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PREFACE

California just endured six continuous years of drought. This prolonged drought
gave-us a preview of the future: a future with many more people needing water
and at best-a constant (possibly diminishing) water supply. As planners and

~ policy makers, we must squarely face the posszbzlzty of a tremendous water supply
‘deficit and its attendant problems. To reduce or eliminate the prOJected water .

supply shortfalls, water conservation and water recycling must be. avazlable»
opz‘zons to citizens and deczszon makers. ‘

Not all types of water use e]j‘iciency will find universal acceptance or appli- .
cability. Nor will any one method be a panacea to the serious water supply

problems we face in the City of Los Angeles, in Southern Calz_'fomia--indeed the
whole State. Yet, we cannot afford to foreclose any one option a priori, just

because it may be at the leading edge of technology or new to a particular area. |
The gray water pilot project was launched in this spirit of open-minded attitude L
towards all water use efficiency techniques, by Councilwoman Joan Milke |
‘Flores as part of her 12-point initiative, introduced into the Council Commerce,

Energy and Natural Resources Committee, in July 1990.



EXECUTIVE SUMMARY

PROJECT OBJECTIVES The pilot project was launched with these primary objectives: (1)
to obtain reliable quantitative data from actual use of gray water systems under realistic
conditions, and (2) to make recommendations to the City Council based on the findings of the
pro;ect, for safe use of gray water in the Clty of Los Angeles.

OVERVIEW The Gray Water Pilot Project consisted of eight gray water test systems installed

at residences in the City of Los Angeles, sampled monthly and monitored over a year-long
period for safety and water savings. Samples of soils and water were tested at a certified
laboratory for indicator bacteria and pathogens (disease organisms), to compare areas receiving
gray water with those irrigated with tap water. Twelve monthly sample sets were taken from
the each of the eight pilot sites. Each sample was tested for a dozen parameters. The resulting
data formed the basis for statistical analyses to determine the significance -of differences,
between the control areas and the gray-water-irrigated areas. Drip xmgatlon was the primary
- method of application of water in all but two of the sites. : A

FINDINGS Total and Fecal Coliform bacteria and the enterococcus group in control and
gray-water irrigated soils fluctuate widely and inconsistently. There appears to be no smooth
trend with time or with irrigation treatment. Results of pre-irrigation (baseline) sampling also
show great variability among sites, with indicator bacteria counts in the same range as the post-
irrigation samples. Therefore, it is not possible to correlate occurrence of indicator bacteria with
use of gray water at the pilot sites. It may be that background variation of these bacteria in the
soil environment--from domestic and wild animals--overwhelms any contributions frorn human
sources through the gray water distribution system. :

The statistical analysis of the data from soil samples indicates a significant difference in the total
coliform levels between gray-water-irrigated areas and control areas. This can be attributed to
the possibility that gray water contains organic matter which can support growth of soil
microorganisms, including coliform bacteria deposited by animals as well as those coming from
the gray water sources. However, the statistical tests did not show any significant' differences
for fecal coliform or for enterococci on the irrigated soils. v

Three of the Disease-causing organisms monitored in the sampled soils--Salmonella, Shigella,
and Entamoeba histolytica--were negative at all sites in all sampling rounds, in gray water and in
soil--both control and gray-water-irrigated. Apparently, neither the gray water nor the soil
carried any of these particular organisms. The fact that throughout the year, none of the
samples yielded a positive for any pathogens tested is encouraging for the possibility of safe use
of gray water--even where total adherence to hygienic handling of the water in not assured.

2



pH, sodium, chloride, calcium magnesium and total salts were measured in gray water and in
 the soil extract to determine if any of the agronomic characteristics-of the soil might be affected -
by gray water irrigation. For the same purpose, sodium adsorption ratio was computed for each -
sample from the basic data. As expected, sodium and sodium adsorption ratio were both
significantly higher in gray-water-irrigated soils than in the control soils. Boron concentrations -

in the storage tanks and in the soil were measured once, during round 9 sampling. Since boron -

was not detected in any of the gray water samples, it is not expected to affect boron .
concentrations in the soil. o SEHE

CONCLUSIONS  From the results presented above, including baseline data, it is clear that
backyard soils are contaminated, whether they are in the control areas or in the gray-water- -
irrigated areas. If these findings can be generalized, the implication is that gray water irrigation- ‘
-below the surface of the soil--does not by itself elevate the health risks from handling the - -

gafdeh soil, as long as sar;itary,prac'ticés’ are fo'llowe,d... o

It appears that use t}f gray water at the pilot br'ojecf sites does not pose a significant risk to the
users or the community. Since pilot project sites were controlled, inspected, and repaired as -
~needed, broad generalization of this conclusion may be premature. However, certain ‘more

specific generalizations appear inescapable, e. g.:
E Indicator :,_b"act_gﬁa (total coliform) in_the soil seem to increase ‘with gray water

. application. However, the soil is. a_lready so heavily contaminated with animal’ fecal
matter that the additional contribution of gray water may be irrelevant. _ RN

E Disease Qrgarﬁsms, normally capable of surviving in the soil for a few days, were not
present in gray-water-irrigated areas. Neither have these organisms been detected in -

. gray water in storage. This may indicate either an entirely healthy test population (highly -~

unlikely), or a2 mechanism for deactivation of pathogens. Either way, the results indicate -
 that there may be minimal additional risk of exposure from use of gray water for
 irrigation of landscaping. L ' C o e

~® The water savings potential of a gray water system to an individual home .can be
significant—-about 50 percent of all the water used. However, it is highly unlikely that a-
large enough number of people will install such systems, because of the maintenance
requirements, complications with permitting, and cost. Therefore, gray water cannot be
expected to play a significant role in a community's water supply reliability.

RECOMMENDATIONS ' The .followihg'rééommendat‘ions are based on the _ﬁn'dings'_..fénd

~conclusions in Sections IV and V. e C T e e

K ‘Dré.ﬁ or_dihaﬁqé for City Council considération, to permit gray water systems in the‘-‘City '

of Los Angeles, consistent with the systems used in the pilot project and found to be
acceptable (in terms of public health protection)

B Maintain an active role in state and local legislation and code changes affecting gray
water use.



INTRODUC T_‘I-ON

SECTION

The six-year drought of 1987-1992 left its palpable impact on the daily life of nearly everyone
living in Los Angeles as well as other parts of California. Ordinary people dealt with their water
conservation responsibility seriously and successfully, with evident results. Water usage
plummeted by as much as 30 percent in many communities. Mandatory conservation is still in
effect i some cities in the Northern parts of the State.

. In their attempt to cope with the drought, many individuals contacted their representatives on
the City Council and the various City Departments to inquire about use of gray water. In
response to these inquiries, the gray water pilot project was launched to obtain reliable dara
about: the public ‘health effects, and the possible horticultural effects of 'irri'gé‘t;ion with gray
water.. The City's elected officials felt that an ordinance permitting use of gray water should he
based on sound, credible field data, collected under controlled representative conditions.
Available information about gray water at that time was limited to a relatively new permit sys-

tem in Santa Barbara and San Luis Obispo, and an expired incentive program by the State.

GRAY WATER EXPERIENCE AT OTHER CITIES AND COUNTIES

The City of Santa Barbara and the County of Santa Barbara allowed use of gray water, with :

permit, starting in 1989. However, no attempt was made to monitor the performance of the

~ operating systems. Many people in these localities installed systems without a permit and mor

than a few applied gray water to the surface of the soil, rather than below the ground surface a

‘advised in the guidelines. Thus, the only lesson learned from their experience was that ther

* were no reported health problems associated with gray water systems, even those disregardin

safety features of guidelines. This lack of reported cases of disease transmission was nc

adequate to satisfy public health authorities regarding the potential for pathogenic agents to b
transmitted via gray water. P .

Since 1989, numerous other counties and cities have adopted ordinances, guidelines or tempc
rary measures to allow safe use of gray water. The counties currently permitting various forn
of gray water systems are: Calaveras, Los Angeles, Mariposa, San Bernardino, San Diego, St
\ Luis Obispo, San Mateo, and Santa Barbara. Some of the Cities now permitting gray water u:
are: Chula Vista, Pasadena, San Diego, San Luis Obispo, and Santa Barbara. Most of ti
systems allowed under these guidelines involve below-the-surface application of the gray wate
None allow spray or sprinkler application or other uses that involve direct exposure of people

the gray water.



Some communities are contemplating legislation to mandate installation of gray-water-ready
plumbing in new housing developments to give future residents an easy choice to use gray water -
for their landscape irrigation. This is an option with negligible economic impact upon-the
development and the building industries. Discussions with leaders of these industries indicate -
that they would welcome any opportunity to extend the available sources of water and postpone s
the day when water will bf*come the hrmtrng factor to development :

THE ROLE OF THE STATE OF CALIFORNIA IN GRAY WATER -

Dunng the earher drought of 1977—1978 the State prov1ded tax relief to those who chose to-.
install ‘gray water systems. ‘This program recognized the water saving potential of gray water :.

systems, but the incentive was discontinued after the drought. In recent months other 51gmﬁ
cant statewide gray water-related events have occurred, namely: e

'] Pubhcatlon of the State Departrnent of Health Servmes guldehnes for gray Water use T

in March 1991

B Development of an appendix! to the Uniform T’Iumbing Code by an Ad Hocl :
Committee co-sponsored by the State Department of Water Resources (DWR) and

-+ "the Department of Health Services (DOHS), and its approval by the. Intemanonal.:.:z.;

Assocranon of Plumbmg and Mechamcal Oﬁicrals (IAPMO) in September 1992

B Unammous Approval by the State Leglslature of Assembly Bill 3518, introduced by
" Assembly Member Byron Sher, to facilitate and permit statewide uses of gray water

- for landscape irrigation below the surface, in single-family residences. The bill was -

signed by the Governor in July 1992. The same 4d Hoc Committee is formulating
. regulations to implement AB 3518. These regulations will be subjected to a pubhc
: rev1ew process before taking effect, probably in Iuly 1993, .

A LITERATURE REVTEW .

In this sect1on a summary review of the literature on gray water is presented. The objectlve is .

(1) to provrde the reader background information on gray water, and (2) provide data from -
other case studies on quality and quantity of gray water for comparison to results of the present
study, wherever applicable. Therefore, this review includes definitions, application, character- -

istics, quantity and barriers and constraints to use of gray water. Although information on- . -

treatment of gray water exists (primarily filtration and disinfection) it is not considered here :
because the prlot prOJect is concerned primarily with use of untreated gray water. SR

In the limited literature on the subject, gray water is spelled different ways by the authors: (with
the English "grey" the American "gray", and as one word or two). While all four spellings are
considered correct, the present document will use the "gray water" version. consistently, unless
quoting another source directly. :

1" The appendix provides a set of "minimum" standards for installation of gray water systems. These standards
are set conservatively, because of their newness, allowing only below-ground application of gray water using
leach fields similar to on-site disposal leach fields.
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Grav Water Definitions

In reférénce to gray water, depending on the inclusion or exclusion of the kitchen sink waste-
water, two definitions of gray water are used in the literature. According to Rose ef al.?%,
"Graywater is defined as all wastewater generated in the household, excluding toilet wastes, and
includes wastewater from bathroom sinks, baths, showers, laundry facilities, dishwashers and, in
some instances, kitchen sinks". Ingham(®) defines gray water as follows: "Greywater is all
waters generated in the household which do not contain toilet wastes". Sherman(®) also excludes -
kitchen sink wastewater from gray water: "I feel the kitchen sink produces wastes of sufficient
strength to be considered black water".

 Volume of Gray Water

Volimes of gray water reported in the literature vary from area to area and also vary according
to the definition employed for gray water. Data on quantity of gray water from different sources
reported in the literature are summarized in Table L. .. - '

- Table 1. Summary of G%ay Water Quantity Data from Various Studies
" “Source of -data* -

o Siegrist __ Rose " Boyle  Sherman Karpiscak emr
rate (gped)** ©20-33 29459 21 - = A53%kx
Ratio to total ' _
household wastewater - 65% - 70% 6% 53-81%

. * " Source references are more fully cited in Section VI, by author. o ‘

o Gallons per capita per day. v
hk Rsponed figure is the average of data from six different sources.

An estimate of the proportion of black and gray water to total water use in a suburban home is
reported as follows: (19) y }

- Toilet . L 34.1% .
Kitchen o 12.0% '
Bathroom 24.5%
Laundry 23.2%
Miscellaneous 6.2%
Gray Water Quality

Characteristics of household gray water are expected to exhibit considerable variation, both in
chemical and microbiological constituents. Variations are caused by factors including individual
lifestyles and customs, whether young children are living in the house, whether kitchen sink
wastewater is included, type of detergents used, etc. For example, Boyle(® reported: "If the
Kitchen sink wastes are excluded, the pollutant concentrations in gray water are significantly

2 Superscripted numbers in parantheses refer to cited references in section VIL
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lower than in total residential waste stream". According to Rose(®), "Total coliform and fecal
coliform were low in the graywater from families without children and averaged between 6 and
- 80 colony forming.units (CFU) per 100 ml. In contrast, however, fecal coliform and total
coliform counts were significantly higher in graywater from families with young chrldren and
averaged 1. 5x103 and 3 2x10° CFU per 100 ml, respectively". Lo .

‘Different data are rep‘orted in the hterature from case studies, indicating wide variation of gray.® -
water characteristics. Gray water quality data from several case studies are summarized in Table

2.

Téble} 2. Physrcal Chemical, and Bactenologlcal Characteristics of Gray Water
" L As Reported by Vanous Invesugarors

""Sowurce of data*

- Parameter Unit . Rose Enferadi Brandes ‘Boyle Sherman.
Turbidity =~ =~ NTU 20-140 - - 42-67 % - -
Phosphate ' mg/L 4-35 - 1.4 T e - 34
Sulfate mg/L 12-40 - - - 0.3-11.9 -
Ammonia- - - . mg/L o o 01532 - - - .0645 - -

Nitrate nitrogen (N) mg/L - 049 - . 012 01206 e

" Total kjeldhal N~ - mg/L = . -~ 0.6-52" :2-50 113 - :5.7-184 -+ 1.9 ...
“Chloride “ '~ mg/L . o 31412000 = T s I i
Suspended sohds oomg/L o -0 0220-1500 162 . 36-160 - -

-~ BOD 0. mgl . - - :40-620 149 - 125-291 33 -
- COD - ‘ mg/L . - o 60-16100 366 . 242-622 - 52 E
~Total dissolved solids mg/L. C - - "420-1700 . - - 686-925 - - . .

Alkalinity mg/L 149-198 . .- - - 382 - -

. Electric conductivity. mho/cm - - 443 - L Ao -
Total coliform - MPN/100mi - - 102-10° 2.4x106 -~ - - :

- Fecal coliform = -+~ MPN/100ml -101-106 1.4x106 - .- o -

PH -~ (none) 57 - 6.8 . 7.1-8.7

- . * Source references are more fully cited at the end of the report, by author. .

