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ABSTRACT

Sabin° Canyon is an important source of recreation for the

Tucson Area. Human activities near the creek have caused pollution

problems. This was especially noticeable in the Summerhaven area,

where during 1970's a malfunctioning sewage treatment plant was

discharging into Sabin° Creek. During 1982, a new treatment facility

was constructed with zero discharge into the creek. In the Lower

Sabin° Creek recreation area, no sampling has been done since then.

Thus, this research was designed to assess the extent of stream's

pollution and to identify possible water pollution sources and to

investigate the stream discharge-water quality relationship for Sabin°

Creek. Selected water quality parameters were used as pollution

indicators. Among the considered parameters were: Cl, NO3, PO4, SO4,

Ca, TDS, and pH. Chemical Hydrographs were used as a tool to interpret

the collected data. The results of the study indicated no major

pollution sources. In addition, the creek's water was suitable for

most beneficial uses. The results also indicated that concentrations

of most chemical constituents were diluted by the increase of stream

flow. Sulphate and chloride ions didn't show strong dilution with

increasing flow and this behavior was thought to be related to autumn

flushing, or atmospheric inputs. Finally, holidays and weekend

recreational activities did not seem to have an immediate impact on the

creek's water quality.

viii



CHAPTER ONE

INTRODUCTION

Scope and Objectives

A large portion of water supply In many parts of the world

comes from relatively undisturbed high elevation watersheds. These

mountain areas are experiencing increasing population pressures

primarily from recreational use. Consequently, health hazards result-

ing from point and non-point source pollution on the freshwater

environment has increased our environmental awareness. Keeping rivers

and lakes clean and unpolluted now ranks high on our list of priori-

ties. To achieve this goal, detection, monitoring, and Chemical

analysis of water pollutants have become mandatory. Sabin° Canyon

watershed is an example. The area is drained by Sabino Creek which

feeds both the regional aquifer and the underlying Shallow aquifer.

The amount of recharge from the creek is relatively small, but if it is

heavily polluted, the recharge can have an adverse effect on the Tucson

Basin water quality. The creek receives heavy recreational use being

the only dependable perennial creek with automobile access within fifty

miles of the Tucson area. It follows through two high human use areas.

Human activity near the creek has caused pollution problems. This was

specially noticeable in the Summethaven area, where during the 1970's a

malfunctioning sewage treatment plant was discharging into Sabin°

Creek. Data analyses of samples taken from Sabino Creek in the 1970's

indicated a serious contamination problem. The contamination was due

to animal and human waste dumped into the creek. The main sources were
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Summerhaven, one of the second-home areas on Mbunt Lemmon above the

Canyon, and the Sabin° Canyon recreation area.

In response to the above observations, several improvements

were made and several management actions were imposed (Brickler, 1976).

Yet no water samples from Lower Sabino Creek were tested after these

restrictions. It seems that the amount of pollution has decreased in

Summerhaven area to make Upper Sabin° Creek swimmable. There has been

no documented effect of the removal of effluent discharge in the Sabin°

Creek recreation area, since water quality monitoring only occurs in

the Marshal Gulch area. Sampling is not done in the Lower Sabin°

Canyon because it is not required by law. Therefore the same health

hazards may still exist as found by Bridkler (1976). Assessment of the

creek's present water quality can provide an answer. The purpose of

this study is primarily to evaluate the extent and nature of creek's

water pollution using selected water quality parameters as pollution

indicators. Among the considered chemical parameters are: Chlorides

(Cl), Nitrates (NO3), Phosphates (PO4), Sulphates (SO4), and Total

Dissolved Solids (TDS). Chlorination of the water supply and waste-

water effluents is an extremely widespread practice for the control of

waterborne diseases. Hence, Cl is a useful indicator in identifying

domestic sewage discharge. Likewise high NO3, PO4, and SO4 concentra-

tions of the creek's water suggest the presence of domestic or munici-

pal waste.

Because of the expensive technology involved in continuous

monitoring and analyses of the chemical constituents, an understanding

of discharge-quality relationship has been a better alternative for
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water quality assessment. The potential uses of such relationship is

for predicting concentrations of pollutants and quality of water. This

research has the following two objectives:

1) To investigate the stream discharge-water quality relation-

ship for Sabin° Creek.

2) To study the magnitude and the pattern of solute behavior of

Sabino Creek waters by using chemical hydrographs.

By meeting the above two objectives, it may be possible to

detect water pollution sources in Sabin° Creek.

Significance

The primary significance of this study is an understanding of

Sabin° Creek's water quality behavior and its relationship to the

stream's discharge. The development of discharge-quality rating curves

provide a basis for meaningful judgement to be made regarding deterior-

ation or other variations in the water quality. Once these rating

curves are established, flow record analyses only should provide

excellent information for mcnitoring more realistically the creek's

water quality. The expensive technology involved in continuous

monitoring and analyses of the chemical constituents supports the

establishment of the above relationships.

The data used for this study covers one year only. Therefore,

the approach used and the results obtained should be considered as an

approximation. A great effort in collecting appropriate data and in

estimating various parameters of mathematical models, may provide the
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statistical information for much better standards in a more realistic

prediction of water quality and pollutants.

Research Approach

The approach used in this study consists of the following:

(1) Selection of basic equation for the relationship between discharge

and dissolved constituents. To best meet the objectives and satisfy

the various data constraints, special consideration is given to the

validity and suitability of the selected model by examining several

potential forms. After model selection, regression analysis is done to

detect trends in the relationships of the considered variables as

indicated by the residuals. This approach is used to meet the first

objective of this study. (2) Application of chemical hydrographs.

Stream flow-quality time series is developed. This approach is simply

a plotting technique which allows an overview of parameter variation

with time. By correlating discharge with conductivity, influence of

factors other than discharge can be detected.	 This time series

analysis is intended to satisfy the second objective.

Three-dimensional relationships of flow-concentration-time (q-

c-t) and concentration-temperature-time (c-T-t) are also used. These

relationships allow the concentration to be examined as a function of

flow or temperature during the course of time, and different concentra-

tions, related to the same discharge level or temperature occurring

different times of year, can be readily identified.



5

Organization

The following three Chapters provide further background  for the

rest of the study. Chapter 2 presents a brief discussion of the

hydrology and the climatology of the area under investigation. Chapter

3 deals with discussion of the more important contributions in the area

of stream discharge-water (quality relationships. This discussion

provides a basis from which to proceed. This chapter, also, presents a

review of past work related to pollution history of the area. Chapter

4 covers the data selection process and a description of the data

selected is given.

Following the three chapters of background material, the next

two Chapters present the essential results of this study: Chapter 5,

the relationship between discharge and conductivity; Chapter 6,

magnitude and pattern of solute behavior. Actual data from each of the

three locations selected for the study are used throughout these

chapters: Chapter 5, specifically, deals with the selection of

appropriate model while Chapter 6 Shows the nature of discharge-solute

concentration behavior of Sabino Creek waters.

Chapter 7 presents a summary and discussion of the analyses of

data and the suitability of the developed models for the purpose of

prediction of daily water quality data.

The final chapter deals with conclusions and recommendations

for further study.



CHAPTER IWD

GENERAL DESCRIPTION OF THE AREA

Study Area

The study area encompasses a portion of the Santa Catalina

Mbuntains, namely the Sabino Canyon Watershed located in Pima County,

Arizona approximately 20 miles north of Tucson (Figure 2-2). The

catchment is 35.5 square miles in area and ranges in elevation from

2200 feet to approximately 9517 feet. Using a topographic map (Figure

2-1) as a guide, it is evident Sabino Canyon recreation area and

Summerhaven area receive the major part of residential and recreational

use impact. Sabin° Basin is visited less because of its inacces-

sibility. There are no industrial or camercial sources of pollution

in the study area.

Hydrogeology

The Santa Catalina Mbuntain's gneiss complex of anticlines and

synclines resulted in from a period of metamorphism, folding and trust

faulting magmatic rock masses outcrop in not many places. Few ore

concentrations resulting in from hydrothermal injections were observed

(Abuajmieh, 1966; Maddox, 1960; Mledhi, 1964; and Pashley, 1966). The

primary minerals of Catalina gneiss are: plagioclase, quartz, ortho-

clase, microcline, muscovite, and biotite (Pashley, 1966). The

crystalline intrusive and metamorphic rocks transmit water primarily

along secondary pore spaces, or fractures. These fractures and thin

alluvial deposits form small aquifer.

