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ABSTRACT

Bottom sediment quality of the uppermost 3.5 miles of Sabino
Creek, Santa Catalina mountains, Coronado National Forest was analyzed
on a Wednesday-Sunday sampling scheme four times per month from Sep
tember, 1975 through August, 1976.

Eight permanent sampling stations

were monitored for sediment fecal coliform concentrations and particle
size distribution, surface water fecal coliform concentrations, streamflow, suspended solids, air and water temperature, and residual chlo
rine at stations below a sewage treatment facility discharging primary
effluent into Sabino Creek.

Surface water data were obtained from a

concurrent surface water analyses conducted by Brickler, Phillips, and
Patterson.
Results of sediment analyses indicate the high probability of
a health.hazard existing in Sabino Creek, particularly during the high
recreational use season and at stations below the effluent discharge
when no residual chlorine was detected.

Sediments consistently dis

played fecal coliform densities 10 to 10,000 times greater than sur
face water fecal coliform densities.

Adsorption of fecal coliform

bacteria in sediments and prolonged bacteria survival induced sediment
fecal coliform bacteria at all stations to exceed the primary recre
ation contact standards every month.

ix

CHAPTER I

RESEARCH INTRODUCTION

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 characterized by low annual
rainfall (12 inches) and high temperatures to the Canadian character
ized by high annual rainfall (26-30 inches) and low temperatures
(Figure 1).
The combination of unique natural and physical qualities and
the nearness to a major metropolitan community have made the Santa
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.

Substantial day-use and overnight-use

facilities have been constructed to satisfy the approximately 2,000,000
annual visits to the mountain range (U. S. Forest Service, 1975).
A large portion of the recreational use and developments are
concentrated in the higher elevations of the mountain range on Sabino
Creek watershed.

Day-use and over-night use facilities on the upper

portion of the watershed include five picnicking areas, three
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Figure 1.

Regional location of Sabino Creek.
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campgrounds, some 50 miles of hiking trails, a nature trail complex,
and a ski area.
In addition to sustaining numerous recreational developments,
approximately 350 summerhomes and Forest Service lease cabins are sit
uated at higher elevations on the watershed.

Summerhaven, a private

community incorporating. 240 acres and surrounded by U. S. Forest Ser
vice land, 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 for
ests of Mount Lemmon through Sabino Canyon Recreation Area on the
desert valley floor.

Sabino Creek is an intermittent-perennial stream

with yearlong flow occurring with adequate winter snowfall and summer
rains (Figure 2).
Intense development associated with Sabino Creek has prompted
serious questions by U. S. Forest Service officials and the general
public concerning the inpact on the water quality of the Creek.

Poten

tially hazardous conditions of the headwaters of Sabino Creek could be
causing detrimental effects throughout the length of the watercourse.

Problem Statement
Sabino Creek, one of the few remaining, natural, free flowing
streams in southern Arizona is experiencing adverse impacts on its
water resources.

Development along the creek has given rise to major

water quality problems.

The creek is currently being used as a

receiving water for sewage from some cabins and businesses situated
on the watershed

t
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Figure 2.

Sabino Creek watershed.
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Problems associated with the water quality of Sabino Creek
stem

from the recreation popularity the watercourse has experienced

over the years.

Summerhaven has historically been a popular summer-

horn area for some Tucson residents as well as a permanent residence
for 80 to 100 people.

However, as the community of Summerhaven devel

oped so did the problems of waste disposal.
In 1958, Pima County Sanitation officials became concerned
with the potential problem of sewage wastes generated by Summerhaven
cabins and businesses.

In cooperation with state, county and federal

health departments, Sanitary District one (since reorganized as the
Pima County Department of Sanitation) constructed a sewage disposal
plant adjacent to Sabino Creek, approximately one-half mile below
Summerhaven on Forest Service property.
The treatment facility, serving some 45 homes and businesses,
includes a septic tank/leach field system with the effluent discharged
directly into Sabino Creek.

Chlorination of sewage effluent is accom

plished utilizing chlorine gas.

Because of poor design and maintenance

and intermittent operation, 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 inter
ceptor line, thus burdening the facility.

During low ground water pe

riods sewage seeps from the main into the surrounding soil with pos
sible entry into the creek.
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Currently, Pima County, under direction of P.L. 92-500, the
"Federal Water Pollution Control Act Amendments of 1972," is respon
sible for the construction of a new sewage treatment plant that will
meet federal sewage effluent discharge standards.

Pima County envi

sions a facility consisting of a 25,000 gallon per day secondary treat
ment plant and interceptor system with effluent discharge into Sabino
Creek below Marshall Gulch picnic ground.

Approximately 45 residences

and businesses will be initially serviced; additional treatment capac
ity is feasible through enlargement of the facility.

Remaining 150

f

cabins in Summerhaven will utilize individual treatment systems.
Cabins not connected to the present sewage treatment facility
utilize their own individual septic tank/leaching systems and pit priv
ies .. 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 proximate to Sabino Creek "were little better
than direct pipelines through the fractured and decomposed granites
from the sources of sanitary wastes to the creek."
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 one-half mile below the sewage treatment facility, has been
closed since June," 1975.

Tests conducted by the Arizona Department of

Health Services in cooperation with the U. S. Forest Service revealed
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that the sewage treatment facility was deficient and posed a serious
health hazard to visitors using this popular picnic ground.

Incompat

ible uses of upper Sabino Creek, such as intense recreational use pres
sures and sewage disposal, has forced the Forest Service into a complex
management situation in resolving conflicts of poor water quality and
high recreational use.

Analyses of the water quality of Sabino Creek

will give the Forest Service valuable insight into the water quality
problem of Sabino Creek, thus assisting in the evaluation of manage
ment alternatives for managing this water resource.
Operating in conjunction with a surface water analyses by
Brickler, Phillips, and Patterson (1977), this study is designed to
analyze bottom sediment characteristics of upper Sabino Creek.

These

analyses, when combined with a study by Motschall (1976) of lower
Sabino and Bear Creeks and a surface water investigation of upper
Sabino Creek by Brickler, Phillips, and Patterson (1977), will provide
the Forest Service with a comprehensive analyses of Sabino Creek on a
total watershed basis.

Research Objectives
Several research objectives have been identified to direct the
study in a systematic approach to the water quality problem.

Research

objectives identified are:

1.

identify the present bottom sediment quality of upper Sabino
Creek and establish base information for future bottom sedi
ment analyses.
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2.

evaluate relationships between sediment bacterial
concentrations and particle size distribution of bottom sedi
ments .

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 recommendations in managing the
water resources of upper Sabino Creek.

Processes
To accomplish the research objectives specific processes must
be identified:

1.

Establish permanent sampling stations which permit sample
collection, transportation and performance of laboratory analy
ses within the eight-hour time limitation (American Public
Health Association, 1971).

2.

Establish a sampling schedule that permits bottom sediment
analyses during various recreational use periods and seasonal
fluctuations.

3.

Perform bacterial analyses (Fecal Coliform) of bottom sedi
ments using the multiple dilution tube technique (American
Public Health Association, 1971).
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4.

Utilize surface water data collected concurrently with bottom
sediments by Stickler, Phillips, and Patterson (1977).

5.

Perform particle size distribution analyses of bottom sediments to determine relationships with bacterial concentrations.

6.

Measure chlorine residual of surface water at sampling stations
below the sewage treatment plant.

7.

Measure the physical characteristics of air and water tempera
tures, suspended solids, and flow rates.

Delimitations
Recreational waters studied include the uppermost four miles
of Sabino Creek extending from the headwaters to an abandoned USGS
gaging station located three-quarters of a mile below Marshall Gulch
picnic ground.

The research is concerned with bottom sediment analyses

of upper Sabino Creek and relationships with selected surface water
parameters.

Surface water data were obtained from a concurrent study

by Brickler, Phillips and Patterson (1977).
Bottom sediment and surface water samples were collected four
times per month from September, 1975 through August, 1976.

Lemmon

Creek, draining an undeveloped watershed and located at approximately
the same elevation, was added to the sampling schedule in February,
1976 to permit bottom sediment and surface water analyses on a lightly
used undeveloped watercourse.

Samples were collected on Wednesdays and Sundays with times
of collection remaining constant throughout the sampling period.
Actual visitor use of the four-mile stream reach and subse
quent impact on water quality was not determined.

However, analyses

of the data may lead to the use of base line data as an element for
speculative management.

CHAPTER II

RELATED LITERATURE

Outdoor recreation received for the first time in January,
1962, organized national recognition as a societal goal with the pub
lication of the Outdoor Recreation Resources Review Commission [ORRRCj
(1962) report, "Outdoor Recreation for America."

Further commitments

to providing outdoor recreation opportunities to the general populace
were expressed in the passage of Public Law 88-29 in 1963 which di
rected the Secretary of the Interior to "formulate and maintain a com
prehensive nationwide outdoor recreation plan."

This plan fostered

the premise that provision of outdoor recreation facilities to meet
rising recreational demands was a proper and necessary function of
government.
Provision of land and water for fulfillment of recreational
needs, particularly close to urban areas, are being clearly articu
lated as an important social goal.

Historical priorities of using the

land for "the sake of progress" are being reshaped by the boom in out
door recreation pursuits.
are changing.

Traditional ideals about work and leisure

Increased mobility and leisure time/ and greater afflu

ence are freeing man's energies to pursue those human and social goals
which qualitatively improve their lives (Bureau of Outdoor Recreation,
1973 and 1974).

Recreation, an emerging human social goal, is quickly
11

12

becoming a new social institution aiding in the fulfillment of basic
human needs and personal enrichment (Brickler, 1976).
The Bureau of Outdoor Recreation (1973) predicts that, while
the population will increase by one-half by the turn of the century,
participation in outdoor recreation will treble or quadruple.

Water-Oriented Recreation and Water Quality
Water-oriented recreation is an integral part in total and
projected demand for outdoor recreation in America.

Bureau of Outdoor

Recreation (1973) estimates that approximately a quarter of all recre
ation activity is dependent upon water bodies and that two-thirds of .
all designated publicly administered recreation areas either have a
body of water within their boundaries or are adjacent to accessible
water.

Projections of water-based recreation indicate increases of as

much as 60 percent over 1965 use figures between the years 1965 and
1980, and 170 percent between 1965 and 2000.
Every available watershed and reservoir is highly pressured
for the use of its recreation potential (Worms and Brickler, 1967).
As a result, land management agencies are experiencing conflicting man
dates in managing their water resources for recreation pursuits; pro
tecting the land and water from degradation and providing recreation
opportunities for rising public participation rates.
Land managers have been so adamant to provide for recreational
opportunities that people want that resultant consequences have not
been adequately evaluated.

Outdoor recreation planners assumed their
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responsibility terminated with provision of more water and more
facilities to satisfy public needs.

Not until recently have recre

ation managers realized that in opening areas to recreation pursuits
they may also be opening the gates to destruction (Carlson, 1971).
Water-oriented recreation depends on abundant, good quality
water; recreation itself can be detrimental to the quality of water.
Numerous problems for managers of water-oriented recreation facilities
result from accelerated demand for water-based recreation.

Picnicking,

camping, and use of the actual water body tend to contribute organic
and inroganic wastes, pathogenic organisms, toxic and odor producing
substances, and trash to the environment of the recreation areas (Hall
and Sproul, 1971).

Discharges of wastes from watercraft, inadequate

sewage disposal systems (i.e., pit privies, septic tank/leaching sys
tems, or small sewage treatment package plants) from summerhome areas,
camp and picnic grounds, and livestock grazing practices have often
led to unsanitary conditions (Barbaro et al., 1969, Geldreich, 1972
and Pacific Southwest Inter-Agency Committee, 1970).
Initial interest in water quality relationships and wateroriented recreation was directed at effects of recreation use on water
supply reservoirs.

