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ABSTRACT 

Lake Houston serves as the source of drinking water for 

approximately 40% of the population of the City of Houston, 

and it also serves as a major recreational resource. Rapid 

development of the western portion of the lake's watershed 

has led to deterioration of lake water quality, raising 

concerns over continued present and future use. In response 

to concern over observed sporadically high levels of fecal 

coliform bacteria, research was undertaken to investigate 

bactériologie water quality. The objective of this research 

was to evaluate yearly, seasonal and spatial water quality 

trends and correlations of bacterial densities to physical 

and chemical water quality parameters. 

Information gained during these studies may be used in 

further evaluation and control of sources of bacterial 

pollution and to delineate periods when bactériologie water 

quality may be unsuitable for such uses as contact 

recreation. 
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1.0 INTRODUCTION 

Lake Houston serves as the source of drinking water for 

approximately 40% of the population of the City of Houston, 

and it also serves as a major recreational resource. 

Development of the lake's watershed has led to deterioration 

of lake water quality, raising concerns over continued 

present and future use. 

During 1982, sporadically high levels of fecal coliform 

bacteria were observed at a majority of twelve sampling 

sites in the lake. These high counts prompted an 

investigation of bactériologie water quality of the lake. 

The objectives of this investigation were to examine 

existing data to evaluate trends of bacteriological water 

quality and correlations between bacterial densities and 

physical and chemical factors. Other objectives were to 

examine close spaced variations in bacterial densities and 

determine the period of time that fecal coliform may survive 

in Lake Houston water. More specifically, these objectives 

are the following: 

1. Examine spatial, seasonal and yearly trends of Lake 

Houston bactériologie water quality. 
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2. Evaluate correlations between bacterial densities 

and water quality parameters and correlations between 

bacterial densities and tributary flows. 

3. Examine close spaced time and distance variations of 

bacterial densities. 

4. Determine survival periods of fecal coliform bacteria 

in Lake Houston water at different temperatures. 

These studies were undertaken in order to gain an 

understanding of possible sources of bacterial loads and 

when poor bacteriological water quality is likely to occur. 

The data used in this analysis includes City of Houston 

Public Works Department data collected monthly from 1976 to 

1982 and City of Houston Public Health Engineering 

Department data collected twice weekly from September, 1982 

to January, 1983. 
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2.0 LITERATURE SURVEY 

2.1 INDICATOR ORGANISM CONCEPTS 

Many microorganisms present in natural waters produce 

diseases in humans. The source of these pathogenic 

microorganisms is generally the feces of humans and warm 

blooded animals. 

Tests for specific pathogens are often time consuming, 

complicated and insensitive because of the limitations of 

detection(Berg,1978). Thus, the most common approach used 

in evaluating the possible presence of pathogens is the 

detection of organisms which indicate that pathogens may be 

present. These "indicator organisms" may suggest the 

presence of fecal pollution, and the presence of viruses, 

bacteria and other pathogens. The presence of high numbers 

of indicators also may infer that sufficient numbers of 

pathogens are present to produce a potential health 

hazard(Berg,1978). 

There are four criteria which should be met by an ideal 

indicator. The indicator organisms must be present when the 

pathogen is present, and absent when the pathogen is absent. 

The indicator organisms and pathogens should also be present 
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in the same ratio and must be easily measured. The 

indicator organisms and pathogen should be equally resistant 

to adverse conditions and should multiply equally well under 

similar conditions in similar proportions(Berg,1978). 

However, the ideal indicator does not exist. 

Total coliforms have long been used as indicators of 

bactériologie drinking water quality. These microorganism 

are easy to detect and quantify. The total coliform group 

includes a wide variety of aerobic and facultative 

anaerobic, gram-negative, nonspore forming, rod shaped 

bacilli that ferment lactose and produce gas within 48 hours 

at 35° C (American Public Health Associâtion(APHA),1980). 

Drawbacks to use of this group as an indicator are that some 

members of this group are not specific to fecal material and 

that in nutrient rich wastes, such as raw sewage discharges 

and food processing effluents, some members of this group 

multiply. Thus this group may not accurately reflect the 

presence of fecal discharges. On the other hand, the above 

drawbacks do provide a wide margin of safety in determining 

the presence of a public health hazard. Conversely, the 

presence of coliform bacteria may be masked and false 

negative results may erroneously indicate safety. 

A subgroup of the total coliform group, the fecal 

coliforms, is more accurately correlated with the presence 

of fecal discharge in natural waters. The fecal coliform 
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group includes Escherichia Coli and all other coliforms in 

the intestinal tracts of warm blooded animals which ferment 

lactose at 44° C(Geldreich,1978). The presence of fecal 

coliforms has been correlated with the presence of 

Salmonella(Van Donsel and Geldreich,1971, and Claudon, et al 

,1971). The presence of fecal coliforms has also been 

correlated with the presence of enteroviruses(Farrah and 

Bitton, 1983). 

The fecal coliform group is less likely to multiply in 

receiving waters than members of the total coliform group. 

Numerous stream pollution studies indicate that fecal 

coliform require a BOD greater than 30 mg/1 in order to 

persist(Geldreich,1978). It is important to note that 

coliform bacteria are much less resistant than viruses to 

disinfectants. Thus, even though both the total coliform 

group and fecal coliform subgroup may multiply in polluted 

waters, their numbers are not always adequate to compensate 

for their lesser resistance(Berg,1978). 

Fecal streptococci, as defined by Standard 

Methods(APHA,1980), include the intestinal streptococci from 

warm blooded animals fecal wastes. The main value of these 

organisms is in the differentiation of human fecal pollution 

and other warm blooded animal fecal pollution. In human 

feces, fecal coliform to fecal streptococci ratios are 

greater than 4; while in other warm blooded animal feces, 
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the fecal coliform to fecal streptococci ratio is less than 

0.7(Geldreich and Kenner,1969). These ratios are most 

useful when developed from samples taken directly at a waste 

outfall,because fecal strep bacteria have higher survival 

rates than fecal coliform (Geldreich,1969, and Cohen and 

Shuval,1973). Thus, ratios are valid only during the 

initial 24 hour downstream travel from the waste 

outfall(Geldreich,1978). 

Although at one time many recreational water standards 

were based on total coliform densities(Geldreich,1970), they 

have now been replaced by the use of fecal coliform bacteria 

as indicators. This has occurred because of the variable 

correlation of total coliform content with fecal 

contaminâtion(US EPA,1976). Present recreational water 

standards recommended by the US Environmental Protection 

Agency(EPA) are based on fecal coliform densities. The 

rationale for specific limits are drawn from earlier studies 

of epidemiological health limits at levels of 2300 to 2400 

total coliforms per 100 ml and other studies which indicated 

that fecal coliform represented 18 percent of total 

coliforms (US EPA, 1976). 

The microbial guidelines for primary contact recreation 

adopted by most of the states, including Texas(TX Admin Code 

Sections 333.11-333.21) is essentially that recommended by 

EPA (US EPA, 1976): "Based on a minimum of not less than 
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five samples taken over a 30 day period, the fecal coliform 

bacteria level should not exceed a log mean of 200 per 100 

ml, nor should more than 10 percent of the total samples 

taken during any 30 day period exceed 400 per 100 ml." 

The foundations for these criterion set by the EPA and 

the states have been questioned on the basis of shortcomings 

of the fecal coliform as an indicator organisms and its 

relationship to reported health effects(Cabelli, et al 

,1983, and Northrop, et al ,1981). In spite of its 

shortcomings, the fecal coliform group is the most widely 

accepted indicator of bactériologie water quality for 

recreational waters. 
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2.2 FACTORS AFFECTING SURVIVAL OF INDICATOR ORGANISMS 

The survival of indicator bacteria and pathogens in 

receiving waters has been well documented(Mitchell and 

Chamberlin, 1978). The literature describes the effects of 

different temperatures, environmental factors and water 

quality parameters on the die-off rates of total and fecal 

coliform, fecal streptococci, pathogenic bacteria and 

viruses. The factors most important to survival include 

temperature, solar radiation, nutrient concentrations and 

suspended solids. The importance of several other factors, 

including pH, dissolved oxygen and natural predators, has 

also been studied but the influence of these variables 

appears to be complex and sufficient data is not available 

to draw conclusions(Mitchell and Chamberlin, 1978). 

Many studies have documented the inverse relationship 

between temperature and indicator organism die off rates. 

One of the first studies, conducted by Streeter(1934) 

analyzed bacterial changes in the Ohio River. He found 

bacterial die off rates were greater at higher temperatures; 

although, initial increase of bacterial content was also 

observed at higher temperatures. This initial increase of 

bacterial content was also observed by Hendricks(1972) at 

higher temperatures. Kittrell and Furfari(1963) support a 

greater bacteria decrease during warmer summer months, but 
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also observed an inital rapid multiplication of bacteria 

concentrations in wastewater entering a stream during 

summer. More recent studies(Farah and Bitton,1983, and 

Dutka and Kwan,1983) support an inverse relationship between 

temperature and die-off rates. In a study of the relative 

effects of temperature and autochthonous microbiota on E. 

Coli survival, Anderson, et al (1983) attributed pronounced 

disappearance of E. Col i at warmer temperatures to an 

increase in the eucaryote component of the natural 

microbiota. Verstraete and Voets'(1976) findings also 

attribute greater die off of bacteria at higher temperatures 

to increased ecological effects as well as physico-chemical 

factors. 

Solar radiation is also known to play an important role 

in the survival of indicator organisms in receiving 

waters(Mitchell and Chamberlin,1978). Verstraete and 

Voets(1976) found that die off of E. Coli diminished when 

survival tests were run in the dark. Gannon, et al^ (1983) 

found substantially lower die off rates for survival tests 

run in low levels of illumination when compared with rates 

of survival tests exposed to sunlight. Kapuscinski and 

Mitchell(1983) demonstrated that exposure to sunlight causes 

rapid mortality of indicator organisms. They found that die 

off rates of E. Coli were ten times higher when exposed to 

sunlight as compared with the die off of organisms kept in 

the dark. 
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Receiving waters are assumed to be hostile environments 

where enteric bacteria exist under starvation conditions 

with growth being limited by lack of suitable 

nutrients(Hendricks,1972). However, sewage effluent 

provides a dilute nutrient medium with the essential 

nutrients of nitrogen, phosphorous, and carbon (Mitchell and 

Chamberlin,1978). Nutrient levels have been shown to have 

an important effect on die-off of bacteria. Hendricks(1972) 

studied the growth of pathogenic and nonpathogenic bacteria 

in river wa'-.er above and below a sewage plant outfall. He 

demonstrated that the enteric bacteria were capable of 

growth in river water below the plant, implying more 

favorable nutrient conditions. In a comparative study of 

survival of coliform bacteria in two different streams, 

McFeters and Stuart(1972) attributed longer persistence of 

fecal coliform in one stream to differences in 

concentrations of inorganic constituents. Savage and Hanes 

(1972) studied the effects of nutrient levels on bacterial 

survival in seawater. They observed that between 0 and 10 

mg/1 BOD, seawater loses its toxicity to total and fecal 

coliform and that if sufficient nutrient levels are 

available, bacterial density will increase. Shehata and 

Marr(1971) also examined the relationships between specific 

growth rate of E. Coli and concentration of limiting 

nutrient and found that at low concentrations the growth 

rate is a strong function of nutrient concentration. 
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Verstraete and Voets(1976) and Dutka and Kwan (1980) 

concluded that survival of E. Coli was enhanced by nutrients 

available in polluted waters. 

Suspended solids play an important role in the occurrence 

and survival of indicator bacteria. They serve as a mode of 

transport, provide a habitat and also provide protection for 

indicator organisms. 

Bacteria behave as collidal particles in an aqueous 

system. In effect, bacteria may be regarded as living 

colloids (Marshall,1976). Many aspects of microbial 

attachment to particle surfaces can be explained by 

principles defined by colloid scientists. Microorganisms 

arriving near such surfaces become subject to short range 

attraction forces, such as hydrophobic, columbic and Van der 

Waals forces(Marshall and Bitton, 1978). 

Nutrient materials tend to concentrate at the surfaces of 

particles(Marshall and Bitton, 1978), and thus the surfaces 

of sediments become important habitats for bacteria. The 

importance of sediments as habitats because of higher 

nutrient concentrations was demonstrated by Heukelekian and 

Heller ( 1940). They showed that growth of E. Coli in a 

dilute nutrient medium was affected by the addition of glass 

beads. Addition of the beads permitted considerable growth 

in water with glucose and peptone concentrations of 0.5 ppm; 

while, without the beads, growth was not observed. In a 
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study of glucose mineralization potentials of attached and 

free bacteria, Goulder(1977) found that most bacteria were 

attached to solids and that mineralization potentials of the 

attached bacteria were greater than that of free bacteria. 

The concentrations of nutrients available to bacteria at 

surfaces was also investigated by Kjellebert, et al^ (1982). 

Regrowth and division of Vibrio bacteria occurred at the 

solid liquid interface of a dialysis membrane at nutrient 

concentrations too dilute to permit growth in the aqueous 

phase. 

