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ABSTRACT

A study was conducted at Acacia Beach, Canyon Lake,

Arizona, to clarify the influence of sediment-stored fecal

bacteria on swimming area water quality. An additional

goal was to determine the value and potential applications

of fecal coliform analyses of bottom sediments for use in

sanitary evaluations of natural swimming areas.

Concentrations of fecal coliform in sediment were

found to be significantly higher during the swimming season

than during the nonswimming season. Analyses frequently

found large, unpredictable changes in sedimentary fecal

coliform concentrations over short time periods. Fecal

coliform concentrations in near-shore sediment at Acacia

Beach are apparently strongly influenced by currents, wave

action and sediment agitation by bathers. Methods of anal-

ysis used in this study were not able to quantitatively

determine the influence of sediment-stored bacteria on the

overlying water at Acacia Beach.

Use of fecal coliform analyses of bottom sediments

as a stable index of overlying water quality or as a pre-

dictive device cannot be made from information collected in

this study. However, sediment sampling to supplement

V ii
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routine water sampling is recommended to provide a more

complete indication of the total sanitary condition of

natural swimming areas.



INTRODUCTION

Recreational use of many natural swimming areas in

the United States has become intense. Problems of over-

crowding, site deterioration and decline in water quality

have occurred at some locations. The popularity of swim-

ming areas may be accounted for by the physically rewarding

and inexpensive nature of swimming, combined with increasing

amounts of leisure time available to a growing American pop-

ulation. A 1965 survey conducted by the Bureau of Outdoor

Recreation (BOR) found swimming to be the third most popular

form of outdoor recreation (Bureau of Outdoor Recreation,

1974). With participation increasing at an unprecedented

rate, the BOR predicted swimming to be the number one out-

door recreational activity by 1980.

Of importance to resource agencies, the BOR's find-

ings (1974) show that over 50 percent of annual swimming

days are spent at lakes, ponds, streams, and ocean beaches

across the United States. Intensive recreational use of

swimming areas in natural environments is often accompanied

by bacterial water quality problems. High swimming use in

these areas is frequently associated with high fecal bac-

teria concentrations and, therefore, with the likelihood of

pathogenic bacteria and virus occurrence. Resource agencies

1
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responsible for recreational swimming areas are conse-

quently required to monitor pathogens to properly evaluate

the health risk to users.

Enteric, pathogenic bacteria and viruses are the

center of concern of managing agencies. Salmonellosis,

shigellosis, infectious hepatitis, poliomylitis, and a vari-

ety of other diseases may be contracted after ingestion of

water that has been contaminated by warm-blooded animal

feces. However, the present isolation procedures for en-

teric pathogens are too complex, time consuming and costly

to be suitable for extensive management level water quality

evaluation.

In place of direct enumeration of pathogens, indi-

cator organisms are used to show that fecal contamination

has occurred and that pathogen presence is likely. Com-

monly used indicator organisms in water and waste-water

analyses are the total coliform, fecal coliform and fecal

streptococci bacteria groups (American Public Health Asso-

ciation, 1971).

Fecal coliform analysis is the current indicator

system recommended for use in recreational waters by the

National Technical Advisory Committee of the Federal Water

Pollution Control Administration (1968). For bathing

beaches, the Committee recommended a maximum log mean of

200 fecal coliform bacteria per 100 ml of water for a mini-

mum of five samples a month. Both the fecal coliform
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indicator system and the associated limit have been adopted

by federal agencies and several states, including Arizona.

The fecal coliform indicator was selected for use in this

study.

In natural swimming areas, a variety of sources may

contribute fecal coliform bacteria in sufficient concentra-

tions to cause exceedence of the 200 per 100 ml limit.

Sources of contamination may be storm-water runoff from sur-

rounding watersheds, leakage or overflow from pit toilets

or sewer systems, and the bathers themselves. Because of

this, specific sources of contamination in a problem swim-

ming area are often difficult to identify. Management

action to reduce fecal bacteria concentrations can only be

implemented, however, when the major source or sources are

identified.

Personnel of the Tonto National Forest, U. S.

Forest Service, detected occasionally high fecal coliform

counts at Acacia Beach swimming area on Canyon Lake, Arizo-

na, during the sumer of 1972. An investigation to deter-

mine the source of fecal contamination was made by Horak

(1974) during the summers of 1973 and 1974. Horak con-

cluded that users and their pets were the ultimate sources

of contamination. Furthermore, he detected an average of

greater than 5,400 fecal coliforms per 100 cubic centi-

meters of shoreline sediment. From this and supporting
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evidence, Horak concluded that the major immediate source

of fecal bacteria in the water was the bottom sediment of

the swimming area. He hypothesized that the sediment acts

as a sink for bacterial contributions from bathers and

storm-water runoff and serves as an adsorptive medium which

enhances survival and perhaps allows reproduction of bacte-

ria. Fecal bacteria, he concluded, were released into the

overlying water upon physical disturbance of the sediment

by bathers, heavy wave action, or powerboat propellers.

Horak's study prompted further immediate investiga-

tion of sediment-stored bacteria. Virtually nothing was

known about the capacity of bathing area sediment to store

and release fecal bacteria into the overlying water. There

was little understanding of the parameters determining the

concentrations of fecal bacteria in the sediment. In addi-

tion, Van Donsel and Geldreich (1971) mentioned the

potential of using fecal bacteria concentrations in bottom

sediment as a stable index of the overlying water. Horak

(1974) also suggested that monitoring sedimentary fecal

bacteria on a regular basis might allow anticipation of po-

tential health hazards at natural swimming areas.

The presence of high concentrations of fecal bac-

teria in near-shore sediment is of great importance to

resource agencies attempting to solve water quality prob-

lems. Much of the variability in concentrations of fecal
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bacteria observed in recreational waters may be caused by

resuspension of bacteria from bottom sediments. If fecal

bacteria, including pathogens, are reproducing or surviving

for extended periods in swimming area sediment, then pollu-

tion control efforts would be hampered. Indeed, if

sediment-stored bacteria are a major source of immediate

contamination in a bathing area, then pollution control

efforts are not complete until they are considered.

The present study was undertaken to clarify the role

of sediment-stored bacteria in the determination of

swimming area water quality and how sediment sampling could

be used in bathing area sanitary evaluations. The objec-

tives were to Cl) determine possible short-term and season-

al trends in the numbers of sediment-stored fecal bacteria;

(2) investigate relationships between the degree of contam-

ination of the sediment and the overlying water quality;

(3) define the parameters affecting bacterial concentra-

tions in the sediment; and (4) determine the value and

potential applications of sediment sampling for monitoring

bacterial contamination in natural bathing areas.



