Broward SLWT 0.096 1 0.076 -0.199 

Broward OSTDS 0.991 0.076 1 -0.393 

Broward Sewer -0.424 -0.199 -0.393 1 

Taylor SHWT -0.582 0.428 -0.578 0.313 

Taylor SLWT 0.350 -0.342 0.362 -0.289 

Taylor OSTDS -0.258 0.226 -0.260 0.333 

Taylor Sewer -0.003 -0.237 0.021 0.451 

Values in bold are different from 0 with a significance level alpha=0.05 

Table 9. Correlation Matrix (Pearson) for E. coli in Taylor County 

Variables Taylor SHWT Taylor SLWT Taylor OSTDS Taylor Sewer

Broward SHWT -0.582 0.350 -0.258 -0.003 

Broward SLWT 0.428 -0.342 0.226 -0.237 

Broward OSTDS -0.578 0.362 -0.260 0.021 

Broward Sewer 0.313 -0.289 0.333 0.451 

Taylor SHWT 1 -0.396 0.823 0.256 

Taylor SLWT -0.396 1 -0.332 -0.186 

Taylor OSTDS 0.823 -0.332 1 0.545 

Taylor Sewer 0.256 -0.186 0.545 1 

Values in bold are different from 0 with a significance level alpha=0.05 
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Table 10. P-values for E. coli in Broward County) 

Variables Broward 
SHWT 

Broward 
SLWT 

Broward 
OSTDS 

Broward 
Sewer 

Broward SHWT 0 0.714 0.000 0.090 

Broward SLWT 0.714 0 0.771 0.444 

Broward 

OSTDS 

< 0.0001 0.771 0 0.118 

Broward Sewer 0.090 0.444 0.118 0 

Taylor SHWT 0.014 0.087 0.015 0.221 

Taylor SLWT 0.168 0.180 0.153 0.260 

Taylor OSTDS 0.317 0.384 0.313 0.191 

Taylor Sewer 0.990 0.360 0.936 0.069 

Values in bold are different from 0 with a significance level alpha=0.05 

Table 11. P-values for E. coli in Taylor County 

Variables Taylor SHWT Taylor SLWT Taylor OSTDS Taylor Sewer 

Broward SHWT 0.014 0.168 0.317 0.990 

Broward SLWT 0.087 0.180 0.384 0.360 

Broward OSTDS 0.015 0.153 0.313 0.936 

Broward Sewer 0.221 0.260 0.191 0.069 

Taylor SHWT 0 0.116 < 0.0001 0.322 

Taylor SLWT 0.116 0 0.193 0.475 

Taylor OSTDS < 0.0001 0.193 0 0.024 

Taylor Sewer 0.322 0.475 0.024 0 

Values in bold are different from 0 with a significance level alpha=0.05 
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 The correlation tests generated a Pearson correlation matrix table and a p-value 

table along with other additional parameters. The Pearson matrix is given from a scale of 

-1 to 1 where values below zero indicate negative correlations while values above zero 

suggest positive correlations. The closer the value is to 1, the stronger the correlation. For 

the p-value, it indicates the significance of the analyses. Values less than alpha=0.05 are 

considered significant. Therefore, the smaller the p-value is, the more significant the 

analyses are. As illustrated in Tables 8-11, the data analyses for E. coli appear to show 

strong correlations between the seasonal high water table and the OSTDS sites in both 

Broward County and Taylor County. This observation is consistent with the hypothesis 

that the rising groundwater table during the wet seasons may have adversely impact the 

operations of the septic systems thereby contributing to the impairment of the water 

bodies. 

3.5.3 Student t-Tests 

 After processing and refining the data, graphical analyses such as Q-Q plots and 

Shapiro-Wilk goodness-of-fit tests were carried out to confirm the normality of the data 

distributions. In XLSTAT® 2013, two-sample t-Tests were used to confirm to compare 

the means of two normally distributed independent variables without pairing the samples 

at a significance level of alpha=0.05. Missing data were discarded from the analyses. The 

null hypothesis was defined as H0: The difference between the means is equal to 0, and 

the alternative hypothesis was defined as Ha: The difference between the means is 

different from 0. Based on the significance level of alpha=0.05, p-values were computed 

from the statistical analyses. Where the p-values were less than the value of alpha=0.05, 

the null hypothesis H0 was rejected and the alternative hypothesis Ha was accepted. The 
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risk to reject the null hypothesis H0 while it is true was estimated by the software, and the 

results were deemed significant. For p-values that exceeded the value of alpha=0.05, the 

null hypothesis H0 was accepted. Consequently, the results in the latter case were deemed 

insignificant. 

3.5.3.1 Student t-Tests for E. coli 

Table 12. Two-Sample t-Test Comparing OSTDS Sites A1 thru A5 to Sewered Sites B1 thru B5 for E. 
coli in Broward County 

Variables  SHWT SLWT 
p-value (Two-tailed) < 0.0001 0.000 
alpha 0.05 0.05 
Interpretation One should reject the null 

hypothesis H0 and accept the 
alternative hypothesis Ha. 

One should reject the null 
hypothesis H0 and accept the 

alternative hypothesis Ha. 
Conclusion The result is significant The result is significant 

Table 13. Two-Sample t-Test Comparing SHWT to SLWT for E. coli in Broward County  

Variables  OSTDS Sites A1 to A5 Sewered Sites B1 to B5
p-value (Two-tailed) 0.166 0.565 
alpha 0.05 0.05 
Interpretation One cannot reject the null 

hypothesis H0 
One cannot reject the null 

hypothesis H0 
Conclusion The result is not significant The result is not significant 

Table 14. Two-Sample t-Test Comparing Sites A1 and A5 for Variation with Distances for E. coli in 
Broward County 

Variables  SHWT SLWT 
p-value (Two-tailed) 0.218 < 0.0001 
alpha 0.05 0.05 
Interpretation One cannot reject the null 

hypothesis H0. 
One should reject the null 

hypothesis H0 and accept the 
alternative hypothesis Ha. 

Conclusion The result is not significant The result is significant 
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Table 15. Two-Sample t-Test Comparing OSTDS Sites in Urban (A1 to A5) vs. Rural (T.A1 & T.B1) 
Areas for E. coli in Broward and Taylor Counties  

Variables  SHWT SLWT 
p-value (Two-tailed) <0.0001 0.002 
alpha 0.05 0.05 
Interpretation One should reject the null 

hypothesis H0 and accept the 
alternative hypothesis Ha. 

One should reject the null 
hypothesis H0 and accept the 

alternative hypothesis Ha. 
Conclusion The result is significant The result is significant 

 

3.5.3.2 Student t-Tests Enterococcus 

Table 16. Two-Sample t-Test Comparing OSTDS Sites A1 thru A5 to Sewered Sites B1 thru B5 for 
Enterococcus in Broward County 

Variables  SHWT SLWT 
p-value (Two-tailed) 0.642 < 0.0001 
alpha 0.05 0.05 
Interpretation One cannot reject the null 

hypothesis H0 
One should reject the null 

hypothesis H0 and accept the 
alternative hypothesis Ha. 

Conclusion The result is not significant The result is significant 

Table 17. Two-Sample t-Test Comparing SHWT to SLWT for Enterococcus in Broward County  

Variables  OSTDS Sites A1 to A5 Sewered Sites B1 to B5
p-value (Two-tailed) 0.000 0.293 
alpha 0.05 0.05 
Interpretation One should reject the null 

hypothesis H0 and accept the 
alternative hypothesis Ha. 

One cannot reject the null 
hypothesis H0 

Conclusion The result is significant The result is not significant 

Table 18. Two-Sample t-Test Comparing Sites A1 and A5 for Variation with Distances for 
Enterococcus in Broward County 

Variables  SHWT SLWT 
p-value (Two-tailed) 0.351 0.341 
alpha 0.05 0.05 
Interpretation One cannot reject the null 

hypothesis H0. 
One cannot reject the null 

hypothesis H0. 
Conclusion The result is not significant The result is not significant 
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Table 19. Two-Sample t-Test Comparing OSTDS Sites in Urban (A1 to A5) vs. Rural (T.A1 & T.B1) 
Areas for Enterococcus in Broward and Taylor Counties  

Variables  SHWT SLWT 
p-value (Two-tailed) < 0.0001 < 0.0001 
alpha 0.05 0.05 
Interpretation One should reject the null 

hypothesis H0 and accept the 
alternative hypothesis Ha. 

One should reject the null 
hypothesis H0 and accept the 

alternative hypothesis Ha. 
Conclusion The result is significant The result is significant 
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4. DISCUSSION 

 Studies have shown that numerous factors may account for the presence of the 

indicator organisms such as total coliform, E. coli and Enterococcus in the water bodies. 

Largely they emanate from human or animal waste including improperly treated on-site 

septic systems and sewage discharges, leaching of domestic and wild animal manure, and 

stormwater runoff. In the case of total coliform, environmental sources like soil or 

vegetation may also be at play. According to the EPA (2012), “the usefulness of total 

coliforms as an indicator of fecal contamination depends on the extent to which the 

bacteria species found are fecal and human in origin. For recreational waters, total 

coliforms are no longer recommended as an indicator.” Consequently, the analyses of 

total coliform are included in this study for reference purposes only.  

 When the OSTDS sites were compared to the sewered sites in the seasonal high 

water table, total coliform was generally higher in the septic sites than the sewered sites. 

However, the finger canals did not reveal any significant trend in the distance variations 

for total coliform concentrations for neither the OSTDS sites nor the sewered sites (see 

Figures 55 and 56). As for the seasonal low water table, slightly lower concentrations 

were observed for total coliform in the OSTDS sites than the sewered sites. Furthermore, 

as shown in Figures 64 and 65 during the dry seasons, the arithmetic means and medians 

for total coliform generally showed increasing concentrations in both OSTDS and 
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sewered sites from the main channel toward the end of the finger canals (closer to the 

canal banks). Given that the latter observation appeared to be true for both septic and 

sewered sites to a lesser extent, septicity of the sites may not be the only explanation for 

the concentration variations with distances observed during the seasonal low water table. 

 E. coli appeared to be the most reliable indicator organism in this study. As 

illustrated in Figures 58–60, it showed significantly higher concentrations for the OSTDS 

sites than the sewered sites in the seasonal high water table elevations. The data also 

showed increasing means and medians with distance variations toward the end of the 

finger canals for all the OSTDS sites. During the seasonal low water table elevations, 

slightly higher concentrations were observed for E. coli in the OSTDS sites than the 

sewered sites and bacterial concentrations were consistently increasing with distance 

variations toward the end of the finger canals. There appeared to be also increasing trends 

with distance variations in the sewered sites although site B3 seemed to ignore the trend 

thereby may require further investigation (see Figures 68–70). The arithmetic means of E. 

coli were higher in the SHWT than the SLWT for all the sites regardless whether they 

were septic or not. 

 The data analyses performed for Enterococcus did not yield consistent results. In 

the seasonal high water table elevations, contrary to expectations, bacterial concentrations 

for Enterococcus were lower for the OSTDS sites than the sewered areas. As illustrated 

in Figures 61–63, when the various septic and sewered sites were considered, no clear 

trend in distance variations was observed for none of the septic and sewered areas 

although the OSTDS sites seemed to be tilting toward an increase. During the seasonal 

low water table, significantly lower concentrations were observed in the OSTDS than the 
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sewered areas, and no clear trends in distance variations were observed for neither sites 

(see Figures 71–73). Enterococcus was much higher in SHWT than SLWT for all 

OSTDS sites. It was also generally higher in the sewered sites although not significantly. 

