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ABSTRACT

Factors determining water quality were analyzed

and related to recreational influences at Hawley Lake in

the White Mountains of Arizona during the 1972 summer use

season. It was hypothesized that the impact of heavy

recreational use in the form of camping, picnicking, fishing,

and summer homes would have a measurable effect on the water

quality of the lake. Systematic analyses of water samples

were made including determinations of fecal coliforms,

temperature, turbidity, nitrates, phosphates, hydrogen

sulfide, hardness, and chlorine. Water samples were col-

lected at seven stations, stratified at one meter intervals.

Results show some correlations between various water quality

factors and the concentrations and type of recreational use.

Water samples taken from areas on the lake located near

homesite developments showed the greatest user impact,

while those areas receiving limited recreational use showed

only minimal user influences. Concentrations of fecal

coliforms, the primary indicator of human contamination,

were moderate throughout the use period for all stations,

but marked differences could be noted between quantities

found near homesites and those found in lower use areas

ix



of the lake. The results of this study indicate positive

correlations between intensities of recreational and home-

site use and variations of water quality.



INTRODUCTION

Background 

In areas such as the arid southwest, where water is

a scarce resource, the available water is pressured ex-

tensively by potential users. Historically, water has

provided for the agricultural, industrial and municipal

necessities first, and only in times of excess was the

resource utilized for planned water-based recreation.

However, as man's affluence increases, so correspondingly

does his leisure time and his ability to utilize this time

for activities other than his basic sustenance or increasing

his prosperity. In Arizona the large numbers of retired

transients and citizens with much leisure time combine to

provide the majority of the use of the water-based recrea-

tion. Only recently have water-based recreational develop-

ments and activities come to be recognized as legitimate

uses of natural waters. Important management considerations

in planning the utilization of the limited amounts of sur-

face waters in Arizona has also only recently been

recognized as a growing public concern. Proper management

of the water resource is complicated by a lack of knowledge

concerning the effects of recreational activities and
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development on natural water bodies. Agencies charged

with the planning and proper management of the water re-

source are confronted with the difficult task of arriving

at meaningful administrative decisions with limited avail-

able data. Various agencies have expressed concern re-

garding the lack of necessary information and have begun

to provide small scale studies concerned with their own

particular interests. These studies are generally quite

limited and provide only a minimum amount of information

applicable to the overall problem of water-based recreation

and related impacts on natural water bodies. In the south-

western region of the United States studies dealing with

water quality and natural resource recreation have been

initiated. The United States Forest Service is currently

conducting an administrative study in Eastern Arizona con-

cerning the water quality of some of the recreationally

influenced lakes and streams in its jurisdiction. The

United States Public Health Service is also conducting

studies throughout Arizona, although their studies deal

more with the centers of population in general than

specific natural recreation areas. Various departments of

The University of Arizona are also conducting water quality

studies of natural resource recreation areas.

One of the areas of Arizona receiving a large

percentage of the recreational use is the Mogollon



Rim-White Mountain region of Eastern Arizona. This area

has long been noted for its recreational value, and in

recent years has become subjected to increasing amounts

of human influence. The White Mountains are a well known

and heavily utilized summer home and outdoor recreation

area. Development of the public and private lands has

often been haphazard with only a minimum of planning for

such important considerations as sanitation, aesthetics,

erosion, floral destruction, faunal habitat deterioration

and water quality degredation. The majority of the public

and private campgrounds have been developed applying only

the most primitive of sanitary facilities; and, only a

minimum of other facilities such as erosion bars, pre-

constructed fire places and picnic pads are used to pro-

tect the recreation areas. Private lands have been de-

veloped utilizing no overall plan, such as those created

by a well organized county or state Planning and Zoning

Commission. There have been few restrictions to the

development of environmental factors such as topography,

drainage, vegetation and wildlife. Much of the White

Mountain region is public land under the control of the

United States Forest Service or reservation land under the

control of the White Mountain Apache Indian Tribe. Both

of these agencies have begun to express interest in the

problem of water quality and recreation of the natural

3
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water bodies as an integral part of their land use planning.

In this regard, the Forest Service has had the greatest

amount of planning experience and therefore has the better

developments. However, the White Mountain Apache Tribe

is attempting to elevate the quality of their developments

to a level which will insure protection of the environment

and provide the necessary facilities for visitors to the

area.

One of the more serious problems relating to water

quality is the large number of homesites which have been

developed on private, public and reservation lands. Often

the only means of sewage treatment for these homes are

individual septic tanks. Many past studies have shown the

inefficiency of septic tanks to prevent degredation of the

surrounding water bodies (Brickler, 1966; Anon., 1965;

Kittrell, 1969; Lower Colorado Region Comprehensive Frame-

work Study, 1970; McKee and Wolf, 1963). This is especially

important because many of the summer homes are located either

directly on the watershed surrounding the lakes or on

watersheds whose streams drain into the lakes. There is

a readily available source of pollutants to the lakes of

the White Mountains when homesites are present.

The Problem 

In the White Mountains there are many potential

sources of pollution to the recreational lakes. These
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sources include summer homes, campers, picnickers, fisher-

men and other recreationists, as well as the many kinds

of livestock and wildlife.

This study examines Hawley Lake of the White

Mountain region. This lake may be considered to have many

of the water quality and recreational characteristics of

other lakes in the area as they changed through the recrea-

tional use season of June to August, 1972. Analysis of

the problem correlates the water quality data with the

recreational and homesite use data to determine the rela-

tionships which exist between the lake environment and the

intensities and types of human use. This type of informa-

tion will prove valuable in planning for the future use

of the recreational and summer home areas.



OBJECTIVES OF THE STUDY

The general objective of this study is to provide

a basic knowledge of the water quality characteristics of

a representative lake of the White Mountain area and to

examine relationships between these characteristics and

the intensities and types of recreational use.

The specific objectives of the study are: (1) to

develop and incorporate techniques for use in determining

the relationships between water-based recreation and water

quality on Hawley Lake, White Mountains, Arizona; (2) to

determine if variations exist in the water quality char-

acteristics; (3) to determine correlations between water

characteristics and varying intensities and types of

recreational use.

6



REVIEW OF LITERATURE

Introduction 

"Research has been the tool most neglected in the

whole kit of instruments used in the managing of water in

the United States." This statement by Gilbert F. White

(1969: 54) describes quite accurately the neglect of

research as a tool in the management of water-based

recreation resources in the United States. Until the 1950's,

there was little coordinated research dealing in any degree

with water quality. The early background of pollution

control of natural water was initiated in the late

nineteenth century with the development of the study of

bacteriology and the ensuing identification of various

bacterial forms. The early twentieth century brought the

advent of chlorination and the early attempts to treat

domestic sewage (Warren, 1971). After this beginning,

research in water quality stagnated until the 1950's. The

major effort in water pollution control has come since this

date (Warren, 1971). The Federal Water Act of 1965 pro-

vided for the establishment of water quality criteria

(Molof, 1972). Since that time, various agencies and

institutions have developed criteria for the several uses

of water, that is, drinking water, primary contact, or

7
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secondary contact waters (Clark, Viessman and Hammer,

1971; Watts, 1971; Water Quality Criteria, 1966). The

need for research into the relationships between water

quality and the numerous factors influencing it, including

recreation, is still great. Suggested research includes:

examination of the effects of synthetic detergents on such

factors as biological oxygen demand (Kneese, 1962) de-

termination of the possibilities of zoning for recreation

and acting to protect the shorelines of lakes from develop-

ment (Haugen, 1965); determining carrying capacities for

water-based recreation areas (Outdoor Recreation for

America, 1962); and many others including the need to

conduct investigations on an area-wide basis, not just on

a point basis (Kneese, 1962). There are numerous studies

dealing in various degrees with water quality and natural

resource recreation, but there is still a great need for

more definite information on which to base our management

of water-based recreational areas. The basic reference

source for the majority of water quality standards and

analysis is the Standard Methods for the Examination of 

Water and Wastewater (1969).

Water Quality Criteria 

Many institutions, State and Federal agencies and

assorted water related groups have developed standards for

various components of water quality. Some of these criteria
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have been based on facts and some have been based on sub-

jective estimates of researchers. The best of these to

date from a recreational standpoint are those developed

by the Committee on Water Quality Criteria of the Federal

Water Pollution Control Administration. Selected parts

of these recommendations which pertain directly to this

study are included in Appendix A. Clark (Clark et al.,

1971) showed both permissive and desirable criteria and

limits for both surface waters and for drinking waters.

The criteria and standards shown in Clark's book (Clark

et al., 1971) were derived from the Public Health Service

drinking water standards and from a report on surface water

criteria of the Federal Water Pollution Control Administra-

tion. Some states, such as Idaho, have also developed

criteria and standards of their own (Watts, 1971).

Most of the reports on criteria differ only

slightly because many are taken from the same sources.

This is evidenced by the similarity of criteria of the

American Society for Testing and Materials (Water Quality

Criteria, 1966) and the criteria developed by the Federal

Committee on Water Quality Criteria (Appendix A).

Water-Based Recreation 

Water-based natural resource recreation has become

an important use of our water areas. The Outdoor Recrea-

tion Resources Review Commission Report states that
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44 percent of the people of the United States prefer water-

based recreation over land-based recreation as reported by

Jones (Jones, 1968). Haugen further emphasizes this

preference by stating that water is the number one feature

that nearly everyone looks for in outdoor recreation

(Haugen, 1965).

