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ABSTRACT

A study was conducted during the Summer of 1970 to determine

the water quality changes in a small mountain stream due to a septic

tank system serving a resort area. Samples collected upstream and

downstream of the plant effluent were analyzed for various chemical

and bacteriological parameters of pollution.

Pollution was found not to be confined to the downstream reach,

but also extended above the plant effluent because of other sources.

Although the level of degradation at the point of sewage addition was

not of a severe magnitude, improvements in the disposal of liquid

wastes are desirable for the protection of the recreation area.
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CHAPTER 1

INTRODUCTION

The community of Summerhaven, located near the summit of Mt.

Lemmon, the major peak of the Santa Catalina Mountains, Pima County,

Arizona (Figure 1) has long been a popular summer cabin area for resi-

dents of Tucson and a cool picnic area for many more. The refreshing

altitude of Summerhaven, at an elevation of 7,600 ft. has been the

summer residence for some 60 people.

The resort village of Summerhaven is built on the headwaters

of Sabino Creek, a mountain stream rising from the summit of Mt. Lemmon.

The creek traverses Summerhaven and flows through Marshall Gulch to

drain into lower Sabino Canyon, a second recreational area, 18 miles

further down. Much of the water is derived from snowmelt in winter

and runoff in summer.

As usage of the area increased, it became evident that facili-

ties for proper sanitation was fast becoming inadequate. In 1958, a

septic tank collection and disposal system to relieve the problem of

pollution of Sabino Creek in the Summerhaven area, was designed and

constructed. The intent of the system was to collect sewage originat-

ing proximate to Sabino Creek and convey it to a central point for

treatment. Septic tank effluent was treated using an underdrained

1
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subsurface disposal field. The collected filter effluent was dis-

Charged to Sabino Creek at a location downstream from the habitated

area.

The septic tank system serves only those cabins and commercial

establishments located near the paved road. There are only 26 con-

nections on record, although the Summerhaven community may well have

over 100 cabins. At the time of the survey only one commercial

establishment, a newly-built lodge, was in operation. A second lodge

was closed, at least temporarily.

The 5,000-gal. septic tank system originally discharged to a

1,200-sq. ft. leaching bed, as shown in Figure 2. The operation of

the bed periodically suffered because of the very shallow groundwater

table. This greatly reduced the efficiency causing ponding on the

surface and sewer backup. To relieve this condition, a cut was made

into the upper portion of the bed allowing much of the waste to flow

directly to the stream. The septic tank effluent was chlorinated to

the extent of five pounds of gaseous chlorine per day.

The purpose of this study was to determine flow characteristics

and composition of Summerhaven raw sewage and the effects of the dis-

charge of chlorinated septic tank effluent upon Sabino Creek.

3
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CHAPTER 2

LITERATURE REVIEW

General

An extensive review of the literature concerning the effects

of organic pollution on flowing streams is beyond the scope of this

study.

For general interest, a paper by Bartsch and Ingram [1]

summarizes in excellent fashion the broad aspects of domestic sewage

pollution and its effect on streamlife and processes of self-

purification.

However, inherent in any disposal of sanitary works is the

danger to public health due to the presence of disease-causing micro-

organisms.

Bacteriological Criteria 

In any volume of water, the number of pathogenic bacteria is

very small in comparison with the numbers of other bacteria present.

This together with the fact that the pathogenic bacteria are of many

different kinds, means that the detection and identification of patho-

genic bacteria is virtually impossible on a routine analysis basis.

Indicator organisms, therefore showing the possible presence

of pathogenic bacteria, are used as a measure of biological contamina-

tion. These organisms used as indicators are bacteria found in, but

not limited solely to the intestinal tract of human beings.

5
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In the past, the coliform group as a whole was used as an

indicator of biological contamination. This group is comprised of two

principal and distinctive genera, Eaherichia and Aerobacter of which

E. ooli and A. aerogenee are the principal members. E. coui is

considered to be of fecal origin. As demonstrated by Geldreich [2],

A. aerogenee, although occurring in the intestine of warm-blooded

animals can also be found in both polluted and unpolluted soils. In

a later evaluation of the tests available for the determination of the

coliform group, Kabler, Clark, and Geldreich [3] found that fecal

coliforms, when compared with the entire coliform group, have a more

precise sanitary significance and that fecal coliforms may be con-

sidered indicative of recent fecal pollution from warm-blooded animals.

A high density of the coliform group could possibly be due to

the presence of soil organisms and not fecal contamination. Mis-

interpretation of coliform group data as indicators of pathogens is

therefore,common. Another problem with the coliform group as indi-

cators is the aftergrowth phenomenon following disinfection caused by

both the breaking up of solids containing bacteria and the relative

case with which A. aerogenea is able to reactivate itself.