6
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Figure 2-2. Regional Location of Sabir ° Creek.



Climate

The climate in the study area is semi-arid with a mean

annual temperature of 19.7 (67.4) (NOM, 1980).	 Brickler (1976)

reported that mean air temperature varied from 40 in June and 0.50

degree cent. in December. The potential evapotranspiration in the

Tucson Basin is relatively high, 1000 mm, because of high temperatures

and low humidity (Laney, 1970). Precipitation occurs in two distinct

seasons; summer and winter. Summer rainfall is characterized by high

intensity, small areal extent and short duration (Schwalen and Shaw,

1957). Convective summer storms usually occur during the months of

July through September. In winter, frontal storms originating from the

Pacific Ocean are responsible for precipitation in the form of snowfall

and rainfall.	 Small velocity runoff results in from snowmelt in

(Dec., Jan., and Feb.).	 The mean annual precipitation in Santa

Catalina mountains is 760 mm per year (Sellers and Hill, 1974).

However, the lower elevations of the watershed precipitation is about

250 mm.

Stream

Sabin° Creek, an intermittent stream, is the main drainage of

Santa Catalina District, Coronado National Forest. It starts at an

elevation of 9517 feet near Mbunt Lemon and travels approximately

thirteen miles before it submerges into the alluvial basin at -an

elevation of about 2200 feet. The creek runs mostly over naked

bedrock. There are shallow alluvial deposits in the more level

stretches of the stream bottom. Many washes collect occasional storm

8



runoff and carry it to the creek. Additionally, cold springs at the

mouth of the stream and short distance downstream from Surrmertiaven

increases Sabin° Creek streamflad (see Figure Summer storms

produce short duration streamflows with high volume runoff, whereas in

the winter the situation is reverse. A small aquifer of soil pockets

and bedrock cracks respond to the seasonal variation of streamflow.

The aquifer sustains Sabino Creek's flow during the dry season while

being fed by the stream itself during the wet season (Brickler, 1977).

Vegetation and Wildlife

The two streams (Sabin° and Bear) and the mountains together

create diverse habitat for vegetation and wildlife. The vegetation

pattern gives an image of the climatic variation within the area. Five

major vegetation zones were observed by Brickler (1977). The vegeta-

tion zone includes desert shrubs, Oak Woodland, Pinyon-Juniper,

Ponderosa Pine, and mixed zones. Among the animal inhabitants are

squirrels, bob cats, black bears, foxes, coyotes, ringtails, and

raccoons.

Land Use and Pollution History

Sabin° Creek is an important source of recreation for

the Tucson area, being the only dependable perennial creek with

automobile access within fifty miles. The creek flows through two high

human use areas; the town of Summerhaven and the Sabino Canyon recrea-

tional area. These areas are composed of day-use areas, over-night

areas, and second home areas. The Sabin° Canyon Recreational Area gets

9
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most of the visitor use. The recreation use is highest during the

weekends and holidays. The area was subject to recreational use as

early as 1880's when soldiers stationed at Fort Lowell in Tucson found

it a nice place to hide in from the desert heat. Since then the

recreational use of the area has increased. Morse (1975) noted about

150 permanent residents in Summerhaven. Most of the summer homes used

their own individual pit privies or septic tanks. Consequently, these

activities near the creek has caused pollution problems. This was

especially noticeable in the Summerhaven where during 1970's a mal-

functioning sewage treatment plant was discharging into Sabino Creek.

The National Forest Service set standards for recreational use

without not paying attention to the possible hazards from the creek's

groundwater recharge. The stream feeds the regional aquifer as well as

the shallow aquifer underlying the creek's watershed. Little or no

research has been done in this area. Although the amount of recharge

from Sabin° Creek is relatively small, it can reduce the quality of

water in the basin_if heavily polluted.



CHAPTER TIME

LITERATURE REVIEW

Review of Past Work Related to Pollution 

Different water quality parameters were sampled for in trying

to define the possible pollution problem in the Sabino Creek. Besides

indicating if there is a problem, different parameters can also

indicate the source of the pollution. The following is a summary of

the relevant water quality parameters of previous studies.

Biochemical Oxygen Demand (BOD). Biological Oxygen Demand

(SOD) is defined as the amount of oxygen used in the metabolism of

biodegradable organics. When applied to organic waste discharge, it

estimates the effect of the sewage discharge on the dissolved oxygen

(DO) supply of the receiving waters.

Suspended Solids (SS). Suspended Solids (SS), when discharged

in sewage effluent can carry fecal material or other pollutants. It

can also be used as an indicator of erosion.

Nitrates and Orthophosphates. These chemical constituents are

not abundant in natural streams. Consequently, they can be used as

indicators of sewage discharge or septic tank leakage. The sources for

nitrates are fecal material and urine. The sources for orthophosphates

are fecal material and detergents. It has been found that values

greater than 0.3 mg/1 of nitrates or 0.1 mg/1 of orthophosphates can

cause algae blooms in streams.

Fecal Bacteria. Fecal bacteria, consisting mainly of fecal

coliforms and fecal streptococci, are absent in nature except in the
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intestines and feces of warm blooded animals. Fecal conforms are the

standard indicator to assess the microbiological purity of water

supplies. The federal standard for primary or full body contact

recreational waters is that the monthly log mean values be less than

200 counts per 100 ml sample. Primary contact waters include those in

which swimming occurs and which are near campgrounds, picnic areas, and

streamside areas.

Lower Sabino Creek

During the mid 1970's Brickler (1976, 1977) and others of the

University Arizona completed two studies on the Sabin° Creek watershed.

The 1976 report dealt with Lower Sabino Creek, while the 1977 one dealt

with Upper Sabino Creek. These reports are important in that they

provide comprehensive baseline data of the Sabin° Creek watershed.

Their sampling schedule was more systematic than later monitoring,

there conclusions could more easily be drawn.

The 1976 Brickler report is important because it gives the only

information found in Lower Sabino Creek. It also has data on Bear

Creek, an adjacent stream, in a less used area. The main purpose of

the study was to 1) to assess the water quality status of the area, 2)

obtain baseline data, and 3) provide management alternatives to

observed problems in the Lower Sabin° Creek area. Analysis of the mean

monthly value of nitrates and orthophosphates (Table 3-1) showed no

real differences between the three considered areas. Comparison with

similar bodies of water, the analyses showed that the values fall

within the expected range. Brickler (1976) stated that the data gave



Table 3-1. Mean value ranges for Nitrates and Orthophosphates for
the study period, by location, and compared to other St.

	

Sabino	 Rec.	 Bear
	

Canpared to
	Basin	 Area	 Canyon	 other stream

Nitrates	 .2 to .5	 .2 to .4	 .2 to .5 1ow,usu.<.3

(mg/1)

Orthopo	 .01 to .09	 .02 to .06	 .02 to .07 aNexage,usual

-sphates	 .01 to .1

(mg/1)

13
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no indication of the creek being polluted and that they found no

excessive aquatic plant growth during June, July, and August. One of

their conclusions was ft .—, the primary source of nutrients within the

recreation area was most likely deomposition of the riparian vegeta-

tion debris

The mean monthly fecal coliform count range for Sabino Creek

and Bear Creek was 1 to 100 per 100 ml. This was well under the

federal standards for full body contact. Brickler, 1976 stated that

"fecal coliform counts showed significant relationships between day,

time, and location sampled". This relationship was that fecal counts

were significantly higher on Sunday, at 4 pm, in the Lower Sabin°

Canyon. These findings indicate that human activity has significant

influence on the fecal bacteria concentration in Lower Sabin° Creek

(Figure 3-1). Ordinary day values range from 1 to 100 per 100 ml fecal

coliform count.

Bottom Sediment Bacteria Results

Fecal coliform samples from the bottom sediments were also

collected. The mean monthly value range was 150 to 4500 per 100 ml for

Lower Sabin° Creek and 80 to 16000 per 100m1 for Sabin° Basin. A

conclusion of Brickler (1976) was that the source of the high fecal

bacteria in the bottom sediments in Sabin° Basin may have been the
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Figure 3-1. Holiday time sample for fecal coliform at selected sample
stations. (Brickler, 1975)
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Summerhaven sewage treatment plant. Surface water samples were also

taken after bottom sediments were agitated. This was to define any

relationship between surface water and bottom sediment coliform.

