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DISCLAIMER

Ernst & Young prepared this independent report under contract number
lWM CI026 with the California Integrated<Waste ManagemehtBoard.
This study was prepared to fulml reporting requirements of State Senate
Bill 1813 of 1990, and State Assembly Bill 3530 of 1990 (both now
codified as Public Resources Code).

This report does not necessarily represent the views of the California
Integrated Waste Management Board, its employees, or the State of
California. The Board, the State of California, its employees,
contractors, and subcontractors make no warranty, expressed or<
implied, and assume no legal liability for the information contained in
succeeding text; nor does any party represent that the use of this
information will not infringe upon privately owned lights. Any mention
of commercial products or processes shall not be construed as an
endorsement of such products or processes.

A workshop was held on May 6, 1992 to make this' report available for
public review and comment. The California Integrated Waste
Management Board neither endorses nor approves of the views,
opinions, fmdings, or conclusions set forth in this independent report.
Additionally, the report may not necessarily reflect the position of the
Administration of the State of California.



!!IERNST&YOUNG • 555 Capitol Mall • Phone: 916 443 6756
Suite 650 . Fax: 916 443 0774
Sacramento, California 95814

March 31.1992

Mr. H. Fernando Berton
Senior Waste Management Specialist
Manager ofHousehold Hazardous Waste Branch
California Integrated Waste Management Board
8800 Cal Center Drive
Sacramento•.California 95826

Dear Mr. Berton:

Ernst &, Young is pleased to present our Final Report on the Household Battery Waste
Management Study. This report presents an analysis of the management 9f household
b~es as a part of the California municipal solid waste stream. The study was authorized
by State Senate Bill 1813. and State Assembly Bill 3530. . .

The management of household batteries is a complex and evolving hazardous waste
regulatory issue. While this smdy does not provide all the answers. to outstanding
environmental health and safety issues concerning the hazardous namre of household
batteries. it does provide several key recommendations which clearly appear justifiable at
this time concerning the management of California househ9ld batteries. These
recommendations include the need for new household battery legislation and the need to
clarify existing regulations concerning the hazardous natme of household batteries.

During the course of this study we have received helpful input and insight from yourself,
and from a variety of industry and governmentalsources. These sour:ces are listed in
Appendix D to this report.

We also wish to thank the California Department ofToxic Substances Control for their
considerate response to our letter request for information. A copy of their reply is provided
in Appendix C to this report.

Finally, we would like~ acknowledge our three subcontractors who helped us on this
study. They are Mr. Eugene Tseng. Esquire (Agoura Hills. California). an environmental
and legal consultant specializing in municipal solid waste and hazardous materials
management, Dr. George E. Mayer (Pittsburgh. Pennsylvania). a Chemist and Principal
Scientist with The Battery Technology Center. and Gainer &, AssOciates (Arcata,
California). a consulting group which specializes in assisting community recycling
throughout California.
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We appreciate the opportunity to be of service to the California Integrated Waste
Management Board. Ifyou have any questions concerning this n:port, please contact Dr.
James A. Gibson in our Sacramento office at the above telephone number.

Very truly yours,
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EXECUTIVE SUMMARY

The California Integrated Waste Management Board commissioned Ernst & Young
to perfOlDl this_study on household battery waste management. SenateQill 1813 and '
Assembly Bill 3530, both passed during the 1990 Regular Session of the Legislature,
authorized the Board to conduct a study on the disposal and potential recyclability of
.batteries typically generated as household waste. This report provides results ofthe
legislatively mandated study.

Below is presented a synopsis of this study. Section VI of the report summarizes
study fmdings and recommended household battery waste management strategies.

Overview of California's Household Battery. Waste Management Problem

Millions of household batteries are pmchased annually in California with sales of
these batteries projected to increase nearly fifty percentover just the next eight years (by the
year 2000). Most consumers of household batteries are not aware of the fact that all the
household batteries they dispose of as part oftheir municipal household solid waste are
presently legally considered hazardous waste in the State of California. ,Any material
legally considered hazardous waste is supposed to be properly.disposed in a hazardous
waste disposal facility. California is thus presently in the position whereby all household
batteries are required to be disposed in a hazardous waste disposal facility, but in fact,
almost all household batteries are currently illegally disposed in municipal landfills.

Historically, mercury and cadmium have been the two toxic metals of concern in
household batteries. However, the new gen~ation of household batteries ("mercury free"
alkaline and carbon~zinc) would not legally be considered haZardous waste by.California's
regulations concerning mercury content. This is due to the efforts of the battery industry
over th~past several years in nearly eliminating mercury from these battery types.
However. California's present regulations still classify these two common household
battery types as hazardous wastedue to their zinc content. California is the only state in the
United States which considers these two common household battery types to be hazardous
waste due to their zinc,content

The State of California presently appears to inappropriately regulate household
. batteries. On the one hand, all household batteries, at least on paper. are legally considered

hazardous waste. On the other hand, almost all household batteries are knowingly
disposed as municipal solid waste. Partly because California has defacto categorized all
household batteries as hazardous waste. the State has undermined its ability to effectively
regulate those household batteries which should be truly managed as hazardous waste.
Thus. California has the most stringent regulations concerning household battery waste
management, but. in fact, little is being effectively done because of existing laws that
conflict, a lack of education' and enforcement, and the prohibitive economics of collection
and disposal for all household battery types.
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Executive Summary

This study suggests that California may be over-regulating alkaline and carbon-zinc
batteries, which comprise approximately 80 PerCent of all household battery sales in the
State, while effectively under-regulating nickel-cadmium batteries, which comprise
approximately 13 percent of household battery sales (a portion:that is expected to increase
over time). If the State's current regulations concerning alkaline and carbon-zinc batteries
were effectively enforced, the hazardous waste facility 'disposal costs alone could easily
amount to $20 million, or more, a year~ In contrast, few sources would argue that nickel­
cadmium batteries should not be classified and effectively enforced as hazardous waste due
to their cadmium content The ~tate of California needs to bring its regulation and
management of household batteries as hazardous waste back into a more realistic and cost­
effective balance.

The imponance of this recommendation is due to the exorbitant costs of collection
and disposal of hazardous household. batteries. Because the overwhelmingproportion.of
household batteries collected by household battery waste management programs could
potentially be alkaline and carbon-zinc batteries, this recommendation could greatly increase
the cost-effectiveness of future household battery collection and disposal programs.

Definition of Household Batteries

Household batteries are defmed as alkaline, carbon-zinc, mercuric oxide, silver
oxide,zinc air, and lithium primary (non-rechargeable) batteries; and nickel-cadmium
secondary (rechargeable) batteries. Householdm batteries also have been referTed to as
"consumer batteries", "dry cell batteries" , "small household batteries". Many
household batteries are utilized in commercial, industrial. and institutional settings,'and are
not just limited to "household" applications. Household batteries do not include lead-acid
automobile batteries.

Uses and Applications or Household Batteries

Portable power offered by household batteries has become an increasingly
imponant component of everyday life. Sales of household batteries are projected to
increase nearly 50 percent in California between 1992 and the year 2000. Major factors in
this growth include a large increase in per capita consumption, and changes in market
share, product mix, and consumer market trends.

Alkaline batteries will continue to be the dominant type of household battery,
accounting for an estimated 68 percent of household batteries sold in the year 2000.
Nickel-cadmium batteries are expected to receive an increasing share of the household
battery market, accounting for 17 percent of the market by the year 2000.

Many consumers do not recognize how many batteries they use during everyday
activities. The vast majority of nickel-cadmium batteries a:cesealed inside consumer
products. In many cases, consumers may not even realize that their products contain a
nickel-cadmium battery. Also, in many cases, nickel-cadmium batteries are not easily
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Executive Summary

removable from banery-operated devices. These are all major impediments to the proper
disposal of nickel-cadmium batteries as household hazardous waste.

The Hazardous Nature otHousehold,Batteries .

Household batteries makeup only approximately 0.005 percent, by weight, of
California's municipal solid waste. Concern over household batteries is not with the .
volume otwaste they comprise, but with the amount, and toxicity, of their heavy metal
components. Household batteries containme~ which are known to have adverse effects
on humin health and the environment

Mercury, cadmium, and lead are the three toxic metals which are of primary
national concern in municipal solid waste. Mercury is found in most types ofprimary
household batteries. Cadmium is a major component of secondary household batteries.
Lead-acid batteries are not considered·a household battery, hence lead is a toxic metal
which is not ofconcern with respect to household.batteries.

Historically, household batteries have contained significant levels of mercury and .
cadmium. However, the level of mercury may be less of a concern than in the past, owing
to the efforts of the battery industty in nearly eliminating mercury from the most common
types of household batteries. For example, mercury.content in alkaline 'batteries has
decreased from approximately I percent in the early 1980's to less than 0.025 percent
cWTently. Starting in 1992, several U.S. battery manufacturers began .Producing mercury­
free alkaline batteries.

Cadmium, on the other hand, is a growing concern because nickel-cadmium
batteries represent an increasing share of the household battery market, and nickel-cadmium .
batteries represent the single largest source ofcadmium in municipal solid waste. Primary,
or non-rechargeable, batteries contribute more than eight percent of the total mercury found
in municipal solid waste, whereas rechargeable nickel-cadmium batteries contribute more
than ,fifty percent of the total cadmium found in municipal ,solid waste..

Household Batteries of Concern in the Waste Stream

Household batteries as an item targeted for special waste management are cWTently
receiving attention from local, state, and federal epvironmental agencies. Presendy, in
California, all household batteries are legally considered household hazardous waste.

Within California, most household batteries, in spite of their legal haiardous waste
status,are presently disposed of with other municipal solid waste in a sanitary landfill. A
small percentage of household batteries are segregated and brought to a household )
hazardous waste collection program. Most hazardous waste collection,programs take the .
used household batteries to a hazardous waste disposal facility.

The tenD "battery recycling" is a misnomer. Collected batteries are not directly
remanufactured into new batteries or other products. Battery recycling refers to metal
reclamation processes which entail the extraction ofone, or more, of the metals contained
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in batteries. In the United States there presently are limited opportunities for the
reclamation of metals from household batteries. For example, there is only one facility in
the United States that will reprocess both mercuric oxide and silver oxide button cell
batteries. Also, there is only one domestic United States processor of nickel-cadmium
batteries. There are no reclamation facilities for alkaline, carbon-zinc, zinc air, or lithium
batteries.

'Consid~rable uncertainty exists in defining appropriate household battery waste
management strategies. Reasons for this uncertainty include the following:

• Health and environmental effects from toxic metals in household
batteries are uncertain

• Mercury content has been reduced in the most common primary
household battery types

.: Federal and State of California regulations concerning household
batteries are inconsistent and not definitive

• Participation rates in collection programs for household batteries are
low

• Reclamation opportunities for metals contained in household
batteries are limited because ofeconomic feasibility

• Hazardous household battery waste collection and disposal is
expensive for local governments

• Collection and separation processes for household batteries may
pose hazards due to concentrating the waste.

While current laws and regulations in California designate all household batteries as
hazardous waste,nickel-cadmium batteries may currently pose the greatestJisks due to
their high levels ofcadmium. For purposes of relative comparison, the amount of
cadmium in a single nickel-cadmium battery is roughly equivalent to the amount of mercury
in over 400 low-mercury alkaline batteries of the same size. Nickel-cadmium batteries
should clearly be targeted for diversion from the municipal solid waste stream and properly
disposed as hazardous waste.

Mercuric oxide button cells and to a lesser extent, other button cells, also should be
cause for concern due to their mercury levels. Finally, low-mercury and mercury free
alkaline and carbon zinc battery types are starting to'be recognized as a relatively. small risk
when present in the municipal solid waste stream. .

Actual health and environmental impacts from the disposal of household batteries
are not well known. The contribution of mercury and cadmium in the environment
resulting from household battery disposal is uncertain, and depends on the type and
number of batteries disposed, the method of disposal, and characteristics of the specific
disposal processes.

The solid waste management system is intricate, and household batteries in mixed
municipal solid was~e can travel many different pathways, and be subjected to several
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different processes before their final disposal. It is yet to be conclusively detennined how
the amount of metals contained in household batteries contribute to.the level of these metals
found in the environment. or in municipal sol~d waste..

With enactment ofAB 939. and subsequent amendments to the California
Integrated Solid Waste Management Aet,there has been increased interest in the
development and implementation of source reduction. curbside collection of recyclable
materials. household hazardous waste collection•. material recovery facilities. and
composting facilities to meet the State mandated waste diversion goals. As a result. the
potential battery pathways in municipal solid waste have become even more complex.

Special health and safety concerns arise when household batteries are included in
municipal solid waste destined for incinerators or COI,Ilpost operations. In these instances.
there is greater opportunity for the metals ofconcern to escape into the environment, either
through incinerator ash and air emissions. or elevated metal content in compost.

The magnitude of the potential hazards associated with battery incineration or
composting is still unclear because scientific data speci~cally linking household batteries to
the potential hazards of toxic metals is non-existent. California presently has only three
operating Dlunicipal solid waste mass bum incinerators. However. California has
approximately 40 operating composting facilities.. with over 200 additional composting
projects now being planned.

--- Within California. nickel. silver. and zinc also are regulated toxic metals. The level
of zinc metal alone in most types of primary household batteries could cause them to be
considered hazardous household waste in California, even though they might not otherwise
be classified hazardous due to their mercury content. Only in California are alkaline and
carbon-zinc batteries legally considered hazardous waste due to zinc content, because no
other states are known to.have established a standard for zinc. Also. household batteries
contribute only approximately two percent of the total zinc contributed by all other uses.
Zinc is found in all sectors of the economy, with products containing zinc used for
construction, transportation, and machinery purposes.

Recommended Household Battery Waste Management Strategies for
California

The California Integrated Waste ManagemenrBoard now has the opportunity to
take initiative regarding household battery waste management The recommendations
summarized below respond to problems discussed in this report and place the Board in a
leadership role concerning the management of household battery waste. The
recommendations include legislation aimed at content limitations, product labelling, product
bans, and making secondary batteries more easily removeablefrom products. Because the
Board is responsible for solid waste and household hazardous waste management
statewide, facilitating a dialogue with the Department of Toxic Substance Control and the
Battery Industry regarding the zinc regulation as applied to household batteries is consistent
with the Board's mission of effective and safe management of solid waste and household
hazardous waste.

.
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Five major recommendations concernIng household battery waste management are
made for further consideration by the California Integrated Waste Management Board. These­
recommendations will require a more active future role on the part of the State to assist in the
management of hazardous household batteries. These recommendations are as follows:

1 . Develop Specific Legislation for Household Battery
Regulation, including:

• Mercury content limitations for alkaline and carbon-zinc batteries

• Standardized product labelling requirements for nickel­
cadmium batteries

• Targeted battery product ban for mercuric oxide button cells

• Specifications that nickel-eadmium batteries be easily
removeable from battery-operated products.

Specific provisions for recommended household battery legislation are shown on
the opposite page.

It.should be noted that subsequent to completion of this report, 'in early
April, 1992, Senate Bill 2579 was introduced into the United States Senate. This
bill provides very similar provisions to the legislative recommendations of this
report The recommendations of this report were fonned independently of any
knowledge of the recommendations contained in U.S. Senate Bill 2579. The status
of this federal bill passing is unknown at this time. If this bill becomes federal law,
the Board may want to reevaluate the need to pass its own State legislation. If the
federal bill does not pass, California should take a leadership position with its own
State household battery legislation. .

2 • Facilitate Dialogue With the Department of Toxic
Substances Control and the Battery Industry Regarding
California's Hazardous Waste Regulations As Applied to
Zinc in Household Batteries

Only in 'California are alkaline and carbon~zinc batteries legally considered
hazardous due to zinc content, since no other states. are known to have established a
standard for zinc. The California Integrated Waste Management Board needs to
facilitate discussions with the Battery Industry and the Department ofToxic
Substances Control concerning this issue. Staff from the California Environmental
Protection Agency may also wailt to help coordinate the discussions between the
two State entities and the Battery Industry.

The Battery Industry may want to present documentation and evidence to
the State showing results ofWaste Extraction Tests on various stages of actual
househol~ battery decomposition. The Battery Industry may argue to modify
existing California regulations to provide a zinc toxic substances exemption
specifically for just household batteries.
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Executive Summery

Recommended Household Battery Legislation

Battery General Specific
Type Provision Provision

Alkaline Mercury Content UmiWion Limit mezelD)' content in alkaline
baueries to 0.025 percent. by
weight. by July 1993

Alkaline M~rcury Content UmiWion Umit mezelD)' content in alkaline
batteries to 0.0001 percent, by
weight. by January 1996

Carbon-Zinc Mercury Content Limitation Limit mercury content in carbon-
zinc batteries to 0.0001 percent, by
weight. by July 1993 .