Data reported from the literature demonstrate ‘consistently that gray water contains a significant. . .
concentration of pathogenic indicators and potential pollutants. Gray water may contain -
‘microbial agents' which represent a public health hazard with unrestricted reuse. Investigators .
generally warn that these facts should be considered seriously in use of .gray water and 1n,:,
o selectrng the method of gray water apphcatxon YOI = R

Grav Water Uses and Soil Interactrons

Gray water can be used for irrigation of trees, shrubs, lawns, landscapes and gardens. Relatively
-large amounts of gray water may be available to be reused. Gray water reuse as a measure of -
water conservation can have a role in arid regions. In many cases landscape irrigation may
account for 50% of total household water use. According to Roley(D) "Graywater reuse is
potentially one of the solutions to the water quantity dilemma". He points out that extensive use
of gray water will guarantee a supply of irrigation water to be used on both ornamental and



certain edible crops. Rose et al.(®) reported: "In arid regions, all of the household landscape
irrigation needs can be met by graywater generated within the household".

Enviro-management & research, Inc., in a report titled Assessment of on-site wastewater
treatment and recycling systems(10) reported "When graywater is used for irrigation, it helps
promote plant growth. Graywater is naturally purified by biological activity in top soil. Soil
microorganisms break down organic contaminants (including bacteria, viruses, and biocom-
patible cleaners) into water soluble plarit nutnents Plant roots take up these nutrients and most -
of the water".

Gray Water Use Restrictions

Gray water use restrictions arise from health concerns technical and operational restrictions in
application of gray water, unsuitability for certain plants, regulatory constraints and public
acceptance. One of the most serious concerns in the use of gray water is its smicrobial content.
According to Rose et al®). "The presence of Eschercza Coli and other enteric- organisms in
‘water indicates fecal contamination and possrble presence of intestinal pathogens such as
Salmonella or enteric viruses. Fecal coliform is a pollution indicator and may be used to assess
the relatlve safety of graywater. Generally, a high fecal coliform count is undesirable and 1mphes
a greater chance for human illness to develop asa result of contact during graywater reuse

‘In a CCDEH issue papei(3) on graywater use in Cahforma, it is reported "These findings demon-
strate that a significant quantity of wastewater (an average of 67% ) is generated by plumbing
fixtures other than the toilet. Assummg discharges from these plumbing fixtures can be diverted
into graywater systems, the remaining flow from toilets may be insufficient to carry solids
through the sewer collection system. This can result in anaerobic conditions which can damage
sewer lines and treatment plants, and make it difficult for treatment plants to comply with
discharge requirements. Furthermore, the reduction of up to 67% of flows to the- treatment
plant represent a similar reduction in the quantity of reclaimed water that will be available after
treatment. Losses in the quantity of reclaimed water can adversely impact current and future
users of this water". It should be pointed out that gray water use of this magnitude can be
expected only if all dwellings in a city install and use gray water system. The concern about loss.
of reclaimed water would be realistic in a community where the entire flow is currently put to
beneficial reclamatlon and reuse.

Most authors recommend subsurface irrigation with gray water and advise against surface
application. This is due to the potential presence of viruses and pathogens in gray water. Also, it
is generally recommended(10) that gray water should not come in contact with the edible portion
of fruits and vegetables, allowed to collect on the surface of the ground, or to run off the
property. Unsuitability of gray water for certain plants is mainly related to the use of detergents
and soaps. Some soaps make gray water alkaline(S). Therefore, gray water may not be effective
for subsurface irrigation of acid loving trees or shrubs. In Table 3, suitability of gray water
irrigation for selected landscape plants is presented. . :



Table 3. Suitability of Gray Water Irrigation for Selected Landscape Plant(10)

Suitable Not suitable Not suitable

"~ . Ornamental trees and shrubs . Rhododendrons . Impatiens
. Flowers and other ornamental . Bleeding Hearts(Dicentra) . Hydrangeans

. Ground cover ' . Oxalis (Wood sorrel) : . Camellias

. Lawns . . Primroses. . Femns~

. Fruittrees =~~~ R . Philodendrons - : . Foxgloves

L oo Azaleas o - : . Gardenias

. Violets . Begonias

Source: Adapted b:}f,e.m.r. from the Santa Barbara and San Luis Obispo Gray Wateerdelmes o

* Ancther limitation to use of gray water for irrigation is its salinity. In particular, water that has
been softened has 2 high sodium content and. consequently is far less desirable for irrigation: A

high sodium -content - tends- to- "seal"-the soil -with -long-term usage(lo) Certain, powdered L

detergents are also reported to contain sodium salts in high concentrations. ..

|PROJECT DESCRIPTION

SECTION

PROJECTOBJECH.VES

The pilot project was. launched with these primary objectxves

o

1. To obtam rehable quantltatxve data from actua.l use of gray water systems under realistic
condmons

2 o To make recommendatlons to the City Councﬂ based on the findings of the pro;ect, for .
. safe use of gray Water in the City of Los Angeles _

3. To publish and disseminate the results of the study to the public through newsletter arti-.

cles, pamphlets and the medra

PROJECT OVERVIEW

The Gray Water Pilot Project consisted of eight gray water test systems installed at residences in
the City of Los Angeles, sampled monthly and monitored over a year-long period for safety and
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water savings. Samples of soils and water were tested at a certified laboratory for indicator
bacteria and pathogens (disease organisms), to compare areas receiving gray water with those
irrigated with tap water. Twelve monthly sample sets were taken from the eight pilot sites,
Each sample was tested for a dozen parameters. The resulting data formed the basis for
statistical analyses to determine the significance of differences, between the control areas and the
gray-water-irrigated areas. In addition, periodic interviews with participating home owners and
their logs provided data on reliability of systems- emplo yed, their mamtenance requu‘ements and
problems peculiar to gray water systems.

COUNCIL AUTHORIZATION. |

The City of Los Angeles Counc1l Commerce Energy and Natural Resources Comrmttee chaired
by Councxlwoman Joan Milke Flores ‘adopted a motion to embark upon a pilot study of gray
water use in the City. The Councﬂ subsequently affirmed this motion® and directed the Office of
Water Reclamatlon to conduct the study and make appropriate recommendations for future

legislatlon to the Council. The work plan, objectives, and scope of the study were based on the
discussions of the Councxl Committee hearings and debate by the full Council.

TASK FORCE

| To oversee the pro;ect a task Force was estabhshed composed of representatlves from the
following: v

- City Attorney * Department of Environmental Affairs
» City Administrative Officer, Rlsk Manager » Department of Water and Power

o Chief Legislative Analyst , » Mayor's Office

o Department of Building and Safety + Office of Water Reclamation

The Task Force was kept. appn'sed‘ of the progress of the pilot project through oral and written
reports, during the course of the project. This final project report is the end result of the Pilot
Project. :

PROJECT TEAM -

The project team was led by the Office of Water Reclamation, which provided project planning,
management, site monitoring, samphng, reporting and recommendations. - The Department of
Water and Power played a major part in the project by supplying funding for the analysis. of
- samples obtained from project sites, and by supplying water meters for assessing the extent -of
water conservation achieved at each site. Calscience Laboratories performed the bacteriological -
and chemical analyses on- the samples they received from the field. The following individuals
contributed to the project: ‘

3 Adopted July 31, 1991, Council File Number 87-2121-521.
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+ Bahman Sheikh, Director, Office of Water Reclamation Supervision, Report Preparation
. K Gary Ghlaey, Office of Water Reclamation Project Management,
_ Field Sampling, Monitoring, Interviews
» Abbas Amirteymoori, Office of Water Reclamatxon Data Analysis, Graphics, Literature
Search, Water Savings
» Jerry Gewe, Department of Water and Power ' Project Funding
« Amy Chen, Department of Water and Power Laboratory Liaison
» William Christiansen, Calscience Environmental Laboratories Laboratory Operations: }; , v
« Virginia Huang, Calscience Environmental Laboratories Laboratory Quality Control .
FUNDING FOR THE PROJECT

" Funding for the Gray Water Pﬂot Pro;ect was prowded prmc1pally by the C1ty of Los Angeles .

: Department of Water and Power" and the Department of Public Works. Major, portion of the . . -
financial support was derived ﬁom the joint sponsorsh1p of the Office of Water Reclamation by -
these two Departments. Supplemental support,-for the laboratory analyses was given by the
Department of Water and Power: through an ongomg contract with Calsc1ence Envuonmental‘ _

Laboratories in Stanton, Cahforma

MATERIALS AND METHOD

SECTION

TEST SITES

Over thu'ty farmhes in the Clty of Los Angeles volunteered the use of their homes for the Gray

Water Pilot. Project upon learning ‘about ‘the Council's interest in conducting such ‘a study. .~ .
Because of fiscal constraints, only eight sites could be accommodated by the prOJect Therefore, .

a selection protocol and criteria were developed to choose the most appropnate locations.
Cntena used in the selecnon process mcluded the following requirements: - :

Site should be within City boundanes

Various geographic areas of the City should be represented.

A range of sizes of homes and sizes of households should be mcluded
Both single- and multiple-family dwellings should be included.

A range of complexity of the drainage systems should be studied.
Topographic conditions should be varied.

Both new and pre-existing installations should be investigated.

A variety of vegetation types should be irrigated.

11



Futthermore, we required that the owners of the sites indemnify the City of Los Angeles against
claims and liabilities and to bear incidental costs associated with the gray water systems installed
at their residences. The candidate sites were visited by staff and the owners were interviewed at
length. Based on information thus obtained, we selected eight sites and an alternate. A second
alternate was added later, when the opportunity for a built-in system--as opposed to retrofits--
arose. To protect the privacy of volunteering participants, the specific characteristics of
individual sites were not associated with site occupants, owners or addresses. Instead each site
is identified by a number for reporting purposes.

Compliance with Uniform Plumbing Code

All systems designs were reviewed by the Department of Building and Safety. for compliance
with the Uniform Plumbing Code as adopted by the City. However; inspectors of the
Department of Building and Safety reported several techmcal wolatlons dunng the course of the
pllot prOJect ' -

GRAY' WATER SYSTEMS

: 'At each of the eight selected sites, a gray water system, usually donated by a manufacturer, was -
installed, at the expense of the system manufacturer or promoter. A variety of types of systems

were installed to maximize the opportunity to learn about the available variety of systems on the

market. The original alternate site ' was a home that has had a gray water system in use for about
eleven years. Because one of the main sites failed to function early in the project, the alternate
became an active site, for the purposes of sampling and data collection. The failed system was .
eventually re-configured. and stood by as an alternate. In April 1992, a new back-up site was
added as a unique opportunity presented itself. This site was a newly designed residence in
which the owners were desirous of incorporating gray water separation at three residences from
the start. This system was monitored but not sampled since the 8 systems continued to function -
satisfactorily to the end. The characteristics of the mstalled systems--some of whlch are

proprietary--are briefly descnbed below ‘ . :

The Robert Kourik System. .

Robert Kourik is the author of the Gray Water Handbook, the Drip Irrigation Book, Edible

Landscaping and other landscape publications. He sells a mail order gray water system kit for

the do-it-yourself weekend plumber. The system consists of a 55-gallon plastic surge tank,

flexible tubing, sump pump, bag filter, back-flow preventer, three-way valve and ﬁttmgs This

system is typically connected to the washing machine discharge line, but also can receive other

- household gray water. Distribution can be through a subsurface leach field or a buned drip irri-
gation system. The Kourik system was installed at Site 2*. :

The Agg a System

The Agwa system, designed by Gary Stewart and John and Mark Bozeman, was deployed at
two of the pilot sites (Site 4 and Site 6). The system consists of a small receiving tank with a
sump pump under the house, 250-gallon storage tank, three-way valve, pumps, an automatically

4 Site numbers are keyed to the results of analyses reported in Section IV.
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back-washed sand-filter, rigid plastic pipe connections to all household gray water, and a micro-
processor that makes ali routine decisions and initiates and terminates irrigation. In Site 6, the
microprocessor was integrated with the site's pre-existing irrigation controller, to enable potable
water irrigation as back-up when/if enough gray water was not available. L

»'_The Ted Adams System

- Ted Adams is a specialist gray waf_er plumberm Santa Barbara, where gray water use first
gained relatively widespread public acceptance. Mr. Adams uses a plastic garbage can with a
lockable Iid, to which he connects the effluent from washing machines. A sump pump empties

the contents through PVC tubing to the irrigation system. Where drip irrigation systems are
used, a 200-micron mesh bag filter is affixed to the inlet of the tank to catch lint and other sus-
pended matter from the gray water. This.is the simplest, and probably the least expensive ofall =
the systems in the field, and in the pilot project. Ted Adams' apparatus was installed at Site 3.

and Site 7. ©

o ‘ifThe‘Watéi‘S‘éVé“SVstem :

Wayne Stanton and his partners assemble a gray water system that includes two storage tanks,

200-micron mesh bag filter, pump, PVC pipes, three-way valve and other appurtenances.” The . " e

‘main features of this system are similar to Robert Kourik's, described above, plus a ygriébief" o
‘amount of electronic controls. This system was installed at Site 1 and Site 5. e

IRRIGATION SYSTEMS
‘Drip irrigation was the primary method of application of water in all but two of the sites. The
type of drip irrigation system used was the tortuous-path emitter systems, which allow for a

fairly wide flow path to minimize clogging. Geoflow, a drip irrigation company specializing in a
_underground drip irrigation, donated four of the drip irrigation systems, and provided two others

“at cost. Two of the drip irrigation systems, in“conjuriction with the Wayne Stanton System, - o

were by Salco Products, Inc. The latter also supplied drip lines for the latest additional bacl'c#up' o
site. The drippers in each system were monitored to assure proper functioning and to prevent '

" At site 8, surface irrigation with gray water hé‘d'_'-.béer.lv 'précticed for 11 years prior to the pﬁot o

project. ‘In order to broaden the range of data applicability, this practice continued after the site
became part of the gray water pilot study. Because no alteration to the plumbing system was’
involved (this system uses gray water from the washing machine discharge’ pipe), no permits
were required and the involvement of the Department of Building and Safety at this site was not

 necessary.” At Site S, half of the application areas used leach fields and the other half used a drip - N

irrigation system.- © - -
ROUTINE USE OF GRAY WATER
Residents at the pilot project sites were given basic information about routine activities involved

in the operation of drip irrigation systems. They were forewarned about the potential risks .
involved in coming in contact with gray water and its microbiological composition. They were
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. ing and cleaning filters, closing off the system and routing gray water to the
trained about changing odes, and other relevant matters. Table 4 provides a summary of site

ring rainfall episo ) . ,
2222;3;“53 type of irrigation system and other relevant information. . ’

Table4.  Characteristics of the Pilot Project Sites

Sit‘e System irrigation So_urce of Water‘ Dete;éent An:iximls ResidenAce» :

1  WaterSave leach field, all gréy water Oasis - cats single;farrxilﬁ} "
buried drip o

2  Kourik buried drip  washing machine Planet/Oasis dogs | ~ single-family

3 Ied ‘Adams blvix.‘i_ed'.'dr'ip‘ »Waslfi’ing machme b' Amway _ 'évinic‘)ne/stray * multi-family -
4 Agwa | buﬁecﬁi dnp o wash -+ lv-bath." Amway : ééts single-fa‘mily"w;

5 WaterSave - b‘L-l.I'ieid drip | all gféy ;va;tér Oasis ”dog, cats  single-family

6 " Agwa buried dxi‘ip_ all Vgravaa‘ter ~ Oasis dogs  single-family
7. Ted Adams .buvri‘ed drip | w’asﬁing fnaéhine pbwdér .,n'one ' ~'sin'gle-farﬁi1y -
& home-made ' sﬁrface washing mzichine Oasis ~ ~cat - - single-family = -

QUALITY ASSURANCE, PRECAUTIONS AND SAFETY FEATURES -

" ‘Sampling and Laboratory Analysis

For the results of the study to be reliable, it was critical to incorporate certain precautions to

~+~ avoid bias on the part of project participants, particularly the laboratory analysts. Therefore, a

sample numbering system was adopted that was at once logical and cryptic. The sample num-

bering protocol was not revealed during the course of the project. It encoded site identity, type-
of sample, and date using telephone dial correspondence between letters and numbers. An.
‘approved quality assurance/quality control procedure was in place at the analytic laboratory;
complete with chain-of-custody procedures for sample handling. ‘ '

Cross Connection Prevention

~ Cross connection of gray water piping to household potable water lines--usually by mistake, in
the course of alteration of the plumbing system--is a risk that cannot be ignored. This risk is
present wherever non-potable water lines are placed in the proximity of potable water distri-
bution systems. Precautions were taken at all pilot test sites to minimize the possibility of cross
connection between the gray water system and the community water supply system. The fol-
lowing factors are responsible for minimization of the risk of cross connection and its potential
impact on community water supplies in these particular systems.
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E  Professional plumbers performed the alterations, under strict guidelines and inspection.