Bottom sediments were found to act as a trap having the potential to

release fecal coliforms into surface waters.

Upper Sabin° Creek

The second Brickler report (1977) used eight sampling stations

(Figure 3-2) in the three miles of Sabin° Creek, located to get

representative water quality trends. Samples were taken four times a

month, every other Wednesday or Sunday from June, 1975 to June 1976.

There was also intensive sampling periods over the holidays and

sampling of Lemmon Creek (Figure 3-3), a nearby stream considered to be

in pristine condition.

A characteristic trend in concentrations can be seen in many of

the water quality parameters (see Figures 3-4 and 3-5). This is a

sharp rise in concentration at Station 5, which is directly below the

effluent discharge point. It can also been seen that concentrations

return to nearly the same concentration as the upstream of the dis-

charge point relatively quickly. Comparison with Lemon Creek shows

that these concentrations are generally in the same range, except for

total phosphorus. This data shows that the effluent discharge had a

negative impact on Sabin° Creek but that it was not excessive however,

mentioned in the report but it could be due to dilution or groundwater

recharge._
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The general trend of the annual log mean fecal bacteria counts

(Figure 3-6) was to increase as you proceeded downstream. Mean 'Tenthly

averages for fecal coliform do not exceed the full body contact

standards. This is misleading In that on specific occasion this

standard was exceeded (Table 3-1), both above and below the effluent

discharge point. Many of the instances that the standards were

exceeded downstream of the effluent discharge point can be attributed

to the faulty operation of the sewage treatment plant. The range of

values at Station 5 (Figure 3-2) was 1 to 800,000 counts per 100 ml.

Of the seven days sampled when the sewage Chlorinator failed, six had

counts over 100,000 counts per 100 ml. The fecal ooliform to fecal

streptococcus ratio is also an important measure. It is used as an

indicator of the source of fecal contaminants (Table 3-2), for fecal

material less than 24 hours old. Only in a few instances of occurrence

was this ratio over 4.0 along Sabin° Creek, where most of the values

fall below 0.7. Mbre likely than having a large animal fecal con-

tamination source is that the fecal material is older than 24 hours.

This is a good indication that there is no direct inflow of human fecal

material into Sabin° Creek by either the sewage treatment plant or

septic tanks. Brickler (1977) concluded that the fact that samples of

which were found to exceed standards occurred above and below the

effluent discharge point, sewage effluent is not a source of fecal

coliforms in Upper Sabin° Creek.
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Figure 3-6. Annual Log Mean Bacteria Counts for Weekends and Holidays
and for Weekdays, by Station. (Brickler, 1977)



Table 3-2. Fecal Cbliform to Fecal Streptococcus Ratio as an
Indicator of Sources Less Than 24 Hours Old.

ratio	 source 

>4.0
	

hunan

>0.7
	

animal origin

0.7 to 4.0
	

mixture or older

contamination

2



Consent Degree. In June of 1981 a consent degree or court

order was issued terminating the discharge of sewage effluent into

Sabin° Creek (Neely, 1982). Discharge stopped on November 2, 1982 when

the effluent was disposed of in the San Pedro Basin. The consent

degree required Pima County Wastewater Management Department and the

U.S Forest Service to collect data on the impact of moving the effluent

discharge point.

Sampling of Sabino Creek was done by both the U.S Forest

service and Pima County before effluent discharge was ceased. Each

agency operated separate sampling stations. For the months of May,

June, and July of 1982, data analyses Showed the same findings as

Brickler (1977). For BOD, Suspended Solids, Nitrates, and

Orthophosphates, a concentration peak could be seen below the effluent

discharge point (Table 3-3). 	 Fecal coliform counts occasionally

exceeded 200 counts per 100 ml, both above and below the effluent

discharge point. Fecal coliform counts in the bottom sediments were

extremely high, with many instances greater than 100,000 counts per 100

Pima County and the U.S Forest Service monitored Sabin° Creek

for one year after discharge of effluent was terminated.

Comparison of the change in Sabino Creek at Station 4 (8)

(Fig. 3-3) for the same months, showed interesting results (Table 3-4).

Station 4 (8) was the sampling station directly below the effluent

discharge point. The mean values of BOD, Nitrates, and orthophosphates

all decreased from 1982 to 1983. This probably occurred because of

termination of effluent discharge. Values for Nitrates and
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Table 3-3.	 Average values for May, June, July of 1982 for Upper
Sabino Canyon.

Parameter(mg/1) 	 Effluent	 Station

7 8 9

HOD 7.7 1.8 2.5 2.4

SS 14.5 6.1 8.1 5.6

Stations

2 3 4 5

Nitrates .165 .150 .181 .410

Orthophosphates .048 .051 .285 .092



Table 3-4. Comparison of Values at Station 4(8), Figure 3-3,
fram 1977,1982, and 1983. Shows Changes in Water Quality
Parameters after Effluent Discharge into Sabino Creek had
Ceased.

Parame-ter 1982 1983 Lemmon Creek(Brickler,1977)

BCD (mg/1) 2.5 1.4 1.5

SS (mg/1) 8.1 16.9 5.0

Nitrates .181 .110 .027

Orthophos-

phate (mg/1)

.285 .097 .013

Log Mean Fecal Cbliforms

(counts/100ml)

Surface water 61
	

57

Bottom

Sediments	 16,000	 833

26
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orthophosphates, in 1983, are still higher than values found in Lemmon

Creek, in 1977. This may indicate nonpoint pollution sources. The

increase in suspended solids from 1982 to 1983, probably due to

construction going on in the area. The surface water fecal coliform

counts stayed the same from 1982 to 1983. In 1983 we still see

occasional days where values exceed the federal standards for surface

water fecal coliforms. Monitoring was also done for fecal ooliforms by

the U.S Forest Service in the Marshal Gulch area (Stations 4 and 5,

Figure 3-2 ). For June, July, and August of 1985 the log mean value

for these stations was 51 counts per 100 ml. Another important

consideration in analyzing the fecal coliform data is the frequency of

sample collection. The frequency level in the upper Sabin) Canyon area

has usually been at or below the minimum federal recommended level of 5

samples per month.

The fecal counts in the bottom sediments decreased dramatically

from 1982 to 1983. One of the conclusions of Brickler (1976, 1977) was

that the source of fecal bacteria in bottom-sediments- nvw be the

Summerhaven sewage treatment plant. The sharp decrease in bottom

sediments fecal coliforms may be a good indication that this conclusion

was true. The high fecal bacteria counts in the bottom sediments may

have been caused by fecal bacteria on suspended solids, discharged in

the effluent, which later settled to the creek bottom.

Aquatic Biology Study. During April, May, June, and July of

1982 and 1983 an aquatic biology study was carried out by the U.S

Forest Service. Data, as required by the consent degree, was collected

at two sampling stations, Stations 4 and 5 (Figure 3-2). Dave
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Lazaroff, Coronado National Forest District employee, who conducted the

sampling, did make the following observations: 1982 dead critters,

gunk on the ground, discolored rocks, and a pronounced stench were

present. He concluded that these effects were the results of the

residual chlorine and not other pollutants in the effluent. By 1983

these effects had disappeared. Brickler (1977) also found a similar

situation and noted no residual chlorine was found past Marshal Gulch,

Station 5 (Figure 3-2).

Soil Studies in Sewage Disposal Area. The consent degree also

required effluent discharge site characterization studies before and

after effluent discharge in the San Pedro Basin. Plant transect and

erosion studies results were unattainable, at the present time.

Infiltration studies showed an average infiltration rate of 4.42 feet

per hour. This result is questionable since tests were run only 15

minutes.

Review of Previous Study of the Stream 
Discharge-Water Quality Relationship

This section presents a brief review of work done by other

researchers in the area of stream discharge-water quality relation-

ships. The primary purpose of the review is to provide a basis upon

which reasonable models may be hypothesized, tested and interpreted.

The review will also permit meaningful ccmparisons to be made between

the approaches and results of this study and those of previous studies.

Although it is not possible to cover all the investigations, it is

equally hoped that this review will provide a useful summary of current

work on the stream water quality/quantity relationships.
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Previous Studies of Discharge-Water Quality Relations

Hem (1948) investigated several southwestern streams and found

strong negative correlations between discharge and conductivity. In

another study of flow and chloride concentration, he reported the

presence of both negative and positive correlations. One explanation

for the negative correlation could be dilution effect while the

positive correlation could be explained by flushing effect.

