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ABSTRACT

This study was designed to evaluate the safety of gray water

for reuse purposes. The physical and chemical quality of treated

gray water met water reuse standards set by the State of Arizona for

surface irrigation purposes. The number of microorganisms in gray

water significantly decreased after biological treatment and sand

filtration. However, the number of fecal coliform bacteria in treated

gray water was still higher than the standard for reuse as set by the

State of Arizona for surface irrigation. This is also true for rain

water which was stored in a tank. No indigenous Salmonella were

isolated from gray water. It was found that both Salmonella typhimur-

ium and Shigella dysenteriae, seeded into gray water, can persist for

at least several days. This implied that there may be some risk

associated with gray water reuse when the gray water contains these

pathogenic bacteria.
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CHAPTER 1

INTRODUCTION

Water is a limited and precious natural resource, especially in

arid environments such as Tucson, Arizona, where ground water is the

sole source of water used for drinking, irrigation, and recreational

purposes. In the western portion of the United States, where annual

precipitation is very limited, over-pumping underground water is causing

a water crisis. Increases in human population, water consumption, and

water pollution within the last few decades have also increased the

burden on the current water supplies, and, to compound the problem,

groundwater recharge is insufficient to maintain current water table

levels.

How to achieve and maintain a balance between water supply and

water demand is a major concern for today's public. The issues we face

not only include seeking new clean water sources to supply future needs

but also include the development of innovative methods for effectively

and economically using current water resources.

Treated domestic sewage is being reused for large scale irriga-

tion and this is one means of conserving the better quality water for

other purposes. Large quantities of reclaimed water are used for agri-

cultural and landscape irrigation in Arizona, California and Texas (Culp

et al., 1980). For example, 8% of the golf courses in Arizona and
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California use effluent (Western Landscaping, 1984). However, for the

individual homeowner or apartment complex, very few systems are avail-

able which can aid in water conservation.

"Casa del Agua" is Tucson's first water conservation and reuse

demonstration house using a variety of indoor and outdoor conservation

methods. The facility was built to evaluate the practicality and over-

all effects of implementing gray water and rain water harvesting systems

to supplement household needs. "It was estimated that a reduction of

two-thirds of the numicipal water supplied to an average residence can

be saved by harvesting rainfall and by recycling gray water. This water

conservation will significantly help to reduce the municipal water con-

sumption, and would not require any major lifestyle or water use

changes" (Brittain, DeCook and Foster, 1984).

"Gray water is defined as that liquid and solid wastes from

fixtures and water-using appliances other than black wastes" (Winneber-

ger, 1974). Water that comes from all sources in the household except

the toilet, including sinks, tubs and washing machines is gray water.

Kitchen sink water may contain high concentrations of grease and food

particles and therefore might or might not be included as a gray water

source. "The average Tucson resident uses 102 gallons of water daily.

Of this, about 31 gallons end up as gray water" (Brittain, DeCook and

Foster, 1984). It is obvious that large volumes of gray water may be

available for reuse. Potentially, gray water might be reused for out-

door and indoor purposes such as landscape irrigation, evaporative cool-

ing and toilet flushing.
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At Casa del Agua, gray water from the tub, shower, lavatories,

washing machine and one side of the kitchen sink (waste from the second

side of the kitchen sink goes into a garbage disposal and into the

municipal sewer) is collected in a sump and then is pumped into a

biological treatment system. The system is composed of two water

hyacinth aquaculture tanks in series. After traveling through the

aquacells, the gray water goes through an intensive gradening bed which

contains high-water-use vegetables such as tomatoes, melons, and cucum-

bers. At this step, gray water flows through the sand bed by gravity

which aids in reducing the suspended solids and turbidity. After

treatment the gray water, like the rain water, is also stored in an

underground tank (Figure 1).

Developing a gray water reuse system for households to adjust

waste water is one of the many experimental methods that might be used

to make available water sources more effective. However, comparatively

little information is available concerning the microbial quality of gray

water and its potential for transmission of disease. In some cases,

gray water might not be harmful to our health and environments, but

gray water that is polluted cannot ever be considered safe. Neverthe-

less, with careful treatment, gray water can probably become a reason-

able supplemental water supply for a family's non-potable uses.

A major concern of gray water reuse is the presence of patho-

genic microorganisms in gray water. The presence of pathogens such as

Escherichia Coli and Salmonella bacteria in gray water may be a signifi-

cant public health problem since gray water, if reused, will likely come

in contact with human beings.
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To ensure the safety of gray water for reuse, the microbial and

physico-chemical quality of all water supplies at Casa del Agua were

evaluated including gray water, rain water and tap water. Also several

samples of gray water collected from other families were included in

this test in order to evaluate gray water quality. Two experimental

bacterial strains: Salmonella typhimurium and Shigella dysenteriae were

used to study the ability of pathogenic microorganisms to survive in

gray water. The survival of these coliforms and the isolation of indi-

genous Salmonella species were also studied to help determine the safety

of gray water and rain water for reuse.

The purpose of this study was: (1) to determine the growth and

survival of coliforms, Salmonella, and Shigella in gray water; (2) to

evaluate the microbial quality of gray water and rain water; (3) to

evaluate the efficiency of a simple treatment system whereby the gray

water could be reused; and (4) to determine the chemical and physical

properties of the gray water and rain water.



CHAPTER 2

LITERATURE REVIEW

Water Reuse 

Definition of Gray Water

"Gray water is all waters generated in the household which do

not contain toilet wastes" (Ingham, 1980). Gray water includes the

water from bathroom sinks, baths, showers, laundry facilities, dish-

washers, and in some instances, kitchen sinks.

Gray Water Characteristics

Gray water, collected from various sources in the house, does

not have a fixed composition. The wide range of flow rate from various

sources with the dwelling depends on water consumption habits, i.e.,

the number and ages of residents, habits of the houseowner, family

hygenic styles, etc. Thus, the quality of gray water can be influenced

by the source generating the water. Also, total gray water effluents

are unstable, and vary from dwelling to dwelling. It is estimated that

the volume of wastewater generated in community on a per capita basis

varies from 50 to 150 gallons per day (Asano, Smith and Tchobanoglous,

1984). Siegrist (1976) estimated that 65 percent of all water used in

the house ended up as gray water, and about 29.4 gallons of gray water

was produced per capita per day. However, gray water volumes produced

6
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vary from area to area. Brittain, DeCook and Foster (1983) reported

that about 31 gallons of gray water was produced by one Tucson resident

per day. Ingham (1980) estimated up to 59 gallons of gray water was

produced by one California resident per day.

Water Uses in the Home

"In 1970, the United States withdrew 365 billion gallons of

ground water per day (bgd), of which 87 bg were for consumptive uses.

The estimated average annual stream flow in the United States is appro-

ximately 1,200 bgd, and it is doubtful that this amount will be greatly

changed in the next ten, twenty, or fifty years" (Baumann and Dworkin,

1970). Although the exact amount of water in demand for the future

cannot be predicted accurately, increases in population will elevate

the demand for water used in industry, agriculture and household consump-

tion. How to utilize our limited available water sources more effec-

tively and economically is becoming a major concern.

It has been reported that the national average total water use

was 89 gallons per capita per day (gpcd). This included an average of

25 gpcd for outdoor use and 64 gpcd for indoor use. The use ranged was

from 20 to 600 gpcd (Ingham, 1980).

Tucson's residential water use was 13 gallons higher than the

national average. Brittain, DeCook and Foster (1983) reported that the

average total residential water use for Tucson, Arizona was 102 gpcd.

About 61 gallons were used for indoor consumption which included use for

toilets (27.5 gallons), bathing and personal use (18.3 gallons), clothes
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and dish washing (12.2 gallons), and drinking and cooking (3 gallons).

It was noted that the largest indoor water use was for toilet flushing

(about 45 percent of daily indoor water use and about 27 percent of

daily total water use per person). About 41 gallons were utilized for

outdoor consumption which included a use for irrigation, swimming pools,

and car washing.