Geldreich [4] reported that coliforms which survived chlorination

could increase in density by 10 to 100 times within one or two day's

travel downstream. Such data would indicate a possible pollution

problem when none really existed.
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While the coliform is accepted as showing possible fecal and

pathogenic contamination in water, interest has been renewed in the

fecal streptococcus group as an indicator organism. One of the main

advantages that Morris and Weaver [5] found with the use of the fecal

streptococci is that the streptococcus group does not multiply in water

as do members of the coliform group.

In waterquality surveys, the application of tests for fecal

coliforms and fecal streptococci is becoming more prevalent as an

adjunct to the determination of the total coliform density. A mean of

evaluating these data is the use of fecal coliform - fecal streptococcus

relationships. These often provide valuable insights as to the source

of contamination. Geldreich [2] reported that the ratio of fecal

streptococcus to fecal coliforms [PS/PC] from humans was generally less

than one, while comparative non-human ratios tend to be considerably

greater than one.

Bacteriological Standards of Recreation Water 

Surveys done on streams or lakes from the public health point

of view should incorporate the bacteriological quality of water. How-

ever, data are lacking as to the levels of contamination which may

constitute a hazard to public health.

The problems of acceptable and uniform coliform standards

apply to recreation waters. In a survey of the existing standards,

McKee and Wolf [6] concluded that standards for bathing waters set

by various state, interstate and local agencies were established con-

sidering only the aesthetic conditions and the ability of an area to



comply to the standards. No coliform standards were found that were

based on bacteriological and pathogenic evidence. In an effort to

remedy the situation, the states were required, under the Water Con-

servation Fund Act of 1965 and the Water Quality Act of 1965, to

coordinate their plans and criteria for recreation waters. A recent

report "Water Quality Criteria" (7] recommended that fecal conforms

should be used as the indicator organisms in recreation waters and

that the following standards be applied:

1. Primary contact recreation area .... as determined by
either multiple-tube fermentation or membrane filter
procedures and based on a minimum of not less than
five samples taken over not more than 30-day period,
the fecal coliform content shall not exceed a log mean
of 200/100 ml, nor shall more than ten percent of the
total samples during any 30-day period exceed 400 -

100 ml.

2. Recreation other than primary contact .... fecal
coliforms determined by either the multiple-tube
fermentation or membrane filter technique, should not
exceed a log mean of 1,000/100 ml nor exceed 2,000/
100 ml in more than 10 percent of the samples.

3. Surface water that is not injected .... fecal cou-
forms shallshall not exceed an average of 2,000/100 ml and
a maximum of 4,000/100 ml except in mixing zones
adjacent to sewage outfalls.

8



CHAPTER 3

LABORATORY PROCEDURES AND ANALYSES

Selection of Samplinj Stations 

To access the effects on Sabino Creek by the septic tank system,

five sampling or station points were selected, upstream and downstream

from the points of plant discharge over a 1.5 mile creek reach (Figure 3).

Two stations were chosen on the headwaters of Sabino Creek and upstream

from the septic tank; one station immediately below the discharge of

plant effluent, and two further downstream terminating at Marshall Gulch.

Note should be taken that Station 4, located at the beginning of Marshall

Gulch, was established following a 24 hour initial sampling.

Station
Number

Details of the sampling stations are as follows:

Location
Distance in Feet
from Station 1

1 Headwaters of Sabino Creek upstream
from Summerhaven 0

2 Immediately above the septic tank 4677

3 Immediately below plant discharge 4783

4 Beginning of Marshall Gulch 7015

5 End of Marshall Gulch 7704

9
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Preliminary Sampling 

To study the gross diurnal variations of creek water constituents,

samples were collected over a 24 hour initial test period, June 16, 1970

at points upstream and downstream of the entrance of the septic tank

effluent. Four sampling stations were established for this purpose over

a 1.5 mile stream reach. Six samples from each station were collected

at 4 hour-intervals over the 24 hour operational period. Chlorine resi-

dual below the plant effluent and dissolved oxygen were sampled and

analyzed on site. Sewage flow measurements were made by installing an

8 inch Palmer-Bowlus flume at a manhole invert above the septic tank.

The sewage flow was read at 2 hour intervals. Additional samples were

returned to the laboratory for analysis.

Extended Sampling 

Grab samples were obtained from each of the five sampling stations

on July 2, 10, 18, and 28, and August 5 and 19, 1970. Within this period,

a wide range of stream flow was encountered because of summer precipita-

tion and runoff.

