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PREFACE

This report is authored by Tufts University Graduate Students in the
Department of Urban and Environmental Policy, Course 255, Field Projects.
The purpose of this course is to enable students to work as a team of practical
visionaries and environmental professionals. The goal is to produce an
effective working document that assists the community at large in making
better policy decisions.

This document contains findings of a water reuse research project
conducted at the request of the Center for Environmental Management
(CEM). CEM is a research center at Tufts University primarily funded by the
U.S. Environmental Protection Agency with some funding by private
corporations and foundations.

The goal of this research is to outline a method by which a greywater
code can be established in the Commonwealth of Massachusetts. This
document will serve as a guide to greywater advocates in the implementation
of a greywater regulation. The findings herein are based in part on field
interviews with water resource professionals, State and local agencies, private
citizens and business representatives. Additional information was gathered
during extensive literature research of journals, review of other relevant
state regulations outside of Massachusetts and general water resource data.

The recommendations are those of the authors and do not necessarily
reflect the views of the Center for Environmental Management.
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Executive Summary

In the past 10 years, water quality and supply have become one of the premier
environmental concerns in the Commonwealth of Massachusetts. As water demand
continues to increase and exceed available supply, greywater reuse emerges as an
essential water conservation tool. While western states have embraced water reuse
in the face of severe drought conditions, Massachusetts has the opportunity to
carefully craft a policy which will mean great savings -- to infrastructure maintenance,
utility bills, water quality and water supply protection -- and avert a potential safe
drinking water crisis.

Massachusetts water resources face contamination threats, pushing
them closer to this crisis. State laws regulating the protection of potable
water, and waste water disposal, focus on these public health threats.
Because greywater is perceived as "dirty" and unuseable, the application of
greywater reuse as a method of conservation is discouraged.

There are five major factors influencing policy decisions on greywater
reuse in the Commonwealth. They range from concerns for public health
and environmental protection, to conservation and regulatory enforcement.
Additionally, public perception is an important consideration behind any
policy decision.

In order to implement a greywater reuse code in Massachsetts several
issues must be squarely addressed: public health must be protected ;
environmental protection must be ensured; the costs of greywater systems
use and maintenance must be moderate; and the need for water conservation

must be evident.

The problérﬁ in Massachusetts is that the regulations, while not
prohibitive, are not supportive of greywater reuse. Legislation allowing for
a greywater reuse code is needed.

Implementing a new regulation requires the collective energy of state
officials, local governments, the business comunity, public interest groups,
environmental groups and the general public. The solution is the formation
of a working group which has as its agenda the implementation of a
greywater code.

Greywater Reuse
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Introduction

This report has been undertaken in an effort to look at greywater reuse
as an alternative water conservation tool for the Commonwealth of
Massachusetts. The following topics are addressed:

* Water Reuse and Greywater definitions
Greywater Reuse Applications and Options
Water Resource Situation in Massachusetts
Relevant Regulations

Key Players and Issues

* X 2 X

This report concludes with recommendations listing initial steps for
the implemention of a greywater reuse policy. Appendices are included
which provide background to this report, and which describe greywater
policy in other states.

Greywater Reuse 1
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WATER REUSE

Water reuse research and application has undergone many changes and
considerable progress in recent years. Reuse is recognized as an essential part of the
water resource picture as future water demands continue to exceed the available

supply.

What people do or do not consider waste is a defining element of water reuse.

For some, water discarded down the drain is waste, while others believe that this
water can easily be reused for applications which do not need the cleanest resource.
In many cases it can be directly used for nonpotable applications with little or no
treatment. In fact, some effluent from residential sources contains substances for
subsequent uses. Household soap, for instance, contains phosphorous, a necessary
plant nutrient.

History
Water reuse has been routinely practiced throughout history. Indeed, the

Romans recycled some of their supplies by channeling water from the public baths
and industrial establishments for flushing the public latrines. 1

More recently, the west coast has taken measures to conserve and reuse water.

Spurred by an arid climate and limited resources, Los Angeles, California has a
"general" plan law which requires new buildings to insure a "no net increase” of
water use and achieve a "net gain" in water savings. This means that developers
must not only plan new buildings with low flow fixtures but they must also reduce
significant water volume use in other buildings in the area. Thus, private
developers are mandated to assist in the retrofit of older, less water conservative
buildings.?

Definition : Greywater

Water reuse technology comes in many forms and can be accomplished on
residential and industrial levels. Often the terminology of "greywater" or
"blackwater" is used to describe certain kinds of water. Greywater can be defined as
all the wastewater generated within a home except toilet wastewater. This would
include water from bathroom sinks, tubs, showers, laundry rooms, kitchen sinks,
and rain water collected and stored from roof tops. Blackwater refers to water which
contains sanitary sewage such as toilet water. In some cases, kitchen sink water is
separated into yet another category called "brown water” which is distinguished by
the existence of putricible waste such as food and grease.

Greywater Applications

Conventional residential plumbing systems make no distinction between
blackwater and greywater. In fact, both are mixed together as they enter the

-
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sewerage system or septic tank, classifying the combination as blackwater. This is a
waste of water when the greywater is recyclable. Even a simple water reuse system
will result in savings. For example, a household can realize a 25 percent reduction
in water consumption and a 52 percent reduction in load on the sewerage system by
flushing toilets with filtered bath water and irrigating landscape with laundry
water.3 (Based on 105 gallons/person/day for residential water consumption; see
diagram in Appendix A.)

Costs

Such a cascade recycling system is not technically complicated and in fact
many are already in operation, even here in Massachusetts (See Appendix B, Terry
Bastian). The cost of a system installed by a "do-it-yourselfer" runs about $200-$275,
or $300-$500 if you need a pump. Installed by a plumber, the cost would be about
$2500. These costs would eventually be paid back by lower water bills. 4 On site water
reuse systems save at both ends of the spectrum. A gallon reused is a gallon saved.

POTENTIAL BENEFITS OF GREYWATER REUSE

There are benefits to Greywater reuse that go far beyond the obvious recycling
of the physical resource. Often these benefits are subtle improvements that reduce
stress on supplies, or are direct impacts such as cost savings. When evaluating the
need for greywater codes, these benefits must be seriously considered.

Energy Costs :

On-site: On-site water costs are primarily effected by the energy costs of
pumping water. Individual on-site water collection and reuse systems
require virtually no energy input and therefore present a more reliable
and cost-effective alternative for the future.

Municipal : Municipal water supplies, even if gravity fed, must be
pumped to transport water and to maintain pressure.

Developing New Water Sources: The most easily exploited water
sources have already been developed. Tapping new sources will be
complicated by environmental regulations and be extremely costly, if
possible. As demand increases, developing reuse systems reduces the
need to develop new water supplies.

Water Utility Systems : Local water utilities have reached
infrastructure limits and expect major expenditures to fulfill increased
demand. A more economical way to meet this growth may be to
reduce per-capita demand by developing methods of greywater reuse.

Sewage Treatment: To reduce property taxes, a number of
municipalities, including Boston, now bill the homeowners directly for
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sewage treatment as a percentage of the amount of water they use. On-
site greywater reuse will reduce the cost of both these services.

Septic System Overloads: Septic systems can operate more efficiently
with less liquid effluent and a greater concentration of solids. This
allow the solids to be digested by bacteria at a faster rate. By reducing
greywater at least once before it enters the tank, homeowners with
individual on-site sewage systems can often postpone extensive
replacement costs.

Self Sufficiency: Homeowners have few options with municipal
wastewater systems. Greywater reuse will allow homeowners to
achieve a degree of freedom from municipal water and wastewater
systems.

New Housing Construction: In many areas of the Northeast water
and sewer hookups have been restricted, halting construction projects.
Greywater reuse may help to ease the demands of new construction.

GREYWATER REUSE TODAY

Other states have set precedent by establishing regulatory mechanisms to
allow for alternative greywater initiatives. Water reuse technology has been
available for years with significant scientific data to support its successful application
across the country. Florida and Texas have implemented general water reuse codes,
while Santa Barbara County, California has pioneered a successful greywater permit
program. (See Appendix C)

It is economically feasible to use treated wastewater for irrigating cropland,
golf courses, sporting fields. These highly visible uses serve to educate the general
public.

There is a market for greywater reuse technology. Components designed
specifically for water reuse are being sold at competitive prices. Most of the devices
are intended for new construction, although there is an extensive, untapped market
for retrofitting existing dwellings. As water costs continue to rise more products
will become cost-effective.

BACKGROUND ISSUES: MASSACHUSETTS

In the Commonwealth of Massachusetts, the climate is heating up for critical
planning which will chart the environmental and economic course of the state for
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the next century. The state's efforts to protect water resources are important to
assure economic viability .

Threats to the Commonwealth's water supplies from contamination, over-
use and inappropriate land development are very real. Massachusetts communities
need to have safe, potable water to drink; to have sufficient quantities for industrial
processes; to insure resource quality for commerce, tourism and recreation.

Water Demand

Although Massachusetts is not contending with the type of drought
conditions plaguing large portions of the western United States, the
Commonwealth does have a limited potable water supply. Safe withdrawal levels
at the Quabbin and Wachusetts Reservoirs, the major water supply servicing the
Massachusetts Water Resources Authority (MWRA) , are being exceeded by over
10%. 5 Those communities outside of the MWRA system also now face high potable
water demand and limited supply. '

Threats to Water Supply

Several Massachusetts municipalities have had all or part of their ground
water supplies declared unfit for drinking. Of the 101 communities within the
Metropolitan Area Planning Council region, 62 rely on ground water for a portion
of their supplies (39 are fully supplied by ground water resources). Yet, one third of
these communities have experienced ground water contamination 6. Even the
MWRA water reservoir system faces water quality threats. The MWRA has recently
announced plans to build a huge filtration plant to ensure compliance with the Safe
Drinking Water Act.