Specific Considerations for Site B3  

 Anecdotal information shared with the author of this study indicated that there 

was a resident living adjacent to site B3 with numerous dogs at the inception of the 

sampling events. During that time, the samples collected at that site exhibited higher 

densities than the other adjacent sites especially during the seasonal low water table 

elevations. Consequently, the sampling point was relocated further away from the canal 

bank of that residence and much closer to main stream. A reduction in the bacterial 

concentration was subsequently noticed. Some of the high bacterial concentrations 

observed at site B3 may be partially explained by dog inputs from the adjacent 

residences. 

Comparing the urban conditions in Broward County to the rural environment in 

Taylor County, apparently there were not enough data points collected from Taylor 

County to determine whether the population density was a significant factor in poor water 

quality observed in Broward. The limited data collected in the rural areas of Taylor 

County from May 2006 to September 2007 seemed to show higher level of bacterial 

concentrations for total coliform in all seasons and sites. In the sewered sites, E. coli also 

indicated abnormal level of bacterial concentrations during the seasonal high water table. 

Similar to the behavior of the data collected in Broward County, Enterococcus was 

generally much lower than the one-time limit of 104 MPN/100 mL or even lower than 33 

MPN/100 mL in the sewered sites in Taylor County. As illustrated in Figures 92–99, 
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bacterial concentrations for total coliform and E. coli were considerably higher in the 

OSTDS sites of Broward County than the OSTDS sites of Taylor County regardless of 

the seasons. The sewered sites of Broward County also had higher concentrations of total 

coliform during the seasonal high water table. In terms of Enterococcus, as illustrated in 

Figures 100–103, most of the data collected in Taylor County were within allowable 

limits. More data are needed for a conclusive assessment of the effect of population 

density on the water quality in the rural areas.  

 The sources of the commonly observed high bacterial concentrations in Broward 

County have not been established. There may be several hypotheses to explain these 

situation. Aside from septic tanks, one of the most common explanations is the release of 

animal feces in the waterways. It is plausible that animal feces may be washed into the 

canals in higher proportion via runoff during the wet season. Nonetheless, other factors 

such as sanitary overflows resulting from manholes or leaking pipes from sanitary sewer 

conveyance systems to water bodies especially during significant storm events should be 

also investigated. While more data are always needed for a more comprehensive analysis 

of the issues impacting water quality, other methodologies such as tracer analysis and 

microbial source tracking (MST) DNA or bacterial source tracking (BST) tests are highly 

recommended to address the limitations of traditional culture-dependent methods and 

indicator organisms in identifying the sources of contamination (MicrobialInsights, Inc. 

2012). As explained by Scott et al. (2002), “traditional and alternative indicator 

microorganisms have been used for many years to predict the presence of fecal pollution 

in water; however, it is well established that the majority of these organisms are not 

limited to humans but also exist in the intestines of many other warm-blooded animals.”  
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 In terms of the overall water quality and its long-term forecast, trend analyses 

show statistically significant evidence of a decreasing trend in the bacteriological 

densities of total coliform in the OSTDS sites during the seasonal high water table. While 

E. coli appears to be the most consistent indicator organisms based on the data analyses, 

its long-term trend seems to be promising; however, there was not sufficient statistical 

evidence to confirm a decreasing trend. A decreasing or increasing trend could not be 

statistically found for Enterococcus either. 

 



152 
 

5. CONCLUSION AND RECOMMENDATIONS 

 When the data for the various indicator organisms of interest were analyzed for 

the Taylor and Broward County sites, only E. coli seemed to suggest a correlation in the 

compounding effects of the different variables considered for this experiment. Though 

total coliform occasionally fits the studied hypothesis for a few of the parameters, 

Enterococcus mostly fails to meet all theoretical expectations. In the OSTDS sites its 

concentrations were consistently lower than those in the sewered sites regardless of the 

seasons. During the seasonal high water table, both total coliform and E. coli showed 

higher bacterial concentrations in the OSTDS sites than the sewered sites. When the 

groundwater table receded in the dry season, only E. coli showed higher bacterial 

concentrations in the OSTDS sites. Comparing the data from the wet and dry seasons, 

generally all the indicator organisms including Enterococcus showed higher bacterial 

concentrations in the seasonal high water table. Given that the bacterial concentrations 

for Enterococcus were mostly within allowable limits, to the extents of the statistical 

results, the water bodies were hardly or marginally affected by its contamination based on 

the single sample approach. 

 E. coli was the only indicator organism showing higher concentrations in the 

OSTDS sites than the sewered sites. These higher bacteriological densities were
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also consistent with the observations in seasonal high and low water tables when they 

were analyzed separately. Besides E. coli, the septic systems seemed to result in higher 

concentrations for total coliform but only in the wet season. 

 E. coli indicated an increase in concentrations with proximity to the OSTDS sites 

regardless of the seasons. While no discernible increase was observed for total coliform 

in the seasonal high water table, its concentrations were mostly increasing in the seasonal 

low water table for both the OSTDS and sewered sites. In fact, apart from total coliform, 

no other indicator organisms have shown an increase in microbial concentrations with 

distances in the sewered sites. Given that total coliform may also originate from 

environmental sources like soil or vegetation, its results suggest possible contamination 

from stormwater runoffs along with the possibilities of leaking sewer pipes or sewage 

spills due to aging and improper operation of the sewer infrastructure in the sewered 

sites. 

 No statistical conclusive impact of population density could be derived from their 

statistical analyses between the Taylor and Broward data in part due to the recency of 

septic conversions and limited data. Nonetheless, the data seem to suggest higher level of 

bacterial concentrations in the urban areas of Broward County. Apart from Enterococcus, 

the bacteriological densities observed in Taylor County were considerably or just lower 

than those of Broward County in the OSTDS sites. Also the indicator organisms mostly 

show higher bacteriological densities in the sewered sites of Broward County than those 

of Taylor County although E. coli defies that trend. Some of the inconsistencies noticed 

with total coliform and Enterococcus in Broward County especially during the seasonal 

low water table appear to be also reflected in the data for Taylor County. 
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 The sites sampled throughout the County have often revealed level of 

bacteriological concentrations much higher than the State of Florida’s limit for Class III 

recreational waters as defined by the rule 62-302.400 of the Florida Administrative Code.  

This finding conflicts with the 2012-2016 Broward County Commission Strategic Plan 

Visions and Goals, the Broward County Government has expressed its desire to allow its 

residents and visitors to enjoy pristine water bodies and healthy beaches with strict 

County standards that ensure environmental protection. It means more work and 

sampling should be undertaken, and at more areas of the County. 

The intent of this project, and its predecessors, was to investigate the significant 

factors influencing the impairment of the water bodies, a more holistic methodology will 

be needed to come to a conclusive assessment of the various sources of the bacterial 

contaminations observed at the sampling sites. Much was learned but long-term data 

needs to be accumulated to track trends. Future studies should not only collect 

significantly more data from Broward County and Taylor County but also consider 

expanding the studies parameters to include methodologies such as tracer analysis and 

microbial source tracking (MST) DNA or bacterial source tracking (BST) tests are highly 

recommended to address the limitations of traditional culture-dependent methods and 

indicator organisms in identifying the sources of contamination (MicrobialInsights, Inc. 

2012). As explained by Scott et al. (2002), “traditional and alternative indicator 

microorganisms have been used for many years to predict the presence of fecal pollution 

in water; however, it is well established that the majority of these organisms are not 

limited to humans but also exist in the intestines of many other warm-blooded animals.”  
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Table 20. Total Coliform in SHWT for OSTDS Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 18 18 18 18 18 

Minimum 5 6,015 5,794 3,282 6,893 

Maximum 24,196 17,329 17,329 24,196 14,136 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 2 2 1 4 1 

Range 24,191 11,314 11,535 20,914 7,243 

1st Quartile 6,586 8,831 8,164 8,425 9,208 

Median 9,804 12,033 10,462 11,199 10,462 

3rd Quartile 15,531 14,136 12,033 15,531 12,033 

Mean 11,443 11,642 10,246 13,415 10,520 

Variance (n) 44,831,395 12,645,968 9,080,348 42,714,623 4,976,884 

Standard deviation (n) 6,696 3,556 3,013 6,536 2,231 

Variation coefficient 0.585 0.305 0.294 0.487 0.212 

Skewness (Pearson) 0.475 -0.076 0.600 0.587 -0.146 

Skewness (Fisher) 0.522 -0.084 0.681 0.642 -0.166 

Kurtosis (Pearson) -0.552 -1.037 0.064 -0.850 -1.133 

Kurtosis (Fisher) -0.300 -0.958 0.752 -0.719 -1.075 

Standard error of the mean 1673.906 918.185 869.883 1585.126 644.003 

Lower bound on mean (95%) 7,895 9,685 8,350 10,071 9,117 

Upper bound on mean (95%) 14,992 13,599 12,141 16,759 11,923 

Standard error of the variance 16,840,935 4,925,498 4,015,956 15,512,818 2,201,121 

Standard error (Skewness (Fisher)) 0.550 0.564 0.616 0.536 0.616 

Standard error (Kurtosis (Fisher)) 1.063 1.091 1.191 1.038 1.191 

Mean absolute deviation 5,417 2,968 2,404 5,422 1,889 

Median absolute deviation 4,705 2,464 2,165 3,957 1,571 

Geometric mean 6,759 11,048 9,816 11,818 10,270 

Geometric standard deviation 6.910 1.412 1.358 1.712 1.261 

Harmonic mean 84 10,420 9,401 10,214 10,011 
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Table 21. Total Coliform in SHWT for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 18 18 18 18 18 

Minimum 2,613 2,382 2,851 231 2,909 

Maximum 24,196 24,196 24,196 24,196 24,196 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 3 2 1 2 

Range 21,583 21,814 21,345 23,965 21,287 

1st Quartile 3,993 6,802 4,677 3,868 6,322 

Median 7,670 11,616 8,164 9,804 9,208 

3rd Quartile 12,756 15,531 15,531 13,085 16,880 

Mean 9,365 11,802 10,757 9,798 11,525 

Variance (n) 41,101,067 51,411,889 49,992,931 43,485,535 47,082,219 

Standard deviation (n) 6,411 7,170 7,071 6,594 6,862 

Variation coefficient 0.685 0.608 0.657 0.673 0.595 

Skewness (Pearson) 0.897 0.526 0.659 0.475 0.603 

Skewness (Fisher) 1.008 0.582 0.734 0.530 0.678 

Kurtosis (Pearson) -0.105 -0.773 -0.832 -0.425 -0.822 

Kurtosis (Fisher) 0.436 -0.589 -0.657 -0.072 -0.624 

Standard error of the 
mean 

1778.095 1851.340 1889.689 1762.416 1903.079 

Lower bound on mean 
(95%) 

5,524 7,856 6,704 6,018 7,414 

Upper bound on mean 
(95%) 

13,206 15,748 14,810 13,578 15,637 

Standard error of the 
variance 

17,361,254 20,024,499 20,245,234 17,609,986 19,887,717 

Standard error 
(Skewness (Fisher)) 

0.597 0.564 0.580 0.580 0.597 

Standard error (Kurtosis 
(Fisher)) 

1.154 1.091 1.121 1.121 1.154 

Mean absolute deviation 5,299 5,666 6,184 5,179 5,851 

Median absolute 
deviation 

4,562 3,915 4,555 4,792 5,200 

Geometric mean 7,331 9,412 8,517 6,506 9,464 

Geometric standard 
deviation 

2.105 2.113 2.066 3.312 1.973 

Harmonic mean 5,743 7,120 6,751 2,249 7,615 
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Table 22. Total Coliform in SHWT for OSTDS Sites A vs. Sewered Sites B 