LITERATURE REVIEW

Water Quality and Bather Health 

Recent investigations have generated recommenda-

tions that thorough epidemiological studies be performed to

clarify the relationships between bather health and water

quality as defined by present criteria (Foster, Hanes and

Lord, 1971; Mechalas et al., 1972). The investigators

point out that the few bather health studies on record are

inconclusive and that it is difficult to rationally select

a bacteriological standard for bathing waters, given the

limited information available. A further complication is

that there are few cases on record where disease incidence

can be conclusively traced to bathing in polluted waters.

Stevenson (1953) reported on a series of studies

designed to detect differences in disease incidence among

selected population groups which bathed in waters of vary-

ing bacterial quality. A significant correlation between

illness incidence and mean total coliform concentration was

found in two instances. Average total coliform concentra-

tions of 2,700 and 2,300 per 100 ml were associated with

these two significantly higher illness rates. Stevenson

stated that these results should be treated with caution

because of the small number of individuals and sampling

days involved in the surveys.

6
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The results of an epidemiological investigation of

more than 40 bathing beaches along the coasts of England

and Wales led the investigators to conclude that bathing in

sewage-polluted sea water carries only a negligible risk to

health (Moore, 1959). The only major illnesses reported

over a five-year period that could be related to swimming

in contaminated water were four cases of typhoid fever.

These four individuals had swum in water that carried vis-

ible aggregates of fecal material. Over 40 percent of the

water samples collected from the different beaches contained

total coliform concentrations in excess of 10,000 per 100 ml.

In Australia, 10 cases of typhoid were traced to

bathing in sewage-polluted water of Perth's City Beach in

1958 ('Typhoid Traced to Bathing at a Polluted Beach;'1961).

Flynn and Thistlethwayte (1965) felt that none of these

cases could be conclusively related to swimming at the

beach. Furthermore, they cited the absence of any reported

swimming related illnesses from bathing in waters subject

to intermittent sewage pollution around Sydney, Australia,

for a 30-year period. Although they recommended a standard

of 500 coliforms per 100 ml be set for Australian bathing

beaches, they concluded that an epidemiological study was

warranted to determine the possibility of obtaining a good

basis for such a standard.
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Outbreaks of leptospirosis have been traced to

bathing in recreational waters contaminated by infected ani-

mal urine. In one particular case in 1964, 15 bathers con-

tracted leptospirosis after swimming in an Iowa creek that

was used by cattle and wild animal populations (Diesch and

McCulloch, 1966). After isolation of leptospiral-like

organism from the creek, it was recommended that domestic

animals not be given access to recreational bathing areas.

No indicator bacteria numbers were given for the study.

Lack of convincing epidemiological evidence to

implicate recreational bathing as a major source of disease

transmission may be due to the difficulty in tracing down

disease outbreaks to their source. In major outbreaks

where large populations are involved, the origin of the

disease is often not identified (Mechalas et al., 1972).

Camp and Meserve (1974) also point out that most persons

swallow minimal amounts of water during swimming and that

intestinal infections are of much less significance than

with drinking water. Therefore, severe gastrointestinal

illnesses, which would be the diseases most likely re-

ported, probably constitute only a small percentage of

total bathing related illnesses. Stevenson (1953) found

that gastrointestinal illnesses made up about 20 percent of

the illnesses reported from swimming at two Lake Michigan
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beaches, while over half of the illnesses were eye, ear,

nose, and throat infections.

Water Quality and Indicator 
Organisms 

The present methods for detection of pathogens in

water are too complex and time consuming for general appli-

cation. Indicator organisms, indicative of fecal contami-

nation and potential pathogen presence, are much simpler to

detect and consequently are the accepted criteria for use

in recreational waters. The total coliform and fecal coli-

form are the most common indicator organisms used, with

most states having limiting standards for recreational

waters for either one or both (Mechalas et al., 1972).

In the past, the total coliform bacteria group was

the most commonly used indicator of fecal contamination in

natural waters. These bacteria were considered suitable

because they are common to the intestinal tract of all

warm-blooded animals and excreted in large numbers in fecal

wastes. However, Geldreich (1967) pointed out evidence

that some strains of the group are widespread in the envi-

ronment but not common in fecal material. In addition, he

stated that some coliforms, particularly Aerobacter aero-

genes, may experience aftergrowth or reproduction after

deposition into a body of water. For these reasons, Geld-

reich (1967) suggested that fecal coliforms, a subgroup of
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total conforms which grow almost exclusively in the intes-

tines of warm-blooded animals, are a more accurate

indicator of fecal contamination.

Recent investigations have attempted to relate num-

bers of indicator organisms to pathogenic bacteria in

natural waters. Since members of the genus Salmonella are

the only pathogens which may presently be isolated by a

routine test with any reliability, studies have concentrated

on indicator relationships with these organisms. Gallagher

and Spino (1968) summarized several stream surveys and found

little apparent correlation between numbers of fecal coli-

form and the isolation of Salmonella. Dutka and Bell (1973)

found that the frequency of Salmonella isolation increased

with increasing total and fecal coliform densities but noted

that isolation had occurred in 25 percent of the samples

that contained fecal coliform densities of 9 or less per

100 ml. Smith, Twedt and Flanigan (1973), after isolating

Salmonella from 54 samples taken from two Michigan rivers,

found that the probability of Salmonella isolation actually

decreased as the fecal coliform concentration increased.

Geldreich (1970) pointed out that Salmonella isola-

tion should be highly variable, being related to the inci-

dence of salmonellosis in the population that discharges

fecal contamination into the stream. He also emphasized

that failure to detect Salmonella in water does not assure
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that other waterborne pathogens are not present. After sum-

marizing data from numerous stream studies, he reported a

sharp increase in frequency of isolation of Salmonella when

fecal coliform densities exceeded 200 per 100 ml, suggest-

ing that this may well be a useful limit for bathing waters.,

To be an adequate indicator of pathogen presence,

fecal coliforms should have similar survival rates to path-

ogens in water. Studies of bacteria survival in storm water

showed that the die-off pattern of Salmonella typhimurium is

very similar to that of fecal coliforms (Geldreich et al.,

1968; Geldreich, 1970). McFeters and Stuart (1972) stated,

however, that although fecal coliforms may accurately re-

flect Salmonella survival, they may not be representative of

other pathogens because fecal coliforms and Salmonella 

species have the most rapid die-off of all of the micro-

organisms of public health significance tested.

The fecal streptococci bacteria group has also re-

ceived use as an indicator of fecal contamination in water.

Geldreich and Kenner (1969) state that two varieties of one

of the species included under fecal streptococci are wide-

spread in nature and can be isolated from non-fecal sources.

Therefore, they indicate that the fecal streptococci indi-

cator is of limited sanitary significance when used alone.

If the fecal coliform examination is performed concurrently,

the investigators note that the fecal coliform to fecal
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streptococci ratio can be used to determine the nature of

the source if applied within 24 hours of contamination.