Sampling Procedure 

Grab samples were collected from each of the sampling stations

established above and below the plant effluent. Samples for chemical

analyses were collected in a 2-liter bottle. A 100-ml bottle was used

for COD samples which were preserved with 0.2 ml of concentrated

sulphuric acid. For bacteriological analyses, samples were taken in

sterile plastic bags and stored under ice. For samples collected below
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the plant effluent, sodium thiosulphate was added to neutralize any

residual chlorine. Samples were immediately taken to the laboratory and

refrigerated.

Creek flow was roughly estimated at Station 4 in Marshall Gulch

by recording the time to fill a bucket of known capacity. Sewage flow

to the septic tank was determined, but no samples were taken.

Method of Analyses 

Except for chlorine residual and dissolved oxygen analyses

which were carried out on-site, the following methods were used for

analyses on samples returned to the laboratory. All tests were performed

according to "Standard Methods" [8].

Parameter 

Total Solids

Volatile Solids

Chlorine Residual

Dissolved Oxygen

Biochemical Oxygen Demand

Chemical Oxygen Demand

Organic and Ammonia - N

Nitrite - N

Nitrate - N

Phosphate

Total Coliform

Fecal Coliform

Equipment or Method 

Evaporation, 103 °C

Ignition of Residue, 600 ° C

Iodometric Titration

Winkler Method (Alsterberg)

Dilution Method

Dichromate Reflux Method

Kjehldahl Method

Diazotization

Brucine Method

Total Phosphate

Membrane Filter Technique

Membrane Filter Technique



CHAPTER 4

DATA PRESENTATION

The results obtained on the creek water analyses are presented

in two sections. The first section indicates diurnal variations of

creek water constituents during a 24-hour operational period conducted

on a summer week day, June 16, 1970. Samples were analyzed for para-

meters of pollution of a general chemical and bacteriological nature.

Also included in this section is the diurnal septic tank flow and the

sewage composition.

The second section deals with a discussion of the various

chemical and bacteriological parameters of pollution in Sabin° Creek

for the summer sampling period.

Preliminary Survey, June 16, 1970 

Sewage Flow

The septic tank influent flow over the 24-hour period is shown

in Figure 4. Inspection of the graph indicates two peaks in flow: the

first occurring at approximately 09:00 hour and the second at 19:00 hour.

During the day and at night, flow dropped to a considerably lower value,

with a minimum of 0.5 gpm occurring around midnight.

The flow to the septic tank for this data averaged 3,600 gal.

based on a mean flow of 2.5 gpm over the 24-hour period. This, however,

13
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does not represent the total potentially available waste-water flow from

Summerhaven because only 26 services are known to be connected to the

sewerline.

Sewage Composition

Chemical and bacteriological analyses of raw sewage collected

at peak evening flow (19:00 hour) are presented in Table 1. Inspection

of the data indicates the weak and dilute nature of the raw sewage. Low

water usage in Summerhaven together with infiltration of groundwater in

the collection system might explain the inordinately low BOD and COD

values. The concentrations of chemical constituents of the wastewater

are less than the values normally associated with domestic sewage by a

factor of 3 or 4.

Water Quality of Sabin° Creek 

Chlorine Residual

Chlorine residual in Sabino Creek, immediately below the entrance

of the plant effluent ranged from 1.3 mg/1 during the 24-hour sampling

period (see Table 2). As one would expect, the highest residuals

occurred during the time of lowest sewage flows to the creek. No trace

of chlorine was observed in samples collected in Marshall Gulch at

Station 5.

Dissolved Oxygen

The dissolved oxygen (DO) in Sabino Creek varied inversely with

temperature. This relationship is shown in Figure 5 for Station 3,



16

Table 1. Summerhaven Sewage Characteristics
".....^. "..".41.113i=1.13.1011367107.1=1=Car.157......01.n•	

Constituent Concentration

Total solids, mg/1

Total volatile solids, mg/1

COD, mg/1

SOD, mg/1

Organic - N + Ammonia - N, mg/1

Total phosphate, mg/1

Total coliform (per 100 ml)

Fecal coliform (per 100 ml)

273

167

110

64

9

11

1 x 10 6

5 x 10"
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Figure S. Diurnal Temperature-Oxygen Relationship in Sabino
Creek at Station 3, Beginning June 16, 1970
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immediately below the entrance of the plant effluent. The DO ranged

from 6.3 mg/1 to 8.1 mg/1 during the 24-hour period, indicating that the

DO of the creek at Station 3 was 81 to 87 percent of the oxygen satura-

tion values adjusted for an altitude of 7,600 feet.