® Pipes used in gray water systems were generally flexible plastic or color-coded rigid
plastlc lines, clearly d1ﬁ‘erent from the galvamzed or copper water lines.

‘®  Pressures employed in ‘gray water distribution systems are typically very low, in the _
o rangeof 0 to 15 ps1 compared to the potable water d1stnbut10n systems® (40 to, 100 p51). &

®E Clear and bold red signs were placed on gray water surge tanks alertmg home-owners
- that the gray water was non—potable and dangerous to drink. ST

' Monthly visits by the prOJect personnel and quarterly inspections by the Department of Bu1ldmg SRR
and Safety prov1ded another layer of protectlon against cross-connection. , o

SAMPLING PROTOCOL AND PROEEDUR’ ES

At the begmnmg of the pllot prOJect a ngorous sa.mphng protocol was estabhshed mcludxng;
step-by-step procedures for aseptic sample acquisition, sample handling, transport,. labelmg, and.
delivery to the laboratory. The same individual obtained all the samples at all the sites, avoiding
~ cross-contamination of samples, mamtalmng umform procedures and constant control-of the

variables. . The sampling activities of the techmcmn was observed and comphance with- wntten,-, - 5

procedures was recorded- mdependently

INTERVIEWS, LOG BOOKS, OBSERVATIONS

Residents at the eight active sites were interviewed at monthly intervals, to obtain qualitative
information about their system, satisfaction with its performance, compliance with instructions,

difficulties encountered and events that might require servicing or alteration to the system. The -~ - .. |

 residents were also asked to maintain log books in which gray water relevant events would be
recorded. Blank forms in bmders were prov1ded close to the gray water tank to facxhtate log-
ging the events. . v .

Each moritlg ‘at the time of sampling, project personnel made detailed independent observation - . .
of the systems and their irrigation components. Observations were recorded to form a basis of
possible explanation of the analytic results. All interview notes, logs and observation notes are -
maintained at the Oﬁice of Water Reclamation. They wxll remain avmlable for mspectxon for at

least one year.

5 Ifa cross-connection did occur, water would flow into the gray water system, not out of it, unless a community
water system pressure loss occurred at the same time.
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ANALYTICAL PROTOCOL

Samples were -analyzed by Calscience Environmental Laboratories in- Stanton, California, in
_-aCCOrdance with accepted EPA procedures. For each parameter, a description of the analytical
procedure employed by Calscience is on file at the Office of Water Reclamation.

RESULTS

SECTION .

BASELINE DATA

Before the start of the study, samples of soils were obtained from all eight sites at locations
designated to be irrigated later with gray water.. These samples were tested for the same suite of
parameters as samples taken in the course of the study. The results are presented in the first
table in Appendix A.

ANALYTICAL RESULTS |

Raw data from the laboratory testing of saniples for different soil parameters were visually
compared and evaluated. In parallel, a statistical analysis of the data was also undertaken. The
complete set of data from the 12 rounds of sampling, as received from the laboratory is pre-
sented in 12 tables in Appendix A. For each sife, values obtained for each parameter are com-
pared in various rounds between control- and gray-water-irrigated areas. In addition, at each
round of sampling, values of the same parameters are compared across sites for comtrol- and
gray-water-irrigated areas. Graphic depictions of these comparisons are presented in Appendix
B. '

- The statistical procedures and data analysis are presented in Appendix C. A summary of the_
results of statistical comparisons between soils irrigated with gray water and those with tap
water appears on Table 5. ’ '

Total coliform was significantly higher in gray-water-irrigated soils than in control soils, at the
95 percent level of confidence. On the other hand, fecal coliform--a measure of human fecal
contamination--did not appear to be significantly different in' the two soils. Sodium
concentration and sodium adsorption ratio (SAR) are both significantly higher in gray-water-
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irrigated soils than in control soils at the 95 percent level of confidence. A weak indication of a
~e ala A1l A+hoer maramma: Aevename

minor difference in pH (about 0.14 units) was also observed. All other parameters appear to be
similar in gray-water-irrigated and control soils. A more detalled discussion of these results is .

presented below, for each group of parameters. -

~ Table 5. Summary of Gray Water Project Statistical Analyses -

Mean Standard Number - Standar Test CanReject* Null
‘Difference . Deviation . of Data. -. d Error  Statistic Hypothesis? =
T e . (@90 % (@95‘%' _
Parameter - (Xd) (s) (n) Xe) (XdXe) Conf ) _Conf. ) - A
‘Total Coliform 157,321 610,569 - - 98- 61,677 255 Yes - Yes.
Fecal Coliform 16,192 ..376,566 =~ 90 . 39,694 041 . .No -~ No -
Enterococci 19,080 172,509 96 17,606 1.08 .No - No
pH 7 014 076 96 008 175 Yes = No
Sodium 2352 9838 97 = 999 235 . Yes = Yes
| Chloride. . 38.09 26677, 94 27.52 133 No ~ No -
'Calcmm S 590, 73 _4 636.96 96 . 473.26 125 ~No " No
Magnesrum .. .-1147 . 23166 . .96. - 23.64 049 No'w. ~No . - .
Spec. Conduct."‘ 44899 3,00121° ° 90 316.36 ‘142" No . No . .
S.A R, Calc 0.33 1.33 04 0.14 236  Yes Yes

* If the test statistic is larger than 1.66 or smaller than -1.66, then one can say—with 90. %. conﬁdence—- - .
that the two sets of data are indeed different. If the test statistic is >1.98 or <-1.98, then the same canbe - -

said with 95 % confidence. If the test statistic falls outside this range, then observed differences are
probably due to chance. The numbers 1.66 and 1.98 are derived from statistical tables based on the

staUsﬁcal demgn of the pI‘O_]eCt y
In dlcator Bactena

Total and Fecal Coliform bacteria and the enterococcus group in "control"é and gray-water iri-
gated soils fluctuate widely and inconsistently. - There appears to be no smooth trend with time
or w1th irrigation treatment. Results of pre-irrigation (baseline) sampling, shown on the first
page of Appendlx A, also show great vanabxhty among sites, with indicator ‘bacteria counts in -

the same range as the post-lmgatxon samples Therefore, it is not possible to. correlate occur- - ’
rence of indicator bacteria with-use of gray water at the pilot sites. It may be that background. o

variation of these bacteria in the soil environment--from domestic and wild ammaJs7--over-
whelms any contributions from human sources through the gray water d1str1but10n system. -

The statxsncal analy51s of the data from soil samples mdlcates a sxgmﬁcant dxﬁerence n the total -
coliform levels—at the 95 percent confidence level--between gray—water-rngated areas and

§ "Control® refers to soil samples collected from areas at each site, irrigated with tap water, presumably

unaffected by the gray-water system elsewhere on the premises.
7 The phrase "wild animals" refers mainly to warm-blooded animals such as birds and mammals (including

coyotes, raccoons, rats, mice, skunks, €tc.)
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control areas. This can be attributed to the possibility that gray water contains organic matter
which can support growth of soil microorganisms, including coliform bacteria deposited by
-animals as well as those coming from the gray water sources. However, the statistical tests did
not show any significant differences for fecal coliform or for enterococci on the irrigated soils.

In Site 7, there was a consistently lower level of total and fecal coliform bacteria in the control
soils than in the gray-water-irrigated soils. Coincidentally, this site does not house any domestic
pets. Furthermore, high walls around the site keep neighboring animals and most wild animals--
- except birds-—from visiting and depositing their wastes. This correlation is intriguing. It appears
- to suggest that in the absence of domestic animals, the garden soil may be "clean" enough to "

reveal contributions of indicator organisms from gray water irrigation.

In one site, surge tank fecal coliform counts are consistently lower than‘ at Gther-sites. This'is
the site that has been in operation for about eleven years. The resident at this site has been’

meticulous and has maintained an exceptionally clean system. The owner completely dries'the * = *

surge tank after each use of the washing machine to which it is connected. The combination of
water source, drying cycles and meticulous operation may account for the extraordinarily low
- fecal coliform counts in the surge tank at this site. Yet, inspite of these low.levels at the surge
tank, the soil--control and gray-water-irrigated--at this site is as heavily laden with indicator
' COlifon{l ,as the soil at any of the other sites. - SRS e ST

»Pat:hogens, |

Three of the Disease-causing _oréé._nisms monitored in the sampled soils--Salmonella, Shigella, L

and Entamoeba histolytica--were negative at all sites in all sampling rounds, in gray water and in
soil--both control and gray-water-irrigated. Apparently, neither the gray water nor the soil
carried any of these particular organisms. The fact that throughout the year, none of the
samples yielded a positive for any pathogens tested is encouraging for the possibility of safe use -
of gray water--even where total adherence to hygienic handling of the water in not assured.

~To explain the complete absence of these pathogens, one might conclude either that (1) noneé of

the residents in any of the test sites shed any of these organisms, or (2) disease organisms that
may have been present were deactivated in the detergent-laden environment ‘of the storage tank.
In one site, over 20 elderly residents contributed to the gray water system. Interviews with
residents at all 8 sites indicated occasional reports of illness in the households. The possibility
‘that a totally healthy population was contributing to the gray water systems is considered to be
remote. v S :

_ F‘A’s"caz'is lumbricoides (corhmon roundworm) turned up,bbsitive occasionally duririg ‘the first®
- three and the last three rounds of sampling . In round 1, Site 6 gray-water-irrigated soil was

positive. In round 2, Site 1 soils of both control and gray-water-irrigated areas were positive.
In round 2, the control soil from Site 2 was positive. Also in round 2, Site 4 and Site 5 gray
water from the surge tank and the gray-water-irrigated soil were positive. In round 3, control
soils from Sites 1 and 6 were positive. During the winter and spring, no positive Ascaris was

reported at any of the eight sites®. ' The greatest occurrence, at nearly all control sites, occurred
in round 12 sampling. There was a scattered pattern of positives in rounds 8 through 12, as

& It is not intended to imply that a seasonal conelaﬁon with occurrence of Ascaris or its eggs in the soil
necessarily exists. : :
18




shown on the data sheets in Appendix A. Since no clear correlation with gray water irrigation is
evident, 1t must be concruaec that the roundworms were probably not contributed by gray

water.

o

A plausible explanation for the occurrence of Ascaris eggs in these samples--control as well as -
gray-water-irrigated--is from fecal matter deposited in recent or remote past by domestic ani-
mals at the pilot project site residences. Survival of the Ascaris eggs in the soil is relatively long,
up to seven years’. It may also be possible--though less probable--that at least at site 5 in round -

2 sampling someone in the household shed roundworm eggs. Today's hygienic practices make it -

highly unlikely for most people to become infected with roundworms.

Chemical Parameters

.. the soil extract to deterrmne if any of the agronomic characteristics of the soil might be affected -

- by gray water irrigation. For. the same purpose, sodium adsorption ratio was computed for each .
sample from the basic data. .As expected, sodium and sodium adsorption ratio were both. .
significantly higher in gray-water-irrigated soils than in the control soils. This is partially due to
the salt content of most of the detergents used in the course of generating gray water. Other
laundry additives, such as bleach-and water conditioning products rnay have contrlbuted to. the ;

higher sodium levels

The ﬂuctuanon of the concentration of sodium and other salts-and a lack of consistency preclude '

one site that has consistently used regular powder detergents. avarlable on the market exhibited -
acceptable values for sodium, chloride and SAR i in the soil. L -

Boron concentrations in the storage tanks and in the soil were measured once, during round 9.
sampling. The results are presented graphically at the end of Appendix B. Clearly, since boron

was not detected in any of the gray water samples, it is not expected to affect boron

concentrations in the soil. A tabulation of ranges-of acceptable values of various- chemlcal-
parameters for plant growth condmons is presented in Appendlx D. :

_ WATER SAVINGS

f

Water savings from the use of gray water systems was esttmated based on the potential demand
for gray water use at each site. To estimate the potential demand for gray water, and
. consequently the amount of water. _sa‘ving_s,,the following methodology_ was employed: . - i

1- = The volume of gray water actually used at each site was measured using a water
meter whlch was installed on the irrigation line.

2-  Total volume of water used in each site was calculated by sequential reading of
the water meter, srmultaneous with the reading of gray water meter, or from the
water bills.

? Pettygrove and Asano, 1990, Irrigation with Reclaimed Municipal Wastewater—A Guidance Manual, Lewis
Publishers, Inc.
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3- Proportion of gray water used is calculated ﬁ'om the two above-mentioned
ﬁgures

4- Gray water ungated areas and total irrigated areas in each site were computed
using on-site measurements of the respectlve areas. Based on these two figures,
the proportion of gray water irrigated areas is calculated. For the purpose of the

~ pilot project, only a small fraction of each site's landscape areas was actually :
retroﬁtted for gray-water 1mgatton

5-  Potential gray water- demand (as a fraction of total water use) is calculated by - -
~ dividing percent of gray water actually used by percent of gray water irrigated
- areas. This method:is based on the assumption that sufﬁcxent gray water is -

- avaﬂable to rrngate the entxre 1andscape areas. : L

3 Calculatlon of water: savmgs mdxcates that potentlal demand for gray water ranges from 13 per-

~ cent to 65 percent, as shown on Table 6.. The-average potential demand for gray water for all 8 -
' vsrtes is about 46 percent of the total household water use. Potential gray water supply reported

- in the literature varies from 53 to 81 percent of the total household water use(10), By comparing -
'~ the estimated potential demand for gray water (46%) and reported potentxal supply of gray

- water, it may be concluded that if the total available gray water is used in a household, the

amount of water savings may be about 50 percent, in round numbers. Homes occupxed by few. .

 individuals and containing large landscaping will not be able to reach this potential savings. Also

homes with' many occupants and a small area of landscaping cannot achieve these levels of
savings.