Dambach (1956) enumerated six major points endors

ing recreation in municipal water supply reservoirs, whereas Riehl
(1956) summarized eleven arguments against allowing water-based recre
ation in water supply reservoirs.

However, neither author based his

judgment on prior and adequate research.

Since this initial impetus,

water quality relationships and water-based recreation have received
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substantial investigation with frequently conflicting conclusions
regarding impacts of recreation on water quality.
In 1964, a study of Forrest Lake in Missouri concluded that
concentrated recreational use did contribute contamination on a local
basis, but the effect on water supplies were negligible (Rosebery,
1964).

Barbaro et al. (1969) conducted water quality analyses at the

Ross Barnett Reservoir during a record high period of recreational
activity and during a relatively normal use period.

Results indicated

fecal coliform concentrations were significantly higher on the high
record day at all sanpling stations.

In addition, fecal coliform con

centrations were significantly higher at marina sampling stations than
concentrations at non-marina stations for both sampling dates.
Worms and Brickler (1967) concluded densities of coliform bac
teria measured consistently low in heavily used recreation areas.

In

locations where sewage effluent from individual sand box filters and
septic tank-tile fields serving cabins and permanent homes drained
into the lake, high bacterial densities occurred in surface and strati
fied samples.
coves.

This was particularly evident around small, constricted

Motschall (1976) indicated varying degrees of fecal contamina

tion with concentrations at times in excess of State and Federal pri
mary contact recreation water quality standards.

High recreational use

periods showed highest fecal coliform concentrations.
Stuart et al. (1976) investigated numerous lakes and streams
over a three year period within the high alpine zone in Grand Teton
National Park, Wyoming.

The authors concluded no adverse
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bacteriological impact resulting from human activities was found even
though high recreation use occurred.

In respect to water quality, the

carrying capacity had not been exceeded.
Walter and Bottman (1967) examined bacteria densities of a
watershed open to public entry and a watershed closed to public entry
to ascertain recreational use effects on water quality.

Results indi

cated greater numbers of indicator organisms in the closed watershed.
In an effort to explain this phenomena Stuart et al. (1971) conducted
a study of the same watershed and found similar results.

An analyses

of bacterial strains found in the water and in the wild animal popu
lation led the authors to conclude that the animal population, not
human activity, was responsible for higher bacteria counts in the
closed watershed.

Indicators of Water Quality
Recreational waters may contain pathogenic organisms harmful
to man.

Organisms from the genera Salmonella, Shigella, Vibrio, and

Leptospira, as well as certain enteric viruses, are a few of the more
common pathogenic organisms excreted in the fecal wastes of man and
warm-blooded animals and found in some recreational waters (Mechalas
et al., 1972).

Geldreich (1972) states that the occurrence and density

of pathogens in polluted water and animal feces are highly variable
because intestinal diseases prevalent in either the human or animal
population differ at any given time.

Monitoring water for possible

waterborne pathogens requires sophisticated, time consuming procedures
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which are often insensitive to low concentrations.

Consequently,

indicator organisms have been the accepted method for evaluating the
possible presence of pathogenic organisms.

McCarthy (1961) states

that for biological indicators to be beneficial they must meet certain
criteria:

1.

Indicators must be a reliable measure of the potential pres
ence of pathogenic organisms.

2.

Indicators must be present in larger concentrations than the
organisms they are to reflect.

3.

Indicators must be easily enumerated quantitatively as well
as qualitatively.

4.

Indicators must be easily detected by relatively simple pro
cedures.

5.

Indicators should also experience survival characteristics
similar to organisms they are to indicate.

Coliform bacteria were traditionally used as an indicator orga
nism in past water quality analyses because these organisms met the
criteria state previously.

These are always present in the intestinal

tract of humans and other warm-blooded animals and are excreted in
large numbers in fecal wastes.

However, because of the presence of

certain members of the group in many environments other than warm
blooded animal intestinal tracts, the total coliform group has been
essentially eliminated as am indicator of pollution (Geldreich, 1967).
Additionally, strains of the total coliform belonging to the

/
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Enterobacter aerogenes are able to experience considerable after
growth once released into the aquatic environment (Evans et al., 1968).
Fecal coliforms, a subgroup of total coliform bacteria, have
become the more recently accepted indicator organisms because of their
sole habitat in the intestinal tract of warm-blooded animals (Geldreich, 1966).

Research investigations have demonstrated the effective

ness of the fecal coliform as an indicator of warm-blooded animal
fecal contamination of water.

Smith, Twedt, and Flanigan (1973) con

firmed the usefulness of the fecal coliform as an indicator of water
quality in their investigation of the occurrence of Salmonella in con
junction with fecal coliform bacteria.

Establishing the presence of

fecal coliform bacteria indicated a route of pathogenic organism in
fection from warm-blooded animal populations.
In an effort to protect public health, all states have adopted
recreation water quality standards based on fecal coliform concentra
tions.

Primary contact recreation water standards for Arizona state

that the fecal coliform content shall not exceed a geometric mean of
200/100 ml nor shall more than 10 percent of the total samples during
any 30 day period exceed 400/100 ml (Arizona Department of Health
Services, 1976).
A controversy concerning the use of present water quality
standards and fecal coliform as indicators of contamination has arisen
in recent years.

Opponents claim standards vary widely from state to

state and are not derived from adequate epidemiological evaluation.
Gallagher and Spino (1968) summarized numerous studies involving the
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relationships of Salmonella and fecal coliform in natural waters.
Results indicated salmonellae may be isolated at a wide range of fecal
coliform densities.

One study reported isolation of salmonellae when

mean fecal coliform densities were as low as 35/100 ml.

Additionally,

survival between the two bacteria revealed quite different die off
rates; large decreases in fecal coliform densities may not insure com
parative reductions in salmonellae.

Dutka and Bell (1973) observed

that increased total and fecal coliform concentrations reflected in
creased recovery of salmonellae, however, salmonellae isolation oc
curred in 25 percent of the samples when fecal coliform concentrations
were nine or less/100 ml.

Gallagher and Spino (1968) stated a sani

tary survey to identify possible sources of pollution, the use of the
salmonellae test, and fecal coliform monitoring is necessary to indi
cate the quality of the water resource.
In response to opponents of the use of fecal coliform as an
indicator organism and recreation water quality standards, Geldreich
(1970) reported numerous studies of the relationship between salmonellae
and fecal coliform.

Data showed a substantial increase in the fre

quency of salmonellae isolation when fecal coliform densities exceeded
200/100 ml in fresh water.

Near 100 percent salmonellae isolation

occurred when fecal coliform densities exceeded 2000/100 ml.

Geld

reich et al. (1968) reported almost identical survival rates for
salmonellae and fecal coliform in storm water.

Failure to detect sal

monellae in instances of fecal pollution when fecal coliform concentra
tions exceeded several hundred/100 ml does not imply poor correlation.
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but rather that the presence of salmonellae in water is highly
variable.

Isolation of salmonellae in water depended not only on the

degree of pollution as indicated by fecal coliform densities, but also
on the presence of excretors of salmonellae.
Geldreich (1970) maintains that fecal coliform bacteria are
needed as an indicator organism in evaluating the possible presence of
pathogenic organisms because presence of fecal coliforms indicate a
possible route of infection.
Geldreich and Kenner (1969) substantiated the use of fecal
streptococci bacteria in conjunction with fecal coliform as an indi
cator of fecal pollution by warm-blooded animals.

Fecal streptococci

include the enteric streptococci from all warm-blooded animal fecal
wastes.

Analyses of the fecal streptococci strain present in water

may give valuable information concerning the source of contamination.
A fecal coliform to fecal streptococci ratio may prove to be of assis
tance in determining whether contamination results from human or non
human source.

Use of this ratio is valid in natural water ecosystems

only when the 24 hour source is known (Geldreich and Kenner, 1969).
The effectiveness of fecal streptococci as an indicator of water qual
ity has not been adequately researched to replace fecal coliform bac
teria in evaluating recreational water quality.

Bottom Sediment Quality
Bottom sediment bacterial analyses are becoming increasingly
used to evaluate the total quality of a water ecosystem.

Previous
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research of bottom sediment environs restricted 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 (1971a) believes bottom sedi

ment bacterial analyses should be an integral part of all water qual
ity analysis programs.

The mud serves as a concentrated environment

where pathogenic and non-pathogenic organisms persist.

Additionally,

sediments may serve as a stable index of the quality of the surface
water, especially in instances where great variability in bacterial
quality of the surface water exists (Van Donsel and Geldreich, 1971).
Sampling surface water alone cannot 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 disruption of sediments (Grimes,
1975 and Van Donsel and Geldreich, 1971).

Motschall (1976) indicated

surface water fecal coliform concentrations in samples following dis
ruption of stream sediments exceeded corresponding surface water fecal
coliform concentrations 37 out of 38 samples.
Allen, Grindley, and Brooks (1953) examined chemical and bac
terial characteristics of mud from polluted and unpolluted lakes and
estuaries and found that bottom sediments were capable of storing large
concentrations of fecal bacteria.

Additionally, a relationship between

degree of pollution and fecal coliform and fecal streptococci existed
in the upper two inches of mud.
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Henricks (1971b) examined bottom sediment salmonellae
concentrations and found increased recovery rates in bottom sediments
as opposed to surface water recovery.

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 surface water; 22 sediment samples
out of 48 were positive for salmonellae.

Isolation of salmonellae

occurred in 80 percent of the bottom sediment samples when fecal coli
form concentration in the surface water was greater them 2000/100 ml.
. Two interactive processes to explain the increased recovery of
bacteria in bottom sediments are postulated:

1) the benthic-environ

ment, as a function of its particle size distribution, favors the
adsorption of bacteria on individual sediment grains, and 2) the ben
thic environment provides a favorable environment for bacterial growth
and prolonged survival.

Hendricks (1971c) stated sedimentation and

adsorption to sands and clays could concentrate bacteria in bottom
sediments.

Experiments by ZoBell (1946) concerning particle size dis-

tribution effects on bacterial density indicated bacterial numbers were
inversely proportional to particle size; bacterial densities were low
est with larger grain sizes.

Further, stream sediments are able to

bind basal nutrients loosely and that growth of various enteric bac
teria occurred in aqueous extracts of sediments (Hendricks and Morri
son, 1967).

An analyses of bacterial growth in bottom sediments of

the Poudre River, Colorado revealed extensive growth of enteric
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bacteria in bottom sediments where nutrients can be in high
concentrations (Hendricks and Morrison, 1967).

Survival studies of

fecal coliform and salmonellae in surface water stored at 20* C
revealed 90 percent reduction in concentration after two days (Geldreich et al., 1968); survival of fecal coliform and salmonellae in
bottom sediments at an identical temperature revealed 90 percent re
duction in seven days (Van Donsel and Geldreich, 1971).

Previous Water Quality Studies
On Upper Sabino Creek .
Two water quality studies of upper Sabino Creek have been con
ducted previous to this investigation of bottom sediments and the con
current surface water analyses (Brickler, Phillips, and Patterson,
1977).

The two previous studies were directed primarily at an analy

sis of the Summerhaven sewerage system.

An analysis of the recreation

al waters of upper Sabino Creek on a year-long basis were not the
previous studies' intent.
Following the discovery of a raw sewage overflow into upper
Sabino Creek, Adams and Geiser (1970) instituted a study of the Summerhaven sewerage system.

Seven grab samples on one sample day in Feb

ruary, 1970 revealed that fecal coliform concentrations at stations
above the sewage treatment site were significantly lower than stations
below the point of effluent discharge into the Creek.