Continued contamination, along with increased demand from development,
is pushing Massachusetts ever closer to a point where there will no longer be
sufficient potable water to meet demand. Action taken now to implement a
greywater reuse code, along with other water conservation methods, may prevent a
potential "safe drinking water crisis”" from paralyzing the Commonwealth.
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REGULATIONS: MASSACHUSETTS

While no single regulation prohibits greywater reuse, there are a number of
regulations under which a code might fall. These are:

*310CMR 15. 00  State Environmental Codes

*248 CMR 2. 00 Uniform Plumbing Code

* 360 CMR 10. 000 Sewerage Disposal Codes

* 310 CMR 22. Massachusetts Safe Drinking Water Code

These regulations incorporate language, consider connected issues, or deal
with water concerns of input or output which directly impact a greywater reuse
proposal.

State Sanitary Code: 310 CMR 15, Title V

The minimum standards for the subsurficial disposal of sanitary sewage
from individual systems are provided in 310 CMR 15 . It does not regulate
municipal sewage systems. Known as Title V, this code was designed to protect
public health by regulating the design and construction of individual sewage
disposal systems less than 15,000 gallons and controlling the quality and quantity of
leaching effluent. The Title V standards , like other state codes, can be enforced by
more stringent local bylaws and ordinances. This revision process is of particular
importance. Title V is a key regulation under which a greywater reuse might be
administered.

In 1992, Title V is up for re-authorization in the state legislature. A task
force appointed by the governor is reviewing Title V. Consultants Defeo, Wait
Associates has been hired by the Massachusetts Department of Environmental
Protection (DEP) to recommend revisions to be considered by the task force.

Within the general requirements of Title V, there are specific sections which
will affect the implementation of a greywater code:

* 310 CMR 15.02 s. 10, General Requirements: Inspection
* 310 CMR 15. 02 s.11, General Requirements: Discharge to Water
Courses

15.02 s. 10 refers to the inspection rights and duties of the local health boards
and DEP to modify any newly installed system if unexpected conditions are
observed.

15.02 s. 11 specifies that greywater cannot be discharged to any lake, pond,
stream, tidal water, water course, or open or covered drains, unless approved by
DEP.
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State Plumbing Code: 248 CMR 2.00

Known as the Uniform Plumbing Code, 248 CMR 2.00 establishes the
requirements and sets the standards for all plumbing systems in the
Commonwealth. Realizing that grey water systems require new plumbing designs
and specifications, this code directly impacts the discussion with sections:

* 248 CMR 2.14, Water Supply and Distribution

Section 2.14 s. 6(j) which governs water supply and distribution, states in
paragraph 6, sub-paragraph j, that used water return to the potable water supply is
prohibited "[Except]... under conditions where water shortages may occur, the water
used for cooling may be used for nonpotable purposes..." This means that a grey
water reuse system cannot interconnect with the potable water system in such a way
that allows contamination. This forces greywater to be contained in a separate
system.

It is ambiguous whether a backflow preventer would achieve this separation.
In addition, this code requires greywater reuse systems to be identified as a
nonpotable water system by using color coded pipes ( for example, green for potable
water and yellow for nonpotable water pipes) or by using copper pipes for potable
water and PVC pipes for grey water.

A properly designed, installed and maintained system complies with the
general intent of the regulation. While not critical, amending 248 CMR 2.00 to
specifically include provisions for grey water reuse eliminates potential judicial
review. '

Sewerage Disposal Codes : 360 CMR 10.000

This code regulates the drainage or discharge of sewage, substances or waste
into any sewerage or sewer tributary, under the control of the MWRA. The only
time this regulation may affect greywater reuse is when the greywater is used for
some process that contaminates it to the point where it would not meet standards

for discharge into the MWRA system. This is unlikely to occur.

Massachusetts Safe Drinking Water Code: 310 CMR 22

This is the state enabling legislation carrying out the federal Safe Drinking
Water Act. Much of this code does not apply to grey water reuse. Applicable
sections are :

* 310 CMR 22.20, Surface Water supplies,
* 310 CMR 22.22 , Backflow installations and requirements.
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Section 22:20 mandates the protection of surface water supplies. Paragraph 5
states that no system of sewers or sewage drainage shall be constructed or
maintained within the watershed, unless it is in accordance with 310 CMR 11.00-
18.00.

Section 22.22 speaks to the protection of potable water supplies in structures.
Paragraph 7 lists backflow installation requirements, while Paragraph 10 accords
specific responsibilities to the water supplier. These include the inspection of
devices to insure safety of water systems under the supplier's jurisdiction.
Additionally, the plumbing inspector's responsibilities are to insure supply systems
are designed, maintained and installed in a manner to prevent contamination.

Major Factors Affecting Implementation

Issues regarding greywater reuse span a number of agencies, organizations
and political entities. These key groups have a variety of interests and agendas,
influencing policy decisions. Among the various players, five common concerns
can be identified. These are:

* Health Risks

* Conservation

* Regulatory Enforcement
* Environmental Protection
* Public Perception

Key Players

The players identified include agencies and organizations involved with
water resource issues or who represent a consitiuency which must be considered if
the implementation of a greywater regulation is to ocurr.

* Massachusett Department of Environmental Protection (DEP)
* Massachusetts Water Resources Authority (MWRA)

* Office of Coastal Zone Management (CZM)

* Massachusetts Association of Health Boards (MAHB)

* Conservation Law Foundation (CLF)

* Plumbing Board

-;

DEP, MWRA and CZM play a vital role in the creation of regulatory codes
dealing with water resources. MWRA is the Commonwealth's largest centralized
manager of water supplies and the treatment of sewage. MAHB represents the 351
local Boards of Health around the state and takes an active role in policies which
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affect public health. CLF is a private non-profit, public interest environmental law
organization long involved with New England water conservation. Appointed by
the governor, the Plumbing Board represents plumbers and the associated
industries of natural gas and sanitary engineering (Interview summaries with
representatives from each of these organizations or agencies can be found in
Appendix D).

Looking at the six major factors affecting implementation in the context of agency
agendas is the first step to understanding this policy process.

Health Risks

Public health is of paramount importance when considering greywater reuse.
Public health concerns are addressed by many politically appointed boards such as
the Plumbing Board which has designees from the State Health Department. Local
boards of health are responsible for safeguarding the public from health threats.
MAHB was created to represent and express health board interests at the state level.

As far as greywater is concerned, transmission of diseases is of the utmost
concern to the MAHB. The Assocation contends that recent studies on greywater
have found E. coli, potential indicators of human pathogens 7, present in
concentrations equal to sewage. Until studies are completed to disprove or control
for this situation, it is unlikely that support for reuse will be found with health
boards.

Conservation

There is much dispute regarding the Commonwealth's need for greywater
reuse. Some conclude that other measures may not only be more immediately
economical, but make greater ecological sense. CLF claims that

"...over 50% of the treatment capacity of the Deer Island Sewage
Treatment Facility is allocated for intake of fresh water that has
somehow made its way into the system." 8

CLF also asserts that conventional water conservation, i.e. using less water in
the first place, plays a more important and immediate role than water reuse
programs. Moreover, they contend that Massachusetts does not have a truly
aggressive water conservation program. Without a focus on conservation, water
infrastructure decisions are based on figures which include massive water waste.

The MWRA does not argue with CLF on this point. Yet, they make the point
that unless Massachusetts wants to find itself in a desperate "reactive " mode, like
California is now, it behoves water resource agencies to prepare for options which
include water reuse.
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Regulatory Enforcement

Any greywater reuse code will require regulatory enforcement. It might
seem to make sense to direct the enforcement of any new codes affecting public
health to local health boards. However, the reality is that these volunteer boards
may not have the resources to enforce a greywater code.

Likewise, Masschusetts Audubon Society feels that the enforcement of the
existing regulations is insufficient to protect resources. DEP has been hit with
massive cuts in staff and budget in the past few years making normal enforcement
activities difficult to carry out. There is little chance that in the near future, agencies
will be able to offer real enforcement support for a greywater reuse code.

Environmental Protection

Concerns by water resource protection advocates stem from potential disposal
techniques of greywater. Protection of water resources from point and nonpoint
source contamination is critical.

A closed loop greywater reuse system does not involve direct discharge to the
natural enviroment. Ultimate discharge for these systems is to a municipal
sewerage or on-site septic system. However, several greywater use options involve
eventual surficial discharge. These include irrigation of gardens and lawns as well
as other outdoor household uses.

Most household greywater is likely to contain high levels of phosphorous,
nitrogen, toxic chemicals and heavy metals. Thus, if land application of greywater
reuse were to ocurr, the quality of near-by surface and groundwater bodies might be
threatened via surface run-off or subsurface recharge. Greywater reuse in this
manner may serve as a worrisome source of surface and groundwater
contamination.

Protection of coastal estuaries and embayments are also critical. During
recent summer months, over 3/4 of the 6,000 acres of Massachusetts' coastal
shellfish beds have been closed to harvesting due to high bacterial counts. ® Coastal
septic systems are believed to be the source of this contamination.

Household and commercial use of toxics threatens the quality of greywater.
At its best, greywater contains only detergents and soaps. High levels of food wastes
and other organics may degrade the quality even more. At worst, greywater may
also contain toxic houshold cleansers, bleaches, oil and water-based paints, solvents
and used motor oil. Any greywater reuse option which exacerbates the already high
incidence of drinking water supply contamination is unacceptable.
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Today, household toxics are estimated to comprise 25% of the toxic contents
found in municipal wastewater streams.10 This is a significant figure and has
serious implications for greywater reuse.