* Table 6. Estimated Potential Gray Water Demand

Total  Gray  Percent Total Gray water  Percent Gray  Potential Demand For.

Water = Water Gray Landscape Irrigation Water Use of Gray Water as
Site - Use- . Use Water- -Area ~  Area  [Irrigated Area % of Total Wateér Use
No. (GalMo)  (Gal/Mo) Use (sq ft) (sq &) (%) , '(%).
1. 5920 520 10 2,780 510 183 55
2 19,060 410 2.2 - 8,200 370 45 49
3 xo 912 - - 3,170 460 145 : -
4 46,660 1,451 3.1 10,1000 2,310 - 229 ' 13
5 11,230 680 6. 3,260 410 12.6 ' 43 .
6 4,240}» . 470 11. 3,280 840 25.6 : 43
7 11,930 1,120 94 4,100 - 210 51 651 -
8 * Cox % ok x * g *

*

No water meter records were obtamcd from this site.

(1) Since a small area is irrigated with gray water, the measured volume of gray water is more than u’ngatxon
requirements at this site. Therefore, the average figure gray water percentage ina typical household is used.

CROSS-CONNECTION

In the systems employed in the pilot study, no cross-connection to a potable system took place.

See Section III for precautions employed to minimize the potential for cross connections.
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RELIABILITY

. The two fully automatic gray water systems by Agwa, performed reliably with practically no
‘input from the residents. The reliability of the manual systems was d1rectly related to the
willingness of the residents to maintain the systems. For example, at one site--an apartment
building—-we expected to encounter technical comphcatlons due to the relatlvely large number of .
elderly re51dents in the apartment burldmg using the system. As it turned out, the individual. -

respon51ble for the laundry facrhty consc1ent10usly cleaned the filters regularly, resulting in. .. ...
relatively trouble-free operation. When the heavy February rainfalls came, most of the. partici- . .. .
pants promptly shut Aoﬁ’ thelr gray water systems, and resumed when the soil became dry again. -~ - -

In: contrast to the apartment building, .system failures occurred frequently where maintenance.

"bwas not a desrgnated function for any one mdmdual Most system failures. recorded occurred as: - L

. vegetatlon if unchecked for too long--ls of no pubhc health 51gmﬁcance

[E0N

The cost of a gray water system 1 varles greatly with its complex1ty and capablhtles Approxunate‘_; o i
~price ranges -and con‘espondmg capablhtles of systems as suggested by manufacturers and‘ TR

1nsta11ers are. hsted below S

$400to $ 800 This range applies to systems that tap the discharge from the washing machine .
only, connected to a low-tech system. . The lower end of the price range applies to the do-1t-
_ yourself 1nstallat10n, and the upper end to professmnal installation. : '

81, 000 to. $1,500: . In this price range all gray Water tributaries are usually- connected: to the
system Therefore it is more labor-intensive and responsive to home-owner installation. The

gray water collection and distribution system is still relatively simple and "low-tech", and the R

total cost depends on the number of gray water sources connected.

$2,500 to $5,000: - Gray water systems in this price range are fully automatic, connected. to
nearly all sources of gray water in the home and possibly backed up by potable water systems
for periods when gray water may not-be available. - The only intervention on the part of the
resident is-to switch the system off when it is no Ionger needed during heavy rainfall penods

MAINTENANCE EFFORT
‘The extent of maintenance effort required of the resident depends largely on the type of system -
~ installed and the frequency of its use. ' The automated systems, where filter back-wash is per-

formed without resident input on a schedule, require the least effort and cost the most. It is this
trade-off that the consumer should understand before selecting which system to purchase.
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Systems lacking an automatic filter backwash device require the resident to manually remove
and clean both the filter bag and the "Y"-shaped filter. These filters are essential to the opera-
tion of systems that rely‘on a drip irrigation system for application of the gray water to the use
areas. If a leach-field disposal system is used, no filters are necessary and maintenance. effort. is
minimal even with the low-tech systems. However, with leach field systems, uniformity of water
distribution may be problematicm Furthermore, some local ordinances require frequent -
application zone changes to- minimize the potential for excessive loadmg of the wastewater dis- -
posed in the leach fields. . o

- PERFORMANCE.
The gray water systems involved in the pilot project performed well. Where maintenance ef the
filter was infrequent, clogging of drip irrigation systems occurred, with attendant slow flow and

pump damage, at least in one case. - A few mechanical ‘problems with valves pumps and other
components——unrelated to the gray water system--were encountered S :

'ODORS, FLIES, MOSOUITOES
Odors

" Odor ﬁ'om gray water systems never permeated outs1de the enclosed storage tanks. However,
‘the smell became détectable--sometimes pleasantly, other times overwhelmingly--upon removal

of the lid. With the lid open, the odor was usually perceptible at a radius of about five feet from .-

the surge tank. Sites using Amway or standard cleaning detergents had a very mild odor, while
those using the Oasis or other gray-water specific detergents had a stronger odor. The odor was
strongest and least tolerable if gray water had been allowed to reside in the tank for an extended
period of time. :

Flies, Mosguxtoes, Gnat

No. ﬂles or mosquitoes were observed or reported at any but one site. The exception was a sxte
where a fish pond receiving tap water is located about ten feet away from the fully enclosed and
covered gray water tank. The fish pond has been there for two years, but the resident reported.
an increase in the number of gnats since the gray water system was installed. - It appears that the - -
gnats may have. started at the gray water tank and rmgrated to concentrate around the fish pond.:

SURFACE WETTING PONDING, RUNOFF

Surface wettmg and pondmg were observed once each at two sites. Soon after they were
detected, the malfunctioning components were replaced and the problem was solved.. At one
site, surface wetting was the result of clogging of the pressure relief valve. At the other site,

ponding occurred after the heavy rains of February 1992 caused soil erosion above a segment of
shallow-buried drip lines. After the eroded soil was replaced no further ponding was observed.

In both cases, the amount of water rising to the surface was minimal and barely detectable.

10 1 each fields are typically designed for quick infiltration of water into the soil. They are set deeper than drip
systems intended for getting water to the root systems of plants. Leach fields tend to deliver most of the water to
one end of the line or the other, depending on the slope of the perforated pipe.
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ONCLUSIONS

osa——

SECTION

HEALTH-RELATED EFFECTS

From the results presented above, including baseline data, it is clear that backyard soils are
contaminated, whether they are from the control areas or from gray-water-irrigated areas.

Therefore, the general sanitary practice of washing soiled hands with soap and avoiding direct 3, 3  v

contact with the dirt in the yard are as valid for sites irrigated with tap water as those irrigated -
with gray water. If these data can be generalized, the implication is that gray water irrigation-- . .

below the surface of the soil--does not by itself elevate the health risks from handling the garden. .. |

soil, as long as sanitary practices are followed.. e

It appears that use of gray water at the pilot project sites does not pose a signiﬁcaht risktothe .. ..

users or the community. Since pilot project sites were controlled, inspected, and repaired s

needed, broad generalization of this conclusion may be premature. However, certain more . . ‘

specific generalizations appear inescapable, €. g.:

m Indicator bacteria (total coliform) in the soil seem to increase with gray water .

application. However, the soil is already so heavily contaminated with animal fecal ... . L

matter that the additional contribution of gray water may be irrelevant.

® Disease organisms, normally capable of surviving in the soil for a few days, were not.

present in gray-water-irrigated areas. Neither have these organisms been detected in
gray water in storage. This may indicate either an entirely healthy test population (highly. .

unlikely), or a mechanism for deactivation of pathogens. Either way, the results indicate
that there may be minimal additional risk of exposure from use of gray water for .
irrigation of landscaping. C

- ® Individuals ‘assigned the task of cleaning gray water filters—some doing so without . -

protective gloves, in spite of instruction to the contrary--did not report any adverse
effects.

k Automated systems do not require handling the filter. The minimal risk of exposure
during filter washing and re-installation is absent in automated systems. However, the
cost of automated systems is appreciably higher. -
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m The water savings potential of a gray water system t an individual home can be
significant--about 50 percent of all the water used. However, it is highly unlikely that a
large enough number of people will install such systems, because of ‘the maintenance
requirements, complications with permitting, and cost. Therefore, gray water cannot be
expected to play a significant role in a community's water supply reliability. For some
individuals, however, a gray water system can spell the difference between a lush
landscape and a dry one under drought conditions. - It might also mean avoided fines and
considerable savings in water costs. :

HORTICULTURAL CONSIDERATIONS

It is not possible to observe:any important horticultural effects from a one-year test of gray
water application on the landscape plants. In the near-term, plant growth has been productive
and- healthy, probably more due to- well-designed irrigation systems and constant availability of -
water. Any harmful effects:-would take a number of years to manifest in plant growth impacts.
Most of the factors that might bring harm to the soil were monitored and reported. No symp- -
toms of harm to the plants have been observed, even in those sites where regular detergents are
bemg used

|RECOMMENDATIONS

SECTION

- The following recommendations are based on the findings and conclusions in Sections IV and V.

1. ‘Draft ordinance for City Council consideration, to permit gray water systems in the. City
- of Los Angeles; consistent with the models found to be acceptable (in terms of public
health protectio‘n) the Pilot Project,. :

2. Maintain an active role in state and local legislation and code changes a&'ectmg gray -
water use.
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APPENDIX

f; ANALYTECALDATA

e Raw data from the laboratory exammatlon of samples taken in 12 sarnphng rounds are

N summanzed and tabulated in thlS Appendlx

L The first table presents the results of pre-trngatlon or baselme condltlons Samples of 2

~ soils were examined from each site prior to the start of the study, at locations de31gnated o

B to be irrigated with gray water.

- Next, for eaeh of the 12 rounds of sampling eomp_leted and reported here, - a table with
three sections is provided. The first section presents the biologicval and chemical -
- characteristics of gray water samples collected from the storage/surge tank.

" The second section gives the biological and chemical characteristics of soil sample

. composites taken from areas irrigated with gray water. The third section shows the = - - =

" microbiological and chemical characteristics .of soil sample composites taken from areas - -

irrigated with potable (tap) water. In this report we refer to these areas as: “control" areas;’ .. i
because they represent baseline conditions existing' Wlthout the influence of gray water; = -

but under similar enwronmental condltlons
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ROUND ONE SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

Coliform, total, MPN/100 mL >160000 | >160000 | >160000 >160000 | >160000 | >160000 160000
I {Coliform, fecal, MPN/100mL 50 160000 - | “>160000 bypassed ND >160000 300 ND
1Enterococci, M:PN/lOOmL ND <20 4 bypassed .. ND Lo17 “ND ND
Salmonella - Negative: | Negative' |. Negitive | bypassed " Negative |.. Negative Negative Negative
Shigella : Negative Negative - | * Negative bypassed | . Negative. | Negative Negative Negative
“1Entamoeba hystohtxca - ‘Negative | Negative |* Negative | bypassed | Negative. | Negative. i i
Ascaris lumbricoides. . Negative Negative: | "Negative | bypassed Negative | ‘Negative:

pH : : 9.19 - 7.86 6.80 - bypassed ; 7.10 7.04 7.70
Total Dlssolved Salts, mg/L 1390 - | 785 - 1220 - | bypassed 600 - ~1030 <580 - 570
Sodium, mg/L 415 106 996 . | bypassed | - -62.5 4386 86.5 102
- --|Chloride, mig/L. - 11T 101 L 136 bypassed - 8 . m - .86 98
-4Calcium, mg/L - 453 725 | i364- bypassed | - .74.1 - |. 263 7323 73.9
‘|Magnesium, mg/L 28.0 223 C 141 bypassed | ' - 16.3. 7.82 13.6 29.8
~1S. AL R,, calculated 19} 28 [’ .36 .. | bypassed |. L7...} . 21 -32. -2:5
-10/29/91 | 10/18/91 10/3/91 | . bypassed 11/5/91 10/3/91 10/29/91 | 10724/91 |

- {Coliform, total, col/g - | >1600000 |- >160000 |- ->1600000 |~ bypassed | --1600000. | . 24000 . | '>1600000 | 50000 -
-{Coliform, fecal, col/gir":"f 900 50000 .| 24000 - | bypassed |- ND . .| 24000 -} 2200 - 5000
| Enterococci, col/g 80 ' | 2200 - |--"5000 - | bypassed | .. 20:- .| 24000 20 >16000
“{Salmonella " Negative | - Negative -"~Negauvc _bypassed | Negative- | - Negative | 'Negative '} Negative
Shigella ‘|- “Negative Negative | ‘Negative' | bypassed Negative | Negative | ~Negative -| Negative |-
1Entamoeba hystolmca | Negative | Negative | Negative bypassed | * Negative Negative |- Negative '| Negative 1
Ascaris lumbricoides " Negative | Negative Negative bypassed -| Negative Positive - | Negative | Negative

pH

"ISodium, mg/1L
Chloride, mg/L bypassed 25
Calcium, mg/L bypassed 64.8

-{Magnesium, mg/L ..

bypassed -|.

-22.0...

Specific Conductance, mmhos/cm

' bypassed

830

S.A R, calculated

0.9 7

1.1

0.2

bypassed

1.6 -

11/5/91

Coliform, total, col/g’ >1600000 | - 50000 >1600000 | - bypassed - | >1600000 13000
Coliform, fecal, col/g 90000 T 20- -~ <20 bypassed 1100 <20 <200 200:
Enterococci, col/g 1300 700 20 bypassed | ' 80 20 80 900
. {Salmonella - -~ Negative | Negative | Negative | bypassed | ‘Negative: | Negative | 'Negative' | Negative: | ‘
. Shigella . _ Negative - | Negative | "Negative - | bypassed | ‘Negative |- Negative | . Negative Negative -
|Entamoeba hystohtlca | Negative -| Negative | Negative _bypassed |. Negative: | Negitive - |} Negative Negative
- [Ascaris lumbricoides Negative - | ive | " Negative : i ive. | Negative' | Negative -
N L_hegalive |

‘|pH

bypassed .

1 6.68

Sodium, mg/L - bypassed 45.4

Chioride, mg/L bypassed | .5

Calcium; mg/L bypassed 259

Magnesium, mg/L ; bypassed 404

Specific Conductance, mmhos/cm NA NA bypassed 2110 NA NA NA

S. A. R, calculated 0.9 1.0 0.7 bypassed 0.7 0.7 1.0 0.9
Sampling date| 10/29/91 | 10/18/91 | 10/18/91 | bypassed 11/5/91 10/18/91 | 10/29/91 | 10/24/91

During most of Round One, soils were analysed for total cations and anions.
Starting with Site 6, analyses were conducted on the soil saturation extract to reflect effects on vegetation.