Water Quality and Sediment-
stored 8acteria 

Bottom sediments of lakes and streams are able to

store large amounts of viable fecal bacteria in proportion

to the degree of contamination of the overlying water

(Allen, Grindley and Brooks, 1953). Van Donsel and Geld-

reich (1971) indicated that this stored fecal contamination

could be resuspended into bathing areas creating conditions

potentially hazardous to swimmers. Despite this, a litera-

ture review shows no investigations have been done on

relationships of sediment-stored bacteria to water quality

in a natural bathing area.

Allen, Grindley and Brooks (1953) analyzed sediment

samples from numerous sources subject to varying degrees of

pollution to investigate chemical and bacteriological char-

acteristics that might be used as indices of pollution.

They found that counts of E. coui and Streptococcus faecalis,

when used together, were the best indices of fecal contami-

nation of sediment. They noted that counts of these orga-

nisms below 2 inches depth were negligible.

Van Donsel and Geldreich (1971) analyzed 48 bottom

sediments from bathing beaches, recreational lakes and clean

and polluted rivers and creeks to investigate relationships
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between Salmonella and fecal coliforms. Fecal coliforms in

mud were found to be 100 to 1,000 times higher than the

overlying water. The investigators also found that Salmo-

nella could be isolated with far greater frequency in bottom

sediments than in overlying water. Twenty-two of the 48

bottom sediment samples showed positive for Salmonella. In

addition, the investigators stated that frequent isolation

of Salmonella from bottom sediments began to occur only when

the level of 200 fecal coliforms per 100 ml was reached in

the overlying water.

Hendricks (1971) reported that bottom sediments may

adsorb nutrients from the overlying water which, after mild

laboratory treatment of the sediment, could be used to grow

both coliform and pathogenic bacteria. His results imply

that indicator and pathogenic bacteria could possibly repro-

duce or experience extended survival in the nutrient rich

environment of some sediments. Survival studies of three

mud samples stored at 20°C show approximately a 10 percent

survival of fecal coliforms and Salmonella at 7 days (Van

Donsel and Geldreich, 1971). Similar studies on the per-

sistence of fecal coliform and Salmonella in storm water at

20°C showed 10 percent survival at less than 2 days

(Geldreich et al., 1968).



METHODS

Study Area 

The project study area was Acacia Beach, located on

the south side of Canyon Lake, Tonto National Forest, Ari-

zona (Figures 1 and 2). Acacia Beach was selected in order

to follow up the investigation conducted at this site by

Horak (1974). The beach was originally chosen for study

because of its accessibility and because previous sampling

had shown fecal bacteria counts in excess of State of Ari-

zona health standards.

Canyon Lake, formed by Mormon Flat Dam, is the

second lake in the Salt River Irrigation Project chain be-

low Roosevelt Lake. The lake is one of four multipurpose

reservoirs on the Salt River supplying irrigation water

and hydroelectric power for the greater Phoenix valley.

Only 51 miles east of Phoenix, Canyon Lake is heavily used

for fishing, water skiing, boating, picnicking, and

swimming.

Located at an elevation of 1,650 feet, Canyon Lake

is surrounded by vegetation characteristic of the southern

desert-shrub region. This region has the following char-

acteristics: Vegetation is predominantly woody; common

species are cresote bush (Larrea divaricata), catclaw

14
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CANYON LAKE, ARIZONA

Fig. 1. Canyon Lake, Tonto National Forest, Arizona
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	 SWIMMING AREA

Fig. 2. Sampling Stations at Acacia Beach Swinming Area,

Canyon Lake, Arizona
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(Acacia greggii), mesquite (Prosopis luliflora), ironwood

(Olneya tesota), and ocotillo (Fouauieria splendens). Max-

imum temperatures during the summer may range from 110 0 to

115°F. Precipitation ranges from 3 to 15 inches annually.

There are two rainy seasons, summer and winter. Summer

rains usually fall during July, August, and September

(Stoddart and Smith, 1955). Precipitation during the sum-

mer months occurs in the form of high-intensity, short-

duration thundershowers.

Greatest swimming use of Acacia Beach occurs from

May to September, when maximum daily water temperatures

near shore may range from 80° to 90°F. Greatest weekly use

occurs on Saturdays, Sundays, and holidays.

Acacia Beach is part of a day-use-only picnic area

that has a 150-car parking lot and shaded picnic tables.

Picnic tables are located parallel to the designated swim-

ming area and approximately 75 feet from the shoreline.

The swimming area is designated by buoys and is approxi-

mately 250 feet long. A sealed vault toilet is located

about 200 feet from shore at the east end of the picnic

area.
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Sampling Design

Sampling Stations

A total of six sediment sampling stations were

selected along the beach area (Figure 2). Stations 2, 3,

and 4 lie within the designated swimming area, which is the

area of greatest swimming use. Stations 1, 5, and 6 lie

outside of the designated swimming area and were chosen to

detect possible accumulations of current-transported bac-

teria. Two stations, 5 and 6, were chosen east of the

swimming area because observations by Horak (1974) indi-

cated a prevailing west or northwest wind.

Sampling Dates

After preliminary sampling on Friday, May 25,

1975, samples were collected on alternate Mondays through

September 15, 1976. Based on the assumption that swimmers

and their pets were the ultimate sources of contamination,

sediment bacteria concentrations were expected to decline

to low levels after September. Four confirmatory samples

were collected on October 12 and November 9, 1975, and

January 3 and March 26, 1976.

All six stations were sampled on the above days.

Sampling was conducted between 8:30 and 10:30 A.M.

Water samples were also collected on six Sundays

during the summer prior to the sediment sampling on
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Mondays. Collected between 2:00 and 3:00 P.M., these

samples were collected to determine the influence of heavy

swimming activity on water quality.

A second phase of the sediment sampling was con-

ducted during the early summer of 1976. Sediment and water

samples were collected at 6:00 P.M. on Fridays and Sundays

for three consecutive weekends from May 14 through May 30.

Water samples were collected on Sundays at 11:00 A.M.,

2:00 and 4:00 P.M. This schedule was planned to observe

changes in concentration of indicator bacteria in sediment

that may take place over a short period of high recreation-

al use. Stations 2, 3, 4, and 5 were used for this phase

of study.

Field Methods 

The following procedures were carried out during

each sediment sampling period:

(1) A grab sample of the water was taken prior to

physical disturbance of the sediment.

(2) Three sediment samples were collected at each sta-

tion at different distances from shore and later combined

in the laboratory to represent a single sample for the

station. Multiple sampling was done to give a more repre-

sentative bacterial count than would be obtained from a

single point sample. Depth of overlying water for sedi-

ment samples never exceeded four feet.