Statistic A1 to A5 B1 to B5 

No. of observations 85 85 
Minimum 5 231 
Maximum 24,196 24,196 
Freq. of minimum 1 1 
Freq. of maximum 6 9 
Range 24,191 23,965 
1st Quartile 8,164 4,406 
Median 10,462 9,208 
3rd Quartile 14,136 15,531 
Mean 11,587 10,671 
Variance (n) 26,166,544 47,641,244 
Standard deviation (n) 5,115 6,902 
Variation coefficient 0.441 0.647 
Skewness (Pearson) 0.855 0.632 
Skewness (Fisher) 0.872 0.645 
Kurtosis (Pearson) 0.789 -0.601 
Kurtosis (Fisher) 0.925 -0.558 
Standard error of the mean 587 808 
Lower bound on mean (95%) 10,419 9,061 
Upper bound on mean (95%) 12,756 12,281 
Standard error of the variance 4,300,626 7,993,657 
Standard error (Skewness (Fisher)) 0.274 0.279 
Standard error (Kurtosis (Fisher)) 0.541 0.552 
Mean absolute deviation 3,829 5,669 
Median absolute deviation 2,547 5,102 
Geometric mean 9,750 8,171 
Geometric standard deviation 2.638 2.3 
Harmonic mean 371 4,800 
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Table 23. E. coli in SHWT for OSTDS Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 16 16 16 16 16 

Minimum 10 106 266 41 189 

Maximum 1,561 999 1,059 1,470 1,679 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 

Range 1,551 893 793 1,429 1,490 

1st Quartile 193 341 355 371 431 

Median 350 448 497 565 723 

3rd Quartile 741 778 797 897 1,015 

Mean 559 539 571 674 783 

Variance (n) 232,845 79,894 68,731 180,426 189,877 

Standard deviation (n) 483 283 262 425 436 

Variation coefficient 0.862 0.524 0.459 0.630 0.556 

Skewness (Pearson) 0.879 0.388 0.554 0.641 0.529 

Skewness (Fisher) 0.979 0.429 0.623 0.709 0.595 

Kurtosis (Pearson) -0.563 -1.170 -1.089 -0.696 -0.787 

Kurtosis (Fisher) -0.270 -1.145 -1.018 -0.480 -0.572 

Standard error of the mean 128.964 72.981 72.712 109.674 120.855 

Lower bound on mean (95%) 283 384 414 440 522 

Upper bound on mean (95%) 836 695 728 908 1,044 

Standard error of the variance 94,293 31,118 29,032 70,275 80,205 

Standard error (Skewness (Fisher)) 0.580 0.564 0.597 0.564 0.597 

Standard error (Kurtosis (Fisher)) 1.121 1.091 1.154 1.091 1.154 

Mean absolute deviation 396 249 230 356 369 

Median absolute deviation 248 198 192 227 302 

Geometric mean 331 459 514 515 658 

Geometric standard deviation 3.642 1.867 1.610 2.426 1.900 

Harmonic mean 102 375 465 300 539 
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Table 24. E. coli in SHWT for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 16 16 16 16 16 

Minimum 41 74 74 63 41 

Maximum 982 703 771 820 594 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 

Range 941 629 697 757 553 

1st Quartile 215 175 223 175 158 

Median 395 299 288 209 364 

3rd Quartile 540 488 457 471 431 

Mean 408 332 311 337 305 

Variance (n) 69,088 42,114 35,974 48,794 34,372 

Standard deviation (n) 263 205 190 221 185 

Variation coefficient 0.645 0.618 0.609 0.656 0.607 

Skewness (Pearson) 0.615 0.381 0.809 0.675 -0.007 

Skewness (Fisher) 0.706 0.433 0.919 0.767 -0.008 

Kurtosis (Pearson) -0.317 -1.177 0.286 -0.586 -1.435 

Kurtosis (Fisher) 0.230 -1.143 1.091 -0.241 -1.537 

Standard error of the mean 79.251 59.241 54.752 63.767 53.519 

Lower bound on mean (95%) 233 203 192 198 189 

Upper bound on mean (95%) 582 461 431 476 422 

Standard error of the variance 32,137 18,626 15,910 21,580 15,202 

Standard error (Skewness (Fisher)) 0.637 0.616 0.616 0.616 0.616 

Standard error (Kurtosis (Fisher)) 1.232 1.191 1.191 1.191 1.191 

Mean absolute deviation 212 178 148 196 171 

Median absolute deviation 186 177 169 146 190 

Geometric mean 306 262 251 264 230 

Geometric standard deviation 2.458 2.157 2.085 2.147 2.425 

Harmonic mean 195 197 192 201 153 
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Table 25. E. coli in SHWT for OSTDS Sites A vs. Sewered Sites B 

Statistic A1 to A5 B1 to B5 

No. of observations 76 76 
Minimum 10 41 
Maximum 1,679 982 
Freq. of minimum 1 2 
Freq. of maximum 1 1 
Range 1,669 941 
1st Quartile 350 174 
Median 505 299 
3rd Quartile 866 480 
Mean 624 338 
Variance (n) 158,542 46,986 
Standard deviation (n) 398 217 
Variation coefficient 0.639 0.642 
Skewness (Pearson) 0.796 0.66 
Skewness (Fisher) 0.812 0.676 
Kurtosis (Pearson) -0.175 -0.111 
Kurtosis (Fisher) -0.103 -0.021 
Standard error of the mean 46 27 
Lower bound on mean (95%) 531 283 
Upper bound on mean (95%) 716 392 
Standard error of the variance 26,416 8,504 
Standard error (Skewness (Fisher)) 0.277 0.299 
Standard error (Kurtosis (Fisher)) 0.548 0.59 
Mean absolute deviation 329 183 
Median absolute deviation 258 160 
Geometric mean 481 261 
Geometric standard deviation 2.33 2.206 
Harmonic mean 251 186 
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Table 26. Enterococcus in SHWT for Sewered Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 14 14 14 14 14 

Minimum 5 5 5 5 10 

Maximum 196 221 299 269 323 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 

Range 191 216 294 264 313 

1st Quartile 10 10 15 18 30 

Median 52 31 30 31 51 

3rd Quartile 109 61 135 67 118 

Mean 69 63 85 62 104 

Variance (n) 3,863 5,633 9,694 5,587 11,969 

Variance (n-1) 4,185 6,103 10,664 6,095 13,057 

Standard deviation (n) 62 75 98 75 109 

Standard deviation (n-1) 65 78 103 78 114 

Variation coefficient 0.901 1.191 1.156 1.202 1.052 

Skewness (Pearson) 0.727 1.253 1.108 1.766 1.161 

Skewness (Fisher) 0.825 1.423 1.292 2.029 1.333 

Kurtosis (Pearson) -0.640 -0.026 -0.370 2.119 -0.389 

Kurtosis (Fisher) -0.323 0.615 0.217 4.101 0.116 

Standard error of the mean 17.942 21.666 31.136 22.538 32.986 

Lower bound on mean (95%) 30 16 16 13 31 

Upper bound on mean (95%) 108 110 155 112 177 

Standard error of the variance 1,709 2,491 4,769 2,599 5,567 

Standard error (Skewness (Fisher)) 0.616 0.616 0.661 0.637 0.637 

Standard error (Kurtosis (Fisher)) 1.191 1.191 1.279 1.232 1.232 

Mean absolute deviation 53 60 84 57 92 

Median absolute deviation 42 21 22 21 21 

Geometric mean 38 30 40 33 61 

Geometric standard deviation 3.623 3.691 3.912 3.251 2.915 

Harmonic mean 19 16 19 19 39 
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Table 27. Enterococcus in SHWT for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 14 14 14 14 14 

Minimum 10 10 10 10 10 

Maximum 373 314 130 118 164 

Freq. of minimum 1 4 3 2 1 

Freq. of maximum 1 1 1 1 1 

Range 363 304 120 108 154 

1st Quartile 28 10 21 41 41 

Median 90 73 52 51 74 

3rd Quartile 203 150 79 74 95 

Mean 119 101 59 57 74 

Variance (n) 12,142 9,387 1,635 1,096 1,777 

Variance (n-1) 13,245 10,169 1,798 1,206 1,955 

Standard deviation (n) 110 97 40 33 42 

Standard deviation (n-1) 115 101 42 35 44 

Variation coefficient 0.924 0.959 0.690 0.582 0.570 

Skewness (Pearson) 0.941 0.945 0.361 0.395 0.526 

Skewness (Fisher) 1.081 1.073 0.420 0.461 0.612 

Kurtosis (Pearson) -0.166 -0.299 -0.994 -0.685 -0.323 

Kurtosis (Fisher) 0.469 0.198 -0.823 -0.309 0.295 

Standard error of the mean 33.223 27.968 12.786 10.470 13.332 

Lower bound on mean (95%) 46 40 30 34 44 

Upper bound on mean (95%) 192 162 87 80 104 

Standard error of the variance 5,648 4,151 804 539 874 

Standard error (Skewness (Fisher)) 0.637 0.616 0.661 0.661 0.661 

Standard error (Kurtosis (Fisher)) 1.232 1.191 1.279 1.279 1.279 

Mean absolute deviation 93 80 34 26 34 

Median absolute deviation 70 63 33 12 33 

Geometric mean 69 54 41 45 60 

Geometric standard deviation 3.266 3.716 2.695 2.278 2.170 

Harmonic mean 38 26 26 31 43 
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Table 28. Enterococcus in SHWT for Combined OSTDS Sites A vs. Sewered Sites B 

Statistic A1 to A5 B1 to B5 

No. of observations 66 66 

Minimum 5 10 

Maximum 323 373 

Freq. of minimum 4 11 

Freq. of maximum 1 1 

Range 318 363 

1st Quartile 10 30 

Median 41 63 

3rd Quartile 109 108 

Mean 76 83 

Variance (n) 7,479 6,073 

Standard deviation (n) 86 77.930 

Variation coefficient 1.135 0.936 

Skewness (Pearson) 1.423 1.705 

Skewness (Fisher) 1.459 1.750 

Kurtosis (Pearson) 0.878 2.946 

Kurtosis (Fisher) 1.060 3.328 

Standard error of the mean 11.165 10.322 

Lower bound on mean (95%) 54 63 

Upper bound on mean (95%) 99 104 

Standard error of the variance 1,388 1,158 

Standard error (Skewness (Fisher)) 0.306 0.314 

Standard error (Kurtosis (Fisher)) 0.604 0.618 

Mean absolute deviation 68 56 

Median absolute deviation 31 43 

Geometric mean 39 53 

Geometric standard deviation 3.418 2.807 

Harmonic mean 20 31 
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Table 29. Total Coliform in SLWT for OSTDS Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 17 17 17 17 17 

Minimum 259 1,723 495 563 663 

Maximum 14,136 15,531 17,329 12,033 14,136 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 1 3 4 