Suspended solids also provide protection for bacteria 

from solar radiation and predators. Bitton, et al (1977) 

studied the effect of clay minerals and humic acid on the 

survival of Klebsiella aerogenes exposed to ultraviolet 

radiation. The results of this study indicated that 

bacterial survival was directly correlated with the specific 

adsorption of the clay minerals and humid acid. Roper and 

MarshalK1978) found that particulate matter, in this study 

montmorillonite clay, drastically reduces the effect of 

predators on the survival of E. Coli in a quatic systems. 

Bitton and MitchelK 1974) also found that when 

montmorillonite was added to fresh natural seawater, E. Coli 

was protected from predators and survival was enhanced. 

The enhanced survival of bacteria associated with 

sediments and their frequent association with sediments due 
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to their colloidal properties is supported by field studies. 

(Mitchell and Chamberlin, 1978, Streeter, 1934, and 

Grimes,1980) These studies indicate that sedimentation plays 

a significant role in observed bacteria disappearance and 

that resuspension of sediments and associated bacteria may 

play an important role in bactériologie water quality. 

Up to 75% of bacteria in sewage are removed during plain 

sedimentation processes(Metcalf and Eddy,1979). This 

suggests that observed removal may be attributed in part to 

sedimentation (Mitchell and Chamberlin,1978). On the basis 

of observed bacteria reductions and concurrent turbidity 

reductions during wastewater sedimentation processes, 

Streeter(1934) suggested that reduction in turbidity between 

two points on the Ohio River might correspond to bacteria 

reductions due to sedimentation. Upon correcting the actual 

bacteria reductions observed in the Ohio River during the 

summer periods for the change in suspended matter, Streeter 

subsequently observed agreement between the corrected river 

curve and the stored sample curve. Thus he concluded that 

the observed bacteria reductions in the river was due in 

part to sedimentation of the river bacteria load. Gerba and 

McLeod(1976) found that fecal coliform survived for longer 

periods of time in unsterile natural seawater when sediment 

was present. Grimes(1980) studied the bacteriological 

effects of dredging polluted Mississippi River bottom 

sediments and found that mean turbidity values downstream of 
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the dredging operation were directly and significantly 

related to total coliform, fecal coliform and fecal strep 

values. Gannon, et al (1983) observed elevated fecal 

coliform densities in bottom sediments of the upstream end 

of Ford Lake, where the lake's tributary entered the 

impoundment. Geldreich, et al (1980) attributed a decrease 

of fecal contamination to ten percent of the original 

bacterial content introduced from reservoir feeder creeks to 

sedimentation processes and dispersion. 

Field studies support enhanced survival of bacteria in 

bottom sediments. Hendricks(1971) found a higher incidence 

of Salmonella species in stream bottom sediments than in the 

overlying water column. Matson, et al (1978) also found 

higher concentrations of indicator organisms in sediments 

than in river waters; and, in a study of estuarine coastal 

canals in Galveston, Goyal, et al (1978) found higher 

concentrations of fecal coliform bacteria and salmonella in 

bottom sediments than in overlying waters. Geldreich, e^t al^ 

(1980) observed longer survival of E. Coli at depths of 6.1 

m as compared to 0.9 m in a water supply reservoir. 

Because sediments may act as a bacteria sink where 

survival of indicator and pathogenic organisms is enhanced, 

processes which resuspend sediments may have an important 

impact of bactériologie water quality. These processes 

include tributary flow and, in a reservoir, wind generated 
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waves and currents. 

Researchers have pointed out that resuspension of 

sediments and associated indicator bacteria and pathogenic 

microorganisms may possibly occur due to wind generated 

waves and currents (Cabelli, et al 1983,Dutka and Kwan, 

1983, Goyal, et a_l ,1978, and LaBelle, et al, 1980) ; 

however, direct evidence of deterioration of bacteriological 

water quality due to wind resuspension has not been 

documented. Northrop, et al (1381) collected 

bacteriological samples at close spaced time and distance 

intervals on several weekends. No relationship was observed 

between wind data and bactériologie water quality in this 

study. 

Resuspension due to tributary flow has also been 

proposed. Matson, et al (1978) proposed that a store of 

bacteria and pathogenic organisms is present in stream 

sediments. Increased flow during storm events re-entrains 

sediments and bacteria. Evidence of the storage of bacteria 

in sediments was presented by Grimes(1980). He attributed 

increased bacteria densities in the Mississippi River to 

resuspension of sediments during dredging operations. 

McDonald and Kay(1981) studied the impact of hydrograph 

events on reservoir tributary bactériologie water quality. 

Statistically significant increases in enteric bacteria 

concentrations were found during nine of eleven hydrograph 
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events. The authors attribute these increases to removal of 

these organisms from the available store in the stream 

sediments, soil and fecal material in the drainage basin. 

The available store of microorganisms in the channel fluvial 

system was examined in further research of Thruscross and 

Fewston Reservoir (McDonald, et al^ ,1982). Artificial 

hydrographs were generated by releasing water from one 

reservoir to another. Bacterial concentrations were shown 

to increase more than ten times in response to these 

artifical hydrographs. This increase was attributed to an 

available store of enteric bacteria in stream sediments. 

2.3 BACTERIOLOGIC WATER QUALITY MODELS 

In order to assess the impact of bacterial pollution 

sources and develop water quality management plans, 

researchers have developed water quality models for 

indicator organisms. These models account for the factors 

which affect the occurrence and survival of indicator 

bacteria. These models may be classified into two types, 

statistical and deterministic. 

Statistical models may be used in cases where information 

concerning material balance and kinetics of a reservoir are 

missing or when coliform counts in the water column exhibit 
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a high correlation with other variables(Canale, et al. 

,1973). This was the case of Grand Traverse Bay, Michigan. 

Coliform and turbidity data collected daily exhibited 

distinct seasonal and long term trends (Canale, et <îl 

,1973). This data was used to develop a time series and a 

multiple regression model. The authors note that the 

resulting models produce predictions of decreasing accuracy 

as prediction lead time increases. Mahloch(1974) developed 

three statistical models in a study of river bacteriological 

water quality. These models were multiple regression models 

relating coliform concentrations to time of travel and 

temperature, USGS water quality data and a model which 

employed canonical variates. Mahloch(1974) noted the 

limitations of statistical models when developed from a 

limited data base. Kay and McDonald(1983) also developed a 

multiple regression model to predict concentrations of 

enteric bacteria in two upland impoundments. They noted an 

improvement over univariate linear models because the 

multivariate approach included predictor variables for 

timing and magnitude of hydrologic input and physico¬ 

chemical water quality parameters. 

Deterministic models are based on a knowledge of 

processes and factors which affect the survival and 

occurrence of fecal coliform bacteria. Canale(1973) 

developed a predictive model based on simple fluid transport 

equations and first order temperature dependent kinetics. 
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In an earlier paper(Canale, et al ,1973), the authors note 

that kinetic coefficients must be within an expected range 

of values determined from lab and field studies and that a 

complete knowledge of source flows and concentrations is 

necessary. The model was subsequently used in an assessment 

of alternate control policies of sources of bacterial 

pollution. Freedman, et a_l (1980) developed a mathematical 

model to predict the impact of storm loads on phosphorous, 

fecal coliform and dissolved oxygen concentrations on 

Onondaga Lake water quality. Use of the model indicated 

that fecal coliform concentrations were increased by storm 

loads and as a result, a limited control program was 

implemented. Uchrin and Weber(1983) developed a 

mathematical model to examine bacterial contamination 

problems and also demonstrated that major fecal coliform 

bacteria loads were related to storm events. Mahloch(1974) 

developed three deterministic models based on die off rates, 

and time of travel of the bacteria load. Results indicated 

that a deterministic model was best suited for prediction of 

total coliform concentrations, while a statistical model was 

best suited for fecal coliform concentration predictions. 

He noted that selection of a model depends not only on 

accuracy but on ease of implementation. 
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3.0 CHARACTERISTICS OF STUDY AREA 

Lake Houston is a man-made lake created as a water supply 

for the city of Houston, Texas. The lake was formed in 1954 

by construction of a dam on the San Jacinto River, 

approximately 18 mi(29 km) northeast of the city. Maximum 

depth of the reservoir is 45 ft(13.7 m); however, mean depth 

of the reservoir is 12.5 ft(3.8 m) . The lake's total 

drainage area is 2828 mi^ (7240 km^ ) and can be divided 

into the drainage areas of the east and west fork of the San 

Jacinto River. Major tributaries of the west fork include 

Cypress and Spring Creeks and the West Fork of the San 

Jacinto River. The east fork tributaries include Caney and 

Peach Creeks, Luce Bayou and the East Fork San Jacinto 

River(Figure 1). 

Lake Conroe is situated on the West Fork of the San 

Jacinto, north of Conroe, Texas. Impoundment of this 

reservoir began January, 1973. Lake Conroe drains an area 

of 445 mi^ (140 km^ ) into the upper West Fork of the San 

Jacinto River. 

Lake Houston supplies about 40% of the City of Houston's 

drinking water and also provides a major recreational 

resource. Rapid development along the western tributaries 

has led to deterioration of lake water quality, raising 

concerns over continued present and future use. Development 

in the lake watershed has spawned a concommittant increase 



20 

in the number of sewage treatment plants discharging into 

the lake's tributaries. In an earlier study of point and 

nonpoint loads to Lake Houston, the total number of 

municipal sewage treatment plants in the watershed was 

reported to be sixty(Newell, 1981). Of 60 plants, 30 were 

discharging into Cypress Creek, 12 into Spring Creek, 11 

into the West Fork (not including plants above Lake Conroe 

dam) and 7 into East Fork tributaries. A later study 

reported a total of 122 plants in the watershed(Bedient, et 

al, 1983). Of this total 70 treatment plants were 

discharging into Cypress Creek, 28 on Spring Creek and 24 

were discharging into the West Fork. The number of plants 

on the East Fork were not presented in the report. 

As of April, 1984, the total number of existing treatment 

plants is reported as 172 municipal treatment plants and 24 

industrial treatment plants(Personal communication, Mr. 

David Krentz, 1984, City of Houston Public Health 

Engineering Department). From January, 1983 to April, 1984, 

fourteen applications for new permits have been received on 

Cypress Creek, one permit application has been received for 

the West Fork of the San Jacinto and four new permit 

applications have been received for Spring Creek. These 

permit applications reflect a possible future increased 

effluent discharge of 6,611,900 gallons per day(gpd) for 

Cypress Creek, 98,000 gpd for the West Fork of the San 

Jacinto, and 300,000 gpd for Spring Creek. These past and 
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future increases indicate the possibility of increasing 

bacterial pollution loads from point sources of pollution. 

During September,1982, intensive sampling of Lake Houston 

bacterial water quality also included intensive sampling of 

the lake's tributaries. The results of tributary sampling 

are presented in Tables 1 and 2. These results indicate 

that lake tributaries are carrying, in some cases, large 

bacterial pollution loads. The source of these loads is not 

known at this time. 

3.1 LAKE HOUSTON BACTERIOLOGIC WATER QUALITY STUDIES 

The first study to examine bactériologie water quality 

was conducted in 1940 and was completed before the 

impoundment of Lake Houston was begun(Morgan,1940). The 

purpose of the study was to examine the water quality of the 

San Jacinto River to assess its suitability as a future 

domestic and industrial supply for Houston. The study found 

that during the period of 1934 to 1937, total coliform 

densities varied directly with river discharge; however, 

during 1938, high bacterial densities occurred during low 

flow. 

The Texas Water Quality Board performed an intensive 

water quality analysis of Lake Houston(Kirkpatrick,1974). 

More than 40 different parameters,including fecal coliform, 
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at 13 stations were monitored during two consecutive days. 

The researchers found that fecal coliform levels exceeded 

200 colony forming units(cfu)/100 ml at all stations except 

one. They attributed this to the presence of animal and 

human wastes carried into tributary and lake waters by high 

rainfall runoff antecedent to the survey. 

The most detailed studies of Lake Houston were conducted 

by Bedient, et al, (1980,1983). These studies included 

sampling programs, population and land use projections, 

study of lake processes, tributary loads, and sedimentation, 

and development of lake nutrient budgets and models. 

Aspects of these two studies important to analysis of 

bactériologie water quality, include the analysis of in-lake 

processes and point source pollution loads. Although, these 

analyses did not address Lake Houston bactériologie water 

quality, in-lake processes have an important impact on 

survival of fecal coliform bacteria and point source 

pollution may be an important source of bacterial pollution 

loads. 

4.0 DATA SOURCES 

Existing data sources were used to analyze trends and 

parameters and processes important to bacteriological water 

quality. In-lake water quality data was available from two 

sources. The City of Houston Public Works Department 
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collects water quality data at nine in-lake stations(Fig 2). 