20

(3) An additional water sample was collected after

manually dispersing the sediment through the overlying

water.

On days when only water samples were collected, a

single grab sample was taken at each station.

Water temperature was taken at Station 1 at every

sampling period. Wind speed and direction were estimated

and recorded. Cars in the parking lot were counted and

also recorded.

A small plastic 50 ml scoop connected to a wooden

pole was used to sample the sediment. The scoop was ster-

ilized with alcohol and air-dried before sampling at each

station. Care was taken to sample only the upper one to

two inches of sediment (Allen, Grindley and Brooks, 1953,

found negligible counts below two inches). Both sediment

and water samples were collected in sterilized Whirl-pak

containers. Samples were stored on ice until analyzed in

the laboratory.

Laboratory Procedures 

Sediment samples were analyzed in the laboratory

for fecal and total coliform according to the procedure

described by Van Donsel and Geldreich (1971). Samples for

each station were combined in sterile graduated cylinders.

The cylinders were allowed to stand for one hour, after

which, the quantity of sediment and supernatant were
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measured. Samples were then transferred to six sterile

jars. Sterile buffer water was added to make one-to-one

mixtures. These mixtures were thoroughly shaken, after

which measured aliquots were pipetted into dilution tubes

for the Most Probable Number technique as described by the

American Public Health Association (1971). Media used for

the presumptive, confirmed and elevated temperature tests

were Lauryl Tryptose, Brilliant Green Lactose Bile broth,

and EC medium, respectively.

Water samples were analyzed for fecal coliforms

using the membrane filter technique (American Public Health

Association, 1971). Membrane filters used for the study

were 0.45 micron Millipore (Millipore Corporation, Bedford,

Massachusetts), type HA. M- PC broth was used for the

culture media.

Mechanical analyses of the sediment samples were

added to the laboratory procedures in June, 1975, to inves-

tigate possible relationships between sediment texture and

fecal bacteria concentrations. A variation of the pipette

method as described by Day (1965) was performed.

Survival experiments were conducted on two sediment

samples in the laboratory in the manner described by Van

Donsel and Geldreich (1971). The one-to-one dilutions were

stored in jars at 20°C and fecal coliforms enumerated at

four and seven days.



RESULTS AND DISCUSSION'

Concentrations of Sedimentary
Fecal Coliform 

Results of fecal coliform analyses of bottom sedi-

ment for the six sampling stations are presented in Figures

3 through 8. Concentrations ranged from a high of 48,000

(June 9 and September 1, 1975, at station 5) to a low of 4

per 100 cc (cubic centimeters) of sediment (March 26, 1976,

at station 6). Concentrations are plotted on a logarithmic

scale.

Values of the Most Probable Number (MPN) were read

from tables in Standard Methods for the Examination of 

Water and Wastewater (American Public Health Association,

1971) for the dilutions used in the multiple tube analyses.

These numbers were then doubled to arrive at the concentra-

tions shown in the figures. By this adjustment, correction

is made for the one-to-one dilutions of sediment and water

used in the procedure to express results per 100 cc of

sediment. Most Probable Numbers listed in Standard 

Methods for the Examination of Water and Wastewater were

statistically derived and are presented with associated 95

percent confidence limits. Thus, the numbers used for con-

centrations of sedimentary fecal coliform in this text

22
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Samples at Station 2 from June, 1975, through
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should be thought of as approximate rather than actual

concentrations present in the sediment.

Chanes in Concentration of 
Sedimentary Fecal Coliform 

Seasonal Change

For all stations, arithmetic means of the eight

samples collected from June to September, 1975, were com-

pared to the means of the four samples collected from

October, 1975, to March, 1976 (Table 1). Distinction was

made between these two groups to compare sedimentary fecal

coliform concentrations found during the swimming season

(approximately May through September) to those found

during the nonswimming season. T-tests were calculated for

each station using the means of the square roots of the

concentrations in each group. Square roots were used to

decrease the effects of variability introduced by extreme

values. Results presented in Table 1 show significantly

greater concentrations for the swimming season at stations

1, 2, 4, and 5. This evidence indicates the presence of

one or more major sources of fecal contamination during

the swimming season which are absent during the off-season.

Evidence of significantly greater concentrations

of fecal coliform in near-shore sediment during the swim-

ming season supports the conclusion by Horak (1974) that
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Table 1. Results of t-tests between Mean Fecal Coliform
Concentrations of Samples Collected During
Swimming Season and Mean Fecal Coliform Concen-
trations of Samples Collected during Off-season

Station

Mean for
June through
September

(8 Samples)

Mean for
October

through March
(4 Samples)

1 C 3,457.5 119.0

C1/2 52.6 10.0

2 C 2,752.5 386.0

C1/2 44.5 17.6

3 C 5,210.0 817.0

C1/2 63.4 22.8

C 8,950.0 576.5

C1/ 2 91.8 21.5

5 C 24,500.0 2,682.5

C1/2 149.9 36.3

6 C 7,355.0 3,566.0

C1/2 82.4 46.8

t value

4.17**

2.31*

2.03ns

5.30**

3.98**

1.83s

C = Concentration of fecal coliform per 100cc of sediment
c1/2 = Square root of concentration
* = Significant at 5% level
** = Significant at 1% level
ns = Not significant at 5% level
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swimmers and their pets are the major sources of fecal

contamination at Acacia Beach.' This conclusion is fur-

ther substantiated by laboratory pool studies in which

humans were found to shed large numbers of fecal bacteria

while swimming (Robinton and Mood, 1966; Hanes and Fossa,

1970).

To completely explain the seasonal difference in

concentrations of sediment-stored fecal bacteria, a season-

al change in the quantity of storm-water runoff must also

be considered. Storm-water runoff can be a major source of

intermittent pollution, carrying suspended fecal material

or soil-stored fecal bacteria from the surrounding water-

shed or beach area (Geldreich et al., 1968). As mentioned

in the description of the study area, high intensity rain-

storms are common during the summer months at Canyon Lake.

Surface runoff is more likely to occur from these storms

than from the low intensity frontal-type precipitation

that occurs during fall and winter months. Five chance

observations of dog feces close to the shoreline on

sampling days suggested additional importance of runoff at

Acacia Beach. Also, an ephemeral channel which drains a

small watershed (approximately 20 acres) and the Acacia

1. Dogs were observed in the water on occasion by
Horak (1974) and this investigator despite an ordinance
prohibiting pets on the beach.
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Beach parking lot enters the lake 75 feet east of the

designated swimming area.

Sedimentary fecal coliform concentrations were com-

pared to daily rainfall observations recorded at Mormon

Flat Dam, one mile northwest of Acacia Beach. Rainfall was

recorded on 20 days from June to September. Separation

cannot be made between the influence of runoff and swim-

mers for any sampling period during the summer of 1975.