Range 13,877 13,808 16,834 11,470 13,473 

1st Quartile 2,293 2,981 3,940 5,794 6,131 

Median 5,119 5,794 7,717 7,701 8,164 

3rd Quartile 8,830 10,462 10,646 8,704 9,804 

Mean 5,687 7,063 7,671 7,469 8,083 

Variance (n) 14,453,420 19,832,275 20,215,478 10,792,813 18066087 

Standard deviation (n) 3,802 4,453 4,496 3,285 4,250 

Variation coefficient 0.668 0.630 0.586 0.440 0.526 

Skewness (Pearson) 0.496 0.497 0.298 -0.465 -0.050 

Skewness (Fisher) 0.549 0.546 0.330 -0.512 -0.055 

Kurtosis (Pearson) -0.717 -1.157 -0.553 -0.501 -0.890 

Kurtosis (Fisher) -0.510 -1.129 -0.281 -0.230 -0.764 

Standard error of the mean 981.612 1113.336 1160.904 821.310 1062.605 

Lower bound on mean (95%) 3,595 4,703 5,197 5,728 5,831 

Upper bound on mean (95%) 7,779 9,424 10,146 9,210 10,336 

Standard error of the variance 5,629,486 7,450,004 7,873,759 4,054,325 6,786,534 

Standard error (Skewness 
(Fisher)) 

0.564 0.550 0.564 0.550 0.550 

Standard error (Kurtosis 
(Fisher)) 

1.091 1.063 1.091 1.063 1.063 

Mean absolute deviation 3,323 3,951 3,652 2,553 3,398 

Median absolute deviation 3,011 2,943 3,482 1,907 2,033 

Geometric mean 4,084 5,645 5,836 6,207 6,349 

Geometric standard deviation 2.712 2.043 2.487 2.174 2.375 

Harmonic mean 2,082 4,477 3,377 3,946 3,882 
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Table 30. Total Coliform in SLWT for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 17 17 17 17 17 

Minimum 2,235 4,569 3,784 4,569 4,106 

Maximum 12,997 12,997 15,531 15,531 15,531 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 2 3 1 

Range 10,762 8,428 11,747 10,962 11,425 

1st Quartile 5,248 7,169 6,370 6,867 6,867 

Median 6,499 8,664 9,234 8,297 7,413 

3rd Quartile 8,215 9,969 11,408 11,199 10,361 

Mean 6,860 8,536 9,336 9,469 8,832 

Variance (n) 9,658,372 4,785,191 12,853,050 13,188,466 9,614,495 

Standard deviation (n) 3,108 2,188 3,585 3,632 3,101 

Variation coefficient 0.453 0.256 0.384 0.384 0.351 

Skewness (Pearson) 0.499 0.027 0.326 0.554 0.823 

Skewness (Fisher) 0.561 0.029 0.361 0.609 0.910 

Kurtosis (Pearson) -0.538 -0.577 -1.013 -1.001 -0.413 

Kurtosis (Fisher) -0.204 -0.314 -0.925 -0.916 -0.084 

Standard error of the mean 861.946 564.812 925.673 907.898 800.604 

Lower bound on mean (95%) 4,997 7,333 7,363 7,545 7,126 

Upper bound on mean (95%) 8,722 9,740 11,309 11,394 10,539 

Standard error of the variance 4,079,735 1,863,792 5,006,155 4,954,254 3,744,765 

Standard error (Skewness (Fisher)) 0.597 0.564 0.564 0.550 0.564 

Standard error (Kurtosis (Fisher)) 1.154 1.091 1.091 1.063 1.091 

Mean absolute deviation 2,391 1,752 3,069 3,095 2,590 

Median absolute deviation 1,737 1,596 2,773 2,503 876 

Geometric mean 6,118 8,238 8,630 8,805 8,336 

Geometric standard deviation 1.682 1.326 1.520 1.483 1.417 

Harmonic mean 5,344 7,924 7,935 8,197 7,886 
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Table 31. Total Coliform in SLWT for OSTDS Sites A vs. Sewered Sites B 

 

  

Statistic A1 to A5 B1 to B5 

No. of observations 84 84 

Minimum 259 2,235 

Maximum 17,329 15,531 

Freq. of minimum 1 1 

Freq. of maximum 1 6 

Range 17,070 13,296 

1st Quartile 3,179 6,488 

Median 7,556 7,701 

3rd Quartile 9,804 10,831 

Mean 7,207 8,662 

Variance (n) 17,318,499 10,886,160 

Standard deviation (n) 4,162 3,299 

Variation coefficient 0.577 0.381 

Skewness (Pearson) 0.239 0.531 

Skewness (Fisher) 0.243 0.542 

Kurtosis (Pearson) -0.788 -0.414 

Kurtosis (Fisher) -0.762 -0.361 

Standard error of the mean 459.566 373.586 

Lower bound on mean (95%) 6,293 7,918 

Upper bound on mean (95%) 8,121 9,406 

Standard error of the variance 2,737,679 1,765,529 

Standard error (Skewness (Fisher)) 0.264 0.271 

Standard error (Kurtosis (Fisher)) 0.523 0.535 

Mean absolute deviation 3,459 2,675 

Median absolute deviation 3,450 2,103 

Geometric mean 5,575 8,022 

Geometric standard deviation 2.340 1.503 

Harmonic mean 3,332 7,343 
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Table 32. E. coli in SLWT for OSTDS Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 18 18 18 18 18 

Maximum 595 1,008 935 1,301 1,388 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 

Range 585 825 905 1,260 1,336 

1st Quartile 165 324 374 407 520 

Median 227 452 543 741 752 

3rd Quartile 341 558 705 889 1,034 

Mean 260 468 528 669 755 

Variance (n) 21,442 44,196 61,234 94,451 146,654 

Variance (n-1) 22,872 46,959 65,316 100,007 155,281 

Standard deviation (n) 146 210 247 307 383 

Standard deviation (n-1) 151 217 256 316 394 

Variation coefficient 0.564 0.449 0.469 0.459 0.507 

Skewness (Pearson) 0.520 0.867 -0.244 -0.082 -0.146 

Skewness (Fisher) 0.575 0.954 -0.270 -0.090 -0.160 

Kurtosis (Pearson) -0.143 0.419 -0.700 -0.600 -1.028 

Kurtosis (Fisher) 0.295 1.032 -0.487 -0.383 -0.959 

Standard error of the mean 37.809 52.557 63.893 74.538 92.880 

Lower bound on mean (95%) 179 357 392 512 559 

Upper bound on mean (95%) 340 580 664 827 951 

Standard error of the variance 8,352 16,602 23,850 34,302 53,261 

Standard error (Skewness (Fisher)) 0.564 0.550 0.564 0.536 0.536 

Standard error (Kurtosis (Fisher)) 1.091 1.063 1.091 1.038 1.038 

Mean absolute deviation 119 163 210 268 321 

Median absolute deviation 99 128 169 218 273 

Geometric mean 200 424 427 557 605 

Geometric standard deviation 2.586 1.597 2.345 2.175 2.285 

Harmonic mean 94 382 239 339 374 
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Table 33. E. coli in SLWT for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 18 18 18 18 18 

Maximum 1,201 934 1,095 984 1,063 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 

Range 1,170 860 1,054 964 1,022 

1st Quartile 135 120 218 154 229 

Median 269 292 373 309 348 

3rd Quartile 416 431 622 432 485 

Mean 332 317 438 338 384 

Variance (n) 82,773 44,918 102,763 65,300 73,602 

Variance (n-1) 88,291 47,725 109,186 69,654 78,508 

Standard deviation (n) 288 212 321 256 271 

Standard deviation (n-1) 297 218 330 264 280 

Variation coefficient 0.867 0.669 0.732 0.757 0.706 

Skewness (Pearson) 1.609 1.226 0.679 0.974 0.966 

Skewness (Fisher) 1.781 1.348 0.747 1.078 1.069 

Kurtosis (Pearson) 2.559 1.654 -0.663 0.460 0.410 

Kurtosis (Fisher) 4.080 2.725 -0.452 1.139 1.069 

Standard error of the mean 74.285 52.985 80.142 65.980 70.048 

Lower bound on mean (95%) 173 205 268 197 235 

Upper bound on mean (95%) 490 429 608 478 533 

Standard error of the variance 32,239 16,873 38,603 25,434 28,667 

Standard error (Skewness (Fisher)) 0.564 0.550 0.550 0.564 0.564 

Standard error (Kurtosis (Fisher)) 1.091 1.063 1.063 1.091 1.091 

Mean absolute deviation 209 166 260 195 206 

Median absolute deviation 146 172 212 151 154 

Geometric mean 223 252 303 225 281 

Geometric standard deviation 2.722 2.066 2.736 2.976 2.486 

Harmonic mean 134 197 176 113 180 
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Table 34. E. coli in SLWT for OSTDS Areas A vs. Sewered Sites B 

Statistic A1 to A5 B1 to B5 

No. of observations 89 89 

Minimum 10 20 

Maximum 1,388 1,201 

Freq. of minimum 1 1 

Freq. of maximum 1 1 

Range 1,378 1,181 

1st Quartile 309 151 

Median 474 322 

3rd Quartile 759 473 

Mean 544 362 

Variance (n) 104,609 75,872 

Variance (n-1) 105,855 76,809 

Standard deviation (n) 323 275 

Standard deviation (n-1) 325 277 

Variation coefficient 0.595 0.761 

Skewness (Pearson) 0.540 1.133 

Skewness (Fisher) 0.550 1.154 

Kurtosis (Pearson) -0.405 0.839 

Kurtosis (Fisher) -0.356 0.969 

Standard error of the mean 35.290 30.605 

Lower bound on mean (95%) 473 301 

Upper bound on mean (95%) 614 423 

Standard error of the variance 16,334 12,069 

Standard error(Skewness (Fisher)) 0.261 0.266 

Standard error(Kurtosis (Fisher)) 0.517 0.526 

Mean absolute deviation 269 209 

Median absolute deviation 226 163 

Geometric mean 421 256 

Geometric standard deviation 2.369 2.553 

Harmonic mean 222 154 
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Table 35. Enterococcus in SLWT for OSTDS Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 17 17 17 17 17 

Minimum 5 10 10 10 10 

Maximum 97 94 74 63 110 

Freq. of minimum 1 2 1 3 3 

Freq. of maximum 1 1 1 1 1 

Range 92 84 64 53 100 

1st Quartile 10 20 20 20 20 

Median 20 20 31 25 51 

3rd Quartile 52 41 50 39 63 

Mean 35 36 34 30 45 

Variance (n) 738 679 315 308 835 

Standard deviation (n) 27 26 18 18 29 

Variation coefficient 0.776 0.729 0.524 0.587 0.638 

Skewness (Pearson) 0.777 1.180 0.737 0.707 0.513 

Skewness (Fisher) 0.866 1.316 0.836 0.795 0.572 

Kurtosis (Pearson) -0.497 -0.025 -0.381 -0.734 -0.539 

Kurtosis (Fisher) -0.175 0.502 0.073 -0.494 -0.235 

Standard error of the mean 7.262 6.965 5.121 4.871 7.721 

Lower bound on mean (95%) 19 21 23 19 29 

Upper bound on mean (95%) 51 51 45 40 62 

Standard error of the variance 299 275 139 130 338 

Standard error(Skewness (Fisher)) 0.580 0.580 0.616 0.597 0.580 

Standard error(Kurtosis (Fisher)) 1.121 1.121 1.191 1.154 1.121 

Mean absolute deviation 24 21 15 14 25 

Median absolute deviation 11 10 11 11 24 

Geometric mean 25 28 29 25 35 

Geometric standard deviation 2.484 2.002 1.753 1.893 2.240 

Harmonic mean 17 23 25 21 25 
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Table 36. Enterococcus in SLWT for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 17 17 17 17 17 