All BultOn Bauery.()perated Product Require buaon cel. baJterles and
Cells Labelling packaging to identify the type of

battery and need for proper disposal
by July 1993

Mercmic Oxide Product Ban Ban sale of mercuric oxide buaon
cell batteries by January 1996

Nickel- Product Labelling Require nickel~ium baJterles
Cadmium and packaging to identify the type

of battery and need for proper
.. disposal by July 1993

Nickel- Bauery.()perated Product Require baUery-qJel31ed products
Cadmium Labelling using nickel-c:admium baueries and

packaging to identify battery type
used and abe need for proper
disposal by July 1993

Nickel- Batteries Removable from . Require allbattery-operated products
Cadmium Products using nickel-c:admium batteries be

manufactured so that the batteries
are easily removeable by the
consumer
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Executive Summary

3 • Review and Revise Existing California Regulations Which
Affect Household Batteries

In addition to more stringent criteria for defming hazardous waste,
California does not categorically exempt household~ous waste from the
hazardous waste designation, unlike the federal government. Also, in California
small quantity generators are not exempted from requirements of the regulations.
As a result, the same restrictions placed on hazardous wastes generally also apply to
household batteries in California. However, there is a State transportation
exemption for small quantity battery transport and an exemption on transport
requirements if the batteries are sent to a metal recl~tion facilio/.

All oCthe above California regulations should be reviewed by the State with
regard to household batteries to detennine if there should be some additional special
waivers for household batteries. Existing State hazardous waste regulations should
not act as an impediment to local governments and private businesses who need to
collect, store, and transpott household batteries for proper hazardous waste
disposal.

Existing regulations may need to be able to allow a broadening in the
number of participants in household hazardous waste programs to include more
businesses and manufacturers. Also, local governments should not be constrained
to having separate hazardous household battery waste events just because there may
be no proven and available recycling technology for the majority of household
batteries.

4 . Develop and Implement a Statewide Education Program for
Hazardous Household Batteries

Under current law, any household battery which is designated as household
hazardous waste should be separated from the municipal solid waste stream. A
large number of California consumers do not realize that household batteries are
presently considered hazardous waste. Because consumers do not generally know
this, the effectiveness of household hazardous waste collection programs are
seriously undermined. The public's willingness to separate out batteries depends
on the perceived health and environmental risks associated with each battery type.

The State of California presently considers all household batteries as legally
hazardous. On the other hand, the Department of Toxic Substances Control
currently publishes a brochure which states that primary household batteries should
be replaced by the "non-:-hazardous alternative" of secondary batteries. Consumers
thus may be receiving conflicting signals about the hazardous nature of household
batteries.

The State should develop and implement a statewide education program on
the various types of household batteries, and ,the special requirements for disposal.
The education program should include the following areas:

• Description of the various types of household batteries
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• The varying contribution of toxic metals in different battery
types

• Proper disposal of button cells and nickel-eadmium batteries.

The State needs to help relay a consistent message to California consumers
regarding the collection and diSposal of household batteries. Ifconsumers are
advised to collect certain household batteries. there needs to be provided a proper
form of disposal. Consumers should not be advised to collect any household
batteries which are not considered hazardous waste. It should also be noted that
with any narrowing ofhazardous battery designations. there will be a greater need
to educate the public on differing battery types. This can only be accomplished
with a standardized consumer product labelling-system. -

5 • Further Develop Hazardous Household Battery Collection and
Disposal Strategies

The present method of collection available for household batteries is through
household hazardous waste collection programs. Two problems are encountered
here. The first is that many California cities and counties still have not implemented
programs for the collection of household hazardous waste. The second is that most
current household hazardous waste programs do not even solicit household
batteries. even though-they do usually solicit automobile batteries. The cost
involved in collecting household batteries is very expensive. The costs ofcollection
and disposal of household batteries as hazardous waste may presently cost on the
order of up to $4.000 a ton in California. Collection programs opeI:ating outside
California-have demonstrated that retum..t~retailer and curbside collection of
household batteries also may be effective collection mechanisms. The State needs
to encourage some alternative collection programs for household batteries.

Existing household hazardous waste programs sponsored by city and
county goverrunents should be the present primary mechanism for hazardous
household battery collection. These battery collection programs should focus on
the required collection and hazardous disposal of nickel-eadmium and button cell
batteries. However., if additional battery collection efforts are considered necessary
(for example if a community has an incineration or compost operation) then
collection programs should extend to retail outlets and curbside collection
programs.

As the State develops regulations for expanded compost operations as part
ofAB 939 diversion requirements. it should give special consideration to the
treatment of household batteries. The presence of batteries presents some problems
for compost materials. especially in mixed-waste compost projects. The Board has
to address the issue of having special requirements for collecting household .
batteries from mixed waste that is destined to a compost operation. Every attempt
should be made to sort whole nickel-eadmium batteries out of this mixed waste
stream and ensure that these batteries are not shredded.

Page Ix



Executive Summery

The ultimate decision on what type of household batteries to collect may
affect decisions on how best to collect batteries. Return to retailer collection may be
highly suited for button cell batteries and even nickel-cadmium batteries where
.consumers are looking for a specific type and size replacement battery.

Consideration should be given to identifying ways to faciliwe the collection
and disposal or reclamation of nickel-cadmium batteries, particularly for applicable
product manufacturers .and battery manufacturers. The State may ultimately want to
encourage that battery collection programs be set up by manufacturers.

,
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I. INTRODUCTION

This report provides an analysiso.f the disposal and recyclability of batteries which

are typically generated as household waste. The report was prepared for the California

Integrated Waste Management Board (CIWMB) to be submitted to the California State

Legislature by lune 1, 1992. The overall purpose of this study was to:

• Identify potential risks of used household batteries in the waste
stream

• Assess waste management options available to reduce potential risks
caused by household batteries. These options include:

Source reduction
Reuse
Alternative methods of disposal
Recycling

• Develop policy recommendations regarding household battery waste
management for California

("

This study of household batteries was authorized by Senate Bill (SB) 1813 and Assembly

Bill (AB) 3530, which passed during the 1990 Regular Session of the Legislature. Copies

of these two Acts are provided in AppendiX C to this report.

This report describes the effects of used household batteries on municipal solid waste

landfills, incinerators, and compost operations, including potential threats to human health

and the environment. The report also discusses the potential recyclability of used household
batteries including collection systems,/recycling technologies, availability of recycling

facilities, and impediments to recycling. Finally, this report includes a number of

recommendations on potential strategies for household battery waste management These

i'ecommendations could ultimately form the basis for legisI8tion, regulation, or further study.

The remainder of this introduction section is organized as follows:

• Study Background

.'. Study Objectives

• Study· Scope

• Study Methodology.

Page 1-1
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Introduction

A. Study .Background
.

For purposes of this study, household batteries are defined to mean primary or

secondary batteries, including alkaline, carbon-ziJ;1c, mercuric oxide, silver oxide, zinc air,

lithium, and nickel-cadmium batteries. Household batteries do not include lead-acid
. batteries, such as those used in automobiles. Household batteries include those batteries

typically used for hearing aids, cameras, watches, toys, computers, calculators, flashlights,

lanterns, power tools, portable radios, television sets, hand held vacuums, clocks, and

many other consumer and household items. ,Household batteries al~ have been referred to
as consumer batteries, dry cell batteries, or small household batteries.

The term household battery is somewhat misleading since not all household

batteries are used in the home. The tenn is used to define the general type of battery, not

specific uses. Many household batteries are utilized in commercial, industrial, and

institutional settings. For example, household batteries are used in computers, cordless

phones, calculators, pagers, tape recorders, and other products all with common uses in

business environments. The use of household batteries in non-residential environments is

significant, although not a majority use, and is within the scope of ~is study.·

Excluded from this study are a wide range of special purpose batteries. These may

include batteries uSed in commercial, industrial, or military applications. Stich special

purpose batteries represent a significant portion of the total number of batteries produced

and used in the United States. The contribution of these special pmpose batteries to t!te
California waste stream is beyond the scope of this study, which focuses specifically on

general purpose batteries which are typically used within the household, and disposed with

other,municipal solid waste. Also excluded from this study are solar cells.

Household batteries generally fall into one of two categories:

• PrimlJry Batteries. - Primary batteries are non-rechargeable batteries
consttucted so that only one continuous or intennittent discharge is
obtained

• Secondary Baneries - Secondary batteries are rechargeable, that is
they can be recharged following partial or complete discharge by
reversing the flow ofelectrical current; secondary batteries can be
reused many hundreds of times.
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Introduction

There are several types ofprimary household batteries, most of which contain some

amount of mercury. The two most prevalent types ofprimary batteries are alkaline and

carbon-zinc. Nickel-cadmium is the most prevalent type of secondary household battery.

Oth~ types of secondary batteries have been developed and are being sold in the United

States; however,at this time, they represent a relatively small portion of the secondary

battery market These other secondary battery types include small sealed lead-acid, nickel-, .
metal hydride, and rechargeable alkaline manganese batteries.

Household batteries, as an item targeted for special waste management and

reclamation, are currently receiving attention from local,"state,and federal environmental

agencies. The issue of household hazardous waste is particularly relevant in California

where a variety of legislation and regulation is affecting the management of solid waste

throughout the State. The issues involved with household batteries are complex and far

reaching.

It is generally acknowledged that mercury, cadmium, and lead are three toxic metals

which are ofprimary cOncern in municipal solid waste1• Mercury is found in most types of

primary batteries. Cadmium is a major component of nickel-cadmium rechargeable

batteries. Lead-acid batteries, which are about 50 percent iead by weight, have been

excluded from the scope of this study. This study's premise is that mercury and cadmium

are the metals ofprimary concern in household batteries. The study focuses primarily on

the amounts and effects of these two metals in the waste stream as a result of household

battery disposal2•

Concern over household batteries is not with the volume of waste they comprise,

but with the amount and to~city of their heavy metal components. Specifically, this study
has attempted to address the following two key issues:

• l;Jnder what circumstances do used household batteries potentially
constitute hazardous waste?

• Should used household batteries be subject to additional regulation
governing their content, use, and disposal?

1 Uniled StaleS, Office of Technology Assessment, facing America's Trash; What Next for Municjpal Solid
~, OTA-0-424, October, 1989.

2 It should also be noled thal in California zinc, nickel, and silver are considered toxic substances al threshold
concentrations and are regulaled by the State of California, Environmental Protection Agency. Most primllJ)'
batteries contain zinc, silver oxide batteries contain silver, and nickel-cadmium batteries contain nickel.
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Current disposal methods for household batteries could allow the release of hazardous

metals into the air and/or water resources. Nearly all municipal solid waste collected in

California is landfilled. While all new landfills are lined and include leachate collection and

treatment systems. many older landfills are unlined. There is a potential for toxic metals to

escape into the environment through groundwater. Mercury and cadmium also are a

potential concern in incinerators and compost operations.

The contribution of mercury and cadmium in the environment resulting from

household battery disposal is uncertain. and may depend on: 1) the type and number of

batteries disposed. 2) the method of disposal. and 3) specific characteriStics of disposal

processes. For example. potential risks associated with ~e disposal of household batteries

in landfills could be dependent upon a host of factors. including the following:

• Metal content ofvarious types of batteries

• Physical state of batteries when landfilled' (intact. crushed.
shredded. etc.)

• Degree ofcompaction in the landfill

• Moisture content in landfill

• Amount of leachate produced

• Soil composition

• Presence of landfill lining and leachate collection systems.

Similar factors could influence the fate of toxic metals contained in household batteries

when they are incinerated or composted.

Most local and state agencies in the United States currently have limited. or no.

waste management programs aimed sPecifically at household batteries. While a few states

have passed legislation specifically targeting household batteries. considerable uncertainty

exists in defining appropriate waste management strategies. Reasons for this uncertainty

include the following:

• Health and Environmental Effects Are Uncertain -- Although.
household batteries have been identified as a significant source of
mercury and cadmium in municipal solid waste. it is difficult to
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Introduction

demonstrate the consequences of household batteries in the waste
stream

• Mercury Content Has Fallen - In the past decade, battery
manufacturers have drastically reduced the amount Qf mercury in the
most common types ofprimary batteries

• Guidance From Federal and State Regulators IsNot Definitive -­
While mercury.has been identified as a metal ofconcern in municipal
solid waste,"the U.S. Environmental Protection Agency decided not
to include mandatory programs for separation of household batteries .
in municipal waste combustors. Also, common battery types pass
many toxicity tests, and household hazardous waste is excluded
from federal hazardous waste designation

• Participation Rates in C.ollection Programs Are Low -- Public
awareness, convenience, and frequency of battery disposal all affect
participation rates in existing collection programs

• Reclamation Opportunities Are"limited -- Many of the collected
batteries are either disposed in hazardous waste landfills or stored
for possible future reclamation

• Alternative Disposal Is Expensive -- Household battery disposal in a
hazardous waste landfill or recycling via metal reclamation facilities
may cost thirty times more than disposal as municipal solid waste

• Collection and Separation Processes For Household Batteries May
Pose Additional Hazards -- Batteries may still be.discharging when
discarded, creating the potential for a fire or explosion. and the
ultimate disposition of collected batteries may be uncertain.

The~ ''battery recycling" refers to a metal reclamation process that entails the

extraction of one or more metals, most commonly silver, mercury, or nickel from used

batteries. Cadmiumis also reclaimed from household batteries in Europe and Japan;
however, there CUJTently are no facilities in the United States which directly reclaim

cadmium from used household batteries. Section IV of this repon funher describes metal
reclamation opponunities available in the United States for household batteries.

Battery manufacnning technology is rapidly changing. Collection and reclamation

programs that were designed for the technology in existence may be obsolete in a few

years. For example, collection programs designed to reclaim mercury from household

batteries were undercut during the 1980's when manufacturers eliminated about 90 percent

of the mercury content in alkaline and zinc-carbon "batteries. Programs which then targeted
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~coxide batteries, containing 30 to 40 percent mercury, were again undercut when
batteries without mercury were designed for the same purpose, allowing substitution'of

battery types (e.g., substitution of zinc air button cells for mercuric oxide button cells in

hearing aids).
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B. Study Objectives

The preceding pages outline some of the complex issues surrounding waste

managementoptions for household batteries. In this study, we attempt to sort through

these, and other issues, and develop an applied, common sense approach to household

battery waste management, given the ClDTent state ofknowledge concerning household

batteries and their waste management risks. Exhibit 1.1, on the following page,

illustrates a number of factors which affect this study and which are discussed in future

sections of this report.

The goal of this study was to review and'make recommendations on the disposal

and potential reclamation of household batteries, including effects household batteries have

on existing waste management practices. Specific objectives of the study included the

following:

• Review the extent to which the disposal of household batteries in
municipal landfills, incinerators, and compost operations may pose
potential hazards to human health and the environment

• Evaluate the potential recyclability of household batteries, including
a review of collection systems and metal reclamation technologies

, . .
• Identify potential hazards created by the collection, sorting,

transportation, and storage of household batteries, or resulting from
the recycling and materials recovery processes for household
batteries . '

• Analyze existing household battery collection and alternative waste
battery management programs, including education programs,
source reduction, collection programs for used household batteries,
and disposal and recycling options

• Determine whether existing legislation and regulation encourages or
impedes efforts to effectively manage household battery waste

• Recommend household battery waste management strategies and
policy options for consideration by the State Legislature and the
California Integrated Waste Management Board.
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c.·Study Scope
<)

The scope of the study was to assess potential hazards from the disposal of

household batteries. including potential risks to human health and the environment, and to

evaluate. in tenns of reducing potential hazards. the effectiveness of household battery

waste management options. The study was designed to utilize existing infonnation. data.

and research. which are cited in Appendix A, collected from a wide variety of sources

including government publications, technicalliterature,·industry data, market research

infonnation. and existing and proposed legislation. This study did not involve aJiy primary

research on the health and environmental risks of household batteries. or field or laboratory

,investigations such as battery chemical analyses or waste characterization studies. We

relied entirely on available secondary infonnation and, to the extent possible, took steps to

validate this existing infonnation.