Rainfall in Tucson, Arizona

Quantitative Aspects of Rainfall. Rainfall is a valuable natural

water resource, especially in arid environments such as Tucson, Arizona.

DeCook (1983) reported that Tucson's average precipitation was only 11

inches per year. As a result, with this limited precipitation, a little

more than 6 gallons of rain water can be collected per square foot of

rooftop area per year.

Qualitative Aspects of Rainfall. Brittain, DeCook and Foster

(1984) reported that many rain water samples collected in the Tucson

area during August 1983 to April 1984 were analyzed by the U. S. Depart-

ment of Agriculture (USDA). The results of the study showed that the

content of arsenic and mercury in rain water is well within the recom-

mended limits for drinking water. Lead and cadmium content may exceed

such limits. Generally, the values for chloride, sulfate, nitrate-

nitrogen, ammonia, and phosphate were small to negligible, and should

present no problem for any intended uses of this water. They finally

concluded that the quality of rain water collected in Tucson appeared

to exceed the requirement for the water that is used for landscape
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irrigation or toilet flushing. However, the microbiological quality of

such water was not analyzed.

Potential for Gray Water and Rain Water Reuse

Reuse of wastewater is expected to increase dramatically in the

near future (Culp and Culp, 1971). "Culp et al., as cited by Bouwer

(1982), predicted that reuse of available wastewater will increase from

0.4 percent in 1975 to 4 percent in 2000, and also that wastewater reuse

in the U. S. will increase from 0.2 percent of freshwater withdrawals

capable of using wastewater in 1975 to 1.7 percent in the same time

period." Since the toilet flushing uses a great portion of the water

consumed in the house, the collection and use of gray water to replace

toilet flushing water might result in substantial reductions in fresh

water consumption. Gray water use can be an inexpensive way to solve

wastewater disposal problem and to lower the demand of municipal water

supply.

As the scarcity and the price of municipal water inevitably

increase, the collection and use of gray water and rain water may result

in a significant reduction of exterior and interior fresh water consump-

tion for residential use. As mentioned above, it has been estimated

that in Tucson about 31 gallons of gray water can be collected per day

per person, that is, about 33,945 gallons of gray water per year from

a small family of 3 persons. In addition, Tucson's annual precipitation

of 11 inches can provide 6 gallons per square foot of rooftop area, or

12,000 gallons per year from a 2,000-square-foot roof. If both sources
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of water are collected and used, their combined volume (45,945 gallons)

represents a substantial saving in fresh water. Besides, gray water

and rain water reuse in the home can be combined with other methods of

water conservation such as the use of low-flush toilets and water-

saving fixtures to reduce the rate of water consumption. A gray water

and rain water reuse system or the combination of such a system with

other water-saving devices may not only save municipal water for home

consumption, but may also reduce the need for increased capital invest-

ment in municipal water distribution systems and energy costs in

pumping.

Public Health Aspects of Water Reuse 

Considerations for Water Reuse

Public health risks and public acceptability associated with

gray water reuse may limit its utility. People are concerned that gray

water could transmit disease to those who are directly or indirectly in

contact with it, and are also concerned that it may contain heavy metal

elements. One major impact is the presence of insects and odors in the

gray water. However, the presence of these do not necessarily lead to

disease transmission.

So far, direct potable use of reclaimed wastewater has been

discouraged by public health agencies (Pettygrove, Davenport and Asano,

1984). Past opinion surveys on wastewater use in general indicated that

people can accept the reclaimed wastewater for noncontract uses such as

for home toilet flushing, lawn irrigation, golf course irrigation, etc.,
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but object to contact uses such as for swimming, bathing, food prepara-

tion, etc. People objecting to wastewater found its reuse psychologi-

cally repugnant and presumed that the water lacked purity. Recently,

the attitudes toward gray water use have been changing positively.

More and more people are accepting the concept of wastewater reuse

(Ingham, 1980).

Water-Related Disease

"A water-related disease is one that is in some way related to

water in the environment or to impurities within water. Water-related

diseases may be divided into those caused by a biological agent of

disease (a pathogen) and those caused by some chemical substance in

water" (Feachem, 1984). During the period 1971-82, there were 399 water-

borne outbreaks and 86,050 cases of waterborne disease reported, and the

use of contaminated, untreated or inadequately treated groundwater was

responsible for 51 percent of all waterborne outbreaks and 40 percent of

all waterborne illnesses reported in the United States (Craun, 1985).

Epidemiological studies show that direct contact with pathogenic agents

increase the probability of gastrointestinal infections. Transmissions

of most pathogenic diseases from wastewater requires the fecal-to-oral

route (Frankenberger, 1984). Although at Casa del Agua treated gray

water is considered for nonpotable purpose, i.e., use in landscape irri-

gation, greenhouse cooling, and toilet flushing, the gray water may con-

tain fecal contaminants and, therefore, it has a high potential for

transmission of water-related diseases.
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Biological Agents of Disease

As gray water may contain nutrient material (especially water

from the kitchen sinks), it may be an ideal medium for the growth of

microorganisms. Many bacterial and viral agents are associated with

feces. Fecal contamination can occur in gray water, especially when the

gray water is collected from laundry machines that wash baby diapers

(Ingham, 1980). Study of some microorganisms which are potentially

harmful is used as an index to estimate the disease risk. By carefully

estimating the number of microorganisms, the potential hazard can be

evaluated.

"The term 'indicator organisms' can be applied to any taxonomic,

physiological or ecological group of organisms (such as Escherichia 

coli) whose presence or absence provides indirect evidence concerning a

particular feature in the past history of the sample" (Harrigan and

McCance, 1976). The presence of E. coli and other enteric organisms in

water indicates contamination of the water and the possible presence of

intestinal pathogens such as Salmonella. The presence of fecal coli-

forms is used as a pollution indicator, but may not be an adequate indi-

cator of other disease-transmission agents such as protozoa and virus.

Furthermore, the use of E. coli as an indicator of the possible presence

of Salmonella may occasionally give false results (Harrigan and McCance,

1966). Potential disease causing agents such as Klebsiella pneumonia,

Enterobacter, Citrobacter and Pseudomonas aeruginosa have been isolated

from gray water (Eikum, 1981), but the presence of these organisms may

not necessarily be related to the presence of fecal coliforms. There-

fore, it is not sufficient to use a single indicator for determining
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the relative safety of gray water, but generally, a high coliform count

in samples is undesirable and implies a greater chance for human illness

to develop as a result of contact during gray water reuse.

Physical and Chemical Agents of Disease

Residential wastewater can contain noninfectious toxic agents

such as pesticides, solvents, etc. These could be present in gray water

and thus could result in health problems. Some heavy metal elements

found in gray water such as lead, mercury, cadmium, copper, etc., also

pose potential health risks due to their acute toxicity or chronic

accumulation. Although metal salts are present in all municipal waste-

water, it is unlikely that the gray water will be highly contaminated

with heavy metal salts. The concentrations of some metal elements con-

tained in urban or domestic sewage effluent normally are too low to be

of concern when this water is used for irrigation (Bouwer, 1982).

Regulations for the Reuse of Wastewater in Arizona 

The State of Arizona requires that secondary treatment of efflu-

ent or its equivalent must be accomplished prior to effluent use for

irrigating of fiber or forage crops not intended for human consumption.

Secondary treatment and disinfection of effluent must result in water

which contains less than 5,000 total coliforms and less than 1,000 fecal

coliforms per 100 milliliters (ml) on a monthly arithmetic average.