Demand for water-based recreation is predicted to

triple by the year 2000 (Jones, 1968; Haugen, 1965). This

projected increase in recreational water use is due to the

predicted increase in leisure time among Americans, which

is also expected to triple (Haugen, 1965). However, in-

creased recreational use does not have to be accompanied

by the usual decline in the quality of the waters and of

the recreational area. Properly planned recreation can

definitely enhance the quality of a water-based recreational

area (Jones, 1968). The report on Outdoor Recreation for 

America by the Outdoor Recreation Resources Review Com-

mission (1962) recommends that recreation should be recog-

nized as beneficial and necessary use of water areas and

that agencies should plan to promote and maintain the

suitability and attractiveness of the water areas for

outdoor recreational activity.

The basic problem associated with natural water-

based recreation is that although water recreation depends

on the abundance of good quality water the recreational
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activity may actually decrease the quality of the water to

levels which are no longer compatible with natural resource

recreation (Kneese, 1962). Often this is due to the un-

attractiveness of the polluted area, the inaccessability

due to the algal growth, or to lack of fishing from kill-

off by pollution (Kneese, 1962; Haugen, 1965; Watts, 1971).

Many studies have shown that the summer months, which have

the greatest potential for eutrophication and pollution,

are characterized by heavy concentrations of use often far

beyond the capacity of the specific area (Haugen, 1965).

However, the impacts of recreation on water quality have

not received the attention that is due. People have not

become sufficiently concerned about the pollution caused

by recreation and as a result the time has not been taken

to weigh the consequences. Recreation seekers cannot find

satisfaction in areas beaten down by overcrowding, erosion,

pollution and noise (Jones, 1968). Jones further states

that while the quality of waters required for recreation

vary with the activity involved, it is obvious that polluted

waters have less potential for recreation than those that

are unpolluted.

Sources of Pollution 

The potential sources of pollution to water-based

recreation areas are limited only by the development and

use of the nearby watersheds and stream drainages.
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Pollution may include suspended solids, toxic chemicals,

organic wastes using large amounts of oxygen, thermal

wastes, pathogens that are harmful to humans and many other

forms (Jones, 1968). Agricultural pollution may often

account for at least a portion of the contamination of a

water body. Concentrated livestock wastes, as at horse

stables, entering a water body will tend to increase the

oxygen demand, increase the available nitrogen and increase

the bacterial populations of the water (Browning, 1965).

Studies have found that often the major source of contami-

nants for a recreational lake is from the homes developed

on the watersheds on the lake. Kitchen and laundry wastes

have been shown to be important contributors of nutrients

and of coliform bacteria to water bodies (Kittrell and

Furfari, 1962). Brickler found that coliform bacterial

densities were higher in areas of a lake near places of

habitation than in areas of heavy recreational use

(Brickler, 1966). This observation was consistent with

findings concerning the apparent failure of septic tanks

and leech fields at the home areas to prevent pollution

of water.

The Lower Colorado Region Comprehensive Framework

Study (1970) reported Show Low Creek in the Little Colorado

Subregion as being severely polluted due to the inadequate

sewage disposal systems available to serve the influx of
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recreationists. The report further stated that the Arizona

State Department of Health is currently looking into the

problem of pollution of another major recreational waterway

due to the failures of septic tanks. An important point

brought out by the report is that septic tank discharges do

not receive disinfection. Therefore, the potential for bac-

teriological pollution increases in heavily populated areas

served by septic tanks. An extract from the News Quarterly

of the Sanitary Engineering Research Lab (Anon., 1965) stated

that septic tanks are complicated sewage treatment facili-

ties with many variables, including the significance of

precipitates formed by the interaction of hardness in water

and synthetic detergents; the effects of detergents on soil

clogging; the ability of flocculants to increase the sus-

pended solids removal; and the ultimate effect on the soil

clogging capacity of the effluent. The extract further

stated that the considerable number of leeching field

failures points to the need for improved engineering of

septic tank systems. The Lower Colorado Region Comprehensive

Framework Study (1970) also pointed out that the soils may

provide an effective barrier against bacterial pollution,

but complete removal may not be effected over short dis-

tances.

Pollutants other than bacteria may also be added

to a lake or stream through septic tanks. Nutrient
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pollution has been shown to be the end product of septic

tanks or cesspools (McKee and Wolf, 1963). Septic tank

effluent from a family of five represents approximately five

pounds of phosphate and 27 pounds of nitrogen added to the

soil each year, Phosphate is readily fixed by the soils

and nitrogen is lost by volatilization to the atmosphere.

Therefore, 90 percent of the phosphate is retained by the

soil as is 50 percent of the nitrogen. It is therefore

possible that septic tanks are adding to the nutrient

pollution, and possible eutrophication, of the water bodies

(Polta, 1969). MacKenthun found that wastes with concen-

trations of nitrogen and phosphorous increase certain

organism populations to such magnitudes as to interfere

with water uses and to create nuisances (MacKenthun, Ingram

and Porges, 1964).

Fecal Coliforms 

The use of Escherichia coil has come to be recog-

nized as the primary indicator of human fecal contamina-

tion (Anon., 1968; Lower Colorado Region Comprehensive

Framework Study, 1970). Fecal coliforms meet the require-

ments for an indicator organism as they are usually found

whenever enteric pathogens are found; they are relatively

harmless; and there are reasonably efficient techniques

available for the determination of their presence and num-

bers (Standard Method for the Examination of Water and
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Wastewater, 1969; Tebbutt, 1971; Warren, 1971; Holden, 1970;

Lower Colorado Region Comprehensive Framework Study, 1970).

Furthermore, numerous court cases have upheld the use of

coliforms as indicators of human fecal contamination (McKee

and Wolf, 1963).

E. coli is a gram negative, non-spore producing,

rod-shaped bacteria which is capable of fermenting lactose

to produce a gas (Holden, 1970). The most important test

for differentiating the coliforms has been stated to be the

44 degree centigrade MacConkey test (Holden, 1970; Tebbutt,

1971; Standard Methods for the Examination of Water and 

Wastewater, 1969). The other major test, the Multiple Tube

Fermentation Method has been described as only an estimate

while the Membrane Filtration Technique with the MacConkey

elevated temperature is an actual bacterial count (Water 

Quality Criteria, 1966). Due to the relative newness of the

fecal coliform tests, there is little historical knowledge

available (Lower Colorado Region Comprehensive Framework

Study, 1970). The knowledge available indicates that

natural waters will contain from two to three fecal coli-

forms per hundred milliliters of water due to non-human

sources (Holden, 1970). Further, the fecal coliforms are

alien to natural waters and die off quickly when introduced

except when protected in bottom sediments. They do,

however, remain longer than most other bacteria except

the natural water bacteria (Holden, 1970). E. call are
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limited in natural waters by many factors. Limits of pH for

the fecal coliforms range from four to nine (Holden, 1970).

They are also retarded by cooler temperatures, especially

below 34 to 37 degrees Farenheit (Holden, 1970; Tebbutt,

1971). Concentrated solar radiation may also act as an

agent to kill the bacteria, but high turbidities will tend

to render radiation ineffective as a disinfectant. Filtra-

tion through the earth may also kill the fecal coliform bac-

teria through natural die off and through predation by pro-

tozoa (Holden, 1970). This removal may not be complete,

however, over short distances and therefore, the fecal cou-

forms may be able to enter the lake or stream (Lower Colorado

Region Comprehensive Framework Study, 1970).

Although E. coil is the most delicate and certain

indicator of excretal pollution, the bacteria are limited in

that the test for their presence does not differentiate be-

tween human fecal pollution and that of other warm blooded

animals (Holden, 1970). Many authors have stated that when

E. coil are found, human fecal pollution is indicated and

there is a possibility that enteric pathogens may be present

(Tebbutt, 1971; Holden, 1970; Lower Colorado Region Compre-

hensive Framework Study, 1970). Although high coliform

counts have been presumed to indicate the presence of patho-

genic organisms (Lower Colorado Region Comprehensive Frame-

work Study, 1970) studies have shown that this is not en-

tirely accurate. Salmonellae spp. bacteria have been
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isolated at fecal conform densities of less than 150

colonies per hundred milliliters (Gallagher and Spino,

1968), Holden (1970) further states that Salmonellae spp.

have been found with no associated E. coui or with E. cou i 

of only two to three colonies per hundred milliliters. A

major problem associated with the use of the fecal coliforms

is that viruses are able to survive where the coliform

bacteria are not. In Delhi in 1955, a water-borne viral

hepatitis outbreak was detected in water which had apparently

met the standards for E. coui (Shuval, 1969). Shuval

further states that the fecal conforms are more sensitive

to death by treatment or natural causes than are the viruses.

Other authors have noted this difference in resistance

between viruses and E. coil (Bauman, 1965). Shuval has

noted that there are more than 70 viruses associated with

human feces (Shuval, 1970). These findings show that an

absence of E. coli may indicate an absence of bacteria,

but not necessarily of viruses (Bauman, 1965). Therefore,

low fecal coliform numbers do not by themselves indicate

safety (Gallagher and Spino, 1968).