Minimum 10 10 10 10 10 

Maximum 135 118 238 185 213 

Freq. of minimum 1 1 1 1 2 

Freq. of maximum 1 1 1 1 1 

Range 125 108 228 175 203 

1st Quartile 35 30 41 41 41 

Median 57 52 73 62 52 

3rd Quartile 87 86 130 102 91 

Mean 61 61 88 76 71 

Variance (n) 1,221 1,151 3,224 2,690 2,768 

Standard deviation (n) 35 34 57 52 53 

Variation coefficient 0.574 0.552 0.648 0.681 0.738 

Skewness (Pearson) 0.472 0.123 0.814 0.872 1.256 

Skewness (Fisher) 0.531 0.135 0.895 0.965 1.390 

Kurtosis (Pearson) -0.577 -1.356 0.536 -0.244 0.955 

Kurtosis (Fisher) -0.261 -1.403 1.192 0.153 1.832 

Standard error of the mean 9.692 8.482 14.195 13.392 13.584 

Lower bound on mean (95%) 40 43 57 48 42 

Upper bound on mean (95%) 82 79 118 105 100 

Standard error of the variance 516 432 1,211 1,048 1,078 

Standard error(Skewness (Fisher)) 0.597 0.550 0.550 0.564 0.564 

Standard error(Kurtosis (Fisher)) 1.154 1.063 1.063 1.091 1.091 

Mean absolute deviation 27 30 47 42 41 

Median absolute deviation 32 32 37 27 16 

Geometric mean 49 50 67 59 53 

Geometric standard deviation 2.090 2.052 2.319 2.212 2.323 

Harmonic mean 37 38 45 43 37 
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Table 37. Enterococcus in SLWT for OSTDS Sites A vs. Sewered Sites B 

Statistic A1 to A5 B1 to B5 

No. of observations 84 84 
Minimum 5 10 
Maximum 110 238 
Freq. of minimum 1 6 
Freq. of maximum 1 1 
Range 105 228 
1st Quartile 20 41 
Median 30 61 
3rd Quartile 52 100 
Mean 36 72 
Variance (n) 612 2,335 
Standard deviation (n) 25 48 
Variation coefficient 0.685 0.673 
Skewness (Pearson) 0.951 1.076 
Skewness (Fisher) 0.972 1.096 
Kurtosis (Pearson) 0.125 1.127 
Kurtosis (Fisher) 0.223 1.28 
Standard error of the mean 3 5 
Lower bound on mean (95%) 30 61 
Upper bound on mean (95%) 42 83 
Standard error of the variance 104 376 
Standard error(Skewness (Fisher)) 0.283 0.269 
Standard error(Kurtosis (Fisher)) 0.559 0.532 
Mean absolute deviation 21 39 
Median absolute deviation 20 31 
Geometric mean 28 56 
Geometric standard deviation 2.072 2.177 
Harmonic mean 22 40 
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Table 38. Distance Variations for Total Coliform without Seasonal Fluctuations for OSTDS Sites A1 
to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 35 35 35 35 35 

Minimum 5 1,723 495 563 663 

Maximum 24,196 17,329 17,329 24,196 14,136 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 2 2 2 4 5 

Range 24,191 15,606 16,834 23,633 13,473 

1st Quartile 4,106 5,794 6,893 7,243 7,229 

Median 8,704 9,208 8,297 8,704 9,208 

3rd Quartile 10,462 12,997 11,199 12,033 12,033 

Sum 285,530 306,344 255,935 368,442 274,174 

Mean 8,652 9,283 8,825 10,527 9,139 

Variance (n) 38,378,793 21,583,480 16,862,995 36,042,112 13851910 

Standard deviation (n) 6,195 4,646 4,106 6,004 3,722 

Variation coefficient 0.716 0.500 0.465 0.570 0.407 

Skewness (Pearson) 0.910 -0.030 0.021 1.003 -0.502 

Skewness (Fisher) 0.954 -0.031 0.022 1.049 -0.529 

Kurtosis (Pearson) 0.359 -1.189 -0.261 0.620 -0.337 

Kurtosis (Fisher) 0.626 -1.184 -0.073 0.912 -0.170 

Standard error of the mean 1095.143 821.270 776.048 1029.593 691.124 

Lower bound on mean (95%) 6,422 7,610 7,236 8,435 7,726 

Upper bound on mean (95%) 10,883 10,956 10,415 12,619 10,553 

Standard error of the variance 9,894,533 5,564,491 4,667,783 8,998,599 3,763,127 

Standard error(Skewness (Fisher)) 0.409 0.409 0.434 0.398 0.427 

Standard error(Kurtosis (Fisher)) 0.798 0.798 0.845 0.778 0.833 

Mean absolute deviation 4,759 4,049 3,292 4,444 2,942 

Median absolute deviation 4,293 3,789 2,822 2,495 2,518 

Geometric mean 5,294 7,817 7,368 8,644 7,820 

Geometric standard deviation 4.708 1.922 2.105 2.078 2.019 

Harmonic mean 158 6,188 4,738 5,766 5,284 
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Table 39. Distance Variations for Total Coliform without Seasonal Fluctuations for Sewered Sites B1 
to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 35 35 35 35 35 

Minimum 2,235 2,382 2,851 231 2,909 

Maximum 24,196 24,196 24,196 24,196 24,196 

Freq. of minimum 1 1 1 1 1 

Freq. of maximum 1 3 2 1 2 

Range 21,961 21,814 21,345 23,965 21,287 

1st Quartile 4,762 7,169 5,475 6,315 6,867 

Median 6,867 8,684 8,664 8,936 8,455 

3rd Quartile 11,616 12,033 14,136 12,559 12,756 

Sum 224,724 325,419 310,729 307,947 302,667 

Mean 8,323 10,169 10,024 9,623 10,089 

Variance (n) 26,702,281 30,764,923 31,328,242 27,417,113 28904737 

Standard deviation (n) 5,167 5,547 5,597 5,236 5,376 

Variation coefficient 0.621 0.545 0.558 0.544 0.533 

Skewness (Pearson) 1.315 1.239 0.912 0.595 1.156 

Skewness (Fisher) 1.394 1.300 0.959 0.625 1.218 

Kurtosis (Pearson) 1.602 1.289 0.258 0.336 0.783 

Kurtosis (Fisher) 2.204 1.730 0.526 0.609 1.161 

Standard error of the mean 1013.415 996.201 1021.898 940.438 998.356 

Lower bound on mean (95%) 6,240 8,138 7,937 7,705 8,047 

Upper bound on mean (95%) 10,406 12,201 12,111 11,541 12,131 

Standard error of the variance 7,690,722 8,066,372 8,358,548 7,188,597 7,852,506 

Standard error(Skewness (Fisher)) 0.448 0.414 0.421 0.414 0.427 

Standard error(Kurtosis (Fisher)) 0.872 0.809 0.821 0.809 0.833 

Mean absolute deviation 4,081 3,992 4,562 4,102 4,239 

Median absolute deviation 2,994 2,726 3,417 3,120 2,145 

Geometric mean 6,955 8,806 8,575 7,640 8,845 

Geometric standard deviation 1.852 1.751 1.781 2.379 1.687 

Harmonic mean 5,814 7,500 7,314 3,660 7,757 
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Table 40. Total Coliform Data without Seasonal Fluctuations for Combined Sites A and B 

 
 

  

Statistic A1 to A5 B1 to B5 

No. of observations 169 169 

Minimum 5 231 

Maximum 24,196 24,196 

Freq. of minimum 1 1 

Freq. of maximum 6 9 

Range 24,191 23,965 

1st Quartile 6,131 5,960 

Median 9,208 8,664 

3rd Quartile 12,033 12,033 

Mean 9,315 9,681 

Variance (n) 26,366,378 29,521,412 

Standard deviation (n) 5,135 5,433 

Variation coefficient 0.551 0.561 

Skewness (Pearson) 0.693 1.029 

Skewness (Fisher) 0.700 1.040 

Kurtosis (Pearson) 0.842 0.815 

Kurtosis (Fisher) 0.907 0.883 

Standard error of the mean 407.218 442.161 

Lower bound on mean (95%) 8,511 8,807 

Upper bound on mean (95%) 10,119 10,554 

Standard error of the variance 2,975,704 3,420,033 

Standard error(Skewness (Fisher)) 0.192 0.197 

Standard error(Kurtosis (Fisher)) 0.381 0.391 

Mean absolute deviation 3,926 4,212 

Median absolute deviation 2,825 3,189 

Geometric mean 7,296 8,158 

Geometric standard deviation 2.583 1.899 

Harmonic mean 688 5,901 
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Table 41. Distance Variations for E. coli without Seasonal Fluctuations for OSTDS Sites A1 to A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 34 34 34 34 34 

Minimum 10 106 30 41 52 

Maximum 1,561 1,008 1,059 1,470 1,679 

Freq. of minimum 2 1 1 2 1 

Freq. of maximum 1 1 1 1 1 

Range 1,551 902 1,029 1,429 1,627 

1st Quartile 177 324 355 388 431 

Median 287 452 505 613 752 

3rd Quartile 529 663 749 889 1,036 

Mean 405 503 548 672 767 

Variance (n) 146,159 62,760 65,186 134,916 165,761 

Standard deviation (n) 382 251 255 367 407 

Variation coefficient 0.944 0.498 0.466 0.547 0.531 

Skewness (Pearson) 1.723 0.655 0.176 0.447 0.229 

Skewness (Fisher) 1.812 0.687 0.185 0.468 0.240 

Kurtosis (Pearson) 2.231 -0.556 -0.748 -0.424 -0.801 

Kurtosis (Fisher) 2.859 -0.444 -0.659 -0.295 -0.729 

Standard error of the mean 69.799 44.286 47.411 63.940 73.124 

Lower bound on mean (95%) 262 413 451 541 618 

Upper bound on mean (95%) 547 593 645 802 917 

Standard error of the variance 38,996 16,180 17,709 34,220 43,462 

Standard error(Skewness (Fisher)) 0.421 0.409 0.427 0.403 0.414 

Standard error(Kurtosis (Fisher)) 0.821 0.798 0.833 0.788 0.809 

Mean absolute deviation 279 206 217 309 342 

Median absolute deviation 123 150 182 258 306 

Geometric mean 255 441 466 537 628 

Geometric standard deviation 3.123 1.720 2.008 2.266 2.098 

Harmonic mean 98 378 309 320 432 
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Table 42. Distance Variations for E. coli without Seasonal Fluctuations for Sewered Sites B1 to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 34 34 34 34 34 

Minimum 31 74 41 20 41 

Maximum 1,201 934 1,095 984 1,063 

Freq. of minimum 1 2 1 1 2 

Freq. of maximum 1 1 1 1 1 

Range 1,170 860 1,054 964 1,022 

1st Quartile 158 135 219 171 158 

Median 323 296 313 298 350 

3rd Quartile 513 473 478 471 455 

Mean 364 324 383 337 349 

Variance (n) 78,317 43,760 77,747 57,901 57,544 

Standard deviation (n) 280 209 279 241 240 

Variation coefficient 0.768 0.647 0.728 0.713 0.688 

Skewness (Pearson) 1.183 0.875 0.979 0.878 0.935 

Skewness (Fisher) 1.251 0.922 1.031 0.927 0.986 

Kurtosis (Pearson) 1.218 0.452 0.221 0.198 0.927 

Kurtosis (Fisher) 1.716 0.768 0.493 0.476 1.348 

Standard error of the mean 53.858 38.846 51.778 45.474 45.334 

Lower bound on mean (95%) 254 244 277 244 256 

Upper bound on mean (95%) 475 403 489 430 442 

Standard error of the variance 22,105 11,888 21,121 16,027 15,929 

Standard error(Skewness (Fisher)) 0.441 0.427 0.427 0.434 0.434 

Standard error(Kurtosis (Fisher)) 0.858 0.833 0.833 0.845 0.845 

Mean absolute deviation 216 171 217 195 184 

Median absolute deviation 181 175 156 154 190 

Geometric mean 256 256 279 242 257 

Geometric standard deviation 2.599 2.079 2.434 2.574 2.434 

Harmonic mean 155 197 183 141 167 
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Table 43. E. coli Data without Seasonal Fluctuations for Combined Sites A and B 

