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BOTTOM SEDIMENT ANALYSES OF THE RECREATIONAL
WATERS OF UPPER SABINO CREEK

by

Patrick L. McKee and Stanley K. Brickler

ABSTRACT

Bottom sediment quality of the upper four miles of Sabino Creek in the Santa
Catalina mountains near Tucson, Arizona was examined from September, 1975 through
August, 1976. Two primary bottom sediment parameters were examined: 1) sediment
fecal bacterial concentrations, and 2) sediment particle size distribution. Analyses
of bottom sediment parameters and selected surface water parameters were conducted to
ascertain interrelationships between bottom sediment quality and surface water quality.
Results indicate the importance of bottom sediments in the overall quality of the
Creek. Bottom sediment fecal bacterial concentrations have a significant influence on
surface water fecal bacterial concentrations through suspension of sediment stored
bacteria into the overlying water. Significantly higher bacterial concentrations were
observed during highest recreational use periods.

INTRODUCTION

Bottom sediment bacterial analyses are increasingly used to evaluate the total
quality of a water ecosystem. Previous research of bottom sediment environs restrict-
ed their analyses to the benthic fauna, yet recent investigations suggest that bottom
sediments may provide substantial information from a microbial standpoint (Van Donsel
and Geldreich, 1971). Hendricks (1971) states bottom sediment bacterial analyses
should be an integral part of all water quality analysis programs. The mud serves as
a concentrated environ where pathogenic and non -pathogenic organisms persist and may
serve as a stable index of the quality of the water especially in instances where
great variability in bacterial quality of the surface water exists (Van Donsel and
Geldreich, 1971).

Sampling surface water alone does not give a true indication of the potential
hazardous condition of the water system; bottom sediments serve as a reservoir for
bacterial organisms which can be suspended into the overlying surface water by disrup-
tion of the sediments (Grimes, 1975, Van Donsel and Geldreich, 1971, and Winslow,
1976). Motschall (1975) indicated surface water fecal coliform concentrations in sam-
ples following disruption of stream sediments exceeded corresponding surface water
fecal coliform concentrations 37 out of 38 samples.

Van Donsel and Geldreich (1971) examined a wide variety of bottom sediments from
clean and polluted rivers and creeks, bathing beaches, and recreational lakes. Results
indicated occurrence of fecal coliform in bottom sediments ranged from 100 - 1000
times higher than in the overlying surface water. Two interactive processes to ex-
plain the increased recovery of bacteria in bottom sediments are postulated: 1) the
benthic environment, as a function of its particle size distribution, favors the ab-
sorption of bacteria on individual grains, and 2) the benthic environment provides a
favorable environment for bacterial growth and prolonged survival. Hendricks (1970)
states sedimentation and absorption to sands and clays could concentrate bacteria in
bottom sediments. Experiments by ZoBell (1946) concerning particle size distribution
effects on bacterial density indicated bacterial numbers were inversely proportional
to particle size; bacterial densities were lowest with large grain sizes. Stream
sediments are able to bind basal nutrients loosely and that growth of various enteric
bacteria occurs in aqueous extracts of sediments (Hendricks and Morrison, 1967). An
analyses of bacterial growth in bottom sediments of the Poudre River reveal extensive
growth of enteric bacteria in bottom sediments where nutrients can be in high concen-
trations (Hendricks, 1970). Survival studies of fecal coliform and salmonella in
storm water stored at 20° C show a 90 percent reduction in concentration after two
days (Geldreich et al, 1968); survival of fecal coliform and salmonella in bottom
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sediments at an identical temperature show a 90 percent reduction in seven days (Van
Donsel and Geldreich, 1971).

STUDY SITE DESCRIPTION

Proximate to the metropolitan community of Tucson, Arizona are the Santa Catalina
mountains of Coronado National Forest. Rising to an elevation of 9,157 feet, the
mountain range encompasses four life zones, extending from the Lower Sonoran charac-
terized by low annual rainfall (12 inches) and high temperatures to the Canadian
characterized by high annual rainfall (26 - 30 inches) and low temperatures.

The combination of unique natural and physical qualities and nearness to a major
metropolitan community have made the Catalinas the most popular recreation area in
Southeastern Arizona.