Treated effluent which meets these standards can be used to irrigate

golf courses, cemetaries, and may even be used to irrigate food crops

where the product is subjected to physical and chemical processing to
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destroy pathogenic organisms. Tertiary treatment and disinfection must

result in water which must not contain more than 10 milligrams per liter

(mg/1) biochemical oxygen demand (BUD), 10 mg/1 of suspended solids,

200 fecal coliforms/100 ml with no single sample to exceed a count of

75 fecal coliforms/100 ml. Also, the pH of this water must be between

4.5 and 9, and virus levels must not exceed 125 plaque forming unit

(pfu) per 40 liters. Turbidity must be below 5 NTU, and Ascaris lum-

bricoides (roundworm eggs) must be undetectable. After treated, this

effluent can be used to irrigate school grounds, play grounds, lawns,

or any other area where children are more expected to congregate or

play. The criteria is more stringent if the water is intended to irri-

gate the food crops which may be consumed raw. The standard for such

purposes requires a further reduction of the fecal coliform concentra-

tion to a geometric mean of less than 2.2 cfu/100 ml with no single

sample to exceed a count of 25 fecal coliforms/100 ml. The pH must be

between 4.5 and 9, and virus concentration must not exceed 1 pfu/40 1.

Turbidity must be below 1 NTU, and no Entamoba histolytica, Giardia 

lamblia and Ascaris lumbricoides should be present (Kramer, 1984).



CHAPTER 3

MATERIALS AND METHODS

Gray Water Sampling 

Most gray water samples used for determining bacterial popula-

tions were taken from Casa del Agua every other week. Sample sources

included the sump tank, hyacinth tank (1 and 2), storage tank, rain

water storage tank and tap. Great care was taken during the sampling

procedure to prevent contamination of the sample. Water samples were

collected in sterile wide-mount plastic bottles. Bottles were immersed

in the gray water tank and filled completely. About 500 ml of water

were collected from each tank. A few samples used for the bacterial

survival testing were taken from another household. The water samples

were stored in an ice chest to keep the temperature at 4 °C while in

transit to the laboratory. The average holding time before microbial

analysis was about 4 hr.

Total Aerobic Count 

Plate count agar (Difco, Detroit, MI) was used to examine the

total heterotrophic aerobic bacterial population or standard plate count

bacteria (SPC). After inverting and rotating water samples to insure

that they were homogeneous, serial tenfold dilutions from one to 10
8

were made. Duplicate water samples of each dilution (1 ml) were

15
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pipetted into each of two plastic petri dishes (Fisher Scientific Com-

pany, Pittsburgh, PA). Approximately 15 ml of molten plate count agar

at 45°C were added and the contents of the plates mixed. Upon solidifi-
cation, the plates were inverted and incubated at 35-37° C for 48 hr.
All visible colonies present on the plate were counted using a Quebec

counter (New Brunswick Scientific Co., New Brunswick, NJ).

Coliform Testing 

A filtration technique using membrane filters (0.45 um in pore

size, Gelman, Gelman Sciences Inc., Ann Arbor, Michigan) was employed

to enumerate total coliform and fecal coliform bacteria (Standard

Methods, 1985). Dilutions ranging from one to 10 6 at each site were
used in conjunction with 0.1 percent peptone water (BBL, Cockeysville,

MD) for the 10 ml filtrations. The suction pump was opened to produce

negative pressure for drawing the sample through the filter. Then, the

funnel was rinsed with 10 ml of peptone water, the suction was turned

off, and the membrane filter was transferred to a prepared Petri dish.

M-Endo agar (Difco, Detroit, MI) was used to test for total coliforms

and M-Fc agar (Difco, Detroit, MI) was used to test for fecal coliforms.

After processing, all plates were put in wide-mouth, screw-top glass

jars (8 plates per jar). Each jar was set on a water bath rack and then

immersed in water up to four-fifths of its height. Incubation tempera-

tures and times were as follows: M-Endo agar at 35° C for 48 hr; M-Fc

agar at 44.5°C for 24 hr. Coliform testing information is shown in

Table 1.
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Bacteria Survival Testing 

To study bacteria growth, gray water samples were stored in

sterilized polypropylene bottles at 25°C. Standard plate count media
and membrane filtration were used to enumerate the total aerobic bac-

teria and the coliforms. Assays were made immediately after collection

and thereafter every other day for 12 days.

Isolation of Indigenous Salmonella from Gray Water 

Nutrient agar (Difco, Detroit, MI), tetrathionate broth (Difco,

Detroit, MI) and bismuth sulphite agar (Difco, Detroit, MI), were used

for indigenous Salmonella species isolation. Lactose broth (Difco,

Detroit, MI) and urease broth (Difco, Detroit, MI) were used for Salmon-

ella identification. To enrich for Salmonella in gray water, a sample

aliquot (5 ml) was added to 45 ml of nutrient broth and incubated at

37 ° C for 2 hr. Then, the cultured broth was poured into test tubes and
in a model IEC Centra-7 centrifuge (International Equipment Co., Needham

Heights, MA) at 2,500 rpm for 10 minutes. After discarding the superna-

tant, the pellet was added to tetrathionate broth, and was incubated at

37° C for 24 hr. From each tube, replicate samples were streaked on
Wilson and Blair's bismuth sulphite agar. The plates were incubated for

24 and 48 hr at 37° C and examined for typical colonies. Suspected colo-
nies were picked up by a wire loop and subcultured in lactose broth and

urease broth for further identification.

Salmonella and Shigella Survival in Gray Water 

To assess the risks associated with gray water when pathogenic

organisms are present, an experiment was performed to study the survival



19

of pathogenic enteric bacteria. Salmonella typhimurium and Shigella 

dysenteriae were grown by using lauryl tryptose broth (Difco, Detroit,

MI) as enrichment media. A loop full of each experimental strain was

innoculated into each of two test tubes containing lauryl tryptose

broth and then incubated at 35 ° C for 24 hr. The organisms were then
collected by centrifugation at 2,500 rpm for 10 min. The clear super-

natant liquid was then carefully decanted, and the pellet washed by

addition of 20 ml of sterile saline (0.85 percent) into each centrifuge

tube. The wash procedures were repeated and then saline was added to

make a total volume of 20 ml in each test tube. Next, 10 ml each of

Salmonella and ShiDella suspension were seeded into 40 ml of gray water

from the sump tank and the storage tank. Also, two 50 ml volumes of

non-seeded sump tank and storage tank water were held under identical

conditions as the seeded samples.

Hektone enteric agar (BBL, Cockeysville, MD) was used to deter-

mine Salmonella and Shigella numbers. Hektone enteric agar plates were

pre-heated in an incubator at 37 °C for 2 hr to ensure that the surfaces
of the plates were dry before use. Then, serial decimal dilutions of

samples were prepared. A 0.1 ml sample of gray water was pipetted on

hektone enteric agar. A bent glass rod was sterilized by dipping it

into 95 percent ethanol and placed in the flame of a Bunson burner, and

used to spread the sample over the agar surface by rotation. Control

plates were prepared with nonseeded gray water samples; positive control

plates were prepared by streaking each Salmonella and Shigella strain

with a wire loop on hektone enteric agar. All the plates were then
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incubated at 37 °C for 24 hr and the colonies counted with a Quebec
counter (New Brunswick Scientific Co., New Brunswick, NJ).

Physical and Chemical Water Quality Tests 

Several physical and chemical parameters of gray water, also

rain and tap water were measured. The pH was determined with a pH meter

model PHI 70 (Beckman Co., Irvine, CA). Turbidity was measured using a

turbidimeter model 2100 A (Hack Co., Loveland, CO) in Nephelometric

Turbidity Units (NTU). Measurements of phosphate, sulfates, nitrate-

nitrogen and ammonia-nitrogen were made using Hach kits (Hach Co.,

Loveland, CO) and a colorimeter model DR/lA (Hach Co., Loveland, CO).

Chlorides, total hardness and alkalinity were measured using a digital

titrator with a chloride test kit model CD-DT (Hach Co., Loveland, CO),

a hardness test kit model HAC-DT (Hach Co., Loveland, CO) and an alka-

linity test kit model AL-DT (Hach Co., Loveland, CO), respectively.