Subsequent field

investigations of the design and condition of the treatment plant dic
tated two emergency remedies:

1) increase the chlorination rate from

two pounds/day to five pounds/day, and 2) clean the septic tank prior

23

to the 1970 summer visitor season. Adams and Geiser (1970) additionally
stated the need for an in depth investigation into the problem.
As a result of Adams and Geiser's report Hurpaul (1970) began
a study of upper Sabino Creek in the summer, 1970.

He identified five

sampling locations distributed above and below the sewage treatment
plant.

Grab samples were taken on six sampling days with analyses of

various chemical, physical, and biological parameters.

Hurpaul con

cluded that the liquid wastes were not being treated adequately to
protect the public using the recreational facilities of upper Sabino
Creek.
Brickler, Phillips, and Patterson (1977) conducted a surface
water quality investigation concurrently with this study of bottom
sediment quality.

Surface water parameters analyzed included:

Fecal Coliform Bacteria
Fecal Streptococcus Bacteria
Biochemical Oxygen Demand
Chemical Oxygen Demand
Suspended Solids
Total Kjeldahl Nitrogen
Total Phosphorus
Residual Chlorine
Air Temperature
Water Temperature
Streamflow
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Results indicated fecal bacteria concentrations often exceeded
state and federal water quality standards.

Serious problems occurred

in the stretch of stream below Summerhaven and the effluent discharge
from an inadequately operated and maintained sewage treatment facility.
The section of stream below the effluent constituted a potential health
hazard to recreationists during a portion of every month except Jan
uary, February, and March.

Log mean fecal bacteria densities were

greatest from May through October, the high recreational use season.
Chlorination failure at the sewage treatment facility accounted
for fecal coliform concentrations in excess of 100,000 colonies/100 ml
on numerous occasions.

Flushing of watershed fecal material into the

stream was responsible for high fecal coliform counts.

A sewage leak

from a sewage connection provided high fecal contamination in May and
April.

CHAPTER III

RESEARCH METHODS

Chapter III details sections on (1) a description of the study
area, (2) field procedures, and (3) laboratory procedures.

Climate,

geology and soils, vegetation, wildlife, and recreation are topics
presented in the study area description; sampling frequencies, sam
pling station locations, water quality parameters measured, and field
sampling techniques are discussed in field procedures.

The laboratory

procedure section explains the various techniques employed in analyz
ing water quality parameters measured.

Description of the Study Area
Recreational waters sampled by this research were the upper
most 3.5 miles of Sabino Creek beginning near the 9,157 foot summit of
Mount Lemmon.

Sabino Creek is an intermittent-perennial stream fed by

numerous springs at its headwaters.

Precipitation from winter snowfall

and summer and fall rains percolate into the relatively shallow groundwater reservoir which provides Sabino Creek with a substantial portion
of water for its surface flow throughout the year.

The waters flow to

the desert valley nine miles below where a portion supplies recharge
to the Tucson basin groundwater system and some evaporates.
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Climate
Climate within the study area is representative of the climate
found in similar high altitude desert mountains.

Winter temperatures

within the study area average 25* F with summer temperatures rarely
exceeding 85* F.

Mean annual precipitation is approximately 30 inches

occurring either as winter snowfall and gentle rains or as violent con
vective thunderstorms from July to September.

Approximately 25 percent

of annual precipitation occurs during winter months; 50 percent occurs
in July, August and September (Brickler, 1973).

Geology and Soils
Soils within the study area belong to the Mirabal-Baldy-Rock
Outcrop Association developing in residuum from schist, gneiss, and
granite-gneiss rock types.

These soils are characteristically shallow

(8-18 inches) and medium textured, and occur on slopes of 20-50 per
cent with more genlty sloping areas (10-20 percent) near Sabino Creek.
Soils are unsuited for septic tank/leach field disposal systems because
of shallow depths and extreme slopes.

Road building and associated

developments have resulted in extensive areas of high erosion potential
(U. S. Forest Service, 1970).

Vegetation
Vegetation associations in the study area reflect the macro and
micro climatic regimes and soil types.

At the headwaters of Sabino

Creek grow Douglas fir'(Pseudotsuga menziesii), White fir (Abies
concolor), and Ponderosa pine (Pinus ponderosa).

Rocky Mountain Maple
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(Acer spicatum) along Sabino Creek near the uppermost elevations of
the study site and Quaking Aspen (Populus tremuloides) on disturbed
sites provide a brilliant color display during fall months.

Silver-

leaf oak (Quercus hypoleucoides), Limber pine (Pinus flexilis) and
various shrub species grow on southern slopes of the watershed.

Ripar

ian vegetation include various species of willows and alders.

Wildlife
Sabino Creek watershed, due to the wide diversity of habitats
and water availability, supports numerous wildlife species. Whitetail
deer, Abert squirrel, skunks, and hawks were frequently observed during
sampling periods.

Turkey and raccoon feeding near Sabino Creek were

observed on one occasion.

The lush, dense vegetation along Sabino

Creek supports numerous bird species and is a haven for birdwatchers
wishing to observe avifauna such as the Red-Faced warbler, numerous
hummingbird species, Red-Breasted Nuthatch, and Western Tanager.

Recreation
Historically, the Santa Catalinas have been used for recre
ational pursuits since the late 1800's.

Earliest users of the Cata

linas for recreational purposes were United States Army soldiers
stationed at Fort Lowell, near Tucson.

Following campaigns against

the Apache Indians, soldiers sought relief from the heat by camping
near the top of Mount Lemmon at Soldier Camp (Brickler, 1973).
In early years a few hardy souls'from the valley would travel
trails established by cattlemen and miners to the cool atmosphere of
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the mountain, but not until the completion of the old Control Road in
1920 did the Catalinas become a popular recreation area available to
the general public.

A substantial portion of the recreation was di

rected towards summerhome use.

Permits for Forest Service lease lands

for summerhome construction were first issued in 1918 for Soldier Camp.
The completion of the Control Road in 1920 precipitated a building
boom on the crest of the Catalinas.

Numerous Forest Service lease

summerhomes were built; Loma Linda, Upper Sabino, Middle Sabino, and
Soldier Camp, all located on Sabino Creek watershed, are consequences
of this building boom (Brickler,. 1973).
However, even before Forest Service lease lands became avail
able for summerhome development, recreation cabins existed in the small
community of Summerhaven.

Summerhaven, straddling the headwaters of

Sabino Creek and originally a patented timber and mining claim, has
since become the site of numerous recreation residences.

Commensurate

with the building boom of Forest Service lease cabins was the develop
ment of Summerhaven as a popular retreat.

Summerhaven has evolved

into a 241 acre tract of privately owned land with approximately 205
residences and other structures, including one general store-tavern, a
post office, and a crafts store.

An estimated 75 percent of the tract

still remains undeveloped and available for residential use.

Lack of

land use planning has resulted in much of Summerhaven1s structures
being built on steep slopes, unsuitable soils, and in other environ
mentally sensitive areas.

In addition to many homes situated adjacent
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to Sabino Creek, numerous horse corrals, and an animal pen confining
a jackass, goat, chickens, roosters, rabbits, and other domesticated
animals are located immediately adjacent to the Creek.
Together, Forest Service and Summerhaven second home develop
ments have resulted in the establishment of over 350 summerhomes on
Sabino Creek watershed.
Recreational pursuits, other than those associated with recre
ation residences, have long been fulfilled by the Catalina mountains,
a large portion on Sabino Creek watershed.

During the construction of

the Control Road in 1920, the Forest Service appropriated the first
funds directed towards providing recreation, $100.00 for three picnic
tables, one fireplace, and a spring development in Bear Wallow on
Sabino Creek watershed (Brickler, 1973). Since the development of Bear
Wallow campground two additional campgrounds, five picnic grounds, six
organization camps, a ski area, a nature trail complex, and approxi
mately 50 miles of hiking trails have been constructed on the upper
most portion of the watershed.
The waters of Sabino Creek attract such streamside activities
as picnicking, hiking, canping, nature photography and horseback rid
ing.

Marshall Gulch picnic ground, straddling Sabino Creek, attracted

over 68,000 visits prior to its closing in June, 1975.

Additionally,

the picnic ground serves as a major departure point for three popular
trails providing access to the Catalinas interior.

Camping alongside

the stream is a popular recreation activity during spring, summer and
fall.
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The advent of snowfall brings such popular snowplay activities
as skiing at Mount Lemmon Ski Valley, sledding, tubin, and limited
snowmobiling.

Participation in snow related activities is quite vari

able from year to year.

Only about two seasons out of five may be

classified as "good" snow years.

Skiing at Mount Lemmon Ski Valley

accounted for only 18,200 visits in 1971 and for 79,000 in 1972 (U. S.
Forest Service, 1976).

•

Lush vegetative growth and the presence of water attract nu
merous bird and wildlife species.

Consequently, birdwatching and

wildlife observation are extremely popular'activities pursued in con
junction with the stream.

Limited recreational pursuits associated

with the stream include hunting, fishing the deep pools for trout, and
rock-climbing on some of Sabino Creek's precipitous cliffs.

Field 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 (Ameri
can Public Health Association, 1971).

Samples were collected four

times per month from August, 1975 to September, 1975 on a WednesdaySunday schedule with samples collected every other Wednesday and Sun- •
day.

The research design permitted concurrent evaluation of bottom

sediment and surface water parameters during low and high recreation
use days as well as during expected yearly recreational use fluctua
tions.

Samples were collected from 8 a.m. to 11 a.m.
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Eight permanent sampling stations represent most accurately
the conditions of the 3.5 mile watercourse studied (Figure 3).

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 sampling station locations.
Sampling stations one and two lie at the uppermost reaches of
the Creek above the boundary of Summerhaven.
at the source of Sabino Creek.

Station one is located

Station two is located at the upper

property boundary of Forest Service land and Summerhaven.
Remaining stations are located below Summerhaven.

Station

three is located at the lower boundary of Forest Service land and Sum
merhaven.

Station four is located approximately 25 feet above the

point where sewage effluent is discharged into the stream; station five
is located 100 feet downstream from the effluent discharge and 25 feet
downstream from the leachfield's underdrain pipe's effluent discharge.
Stations four and five were selected at these locations in order to
obtain an indication of the immediate impact of the effluent on Sabino
Creek.
Station six is located at the upper end of Marshall Gulch pic
nic ground approximately one-quarter mile below the sewage treatment
facility; station seven is located at the footbridge crossing the
stream in Marshall Gulch picnic ground.

Station eight is located

three-quarters of a mile downstream from Marshall Gulch picnic"ground
and 25 feet above USGS gauging station #4833.

Bacteriological data
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MT. LEMMON
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Figure 3.

Sampling station locations on Upper Sabino Creek.
(Brickler, Phillips, and Patterson, 1977).

33

from stations six, seven, and eight give an indication of the water
quality impacts associated with the introduction of sewage effluent
into the stream.
A "grab sample" was obtained at Lemmon Creek, am adjacent
watershed, when adequate manpower and time was available.
Bottom sediment and surface water samples were collected in
reverse order beginning with station eight, thus prohibiting contami
nation of upstream samples with sediments suspended during bottom
sediment sampling.

All sampling stations were monitored for surface

water and bottom sediment bacterial concentrations, suspended sedi
ments, amd air amd water temperatures.
Stations below the effluent discharge were analyzed in the
field for chlorine residual by a modified starch iodide technique
(American Public Health Association, 1971).

Streaun flow was measured

throughout the entire study by a 2.5 foot H-flume with a continuous
Fisher and Porter punched tape level recorder.

Automobiles at the

gate which blocks entry into Marshall Gulch picnic ground were record
ed to obtain am indication of the recreation activity for particular
sampling days.
Bottom sediment samples were obtained using a scooping motion
of a 50 milliliter plastic syringe with the tip enlarged to permit
easier collection.