Statistic A1 to A5 B1 to B5 

No. of observations 165 165 

Minimum 10 20 

Maximum 1,679 1,201 

Freq. of minimum 2 1 

Freq. of maximum 1 1 

Range 1,669 1,181 

1st Quartile 315 161 

Median 496 315 

3rd Quartile 813 478 

Mean 581 351 

Variance (n) 131,479 63,356 

Standard deviation (n) 363 252 

Variation coefficient 0.624 0.716 

Skewness (Pearson) 0.765 1.051 

Skewness (Fisher) 0.773 1.062 

Kurtosis (Pearson) 0.019 0.903 

Kurtosis (Fisher) 0.058 0.977 

Standard error of the mean 28.756 20.903 

Lower bound on mean (95%) 524 310 

Upper bound on mean (95%) 638 393 

Standard error of the variance 14,839 7,492 

Standard error(Skewness (Fisher)) 0.192 0.201 

Standard error(Kurtosis (Fisher)) 0.381 0.399 

Mean absolute deviation 297 197 

Median absolute deviation 234 157 

Geometric mean 448 258 

Geometric standard deviation 2.351 2.395 

Harmonic mean 235 166 

 

  



180 
 

Table 44. Distance Variations for Enterococcus without Seasonal Fluctuations for OSTDS Sites A1 to 
A5 

Statistic A1 A2 A3 A4 A5 

No. of observations 31 31 31 31 31 

Minimum 5 5 5 5 10 

Maximum 196 221 299 269 323 

Freq. of minimum 2 1 1 1 4 

Freq. of maximum 1 1 1 1 1 

Range 191 216 294 264 313 

1st Quartile 10 10 20 20 30 

Median 36 25 31 30 51 

3rd Quartile 77 54 52 49 74 

Mean 51 48 57 45 71 

Variance (n) 2,477 3,164 5,268 3,003 6,635 

Standard deviation (n) 50 56 73 55 81 

Variation coefficient 0.980 1.162 1.265 1.223 1.141 

Skewness (Pearson) 1.374 2.013 2.219 2.856 2.169 

Skewness (Fisher) 1.453 2.129 2.370 3.034 2.299 

Kurtosis (Pearson) 1.354 3.201 3.802 8.348 3.617 

Kurtosis (Fisher) 1.880 4.105 5.031 10.480 4.649 

Standard error of the mean 9.577 10.825 15.134 10.960 15.974 

Lower bound on mean (95%) 31 26 26 22 39 

Upper bound on mean (95%) 70 71 89 67 104 

Standard error of the variance 699 893 1,621 883 1,911 

Standard error(Skewness (Fisher)) 0.441 0.441 0.472 0.456 0.448 

Standard error(Kurtosis (Fisher)) 0.858 0.858 0.918 0.887 0.872 

Mean absolute deviation 39 40 47 34 53 

Median absolute deviation 26 15 20 16 21 

Geometric mean 30 29 34 28 45 

Geometric standard deviation 3.007 2.730 2.713 2.506 2.604 

Harmonic mean 18 19 22 20 30 
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Table 45. Distance Variations for Enterococcus without Seasonal Fluctuations for Sewered Sites B1 
to B5 

Statistic B1 B2 B3 B4 B5 

No. of observations 31 31 31 31 31 

Minimum 10 10 10 10 10 

Maximum 373 314 238 185 213 

Freq. of minimum 2 5 4 3 3 

Freq. of maximum 1 1 1 1 1 

Range 363 304 228 175 203 

1st Quartile 30 30 39 41 41 

Median 62 63 72 52 61 

3rd Quartile 104 103 113 90 95 

Mean 88 79 76 68 72 

Variance (n) 7,107 5,105 2,800 2,130 2,366 

Standard deviation (n) 84 71 53 46 49 

Variation coefficient 0.960 0.909 0.694 0.675 0.672 

Skewness (Pearson) 1.787 1.692 0.888 1.015 1.064 

Skewness (Fisher) 1.898 1.783 0.939 1.076 1.127 

Kurtosis (Pearson) 3.006 2.802 0.909 0.503 0.759 

Kurtosis (Fisher) 3.947 3.562 1.344 0.870 1.180 

Standard error of the mean 16.860 13.268 10.183 9.052 9.540 

Lower bound on mean (95%) 53 51 55 50 53 

Upper bound on mean (95%) 123 106 97 87 92 

Standard error of the variance 2,090 1,387 790 614 682 

Standard error(Skewness (Fisher)) 0.456 0.427 0.441 0.448 0.448 

Standard error(Kurtosis (Fisher)) 0.887 0.833 0.858 0.872 0.872 

Mean absolute deviation 61 51 42 37 39 

Median absolute deviation 38 39 40 30 23 

Geometric mean 58 52 55 53 56 

Geometric standard deviation 2.621 2.717 2.503 2.229 2.230 

Harmonic mean 38 32 35 37 39 
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Table 46. Enterococcus Data without Seasonal Fluctuations for Combined Sites A and B 

Statistic A1 to A5 B1 to B5 

No. of observations 150 150 

Minimum 5 10 

Maximum 323 373 

Freq. of minimum 5 17 

Freq. of maximum 1 1 

Range 318 363 

1st Quartile 20 31 

Median 31 62 

3rd Quartile 62 107 

Mean 54 77 

Variance (n) 4,161 3,938 

Standard deviation (n) 65 63 

Variation coefficient 1.184 0.819 

Skewness (Pearson) 2.371 1.784 

Skewness (Fisher) 2.398 1.803 

Kurtosis (Pearson) 5.476 4.333 

Kurtosis (Fisher) 5.734 4.539 

Standard error of the mean 5.614 5.362 

Lower bound on mean (95%) 43 66 

Upper bound on mean (95%) 66 87 

Standard error of the variance 516 479 

Standard error(Skewness (Fisher)) 0.210 0.206 

Standard error(Kurtosis (Fisher)) 0.417 0.410 

Mean absolute deviation 43 46 

Median absolute deviation 21 33 

Geometric mean 33 55 

Geometric standard deviation 2.715 2.436 

Harmonic mean 21 36 
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Table 47. Total Coliform in SHWT vs. SLWT in OSTDS Areas A 

Statistic A1  
(HWT) 

A1  
(LWT) 

A2  
(HWT) 

A2  
(LWT) 

A3  
(HWT) 

A3  
(LWT) 

No. of observations 85 85 85 85 85 85 

Minimum 5 259 6,015 1,723 5,794 495 

Maximum 24,196 14,136 17,329 15,531 17,329 17,329 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 2 1 2 1 1 1 

Range 24,191 13,877 11,314 13,808 11,535 16,834 

1st Quartile 6,586 2,293 8,831 2,981 8,164 3,940 

Median 9,804 5,119 12,033 5,794 10,462 7,717 

3rd Quartile 15,531 8,830 14,136 10,462 12,033 10,646 

Mean 11,443 5,687 11,642 7,063 10,246 7,671 

Variance (n) 44831395 14,453,420 12,645,968 19,832,275 9,080,348 20215478 

Standard deviation 
(n) 

6,696 3,802 3,556 4,453 3,013 4,496 

Variation coefficient 0.585 0.668 0.305 0.630 0.294 0.586 

Skewness (Pearson) 0.475 0.496 -0.076 0.497 0.600 0.298 

Skewness (Fisher) 0.522 0.549 -0.084 0.546 0.681 0.330 

Kurtosis (Pearson) -0.552 -0.717 -1.037 -1.157 0.064 -0.553 

Kurtosis (Fisher) -0.300 -0.510 -0.958 -1.129 0.752 -0.281 

Standard error of the 
mean 

1673.906 981.612 918.185 1113.336 869.883 1160.904 

Lower bound on 
mean (95%) 

7,895 3,595 9,685 4,703 8,350 5,197 

Upper bound on 
mean (95%) 

14,992 7,779 13,599 9,424 12,141 10,146 

Standard error of the 
variance 

16840935 5,629,486 4,925,498 7,450,004 4,015,956 7,873,759 

Standard error 
(Skewness (Fisher)) 

0.550 0.564 0.564 0.550 0.616 0.564 

Standard error 
(Kurtosis (Fisher)) 

1.063 1.091 1.091 1.063 1.191 1.091 

Mean absolute 
deviation 

5,417 3,323 2,968 3,951 2,404 3,652 

Median absolute 
deviation 

4,705 3,011 2,464 2,943 2,165 3,482 

Geometric mean 6,759 4,084 11,048 5,645 9,816 5,836 

Geometric standard 
deviation 

6.910 2.712 1.412 2.043 1.358 2.487 

Harmonic mean 84 2,082 10,420 4,477 9,401 3,377 
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Table 48. Total Coliform in SHWT vs. SLWT in OSTDS Areas A (Continued) 

Statistic A4  
(HWT) 

A4  
(LWT) 

A5  
(HWT) 

A5  
(LWT) 

A1 to A5 
(HWT) 

A1 to A5
(LWT) 

No. of observations 85 85 85 85 85 85 

Minimum 3,282 563 6,893 663 5 259 

Maximum 24,196 12,033 14,136 14,136 24,196 17,329 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 4 3 1 4 6 1 

Range 20,914 11,470 7,243 13,473 24,191 17,070 

1st Quartile 8,425 5,794 9,208 6,131 8,164 3,179 

Median 11,199 7,701 10,462 8,164 10,462 7,556 

3rd Quartile 15,531 8,704 12,033 9,804 14,136 9,804 

Mean 13,415 7,469 10,520 8,083 11,587 7,207 

Variance (n) 42,714,623 10,792,813 4,976,884 18,066,087 26,166,544 17318499 

Standard deviation 
(n) 

6,536 3,285 2,231 4,250 5,115 4,162 

Variation 
coefficient 

0.487 0.440 0.212 0.526 0.441 0.577 

Skewness 
(Pearson) 

0.587 -0.465 -0.146 -0.050 0.855 0.239 

Skewness (Fisher) 0.642 -0.512 -0.166 -0.055 0.872 0.243 

Kurtosis (Pearson) -0.850 -0.501 -1.133 -0.890 0.789 -0.788 

Kurtosis (Fisher) -0.719 -0.230 -1.075 -0.764 0.925 -0.762 

Standard error of 
the mean 

1585.126 821.310 644.003 1062.605 586.768 459.566 

Lower bound on 
mean (95%) 

10,071 5,728 9,117 5,831 10,419 6,293 

Upper bound on 
mean (95%) 

16,759 9,210 11,923 10,336 12,756 8,121 

Standard error of 
the variance 

15,512,818 4,054,325 2,201,121 6,786,534 4,300,626 2,737,679 

Standard error 
(Skewness 
(Fisher)) 

0.536 0.550 0.616 0.550 0.274 0.264 

Standard error 
(Kurtosis (Fisher)) 