The methods used for the physical and chemical tests are shown on

Table 2.



Table 2. Methods for Physical/Chemical Analyses
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Test
	

Method

pH

Turbidity

Phosphate

Sulfates

Nitrogen, Ammonia

Nitrogen, Nitrates

Chlorides

Hardness (Total)

Alkalinity

pH Meter

Turbidimeter

Amino Acid

Turbidimeter

Nessler

Cadmium Reduction

Mercuric Nitrate

Titration

Titration



CHAPTER 4

RESULTS

Physical and Chemical Properties of Water Samples

Properties of Gray Water Before and After Treatment

The physical and chemical properties of gray water of the dif-

ferent holding tanks are shown in Table 3 and are presented in more

detail in Appendix A. Fluctuations in pH, chloride and total hardness

of the gray water from sump, hyacinth 1, hyacinth 2 and storage tanks

followed no discernable pattern.

The average values of turbidity for sump, hyacinth 1, hyacinth 2

and storage tanks were 67.5, 30.1, 12.1 and 4.4 NTU, respectively. The

gray water in the sump tank was very turbid (20 to 175 NTU), but

decreased dramatically after passage through the two hyacinth treatment

tanks (2 to 49 NTU). The sand filter further reduced the turbidity in

the storage tank to an average of 4.4 NTU (Figure 2).

Ammonia-nitrogen and nitrate-nitrogen contained in gray water

was largely unchanged after passage through the gray water treatment

system. The mean value of nitrogen compound in sump, hyacinth 1,

hyacinth 2 and storage tanks were 0.58, 1.69, 0.64 and 0.62 mg/1 respec-

tively for the ammonia-nitrogen and 1.36, 2.90, 1.38 and 1.02 mg/1

respectively for the nitrate-nitrogen.

22
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The average values of phosphatein the sump, hyacinth 1, hyacinth

2 and storage tanks were 8.2, 42.0, 45.5 and 28.2 miligram per liter

(mg/1), respectively. The phosphate concentration of the gray water was

found to significantly increase (5 times during the holding period in

the hyacinth tanks and then it declined during storage (Figure 3).

The sulfate concentrations increased from 29 to 48 mg/1 during

the holding period in the water hyacinth tanks. The final concentra-

tion in the storage tanks was the same as that observed in the effluent

from the hyacinth tanks.

Chlorides varied only slightly from 7.3 to11.5 mg/1 in the gray

water. The concentrations of chlorides in sump, hyacinth 1, hyacinth 2

and storage tanks were 9.0,7.3,10.7 and 11.5 mg/1, respectively.

A very narrow range of pH from 6.5 to 6.8 was noted in the gray

water. The mean value of pH in sump, hyacinth 1, hyacinth 2 and storage

tanks were 6.6, 6.5, 6.6 and 6.8, respectively.

The mean of hardness of the gray water at various sites 
ranged

from 119.2 to 149.8 mg/l. The hardness of gray water in sump, hyacinth 
1,

hyacinth 2 and storage tanks were 137.2,149.8,123.2 and 119.2 mg/1

respectively.

The average values of alkalinity in the gray water treatment sys-

tem increased after gray water had been treated. The 
mean values for sump

hyacinth 1, hyacinth 2 and storage tanks were 159.8,202.0,208.5 
and

214.3 mg/1, respectively.

Properties of Rain Water and Tap Water

The physical and chemical properties of rain water 
and tap water

are contrasted in Table 4 (also see Appendix A). 
By comparing the
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Table 4. Results of Physical/Chemical Analyses of Rain Water and
Tap Water

Parameter Unit

Rain Water Tap Water

Mean Range Mean Range

pH 6.0 4.4	 - 7.0 6.5 5.2	 -	 7.7

Turbidity NTU 13.8 2.8 -	 55 0.7 0.3	 -	 1

Phosphate mg/1 1.4 0	 - 4.8 2.8 1.9	 -	 4.7

Sulfates mg/1 11.3 9	 - 17 30.8 23 - 38

Nitrogen,
Ammonia mg/1 0.10 0	 - 0.38 0

Nitrogen,
Nitrates mg/1 0.74 0	 -	 2.1 7.47 4.4	 -	 12.5

Chlorides mg/1 1.8 1.2	 -	 2.3 10.0 7.1	 -	 14.3

Hardness mg/1 51 8 - 144 146.5 132 -	 160

Alkalinity mg/1 36.5 15 - 44 125 101	 -	 144
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physical and chemical properties of these two types of water, one can

see that they are not similar.

As expected, the turbidity for tap water was lower. However,

a wide range of turbidity for rain water in the storage tank was ob-

served. The mean was 13.8 NTU for rain water, which was far higher than

0.7 NTU for tap water.

A small amount of ammonia-nitrogen (0.10 mg/1) was found in the

rain water but none was observed in tap water. Furthermore, a value of

0.74 mg/1 nitrate-nitrogen was found in rain water. But a higher value

of 7.47 mg/1 was noted in tap water.

The mean value of phosphate for rain water was 1.4 mg/1 or one-

half the level of phosphate (2.8 mg/1) in the tap water.

In contrast, the mean value of sulfates for rain water was 11.3

mg/l. This value is one-third more than the 30.8 mg/1 for tap water.

Rain water contained 1.8 mg/1 of chlorides, whereas tap water

contained a higher value of 10.0 mg/l. The pH for rain water had an

average mean of 6.0. This was a little more acidic than tap water that

had an average pH of 6.5. The total hardness for rain water was 51 mg/1

whereas tap water had a higher value of 146.5 mg/l. Again, a value of

36.5 mg/1 alkalinity was observed in the rain water but a high value of

125 mg/1 was observed in the tap water.

Bacterial Quality of Water Samples 

Bacterial Numbers in the Gray Water at Various Stages of Treatment

Bacterial concentrations in the gray water samples after various

stages of treatment are indicated in Figure 4 and Appendix B. By
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comparing the mean bacterial concentrations of gray water before the

treatment (sump tank) and after the treatment (storage tank), it was

observed that the system reduced the total aerobic count, the total

col iform count and the total fecal coliform count by 2.2, 2.9, and 2.6

logs, respectively.

The numbers of bacteria in the first water hyacinth tank were

found to be less than those in the sump tank but higher than those in

the second water hyacinth tank. Further reductions in bacterial numbers

were observed. The study results suggest that these two water hyacinth

tanks, used in series as a part of gray water treatment at Casa del

Agua, appeared effective in improving gray water microbial quality.

Comparison of Bacterial Numbers in Treated Gray Water, Rain Water and

Tap Water

Bacterial concentrations in treated gray water, rain water and

tap water are illustrated in Figure 5 (also see Appendix B). The aver-

age total aerobic count in tap water was about 6,918 colony forming

units per 100 milliliters (cfu/100 m1). In treated gray water and rain

water the means were still high at 4.2x10 6 and 1.7x10 6 cfu/100 ml,

respectively. However, no coliforms (0 cfu/100 ml) were found in the

tap water. The rain water in the storage tanks contained an average

concentration of 741 cfu/100 ml coliforms and 117 cfu/100 ml fecal coli-

forms. The concentrations of the total coliforms and the fecal coli-

forms were still substantial in treated gray water. The mean number of

total coliforms in treated gray water was 41,686 cfu/100 ml and the mean

number of fecal coliforms in treated gray water was 3,162 cfu/100 ml.
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Growth of Bacteria in Gray Water (Bath Water)

In order to study the likelihood of bacteria growth in gray

water, samples of bath water were stored at room temperature (25
oC) and

examined for the concentration of total aerobic, total coliform and

total fecal coliform bacteria every other day for 12 days. The results

of the bath water samples are shown in Figure 6. The number of total

aerobic, total coliform and total fecal coliform bacteria increased

rapidly within the first 48 hours and then started to decline slowly.