This study of household batteries included the following tasks:

• Conducted a thorough literature search of infonnation from previous
household battery studies

• Summarized the legislative history to-date related to management of
household batteries

• Evaluated historical battery sales trends and developed sales
projections by type of household batteries sold in California

• Reviewed the effects of used household batteries on municipal solid
waste landfills and incinerators, including any threats to human
health and the environment

• Assessed the potential recyclability of used household batteries,
including recycling technologies and their effectiveness

• Identified the potential adverse effects on human health or the
environment resulting from exposure to household batteries during
the recycling process, including collection, storage, transportation,
and reclamation of reusable materials

• Reviewed costs of disposing or recycling household batteries

• Reviewed existing and potential collection. systems for household
batteries, including:

JVoluntary collection systems
)

Deposit sy::;tems
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Inclusion with other household hazardous waste collection
programs

• Developed recommendations on the need for legislation, regulation,
or further studies relating to the disposal or recyclability of used
household batteries. .
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D. Study Methodology

Our study approach takes into account that incomplete information currently exists

on solid waste materials flow and the actual quantities of toxic materials culminating in

landfills or incinerators. During the course of this study, we held extensive discussions

with representatives of the battery industry, product manufacturers, and personnel involved

with household battery collection and disposal programs. We also have discussed many of
/

the issues surrounding household batteries with legislative staff and other government

officials at the local, state, and federal levels concerning the current status and future

direction of household battery legislation and regulation.

In conducting this study of household batteries and developing our

recommendations for legislation and further studies, we utilized the following methods to

research and analyze household battery issues:

• Collected and reViewed background documents of the battery
industry and battery collection programs, including: .

Operating data, where available, of current local collection
and processing programs, including information on numbers
of household batteries collected, and operating and start-up
costs of collection programs

• Conducted a review of current legislation, including:

Source reduction· requirements which must be fulfilled by
manufacturers

Collection, processing or·recycling programs which are,to be
managed by municipalities and other local agencies

• Examined historical battery sales data and projected future sales
;- based on industry and consumer trends

• Assessed the relative contribution of household batteries to toxic
metals in the waste stream, including identifying other sources of
metals and the relative proportion contributed by waste household
batteries

• Identified the potential pathways from a variety of waste
management processes which metals from household batteries can
enter the environment, including landfilling, incineration, .
composting, collection and transfer, and recycling
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• Detennined whether used household batteries are considered
hazardous waste, and the .extent which hazardous waste regulations
apply to household battery waste management

• Assessed the state of banery design and technology, including the
identification of new battery developments or types, the stage of
development, degree of substitution within current banery types,
and potential toxic metals contained in new battery designs

• Reviewed the roles of local and state govemmentsand household
battery manufacturers in waste battery management.

The remainder of this report is organized into the following sections:

II. Classification and Sales of Household
Batteries )

III. Hazardous Nature of Household Batteries

IV. Household Battery Waste Management
Practices and Economics

V • Existing Household Battery Waste Management
Programs

VI. Summary of Study Findings and Recommended
Household Battery Waste Management
Strategies.

This report also contains the following four appendices:

A. Bibliography

B • Local, State, Federal, and International
Legislation

C. Legislation Authorizing the Household Battery
Study

D. Letters Requesting Information for the
Household Battery Study and State Response
Letter

1. State of California Environmental
Protection Agency Letter, and Response
Letter

2 . Battery Manufacturers, Product
Manufacturers, Environmental Groups, ­
and Other Interested Party Letter.
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II. CLASSIFICATION' AND SALES OF
HOUSEHOLD BATTERIES

Household batteries are frequently thou~t of as a single product or comniodity

even though they come in various shapes and sizes, and have slightly different uses and

characteristics (long-life, heavy duty,techargeable, etc.). Actually, there ate a variety of

different types ofbatteries within the household battery category. Each type has unique

physical and chemical characteristics, and more importantly, each type raises different

issues regarding environmental risk and proper disposal..

This section of the report describes the various types of household batteries, their
characteristics,and component materials. Next, battery applications are reviewed along

with a sample of typical household uses. In addition, this section describes demographic

trends, consumer preference shifts, product mix changes, and other factors affecting

household battery sales. The final subsection reviews historic~ battery sales and projects

. future household battery sales in California.

This section of the report is divided into the following four subsections:

• Types ofHousehold Batteries

• Uses and Applications of Household Batteries

• Trends in the Use and Application ofHousehold Batteries

• Historical and Projected Sales of Household Batteries.
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Classification and Sal.. of Hou••hold Batterlaa

A. Types of Household Batteries

A variety of batteries are used daily in and around the home by consumers who

desire the convenience ofponable power. Consuplers usually neither know or care what is

inside each battery cell-they use. Household batteries consist of various electrochemical'

processes which enable ponable power and combine various materials which produce

batteries with varying characteristics, such as power, operating time,' shelf life, and cost.
While battery types are frequently interchangeable, some battery applications require

specific types of batteries for optimal performance.

Batteries consist of two electrodes immersed in an electrically conducting medium

) called the electrolyte. A battery transfonns chemical energy into electrical energy. The two

electrodes used in batteries have different electrical potentials. When immersed in the

electrolyte, areduction-oxidation (redox) reaction occurs. As chemical ions flow between

the electrodes, electrical CUJTent is produced in an external circuit3 • Exhibit n-l. on the

following page, schematically illustrates theelectroehemical process in a battery.

Battery types differ because they use different materials for the electrodes and/or

electrolYtes. HouSehold batteries also are available in a variety of shapes (button or coin,

cylindrical, or prismatic) and sizes. Exhibit n-2, on page n-4. provides a summary of

the various types and sizes of household batteries. The positive electrode is called the

c~ode, and the negative electrode is called the anode. As mentioned in Section I, there are

alsO two general categories of household batteries.. Primary batteries are non-rechargeable,
.and secondary batteries' are rechargeable. General charaeteris~cs of each battery type are

summarized below.

• Alkaline - Alkaline batteries contain a zinc anode and manganese
dioxide for the cathode. The zinc is in a powdered, highly porous
form that oxidizes rapidly. The electrolyte is a strong alkali
solution. typically potassium hydroxide or sodium hydroxide. As a
result, alkaline batteries provide five to eight times the service life of
carbon-zinc batterie's4.

3 Say, M. G., EJecttical EnKineer's Reference Book. London, 1986
4 Goldberg. Terri L., et aI., Sowce Reduction of Toxic Metals in Household BllteDes: federal. SlAte. and

Indust:r:Y Initiatiyes, prepared fm:. the Northeast Waste Management Officials Association, May 1991
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Battery Schematic

Source:

linden, D. (ad), Handbook of BBUerjes and fuel Cells, McGraw Hill book Co.,
New York, 1984 .

EXHIBIT II-I
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Primary Banerles

Alkaline D, C, AA, AM, 9V Manganese Dioxide Zinc Potassium Hydroxide

Carbon-Zinc&' D,C,AA,9V Manganese Dioxide Zinc Ammonium Chloride or
Zinc Chloride

Mercuric Oxide Button~ Mercuric Oxide Zinc Potassium Hydroxide or
Sodium Hydroxide

Sliver Oxide Button Sliver Oxide Zinc Potassium Hydroxide or
Sodium Hydroxide

Zinc Air Button Atmospheric Oxygen Zinc Potassium Hydroxide

Uthlum Button" Manganese Dioxide Uthlum Organic Solvent

Secondary Batteries

Nickel-cadmium D, C, AA, AM, 9V Nickel Oxide Cadmium Potassium Hydroxide

,

EXHIBIT 11-1

Household Battery Components

W Includes "General Purpose" and "Heavy Duty" batteries.
~ Larger sizes of mercuric oxide batteries are manufacturered for special commercial, Industrial, and military

purposes. These larger sizes are not considered household batteries due to their special uses.
" Uthlum batteries are also available In C, AA, and 9V sizes; however, these sizes currently represent a

negligible part of the mari(et. .

Sources:
. ~

National Electric Manufacturers Association, Written Statement of the National Electrical Manyfacturers Assodation and
the Battery products Alliance Conceming Household Battery Disposal. no date

Balfour, Raymond L, Household and Other Batteries: Source Reduction and Recyding, presented at the 10th Annual
Resource Recovery Conference of the U.S. Conference of Mayors on behalf of the National Electrical Manufacturers
Association and the Battery Products Alliance, July 12, 1991
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• CarbOn-Zinc - Carbon-zinc, also called Laclanche, batteries are
typically sold as "general purpose" and "heavy duty" battery types.
Carbon-zinc batteries contain the same electrode materials as alkaline
batteries; however, anunoniumchloride (general purpose) or zinc
chloride (heavy duty) are typically used as the electrolyteS.

• Mercuric Oxide - Mercuric oxide batteries have more mercury, as a
percent of total weight, than any other household battery type. The
reason is mercuric oxide is used as one of the electrodes.
Furthennore, it is impossible to reduce the amount of mercury in
this type of battery without a conesponding reduction in the energy
content of the battery6. Household uses of mercuric oxide batteries
are limited to bulton cells, which are typically used for hearing aids.
Commercial, industrial, and military applications exist for larger­
sized mercuric oxide batteries.

• Silver Oxide - Silver oxide batteries are often used in place of
mercuric oxid;e batteries for premium, longer life button cells'.
These batteries also contain significantly less mercury than mercuric
oxide batteries.

• Zinc Air - Zinc air batteries are a relatively recent innovation in
battery technology. AbnOspheric oxygen acts as the cathode. In
these batteries; the space.nonnally occupied by the cathodic material
(mercuric oxide or silver oxide) is filled with zinc anode, resulting in
a doubling of selVice life. Zinc air batteries must be exposed to the
atmosphere to function; therefore, they are not used in applications
such as watches which have a relatively tight seal8•

• Uthium - Lithium batteries are another recent innovation in battery
technology. These batteries use lith~um rather than zinc as the .
anode. Actually, there are a number of different lithium battery
types as there are zinc battery types. Because lithium batteries are a
relatively new type of household battery, with a small fraction of the
battery market,·this report addresses lithium batteries as a single
type. Lithium batteries are available in a variety of sizes, and are
used in cameras, calculators, pacemakers, watches, and computers
because of their long life. They have the longest shelf life of any
battery, losing only one percent of their po~er per year9.

• Nickel-Cadmium - Nickel-eadmium is by far the most common type
of secondary battery available for household applications. Nickel
oxide is used for the anode and cadmium is used for the cathode.
Nickel-eadmium batteries typically only last about one-third as long

s Arnold. Karen. Household Battery Rec;yclina and Dimosal Study. Minnesota Pollution Control Agency.
Iune 1991 .

6

,
Balfour, Raymond L., Household and Other Banerin: SOlUce RedlU:tion and Recycling. presented at the
10th Annual Resource Recovery Conference 'of the U.S. Conference of Mayors on behalf of the National
Elec:lrical Manufacturers Association and the Battery Products Alliance. Washington, D.C.• July 12. 1991
Goldberg. 1991'

8 Balfour. Raymond L. Materials Presented in Meeting with CIWMB and Ernst &: Young on October 24.1991
9 Goldberg. 1991
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as alkaline batteries. However, they can be recharged hundreds of
times providing repeated use and a reduction in waste generation. It
is estimated that approximately.80 to 85 percent of nickel-cadmium
batteries are sold inside consumer products, possibly without the
knowledge of the consumer10•

As suggested above, batteries of the same shape and size are physically

interchangeable; however, their different chemistries produce differences in performance

and cost-effectiveness. Therefore, consumers tend to purchase different batteries for

different applications. For example, there are some differences in cell voltage. A nickel­

cadmium cylindrical battery often cannot be ~sed in place of alkaline or carbon-zinc

batteries because oflower voltage (1.2 volts verses 1.5 volts per cell). Second, there is a

difference in effective cell impedance. For example, alkaline cells work better than carbon­

zinc cells for high-current applications such as for photo flashes. Third, there is a

difference in shelf-life. Shelf-life is often limited by open-circuit losses; these losses result

from small amounts of metallic impurities, such as lead or iron, in the battery which create

miniature primary cells within batteries and eventually consume the zinc electrodell.

Mercury has been historically used to minimize this problem. In recent years, battery

manufacturers have added different types and amounts of proprietary additives to minimize

these open-circuit losses.

In addition to the batteries listed in Exhibit n-2, there are an increasing number of

alternative battery types in various stages ofdevelopment These batteries currently

represent an insignificant portion of the household battery market and were not the focus of

this study. However, three secondary battery types, which are alternatives to the nickel­

cadmium batteries, are worth mentioning and discussed below.

• SealedLeadAcid - Lead acid batteries have been excluded from the
scope of this study since they are typically used in automobiles, and
the regulatory requirements and physical infrastIUcture to support
recycling already exist. However, new small sealed lead acid
batteries are appearing on the market as an alternative to nickel­
cadmium batteries. Sealed lead acid batteries have.greater power but
a shorter life and higher cost than nickel-eadmium batteries. They
are being introduced in some portable computers, camcorders, and
portable cellularphonesl2•

10 Balfom, Oc:lOber 1991
11 Say, 1986 .
12 Goldberg. 1991
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• Nickel-Metal Hydride- Nickel-metal hydride batteries are secondary
batteries with applications similar to nickel-cadmium. This battery
type 'was developed in response to concerns regarding the health and
environmental effects ofcadmium. These cells are not expected to
replace the majority of nickel-eadmium batteriesdue to their inability
to.adapt to high-drain applications, such as power tools, and audio
and video equipment13•

• Rechargeable alkaline manganese (RAM) - RAM batteries are a new
technological development in the secondary battery markeL
Applications of these batteries include high temperature uses and
intermittent use requiring minimal discharge. These cells are
expected to direct1ycompete against the nickel-cadmium batteries,
and eventually, the primary batterymarketl4•

One concern regarding new battery technologies is that materials in new battery

types may create additional health and environmental concerns. Metal content limitations

on the formulation of household' batteries has the effect ofencouraging the development of

new battery designs. Policy makers'should be cognizant that certain regulatory policies

, .may'result in exchanging one problem for another problem. For example, mercury that

was present in many primary batteries to minimize'hydrogen buildup has been reduced to

0.025 percent by weight. However, in these cases, the mercury is replaced by other

substances that may cause as much, or greater, harm. In addition, the substitutes are not

available for testing because ofproprietorship.

13 . Forker, Timothy and Sean Hecht. Envimnmeutal Action Coalition's WasleHousehoJd Baum ManllCIDeut'
PrgiecL 1987-1991. Environmental Action Coalition, December 31, 1991

14 "RAM cells battle with Ni-Cads &: primaries", Batteries International, January 1992, pp. 25·29
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B. Uses and Applications of
Household Batteries

There are dozens of battery uses in each household. including some where the

presence of the battery may be overlooked' by the consumer (e.g.• power backup on digital

clocks). Most wrist watches and many desk or wall clocks are battery powered. There are

many portable entertainment devices. ranging from portable stereos. compact-disk players.

and tape players. to toys like "Gameboy". Calculators are often battery powered; however.

a trend is to replace some batteries with small solar cells for convenience. Cameras and

camcorders are battery powered Computers have memory backup batteries. and portable

computers have batteries providing power as well. Household safety appliances. such as

flashlights and smoke alarms. are battery powered. Home security and monitoring sys~ms

have battery backup. Cellular and cordless phones are battery powered. Small personal

care products such as electric razors are usually battery powered, but the more energy

intensive products. like hair dryers. are not. Portable power is provided by batteries for

cordless vacuum cleaners. electric drills. soldering irons. and other tools. There are battery

powered timers for the kitchen. toothbrushes for the bathroom, and clippersltrimmers for

the yard. Batteries are in health-related products like hearing aids and pacemakers.

Exhibit n-3. on the following page. summarizes some of the typical uses of .

various types of household batteries. This list is not exhaustive butinrended to illustrate

the range and diversity of battery applicatiolls.

One study on household batteries1S ex~ned the growing trends in battery usage

by tracking the number of products which use household batteries listed in the Sears'

Christmas catalog. Between 1975 and 1988. the number of products using household

batteries increased approximately five fold to 500 items. Various market surveys predict a

co~tinued increase in the demand and application of household batteriesl6• Many of the

present uses for batteries were unheard of twenty or more years ago. The trends towards

increasing productivity. convenience and leisure. expanding service and information-based

industries. and an aging population all support the need for more batteries in the future.