Septic tanks have been shown to be important

sources of the E. cou i and, therefore, of potentially

dangerous pathogens. For example, in 1953 in Des Moines,

infectious hepatitis outbreaks were traced to septic tank

areas (Bauman, 1965).
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In the same general area as Hawley Lake, Big Lake

has been shown to contain only low fecal coliform numbers

in the range of zero to five colonies per hundred milli-

liters. Parts of the San Francisco River have shown fecal

coliform densities of up to 8700 colonies per hundred milli-

liters and various portions of the Little Colorado River

have shown densities of total coliforms of 200 to 600

colonies per hundred milliliters (Johnson, 1971). In one

study, a typical upland catchment has been shown to contain

an average of 68 coliforms per hundred milliliters as de-

termined by the multiple tube filtration method (Tebbutt,

1971). An important reason for the densities noted in the

above studies is that septic tanks, which are often the only

method of sewage treatment, in the vicinities of the streams

or catchments, are usually not treated by a disinfectant.

Therefore, the coliforms are free to enter the water bodies

(Lower Colorado Region Comprehensive Framework Study, 1970).

. The most abundant concentrations of the coliforms

have been determined in July (Johnson, 1971; Anon., 1966).

This could be due to several causes. The organic matter

which provides food for the bacteria is at its peak in the

summer months (Abernathy and Bungay, 1972; Holden, 1970).

This high level of organic matter is associated with the

turbidity which acts as an inhibitor to the disinfectant

aspect of the solar radiation. Further, the bacteria tend
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to increase after the first rain, but decrease after

several occurrences of the precipitation (Holden, 1970).

Therefore, in an area of mid to late summer precipitation,

the peak conform numbers would tend to occur in July.

Temperature 

Temperature has often been noted as an important

factor in water quality considerations (Brickler, 1966).

Temperature is important for its effect on such things as

the rate of biological and chemical reactions and reduc-

tions in the soluability of gasses especially dissolved

oxygen (Tebbutt, 1971; Watts, 1971; Anon., 1966; Horne,

1972; Standard Method for the Examination of Water and 

Wastewater, 1969). Fish and all aquatic life depend on

specific ranges of temperatures for life (Watts, 1971).

This is because most aquatic animals are pokilotherms which

means that their body temperature remains at the same

level as that of their surrounding environment (Warren,

1971). Temperature is also a controlling factor concerning

the primary productivity of a lake (Abernathy and Bungay,

1972). Another important effect of temperatures is that a

rise of ten degrees will raise the oxygen requirement of

fish two to three times while the saturation concentration

of the dissolved oxygen actually decreases (Tebbutt,

1971). Therefore, a temperature increase above a critical

level can cause the lake to become unfit for fish (Haugen,
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1965). Temperature ranges for most aquatic life are 35

degrees Farenheit to 90 degrees Farenheit. Beyond these

extremes growth of most organisms ceases (Anon., 1966).

Most criteria recommend the temperatures not be allowed to

be increased above 85 degrees Farenheit due to preventable

causes (Clark et al., 1971). The optimum temperatures

for fresh water fisheries is recommended between 55 and

65 degrees Farenheit as recommended by Johnson (1971).

In the same general area as this study, the East

and West Fork of the Black River has shown average maximum

temperatures for May of 70 degrees, for June of 71.5, for

July of 71.8, and for August of 66 degrees Farenheit. The

San Francisco River during the same study had periods with

temperatures greater than 70 degrees Farenheit (Johnson,

1971). Johnson has suggested that water temperature has

been one factor responsible, in part, for the fish kills

experienced in the White Mountains of Arizona.

The General effect of temperature on recreation is

that the higher temperatures may harm recreation through

increased algal growth, fish die offs, and other considera-

tions (Kneese, 1962). Temperature also generally has the

effect of aiding bacterial growth as the temperature in-

creases and inhibiting the growth as the temperature

decreases (Kittrell and Furfari, 1962).



Turbidity 

Turbidity is a measure of the light scattering

characteristics of water caused by the presence of col-

loidal and suspended particulate matter (Allen and Nancy,

1972). Turbidity is often due to clay-silt, sewage or

large numbers of micro-organisms (Tebbutt, 1971; Watts,

1971; Sawyer and McCarty, 1967; Standard Methods for the 

Examination of Water and Wastewater, 1969). Turbidity

can affect many of the ecological, chemical and physical

relationships occurring within a lake. Turbidity can

result in lower light penetrations, causing a decrease in

photosynthesis and primary productivity with a resultant

decrease in fish populations (Anon., 1966). Extreme

turbidity can result in an almost complete cessation of

the photosynthesis (Warren, 1971). Turbidity also causes

an increase in temperature of surface waters as solar

radiation is absorbed. This can result in an increase in

aquatic plant growth (Anon., 1966; Allen and Mancy, 1972).

With extreme turbidity, a die off of the plant growth can

occur, with a further increase in turbidity due to the

residue from the floral decay (Watts, 1971). Since algae

is dependent on light, it is clearly associated with the

turbidity levels (Kneese, 1962). Extreme turbidities are

often the result of human activities (Warren, 1971). The

sewage from septic tanks is often a major component of

21
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turbidity and also serves as food for the bacteria in the

lake (Sawyer and McCarty, 1967). Suspended solids and silt

have been shown to interfere with fish populations and,

therefore, with recreation (Haugen, 1965; Jones, 1968).

Tebbutt (1971) has stated that high turbidities not only

interfere with recreation through algal growth of fish

kills, but also may render a lake aesthetically unattrac-

tive.

By date, light penetrations have been shown to be

the deepest in the month of May and then to decrease

throughout the summer for lake waters (Water Quality 

Criteria, 1966), indicating less turbidity early in the

summer.

Studies have further shown that there is high cor-

relation between the readings obtained by a Secchi Disc

and actual turbidities (Water Quality Criteria, 1966).

Nitrates and Phosphates 

Nitrates and phosphates are important nutrients in

a lake environment because of their effect on algal and

plankton growth. Concentrations of nitrogen and phosphorous

cause certain organisms to increase in number. These or-

ganisms include floating and attached algae, and rooted

aquatic plants and phytoplankton (Mackenthun et al., 1964;

Watts, 1971). Allen and Nancy (1972) have stated that

these algal and plankton blooms are also usually unaesthetic
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and smelly. The availability of these nutrients is the

controlling and limiting factor to the primary productivity

and algal and planktonic blooms (Abernathy and Bungay,

1972). Nitrogen has been found to be the critical factor

in the initiation and growth of phytoplankton and algae

during some major blooms (Serruya and Berman, 1970), while

Kneese has found that both nitrogen and phosphorus are

critical for an algal bloom to occur, but phosphorus may

be the most limiting (Kneese, 1962).

There are many sources of the nutrients, but the

major ones are from wastes, the atmosphere, runoff from

watersheds, and the bottom sediments of the lake (Anon,

1966; Abernathy and Bungay, 1972). Many other studies have

shown that sewage from septic tanks and cesspools are major

contributors to the nutrient pollution of water bodies

(McKee and Wolf, 1963; Anon., 1969; Mackenthun et al.,

1964). Shelef and Halperin (1970) have further confirmed

that nutrients in wastewater can support large algal blooms

and can trigger and accelerate eutrophication.

Large portions of the phosphorus in surface waters

is reported to come from municipal waste effluents, with

detergents being responsible for 66 percent of the total

phosphorus in these wastes (Allen and Mancy, 1972). De-

tergents have also been blamed for levels of phosphates

up to one milligram per liter in a study of United States
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rivers (Anon., 1968). Phosphate levels for Big Lake were

recorded at 0.04 milligrams per liter (Johnson, 1971). The

San Francisco River has levels of 0.3 to 0.7 milligrams

per liter and the Black River has concentrations of up to

one milligram per liter (Johnson, 1971). The Little

Colorado River displayed levels of 0.3 in the winter and

up to one milligram per liter in the summer for phosphorus

(Johnson, 1971). Municipal wastes have been shown to be

capable of contributing phosphorus to water bodies in the

form of phosphates (Anon., 1969). The critical levels of

phosphates for an algal bloom to occur were reported as

ranging from 0.01 for inorganic phosphorus to 0.03 milli-

grams per liter, depending on the author (Watts, 1971;

Lakey and Lenz, 1967; Sawyer and McCarty, 1967).

Nitrogen is derived from municipal sewage in the

forms of nitrate, nitrite, and ammonia (Chemistry of

Nitrogen and Phosphorus in Water, 1970). Septic tanks have

been shown to contribute heavily to the nitrogen levels

in a lake (McKee and Wolf, 1963; Polta, 1969). Nitrate

is the oxidized form of nitrogen and is the final end

product of this oxidation (Sawyer and McCarty, 1967; McKee

and Wolf, 1963; Tebbutt, 1971). Algae may utilize the

ammonia form of nitrogen more freely than the nitrate form

as the ammonia is easier to assimilate (Shelef and Halperin,

1970). The nitrates in a water body indicated that
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pollution has occurred some time in the past. The nitrates

further indicated that the nitrogen pollution has utilized

amounts of the available oxygen to oxidize the initial

nitrogen form to the nitrate form (Sawyer and McCarty,

1967). Nitrogen, especially ammonia has been associated

with concentrations of livestock (Browning, 1965).