Public Perception

Forgotten are the days when the kitchen garden was routinely watered with
sudsy dishwater. Today, most American citizens don't like to use "dirty" water for
any purpose. To the average person on the street, the thought of recycling water or
using it more than once is distastful. Based on findings from interviews conducted
for this study, specific concerns expressed include issues of health and aesthetics.
Many fear a "backsliding of public health gains"and site the spread of water-borne
diseases.11 Still others, point to aesthetic concerns. Referring to the possible function
of greywater for flushing toilets, one interviewee explained, "I know my spouse
wouldn't like seeing my son's shower water in the toilet."12 Obtaining support for
water reuse is critical to its success as a viable water conservation tool.

A successful greywater reuse system must include treatment for the removal
of suspended solids and possible bacterial content. Whether a simple screen filter or
a complex sterilization process, pre-treatment is necessary.

In this way, health and aesthetic concerns will be addressed, strengthening public
support for greywater reuse.

A survey of 7 water reuse studies concludes that garnering favorable public
opinion of water reuse is affected by linking the notion to the following factors:

1. Water conservation

2. Health protection (degree of human contact)
3. Treatment and distribution costs

4. Environmental enhancement

These surveys were conducted over a 12 year period (1974 to 1988) in
California and Colorado and yield interesting results.13 The measure of disapproval
of water reuse was directly related to the degree of human contact. Responses ranged
from a 56-57% opposition response to water reuse in food preparation, to a 3-7%
opposition response to use for household toilet flushing. According to the survey's
author,

" this generalized finding is so stable across the available literature that
it can be used as a basis for policy regarding the initiation of innovative
forms of reuse"14

The results indicate that if people percieve that water conservation is
necessary, that public health is protected, that the costs of water treatment and
distribution are moderate, and that environmental protection is insured, then they
will be far more accepting of greywater as an water conservation option. (See
Appendix E for survey results.)

.

g 4w
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CONCLUSIONS

From the preceeding report we have concluded greywater reuse in
Massachusetts is affected by the following facts:

1.) State and local water policies are primarily concerned with continuing
protection of public health.

2)  The fragmentation of regulations complicates current use .

3)  There is little opportunity for application of innovative water reuse
technology.

4)  There are insufficient state funds for environemntal regulation
enforcement.

5)  Public perception has a substantial impact on implementation
considerations.

6) There are many key players who have a critical role in the code
implementation process.

7)  Greywater reuse is an effective water conservation tool.

Implementing new regulations requires the collective energy and
commitment of state officials, local governments, the business community, political

organizations, public interest groups, environmental groups, and the general public.

There are both challenges and rewards to this effort. However, with the combined
effort of the critical “players” the task is accomplishable.

N
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" RECOMMENDATIONS

The findings and conclusions of this research project have yielded some
surprising information about the factors which most affect implementation of a
water reuse code. With this information an action plan for those interested in
moving forward on this issue is presented.

1. Formation of a Working Group

Membership

The work group should consist of those key players identified to date and
those who express interest in the future. Membership would be comprised of state
regulatory agencies such as DEP and CZM. On the non-regulatory side the
Plumbing Board and MWRA must be included because of their key roles in the
servicing, supply and distribution of water. The critical concern about health risks
necessitates representation by the MAHB. Finally, public opinion must be
recognized. CLF has played an active role in water conservation advocay and
should be included. These potential participants offer a range of attitudes and
represent the main interests and agendas on the issue. Other private and non-
governmental water resource organizations play a role and their membership
should be explored.

Each of these interests must not only be represented but they must come to
the table for discussion.

Working Group Agenda

The first step in this process is to make the information in this report
available to the Working Group and other interested parties who may want to have
some sort of input. The second step is to facilitate the working group activity.

A facilitator should be used. This facilitator must be knowledgeable about
the issues and subject in order to mediate and bring about open discussion on
greywater reuse. Choosing a facilitator must occur before the work group can
convene. The Center for Environmental Management has potential for this role.

Work Group Action Plan

Five critical concerns about greywater reuse have been identified. The work
group must now takes these concerns and address them. To guide the work group,



Greywater Reuse May 1991 14

the concerns have been prioritized and a framework has been provided from which
to start.

1) Health Risks - Concern for pathogen contamination. The work
group must address the issue of safety, pathogen filtering or other
purifying of greywater.

2) Regulatory Issues - The need for code implementation. The work
group must address the issues of inter-agency coordination, political
issues relating to implementation, and support. Enforcement: : funding
and manpower issues, legality, delegation of powers.

3) Public Perception - Addressing public education. It will be
instrumental to gain public support. The working group must look at
dissemination strategies, consider surveys and other educational
techniques.

4) Conservation - Need for recognition. The working group must
build consensus regarding greywater as a viable conservation tool.

5) Environmental Protection - Ecological sensitivity. The working
group must insure protection of surface and ground water supplies.

2. A Greywater Code Must be Established

Those who want to use greywater should have the ocpportunity to do so. The
research in this report offers a great deal of support to the concept. This code should
be developed drawing on all of the resources and the issues identified in this report.
Options such as tax incentives, Economic Homeowner incentives for installation to
exisiting homes (i.e. taxes breaks),

New home construction allowances for dual systems, incentives for separation of
grey and black waters in new home plumbing .

3. A Toxics Use Prevention Law Must be Established

The possibility of greywater reuse exacerbating the incidence of water resource
contamination, demands support for the creation of a new household and
commercial toxics use prevention law. Products known to be water contamination
sources must be regulated via direct prohibition.

. N . / . - _ -
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Contacts

Ms. Marcia Benes, Director, Massachusetts Association of Health Boards, 56 Taunton
Street, Plainville, MA 02762 (508-695-1128)

Ms. Peg Brady, Director: North Shore Office, MA Audubon Society, 346 Grapevine Road,
Wenham, MA 01984 (508-927-1122)

Ms. Susan Condon, MA Board of Health, Divison of Environmental Health Assessment,
150 Tremont St., Boston, MA 02111 (617-727-7170)

Mr. David Del Porto: Water Conservation, Inc. Concord, MA (508-369-6037)

EPA National Small Flows Clearinghouse, 617 Spruce Street, West Virginia University,
Morgantown, WV 26506

Ms. Kari Gardey, Science Fellow: Conservation Law Foundation, 3 Joy St., Boston, MA
02108-1497 (617-742-2540).

Ms. Emily Gabel-Luddy, Loeb Fellow, Harvard University, Cambridge, MA 02138.
Mr. David Jacke, Gap Mt. Perma Culture, Jaffrey, New Hampshire (603-532-6877)

Mr. Ted Kenny: New England Waterworks Association, 42 A Dilla St., Milford, MA 01757-
1104 (508-478-6996)

Ms. Bonnie Lamb, University of Rhode Island, Department of Natural Resources,
Kingston, Rhode Island (401-792-5497)

Mr. John Natali, Director: Medford Board of Health, Medford City Hall, Medford, MA
02155 (617-396-5500)

Ms. Arlene O'Donnell, Director: Division of Water Pollution Control, MA Department of
Environmental Protection, Westview Bldg, Lyman School, Westborough MA 01551. (508-
366-9181)

Mr. Marc Pare: Defeo, Waite & Associates, 31 Bellows Rd., Raynham, MA 02767 (508-823-
7136)

Mr. Tony Pasciuto: Pequod Assoc., Inc., 129 South St., Boston, MA 02111 (617-527-8567)

Mr. Pat Ryan, Ocean Arks International/Center for Restoration of Waters, One Locust
Avenue, Falmouth, MA 02540 (508-540-6801)

Mr. Charles Shannon, MA State Senator: MA State Legislature, Rm 504, State House,
Boston, MA 02133
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Mr. Peter Shelley, Senior Attorney: Conservation Law Foundation, 3 Joy Street, Boston,
MA 02108 (617-742-2540)

Mr. Jan Smith, Office of Coastal Zone Managment, MA Executive Office of Environmental
Affairs, 100 Cambridge St., Boston, MA 02202 (617-727-9530).

Mr. Terry Smith: National Small Flows Clearinghouse, West Virginia University, PO Box
6064, Morgantown, W.VA. 20506 (800-624-8301)

Ms. Eileen Simonson, Water Supply Citizen Advisory Committee (413-586-8861)

Ms. Maeve Valely, Legislative Aide to MA State Senator Robert Durand, MA State
Legislature, Rm 413-B State House, Boston, MA 02133 (617-722-1120)

Mr. Howard Wolf, Experimental College, Tufts University, Medford, MA 02155 (617-628-
5000)
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APPENDIX B

THE GREYWATER PROJECT

In 1990 the Boston Foundation funded through Greenspace Al-
liance the establishment of a pond and "river system" in
the Centre Place community Garden. What is unique about
this water feature in the landscaping of the garden is that
it recycles polluted or '"grey" water into water that sup-
ports fish and frogs and can be used for irrigation of the
garden.

While all the research is not yet finished and many im-
provements can still be made I would like to share with ev-
eryone my experiences and describe how to build a similar
system.

The water comes from 2 sources at this point in time.

One is the wash and rinse water from the washing machine
and the second is rain water. This can be expanded to in-
clude water from the sinks and dishwasher at a later date
if necessary.

There are three steps used to clean and "recycle" the water
so that it can be used.

The first step is using the right laundry products to in-
sure that they breakdown quickly with simple bacteria ac-
tion. My research found that the best products for this
purpose are the Amway laundry products. I use the SA8
with no phosphate. These products are all biodegradable as
are all of their products.

The second step is the Architectural set up. Using gravel,
charcoal, waterfalls and collection pools to aerate the wa-
ter and filter out lint. The flow of the water is impeded
at certain points to allow the soaps to break down and
"settle".