1.038 1.063 1.191 1.063 0.541 0.523 

Mean absolute 
deviation 

5,422 2,553 1,889 3,398 3,829 3,459 

Median absolute 
deviation 

3,957 1,907 1,571 2,033 2,547 3,450 

Geometric mean 11,818 6,207 10,270 6,349 9,750 5,575 

Geometric standard 
deviation 

1.712 2.174 1.261 2.375 2.638 2.340 

Harmonic mean 10,214 3,946 10,011 3,882 371 3,332 

  



185 
 

Table 49. Total Coliform in SHWT vs. SLWT in Sewered Areas B 

Statistic B1  
(HWT) 

B1  
(LWT) 

B2  
(HWT) 

B2  
(LWT) 

B3  
(HWT) 

B3  
(LWT) 

No. of observations 84 84 84 84 84 84 

Minimum 2,613 2,235 2,382 4,569 2,851 3,784 

Maximum 24,196 12,997 24,196 12,997 24,196 15,531 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 1 1 3 1 2 2 

Range 21,583 10,762 21,814 8,428 21,345 11,747 

1st Quartile 3,993 5,475 6,802 7,169 4,677 6,370 

Median 7,670 6,867 11,616 8,664 8,164 9,234 

3rd Quartile 12,756 8,664 15,531 9,969 15,531 11,408 

Mean 9,365 7,201 11,802 8,536 10,757 9,336 

Variance (n) 41,101,067 8,768,234 51,411,889 4,785,191 49,992,931 12,853,050 

Standard deviation 
(n) 

6,411 2,961 7,170 2,188 7,071 3,585 

Variation 
coefficient 

0.685 0.411 0.608 0.256 0.657 0.384 

Skewness 
(Pearson) 

0.897 0.533 0.526 0.027 0.659 0.326 

Skewness (Fisher) 1.008 0.605 0.582 0.029 0.734 0.361 

Kurtosis (Pearson) -0.105 -0.498 -0.773 -0.577 -0.832 -1.013 

Kurtosis (Fisher) 0.436 -0.106 -0.589 -0.314 -0.657 -0.925 

Standard error of 
the mean 

1778.095 854.802 1851.340 564.812 1889.689 925.673 

Lower bound on 
mean (95%) 

5,524 5,339 7,856 7,333 6,704 7,363 

Upper bound on 
mean (95%) 

13,206 9,064 15,748 9,740 14,810 11,309 

Standard error of 
the variance 

17,361,254 3,877,918 20,024,499 1,863,792 20,245,234 5,006,155 

Standard error 
(Skewness 
(Fisher)) 

0.597 0.616 0.564 0.564 0.580 0.564 

Standard error 
(Kurtosis (Fisher)) 

1.154 1.191 1.091 1.091 1.121 1.091 

Mean absolute 
deviation 

5,299 2,362 5,666 1,752 6,184 3,069 

Median absolute 
deviation 

4,562 1,695 3,915 1,596 4,555 2,773 

Geometric mean 7,331 6,571 9,412 8,238 8,517 8,630 

Geometric standard 
deviation 

2.105 1.591 2.113 1.326 2.066 1.520 

Harmonic mean 5,743 5,892 7,120 7,924 6,751 7,935 
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Table 50. Total Coliform in SHWT vs. SLWT in Sewered Areas B (Continued) 

Statistic B4  
(HWT) 

B4  
(LWT) 

B5  
(HWT) 

B5  
(LWT) 

B1 to B5 
(HWT) 

B1 to B5
(LWT) 

No. of observations 84 84 84 84 84 84 

Minimum 231 4,569 2,909 4,106 231 2,235 

Maximum 24,196 15,531 24,196 15,531 24,196 15,531 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 1 3 2 1 9 6 

Range 23,965 10,962 21,287 11,425 23,965 13,296 

1st Quartile 3,868 6,867 6,322 6,867 4,406 6,513 

Median 9,804 8,297 9,208 7,413 9,208 7,933 

3rd Quartile 13,085 11,199 16,880 10,361 15,531 11,015 

Mean 9,798 9,469 11,525 8,832 10,671 8,742 

Variance (n) 43,485,535 13188466 47,082,219 9,614,495 47,641,244 10519766 

Standard deviation 
(n) 

6,594 3,632 6,862 3,101 6,902 3,243 

Variation coefficient 0.673 0.384 0.595 0.351 0.647 0.371 

Skewness (Pearson) 0.475 0.554 0.603 0.823 0.632 0.584 

Skewness (Fisher) 0.530 0.609 0.678 0.910 0.645 0.595 

Kurtosis (Pearson) -0.425 -1.001 -0.822 -0.413 -0.601 -0.432 

Kurtosis (Fisher) -0.072 -0.916 -0.624 -0.084 -0.558 -0.380 

Standard error of the 
mean 

1762.416 907.898 1903.079 800.604 807.849 369.622 

Lower bound on 
mean (95%) 

6,018 7,545 7,414 7,126 9,061 8,006 

Upper bound on 
mean (95%) 

13,578 11,394 15,637 10,539 12,281 9,478 

Standard error of the 
variance 

17,609,986 4,954,254 19,887,717 3,744,765 7,993,657 1,717,432 

Standard error 
(Skewness (Fisher)) 

0.580 0.550 0.597 0.564 0.279 0.272 

Standard error 
(Kurtosis (Fisher)) 

1.121 1.063 1.154 1.091 0.552 0.538 

Mean absolute 
deviation 

5,179 3,095 5,851 2,590 5,669 2,647 

Median absolute 
deviation 

4,792 2,503 5,200 876 5,102 1,895 

Geometric mean 6,506 8,805 9,464 8,336 8,171 8,146 

Geometric standard 
deviation 

3.312 1.483 1.973 1.417 2.300 1.471 

Harmonic mean 2,249 8,197 7,615 7,886 4,800 7,540 
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Table 51. E. coli in SHWT vs. SLWT in OSTDS Areas A 

Statistic A1  
(HWT) 

A1  
(LWT) 

A2  
(HWT) 

A2  
(LWT) 

A3  
(HWT) 

A3  
(LWT) 

No. of observations 89 89 89 89 89 89 

Minimum 10 10 106 183 266 30 

Maximum 1,561 595 999 1,008 1,059 935 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 1 

Range 1,551 585 893 825 793 905 

1st Quartile 193 165 341 324 355 374 

Median 350 227 448 452 497 543 

3rd Quartile 741 341 778 558 797 705 

Mean 559 260 539 468 571 528 

Variance (n) 232,845 21,442 79,894 44,196 68,731 61,234 

Standard deviation (n) 483 146 283 210 262 247 

Variation coefficient 0.862 0.564 0.524 0.449 0.459 0.469 

Skewness (Pearson) 0.879 0.520 0.388 0.867 0.554 -0.244 

Skewness (Fisher) 0.979 0.575 0.429 0.954 0.623 -0.270 

Kurtosis (Pearson) -0.563 -0.143 -1.170 0.419 -1.089 -0.700 

Kurtosis (Fisher) -0.270 0.295 -1.145 1.032 -1.018 -0.487 

Standard error of the mean 128.964 37.809 72.981 52.557 72.712 63.893 

Lower bound on mean 
(95%) 

283 179 384 357 414 392 

Upper bound on mean 
(95%) 

836 340 695 580 728 664 

Standard error of the 
variance 

94,293 8,352 31,118 16,602 29,032 23,850 

Standard error (Skewness 
(Fisher)) 

0.580 0.564 0.564 0.550 0.597 0.564 

Standard error (Kurtosis 
(Fisher)) 

1.121 1.091 1.091 1.063 1.154 1.091 

Mean absolute deviation 396 119 249 163 230 210 

Median absolute deviation 248 99 198 128 192 169 

Geometric mean 331 200 459 424 514 427 

Geometric standard 
deviation 

3.642 2.586 1.867 1.597 1.610 2.345 

Harmonic mean 102 94 375 382 465 239 
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Table 52. E. coli in SHWT vs. SLWT in OSTDS Areas A (Continued) 

Statistic A4  
(HWT) 

A4  
(LWT) 

A5  
(HWT) 

A5  
(LWT) 

A1 to A5 
(HWT) 

A1 to 
A5 

(LWT) 
No. of observations 89 89 89 89 89 89 

Minimum 41 41 189 52 10 10 

Maximum 1,470 1,301 1,679 1,388 1,679 1,388 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 1 

Range 1,429 1,260 1,490 1,336 1,669 1,378 

1st Quartile 371 407 431 520 350 309 

Median 565 741 723 752 505 474 

3rd Quartile 897 889 1,015 1,034 866 759 

Mean 674 669 783 755 624 544 

Variance (n) 180,426 94,451 189,877 146,654 158,542 104,609 

Standard deviation (n) 425 307 436 383 398 323 

Variation coefficient 0.630 0.459 0.556 0.507 0.639 0.595 

Skewness (Pearson) 0.641 -0.082 0.529 -0.146 0.796 0.540 

Skewness (Fisher) 0.709 -0.090 0.595 -0.160 0.812 0.550 

Kurtosis (Pearson) -0.696 -0.600 -0.787 -1.028 -0.175 -0.405 

Kurtosis (Fisher) -0.480 -0.383 -0.572 -0.959 -0.103 -0.356 

Standard error of the mean 109.674 74.538 120.855 92.880 46.287 35.290 

Lower bound on mean 
(95%) 

440 512 522 559 531 473 

Upper bound on mean 
(95%) 

908 827 1,044 951 716 614 

Standard error of the 
variance 

70,275 34,302 80,205 53,261 26,416 16,334 

Standard error (Skewness 
(Fisher)) 

0.564 0.536 0.597 0.536 0.277 0.261 

Standard error (Kurtosis 
(Fisher)) 

1.091 1.038 1.154 1.038 0.548 0.517 

Mean absolute deviation 356 268 369 321 329 269 

Median absolute deviation 227 218 302 273 258 226 

Geometric mean 515 557 658 605 481 421 

Geometric standard 
deviation 

2.426 2.175 1.900 2.285 2.330 2.369 

Harmonic mean 300 339 539 374 251 222 
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Table 53. E. coli in SHWT vs. SLWT in Sewered Areas B 

Statistic B1  
(HWT) 

B1  
(LWT) 

B2  
(HWT) 

B2  
(LWT) 

B3  
(HWT) 

B3  
(LWT) 

No. of observations 89 89 89 89 89 89 

Minimum 41 31 74 74 74 41 

Maximum 982 1,201 703 934 771 1,095 

Freq. of minimum 1 1 1 1 1 1 

Freq. of maximum 1 1 1 1 1 1 

Range 941 1,170 629 860 697 1,054 

1st Quartile 215 135 175 120 223 218 

Median 395 269 299 292 288 373 

3rd Quartile 540 416 488 431 457 622 

Mean 408 332 332 317 311 438 

Variance (n) 69,088 82,773 42,114 44,918 35,974 102,763 

Standard deviation (n) 263 288 205 212 190 321 

Variation coefficient 0.645 0.867 0.618 0.669 0.609 0.732 

Skewness (Pearson) 0.615 1.609 0.381 1.226 0.809 0.679 

Skewness (Fisher) 0.706 1.781 0.433 1.348 0.919 0.747 

Kurtosis (Pearson) -0.317 2.559 -1.177 1.654 0.286 -0.663 

Kurtosis (Fisher) 0.230 4.080 -1.143 2.725 1.091 -0.452 

Standard error of the mean 79.251 74.285 59.241 52.985 54.752 80.142 

Lower bound on mean (95%) 233 173 203 205 192 268 

Upper bound on mean (95%) 582 490 461 429 431 608 

Standard error of the variance 32,137 32,239 18,626 16,873 15,910 38,603 

Standard error (Skewness (Fisher)) 0.637 0.564 0.616 0.550 0.616 0.550 

Standard error (Kurtosis (Fisher)) 1.232 1.091 1.191 1.063 1.191 1.063 

Mean absolute deviation 212 209 178 166 148 260 

Median absolute deviation 186 146 177 172 169 212 

Geometric mean 306 223 262 252 251 303 

Geometric standard deviation 2.458 2.722 2.157 2.066 2.085 2.736 

Harmonic mean 195 134 197 197 192 176 
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Table 54. E. coli in SHWT vs. SLWT in Sewered Areas B (Continued) 