Durum (1953) studied the salinity-discharge and conductivity

relationship for the Saline River in Kansas and found that total

chloride load, given by

L=QC	 3-1

where C is the concentration and Q is flow , L=load, was approximately

constant for all flow ranges. For individual ions Durum also used the

linear relation

Ci = a + bK	 3-2

where Ci is the ion concentration in parts per million, a and b

regression coefficients, and K conductivity. He concluded that nearly

75 percent of the total annual dissolved solids discharge was from

groundwater sources.

Ward (1958) extended the work of Durum by using monthly values.

He observed that dissolved concentrations fit a logarithmic form

LogC= a + blogQ	 3-3

or parabolic logarithmic relationships

logC= a + blogQ + d(logQ)*2 	 3-4

where C is the concentration, a, b and d are regression coefficients

and Q is discharge.
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Ledbetter, Gloyna and Hart et al., (1964) suggested that

separation of groundwater flow, surface flow and interflow contribu-

tions to the total streamflow could result a more realistic quality-

discharge relationship. They have developed the following imprical

equation

C = a1Q1 + a2Q 11.2 + a3Q 133 3-5

where C is the inorganic, Q6 is the groundwater flow, 11:11 is the

interflow, Qs is the surface flaw and a's and b's are the regression

coefficients. They found an equation of this form to be applicable to

some rivers but not to expect to be generally true.

Kbrveh and Wilcox (1964) studied a mountain creek by using the

logarithmic transforms of flow and conductivity. They related flow to

conductivity, flow to pH and pH to conductivity linear relations.

John et al., (1969) examined the relationship between ion

concentrations and stream discharge. Their findings were that some ion

concentrations increased with stream flow while others decreased. They

concluded-that variations were explained by-mixing model. -Assuming

that the volume of surface water within a basin was directly propor-

tional to the flow, they arrived at

C= [1/(1+AQ)](Cg-Cs ) +Cs, 3-6

where C is the concentration associated with stream, Q is the dis-

Charge, Cs and Cg are constant groundwater and surf acewater concentra-

tion, and A is a constant Inversely related to the groundwater storage

volume.



In trying to estimate salinity from sLLeam flow in the Erie-

Niogara Basin, Archer et al., (1968) used a simple mass balance mixing

model of the form

C.= (C6Cg + Q0 C0)/Q 3-7

where the stream concentration and flow are C & Q, the groundwater

concentration and flow are Q6 and C6, and the runoff water concentra-

tion and flow are Q and Cb . The groundwater and the overland flow

were estimated, and by assuming their concentration constant, the

stream flow concentration was calculated.

Using the above basic equation Pinder & Jones (1969) and

Visodky (1970) estimated the groundwater component of flow from the

salinity measurement.

Qg=( (C-00)Q/(C6-00) 3-8

Hall (1970, 1971) discussed in detail mixing models and their

application to the dissolved solids-discharge relationship. Hall

proposed eight basic equations, all based on mass balance concepts. He

stated that the constants In the equations lose their meaning -due to

unrealistic assumptions necessary to arrive at workable equations.

Therefore the results obtained are in doubt since the validity of the

assumptions is not known. The application of the eight equations on

data obtained from the Sleepers River Sub-Basin and plotting the

results on logarithmic coordinates Showed almost identical curves.

This result clouds the true relationship, and supports the principle

that many functions with varying number of parameters may give

equivalent results. Hall made the conclusion that the choice of a

model in this case cannot be made on the basis of data alone but Should
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be based on either known physical or chemical processes. He also found

that the time of the year and the hysteresis effect interfered the

interpretation.

The eight equations formulated by Hall are;

C = aQ -b

C = aQ-b +c

a 
1+bQc

a 

1+bQc +d

C = ai-bQ c

= apQc +d

C = a - bQ c

C -  a
1+bQc

where a, b, c, and d are regression coefficients. These coefficients

can only take positive values.

Discharge-pollutant studies -were expanded -by Manczak (1971) who

used five day biological oxygen demand, dissolved oxygen, Phenol as

pollution indices, in addition to chlorides, sulphates, dissolved

solids, various nitrogen species alkalinity. Expectedly all the

considered parameter concentrations decreased with increased flow

except dissolved oxygen and suspended solids. He found three basic

curves of pollutant concentration versus flow as shown in Figure 3-7.
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Figure 3-7. Basic types of curves representing correlation between
concentration of pollutants and rate of flow. Type I--
for heavily polluted rivers. Type II--for clean rivers.
Type III--for intermediately polluted rivers (after
Manczak, 1971).
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M. H. Al-Jabbari & N. A. Alansari (1983) evaluated the solute

concentration response to discharge and seasonal variation of River

Almand, Iraq. They developed separate dissolved load curves for the

summer and the winter. They found that a simple mixing model holds for

the River Almando. Besides the variation of concentration with

discharge followed an anticlockwise loop pattern with summer concentra-

tion higher than winter concentration.

Janos Eel-1er (1983) used multiple regression analyses on the

quality /flow relationship. The considered independent variables were

flow rate (Q), daily changes in flow rate (DQ), water temperature (t),

conductivity (C), and time. They found a multi-variable linear

function was appropriate.

From the past studies concerning the relationship between

discharge and inorganic water quality on a stream, it is obvious that

no single approach has been adapted for general usage. However,

numerous forms applied by researchers have proven suitability under

circumstances. And since the aim of this study -is to  establish

salinity-discharge relationship for Sabin° Creek, a number of the

proposed formulations are compared to select basic relationship which

may be expected to be more appropriate to Sabino Canyon. In order to

further justify the validity of the selected form, a number of dis-

solved constituents are studied. Statistical significance tests are

also applied.



CHAPTER FOUR

DATA COLLECTION PROCEDURE

Field Work

The stream sampling network was designed to take samples at

various locations in a way favorable to the purpose of the study;

indicate pollution source. A fixed site design identified river sample

points located in a pattern to detect influence of tributary inflows,

current irregularities, light and intensive recreational use on Sabir °

Creek water quality; surface water samples were collected at fixed

sites. A systematic sampling design complemented the fixed site design

by assuring comprehensive sampling of Sabir o Canyon surface waters

through time. The sampling route was altered randbmly to provide

varied sampling times at an individual site. The study was conducted

during the periods of September, 1986 through April, 1987. Ten

sampling stations were established in the study area. A map of Sabir °

Creek Basin is shown - in Figure 2-1. Locations of the sampling sites

are indicated by numerical designations (see Figure 2-1).

Sample Stations include:

Station 1) Located at the U.S.G.S Gauging Station

2) Located 100 Ft upstream Sabino Lake Dam

3) Men's restroom (Bridge 8) on Sabino Road

4) 100 Ft upstream end of Sabino Road

5) At the confluence of Palisade Creek and the East Fork

of Sabin° Creek

6) Lies where the Sabir ° Trail crosses the Sabino Creek
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7) Approx. two miles upstream West fork confluence

8) At the Restaurant and the Fire Unit in Summerhaven

9) At half mile downstream Pima count Sewage Treatment

Plant

10) At Marshal Gulch Picnic Area 1/2 miles upstream

U.S.G.S Gauging Station

Samples were taken at once a week for Stations 1, 2, and 4.

More frequent sample collections were made for certain occurrences,

like summer storms. The other sites were visited in a less frequent

manner. Occasional visiting of other stations was satisfactory for the

purpose of the research.

Chemical analyses of water samples from Sites 10, 9, and 8

measure concentrations of pollutants in the creek's water. Domestic

waste from Summerhaven Community is the only significant possible point

source discharge into this portion of the watershed. Site 7 is located

on the West Fork Tributary 2 miles upstream its confluence with the

main stream. Human activities on the West Fork's drainage basin is

relatively unimportant. Thus rainfall runoff is the only effective

pollution source. Analyses of water samples fLuit Site 6 include the

contribution of rainfall runoff and the Summerhaven Community waste

discharges. Site 5 is also located at the confluence of Palisade and

East Fork of Sabin° Creek. These tributaries drain relatively unused

area. Site 4 is located 100 ft upstream End of Sabin° Road. The

Sabin° Creek at this point is composed of combined flow from the above

mentioned tributaries and no more tributaries enter the stream. Sites
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1 and 2 are located 100 ft up and downstream Sabin° Lake Dam respec-

tively. In addition to the transported contaminants from the above

watershed, the Lower Sabin° Canyon receives high human recreation use.