"IS Carnegie Mellon University. Household Batteries: Is There A Need For CbIDJe in R,&ulation and Pisposal
Procedure? PillSbmgh Penns~lvania. I)eQ:mber 1989

16 Business Trends Analysts, The U,S, BatteJy Markel; A Pmduct-b,y-Prociuct MarketinJ Apalysis and .
Competitor Profile, 1990
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Primary Batteries

Alkaline Toys, games, clocks, electronic flashes, tape recorders,
calculators, flashlig~ts, radios, smoke alarms, cameras

Carbon-Zinc Toys, games, flashlights, radios, tape recorders, video
cameras, camcorders

Mercuric Oxide Hearing aids, watches, calculators, medical devices

Silver Oxide Watches, calculators, hearing aids, cameras

Zinc Air Hearing aids, pagers

Lithium Cameras, calculators, pacemakers, watches, computers,
portable telephones

Secondary Batteries

Nickel-Cadmium Power hand tools, portable vacuums, computers, fire and
burgular alarms, electric razors, cordless and celluar
telephones, toys, games, video cameras, electric
toothbrushes

EXHIBITn·3

Typical Applications For Household Batteries

Sources:

Goldberg, Terri L., at aI., Source Reduction for Toxic Metals in Household Batteries;o Federal .
State, and Industry InniatiVes, prepared for the Northeast Waste Management Officials
Association, May 1991

Balfour, Raymond I., personal communication on February 8,1992

Business Trends Analysts, U,S, Battery Market: A Product-by-product Marketing Analysis
and Competitor profile, 1990
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New-applications for batteries are emergirigeach year. The proliferation of

imbedded.microproces,sors and computers in various appliances may require a "whole­

house" of unintenuptible power supply or many smaller, dispersed battery power backups

in the future.
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c. Trends In The ·Use and Application
. of Household Batteries

Household batteries have become increasingly significant in the operation of

numerous household items. As mentioned in the previous subsection, there has been

tremendous growth in the number of consumer products which are battery operated, utilize

batteries as backup power, or use rechargeable battery power. Accordingly, there area

number of significant trends which are observed and which affect the demand for

household batteries. In this subsection,'we review changes in marketshare, shifts in

product mix, significant population and per capita changes, and changes in consumer

composition.

1 • Market Share Trends

During the past decade, the overall demand for household batteries has grown

steadily. According to one market research firm17, there were an estimated 1.3 billion

battery-operated products in 1990, compared to 900 million in 1985. Due to the inCreasing

number of battery applications and the widespread use of primary batteries, the household

battery market remains sttong and continued growth in most of these battery types is

anticipated.

Within the' household battery market, there is a.trend toward shifting away from

primary batteries to secondary, or rechargeable, batteries.. During the 1980's, rechargeable

batteries were not widely used as substitutes for primary batteries in many battery

applications., In some applications, such as intermittent uses over an extended period of

time, primary batteries are still preferable.over secondary batteries because the longer shelf-

life ofprimary batteries provides better assurance that battery power will be available when

needed. In other applicatio~s where relatively frequent battery drain would limit the

feasibility and convenience of a product, secondary batteries are preferred. Electric razors

'provide an example of a product where secondary batteries are preferred to primary

batteries.

17 Business Trends Analysts, The v,s, Battery MarkeL 1990
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In previous years, rechargeable batteries have required 12 to 14 hours to

recharge18. Currently, new developments in nickel-eadmium batteries and battery chargers

have resulted in a reduction in the recharging time to approximately one hourl9• This

provides greater convenience to the consumer and is expected to increase the substitution of

primary batteries by secondary batteries, which will further increase nickel-eadmium

battery sales.

In applications where battery substitution is possible, industry sources have

estimated that a single rechargeable battery can replace between 200 and 300 primary

batteries2o• In theory, this level of substitution may be possible, but in reality, it is difficult

to imagine many products, if any, that use batteries at this rate, consuming hundreds of

units. It may be erroneous. to assume that secondary batteries reduce the number of

primary batteries used by such a large multiple. Given current trends, the market share of

nickel-eadmium batteries is expected to continue to increase, growing from 10 percent in

1985, to 17 percent in the year 2000.

2 • Product Mix Trends

In addition to market share shifts from primary batteries to secondary batteries,

there also is a shift within the primary battery market segment. While the number of

applications for household batteries is rising, the physical size of products requiring

batteries is becoming smaller and lighter. This trend towards more compact prOduct

designs shifts the required battery size from the larger "C" and "D" cellscto the smaller

"AA", "AAA", and button cells.

Exhibit n·4, on the following page, illustrates the shift in the distributior:t of

battery sales to smaller battery sizes between 1985 and 1990. In 1985, "C" and "D" battery

sizes comprised 41 percent share of the market, whereas in 1999, these two sizes only

comprised 31 percent The area ofgreatest growth is anticipated in the "AA" battery size,

with its market share growing from 4O"percent in 1985 to 49 percent in 1990. These trends

are expected to continue through the year 2000.

18 Business Trends Analysts. 1990
19 Tater. Todd. Portable Rechargeable Battery Association (PRBA). Materials Presented in a Meeting with

"CIWMB and Ernst & Young on January 31.1992
20 Carnegie Mellon University, HousehQld Batleries: Is there A Need For Cbanae in Reau]atjon and Disposal

Procedure. ·December 1989 "
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Classification and Sales of Household Batteries

Another shift in product mix is expected to occur in the distribution ofsales within

the button cell category. Mecuric oxide batteries contain the largest quantity of mercury as

a percentage of weight. Mercuric oxide batteries are increasingly being replaced by the zinc

air and silver oxide button cells. In New Jersey~ the state has passed a law banning the sale

of mercuric oxide batteries by the year 1296. Recognizing concerns over mercuric oxide

batteries. the National Electric Manufacturers Association (NEMA) ~ticipates that mercuric

oxide batteries will be completely phased out of household applications throughout the

United States prior to .}996. Since the phase-out of mercuric oxide button cells is only a

possibility. this assumption is not explicitly included in the sales projections of this report.

3 • Demog~aphic Trends

Annual per capita consumption of household batteries is projected to increase from

approximately 12 batteries per person in 1985. to 15 in 1990.,and to nearly 23 by the year

2000. These values are consistent with those published in other reports21• This trend

reflects the growing number of applications for household batteries. and their importance to

consumers. Approximately 75 percent of the growth in household battery sales projected

between 1985 and 2000 is a result of the increase in per capita consumption of household

batteries and market share. product mix and'consumer market trends. Furthermore. about

66 percent of the growth in per capita household battery consumption is in the, "AA" and

"AAA" sizes of alkaline batterie~. Per capita use of nickel-eadmium batteries also are

projected to increase nearly three-fold between 1985 and 2000. /

Between 1985 and 2000. the average annual population growth rate in California is

expected to be approximately double that of the U~ted States average. As a result:

household battery sales in California are projected to be a growing share of the total United.

States battery market. In 1985. California's population was 11.1 percent of the nation's

population. This percentage increased to 12.0 percent in 1990. and by the year 2000.

census projections indicate that California's population will be 12.6 percent of the total

United States population. Population growth between 1985 and 2000 accounts for

approximately 25 percent of the growth in household battery sales within California.

21 Goldberg, 1991 and Carnegie Mellon, 1989
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4 . Consumer Market Trends

Another trend occurring in the demand for alkaline and carbon-zinc household

batteries is the relatively large, and increasing number olnon-residential users.. In 1987,

government, industrial, and other business-related users constituted 7 Percent of alkaline
battery sales and 24 percent of carbon-zinc battery.sales22• This percentage is expected to

increase to 8 percent for alkaline battery sales, and 32 percent for carbon-zinc battery sales

by 1993. In 1987, the distribution of nickel-eadmium batteries purchased by residential

and non-residential consumers was estimated to be 65 percent and 35 percent,
respectively23.

For the sales forecasts in this report, it was conservatively assumed, for the lack of

any better information, that 8 percent of alkaline;32 percent of carbon-zinc, and 35 percent

ofnickel-cadmium battery sales will be to non-residential consumers. This pattern is

significant, since a relatively large number of both primary. and secondary batteries are

_consumed and disposed by non-residential users.

22 Balfour, Raymond, Personal communication, February 1992
23 Tator, Todd. Personal communication, February 1992

J
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D. Historical and Projected Sales
of Household Batteries

This subsection combines the trends analyses discussed previously, along with

sales data provided by Mr. Raymond Balfour, representing the National Electrical

Manufacturers Association (NEMA), to derive California household battery projections

through the year 2000.

Actual and estimated sales data for household batteries by type and size were

provided by NEMA through the year 1994. For alkaline and carbon-zinc battery types.

actual sales data is provided for the period 1985 through 1990, and estimated sales data for

the period 1991 through 1994. For button cells and nickel-cadmium batteries. estimated

annual sales is provided for the period 1985 through 1989. Estimates for the period 1990

through 1992 for button cells and nickel-cadmium batteries were obtained from

NEWMOA24. except for zinc air button cells (described below). For the remaining peri~

through the year 2000. the following are the assumptions used to project battery sales:

• In the case of alkaline and carbon-zinc batteries. sales of each type
and size of household battery is projected at the average growth rate
estimated for the period 1991 through 1994.

• For button cells and nickel-cadmium batteries. sales of each type of
battery is projected at the average growth rate estimated for the
period 1989 through 1992.

• Following their introduction in the mid-1980's, zinc air button cells
exhibited rapid sales growth, averaging over 30 percent per year.
NEWMOA assumed a continued high growth rate of 25 percent
from 1990 through 1992. We believe this rate of growth is too high
relative to the overall button cell market; therefore. a more moderate
rate of growth has been used for zinc air cells as indicated in Table
n-l, on the next page. Zinc air cells are quickly replacing mercuric
oxide cells for use in hearing aids25• The growth rates shown1n
Table II-I are'more consistent with trends in the substitution of zinc
air cells for mercuric oxide cells and the growth in the use of hearing
aids.

• Annual growth in the sale of nickel-cadmium batteries has not been
projected by battery size. The reason for this is that nickel-cadmium
batteries have a wide variety ofdifferent sizes, depending on the
particular application (many more sizes than the standard D, C, AA,

24 Goldberg, Terri L., Somce Reduction of Toxic Metals in Housebgld Batteries: Federal. State. and IndysQy
Initiatiyes, prepared for the Northeast Waste Management Officials Association (NEWMOA), May 1991

2S Balfour, Raymond, Personal communication. February 4; 1992
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AAA, and 9V sizes), and sales data are not available for the
individual, sizes.

Table II-I
Assumed Rate of Growth for

Zinc Air Button Batteries

Year Annual Growth Rate

1990

1991
1992 through 2000

15%

10%

8%

Battery sales projections contained in this report should only be considered as order

of magnitude ~pproximations, and not 'as precise estimates. For purposes of this study, the

general growth trends over time among and between various types and sizes of householq

batteries are more important than the absolute number projections themselves. We believe
these trends are adequately portrayed in the data contained in this repone

As mentioned previously, the number of battery-operated products in use has

increased from approximately 900 millior:t in 1985 to 1.3 billion in 1990, an increase of 44

percent During the same time period, V.S. sales of household batteries have increased

from 2.4 billion to 3.1 billion, an increase of 29 percent. The increase in the number of

battery operated products is greater than the increase in the projected sales of household

batteries. Therefore. the ratio of the number of household batteries purchased to the
number of battery-operated produc~ is decreasing (from 2.67 in 1985 to 2.38 in 1990).
This trend is expected to continue. and reflects the longer service life of batteries in many
applications and the growing trend towards using rechargeable batteries in more consumer
products.

Projected sales data are adjusted from national figures to represent those batteries

purchased and used in California. this is accompiished by prorating national sales data for

each year based on California population projections relative to the population of the United

Page 11·17



Classification and Sale. of Household Batterle.

26States ,27. Exhibit 11-5, on the following page, presents estimates for household

battery sales, by type and size, in California for the period from 1985 through 2000. These

data are graphically presented in a variety of fonns on Exhibits 0-6 through" 11-8, on

pages ll-20 through ll-22. In Table 0-2, below, changes in relative market share for

each type of household battery is illustrated.

Table 0-2
Estimated Market Share By Battery Type

Battery Type 1985 1992 2000

Primary Batteries

Alkaline 49% 63% 68%

Carbon-Zinc 35 19 9
Mercuric Oxide Buttons 2 1 1

.Silver Oxide Buttons 3 2 2

Zinc Air Buttons 1 2 3

Lithium Buttons28 0 0 0

Secondary Batteries ",

Nickel-Cadmium --lQ --U --.l1
, Total 100% 100% 100%

Several important observations are identified. Alkaline batteries are projected to

continue to be the dominate type of household battery, as illustrated in Exhibit 11:.6,

increasing both in absolute numbers and market share through the rest of the decade. 11lis

'is an important trend since battery manufacturers have recently announced plans to produce

"alkaline batteries without the addition of mercury29,30. In addition, alkaline batteries

typically last two to eight times longer than carbon-zinc batteries, resulting in fewer

26. California. Department of Finance, California Statistical Abstract, 1991
27 United States, Bureau of the Census, CII"ent Poplllation Reports, series P-25, No. 10S3
28 Lithium button batteries were introduced in the mid-1980s. Their market share is projected to be negligible

through the year 2000.
29 P~nic News, News Release: PQIIQSOnM: Unveils New 99.999-Percent Mercltlry Fee Battery Line,

December 4, 1991
,30 Rayovac Corporation. News Release: Rayovac ONI Matsllshila Sign Technology Agreement, December 10,

1991
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Annual Sales of Household Batteries in California
(Millions of Batteries)

Alkaline
D 32 33 31 35 36 37 . 41 39 39 39 40 41 41 42 43 44
C 26 29 32 34 34 37 35 37. 37 36 37 38 38 39 40 40
AA 73 80 98 110 126 . 138 151 161 172 184 196 21.0 229 246 266 286
AM 9 11 12 16 20 20 25 'Z1 31 34 38 42 47 53 59 66
9V 12 14 15 17 17 17 19 20 21 21 22 24 25 26 27 29

Subtotal 152 167 188 212· 233 249 271 284 300 314 333 355 380 406 435 465

Catbon-Zinc
D 47 46 45 45 42 38 35 33 31 30 28 27 25 24 23 21
C . 23 22 22 22 20 18 14 14 13 12 11 10 9 8 7 7
AA 31 37 35 36 34 36 34 33 31 30 29 28 27 27 26 25
9V 9 9 9. 9 9 9 8 8 8 8' 8 8 8 7 7 7

Subtotal 110 114 111 112 105 101 91 88 83 80 76 73 69 66 63 60

Button Cells
Mercuric Oxide 7 7 6 6 6 6 5 5· 5 5 4 4 4 4 4 4
Silver Oxide 9 9 9 9 10 10 11 11 11 11 12 12 13 13 13 13
Zinc Air 2 3 ·5 6 7 9 10. 12 13 14 15 16 17 19 21 22
lithium 0 0 0 0 1 1 1 1 1 1 1 2 2 2 2 3

Subtotal 18 19 20" 21 24 26 27 29 30 31 32 34 36 38 40 42
t"
~::c .

Nickel-Cadmium
All Sizes 32 35 39 43 47 51 57 60 66 71 n 83 90 99 107 117

.-=~
:

.-------I---+----+---+-~I__-+_-_+_-~
:~

..
TOTAL 312 335 358 388 409 427 446 479 496 518 545 575 609 645

.-.-•tA
.~
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Sales of Button Cell Household Batteries
in California By Type
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batteries used per application, and reducing the number of batteries in the waste stream.

-However, in some resPeCts,.the desire for longer service life.may be counteracted by the
trend for using smaller battery siZes. Smaller batteries have less total energy output, and,

therefore, need to be replaced more frequently than larger size-batteries of the same tyPe.

Carbon-zinc batteries have been "mercury free" for a number of years. It is

expected that within the next two years all the major battery manufacturers in the United
States will be producing "mercury free" alkaline batteries as we1l31• This fact is significant

since alkaline and.carbon-zinc batteries represent over 80 percent of the household battery

rDarket.

Sales of nickel-eadmium batteries are projected to increase nearly four-fold between

1985 and 2000. Even with this rate of growth, nickel-eadmium's increase in market share

is not dramatic because the entire household battery market is growing; .In addition, one

should keep in. mind that in certain applications, nickel-cadmium batteries have the potential

to replace a large number ofprimary batteries. Therefore, the increased use in portable

power by consumers from secondary batteries is greater than battery sales data represent.

Exhibit U-7 illustrates trends in the button cell market. Total market share for all
types of button cells, relative to other household batteries,is projected to remain constant;

however, zinc air and lithium cells are ~creasing' their share of the button cell market at the

expense of mercuric oxide. One advantage.of the zinc air cell is its service life which is

about twice that ofeither mercuric oxide or silver oxide cells. Also, the zinc air cell is

becoming the dominant battery tyPe for use in hearing aids.