Data for these nine sites for the years 1976 to 1982 was 

analyzed. Locations of these nine sites are described in 

Table 3. This data was collected monthly with the exception 

of the sampling site at the city's water supply intake 

(Station 1) and the West Fork of the San Jacinto at Highway 

59 (Station7). Samples were collected twice monthly at the 

intake tower and three times monthly at Highway 59. The 

Public Works department analyzed samples for several water 

quality parameters including: fecal coliform, fecal 

streptococcus, and total coliform bacteria, temperature, 

dissolved oxygen(DO), biochemical oxygen demand(BOD), 

suspended solids and total organic carbon(TOC). Bacteria 

samples were analyzed using the membrane filter technique as 

described in Standard Methods( APHA,1980). 

The City of Houston Public Health Engineering Department 

began collecting water quality samples at fourteen in-lake 

stations(Fig. 3) in September, 1982. This data has been 

collected twice per week at all sites. Water quality 

parameters measured included fecal and total coliform 

bacteria which were analyzed using the MPN method(Standard 

Methods,1980). It is important to note here that because of 

weather conditions and boat repairs, bacteria data for the 

months of May and June are not presently available. Also, 

bacteria data was not collected during December, 1982. 
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Tributary discharge data and lake stage data from 1976 to 

September, 1983, were also used in the analysis. The data 

were collected by the U.S. Geological Survey(USGS). Data 

from the following tributary gages was used. Locations of 

TABLE 4 

USGS GAGE DESCRIPTION 

GAGE 

08068000 W. Fork San Jacinto River near 

08068520 

08069000 

08070000 

08070500 

08072000 

Conroe, TX 

Spring Creek @ Spring, TX 

Cypress Creek near Westfield, TX 

E. Fork San Jacinto River near 

Cleveland, TX 

Caney Creek near Splendora, TX 

Lake Houston near Sheldon, TX 

these gages are shown in Figure 4. Discharge rating 

measurements of the lake's tributaries collected by the USGS 

were also used. These included measurements of mean stream 

velocity, gage height and calculated discharge at the stream 

gage stations presented in Table 4. 

Field sampling was conducted during the period August 

1983 to October 1983 in cooperation with the City Health 
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Department. This data consisted of bacteria samples 

collected at close spaced time and distance intervals and 

also at different depths. Depth samples were collected 

using a sampler designed ^ for this study(Fig 5). All 

samples were analyzed by the City Health Department 

Laboratory. 

The period of time during which fecal coliform bacteria 

might survive was investigated under laboratory conditions. 

A standard lab culture of HFR E. Coli was added to a sample 

of water collected from the West Fork of the lake. Flasks 

containing the seeded, water were stored at constant 

temperature and were continuously stirred. Survival of the 

test culture was determined by enumeration of bacteria by 

the membrane filter technique (APHA,1980) for a period of 

two weeks or less. 

5.0 METHODS 

Analysis of long term trends to evaluate yearly, seasonal 

and spatial bacteriological water quality trends was based 

on existing data collected by the City Public Works and 

Public Health departments. Public Works data was important 

in developing long term trends; however, Public Health data 

was also useful in analysis of seasonal trends. The 

Statistical Analysis System(SAS) computer package (SAS 

1 Sampler designed by Mr. Clark Atkinson, NL Rucker 
Products, Houston, TX 
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Institute, 1982) which allows for quick calculation of 

standard statistics was used. Because of the extreme 

variations of the bacteria data set, analysis was based on 

geometric means. Geometric means were calculated and 

plotted by month, year and sampling site. Other 

combinations were calculated and plotted such as monthly and 

yearly means for each sampling site. Because the fecal 

coliform group is the most widely accepted indicator of 

bactériologie water quality, analysis of trends was based on 

fecal coliform bacterial densities. 

The SAS General Linear Models(GLM) procedure can be used 

in many different analyses including simple and multiple 

regressions and analysis of variance, especially for 

unbalanced data. One of the statistical methods available 

in GLM are a number of multiple mean comparisons. Pairwise 

t-tests were performed using the MEANS statement of the 

procedure and were used to evaluate statistically 

significant differences between geometric means at the 5% 

level (p<0.05). 

SAS procedures were also used to calculate correlations 

of Public Works fecal coliform bacteria data with 

temperature, BOD, suspended solids, and TOC. These 

correlations were intended to examine the importance of 

water temperature, nutrients and suspended solids 

concentrations. 
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Further analysis of long term trends involved a SAS 

procedure to investigate the cumulative distribution of the 

transformed(logio ) bacteria data to determine percentage of 

violations of state standards and percentage of zero counts. 

Another SAS procedure was used to produce plots of frequency 

of zero counts by month and by sampling site. 

Analysis of correlations of bacteria data with tributary 

flow data was conducted to evaluate the relationship between 

bacterial densities and lake processes? however, prior to 

this analysis, it was necessary to conduct survival studies 

and determine tributary travel times to produce viable 

travel times of bacterial loads. 

Laboratory survival studies were conducted at three 

different temperatures, 4° C,21° C, and 37° C, to evaluate 

the period of time bacteria can survive throughout the year, 

upon entering a receiving stream. The two extreme 

temperatures were chosen because incubators were readily 

available at these temperatures and an extreme range of 

temperatures could be evaluated. The average lake 

temperature is approximately 21° C. Determination of k 

values was accomplished through regression analysis of log^Q 

Bj /BQ VS. time(days) and the value of die-off rate 

calculated from the line of best fit(Pipes, 1982). BQ 

represents the initial bacterial density and Bj represents 

the bacterial density for each day of the test. Depletion 
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of the bacteria culture in lake water was assumed to occur 

when blue colonies were not produced using the membrane 

filter technique. 

Initially, stream cross sections were obtained from the 

USGS in order to determine stream vélocités, and 

subsequently tributary travel times, for corresponding 

stream discharges. However, often the stream gage height 

was found to be below the stream bed, based on the zero of 

the stream gage. Thus, a range of representative calculated 

discharges and corresponding measured stream velocity values 

were obtained from the USGS; however, measured velocities 

were found to vary widely for the same discharge. Thus, 

analysis of correlations of stream velocities with 

discharge, as compiled by the USGS, was conducted to 

determine the empirical relationship between these two 

parameters. Based on this relationship, a range of stream 

discharges and corresponding travel times was calculated. 

Results of the laboratory survival studies and travel 

time analyses indicated the appropriate time interval prior 

to sample collection upon which to base analyses of 

correlations of flow and bacteria data; thus, flows on the 

date of sample collection and one, two and three days prior 

to sample collection were used in this analysis. Also, 

subsets of the Public Works and Public Health bacteria data 

were examined including fecal coliform densities greater 
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than zero, two hundred and four hundred colony forming 

units(cfu)/100 ml. 

The SAS procedure CORR was used to calculate correlations 

between flow and bacteria data for the various subset of 

bacteria and flow data. Correlations were tested under the 

null hypothesis HQ : R=0 at the 5% significance 

level(p<0.05). 

In order to evaluate interactions of seasonal, spatial, 

and yearly trends and the impact of lake processes, a 

multiple regression equation of the form 

Y = B0 + l Bi Xi + E 

was fitted to the Public Health and Public Works data sets 

by least squares regression analysis. Y is the dependent 

variable, in this study (logio ) fecal coliform densities, 

BQ is a constant, B^ represents the partial regression 

coefficient of Y on Xj , and X£ are the predictor variables. 

E represents an error term. Month of the year was used to 

include the impact of seasonal trends, sampling site was 

used to represent spatial trends, and year was used to 

represent yearly trends. In addition, water quality 

parameters measured by Public Works were used in analysis of 

that data set and USGS flow data was used in analysis of 

both data sets. 

A SAS procedure(RSQUARE) was initially used to perform 

all possible regressions for the collection of independent 
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variables. RSQUARE evaluates each combination of 

independent variables with the dependent variable, in this 

case fecal coliform(logig ) densities, and prints the 

unadjusted R^ value. This procedure was useful to 

investigate the importance of many regression models. 

Subsequent to use of the RSQUARE procedure, combinations 

which produced largest R^ values were further developed 

through use of the REG procedure. REG fits least squares 

estimates to linear regression models, and produces an 

equation in the independent variables which predicts the 

dependent variable. 

Closely spaced time and distance sampling was conducted 

in cooperation with the City Health Department. This 

sampling was intended to gain an idea of the possible amount 

of variation of bacteria counts at in-lake stations. 
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6.0 RESULTS 

6.1 LONG TERM TRENDS 

Analysis of Public Works and Public Health data produced 

evidence of several trends. Yearly mean counts(p<0.05) 

based on Public Works data collected at the city water 

supply intake(station #1) indicate that lake bacteriological 

water quality is deteriorating. This is illustrated in 

Figure 6 by the increasing yearly geometric means of the 

fecal coliform counts from 1976 to 1982. At the northern 

lake stations(Stations #3 to #9), mean counts are erratic, 

perhaps indicating that other factors, such as tributary 

flows, are important to bacterial densities. 

Analysis of long term data indicates that counts vary 

throughout the lake. Highest mean counts(p<0.05) of fecal 

coliform bacteria occur at stations #7 and #9, those closest 

to the lake tributaries(Fig 7). The high mean counts at 

these stations are attributed to their proximity to the lake 

tributaries believed to be the major source of bacterial 

pollution. It may be that this reflects the impact of 

sewage treatment effluent; however, this may also reflect 

the impact of nonpoint runoff from urbanizing and rural 

areas. Mean counts decrease progressively from the West 

Fork at highway 59(Station #7) to the West Fork at McKay 
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Bridge(Station #4). The decrease from station #7 to station 

#4 is attributed to die-off and sedimentation of the 

bacteria load as it enters the lake. 

Mean counts of Public Health data at the fourteen in-lake 

stations do not indicate spatial trends(Fig. 8). This may 

be the result of the large number of sampling sites. Thus, 

more information may be gained concerning spatial variations 

by more frequent sampling at fewer sites. 

Seasonal trends of bactériologie water quality are 

presented in Figure 9. Relatively high mean counts during 

winter months and low mean counts during summer months are 

attributed to several factors. In an analysis of lake 

processes, Bedient, et al. (1980) studied seasonal 

variations of photic zone depth and lake temperatures. 

Figure 11 presents seasonal variations in photic zone depth 

averaged across five in-lake stations(Figure 12). Below the 

photic zone, insufficient light remains to permit 

photosynthetic oxygen production above respiratory 

requirements. Hence, variations in photic zone depth imply 

variations in sunlight penetrations. Secchi depth, which 

indicates a point at which 15-20% of the incident surface 

light remains, was found to be directly related to photic 

zone depth(Bedient, et al. ,1980) and dependent on lake 

turbidity. These relationships imply that variations in 

turbidity are directly related to variations in sunlight 
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penetration. As indicated in Figure 11, periods of least 

photic zone depth occur during winter months and periods of 

greatest photic zone depth occur during summer months. 

Figure 13 presents seasonal variations in temperature 

distribution at stations 2 and 3(Figure 12). Coldest water 

temperatures occur during winter months(6° C - 9° C) and 

warmest lake water temperatures occur during summer 

months(28° C - 33° C). 

Relatively high mean counts during winter months are 

attributed to enhanced survival of fecal coliform bacteria 

at colder temperatures and decreased sunlight penetration. 

Relatively low mean counts during summer months are 

attributed to increased die off due to warmer lake water 

temperatures and increased sunlight penetration. Analysis 

of monthly mean counts of Public Health data(Fig 10) 

produces the same seasonal trends of relatively high mean 

counts during winter months and relatively low mean counts 

during summer months. 

Baca(1980) observed that during low flow periods during 

slimmer months, suspended solids are able to settle out, 

resulting in reduced turbidity. This may play a role in 

bacterial water quality during summer months. Because 

bacteria are subject to sedimentation processes, they may be 

removed from the water column by sedimentation during these 

periods, as well as by die off due to warmer water 
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temperatures and increased sunlight penetration. 

Differences between the West Fork at highway 59(Station 

#7) and the intake tower(Station #1) throughout the year are 

illustrated in Figure 14. The differences between these 

stations are assumed to represent the dissapearance of the 

bacteria load as it enters the lake at the West Fork(Station 

#7) and leaves the lake at the dam (Station #1). Greater 

disappearance of the bacteria load is observed during summer 

months when compared with lesser differences in mean counts 

during winter months. 

Pairwise t tests were conducted to evaluate the 

statistical significance of the trends indicated by mean 

fecal coliform counts. Results of these tests are presented 

in the Appendix. 

6.2 ANALYSIS OF FREQUENCY OF ZERO COUNTS 

Frequency of occurrence of zero counts supported trends 

indicated by mean fecal coliform counts. The number of days 

on which Public Works sampled and bacteria counts were zero 

is presented by station in Figure 15. The greatest 

frequency of zero counts occurred at the intake 

tower(Station #1) and the lowest frequency of zero counts 



35 

occurred at the sampling sites closest to the lake 

tributaries; thus, trends of frequency of zero counts for 

lake sampling stations also indicate that the major source 

of bacterial pollution are the lake tributaries. 

The number of days on which bacteria counts were zero is 

presented by month in Figure 16. The lowest frequency of 

zero counts occurs during the colder winter months, while 

the greatest frequency of zero counts occurs during August. 