Statistic B4  
(HWT) 

B4  
(LWT) 

B5  
(HWT) 

B5  
(LWT) 

B1 to 
B5 

(HWT) 

B1 to 
B5 

(LWT) 
No. of observations 89 89 89 89 89 89 

Minimum 63 20 41 41 41 20 

Maximum 820 984 594 1,063 982 1,201 

Freq. of minimum 1 1 1 1 2 1 

Freq. of maximum 1 1 1 1 1 1 

Range 757 964 553 1,022 941 1,181 

1st Quartile 175 154 158 229 174 151 

Median 209 309 364 348 299 322 

3rd Quartile 471 432 431 485 480 473 

Mean 337 338 305 384 338 362 

Variance (n) 48,794 65,300 34,372 73,602 46,986 75,872 

Standard deviation (n) 221 256 185 271 217 275 

Variation coefficient 0.656 0.757 0.607 0.706 0.642 0.761 

Skewness (Pearson) 0.675 0.974 -0.007 0.966 0.660 1.133 

Skewness (Fisher) 0.767 1.078 -0.008 1.069 0.676 1.154 

Kurtosis (Pearson) -0.586 0.460 -1.435 0.410 -0.111 0.839 

Kurtosis (Fisher) -0.241 1.139 -1.537 1.069 -0.021 0.969 

Standard error of the mean 63.767 65.980 53.519 70.048 27.309 30.605 

Lower bound on mean (95%) 198 197 189 235 283 301 

Upper bound on mean (95%) 476 478 422 533 392 423 

Standard error of the variance 21,580 25,434 15,202 28,667 8,504 12,069 

Standard error(Skewness (Fisher)) 0.616 0.564 0.616 0.564 0.299 0.266 

Standard error(Kurtosis (Fisher)) 1.191 1.091 1.191 1.091 0.590 0.526 

Mean absolute deviation 196 195 171 206 183 209 

Median absolute deviation 146 151 190 154 160 163 

Geometric mean 264 225 230 281 261 256 

Geometric standard deviation 2.147 2.976 2.425 2.486 2.206 2.553 

Harmonic mean 201 113 153 180 186 154 
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Table 55. Enterococcus in SHWT vs. SLWT in OSTDS s A 

Statistic A1  
(HWT) 

A1  
(LWT) 

A2  
(HWT) 

A2  
(LWT) 

A3  
(HWT) 

A3  
(LW
T) 

No. of observations 84 84 84 84 84 84 

Minimum 5 5 5 10 5 10 

Maximum 196 97 221 94 299 74 

Freq. of minimum 1 1 1 2 1 1 

Freq. of maximum 1 1 1 1 1 1 

Range 191 92 216 84 294 64 

1st Quartile 10 10 10 20 15 20 

Median 52 20 31 20 30 31 

3rd Quartile 109 52 61 41 135 50 

Mean 69 35 63 36 85 34 

Variance (n) 3,863 738 5,633 679 9,694 315 

Standard deviation (n) 62 27 75 26 98 18 

Variation coefficient 0.901 0.776 1.191 0.729 1.156 0.524 

Skewness (Pearson) 0.727 0.777 1.253 1.180 1.108 0.737 

Skewness (Fisher) 0.825 0.866 1.423 1.316 1.292 0.836 

Kurtosis (Pearson) -0.640 -0.497 -0.026 -0.025 -0.370 -0.381 

Kurtosis (Fisher) -0.323 -0.175 0.615 0.502 0.217 0.073 

Standard error of the mean 17.942 7.262 21.666 6.965 31.136 5.121 

Lower bound on mean (95%) 30 19 16 21 16 23 

Upper bound on mean (95%) 108 51 110 51 155 45 

Standard error of the variance 1,709 299 2,491 275 4,769 139 

Standard error (Skewness (Fisher)) 0.616 0.580 0.616 0.580 0.661 0.616 

Standard error (Kurtosis (Fisher)) 1.191 1.121 1.191 1.121 1.279 1.191 

Mean absolute deviation 53 24 60 21 84 15 

Median absolute deviation 42 11 21 10 22 11 

Geometric mean 38 25 30 28 40 29 

Geometric standard deviation 3.623 2.484 3.691 2.002 3.912 1.753 

Harmonic mean 19 17 16 23 19 25 
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Table 56. Enterococcus in SHWT vs. SLWT in OSTDS Areas A (Continued) 

Statistic A4  
(HWT) 

A4  
(LWT) 

A5  
(HWT) 

A5  
(LWT) 

A1 to 
A5 

(HWT) 

A1 to 
A5 

(LW
T) 

No. of observations 84 84 84 84 84 84 

Minimum 5 10 10 10 5 5 

Maximum 269 63 323 110 323 110 

Freq. of minimum 1 3 1 3 4 1 

Freq. of maximum 1 1 1 1 1 1 

Range 264 53 313 100 318 105 

1st Quartile 18 20 30 20 10 20 

Median 31 25 51 51 41 30 

3rd Quartile 67 39 118 63 109 52 

Mean 62 30 104 45 76 36 

Variance (n) 5,587 308 11,969 835 7,479 612 

Standard deviation (n) 75 18 109 29 86 25 

Variation coefficient 1.202 0.587 1.052 0.638 1.135 0.685 

Skewness (Pearson) 1.766 0.707 1.161 0.513 1.423 0.951 

Skewness (Fisher) 2.029 0.795 1.333 0.572 1.459 0.972 

Kurtosis (Pearson) 2.119 -0.734 -0.389 -0.539 0.878 0.125 

Kurtosis (Fisher) 4.101 -0.494 0.116 -0.235 1.060 0.223 

Standard error of the mean 22.538 4.871 32.986 7.721 11.165 2.936 

Lower bound on mean (95%) 13 19 31 29 54 30 

Upper bound on mean (95%) 112 40 177 62 99 42 

Standard error of the variance 2,599 130 5,567 338 1,388 104 

Standard error (Skewness (Fisher)) 0.637 0.597 0.637 0.580 0.306 0.283 

Standard error (Kurtosis (Fisher)) 1.232 1.154 1.232 1.121 0.604 0.559 

Mean absolute deviation 57 14 92 25 68 21 

Median absolute deviation 21 11 21 24 31 20 

Geometric mean 33 25 61 35 39 28 

Geometric standard deviation 3.251 1.893 2.915 2.240 3.418 2.072 

Harmonic mean 19 21 39 25 20 22 
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Table 57. Enterococcus in SHWT vs. SLWT in Sewered Areas B 

Statistic B1  
(HWT) 

B1  
(LWT) 

B2  
(HWT) 

B2  
(LWT) 

B3  
(HWT) 

B3  
(LWT) 

No. of observations 84 84 84 84 84 84 

Minimum 10 10 10 10 10 10 

Maximum 373 135 314 118 130 238 

Freq. of minimum 1 1 4 1 3 1 

Freq. of maximum 1 1 1 1 1 1 

Range 363 125 304 108 120 228 

1st Quartile 28 35 10 30 21 41 

Median 90 57 73 52 52 73 

3rd Quartile 203 87 150 86 79 130 

Mean 119 61 101 61 59 88 

Variance (n) 12,142 1,221 9,387 1,151 1,635 3,224 

Variance (n-1) 13,245 1,315 10,169 1,223 1,798 3,426 

Standard deviation (n) 110 35 97 34 40 57 

Standard deviation (n-1) 115 36 101 35 42 59 

Variation coefficient 0.924 0.574 0.959 0.552 0.690 0.648 

Skewness (Pearson) 0.941 0.472 0.945 0.123 0.361 0.814 

Skewness (Fisher) 1.081 0.531 1.073 0.135 0.420 0.895 

Kurtosis (Pearson) -0.166 -0.577 -0.299 -1.356 -0.994 0.536 

Kurtosis (Fisher) 0.469 -0.261 0.198 -1.403 -0.823 1.192 

Standard error of the mean 33.223 9.692 27.968 8.482 12.786 14.195 

Lower bound on mean (95%) 46 40 40 43 30 57 

Upper bound on mean (95%) 192 82 162 79 87 118 

Standard error of the variance 5,648 516 4,151 432 804 1,211 

Standard error(Skewness (Fisher)) 0.637 0.597 0.616 0.550 0.661 0.550 

Standard error(Kurtosis (Fisher)) 1.232 1.154 1.191 1.063 1.279 1.063 

Mean absolute deviation 93 27 80 30 34 47 

Median absolute deviation 70 32 63 32 33 37 

Geometric mean 69 49 54 50 41 67 

Geometric standard deviation 3.266 2.090 3.716 2.052 2.695 2.319 

Harmonic mean 38 37 26 38 26 45 
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Table 58. Enterococcus in SHWT vs. SLWT in Sewered Areas B (Continued) 

 

  

Statistic B4  
(HWT) 

B4  
(LWT) 

B5  
(HWT) 

B5  
(LWT) 

B1 to 
B5 

(HWT) 

B1 to 
B5 

(LWT) 

No. of observations 84 84 84 84 84 84 

Minimum 10 10 10 10 10 10 

Maximum 118 185 164 213 373 238 

Freq. of minimum 2 1 1 2 11 6 

Freq. of maximum 1 1 1 1 1 1 

Range 108 175 154 203 363 228 

1st Quartile 41 41 41 41 30 41 

Median 51 62 74 52 63 61 

3rd Quartile 74 102 95 91 108 100 

Mean 57 76 74 71 83 72 

Variance (n) 1,096 2,690 1,777 2,768 6,073 2,335 

Variance (n-1) 1,206 2,869 1,955 2,952 6,180 2,365 

Standard deviation (n) 33 52 42 53 78 48 

Standard deviation (n-1) 35 54 44 54 79 49 

Variation coefficient 0.582 0.681 0.570 0.738 0.936 0.673 

Skewness (Pearson) 0.395 0.872 0.526 1.256 1.705 1.076 

Skewness (Fisher) 0.461 0.965 0.612 1.390 1.750 1.096 

Kurtosis (Pearson) -0.685 -0.244 -0.323 0.955 2.946 1.127 

Kurtosis (Fisher) -0.309 0.153 0.295 1.832 3.328 1.280 

Standard error of the mean 10.470 13.392 13.332 13.584 10.322 5.437 

Lower bound on mean (95%) 34 48 44 42 63 61 

Upper bound on mean (95%) 80 105 104 100 104 83 

Standard error of the variance 539 1,048 874 1,078 1,158 376 

Standard error(Skewness (Fisher)) 0.661 0.564 0.661 0.564 0.314 0.269 

Standard error(Kurtosis (Fisher)) 1.279 1.091 1.279 1.091 0.618 0.532 

Mean absolute deviation 26 42 34 41 56 39 

Median absolute deviation 12 27 33 16 43 31 

Geometric mean 45 59 60 53 53 56 

Geometric standard deviation 2.278 2.212 2.170 2.323 2.807 2.177 

Harmonic mean 31 43 43 37 31 40 
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