ROUND TWO SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

Coliform, total, MPN/100 mL > 160000 | > 160000 | > 160000 1600 160000 | > 160000 14000 | bypassed
Coliform, fecal, MPN/100mL 22000 160000 | > 160000 17 30000 16000

Enterococci, MPN/100mL . 4 ND ND ND .2 o4

Salmonella . Negative Negative Negative Negative Negative |- Negative

Shigella Negative | Negative | Negative | Negative | Negative | Negative

Entamoeba hystolmca ) A Negative | Negative | Negative | Negative | Negative |- Negative

Negative

Negative | Negative | Positive- | Negative

6.49

N R A5 N 6.82
Total Dissolved Salts, mg/L ) 396 530 636 542 502 410
Sodium, mg/L. - 7.7 56.6 72.6 77.6 453 84.6
Chloride, mg/L. 89 47 93 94 .35 92

|Calcium, mg/L._ B 30.1 62.8 382 259 627 .} 343
Magnesium, mg/L o 12.6 15.9 115 108 146 | an71
S. A. R, calculated : 2.8 1.7 2.6 3.2 C 13 3.2

Sampling date] 11/21/91 11/7/91 12/27/91 11/21/51

11/7/91 '11/14/91” 11/19/91 |

Coliform, total, col/g : 170000 | > 1600000 1600000 2200 220000 170330 ::1600000 | bypassed
Coliform, fecal, col/g - 3000 >1600000 | 110000 700 " 700 30000 | ! 90000 | bypassed
Enterococci, col/g - N 70 © 500 210 160000 2400 | . 340 | 1100 | bypassed
Salmonella o Negative | Negative | Negative | Negative | Negative . Negative | Negative |- bypassed
Shigella Negative | Negative | Negative | Negative | Negative | Negative Negative | bypassed
Entamoeba hystolitica . Negative | Negative | Negative | Negative | Negative | Negative |. Negative bypassed
Ascaris lumbricoides Negative Positive Negative | : Negative | by

788 | bypassed

pH 6.88 7.52 6.98 6.38

Sodium, mg/L 29.5 67 190 109 .| 549 219 | bypassed
Chloride, mg/L ' 35 65 74 33 70 40 | bypassed
Calcium, mg/L 52.6 101 136 145 o157 3s bypassed
Magnesium, mg/L 12.9 33.2 219 45.6 118 | 9.5 bypassed
Specific Conductance, mmhos/cm 557 1030 1520 1290 - 1050 | 953 " bypassed
S. A. R, calculated 0.9 1.5 4.0 2.0 L5 | 85 bypassed

Sampling date| 1172191 | 11/7/91 11/7/91 11/2191 | 1111491 | 11/19/81

240000 | >1600000 | > 1600000 I3 70000 | 800 | bypassed

Coliform, total, col/g

Coliform, fecal, col/g ) 7000 700 200 ND 900000 1200 ND bypassed
Enterococci, col/g 23000 170 1700 160000 38 90 | >16000 | bypassed
Salmonella B ‘ Negative | Negative | Negative | Negative Negative - | - Negative Negative bypassed
Shigella g S | Negative | Negative | Negative | Negative | Negative. | Negative | Negative " bypassed
Entamoeba hystolitica Negative | Negative | Negative | Negative | Negative | Negative | Negative | bypassed

Ascaris lumbricoides Positive

bypassed

{pH 7.01 6.68 7.08 : " 6.55 6.5 bypassed
Sodium, mg/L 43.8 513 219 252 - 238 | .70 49.1 bypassed
Chloride, mg/L _ 48 45 100 130 15 32 30 bypassed
Calcium, mg/L, 27.4 125 192 499 36.3 347 74.7 bypassed
Magnesium, mg/L ' 11.8 52.9 32.1 126 9.65 9.25 12 bypassed
Specific Conductance, mmhos/cm 668 1280 1710 3520 435 572 658 bypassed
S. A. R., calculated 1.8 1.0 3.9 26 0.9 2.7 1.4 bypassed

Sampling date| 11/21/91 11/7/91 1177/91 122751 | 11/21/91 11/14/91 11/19/91




ROUND THREE SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

Coliform, total, MPN/100 mL >160000 | > 160000 | >160000 5000 50000 160000 |- >160000 170

Coliform, fecal, MPN/100mL 20 >160000 | 30000 70 5000 40 . 2800 | ND
~ |Enterococci, NIPN/lOOmL L -4 | ND- | ND 130 ND DT - 'ND ’ 2
~|Salmonella - ) ) ©© | Negative | -Negative | Negative | Negative '| Negative | Negative | Negative | Negative -} . .
Shigella i o ~ | Negative - Negative | Negative | -Negative '|. Negative | Negative | Negative | Negative | .°

Entamoeba hystolmca ‘ o e “ " Negative |- Negative | Negative | Negative | Negative .
- Ascaris lumbricoide S ve: | Negative | Negative '
7.39

7.93 7.07

pH o 18

Total Dissolved Salts, mgjL U 140 678 | - 414 1070 1030 892"

Sodium, mg/L - o 903 977 66.5 - 262 105 | 93.2

- |Chloride, mg/L = . - 1 96 - 95 - |- 81- 107 87 118"

SR - |Calcum,mg/L . o 37 | 67 318 | 366 .| 695 . 739
...~ |Magnesiummg/L . . -~ 1 134 | 235 | 134 183 | 269 219
3 ' S.A.R,calculated = . . 32 - 26 - 2.5 88 - 27 T 24

- 12/19/91 12/17/91 1/14/92 - | 12/19/91

12/11/91

. “{Coliform, total, col/g =~ =~ , >1600000" |+ 170000 | >1600000 | .: ) _
"|Coliform, fecal, col/g” =~ 200 - | 300000 -| - 90000 | - 1100 . | >1600000 | 11000° | —a000™ | 8000 1§
- |Enterococci, colg .~ | 20 | 16000 -|{ >16000 | 1700 | ND . [..90 [ -70 [ 70 " }=
- |Salmonella - - 7~ | Negative | Negative | ‘Negative | Negative | Negative |  Negative ~ “Negative | | 'Negafive |~ -~
" iShigella -0 v oromo ot o Negative | Negative |- Negative ‘| Negative | Negative' | Negative | “Negative |- Negative ‘.‘— ~7-‘
Entamoeba- hystolmca “ et ol Negative' | Negative' | Negative '| Negative' | - Neégative. || Negafivé, | "Negative' | Negative |- -
Ascaris lumbricoides s Negative " | Negative - | " Negative - — -

pH . 6.86 7.8% -

Sodium, mg/L- S _ 42 85 23S 4.8 :95.6 201 107

Chloride, mg/L e 25 202 | 155 | 25 45 65 55
o Calcium, mg/L. = | , 89 232 311 |- 479 70 7 509 259 -
- " |Magnesium, mg/L o 388 718 | 547 168 | 262 |. 148 445 -
777 |Specific Conductance, mmhos/cm , 900 |- 1610 | 2820° |93 --| 800 | 1130 | 14400 ]S
T IS, A R, calculated o 0.9 12 | 32 14 | 25 | .64 16

121191 | 121191 1/14/92 12/19/91 °| "12/12191 | '12/12/91

12/19/91 .

Coliform, total, col/g; .. . ) _ 00 1600000 | - 800 >1600000
Coliform, fecal, col/g. .~ ' 5000 - 200 . | 400 - 200 900 . 300000
. |Enterococci, col/g = .| 16000 © 2200 >16000 1700 "ND_ | >16000 °
* |Salmonella, ~ = i U Negative' | * Negative | Negative' | Negative | Negative | Negative
Shigella - T | Negative | Negative | Negative | Negative | Negative | Negative

" Negative | Negative " | Ncgnuvc Negative | Negative |  Negative

Entamoeba hystolmca :
: Ncganve- Negative ' Negative | Positi

Ascaris lumbricoides

pH , U o 7.99 568 786 | - 7.68 6.27 6.5
Sodium, mg/L S o o] 308 109 - 294 - 89.2 987 . 918 | 790" 73
Chloride, mg/L B B 128 134 T 320 10 90 55 25 118
Calcium, mg/L ) ©o | 108 176 | 217 72.3 202 79.7 297 | 247
Magnesium, mg/L 63 67.4 66.1 19.6 67.5 33.5 10.9 51.5
Specific Conductance, mmhos/cm 3050 1910 2590 558 1770 1040 550 1680
S. A. R, calculated 5.8 1.8 45 2.4 1.5 2.2 3.2 1.1

Sampling date| 12/17/91 12/11/91 12/11/91 1/14/92 12/19/91 12/12/91 12/12/91 12/5/91




ROUND FOUR SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

> 16000 16000 ND 70 -+ 1300 16000 80

Coliform, total, MPN/100 m > 16000

Coliform, fecal, MPN/100mL > 16000 500 2400 ND ND 1300 70 20
Enterococci, MPN/100mL 16000 140 70 ND 20 | - 8 | 20 20
Salmonella Negative | Negative | Negative | Negative | Negative |.Negative. | Negative | Negative
Shigella : Negative | Negative | Negative | Negative | Negative. | Negative | Negative | Negative
Entamoeba bystolitica : Negative | Negative | Negative | Negative | Negative :|; Negative | Negative | Negative
_JAscaris lumbricoides ' " | Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative

pH , I . | 916 7.52 '8.57 8.86 7.25 7.53

Total Dissolved Salts, mg/L, -~~~ | 1360 762 | 488 | 850 - 616. 894
Sodium, mg/L. ~ - ﬁ 139 102 112 223 621 | 957
{Chloride, mg/L 94 96 96 1 - 102 65 31
*, JCalcium, mg/L _ R 78 | .296 | 311 . 312 70.7
AMagpesium, mg/L - 162 31.4 122 14.1 o S1L1 28.5
S. A. R., calculated ' 44 25 | 44 83 2.5 |32 | 24 2.4

; - 116/92 | 11502 | 171492 30/ ' / 14592 | -

Coliform, total, col/g , > 160000 | 17000 400 >160000 | 22000 |. 5000 | >160000-{ > 160000 | > 160000
Coliform, fecal, col/g | 90000 400 |- 200 400 K ) . 3000 | 30000 |- 2200
Enterococci, col/g = | 160000 3000 . 400 | 14000 . 3400 2600 .| 1100 -
Salmonella . | Negative | Negative | Negative | 'Negative Negative | Negative | Negative
_IShigelia , o . | Negative | Negative | Negative | Negative Negative | Negative | Negative
‘|Entamoeba hystolitica. _ Negative | Negative | Negative | Negative Negative | Negative | Negative |.
Ascaris lumbricoides A Negative | Negative | Negative | Negative Negative | Negative | Negative
1pH , 7.06 6.56 2.17 737 738 6.81 7.43
Sodium, mg/L 18.5 25.8 4.5 58.8 6L1 678 126
Chioride, mg/L v s 20 10 12 7 1w | 21
Calcium, mg/L . 27.5 109 62 61.5 452 | 104 102
|Magnesium, mg/L ' 9.7 326 10.9 20.8 15 28.5 35
1Specific Conductance, mmhos/cm | 279 631 377 770 652 1. 972 . 575 915 788
S. A. R., calculated . - 0.8 0.6 1.4 7 | ws o 18 20 | 1S 15
Sampling date| 1/16/92 | 11502 | 111492 | 173092 | 12192 | 116mz | wism2 | 2602 | 11592

|Coliform, total, col/lg ~ - - 22000 17000 5000 50000 8000 | 3000 2600 | 2700

“}Coliform, fecal, col/g =~ © 3300 3000 400 800 ©200 | 700 | 700 |- 200
Enterococci, col/g ’ 17000 28000 400 9000 7000 2700 3300 400
1Salmonella o | Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative
:IShigella . Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative
Entamoeba hystolitica Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative
‘JAscaris lumbricoides Negative | Negative | Negative | Negative - Negative -| Negative :| Negative

‘IpH : - | 742 538 " 3.02 7.99 715 .| 699 7.09 5.74
Sodium, mg/L 26.1 17.6 108 71.1 30 0| 379 .| 248 | %2
Chloride, mg/L ‘ s 35 20 29 15 .16 7 10
Calcium, mg/L $3.6 61.5 223 514 526 . | 349 27 145
Miagnesium, mg/L 21.2 17.5 15.8 12.4 171 | 102 5.5 407
Specific Conductance, mmhos/cm | 654 567 786 704 603 268 230 1110
S. A. R,, calculated 0.8 0.5 2.8 2.3 0.9 LS 1.1 1.0

Sampling date| 1/16/92 1/15/92 1/14/92 1/30/52 1721792 1716/92 | - 1/15/92 2/6/92




~~ ROUND FIVE SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

{Coliform, total, MPN/100 mL >16000 | > 16000 2200 16000 > 16000 | > 16000 >' 16000 20
Coliform, fecal, MPN/IOOmL : ND >16000 | . 20 40 700 | 40 .| .-16000 ND
Enterococci, MPN/lOOmL S 90 ND . . 70’ .20 220 | . ND 170. 20
Salmonella L . Negative .| Negative. | Negative | Negative | Negaiive | Negativé | Neégative | Negative |
Shigella -~ . SO L] Negative Negative: |. Negative |. Negative | Negative | Negative Negative | Negative |

. [Entamoeba hystohtlca .~ = |. Negative .| Negative | Negative .| Negative Negative” | Negative |- Negative Negative |

Negative | . Negative', | Negativé | Negative | Negativé | -Negative .| Negative | Negative

Ascaris lumbricoides

'pH

7.73 7.67

827

945 . .