After 12 days, the number of total aerobic, total coliform and fecal

coliform bacteria never decreased below the initial concentration.

This suggested that the number of bacteria in gray water without any

treatment may increase and persist for a long period when held at room

temperature.

Occurrence and Growth of Pathogenic Bacteria in Gray Water

Four samples of gray water from the storage tank at Casa del

Agua were analyzed for the indigenous Salmonella bacteria. No Salmon-

ella bacteria were isolated from these samples.

To determine the fate of pathogenic bacteria in gray water, two

pathogenic enteric bacteria, Salmonella typhrimurium and Shigella 

dysenteriae, were seeded into gray water collected from sump and storage

tanks and held at 25°C. The results of the study showed that the sur-

vival curves for both species were very similar. The survival of

Salmonella typhrimurium was almost identical in gray water taken from

the sump and storage tank (Figure 7). The 
results were almost identical
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for Shigella dysenteriae (Figure 8).	 These results showed that

Salmonella typhrimurium and Shigella dysenteriae would persist for at

least 12 days in gray water.
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CHAPTER 5

DISCUSSION

Physical and Chemical Properties of Water Samples 

The physical and chemical quality of gray water in this study

concentrates on turbidity, phosphate, sulfates, nitrogen, chlorides, pH,

hardness and alkalinity.

The turbidity in the gray water treatment system significantly

decreased after gray water passed through hyacinth tanks and a sand

filter. Therefore, the gray water treatment system can be considered

very effective in reducing turbidity. The average value of turbidity

of the tap water was only 0.7 NTU, which was lower than the U. S.

Environmental Protection Agency recommended 1 NTU for surface water

supplies. Currently in Arizona, the turbidity standard of 5 NTU has

been suggested for gray water to be used in surface irrigation. Sur-

prisingly, the average turbidity of 4.4 NTU observed in stored gray

water was even lower than the average turbidity of 13.8 NTU observed

in stored rain water. The high turbidity of the rain water was prob-

ably caused by the accumulation of dust and foreign materials on the

roof of the house.

High nitrate-nitrogen concentration can cause methemoglobinemia

in animals. Older persons are less susceptible than very young 
infants

(Broadbent and Reisenaver, 1984). "The major health concern with nitro-

gen in excess concentrations of nitrate in drinking 
waters for infants

37
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under 6 months of age. The primary drinking water standards limit

nitrate to 10 mg/1 (as N) for this reason" (Reed, 1982). Presently

there is no standard for nitrate-nitrogen and ammonia-nitrogen for reuse

of wastewater for irrigation use. A certain minimum concentration of

nitrate in the soil is required for the growth of crops. However,

excess nitrogen (over 30 mg/1) in irrigation water may delay harvest

time and adversely affect yield or quality of some plants such as sugar

beets, grapes, citrus, etc. (Bouwer, 1982; Pettygrove, Davenport and

Asano, 1984) and may cause methemoglobinemia in ruminant animals with

high nitrate concentration in forage (Broadbent and Reisenaver, 1984).

The study results showed that nitrate-nitrogen contained in gray water,

rain water and tap water did not exceed 3 mg/l. This is far less than

the criteria limits (10 mg/1) set for drinking water and the average

mean of 20 mg/1 in untreated municipal wastewater reported by Asano,

Smith and Tchobanogious (1984). The nitrate-nitrogen contained in the

gray water at Casa del Agua is unlikely to cause a health risk.

Phosphate may be found in sewage because it comes from body

wastes and food residues. Large quantities of this compound may be

added when water is used for laundering or other cleaning because phos-

phate is a major constituent of many commercial detergents (Culp and

Culp, 1971). Water from laundry machines and toilets contributed 40

percent and 50 percent, respectively, of phosphates in wastewater (Laak,

1974). Thus, the concentration of phosphates in the gray water sump

tank (8.2 mg/1) was found to be higher than that in the tap water (2.8

mg/1). However, the phosphate concentration of gray water increased

after its passage through the water hyacinth tanks (about 5 times) and
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then slightly decreased during storage. The increase may have been

caused by the decaying plant material in the water hyacinth tanks

(Warshall et al., 1984).

"Sulfates are salts of sodium, potassium, calcium, and magnesium

dissolved in the water" (Blake, 1980). The source of the original sul-

fates found in the gray water may be due to the detergent used in the

household. The sulfate content of the gray water increased with treat-

ment. The reason for this is not clear but may be related to the

presence of biodegradable detergents.

"Chlorides represent the sum total of the dissolved chloride

salts of sodium, potassium, calcium, and magnesium present in water"

(Blake, 1980). Chlorides can be detected in potable water supplies and

sewage, usually as a metallic salt. High chloride concentrations in

water are not known to have toxic effects on human beings. But exces-

sive amounts of free available chlorine (over 0.05 mg/1) may cause leaf-

tip burn and other damage to some sensitive crops. However, most chlor-

ine in gray water is in a combined form that does not cause crop damage

(Asano, Smith and Tchobanoglous, 1984). The tap water and gray water

contained less than 12 mg/1 of chlorides. Only 1.8 mg/1 of chlorides

was found in the rain water.

The pH of water affects metal solubility and alkalinity of soils.

The pH of the tap water and the gray water in the sump, hyacinth 1,

hyacinth 2 and storage tanks was almost identical. The pH values of

these waters ranged between 5.2 and 7.7 and are within the range 
speci-

fied by the previously mentioned standards (4.5 to 9) set for the
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drinking water in Arizona. The average value of pH for rain water was

6.0. This showed that rain water was more acidic than gray water or tap

water which might be due to dissolved gases such as carbon dioxide or

sulfur dioxide contained in the air (Purchase, 1978). The combustion of

fuels containing sulfur such as coal will cause the sulfur dioxide in-

crease in the atmosphere (Blake, 1980).

"Water hardness is defined as the total concentration of calcium

and magnesium expressed as equivalent calcium carbonate and measured in

either milligrams per liter or grains per gallon (1 gr/gal=17.16 mg/1)"

(Purchase, 1979). If the hardness is more than 51 to 100 mg/1, the

water is considered as "medium hard" water. The study results showed

that the mean of hardness of rain water was 51 mg/l. Therefore, the

rain water collected at Casa del Agua can be considered as medium hard

water. Likewise, if the hardness is more than 101 to 200 mg/1, the

water is considered as "hard" water. The study results showed a simi-

larity in hardness for tap (146.5 mg/1) and gray water in the sump

(137.2 mg/1), hyacinth (123.2 mg/1) and storage tanks (119.2 mg/1).

Obviously, Tucson municipal water can be classified as "hard" water.

Alkalinity refers to the buffer capacity of water to neutralize

acids without substantially lowering the pH. "In the discussion of pH,

7.0 is considered to be the neutral point. In water analysis about 4.5

is the end point for titration of alkalinity. Thus, a water with a pH

of 6 could be called acid on the basis of the pH, but might still 
have

titratable alkalinity" (Hamilton, 1978). The alkalinity of natural

water is normally very low unless strongly alkaline industrial waste has

been introduced. "The alkalinity in natural water is usually the result
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of bicarbonates and carbonates dissolved in the water as the water flows

over or through limestone deposites" (Purchase, 1979). The alkalinity

of rain water in the storage tank was found to be only 3.6 mg/1, which

was much lower compared to that of the tap water. The average alkalin-

ity in untreated municipal wastewater is reported to be about 211 mg/1

(Asano, Smith and Tchobanoglous, 1984). Similar results were obtained

in this study. The alkalinity contained in tap water and gray water in

sump, hyacinth 1, hyacinth 2 and storage tanks was 125, 159.8, 202,

208.5 and 214 mg/1, respectively. There was a slight increase in alka-

linity when tap water was added to the sump tank. Detergents used in

the household may have effected this increase. "Most cleaning products

provide enough alkalinity to neutralize the acid and still have plenty

left over for the cleaning job" (Purchase, 1979).