The third step involves Biological filters. Using plants
and bacteria to breakdown the nutrients and to stabilize
the PH of the water.

There are three main ponds in this river system. We hope
to experiment with more varieties and to fine tune the sys-
tems (see last page) this Spring with the new planting sea-
son. The layout of the river system is described on the
following pages.



The first pond or collection pond is 26' x 2'. The pool is
angled so the water level goes from 8" deep to 1/2". There
are six "dams" of charcoal covered with gravel. At the
deep end there is the inlet from the washing machine. The
water travels through this series of "dams" dropping 1/2
inch in water level each time. Before the first dam there
is a screen to help filter out lint. The system is sized
so several consecutive loads can be filtered one after the
other without overflow. It is also positioned so rain wa-
ter can fall from the roof into the collection pool. The
water leaves at one end through a screen over a 4" corro-
gated tube,

The water in this pool is very alkaline due to the laundry
detergent. This has earned it the nick name the '"dead
zone” at the beginning where the wash water flows into the
pool. Nothing much will live in this area of the pool, not
even mosquitos. As the water flows through the various
levels between the dams the quality is somewhat improved.
Plants such as Water Hyacinths, Pickeral, Arrowhead and
Irises can survive at the lower end of the pool. Although
they do not thrive. The plants disguise this pool as a
"planting bed" along the side of the house. Between washes
and the rainfall the water level in this part of the system
varied quite a lot. There was never a problem with over-
flow. In the winter the washer was reconnected back to the
city sewer system but the rainwater and ice continued to
collect in the pool with no problem.

The water then flowed through what is dubbed the "Trans
Garden Pipline". A 4" corrogated non-perforated PVC drain-
age pipe that held a rough angle of 1/4" per foot. I had
screen on each end as water could pool in some sections and
this would screen out any mosquitos or other things. From
this pipe we have a little waterfall into pond #2.

6Ad is located in the back corner of the garden under
fid is a good 8' above the garden proper. It is a 6'
ond and is 18" deep. This is a safe depth in case
1 children slip in as this is a community garden
d open to the public. The state building also re-

s s 6 foot fence around any open water over 18".
This pond is the "swamp" area. The water flows into a
gravel-bed filled with plants that absorb nutrients and
divert the water into many samll channels for the first
quarter. This pond maintains a good "reservoir" effect and
the water slowed down. The remaining three quarters of the
pond were filled with Water Hyacinths and Water Lillies.
Progs, fish and tadpoles can survive in this pond. At one
point there was a problem after an especially heavy influx
of washer water which created an imbalance. This caused a
"die off"” of most of the fish and frogs. Without the fish,
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mosquitos became a problem as fish eat mosquito larvae.

The problem was solved by adding a fountain which was need-
ed for more aeration. This brought the pond back into a
state of health. The PH was still a bit high but goldfish
and tuffies did well. 8nails survived also. A fountain or
waterfall is a necessary componet of any water feature.

Next the water overflowed into our "Mountain Brook" where
it seeped through the sand and pea gravel around large
stones into small pools and waterfalls. The last pool al-
ways had about 2 gallons of water in it. I kept adding 2
goldfish every other day to control mosquitos and they kept
disappearing. I assumed that they swam downstream somehow
to join their friends in the bottom pond but one morning I
looked out my window to see my cat enjoying his after
breakfast treat! Lesson learned - give the fish a place to
hide. My little aquatic ecology was part of a bigger eco-
system that included cats, kids and raccoons.

The last pond is a joy to see. Measuring 8'x 6' and 18"
deep it is filled with Water Hyacinths over almost 4/5 of
the surface. It also has Water Lillies and Irises and a
small smathering of other plants including Duckweed.

The aquatic life is very diverse. The PH is neutral and
the water is crystal clear. Ther are goldfish, tuffies
(brown & rose), a couple of sunfish, catfish, snails, cray-
fish, tadpoles , frogs, and newts. Many birds visit the
pond for a quick splash and raccoon tracks have been seen
around the pond.

From here the water can be used directly on the plants ei-
ther by hand or drip irrigation. A small pump will be in-
stalled to recycle this water to the top of the stream for
a pretty waterfall.

CONSTRUCTION DETAILS

The following is a brief description of the techniques and
details involved in pond building.

The liners that I have used and prefer are Tetra Pond Lin-
ers. These can be purchased in pet shops almost anywhere.
Although liners can present problems with tearing if not
installed correctly, they are less expensive than masonary
ponds and can be installed in one day or less.

The hole, as mentioned is only 18" deep (water depth). It
should have slightly sloping sides. You can make several
levels or shelves for plants in pots to sit on. Be very
careful when digging to remove all glass, sharp rocks and
other objects that could puncture the liner. I recommend a



2 inch layer of stone dust preferably or sand tamped down
solidly followed by a layer of newspapers about 1/2 inch
thick. 1If you don't have sand or stone dust, then you can
use newspapers alone. Make sure that they overlap every-
where and make this layer about 1 inch thick. This gives a
nice soft bed for the pond.

Lay out the liner and position it. Put rounded stones (or
bricks) on the outside and fill it with a garden hose. Ad-
just and fold out wrinkles as it fills. Line the edges
with stones and gravel from about 1' deep to about 1' out
from the waters edge. This looks the most natural and pro-
tects the liner from ultraviolet rays and animals.

At this point you can add your plants. The following is a
breakdown of the different types of plants that you should
use.

BORDER PLANTS

These are the plants that form the edge of the pond. Many
grasses, Irises, Pickeral, Ferns Arrowroot and Heather can
all be used. These plants only need a few inches of water.
Just about any swamp plant will do.

DEEP WATER PLANTS

These are almost invariably Water Lillies and Lotuses. I
also use Water Sprite, Hornwort and Hairgrass as deep water
plants. These are the ones you see in home aquariums. The
Lillies can be planted directly into some soil or in pots.
Fertilizer is sometimes necessary for these.

FLOATING PLANTS

The Water Hyacinth is my favorite. Its tendrils and root
system filter the water and create great fish habitats.
Duckweed and Water Fern are two other plants that you can
use. Duckweed, I have been told, is the smallest flowering
plant.

Once you have established your plants, you should wait 2
weeks to add the fish. I usually start out with a dozen or
so cheap goldfish. I give them a couple of days to see how
they do and then begin to add the other types of aquatic
life. You should introduce the fish in small batches and
give each batch a few days to acclimate before adding new
ones. You can add snails, crayfish, frogs, and tadpoles.
You should add 5 to 10 gallons of water from a healthy
pond. This water contains protozola , larvae and eggs from
a variety of small creatures the will help balance the eco-
system. The balance of the pond is most important. A
healthy pond is a balance of sunlight, living creatures and
decaying matter. 3/4 of the ponds surface should be cov-
ered with plants to shade out the sun. Too much sun can
cause an "Algae Bloom".




The protozola eat algae also. Make sure that dead leaves
do not build up in the pond. Too many dead leaves will
raise the ammonia level and kill the fish. Remove as many
leaves as possible.

Oxygenation is the major ingredient and a pump is a good
investment. Flowing water is also a good defense against
mosquito larvae.

A pond as a "river system" cleaning grey water is a bit
more complex than the average water garden. The PH starts
so alkaline that its off the scale. Nothing can usually
survive in wash water. Each foot down stream is an impor-
tant change. It is quite exciting to see the water getting
cleaner with each step.

If you are considering building a grey water recycle sys-
tem, please be aware that at this point in time there are
no regulations is place for this. I am working with the
Massachusetts Water Resources Authority and the Boston
Building Department to help facilitate these changes.

If you are interested in grey water recycling and would
like more information or would like to become part of the
Greywater Project, please contact me.

Terry Bastian
51 Linwood Street
Roxbury, MA 02119
(617) 445-7652
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Use Only the Water You Need!

The primary emphasis in a water user’s mind must always be to use as
little water as possible. Conservation is a crucial factor during normal
conditions as well as in periods of severe drought. Individual efforts can
substantially reduce the residential usage of potable water and help to
lessen severe drought impacts. Individual conservation actions should
include as many of the following as possible:

Turn off water softener or reduce the frequency of regeneration;

Turn down valves on the water lines to reduce flow at each fixture;

Turn off water when not needed (i.e. brushing teeth and showering);

Discontinue use of garbage disposals;

Insulate hot water lines to minimize waste during water warm-up;

Handwash dishes (use tubs to wash and rinse);

Wash only full loads in the washing machine;

Flush toilets only when necessary;

Reduce the irrigation of plants;

Discontinue the use of sprinklers;

Install water saving devices such as 1.6 gallon toilets, 2.0 gallon

showerheads, and low-volume faucets (up to 30% water savings);

Discontinue use of reverse osmosis (RO) systems;

Discontinue or drastically reduce home car washing;

Tum off ormnamental fountains;

Cover all pools and spas when not in use.
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What is greywater?

Greywater is used water from clothes washers, bathtubs, showers and
bathroom sinks. The cleanest greywater does not include the kitchen sink
or dishwasher (due to the presence of grease and food particles) and this
water should not be included in a greywater system. The water that is
flushed down toilets is considered BLACKWATER and should only be
drained to a sewer or septic system.

Another term, Reclaimed Water, describes wastewater that is
‘reclaimed’ from the sewage trcatment plant and given further treatment
to remove harmful pathogens such as bacteria, solids, organic material
and heavy metals. The distribution and use of reclaimed water is
regulated under State permit and carefully monitored by State Water
Quality and Health Officials.

What can greywater be used for?

Greywater can be used to irrigate fruit trees, groundcovers and ornamental
trees and shrubs. It should not be used for vegetable gardens, to sprinkle
lawns or wash off hard surfaces.