During summer months when temperatures may reach 110° F in the desert valley, the
Santa Catalina mountains provide a recreational retreat for numerous visitors. Sub-
stantial day -use and overnight -use facilities have been constructed to satisfy the
approximately 2,000,000 annual visits to the mountain range.

A large portion of the recreational development and uses are concentrated in the
higher elevations of the mountain range on Sabino Creek watershed. Day -use and over-
night facilities on the upper portion of the watershed include five picnicking areas,
three campgrounds, approximately 60 miles of hiking trails, a nature trail complex and
a ski area.

In addition some 350 summerhomes and Forest Service lease cabins are situated at
higher elevations on the watershed. Summerhaven, a private community incorporating
240 acres and supporting 80 - 100 permanent residents, straddles the upper reaches of
Sabino Creek.

Sabino Creek, the major drainage system of the 35.5 square mile watershed, begins
its nine -mile passage from the coniferous forests of Mount Lemmon to Sabino Canyon
Recreation Area on the desert valley floor. Sabino Creek is an intermittant- perennial
stream with yearlong flow occurring with adequate Winter snowfall and Summer rains.

Intense development associated with Sabino Creek has prompted serious questions
by U. S. Forest officials and the general public concerning the impact on the water
quality resources of the Creek. Potential hazardous conditions of the headwaters of
Sabino Creek could be causing detrimental effects throughout the length of the water-
course. The Creek is currently being used as a receiving water for sewage from some
cabins and businesses situated on the watershed.

In 1958, Pima County Sanitation officials became concerned with the potential
problem of sewage wastes generated by Summerhaven cabins and businesses, and in coop-
eration with State, County and Federal Health Departments, constructed a sewage
disposal plant adjacent to Sabino Creek approximately 1/2 mile below Summerhaven on
Forest Service property.

The treatment facility serving some 26 homes and businesses consists of a septic
tank /leach field system with the effluent being discharged directly into Sabino Creek.
Chlorination of sewage effluent is accomplished utilizing chlorine gas. Because of
poor design and maintenance and intermittant operations, the facility is inadequate.
Chlorination failures, pipe deterioration, and poor soil conditions for leaching are
problems attributable to the treatment system. During high ground water conditions
and runoff events water infiltrates the main interceptor line, thus burdening the
facility. During low groundwater periods sewage seeps from the main into the sur-
rounding soil with possible entry into the Creek.

Cabins not connected to the sewage treatment facility utilize their own individ-
ual septic tank /leaching systems and pit privies. Steep slopes and shallow soils
unsuitable for leaching prohibit adequate sewage treatment by these systems. A study
by Adams and Geiser (1970) acknowledged dye- tracer tests that concluded the septic
tank /leaching systems approximate to Sabino Creek "were little better than direct
pipelines through the fractured and decomposed granites from the sources of sanitary
wastes to the creek ".

Numerous animal enclosures confining horses and other domesticated animals and
located immediate to Sabino Creek may be the source of animal feces discharge into
the stream.

Further complications associated with the water quality of upper Sabino Creek
result from the conflicts between sewage disposal and recreation pursuits. Marshall
Gulch picnic ground, accounting for over 68,000 visits in 1973 and 1974 and located
proximate to Sabino Creek 1/2 mile below the sewage treatment facility, has been
closed since June, 1975. Dye- tracer tests undertaken by the Arizona Department of
Health Services revealed the sewage treatment facility was deficient and posing a
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serious health hazard to visitors using this popular picnic ground. incompatible
uses of upper Sabino Creek, such as intense recreational use pressures and sewage
disposal, has forced the Forest Service into a complex management situation in re-
solving conflicts of poor water quality and high recreational use.

RESEARCH OBJECTIVES

Operating concurrently with a surface water analyses by Brickler, Phillips, and
Patterson (1977), this study was designed to analyze bottom sediments characteristics
of upper Sabino Creek.

Several research objectives were identified to direct the study in a systematic
approach to the water quality problem. These objectives guided the orderly develop-
ment and pursuit of the study. Research objectives identified were:

1) identify the present bottom sediment quality of upper Sabino Creek, and
to establish base information for future bottom sediment analyses.