Special sampling program was established at sites 1, 2, and 4 aimed to

sort out effects due to the recreational activities.

Flow data were obtained from continuous flow recorder placed; a

permanent recording gauge operated by the U. S. Geological Survey.

Flow record was obtained for each sample to subsequently correlate

discharge with water quality parameters.

Sterile Plastic (Whirl-pak, 18 ounce size) bags were used to

collect water for all samples. One Whirl-pak was used for physical

parameters analysis, and the other for chemical parameters. A pre-

marked plastic bag was held against the stream flow direction and

pushed just below the water surface and water sample was obtained. The

samples were immediately stored under ice bags and taken to the

laboratory where they were, later, refrigerated until all chemical

analyses were completed. Temperature readings were made on site, using

a pocket mercury thermometer, precise +&- .5 degree centigrade.

Readings were double checked by conductivimeter temperature indicator.

Measurement of PH were, too, carried out on site by means of a bat-

tery-powered Beckman Mbdel #N PH Meter, reading PH Units to +&- 0.05

Unit.

Field data were entered in the form (location, date, time,

field measurements, and other observations).
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Lab Procedure

The water quality monitoring included measurement of the

following parameters: Cl, F, Ca, Mg, SO4, NO3, PO4, 'IDS, PH, and

Conductivity. Analytical results are reported in parts per million

unless otherwise specified. Mbet of the analyses were done at the

Analytical Center of the University of Arizona, Tucson. For the

conductivity measurement, a NaC1 Standard Solution was used frequently

to check the accuracy of the instrument. In the case of Total Dis-

solved Solids (TDS) a calibration curve was developed. Conductivities

of several different known concentrations of NaC1 were measured.

Measurements of conductivity, pH, and 'IDS were done by the author of

the Thesis.

The Dionex Ion Chrcmatography Technique was used for the rest

of chemical analyses. Laboratory Staff assisted the author using this

technique. Ion Chrcmatography (IC), a fast and efficient method first

identifies and then quantifies ions in the solution. Measuring the

conductivity of the solution is the base for this technique.



CHAPTER FIVE

STREAM DISCHARGE=WATER QUALITY RELATIONSHIPS

Conductivity as Related to Hydrologic Variables

The conductivity of a water sample is a direct result of the

dissolved inorganic ions in the water. Hence it has been recognized as

the most single Important variable in overall water quality analysis.

Also due to ease of conductance measurement, it can be measured on a

daily basis along with the stream discharge. Treating conductivity  as

a measure of total concentration of inorganic dissolved solids, this

chapter has the purpose of developing discharge-conductivity relation-

ship for Sabin° Creek. Knowledge of such relationship will be a

valuable tool in tracking stream's water quality variations. Calibra-

tion curves derived from conductivity-discharge relationship can also

be used in tentative solute budgets for the Sabin° Creek Watershed.

Flow, water temperature and time of the year are the hydrologic

variables considered in-this study.

Apriori Expectations

Numerous studies have been made in the area of stream flow and

water quality relationship in streams. These investigations have

ranged straight forward graphical representation to more sophisticated

mathematical formulas. The interrelationship between river discharge

and chemical pontent has been recognized by hydrologists as a means of

providing information about the hydrologic processes at work within a

catchment area. Graphical representation is almost included in all
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stream studies. The trend of water quality and the relationship of

dissolved constituents to river discharge, is especially important for

planning, management and development of river water resources. The

interest in that relationship has led advanced studies beyond simple

graphical representations. Many advances have characterized academic

and applied studies of water quality/quantity relationships in recent

years. Various approaches have been taken by the previous researchers.

However no single approach has been accepted for general use. Besides

comparisons between the various methods have been inconclusive. Prior

to any attempt of establishing an appropriate relationship investiga-

tion of expected relationships aids in the selection of reasonable

approach. Knowledge of the various factors controlling the relation-

ship and the underlying physical and chemical processes, and results

obtained by previous researchers, contribute to these expectations.

The association between conductivity values and stream dis-

charge is divided into two components: a deterministic component D

(Q, T, ..) which is a function of flow rate, time and any other hydro-

logic variables; and a stochastic component E whose probability

distribution parameters are a function of hydrologic variables.

A general governing equation for concentration may have the form

C= D(Q,T,..) + E 5-1

The stochastic term E of the equation is useful in preserving popula-

tion characteristics during simulation. Since the intent of this study

is to obtain the best possible estimates and not to simulate, the

stochastic pert of the residual can be neglected.
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The deterministic part is expected to follow either a dilution

model such as

	C= a/(1+bQ) + c	 5-2

suggested by Johnson et al. (1969) or a basic equation such as

C = aCP 5-3

where a and b are regression coefficients. This equation was first

used by Ward (1958).

Other equations may also be developed based on mixing models,

chemical weathering models under various assumptions (Hall 1971).

Man's activities like urbanization, irrigation and sewage

disposal into the streamflow may cause trends or jumps in the relation

between flow and concentration. The occurrence of forest fires and

similar sudden changes could also have an effect on the relationship.

Deposition of salt through evaporation may yield an intense

initial peak in concentration with the next substantial storm. This

wash out effect was observed by Pionke and Nicks (1970). Changes in

the proportion of surface water and groundwater may account for

different concentrations for the same flow magnitude, causing loop

effects known as Hysteresis.

An Ideal Model 

An ideal model should take into account all of the effects

explained in the previous section. On a short time scale flood event

is expected to produce flow and concentration relationship similar to

the one shown in Figure (5-1), where readily solute salts are washed



Time
	 Flow

Figure 5-1. Quality Response to Flood Events on a Small Time Scale
(Lane, 1975).
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out during the initial stages. A clockwise loop effect is also

expected where the baseflow has relatively high mineral concentration.

On a large time scale the effect of time of year would become

apparent. During the rainy season the groundwater is expected to have

lower salt concentration due to the relatively short residence time and

therefore generally lower concentration for the streamf low. Figure 5-

2 shows a sketch diagram of the expected flow-concentration relation-

ship.

In order to arrive at an ideal model it is essential to include

the flow separation concepts of Hart et al., (1964), the dilution model

with variable groundwater storage of Johnson et al., (1969), the

chemical dissolution model of Langbein and Dowdy (1964), the mass

balance concepts proposed by Hem (1970), the flood event hysteresis

effect presented by Hendrickson and Krieger (1964).

A number of models for flow separation are possible. Among

than are the following two mass balance equations

Qt =Q  Qg 5-4

and 011,t ; = Q6C5 + Q6C:g + QC 5-5

where the subscript t denotes total, s denotes surface, g denotes

groundwater and i denotes interflow. If one would able to measure each

variable in the equation the stream's salinity can be calculated by

Ct = (Q,C, + 0g Cg + 011i CO/Qt 5-6

Usually the only measured variable is the total flow and 0,6 and Q11 are

calculated as a function of Qs , e.g

Qg = f(t) Q1 = f(t)

Assuming that groundwater and interf low concentrations follow
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Figure 5-2. Groundwater Flow and Quality Response to Seasonal Cycles.
(Lane, 1975)
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Nerst's law, the Langbein and Day (1964) approach can be adoptedwhere

the rate of solute dissolution, L, is given by

L =ADUS-C)/S) 5-7

where A is the area of contact, D is the maximum rate of dissolution

possible, S is the saturation concentration, and C is the water's

actual concentration. The rate of solute transport is equal to the

rate of solute dissolution at steady state. Therefore

Q(C-00=AD{(S-C)/S} 5-8

where Ct, refers to the interf low concentration or groundwater system.

Solving for the concentration

0.[S(14.QC0 )/ADV(1+%/AD) 5-9

Surface flow concentration is not expected to follow this type

of law. Concentration of salts in the surface flow would be expected

to be more a function of flow rate and particularly antecedent flows.

By establishing appropriate relationship between surface flag and

concentration, surface concentration can be calculated from such

relationship.

Utilizing values obtained from all the above equations the

stream concentration may be calculated by

Ct = (4% Cs 4glog Cg +1% )/gpt

Although this ideal method is appealing, the difficulties

involved make it unworkable. This method is considered unrealistic for

the simple fact that several parameters or constants must either be

estimated or assumed.
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Selection of the Basic Equation

The primary objective of this study is to investigate the basic

relationship between concentration and discharge and to produce solute

rating curves. Separation of flow components is not considered. Thus,

in this section we focus on the influence of discharge on concentra-

tion. Water discharge is one of major factors affecting concentration

of Total Dissolved Solids in the river's water. An inverse trend

between solute concentration and discharge is to be expected if all the

other factors are constant.