Bacterial Quality of Water Samples 

Bacterial Quality of Gray Water

The composition of wastewater often varies widely among differ-

ent communities, and so may gray water. An average of 2.2x10
7 

total

coliform bacteria and 8x10
6 

fecal coliform in 100 milliliters of un-

treated municipal wastewater using most probable number (MPN) method was

reported by Asano, Smith and Tchobanoglous (1984). Another report from

Hypes (1984) indicated that total aerobic bacteria and total coliform

bacteria in gray water irrespective of garbage content were 1.5x108

cfu/100 ml and 1.95x10 7 cfu/100 ml, respectively. Similar results were

also obtained in this study. The average of 6.9x10 8 cfu/100 ml for

total aerobic bacteria, 3.7x10 7 cfu/100 ml for total coliform bacteria,
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and 1.2x106 cfu/100 ml for fecal coliform bacteria in the gray water

sump tank was observed.

The gray water treatment system installed at Casa del Agua

significantly reduced the bacterial populations (Table 5). By com-

paring the mean log values of the bacterial populations, it can be

seen that there was a log decrease for all bacterial groups during the

passage of gray water through the water hyacinth tanks. There was

another log decrease after passage of the effluent from the water hya-

cinth tanks through sand filters to the storage tanks. The confidence

interval was set surrounding the mean at the 95 percent level to cal-

culate the significant statistics. It was found that the number of

bacteria were statistically different at the different treatment

stages. Therefore, gray water treatment systems appeared to be effec-

tive in decreasing gray water microbial population.

Although the study results showed that the number of micro-

organisms in gray water significantly decreased after treatment, the

mean concentration of fecal coliforms in the storage tanks still

remained at 3,162 cfu/100 ml. Currently, Arizona requires that gray

water used in surface irrigation cannot contain over 25 cfu/100 ml of

fecal coliforms. It is obvious that the treated gray water at Casa

del Agua did not meet this standard.

Bacterial Quality of Rain Water

Rain and snow generally contain no fecal bacteria, but fallen

precipitation that becomes stormwater or overland flow may pick up a
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Table 5. Bacteriological Characteristics of Gray Water

Organisms
Replica-

Source	 tion
Mean

Log 10/100 ml C.I.	 95%

Standard
Plate Count

Sump

Hyacinth 1

Hyacinth 2

Storage

16

4

16

16

8.84

8.72

7.71

6.62

9.16	 -	 8.52

9.60 -	 7.84

8.12	 -	 7.30

7.01	 -	 6.23

Total
Coliforms

Sump 16 7.57 7.98	 -	 7.15

Hyacinth 1 4 7.11 8.45 - 5.77

Hyacinth 2 16 6.32 6.86 -	 5.78

Storage 16 4.62 5.03	 -	 4.21

Fecal
Coliforms

Sump 16 6.09 6.59 -	 5.59

Hyacinth 1 4 5.62 6.08 -	 5.16

Hyacinth 2 16 4.96 5.47 - 4.45

Storage 16 3.50 4.04 - 2.96

C.I. = Confidence Intervals
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considerable load of fecal bacteria (Geldreich et al., 1968). It has

been reported that a geometric mean value over 10
5 
cfu/100 ml of fecal

coliforms was found in stormwater (Feachem et al., 1983). However,

rain water was unexpectedly found to contain significant concentrations

of total coliforms (741 cfu/100 ml) and fecal coliforms (117 cfu/100 ml)

in this study. Although the number was far less than those found in

treated gray water, the mean of fecal coliforms in the rain water was

still high at 117 cfu/100 ml compared to the State of Arizona require-

ment of no more than 25 cfu/100 ml. This implied that the rain water

samples collected from Casa del Agua did not meet the standard for reuse

of treated sewage effluent in Arizona. Additional treatment of rain

water in the storage tank is suggested, and further studies on the

microbiological aspects of rain water collection systems might be

required. Since the rain water collection system at Casa del Agua is

isolated from the gray water collecting system, the source of the fecal

coliforms in the rain water is probably due to warm-blooded animal feces

(i.e., bird droppings) on the roof of the house.

Bacterial Quality of Tap Water

The study results showed that the microbial quality of Tucson

municipal water was quite good (Table 6). Drinking water should contain

less than one total coliform per 100 milliliters of drinking water.

(Standard Methods, 1985). No evidence of fecal coliforms was found in

the tap water. Standard plate count bacteria in the tap water was about

2.4 logs less than rain water and about 5 logs less than the untreated

gray water.
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Table 6. Bacteriological Characteristics of Rain Water and Tap Water

Number of	 Mean Log/
Organism	 Source	 Samples	 100 ml

Mean Number/
100 ml

Standard
Plate
Count

Rain Water	 7
	

6.22
	

1,659,586

Tap Water.	 4
	

3.84
	

6,918

Total
Coliforms

Rain Water	 7	 2.87	 741

Tap Water	 4	 0

Fecal
Coliforms

Rain Water	 7
	

2.07

Tap Water	 4
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Growth of Bacteria in Gray Water (Bath Water)

The aerobic count, coliform and fecal coliform bacteria increased

during the first 48 hours and then became fairly stable for the next 12

days. It is evident that gray water has nutrients which can aid the

growth of microorganisms. Hypes (1984) found that the number of organ-

isms in gray water containing household garbage was about 1.37x10 8

cfu/100 ml for total aerobic bacteria and 1.88x10
7 

cfu/100 ml for total

coliform bacteria, but after 24 hours of storage the number increased to

2.17x10
9 

cfu/100 ml for total aerobic bacteria and 5.40x10
8 

cfu/100 ml

for total coliform bacteria. The number of microorganisms contained

in the bath water is considered less than in the gray water with gar-

bage. Although the number of organisms observed in this study was not

the same as Hypes reported, the final results of both studies were iden-

tical. That is, the microbial population tended to increase after 24

hours of storage. In this study the number of total aerobic bacteria

was 7.5x10
6 cfu/100 ml and total coliform bacteria was 5.5x10

3 cfu/

100 ml in the gray water collected from the bath tub. However, a higher

number of total aerobic bacteria (1.1x10
9
) and total coliform bacteria

(1.9x10
5 ) was observed after 24 hours of holding at a temperature of

25° C.

Survival of Pathogenic Bacteria in Gray Water

Gray water could potentially contain microorganisms which pose

a public health hazard. Very high concentrations of total aerobic

heterotrophic microorganisms, total coliforms and fecal coliforms were
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observed in gray water. However, the presence of pathogenic bacteria

such as Salmonella in the gray water is not expected unless the resident

is infected with these organisms. This is probably the reason no indi-

genous Salmonella bacteria were isolated from the gray water during this

study. But this does not imply that all gray water at Casa del Agua

does not contain Salmonella or other pathogens. The only conclusion

that can be made is that the samples we analyzed were free of Salmonella.

Shigella are excreted only by man, thus the presence of Shigella 

is believed to be lower than that of the Salmonella in most surface

waters contaminated by animal feces. Salmonella can multiply vigorously

in sterilized sludge or slurry, but under natural conditions they are

strongly inhibited by the activity of other microflora. Survival of

both Salmonella and Shigella depend on many factors such as temperature,

humidity, concentration of other bacteria, etc. The survival time of

Shigella in water is typically less than 14 days at warm temperatures

(over 20°C). Salmonella have been reported to survive in cattle slurry
for a long period. Overall survival times were 132 days at 5°C and 10 ° C,
57 days at 290C, and 30 days at 30°C. Shigella and Salmonella on the
surface of crops will be exposed to warm temperatures, bright light, and

rapid drying. These factors are all hostile to their survival. It has

been reported that survival times of Shigella on crops are always less

than 7 days and generally the survival times of Salmonella survive on

crops are unlikely to exceed 10 days in hot and arid climates. However,

Salmonella is believed to persist longer than Shigella; they can survive

up to 53 days on root crops, up to 40 days on leafy vegetables, up to 5

days on berries, and over 2 days on orchard crops. The risks of crop
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contamination can be reduced by adopting drip, furrow, or subsurface

irrigation methods instead of using spray or flood irrigation (Feachem

et al., 1983).