How much greywater is available?

Most residences produce 20 to 40 gallons of greywater per person each day.
The amount of greywater produced at home by each person may be enough
to provide all the water needs of four mature fruit trees or a dozen shrubs.

Is the use of greywater legal?

Yes. During 1989 the Santa Barbara County Board of Supervisors
amended the Building Code Ordinance to allow the use of greywater (see
appendix C). Because greywater systems require minor modifications to
the waste-water pipes, the County requires a Building Permit be issued.
In order to obtain a Greywater Permit you must pay a $30 fee and submit a
simple set of plans. Directions on obtaining a permit and sample plans
are included (page 12) in this brochure.

The plumbing modifications and irrigation distribution system will be
inspected by County building inspectors during and after installation.
Systems can be installed by either a licensed plumber or homeowner.
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Is greywater ‘safe’ to use?

Yes, greywater can be relatively safe if an approved system is installed
and maintained by a responsible person. Greywater may contain some
infectious bacteria and viruses, and the following information should be
carefully reviewed.

For maximum safety, there should be no human or animal contact with
greywater. Greywater should be distributed to subsurface irrigation
points as soon as it is produced. Greywater should not be: stored, allowed
to pool on the surface of the ground, used for sprinkling lawns, used on
vegetable gardens or used to wash off driveways or sidewalks.

Greywater should not include laundry water from soiled diapers or water
used by any person who has an infectious disease - especially diarrheal
infections, infectious hepatitis or intestinal parasites.

If you install a greywater system it will be important to develop a
regular maintenance procedure and regularly inspect the system for leaks
or blockages and verify that plants receive the correct amount of water.

What is a Greywater System?

A greywater system consists of piping to bring the greywater to a surge
tank, a surge tank (45-55 gallons) to temporarily hold large drain flows
from washing machines or bathtubs, and an irrigation distribution
system. The number of plumbing fixtures which can be easily used in a
greywater system will depend on the building’s foundation.

- Buildings with slab foundations

If your home is built on a slab foundation, the amount of greywater you
will be able to use may be limited to the clothes washer. Most drain
pipes are buried beneath the slab and will be unusable without expensive
remodeling or demolition. If your washing machine is located near an
outside wall or in the garage, the wash/rinse water may be easily usable.

Buildings with perimeter foundations

I your home is built with a perimeter foundation, the drain pipes are
generally accessible from the crawl space. Before you enter the crawl
space draw a floor plan of your house, noting the location of the shower,
bath, washing machine and bathroom sinks. Under the house, identify
which drain lines serve which fixtures and decide which ones you would
like to include in your system. (The more fixtures included in the
greywater collection system, the more plumbing changes you will have to
make and the more expensive the system.)

3

Water - determine needs and sources

Determine how much water you can safely use in your yard. Count the
number of trees, shrubs and plants you wish to irrigate and estimate the
total weekly water requirements (your local nursery can assist you).

Your Irrigation needs (example)

mature fruit tree = 75 gallons a week
number of fruit trees = 6
weekly fruit tree water needs: 75 x 6 = 450 gallons a week

large shade trees (pines, etc) = 50 gallons a week
number of shade trees = 4
weekly shade tree water needs: 40 x 4 = 200 gallons a week

large shrubs = 10 gallons a week

number of shrubs = 8
weekly shrub water needs: 10 x 8 = 80 gallons a week

Your Water sources (example - family of 4)

When deciding which fixtures to include, it is important to estimate the
amount of greywater each fixture produces and how much greywater your
garden can absorb.

During a seven day period collect the following data:

showerhead flows at how many gallons per minute =2 gpm
showering time per day times 7 days = 140 minutes a weck
average shower greywater: 2 x 140 = 280 gallons a week (for each bath
taken in place of a shower add 20 gallons)
bathroom sinks - add 14 gallons to the weekly total for each sink which
is part of the greywater system
washing machine gallons per wash = 40 gallons
Total loads washed per week = 8 loads a week
average washing greywater: 8 x 40 = 320 gallons a week

greywater available per weel: 280 + 320 = 600 gallons a week
(average amount for a conservative family of four)

water needs per week: 450 + 200 + 80 = 730 gallons a week
greywater per week: 280 + 320 = 600 gallons a week

In this example the irrigation nceds are greater than the total available
greywater. So, even if the system included the shower, tub and clothes
washer, some supplemental water would be necessary during the summer.



) Clothes washing machine only system

Designing your greywater system - Most home greywater systems will probably be this type of system.
i i i iest and least costly to use.
Based on your irrigation water needs and the number of plumbing fixtures Greywater from washing machines is the easiest and least costly

you can easily access, prepare plans for your County permit. A. rubber drain hose
Tapping into your pipes B. 3 way ‘Y’ valve
C. ABS pipe

Modifying drain lines requires professional plumbing knowledge/skills
and we recommend you seek professional assistance. The drain pipes in
homes built before 1970 are generally metal, while those built since 1970
will probably be ABS plastic. The tools required to make the necessary
plumbing changes will probably include: a hacksaw, tape measure,
flashlight, hammer, pipe wrenches (metal pipes only), and screw
drivers. An electric drill and a hole saw may be necessary to provide
access holes through walls.

D. surge tank

LS -Ss
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If you are a do-it-yourselfer, but do not have the necessary tools, most
rental companies rent these tools inexpensively. This brochure will not
attempt to provide you with a basic plumbing course. The staff at a retail
plumbing store, plumbing books at the library or friends will be able to
provide you with the plumbing information you will need. If you have
some plumbing experience, the following illustrations should be sufficient
for you to prepare a plan and parts list for your greywater system.

Complete system

Irrlgqtlor\
Line To Plos

Detail A

#1 existing pipe from
greywater source(s)

#2 trap

#3 vent pipe

#4 no-hub connector

#5 3-way diverter valve ,

#6 pipe to surge tank %; '

#7 swing check valve ' e

#8 existing pipe to sewer

B30 7 " Detail A
5 : E o ' ‘



Distributing the greywater
If all of the plants you wish to irrigate with greywater are below the

building’s drain lines, then the greywater system and irrigation lines
will use gravity to distribute the water.

If any of the plants you wish to irrigate with greywater are higher than
the building’s drain lines you will need a small, inexpensive sump pump
to lift the water to the plants. A pumped system will be slightly more
expensive and will require more maintenance.

Is a filter necessary?

The clay pot greywater system, described on page 10, does not require
filtration, although a filter will improve performance. Some people may
wish to attach an old nylon stocking to the inlet line as a low cost
alternative to a more elaborate filter. The stocking will catch lint and
hair but this is not necessary for the functioning of the system.

Filters may contain bacteria or viruses and gloves should be wormn while
cleaning or disposing of greywater filters. The filter should be considered
potentially infectious and carefully disposed of in a secure package.

The surge tank (gravity system)

When a greywater pipe exits the home’s foundation, it is routed toward a
surge tank. The tank can be located near the house or, if the line is run
underground, nearer the irrigation area. The tank should have a lid, be
sunlight and rust resistant, have threaded fittings and be sturdy. A
plastic (or metal) 45-55 gallon tank meeting these requirements will cost
$60-$125. The threaded inlet (11/; to 2”) should be located near the top of
the tank and the threaded outflow (3/4") should exit at the bottom.

Line From
W‘“""‘.‘J Machins

Trr ngq’t on
Line To Plants ’ 7

The surge tank (pumped system)

When the plants to be irrigated are above the surge tank, a sump pump
will be required. A few simple guidelines will assure that your pump
will do the job. To pick the right size pump you must know the ‘head’
(the ‘head’ is the total lift measured in feet, that is, the pump’s ability
to lift water to the highest point in the landscape) of your system, the
distance from the tank to the furthest point you wish to irrigate, and the
maximum discharge rate of all your greywater sources. Don’t buy a pump
unless the manufacturer's specifications match or exceed your needs.

For both distance and head, the pump’s specifications should show a
gallon-per-hour (gph) or gallon-per-minute (gpm) rate. Make sure that
the rating is at least 10 gpm-at the head you will be using.

Be sure to read the instruction booklet carefully. Adjust the pump’s float
switch to turn on as early as possible so as to avoid an overflowing tank.
Try to get a pump that does not need water cooling so that all the water
can be pumped out of the tank. Caution: a float switch caught against
the side of the surge tank will result in a burned out pump.

Be absolutely sure to connect the grounded, three-pronged cord supplied
with the sump pump to an approved outlet. The pump runs off standard
house current so special wiring is not necessary.

. No pump should be run without a check-valve, which is installed

between the pump and the first irrigation point. The check-valve allows
water to pass in only one direction - toward the landscape, and not back
into the tank. Without a check-valve, the water draining back into the
tank would activate the pump and the pump would run continuously.

(¢ ] nded
P::::r (;ord T Inlet
Oul\et
Float Switch
Sump Pump



What parts do greywater systems require?

All systems require (prices will vary):
1. ~a County building permit ($30)
2. a3-way manual diverter valve to direct greywater to the sewer or
plants ($25 manual, $200 electronic)
3. a45-55 gallon surge tank to hold high volume flows from a bathtub
or washer until the water can drain to the plants ($125)
4. aswing check valve so that a clogged sewer line can’t back-up into
the greywater system ($25-$30)
5. inexpensive polyethylene irrigation hose ($40 for 500 ft.)
6. pipes, fittings, and hose ($50-$70)
7. gravel and clay pots - 10 trees ($60)
Some systems will require (prices will vary):
1. asump pump ($100+) and check valve ($25)
2. a washing machine Y’ valve ($30)
3. manual ($2) or electronic ($175-$200) irrigation valves
4. electronic irrigation clock ($50 to $250)

For parts and assistance

Several local plumbing supply stores now carry all or most of the parits
you will need for a greywater system. Because the number of plumbing
stores carrying greywater system parts is constantly increasing, please
visit your local plumbing store or contact the Goleta Water District, 967-
8605, for a list of stores which carry greywater system parts. These stores
will be happy to provide you with design and installation advice.