Three to five separate scoops within the sampling

area were required to obtain sufficient sample for amalyses; care was
taken to collect only the upper two inches of sediment to prevent low
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count sediments from biasing the sample (Van Donsel and Geldreich,
1971).
Surface water bacterial and suspended sediment samples were
obtained using an eight ounce Whirlpack.

A sweeping motion of the

Whirlpack in the upstream direction was employed to obtain surface
water samples.

Careful techniques prohibited accidental collection of

bottom sediment particles in the surface water sample.
Precipitation data were obtained from Palisades Ranger Sta
tion, U. S. Forest.Service, seven highway miles from the study area.
Following completion of field sampling procedures, samples
were transported to the laboratory for immediate analyses.

Laboratory Procedures
Laboratory facilities for bottom sediment and surface water
analyses were provided by the Sanitary Engineering Laboratory, Depart
ment of Civil Engineering and the School of Renewable Natural
Resources.
Upon arrival at the laboratory, bottom sediments were trans
ferred to sterile graduated cylinders and allowed to settle 30 minutes
to an hour.

Following settling of the sediments, determinations were

made as to the volumes of sediment and water in each sample.

A one

to one dilution of sediment and liquid was made with sterilized buffer
water being used to supply the required liquid volume (Van Donsel and
Geldreich, 1971).

Samples were then transferred into individual wide

mouth jars; vigorous shaking prepared the samples for transfer into
fermentation tubes containing culture media.
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Figure 4 illustrates the culture techniques for bottom
sediment bacterial analyses using the multiple dilution technique out
lined in Standard Methods for the Examination of Water and Wastewater
(American Public Health Association, 1971).

Four bottom sediment su

pernatant dilutions (i.e., 1 ml, .1 ml, .01 ml, and .001 ml), five
replicates for each dilution, were inoculated

into fermentation tubes

containing Lauryl Tryptose Broth (presumptive test for the coliform
group).

Inoculant in tubes exhibiting gas production at 35.5° C

within 48.± 3 hours were transferred to fermentation tubes containing
Brilliant Green Bile Broth and tubes containing EC media.

Positive

Brilliant Green Bile Broth tubes (gas production at 35 ± .5° C in 48
± 3 hours) indicated confirmation of bacteria belonging to the c o n 
form group; positive EC tubes (gas production at 44.5 ± .2° C in 24
± 2 hours) indicated confirmation of fecal colifrom bacteria.

A most

probably bacterial concentration was obtained from MPN tables in
Standard Methods (American Public Health Association, 1971) and re
corded in the laboratory data book.
Surface water fecal coliform and fecal streptococcus bacterial
concentrations were enumerated using the membrane filter (MF) tech
nique (American Public Health Association, 1971 and Millipore Corpora
tion, 1973).

Media used for culturing fecal coliform and fecal strep-

streptococcus bacteria were M-FC broth and M-Enterococcus Agar, re
spectively.

Fecal coliform bacteria were incubated in a water bath

at 44.5 ± .2° C for 24 hours and fecal streptococcus bacteria were

Inoculation of sample in Lauryl Tryptose Broth at 35 ± .5° C, 24 ± 3 hours

Gas Production (1)

-No gas production (2)
incubate, additional 24 hours

Gas
production

No gas
production
No coliforms present

(3)
Inoculate into
Brilliant Green
Bile Broth at 35
± .5° C, 48 ± 3
hours

No coliforms
present

(4)
Inoculate into EC
media at 45 ± .2° C,
24 ± 3 hours.

Coliforms
present

positive for 3
and 4; fecal
coliform present

Figure 4.

no fecal coli
form present

Multiple dilution tube technique for the determination of sediment fecal coliform
concentrations.
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incubated in a dry oven at 35 ± .5° C for 48 hours.

Bacterial colonies

were enumerated with lOx dissecting scope and recorded in the labora
tory data book.
Methods used to analyze particle size distributions of bottom
sediments are detailed in Methods of Soil Analysis (Day, 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 (par
ticles less than .002 mm in diameter) were determined using the pipet
ting method.

Suspended sediment analyses methods are detailed in

Standard Methods (American Public Health Association, 1971).

CHAPTER IV

DATA PRESENTATION

Chapter IV presents results of field and laboratory analyses
of climate, physical parameters, residual chlorine, recreation use,
and bacteria indicators.

Precipitation and air temperature are cli

mate parameters discussed; water temperature, flow, suspended solids
and particle size distribution are physical parameters.

Fecal c o n 

form concentrations in bottom sediment and surface water constitute
the presentation of bacterial indicators.

Climate

Precipitation

'

Precipitation plays an important role in water quality investi
gations because of the ultimate contribution to stream flow and the
potential for watershed flushing of bacteria into surface waters
(Geldreich, 1972).

Precipitation measurements were recorded at Pali

sades Ranger Station which lies at approximately the same elevation as
the study area and is located seven miles from the study site.
precipitation totals are presented in Figure 5.

Monthly

Precipitation occur

ring during the study period totaled 33.77 inches, slightly above the
normal 30 inches received annually.

38

Two principle precipitation
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Figure 5.

Total monthly precipitation measured at Palisades Ranger
Station, Coronado National Forest.
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seasons were responsible for 75 percent of the total annual amount.
Rains occurring as violent convective thunderstorms in July, August
and September resutled in 16.36 inches or 50 percent of the total.
Precipitation occurring as snow or light gentle rains from winter
frontal storms in December, January and February accounted for 7.92
inches or 25 percent of the total.

July exhibited the highest monthly

total of 8.36 inches, 3.26 inches above its norm.

Air Temperature
Air temperature, acting in association with other climatic and
aquatic factors, can have an effect on the timing and degree of recre
ational use on Sabino Creek watershed.

Figure 6 presents monthly aver

age maximum and minimum temperatures recorded at Palisades Ranger
Station and monthly averages for all stations recorded during sample
collection.

Air temperatures varied throughout the year on a cyclic

basis as expected.

Summer months averaged 14.51° C during sampling

periods and winter months -0.51° C during sampling periods.

Physical Parameters

Water Temperature
Water temperature is important in water quality analyses for
two primary reasons:

1) effects on in-water recreational activity, and

2) effects on rates of chemical and biological activities.

Mechalas

et al. (1972) reported human tolerances to high and low water temper
ature extremes.

Safe water temperatures for in-water recreation

SAMPLING MEAN
AVERAGE MAXIMUM
AVERAGE MINIMUM

SEPT OCT NOV DEC

JAN FEB MAR APR MAY JUNE JULY AUG

1976

Figure 6.

Monthly mean maximum and minimum air temperatures
recorded at Palisades Ranger Station, Coronado
National Forest and mean monthly air temperatures
recorded during sample collection.
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activities range from 20° C to 30° C; temperatures below or above
these values limit the pleasurable effects of in-water use substan
tially.

McFeters and Stuart (1972) and Ballentine and Kittrell (1968)

reported prolonged, survival of indicator bacteria in lower water tem
peratures, however coliforms exhibited very low survival rates in ice
(Morrison and Fair, 1966).

Growth of enteric organisms occurred in

bottom sediments and surface water when adequate nutrients existed in
temperatures of 10° C and 16° C for bottom sediments and 16° C for sur
face water (Hendricks and Morrison, 1967).

Figure 7 presents the

monthly mean water temperatures for all stations recorded during sample
collection.

Water temperatures, following the same trend as air tem

peratures, varied throughout the year on a cyclic trend.

Summer months

averaged 13.03° C during sampling times and 0.13° C during winter
sampling times.

Although not determined by the study, June, July,

August, and September exhibited water temperatures condusive for bottom
sediment bacterial growth; only a few sampling days in summer exhibited
sufficient temperatures for surface water bacterial growth.

Suspended Solids
Suspended solids in Upper Sabino Creek were measured using the
non-filterable residue method as described in Standard Methods (Ameri
can Public Health Association, 1971).

Sources of suspended sediments

in Sabino Creek include sediments entering the stream from overland
flow, sediments resuspended into the surface water from bottom sedi
ments, and solids added to the stream from sewage effluent.

Figure

8 presents the mean annual suspended solid concentrations at each
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Figure 7.

Mean monthly water temperatures during sample collection
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SAMPLING STATION

Figure 8.

Mean annual suspended solids concentrations at each
sampling station.
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station.

Station five exhibited the highest mean value of 35.9 mg/1

and station two the lowest, 8.7 mg/1.

A maximum of 738 mg/1 was re

corded at station eight on September 7, 1975.

Stations three, six and

seven also recorded their highest suspended sediment concentrations
on this sampling date.

A period of days exhibiting abnormally high

flows preceded this sampling day.

Streamflow
Streamflow varied considerably throughout the year (Figure 9).
Streamflow may be important in water quality analyses because of the
release of sediment stored bacteria into the overlying surface water.
Additionally, prolonged high streamflow may act to scour and remove
sediments thus prohibiting a buildup of bacterial concentrations in
sediments.

Streamflow ranged from 0.00 cubic feet per second (cfs)

during a 21s week period in October to over 20 cfs during intense summer
convective thunderstorms.

Snow melt during winter months resulted in

a rather continuous base flow; summer convective storms produced a
highly variable hydrograph with rapid decline in streamflow once storms
ended.

Equipment malfunction from mid July through August prohibited

continuous streamflow monitoring, however streamflow was measured dur
ing each scheduled sampling period.

Particle Size Distribution
Bottom sediment particle size analyses were added to the study
in October, 1975 to evaluate the possible association of particle size
with bottom sediment fecal coliform concentrations.

ZoBell (1946)
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Figure 9.

Mean monthly streamflow
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described decreased recovery of bacteria with increasing particle size.
Sedimentation and adsorption of bacteria onto fine particles function
to concentrate bacteria in bottom sediments.

Figure 10 presents an

nual means of percent distributuion of gravel, soarse sand, fine sand,
silt, and clay at each sampling station.

Particle size was classified

according to the International Soil Science system.

Particles greater

than 2 mm in diameter are gravel, 0.20 to 2.0 mm coarse sand, 0.02 to
0.20 mm fine sand, 0.002 to 0.02 mm silt, and less than 0.002 mm clay.
Gravel, coarse sand, and fine sand percentages fluctuated greatly
through time at each station whereas silt and clay remained fairly
constant through time at each station.
All stations, except station two, exhibited bottom sediments
composed primarily of coarse fragments (gravel and coarse sand).
Coarse sand composed 50 percent or more of total particle distribution
at stations exhibiting high coarse particle percentages.

Station six

contained the highest annual average gravel distribution (26.7%); sta
tion seven averaged the highest percent coarse sand (80.4%).

Lowest

annual gravel and coarse sand percentages were experienced at station
two.
Station two exhibited the highest annual mean percentage dis
tribution of fine particles; fine sand averaged 57.8 percent, silt
5.66 percent, and clay 4.31 percent.

Station one had the second high

est average fine particle distribution.

Station eight exhibited a

higher average silt and clay content of all stations downstream from
stations one and two.

This phenomena is probably due to fine particles

settling in a fairly large pool at this sampling location.
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Annual mean percent distribution of gravel, coarse
sand, fine sand, silt, and clay.
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Highest recorded percentages for differeing particle sizes and
associated stations are:

gravel, 75.9% (station one), coarse sand,

96.8% (station seven), fine sand, 94.5% (station five), silt, 14.9%
(station eight), and clay, 10.3% (station two).

On sampling dates of

high flow or previous high flows bottom sediment scour and removal was
very apparent.

Residual Chlorine
Residual chlorine was measured at stations below the discharge
of sewage effluent into the stream.

Residual chlorine exhibited wide

fluctuations throughout the study from 0 mg/1 to 24.2 mg/1.

High

residual chlorine has had an adverse effect on the aquatic ecosystem
for several hundred feet below the sewage treatment plant.
sence of aquatic organisms in the stretch was very apparent.