For example, a 1.33 inch rainfall was recorded on July 4,

and increases in sedimentary fecal coliform concentrations

were found at five of six stations between June 23 and

July 7. Runoff undoubtedly added fecal bacteria to the

sediment during this period but cannot be quantitatively

separated from the impact of bathers over the Fourth of

July weekend.

Observation over rain-free periods indicate that

bathers alone can significantly increase fecal coliform

concentrations in bottom sediment. No rainfall was

recorded from April 15 to July 3, 1975, yet median concen-

trations for May 23, June 9, and June 23 were 660, 6,200,

and 4,050 fecal coliforms per 100 cc of sediment, respect-

ively. Furthermore, large increases in concentration were

observed at certain stations over three consecutive week-

ends during which no rainfall occurred (results are pre-

sented in the next section).
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Thus, evidence obtained in this study implicates

swimmers and their pets as major sources of high concentra-

tions of fecal coliforms in near-shore sediment at Acacia

Beach during the summer months. Runoff probably contributes

a smaller, less significant amount when the entire summer is

considered, but individual storms producing large amounts of

runoff may greatly increase sedimentary fecal coliform con-

centrations for an indefinite period of time. Contamina-

tion by runoff depends on recreational use of Acacia Beach

to some extent, since a portion of the fecal bacteria in

runoff originates from the feces of users' pets.

Short-term Changes

Throughout the summer of 1975, sedimentary fecal

coliform analyses usually produced erratic changes in con-

centration between sampling periods. At all stations,

concentrations commonly increased or decreased by 5,000

fecal coliforms per 100 cc or more over two-week periods.

There were no detectable trends in the magnitude or direc-

tion of changes among the six sampling stations.

In order to more fully understand the parameters

producing changes in concentration over time and to deter-

mine the effects of short periods of swimming use, four

sediment samples were collected on Fridays and Sundays for

three consecutive weekends in May, 1976. Results of fecal
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coliform analyses for stations 2, 3, 4, and 5 are shown

in Figure 9.

Results from the three weekends analyzed as a fac-

torial experiment using Analysis of Variance to determine

the significance of main effects and interaction for the

four stations, three weeks, and two sampling days (Friday

and Sunday). Square roots of concentrations were used in

the analysis. A significant difference between Friday and

Sunday concentrations was found (Table 2). The mean of

the samples collected on Friday was 3,887, and for Sunday,

6,245 fecal coliforms per 100 cc.

A significant increase can be accounted for by

fecal contamination of the sediment by swimmers over the

weekends. Counts made at 11:00 A.M., and 2:00 and 4:00 P.M.

on Sundays showed 35 to 50 swimmers in the water between

stations 1 and 6. Only recorded rainfall for this 17-day

period was 0.07 inches on Wednesday, May 19.

Significant interaction was found between day and

station, indicating that all stations did not respond

uniformly to transition from Friday to Sunday. This is

apparent in Figure 9, which illustrates substantial dif-

ferences in the magnitude and direction of changes in

concentration among the four sampling stations.

The nature of the changes of sedimentary fecal

coliform concentrations for the sampling stations can be
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Fig. 9. Fecal Coliform Concentrations for Sediment
Samples Collected at Four Stations on Friday
and Sunday for Three Consecutive Weekends in
May, 1976
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Table 2. 4 x 3 x 2 Factorial Experiment for Fecal Coli-
form Concentrations in Sediment (per 100 cc) for
Samples Collected on Fridays and Sundays at Four
Stations for Three Consecutive Weekends in May,
1976

Source
of

Variation

Degree
of

Freedom

Sum
of

Sauares
Mean
Sauare

F
Value

Station 3 10,037.2 2,110.8 20.5**

Week 2 1,652.5 826.3 5.1*

Day 1 975.1 975.1 6.0*

Station x Week 6 4,065.4 677.6 4.1*

Station x Day 3 3,682.9 1,227.6 7 •5*

Residuala 8 1,307.5 163.4

Total 23 21,720.6

a = Week x Day interaction sum of squares and degrees of
freedom were pooled with Error sum of squares and
degrees of freedom to give values for Residual shown.

* = Significant at the 5% level
** = Significant at the 1% level
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explained by observations made during the weekends. Be-

ginning with the first swimming activity in the morning,

shoreline sediment became dispersed in the overlying

water. Wave action, caused by wind and powerboats, was

also observed to agitate the sediment during the day. Usu-

ally within an hour after the first activity, water through-

out the swimming area was highly turbid and the underlying

sediment not visible. On two days, high turbidity was ob-

served to extend east of the swimming area for several

hundred feet parallel to the shoreline. Such a condition

exemplifies the influence of a predominant west wind in

creating eastward currents through the designated swimming

area during the summer. A west or northwest wind was re-

corded during 17 of 19 water sampling periods over the

three weekends, and similar observations were made by

Horak (1974). Combined with the continual suspension of

sediment and associated bacteria by swimmers and waves, the

eastward currents appear to be the major factor determin-

ing the areal distribution of sediment-stored bacteria at

Acacia Beach.

Visual observations of the effect of eastward cur-

rents are supported by results of sediment sampling during

the summer of 1975. Means of the eight samples collected

at each station during the summer are substantially larger

for the three easterly stations (4, 5, and 6 in Table 1).
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Furthermore, station 5, 140 feet east of the designated

swimming area, normally had two to three times greater con-

centrations than other stations.

Thus, as indicated in Figure 9, the down-wind sedi-

ment stations receive bacteria from sediment and swimmers to

the west and appear to more accurately reflect the influ-

ence of a weekend of swimming activity at Acacia Beach.

Concentrations of fecal coliform in the sediment are prob-

ably lower within the designated swimming area because of

greater sediment disturbance by swimmers which keeps bac-

teria suspended to ultimately be removed by currents.

Variable changes in concentration of sediment-stored fecal

bacteria are caused in part by the effects of highly var-

iable wave action, swimming activity, and currents, which

displace the bottom sediment and transport suspended

bacteria.

Influence of Sediment Fecal 
Bacteria on Water Quality 

Results of fecal coliform analyses on water samples

taken immediately before each sediment sample are shown in

Figures 3 through 8. Correlation analysis was done to mea-

sure the degree of association between water and sediment

concentrations. Correlation coefficients for counts at

each station were: -0.331, 0.987, 0.283, 0.082, 0.537, and

0.090. With one exception, coefficients indicate no
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association between the two concentrations. Sediment

samples were collected at approximately 9:00 A.M., usually

with no swimmers present and the water clear and calm.

Under such conditions, near-shore sediment is stable, and

influence on the overlying water is minor. Fecal coliform

concentrations of water samples taken with sediment samples

for the eight summer sampling days ranged from 0 to 75,

with a median of 10 fecal coliforms per 100 ml.