As shown in Table 2, the DO content of the creek, upstream of

the septic tank, responded to temperature changes with a maximum value

of 9.4 mg/1 occurring at 07:00 hour. The DO of the creek, immediately

below its point of septic tank addition was depressed by 0.8 to 1.7

mg/l. Downstream, the DO content recovered rapidly. The DO values

recorded in Marshall Gulch at Station 5 recorded a rising trend reflect-

ing the tendency of the creek to restore to its original DO level.

Total Solids

Total solids in the creek at the entrance of the plant effluent,

as shown in Figure 6, indicated slight variations over the 24-hour

period. The total solids increased from about 80 mg/1 at Station 2 to

about 130 mg/1 at Station 3, following the addition of the septic tank

effluent. Data presented in Table 3 show that this value decreased

further downstream for reasons which will be discussed in a later

section.

Chemical Oxygen Demand

As shown in Table 2, the chemical oxygen demand (COD) of the

creek above the point of sewage addition was 11.0 to 12.8 mg/l. At

Station 3, the COD was increased to 20.8 to 23.6 mg/I and decreased

thereafter to 14.0 to 15.8 mg/1 downstream at Station 5. The COD
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Table 3. Physical Characteristics of Sabino Creek for 24-hour Period,
Beginning June 16, 1970

Sampling Stations 
Time/hours 	Telerature, °C 	Total Solids, mg/1 

1	 3	 5	 1	 2	 3 
1500	 14	 15	 16	 16

1900	 11	 11	 11	 12

2300	 10	 10	 10	 10

0300	 7	 7	 7	 7

0700	 6	 6	 6	 6

1100	 13	 13	 13	 13

81	 82	 136	 119

83	 81	 135	 118

75	 79	 130	 123

84	 82	 130	 111

78	 76	 128	 114

80	 82	 132	 121
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below the entrance of the plant effluent, as indicated in Figure 6 showed

little variation over the 24-hour period.

Nitrogen

As shown in Table 4, the creek upstream of the septic tank

contained 0.1 mg/1 of combined ammonia and organic-N. No nitrites were

found although there were present small amounts of nitrate. After the

addition of the sewage effluent, the total nitrogen was increased to

1.2 to 1.5 mg/1 with the greater increase in nitrogen occurring in the

form of organic-N and ammonia-N. Some increases in nitrates were also

found at this point. In the downstream reach, overall nitrogen losses

occurred at Station 5 with a reduction in Total-N to about one-half of

its value at Station 3. Organic-N and ammonia-N were reduced to about

one-third of the value at Station 3, with an increase in nitrite -N and

nitrate-N.

As shown in Figure 6, the lowest nitrogen content at Station 3

was encountered during the time of lowest sewage flow.

Phosphates

The total phosphate in Sabino Creek, above the point of sewage

addition remained at about 0.1 mg/1 during the 24-hour sampling period

(Table 2). Immediately below the entrance of the plant effluent at

Station 3, the total phosphate increased to 1.2 to 1.9 mg/l. This

value decreased further downstream to about 0.65 mg/1 in Marshall Gulch

at Station 5. As shown in Figure 6, the lowest phosphate concentration

at Station 3 was encountered during the time of lowest sewage flow.
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Bacterial Densities

As shown in Table 5, the creek above the point of sewage addition

showed contamination by coliform bacteria with a total coliform count

ranging from 440 to 732 per 100 ml over the 24-hour period. Fecal cou-

form content over the same period indicated little variations with a

density below 98 per 100 ml. At the entrance of the plant effluent, both

total and fecal coliform densities dropped to less than 10 per 100 ml,

due to the high chlorine residual in the sewage effluent carried over to

the stream. The density of total coliforms rose to 830 to 973 per 100

ml at Station 5, without an apparent increase in fecal coliforms.

Sabino Creek Data for Summer, 1970 

Flow Data

Sewage flow measured during the summer period indicated little

variations, with values around 2.5 gpm as shown in Table 6. As shown

previously in Figure 4, maximum flows occurred at about 10:00 and 19:00

hours on June 16, 1970. The indicated flow at 10:00 hour on that date

was about 64 percent greater than the mean flow for the 24-hour period;

at 15:00 hour, the flow was about 8 percent greater than the mean. On

this basis, the actual mean flows for the dates given in Table 6 for

which measurements of sewage flow were made at 10:00 hour are probably

about two-thirds of the measured values. Similarly, the mean flows

occurring when measurements were made at 15:00 hour are about 10 percent

less than the values in Table 6. This perhaps, is speculation assuming

that the relationship of peak flows and times to mean flow is constant.
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Table 5. Coliform Densities of Sabino Creek for 24-hour Period,
Beginning June 16, 1970