2) evaluate relationships between bacterial concentrations and particle size
distribution of bottom sediments.

3) evaluate relationships of bottom sediment parameters with selected
overlying surface water parameters.

4) evaluate the possible health hazard of upper Sabino Creek for recreation
purposes utilizing bottom sediment analyses as an indicator.

5) suggest recreation management alternatives in managing the water resources
of upper Sabino Creek.

FIELD AND LABORATORY PROCEDURES

Field sampling procedures were designed to allow collection, transportation, and
analyses of bottom sediment and surface water samples within the eight hour bacterial
reliability time limit (AWWA, 1971). Samples were collected four times per month from
August, 1975 to September, 1976 on a Wednesday- Sunday schedule with samples collected
every other Wednesday and Sunday. This research design permitted concurrent evalu-
ation of bottom sediment and surface water parameters during low and high recreation
use days as well as during expected yearly recreational use fluctuations. Samples
were collected from 8 a.m. to 11 a.m.

Eight sampling stations were identified to accurately represent the conditions of the
3.5 mile watercourse studied (Figure 1). Rather than use a random sampling design
to delineate station locations, user patterns, property boundaries, suspected water
quality problem areas, stream flow regime, and other watershed characteristics were
factors that determined locations of sampling stations.
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Figure 1. Sampling station locations on upper Sabino Creek.
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Bottom sediment water quality parameters measured were fecal coliform bacteria
and particle size distribution; surface water parameters included fecal coliform
bacteria, suspended sediments, water temperature, and residual chlorine at stations
below the sewage effluent discharge.

Bottom sediment fecal coliform bacteria were enumerated using the multiple
dilution tube technique described in Standard Methods for the Examination of Water
and Wastewater (AWWA, 1971). A most probable bacteria concentration was obtained
from MPN tables in Standard Methods (AWWA, 1971).

Surface water fecal coliform and fecal streptococcus bacterial concentrations
were enumerated using the membrane filter (MF) technique (AWWA, 1971). Media used
for culturing fecal coliform and fecal streptococcus bacteria were M -FC broth and
M- Enterococcus Agar, respectively. Fecal coliform bacteria were incubated in a water
bath at 44.5 ± .2 °C for 24 hours and fecal streptococcus bacteria were incubated in a
dry oven at 35 ± .5 °C for 48 hours. Bacterial colonies were enumerated with a 10x
dissecting scope and recorded in the laboratory data book.

Methods used to analyze particle size distributions of bottom sediments are
detailed in Methods of Soil Analysis (Black, 1965). Using the International System
of particle size descriptions, percent gravel (particles greater than 2 millimeters
in diameter), coarse sand (.2 -2 mm), fine sand (.02 -.2 mm), silt (.002 -.02 mm), and
clay (particles less than .002 mm in diameter) were determined using the pipetting
method. Suspended sediment analyses methods are detailed in Standard Methods (AWWA,
1971).

RESULTS

Results of bottom sediment fecal coliform bacteria analyses indicate upper
Sabino Creek is more hazardous to recreation users than is indicated by surface
water bacteria analyses alone. Monthly mean bottom sediment bacteria concentrations
were consistently 10 to 10,000 times higher than monthly mean surface water bacteria
concentrations. Sampling stations immediately below the sewage treatment facility
(stations five and six) exhibited highest bottom sediment bacteria concentrations;
27 percent of all 52 samples taken at station five measured 100,000 or greater fecal
coliform /100 ml. Fifty percent of all 52 samples at station six measured 10,000
or greater fecal coliform /100 ml.

Although located on the stream in a relatively undeveloped portion of the
watershed, stations one and two exhibited Fall mean bottom sediment bacteria concen-
trations of 13,614/100 ml and 5888/100 ml respectively. Station eight located
approximately 1/2 mile below any developed recreation site measured mean Fall bottom
sediment bacteria concentrations of 9141/100 ml. All sampling stations exhibited
highest bacteria concentrations during either Summer or Fall months; all stations
exhibited lowest bacteria concentrations during Winter months.