By comparison, concentrations of 30 samples col-

lected at 2:00 P.M. on five Sundays during the summer of

1975 ranged from 0 to 430, with a median of 54 fecal cou-

forms per 100 m1. 2 Five samples exceeded 200 fecal cou-

forms per 100 ml. These samples demonstrate the effects of

swimming on water quality at Acacia Beach. Fecal coliforms

in these samples consisted of fresh contamination from

swimmers and resuspended contamination from near-shore

sediment.

An attempt was made to isolate the potential influ-

ence of sediment-stored fecal bacteria on water quality.

After each sediment sample was collected, an area of approxi-

mately one square meter of sediment, two to four centi-

meters deep, was dispersed into the overlying water with a

sterilized rod. Water samples were then collected and

2. Samples were stored on ice for 24 hours before
analyzed.
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analyzed for fecal coliforms. Results are also shown in

Figures 3 through 8. Correlation analyses between these

water samples and corresponding sediment concentrations for

each station produced coefficients of -0.075, 0.881, -0.543,

0.064, -0.161, and 0.277. Again, five of six stations

showed no association between water and sediment fecal

coliform counts. Fecal coliform concentrations of water

samples containing dispersed sediment were not significant-

ly different from the corresponding water samples taken

prior to disturbance of the sediment and exceeded them in

only 23 of 43 samples. Presence of extremely high concen-

trations of fecal coliforms in the sediment implies a much

stronger influence on water quality than was found by this

procedure. Low concentrations are probably due to ineffi-

ciency of the method used to disperse sediment-stored fecal

bacteria into the overlying water. Detection of low con-

centrations was first thought to be caused by clogging of

the pores of the membrane filters used in the analyses.

However, small volumes were filtered and corresponding

fermentation tube analyses on 12 dispersed sediment water

samples showed close agreement with membrane filter counts.

Days with above average fecal coliform counts for

water samples did not always show above average sediment

concentrations. Concentrations of fecal bacteria in the

water at Acacia Beach at a point in time are largely
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determined by the number of swimmers in the water, the

degree of agitation of the sediment, and the direction and

strength of waves and currents. Therefore, random water

samples will not always accurately reflect the bacterial

concentrations of the sediment.

This study was not able to directly demonstrate the

potential influence of sediment-stored fecal bacteria on

water quality. Findings by Horak (1974) remain the best

evidence, although indirect, that contamination from the

sediment is probably the major determinant of water quality

at Acacia Beach. He found approximately 75 percent of the

fecal coliform to fecal streptococci ratios for both sedi-

ment and water analyses were less than 0.7. Water freshly

contaminated by humans is expected to produce ratios of

4.0 or greater if they are the major immediate source

(Geldreich and Kenner, 1969). Van Donsel and Geldreich

(1971) found that fecal streptococci persist much longer

than fecal coliform when stored in bottom sediment. Thus,

extended storage of human contamination in the sediment at

Acacia Beach would produce the low ratios found in his

study. The major influence of sediment-stored bacteria is

implied by the similarity of ratios for sediment and the

overlying water.
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Sediment Particle Size and Fecal 
Coliform Concentrations

Mechanical analyses of sediment samples were imple-

mented on July 7, 1975, after initially observing fine-

textured samples often produced the highest fecal coliform

counts. Forty-eight samples were analyzed to detect a pos-

sible relationship between sediment texture and fecal

coliform concentration. Results are shown in Table 3. Per-

cent by weight for particles less than 0.2 millimeters in

diameter is shown with the corresponding fecal coliform con-

centration. By the International Soil Science Society

classification, particles less than 0.2 millimeters in diam-

eter are classified as fine sands, silts, and clays

(Hillel, 1971). This particular diameter was chosen only to

compare differences in percentage of fines among samples.

Only one apparent relationship can be inferred from

Table 3. Station 5, which normally had the highest fecal

coliform concentrations, often had at least 5 to 10 percent

more small-diameter particles than other stations. This is

additional evidence of the effects of the predominant east-

ward currents at Acacia Beach. Fine sediment particles,

suspended by agitation of sediment in the designated swim-

ming area, are gradually carried eastward and deposited by

sedimentation. Since swimming use is light at Station 5,

sediment remains fairly stable and fine particle concen-

trations remain high. Station 6, located 300 feet east 
of
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Table 3. Particle Size in Percent Less than 0.2 ma
Diameter and Corresponding Fecal Coliform Con-
centrations (per 100 cc of Sediment) for 42
Sediment Sample's Collected' at Acacia' Beach

Date
Sta-
tion FC P Date

Sta-
tion FC

7/7/75 1 4,600 7.7 9/14/75 1 5,560 14.8
2 4,600 7.1 2 460 18.8
3 21,800 8.7 3 2,600 10.5
4 15,800 8.7 4 4,600 13.2
5 14,000 8.8 5 6,600 28.4
6 12,600 8.6 6 4,600 13.5

7/21/75 1 10,840 13.7 10/12/75 1 100 16.6
2 10,840 4 • 3 2 340 11.3
3 6,600 11.3 3 980 18.1
4 9,800 11.6 4 920 13.0
5 21,800 18.8 5 9,800 22.5
6 2,600 7.5 6 4,600 1.5

8/18/75 1 1,400 17.8 11/9/75 1 100 8.9

2 2,820 6.2 2 980 12.3

3 1,600 5.0 3 2,180 12.6

4 4,600 31.3 4 260 9.8

5 14,000 42.6 5 460 8.3

6 3,440 4.8 6 9,200 10.4

9/1/75 1 340 9.1
2 260 12.3
3 1,580 37.1
4 6,600 38.6
5 48,000 34.0
6 6,600 13.1

FC = Fecal coliform per 100 cc of sediment

P = Particle size in percent less than 0.2 mm diameter

for sediment sample
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the swimming area and 150 feet east of Station 5, did not

show a similar trend, however,

Specific surface of soil or sediment, defined as

the total surface area of particles per unit mass, is in-

versely related to average particle size (Hillel, 1971).

Therefore, fine-textured sediment offers a greater surface

area for adsorption of bacteria than coarse-textured sedi-

ment. Hargrave (1972) investigated bacterial densities on

sediment and found that, for unclear ecological reasons,

bacteria cover only a few percent of particle surfaces. In

addition, he concluded that an upper limit to bacterial

densities in sediment may be fixed by available surface

area.

This upper limit is probably greater at Station 5

than other stations because of additional small-diameter

particles. Station 5, repeatedly showing higher sedimen-

tary fecal coliform concentrations than other stations,

often had sediment more conducive to adsorbing and main-

taining large concentrations of fecal bacteria.

This evidence suggests that sediment with a high

silt and clay content around swimming areas may be espe-

cially hazardous sources •of fecal contamination.