Time
Hours

1500

1900

2300

0300

0700

1100 

Sampling_ Stations
Total Fecal Col form Densities

1	 2	 3 

555/73	 673/<10	 <10/<10	 830/<10

440/82	 745/<10	 <101<10	 855/<10

500/98	 700/<10	 <101<10	 973/<10

600/64	 6181<10	 <101<10	 9181<10

590/100 727/45	 < 10/<10	 944/<10

691/38	 732/<10	 <101<10	 963/<10 

Table 6. Sewage and Sabino Creak Plow During Summer, 1970

Plow GPM
Date	 Time/Hours	 Sewage	 Creek at Station 4

7/ 2/70	 1500	 2.2	 9

7/10/70	 1500	 2.7	 5

7/18/70	 1500	 3.2	 0

7/28/70	 1000	 2.7	 70

8/ 5/70	 1000	 2.2	 75

8/19/70	 1000	 2.2	 98
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Sabino Creek

Sabino Creek flow measured during the summer at Station 4, below

the plant effluent is also presented in Table 6. The creek showed a

wide flow fluctation from a low of 5 gpm in early July to a high of 98

gpm in August. Dry conditions with no flow at this station were observed

on one occasion in the middle of July. During this time samples were

collected from standing pools nearest to the sampling station.

Water Quality of Sabino Creek 

Temperature

The data in Table 7 show that the water temperature rose slightly

between Stations 1 and 2 but showed little change thereafter even after

the addition of plant effluent. The mean temperature below the point of

sewage addition was 17 .C.

Total and Volatile Solids

As shown in Table 7, the total solids in the creek during the

summer showed small variations above the point of addition of sewage

effluent with a mean value of 105 mg/1 at Station 2. After the entrance

of the plant effluent, total solids varied with creek flow, ranging from

131 to 242 mg/l. Total solids increased from 105 mg/1 at Station 2 to

169 mg/1 at Station 3 by the addition of the septic tank effluent

(Figure 7). In the downstream reach, total solids dropped off to a mean

concentration of 134 mg/1 in Marshall Gulch at Station S.

It was significant that while the volatile solids content of the

raw sewage was approximately 60 percent, the volatile solids content of

the creek was only below the point of effluent addition 30 percent.
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Chlorine Residual

Chlorine residual in Sabino Creek at Station 3 immediately below

the addition of sewage effluent ranged from 0.7 to 2.6 mg/1 during the

summer, with the highest residuals occurring at low creek flows. During

periods of high stream flow, the chlorine residual at Station 3 dropped

to a low of 0.7 mg/l. No trace of chlorine was found at any time in the

downstream reach in Marshall Gulch at Stations 4 and 5 (Table 8).

Dissolved Oxygen

Sabin° Creek above the point of sewage addition showed an average

dissolved oxygen (DO) concentration of 8.9 mg/1, with concentrations as

high as 9.7 mg/1, occurring at times of high flow and cooler temperature

(Table 8). At low flows the DO was reduced by almost 3 mg/I as a result

of adding septic tank effluent to the stream as was shown in Figure 7.

The reductions were less apparent at higher flows. In the half mile

stretch to the end of Marshall Gulch, the DO recoved to values approach-

ing those in the upper stretch.

Biochemical Oxygen Demand

Biochemical oxygen demand (BOD) results of Sabin° Creek obtained

during the summer are reported in Table 8. Note should be taken that

BOD tests were not carried out for the sampling dates of July 2 and

July 10. BOD of the creek, upstream of the point of sewage addition

showed little variations, with a mean value of 1.1 mg/1 at Stations 1

and 2.
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Table 8. Chemical Characteristics of Sabino Creek During Summer, 1970

Time/ Chemical Oxygen Demand Chlorine Residuals Dissolved Oxygen Biochemical Oxygen Demand	 Total Phosphates
Date Hours Sampling Stations 1 2 4 5 123 4 5 1	 2	 3	 4 1	 2	 3	 4	 5	 1	 2	 3	 4 5

7/ 2/70 1500 10.6 11.2 45.0 14.0 12.2 - -	 2.6 0 0 8.6	 8.1	 5.4	 6.8 6.9 -	 -	 0.12	 0.12	 3.9 0.80 0.40

7/10/70 1500 9.6 10.2 46.8 14.8 12.2 - -	 2.4 0 0 8.5	 8.6	 5.7	 7.2 7.3 -	 -	 0.12	 0.12	 4.2 0.72 0.36