Nitrates have been reported as being of usually

less than 0.1 milligram per liter in the winter and may

decrease to zero milligrams per liter in the summer (Allen

and Mancy, 1972). Nitrates have also been reported to

accumulate in natural waters (Lambert, 1972). Municipal

waste accumulations have been reported to cause nitrate

levels of 0.2 to one milligram per liter in the Hudson

River (Hovells, Kneipe and Eisenbud, 1970). A study of

98 United States rivers showed nitrogen levels of from 0.1

to ten milligrams per liter (Nordall, 1961). A further

study of surface waters of the United States showed nitrate

levels of from .5 to 4.7 milligrams per liter due to muni-

cipal sewage. Nitrate levels at Clear Lake varied from 9

milligrams per liter in May to 4.6 in September of 1960.

Levels at Lake Tahoe varied only from zero to 0.1 milli-

grams per liter during the same season of year (Anon.,

1966). A typical concentration for an upland catchment

has been reported at .28 milligrams per liter (Tebbutt,

1971).
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Critical levels of nitrogen for an algal bloom to

occur have been reported as 0.3 milligrams per liter

(Lakey and Lenz, 1967; Watts, 1971). Criteria levels for

nitrates are zero to ten milligrams per liter for surface

waters (Lambert, 1972; Clark et al., 1971). Levels of

nitrates higher than 45 milligrams per liter have been

reported to cause infant methomoglobinemia (Lambert, 1972).

Although the primary source of nutrients is from

organic matter which would be expected to aid bacterial

growth, the precise effect of nutrients on the bacteria

is unknown (Watts, 1971; Kittrell and Furfari, 1962).

Abernathy and Bungay (1972) stated that algae

utilize the available nitrogen and phosphorus during growth

and then releases these nutrients when they die and de-

compose. With wind mixing, these nutrients remain avail-

able throughout the vertical layers of the lake.



INTRODUCTION TO THE STUDY AREA

Background 

Hawley Lake was chosen for this study because of

the large concentration of camping, picnicking, fishing

and related recreational use combined with the large num-

bers of homesite users. This study was initiated to

determine if the degree of utilization by recreational

visitors would be intense enough to degrade the quality

of the water body.

The vegetation of the Hawley Lake area was pri-

marily a coniferous forest type with open clearings of

mountain grassland. Many perennial streams were located

throughout the area, several of which flow into Hawley

Lake. These streams drain large watersheds which were

used primarily for timber production, wildlife, livestock

grazing and recreation. Hawley Lake, owned and managed

by the White Mountain Apache Indian Tribe, was located at

8200 feet elevation. Much of the land surrounding the lake

has subsequently been developed as a summer home community

with approximately 450 homes around the lake in addition

to such developments as a trailer park, a horse stable, a

gas station-store complex and a boat dock-restaurant com-

plex. The sanitary facilities of the permanent homes
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consist of septic tanks with an occasional leach field.

The development of the lakeshore further consisted of a

campground with an estimated 150 undesignated and un-

developed sites. Sanitary facilities for the campground

were provided for by several unlined pit type privies.

The Soils 

The soils of Hawley Lake were primarily of two

series; the ESS series and the Gordo series. Both series

displayed somewhat similar physical characteristics as

they both were well drained, medium and moderately fine

textured soils. The Soil Conservation Service has rated

the ESS soil series as having slow permeability with bed-

rock at 45 inches and the Gordo soil series as having

moderate permeability with cobbly soil or bedrock at 38

inches. The Soil Conservation Service has rated the ESS

soil series as moderate and the Gordo series as high in

load carrying capacity. This rating inferred moderate to

high ability to withstand compaction and erosion of the

soil by vehicles and activities of recreationists. This

also indicated moderate ability for pollutants to pene-

trate the soil and enter the lake.

Sources of Pollution 

Possible sources of pollution to the lake were

numerous. With approximately 450 summer homes, each with

28



29

a septic tank or similar method of sewage disposal, there

was potentially a large input of microbiological and

nutrient contamination to the soils of the watersheds

surrounding the lake. As the majority of the homes were

located within 100 meters of the lake shoreline or the

shoreline of a contributing stream, bacteria and other

contaminants could conceivably have entered the lake from

those sources. The septic tanks were capable of con-

tributing not only bacterial and viral contaminants, but

also large amounts of nutrients thereby increasing the

potential for eutrophication of the lake. In much the

same manner as the septic tanks, the earthen pit privies

located around the lake were heavily utilized. It was

reasonable to assume that as these privies were not lined,

the contaminants were free to enter the soil, and could

conceivably have traveled the distance to the lake. Another

potential point of pollution entering the lake was the leach

field serving the sewage pumping station located close to

the business complex at the lake. This pumping station was

the main method of disposal for the businesses and for the

caretakers home and the trailer park. The sewage from this

station was pumped to a hill near the horse stable where

it passed through a leach field. This could have been a

source of fecal contamination and nutrient pollution in

that the sewage could have found its way into the lake.
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Pollution may also have entered the lake from the numerous

trailers utilized by campers along the shoreline. In

most instances observed by the researchers, the effluent

from the holding tanks was allowed to flow onto the shore

or directly into the lake. Further, the horse stable

located on a hill near the lake undoubtedly contributed

fecal material both directly to the lake or indirectly

through a stream below the stables. Horses appeared to

be the only form of livestock directly contributing to

fecal pollution since cattle were excluded from the im-

mediate area. However, cattle were grazed on the water-

sheds beyond the immediate vicinity of the lake and could

have contributed fecal material through the streams draining

the lands into the lake. Due to limits of time, no sampling

program was set up to sample the contamination by animals

other than humans. A small amount of pollution could have

come from the wildlife, especially the waterfowl, but

since the birds were not numerous in the area, this source

was probably not an important one.

It was important to note that Hawley Lake received

from 20 to 30 inches of precipitation per year. The

majority of the rain in this area occurred during the late

summer. This could have had the effect of washing the

pollutants from the surrounding watersheds toward the

lake.



METHODS AND PROCEDURES

Factors Sampled 

In a study of this nature, there were numerous

known factors concerned with water quality which may have

been affected by recreational use of the lake. The prob-

lem, therefore, was not to decide which factors were im-

portant, but rather which important factors were concerned

most directly with this study and which factors the

study was equipped and qualified to analyze. In this

regard, five factors were selected: (1) types and in-

tensities of recreational use, (2) the fecal coliform

bacteria counts, (3) temperature fluctuations, (4) turbidity

measurements and (5) the concentrations of the nitrates

and phosphates.

Methods of Collection

A critical portion of the study was directly in-

volved with the collection of water samples for laboratory

analysis of several water quality factors. Laboratory

analysis of the water samples tested for E. cou, nitrates,

phosphates and several of the other chemical factors such

as hardness and hydrogen sulfide. In order to insure the

quality of results, it was absolutely necessary that col-

lection techniques utilized prevented outside influences
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from being introduced into the sample. Any introduction

of bacteria or chemical influences to the sample by error

would have altered the accuracy of the results. The fol-

lowing collection procedures were chosen to insure as

representative a sample as possible.

The means of collection of the water sample was

the triflushing biological oxygen demand (BOD) sampler used

in conjunction with a biological oxygen demand bottle.

Prior to the actual sampling, the BOD bottle and the ground

glass stopper were sterilized in an autoclave and sealed

to prevent contamination from outside sources. During

the sample collection, the stopper was removed from the

bottle, the bottle lowered into the sampler and the lid

of the apparatus was tightened into place. The apparatus

was then lowered to the desired sampling depth and held

in place until air bubbles escaping from the sampler were

no longer visible to the collector. The sampler worked by

passing water through the bottle which was suspended near

the top of the device until the space below the bottle was

filled. This insured that if the sampler was lowered

quickly, the water remaining in the bottle would actually

be from the depth desired. The sampler was then raised,

the lid removed and enough of the water poured off to

insure that the contaminants from the collector's hand

would not come-in contact with any of the sample water in
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the bottle. When enough water had been removed to expose

the lip of the bottle the ground glass stopper was securely

positioned. The bottle was then placed in a cool shaded

place and was transported to the laboratory as soon as

possible, but in no case later than four to six hours after

collection. Once the bottle with the water sample was

removed, the temperature of the water at the sampled depth

was taken by inserting a standard Celsius thermometer into

the water remaining in the sampler. Since this water

was taken from the sampled depth the temperature of the

sample was considered to be the same as the temperature at

the desired depth.

It was necessary in stratified sampling, as was

done in this study, to begin collecting at the surface and

work toward the bottom of the lake, as the sampler tended

to disturb the water at the depth at which it was col-

lecting and air bubbles from the sampler transported the

disturbance upward.

When all the water samples were collected at one

station, a Secchi Disc reading of the turbidity was taken.

Turbidity, or light penetration was measured by a device

known as the Secchi Disc. This was a circular plate

measuring 20 centimeters in diameter with four equal sec-

tions formed by two perpendicular lines bisecting the

plate. The sections alternated black and white. This
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disc was attached to a length of rope which was marked

off in one meter intervals and was then lowered into the

lake until the disc could no longer be seen by the naked

eye. The Secchi Disc was actually a measure of the depth

to which light entering the lake was reflected back to the

surface and perceived by the researcher, and was, therefore,

an index of light penetration or of turbidity which reduced

light penetration. Light penetration, expressed in meters,

was important in that various organisms had varying de-

grees of light tolerance. Light penetration also presented

definite limits to plant growth which directly affected

the entire environment of the lake.