- ... - [|Total stsolved Salts, mg/L.. . - |- 928 .. i 9§70 . | 1960 - 944 595 ] issg | 696

3 ~o. . Sodium,mg/L .o 215 | .. 103 | 44 | 218 | 185 .| 572~ 8s | 913

AR Chloride,mg/L ... - - .. . . |.. 8 .. | 32" 30° o104 95+ | 32 . 7% ‘9
Calcium,mg/L - . . ... .|..323. . 728 7| 215 | 321 759777 0388 7397 | " 708
Magnesium,mg/L . . .| 160 267 . 89 | 137 305 . 154 . ... 163 | 281

S.A.R,calculated . .. - . ..|..77. .| 26 . 197 | 81 45 20 .23 | 23

1~ . Sampling date|  2/26/92 .|. 2/6/92..°| 25192, .| 2/27/92 213/92 | 27792 | 213/92 3/10/92

Coliform, total, col/g - - -: ... ...| 5000 . |.>160000;| 90000 | . 160000 170077 | 17007 | . > 160000° | 7 1400
Coliform, fecal, col/g Ll .3000 071, 50000 ‘| 2100 13007 | ¢ 214000 - | UND )L
- 1Enterococci, col/g . L2000 L 21000 {700 700. . T22000 | 400 |
. }Salmonella S 07| Negative . Negative Negative | Negative | Neg: Negative [ Negative - '
Shigella CoeRrEe T Negative - Negative - | Negative | Negative' | - Negative |~ Negative | '~
; - . |Entamoeba hystolmca 71 Negative /| Negative | Negative | Negative: .. Negative | Negative
: Ascaris lumbricoides o ve | i 2t Negative Nega.nve .
; pH 7.69 - 701 )
Sodium, mg/L ‘ 20.3 422 . 114 84.8 29.2 389 .
Chloride, mg/L . 10 10 60 15 .5 10 8
Calcium, mg/L . oo . .49.5 91.1 - 74" 502 .| 225 36.6 465 )
' Magnesium, mg/L. .. 182 ...237.0..0....139 | 18.5 . 68 . 108 67.0
Specific Conductance, mmhos/cm T o445 | 894, - 369 - 771 251 | 433 7o
1S, A. R., calculated. - 0.6 10 s 32 | 26 0 |- oLl "L} " 04
" ' Samplixig'dm ' 2/13/92
Celiform, total, col/g-= .= " . . g 0. ] 1 >160000 | - 8000..'7] .. &
Coliform, fecal, col/g - 200 | . 8000 17000 22000 2000 - 1. ..800 2300 . ND
Enterococci, col/g o 700 2700 . 2600 2600 | 9500 " | 400 7000 900 ‘
Salmonella . .. 7. 27|, Negative |. Negative. | ~Negative | ‘Negative | Negativé. | Negative | Negative | Negative |
Shigella . R U Negative .| Negative | Negative | Negative | Negative | Negative | Negative | Negative |
Entamoeba hvstolmca T 7] iNegative .| Negative || . Negative | Negative | Negative. | Negative | ~Negative | Negative |
S Ascans lumbricoides “. | Negative | . Negative” | . Negativé | Negative | Negative .| -Negative | Negative | Negative. o
pH S 214 : ; _ 5.79
Sodium, mg/L S o313 175 54.2 14 | 424 19.1 18.0
Chloride, mg/L . .10 71 12 50 4 12 16 8
: Calcium, mg/L 72.1 157 72 184 43.8 347 4.7
| Magnesium, mg/L 347 44 19.7 53 14.6 7.6 11.2
: Specific Conductance, mmhos/cm 855 1640 886 233 660 352 391
S. A. R., calculated 0.8 16 32 1.5 0.7 1.4 0.8 0.6

Sampling date| 2/26/92 2/6/92 2/5/92 2/27/92 2/13/92 - 27792 2/13/92 3/10/92




ROUND SIX SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

.|Coliform, total, MPN/100 mL 16000 > 16000 > 16000 > 16000 > 16000 20 > 16000
. | Coliform, fecal, MPN/100mL 70 | 2200 220 1100 340 - | ...20 16000
-|Enterococci, MJ’N/lOOmL .7 40 140 70 20 110 . . ND. R
Salmonella Neganve; | 'Negative | - Negitive | Negative :Ni:gaxive |- Negative | Negative
Shigella "Negativé |. Negative | Negative | Negative Ncga.t.we " Negative . | Negative

Entamoeba hystolitica - .- Negative | Negative | Negative | Negative »Ncgm.lvc» Negative .|. Negative

pH

-N..}v ge

Negative

7.68 " 7.72 . 1.
| Total Dissolved Salts, mg/L . 600 855 | - 674 800 1108 | . 421 | . 422
Sodium, mg/L 75.7 114 - 82.7 178 175 '55.2 599

Chloride, mg/L 72 i 100 11 6 |.- 93:-|. 78 | 88

Calcium, mg/L .. . . 113 .. 694 363 30.8 647 | 276 T 30.1
Magnesium, mg/L. .. 220 | 272 . 16 102 25.5 1L | 124

S. A. R., calculated B 1.7 2.9 2.9 7.1 47 | 22 | 23 ' #DIV/0!

j s Sampling date|. . 3/18/92 1 .3/10/92 | . 3/3/92 3/17/92 39/92 | 39092 | 22797 | 3892

- {Coliform, total, col/g . 700, | 22000
“{Coliform, fecal, col/g 3400 . 14000 > 160000 1700 200 - | ‘200 .| 13000 800
Enterococci, col/g 2200.. .| - ..1400 17000 | . 400 "900- | .90 | . 7000 1400
1Salmonella " Negative, | Negative | Negative | Negative | Negative | Negative | ' Negative | Negative
. |Shigella Ncgauve.- Nepative .| . Negative | Negative Nega.uve Ncga.u'vc' ‘Negative | Negative
" |Entamoeba hystolmca NeganVc. ‘Negative Negative Negative Negauve Negatwe Negative Negative

Ascans lumbricoides

7.49

pH . . . .

Sodium, mg/L 9.32 129 14.9 .66 11.7 151 773 40.0

Chloride, mg/L 4 8 5 6 5 18 8 5

Calcium, mg/L 24.1 44.4: 77 379 18 238 76.2 81.2

Magnesium, mg/L 7.7 13 12.2 11.4 4.7 59.1 184 19.1
. |Specific Conductance, mmhos/cm 189 . 318 397 - 223 179 - | 1620 | 606 428

S. A. R., calculated 04 . 0.4 0.4 0.3 0.6 2.3 2.1 1.0°

' ' Sampling date| 3/18/92 .. | .3/10/92 B/ | 31782 3/9/92 3/9/92 __gz{_s’z 312592

-{Coliform, total, col/g

200

Coliform, fecal, col/g , © 50000 200
Enterococci, col/g - 2600 - 8000 700 400 400 700 200
Salmonella - ‘Negative | Negative | Negative Negative | Negative | Negative | Negative
Shigella Negauve Negative | . Negative Négatiire |- Negative | Negative | Negative .
Entamoeba hystolitica ‘Negati Negative | - Negative | Negauvc'

Ascaris lumbricoides

.,pH

7.47 5.62 8.12 7.33 6.83 , 6.88
Sodium, mg/L : . 14.8 5.43 35 27 14,9 15.4 29.6 17.1
Chloride, mg/L : 6 . '8 ] 8 K ] 12 5
Calcium, mg/L 74 20.9 47.4 26.5 64.9 7.4 37 14.9
Magnesium, mg/L . 282 5.6 11.5 7.4 13.2 2.2 7.9 4.20
Specific Conductance, mmhos/cm 601 242 600 326 545 102 271 178
S. A. R., calculated 0.4 03 12 1.2 0.4 1.3 12 1.0
Sampling date| 3/18/92 3/10/92 3/3/92 3/17/92 3/9/92 3/9/92 2/27/92 3/25/92




ROUND SEVEN SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

o Coliform, total, MPN/100 mL . T >16000 | >16000 | >16000 | >16000 | >16000 | >16000 | > 16000
o Coliform, fecal, MPN/100mL 5000 - | - 9000 1700 | 1700 170 270 ¢ | > 16000
Enterococci, MPN/100mL - - - | 900 | 70 | 40 ND 220 0040
~ |Salmonella =~ - - e Negative- | - Negative | Negative | Negative Negative | Negative
" {Shigella - S o Negative ' | - Negative |- Negative | Negative Negative || "' Negative
Entamoeba hystohtxca o ' Negative: || Negative |- Negative | Negative | ‘Negativé - | . Negative
. . — — - - Negaive

" Negative”

7.57 6.76 : S721

Total stsolved Salts, mg/L o650 . 31| 4107 - 757 L 998 il 4520 | 458
“1Sodium, mg/L - . o 116 - 549 813 | . 123 | 598 | 60.8
Chloride, mg/L 98 |70 | 58 97 . f .84 n|i osa
Calcium, mg/L"-~ 7477 520 563 .| -.69.6 - | 287000 281
Magnesium, mg/L 2977 | 130 16.0 255 |0 108 Ll 9.20
S. A. R., calculated 2.9 - .18 b 250 | 032 2.8 2

I 4/9/92 3/25/92. .| ' © | ansmee

Co lform, total;.col/g

~ {Coliform, fecal,.col/g >~ .~ = | 200 | 800 " |- 13000 -
“|Enterococci, col/g -t oo 10900 o 7000 | © 8000
- |Salmonella. ¢ = - | Negative| Negative Negativé |
7. {Shigella AT Negative | - Negative - Negative
i '{Entamoeba hvstolmca S0 | Negative Negative’
| Ascaris lumbricoides . ” ive " iv

| -ﬁH

‘ Sodium, mg/L . = -’ , 776 | - 8.86 19.9 439 134 319 37.8 11.9

: - Chloride, mg/L s - 5 5 - F] ] s s 25 | s

- Calcium, mg/L_ N T 407 63.6 46.5 e T 850 . 54.8
Magnesium, mg/L 8000 | 18 | 9:90 21.3 14.0
Specific Conductance, mmhos/cm . 830 379 308 - 483 355
S. A. R, calculated - - 29 0 037 0.7 0.9° 0.4

pling date! . 4/14/92' ‘412/92° | 419192

-4/9/92 -3/25/92

Coliform, total; col/g 50000 160000 11000 >160000.| 2300 | 160000 | . 1700 | 17000
. jColiform, fecal, col/lg ‘ 200 700 | 3000 200 200 | 900 200 200 -
.. |Enterococci, coUg Lo 7000 | 9000 | - 1400. 400 400 900 | 200 200
1Salmonella =~ L T "] Negativé | Negative: | Negative | Negative | Negative | Negative /| Negative | Negative
Shigella - 1. B | Negative |  Negative | Negative | Negative | Negative | Negative | Negativé | Negative
Entamoeba’ hystohtxca L ... . |- Negative Negative | -Negative | Negative | ‘Negative | Negative| Negative' | Negative
o Ascans lumbricoides R /e | - Negative . ; i : - i

. pH e 2641 : 6.97 639
Sodium, mg/L : . 33.6 9.12 29.5 50.9 148" | 479 18.5 16.2
Chloride, mg/L. - ' 7 s ] .5 5 s | S 8
Calcium, mg/L 90.2 63.2 46.6 65.8. 49.9 303 - 47.6 22.6
Magnesium, mg/L 344 15.6 10.9 17.4 12.4 7.90 8.60 5.30
Specific Conductance, mmhos/cm 1040 772 356 708 364 398 297 282
S. A. R,, calculated 0.8 0.3 1.0 14 0.5 2.0 0.6 0.8

Sampling date| 4/14/92 4/9/92 3/25/92 4/7/92 4/2/92 4/1/92 4/1/92 4/9/92




ROUND EIGHT SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

“[Coliform, total, MPN/100 mL

Tl

> 16000

>16000 | >16000 | >16000 | > 16000 700 > 16000 2400

Coliform, fecal, MPN/100mL | >16000 | >16000 | > 16000 130 50 300 | >16000 .1300
Enterococci, MPN/lOGmL 3500 170 140 | - 40 _ND" | 2200 | 4 .20,
-|Salmonella | Negative Negative | Negative | Negative | Negative | Negative | Negative | Negative
1 Shlgella -1 Negative Negative | Negative | Negative Negative Negative .| Negative Ncgan'vc-
‘Ent_ﬁmo_eb;a hystolitica E .| Negative | Negative Neg;m',v‘c' ‘Negative . | Negative. il\ljegative E Nz;.gaﬁ\}c ‘ Negaﬁvc
-.-JAscaris lumbricoides Negative |. Negative | -Negative Negative | “Negative Ncganve "I‘.*{egaﬁvc‘ Negative
oo pH L - 7.48 776 7.16 '7.56 727 . 6.71 7.09 7.68 -

- | Total Dissolved Solids, mg/L ; 702 2450- 506 693 's81 | 494 506 630
Sodium, mg/L ‘ 1090 103 70.8 56.4 889, | ¢6.5 90.1 T8
- |Chiloride, mg/L 112 103 70 90 92 . | ‘10 66 94

“|Calcium, mg/L 824 733 _ 558 | . S14 3 26.7. 424
Magnesium, mg/L 235 293 - | 150 | 226 9.70 184.

S |8, Ac R calculated 26 17 26 3.8 7.9

- 5/28/92

5/14/92

4/29/92

‘| Coliform, total, col/g

> 160000

> 160000

> 160000

>.160000

Coliform, fecal, col/g

e 35000 | 700 . | >i60000 | . 400 | 17000 - | 7000,
* - |Enterococci, col/g -©35000 | 900 | 3300 | 700 -+ 5000 3300
.. |Salmonella _ Negative | Negative | Negative | Negative | Negative | Negative .
Shigella Negative Negative | Negative | Negative | Negative | Negative
Entamoeba hystolmca Negahve Negative | Negative | Negative Negative | Negafive | Negative
Ascaris lumbricoides Negative | Negative | Negative | Negative | Negative | Negative
ipH 7.39 8.25 7.19 6.21 6.53 7.15
Sodium, mg/L . 40.1 35.1 56.6- 120 233 416
Chloride, mg/L 5 ND ] 18 3 T 10
|Calcium, mg/L '73.8 119 64.9 55.8 137 501 0336
|Magnesium, mg/L 22.40 29.8 ' 8.80 15.0 43.8 132.0 9.90 25.4
- {Specific Conductance, mmhos/cm 628 801 ' 427 753 T2 12050 340 951 .}
: S A.R. calculated LI ' 230 2.4 L6 14 )

__ Sampling date|”_5/

-[Coliform, total, col/g

> 160000

-] > 160000 | 90000 90000 *> 160000 28000,
| Coliform, fecal, col/g 1700 600 | 3000 | 3000 ..2300 | ° 24000 200 200 ..
-+ [Enterococci, col/g . {1700 | 700 | 2200 700 1700 | s000q 200 | .70 |
- |Salmonella »|' Negative | Negative . Negative | Negative | . Negitive | Negative | . Negative _Negative |..
Shigella " i Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative . |
|Entamoeba hystohtlca |- Negative | Negative | Negative | Negative Negative | Negative | Negative - Negative.
Ascaris lumbricoides | Negative | Positive | Negative | Negative | Negative | Negative | Negative Negaiive
pH T 7.09 6.21 798 7 6.75 6.80 7.00 591
Sodium, mg/L 52,5 14.1 383 81.3 91.9 741 18.6 26.8
Chloride, mg/L 22 35 s 30 17 12 7 s
Calcium, mg/L 132 66.2 503 106 204 50.5 384 . 46.5
Magnesium, mg/L 59.8 18.2 113 30.7 38.0 18.0 5.70 13.00
Specific Conductance, mmhos/cm 1390 611 444 978 781 411 590 434
S. A. R, calculated 1.0 0.4 1.3 1.8 1.5 2.3 0.7 0.9
Sampling date|  5/20/92 5/28/92 4/20/92 5/14/92 | 4/29/92 4/28/92 4/22/92 5/19/92




ROUND NINE SAMPLING RESULTS

ITY OF LOS ANGELES GR

Ml M D bt

\ V WATER

LD e i

PILOT PROJECT

Coliform, total, MPN/100 mL > 16000 > 16000 > 16000 16000 > 16000 16000 30000
Coliform, fecal, MPN/100mL 3000 9000 16000 170 9000 1700 400
Enterococci, MPN/100mL 800 110 g0 40 - ND- . 260 500

-1Salmonella Negative Negative Negative " Negative |- Negative | Negative Negative
Shigella Negative Negative Negative Negative: 7| " Negative Negative Negative
Entamoeba hystolitica Negative Negative Negative ive | ° Negative | -Negative Negative
Ascaris lumbricoides Negative | Negati i ;

pH 7.18 7.91 7.81 7.52 6.64 " 7.85 7.10
Total Dissolved Solids, mgfL 648 810 250 544 530 557 792 -
Sodium, mg/L 89.8 96 51.8 36.2 644 61 929"
Chloride, mg/L 96 100 92 42 c 78 42 105
Calcium, mg/L - 60 46.4 389 60.7 26,6 218" 611
Magnesium, mg/L - 24 25.7 8.5 152 10.5 ¥ 8.30 262
S. A. R,; calculated 2.48 2.81 - 1.96 1.08 " 268 2.82° 250 1"
B 6/18/92 6/23/92 6/4/92 6/24/92 6/16/92 .| 6/10/92 6/24/92

Coliform, total, col/g 50000 > 160000 50000 > 160000 . 160000, ¢ 11000 1600000}

Coliform, fecal, col/g 200 ;| : 35000 3000 17000 11000 | 8000 500000

Enterococci, col/g 200 17000 3300 17000 --2600 -} 1700 ¢ | 50000

Salmonelia | - " Negative *| Negative Negative | Negative Negative.+| Negative Negative |

Shigella Negative | Negative™ | Negative | Negative | MNegative | Negative | Negative |

Entamoeba hvstolmca Negative | Negative | Negative | Negative " Negative |  Negative | Negative
Negative Negative i

Negative

6.67 732 6.24 . 5. 7.27 6.89.