Similar to alkaline batteries, rechargeable nickel-eadmium battery sales are projected

'torealize significant growth, as shown in Exhibit U-8. Growth in the rechargeable battery
market will be encouraged through the 1990's by the development of improved

technologies in the. batteries and chargers, which will allow nickel-cadmium batteries to be
recharged in less than one hour32• This will mcrease convenience to the consumer and

31 BalCom. FebrulJ)' 1992
32 Tater. Januuy 1992
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expand the applicability of rechargeable batteries. At this time, it is unclear how the nickel­

mew hydride, small sealed lead-acid; and rechargeable alkaline manganese batteries may

impact the secondary battery market. These batteries are outside the scope of this study;

however, future developments for these batteries should be monitored closely.
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III. HAZARDOUS NATURE OF HOUSEHOLD BATTERIES

This section of the report presents the metal contents of various household batteries,

discusses the health and environmental impacts of the metals contained within batteries, and

projects the amount of mercury and cadmium entering the California waste stream as a

result of household battery disposal. Nearly all household batteries disposed in California

become part of the municipal solid waste stream.

. The California municipal solid waste which is not recycled is e~ther landfilled,

incinerated, or composted. There are only three municipal solid waste incinerators in

California; therefore, only a small portion of waste is destined for these facilities. As a

result of AB 939 and other state mandates regarding municipal solid waste disposal, more

composting operations are appearing· in California.

Since mercury and cadmium are metals of concern, and batteri.es contribute a

substantial amount of each, trends in mercury and cadmium from household batteries in

California's municipal solid waste are estimated in this section. Also, this section examines

the total amount of mercury and cadmium consuined in the United States from all uses.

From the data it is ObseIVed that primary household batteries are representing a decreasing

portion of the mercury consumption, whereas secondary household batteries are

representing an increasing portion of the cadmium consumption.

Zinc also is a metal of potential concern in California. However, neither the federal

government nor any other state are known to have established a standard for zinc. Zinc is a

naturally occurring ·metal found in soil, seawater, groundwater, plants, and animals. Zinc

is an essential element, which is a constituent part of enzymes in all organisms. H humans

do not receive a sufficient supply of zinc, deficiency diseases occur. Nothing is known

concerning the chronic toxic effects of zinc on man when ingested

Existing California Department of Toxic Substances Control regulations regard as

toxic any waste containing a concentration of zinc and/or zinc compounds equal to, or

exceeding 5,000 milligrams/kilogram. This regulation is not necessarily based on the direct

protection of human health. For example, products containing zinc which are consumed by

human beings (e.g., zinc mineral supplement tablets, zinc oxide skin creams, etc.) are

viewed as beneficial uses, even though the same products would be considered hazardous
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wastes when they are disposed. California's zinc regulation is apparently based on the

belief that zinc poses aJoxicity threat to aquatic life, and that zinc bioaccumulates in aquatic

life. The State's "Statement of Reasons" for its zinc regulation which was prepared nearly

ten years ago suggests that the standard was to protect the Fathead Minnow.

Household batteries contribute an insignificant amount of zinc to the waste stream

in comparison to other sources. Because of this, and the above other reasons, less

emphasis is placed on the projections of zinc in the California waste stream from household

batteries, developed in this report section.

This section is organized under the following subsections:

• Contents of Household Batteries

• .Toxicological Effects ofOverexposure to Metals Contained in
Household Batteries

• H~ousMetals Loading From Disposal ofHousehold Batteries

• Other Sources of Hazardous Metals 'in the Municipal Solid Waste
Stream

• Classification ofHousehold Batteries as Hazardous Waste.
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A. Contents of ·Household Batteries

Major chemical ingredients in various household batteries are summarized in

Exhibit n-2. Household batteries contain varying amounts of cadmium, lithium,

manganese, mercury, nickel, silver, zinc, and other metals. Exhibit m·l, on the

following page, provides the percent ranges of metals typically contained in household

batteries. The exact composition of household batteries is proprietary knowledge of the

battery manufacturer. In addition, the composition of some battery types has changed in

recent years since manufacturers have worked to reduce the amount ofmercury in

household batteries. The battery industry has published or supplied data which lists metals

generally contained in household batteries, either as a percent ofbattery weight, or as a

weight range.

From the data presented in Exhibit ill-I, it is clear that mercuric oxide batteries

contain the .greatest amount o.f mercury as a percent of weight, and nickel-cadmium

batteries have. the largest amount of cadmium. As we discuss in the next subsection, these
.

two metals in household batteries are ofprimary concern since the household battery

contributions of these metals to the municipal solid waste stream are more substantial.

Most primary batteries, with the exception of lithium, use zinc as the negative

electrode (anode). Unfortunately, zinc has a natural tendency to react with other battery

ingredients, generating hydrogen gas which may cause the battery to leak, and reduce the

performance of the battery. Historically, battery manufacturers have overcome this

undesirable reaction by including small amounts (1 to 3 percent by weight) of mercury on

the surface of the zinc33• Several years ago, in response to environmental concerns, the
battery industry began to explore other ways which would require less use of mercury34 to

control the behavior of the zinc. These efforts have focused primarily on alkaline and

carbon-zinc battery types which represent the largest portion of battery sales.

33 United Slates. Environmental Protection Agency. Office of Research and Development, Achievements in
Soun;e Reduction,and Res;yclin& for Ten Industries in the United States. EPA/600/2-91/OS1, September
1991

34 Ibid
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Metals in Household Batteries
(Percent by Weight)

_ •••••••
Primary Batteries

Alkaline 0.01 28-35 p.0001 - 1.oA 8 -18

Carbon-Zinc 0.03 20-40 0.0001-.01 12 - 40

Mercuric Oxide 30 -43 10 -15

Silver Oxide 30 -35 10 -15

Zinc Air 2 35-40

Lhhium

Secondary Batteries

Nickel-Cadmium 10 -15 15 ·25

if Mercury content in alkaline batteries has decreased from about 1 percent in the early 1980s to less than 0.025 percent
currently. Several U.S. battery manufacturers have plans to begin producing mercury free alkaline batteries starting
in 1992.

bI There are numerous types of lithium batteries. each with different physical characteristics. Since these batteries
represent a small portion of the overall household battery market they were not studied in detail for this report.

Sources:

Balfour, Raymond L., Household and Other Batteries: Source Reduction and Recycling, presented at the 10th
Annual Resource Recovery Conference of the U.S. Conference of Mayors on behalf of the National Electrical
Manufacturers Association andJhe Battery Produc~s Alliance, July 12, 1991 .

Goldberg, Terri L., et at, Source Reduction for Toxic Metals in HOUsehold Batteries: Federal, Staten and
Industrv Initiatives prepared for the Northeast Waste Management Officials Association, May 1991

Balfour, Raymond L., Materials Presented in Meeting with CIWMB and Ernst & Young on October 24, 1991.
and personal communication on February 7, 1992
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Legislation in several states. not including California; have set mercury content

limits at 0.025 percent or 250 parts permillion35• The battery industry has generally met

this requirement. and recently. manufacturers have announced designs for alkaline and
carbon-zinc batteries in which no mercury is added36• Manufacturers indicate that

background levels of mercury of approximately 0.001 percent. or 10 parts per million. still

will be present as impurities in other metals such as manganese37•

Mercuric oxide batteries contain the highest levei of mercury at approximately 30 to

43 percent by weight. A high level of mercury is required in this battery since mercury is

used in the cathode material of the battery. Reducing the amount ofmercury would

proportionally reduce the energy,content of the battery. The primary consumer application

of mercuric oxide batteries are button cells used in hearing aids. watches. and calculators.

Silver oxide. zinc air. and lithium batteries. which are manufactured as button cells. are

substitutes for the mercuric oxide batteries. Silver oxide and zinc air battery types contain

approximately 1 and 2 percent mercury. respectively. a substantial reduction ov~r the
mercuric oxide but still significantly greater than alkaline or carbon-zinc batteries. Lithium

button batteries contain no added mercury.

Knowledge of battery contents of the various metals and the potential effects on

health and the environment when landfilled or incinerated has led to legislated choices as to

what battery consumers can purchase and use. and how batteries must be disposed.

Appendix B. at the end of this report. summarizes key battery legislation in the United

States. Europe. and Japan. Battery manufacturers have generally anticipated environmental

concerns·and modified their battery designs and materials in order to comply with

legislation in different political jurisdictions. such as counties. states. and countries.

35 States that have enacted legislation limiting mercury content 10 0.025 P=rcent by weight for certain types
of batteries include: Connecticut, Minnesota, New Jersey, Oregon, and Vennont. Michigan has proposed
such legislation.'

36 Rayovac Corporation, News Release: RayovQ£ oM. MalslLShila Sign Technology Agreemel'll, December 10,
1991

37 Panasonic Company, News Release: Panasonic Unveils New 99.999-Percel'll Mercury-Free Ballery Line,
December 4, 1991
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B. Toxicological Effects of Overexposure to
Metals Contained in Household Batteries

Specific metals, which are frequently contained in household batteries, have been

identified as a potential risk to human health and the environment. The amount of these

metals contained in household batteries does not present a risk, but the metals themselves

may pose a risk under certain conditions and levels ofexposure. These metals contained

within batteries include cadmium, lithium, manganese, mercury, nickel, silver, and zinc38•

Cadmium and mercury are the two metals of primary concern. Also, zinc, silver, and

nickel are metals of concern in California. Zinc is common to almost all primary batteries.

This subsection describes the toxicological effects of overexposure to these metals

in occupational settings. By presenting this infonnation, it is not suggested that household

battery use and disposal practices result in overexposure to these metals. The pathways

and potential mechanisms for metals to escape into the environment, posiilg a potential

hazard to human health, are discussed later in this report.

Effects on the body from exposure to certain metals can be either acute or chronic.

In addition, the effects are related to the route through which the metal enters the body.

Effects from inh~ation often differ from those resulting from ingestion. The health effects

of exposure to each of the metals are summarized below.

• Cadmium - The immediate health effects from cadmium exposure
are the result of inhaling fumes or dust Localized health effects
caused by cadmium exposure include irritation to the respiratory
tract and mucous membrane lining of the inner surface of the eyelid.
A systematic effect ofcadmium inhalation is severe pulmonary
irritation. This is often accompanied by severe difficulty in
breathing and general weakness. The most common result of acute
systematic cadmium exposure is emphysema, but in some instances.
death may occur. Chronic cadmium poisoning can be associated
with both inhalation and ingestion, resulting in anemia, obstructive
pulmonary disease, and chronic renal tubular diseases. Prolonged
cadmium exposure has also been linked to prostrate and lung cancer
in humans. In rodents, there is evidence that cadmium exposure can
cause testicular necrosis, hypertension, and central nervous system
damage. In 1990, the Occupational Safety and Health
Administration (OSHA) detennined that employees exposed to

38
~

Much of the information included in this subsection was obtained from Cunegie Mellon University, 1989
which summarized a number of occupational health studies and federal standards.
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cadmium face a significant risk to their health at cwrent pennissible
exposure limits and proposed rule changes to reduce that risk39•

• Mercury - Mercury and its compounds may enter the body in a
number of ways including inhalation, ingestion, and skin
absorption. Mercury is an irritant to the skin and to the mucous
membranes. It may also be a cause ofconjunctivitis. Acute
mercury poisoning may affect the lungs in the fonn of interstitial
pneumonitis, bronchitis, and bronchiolitis with pulmonary edema.
Delayed effects consist of inflammation of the kidneys and hepatitis.
Chronic exposure to mercury produces four classical signs:
gingivitis (inflammation of the gums), sialorrhea (excessive flow of
saliva), increased irritability, and muscular tremors. Beyond these
effects, renal failure may occur with prolonged exposure. Chronic .
exposure may affect the central nervous system resulting in
personality changes, delirium, fatigue, memory loss, and
hallucinations.

• Zinc - Exposure to zinc may be through inhalation of fumes or
ingestion. Zinc chloride can cause dennatitis 'and chemical burns.

. Aqueous solutions ofzinc are also extremely painful to the eyes,
causing inflammation and swelling. Comealulceration may also
follow exposure to the eyes. Acute exposure to high levels of zinc
chloride.results in severe irritation of the respiratory tract and is
occasionallyfollowed by acute pulmonary edema.

• Silver - .The adverse health effects of silver and its compounds may
be caused by prolonged ~xposure to fumes, as well as by ingestion
or physical contact. Silver dust deposited in the lungs may also be

_regarded as a fonn of pneumonoconiosis. Although silver does not
. appear hazardous in its most common fonns, certain silver
compounds are highly corrosive to the skin, eyes, and intestinal
tract. High levels of chronic exposure can cause argyria, a grayish
discoloration of the skin. USEPA considers argyria a cosmetic
.effect since it does not impair bodily functions. Recognizing that
silver does not pose a threat in drinking water, in January 1991,
USEPA removed silver from primary drinking water standards40•

• Nickel - Nickel exposure most commonly manifests itself locally in
the fonn of skin sensitization which often results in chronic eczema
or "Nickel Itch". Nickel exposUre can also result in conjunctivitis
and irritation of the mucous membrane of the respiratory tract which
may take the fonn ofpulmonary edema Acute nickel poisoning
manifests itself in forms similar to those of viral pneumonia,
including chest pains, coughing, hypemea, and severe weakness.
Epidemiological studies have shown an increased incidence of
cancer among nickel refinery workers. The cancers most commonly
reported are lung and nasal cancer.

39 Federal Register, Vol. SS, No. 2S, Tuesday February 6, 1990, Proposed Rules, Department of Labor, 29
'CPR Part 1910, pg 4OS2

40 Federal Register, Vol. S6, No. 20, Wednesday, January 30, 1991, Rules and Regulations, Environmental
Protection Agency, 40 CFR Parts 141, 142. 143, pg 3S73
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• Uthium - Acute exposure to lithium results in a condition referred to
as lithium intoxication which typically lasts several days to two
weeks. The systems affected by·lithium intoxication are the central
neIVOUS system, the cardiovascular system, the renal system, and
the gastrointestinal system. Chronic exposure to lithium can cause
disruption in the renal tubular absorption of sodium, potassium,
magnesium, and calcium. Lithium exposure can also result in
nephrogenic diabetes insipidous and changes in thyroid function.
Although lithium has many negative health effects, in controlled
doses, its compounds are used in the treatment of chronic
depression.

• Manganese- Manganese dust and fumes are minor initants to the
eyes and respiratory tract. Inhalation of manganese fumes may
cause acute poisoning which manifests itself in an influenza-like
illness refened to as metal fume fever. Chronic exposure to
manganese, while not caustic, can initate preexisting pulmonary
conditions such as pneumonia, chronic bronchitis, and airway
disability. Chronic exposure also may result in a psychiatric
disorder characterized,by initability, difficulty in walking, SPeeCh
disturbances, and compulsive behavior. Liver .cirrhosis has been
frequently obseIVed among those exposed to manganese for
extended periods of time.

Although all seven metals listed above pose certain health risks, mercury and

cadmium have been the metals of primary concern with respect to household
batteries41,42,43. The reason for this is that household batteries have historically been a

major source of both mercury and cadmium in the waste stream. Nickel-cadmium batteries

are the single largest source of cadmium in municipal solid waste, and primary household

batteries, in general, have been a major source of mercury in municipal solid waste44. The

amount of mercury and cadmium entering the California waste stream as a result of
household battery disposal is discussed in the next subsection.

Within California, nickel, silver, and zinc also. are regulated metals. The level of

these metals may also cause some types of household batteries to be considered hazardous

in California, even though they would not be hazardous due to mercury or cadmium. The

level of zinc contributed by household batteries to the California waste stream is also

discussed in the next subsection.

41 United States, Office of Technology Assessment, Facing America's Trash: What Next for Municipal Solid
~ orA-0-424, October 1989

42 Arnold, 1991
43 Reutlinger, Nancy, Balteries in the Waste Stream: A Feasibility Study 0/Household Balter, Recycling and

Collection/or the COunly 0/ Santa (:rllZ. County of Santa Cruz, Planning Depanment, July 20, 1990
44 United States, Office of Teclmology Assessment, October 1989
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. While exposme to the metals may have the consequences previOusly described, it is

yet to be detennined how the amount of metals contained in household batteries contribute
to the level of these metals in the environment. A number of studies suggest that the

disposal of household batteries in municipal solid waste may not pose a significant threat to

human health or the environment when placed in properly operated landfills45,46,47.

Concerns arise when household batteries are included in municipal solid w~te destined for

incinerators or compost operations48• In these instances, there is greater opportUnity for

the metals of concern to escape into the environment, either through incinerator emissions

or elevated metal content in compost The magnitude of the potential hazards associated

with battery incineration or composting is yet unclear. The amount of metals added to th~

waste stream as a result of disposing household batteries is discUssed fmther in the next

subsection. ·The effects of household batteries in landfills, incinerators, and compost is

funher discussed in Section IV of this report

45 United States, Environmental Protection Agency, Risk Reduction Engineering Laboratory, Pollution
Prevention Research Program, Dry·Cell Battery Workshop. November 14, 1990 .