The ab
Effluent

leaving most sewage treatment plants usually contains 0.5 mg/1 resid
ual chlorine (Mitchell, 1974); annual average residual chlorine mea
sured at station five was 4.22 mg/1.

On a few occasions during winter

months residual chlorine was detected at station seven 0.5 mile below
the sewage treatment plant.

No measurable residual chlorine was mea

sured in the sewage effluent on five sampling dates, October 5, Novem
ber 2, Novembem 12, December 14, and December 28, all in 1975.

Recreation
Actual visitor use determinations were not an objective of this
study, however broad evaluations of visitor use seasons can be made
based on visual observations.

Automobiles present at the closed gate
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to Marshall Gulch picnic ground were recorded on each sampling day.
Based upon these and other general patterns observed, Sunday exhibited
higher recreational and summerhome use than Wednesday.
use was more numerous from May through October.

Additionally,

Recreational use from

November through April was observed to be much less than other months
due most likely to inclement weather and a "bad" snow year for snow
play activities.

Indicator Bacteria
Evaluating bottom sediment fecal coliform bacteria and rela
tionships with selected surface water quality parameters are the main
impetus of this study.

A comprehensive presentation of sediment and

surface water fecal bacteria obtained from field and laboratory analy
ses aids in the evaluation of the overall quality of upper Sabino
Creek.

Surface water fecal coliform concentrations were obtained from

a concurrent surface water study by Brickler, Phillips, and Patterson
(1977).

Sediment and surface water bacteriological data were logarith

mically transformed using the relation log (x + 1.0), where x is equal
to bacteria density.

Log means are presented using the transformed

value because of the nature of their distribution (Kittrell, 1969).
Bottom sediments sure reported as density/100 ml of supernatant (1:1
dilution of mud and sterile buffer water) and surface water fecal coli
form as colonies/100 ml.
All sampling stations on Sabino Creek exhibited a rather cyclic
trend of log monthly means for sediment and surface water fecal
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coliform bacteria (Figures 11 through 18).

Monthly mean bottom

sediment bacteria concentrations always exceeded surface water bacteria
concentration by 10 to 10,000 times.
did occur frequenlty.
ing trend.

Variation from the cyclic trend

Station seven experienced the widest fluctuat

Trend variations has been statistically analyzed and dis

cussed in Chapter V.

Annual log means of bottom sediment and surface

water fecal coliform concentrations increased downstream through Sum- :
merhaven except for a slight decrease in bottom sediment bacteria at
station four (Figure 19).

Lemmon Creek displayed less than 2 fecal

coliform/100 ml on all sampling dates.

Bottom sediment densities in

creased substantially below the sewage effluent discharge at station
five and then decreased in the downstream stations, with the exception
of an increase at station eight.

Surface water bacteria densities

peaked at station six and decreased downstream.
Monthly and annual log means cannot give a true indication of
the total variability associated with bottom sediment bacteria from
sampling date to sampling date.

All stations exhibited a wide range

in maximum and minimum concentrations (Figure 20).

Station five ex

hibited the widest range with a maximum concentration of 2,400,000/100
ml and minimum 8/100 ml.

Station two exhibited the narrowest range

with a maximum of 35,800/100 ml and minimum 23/100 ml.

Table 1 pre

sents a frequency distribution of bottom sediment fecal coliform con
centration at all stations.

Stations five and six had the highest ..

distribution of bacteria in the classification groups greater than
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Figure 11.

Monthly log mean sediment and surface water fecal
coliform concentrations, station one.
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Figure 12.

Monthly log mean sediment and surface water'fecal
coliform concentrations, station two.
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Figure 13.

Monthly log mean sediment and surface•water fecal
coliform concentrations, station three.
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Figure 14

Monthly log mean sediment and surface water fecal
coliform concentrations, station four.
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Figure 15

Monthly log mean sediment and surface water fecal
coliform concentrations, station five.
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Figure 16

Monthly log mean sediment and surface water fecal
coliform concentrations, station six.
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Figure 17.

Monthly log mean sediment and surface water fecal
coliform concentrations, station seven.
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Figure 18.

Monthly log mean sediment and surface water fecal
coliform concentrations, station eight.
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Figure 19.

Annual log mean sediment and surface water fecal
coliform concentrations recorded at all stations.
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Figure 20.

Minimum and maximum sediment and surface water fecal
coliform concentrations recorded at all stations.

Table 1.

Frequency of distribution of sediment fecal coliform concentrations
at all stations.

S T A T I O N

Bacteria
Concentration
D e n s i t y / I 00 ml

1 to 100

Freq.

%

%

Freq.

4

3

2

1

Freq.

%

5
%

Freq.

Freq.

7

6
%

Freq.

%

8

Freq.

%

Freq.

%

18

35.3

8

15.4

9

17.3

8

15.6

10

19.2

6

11.5

5

9.6

3

6.0

5

9.8

15

28.9

11

21.2

13

2 5.5

5

9.6

5

9 .6

17

32.7

16

32.0

1 , 0 0 0 to 10 , 0 0 0

17

33.3

16

30.8

16

32.7

19

37.3

11

21.2

15

28.9

17

32.7

11

42.0

10.000 to
100.000

10

19 . 6

13

25.0

14

26.9

11

21.6

12

23.1

21

40.4

13

25.0

8

16.0

> 100,000

1

2.0

1

1.9

0

14

26.0

5

9.6

0

2

4.0

10 0 to 1 , 0 0 0

Total samples

51

0

0

52

52

0

51

.

52

52

0

52

50
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10,000/100 ml.

On fourteen occasions, or about 27 percent of total

samples taken at station five, bacteria concemtation was greater than
100,000/100 ml; on 12 occasions or 23 percent of the total samples
taken at station five concentrations were between 10,000 and 100,000/
100 ml.

Sixty-three percent of all samples measured at all stations

were greater than 1000/100 ml.
Cyclic trends of bottom sediment" bacteria .concentrations are
not as apparent when stations are presented as log means grouped into
four seasons (Figure 21).

All stations except three and four, re

corded their lowest densities in the spring; highest seasonal densi
ties at all stations occurred in either summer or fall.

Stations

upstream from Summerhaven exhibited higher bacteria concentrations
than stations immediately downstream from Summerhaven (stations three
and four) during fall and winter months.

Either station five or sta

tion six displayed the highest mean during summer, fall, and winter.
Station three exhibited the highest mean in spring.

Station eight

exceeded station seven in summer, fall and spring.
Mean bottom sediment and surface water bacteria concentrations
for.the two recreational use seasons followed similar trends (Figure
22).

Concentrations were greater during the high recreational use

season. May through October.

A slight decrease in concentrations

occurred at station three in comparison with other stations from
November through April.

Station five experienced the highest densi

ties in both recreational use seasons.
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Figure 21.

Seasonal log means of sediment and surface water fecal
coliform concentrations recorded at all stations.

65

-O -O O - MAY THROUGH OCTOBER
- x - x - x - NOVEMBER THROUGH APRIL
100,000

FECAL COLIFORM/IOO ML

10,000

5

6

7

SAMPLING STATION
Figure 22.

Log recreational season means of sediment and surface
water fecal coliform concentrations recorded at all
stations.
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Numerous occasions arose when fecal coliform concentrations
in bottom sediments and surface waters exceeded the normal trend be
cause of malfunctions 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 2).

A possible sewage leak from a defective pipe during

April and most of May caused the monthly means for stations three and
four to increase drastically during this time (Figures 13 and 14).
On July 25, following a period of intense rain, sewage flowed out of
a manhole at the treatment plant and entered Sabino Creek downstream
from station five approximately 100 yards above station six.

Surface

water fecal coliform concentrations at station five and station six
were 118 colonies/100 ml and 38,200 colonies/100 ml, respectively.

Table 2.

Fecal coliform concentrations at station five, 0.0 mg/1
residual chlorine.

Date

Bottom Sediments
(MPN)

Surface Water
(MF)

240,000

800,000

November 2, 1975

2,400,000

118,800

November 12, 1975

2,400,000

260,000

December 14, 1975

34,500

153,000

December 28, 1975

700,000

53,200

October 5, 1975

CHAPTER V

RESULTS AND DISCUSSION

Chapter V presents sections on statistical tests utilized to
analyze data and test hypotheses and a discussion of the data and
results obtained.

Information concerning statistical tests and assump

tions are presented in the explanation of statistical analyses.

Speci

fic hypotheses and significance of the results are presented in the
discussion of data.

Statistical Tests
Non-parametric statistical tests were most frequently utilized
to analyze data because bottom sediment and surface water data did not
satisfy underlying assumptions inherent to parametric statistical mod
els.

When assumptions constituting the parametric model are not met,

it is difficult or impossible to use parametric models to test hypothe
ses (Siegal, 1956).

A significance level of .05 was used to accept or

reject null hypotheses and to determine correlation significance in
correlation analyses.

Acceptance of the null hypotheses implied there

was no difference in the populations analyzed? rejection of the null
hypotheses indicated a statistically significant difference in popula
tions occurred.

A significant difference in two populations implied
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that the two populations were so different that the difference can not
result from chance alone.
Spearman rank correlation and Kendall rank correlation tests
were utilized to determine the degree and strength of association be
tween two variables.

Spearman1s rho and Kendall1s tau are the non-

parametric equal to the parametric Pearson correlation coefficient, r.
Correlation coefficients presented indicate the degree and direction
of association between two variables; no variation in the dependent
variables can be explained by variation in the independent variables
using these analyses.

Both Spearman’s rho and Kendall’s tau measured

the degree and strength of positive or negative correlation.

Values

of both coefficients may range from -1.0 to +1.0; a coefficient of
± 1 . 0 indicates perfect association between variables analyzed.

Spear

man 1s rho is more appropriate in evaluating associations presented in
the discussion of results because of the assumptions and procedures
utilized in the test (Siegal, 1956).
Differences in specific variables tested between two sampling
stations or groups of sampling stations were determined utilizing the
non-parametric Wilcoxon matched-pairs signed-rank test.

The parametric

equivalent for analyzing data from two related samples is the paired
t-test.

Data in the Wilcoxon test are paired and the difference of the

two values are obtained and ranked according to other paired data.
From these pairings and rankings Z-scores are calculated and evaluated
for significance (Siegal, 1956).
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The Mann-Whitney U test was used to test for significant
differences in two independent variables.

This is one of the most

powerful non-parametric tests and its parametric equivalent is the
t-test (Siegal, 1956).

Testing of differences between bacteria con

centrations during the two recreational use seasons was accomplished
utilizing the Mann-Whitney test.
All computer analyses were accomplished utilizing Statistical
Package for the Social Sciences (Nie et al., 1975).

Discussion

Annual Trends
Examination of sediment fecal coliform cdncentrations presented
in Chapter IV (Figures 11 through 18) revealed an apparent annual cyc
lic trend at all stations.

Regression techniques were utilized to

examine the degree of annual variation at each station by fitting nth
order polynomial equations to data and to further analyze residual
sources of variation not explained by the smooth annual trend.

The

coefficient of determination, or the proportion of variation repreented by a calculated smooth trend, ranged from .14 to .72 (Table 3).
Stations seven and eight, explained by 2nd order polynomial equations,
exhibited least annual variation in sediment fecal coliform concentra
tions.

Third order polynomial equations explained annual variations

of fecal coliform concentrations at stations one and two.

Stations

three, four, five, and six displayed the greatest degree of annual
variation.

The large number of contributors of fecal bacteria at these
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Table 3.

Polynomial equation analyses of annual sediment
fecal coliform trends.
Polynomial Regression Equation

Sampling
Station
Order

Coefficient of
....Determination

3

2

3

CO
in

.62

1

3

4

.55

4

4

.72

5

4

.38

6

4

.48

7

2

.14

8

2

.54

stations explains the maximum degree of annual variation.