Laboratory Analysis of Samples 

The primary indicator of human contamination of the

lake was the bacteria E. cou. The laboratory procedure

for analysis of the bacteria was the membrane filtration

technique as described by the Millipore Methods Manual on 

Biological Analysis of Water and Wastewater (1969). This

method consisted of filtering a specific quantity of water

sample through a gridded filter with a pore diameter of 47

millimicrons. The bacteria were then grown on a media

selective for the E. cou i at the elevated temperature of

44.5 degrees Celcius for a period of 24 hours. After incuba-

tion, all colonies with a bluish metallic sheen were

counted as fecal coliforms. In order to produce significant
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results, plates with 20 to 80 colonies per plate of fecal

origin and less than 200 total colonies were counted. To

achieve the required number of colonies per plate, it was

necessary at the beginning of the study to filter various

quantities of water samples. At times it was impossible

to filter an adequate sample to produce the required 20

fecal colonies due to suspended material in the sample.

This particulate matter had the tendency to clog the pores

of the filter and limited the amount of water sample which

could be filtered and consequently the number of bacterial

colonies. Also, a problem was encountered in obtaining

the minimum numbers of bacteria even when the water was

clear enough to allow an adequate sample to be filtered.

In this case, when the E. coui colonies were within limits,

the unrelated colonies often were present in such large

amounts as to interfere with the growth and countability

of the fecal colonies. As a result, throughout the season,

there was a constant problem of achieving adequate counts

of the bacteria. This was further complicated by variations

in the amounts of E. coli entering the lake or present in a

specific location of the lake due to such factors as

recreational and homesite use.

For the growth of the colonies, two methods were

used. The first method utilized ampules of selective broth

for fecal conforms. To utilize these ampules, the sterile
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pad which was packed with the sterile filters, was placed

in a sterile disposable petri dish. The ampule was then

broken and the pad saturated with the selective broth, the

excess liquid being drained off. The second method con-

sisted of using m-FC Agar. This agar, also selective for

E. cou i was prepared by adding 5.2 grams of the powdered

agar to each 100 milliliters of distilled water (approxi-

mately 4 milliliters of the prepared agar was used for each

petri dish). The liquid was then brought to near boiling

and a one percent solution of Rosiolic Acid was added at

the rate of one milliliter per 100 milliliters of water.

The heating was then continued for approximately one

minute. The agar was then allowed to cool slightly and the

plates were poured by means of a disposable sterile pipette.

In both methods, the gridded filter was innoculated and

then placed directly on the agar or absorbent pad for

incubation.

The incubation of the sample was best accomplished

with the use of a water bath incubator. The temperature

was very critical and the water bath was the surest means

of maintaining a constant temperature. It was necessary

that the dishes not be exposed directly to the water in

the bath as it would have ruined the plates. It was found

that water collection bags (Whirl-pacs) worked reasonably

well when six dishes were placed in a double bag and the
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entire collection was then sealed in a large plastic bag.

It was also necessary to submerge the plates to insure

even temperatures. This was easily accomplished by

weighting the collection.

An analysis was also performed on several samples

of the water from Hawley Lake by a microbiologist from the

University of Arizona Department of Microbiology. The

analysis of the water samples was conducted to determine the

major bacteria present in the lake. The analysis confirmed

the results of this study pertaining to E. coui and isolated

other bacteria. Specifically, the two major types of

bacteria isolated besides the E. coil were Pseudomonas 

spp. and Enterobacter spp. Both of these forms of bacteria

were reported as being common in natural waters and were

relatively unimportant in health matters.

The nitrates and phosphates were analyzed employing

techniques from the Hach Direct Reading Portable Laboratory

(n.d.). The methods involved chemical reactions with the

specific nutrients which were then calibrated on spectro-

metric equipment. The specific method for the nitrates

was the NitraVer technique and for the phosphates was the

StannaVer method. Both of these techniques were known by

various other names such as the cadmium reduction method

for nitrates (Ramanathon, Gaudy and Cook, 1968).



38

Layout of Sample Collection Points 

Location of the sample collection stations for a

study could have been accomplished by several methods. The

points may have been randomly located, they may have been

set up in a gridded manner, or they may have been set up so

as to sample areas where the factor was expected to occur

and in areas where it was expected that the factor would

have been unlikely to occur. In a study such as this, the

location of points by randomness was probably impractical

as the area to be covered was very large and the factors

to be sampled for were unlikely to be randomly distributed.

For the same reasons, the gridded method would probably have

been undesirable. Since the bacteria to be detected were

primarily of human origin it was reasonable to assume that

they would probably have been found in greater concentra-

tions in or near areas of human use. Conversely, the

concentrations would have been likely to be low in areas

of minimal human influence. Therefore, a sampling arrange-

ment designed to sample areas of the lake where the bac-

teria concentrations were expected to be high by reason

of greater human use and areas of the lake where the con-

centrations expected to be low or absent would probably

give a better indication of the actual conditions existing

at the lake than any other sampling design.
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It was felt that seven collection stations would

adequately sample Hawley Lake. The location of the sam-

pled points may be seen by referring to the sketch map of

Hawley Lake (Figure 1). The sample stations and the

reasons for their selection were as follows.

Station 1. Located approximately 100 feet off

shore from the sewage pump house to sample drainage from

the stables, trailer park, sewage pump house and several

permanent structures; this station also sampled a moderate

amount of use of the camping area.

Station 2. Located about 100 feet off the boat

dock, this station was designed to sample drainage from

the boat dock, restaurant and two pit privies. The area

received a great amount of use because of the dock and

tackle shop.

Stations 3 and 4. Surrounding the coves in which

these stations were located were numerous residences.

Also, the watersheds which drain into these coves were

heavily developed with summer homes. These points were

located primarily to sample discharge from the homes.

Station 5. Located at the confluence of two coves,

this station was set up to sample possible contamination

from the numerous homes which surround the coves and the

streams which enter the lake through these coves.
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Figure 1. Hawley Lake station map.
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Station 6. The watershed near this station re-

ceived less use than any other area studied at the lake.

There was some fishing at the dam and at the point of land

to the east of this station, but the sources of possible

contamination were minimal. Therefore, this station was

selected as sampling the area where contamination was least

expected to be found.

Station 7. This station was located approximately

50 feet off shore and to the center of the campground.

Many trailers were parked on the shore near this point

and much of the effluent from the holding tanks were

allowed to drain onto the shoreline. Also, the campground

was equipped with many pit privies which were heavily

utilized by campers.

Since there has been little previous work concerning

the specific depths at which the bacterial concentrations

may be found, this study sampled each point at five dif-

ferent depths. These began at the surface and included

samples at one meter intervals of from zero to four meters.

The information available indicated that intervals of from

zero to four meters would have been likely to pick up an

adequate representation of the bacterial population which

actually existed at the station. It would have further

determined if the bacteria were found only at specific

depths or were dispersed throughout the depth profile.
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It would further have allowed the determination of possible

correlations between light penetrations and/or temperatures

and concentrations of E. cou i at any particular depth.

Since this study was conducted as part of a larger

study, the sampling schedule for Hawley Lake had to be

conducive with the schedule of the larger study. The

sampling schedule, while being somewhat irregular , was

designed to allow for nine sampling dates during the

recreation season. The schedule was further designed so

that the scheduled dates would allow sampling on the various

days of the week instead of concentrating on specific days.

This type of schedule provided an adequate sampling base

and provided for sampling throughout the recreation period.



DATA PRESENTATION

Turbidity-Light Penetration 

Light penetration as measured by the Secchi Disc

was recorded throughout the sampling period for all sta-

tions of Hawley Lake. The compiled data is presented in

Table 1. The data showed that the depth of light penetra-

tion at the initial sampling date averaged approximately

four meters. The mean readings increased from an initial

average of 4.3 meters to 4.5 meters on June 25 and then,

throughout the summer, exhibited a relatively steady de-

cline in depth to which the light penetrated. The minimum

mean Secchi readings occurred on August 6 with recordings

of two meters or less. The minimum reading taken occurred

on August 12 with a depth of only one meter.

Nitrates and Phosphates 

Nitrates and phosphates were determined on most of

the sampling dates. The compiled data is presented in

Table 2.

The data show the increase in nitrates to a high

of 3.8 milligrams per liter (mg/1) on June 25. The con-

centrations of the nitrates during the remaining dates of

the sampling period decreased slightly and fluctuated

around the 2.0 mg/1 level.
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Table 1. Depth of light penetration by station and date
for Hawley Lake, 1972.

Measurements in meters. m = missing data.

Date
Stations

1 2 3 4 5 6 7

June 12 4.0 m m m m m m

June 19 4.0 5.5 4.0 4.5 4.5 5.0 3.0

June 25 4.0 5.0 3.5 5.5 5.0 4.5 m

July 6 4.0 4.5 2.0 3.75 5.0 5.25 1.5

July 12 3.5 3.75 2.5 5.0 4.0 4.0 in

July 16 2.5 2.5 1.5 3.5 3.0 2.75 2.0

July 31 2.5 2.0 2.0 2.5 2.5 2.0 2.0

Aug 6 1.75 1.25 2.0 2.0 2.0 2.0 1.25

Aug 12 2.0 1.75 2.0 2.0 2.2 2.0 1.5
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Table 2. Nitrate and phosphate concentrations in Hawley
Lake by station and date, 1972.