Although numerous studies on this area have been undertaken, no

single approach has been accepted for general usage. Therefore it is

not clear what type of equation Should be used as a base. In attempt

to find the most suitable form, several equations chosen for studies

were selected from those used by other researchers (Equation 5-10,

Ward, 1958; 5-11, Ledbetter and Gloyna, 1964; 5-12, Langbein and Dawdy,

1964; 5-13, Durum, 1953; 5-14, Hall, 1970).

The equations - of Table 5-1 were tested using conductivity data

collected from Station 1. Individual flow data were used. A least

squares fit was made of the equations. Table 5-2 Shows the resulting

parameters for those equations which fit the data well. The results

Show, however, that some equations perform equally well. In plotting

values obtained from several water quality parameters VerSUS flow for

all the three stations, none of the data suggested any reason to chose

any particular equation or to perform further testing. Therefore a

basic equation was chosen based on three factors: quality of fit,

number of parameters, and ease of estimating the parameters.



Table 5-1. Conductivity-Flow Equations

Power Equations

C= ac'

C = aCP + c

Reciprical Equations

C = 1 /(a + bQP)

C = a + b/ci

Semilogarithimic Equations

C =a+blog Q

Linear Equations

C = a + bQ

Exponential Equations

C = alOPQc

Per Series Equations

C = - aQ - 1302 - cc)? + d
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Table 5-2. Parameters of Conductivity-Flow Equations Fit to Data
Obtained from Sabin° Creek Dam Station #1

Equation	 Parameters	 Correlation ooeff.

a= 63.69
5-10	 b= -.0616	 .836

a= 63.7
5-11	 b= -.05	 .84

c= 5.25

a= .005
b= .01
c= .15

a= 60.87
b= 1.83

a= 67.5
b= -1.825

a= 70.5
b= -1.5

a= 71
h= -.0215
c= .35

a= -.25
b= -.015
c= -.02
d= 65

5-16 .80

5-17 .79

5-15 .80

5-12 .83

5-13 .836

5-14 .82
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Thus equation 5-10 is chosen for further use. Besides this equation

has been widely used by other researchers on a variety of rivers.

In utilizing equation 5-10, it is advantageous to rewrite the

equation in logarithmic form. The logarithmic form has the advantage

of presenting a linear relationship of the variables and therefore

easily fit by least squares linear regression upon the logarithms of

the considered variables and the parameters being easily identifiable

as the slope and intercept for a logarithmic plot. Equation 5-10 using

base 10 logarithms has the following form

logC = blogQ + loga 5-18

Where C is the concentration of the dependable variable, Q is dis-

charge, a and b are regression coefficients.

The logarithmic equation 5-18 has an additional advantage over

many of the equations which were tested. Regardless of What values are

obtained for the parameters, the predicted value for the dependent

variable must be greater than zero.

Investigating Discharge-Quality Relationships

A simple linear logarithmic relationship explains a large

portion of the variance of log transformed values of the considered

variables for all the stations (See Table 5-3). Both the R2 , the

square of the correlation coefficient and 0, the standard regression

error values are important to judge the results of the fit. R 2

measures the strength of the relationship and indicates what remains

unexplained after the fit. A low value of R2 is not, however, serious



Table 5-3. Fit of equation 5-18

Location

logc = blogQ + loga

Variable(c)	 loga

Conductivity 1.805 -.0465 .65 .014
Ca .67 -.069 .53 .036

Station #1 Mg .213 -.038 .57 .015
SO4 .69 -.057 .28 .045
Cl .29 .006 .05 .052

Conductivity 1.812 -.048 .67 .012
Ca .689 -.098 .50 .038

Station #2 Mg .209 -.045 .52 .016
SO4 .705 -.05 .32 .07
Cl .284 .015 .012 .054

Conductivity 1.808 -.055 .63 .016
Ca .697 -.069 .56 .018

Station #4 Mg .207 -.045 .57 .018
SO4 .717 -.0707 .29 .028
Cl .254 .028 .045 .028

50
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if not accompanied by high value of 9. In other words, a high value

of 1R2 indicates a great deal of explained variance using the relation-

ship regardless of 0 value. The values of R? and 0 shown in the tables

of this section are in terms of the logarithms of the normal data and

as a result are dimensionless. The explained variance of conductivity

varied from 63% to 67% for the three cross sections on the stream using

the linear logarithmic relationship. The units for conductivity are

taken as micromhos per centimeter and the units for inorganic con-

stituents concentration as milligram per litre and the units for

discharge as cubic feet per second.

As shown in Figures 5-3 to 5-6 there is an overall agreement

among the behaviors of corresponding variables for the various cross

sections considered. This fact actually restores ones confidence on

these results. Positive values of the slope of the fitted curves were

only encountered in few cases, and would seem to reflect two causive

factors. First case, positive values of coefficient b of equation 5-18

are occasionally associated with rivers exhibiting extremely low levels

of solute concentration and can be tentatively explained by atmospheric

sources. In such situations, maximum dissolved solids concentrations

may be encountered during storm events when surface runoff mobilizes

solute materials that have accumulated at the surface as a result of

atmospheric fall outs or evaporation of prior rainfall. Second case,

no characteristic level of solute concentration is evident and geochem-

ical explanation may be invoked.

In all cases, except chloride, the slope of regression is

negative as the concentration of the dissolved constituents is
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Figure 5-4. Trend Analysis of Specific Conductance Stream Discharge
Relationship at End of Sabin° Road Station (#4).
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Figure 5-5. Trend Analysis of Ca Concentration Stream Discharge
Relationship at Sabin° Creek Station (#2).
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inversely correlated with discharge. In some cases the coefficient of

determination, R, may not seem strong indicating a good portion of

unexplained variance. The existence of a trend in the considered

relationship as a result of man's activities is possible. There are

also other factors equally capable of producing similar effects.

Concentration discharge relationships over long periods of time may be

obscured by non-random diurnal or seasonal fluctuations due to biologi-

cal or chemical processes (Hall, 1970). The fact that discharge and

conductivity series are periodic requires an examination of periodic

behavior of the regression coefficients. An apparent conclusion is

that a water quality judgement Should not be made without accounting

for the periodic variation.

One possible explanation for the poor correlation coefficient

between discharge and Chloride concentration could be that there is no

significant difference in Cl concentration between groundwater flow

component and surface runoff component. For Chloride concentration

values are relatively low, the possibility of sewage effluent discharge

is excluded. The dilution effect of high discharges on concentration,

for example of magnesium and calcium, produces a negative slope for the

regression equations. Mbst of the variation In concentration is thus

explained by variations in the proportions of the discharge components.

In addition to rainfall, sulphate concentration is probably derived

from the leaching of calcium sulphate from the soil. Dissolution of

near-surface materials, probably evaporite deposits, can also con-

tribute to the SO4 content.



CHAPTER SIX

MAGNITUDE AND PATTERN OF SOLUTE BEHAVIOR

Chemical Hydrograph

A hydrograph showing changes with respect to time of some

chemical property of water in a stream, or underground, is generally

termed a chemical hydrograph.

Use of Chemical Hydrcqraphs in Water Quality Studies

Determination of erroneous or atypical analyses. Usually,

errors in chemical analyses are attributed to one or more sources.

There are, however, several methods in checking analyses. One method

of checking analyses involves comparing the summation of cations to the

summation of anions. Unfortunately this method of checking the

correctness of analyses has inherent limitations, because of the

occurrence of calculated values for some constituents.

Other factors besides errors can lead to atypical analyses for

certain constituents. Several methods of analyses are in common use

for the determination of most ionic species, and results for the same

water sample may not be equivalent. This source of difference is

usually assumed negligeable. The period of time between sample

collection and determination can be vital for some constituents. e.g.,

natrates. Contamination of the sample containers and variation in the

method of sampling can cause variations in analytical results.

Plotting of chemical hydrographs is extremely valuable in

indicating these erroneous or atypical values. Erroneous or atypical

57
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values can lead to invalid conclusions regarding the actual changes

occurring in water quality. Knowledge of the hydrologic conditions and

possible variation of constituent concentration is essential in order

to judge the presence or absence of erroneous values. Once these

atypical values are isolated, meaningful trends in water qualities can

be sought.