Sodium, mg/L 61.7 56.6 345 125 108 556 148 107
Chloride, mg/L 25 35 27 60 40 146 73 15
Calcium, mg/L 97.7 104 582 278 56.5 1590 235 102

Magnesium, mg/L. 26.40 29.8 10.30 67.2 169 1 - 397.0 59.10 - 309"
Specific Conductance, mmhos/cm- 755 . 1120 631 1810 865 | 13900 | 1720 507
S. A. R, calculated 1.43 1.26 1.09 1.74 324 .| 323 2.23 - 238

' ling date| ~ 6/18/92 6/23/92 6/4/92 6/24/92 6/16/92° |- 6/11/92 6/10/92 6/24/92:

Coliform, total, col/g 90000 160000 160000 500000 > 160000 | > 160000 17000° 1700
Coliform, fecal, col/g 30000 200 11000 300000 © 90000 | 30000 700 700
Enterococci, col/g 3400 900 11000 90000 ©.7000- -} 3300 700 - 700
Saimonella Negative | Negative | Negative | Negative ‘Negative - |  Negative | Negative | Negative
-1Shigella Negative Negative | Negative | Negative | Negative: | Negative | ~Negative Negative -
Entamoeba hystolmca Negative Negative Negative Negative Negauvc"' ~ ‘Negative |- Negative | ' Negative

Negative

cga.uve. )

 Negative

Ascaris lumbricoides

“IpH 7.28 5.65 8.29 7.2 7.1 - . 7.81 6.26
Sodium, mg/L 76.5 213 105 53 83.5 60.4 36.5 32.8
Chloride, mg/L 40 40 36 20 102 10 7 20
Calcium, mg/L 84.1 - 842 95.5 66.8 191 551 101 84.5
Maguesium, mg/L 354 23.5 289 17.5 39.8 17.7 16.40 2.00
Specific Conductance, mmhos/cm 1220 812 973 627 1170 709 928 752
S. A. R, calculated 1.76 0.53 242 1.49 1.43 1.81 0.89 0.96 -

Sampling date| 6/18/92 6/23/92 6/4/92 6/24/92 6/16/92 6/11/92 6/10/92 6/24/92




ROUND TEN SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

Coliform, total, MPN/100. mL .| >160000 | >16000 | >160000 | > 16000 [ > 160000 | > 160000 | >160000 16000
Coliform, fecal, MPN/100mL | 35000 >16000 | - >160000 260 © 28000 - 200 28000 | 16000
Enterococci, MPN/100mL | 17000 500 7000 | 110 ~1100- . [ 700 3300 " 330

{Salmonella o Negative | Negative | Negative |- Negative' | Negative .| Negative | Negative | Negative
‘|Shigella : : ‘Negative Negative |. Negative | Negative Negative * | Negative Negative | Negative

¥ _|Entamoeba hystolmca =

: Negative Negative
-|Ascaris lumbricoides i

Negative Negative

‘Negative | Negative | Negative: | Negative | Negative Negative
N Negative | - Negative | Negative .| Negative |

566 | 703 | 739 | 747

. pH _ o) 138 L7920 : B
. {Total Dlssolved Sohds, mg/L B 460 | 886 | 326 169 | 's960 . | .. 438 350 704
ASodium, mg/L, - .. o 59.1 95, | 474 32.1 825 | - 681 48.2 79.8
Chloride, mg/L o ] s | we | s4 35 | cs4co| 64 | 60 | 104
fCalcium,mg/L. . | 149 679 |~ 309 68 Cost6 | o3sa | 7154 | e4d
|Magnesium,mg/L, . | 16l . 289 | 125 186 224 | 147 12.10 | 289
S. A. R., calculated ST 123 | 243 ] 182 | 089 o241 243 ] 136 207
Co N | 092 92 ' " 15/92 7/16/92 |- 7130192

] 170000 | 170000 | >1600000 | > 1600000 | > 1600000 | >1600000, | > 1600000 | 140000
. Coleorm, fecal, col/g | 14000 | 2000 | 900000 | >1600000 | 14000%: | .. 2000 | 7000 | 2000
*'|Enterdcocci, col/g © 114000 | 11000 | 23000 140000 | - 11060 | - 4000 | 7000 | 5000
N ‘: Salmonella = = - . .. . . " Negative | Negative | Negative | Negative | Negative |  Negative | Negative | Negative
Shigella o 7 Negative | Negative | Negative :| Negative | Negative | Negative | Negative " Negative
Entamoeba hystolmca | Negative | Negative | Negative | Negative | Negative " Negative | Negative | Negative

Ascaris lumbricoides Negative | Negative | Negative | Negative | Negative | Negative Positive Negative

pH _ 7.29 6.91 6.45

Sodium, mg/L ) C 54.8 32.4 346 454 124 - | 134 362 120
Chloride, mg/L ' 50 25 1420 5 5 8 " 100 65
{Caleium, mg/L _ _ 115 175 5900 243 119 192 354 214
Magnesium, mg/L o 1 35.50 45.4 81900 | 73 | 363 445 | 11xeo | s86
Specific Conductance, mmhos/cm . 1140 ‘1180 20300 426 01290 | . 1450 | 2810 | . 1890
S. A. R., calculated S ol o11s ) 056 112 2.07 255 | 02260 4.30 o

e ing date 7114/92 72192 | 715192 716/92

Coliform, total, colg . 1600000 | > 1600000 | 900000 | >1600000 | 17000 | > 1600000 | >1600000 | $00000
Coliform, fecal, col/g - , 80000 110000 27600 1600000 2000 1600000 - | > 1600000 | 2000
. |Enterococci,col/g . | 17000 | 110000 17000 | 300000 40000 | 30000 220000 | 7000
- |Salmonella , ) _ | Negative Negative | Negative | Negative | Negative | Negative | Negative | Negative
" . |Shigella ~ | Negative | Negative | Negative | Negative | Negative Negative | Negative | Negative

Entamoeba hystohtlca

, _Negative | Negative | Negative | Negative | Negative | . Negative | Negative | Negative
* YAscaris lumbricoides , :

Negative ‘Positive ' | ‘Negative | Negative | Negative

“Positive -

pE - 1 687 66 6.64 671 | 122 6.63
|Sodium, mg/L 134 42.1 155 | 7199 68.7 60.5 54.9
Chloride, mg/L ’ 105 35 8 40 4 23 20
Calcium, mg/L 1 532 126 205 102 63.4 222 125
Magnesium, mg/L 185.0 35.9 48.9 27.8 20.0 35.50 36.00
Specific Conductance, mmhos/cm 4630 1260 1740 960 1790 795 1170 1020
S. A. R., calculated 1.27 0.85 2.52 1.80 1.27 1.88 0.99 1.11

Sampling date| 7/23/92 7/30/92 7/14/92 7/28/92 T121/92 7/15/92 7/16/92 7/30/92

et



ROUND ELEVEN SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

Coliform, total, MPN/100 mL >160000 | 5000 >16000 | >16000 | 90000 | >160000! 90000 |.> 16000

Coliform, fecal, MPN/100mL ; 35000 | .2200 3500 > 16000 17000 | >160000 | 14000 |- 1700
" |Enterococci, MPN/lOOmL ‘ . 3300 |..200 2200 260 200 | 1700. 7| 11000 | -:140
1Saimonella R L Negative | Négative | Negative | Negative | Negative | Negative . Negative | Negative
Shigeila - -~ = © ... | Negative | ‘Negative | Negative | Negative | Negative |- Negative |' Negative | Negative
Entamoeba hystolmca S Negative | 'Negative | Negative | Negative | Negative | Negative | Negative | :Negative

Ascaris lumbncoldes | Negative | ‘Negative | Negative | . Negative Negative -| Negative | Negative | Negative

pH 7.68 9.05 . 757 -
Total Dissolved Sohds,mg/L ' o392 U 1604 | 428 632 + | 630 5047 [ 624
* 1Sodium, mg/L S A A 256 51.8 87.4 | 7632 . 63.5 80.2
[Chloride, mg/L = .~ . 78 60 | - 69 " 109 88 .| 76 | .109
Calcium, mg/L : o 1 296 161 | 397 61.8 |. . 413 | 336~ | 594
Magnesium,mg/L. . 0 20.4 10.6 14.5 268 7| 0 15| 1430 | 251
S. A. R, calculated : o 0.80. 112,17 1.79 234 2.20

7/29/92

8/11/92

8/25/92

1600000 1600000

>.1600000

Coliform, >.1600000] -

| Coliform, fecal, col/g . = ~+{>1600000] 170000. {2000 -}~ 80000, - 170000 [>160000—

. |Enterococci, col/g - 1600000 | 17000 | 22000 | 110000.| 50000 -8000. —
i Salmonella 'Negative | Negative | Negative | Negative | Negative Negative | -
: Shigella : o ‘ Negative | Negative | Negative | Negative | Negative |Negative..|
1 Entamoebza hystolitica ’ | Negative' | Negative |. Negative | Negative Nega.txvc Negative | Negative | Negative |Negative ...

N { N

Negative

Ascaris lumbricoides

I o pH ’ 6.87 724 .| 128 | 675 732 6.04 5.95 6.85 7.86
’ Sodium, mg/L 119 | 472 233 66.3 113 146 174 206 . .
Chioride, mg/L ‘ o 40 " 65 2000 40 4 | 9%0.:| s0 - 95 74
{Calcium, mg/L- ~ = S 757217 . 34300 | 49.2 92 i | .233..7] 955 357 | 807
Magnesium, mg/L - 2430 [7.580. | 33800 | . 167 312 .| 617 30.50 70.8 39.4
Specific Conductance, mmhos/cm S 1110 | 1430 ] 13600 | 616 1040 1770. .| 1190 | -2210. -
S. A. R., calculated S - 3.05 . 073 2|7 102 | 208 | 260. 220 | 397 | -2.60

Sampling date| &/11/92 | €20/92 | 7729097 | 8725/2 | 81892 | w&/s/92 | wd/e2 | 81952 | 872492

> 1600000 70000 50000 33000

Coliform, total, col/g _ 70000 22000
Coliform, fecal, col/g - 2000 | 2000 . |. 4000 |>1600000| 4000 | - 20000 | 2000 -
- |Enterococci, col/lg - 17000 L9000, 1] 9000 133000 9000 | 7000 -| . 7000 -
{Salmonell2 .~ -~ " | Negative. | Negative.| Negative | Negative | Negative | Negative | Negative
Shigella . e oo Negative | Negative | Negative | Negative | Negative | Negative | Negative

v Entamoeba hystolmca "Negative | Negative | Negative | Negative | Negative | - Negative | Negative |-

: 6.2
Sodium, mg/L. 109 ie3’ $9.5 95 221 524 - | 458 56.6
Chloride, mg/L ’ ) 15 55 50 50 125 40 10 25
Calcium, mg/L 191 ©65.1 104 326 905 71 72.5 82.6
Magnesium, mg/L 84.4 16.0 25.9 92.0 128.0 22.4 13.60 20.60
Specific Conductance, mmhos/cm - 2110 632 1760 2650 3860 713 600 713
S. A. R., caiculated 1.65 0.30 2.03 1.20 1.82 1.39 1.29 1.44

Sampling date| 8/11/92 8/20/92 7/29/92 8/25/92 8/18/92 8/5/92 8/4/92 8/19/92




" pAscaris lumbricoides

ROUND TWELVE SAMPLING RESULTS

CITY OF LOS ANGELES GRAY WATER PILOT PROJECT

oliform, total, MPN/100 mL > 160000 | >160000 | > 160000 | > 16000 | >160000 | > 160000 | >160000 | 160000
Coliform, fecal, MPN/100mL 3000 17000 | > 160000 |. 30000 -'13000 50000 > 160000 ~1200
|Eaterococci, MPN/100mL 22000 900 | 17000 . | 1400 | 3400 400 .| <200 <200
-+ |Salmonella Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative
" IShigella . " Negative |° Negative | Negative | Negative | Negative | Negative | Negative | Negative
- {Entamoeba hystohtxca L T Negative | Negative | Negative | ‘Negative |-Negative | Negative | Negative Negative | ,
‘TAscaris lumbricoides " Negative | Negative | Negative | Negative | Nej ‘Negative | Negative | Negative |

oH

' . , . 6.74  6.51 , , , 6.76
- |Total Dissolved Sohds, mg/L T 702 694 384 ~ 810 686 . 530 504 626
- |Sodium, mg/L 116 . | 114 58.7 60 843 | 6.8 803 89.3
. IChloride, mg/L 106 141 77 . |83 113 518 75 103
_|Calcium, mg/L, 99.5 69.8 | 425 ©39.9 7605 29 | 339 631
. |Magnesium, mg/L 312 28.4 12.8 16.3 255 133 | 1340 |  28%
“18: A. R., calculated . 2,60, 291 203 | 202 722007 238 | 295 | 234
Sampling date|  9/8/92 9/17/92 | 812792 | 9/10/92 |  9/32/92 9/3/92 9/2/92 | .9/1592

Coliform, total, col/g .