Laboratory SUrViVal: Expe'riMerits 

Survival of fecal coliforms in sediment was stud-

ied for two samples collected. at Station 5. After initial
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bacterial analysis using the multiple tube technique,

samples were stored in a 20°C incubator, shaken thoroughly

each day, and reanalyzed at four and seven days. The mix-

tures were maintained at one-to-one dilutions of sediment

and water. Results presented in Figure 10 show 28 and 35

percent survival for the two samples at seven days. In a

similar experiment, Van Donsel and Geldreich (1971) found

an average of approximately 10 percent remaining at seven

days for samples from sediment that received light, moder-

ate and heavy pollution from sewage (5,800, 18,000, and

540,000 fecal coliforms per 100 ml of water). The investi-

gators also enumerated Salmonella  in the sediment and found

a very similar survival curve to fecal coliforms, again

showing 10 percent survival at seven days. By comparison,

a survival study of bacteria in storm water showed 10 per-

cent survival of fecal coliform and Salmonella in less than

two days (Geldreich et al., 1968).

Persistence of fecal coliforms in sediment is ex-

plained by a greater availability of nutrients. Hendricks

and Morrison (1967) and Hendricks (1971) demonstrated that

stream sediments have the capacity to bind and accumulate

organic and inorganic nutrients in concentrations suffi-

cient to promote growth of enteric bacteria in the

laboratory. Hendricks and Morrison (1967) reported growth

of two enteric pathogens and Escherichia coil,
 the most
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common bacteria in the fecal coliform group, in extracts of

bottom sediment collected below a sewage outfall. Suffi-

cient nutrients to support growth of enteric bacteria in

some sediments substantiates the evidence of prolonged sur-

vival of fecal coliform found in this study. Although not

indicated by the results, the possibility of growth of

fecal bacteria in sediment at Acacia Beach cannot be dis-

missed.

Physical and biological parameters,such as sunlight,

high water temperatures, and predation by zooplankton,

counteract the effects of a greater availability of nutri-

ents on fecal coliform survival in sediment. Combined with

the "cleansing" effect of currents at Acacia Beach, the

actual significance of prolonged survival of enteric bac-

teria is difficult to assess.

Survival of fecal coliform from the previous week-

ends probably accounts for some of the bacteria found in the

sediment on Fridays during the May, 1976, sampling period

(Figure 9). Survival of bacteria from the pervious week-

ends is difficult to detect because contamination from

swimmers, although much less than during weekends, also

occurs from Monday to Friday. Concentrations for the four

stations sampled averaged 4,640, 4,160, and 2,860 fecal

coliforms per 100 cc for three consecutive Fridays,
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suggesting that significant residual bacteria concentra-

tions from the previous weekends are present.

Summary 

Near-shore sediment at Acacia Beach serves as a

reservoir for large concentrations of fecal bacteria

throughout the summer months. Fecal bacteria in the sedi-

ment apparently originate from swimmers and pets, which

shed bacteria directly into the water, and from storm-

water runoff carrying dog and wild animal fecal matter from

the surrounding watershed and beach area.

Sediment sampling usually found large, unpredictable

changes in concentrations of fecal coliform at each station

over two-week periods from June to September, 1975. No

long-term accumulation of bacterial concentrations occurred

at any station during this three-month period.

Similarly, unpredictable changes occurred over

three consecutive weekends of sampling in May, 1976. Con-

centrations of sedimentary fecal coliform on Sunday were

significantly greater than found on Friday, but large

variations in the magnitude and direction of changes were

found among stations. Overall increases in concentrations

of sediment-stored bacteria between Friday and Sunday at

Acacia Beach can be accounted for by the deposition of

fresh fecal bacteria by large weekend crowds. Differences

in response of sediment stations to contamination of the
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overlying water is largely due to the variable nature of

parameters which reduce or redistribute fecal bacteria in

the near-shore sediment at Acacia Beach. The most impor-

tant of these parameters appears to be sediment agitation

by swimmers and wave action combined with predominant,

eastward currents that occur along the south shore of

Canyon Lake. Additional factors decreasing sedimentary

fecal bacteria concentrations are biological predation and

natural die-off.

Predominantly eastward currents at Acacia Beach

account for high average sedimentary fecal coliform concen-

trations found at stations east of the designated swimming

area. Station 5, 150 feet east of the swimming area, aver-

aged more than twice the concentrations of all other

stations.

Sediment at Station 5 may have a greater natural

capacity to adsorb and maintain large concentrations of

fecal coliforms. Mechanical analyses of bottom sediments

usually detected greater percentages of small-diameter

particles for Station 5 over other stations, indicating 
the

presence of greater surface area per unit mass for 
adsorp-

tion of bacteria.

Resuspended fecal bacteria from the sediment and

freshly deposited bacteria from the bodies of swimmers

appear to be the major immediate sources of contamination
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in the water at Acacia Beach. Methods of analysis used

were not able to determine the magnitude of influence of

sediment-stored fecal bacteria on the overlying water.

Fecal coliform counts of water were normally higher on

weekends than weekdays; both apparent sources of contamina-

tion are greatest during the high swimming activity on

weekends.

Two laboratory survival experiments indicate that

fecal coliforms persist in sediment from Acacia Beach for

extended periods, showing 28 and 35 percent survival at

seven days. Substantial concentrations of fecal coliforms

found in the sediment on Friday afternoons suggest some sur-

vival of fecal bacteria from the previous weekend. Per-

sistence of fecal bacteria is caused in part by an abundant

supply of nutrients in sediment available for bacterial

metabolism. Growth of fecal bacteria in sediment, although

not demonstrated by results of this study, may be occurring

at Acacia Beach, based on evidence of growth found in other

laboratory studies cited in the literature.



CONCLUSIONS AND RECOMMENDATIONS

Conclusions 

Based on observations of sedimentary fecal cou-

form concentrations at Acacia Beach from May, 1975, to May,

1976, the following conclusions can be made:

(1) Near-shore sediment at natural swimming areas can

harbor fecal coliform in concentrations as high as 48,000

per 100 cc. Such high concentrations may occur even when

swimmers and their pets are the only apparent sources of

contamination.

(2) Accumulation of fecal bacteria in sediment at dif-

ferent locations along a swimming beach is strongly influ-

enced by currents, wave action, and sediment agitation by

swimmers. Such physical forces can produce unpredictable

order-of-magnitude changes in sedimentary fecal coliform

concentrations over 48-hour periods. These physical

forces also can produce significant differences in sedi-

mentary fecal coliform concentrations at a point in time

between stations located 150 feet apart at a 
swimming area.

(3) Sediment with predominantly silt or clay-sized

particles or with high concentrations of organic matter may

contain fecal bacteria in much higher concentrations than

sediment without these characteristics.