-

Residual

variation was further analyzed to ascertain the association between
fine sediment content and seiment fecal coliform densities and day of
week differences in sediment fecal coliform recovery.
Later sections in this chapter discuss these statistical tests.

Streamflow Effects on Fecal
Coliform Concentrations

Bottom Sediment.

Analyzing effects of streamflow on scouring

of bottom sediments is an important aspect of bottom sediment analy
ses because of resuspension of fecal bacteria into the overlying
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surface water and because periodic high flows may act as a cleansing
agent by removal of bottom sediments.

Non-parcimetrie correlation

analyses indicate the significance of stream flow in bottom sediment
fecal coliform concntrations at all stations except stations three,
four, and seven (Table 4). Spearman's rho varied from -.33 to -.57

Table 4.

Spearman correlation coefficients for associations
between sediment fecal coliform concentrations and
streamflow

Sampling
Station

Correlation
Coefficient

Significance
Level

1

-.5680

.001*

2

-.5051

.001*

3

-.0052

.486

4

-.0505

.364

5

-.3447

.007*

6

-.3986

.002*

7

-.1666

.122

8

-.3246

.012*

♦Significant at .05 level of significance.

at stations where the association between bottom sediment fecal coli
form and streamflow was significant.

All coefficients were negative

indicating an inverse relationship between streamflow and bottom
sediment fecal coliform concentrations.

Although not considered
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high correlation coefficients from a statistical standpoint, these
coefficients are believed to be very important when anlyzing the data
from a total viewpoint and considering the complexities of bottom
sediment processes.

Flushing of the watershed, or intense, short-term

runoff events did result in short-term decreases in bottom sediment
fecal coliform densities, however this flushing phenomena did not
appear statistically significant.

Lack of statistical significance

is partially due to the relatively few occasions in which samples were
taken during flushing events.

Graphical analyses of continuous stream-

flow and sediment fecal coliform indicated short-term decreases after
watershed flushing and slow buildup of sediment bacteria following
flushing.
Stations one and two displayed the highest correlation coeffi
cients fro streamflow and bottom sediment fecal coliform thus indicat
ing a greater degree of association of these stations to streamflow as
compared to remaining stations.

Stations three, four, and seven exhib

ited no association indicating factors other than streamflow are prob
ably more important in determining bottom sedimetn fecal coliform
densities at these stations.

Surface Water.

Analyses of the association between surface

water and flow revealed variable responses of surface water fecal coli
form concentrations to streamflow.

Correlation coefficients were fair

ly low indicating factors other than flow are important in surface
water fecal coliform concnetration. Stations one, two, six and seven
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illustrated negative correlation between streamflow and surface water
fecal coliform densities; only station six was significant (Table 5).

Table 5.

Spearman correlation coefficients for associations
between surface water fecal coliform concentrations
and streamflow.

Sampling
Station

Correlation
Coefficient

Significance
Level

1

-.2053

.075

2

-.2312

.052

3

.2394

.049*

4

.2114

.077

5

.0748

.301

6

-.3083

.014*

7

-.1479

.151

8

.2823

.024*

♦Significant at .05 level of significance.

Remaining stations (three, four, five, and eight) exhibited positive
correlations which were partly due to resuspension of sediment fecal
coliform bacteria into

the overlying surface water; only stations

three and eight were significant.

Brickler, Phillips, and Patterson

(1977) reported significant increases of surface water fecal bacteria
concentrations during watershed flushing events and attributed the in
creases to runoff of fecal wastes deposited on the watershed and
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suspension of sediment bound bacteria.

Short-term increases of surface

water fecal coliform concentrations during flushing events were read
sorbed either in sediments in the study area or further downstream.

Bottom Sediment and Surface Water
Bacteria Association
A major objective of this research was to evaluate relation
ships of bottom sediment fecal coliform densities with surface water
fecal coliform bacteria densities.

Surface water and sediment fecal

coliform relationships were the most significant of all associations
analyzed denoting sediment surface water interaction is a major pro
cess affecting sediment fecal coliform concentrations.

High correla

tion coefficients indicated substantial interaction between sediment
and surface water fecal coliform.

Under certain conditions such as

flushing events,sediment released fecal bacteria were the origin of
surface water fecal coliform densities.

Conversely, surface water fe

cal coliform bacteria influenced sediment fecal coliform recovery.
With the exception of station two in which the streamflow asso
ciation was greatest, associations between bottom sediment and surface
water fecal coliform bacteria exhibited consistently highest Kendall
and Spearman correlation coefficients at all stations.
ranged from .48 to .83 (Table 6).

Spearman's tau

Highest correlations occurred at

stations three and four; lowest correlations occurred at stations one
and two.

All correlations were positive indicating a direct associa

tion between bottom sediment and surface water fecal coliform
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Table 6.

Spearman correlation coefficients for associations between
bottom sediment and surface water fecal coliform concentra
tions .

Sampling
Station

Significance
Level

Correlation
Coefficient

1

.5684

.001*

2

.4903

.001*

3

.8261

.001*

4

.8341

.001*

5

.6166

.001*

6

.7495

.001*

7

.6641

.001*

8

.4769

.001*

‘Significant at .05 level of significance.

concentrations; significance testing revealed all correlations were
significant at the .001 level of significance.

-

;

.■'

/ /. .

Stations exhibiting highest coarse sediment composition dis
played highest correlation coefficients because porous sediment allowed
greater streamflow through the more porous media and greater surface
water sediment interaction.
Stations one, two and eight displayed the lowest Spearman's
coefficients.

These three stations displayed highest fine sediment

content which prohibited subsurface flow and subsequent sediment sur
face water interaction.
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Surface water and sediment fecal coliform densities were
strongly associated at stations three and four exemplifying strong
interactive mechanisms between surface water and sediments.

Subsurface

flow through sediments at these two stations was probably strongest
thereby allowing a high degree of sediment surface water fecal coliform
interaction.

Additionally, streamflow at these two stations was usu

ally shallow and dispersed except during periods of high flows.

Be

cause of the shallow water sediment interface, surface and subsurface
interaction between sediment and surface waters were intensified.
Sampling stations five, six, and seven were intermediate to
other stations in the association between sediment and surface water
fecal coliform densities.

Residual chlorine disinfection effects prob

ably reduced the importance of sediment surface water fecal bacteria
interaction, but not sufficiently to make the association secondary to
other associations examined.

Residual Chlorine Effects bn Fecal
Coliform Densities
Non-parametric correlation analyses were utilized to determine
the degree of association between fecal coliform concentrations in bot
tom sediment and surface water and residual chlorine.

Statistical

analyses were applied at stations five, six, and seven to determine
the importance of residual chlorine disinfection of fecal coliform den
sities (Table 7).

Analyses indicated both bottom sediment and surface

water fecal coliform concentrations at stations five, six, and seven
are affected by residual chlorine, but to differing degrees.

All
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Table 7.

Spearman correlation coefficients for associations
between residual chlorine and sediment and surface
• water fecal coliform concentrations.

Sampling
Station

. .

Surface Water
Fecal Coliform

Bottom Sediment
Fecal Coliform

Correlation
Coefficient

Correlation
Coefficient

Significance
Level

Significance
. Level

5

-.4677

.001*

-.7106

.001*

6

-.5088

.001*

-.6022

.001*

7

-.3433

.001*

-.4412

.001*

♦Significant at .05 level of significance.

correlation coefficients were negative indicating an inverse
relationship.

Correlation coefficients for each station were highest

for surface water associations exemplifying surface water fecal coli
form bacteria are more susceptible to chlorine disinfection than bottom
sediment.
Correlation coefficients for surface water fecal coliform de
creased in the downstream directions illustrating reduction of residual
chlorine disinfection action on surface water in successive distances
downstream from the treatment facility.

Surface water at station five

displayed a high degree of association between fecal coliform and re
sidual chlorine; station seven's association was much less but still
significant.
Bottom sediment fecal coliform concentrations exhibited a more
constant trend with respect to residual chlorine effects.

Variations

I
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in the degree of association was not as great as surface water
associations.

Station six exhibited the highest bottom sediment corre

lation whereas station seven exhibited the lowest.

Bottom sediments

acted as a barrier to disinfection prohibiting extensive reductions in
sediment bacteria by chlorination.

Additional chlorine dosages might

prove successful in reducing sediment fecal coliform but two primary
effects on the aquatic system could result.

First, impacts of chlorine

on the stream biota would be much more severe thus producing negative
impacts on aquatic ecosystem processes.

Secondly, increases in chlo

rine concentrations would not necessarily improve the quality of sur
face water and sediments because of disinfect!ve resistances by
pathogenic organisms and viruses, if present.

Day of Week
Analysis of variance on residuals not explained by the annual
trend was conducted to determine if significant differences in bacteria
concentrations occurred between weekdays and weekends. Weekdays were
observed by the research team to be a relatively low recreation use
day; Sundays represented a high recreation use day.

Statistical tests

revealed day of week was not significant for bottom sediment fecal
coliform bacteria.

Brickler, Phillips and Patterson (1977) also re

ported no day of week significance except at station five, although
they noted that log mean Sunday bacteria concentrations at remaining
stations were higher than on Wednesday.
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Storage, environmental stability, and extended survival were
probably responsible for no difference in bottom sediment bacteria
concentrations between low and high recreational use days.

Recreational Use Season
Mann-Whitney U tests were conducted to test the hypothesis that
sediments at all stations received higher fecal coliform bacteria in
puts during the high recreational use season (May through October) than
during the low recreational use season (November through May).

With

the exception of sampling station one, all stations exhibited signifi
cantly higher sediment fecal coliform densities during the high recre
ational use season.

Brickler, Phillips and Patterson (1977) found that

all stations with the exception of station five, located immediately
below the treatment facility, displayed significantly higher surface
water fecal coliform densities during high recreation use season.

Al

though lower temperatures during the low recreation use season probably
accounted for prolonged bacterial survival, high bacterial input during
the high recreational use season countered the prolonged bacterial sur
vival.

Because substantial increases in fecal contamination were asso

ciated with high recreational use, potential health hazardous conditions
were maximized during this period.
Station one, located on the stream above influences of exten
sive development and high recreational use, probably resulted in no .
significant differences of sediment fecal coliform densities during
high and low recreational use seasons because of prolonged survival of
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bacteria into the low recreational use season and the delayed buildup
of sediment bacteria during spring and summer months.

High fine par

ticle content at station one may have provided a suitable environment
for prolonged survival of sediment fecal bacteria into winter months.
Additionally, because station one was located above extensive use and
development, sediment bacterial aggregation occurred later in the high
recreational use season than other stations.

Particle Size Effects on Bottom
Sediment Fecal Coliform
Bottom sediment particle size distributions were determined at
all sampling stations to ascertain the degree of association between
fine particle content and bottom sediment fecal bacterial densities.
Hargrave (1972) demonstrated that the upper limit of bacteria densities
in sediments may be limited by the amount of surface area available in '
bottom sediments.

Fine particle substrate bacteria density limits are

greatest as a result of their greater surface area.
Associations between fine particle content and fecal coliform
concentrations were determined using two different statistical tests.
Both statistical tests examined the degree of association between fine
particle content and sediment fecal coliform concentrations but fecal
coliform densities were expressed differently in the two tests.

Analy

ses revealed dissimilar results at some stations.
Analysis of covariance between silt and clay content and bottom
sediment fecal coliform densities were made at all stations on the re
siduals not explained by the smooth annual cycle represented by the nth
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order polynomial.

Statistical tests revealed a significant silt

effect on increased bottom sediment fecal coliform concentration at
stations one and two located on the uppermost stretch of the stream
above the influence of extensive development (Table 8).