Documentation of major changes in water quality. Changes of

natural concentrations of the ionic species both in groundwater and

surf acewater are, generally, small and gradual. Therefore, rapid and

high variation of concentrations reflect the effect of man's influence

on water quality. The development of septic tank disposal systems,

sewage percolation ponds, industrial waste disposal ponds, and nitrogen

fertilizers in agricultural areas have resulted in substantial increase

in the nutrient content of many water sources.

Chemical hydrographs usually display changes in concentration

of a chemical constituent in a given length of time.

Illustration of effects of hydrologic factors on water quality.

Comparisons of chemical quality from one year to the other have

sometimes been made without regard to the seasonal variation. Samples

for water quality analyses should be collected at approximately the

same time each year in order to make valid comparisons. Chemical

hydrographs can indicate both the range of concentration exhibited on

seasonal basis and significant trends. In this study ,there are no

sufficient data to detect long term trends. Thus chemical hydrographs

are developed to investigate short term trends or fluctuations.
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Interpretation of nitrate or phosphate changes alone is

difficult and ambiguous. Because several potential sources of these

constituents occur in Sabin° Canyon. However, plots of other con-

stituents, particularly chloride, can indicate if a change is peculiar

to nitrate or phosphate alone. Since Cl is used in sewage treatment

processes, similar patterns of Cl and nutrient concentrations may

indicate the introduction of sewage effluent into the stream flow. A

discussion of trends displayed by chemical hydrographs must include

streamflow records. In addition if these hydrographs are used in

conjunction with trilinear diagrams, distribution of major chemical

constituents, better conclusions can be reached.

Spatial Correlation

Spatial sampling program was conducted in attempt to identify

input zones for various individual ions. Total and individual solute

concentrations are relatively higher in the Upper portion of the

watershed. There are several things, any of which is capable of

causing this effect: a) the fact that the upstream (Summerhaven)-

downstream (recreation area) differences in ion levels are within the

standard deviation of the observed data and there are very few water

samples from the Summerhaven area, the difference could be due to

analytical error; b) the cold springs which feed the stream at Summer-

haven may have relatively high TDS. Consequently, the downstream

springs dilute the stream discharge; c) the resident community in

Summerhaven may have an impact on the river's water quality by the
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following means: i) an illegal waste disposal at least during sampling

period. ii) leaking sewer line.

Analyses of water samples from stations at Lower Sabino Creek

where this study was specifically aimed, do not show spatial variations

of solute ccncentraticns. This observation suggests that the portion

of the stream covered by these stations experienced the same environ-

mental impact at least during the study period.

Investigation of Cyclic Behavior

The solute content of rivers exhibit fluctuations through time

at individual stations in response to seasonal marches (Walling, 1975).

Previous researchers also found that concentrations were higher during

the falling stage than during the rising stage of the same flood. This

effect was attributed to a greater proportion of groundwater discharge

into the stream during the period of the falling stage which, in turn,

causes deviations related to time of year. It is important to isolate

such systematic variations before any attempt to determine variations

resulted from man's activities. As Hall (1971) pointed out, concentra-

tion flow relationship are sometimes masked by systematic variations.

Such effects may be better investigated by time series analyses rather

than regression analyses with discharge as the independent variable.

A three-dimensional relationship of flow-conc.-time(Q-C-t)

allows the concentration to be examined as a function of flow during

the course of time, and different concentrations, related to the same

discharge level occurring at different times of the year, can be

readily identified. The Q-C-t diagram in Figure 6-1 reveals a cyclic
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variation in concentration. For example the same flow rate at August

and December has different concentration level. This indicates that

the observed variation was in fact not only due to random factors. In

all basin with a significant snow contribution, the cyclic behavior

of geochemical components appears greatly affected by the melt runoff

in spring which leads to a much lower mineral content than at other

times of the year when groundwater contributes a higher proportion of

stream flow. TDS indexed by electrical conductivity in winter reflects

the occurrence of low concentrations and are distinguished from those

of summer storms. The effect of the flushing of previously accumulated

soluble minerals by the early summer storms in August is evident in

Figure 6-1. A cyclic behavior can also be characteristic of the

relationship between precipitation and stream flow. In winter, there

is considerable variation in precipitation (snow) with little or no

change in streamflow. During snowmelt, high flow results from little

or no precipitation and then a transition leads to summer and autumn

conditions with obvious evaporation losses. This pattern reveals an

underlying seasonal influence on the varying contribution of water from

groundwater, snowmelt and rain during the course of the year. Since

each of these water types has a different range of concentrations for

geochemical components as well as for nutrients, it may be considered a

logical consequence that cyclic behavior will also characterize the

concentration for most ions found in stream water. Mbst of the major

ions investigated in this study follow, although sometimes not strong,

the dilution model of the ground water component. One exception is the

case of Chloride, which may remain unexplained by the dilution phenom-
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ens. In some instances this may reflect approximate chloride con-

centrations in surface runoff and in groundwater, so that a change in

source doesn't cause a change in concentration.

Sabin° Creek has very low concentrations of all constituents

and reflects a relatively stable condition of Sabino Watershed. The

primary reasons for this low concentration are: i) the short residence

time of the groundwater which is a season to the longest, is a factor;

ii) the predcminant rock type, underlain by the watershed, is basement

rock. The fact that the Sabino Creek is predominantly charged by

winter snow melt could also be part of the reason for monsoon storms

are more violent and hence disturb the top soil. A large proportion of

ions such as SO4 and Cl in the stream waters are either of weathering

or atmospheric origin, since there is no apparent source of input such

as irrigation or other sources as a result of human activities.

Usually sulphates are derived from sedimentary rocks, therefore the low

value of SO4 is reasonable. The pattern of relatively high summer

concentration of TDS was observed for all the stations in the Lower

Sabin° Canyon and reflects the effect of antecedent flows. Ca and Mg

concentrations decreased with increasing flow and seem not to be

greatly affected by the summer storms (see Figures 6-2 and 6-3).

Water temperature is another factor characterized by cyclic

behavior, and since it can influence solute levels by changing the rate

of nutrient consumption, variation of water temperature may also cause

cyclic pattern of concentration. No influence of temperature was

noticed.
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CHAPTER SEVEN

SUMMARY AND DISCUSSION

The study period extends between August of 1986 to May of 1987.

About 300 water samples were collected from Sabin° Creek in this

period. The field pLuyiam was conducted on stations shown on the Map

(Figure 1). Since the research was focused on the Lower Sabin° Creek

most of the samples were drawn from stations in this part of the

watershed. Chemical and physical hydrographs were prepared for

Stations 1, 2, and 4 in the Lower Sabino Canyon with more than five

chemical and physical analyses. The results of regression are also

used in a discussion of the processes influencing the concentrations of

the dissolved constituents. Accordingly, although the following

discussion is based primarily on the August 1986-May 1987 survey data,

it is considered to be representative of stream's present conditions.

A mathematical procedure for extracting inorganic water quality

information from flow record has been selected and applied to the data

obtained from Lower Sabino Canyon. The method selected relies on two

basic principles: 1) The total and individual concentration of inor-

ganics is highly related to hydrologic variables; 2) The ion con-

centrations are deterministically related to the conductivity, because

conductivity is used in this study as index of Total Dissolved Solids.

Several possible relationships were investigated prior to any attempt

of model application. It was found that a linear logarithmic relation

was appropriate. Conductivity measurements were fit with a linear

logarithmic equation with discharge. For the Total Dissolved Solids
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(TDS) of the three stations studied, the explained difference as a

result of model application, ranged between 63 percent and 67 percent.

TDS values were derived from conductivity measurements by using

calibration curve (See Figure 7-1). The calibration curve was

constructed by the author by measuring the conductivities of different

concentrations of NaC1 solution. All regression equations revealed

negative slope coefficients indicating inverse relationship between

discharge and TDS. The remaining unexplained variance is attributed to

atmospheric sources and depletion of soil during storm runoff. The

Sabir ° Creek has relatively very low concentration of IDS. It is due

to the fact that Sabin° Creek drains a catchment which is predbminantly

underlain by crystalline rocks. Consequently the dilution effect is

reduced because rainfall concentration and basef low concentration

differences may not be great. The conductivity-discharge relationship

developed in this study can be used as solute rating curve, from which

can be predicted concentration of pollutants and quality of potable

water. These rating- curves - permit the monitoring of the creek's water

quality by only continuously recording the discharge rates.