51
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(4) General conclusions can also be made on the value

and potential applications of sediment sampling for moni-

toring bacterial contamination in natural swimming areas.

Van Donsel and Geldreich (1971) indicated that bac-

terial concentrations in sediment "may serve as a concen-

trated and stable index of the quality of the overlying

water, particularly where there is great variability in the

bacterial quality of the water." In natural swimming

areas, concentrations of fecal bacteria in water can sig-

nificantly change over short time periods. In the present

study and the study by Horak (1974), fecal coliform concen-

trations in the water at Acacia Beach were often observed

to change 100 to 500 percent over two-hour periods. Thus,

water samples are representative of water quality condi-

tions for only a moment in time and may not accurately

reflect the actual or potential health hazard of an area.

Because large concentrations of fecal bacteria are entrapped

by the sediment and movement out of swimming areas is

stopped or slowed, sediment samples may provide a more

accurate indication of the contamination which has occurred.

Accuracy of a sediment index would be greatest for swimming

areas where surface layers of sediment are stable. Large

increases in sedimentary fecal coliform concentrations

found at stations 4 and 5 over weekends imply that concen-

trations at these stations may be suitable indices of
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contamination at Acacia Beach. However, the variable

nature of factors determining deposition and removal of

bacteria from the sediment makes accurate interpretation of

these indices difficult. That is, differences in bacterial

concentrations at a station between sampling days may be

caused by physical parameters such as currents or wave

action rather than by differences in contamination by swim-

mers and pets.

Only within wide limits do concentrations of fecal

coliform in the sediment at Acacia Beach serve as an index

of the quality of the overlying water. For example, Van

Donsel and Geldreich (1971) found for 48 sampling loca-

tions, sedimentary fecal coliform concentrations were 100

to 1,000 times higher than concentrations in the overlying

water regardless of the degree of contamination received at

the sites. Concentrations of fecal coliform in the sedi-

ment at Acacia Beach were usually 100 to 5,000 times higher

than concentrations in the overlying water.

Horak (1974) suggested that determination of sedi-

ment bacterial levels on a regular basis might allow man-

aging agencies to anticipate potential pollution problems.

Data collected in this study cannot be used to confirm or

reject this possibility at Acacia Beach. In order to antic-

ipate excessive levels of contamination for an upcoming

weekend, sediment samples would have to be collected on
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Wednesday because of the two-day incubation period re-

quired for the fecal coliform analysis using the multiple-

tube technique. Evidence from this study indicates that

concentrations of fecal coliform in the sediment might

change significantly from Wednesday to Saturday, suggesting

that accurate prediction of a bacterial health hazard may

be difficult. Additional data would have to be collected

relating sediment samples collected during midweek to

water samples collected on weekends before a firm conclu-

sion could be made on the usefulness of sediment sampling

for predicting concentrations of fecal bacteria in the

overlying water.

From the data collected in this study, the only

conclusion that can presently be drawn is that the use of

sediment sampling as a supplement to water sampling will

provide a more complete indication of the total sanitary

condition of natural swimming areas. Bacterial analyses of

water samples, when considered alone, may cause incorrect

conclusions regarding the potential health hazard under-

gone by swimmers in a swimming area. Sediment samples

taken concurrently would detect concentrations of fecal

bacteria in the sediment reservoir, an immediate, Poten-

tial source of contamination. Knowledge of concentrations

of sediment fecal coliforms would enable managing agencies
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to more confidently evaluate the risk of exposure to patho-

gens undergone by users of a natural swimming area.

Recommendations 

Results of this study form the basis of the follow-

ing recommendations regarding natural swimming areas and

the application of sedimentary fecal coliform analyses.

(1) Regulations prohibiting pets on beach areas should

be strictly enforced. Feces from dogs at Acacia Beach are

probably a major source of contamination in storm-water

runoff that occurs during the summer months.

(2) New swimming beaches should be located at lake

areas where currents are active. At Acacia Beach, much of

the bacteria resuspended from the sediment and also that

freshly deposited by swimmers and pets are probably car-

ried out of the swimming area by currents. Without this

"cleansing" condition, sediment at Acacia Beach would prob-

ably accumulate fecal coliforms to much greater concentra-

tions than were found. Swimming areas in other 
locations

where currents are not active may show much greater 
con-

centrations of sedimentary fecal bacteria than found at

Acacia Beach.

(3) Areas subject to deposition 
of current trans-

ported bacteria where swimming activity occurs should be

monitored on a regular weekly basis. Some 
of the current

transported bacteria from Acacia Beach 
may be deposited in
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a small cove located about 500 feet east of the designated

swimming area. This cove contains undeveloped beach areas

used by swimmers that may have greater, more stable sedi-

mentary bacteria concentrations than Acacia Beach.

(4) Where practicable, the effectiveness of lowering

reservoir levels to reduce swimming area sedimentary fecal

bacteria concentrations should be investigated. Exposure

of near-shore sediment to direct solar radiation, increased

temperatures, and dessication may greatly reduce stored

bacterial concentrations within a relatively short time.

Van Donsel, Geldreich and Clarke (1967) found 90 percent

reduction of fecal coliform in soil at 3.3 days during sum-

mer months. Time required for effective bacterial concen-

tration reduction would depend on climatic factors and

would have to be determined by analysis of sediment fecal

coliform concentrations during treatment.

(5) Research on the feasibility and effectiveness of

chlorination to reduce sedimentary bacterial concentra-

tions should be conducted by resource agencies or research

institutes such as The University of Arizona. Horak (1974)

suggested that application of solid calcium hypochlorite

might be effective. Chlorine gas passed through under-

ground pipes and bubbled through the sediment, although

costly, might be a more efficient means of disinfection.

In intensively used swimming areas where poor water quality
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may force closure or restrictions on swimming use, benefits

gained from chlorination may easily outweigh the costs.

(6) Sediment fecal coliform analyses should be made of

natural swimming areas to supplement water bacterial analy-

ses. Selection of a single index sediment sampling location

for swimming areas may be possible. For example, at Acacia

Beach, Station 4 would provide a useful index for the en-

tire beach since concentrations usually exceeded those of

other stations within the designated swimming area. An

alternative index would be combined samples from widely

separate locations along a swimming area; this would pro-

duce an average of sedimentary fecal coliform populations,

giving an indication of the total number of fecal bacteria

present in the sediment reservoir at a site. Sediment

samples should be collected on Sunday afternoons or Monday

mornings when sedimentary fecal coliform concentrations are

high, following weekend swimming activity.

(7) Water samples should be collected on weekends dur-

ing periods of peak use. Accurate evaluation of the

bacterial health hazard to swimmers, in comparison to the

primary contact standard, can only be made 
from samples

collected during periods of high swimming activity and

sediment agitation.
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