All remaining

stations (three through eight) revealed no correlation between fecal
coliform densities and levels of silt and clay.

Table 8.

Correlation coefficients for associations between silt
and clay and bottom sediment fecal coliform concentrations.

Sampling
Station

Residuals Correlation
Silt

Clay

Raw Data Correlation
Silt

Clay

1

.27*

.'.13

.34*

" .35*

2

.36*

.17

.08

.09

3 •

.06

.04

.13

-.25*

4

.05

— •02

5

.05

6

.33*

.04

.05

.10

— .37*

-.11

-.11

.07

-.14

7

.04

.07

.21

.13

8

-.02

.08

.16

.09

♦Significant at .05 level of significance.

Non-parametric correlation tests on the raw data revealed dif
ferent results from the analysis of covariance with respect to the de
gree of association of fine sediment content and sediment fecal
coliform densities (Table 8).

Both statistical tests indicated
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association between fine particles and bottom sediment fecal coliform
bacteria at station one.

Station one remained significant for silt

associations but also exhibited significant association for clay.

Sam

pling station two exhibited no significant association between fine
particles and fecal coliform according to non-parametric correlation
tests; station four exhibited significant association between silt con
tent and fecal coliform density.

Stations three and five displayed a

significant inverse correlation of clay with fecal coliform.
Differences in analyses of covariance and non-parametric corre
lation analyses at some stations indicate the complex processes in
volved in fecal coliform bacterial aggregations in bottome sediments
and that sediment associations are not explained by parametric or nonparametric linear regression techniques.

Fluctuating fine sediment

content alone does not substantially effect sediment fecal coliform
recovery at any one specific sampling station.

Surface water fecal

coliform concentration, predation, bacteria dye-off, sediment nutrient
concentrations, chlorine disinfection at stations downstream from the
sewage treatment plant, etc. interact to mask fine sediment content as
a major contributor to increasing fecal bacteria densities.

However

these analyses do not preclude the effects of fine sediment content
accounting for differences in bacteria concentrations between stations.
Consistently high fine sediment content at sampling stations may ac
count for increases of fecal bacteria over stations exhibiting sedi
ments composed primarily of coarse particles.
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Between Station Differences of Surface
Water and Bottom Sediment Parameters
Wilcoxon matched-pairs signed-ranks tests were utilized to test
if differences in bottom sediment and surface water fecal coliform den
sities and sediment fine particle content existed between individual
stations and stations grouped together.

Tests between individual sta

tions were undertaken to ascertain possible explanations for differences in fecal coliform densities.

•

Only stations which were believed

to disclose meaningful relationships pertinent to the study were exam
ined.

Grouping individual sampling stations together for significance

testing was accomplished to evaluate sediment and surface water quality
for possible sources of variations.

Table 9 presents results of sig

nificance testing between individual sampling stations and samping sta
tions grouped together.

Comparison between Stations One and Two.

Statistical

comparisons between stations one and two were undertaken to test the
hypothesis that station two would exhibit significantly greater sedi
ment and surface water fecal coliform densities because of station two's
more downstream location.

Located on a stretch of stream affected by

greater recreational use and cabin development, station two was believed
to be subjected to potentially higher fecal contamination.

Analyses of

differences in sediment and surface water fecal coliform densities and
silt and clay content confirmed the hypothesis; station two exhibited
significantly greater concentrations for all parameters.

Two primary

reasons accounted for increased sediment and surface water fecal

84

Table 9.

Significance valuesi of Wilcoxon tests between stations.
Parameters Analyzed

Stations
Analyzed

... Sediment
Fecal Coliform

Surface Water
Fecal Coliform

Silt
Content

Clay
Content

1 vs 2

.009b

.0006b

.0047b

.0047b

3 vs 4

.2526b

.6095

.3842

.0484a

4 vs 5

•0039b

.5556

.2363

.4126

5 vs 6

.1945

.7722

.7653

.3381

6 vs 7

.0001*

.0084*

.4925

.0194b

7 vs 8

.0473

.1057

.oooob

.oooob

.8985

.0000*?

.0000a

.0000a

1+2 vs 3+4

a:-Indicates first listed station is significantly greater than
second station.
k Indicates second listed station is significnatly greater than first
station

coliform recovery at station two.

Although some recreational activities

and summerhome use occurred upstream from station one, station two was
subjected to higher fecal inputs due to its more downstream location.
Second, station two displayed significantly greater fine sediment con
tent which allowed for greater fecal bacterial accumulation in sedi
ments .

Comparisons between Stations Three and Four.

Comparisons

between stations three and four were accomplished to ascertain whether
sediment and surface water fecal coliform densities significantly

85

differed as water flowed from the downstream Suxnmerhaven boundary to
the sewage treatment effluent discharge.

Sampling stations three and

four did not significantly differ in sediment and surface water fecal
coliform densities and silt content,however stations differed signifi
cantly in clay content.

These two stations exhibited similar reactions

to other statistical tests employed, consequently their lack of signif
icant differences in three variables investigated.

Stations three and

four are located in simlar locations on the stream and subjected to
similar fecal input and environmental processes.

Relatively limited

development and recreational use occurs between the two stations hence
the lack of significant differences in parameters analyzed.

Comparisons between Stations Four and Five.

Wilcoxon tests

were applied to stations four and five to determine the effects of imme
diate sewage effluent discharge on water quality.

Results indicated

stations did not significantly differ in surface water fecal coliform
concentration; station five exhibited significantly greater bottom
sediment fecal bacteria.

Residual chlorine disinfection of surface

water at station five was responsible for these two stations exhibiting
similar surface water bacteria densities.

Caution must be exercised in

drawing conclusions about the quality of surface water at station five
based upon these analyses.

Station five received substantial sewage

effluent from an extremely inefficient system for removing pathogenic
organisms which might have entered the stream.

The lack of significant

difference in surface water fecal coliform densities illustrated the
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high degree of fecal input from sources above the sewage treatment
plant discharge and the necessity for eliminating other sources of
pollution.

Significantly greater sediment fecal coliform concentra

tions at station five signified residual chlorine did not affect bottom
sediment fecal coliform as greatly as surface water.

Sediments acted

as a barrier to chlorine disinfection at station five.

Comparisons between Stations Five and Six.

Analyses between

stations five and six were determined to ascertain downstream effects
of the sewage effluent discharge on water quality.

No significant dif

ferences existed between stations five and six for all parameters
tested.

Recreational activities in this stretch of stream was limited

because of closure of Marshall Gulch picnic ground, thus indicating the
sewage treatment discharge adversely affects water quality at least as
far downstream as station six.

Comparisons between Stations Six and Seven.

Statistical tests

between stations six and seven were performed to determine water qual
ity changes as water flowed through Marshall Gulch picnic ground and to
determine water quality changes downstream from the sewage treatment
discharge.

Unfortunately, Marshall Gulch picnic ground was closed prior

to the study so analyses of water quality impacts resulting from recre
ational use cannot be made.

Station six displayed significantly great

er sediment and surface water fecal coliform densities illustrating the
lessening of fecal contamination from sewage discharge downstream.

Al

though sewage discharge effects were reduced, station seven continued
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to contain surface water fecal coliform bacteria in excess of primary •
contact recreation water quality standards seven months of the year and
sediment concentrations in excess of primary contact standards every
month.

Resuspension of sediment stored bacteria by high flows or in

water activity provided the potential of surface water to exceed the
primary contact recreation standard each month.

Comparisons between Stations Seven and Eight.

Analyses of water

quality differences between stations seven and eight were obtained to
evaluate water quality changes downstream from concentrated recreational
use and the sewage treatment facility.

Although not statistically dif

ferent at the .05 level of significance, station seven displayed greater
surface water fecal coliform densities.

Station eight showed signifi

cantly greater sediment fecal coliform density and fine sediment con- '
tent.

These analyses illustrate the importance of fine sediment in

affecting greater sediment fecal bacteria recovery at station eight al
though no difference in surface water fecal coliform existed.

The pres

ence of a large pool•at sampling station eight probably functioned to
allow settling of fine particles and adsorption of fecal bacteria.
Sediment stored fecal bacteria provided the potential of surface water
to exceed the primary contact recreation standard each month.

Comparisons between stations Upstream and Immediately Downstream
from Summerhaven. Stations upstream (one and two) from the Summerhaven
v
boundary were grouped together and stations immediately downstream
(three and four) from Summerhaven were grouped to test the hypotheses
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that fecal coliform concentrations from a relatively unimpacted area
would be lower than an area subjected to extensive development.

Analy

ses revealed downstream stations exhibited significantly greater sur
face water fecal coliform densities; no significant difference in
sediment fecal coliform densities occurred between the two groups ana
lyzed.

Upstream stations displayed significantly greater fine particle

content.

Several important sediment relationships are revealed by

these statistical analyses.

Stations one and two sediments contained

fecal coliform bacteria that potentially have the ability through resus
pension by high flows or in water activity to exhibit surface water con
tamination as great as stations downstream.

Fine sediment content was

most likely responsible for the increase capability of upstream stations
to adsorb and store fecal coliform bacteria.

Because downstream sta

tions contained coarser sediments, stream flow through sediment was
permitted.

Possible stripping and removal of fecal coliform bacteria

from sediments occurred because of sediment throughflow.

High sediment-

surface water fecal coliform associations at downstream stations support
this speculation.

CHAPTER VI

SUMMARY, CONCLUSIONS, AND MANAGEMENT RECOMMENDATIONS

Chapter VI presents a summary of results, conclusions of the
research, and management recommendations in memaging the water resources
of upper Sabino Creek for quality recreation water.

Summary
Bottom sediment fecal coliform concentrations constitute a
major element in the overall water quality of upper Sabino Creek because
of sediments' ability to store immense concentrations of fecal bacteria.
Sediment storage provides a long-term index of fecal contamination
whereas surface water analyses indicate short-term fecal contamination.
Water quality during the interim between sampling dates cannot be de
duced using surface water analyses alone because surface water fecal
bacteria concentrations reflect water quality only at a specific time.
Sediment sampling may provide an indication of interim water quality
between sampling dates because of sediment fecal bacteria storage and
extended survival.
Relying solely on surface water quality analyses can lead re
source managers into believing the water is safe when in reality ex
treme concentrations of sediment fecal bacteria may exist.

During the

entire year bottom sediment fecal bacteria at all sampling stations
89
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exhibit concentrations in excess of the primary contact recreation
standards.
exists.

Each month a possible health hazard to recreationists

Bottom sediments pose a potentially serious health hazard to

recreationists wading, dabbling, or swimming in the stream, particular
ly during warmer months.

Suspension of fecal bacteria into the surface

water by these in-water activities expose recreationists to probable
short-term deleterious health conditions. Although not enumerated in
this research, sediment concentrations of pathogenic organisms such as
Salmonella, Shigella, and Leptospira are possible, particularly down
stream from the sewage treatment plant.

Potential hazardous conditions

intensified in the downstream direction to a maximum at stations below
the sewage effluent discharge.
Stations upstream from the Summerhaven boundary (one and two)
exhibited substantial fecal contamination during late summer and fall.
Bottom sediment concentrations were often in excess of 50,000 fecal
coliform/100 ml and on one occasion station one displayed 160,000 fecal
coliform/100 ml.

Mean sediment fecal coliform concentrations at sta

tions one and two during fall months were 13,614/100 ml and 5,888/100.
ml, respectively.

Origins of fecal pollution in bottom sediments of

the uppermost reach of the stream are difficult to identify because of
limited development and recreation use.