Some local plumbers are knowledgeable in greywater system design and
installation. The Goleta Water District, 967-8605, has a list of plumbers
who have experience with greywater systems and have asked to be
referred to interested Southcoast residents.

Determining how much and when to irrigate

If you need help determining how much and how often your plants need
water there are many resources available. Your local water purveyor,
the public library and University Cooperative Extension will all be
happy to provide you with excellent irrigation materials. Generally,
plants are healthier when the soil is allowed to thoroughly dry out
between irrigations. In order to keep your plants healthy and the
greywater from ponding on the surface, please follow these guidelines:
Irrigate each area or zone for one or two days. Do not irrigate an area
again until the soil has dried. Allow each area to dry-out for several
days between irrigations. Keeping a plant’s roots continuously wet
promotes discase and may eventually kill the plant.
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The irrigation system (mini-leachfield)

'I'I}:ies safgst greywater. irrigation systems keep the water underground

exposs(::i f::gcglglsgnbuhon insures that no people or animals will be
ssible bacteria, keeps the water from pooli ‘

(and perhaps smelling), and is resistant to clogging.po oling on the ground

Zggzrz;;tteh: fr:]iira];le)aCh;iefl'?ll dig a trench along the dripline (the outer
e) and fill with gravel to within 4” of the
| h g surface.
lexlre to chover the grayel with building paper or weed-stop mat::\;(:beefo?g
ing the trench with soil. If soil is able to infiltrate down into the

gravel, the mini-leach field will qui _
forced to the surface. quickly clog and the water will be

A very large fruit tree may require 2 six f

\ oot or 3 four foot long mini-leach
hgltgs. A20 f.ootllong shrub bed could have one 20 foot min?—leach fie?d
with four or five ‘flower pot’ distribution points.

Thee ‘Sotunty will not approve a greywater system which distributes
greywater on the surface. For your safety and in order to meet County

regulations it is important that greyw istri
.2 po e
irrigation points. greywater be distributed to subsurface

Line From
Surge Tank

2 8
, 6"
Te Next T
Tree - "
8° l
T

#1 1/2” polyethylene irrigati

#2 ’I"con}x)plg’r d gation hose
#3 drip irrigation ball valve

#4 right angle coupler

#5 clay (or plastic) pot

#6 straight coupler (used inside pot)

#7 mini-leachfield (1” round gravel)
#8 weed-stop matting or building paper
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Keeping greywater clean

Once you've begun to use greywater you must think carefully-about what
you put down the drain. Some cleaning products are toxic to plants,
ple and the environment and should not be used unless the drain water
goes down the sewer. Products designed to open clogged drains or clean
rcelain without scrubbing should be replaced with alternative products
or boiling water and elbow grease. It is generally best to avoid products
with claims of whitening, softening and ‘enzymatic’ powers. Appendix A
contains a partial list of those soaps/cleansers you may wish to avoid.

Will soapy water damage plants?

Most hand and dish soaps and shampoos will not damage plants at low
residential concentrations and the phosphates may act as a mild
fertilizer. You should not use detergents and cleansers which contain a
significant amount of sodium, boron or chlorine - all of which are
damaging to the health of plants and soils (see appendix A). A very
small percentage of plants may be damaged by greywater and most of
these are listed in appendix B. The use of softened water may be
detrimental to the health of plants and soil.

Keeping soil healthy

The salts that might build up from the use of greywater are only a
problem if they are not leached away by heavy winter rains. A simple
soil pH test is a way to check for sodium buildup - if the pH reading is
over 8.0 the soil probably contains too much sodium and there will be
reduced water infiltration. Correct these problems by adding agricultural

sum to the soil until the soil pH is below 7.0. Sometimes greywater
may degrade the structure of a clayey soil by making it stickier and less
loamy. To correct for this problem and keep soil healthy, till in organic

matter.

How many plants to water

Soils have a ‘loading rate’, which is the rate at which they can absorb
water. Clay soils absorb water more slowly than do sandy soils and it is
important that you determine the consistency of your soil. Fill a mini-
leach field no more frequently than the soil can absorb the water
(perhaps twice a week for clay soils). If each fruit tree had two mini-
leach fields that were filled twice a week, a system providing 280
gallons of greywater per week should be used to water no less than four

fruit trees.
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] | Obtaining a Building Permit
Si(:ﬂ(;)l;;alar;):)lligltlic:::g"ge;rnit,dthe gpplicant will be required to complete a
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approximate area(s) of greywater distribution Y stane his
) : . In many instances thi
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Uniform Plumbing Code Requirements

All new greywater systems, and any modifications to existing plumbin
for utilization with a greywater system, shall comply with ﬁ
applicable s_ectlons of the 1988 edition of the Uniform Plfmybin lC ;
This shall include, but is not limited to; provisions f  rovod
materials, trapping & venting pf plumbing fixtures, joints Zr aPPl'Oved
all applicable backflow prevention and cross-connection rcqu”zz]nnctclors,
enis.
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When the rains come

i hing machine ‘Y’ valve) which
3-way manual diverter valve (or was
B;i in:;al);ed as part of the greywater system allo}:vs thel grety»;a:::e tgoli)le
ic li hen rain has saturate .
sent back to the sewer/septic line w : ;
i i 1d pool on the surface an
hen rain saturates the soil, greywater cou .
ZlYeaetZ a health hazard. Tuming the greywate}: si/;tem oftfhgurt;:\ng vtll;\ﬁ
i i i Ithy because
season will also help keep the soil hea
I:;gl)\l away any soap buildup. NOTE: be sure to protect your plant:el()iy
using these diverter valves any time caustic cleaners or bleaches are u

Appendix A
Detergents, Bleaches and Soaps -

Powdered detergents and soaps include “filler’ (not essefnnacll‘t(:n c oov tz:

cleaning) ingredients which are usually some compour.\d ) dsodurxn a. over

several months, sodium can concentrate in the soil an 1 atl Ei the
ability of the soil to absorb water and dlre_ctly damage plants. Liq
soaps contain few fillers and contain less sodium.

A few soaps are now being formulatec.i for use with greywater systems.

Contact the Goleta Water District for informati

can be purchased.

Cleaners and Laundry Soaps you may wish to avoid:
detergents which include ‘with .blezfch’ in the name
detergents with ingredients which include:

boron, borax, or chlorine

peroxygen or sodium perborate
petroleum distillates or alkylbenzene

sodium trypochlorite
bleaches (send greywater to the sewer when used)

softeners (send greywater to the sewer when used)
Appendix B

Plants not suitable for greywater irrigation

ing, acid loving plants such as:
Shaﬁg‘gélg\drons &P Azaleas Ferns

i i i Foxgloves
leeding Hearts (Dicentra) Vlolet.s .
gxe:lis (%Nood Sorrel) Impatiens Gardefuas
Primroses Hydrangeas Begonias
Philodendrons Camellias
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Appendix C

1989 Change to County of Santa Barbara
Building Code Ordinance 3665

(u) Greywater. Greywater, as defined in this subparagraph,
may be used for landscaping where no mechanical system is employed, no
permanent connection made to plumbing, and no standing water allowed
as a result. Furthermore, the Administrative Autherity may permit the
installation of such systems and devices, attached to the plumbing system
for the sanitary distribution or use of greywater, as have been approved
by a technical advisory committee composed of a representative from the
Health Services Department, the Department of Public Works, and the
water district, agency, or purveyor affected. Applications for such
permits, inspections and final issuance shall be through the Department
of Public Works, Building and Development Division. In areas in which,
in the opinion of the Administrative Authority, there have been
recurring water shortages, or in which there exists a propensity for future
water shortage, the Administrative Authority shall require that new
construction on parcels 2 acres or larger incorporate such provisions and
facilities for the economic and sanitary use of greywater as are approved
by said technical advisory committee. “Greywater” as used in this
section shall include waste water which is not contaminated by any toilet
discharge; by infectious, contaminated or unhealthy bodily wastes; and
which does not present a threat from contamination by unhealthful
processing, manufacturing or operating wastes.

Bibliography

Information on greywater systems and their use

The Integral Urban House, by the Farallones Institute, Sierra Club
Books, 1979

Gray Water Use in the Landscape, by Robert Kourik, Metamorphic
Press, 1988, P.O. Box 1841, Santa Rosa, CA 95402

Information on alternative cleaning products

Nontoxic and Natural, by Debra Lynn Dadd, Tarcher/St. Martin’s
Press, 1984
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Important Information

The ‘mini-leachfield’ greywater system illustrated in this booklet and in
the sample plans represents a new system which is still being evaluated
by the Technical Advisory Committee. It represents the best current
efforts of staff to suggest a practical and inexpensive system, but it has
only been evaluated at a small number of sites for a short time. Because of
the urgency of the current drought this system is acceptable while
additional testing is conducted. It is possible that at some point in the
future the Committee will develop improvements to the ‘mini-
leachfield’ design and you will be required to modify your greywater
system.  Until such time as a fail-safe system has been designed, those
people who choose to invest in a more elaborate greywater system must
submit plans for review by the County’s Technical Advisory Committee.

A Final Note

The unsafe, indiscriminate reuse of greywater can threaten public health
and be a nuisance. In a period of drought, the need for additional sources
of water may outweigh these hazards.