The number of zero counts progressively increases from 

January to August then progressively decreases from August 

to December. These patterns are attributed to enhanced 

survival of bacteria during colder winter months and 

decreased levels of sunlight penetration. Lowest frequency 

of zero counts during summer months is attributed to greater 

sedimentation, lower turbidity, greater sunlight penetration 

and warmer lake water temperatures. 

The percentage of zero counts of Public Works data 

reflects the frequency of zero counts and are presented in 

Table 5. Zero counts make up less than 50% of bacteria 

samples during the months of December, January and February; 

in contrast, zero counts make up 70% or more of bacteria 

samples during the months of May, June, and August. The 

percentages support seasonal trends indicated by monthly 

mean counts. 

6.3 ANALYSIS OF FREQUENCY OF VIOLATIONS OF STATE STANDARDS 
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Percentage of bacteria samples above state standards (200 

fecal cfu/100 ml) was also evaluated by month and by 

sampling site (Table ). Largest percentage of counts 

above state standards occurred during December, January and 

February(37% to 40%), while lowest percentages of counts 

above state standards occurred during the months of June and 

July(14.5% and 12% )respectively. 

Percentage of bacteria samples above standards was 

evaluated by sampling site(Table 5 ). Sampling sites at the 

southern end of the lake were above state standards less 

than 20% of the days sampled; while northern lake sampling 

sites were greater than state standards more than 20% of the 

days sampled. Of the northern lake sampling sites, the West 

Fork at highway 59(Station #7) was above state standards the 

greatest percentage of days sampled(57%). 

6.4 CLOSELY SPACED VARIATIONS OF BACTERIAL DENSITIES 

Field sampling was conducted in order to evaluate very 

close spaced time and distance variations of bacterial 

densities in the lake. Location of sampling sites for these 

samples are shown in Figure 17. Results of samples 

collected at five points in the lake approximately within an 

hour of each other are presented in Table 6. Variations of 

these counts are slight; however, counts at the site where 

the West Fork enters the lake(site #4) varied by an order of 
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magnitude. Samples were also collected at close spaced 

distance intervals. On August 22, several days after 

Hurricane Alicia, three samples were collected approximately 

six feet apart at each sampling site(Table 7). During 

Hurricane Alicia, major power outages occurred in the Lake 

Houston watershed, as well as major flooding. It may be 

that the impact of power outages and storm loading on sewage 

treatment plant operation is the cause of high counts in the 

lake on the day of sample collection; however, these high 

counts may be the result of non-point sources of bacterial 

pollution or resuspended bacteria present in lake and 

tributary sediments. More importantly, samples collected on 

this date indicate the extreme variations of bacterial 

densities possible within a very small interval. 

Samples at various depths were collected on three 

days(Tables 8,9 and 10). Fecal coliform bacterial densities 

varied very little with depth on these days. 

6.5 RELATIONSHIP TO BACTERIAL DENSITIES TO WATER 

QUALITY PARAMETERS 

Analysis of correlations of Public Works bacteria data 

with concurrent water quality data was conducted to examine 

relationships between physical and chemical characteristics 

of lake water which might be important to survival and 

occurrence of bacterial pollution. No consistent 
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significant(p<0.05) correlations were found between 

bacterial densities and water quality parameters. 

Parameters examined included water temperature, DO, BOD, 

suspended solids, and TOC. However, Public Works data is 

collected monthly. Thus, the absence of correlations 

between bacterial densities and water quality parameters for 

this data set may reflect the frequency of sampling rather 

than the lack of a relationship. Frequency of sampling was 

found to be an important factor in the development of 

correlations between flows and bacterial densities. 

6.6 RELATIONSHIP OF BACTERIAL DENSITIES TO TRIBUTARY. FLOWS 

Analysis of correlations of bacteria data with flow data 

entailed conducting lab survival studies in order to gain 

information concerning viable travel times of the bacteria 

from tributary pollution sources to the lake. This was 

important to determine the length of time bacteria could 

survive in a receiving stream enroute to the lake. The die 

off pattern produced by HFR E. Coli at 21° C, average lake 

temperature, is presented in Figure 18. Trials at 4° C 

indicate that bacterial populations could survive for 

months, while at 37° C, bacterial populations may survive 

for a period of a week. Table 11 presents k values 

calculated for the three temperatures. 
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Only one trial of the survival studies at 37° C was 

followed until blue colonies were not observed. The results 

of the second of these trials present some possibly 

interesting insights into sporadically high fecal coliform 

counts observed during summer months. On the second day of 

this trial, innumerable blue colonies were observed 

indicating that either E. Coli was multiplying or a 

temperature tolerant bacteria species was multiplying which 

produced blue colonies. During 37 C trials, pink colonies 

were produced on the second or third day. Thus, high counts 

observed sporadically during summer months may be the result 

of the same phenomena observed in survival studies. It wil 

be important in future studies to identify bacteria when 

high counts are observed during summer months. High fecal 

coliform bacteria densities may actually represent the 

presence of thermo tolerant bacteria. 

The relationship of tributary flows to velocities was 

examined to determine possible travel times of bacterial 

loads from pollution sources to the lake. Regression 

analysis was used to develop the relationship between(logio 

) tributary flow and average stream velocities. Based on 

the regression equation developed, a range of discharges and 

corresponding stream velocities and travel times was 

developed for the western tributaries. The results of this 

analysis are presented in Table 12, 13, and 14. In addition 

to travel times presented in Tables 12 and 13 for Cypress 
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and Spring Creeks, travel times of approximately two hours 

at high flows(15,000 cfs) and eight hours at low flows(5 

cfs) were estimated for tributary flows of Cypress Creek 

from its confluence with Spring Creek to 1-59. Thus, ranges 

of travel times for western lake tributaries are 

approximately two to three days at low flows and eight hours 

to one day at high flows. In the analysis of correlations 

of flows and bacteria data, flows on the date of and one to 

three days prior to bacteria sample collection were used. 

Correlations of flow and bacterial densities were 

calculated for both the Public Works and Public Health data 

sets. Several subsets of the two bacteria datasets were 

analyzed including fecal coliform densities greater than 

zero, two hundred and four hundred cfu/100 ml. Several sets 

of flow data were also analyzed including flows on the day 

of sample collection and one, two, and three days prior to 

sample collection. Correlations were also calculated by 

month, by sampling site and, for Public Works data, by year. 

Correlations were lowest for the Public Works data set. 

When all values were considered correlation coefficients 

ranged from 0.2 to 0.5.(Table 15). Correlations increased 

when subsets of the bacteria data greater than zero, two 

hundred and four hundred cfu/100 ml were considered. 

Correlations for these subsets were greatest during the 

months of January and February(R=0.4 to 0.7), at station 
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1(R=0.4 to 0.7), and for the year 1980(R=0.5 to 0.6). 

Correlations for these subsets with flows on the date sample 

collection are presented in Tables 16, 17, 18, and 19, and 

are representative of correlations with flows one and two 

days prior to sample collection. 

Correlations with flows three days prior to sample 

collection dropped considerably relative to correlations 

with flows one to two days prior to sample collection. For 

the months of January and February correlation coefficients 

ranged from 0.4 to 0.5. At station #1, largest correlations 

ranged from 0.2 to 0.4 and for 1980, greatest correlations 

ranged from 0.3 to 0.4 . Drop off of correlations with 

flows three days prior to sample collection indicates that 

flows on the date of and one to two days prior to sample 

collection may be most important in movement of bacterial 

pollution loads. 

Correlations with flow data were considerably higher for 

the Public Health bacteria data. This is attributed to the 

frequency of sampling conducted by the Public Health 

department. The Public Health department samples twice 

weekly, while the Public Works samples once per month at 

most stations. Thus, more frequent sampling appears to be 

important in relating bacteriological water quality to lake 

processes. 
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Because of the limited data base, summer month data, 

including July, August, and September, were analyzed as a 

group, as were winter month data, which included January, 

February and March. The bacterial densities at any sampling 

site within the lake might depend on the incoming bacteria 

loads represented by bacterial densities at sites closest to 

lake tributaries. If this is the case, then analyses of 

correlations of bacterial densities with tributary flow data 

for all Public Health data, all sites considered, would not 

be based on independent data. Thus, these two groups were 

analyzed by station to produce independent sample 

populations. 

Correlations of nonzero bacteria data(N=114) with logio 

Cypress Creek flows during winter months were calculated by 

sampling site. Correlation coefficients for sampling sites 

#1 to #5 were lowest, ranging from 0.41 to 0.47 (p>0.05). 

Correlation coefficients for sampling sites #7 to #9 and #13 

were largest, ranging from 0.61 to 0.87 (p<0.05). Figures 

19 to 23 present plots of bacterial densites with Cypress 

Creek flows one day prior to sample collection, for sites #7 

to #13, respectively. Included on these plots are 

correlation coefficients and the regression line calculated 

for the data. 

Correlations of nonzero bacteria(N=127) data with Cypress 

Creek flows one day prior to sample collection, were 
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calculated by sample site for the summer months. 

Correlation coefficients ranged from 0.02 to 0.78(p>0.05) 

for sampling sites #1 to #7, and sites # 9 to #13. 

Correlation coefficients were largest for sites #8 and #14, 

0.75 and 0.83(p<0.05), respectively. 

Enhanced survival of fecal coliform bacteria at lower 

temperatures was demonstrated by survival studies conducted 

at 4 C. Longer survival periods at lower lake temperatures 

may explain observed higher correlations of bacterial 

densities with flow during winter months. Longer survival 

periods at lower temperatures may also increase the 

available store of bacteria in stream and lake sediments 

which can be resuspended during high tributary flows. 

Larger correlations of bacterial densities with Cypress 

Creek flow data for sites nearest the tributaries relative 

to correlations of sites farthest from the tributaries 

indicate that flows may play an important role in the 

bactériologie water quality of the northern portion of the 

lake during the winter months. 

Conversely, this may indicate that flows play a lesser 

role in bacterial quality of the southern portion of the 

lake during winter months. Low correlations of bacteria 

data with Cypress Creek flows during summer months, may 

reflect the more important influence of other factors, 

perhaps such as wind and wave action, on bacteriological 
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water quality. 

Tenative multiple correlations were calculated for all 

Public Health bacteria data, for which all stations were 

included. While these data do not represent an independent 

sample, they may represent trends which might be supported 

upon analysis of more extensive and frequent data. 

When all values of Public Health bacteria data were 

considered, correlation coefficients ranged from 0.4 to 0.5, 

and when correlations were calculated by month, largest 

correlation coefficients were found during January(0.6 to 

0.86) and August(0.6 to 0.86). Correlation coefficients for 

all values, January and August, with flows on the date of 

sample collection are presented in Tables 20 and 21. These 

coefficients are representative of correlations with flows 

one and two days prior to sample collection. 

Correlations were also calculated for subsets of the 

Public Health bacteria data greater than zero, two hundred 

and four hundred cfu/100 ml. Greatest correlation 

coefficients were again found when the data was analyzed 

monthly. Correlation coefficients increased to a range of 

0.75 to 0.86 during the month of January, and a range of 

0.88 to 0.91 during the month of August. Correlation 

coefficients for these two months with flows one day prior 

to sample collection are presented in Tables 22 and 23. 

These coefficients are representative of coefficients found 
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for flows on the date of sample collection and two days 

prior to sample collection. 

Although evidence from correlations, developed when all 

Public Health data are considered, must be regarded as 

tenative, higher correlations found for all values and 

nonzero Public Health data during January may reflect the 

importance of flows to lake bacterial water quality during 

winter months. Higher correlations for all values for 

August may indicate that storm events are important to 

bacteriological water quality during this month. 

6.7 MULTIPLE REGRESSION ANALYSIS 

In order to evaluate the interrelationships of the effect 

of seasonal, yearly and spatial trends and impact of lake 

processes in bacterial densities in the lake, a multiple 

regression analysis was conducted. Initially, a SAS 

procedure was used to analyze the Public Works and Public 

Health bacteria data and corresponding USGS flow data and 

produce R^ values for all possible combinations of 

independent variables. The dependent variable in all cases 

was logio fecal coliform bacterial densities. 

The largest R^ values found during initial analysis of 
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Public Works data was 0.26. The largest values found was 

for a combination of all variables including month, sampling 

site, year, water quality parameters and tributary flows. 

Multivariate analysis of this data was not continued and 

efforts were concentrated on analysis of the Public Health 

data set. 

The largest values during initial analysis of Public 

Health data was 0.53 for a combination of dependent 

variables which included sampling site, month, tributary 

flows and lake stage. R^ analysis of Public Health data was 

conducted by month and sampling site for subsets of the 

tributary flow data on the date of, and one and two days 

prior to sample collection. As was found previously during 

analysis of correlations with tribuary flows, greatest R^ 

values were found during the months of January and August. 

Typical R^ values were 0.78 for the month of January and 

0.76 for the month of August. 

Another facet of the R^ analysis revealed information 

concerning which factors may be most important to bacterial 

densities. These were the factors which were consistently 

added to combinations which increased R^ values. When only 

one independent variable was considered during R^ analysis, 

flows of the West Fork or East Fork of the San Jacinto River 

produced the largest R^ values(0.36-0.44). These are the 

largest tributaries of Lake Houston and as indicated by R^ 
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values, seem to have the most influence on bacterial 

densities when considering the effects of tributary flows. 