Probable sources of fecal con

tamination include strearnside recreational uses as hiking and. horseback
riding, domestic and wild animals, and the relatively few individual
cabin waste disposal systems.. Growth of bacteria in fine sediments at
these stations cannot be dismissed as a possible agent accounting for
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high sediment fecal bacteria in absence of concentrated use.
Additionally, fine sediments in upstream stations adsorb and store lar
ger fecal bacteria densities.
Fecal coliform densities at stations immediately downstream
from the Summerhaven boundary (three and four) were often in excess of
50,000 fecal coliform/100 ml as well; station three exhibited greater
than 240,000 fecal coliform/100 ml on one samling date.

Stations three

and four exhibited maximum fecal coliform concentrations in summer
months; mean summer concentrations at stations three and four were
5,674/100 ml and 5,848/100 ml, respectively.

Although stations three

and four did not significantly differ in sediment fecal coliform den
sities from upstream stations, downstream stations pose a greater po
tential health hazard because of the origin of fecal pollution.

A

defective sewage connection accounted for substantial sediment and sur
face water fecal contamination during April and May.

Sources of fecal

bacteria in sediments at stations immediately downstream from the Sum
merhaven boundary include individual waste disposal systems, pipe fail
ures in the sewerage system, runoff from animal enclosures, and free
roaming dogs.
Stretches of stream below the sewage effluent discharge present
the greatest health hazard.

Because of exposure to inadequately treated

sewage, bottom sediments at stations below the sewage effluent discharge
have a much higher probability, of accommodating pathogenic organisms
and viruses.

The probability of downstream sediments harboring patho

genic organisms increases substantially during periods when no residual
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chlorine is detected in sewage effluent.

Fecal coliform concentrations

in excess of 2,400,000/100 ml at stations five occurred during chlori
nation failure.

Sediments at downstream stations accommodated highest

fecal coliform densities during summer and fall months, the period of
highest recreational use.
Sampling station five exhibited mean summer sediment fecal bac
teria concentrations of 47,315/100 ml; station six displayed mean fall
sediment fecal bacteria concentrations of 30,060/100 ml.

Stations

seven and eight accounted for mean summer fecal coliform densities of
2,535/100 ml and 2,851/100 ml, respectively.

Origins of fecal contami

nation at downstream stations other than the treatment plant include
various recreational uses, individual cabin waste disposal systems,
wild animals, runoff from animal enclosures and free roaming dogs.
Lemmon Creek, draining an undeveloped watershed adjacent to
Sabino Creek watershed displayed sediment fecal coliform densities of
two or less/100 ml on every sampling occasion.

Conclusions
1)

Bottom sediment fecal coliform analyses should be incorpo

rated into all recreational water quality analyses. Because sediments
store large numbers of fecal bacteria and the possibility of resuspen
sion of bacteria into the overlying surface water by high streamflows
or in-water activity, sediments must be included in analyses to ascer
tain the overall potential hazardous condition of the water.
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2) The present sewage treatment facility and associated
sewerage system are totally.inadequate to meet the sewage treatment
requirements for Summerhaven.

Inadequacies in the sewerage system

forces upper Sabino Creek to act as a flowing treatment facility for
wastes generated from Summerhaven.
3) Results of bacterial analyses of sediments illustrate that
the potential hazardous condition of upper Sabino Creek is substantial
ly more severe than is indicated by surface water analyses alone.

The

entire length of the uppermost 3.5 miles displayed sediment fecal c o n 
form concentrations far in excess of concentrations experienced in sur
face water.
4) Flushing events scour bottom sediments and release fecal
coliform bacteria into the overlying surface water.

Surface water fecal

coliform densities increased from high flow events as a result of resus
pension of sediment stored bacteria .and flushing of watershed fecal
material into the stream.
5) Residual chlorine in the surface water does not reduce sedi
ment fecal coliform densities as effectively as reducing surface water
fecal coliform concentrations. . Sediments provide a protective environ
ment from chlorine disinfection.
6) Fine particle sediments function to allow increased recovery
of sediment fecal coliform bacteria.
7) Sediment-surface water interaction is a major influence in
sediment fecal bacteria aggregation.
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8) Large pools allow greater retention of sediment bacteria
through water detention and sedimentation.
9) Although no conclusive evidence exists, activities on the
upper portion of the watershed possibly affect water quality at lower
elevations.

Detailed water quality investigations throughout the en

tire watercourse are necessary to substantiate effects from upstream
activities.
10) No significant sediment or surface water fecal contamination
occurred in Lemmon Creek.

Management Recommendations
Formulation of management recommendations are a major objective
of this bottom sediment study and are presented to aid local, state,
and federal jurisdictions in managing Sabino Creek watershed for opti
mum water quality.
gories:

Recommendations have been divided into two cate

(1) Specific recommendations are proposed based upon extensive

analyses of the water quality problem; (2) General recommendations are
directed toward activities which may indirectly affect water quality or
anticipated problems which might arise as Summerhaven develops and
recreational use increases.

Recommendations in both categories progress

from general recommendations to specific measures required to alleviate
water quality problems.

Specific Recommendations
1)

A continual sediment and surface water fecal coliform moni

toring program of Sabino Creek should be established by the U.

s. Forest
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Service to maintain constant evaluation of Sabino Creek.

Water quality

samples should be acquired five times per month at permanent stations,
including a weekly check for residual chlorine in the sewage effluent.
Periodic sampling of the stream for biochemical oxygen demand, sus
pended sediments, nitrogen, and phosphorus charts long-term changes in
water quality.
2) The source of high concentrations in sediment above
Summerhaven need to be"identified.

Analyses should investigate individ

ual cabin disposal systems, possible growth of sediment bacteria, and
the function of fine sediments in increasing recovery of fecal coliform
bacteria.
3) A joint education program by Pima County and the U.S. Forest
Service specifying the hazardous condition of Sabino Creek to residents
and users must be undertaken.

On numerous occasions children were ob

served wading and dabbling in Sabino Creek thus exposing themselves to
a potential health hazard.

Programs to facilitate restoration of Sabino

Creek by residents and recreational users to safe conditions must be
enacted.

An informed public enhances the effectiveness of specific

cleanup measures taken by local, state, and federal jurisdictions in
future endeavors.

Litter cleanup campaigns and educating users of re

creational use ethics to prevent pollution are possible methods avail
able to inform and involve citizens.
4) A pollution abatement plan aimed toward no discharge of
sewage into Sabino Creek is highly desirable as opposed to present
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plans for discharge of sewage from secondary treatment into the stream.
Sewage treatment does not assure the safety of Sabino Creek for present
or future uses because of the inability of treatment to remove some
pathogenic organisms and viruses.

This reocmmendation strongly relies

on the use of individual treatment systems for waste disposal.

Numer

ous individual no-discharge systems are available at a substantial sav
ings to homeowners and Pima County.

Possible systems include

incinerator toilets, composting toilets, sealed valuts, packaging toi
lets, evapotranspiration, septic tank/leach fields or similar zero dis
charge systems.

Use of most zero discharge systems require separation

of black and grey water and disposal of the two through separate mecha
nisms. Federal funding for these systems may be obtainable for homes
located within the existing improvement district providing Pima County
maintains ownership of facilities.
J5) Specific measures to improve the operation of the existing
sewage treatment plant must be taken to improve sewage effluent dis
charge into Sabino Creek while specific plans are formulated.

Improve

ment measures include regular pumping of sludge, sealing manholes to
reduce inflow into the system, replacing the main interceptor, continual
maintenance of the chlorinator, and reactivation of a leach field.
6)

Pima County, the Arizona State Department of Health Services,

and the U.S. Forest Service should embark on a program to inspect all
individual treatment systems, beginning with those closest to the Creek
or its drainages.

Residences on private and U.S. Forest Service lease
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lands should be included to insure all faulty systems are improved or
replaced.

Systems observed to be inadequate must be required to up

grade facilities or install new systems based upon strict zero discharge
plans adopted by the County.
7) A water conservation program for Summerhaven residents, U.S.
Forest Service cabins, and recreation users must be enacted to reduce
sewage generated on the watershed.

Conserving water would reduce the

sewage treated by the existing plant, reduce the requirements on exist
ing and future individual systems, and prolong the necessity for expan
sion of Summerhaven and Forest Service water improvements.

Progressive

water rates imposed by the Mount Lemmon Water Cooperative once individ
ual meters are installed, water saving fixtures such as low volume
toilets, flow controls, faucet aerators, smaller sinks and bathtubs,
bottled water dispensers, turning off house water when away for extended
periods, and no cost water saving techniques are examples of water con
serving practices.
8) Constant monitoring of drinking water supplies is mandatory.
Due to the intense development and recreational use of Sabino Creek
watershed contamination of ground water supplying potable water is a
possibility.

Continual monitoring insures provision of safe potable

water.
9) Sabino Creek should be upgraded and managed for a primary
contact recreational water course to reflect the recreational use the
stream receives.

The Federal Water Pollution Control Administration

(1972) recommends primary contact designation when there is prolonged
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and intimate contact with the water or when waters are adjacent to
organized recreational areas such as picnicking areas and campgrounds
customerily used by children.

Sabino Creek meets these criteria.

10) The.U. S . Forest Service should continue its program to up
grade toilets in recreation use areas.

Pleasant, maintained facilities

insures their use and reduces indiscriminate human elimination near
streams or water use areas.
11) Horse corrals and animal enclosures should be removed or
relocated away from streamside locations.

Stickler, Phillips and Pat

terson (1977) illustrated runoff events produced significant increases
in surface water fecal bacteria densities due to watershed flushing.
Sedimentation and adsorption concentrated in sediments fecal bacteria
and possible pathogenic organisms resulting from watershed flushing.
Human pathogens are found to frequent the intestinal tract of other
warm-blooded animals including horses, chickens, cattle, etc.

Whereas

salmonellae infection rates of humans is one percent (Hall and Hauser,
1966) healthy cattle display infection rates of 13 percent, healthy
sheep, 3.7 to 15 percent, and pigs 7 to 22 percent (Prost and Riemann,
1967) .

Therefore, the probability of pathogens reaching the stream and

concentrating in bottom sediments after flushing events is highly pos
sible.

Reducing that probability can be accomplished by removing horse

and animal enclosures away from streamside locations.
12) A leash law should prevent free-roaming dogs.

Dogs were

observed on numerous occasions eliminating in or near Sabino Creek.
Galton, Scattefday, and Hardy (1952) found salmonellae in kennel dog

99

populations.

Twenty-five to 44 percent of the dogs were positive

carriers of salmonellae.

Flushing of dog feces into the stream and the

high probability of salmonellae storage in sediments necessitate the
control of free-roaming dogs.

General Recommendations
1) A land use plan for:the guidance and orderly development of
Summerhaven must be accomplished by Pima County to insure provision of
services and adequate safeguards against degradation of water quality.
2) Erosion of slopes by construction and other activities and
sedimentation into the stream must be reduced.
are unstable and subject to high erosion.

Soils within the area

As Summerhaven develops

erosion and sedimentation can be expected to increase unless precau
tionary measures are enacted.

Revegetation of bare areas resulting

from construction, road building, and recreation use will reduce ero
sion and sedimentation.

Protection of the infiltrative capacity of

soils will reduce erosion and allow recharge of springs.
3) Measures to minimize runoff from roads reaching the stream
need to be developed.

Oil, gas, and other automobile residues may be

detrimental to aquatic life.

Additionally, roads must be maintained in

proper condition to prohibit materials reaching the stream.
4) Any new Forest Service recreational development associated
with Sabino Creek, particularly at the headwaters, should be carefully
evaluated as to effects on water quality, aesthetics, and natural pro
cesses.
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5)

Increased runoff resulting from increases in impervious

surfaces could alter the hydrologic processes of Sabino Creek drasti
cally.

Higher peak flows, channel down cutting, and reducing Sabino

Creek to an ephemeral stream are possible alterations which might occur.
should watershed infiltration decrease.
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