If greywater is used, follow these rules AT ALL TIMES:
Greywater should not be used for direct consumption.
Greywater should not be placed where it may come into contact with
potable drinking water.
Greywater should not be placed directly on anything that may be
eaten.
Greywater should not be allowed to pond on the surface of the ground or
run off the property.
Do not modify existing plumbing without approval of the local
Building Official.
W

Greywater Health Concerns - What is Sanitary?

The County ordinance which was passed in September, 1989, allows the
sanitary distribution of greywater and defines greywater as wastewater
that contains no toilet discharge and no infectious, contaminated or
unhealthy bodily waste. Greywater is unfiltered and undisinfected
wastewater with the potential for being infectious and contaminated. It
is defined as sewage by the Health and Safety Code and is normally
disposed of in the sanitary sewer to protect the health of urban dwellers.

——>.

Unfortunately, even the wastewater from laundries and baths can be
infectious and contaminated if there is a household member or members
who are ill or who are carriers. Therefore, it is necessary to exercise
caution in installing and in maintaining greywater systems.

»
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APPENDIX D

Interview with Massachusetts Water Resource Agency 2/19/91
Ms. Elizabeth (Lisa) Gastevich, Conservation Coordinator
Resource Conservation and Management Dept.

Waterworks Division

Charlestown Navy Yard

100 First Ave, Bldg. 39

Boston, MA 02129

(617) 242-7110 x4656

At this meeting, Ms. Gastevich expressed the Massachusetts Water
Resources Authority's (MWRA) interest in advocating to allow for changes
in code for greywater. But she pointed out that the process of getting the code
implemented was complex. The groups involved in this issue are as
disparate as they are similar. They range from the state Plumbing Board, local
Health Boards, environmental and conservation groups, the Department of
Environmental Protection who enforces environmental codes and interested
and concerned individuals in addition to the MWRA. These "players”
interact together and are involved with the issue of water quality from a
variety of different aspects. Their agendas differ as well.

Ms. Gastevich noted that a pilot greywater project is currently being
run in West Roxbury. The system uses residential laundry and rain water to
irrigate a community garden. Terry Bastian, the homeowner, applied for a
grant for the project from the Boston Foundation. His success highlights the
real potential for water reuse on a residential basis. The MWRA is
supportive of this project as they would be of anything which helps to
conserve water.

The MWRA is concerned with both water supply and sewage disposal
as they operate and maintain the distribution and treatment systems for both.
They want to eliminate wasted resources.

The MWRA is supportive about looking at alternatives like greywater,
as well as conservation, because even though there is no drought or a severe
shortage of supply here in Massachusetts, we do have a serious water quality
problem. The condition of Boston Harbor and the need to improve sewage
treatment coupled with the degradation of the Quabbin Reservoir which has
forced filtering, all drastically increase the cost of water and sewer services to
MWRA customers. The MWRA believes that codes allowing alternative
water uses like greywater will eventually be implemented. MWRA would
rather be proactive than reactive to a water crisis in the Commonwealth.



There is a wealth of information about greywater systems from
California. The County of Santa Barbara, Goleta Water District, has
implemented a greywater regulation with great success. She feels that what is
needed in Massachusetts is not information on how to build a system. But
rather, an action plan which identifies how to implement a regulation. This
would help prepare the state for future action if it so chooses.

Ms. Gastevich pointed out that the opportunity is at hand to delve into
the issue of greywater. DEP is reviewing Title V of the state environmental
code ( 310 CMR 15, The Minimum Requirements for the Subsurficial Disposal
of Sanitary Sewage). This is a key place to look for possibilities for greywater
code additions. She also mentioned that the Plumbing Board has an annual
meeting where proposals for code changes could be made. Networking with
other states which have been actively using greywater would offer a broad
perspective of the need, demand, and solutions around the country.

As a final note to the interview, Ms. Gastevich identified a number of
concerns which the MWRA feels should be addressed in looking at the
feasibility of greywater codes :

* insure no cross-connections occur in water systems

* must develop criteria for greywater distribution

* backflow prevention must be required on irrigation systems
* address the issue of separation strategies for pipes



APPENDIX D
Plumbing Board
Chairman Manny Horvitz

Secretary Lou Visco
April, 5 1991

The Plumbing board seems to have a positive outlook toward water reuse.
Manny Horvitz feels that our state water situation is more severe than we are
aware. He feels water reuse must be considered and it is simply a matter of
time before Massachusetts is forced to adopt strict water management policies
including reuse. The major obstacle is how to sell it to the public.

A public hearing on greywater in Massachusetts is scheduled for Wednesday,
June 5th.

The board accepts any material that is to be discussed at the public hearing and
then by its choosing decides how to act upon the hearing content.

Composition of the board:

9 members: all governor -appointed

1 master plumber: 10 yrs experience

1 journeyman plumber: 10 yrs exp.

1 sanitary engineer

1 master gas fitter: 10 yrs exp.

1 journeymen gas fitter: 10 yrs exp

1 master gas fitter of liquified gas and petroleum system.
1 designee of public health

1 designee of public safety

1 general public member

Chairperson appointed by governor



APPENDIX D

INTERVIEW

Department of Environmental Protection

Arlene O’Donnel, Deputy Dir.

Andrew Gotleib, Manager, Water Management Program, Water Supply Div.
Bryant Firiman

Yvette DePeiza, Water Supply

292-5500 main ; 292-5653 Water Supply;

3/13,3/19,3/6, etc.

As a preliminary note, it has been difficult to speak with DEP officials due to
short staffing.

The general attitudes of DEP for grey water regulations is positive.
However, in the bigger scheme of environmental problems, water reuse is
very low on the priority list. The biggest impediment to its implementation
is limited staff time.

There are many divisions within DEP that touch upon water reuse,
either by regulation or enforcement. Water supply and management is
affected when the quantity of withdrawals from a source changes. Currently,
it is actually legal to use grey water in self-contained industrial processes
which incorporate a backflow device.

The countervailing pressures in favor of water reuse originate from
the extreme cost of new source alternatives, the permit application process,
and compliance with operation and maintenance regulations. Unfortunately
no economic analysis has been conducted to determine the point at which
development of a new new source is viable; so there is no good measuring
stick.

Greywater reuse is considered a way out for potentially regulated
parties since they can avoid water management regulation by reusing original
water within the company or by reusing water from another secondary
source. DEP sees greywater in the light of the regulated community's efforts
to purchase wastewater from another industry. On the surface this is
beneficial, but a closer investigation exposes the impact of the loss of stream
flow at minimum flow periods in a particular water body, to be extremely
detrimental to the ecosystem DEP water supply division looks at greywater
from both a contamination view and in terms of quantity -- whether it would
improve or diminish the water resource. A good example of a negative effect
of water reuse is that of a plant which wants to make use of waste water from
another industry for cooling purposes . This would increase the concentration
of pollutants and also other downstream water uses requiring certain water
volumes and reduce over all minimum stream flow.



Thus, for the agency to consider water reuse regulations, there needs to
be studies of the complex relationships of human use of water resources and
the necessary flow rates required to maintain riparian or other water resource

systems.



Interview

Massachusetts Association of Health Boards
Contact: Marcia Benes

3/12/91

The Massachusetts Association of Health Boards (MAHB) is comprised
of membership from the 351 Boards of Health in Massachusetts. The
association boasts a membership of 1188 individuals and 230 health boards.
While this does not include all boards in the Commonwealth, MAHB does
send it's newsletter to all local health boards.

MAHB represents health board interests on diverse Commonwealth
study committees such as Toxic Use Reduction, Solid Waste, 21E, Food
Regulation, Title 5, etc. MAHB also provides legal and technical advisors
who offer pro bono assistance. In addition, the board is organized to answer
the many questions which arise during the course of the elected health board
member’s tenure. This is extremely important since, in any given year, as
much as 1/3 of the members of local Boards of Health could be new. The
training offered by MAHB is invaluable to Health Boards who fulfill their
mandate to protect the public health from viral and bacterial diseases in local
settings. Many specialists are called upon to assist MAHB in this training
endeavor such as the consultants Horsely, Whitten and Hegeman Inc. who
offer Groundwater and Wellhead Protection workshops around the state.

There is concern from MAHB about the reuse of wastewater. While
some health boards are more conservative than others, their mandate to
protect the population for infectious diseases is taken very seriously. While
there is evidence that some local boards are investigating greywater (See note
on Wendell, MA BOH interest in Santa Barbara Co. Grey Water booklet), for
the most part no local BOH in the Commonwealth are considering such
activity.

Permitting Grey Water systems must take into account all future
residents of buildings or homes which might install such systems. This
would require a complicated mixture of public education to let new owners
understand the upkeep and maintenance of such a system, monitoring and
oversight by the local BOH, deed restrictions requiring legal attention and
strengthening of the power of local BOH to establish this sort of special
permitting. All of these elements present formidable tasks to public health
educators, to elected (but unpaid) or appointed local officials, and to
homeowners. In addition, the physical constraints of the soils, hydrology,
and community must be considered. In essence the California experiment
can not readily be transferable to Massachusetts.

The problem comes back to public education. For example, a greywater
system would have to be included in the deed restrictions for a particular



property with an agreement that the BOH be notified if a change of ownership
occurs. There is a strong potential for lost paper work, lack of enforcement,
and ignorance which would breakdown the process. This type of oversight is
difficult for volunteer boards to offer. MAHB is also aware of studies which
find E. coli in concentrations from greywater equal to sewage. Thus unless
something can be done to render the water harmless there will be little
support from BOH who view this as a classic public health problem.

The greatest concern of BOH is the transmittal of infectious diseases.
Studies of viral diseases have only been conducted in the last few years.
However, there are two additional points of concern:

* how to treat the waste water to render potential viral and bacterial
elements harmless

* the design of the septic system and adjustments to accommodate
reduced flow rates resulting from water reuse which will drastically
change the nature of the material to the septic system.