The pathogenic bacterial survival test for Salmonella typhimur-

ium and Shigella dysenteriae showed that these two bacteria, seeded into

gray water, both had very similar survival curves and that they both

could persist at least several days. The initial average concentration

of Salmonella typhimurium inoculated in gray water from sump tank and

storage tank was 1.48x10
8 

cfu/ml and 2.04x108 cfu/ml, respectively, and

the final average concentration after 12 days of storage was 3.09x10
4

cfu/ml and 3.24x10
4 

cfu/ml, respectively. Similarly the initial average

concentration of Shigella dysenteriae inoculated in gray water from sump

tank and storage tank was 5.13x10
7 

cfu/ml and 5.89x10
7
, respectively,

and the final average concentration after 12 days of storage was 2.4x10

cfu/ml and 1.51x10
4 cfu/ml, respectively. This implied that there may

be some risks associated if the gray water is contaminated with patho-

genic bacteria. However, the survival of pathogenic bacteria on the

surface of crops was not included in this study.



CHAPTER 6

CONCLUSIONS

The objective of this study was to evaluate the safety of gray

water for reuse and the efficiency of a simple treatment system instal-

led for gray water purification. The results indicated that the number

of microorganisms in gray water decreased significantly after biological

treatment and sand filtration. Although the gray water treatment system

installed at Casa del Agua appeared to be effective in decreasing gray

water microbial populations, it should be noted that the final fecal

coliform concentrations of treated gray water were greater than the

standard for reuse of gray water for surface irrigation in Arizona.

Therefore, the gray water at Casa del Agua needed additional treatment.

Disinfection or further treatment of the water in the storage tank would

be required for surface irrigation.

The gray water collected at Casa del Agua was screened for indi-

genous Salmonella; all samples were found to be free of these organisms.

Feachem and his colleagues (1983) reviewed many reports on gray water

studies and summarized that "the load of pathogenic microorganisms in

sullage (gray water) will be small, so that discharge or reuse can take

place without tertiary treatment." However, when two pathogenic bac-

teria, Salmonella typhimurium and Shi .gella dysenteriae, were seeded

49
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into gray water, it was found that these pathogens both had very similar

survival curves and that they both could persist for at least several

days. This implies that pathogenic bacteria are unlikely to be found

in gray water, but once present, they can survive for several days. It

should be noted that there may be some risks associated with gray water

use when pathogenic bacteria are present in gray water.

Surprisingly, the rain water contained significant numbers of

bacteria. The rain water collected at Casa del Agua failed to meet the

fecal coliform standard set by the State of Arizona for surface irriga-

tion.

In this study, the final results indicate that the physical and

chemical quality of treated gray water and rain water met the standards

set by the State of Arizona for irrigation purposes. As far as the phy-

sical and chemical aspects of the treated gray water and rain water col-

lected at Casa del Agua are concerned no health threat or plant damage

would occur if the water is used for surface irrigation.



APPENDIX A

DATA RECORD OF PHYSICAL AND CHEMICAL ANALYSES

OF GRAY WATER, RAIN WATER AND TAP WATER AT

CASA DEL AGUA

51



52

Table Al:	 pH

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Water

Rain
Water

Tap
Water

12/04/85 7.1 7.2 7.6

12/14/85 5.7 5.2 5.3

12/18/85 6.6 6.3 6.9

01/08/86 7.1 7.1 7.1

01/15/86 6.5 6.4 6.8

01/23/86 6.3 6.5 6.8

01/30/86 6.8 6.9 6.8 6.6

02/12/86 6.6 6.8 7.0 6.0

02/26/86 6.3 6.9 7.4 4.4 5.2

03/12/86 6.7 7.0 7.3 6.8,	 6.6

03/18/86 5.5,	 5.7

03/27/86 6.7 6.4 6.2 6.0

04/09/86 6.4 6.5 6.5 6.7

04/30/86 ? ? ? ? ?

05/08/86 6.6 6.3 6.3 6.8

05/28/86 7.0 6.7 7.0 7.0 7.7

06/11/86 6.5 6.7 6.5 7.0

T. 98.9 25.9 98.5 102.5 42 19.5

M. 6.6 6.5 6.6 6.8 6.0 6.5

R. 15 4 15 15 7 3

T = Total; M = Mean; R = Replication; ? = No data.
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Table A2: Turbidity	 (NTU)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Water

Rain
Water

Tap
Water

12/04/85 22 10 8

12/14/85 65 19 8

12/18/85 72 24 4

01/08/86 87 7 4

01/15/86 89 12 5.5

01/23/86 44 4.2 6

01/30/86 140 3 2.9 1

02/12/86 20 2.2 3 11.5

02/26/86 33 8.9 3.6 7.1 0.7

03/12/86 54 3.5 3.4 5.8, 5.8

03/18/86 17,	 55

03/27/86 115 38 5.8 3.9

04/09/86 175 50 2.4 1.5

04/30/86 53 49 2.4 5.4 0.7

05/08/86 52 7.5 3.3 9.6

05/28/86 25 24 3.1 2.8 0.3

06/11/86 34 25 16 1.8

T. 1080 120.5 194.3 70.7 110.4 2.7

M. 67.5 30.1 12.1 4.4 13.8 0.7

R. 16 4 16 16 8 4

T = Total; M = Mean; R = Replication; ? = No data.
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Table A3: Phosphate (mg/1)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Tank

Rain
Water

Tap
Water

01/08/86 6.6 ? ?

01/15/86 5.4 42.5 26.7

01/23/86 7.4 43.8 25.1

01/30/86 4.4 31.3 24.7 4.7

02/12/86 35.3 34.8 18.6 0

02/26/86 4.4 ? 17 0 2.5

03/12/86 5.5 38.3 15.4 1.5, 1.0

03/18/86 2.0, 4.8

03/27/86 4.5 50 60.5 75

04/09/86 10.5 50 47.5 30.5

04/30/86 4.9 62.5 15 0.5 2.2

05/08/86 1.5 46.5 55 22

05/28/86 9.3 60 45 1.5 1.9

06/11/86 6.9 21.5 24.5 23.5

T. 106.6 168 500.7 338.5 1.3 11.3

M. 8.2 42 45.5 28.2 1.4 2.8

R. 13 4 11 12 8 4

T = Total; M = Mean; R = Replication; ? = No data.



Date Tank Tank 1 Tank 2 Water Water Water

01/08/86 12 38 45

01/15/86 14 45 46

01/23/86 18 45 42

01/30/86 22 36 39 23

02/12/86 40 47 43 14

02/26/86 33 42 35 10 24

03/12/86 34 39 46 9, 9

03/18/86 9, 17

03/27/86 9 24 35 39

04/09/86 25 32 46 48

04/30/86 36 55 59 11 38

05/08/86 33 89 89 59

05/28/86 70 68 78 11 38

06/11/85 29 14 43 44

T. 375 159 628 623 90 123

M. 28.9 39.8 48.3 47.9 11.3 30.8

R. 13 4 13 13 8 4

Sump	 Hyacinth Hyacinth	 Storage	 Rain	 Tap
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Table A4: Sulfates (mg/1)

T = Total; M = Mean; R = Replication; ? = No data.



Table A5: Nitrogen,	 (Ammonia)	 (mg/1)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Water

Rain
Water

Tap
Water

01/08/86 ? 2 1.39

01/15/86 0.4 1.21 1.05

01/23/86 0.47 1.21 1.88

01/30/86 0.6 0.3 1.6 0

02/12/86 0.51 0.35 0.51 0

02/26/86 0.39 0.4 0.05 0 0

03/12/86 0.35 0.27 0.14 0.11, 0.17

03/18/86 0.38, 0.06

03/27/86 0.15 2.25 0.65 ?