7/18/70 1500 10.6 11.2 48.8 14.8 13.6 - -	 2.2 0 0 8.0	 7.8	 5.0	 7.6 7.6 1.2	 1.2	 6.8	 3.5	 2.2 0.12	 0.12	 5.2 0.90 0.45

7/28/70 1000 12.0 12.8 24.4 13.4 13.0 - -	 0.9 0 0 9.6	 9.7	 8.6	 9.6 9.6 1.0	 1.0	 1.6	 1.4	 1.4 0.12	 0.12	 1.1 0.67 0.42

8/ 5/70 1000 12.8 12.4 23.6 13.2 12.8 - -	 0.9 0 0 9.7	 9.7	 8.7	 9.5 9.5 1.1	 1.3	 1.4	 1.3	 1.2 0.12	 0.12	 1.1 0.80 0.63

8/19/70 1000 11.2 11.6 23.2 13.6 12.4 - -	 0.7 0 0 9.9	 9.8	 9.0	 9.8 9.8 1.2	 1.2	 1.3	 1.2	 1.2 0.12	 0.12	 1.2 0.62 0.35

Mean 11.1 11.6 35.3 13.9 13.3 - -	 1.6 0 0 8.9	 8.9	 7.1	 8.5 8.5 1.1	 1.1	 2.9	 1.9	 1.5 0.12	 0.12	 2.8 0.73 0.43
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Immediately below the entrance of the plant effluent, BOD varied

with creek flow ranging from 1.3 mg/1 to 6.8 Mg/1, with a mean of 2.9

mg/l. BOD increased from 1.1 mg/1 at Station 2 to 2.9 mg/1 at Station 3

after the addition of plant effluent and decreased further downstream to

1.5 mg/1 in Marshall Gulch at Station 5 (Figure 7).

Chemical Oxygen Demand

As shown in Table 8, chemical oxygen demand (COD) of the creek

during the summer above the addition of sewage effluent showed little

variations with a mean of 11.6 mg/1 at Station 2. Immediately below the

entrance of the plant effluent COD varied with creek flow ranging from

23.2 mg/1 to 48.8 mg/1, with a mean of 35.3 mg/l. After the addition

of sewage effluent, COD was increased from 11.6 mg/1 to 35.3 mg/1 at

Station 3 and decreased further downstream to 13.3 mg/1 at Station 5

(Figure 7).

Nitrogen

As shown in Table 9, the creek upstream of the plant effluent

contained 0.19 mg of ammonia-N and organic-N. Nitrite-N was not found

although there was present a small amount of nitrates. At Station 3,

below the plant effluent, total nitrogen varied with creek flow ranging

from 1.3 mg/1 to 5.6 mg/1 with a mean of 3.1 mg/1 for the summer. As

shown in Figure 7, the total nitrogen was increased from 0.19 mg/1 at

Station 2 to 3.1 mg/1 at Station 3, with the greater increase occurring

in the form of organic and ammonia-N. Some increases in nitrates were



Table 9. Nitrogen Content of Sabino Creek During Summer, 1970

32

Time/ Organic-N + Ammonia-N Nitrite-N Nitrate-N Total N

Date Hours Sampling Stations 1	 2	 3	 4	 5 23 4 5 1 2	 3 4 5 1 2	 3 4 5

7/ 2/70 1500 0.02	 0.2	 4.1	 0.55	 0.38 0 0 0	 0.04 0.02 0.04 0.06	 0.22 0.50 0.20 0.21 0.26	 4.3 1.1 0.60

7/10/70 1500 0.2	 0.2	 4.3	 0.72	 0.51 0 0 0	 0.06 0.02 0.05 0.05	 0.25 0.54 0.25 0.26 0.26	 4.6 1.3 0.78

7/18/70 1500 0.2	 0.2	 5.4	 0.67	 0.56 0 0 0	 0.05 0.04 0.05 0.05	 0.22 0.52 0.24 0.21 0.25	 5.6 1.2 0.84

7/28/70 1000 0.1	 0.1	 1.2	 0.62	 0.36 0 0 0	 0.06 A.04 0.05 0.05	 0.14 0.25 0.15 0.16 0.16	 1.3 .93 0.55

8/ 5/70 1000 0.1	 0.1	 1.0	 0.49	 0.38 0 0 0	 0.04 0.03 0.05 0.45	 0.16 0.27 0.22 0.15 0.15	 1.2 .80 0.63

8/19/70 1000 0.1	 0.1	 1.2	 0.62	 0.43 0 0 0	 0.04 0.03 0.05 0.05	 0.14 0.20 0.12 0.15 0.15	 1.3 .85 0.59

Mean 0.15	 0.15	 2.9	 0.62	 0.44 0 0 0	 0.05 0.03 0.05 0.05	 0.16 0.38 0.20 0.19 0.20	 3.1 1.0 0.66
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were also found at this point. In the downstream reach overall nitrogen

losses occurred with a mean value of 0.66 mg/1 at Station S. Reduction

occurred in organic and ammonia-N, while nitrite-N and nitrate-N showed

a slight increase.