Subsequently, equations were developed for the 

combinations yielding the greatest values during January 

and August. These equations are presented in Tables 24 and 

25. R values during the month of January may reflect the 

enhanced survival of bacteria during colder winter months 

and concommittant greater available store of fecal coliform 

available to be carried to and throughout the lake during 

higher tributary flows. R^ values during the month of 

August may reflect the importance of storm events, when lake 

conditions are least conducive to survival of fecal coliform 

bacteria, 

The coefficients of the equations presented in Tables 24 

and 25, do not indicate a consistent positive of negative 

contribution of tributary flows to bacterial densities. 

Sampling site does not appear to be an important factor as 

indicated by low 

In the hope of attaining a better fit, the values 

representing month of the year were shifted so that -5.5 

represented January, 0.5 represented June, and 5.5 

represented Dec.mber. This was done in order to better 

represent the seasonal trends indicated by geometric means. 

R^ analysis was again conducted using the shifted monthly 

variables; however, no improvement in R^ values were 
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achieved. Greatest values were 0.52 for all values, 0.44 

for nonzero bacteria data, and 0.44 for bacteria data 

greater than 200 cfu/100 ml. The shifted month variable was 

squared and cubed and equations developed for possible 

equations using the GLM procedure. This was done in order 

to fit the curve produced by higher mean counts in the 

winter months and lower mean counts in the summer months. 

Again, no improvement in was achieved. 

In order to achieve better fit of the data and produce 

equations useful in prediction of bacterial densities, 

further development of combinations which yield large R£ 

values might reveal information as to relative importance of 

tributary flows. Use of temperature trends to represent the 

month variable might improve the seasonal fit. Rather than 

using sampling sites numbered according to distance from the 

lake's tributaries, perhaps the actual distances from the 

lake's tributaries could be included in a regression 

analysis. Yearly changes in bacterial water quality might 

be better represented by population growth in the watershed. 
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7.0 CONCLUSIONS 

1. Seasonal trends of bacteriological water quality are 

reflected by both Public Health and Public Works data. 

Relatively high mean counts occur during winter months; 

while, relatively low mean counts occur during summer 

months. 

2. Yearly mean counts at the city water supply intake 

tower indicate a long term trend in deterioration of 

bacteriological water quality. 

3. The major source of bacterial pollution is believed 

to be originating in the lake's tributaries, based on 

spatial trends indicated by mean counts, zero frequency and 

percent violations of state standards. It may be that this 

reflects the impact of sewage treatment plant effluent; 

however, this may also reflect the impact of runoff from 

non-point sources of pollution. 

4. No consistent significant correlations were found 

between water quality parameters and bacterial densities for 

Public Works data; however, this may reflect the effect of 

frequency of sampling rather than the lack of a 
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relationship. 

5. Correlations of bacterial densities with flow data 

were greatest for Public Health data during winter months 

for stations closest to the lake tributaries. Multiple 

regression analysis emphasizes the importance of flows to 

bacteriological water quality during the months January and 

August. 

6. Survival studies indicate enhanced survival of fecal 

coliform bacteria at colder temperatures. At average lake 

temperatures, fecal coliform bacteria will survive for 

approximately two weeks. 

7. Large variations in bacterial densities found after 

hurricane Alicia emphasize the possible magnitude of 

variations of bacterial densities. 

8.0 RECOMMENDATIONS 

1. Tributary bactériologie water quality data and sewage 

treatment plant effluent data should be examined to evaluate 

short and long term trends, impact of specific events and 

violations of state standards. Included in this evaluation 
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should be an assessment of the relative contribution of 

point and non-point sources to bacterial pollution loads. 

Especially important in this analysis might be an evaluation 

of the impact of storm events on bacteriological water 

quality. 

2. Bacteria in lake and tributary sediments may 

represent a significant pollution source. The presence of 

fecal coliform bacteria in these sediments should be 

studied. 

3. Evaluate the need to upgrade frequency of monitoring 

tributary and lake water quality, or to intensify monitoring 

efforts during conditions found to be important to lake 

bacterial water quality. 

4. In-situ survival studies of fecal coliform bacteria 

should be conducted in the lake. Results of survival tests 

conducted at 37° C indicate that the specific bacterial 

content of sewage effluent and lake water should be 

determined. 
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FIGURE 6 
LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
PUBLIC WORKS DATA(1976-1982) 
GEOMETRIC MEANS(LOGIO) FECAL CFU/100 ML 
SAMPLING STATION=l(INTAKE TOWER) • 
BARS REPRESENT CNE STANDARD ERROR 
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LAKE^HOUSTON BACTERIOLOGICAL WATER QUALITY 
PUBLIC WORKS DATA(1976-1982) 
GEOMETRIC MEANS(LOGIO) FECAL CFU/100 ML 

BARS REPRESENT CNE STANDARD ERROR 

Sampling Station 



L
og

 1
0 

F
ec

al
 c

fu
/1

0
0
 m

l 

64 

FIGURE 8 
LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
PUBLIC HEALTH DATA(1982-1983) 
GEOMETRIC MEANS(LOGlO) FECAL CFU/100 ML 

BARS REPRESENT ONE STANDARD ERROR 

Sampling Station 
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FIGURE 9 
LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
PUBLIC WORKS DATA(1976-1982) 
GEOMETRIC MEANS(LOGlO) FECAL CFU/100 ML 
BARS REPRESENT ONE STANDARD ERROR 
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FIGURE 10 
LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 

PUBLIC HEALTH DATA(1982-1983) 
GEOMETRIC MEANS(LOGIO) FECAL CFU/100 ML 

BARS REPRESENT CNE STANDARD ERROR 
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FIGURE 15 
LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
PUBLIC WORKS DATA(1976-1982) 
NUMBER OF DAYS SAMPLED ON WHICH FECAL CFU/100 ML=0 
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FIGURE 16 
LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
PUBLIC WORKS DATA(1976-1982) 
NUMBER OF DAYS SAMPLED ON WHICH FECAL CFU/100 ML=0 
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Figure 18 
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FIGURE 19 

BACTERIAL DENSITIES VERSUS CYPRESS CREEK FLOWS 

PUBLIC HEALTH DATA(1982-1983) 

WINTER MONTHS (JAN,FEB, MAR) 
SAMPLING SHE #7 

SYMBOL IS VALUE OF MONTH 
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FIGURE 20 
BACTERIAL DENSITIES VERSUS CYPRESS CREEK FLOWS 

LOG 10 CYPRESS CREEK FLOW (CFS) 

PUBLIC HEALTH DATA(1982-1983) 
WINTER MONTHS (JAN ,FEB ,MAR) 
SAMPLING SITE #8 

SYMBOL IS VALUE OF MONTH 
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FIGURE 21 
BACTERIAL DENSITIES VERSUS CYPRESS CREEK FLOWS 

LOG 10 CYPRESS CREEK FLOW (CFS) 

PUBLIC HEALTH DATA(1982-1983) 
WINTER MONTHS (JAN ,FEB ,MAR) 
SAMPLING SITE #9 
SYMBOL IS VALUE OF MONTH 
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FIGURE 22 
BACTERIAL DENSITIES VERSUS CYPRESS CREEK FLOWS 

LOG 10 CYPRESS CREEK FLOW (CFS) 

PUBLIC HEALTH DATA (1982-1983) 
WINTER MONTHS (JAN, FEB, MAR) 

SAMPLING SITE #13 
SYMBOL IS VALUE OF MONTH 



TABLE 1 LAKE HOUSTON INTENSIVE SAMPLING PROGRAM 
CITY OF HOUSTON PUBLIC HEALTH ENGINEERING DEPARTMENT 

WESTERN TRIBUJARY SITES 
SEPTEMBER 1982 

DATE CYPRESS SPRING CREEK WEST FORK 
CREEK 
AT 1-45 

AT 1-45 AT 1-59 

FECAL FECAL FECAL 
CFU/100 ML CFU/100 ML CFU/100 ML 

9/7 • 230 
9/8 >24000 210 210 
9/9 1700 130 110 
9/10 1300 20 80 
9/13 >24000 230 80 
9/14 790 170 80 
9/15 >24000 3500 80 
9/16 >24000 1700 9200 
9/22 5400 110 170 
9/23 1800 80 80 
9/24 9200 170 130 

VIOLATIONS1 60% 10% 27% 

1 Texas state standards for noncontact recreation waters: Based on a minimum of 
5 samples in a 30 day period, no more than 10% shall be greater than 4000 
cfu/100 ml. 
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TABLE 2 LAKE HOUSTON INTENSIVE SAMPLING PROGRAM 

CITY OF HOUSTON PUBLIC HEALTH ENGINEERING DEPARTMENT 
EASTERN TRIBUTARY SITES 

SEPTEMBER 1982 

DATE CANEY 
CREEK 
AT FM 1485 

FECAL 
CFU/100 ML 

9/7 <20 
9/8 <20 
9/9 <20 
9/10 60 
9/13 <20 
9/14 <20 
9/15 20 
9/16 50 
9/22 <20 
9/23 <20 
9/24 20 

VIOLATIONS2 0% 

PEACH CREEK EAST FORK 
AT FM 1485 AT FM 1485 

FECAL FECAL 
CFU/100 ML CFU/100 ML 

50 50 
50 50 
<20 70 
20 201 LA1 790 
40 50 
50 130 
90 20 
170 <20 
20 60 
50 50 

0% 0% 

1 Laboratory accident 
2 Texas state standards for noncontact recreation waters: Based on a minimum of 
5 samples in a 30 day period, no more than 10% shall be greater than 4000 fecal 
cfu/100 ml. 
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TABLE 3 PUBLIC WORKS SAMPLING SITES 

STATION 
NUMBER 

STATION 
DESCRIPTION 

1 Water Supply 
Intake Tower 

2 Lake Center 
Lake Shadows Subdivision 

3 Lake Center 
Railroad Bridge 

4 West Fork 
McKay Bridge 

5 East Fork 
McKay Bridge 

6 West Fork 
Forest Cove Subdivision 

7 West Fork 
Highway 59 Bridge 

8 Luce Bayou 
Bend in Mouth 

9 East Fork 
Treasure Island 



TABLE 4 

(see page 24) 
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Table 5 

PERCENT OF SAMPLES ABOVE STATE STANDARDS AND 
PERCENT OF ZERO FECAL CFU/100 ML 

MONTH 

INTERVAL JAN FEB MAR APR MAY JUN 

0 cfu/100 ml 40% 43 56.5 65 70 71 

>200 40 40 25 23.5 26 14.5 

INTERVAL JUL AUG SEP OCT NOV DEC 

0 cfu/100 ml 62% 78 53 64 61 45 

>200 24 12 28 24 29 37 

SAMPLING STATION 

INTERVAL 1 2 3 4 5 6 7 8 9 

0 Cfu/100 ml 66% 77 85.5 68 75 50 32 58 50 

>200 16.5 15.5 7.5 13 17.5 35 57 22 35 
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TABLE 6 LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
AUGUST 15, 1983 

Time Fecal 
cfu/100 ml 

Total 
cfu/100 ml 

10:23 <20 <20 
11:45 <20 20 
1:10 20 20 

10:41 <20 LA1 

11:49 20 LA 
1:20 <20 130 

11:00 <20 90 
11:56 <20 LA 
1:25 <20 50 

11:10 1400 4900 
12:25 330 LA 
1:50 330 1100 

11:25 20 70 
12:37 20 330 
2:03 50 50 

1 Laboratory accident 



TABLE 7 LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
AUGUST 22, 1983 

Site Fecal Total 
cfu/100 ml cfu/100 ml 

11 7900 92000 
92000 >240000 
330 7900 

2 2300 7900 
2300 24000 
1300 35000 

3 >240000 >240000 
24000 >240000 
790 3300 

4 7900 54000 
24G0O 35000 
790 7900 

5 35000 160000 
2300 54000 
92000 240000 

1 Three samples at each site within six feet radius of each other. 



TABLE 8 LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
SEPTEMBER 14, 1983 

Site Depth1 Fecal 
cfu/100 ml 

Total 
cfu/100 ml 

1 0 <20 <20 

2 0 <20 <20 

3 0 <20 50 

4 0 50 80 
6 <20 140 
10 50 140 

4a 0 40 40 

4b 0 <20 50 
7 20 70 
15 <20 20 

1 Depth in feet 
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TABLE 9 LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
OCTOBER 3, 1983 

Site Depth ^ Fecal 
cfu/100 ml 

Total 
cfu/100 ml 

1 0 <20 50 

2 0 <20 20 

3 0 <20 <20 

4 0 <20 130 
0 40 90 

4 7 20 170 
7 20 330 

4 15 20 130 
15 20 230 

4b 0 20 60 
4b 0 <20 130 

4b 7 <20 50 
7 <20 50 

4b 15 <20 310 
15 20 140 

1 Depth in feet 
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TABLE 10 LAKE HOUSTON BACTERIOLOGICAL WATER QUALITY 
OCTOBER 24, 1983 