What about communities who’s water supplies already have high
levels of contamination (e.g. Carver MA)? Title V is currently up for
reauthorization and a technical study of revisions is being completed for the
Dept. of Environmental Protection (DEP) by Defeo, Wait, Inc.. The final
document is due to be completed and voted on by spring 91. MAHB is
represented on the Special Legislative Committee reviewing this report.
Serious consideration is being given to the establishment of a uniform state-
wide code.

The problem is it will not allow towns to institute local special
permitting for greywater systems like that of the California regulation. There
are concerns that while this western does set precedent, the soil and climate
conditions are so dissimilar as to make easy application all but impossible. In
order for this type of permitting to be considered, these actions must be taken:

1) Veto the uniform code proposal and establish improved educational
programs which will set the tone for local and state health interests, for
homeowners and industry, for commercial interests such a plumbers.

MAHB is concerned about these issues and is taking action to develop
it's own Title V code revisions if it feels the DEP revisions are imperfect.
They will then circulate their revisions to DEP and local BOH. It goes without
saying that the MAHB version will allow towns to be tougher than the state
regulations.

2) Seek out additional case studies of Grey water regulations which would
offer similar soils, hydrology and climatic conditions to the Northeast.



3) It goes without saying that the MAHB version will allow towns to be
tougher than the state regulations. It is unclear how a possible grey water
provision would fare

[



APPENDIX D

CONSERVATION LAW FOUNDATION

INTERVIEW

Kari Gardey, Science Fellow
Peter Shelley, Senior Attorney
Conservation Law Foundation
3 Joy Street

Boston, MA 02108-1497

Interview date: March 7, 1991

The Conservation Law Foundation is a private, non-profit, public interest
environmental organization long involved with New England water conservation.

Peter Shelley and Kari Gardey, senior attorney and science fellow respectively,
are in the process of writing a CLF water conservation publication and were eager to
share their insights on the issue of greywater reuse.

CLF approaches the issue from a conservation and public perception
perspective. As conservationists, Shelley and Gardey express concern about the lack
of a truly aggressive and effective state water conservation program. Shelley notes
that over 50 %of the treatment capacity at Deer Island is allocated for intake of fresh
water that has somehow made its way into the system. "We are needlessly treating
clean water and wasting an enormous amount in the process."

"Where's the most water for the investment?" asks Shelley. CLF considers it
inefficient to examine greywater reuse policy before seriously addressing the issue of
water conservation at the pre-use stage. Gardey asserts, "Water demand can be met
by conservation."

Citing health concerns, Shelley believes that health risks associated with grey
water reuse have to be very low to outweigh the currently cheap cost of water.

Using dirty water to do anything, says Shelley, may signal to the public, "a
back-sliding of public health gains made within the past 100 years." Thus, the
feasibility of grey water reuse becomes a matter of public health versus conservation.

Kari suggests treatment on a municipal scale using existing California systems
as an example. Centralized grey water treatment plants offer two separate water
supply systems to each household. Utilizing advanced treatment methods and the
"clean but non-potable” water could be piped to individual buildings for a variety of
household applications. Ensuring the separation of potable and non-potable water
supplies may improve the currently poor public image grey water use connotes.



APPENDIX D

Interview

Jan Smith, Water Quality Planner
Coastal Zone Management Office
Executive Office of Environmental Affairs
100 Cambridge Street, 20th floor

Boston, MA 02202

Interview date: March 7, 1991

A Water Quality Planner with the Coastal Zone Management office of the
Massachusetts Executive Office of Environmental Affairs, Jan Smith came to the
state after working with the World Wildlife Fund for five years.

Mr. Smith's greatest concern regarding greywater reuse lies with protecting
coastal waters from the effects of point and non-point source pollution. Several
applications of greywater reuse ultimately involve eventual surfacial discharge.
These use options include irrigation of gardens, lawns and other outdoor household
applications. If this aspect of greywater reuse were to be "legalized,” the quality of
near-by surface and groundwater bodies might be threatened via surface runoff or
subsurface recharge.

Smith is interested in greywater quality and points to its likely high content
level of nitrogen, phosphorous, heavy metals, toxic chemicals and untreated
pathogens.

According to Mr. Smith, in order to prevent these sources of pollution to
coastal and ground waters, it would be necessary to regulate what goes down the
drain in each and every household, commercial, or industrial setting. As he
explains, "Greywater reuse is theoretically do-able, but how do you monitor
individual use?"

Smith points to a study which shows households produce 25% of the total
toxics content of municipal sewage. He wonders about the task of regulating
household use of toxics. "We don't currently regulate private household use of
toxics. It's still consumer choice.”

On the economic front, Smith estimates that the expense of retrofitting
existing buildings may prove too costly to off-set the benefits of water conservation.
And thus sees the installation of grey water toilet systems in new homes as
economically viable. In this instance, he regards it as the least cost, lowest risk
method of water reuse implementation and a viable water conservation tool.




APPENDIX D

Interview

Peg Brady, Director
Massachusetts Audubon Society
North Shore Office

346 Grapevine Road

Wenham, MA 01984

Peg Brady is a marine biologist and director of the North Shore Office of the
Massachusetts Audubon Society. A veteran of coastal water quality issues, Peg came
to Audubon after several years in Rhode Island with Save the Bay. The North
Shore Office is conducting a dual coastal water protection program aiming at point
and non-point pollution sources.

Sewage treatment plant discharge is a major point source. Audubon reviews
discharge and compliance reports of waste water treatment plants in the North
Shore area. These reports are filed every three years to the federal Environmental
Protection Agency as required by the federal Clean Water Act. Evaluating the
National Pollution Discharge Elimination System (NPDES) permits, the North
Shore office has served as a watchdog of local point source pollution.

The second arm of the program addresses non-point pollution. Increased
bacterial contamination of coastal waters is the result of failed septic systems.
Aiming to solve this problem, Audubon is advocating local legislation of its Septic
System Maintenance District Program. According to Brady, most septic systems
currently in place are not properly maintained. At minimum, systems should be
pumped every three years and most are not.

She wonders how grey water reuse would be regulated and where the
necessary staffing would come from to inspect potentially thousands of individual
household systems. "It's already difficult enough to regulate septic systems, most of
which aren't in compliance."

Citing the high nitrogen content of greywater as a non-point pollution source,
Ms. Brady asserts that, "any system must mitigate nutrients in an effective way."

As a water conservation method, the implementation of grey water reuse
systems would not likely draw the interest of most cities and towns until water
supplies decrease and prices increase. "Public perception of the need to conserve
water just isn't there." She suggests that another drought would encourage the
public to consider grey water reuse. But until absolutely forced by a crisis situation,
the method is not likely to gain attention or favor.



APPENDIX D

AMERICAN WATER WORKS ASSOCIATION (AWWA)

The following is the AWWA's official policy statement on water reuse.

" Use of Reclaimed Wastewater as a Public Water Supply Source.
Adopted by the Board of Directors June 18, 1971, and revised June 25, 1978
and January 26, 1986.

The American Water Works Association (AWWA) opposes the direct use of
reclaimed wastewater as a potable water supply source until research can develop
adequate, cost-effective treatment technology and monitoring techniques to assure
the production of a safe potable water from wastewater. The Association does
support the use of reclaimed wastewater for nonpotable uses. AWWA supports and
urges continued research into the science and technology of treating raw water
containing wastewater, and also plant effluent for direct reuse as a water supply
source.

Wastewater is an important component of North America's total available
water supply. With increasing amounts of treated wastewater being discharged to
the waters of the world, wastewater effluent constitutes an increasing proportion of
many public water supplies. To protect this water supply source, it is imperative that
pollution discharges be controlled, and that additional health effects research be
conducted.

The use of wastewater for nonpotable purposes can reduce the demands

placed upon limited supplies for potable water. Therefore, such use should be

encouraged. Also, the water industry and government should support research into
the treatment, use, distribution, and management of wastewater for nonpotable

purposes.

The long-term health effects of direct reuse of treated wastewater for potable
use are not fully understood at this time. In addition, fail-safe, cost effective
treatment technology for the removal of all possible contaminants is not currently
available.” '
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APPENDIX E

Table 1—Percentage of respondents opposed to 27 uses of reclaimed water in the general options
surveys.

- Stone and Kaspsrson Olson Milliken Lohman and
Bruvold ' Kahie ? etal? etal.* Bruveld '® & Lohman ® Milllken ’
N=972 N=1,000 N=400 N=244 N=140 N=2399 N=403

Food preparation 56% ) 57%

in restaurants

Drinking water S6 46 44 54 58 63 67

Cooking in the 55 38 42 52 55 55

home

Preparation of 54 37 S2

canned vegetables

Bathing in the 37 22 37 . 40 38

home

.Pumping down 23 40

special wells :

Home laundry 23 15 19 24 30

Swimming 24 20 15 25

Commercial 22 16 18

laundry

Spreading on 13 27

sandy areas

Irrigation of 14 15

dairy pastures

Irrigation of 14 16 15 21 7 9

vegetable crops

Vineyard irrigation 13 15

Orchard irrigation 10 10

Pleasure boating 7 14 13 5

Hay or alfaifa 8 9 8

irrigation

Commercial air 7 9

conditioning

Golf course 3 8 ' 5 8

hazard iakes

Electronic plant ) 5 3 12

process water

Home toilet 4 5 7 -3 4

flushing

Residential lawn B 6 6 S 1 3
© irrigation .

Irrigation of 3 S 4

recreation parks

Golf course 2 S 2 3 4

irrigation ’

Irrigation of 1 5

freeway greenbelits

Road construction 1 4

Stream or river

discharge

Bay or ocean

discharge