The variation of Cl and SO4 concentrations seem to be indepen-

dent of discharge. The explanation of this apparent lack of relation-

ship of Cl, SO4 and discharge is thought to be there is no difference

in ion concentrations between stream runoff and basef low. On other

occasions the effects of dilution, if present, are of the same order as

the analytical precision. Chloride is the only inorganic constituent

with positive slope coefficient. Actually the relationship is somewhat

obscured by the effects of autumn flushing, or atmospheric inputs.
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Unlike chloride, Sulphate concentrations pay some respect to the

dilution model as indicated by the negative slope coefficient.

Increases of Cl, So4 concentrations at the onset of storm hydrographs

seem to weaken the concentration-discharge relationship, as salts that

had accumulated during the period of summer moisture deficit were

flushed from the soil. For concentrations of these constituents are

very low, the possibility of a sewage input is unlikely. The input of

sulphate from precipitation is assumed negligible. The dissolution and

leaching of sulphate minerals from the soil accounts for virtually all

the sulphates in Sabiro Creek. Differently Chloride is a rare con-

stituents of minerals and there are no apparent sources resulting from

human activities such as fertilizers or spreading of de-icing salt on

the roads. Although not quantified, however, the input of Chloride

from rainfall is appreciable.

Calcium and magnesium concentrations exhibit strong dilution

with increasing flow and this behavior is related to the occurrence of

limited -supplies in the soil and- ready leaching  and depletion of the

ion during storm events (Davies, 1971). This results in the negative

correlation coefficient. The strong relationship reflects less ion

concentration in the runoff component of the stream discharge. It is

assumed that calcium and magnesium are derived from the weathering of

crystalline rocks, though some may be derived from leaching of CaSO4

from the top soil.

Concentration of Total Nitrate (NO3) in streamwater influences

growth of living organisms in the stream. In streamwater, natural

sources of NOS are from decomposition of bottom materials, soil runoff,
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precipitation on water surface, and fixation of atmospheric nitrogen.

Large amounts of inorganic nitrogen usually indicate sewage effluent or

agricultural runoff. Therefore, nitrate levels can be used as a

measure of the degree of pollution of a given water body. Total NO3-N

and Orthophosphate concentrations were generally below the laboratory

detection limits. Detection limits were 0.6 mq/L for NO3-N and 2 mq/L

for PO4. These values were, however, well below the recommended

drinking water limits of 10 mq/L NO3-N. Significant deviation of

nutrient concentration from normal values would indicate domestic waste

disposal. Nutrient levels in Sabin° Creek, particularly Total NO3-N

and PO4, showed no real difference in comparison with previous condi-

tions of the Lower Sabino Creek (see Table 7-1).

This indicated the creek's stability chemically. It would

have, however, been more dramatic and accurate if we were able to

measure smaller concentrations of NOG, and PO4. Because nutrient

values might have gone far below those observed in the past. Observed

Cl data did not suggest - the presence of sewage effluent in the stream-

flow. This was not startling since Summerhaven Treatment Plant does

not discharge its sewage effluent, anymore, into the Sabino Watershed.

The scope was, however, to examine if there was occasional failure (e.g

leaking sewer line) of the treatment plant.

Regression generally explained between 50 percent and 70

percent of the variance for Total Dissolved Solids, calcium and

magnesium at all sites. In contrast, the explained variance was less

than 40 percent of the variance for Cl and SO4 at most sites. Edward

(1973) also observed that the average explained variance in



Table 7-1. Mean Value Ranges for Nitrates and Orthophosphates
for the Study Period, by Present, Past, and Compared
to Other Natural Streams

SABIN° CREEK
Present

Nitrates(Mg/L)	 <.6
Orthophosphates	 <2.0

(Mg/L)

CONDITION
Past

.2 to .5
.01 to .9

COMPARED TO
Other Streams

1ow, usually <3.0
average .01 to 1

71
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Norfolk watersheds varied from 25 percent to 50 percent. In contrast,

Steel (1968) found that concentration-flow regressions generally

explained more than 82 percent of the variance of the considered

variables in a catchment in California, while Buckney (1977) reported

that simple linear logarithmic relationships explained only 12 to 54

percent of the variance. Birtles (1978) suggested that hydrograph

separation may improve the proportion of the variance explained. For

some constituents like Cl, NO3-N and SO4, it is clear that the simple

model proposed by Ward (1958) cannot be adopted generally because of

the complex responses of these constituents to runoff, antecedent

rainfall and season (Hood, 1976; Williams,1976).

Investigation of spatial behavior Showed no contrasts In

patterns. The pattern of response of concentration levels to stream

discharge for all the three stations in the Lower Sabin° Creek was

similar. Many variables have Shown significant correlation coeffi-

cient. Although numerous statistically significant relationships

existed among many of the physical-chemical variables, the major aim

was to describe the interrelationships between streamflow and specific

conductance as well as the variations of certain parameters due to

location changes. Conductivity values from Stations 1, 2, and 4 showed

negative correlations with discharge.

Analyses of variance were also carried out to detect differ-

ences In mean physical and chemical parameter data with location

(station). Significance difference for analyses of variance was set at

the five percent level (0.05). Based on the null hypothesis that there

was no difference between mean values of corresponding water quality
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parameters among stations 1, 2, and 4, no parameter showed rejection of

the hypothesis; no significant differences. Analyses of mean chemical

parameter data among the considered sample locations were based on the

t-test. The result supports the conclusion that the Lower Sabin°

Canyon experienced the same environmental impacts during the study

period. The resulting relationship also rejects the acceptance of

possible recreation effects during holidays and weekends, for Station

#4 is rarely visited by the visitors. In other words, there is no

evidence of impact due to the heavy recreation uses in the recreation

area. Results from time lag analyses led to the conclusion that there

was no significant improvement by considering the lagged relationship

between discharge and solute concentration.

Plotting and classification of solute levels against discharge

provides evidence for a clear annual hysteresis in solute content.

Construction of discharge-concentration-time diagrams has shown that

other factors affect the behavior of particular parameter concentration

and cause significant variation at a particular discharge level.

Figure 6-1 reveals that August stream discharges have relatively higher

concentration levels than Winter (December) discharges. This effect is

probably due to the flushing of deposited soluble salts by summer

storms. The varying contribution of water from rain, snowmelt and

groundwater causes seasonal influence since each of these water types

may have different concentrations of inorganic constituents.

Variation of water temperature may also have influence on

solute levels. Usually nutrient concentrations in summer and Autumn

reflect the occurrence of low concentrations. Biological reactions, in
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particular, are expected to be affected by temperature leading to a

lowering of solute concentration. From this study, there is no

evidence of variations in temperature affecting solute concentration.

A number of processes are thought to be responsible for this phencmena.

First, there may not be sufficient biological activities to affect

nutrient consumption and lower concentration. Secondly, since reduc-

tion of nutrient concentration is expected to occur in the summer,

violent summer storms may mask the effect of temperature.
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CHAPTER EIGHT

CONCLUSION

The research findings suggest that Sabino Canyon's water can be

used for most beneficial uses provided that the river's water quality

is kept as it is now.

No major point pollution sources were identified during the

study period. TDS were high on the Summerhaven Area indicating that

point source contamination might have occurred during the survey.

Since the data collected from Summerhaven were not statistically

significant, the validity of the indication of point source is ques-

tionable.

Regression functions were obtained for conductivity and four

other inorganic constituents. Conductivity, Ca, and Mg concentrations

were mostly diluted by the increase of streamflow and the calibration

curves produced in this study can be used for future stream water

quality monitoring. In contrast, SO4 and Cl concentrations didn't show

significant correlation with discharge. It was assumed that the

relation was obscured by the flushing effect of violent summer storms

and the low solute concentration of Sabin° Creek. Separation of

hydrograph canponents and sampling of the rising and falling stages of

storm hydrographs at different seasons may, however, provide more

information on the true relationship of discharge and solute concentra-

tion. Eventually the mathematical methods developed in this study can

be used for two purposes: 1) extracting additional water quality

information from past records of flow and 2) predicting inorganic water
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quality without actual chemical analyses. Human activities did not

seem to play a dominant role in the chemical balance of the creek. No

short-term fluctuations were witnessed during the study period.

Finally no effect of diurnal variations in temperature was noticed.
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