04/09/86 0.62 1.7 0 0

04/30/86 1.3 0.2 0.12 0 0

05/08/86 0.63 1.39 0.39 0.25

05/28/86 0.18 1.1 0.25 0.09 0

06/11/86 1.4 1.4 0.2 0.25

T. 7 6.74 8.28 7.49 0.81 0

M. 0.58 1.69 0.64 0.62 0.10 0

R. 12 4 13 12 8 4

T = Total; M = Mean; R = Replication; ? = No data
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Table A6: Nitrogen, (Nitrates) (mg/1)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Water

Rain
Water

Tap
Water

01/08/86 ? ? ?

01/15/86 0.12 0.07 0.09

01/23/86 ? 3.9 3.9

01/30/86 ? 0.1 0.2 12.5

02/12/86 ? 0.15 0.35 0.18

02/26/86 1.0 ? 0.5 ? ?

03/12/86 4.9 2.8 1.9 2.1, 1.9

03/18/86 0.16, 0.11

03/27/86 1.0 5.8 1.2 0.9

04/09/86 1.9 2.4 1.1 1.0

04/30/86 0.9 1.1 1.0 0.7 5.5

05/08/86 0.6 1.7 2.5 1.0

05/28/86 0.9 0.8 0.7 0 4.4

06/11/86 0.9 1.7 1.5 1.0

T. 12.22 11.6 15.22 12.24 5.15 22.4

M. 1.36 2.9 1.38 1.02 0.74 7.47

R. 9 4 11 12 7 3

T = Total; M = Mean; R = Replication; ? = No data.
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Table A7: Chlorides (mg/1)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Tank

Rain
Water

Tap
Water

01/08/86 10 12 12

01/15/86 10.8 13.6 13.2

01/23/86 6.6 10 12.4

01/30/86 6.7 11.6 10.5 7.1

02/12/86 3.1 11 11.2 1.8

02/26/86 11.5 11 11.2 1.9 8.6

03/12/86 12 19.7 12.3 1.2, 1.5

03/18/86 1.8, 2.3

03/27/86 9 7.3 10 14.6

04/09/86 11.2 4.0 8.4 11.5

04/30/86 8.6 10.1 12.2 1.7 14.3

05/08/86 9.1 8.8 8.7 10.2

05/28/86 9 7 11 2 10

06/11/86 10 9 6 7

T. 117.6 29.1 139.1 149.3 14.2 40

M. 9.0 7.3 10.7 11.5 1.8 10

R. 13 4 13 13 8 4

T = Total; M = Mean; R = Replication; ? = No data.



Table A8: Hardness	 (mg/1)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Tank

Rain
Water

Tap
Water

01/081 86 112 100 110

01/15/86 124 132 112

01/23/86 152 146 108

01/30/86 146 128 132 140

02/12/86 124 94 108 114

02/26/86 252 128 116 36 132

03/12/86 116 122 108 48, 46

03/18/86 8,	 36

03/27/86 134 229 114 144

04/09/86 140 120 114 94

04/30/86 132 142 120 40 154

05/08/86 126 122 144 148

05/28/86 110 120 126 50 160

06/11/86 116 128 118 123

T. 1784 599 1602 1549 408 586

M. 137.2 149.8 123.2 119.2 51 146.5

R. 13 4 13 13 8 4

T = Total; M = Mean; R = Replication; ? = No data.
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Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Tank

Rain
Water

Tap
Water

01/08/86 198 216 216

01/15/86 159 195 198

01/23/86 156 189 225

01/30/86 149 177 189 101

02/12/86 183 190 180 43

02/12/86 128 192 198 44 114

03/12/86 136 219 208 41, 37

03/18/86 15, 40

03/27/86 152 142 234 212

04/09/86 162 228 106 109

04/30/86 160 221 199 35 144

05/08/86 166 195 200 198

05/28/86 182 268 235 37 141

06/11/86 146 243 303 419

T. 2077 808 2710 2786 292 500

M. 159.8 202 208.5 214.3 36.5 125

R. 13 4 13 13 8 4

--

Table A9: Alkalinity (mg/1)

T = Total; M = Mean; R = Replication; ? = No data.
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Table Bi: Standard Plate Count (LOG 10 CFU/100 ml)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Tank

Rain
Water

Tap
Water

12/04/85 8.67 9.13 8.28

12/14/85 8.28 8.46 7.58

12/18/85 8.15 8.06 6.64

01/08/85 7.88 6.89 6.46

01/15/86 8.87 8.23 6.51

01/23/86 9.11 7.82 6.85

01/30/86 8.98 6.90 6.16 3.50

02/12/86 8.72 6.38 5.92 6.83

02/26/86 8.75 8.40 6.00 3.00

03/12/86 8.43 7.79 6.76 6.40, 6.58

03/18/86 6.23, 6.79

03/27/86 8.62 8.93 7.34 6.36

04/09/86 10.25 8.38 6.67 5.72

04/30/86 9.63 6.95 7.23 5.42 4.58

05/08/86 9.53 9.40 8.26 6.18

05/28/86 8.43 8.34 7.62 5.30 4.28 I

06/11/86 9.15 8.18 7.85 5.68

T. 141.45 34.89 123.47 105.95 43.55 15.36 1

M. 8.84 8.72 7.71 6.62 6.22 3.84

R. 16 4 16 16 7 4

T = Total; Mean = Mean; R = Replication.
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Table B2: Total Coliforms (LOG 10 CFU/100 ml)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Water

Rain
Water

Tap
Water

12/04/85 7.13 7.57 5.42

12/14/85 6.60 7.27 5.04

12/18/85 6.79 7.00 5.43

01/08/86 7.53 6.23 4.00

01/15/86 6.95 5.55 4.08

01/23/86 7.36 5.82 4.42

01/30/86 7.87 5.91 3.71 0

02/12/86 6.94 4.82 4.58 4.71

02/26/86 8.58 8.29 5.65 0

03/12/86 7.28 6.11 4.30 1.92, 1.95

03/18/86 2.58, 1.30

03/27/86 7.79 7.58 5.90 4.49

04/09/86 9.18 7.95 5.83 4.92

04/30/86 6.95 5.70 4.32 3.75 0

05/08/86 8.91 6.04 4.72 3.18

05/28/86 8.15 7.51 6.18 3.90 0

06/11/86 7.18 6.85 6.95 4.20

T. 121.19 28.42 101.18 73.92 20.11 0

M. 7.57 7.11 6.32 4.62 2.87 0

R. 16 4 16 16 7 4

T = Total; M = Mean; R = Replication.
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Table B3: Fecal Coliforms (LOG 10 CFU/100 ml)

Date
Sump
Tank

Hyacinth
Tank 1

Hyacinth
Tank 2

Storage
Tank

Rain
Water

Tap
Water

12/04/85 5.72 5.51 4.51

12/14/85 5.91 6.09 4.30

12/18/85 5.04 5.88 4.48

01/08/86 6.04 4.65 3.30

01/15/86 4.88 3.74 2.15

01/23/86 6.42 4.35 3.46

01/30/86 6.90 5.02 3.47 0

02/12/86 4.26 4.30 1.30 4.20

02/26/86 6.04 5.63 4.57 0

03/12/86 5.38 4.26 3.60 1.08, 1.15

03/18/86 2.08, 0.90

03/27/86 6.77 5.78 4.85 3.48

04/09/86 6.66 5.64 4.26 3.91

04/30/86 6.26 4.60 3.70 2.11 0

05/08/86 7.60 5.20 3.85 2.00

05/28/86 7.70 7.43 4.85 3.00 0

06/11/86 5.90 5.85 4.90 2.85

T. 97.48 22.47 79.32 55.83 14.52 0

M. 6.09 5.62 4.96 3.50 2.07 0

R. 16 4 16 16 7 4

-

T = Total; M = Mean; R = Replication.
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