. 1600000° | 1600000 30000 . | . 300000 00000 - | 130000 500000 110000

- }Coliform, fecal, col/g 26000 140000 4000. ..| 240000 . |- 80000 .| 14000 | 130000 | -8000
‘IEnterococci, col/g 21000 . | 14000 | 8000 | 110000 | 33000. | -14000 500000 | 26000
# - |Salmonella Negative . | ‘Negative | Negative | Negative | Negative .| Negative | Negative | Negative
" IShigella | Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative
" |Entamoeba hystolmca Negative | Negative ivé ‘ oati Negati Negative | Negative

Positive**

Negative

itive**

bE

] 7.92 . . . .
{Sodium, mg/L 174 40.9 217 48.5 ' 84.5 430 162
Chloride, mg/L 35 15 305 15 12 185 60
Calcium, mg/L 241 96.7 1040 .39.6 . 59.1 - 1160 734 _
Magnesium, mg/L 78.90 264 158.00 9.7 222 327.0 29.10 570
. Specific Conductance, mmhos/cm 1770 866 5760 466 877 7530 - | . 687 1530
IS, A. R, calculated - L) 249 0.95 1.66 w179 238 . 2.87 2.55 AT
' Sampling date|  9/8/92 9/17/92 8/27/92 9/10/92 9/22/92 9/3/92 9/2/92 9/15/92 .

Coliform, total, Eol/g 300000 220000 50000 | ' 140000 "4000 900000 '| 2000 " 2000
Coliform, fecal, col/g 300000 8000 26000 50000 2000 . 50000 2000 2000
. 1Enterococci, col/g. 170000 | 33000 |@ 27000 | 50000 | . 2000 |- 17000 | 2000 2000
-« 1Salmonella Negitive | Negative | Negative | Negative | Negative | Negative | Negative | Negative
~ |Shigella " Negative | Negative | Negative | Negative | Negative | Negative | Negative | Negative
|Entamoeba hystolmca "Negative . | Negative | Negative | Negative | Negative | Negative | -Negative “Negative
Ascans lumbncmdes | Positive®® . | ‘Positive*® | Negative | Positive | “Negative . ‘Positive®® | Negative | Negative |

722

7.5

7.03

231

Sodium, mg/L 358 44.8 144 224 69.2 74.2 45
Chloride, mg/L 95 20 50 " 95 10 20 20 ND
Calcium, mg/L 563 182 180 -840 417 71.9 85.5 161
Magnesium, mg/L 263.0 50.8 53.6 206.0 108.0 24.4 19.40 42.70
Specific Conductance, mmhos/cm 4380 1190 2030 4500 3110 791 914 1050
S. A. R, calculated 3.12 0.76 2.42 1.79 2.61 1.80 1.88 0.81
9/8/92 8/27/92 | 9/10/92 9/22/92 9/8/92 9/2/92 | 9/15/92

Sampling date

9/17/92



APPENDIX )

‘GRA f,ﬁHEC PRESENTATION OF:-;.; |
SE f_-}-ECTEp ANALYTIC PARAMETERS

' .-;,Some of the data frorn.pr. d1x B were plotted for easier wsual comparlson of vanables:-
o, three-d1mens1onal perspectwes This way, simultaneous review of each. vanable at .
;f:’dllferent sites -and at different sampling rounds ‘becomes possible. The method is limited

. and fails to show all data in any one graph. Readers interested in further analyzing the:
 data are invited to request to obtain the original data on 3.5" computer disc and perform . ..
independent statistical and graphical analyses Call Bahman Shelkh at 213/237 0887 tov e .

make a:rangements

, f.v_It is. recommended that for: each parameter the graph for control and the graph for gray-_ T
' water-lrngated soil be v1ewed side by side. - R o STl

) __':In graphmg coliform-and: entrococcus data on loganthxmc scales, 1f a data pomt were: notv

available, a value of 1 was assigned and the bar was annotated W1th ND, meaning "no. .
“data". 'Where data were reported by the laboratory as >n, they were plotted as n: (these‘ e

are usually the highest bars in the histogram) and the value superimposed on top of the

- bar. In some histograms, maxlmum z-axis value was set lower than the data maximums,
'so as to best illustrate the variation of the data. In these instances, laboratory-reported . .
values of data points exceedmg the z-axis maximum were annotated on the bars, unless o

: they mterfered with clanty of the graph.. . S R
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APPENDIX

 STATISTICAL ANALYS

The method selected for statistical analy31s of the Gray Water Pilot Project data is the -

matched pairs test. This test assumes that edch - piece of data collected can be pmred
logically with another piece of data. For the gray water pilot project, the matchéd pairs of
data are the gray-water-irrigated sample and the potable-water-lmgated sample taken
from the same site on the same day. The matched pairs test measures the difference
between these samples for each soﬂ constxtuent

The‘basic pu"rpose"'of the pilot project‘is to measure whether significant differences exist
between two populatlons soil 1mgated with gray water and soil 1mgated with potable -
‘water; Ore (incorrect) way to measure the difference would be to simply average the data

for all; ‘the gray water samples, and compare this average with the corresponding average

- for all the potable water samples. That is, one could directly compare the average values
for the two different populations. The problem with this approach is that it assumes that

' the samples are independent of each other, that is; that no correspondence or relatlonshlp o

exists between the different data points. This assumption is clearly not valid in the case of
the pilot project. Clearly, the soil constituents existing at a given site before irrigation
occurs will heavily influence what constituents are present after irrigation, whether gray
water or potable water is used for the irrigation. This dependence creates an extra source
of variance, which tends to obscure the effectiveness of the analysis.

This problem can be avoided by measuring the mean difference between each matched pair
of data. We measure, for example, the difference between the sodium level at site 1 using
gray water minus the sodium level at site 1 using potable water. This difference is the
number which becomes the basis of the analysis. In essence, each member of the sample is
paired with itself. Although the data may differ significantly from site to site, or from
week to week, we care only about the difference between gray-water-irrigated soil at a
given site and date, compared to the potable-water-irrigated soil at that same site and date.



L : degree of conﬁdence desired.

S degreesnof conﬁdence'used is 90 percent and 95 percent

Using the difference as the basis for analysis eliminates the extra variance which would be
created using the average value for the entire population as the basis for analysis.

The test is conducted as follows. .The parameter of interest is Ug, the mean of the
differences. The assumptions made are that the population of differences is normal and
that each observation from population 1 is pa1red with an observation from populatron 2.
The computed quantities are: .

Sample mean of the differences: Xd

Sample variance of the differences: Sd G
Standard error of Xg: StdEm(Xy) = sd/sq it o).
Test statistic: t = (Xd)/StdErr(Xd)

The test statistic essentrally cornp
- the. magmtude of the variation associated with the observations. If the mean drﬂ’erence is ..

the‘ magmtude'of'the mean difference observed with . .-

. large compared to- ‘the variation, then a statistically significant difference. exists.. If the

mean difference is small compared to the variatio

“then one cannot conclude that a.

significant difference exists. Asa general rule, the mean difference must be. about: twice as:, P

" large as:the variation in order to reach: sxgmﬁcance at.‘_the 95% level. The exact.ratiois. . .

R determined from statistical tables and based on the umber of data’ pomts used: and the' S

nstituerits: sampled inthe pllot pro;ect to d _e have 90 to. 98 data pomts :

TEST RESULTS

Analysis of the results from the 12 rounds of data- observatmn of the Gray Water Pilot . .

Project show that use of gray water has only slrght effects on the soil 1rr1gated The_'_‘. B

- statistical analysrs indicates a’ sxgmﬁcant difference in-the total coliform levels--at the 95
nfidence level--between gray-water-irrigated areas and control areas. Thrs can

1 be-attributed to the possibility that gray water contains organic matter which can. support .. T

" growth of soil microorganisms, including coliform bacteria deposited by animals as well as ' o

those coming from the gray water sources. However, the statistical tests did not show any
significant dlﬁ’erences for fecal cohforrn or for enterococcr on the irrigated soils.

As expected, sod1um a.nd sodxum adsorptron ratio were both significantly higher in gray- .
water-rrngated soils than in the control soils. This s partially due to the salt content of
most of the detergents used in the course of geferating gray water. Other laundry -
additives, such as bleach and water conditioning products may have contrlbuted to the
higher sodium levels. None of the other parameters exhibited a statistically. 51gmﬁcant -

difference.

The chart below shows the parameter measured, the mean difference between the two
values in each matched data pair, the standard error of the mean difference, the p-statistic -



for each constituent at the 90% confidence level, and the comparison of whether the mean
difference represents a statistically significant value.

Standard Number

Mean Standard Test  Can Reject* Null
Difference Deviation ofData = Error Statistic Hypothesis?
_ : @9%% (@95%
Parameter (Xd) (s) (n) Xe) (Xd/Xe) .Conf)  Confl )
Total Coliform 157,321 610,569 98 61,677 2.55 Yes  Yes
" Fecal Coliform 16,192 376,566 90 39,694 041 No - No
- Enterococci .- 19,080....172,509 ... 96 17,606 ~ 1.08 ... No - No . . .
S 0.14 0.76 96 0.08 1.75. Yes No .
Sodium . 23.52 98.38 97  9.99 2.35 .. Yes Yes -
Chloride . = - 38,09 . 26677 . 94 2752  .138 .No =~ -No ==
Calcium ~ 590.73 . 4,636.96 96  473.26 125 ~ No No
Magnesium: -11.47. . 231.66 96 2364  -049 . No.. No
: ,Spec COnduct.«{}- 44899 3,00121 90 31636 142 - No..  No
S. AR Calc . 033 . 133 ... 94 0.14 236  Yes .

Yes ..

If the test stansttc 1s larger than 1. 66 or smaller than -1, 66, then one can say--wnh 90 % _
confidence--that the two sets. of data are indeed different. If the test statistic is >1.98 or -

<-1.98, then the same can be said with 95 % confidence. If the test statistic falls outside
this range, then observed differences are probably due to chance. The numbers 1.66
and 1.98 are derived from statistical tables based on the statxstlcal design of the project.



APPENDIX

. Ranges of acceptable 'values of chemical parameters for plant growth. conditions - are{,‘-;?’; PR P
- presented i in Appendix D. These guidelines are taken from the United Nations Food and ...

Agnculture Orgamzatlon (FAO) Pubhcatlon No 29, "Water Quahty for Agnculture" '




APPENDIX

GRAY WATER SYSTEM INSTALLERS AND SUPPLIERS

Partlclpants in Gray Water Pllot Program'

COMPANY CONTACT LA - SYSTEM - TELEPHONE ADDRESS -
v Agwa Systems o Gary Stewart -Automated Gray  818/562-1449 801 S. Flower Street
-‘;‘,',, LR Water e o T e _ Burbank, CA 91502~
", Fluid Systems ‘. Ted Adams e '5~Gray Water [ 2 '805/964-1211 2800 Painted Cave Road
. ' e ' Santa Barbara, CA 93105 :
Water Cycle Robert Kourik = 'Gray Water 707/874-2602 POBOX 1841 - .-
PN B S G S ' S Ll Santa Rosa, CA 95402
Water Save .. . Wayne Stanton " ‘Gray Water 310/379-3575 914 Prospect Avenue . -
- : Hermosa Beach, CA 90254
GeoFlow Drip Rodney Ruskin  Drip Irrigation 415/621-6008 236 W. Portal Ave., #327 .
Irrigation " ' San Francisco, CA 94127
. Qasis Detergent  ArtLudwig ~ Special Detergent  805/682-3449 1020 Veronica Springs Rd. .
) ‘ : Santa Barbara, CA 93105 -
Amway Chris Kaiser Special Detergent 616/676-6401 7575 E. Fulton
" Detergent. Co T e o o 3 Ada, MI 49335
DuBois Spnnkler Mark DuBois ~ Irrigation Systems ~ 818/784-6281 5642 Vaira Avenue
Systems - G . ‘ L : _ s Van Nuys, CA 91401

Re Water - SteveBilson = Gary Water/Cones ~ 415/324-1307 438 Addison Avenue’
Svstems o R Pa]o Alto CA 94301

Other Installers and Suppliers of Grdy Water Systems: o
COMPANY CONTACT ~ SYSTEM TELEPHONE ADDRESS

Outdoor ~ SteveKiefer - Gray Water with 818/951-4519 'POBOX 12539 .
Concepts — . -Ozonation -~ ~—————-=~ ----—Ta-Crescenta, CA 91224
Water Saver Jay Stern .. -Washing Machine = 213/0250 " 1248 W, 134th Street, #6 -
A . Rinse Separator " Gardena, CA 90247
Water Recycling = Ray Tiradeau  Gray Water 805/722-0370 4852 Avenue Vista Verde -
Systems : ‘ Paimdale, CA 93551
Cycle H20 Anton Van Gray Water for 800/292-5342 Star Route, Box 2
Puffelan Toilet Flushing Williams, AZ 86046
Water Recycler Ken Leek Gray Water 415/369-7010 1973 Cordilleras Road

Redwood City, CA 94062
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GUIDELINES FOR INTERPRETATION OF WATER QUALITY FOR _IRRIGATION

- [RRIGATION PROBLEM foon o e  DEGREE OF PROBLEM .
: ' ' o Increasing Severe
No Problem ~ Problem Problem

l R SALINITY f-Gaffe-ct-s-—'crop' water-availability) s wee

| - ECw (mmhos/em) . B < 0.75 o.75-3_.o: S >3.0
| » ‘PERMEABILITY (affects’ mﬁltratlon rate into 5011) B | 'v ‘ " ARt
| :‘, L ECw (mmhos/cm) o o , . >0.5 0_5.-_0,;‘2;;._‘ i <0.2

l/ 2/ - S “ .‘-‘\v T""-" N . 3
Illlte Vermlcullte (2 _'L crystal lattlce) <8 8- 16 3/;- Lo > 16
Kaohnlte sesqu1ox1des (1:1 crystal latuce) <16 16-24 Q)—/ > 21— -

b'SPEClFlC TON. TOXICITY (affects sensitive crops) E

Sodmmé/ 2/ (adj. 5AR K339 > 9
Chloride & 2/ (meq/1; o <4z 100
. Boron (mg/l) T R e . <O.75 0. 75-20 > 5 O‘ .
MISCETITANEQOUS EFFECTS (affects suscepuble crops) R
NO3-N (or) NH,-N (mg/D) Sl <5 5.30 > 30
HCC_) “(meq /1) [overhead sprinkling] . <1.5 1.5-8.5 >8.5
pH - SR , -[No‘rmal Range 6.5 - 8.4] _

_1/ adJ SAR means adJusted Sodium. Adsorptlon Rano and ‘can be calculated u51ng the -
procedure given in Table 3. . : o

2/ Values presented are for the dommant tvpe of clay mmeral in the soil since stmctural .
_.stability varies between the various.clay types (Rallings, 1966, and Rhoades, 1973). . ...
Problems are less likely to develop if water salinity is hlgh more hkely to develop o

- if water salinity is low. : :

-3/..-Use the lower range if ECw. <. .4.mmhos/cm;.
" Use the intermediate range if ECw = 0.4 - 1. 6 mmhos/cm,
s - Use ‘upper. hmu if EC\V > l 6"mmhos/cm '

Z./-*- -Most*rree‘-cropsand—voodycmmnenmls are. sensrmve*to*sodmm and“chlorlde‘(use
S val[ues show]n) Most annual crops are not sensnlve (use the sahmty tolerance tables
Table 5]) : =

;/ With sprmkler irrigation on sen51t1ve crops, sodium or chlorlde in excess of 3 meq/1
under certain conditions has resulted in excessive leaf absorption and crop damage.

< means less than

> means more than