Site Depth1 Fecal 
cfu/100 ml 

Total 
cfu/100 ml 

4 0 <20 20 
0 <20 20 

4 6.5 20 no 
6.5 <20 50 

4 13 50 1100 
13 <20 140 

4b 0 <20 20 
0 <20 50 

4b 7 <20 70 
7 <20 20 

4b 15 <20 170 
15 <20 40 

1 Depth in feet 
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TABLE 11 RESULTS OF SURVIVAL STUDIES 

TEMPERATURE (C) TRIAL K VALUE 

4 1 -0.05 

4 2 -0.05 

21 1 -0.5 

21 2 -0.5 

37 1 -1.141 

37 2 



TABLE 12 SPRING CREEK TRAVEL TIMES 
1-45 TO CONFLUENCE WITH CYPRESS CREEK 

TOTAL DI$TANCE*69,400 FEET 

VEL1 (fps) -0.64*F2 (cfs) + 0.143 

DISCHARGE F VEL TRAVEL 
TIME(HRS) 

5 0.7 0.59 32.8 
10 1 0.78 24.7 
20 1.3 0.97 19.8 
30 1.5 1.09 17.8 
50 1.7 1.2 15.7 
100 2 1.4 13.6 
150 2.2 1.5 12.6 
200 2.3 1.6 12 

250 2.4 1.7 11.5 
300 2.5 2.7 11.2 
350 2.5 1.8 10.9 
400 2.6 1.8 10.7 
450 2.7 1.8 10.5 
500 2.7 1.9 10.3 
600 2.8 1.9 10.1 
700 2.8 2.0 9.8 
800 2.9 2.0 9.6 
900 3 2.03 9.5 
1000 3 2.06 9.4 
1500 3.2 2.2 8.9 
2000 3.3 2.3 8.6 
3000 3.5 2.4 8.2 
4000 3.6 2.4 7.9 
5000 3.7 2.5 7.7 
10,000 4.0 2.7 7.1 
15,000 4.2 2.8 69 

1 VEI*stream velocity(fps) 
2 F*Log(10) stream discharge(cfs) 
3 R2 *0.65(p*0.0001) 

89 



TABLE 13 CYPRESS CREEK TRAVEL TIMES 
I-45 TO CONFLUENCE WITH SPRING CREEK 

TOTAL DISTANCE*49,800 FEET 

VEL1 (fps) *0.45*F2 (cfs) + 0.433 

DISCHARGE F VEL TRAVEL 
TIME(HRS) 

5 0.7 0.74 18.7 
10 1 0.88 15.7 
20 1.3 1.02 13.6 
30 1.5 1.09 12.7 
50 1.7 1.19 11.6 
100 2 1.3 10.6 
150 2.2 1.4 9.9 
200 2.3 1.5 9.2 
250 2.4 1.5 9.2 
300 2.5 1.5 9.2 
350 2.5 1.6 8.6 
400 2.6 1.6 8.6 
450 2.7 1.6 8.6 
500 2.7 1.6 8.6 
600 2.8 1.7 8.1 
700 2.8 1.7 8.1 
800 2.9 1.7 8.1 
900 3 1.8 7.7 
1000 3 1.8 7.7 
1500 3.2 1.9 7.3 
2000 3.3 1.9 7.3 
3000 3.5 2 6.9 
4000 3.6 2.1 6.6 
5000 3.7 2.1 6.6 
10,000 4.0 2.2 6.3 
15,000 4.2 2.3 6 

1 VEI=stream velocity(fps) 
2 F*Log(10) stream discharge(cfs) 
3 R2 *0.66 (p*0.0001) 

90 



TABLE 14 WEST FORK TRAVEL TIMES 
WEST FORK SAN JACINTO RIVER FROM 1-45 TO 1-59 

TOTAL DISTANCE-133,800 FEET 

VEL1 (fps) -0.64*F2 (cfs) + 0.143 

DISCHARGE F VEL TRAVEL 
TIME(HRS) 

5 0.7 0.53 69.9 
10 1 0.7 53.1 
20 1.3 0.87 42.8 
30 1.5 0.97 38.4 
50 1.7 1.1 34.1 
100 2 1.26 29.5 
150 2.2 1.36 27.4 
200 2.3 1.43 26 
250 2.4 1.5 25 

300 2.5 1.5 24.3 
350 2.5 1.6 23.8 
400 2.6 1.6 23.3 
450 2.7 1.6 22.9 
500 2.7 1.7 22.5 
600 2.8 1.7 21.9 
700 2.8 1.73 21.4 
800 2.9 1.77 21 

900 3 1.79 20.7 
1000 3 1.82 20.4 
1500 3.2 1.92 19.4 
2000 3.3 * 1.99* 18.7 
3000 3.5 2.09 17.8 
4000 3.6 2.16 17.2 
5000 3.7 2.21 16.8 
10,000 4 2.38 15.6 
15,000 4.2 2.48 15 

1 VEI-stream velocity(fps) 
2 F«Log(10) stream discharge(cfs) 
3 R2 *0.51(p*0.0001) 



TABLE 15 CORRELATION OF LOG(10) PUBLIC WORKS BACTERIA 
DATA(ALL VALUES) WITH LOG(IO) TRIBUTARY FLOWS 

ON DATE OF SAMPLE COLLECTION 

92 

TRIBUTARY R SIGNIFICANCE 
LEVEL/N 

WEST 
FORK 

0.23 0.0001 

SPRING 
CREEK 

0.24 0.0001 

CYPRESS 
CREEK 

0.26 0.0001 

EAST 
FORK 

0.22 0.0001 

CANE Y 
CREEK 

0.24 0.0001 
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TABLE 16 CORRELATION OF LOG(10) PUBLIC WORKS BACTERIA 

DATA WITH LOG(IO) TRIBUTARY FLOWS BY MONTH 
ON DATE OF SAMPLE COLLECTION 

FECAL >0 FECAL >200 FECAL >400 

MONTH® JANUARY 

TRIBUTARY R SIGNIF. R SIGNIF. R SIGNIF. 
LEVEL LEVEL LEVEL 

WEST 
FORK 

- NS - NS - NS 

SPRING 
CREEK 

0.48 0.0015 0.61 0.0001 NS 

CYPRESS 
CREEK 

0.52 0.0006 0.68 0.0001 - NS 

EAST 
FORK 

0.50 0.0010 0.39 0.0198 NS 

CANE Y 
CREEK 

0.59 0.0002 0.59 0.0002 - NS 
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TABLE 17 CORRELATION OF LOG(10) PUBLIC WORKS BACTERIA 
DATA WITH LOG(10) TRIBUTARY FLOWS BY MONTH 

ON DATE OF SAMPLE COLLECTION 

FECAL >0 FECAL >200 FECAL >400 

MONTH=FEBRUARY 

TRIBUTARY R SIGNIF. R SIGNIF. R SIGNIF. 
LEVEL LEVEL LEVEL 

WEST 
FORK 

- NS - NS - NS 

SPRING 
CREEK 

0.61 0.0001 0.61 0.0001 0.56 0.0031 

CYPRESS 
CREEK 

0.68 0.0001 0.68 0.0001 0.62 0.0008 

EAST 
FORK 

0.39 0.0198 0.39 0.0198 - NS 

CANEY 
CREEK 

0.59 0.0002 0.59 0.0002 0.54 0.0042 
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TABLE 18 CORRELATION OF LOG(10) PUBLIC WORKS BACTERIA 
DATA WITH LOG(10) TRIBUTARY FLOWS BY STATION 

ON DATE OF SAMPLE COLLECTION 

FECAL >0 FECAL >200 FECAL >400 

STATION* 1 

TRIBUTARY R SIGNIF. R SIGNIF. R SIGNIF. 
LEVEL LEVEL LEVEL 

WEST 
FORK 

0.36 0.0452 NS - NS 

SPRING 
CREEK 

0.50 0.0034 0.49 0.0064 NS 

CYPRESS 
CREEK 

0.42 0.0161 0.43 0.0154 NS 

EAST 
FORK 

0.47 0.0067 0.43 0.0152 - NS 

CANEY 
CREEK 

- NS NS 
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TABLE 19 CORRELATION OF LOG(10) PUBLIC WORKS BACTERIA 
DATA WITH LOG(IO) TRIBUTARY FLOWS BY YEAR 

ON DATE OF SAMPLE COLLECTION 

FECAL >0 FECAL >200 FECAL >400 

YEAR=1980 

TRIBUTARY R SIGNIF. 
LEVEL 

R SIGNIF. 
LEVEL 

R SIGNIF. 
LEVEL 

WEST 
FORK 

0.54 0.0001 0.51 0.0003 0.54 0.0006 

SPRING 
CREEK 

0.58 0.0001 0.58 0.0001 0.59 0.0001 

CYPRESS 
CREEK 

0.56 0.0001 0.57 0.0001 0.59 0.0001 

EAST 
FORK 

0.52 0.0002 0.50 0.0004 0.52 0 0012 

CANEY 
CREEK 

0.53 0.0001 0.52 0.0002 0.53 0.0009 



TABLE 20 PUBLIC HEALTH DATA( 1982-1983) 
CORRELATION OF FECAL CFU/100 ML(ALL VALUES) 

WITH TRIBUTARY FLOW DATA 
ON DATE OF SAMPLE COLLECTION 

MONTH® JANUARY 

TRIBUTARY 

FLOW 1 
LOG(IO) WEST FORK 

FLOW 2 
LOG(10) SPRING CREEK 

FLOW 3 
LOG(IO) CYPRESS CREEK 

FLOW 4 
LOG{10) EAST FORK 

FLOW 5 
LOG(IO) CANEY CREEK 

STAGE 
LAKE STAGE 

CORRELATION COEFFICIENT/ 
SIGNIFICANCE(N=44) 

0.76 
0.0001 

0.78 
0.0001 

0.57 
0.0001 

0.84 
0.0001 

0.276 
0.0001 

0.81 
0.0001 



TABLE 21 PUBLIC HEALTH DATA( 1982-1983) 
CORRELATION OF FECAL CFU/100 ML(ALL VALUES) 

WITH TRIBUTARY FLOW DATA 
ON DATE OF SAMPLE COLLECTION 

MONTH=AUGUST 

TRIBUTARY CORRELATION COEFFICIENT/ 
SIGNIFICANCE (N=40) 

FLOW 1 
LOG(10) WEST FORK 

0.80 
0.0001 

FLOW 2 
LOG(IO) SPRING CREEK 

0.71 
0.0001 

FLOW 3 
LOG(IO) CYPRESS CREEK 

0.63 
0.0001 

FLOW 4 
LOG(10) EAST FORK 

0.77 
0.0001 

FLOW 5 
LOG(10) CANEY CREEK 

0.75 
0.0001 

STAGE 
LAKE STAGE 

0.79 
0.0001 



TABLE 22 PUBLIC HEALTH DATA( 1982-1983) 
CORRELATION OF FECAL CFU/100 ML WITH 

TRIBUTARY FLOW DATA FOR JANUARY 
ONE DAY PRIOR TO SAMPLE COLLECTION 

FECAL CFU/100 ML > 0 

TRIBUTARY 

FLOW 1 
LOG(10) WEST FORK 

FLOW 2 
LOG(IO) SPRING CREEK 

FLOW 3 
LOG(IO) CYPRESS CREEK 

FLOW 4 
LOG(IO) EAST FORK 

FLOW 5 
LOG(10) CANEY CREEK 

STAGE 
LAKE STAGE 

CORRELATION COEFFICIENT/ 
SIGNIFICANCE (N=44) 

0.86 
0.0001 

0.84 
0.0001 

0.83 
0.0001 

0.86 
0.0001 

0.75 
0.0001 

0.84 
0.0001 
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TABLE 23 PUBLIC HEALTH DATA( 1982-1983) 
CORRELATION OF FECAL CFU/100 ML WITH 

TRIBUTARY FLOW DATA FOR AUGUST 
ONE DAY PRIOR TO SAMPLE COLLECTION 

FECAL CFU/100 ML > 0 

TRIBUTARY 

FLOW 1 
LOG(IO) WEST FORK 

FLOW 2 
LOG(IO) SPRING CREEK 

FLOW 3 
LOG(IO) CYPRESS CREEK 

FLOW 4 
LOG(10) EAST FORK 

FLOW 5 
LOG(IO) CANEY CREEK 

STAGE 
LAKE STAGE 

CORRELATION COEFFICIENT/ 
SIGNIFICANCE (N=25) 

0.91 
0.0001 

0.91 
0.0001 

0.90 
0.0001 

0.91 
0.0001 

0.87 
0.0001 

0.88 
0.0001 
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TABLE 24 MULTIPLE REGRESSION ANALYSIS 
M3NTH=GMTOAKY 
PUBLIC HEALTH DATA(1982-1983) 

FLOWS ON DATE OF SAMPLE COLLECTION 

R-SQUARE 0.78 F VALUE 46.5 PROB>F 0.0001 

VARIABLE COEFFICIENT 
ESTIMATE 

T VALUE 
HO: COEFFICIENTS 

PROB > IT! 