Chemical shortages caused lack of data for July
12 and parts of
in mg/liter.

preceeding dates. Measurements

Date
Stations

Mean1 2 3 4 5 6 7

June 12 N 0.8 .8
.01 .01 .09 .01 .03 .02 .03

June 19 N 2.3 2.6 2.0 1.8 3.0 3.2 3.9 2.7

June 25 N 3.0 2.6 3.6 3.0 4.2 3.6 5.2 3.6

June 6 N 1.5 1.4 1.5 1.9 2.0 1.7 1.9 1.7
.025 .03 .025 .03 .01 .01 .02 .02

June 12 N -
P

June 18 N 3.3 3.8 2.3 2.1 3.8 1.7 2.3 2.8
.02 .025 .025 .03 .03 .02 .03 .03

July 31 N 1.4 1.5 1.8 1.9 1.9 1.4 2.0 1.7
P .04 .04 .05 .04 .03 .025 .03 .04

Aug 6 N 1.5 1.5 2.0 2.1 1.9 1.3 1.9 1.5
P .05 .05 .06 .06 .02 .03 .03 .04

Aug 12 N 1.0 2.0 1.9 1.9 2.0 2.0 2.3 1.9
P .04 .05 .04 .05 .01 .03 .03 .04



46

The data further illustrated that the phosphate con-

centrations maintained a level of approximately .02 mg/1

through the sampling period until July 18. From this date

throughout the sampling period, the concentrations in-

creased to a high of .04 on August 6 and remained at a high

level for the remainder of the season.

Temperature 

Temperature was measured at all stations and strati-

fications during the entire sampling period. The mean

temperatures by date and station for the sample period are

presented in Figure 2. From a low recording of 16 °C on
the initial sampling date, the temperature increased to a

reading of 21°C in mid-July, followed by a slight decrease
which was then followed immediately by a further increase

to a high of 22°C at the end of July.

Fecal Conforms 

Fecal conform concentrations proved to be somewhat

erratic and were found in relatively low numbers in rela-

tion to those reported in the Literature Review. Table 3

details means and extremes of E. coil found per 100 milli-

liters of sample water throughout the sampling period.

Table 4 shows the means and extremes of E. coli per 100

milliliters of sample for each station sampled. The

largest amounts of bacteria were found on July 12. It was
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Table 3. Means and extremes of E. cou i in Hawley Lake
water samples by date, 1972.

Measurements of colonies per 100 ml.

Date X
Minimum
Observed

Maximum
Observed

June 12 0.00 0 0

June 19 1.68 0 80.00

June 25 0.36 0 5.00

July 6 2.65 0 20.00

July 12 36.03 0 400.00

July 18 10.65 0 90.00

July 31 8.81 0 42.00

Aug	 6 5.26 0 92.00

Aug	 12 4.52 0 21.00
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Table 4. Means and extremes of E. coli densities in Hawley
Lake water samples by station.

Measurements of colonies per 100 ml.

Station X Minimum Maximum

1 3.2 0 400.00

2 11.53 0 178.00

3 9.17 0 400.00

4 6.97 0 70.00

5 3.42 0 80.00

6 3.17 0 42.00

7 3.96 0 35.00
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also determined that the stations located near the water-

sheds containing summer homes or businesses had larger

quantities of E. cou i than any of the other stations. The

stations located near the campground displayed higher

concentrations of the bacteria than did the stations located

in areas of lower use.

Recreational and Summer Home User Data 

Use data were grouped into classes of recreational

use (camping, picnicking, and fishing) and summer home use.

The data are presented in man-days in Table 5. For the

purpose of this study, a man-day was defined as one man

at the lake during the sampling period. Man-day was,

therefore, a point estimate of use.

The recreational use pattern showed a decrease

during mid-July followed by a somewhat fluctuating increase

to a maximum level on August 6. The final sampling date

showed a decrease in recreational use. The summer home

use data showed similar patterns in that the use levels

noted at the beginning of the sampling period was followed

throughout the summer by increased use.

Other Chemical Factors 

Throughout the period, several other factors were

sampled at irregular intervals. Of these, total available

chlorine and hydrogen sulfide were determined to be of
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Table 5.	 Recreational and summer home use at Hawley Lake
by date,	 1972.

Date Recreational
Summer	 Total per
Home	 Total	 Month

June 12 163 767	 930

June 19 112 767	 879

June 25 237 767	 1004	 28,131

July 6 202 857	 1059

July 12 291 857	 1148

July 18 240 857	 1097

July 31 205 857	 1062	 33,836

Aug 6 518 887	 1405

Aug 12 373 887	 1265	 41,385

Note: Recreational, summer home and total use is in man
days per day.	 Recreational use signifies use as
camping, picnicking, fishing and related uses.
Summer home use was estimated from user counts by
month from 435 summer homes. Total use is the sum
of recreational and summer home uses.
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consistently minor amounts. The hardness of the water was

found to remain approximately 60 milligrams per liter which

was considered to be soft water.



DATA EVALUATION

Background 

In combining the five factors of water quality

plus the recreational and homesite use to determine the

over-all changes occurring at Hawley Lake during the summer

of 1972, the mean values and ranges of the data were ex-

amined with respect to the overall affects at each station

and the total affects at the sampled points by date through-

out the summer.

Station Evaluation 

The examination of the data by station was recorded

in Table 6, which showed the mean values for all sampled

quality factors. The means for the E. cou i were adjusted

for error by excluding the largest five percent and the

smallest five percent values before the mean was calculated.

This exclusion was felt to be justified as there was an

unknown degree of error inherent in a testing program of

this nature. The exclusions were taken at the maximum and

minimum ranges as error would most likely influence the

results at these extremes. Contamination would have caused

excessively high values and errors in testing could have

caused excessively low results.
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In the following evaluation, each sampling station

at Hawley Lake was for the types and intensities of use

at that station, and for any extraneous considerations

which may have had an affect on the water quality data.

Station One, shown in Figure I was located at the

mouth of a small cove containing an inflowing intermittent

stream. Although Station One was moderately free of

aquatic plant growth, the shallower areas of the cove were

extensively covered with algae and assorted aquatic and

semi-aquatic weed growth. The station was believed to be

within the possible zone of influence of the horse stable

and the sewage pump house. Station One could possibly have

also received an impact from the trailer court and gasoline

station. This station exhibited the lowest amounts of

nitrates found at Hawley Lake and only moderate amounts of

phosphates. The concentrations in June, however, were

moderately high for the nitrate concentrations and the

limited recordings available of phosphates indicated,

again, moderate amounts. The concentrations of the nutrients

present, combined with the deep early summer light pene-

trations at this station may have been the primary factors

responsible for the algal bloom which occurred from mid-

July throughout the remainder of the sampling season. This

bloom, combined with high turbidities, was responsible for

the poor light penetrations throughout the latter part of



56

the summer. The coolest mean temperatures recorded at

Hawley Lake were measured at Station One. The exact reason

for this was unknown but could be the result of several

factors. This station did not receive direct sunlight

throughout the entire day. The large amounts of above

surface floral growth may also have acted to intercept

the solar energy and prevent heat absorption by the water.

Furthermore, there was an inflowing stream in the cove

which may have added cooler waters to the area near this

point. The result of these considerations, and possibly

of others, was to maintain the water temperature of Station

One slightly lower than the readings at the other stations.

The E. cou i concentrations were also among the lowest

found at Hawley Lake. A reasonable conclusion to the

results determined at Station One would have been that the

limited types and intensities of use near this station,

including the horse stable, pumphouse, trailer court and

the gasoline station, were such that with the given con-

ditions and quality factors, the influence of the uses on

the fecal and nutrient contamination of Hawley Lake was

minimal.

Station Two was located in the area of influence

of the boat dock-restaurant and two pit privies which

serviced the users of this area. Sampling Station Two

was deep enough to begin the sampling season in a moderately
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algae free condition. The sources of contamination for

this station were believed to be the boat dock-restaurant

and the privies. A development of small cabins located

to the east of the dock may have also been within the range

of influence. Station Two exhibited moderate concentrations

of nitrates and phosphates. The major peak in nitrate

concentrations at this station occurred in mid-July and the

phosphated concentrations peaked in August. Nitrate

concentrations of approximately 2.6 milligrams per liter

and phosphate levels of .03 milligrams per liter were

recorded prior to the algal bloom. This station experienced

deep initial light penetrations and this combined with the

peak in nitrates in mid-July may have aided the algal

bloom. Late summer light penetrations at Station Two were

shallow due to .the increased algal concentrations and a

large amount of turbidity. Station Two also experienced

moderately cool temperatures throughout June. The tem-

peratures peaked at the end of July, but were lower than

many of the other sampling stations of Hawley Lake. This

station was characterized by the highest concentrations

of E. cou i found at the lake. A reasonable conclusion

for the results determined at Station Two would be that the

heavy concentrations of human use at the boat dock-

restaurant area caused or contributed to the relatively

high levels of fecal contamination. The high levels of
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the bacteria noted at this station were conceivably due

to the increased survival of the organisms as a result of

the increased protection and food source provided by the

high turbidities noted near the boat dock.