Phosphates

Analyses for total phosphate in the creek are reported in

Table 8 upstream of the plant effluent, phosphate concentrations in the

creek showed little variations with a mean 0.12 mg/1 at Stations 1 and 2.

At the point of sewage addition phosphate concentrations varied with the

creek flow ranging from 1.2 mg/1 to 5.3 mg/1, with a mean of 2.8 mg/l.

As shown in Figure 7, phosphate in the creek was increased from 0.12

mg/1 at Station 2 to 2.8 mg/1 at Station 3 and decreased further down-

stream to 0.43 mg/1 at Station S.

Bacterial Densities

Bacterial densities in Sabino Creek, for the summer are reported

in Table 10. The creek above the point of sewage addition showed contami-

nation by coliform bacteria, mostly of non-fecal origin, and was of

questionable quality with a mean of 1,529 conforms per 100 ml at

Station 2. At this point the fecal coliform density was 77 per 100 ml.

Immediately below the entrance of the plant effluent both total and

fecal coliform densities dropped to less than 2 per 100 ml due to the

high chlorine residual in the sewage effluent carried over to the creek.

From the point of influence of the chlorine, the density of total cou-

forms rose to 409 per 100 ml at Station 5 in the downstream reach. In
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Table 10. Coliform Densities of Sabino Creek During Summer, 1970

Time/ Total/Fecal Coliform Densities
Date Hours Sampling Stations	 1 2 3 4 5

7/ 2/70 1500 428/38 1110/49 <2/<2 364/30 464/23

7/10/70 1500 464/4 430/6 <2 1<2 300/5 255/7

7/18/70 1500 371/- 2300/- <2/<2 255/- 810/-

7/28/70 1000 680/166 2700/192 <2/<2 35/<2 382/16

8/ 5/70 1000 558/- 954/- <2 1<2 9/- 500/-

8/19/70 1000 455/94 1680/115 <2/<2 2/ 2 146/4

Mean 486/51 1529/77 2/ 2 127/10 409/13
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the same distance fecal coliforms increased to a mean density of 13 per

100 ml (Figure 8).
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CHAPTER 5

DISCUSSION

The results of this study have shown that quality changes in

Sabin° Creek do exist because of the discharge of the heavily chlorinated

septic tank effluent. There is no question that improvements need to be

made in the disposal of Summerhaven wastes for the protection of Sabino

Creek. These would result in improvements in the water quality not only

below the point of effluent discharge but also in the creek above this

point.

At the present time, known connections to the sewer represent

only about half of the sixty possible services. Many summer homes are

served by septic tanks or possibly cesspools. Sanitary and household

wastes thereby contaminate the soils and contribute to the pollution of

the creek through surface and subsurface drainage. Evidences of these

effects were found particularly in the number of coliform bacteria,

both fecal and non-fecal, present in the creek close to the Summerhaven

area.

Although chemical parameters, such as BOO and COD, were not of

sufficient magnitude above the plant to show any serious existing

problem, the potential for further contamination is present, especially

at times of high surface run-off. Concentrations might not be excessive

during these times but the total load, if the increased flow is consider-

ed, would be of importance.

37
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Analyses for parameters such as BOD, COD, nitrogen, and phosphate

indicated that the sewage was rather dilute when the concentrations of

these constituents are compared to those normally encountered in domestic

sewage. This would indicate considerable infiltration of groundwater

into the sewerage system. At the same time, the opportunity for exfil-

tration exists, as observed at one point while excavation was being made

to provide a new connection to the sewer. The surrounding soil had the

obvious characteristics of being anaerobic--grey to black in color,

strong odors, etc. The source of this condition was most probably due

to sewage leaking through faulty tarred joints or misaligned pipes.

Because of its location, the septic tank and, especially, the

subsurface disposal field is subject to periodic flooding. The result-

ant anaerobic conditions within the filter caused clogging problems. To

alleviate the problem a ditch was cut to the distribution manhole and

an overflow pipe was installed. This allowed the septic tank effluent

flow which exceeded the absorptive capacity of the filter to drain

directly into the stream. At the same time that a by-pass was provided,

the effluent was chlorinated in a contact chamber located between the

distribution manhole for the filter and the septic tank.