INTERCEPT 214.5 3.32 0.0019 
STATION -0.015 -1.4 0.1693 
EAST FORK 4.39 4.59 0.0001 
STAGE -4.93 -3.33 0.0019 

FLOWS ONE DAY PREVIOUS TO SAMPLE COLLECTION 

R-SQUARE 0.79 F VALUE 49 PROB>F 0.0001 

VARIABLE COEFFICIENT T VALUE PROB>ITl 
ESTIMATE HO :C0EFFIEICNT=0 

INTERCEPT -3.17 -3.99 0.0003 
STATION -0.015 -1.41 0.1667 
CYPRESS -2.34 -3.01 0.0045 
EAST FORK 4.03 4.36 0.0001 

FLOWS TWO DAYS PREVIOUS TO SAMPLE COLLECTION 

R-SQUARE 0.77 F VALUE 43.7 PROB>F 0.0001 

VARIABLE COEFFICIENT T VALUE PROB>lTI 
ESTIMATE HO i: COEFFICIENTS 

INTERCEPT -2.18 -3.28 0.0022 
STATION -0.013 -1.15 0.2565 
CYPRESS -0.76 -1.45 0.1549 
EAST FORK 2.39 3.56 0.0010 



TABLE 25 MULTIPIE REGRESSION ANALYSIS 
MONTH= AUGUST 
PUBLIC HEALTH DATA(1982-1983) 

FLOWS ON DATE OF SAMPLE COLLECTION 

R-SQUARE 0,75 F VALUE 36.4 PROB>F 0.0001 

VARIABLE COEFFICIENT T VALUE PROB> T| 
ESTIMATE HO: COEFFICIENTS 

INTERCEPT 3.49 0.98 0.3335 
WEST FORK 18.93 4.92 0.0001 
SPRING CREEK -6.17 -4.16 0.0001 
CANEY CREEK -14.89 -3.32 0.0021 

FLOWS ONE DAY PREVIOUS TO SAMPLE COLLECTION 

R-SQUARE 0.78 F VALUE 41.5 PROB>F 0.0001 

VARIABLE COEFFICIENT T VALUE PROB>|T| 
ESTIMATE HO: COEFFICIENTS 

INTERCEPT -9.45 -9.67 0.0001 
STATION 0.053 2.022 0.0507 
WEST FORK 0.53 0.49 0.6210 
CANEY CREEK 4.91 3.98 0.0003 

FLOWS TWO DAYS PREVIOUS TO SAMPLE COLLECTION 

R-SQUARE 0.75 F VALUE ; 36.5 PROB>F. 0.0001 

VARIABLE COEFFICIENT T VALUE PROB > |T| 
ESTIMATE HO: COEFFICIENTS 

INTERCEPT -77.86 -5.76 0.0001 
SPRING CREEK 5.51 3.81 0.0005 
CYPRESS CREEK -6.55 -3.98 0.0003 
STAGE 1.77 5.69 0.0001 
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TABLE 1 COMPARISON OF MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITES 

STATION 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT{95%) MEANS LIMIT<95%) 

1 - 2 -0.21 0.19 0.60 
1 - 3* 0.12 0.52 0.91 
1 - 4 0.16 0.16 0.56 
1 - 5 -0.21 0.18 0.57 
1 - 6* -1.0 -0.61 -0.22 
1 - 7* -1.55 -1.23 -0.91 
1 - 8 -0.61 -0.21 0.18 
1 - 9 -0.95 -0.56 -0.18 

2-3 -0.13 0.32 0.77 
2-4 -0.48 -0.03 0.42 
2-5 -0.46 -0.01 0.44 
2-6* -1.25 -0.80 -0.35 
2-7* -1.80 -1.42 -1.03 
2-8 -0.84 -0.40 0.04 
2-9* -1.19 -0.75 -0.31 

3-4 -0.79 -0.35 0.09 
3-5 -0.77 -0.33 0.10 
3-6* -1.57 -1.13 -0.69 
3-7* -2.12 -1.74 -1.37 
3-8* -1.16 -0.73 -0.29 
3-9* -1.51 -1.08 -0.64 

4-5 -0.42 0.02 0.46 
4-6* -1.21 -0.77 -0.33 
4-7* -1.77 -1.39 -1.01 
4-8 -0.81 -0.37 0.07 

5-6* -1.23 -0.79 -0.35 
5-7* -1.78 -1.41 -1.03 
5-8 -0.83 -0.39 0.04 
5-9 -1.17 -0.74 -0.31 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 1 COMPARISON OF MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITES 

STATION 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(%95) MEANS LIMIT(%95) 

6-7* -0.99 -0.62 -0.24 
6-8 -0.04 0.40 0.83 
6-9 -0.38 0.05 0.48 

7-8* 0.65 1.02 1.39 
7-9* 0.30 0.67 1.03 

8-9 -0.78 -0.35 0.08 

1 * denotes significant at 0.05% level 
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TABLE 2 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
FOF PUBLIC WORKS DATA 

MONTH 
COMPARISON1 

LOWER 
CONFIDENCE 
LIMIT(95%) 

1 - 2 -0.28 
1 - 3* 0.24 
1 - 4* 0.29 
1 - 5* 0.55 
1 - 6* 0.67 
1 - 7* -0.34 
1 - 8 *0.84 
1 - 9* 0.09 
1 - 10* 0.39 
1 - 11* 0.23 
1 - 12 -0.12 

2-3* 0.06 
2-4* 0.12 
2-5* 0.37 
2-6* 0.49 
2-7* 0.16 
2-8* 0.66 
2-9 -0.08 
2 - 10* 0.22 
2-11* 0.05 
2-12 -0.3 

3-4 -0.45 
3-5 -0.19 
3-6 -0.07 
3-7 -0.40 
3-8* 0.09 
3-9 -0.64 
3-10 -0.34 
3-11 -0.51 
3-12 -0.86 

4-5 -0.21 
4-6 -0.09 
4-7 -0.42 
4-8* 0.09 

DIFFERENCE UPPER 
BETWEEN CONFIDENCE 
MEANS LIMlT{95%) 

0.18 0.63 
0.72 1.19 
0.75 1.21 
1.01 1.48 
1.12 1.57 
0.83 1.32 

-1.29 1.74 
0.55 1.00 
0.85 1.3 
0.68 1.33 
0.34 0.80 

0.54 1.02 
0.58 1.04 
0.84 1.3 
0.94 1.4 
0.65 1.14 
1.11 1.57 
0.37 0.83 
0.67 1.12 
0.51 0.96 
0.17 0.63 

0.04 0.52 
0.3 0.78 
0.40 0.88 
0.11 0.62 
0.57 1.05 

-0.17 0.31 
0.13 0.60 

-0.03 0.44 
-0.37 0.11 

0.26 0.72 
0.37 0.82 
0.08 0.57 
0.54 0.99 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 2 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
FOF PUBLIC WORKS DATA 

MONTH 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT{95%) 

4-9 -0.66 -0.20 0.25 
4-10 -0.36 0.09 0.55 
4-11 -0.52 -0.07 0.38 
4-12 -0.87 -0.41 0.05 

5-6 -0.35 0.11 0.57 
5-7 -0.68 -0.18 0.31 
5-8 -0.18 0.28 0.74 
5-9* -0.92 -0.46 -0.00 
5-10 -0.62 -0.17 0.29 
5-11 -0.79 -0.33 0.13 
5 - 12* -1.14 -0.67 -0.20 

6-7 -0.78 -0.29 0.19 
6-8 -0.27 0.17 0.61 
6-9* -1.02 -0.57 -0.13 
6-10 -0.72 -0.27 0.17 
6-11 -0.88 -0.44 0.01 
6 - 12* -1.23 -0.78 -0.32 

7-8 -0.02 0.46 0.95 
7-9 -0.76 -0.28 0.21 
7-10 -0.47 0.02 0.50 
7-11 -0.63 -0.15 0.34 
7-12 -0.98 -0.48 0.01 

8-9* -1.19 -0.74 -0.29 
8 - 10* -0.89 -0.44 -0.00 
8 - 11* -1.05 -0.61 -0.16 
8 - 12* -1.40 -0.95 -0.49 

9-10 -0.15 0.30 0.74 
9-11 -0.31 0.13 0.58 
9-12 -0.66 -0.21 0.25 

10 - 11 -0.61 -0.16 0.28 
10 - 12* -0.96 -0.50 -0.05 

11 - 12 -0.79 -0.34 0.12 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 3 COMPARISON OF YEARLY MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITE 1 (WATER SUPPLY INTAKE TOWER) 

PUBLIC WORKS DATA(1976-1982) 

YEAR 
COMPARISON 1 

LOWER 
CONFIDENCE 

DIFFERENCE 
BETWEEN 

UPPER 
CONFIDENCE 

LIMIT(95%) MEANS LIMIT(! 

82 - 81 -0.28 0.47 1.23 
82 - 80 -0.30 0.51 1.32 
82 - 79* 0.39 1.15 1.91 
82 - 78* 0.23 0.98 1.73 
82 - 77* 0.75 1.61 2.46 
82 - 76* 0.75 1.61 2.46 

81 - 80 -0.66 0.04 0.75 
81 - 79* 0.04 0.68 1.32 
81 - 78 -0.13 0.51 1.15 
81 - 77* 0.38 1.13 1.89 
81 - 76* 0.38 1.13 1.89 

80 - 79 -0.07 0.64 1.34 
80 - 78 -0.23 0.47 1.17 
80 - 77* 0.28 1.09 1.90 
80 - 76* 0.28 1.09 1.90 

79 - 78 -0.81 -0.17 0.47 
79 - 77 -0.30 0.46 1.21 
79 - 76 -0.30 0.46 1.21 

78 - 77 -0.12 0.62 1.37 
78 - 76 -0.12 0.62 1.37 

77 - 76 -0.85 0.00 0.85 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 4 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITE 1 (WATER SUPPLY INTAKE TOWER) 

PUBLIC WORKS DATA(1976-1982) 

MONTH 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT(95%) 

1 - 2* 0.37 1.31 2.24 
1 - 3 -0.16 0.80 1.76 
1 - 4* 0.11 1.04 1.97 
1 - 5* 0.74 1.70 2.66 
1 - 6* 1.13 2.07 3.00 
1 - 7* 0.43 1.39 2.35 
1 - 8* 1.13 2.07 3.00 
1 - 9* 0.57 1.51 2.44 
1 - 10* 0.93 1.87 2.81 
1 - 11* 0.98 1.89 2.80 
1 - 12 -0.31 0.72 1.75 

2-3 -1.47 -0.51 0.45 
2-4 -1.20 -0.27 0.67 
2-5 -0.57 0.39 1.35 
2-6 -0.17 0.76 1.69 
2-7 -0.88 0.08 1.04 
2-8 -0.17 0.76 1.69 
2-9 -0.73 0.20 1.13 
2-10 -0.37 0.56 1.49 
2-11 -0.33 0.58 1.50 
2-12 -1.61 -0.59 0.44 

3-4 -0.72 0.24 1.20 
3-5 -0.08 0.90 1.89 
3-6* 0.31 1.27 2.23 
3-7 -0.39 0.59 1.58 
3-8* 0.31 1.27 2.23 
3-9 -0.25 0.71 1.67 
3 - 10* 0.11 1.07 2.03 
3-11* 0.16 1.09 2.03 
3-12 -1.13 -0.08 0.98 

4-5 -0.30 0.66 1.62 
4-6* 0.09 1.03 1.96 
4-7 -0.61 0.35 1.31 
4-8* 0.09 1.03 1.96 
4-9 -0.47 0.47 1.40 
4-10 -0.11 0.83 1.76 
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TABLE 4 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITE 1 (WATER SUPPLY INTAKE TOWER) 

PUBLIC WORKS DATA(1976-1982) 

MONTH 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 

LIMIT MEANS LIMIT 

4-11 -0.06 0.85 1.76 
4-12 -1.34 -0.32 0.71 

5-6 -0.59 0.37 1.33 
5-7 -1.29 -0.31 0.68 
5-8 -0.59 0.37 1.33 
5-9 -1.15 -0.19 0.77 
5-10 -0.79 0.17 1.13 
5-11 -0.75 0.19 1.13 
5-12 -2.03 -0.98 0.07 

6-7 -1.63 -0.68 0.28 
6-8 0.93 0.00 0.93 
6-9 -1.49 -0.56 0.37 
6-10 -1.13 -0.20 0.73 
6-11 -1.09 -0.18 0.74 
6 - 12* -2.37 -1.35 -0.32 

7-8 -0.28 0.68 1.64 
7-9 -0.84 0.12 1.08 
7-10 -0.48 0.48 1.43 
7-11 -0.44 0.50 1.44 
7-12 -1.72 -0.67 0.38 

8-9 -1.49 -0.56 0.37 
8-10 -1.13 -0.20 0.73 
8-11 -1.09 -0.18 0.74 
8 - 12* -2.37 -1.35 -0.32 