Station Three was located in a shallow cove where

extensive development of summer homes occurred on the

watersheds (see Figure 1). The primary human use at this

station was derived from the summer homes. User data

showed this visitor use to be of high intensity. The

nutrient concentrations for this station showed high levels

of phosphates and moderate levels of nitrates. Nitrate

levels were high enough throughout June to have been a

contributing factor to the algal bloom. Light penetrations

decreased early and rapidly, partially as a result of the

algal growth and partially due to the increased turbidity

in late June. The water at Station Three had cooler tem-

peratures than many of the other stations of the lake, but

the actual difference was small. E. cou i concentrations

at this station were exceeded only by those of Station

Two. The probable source of fecal bacteria at this station

would have been the numerous septic tanks of the homes.

These septic tanks may also have been responsible for the

high amounts of turbidity and phosphates noted and may

have influenced the heavy algal growth through the addi-

tion of nutrients to the lake. It is reasonable to conclude
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that the high densities of the E. coil may have been the

results of the homesite use and improper waste disposal.

This use was probably also closely related to the poor

light penetrations and heavy algal growth observed at

Station Three.

Station Four, like Station Three, was located in

an area of the lake where the adjacent watersheds were

highly developed as a summer home area. This moderately

deep cove had high levels of phosphates and moderate

levels of nitrates. This station, like Station Three,

reached a peak in nitrate concentrations in late June.

This was prior to the development of the algal bloom.

Phosphate levels were also moderately high at this time

reaching the 0.03 milligrams per liter level. These high

levels of nutrients could have aided the algae growth, but

the bloom occurring at this station was of less consequence

than was noted at most other stations of Hawley Lake. The

turbidity levels of Station Four were also less than at

most of the other stations as light penetration remained

deep until late July. Station Four experienced high tem-

peratures, possibly as a result of being located in an

area of the lake which was exposed to the direct solar

radiation during the entire day. The deep light penetra-

tions may have allowed deeper heating by the solar radia-

tion. Station Four displayed levels of E. coil below the
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concentrations of Stations Two and Three, but greater than

the remaining stations. Septic tanks of the summer homes

were believed to be major contributors to the bacterial and

nutrient concentrations found. The results for the fecal

coliform numbers at Station Four were lower than for Station

Three possibly as there were fewer homes located in the

immediate vicinity of Station Four. It was also probable

that the high phosphate levels during the late summer may

also have been from drainage from septic tanks of the homes.

Station Five was located at the mouth of two coves

at the furthest extension of the summer home developments.

Both of the coves had intermittently flowing streams which

drained the watersheds of the surrounding areas. The major

use of the area was from the summer homes as in Stations

Three and Four. The homes, which although not heavily

concentrated in the immediate vicinity of Station Five,

were highly developed around the coves behind this station

and could have influenced the station in this manner. The

nutrient composition of the station showed low levels of

phosphates and moderate levels of nitrates. Although the

nitrates did reach peaks in concentrations in late June

and again in mid-July, Station Five showed no definite

algal bloom as the lake around this point was up to nine

meters deep and below the depth to which light penetrations

were sufficient to sustain photosynthesis in quantity.
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Light penetrations were generally deep, up to five meters,

but the turbidity began to decrease the depths of light

penetration before the algae could utilize the solar energy

for growth. This station experienced high water tem-

peratures in relation to the other stations, probably due

to the deep early light penetrations and the warming of

the shallower coves behind this point. Station Five showed

only moderate amounts of E. coil. The lower numbers mea-

sured at this station in comparison to Station Three and

Station Four could be due to the fewer summer homes found

in the immediate vicinity of Station Five. The deep light

penetrations with the corresponding disinfectant effects

with little algal growth for protection and shelter from

the solar radiation may have also contributed to the de-

creased numbers of the E. coil.

Station Six was situated in an area of Hawley Lake

which received only minimal recreational and no summer home

use. The only apparent source of fecal contamination in

the immediate vicinity was a pair of pit privies located

over 100 feet from the shoreline. Data from Station Six

showed that the nutrient concentrations were low for

phosphates and moderate for nitrates. The area displayed

considerable algal growth, but this was probably due to the

shallowness and corresponding available light as much as

to the nutrient levels. The light penetrations at Station
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Six were average or slightly shallower than average for

the sampling stations on Hawley Lake. The temperatures

at this station were also close to the average for Hawley

Lake. As the data from Station Six showed the lowest

concentrations of E. cou i found at Hawley Lake, a reasonable

conclusion would have been that the minimal recreational

use with no permanent buildings was the situation which was

the least detrimental to the quality of the lake water from

a bacterial standpoint.

Station Seven was located in a very shallow area

directly adjacent to the campground. There were no per-

manent buildings in the campground and so the fecal con-

tamination was believed by the researchers to be derived

from the unlined pit privies and from the free flowing

holding tanks of the travel trailers. Phosphate levels

were low, but the mean nitrate concentrations were the

highest observed at Hawley Lake. The low phosphate levels

may have been accounted for possibly by the lack of homes

and septic tanks in the area although the effluent from

the trailers would be similar in composition to the sewage

from the homes. The high nitrate levels may have been the

result of the concentrations of the travel trailers on

the shoreline. Often the contents of a holding tank were

allowed to drain onto the shore or directly into the lake.

This would have been a source of urea, ammonia and other
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forms of nitrogen to the lake at this station which could

have affected the nitrate level. Station Seven displayed

poor light penetrations which were the result of the larger

algal growth more than the smaller particles of tur-

bidities. The algal growth was due primarily to the

shallowness of the area and the corresponding high avail-

ability of the light for the aquatic plant growth. The

station also showed high temperatures and moderate levels

of E. coli. These concentrations of the fecal bacteria

were comparable to the results of the other stations which

had been only lightly or moderately developed, namely,

Stations One and Five. A conclusion would have been that

the types and intensities of use at the campground had

less of an influence on the fecal contamination than did

the areas of habitation and business.

Results of the data show that the lake had suf-

ficient nutrients to have contributed to high aquatic plant

growth. Light penetrations appeared to be a function of

both algal growth and high turbidities and apparently at

the levels observed had some effect on the coliform den-

sities. The most important result of the study in regard

to the station differences was that although the E. coli

densities were quite low, there was a definite although

not statistically significant difference between the

stations. The results showed that the largest numbers of
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the fecal bacteria were associated with the areas of habi-

tation and permanent business establishments. The next

highest levels of bacterial contamination occurred at the

stations which had been developed to a lesser extent than

the concentrated homes or businesses. These areas included

the sampling stations for the campground area, for the

sparser home developments and for the horse stable and

pumphouse. The least amount of fecal influence was

associated with the minimal recreational use area with no

permanent buildings.

The low densities of E. cou i detected at sampling

stations of Hawley Lake and the distribution patterns of

the bacteria tended to indicate several conclusions. First,

as Hawley Lake was a large lake, in comparison to the

potential amount of waste discharged into its waters the

dilutional effects on the bacteria entering the lake would

have tended to greatly reduce the concentrations found.

Although the average human has been shown to excrete an

estimated 20 billion E. cou i per day (Gallagher and Spino,

1968), only a portion of these would have ever entered

the lake. Many would have been trapped and died in the

septic tank; more would have died in the soil as they

moved toward the lake; even more would have died due to

causes including predation once they entered the lake.

Those which did survive would have been carried by currents
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and wave action to areas further from the source. Many

would have died during this transition and those which

did survive would have been diluted in numbers by the large

volume of water (Abernathy and Bungay, 1972; Holden, 1970;

Kittrell, 1969).

Secondly, the bacteria found at a station may

actually have been in part drift from another station.

Therefore, the densities of E. call found may have indi-

cated levels of pollution different than those expected

from adjacent recreational use.

Analysis by Date 

In the following analysis, each sampling date was

examined for the intensities of use on that date, for the

results of the water quality data, and for any extraneous

considerations which may have had an effect on the water

quality data.

The examination of the data by date was shown in

Table 7. Table 7 detailed the mean values for all sampled

quality factors on each date. The means for E. cou i were

adjusted as in the section above to account for error.

The month of June was characterized by increasing

nitrate concentrations to a peak of 3.6 milligrams per

liter on June 25. The available data for phosphate con-

centrations showed only moderately low levels for the

month. The high levels of nitrates and the moderate levels
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of phosphates may have been a major contributing factor to

the algal bloom which occurred in July. The month of June

was further characterized by the deepest light penetra-

tions of the summer. The aquatic plants during this month

were not yet large enough or in great enough quantity

as to impede the penetration of light. Further, the sus-

pended solids in the water were not present in enough

quantity to prevent deep light penetration. Low but

increasing temperatures were also characteristic of June.

The solar radiation had not yet reached its maximum for

the summer, therefore, the lakes were still warming. The

adjusted mean values for the E. coil showed that the con-

centration for June was very low. There were occasional

values of 40 to 80 colonies per 100 milliliters but the

overall results indicated light fecal contamination.