Gaseous chlorine was fed to the waste at a rate of 5 pounds per

day. This dosage resulted in chlorine residuals of 0.7 to 2.6 mg/1 in

the creek when the septic tank effluent was combined with the stream.

The BOD of the mixture was never greater than 6.8 mg/1 even at low flows

and, as low as 1.3 mg/1 at high flows. COD values were also low. These

would be expected due to partial oxidation of the organic matter by the
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high chlorine dosage applied. The levels of chlorine residuals were

also effective in reducing the numbers of total and fecal coliforus in

the creek to levels which were less than those found above the point of

discharge. However, the high chlorine residual also affected the

aquatic life in the stream for some distance below the point of plant

discharge as evidenced by the absence of aquatic insects, algae, plants

and other forms. The rocks along the stream also showed a reddish

coating of oxidized iron.

The addition of the septic tank effluent served to provide

additional plant nutrients and increased total nitrogen to 1.3 to 3.6

mg/1 and total phosphate to about the same concentration. Total solids

were increased about 60 percent. All of these concentration values, as

might be expected, varied inversely with the highly variable creek flow.

It is interesting to note, however, that changes in quality

occur as the stream flows down the canyon past Marshall Gulch. A

gradual decrease in nitrogen and phosphate concentrations, and total

solids load leads one to believe that there is considerable interchange

between the water in the creek at any point and the subsurface drainage.

The subsurface drainage probably has characteristics more nearly like

the creek water above the septic tank effluent. The subsurface drainage,

being the more dilute, would in interchanging and mixing with the creek

water-effluent mixture cause a dilution effect.

Other factors aiding this might be subsurface drainage from

surrounding hillside and surface and subsurface side from drainage from

Marshall Gulch.
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The increased coliform content of the downstream stations, as

compared to numbers present just below the point of addition of septic

tank effluent, might be attributed to the above mentioned sources. Sub-

surface drainage containing coliform organisms might conceivably flow

through the soils past the plant without the opportunity of coming in

contact with chlorine and emerge into the stream during the interchange

process. The greater increase in number of total coliforms, as compared

to fecal coliforms, might be due also to surface drainage carrying these

organisms to the creek. Non-fecal strains of coliform bacteria are

commonly found in unpolluted soils and vegetation. Their entrance into

a water course might easily lead to the erroneous conclusion that a

high degree of contamination exists.



CHAPTER 6

SUMMARY AND CONCLUSIONS

Analyses of the various parameters of pollution were conducted

during the summer of 1970 to assess the quality of Sabino Creek as

affected by a septic tank system serving the community of Summerhaven.

The results indicated that pollution was not confined to below the point

of sewage addition, but also extended above the plant effluent.

Although the results showed that conditions were not such as to

constitute what one might consider as gross pollution, the disposal of

liquid wastes is not being carried out in an acceptable manner. Measures

taken to alleviate operational problems of the existing treatment facil-

ity are crude and do not provide the desired effluent quality required

to satisfactorily protect the public using the recreational facilities

in the Marshall Gulch and upper Sabino canyon area.

41



REFERENCES

1. Bartsch, A. F., and Ingram, W. M., "Stream Life and the Pollution
Environment." Public Works, 90, 104-110 (1959).

2. Geldreich, E., "Sanitory Significance of Fecal Coliform in the
Environment." Fed. Water Pollution Cont. Admin., WP-20-3 (1966).

3. Kabler, P. W., Clark, H. F., and Geldreich, B. E., "Sanitary
Significance of Fecal Conform and Coliform Organisms in Surface
Water." Publia Health Reports, 79, 58-60 (1964).

4. Geldreich, E., "Fecal Coliform Concepts in Stream Pollution."
Water and Sewage Works, 114, R98 -R110 (1967).

5. Morris, W., and Weaver, R. H., "Streptococci as Indices of Pollution
in Well Water." Applied Microbiology, 2, 282-285 (1954).

6. McKee, J. E., and Wolf, H. W., "Water Quality Criteria." 2nd Ed.,
State Water Quality Control Board, Sacramento, California (1963).

7. "Water Quality Criteria." National Technical Advisory Committee
to the Secretary of the Interior, Fed. Water Poll. Control Adm.,
Washington, D. C. (1968).

8. "Standard Methods for the Examination of Waste and Wastewater."
12th Ed., Amer. Pub. Health Assn., New York (1965).

42


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50