9-10 -0.57 0.36 1.29 
9-11 -0.53 0.38 1.30 
9-12 -1.81 -0.79 0.24 

10 - 11 -0.89 0.02 0.94 
10 - 12 -2.17 -1.15 -0.12 

11-12* -2.18 -1.17 -0.164 

1 * denotes significant at 5% level(p<0.05) 



TABLE 5 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITE 7 (WEST FORK AT 1-59) 

PUBLIC WORKS DATA( 1976-1982) 
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MONTH 
COMPARISON1 

LOWER DIFFERENCE 
CONFIDENCE BETWEEN 
LIMIT(95%) MEANS 

1 - 2 -1.20 -0.04 
1 - 3 -1.03 0.20 
1 - 4 -1.32 -0.16 
1 - 5 -0.35 0.85 
1 - 6 -0.28 0.88 
1 - 7* 0.10 1.36 
1 - 8 -0.56 0.59 
1 - 9 -0.71 0.47 
1 - 10 -0.84 0.30 
1-11 -1.45 -0.27 
1 - 12 -1.57 -0.34 

2-3 -0.97 0.24 
2-4 -1.26 -0.12 
2-5 -0.29 0.89 
2-6 -0.21 0.92 
2-7* 0.16 1.40 
2-8 -0.50 0.64 
2-9 -0.65 0.51 
2-10 -0.77 0.34 
2-11 -1.39 -0.23 
2-12 -1.50 -0.29 

3-4 -1.57 -0.36 
3-5 -0.60 0.65 
3-6 -0.53 0.68 
3-7 -0.15 1.16 
3-8 -0.81 0.40 
3-9 -0.96 0.27 
3-10 -1.09 0.10 
3-11 -1.70 -0.47 
3-12 -1.81 -0.53 

4-5 -0.17 1.01 
4-6 -0.09 1.04 
4-7* 0.28 1.52 
4-8 -0.37 0.76 
4-9 -0.53 0.63 
4-10 -0.65 0.46 

UPPER 
CONFIDENCE 
LIMIT(95%) 

1.11 
1.43 
0.99 
2.05 
2.04 
2.62 
1.75 
1.64 
1.44 
0.90 
0.89 

1.45 
1.01 
2.07 
2.06 
2.64 
1.77 
1.66 
1.46 
0.92 
0.91 

0.85 
1.90 
1.89 
2.47 
1.61 
1.50 
1.30 
0.76 
0.75 

2.19 
2.18 
2.76 
1.89 
1.79 
1.58 



TABLE 5 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
FOR PUBLIC WORKS SAMPLING SITE 7 (WEST FORK AT 1-59) 

PUBLIC WORKS DATA( 1976-1982) 
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MONTH 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT(95%) 

4-11 -1.27 -0.11 1.04 
4-12 -1.38 -0.17 1.04 

5-6 -1.15 0.03 1.21 
5-7 -0.77 0.51 1.80 
5-8 -1.43 -0.25 0.93 
5-9 -1.58 -0.38 0.82 
5-10 -1.71 -0.55 0.62 
5-11 -2.32 -1.12 0.08 
5-12 -2.44 -1.18 0.07 

6-7 -0.76 0.48 1.72 
6-8 -1.42 -0.28 0.85 
6-9 -1.57 -0.41 0.74 
6-10 -1.69 -0.58 0.54 
6-11 -2.31 -1.15 0.00 
6 - 12* -2.42 -1.22 -0.01 

7-8 -2.01 -0.76 0.48 
7-9 -2.15 -0.89 0.37 
7-10 -2.28 -1.06 0.17 
7-11* -2.89 -1.63 -0.37 
7 - 12* -3.01 -1.69 -0.38 

8-9 -1.28 -0.13 1.03 
8-10 -1.41 -0.29 0.82 
8-11 -2.03 -0.87 0.29 
8-12 -2.14 -0.93 0.28 

9-10 -1.30 -0.17 0.97 
9-11 -1.92 -0.74 0.44 
9-12 -2.03 -0.80 0.43 

10 - 11 -1.71 -0.57 0.56 
10 - 12 -1.83 -0.64 0.55 

11 - 12 -1.29 -0.06 1.17 

1 * denotes significant at 5% level(p<0.05) 



TABLE 6 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
OF PUBLIC WORKS SAMPLING SITES 1 (WATER SUPPLY INTAKE TOWER) 

AND 7 (WEST FORK AT 1-59) 
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MONTH1 LOWER 
CONFIDENCE 
LIMIT(95%) 

DIFFERENCE 
BETWEEN 
MEANS 

UPPER 
CONFIDENCE 
LIMIT(95%) 

JAN -1.19 -0.15 0.90 

FEB* -2.49 -1.50 -0.50 

MAR -1.96 -0.75 0.46 

APR* -2.36 -1.35 -0.34 

MAY* -1.90 -1.00 -0.10 

JUL* -2.36 -1.33 -0.31 

JUL -1.53 -0.18 1.17 

AUG* -2.41 -1.62 -0.82 

SEP -2.39 -1.19 0.01 

OCT* -2.67 -1.71 -0.76 

NOV* -3.21 -2.31 -1.42 

DEC -2.47 -1.20 0.07 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 7 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
PUBLIC HEALTH DATA( 1982-1983) 

MONTH 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT(95%) 

1 - 2 -0.33 0.10 0.52 
1 - 3 -0.26 0.11 0.49 
1 - 4* 0.20 0.58 0.95 
1 - 7* 1.16 1.51 1.85 
1 - 8* 0.54 0.94 1.33 
1 - 9* 1.19 1.49 1.79 
1 - 10* 1.49 1.81 2.13 
1 - 11* 1.15 1.46 1.77 
1 - 12 -0.64 -0.29 0.07 

2-3 -0.40 0.01 0.43 
2-4* 0.06 0.48 0.90 
2-7* 1.01 1.41 1.80 
2-8* 0.40 0.84 1.27 
2-9* 1.04 1.39 1.74 
2 - 10* 1.34 1.71 2.08 
2-11* 0.99 1.36 1.72 
2-12 -0.79 -0.39 0.02 

3-4* 0.10 0.46 0.83 
3-7* 1.06 1.39 1.73 
3-8* 0.44 0.82 1.21 
3-9* 1.09 1.38 1.66 
3 - 10* 1.39 1.70 2.00 
3-11* 1.05 1.34 1.64 
3 - 12* -0.74 -0.40 -0.06 

4-7* 0.60 0.93 1.26 
4-8 -0.02 0.36 0.74 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 7 COMPARISON OF MONTHLY MEAN FECAL COLIFORM DENSITIES 
PUBLIC HEALTH DATA( 1982-1983) 

MONTH 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT(95%) 

4-9* 0.62 0.91 1.20 
4 - 10* 0.92 1.23 1.54 
4-11* 0.58 0.88 1.18 
4 - 12* -1.21 -0.86 -0.52 

7-8* -0.93 -0.57 -0.21 
7-9 -0.27 -0.02 0.23 
7 - 10* 0.03 0.30 0.58 
7-11 -0.31 -0.05 0.21 
7 - 12* -2.11 -1.79 -1.48 

8-9* 0.24 0.55 0.86 
8 - 10* 0.54 0.87 1.20 
8-11* 0.20 0.52 0.84 
8 - 12* -1.59 -1.22 -0.86 

9 - 10* 0.11 0.32 0.53 
9-11 -0.23 -0.03 0.17 
9 - 12* -2.04 -1.77 -1.51 

10-11* -0.58 -0.35 -0.13 
10 - 12* -2.38 -2.10 -1.81 

11-12* -2.02 -1.74 -1.47 

1 * denotes significant at 5% ievel(p<0.05) 



TABLE 8 COMPARISON OF MEAN FECAL COLIFORM DENSITIES 
BY SAMPLING SITE 

PUBLIC HEALTH DATA( 1982-1983) 
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STATION 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT(95%) 

1 - 2 -0.21 0.08 0.37 
1 - 3 -0.66 -0.33 0.00 
1 - 4 -0.23 0.07 0.36 
1 - 5* -0.68 -0.34 -0.01 
1 - 6 -0.20 0.14 0.48 
1 - 7 -0.61 -0.29 0.03 
1 - 8 -0.54 -0.22 0.09 
1 - 9 -0.46 -0.16 0.13 
1 - 10 -0.10 0.24 0.57 
1 - 11 -0.34 -0.00 0.34 
1 - 12 -0.39 0.01 0.41 
1 - 13 -0.27 0.03 0.32 
1 - 14 -0.60 -0.29 0.03 

2-3* -0.74 -0.41 -0.08 
2-4 -0.31 -0.02 0.28 
2-5* -0.76 -0.42 -0.09 
2-6 -0.28 0.06 0.40 
2-7* -0.69 -0.37 -0.05 
2-8 -0.61 -0.30 0.01 
2-9 -0.54 -0.24 0.05 
2-10 -0.18 0.06 0.40 
2-11 -0.42 -0.08 0.25 
2-12 -0.47 -0.07 0.32 
2-13 -0.35 -0.05 0.24 
2 - 14* -0.68 -0.37 -0.05 

3-4* 0.06 0.39 0.73 
3-5 -0.39 -0.02 0.36 
3-6* 0.10 0.47 0.84 
3-7 -0.32 0.04 0.40 
3-8 -0.24 0.11 0.46 
3-9 -0.17 0.17 0.50 

1 * denotes significant at 5% level(p<0.05) 



TABLE 8 COMPARISON OF MEAN FECAL COLIFORM DENSITIES 
BY SAMPLING SITE 

PUBLIC HEALTH DATA( 1982-1983) 
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STATION 
COMPARISON1 

LOWER DIFFERENCE UPPER 
CONFIDENCE BETWEEN CONFIDENCE 
LIMIT(95%) MEANS LIMIT(95%) 

3 - 10* 0.20 0.57 0.93 
3-11 -0.05 0.33 0.70 
3-12 -0.09 0.34 0.76 
3 - 13* 0.02 0.36 0.69 
3-14 -0.31 0.04 0.40 

4-5* -0.75 -0.41 -0.07 
4-6 -0.27 0.08 0.42 
4-7* -0.68 -0.35 -0.03 
4-8 -0.60 -0.29 0.03 
4-9 -0.52 -0.23 0.07 
4-10 -0.16 0.17 0.51 
4-11 -0.41 -0.07 0.27 
4-12 -0.45 -0.06 0.34 
4-13 -0.34 -0.04 0.26 
4 - 14* -0.67 -0.35 -0.03 

5-6* 0.11 0.48 0.86 
5-7 -0.31 0.05 0.41 
5-8 -0.23 0.12 0.48 
5-9 -0.16 0.18 0.52 
5 - 10* 0.21 0.58 0.95 
5-11 -0.04 0.34 0.72 
5-12 -0.08 0.35 0.78 
5 - 13* 0.03 0.37 0.71 
5-14 -0.30 0.06 0.41 

6-7* -0.79 -0.43 -0.07 
6-8* -0.72 -0.36 -0.00 
6-9 -0.64 -0.30 0.04 
6-10 -0.28 0.10 0.47 
6-11 -0.52 -0.14 0.24 
6-12 -0.57 -0.13 0.30 
6-13 -0.45 -0.11 0.23 
6 - 14* -0.79 -0.43 -0.07 

1 * denotes significant at 5% level(p<0.05) 
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TABLE 8 COMPARISON OF MEAN FECAL COLIFORM DENSITIES 
BY SAMPLING SITE 

PUBLIC HEALTH DATA(1982-1983) 

STATION 
COMPARISON 

LOWER 
CONFIDENCE 

DIFFERENCE 
BETWEEN 

UPPER 
CONFIDENCE 

LIMIT(95%) MEANS LIMIT(î 

7-8 -0.27 0.07 0.41 
7-9 -0.19 0.13 0.45 
7 - 10* 0.17 0.53 0.88 
7-11 -0.08 0.29 0.65 
7-12 -0.12 0.30 0.71 
7-13 -0.00 0.32 0.64 
7-14 -0.34 0.00 0.34 

8-9 -0.26 0.06 0.38 
8 - 10* 0.11 0.46 0.81 
8-11 -0.14 0.22 0.58 
8-12 -0.19 0.23 0.64 
8-13 -0.07 0.25 0.57 
8-14 -0.40 -0.07 0.27 

9 - 10* 0.06 0.40 0.73 
9-11 -0.18 0.16 0.50 
9-12 -0.23 0.17 0.57 
9-13 -0.11 0.09 0.49 
9-14 -0.45 -0.13 0.19 

10 - 11 -0.61 -0.24 0.13 
10 - 12 -0.66 -0.23 0.20 
10 - 13 -0.54 -0.21 0.13 
10 - 14* -0.88 -0.52 -0.17 

11 - 12 -0.42 0.01 0.44 
11 - 13 -0.31 0.03 0.37 
11 - 14 -0.65 -0.28 0.08 

12 - 13 -0.38 0.02 0.42 
12 - 14 -0.71 -0.29 0.12 

13 - 14 -0.64 0.32 0.00 

1 * denotes significant at 5% level(p<0.05) 