Recreational use for June was relatively low with from

112 to 237 man days per day. Homesite use was considerably

higher but was still at a minimum for the summer. The

conclusion would follow that the pollution of the lake was

low during June in comparison to the remainder of the

summer. There was, however, a potential for possible

eutrophication with the nutrient concentrations present.

The effects of the recreation and homesite use on den-

sities of E. coil would have been considered minimal during

June.
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During July, nitrate concentrations remained

fairly constant with a maximum mean peak of only 2.8

milligrams per liter. This, like the mid-June levels

could have been considered as moderate. The phosphate

concentrations began to increase especially in the areas

of the homes, the boat dock and Station One. The mean

light penetrations continued the steady decline as increased

algal growth and the small particulate matter of turbidity

began to increase to levels which interferred with light

penetration. With slight variations, temperatures con-

tinued in warming trend begun in June and reached a peak in

mean values on July 31. The maximum E. coui values de-

termined during the summer occurred during the second week

of July. On July 12, the maximum mean was found with

several determinations on that date of 400 colonies per

100 milliliters. The mean values then declined steadily

throughout the remainder of July. The recreational use

during July reached a peak on July 12 at 291 man days per

day. Total use also reached a peak on July 12 and was

greater than 1000 man days per day throughout July. It

appeared that the increasing levels of phosphates and

moderate values of nitrates were contributing factors to

the algal bloom which was experienced during July. This

bloom in turn was probably a major factor in the decreasing

light penetrations which occurred throughout the month.
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The peak in conform concentrations corresponded to the

peak in recreational and homesite use. This could have

been a cause-effect relationship, but this has not been

established.

In August a further increase in phosphate con-

centrations to a maximum of 0.043 milligrams per liter on

August 6 was noted. Nitrate concentrations remained at

a moderate level. These high concentrations could have

further contributed to the large amounts of aquatic plant

growth and increased turbidity. Temperatures began to

decrease from the peak on July 31 as the observed increase

in cloud cover blocked solar radiation and the precipitation

added cooler waters to the lake. Fecal coliform numbers

also showed a decrease during August. The reason for this

decline was not apparent as the recreational and summer

home uses increased greatly during that month.

The nutrient levels observed again contributed

to the algal growth. It was probable that the large amounts

of phosphates involved in the eutrophication were the result

of the increased use of the homesites and, consequently,

of the septic tanks. The reason for the decline in E. cou i 

numbers was less apparent but could have been related to

the summer precipitation and the resultant cooling. It

was also possible that an additional sampling date could



have determined that there was a delayed increase in the

bacterial numbers following the peaks in use.
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SUMMARY AND CONCLUSIONS

The 1972 study of the water quality characteristics

and the recreational and summer home use patterns at Hawley

Lake provided for the realization of the objectives set

forth in this study.

The techniques for the measurement of the E. cou i 

concentrations demonstrated several shortcomings. The

techniques were designed to work with water containing

large amounts of the bacteria, such as sewage effluent.

The large volume of the water at Hawley Lake and the more

limited sources of fecal contamination at the lake provided

for a drastic dilution of the bacteria entering the water.

This was further accentuated by the greater die-off in

natural waters than would have been expected in sewage

effluent. The techniques, therefore, forced the sampling

of relatively large volumes of sample water in order to

obtain adequate numbers of E. cou. This process was com-

plicated by the turbidity components in the water which

tended to clog the pores of the filter and to prevent

filtration of the needed amounts. The suspended material

could not have been allowed to settle out before filtration

as previous studies have shown that the bacteria would

settle with the solids (Kittrell, 1969; Kittrell and

71
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Furfari, 1962; MacKenthun, 1969). A further complication

was that the media was not selective enough and allowed

for the growth of large numbers of extraneous bacteria,

primarily Pseudomonas spp. and Enterobacter spp. These

non-conform bacteria interferred with the growth and

counting of the E. cou. Therefore, this researcher

believed that the fecal conforms numbers recorded by this

study were not as great as could have been determined if

a more precise technique existed for the determination of

E. coli in natural waters. This researcher further be-

lieved that the safety of the Hawley Lake waters as implied

by the moderate fecal numbers was not totally accurate.

Low numbers of E. coli did not necessarily indicate com-

plete freedom from the possibility of enteric pathogenic

bacteria and especially of viruses (Gallagher and Spino,

1968; Holden, 1970; Shuval, 1969; Bauman, 1965).

E. coli concentrations showed that a moderate

amount of fecal contamination was reaching the lake. This

pollution was shown to be the greatest near the businesses

and the summer homes. The sewage disposal systems of the

areas probably were not functioning adequately to prevent

the influx of fecal material to Hawley Lake. Recreational

use in the form of beach campers dumping raw waste directly

into the lake may have contributed greater concentrations

of waste than from the homesites, but the data did not
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reflect this particular situation. The moderate levels

of fecal coliform in the area of the campground showed that

there was an input of fecal material to the lake at this

point. This was believed to be derived primarily from the

uncontained trailer holding tanks and the unlined pit

privies located close to the shoreline. Fecal contamina-

tion from animal sources other than human was believed to

be important only in the area of the horse stable near

Station One.

The sewage disposal systems present throughout the

immediate watersheds of Hawley Lake were also believed

to be inefficient at preventing nutrient contamination.

The nutrient data, especially the data for phosphates,

showed that as the summer home and recreational use in-

creases there was a corresponding increase in the con-

centrations of the phosphates. Previous work showed that

up to two thirds of the phosphorus in a water body was

derived from municipal sources (Kittrell and Furfari,

1962); for example, septic tanks, trailer holding tanks

and the businesses at Hawley Lake. The algal bloom which

developed in July indicated that there was a sufficient

amount of nutrient in the lake at this time to promote the

excessive growth.

The effect of nutrient pollution and the corre-

sponding algal bloom was a decline in the amounts and
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quality of recreation in those areas of Hawley Lake where

the excessive floral growth was the greatest. The growth

was observed to interfere with fishing activity and to

impede or totally prevent access by recreational boaters

to some areas of the lake.

The results of the recreation and water quality

study showed high levels of both recreational and summer

home use increasing throughout the summer. The quality

of the water of Hawley Lake showed a decline throughout

the same period, part of which may have been the result of

the levels and types of human use at Hawley Lake. The

increasing turbidity as indexed by decreasing light pene-

trations were related to mixing, run-off from the watersheds,

sewage effluent and algal growth. As the light penetra-

tions decreased, lower floral growth died and decayed,

adding to the turbidities (Abernathy and Bungay, 1972;

Kittrell, 1969). The algal growth was in part the result

of the high levels of nutrients. The levels of nutrients

observed were derived in a major part from the visitor use

of the lake. The algal bloom and high turbidity also aided

the levels of fecal conforms in the lake as the algae

provided protection from the disinfectant effects of the

solar radiation and the organic matter provided food for

the bacteria. The levels of the E. coli were due to the

above reasons and were derived primarily from the septic
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tanks of the summer homes and secondarily from the various

recreational uses including the horse stable. Wildlife

undoubtedly contributed some fecal bacteria but were only

present in minimal numbers at Hawley Lake due to the

concentrations of human use and, therefore, probably only

contributed small amounts of fecal material.

The major conclusion of this study was that the

septic tanks of the summer homes were not completely

protecting the lake environment from the effects of the

human users. Further, the sewage disposal facilities and

the concentrations of human use at the boat dock area were

combining to provide for the contamination and degredation

of Hawley Lake. The campground also contributed to the

pollution of the lake primarily through the discharge of

raw sewage from trailer holding tanks and secondarily

from the unlined pit privies.

The fecal contamination of the lake was moderate

with E. cou i numbers well within the limits set by all

criteria but were still great enough to indicate the pos-

sibility of enteric pathogens being present. This showed

that there was a potential for health related problems

at Hawley Lake, but with the current types and levels of

use this problem was minimized.



APPENDIX A

WATER QUALITY CRITERIA

The following is selected parts from the Summary of

Recommendations of the Report of the Committee on Water

Quality Criteria (Anon., 1968).

Aesthetics

A. General Requirements

I. All surface waters should be capable of sup-

porting life forms of aesthetic value.

II. Surface waters should be free of substances

attributable to discharges or wastes as follows:

a) Materials that will settle to form objec-

tionable deposits

b) Floating debris, oil, scum and other matter

c) Substances producing objectionable color,

odor, taste or turbidity

d) Substances and conditions or combinations

thereof in concentrations which produce

undesirable aquatic life
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Recreation

A. General Recreational Use of Surface Waters

I. Surface waters should be suitable for human use

in recreation activities not involving signifi-

cant risks of ingestion without reference to

official designation of recreation as a water

use. For this purpose, surface waters should

be maintained in a condition to minimize poten-

tial contamination by utilizing fecal conform

criteria for monitering. Suggested criteria are:

an average not to exceed 2000 fecal conforms

per 100 ml and a maximum of 4000 per 100 ml.

B. Enhancement of Recreational Value of Waters

Designated for Recreational Uses other than Primary

Contact Recreation

I. The fecal coliform count, as determined by

either multiple tube fermentation or membrane

filter techniques, should not exceed a log

mean of 1000/100 ml, nor equal or exceed

2000/100 ml in more than 10% of the samples.

In waters designated for recreation use, optimum

conditions for recreation based upon utilization

of fish, other aquatic life, and wildlife should

apply.
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