Numerous occasions arose when fecal coliform concentrations in bottom sediments
exceeded the normal trend when malfunctions occurred in the sewerage system. Bottom
sediment and surface water fecal coliform concentrations experienced substantial
increases during periods of chlorination failure at the treatment plant (Table 1).

Table 1. Bottom sediment and surface water bacteria concentrations at
station 5, 0.0 mg /1 residual chlorine.

DATE BOTTOM SEDIMENTS SURFACE WATER
(MPN /100 ml) (colonies /100 ml)

October 5, 1975

November 2, 1975

November 12, 1975

December 14, 1975

December 28, 1975

240,000

2,400,000

2,400,000

34,500

700,000

800,000

118,800

260,000

153,000

53,200

An apparent sewage leak from a defective pipe during April and most of May caused
monthly means for stations three and four to increase drastically during this time.
On July 25, 1976 following a period of intense rain, sewage flowed out of a manhole
at the treatment plant and entered Sabino Creek downstream from station five approxi-
mately 100 yards above station six. Bottom sediment bacteria concentrations at sta-
tion five and station six were 1090 and 92,000 fecal coliform /100 ml, respectively.
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Statistical analyses were utilized to test hypotheses concerning bottom
sediment and surface water parameters. Non -parametric statistical tests were
employed to test hypotheses because underlying assumptions in normal population
statistical analyses could not be satisfied according to the distribution of the
data. A significance level of .05 was set for each test.

Fine particles were an important factor affecting increased bottom sediment
bacteria densities at some stations. Sampling stations one and two, lying at the
uppermost portion of the watershed, accounted for bottom sediment bacteria densities
which did not differ significantly from sampling stations three and four, located
on a stretch of stream highly impacted by substantial development. Possible
explanation for this unexpected occurrence are that stations one and two displayed
significantly greater fine particles than stations three and four. In addition,
analyses of covariance revealed fine particles were a significant factor in increased
bottom sediment bacteria concentrations at stations one and two. Station eight,
the most downstream station, displayed significantly greater bottom sediment bacteria
concentrations than station seven located 1/2 mile upstream. However, station seven
exhibited significantly higher surface water fecal coliform concentrations. Greater
distribution of fine particles and the presence of a large pool possibly accounted
for entrapment, extended survival, and possible growth of bottom sediment bacteria
at station eight.

Chlorine injected into the sewage effluent between stations four and five had
measurable effect on bacteria concentrations at station five. Analysis of variance
of differing residual chlorine concentration effects on bacteria densities revealed
high chlorine inputs into the stream were responsible for significantly lower bottom
sediment bacteria concentrations. High chlorine residual also resulted in the
absence of observable aquatic life for a few hundred feet below the effluent dis-
charge. Although high residual chlorine concentrations accounted for lower bottom
sediment bacteria densities at station five, station five displayed significantly
greater bottom sediment bacteria than station four. This suggests that the bacteria
input from the sewage "treatment facility was great enough to partially counteract
the disinfecting effectiveness of high chlorine discharge.

A sampling design allowing for collection of water quality samples during
differing recreational use days and recreational use seasons was used to ascertain
base information of water quality differences during these times. High recreational
use seasons (May through October) exhibited significantly higher bottom sediment and
surface water bacteria than seasons of limited recreation use (November through
April). All recreational pursuits and second home use was observed to be greatly
reduced during low recreational use seasons. Differences of bottom sediment and
surface water bacteria was not apparent between samples collected on Wednesdays and
Sundays.

Although not statistically significant on an annual basis because of the nature
of their distribution, decreased bottom sediment fecal bacteria were graphically
illustrated following watershed flushing events. Scouring of bottom sediments with
subsequent release of bacteria into the surface water was probably responsible for
decreased bacteria concentrations during these flushing events.

CONCLUSIONS

Results of this study indicate the importance of including bottom sediment
bacteria enumeration in all recreation water quality analyses. Sampling surface
water alone does not give a true indication of the potential bacterial quality
of an aquatic ecosystem used for recreational purposes. Bottom sediments, partic-
ularly fine sediments, are capable of storing large bacteria densities with extended
survival and possible growth. Resuspension of bottom stored bacteria into the over-
lying surface water may cause potential hazardous conditions to water -oriented
recreation users.
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