46 Jones, C. J., et al., AlllnveSligaJioll olthe Degrad4tioll 01Some Dry Cell BaJteries Under Domestic Waste
Landfill Conditions, in· Journal of Hazardous Materials, 2 (1977-78), pg 259-289

47 Fochtman, Edward G. and William R. Hass, m Research Institute, RelaJionshlp 01Spe~ Dry Cell
BaJleries to the Heavy Metal Content 01Solid Wastes, presented at the Second National Conference on
Water .Use, Chicago, May 4-8,1975

48 Arnold, 1991
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c. Hazardous Metals Loading From Disposal
of Household Batteries

Within California, most household batteries are disposed with municipal solid

waste at sanitary landfills; however, city and county household hazardous waste collection

programs are beginning to appear throughout California. Household batteries are typically

included in lists of materials characterized as household hazardous waste49• Household

hazardous waste programs are emerPtg as a result of household hazardous waste elements

ofAB 939, county integrated was~e management plansso. Since mercury, cadmium, and

zinc are hazardous metals and household batteries contain a large percentage, by weight, of

one or more of these metals, the conttibutions of these metals by household batteries are

discussed in this subsection.

To examine the effects of household batteries on the California waste stream, .

battery sales data is used to estimate the quantity of mercury, cadmium, and zinc added to

municipal solid waste from household battery disposal. For analysis purposes, it is

recognized that batteries 'are purchased by both residential and non-residential consumers,

in the year following their manufacture. It is further assumed'that primary batteries enter

the waste stream a year after purchase, and secondary batteries enter the waste stream an

average of S years after purchaseS l .

Exhibit m.2, on the following page, indicates the average weight for the various

types and sizes of household batteries. In general, the amount of mercury, cadmium, and

. zinc entering the California waste stream is estimated by multiplying battery sales estimates,

contained in Exhibit U-S, by battery weights in Exhibit ill-2, and by the percent of metal

content for each battery type from Exhibit ill-I.

49 California, Department of Heallll Services, Toxic Substances Control Program, "Hazardous Household
Products: A Guide to the Disposal of Hazardous Household Products and the Use of Non-Hazardous
Altenultives", information brochure, no date

50 Public Resource Code 141500 et seq.
51 These figures were obtained from Mr. Raymond Balfour of NEMA and Mr. Todd Tater of PRBA for prim8l)'

and nickel-cadmium batteries, respectively. Olller assumptions are possible but do not significantly alter
the conclusions drawn from the analysis.
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Weight of Household Batteries by Type and Size
(In Grams) ,

•••••••
D 141.9 87.5 62.5

C 67.5 41.5 52.5

AA 22.9 15.4 22.5

AM 11;6 11.0

9V 46.7 36.1 37.5

Button 1.57 0.92 1.56

II Average weight for -general purpose- and -heavy duty- carbon-zinc batteries
b' .Nickel-eadmium household batteries are manufactured in a variety of sizes other than the standard

sizes shown. An average weight of 44.0 grams per nickel-eadmium battery was used in the
analysis. This average weight was estimated from industry data.

Sources:

Goldberg, Terri L.,Source Reductjon of Toxic Metals in Household Batteries: Federal, State, and
IndustrylnUiatives, prepared for.the Northeast Waste Management Officials' Association, May 1991

Carnegie Mellon University, Household Batteries: Is There A Need For Change' in Regulation and
pisposal procedure?, December 1989
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1. Mercury

Mercmy content of alkaUne cells has been reduced dramatically since the mid­

1980's as a result ofeffons by the battery industry to reformulate these batteries. Based on

infonnation provided by NEMA on battery sales and total mercmy consumption for

household battery manufacture, estimates for the average mercury content in alkaline

batteries are calculated as shown below in Table DI-l.

Table III-I
Mercury Content i.n Alkaline Batteries

Date of Manufacture Mercury Content·

1984 1.00%

1985 0.82%

1986 0.79%

1987 0.31%

1988 0.21%

1989 0.11%

1990 0.05%

1991 and 1992 0.02%

1993 through 2000 0.0001%

All of the four major U.S. battery manufacturerss2 were producing. alkaline

batteries with less than 0.025 percent mercury. which is the legislated limit in several

states. (see Appendix B) by mid-l99l. The average actual mercury content in alkaline

batteries is reponed to be about 0.020 percentS3• Retail battery sales generally lag

manufacture by approximately one year. Therefore. for 1992 and 1993, it is assumed that

the average mercury content of alkaline batteries is 0.020 percent In addition. the four

major U.S. battery manufacturers are expected to start producing "mercury free" alka1~e

batteries by 1992 or 1993. Therefore, it is assumed that alkaline batteries manufactured

S2 Eveready. Duracell. Rayovac. and PanasoniclKodak
53 Balfour. 1992
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from 1993 through 2000 will only contain 0.0001 percent mercury which represents the
background level ofmercury found in other metals.

Exhibit m·3,'on the following page,. summarizes the amount of mercury, in

tons, which is estimated to enter the California waste stream as a result of household

battery disposal. Exhibit UI·4, on page m-1S, graphically presents mercury data by

battery type. This exhibit dramatically illustrates how the small amount of mercury

historically included in alkaline batteries represented the majority,of mercury from

household batteries. This source of mercury in municipal solid waste should'be·practically
eliminated within the next two years when battery mamifaeturers .begin producing "mercury

free" alkaline batteries.

Exhibit m·5, on page m-:16,.shows the..amount of mercury contributed to the

California waste stream from the'disposal of consumer button cells. Mercuric oxide

batteries-contain over 30 percent mercury while silver oxide and zinc air batteries contain

approximately 1 and:2 percent mercury, respectively. The substitution of silver oxide and
zinc air batteries for mercuric oxide batteries results in a significant reduction in the amount

of mercury in the waste stream. Zinc air batteries have approximately twice the life of

silver oxide batteries. Even though they contain about twice the mercury, the amount of

mercury,contained in battery waste would be nearly equivalent (two silver oxide cells

discarded for every one zinc oxide cell).

, " New Jersey has recently.passed legislation calling for a ban on the sale of mercuric

oxide button batteries by 1996.. Anticipating that other states, or the federal government,

may take similar actions, the}lattery industry is considering discontinuing the sales of
mercuric oxide button batteries before· 199654. ·If this occurs in Califomia"then up to 3 .
tons of additi.onal mercury would be removed from the California waste stream each year..

2. .Cadmium

Similar to.the calculation ofmercury in municipal solid waste from the disposal of

household batteries, estimates of the amount ofcadmium in the waste stream from the

disposal of household batteries also are made. Similar procedures were followed to

54 Balfour. February 1992
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Alkaline'
o 49.8 41.7 38.2 16.8 11.8 6.3 3.2 1.2 1.1 0.0 0.0 0.0 0.0 0.0 0.0 '
C 19.4 17.4 18.5 7.9 5.3 3.1 1.3 0.5 0.6 0.0 0.0 0.0 0.0 0.0 0.0
AA 18.5 16.6 19.7 8.6 6.7 3.S 1.9 0.8 0.9 0.0 0.0 0.0 0.0 0.0 0.0
AM 1.1 1.2 1.2 0.6 0.5 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
9V 6.0 6.1 ,6.1 2.7 1.8 0.9 0.5 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0

Subtotal 94.8 83.0 83.7 36.6 26.1 14.4 7.1 2.9 2.9 0.0 0.0 0.0 0.0 0.0 0.0

Carbon-Zinc
o 0.5 0.4 0.4 0.4 0.4 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
C 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
AA 0.0 0.1 0.1 0.1 ' 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9V 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Subtotal 0.6 0.6 0.6 0.6 0.6 O.E 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Button Cells
Mercuric Oxide 4.3 4.2 4.1 3.8 3.7 3.E 3.4 3.3 3.2 3.0 2.9 2.8 2.6 2.5 2.4
Silver Oxide 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Zinc Air 0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0.7 0.8

Subtotal 4.5 4.4 4.3 4.1 4.0 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.3 3.3

TOTAL 99.9 88.0 88.6 41.3 30.7 19.0 6.7 6.6 3.6 3.5 3;4 3.3 3.3I I

'I
'CD•-
~.. Mercury in the California Waste Stream

From Household Batteries
(In Ton$)

t'I'

~;;;
:;'...=•CM



Mercury in the California Waste Stream
From the Disposal of Alkaline and
Button Cell Household Batteries"

1986 1987 1988 1989· 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

_ ·Button Cells

I:::::}:;:::! Alkaline

W Carbon-zinc batteries contain a negligible amount of mercury and is not included in this e~hibit.

EXHIBIT In-4
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estimate the amount of cadmium entering the waste stream. One important assumption
which applies to the disposal of nickel-eadmium batteries is the difference in service life.
Because they are rechargeable, nickel-eadmium batteries have an estimated service life of 3

to 7 years, with an average of 5years55• For pwposes of the calculations made in this

. study, a five year service life was assumed. Therefore, nickel-cadmium batteries were

assumed disposed of five years after their purchase by consumers56•

Exhibit 111-6 on page ill-18, and Table 111-2, below, show the amount of

cadmium, in tons, estimated to enter the California waste stream as a result of nickel­

cadmium household battery disposal. Alkaline, carbon-zinc, and other primary batteries

also contain trace amo~ts of cadmium as an impurity in zinc; however, .~e amounts are

negligible, contributing less than 0.5 percent of the cadmium in municipal solid waste as

,compared to nickel~admium batteries.

Table 111-2
Cadmium in the California Waste -Stream

From Nickel-Cadmium Household Batteries

Tons of Tons of
Year Cadmium Year Cadmium

1986 143 1994 285

1987 155 1995 314

1988 168 1996 339

1989 181 1997 367
1990 196 1998 397
1991 215 1999 430

1992 236 2000 466

1993 259

Similar to mercury in mercuric oxide batteries, cadmium is used as one of the

electrodes in nickel-cadmium batteries. Therefore, a reduction in the amount of cadmium is

55 Tater, JanuaJy 1992
56 Dislributing nickel~admium battery disposal over a 3 to 7 year period after purchase (20 percent in each of

five years) has minimal impact on the analysis.
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not possible without proportionately affecting battery perfonnance. For this reason, the

amount ofcadmium entering the waste stream from disposal of nickel-cadmium batteries

will closely parallel the sales of this type of battery.

Approximately 80percent of the nickel-cadmium household batteries sold are

contained inside of consumer products. Frequently, these batteries are locked inside the

products. The useful life ofmany of these products are designed to be about the same as

the life of the battery. Battery and product are disposed at the same time, with the battery

still inside the product.

3. Zinc

Estimates for zinc contributed to the waste stream from household batteries also are

calculated.· Table 111·3, below, illustrates trends in 'zinc disposal resulting from primary

batteries. Estimated zinc disposal in the California waste stream from household batteries

assumes disposal for years 1992 and 2000 are based on sales in 1991 and 1999, respectively.

Table 111·3
Zinc in the California Waste Stream

From Household Batteries

Primary Batteries Tons in 1992 Tons in 2000

Alkaline
D
C
AA
AAA
9V

Subtotal

Carbon-Zinc
D
C
AA
9V

Subtotal

Button Cells
Mercury Oxide
Silver Oxide
Zinc Air

Subtotal

Total

839.8
336.6
497.8
41.7

124.5
1,840.4

867.7
166.5
150.9
86.9

1,272.0

1.2
1.3
6.8
9.3

3,121.7

876.4
382.1
870.9
98.2
~

2,411.0

566.7
85.6

114.8
73.5

840.6

0.8
1.7

13.2
15.7

3,267.3
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Although the total amount of zinc resulting from household batteries only increases

5 percent from 1992 to the year 2000, the portion contributed by alkaline batteries increases

dramatically, by 31 percent for the same period. This is due to the shift of battery use to

the smaller sizes and away from the carbon-zinc batteries. This increase of zinc contributed

by alkaline batteries is offset by the decrease in contribution by carbon-zinc; therefore, zinc

in the California waste stream grows at a fairly low rate overall.

Household batteries in California will contribute approximately 3,267 tons of zinc

by the year 2000. However, the amount of zinc used in batteries, as compared to total zinc

consumption, is extremely low. Household batteries are estimated to comprise

approximately 2 percent of the total zinc contributed by all other usesS7•

Zinc is found in all sectors of the economy. The role of zinc is not obvious to the

public because zinc tends to lose its identity in its end products. For example, zinc

containing products are used for construction, transportation, electrical, machinery, and

chemical purposes. This includes zinc coated galvanized steel sheet, fencing, storage

tanks, fasteners, nails, and wire.. Zinc anodes are used to protect ship hulls, offshore

drilling rigs, and submerged and buried steel works, tanks, and pipeS Zinc die-cast parts

are used for handles, grilles, bezels, brackets, locks, hinges, gauges, pumps, mounts, and

housings. Zinc dust has been used in primers and paints. Zinc has been used to

protectively coat nuts, bolts, and small parts. Finally, rolled zinc is used by the U.S. Mint

to produce pennies. All of the above consumptive uses of zinc are far more significant than

the zinc that is contained in household batteries.

Since household batteries are estimated to comprise such a small percentage of total

zinc contributed by all other uses, collection of household batteri~s will have little impact on

reducing zinc levels in the California waste stream. (Also, California is the only state

known to have established a standard for zinc, making alkaline and carbon-zinc batteries

legally hazardous solely due to their zinc content.) Because of the above reasoning, the

remainder of this report will continue to focus on mercury and cadmium as the two primary

metals of concern.

S7 Zinc Minerals Yearbook. 1989. p.lO

/
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4 . Trends in Household Battery Metals Loading

As a way of summarizing the infonnation presented thus far in this section,

Exhibit III.7, on the following page, illustrates both battery sales data and the amount of

mercury'and cadmium added to the California w~te stream from household battery

disposal. J

For primary batteries, with mercmybeing the metal of concern, battery sales have

continued to climb; however, changes in baneryteehnology and the development of new

battery types has resulted in the near elimination of mercury in household battery waste.
\

From the mid-1980's to the year 2000, sales of primary batteries are projected to increase

by more than 100 percent. During this same time, total mercury loading in municipal solid

waste from household battery disposal is estimated to fall by more than 96 percent because

of low, or no, mercury content household batteries. Ifmercuric oxide button cells are

,taken off the market by either manufacturers' initiative or legislative mandate, the remaining

mercury from the disposal of household batteries in the year 2000 is estimated to be about 1

percent of the historical 1985 actual level. By the year 2000, with a total ban on mercuric

oxide batteries, only one ton a year of mercury would be estimated to enter the California

waste stream as a result of household battery disposal. "\
\

The secondary battery market, where cadmium is the metal of concern, shows a

comple~ly different situation. Exhibit llI-7 exemplifies how cadmium loading in. municipal

solid waste will closely track nickel-cadmium sales. In order to break this trend, two

approaches are possible and are as follows: .

• Decrease the Nwnber 0/Nickel-Cadmium Batteries Sold - Since the
amount of cadmium in nickel-cadmium batteries cannot be reduced .
without affecting battery.perfonnance, reducing the amount of
cadmium waste is not possible without reducing sales. Alternative
secondary battery technologies,. such as small sealed lead-acid or
nickel-metal hydride batteries, may offer afuture substitute for the
nickel..cadmium batteries. These alternative types though may pose
their own health and environmental risks.
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II With the exception of lithium'batteries. all types of primary batteries included in this study have
historically contained some amount of mercury.
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Sales of Primary Household Batteries&' and
Mercury From Their Disposal in California

Sales of Nickel-Cadmium Batteries and
Cadmium From Their Disposal in California
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• Reduce the Disposal ofNickel-Cadmium Baaeries as Waste By
Increasing Reclamation ofCadmium - Reclamation ofcadmium is
technologically feasible and in practice in Europe and Japan.
However, the infrastructure and regulatory framework to efficiently
support recycling of nickel-cadmium household batteries in the
United States do not currently exist58•

An imponant observation is that the amount of cadmium in a single nickel-cadmiu~ battery

is ~uivalent to the amount of mercury obtained from over 400 alkaline batteries. This is a

significant factor when detennining battery waste management practices if it is assumed that·

a pound of mercury is equally as toxic as a pound of cadmium. If it is hypothetically

assumed that mercury is five times more hazardous than ~admium, pound for pound, the

amount ofcadmium in a single nickel-cadmium battery would still be the toxic equivalent to

the amount of mercury obtained from 80 alkaline batteries.

58 Taler, January 1992
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D. Other Sources of Hazardous Metals In
The Municipal Solid Waste Stream

While this study focuses on the contribution of household batteries to toxic metals

in municipal solid waste, toxic metals also enter the waste stream from other sources. In

this subsection, we present data on the total amount ofmercuIy and cadmium consumed in

the United States, and identify other sources of mercury and cadmium in municipal solid

. waste. Although this is not a complete analysis of toxic metals in municipal solid waste, it

helps to illustrate the magnitude of the contribution made by household batteries.

1. -, Mercury Consumption

Mercury'is used for a variety of products and processes. The U.S. Bureau of

Mines tracks the use of mercury by industry SIC codes59• Exhibit llI-8, on the next

page, summarizes the amount of mercury consumed by various industries. These data

indicate that during the mid-1980's, all batteries represented over one-half of the mercury

consumption in the United States. As a result of the battery industry's efforts to reduce the

content of mercury in batteries, the proportion of mercury consumption attributable to all

batteries has fallen to less than 15 percent in 1990. Household batteries in 1990

contributed approximately 8 percent to the total use of mercury. Exhibit llI·9, on page

llI-26, graphically depicts the amount of mercury consumed by batteries and other uses.

Total mercury used in household batteries in 1990 is approximately 92 percent less than the

level in 1984. This reduction has occurred even with an increase in national sales of

primary household batteries of approximately 30 percent during the same time period.

Many of the consumptive uses of mercury in Exhibit llI-9 are industrial in nature.

Industrial uses of mercury should not be contributing mercury to the municipal solid waste

stream since industrial mercury waste is required to be handled as hazardous waste.

Qua,ntifying the amount of mercury contained in municipal solid waste from all sources is a

difficult task, one beyond the scope of this study," We would expect that the total amount

59 United States, Department of Interior. Bureau of Mines, Mineral Yearbook: Mercury 1988, Annual Review,
1988
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.

Use of Mercury in the United States
(In Tons)

Chemical and Allied Products:
Chlorine and Caustic Soda Manufacture 279 259 285 343 490 420 272
Laboratory Uses 10 16 22 22 28 20 35
Paint 177 186 197 219 217 212 24

Electrical and Electronic Uses:
Electrical lighting 57 44 45 49 34 34 36

1••__1iiitai.~tM~1~~@IH::~:11ri~t.:~il~~:~:~mi;i1m~ili:i;;i:;I;~m@@;;:::~:gi;Hlt.ii:::i::l;l~~:mB~:~:~:it.ml\tMi:m.:~ltI11;mimmjii1;~~:~;::1~:::::::1~m:i;f)~:I::~;1;l
'"her Batteries 351 354 133 291 269 145 55

Instruments and Related Products:
Measuring and Control Instruments 109 87 69 65 85 96 119
Dental Equipment and Supplies 54 55 57 61 58 43 48

'"her Uses 159 94 135 102 156 79 64

TOTAL 2,On 1,894 1,750 1,594 1,755 1,334 794

.

-:
CI•---,
N
CIl

Sources:

United States, Department of Interior, Bureau of Mines, -Minerals Yearbook: Mercury 1988-, Annual Review, 1988

Balfour, Raymond L., Material Presented in Meeting with CIWMB and Emst & Young on October 24,1991

"Today's Household Battery: Long on Life, Short on Mercury-, USA Today, January 26,1990

...­...­...­•00



Mercury Consumption in the United States
By Type of Use
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Sources:

United States, Department of Interior, Bureau of Mines. -Minerals Yearbook: Mercury
1988- Annual Review. 1988 .

BaUour, Raymond L., Materials Presented in Meeting with ClWMB and Ernst & Young on
~ober24, 1991 .'

Taday's Household Banery: Long on Life, ShOft on Mercury. USA Today, January 26,
1990

Peg.II~26



Hazardous Nature of Household Batterle.

ofmercury from the disposal of household batteries as a portion of the total mercury found
in municipal solid waste would be much greater than the 8 percent stated above. However,

the exact proportion is unknown. Some other common mercury-containing products which

frequently are discarded with other municipal solid waste include60:

• Fluorescent light bulbs

• Thennometers

• Mirrors

• Power control switches for lights and thennostats

• Paints.

Most municipal solid waste characterization studies classify waste by weight or

volume within product or material categories (Le., glass, newspaper, aluminum cans,

plastic, etc.), not in terms of toxicity61. Such methods of characterizing waste are

generally insufficient to quantifiably determine the amount of product specific metals that

may be included in the waste stream.

2 • Cadmium Consumption

Exhibit 111·10, on the following page, J>resents data.on the total amount .of

cadmium consumed in the United States for household batteries and all other uses. The

data indicates that nickel-eadmium batteries represent a growing use of this metal. Once

again the situation concerning cadmium is different than that for mercury, whereas mercury

use in batteries is a declining portion ofto~ mercury use, the converse is true for
. cadmium. Therefore, to the extent that concerns presently exist regarding the health and

environmental effects of cadmium disposal in municipal solid waste, nickel-eadmium

batteries appear to be an appropriate target for that concern.

. 60 United States, Office of Technology Assessment, Facin& America's Trash; What Next for Mtmicjpal Soljd
~ OTA-0424. Washington. D.C.• October 1989

61 Ibid
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Cadmium Consumption in the United States
By Type of Use
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United States,Department o'-Interior, Bureau of Mines, -Minerals Yearbook: Cadmium
1988- Annual Review, 1988 .

United States, Department of Interior, Bureau of Mines, -Mineral Industry Survey:
Cadmium in 1990-, May 1991

United States, Environmental Protection Agency, Office of Solid Waste,Cbaracterization
of products Containing Lead and Cadmium in Municipal Solid Waste in the Unbed States,
1970 to 2000, January 1989
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Cadmium is contained in other household products. For example, cadmium is
found in:

• Metal coatings and platings

• Pigments used in plastics, paints, and inks

• Heat stabilizers used in plastics.

Nickel-cadmium batteries.are estimated to be the largest source of cadmium in municipal

solid waste, representing about 52 percent of the cadmium; plastics are estimated to

contribute. about 28 percent62•

From a production standpoint, cadmium is different than other metals. Cadmium is

almost always found in zinc ore reserves ata rate of approximately 0.36 percent of zinc63•

Cadmium is not only a by-product of zinc production, it also must be removed as a'

purification process in the production of zinc64• In some cases, cadmium removal also is

required in the producti<?n of lead and copper. Because of this relationship, as long as zinc

and other non-ferrous !petals are produced, cadmium will have to be produced. The

production of cadmium is not demand-driven nor is it price dependent When cadmium use
. .

decreases~ cadmium prices fall; however, zinc producers will continue to produce cadmium

even if they must dispose oCthe metal rather than sell it World zinc consumption is

expected to increase from 7.2 million tons in 1989 to 8.5 million tons in 2000, an increase

of 18 percent65• Similar increases in total cadmium production also should be anticipated.

This particular joint-product situation for cadmium may have implications for the economic

feasibility of cadmium reclamation, as well as the price competitiveness of substitute battery
types in the secondary battery market66•

Nickel-cadmium batteries have become a major component of the cadmium market
In addition, nickel-cadmium batteries are fmding a growing number of applications and •

increasingly are a battery of choice among consumers. These factors should be considered
in the development of waste management strategies affecting nickel-cadmium'batteries~

62 Ibid
63 United States, Department of Interior, Bureau of Mines, MinerallndlUlry SlUVeyS: Cadmiwn in.lWO, May

1991
64 Derby, Dr. James V., The Cadmium Sil/lQlioll From a Zinc·Cadmiwn Prodw:er's Poinl o/View, in the

proc:eedings of the Second Inaemational Seminar on Battery Waste Management, November 5·7, 1990
65 United States, Department of.Interior, Bureau of Mines, Minerals Yearbook: Zincl989, April 1991
66 Derby, 1990
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E. Classification Of Household Batteries
As Hazardous Waste

Household batteries contain metals which are known to have adverse effects on

human he8lth and the environment. Mercury and cadmium are toxic metals ofprimary

concern in household batteries. Household batteries may contribute more than 8 percent of

the total mercury found in municipal solid waste, whereas household baneries may
contribute more than fifty percent of the total cadmium found in municipal solid waste.

On the other hand, household batteries are estimated to comprise only

approximately two percent of the total zinc contributed by all other uses. Again we would

expect that the total amount of zinc from the disposal of household batteries, as a portion of

the total zinc found in municipal solid waste, to be greater than the two percent stated
above. However, the exact proportion is unknown. Though the focus of this repon is still

on mercury and cadmium as the two primary metals of concern, it should be noted that

3),67 tons of zinc are projected for the California waste stream in the year 2000 from the

disposal of household batteries versus only 3.3 tons for mercury and 466 tons for

cadmium, respectively.

Given society's concerns for public health and safety, and the protection of the

environment, it is important to determine under what circumstances used household

batteries constitute hazardous waste. If designated as a hazardous waste, it is then

important to understand how state and federal regulations affect the collection, storage,
transport, and disposal of household batteries.

In
~

this subsection, we review test results used by the USEPA and the Waste
Extraction Test used in California, to determine whether household battery wastes must be

handled as hazardous wastes. Even though some of the component materials of household

batteries are known to be hazardous, some household batteries may not be classified as

hazardous for a variety of reasons. In general, federal and state laws regarding household

hazardous wastes, particularly household batteries, are presently evolving and in some

cases are somewhat difficult to interpret.

There currently appears to be ambiguity as to which types of batteries contain

dangerous metals. Within California, nickel, silver, and zinc also are regulated metals. As

a result, regulatory criteria for determining whether batteries are hazardous or not differs in
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California than in other parts of the country. Furthennore, consum~s may be receiving
conflicting messages on the hazardous nature ofhousehold. batteries. This is evident by a
brochure published by the Toxic Substances Control Program, which states that primary

household batteries should be replaced by the "non-hazardous alternative" of secondary

batteries67• This contradicts the fact that nickel-cadmium rechargeable batteries contain

high levels of cadmium, which is considered hazardous, and nickel-cadmium batteries

contribute large amounts of cadmium to the municipal solid waste stream. Also, even

though all household batteries are presently legally considered household hazardous waste

in California, few consumers separate their household batteries for proper disposal.

1 . Federal Definition of Hazardous Waste

Hazardous waste is defined by the federal government in the Resource

Conservation and Recovery Act (RCRA) of 197668, and its subsequent amendments. In

addition to defining bazardous waste through a variety of criteria, RCRA also establishes

requirements for the collection, storage, transport, and disposal of hazardous waste.

Toxicity Characteristic Leaching Procedure

Effective September 1990, large quantity generators of hazardous waste were

required by the USEPA to document that their hazardous waste has been evaluated for

toxicity using the new Toxicity Characteristic Leaching Procedure (TCLP). Small quantity.

generators were required to meet the same requirements by March 1991. The TCLP is

used by the USEPA to determine ifcertain metal- and pesticide-bearing waste must be

managed as hazardous waste. The test simulates the acidic conditions in landfills that can
potentially leach toxic metals and organics into groundwater.

The results ofTCLP tests are.useful in assessing the potential risks presented'by

household batteries in the waste stream. At this time, there is limited information on the
performance of various types of household batteries in TCLP tests. The information we

haye obtained was provided by the Dry Battery Section of NEMA. This data is

summarized in Exhibit III-II, on the following page, and indicates that these particular

battery types tested are within USEPA limits. Mercuric oxide and nickel-cadmium batteries

67 California Department of Health Services. Toxic Substances Control Program. Hazardous Household
Products, OPGL-90-04. Sacramento. California

68 Title 40. Code of Federal Regulations, Subtitle C. Chapter 1
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Household ,Battery Toxicity Characteristic
Leaching Procedurej/Test Data

EPA Maximum 0.2 mgll 1.0 mgll

Rayovac
Alkaline (0.1% Hg) 0.072 0.014

Carbon~Zinc (-No Mercury') 0.029 0.522

Zinc Air 0;020

Silver Oxide 0.150

Eveready'
Alkaline (Energizer) <0.025 <0.01

Carbon-Zinc (General Purpose) 0.070 0.17

Carbon-Zinc (Super Heavy Duty) <0.025 0.20

Pege ••1-32

EXHIBIT m-ll

W As prescribed by USEPA TCLP SW846 test procedures.

Sources:

Letter from Raymond L. Balfour, Vice President, Rayovac Corporation to
Paul Markowitz, Vermont Natural Resources Agency, September 18,1991

Balfour, Raymond L., Material presented in Meeting with CIWMB and Ernst
& Young on October 24, 1991
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are not included on this exhibit These battery types are generally acknowledged to fail

TCLP tests for mercury and'cadmium, respectively69, and therefore are accepted as being

hazardous.

From data in Exhibit UI-ll, it appears that most types of household ~tteries may

not be considered hazardous,based on the mercury and cadmium TCLP test data. For a

complete analysis, every type and size of battery would have to be tested. In general, the

responsibility for determining the hazardousness of a waste-is with the generator ofthe

waste. In the case of household batteries, the waste generator is most.often a household,

although, as discussed in the previous section, non-residential uses of household batteries

is also common. Because it is impractical for households to determine the hazardousness

of waste, RCRA includes specific provisions for hazardous waste generated by

households.

Household Waste Exclusion and Small Quantity Generators

The RCRA states that household waste, including household waste that has been

collected, transported, stored, treated, disposed, recovered, or reused, is not hazardous

waste70, and therefore, not regulated with other hazardous waste. The law was designed

to escape the complexities of dealing with hazardous household wastes.

This leaves open the issue of household batteries which may be disposed of by

businesses. For example, if a jewelry store replaces watch batteries as a service to

C?ustomers, are these batteries considered hazardous waste? Batteries discarded by

business, even though they may be the same type as those generated by households, are

not necessarily considered hazardous waste.· Under RCRA, businesses that generate less

thaD 100 kilograms (220 pounds) of hazardous waste per month are allowed to deposit

them in solid waste landfills or have them burned in municipal solid waste incinerators71•

As a consequence of these exclusions, it may not always be clear whether waste generated

from a specific business is classified as hazardous or non-hazardous.

69 Balfour, RaY!"ond L., personal communication, Februuy 4, 1992
70 Title 4O,Code of Federal Regulations f261.4(bXI)
71 Title 40, Code of Federal Regulations, f261.S

Page 11I·33



Hazardous Nature of Household Batteries

2 • California Definition of Hazardous Waste

Within California, hazardous waste is defined in Health and· Safety Code Sections

25117 et seq. and in Chapter 11, Division 4.5, Title 22, California Code ofRegulations.

The State's criteria for hazardous waste is more restrictive than federal requirements. For

example, in addition to the TCLP test requirements, California also has requirements under

a Waste Extraction Test (WET), which is used to determine ~ousness of a waste72•

Table m-4, below, lists the maximum permissible levels of toxic metals contained in

batteries for the Waste Extraction Test

Table 111-4
Waste Extraction Test Threshold Limits

Soluble Total
Threshold Limit Threshold Limit

Concentration Concentration
Substance (mg/l) (mg/kg)

Cadmium and cadmium compounds 1.0 100

MeICury and mercury compounds 0.2 20
Nickel and nickel compounds 20 2,000

Silver and silver compounds 5 500

Zinc and zinc compounds 250 5,000

While low-mercury alkaline and carbon-zinc household batteries pass TCLP tests,

according to the California Department of Toxic Substances Control (DTSC), these

batteries would fail Waste Extraction Test limits for zinc73• While $ta are not available on

the performance ofeach battery type in Waste Extraction Tests, the DTSC considers all

types of household batteries to be hazardous and, therefore, equally subject to hazardous

waste regulation. (See letter response dated March 9, 1992, from the Department ofToxic

. Substances Control, Appendix D.) .

72 Chapter 11, Division 4.5, Tille 22, Code of California Regulations, §66261.24(aX2)(A)
73 Personal commW'lication with Robert McCormick. Depanment of Toxic Substances Control, with CIWMB

and Ernst &: YOWlg, March 12, 1992
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Some battery collection programs operating in the United States are presently

reevaluating the need to collect alkaline and carbon-zinc batteries for hazardous waste
disposal because the mercury has been nearly eliminated. This reevaluation also has been

prompted by the high cost to dispose of household batteries in hazardous waste landfl1ls.

Under current state regulations in California, this course of action would not be possible.

In addition to the more sningent criteria for defining hazardous waste, California
does not have· the household waste exclusion from hazardous waste designation, nor are

small quantity generators exempted from requirements of the regulations74. As a result, the

same resnictionspl~ on hazardous waste generally also apply to household hazardou~

waste, including household batteries. However, there is a state transponation exemption

which allows any person to transport hazardous waste to a pennitted hazardous waste

facility for transfer, treatment, recycling, or disposal, as long as the hazardous waste does

notexceed 50 pounds or five gallons, without obtaining a manifest7S•

Household Haz.ardous Waste

Cities and counties throughout California have recently been required to prepare

Household"Hazardous Waste Elements (HHWE) which are to be included in. county-wide

integrated waste management plans 76. The legal definition of household hazardous waste

is broad. The USEPA defines household hazardous waste as:

Products discardedfrom residences which contain substances already
regulated under RCRA as an industrial hazardous waste77•

In addition, the California legislation which requires the preparation ofHHWEs generally
defines household hazardous waste as:

Hazardous wastes, as defined in Section 25117 ofthe Health and Safety
Code, which are generated by households... which should be separated·
from the solid waste stream78.

74 Letter from Robert McConnick, Department of Toxic Substances Control. to James Gibson, Ernst & Young
dated March 9. 1992 (see Appendix C)

7S Health and Safety Code §2S163(c)
76 AD 2707 (Chapter 1406 of 1990 Statutes) added Chapter 3.S to Part 2 of Division 30 of the Public

Resources Code (pRC) commencing wi~f41S00

77 United States. Environmental Protection Agency. Office of Solid Waste and Emergency Response.~
. of Household Hazardous Wastes and Related ColJectjon ProKJams. EPA/S30-SW-86-0S4. October 1986

78 Public Resource Code 141S00
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It is generally acknowledged that household hazardous waste includes used household

batteries79. Consumers are being encouraged by the State to dispose of used household

batteries with other household hazardous waste.

Disposal of Hazardous Waste in Sanitary Landfills

Over 86 percent of the municipal solid waste generated in California ends up in a

sanitary (Class ill) landfill. Within California, it is illegal for a landfill to accept hazardous

wastes unless it has been approved for that particular waste80• Generally, landfill operators

and/or waste haulers visually scan the Contents of municipal solid waste for the presence of

hazardous waste. When found, such hazardous waste is separated from the mixed
municipal solid waste and either recycled or disposed as hazardous waste.

I

Household Battery Collection and Tra,nsport

In order to facilitate the collection and reclamation of household batteries, the State

of California enacted the Management of Small Household Batteries Act of 1989 (SB
1594)81. The Act provides that any collection location or in,tennediate collection that

receives, or any person that transports used household batteries, is exempt from the

requirements regarding the receipt, storage, and transport of hazardous waste if the

batteries are sent to" a metal reclamation facility for the purpose of metal recovery.

Presently, there are limited options available for the recycling of used household
batteries. Most existing household battery collection programs dispose of household

batteries in a hazardous waste landfill. Therefore, the exemptions included in the Health
and Safety Code would not apply to these efforts, and the collection, storage, and transport
of the batteries would be subject to hazardous waste regulations.

As with most other household hazardous waste, household batteries which are

accumulated through household hazardous waste collection programs must be handled,

stored, transported, and disposed of as hazardous waste. Similarly, household batteries

79 The California Deparunent of Toxic Substances Conlrol disuibutes information booklets which list
batteries as a hazardous household waste and suggest that household batteries be disposed of through
household hazardous waste collection events' '

80 Title 14. Code of California Regulations. 117742
81 Health and Safety Code 125216 et seq.
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collected by businesses or other private parties also must comply with hazardous waste

regulations applicable in California.

The specific requirements for handling hazardous waste are complex, and a detailed

discussion is beyond the scope of this study. Regulations governing hazardous waste

designation and disposal are included in Chapter 11, Division 4.5. Title 22 of the California

Code of Regulations. Because of the complexity of these regulations, requirements to

handle collected household batteries as hazardous waste may inhibit the establishment of

household battery collection programs. For example, some battery manufacturers want to

initiate nickel-eadmiiun battery collection programs, but have to contend with differing

regulation interpretations on the part of hundreds ofcity and county local governments.

Also. the fact that household batteries presently provide limited commercial opportunities

for metals reclamation separates household batteries from other kinds of household

hazardous waste that may be more recyclable.
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IV. HOUSEHOLD BATTERY WASTE MANAGEMENT
PRACTICES AND ECONOMICS

This section of the report describes solid waste management practices in California
and discusses the effects household batteries have on these practices. The discussion

focuses on physic~ processes and battery pathways in the solid waste stream, and

identifies potential risks posed by household batteries in municipal solid waste. In

addition, this section describes processes and identifies risks associated with the collection,

sorting, storage, and transfer of household batteries which·have been separated for disposal

as hazardous waste or for metal recovery.

This section is organized under the following subsections:

• Overview of Household Battery Disposal Pathways

• Household Battery Collection

• Disposal of Household Batteries As Municipal Solid Waste

• Disposal ofHousehold Batteries As Hazardous Waste

• Reclamation of Metals From Household Batteries.
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A. Overview of Household Battery
Disposal Pathways

Currently, approximately 86 percent ofCalifo~ia's municipal solid waste stream is

landfilled, 12 percent recycled, and 2 percent composted or incinerated. "AB 939, the

Integrated Solid Waste Management Act of 1989, has changed the approach to solid waste

management in California. This legislation mandates state and local governments to utilize

a hierarchic approach to meet diversion from generation goals of (1)25 percent by 1995

and (2) SO petcent by the year 2000. The hierarchy, in order of priority, includes:

• Source reduction and reuse

• Recycling and composting

• Transformation and landfilling.

The hierarchy is consistent with the integrated approach adopted by the USEPA.

Household batteries make up only about 0.005 percent, by weight, of municipal

solid waste82• Within California, household batteries are either disposed with other

municipal solid"waste, or segregated and brought to a household hazardous waste

collection program. Unless there is a household battery reclamation program that recovers

materials from batteries, most household battery collection progriuns take the used

household batteries to a hazardous waste disposal facility.

Exhibit IV-I, on the following page, summarizes various pathways that
household batteries can follow through dte waste stream. The diagram also shows how
metals in batteries may end up in the environment through landfill leachate, incinerator

emissions, or metal content in compost product The diagram does not follow batteries that

are illegally discarded as litter.

82 Reutlinger, Nancy, and Dan de Grassi, HOlUehold Baltery Recycling: NumerolU ObstaJ:1es, Few Sollllions,
Resource Recoyery, April, 1991 "
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The solid waste management system is complex and household batteries in mixed

municipal solid waste can travel many different pathways and be subjected to several

different processes before their final disposal. This section examines principle routes

which batteries may travel and different processes they can become subject to as part of the

waste stream.

The risks from household batteries and the methodologies used to minimize risks

are also discussed in this section. It should be noted that risks associated with household

batteries in the waste stream are potential risks. Evidence of actual broad based impacts to

human health and the environment from the disposal of household batteries in municipal

solid waste has not been conclusively documented. Household batteries are assumed to

pose risks to human health and the environment because they contain limited amounts of

metal substances which are known to be toxic in threshold concentrations.
I

The majority of Exhibit IV-1 shows potential pathways for batteries disposed in

mixed municipal solid waste. This includes the majority of all batteries that residents and

businesses discard with other general refuse. Most municipal solid waste collected in

California is destined for sanitary (Class ill) landfills. The top and left portions ofExhibit

IV-I show pathways of household batteries which have been separately collected without

first being discarded in municipal solid waste. Generally, separated batteries"are

subsequently disposed in a hazardous waste (Class I) landfill, or sent to a metal reclamation

facility for recovery of metals. •

With the enactment of AB 939, and subsequent amendments to the Integrated Solid

Waste Management Act, there has been increased interest in the development and

implementation of source reduction, curbside collection of recyclable materials, household

hazardous waste collection, material recovery facilities, and composting facilities to meet

the State mandated waste diversion from generation goals. As a result, the potential battery

pathways in municipal solid waste have become more complex. Transfer stations, and

transfer facilities with recyclable materials recovery capability, have become more common

with the development ofregional landfills. The closing of smaller landftlls, due to the

promulgation of new regulations that the landftlls are not able to meet cost-effectively, also
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has promoted.the development of additional transfer stations. There are cummtly

approximately 287 .transfer stations in California83•

A ~latively new development in California's waste management strategy is- .
materials recovery facilities. "Materials recovery facility" (or MRFs) is a general name

applied to facilities designed to proCess mixed municipal solid waste to: 1) separate

recyclable materials, 2) prepare compost feedstock. and/or 3) prepare refuse derived fuel

for. incineration. The actual number of cUJTently existing true MRFs in California is

unknown, but relatively smal~. An accurate count is difficult to make due to the broad

potential definition of MRFs. For example, transfer stations which separate some

recyclable materials may claim to be MRFs.

.Collection of municipal solid waste and recyclable materials are provided either by

municipal or county governments, or by private companies through a pennit and/or

franchise arrangement granted by the local jurisdiction. Most jurisdictions have mandatory

. collection, although some smaller jurisdictions do not have mandatory collection. Many

larger jmisdictions are moving towards the use of automated collection vehicles and

containers.

Household hazardous waste collection events, mobile hazardous waste facilities,

and also pennanent hazardous waste facilities are increasingly becoming pan of the solid

waste ·management system. It is generally estimated that household hazardous waste make
~

up ~pproximately I percent of mun~cipalsolid waste in California. The collection,

transportation, packaging, and disposal of household hazardous waste accumulated by

household hazardous waste programs can be the single most expensive element of

municipal solid waste management practices. The next most expensive practice, a distant

second, may be the collection of recyclable materials.

California·presently only has three municipal solid waste mass bum incinerators in

operation. These are as follows: the City of Commerce, Los Angeles County (360 tons

per.day), Stanislaus County (800 tpd), and Southeast Regional Recovery Facility

(SERRF), City of Long Beach (1,150 tpd). AB 939 does not allow diversion credit for

incineration until 1995, and even then,'ajurisdiction may only get up to 10 percent

83 California Integrated Waste Management Board, MICROSWIS Database, Numerical List of Facilities in
MICROSWIS, February 6, 1992
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diversion credit for incineration. While additional incinerators have been proposed, it is

uncertain how many facilities will actually be constructed in California's future.

California has about 41 existing composting facilities with the majority being

"greenwaste only" composting facilities. With the passage ofAD 939. anothe~ 210

eomposting projects of various types are presently planned.
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B. Household Battery Collection

This subsection provides an overview of household battery collection program

characteristics and strate~es, including potential risks associated with collection of

household batteries. Section V includes a discussion of the experiences of several existing

household battery collection programs.

To prevent household batteries from entering the waste stream as municipal solid

waste, a number of jurisdictions have establish~ battery collection programs. There are a
variety of methods used to collect household batteries, including collection with other

household hazardous waste, curbside collection, and collection at retail outlets. In

addition, the types of batteries
,

collected vary between programs.
,

Some programs collect all

types of household batteries, while others only collect selected types such as button cells or

nickel~um batteries. A trend among some battery collection programs is to not collect

alkaline or carbon-zinc batteries because of their low, and declining, mercury content

As described in Section In of this report, nickel-cadmiiun batteries are a major
, .

source of cadmium in municipal solid waste. However, ni-cad battenes currently represent

a disproportionately small share of the household batteries collected through battery

collection programs. Data on one collection program detennined that only one percent, by ,

weight, of the collected batteries were nickel-cadmium84• This is in contrast to the current

approximate 10 percent•.and growing, market s~e ofhousehold batteries held by nickel­

cadmium batteries. A high percentage of nickel-cadmium batteries are sold inside

corisumer products. 'Many of these batteries are seal~ inside products and are not

removable for proper disposal. As manufacturers I"edesignproducts to make batteries
removeable (some states have passed legislation with this requirement, see Appendix B), it
is reasonable to expect that more nickel-cadmium batteries will be collected in the future.

1 • Household Battery Collection Methods

The collection of household batteries can be accomplished by one of, or a

combination of, the following methods:

84 Tellis Institute Inc;, A Cost Analysis of MuniciPal Waste LandfiUin& in California, prepared for the
Calif~mia.Integrated Waste Management Board. April 1990
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• Household Hazardous Waste Collection - The most prevalent
method ofcollecting household batteries in California is through city
or county sponsOred household hazardous waste collection
programs. Household hazardous waste can be collected either at
permanent facilities, such as recycling centers or transfer stations, or
at mobile and periodic collection events. Household batteries are
collected along with other household hazardous wastes such as
paints, used motor oil, herbicides and pesticides, and cleaning
products. Typically, household batteries and other alkaline and
cOllOsive products are packed together for disposal at a hazardous
waste landfill.

• Community Drop-OffLocations - The collection of household .
batteries via community drop-off is accomplished by establishing a
network of drop.:off sites frequented by community residents. Ideal
drop-off sites include fire stations, supermarkets, recycling centers,
senior and community centers, libraries, and shopping malls. Drop­
offlocations, which commonly accept all types of batteries, are
supplied with containers, signs, and informational material.

• Curbside Collection - The collection of household batteries at the
curb is incorPorated into the regular curbside pick-up of recyclable
materials. Residents deposit used batteries in a special container,
usually a plastic bag, and place it on top of their bin of other
recyclable materials on designated pick-up days. Curbside
programs most often target all battery types for collection.. Most
programs hand sort batteries by type for a combination of hazardous
waste disposal and recycling.

• Return-to-Retailer Drop-OffLocations - These collection programs
provide drop-off locations at major household battery distribution
points. pepending on the type of retailer, return-to-retailer locations
cail either target specific household battery types, such as button cell
batteries, or can collect all battery types. For example, retailers who

. specialize in cameras, watch repair, or hearing aids may collect only
the button cell batteries since most button cell batteries are used by
cameras, watChes, and hearing aids. On the other hand, general
merchandise stores which sell a variety of household batteries may
collect all battery types. Return-ta-retailer collection programs
usually provide retailers with a collection bin, signs, and a window
decal to foster public recognition. Retailers either market collected
batteri~s directly for recycling, or are provided a pick-up service by
the municipality or sponsoring organization.

• Reverse Distribution - Reverse distribution entails the collection of
used batteries to retailers or product service centers which would be
channeled back to product or battery manufacturer's for proper
disposal or reclamation. The Portable Rechargeable. Battery
Association (pRBA) and some individual product manufacturers are
working in some states to implement reverse distribution collection
schemes for nickel-cadmium household batteries. These efforts
have been required under selected legislation in other states,
however, some programs are proposed to be implemented
nationwide.
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In addition to these household battery collection methods, a relatively new area of

battery collection is targeted collection of household tYPe batteries from conunercial and

institutional sources such as hospitals, government agencies, industries, businesses, and

military bases. For example, the New York City Police Deparunent requires all department

employees using communication devices with nickel-eadmium batteries to bring the

batteries to a drop-off location when the batteries are discharged. These batteries are then

shipped.to France forrecyclingSs. Non-household applications ofhousehold batteries are,

in some instances, a significant portion of the household battery market, and may provide

an opportunity for concentrated battery collection (e.g., nickel-eadmium).

2 • Deposit Systems and Advanced Disposal Fees

In addition to the collection methods discussed above, deposit systems can

theoretically provide additional incentives for consumers to properly dispose of household

batteries, and advanced disposal fees may potentially help fund costs of disposal and/or

reclamation. A brief description of each potential program is provided below.

• . Deposit or Redemption Systems - Deposit or redemption systems
can require distributOi'S,retailers,and consumers to pay a fee on the
p~hase of a new product to be refunded when used items are
returned for proper dispOsal. Deposit and redemption systems have
been applied to plastic, glass, and aluminum beverage containers
which are relatively high volume recyclable materials.

• AdvancedDisposal Fees.. Advanced disposal fees may be assessed
on the consumer or producer, and can be collected in a manner
similar to a sales tax. The fee is derived to cover waste disposal
costs, management of hazardous wastes, and administration costs,
plus any costs associated with implementation of the program.
Advanced disposalfees may be most effective when the product
category is broad, and the fee can be applied to the existing tax
collection structure in order to achieve relatively low collection
costs.

The deposit or redemption system is aimed at promoting the proper disposal of a

specific waste product. While deposit and redemption systems have been suggested by

some for household batteries, we are unaware of the existence of any such programs in the

8S Florida Department of Environmental Regulation, Solid Waste Section, Baltery FtlI:t Sheet, July 6, 1990
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United States; however, several European countries have implemented deposit programs to

achieve high collection rates for mercury and cadmium battery types 86.

The advanced disposal fee is a type of solid waste tax which can be applied on a (

product to cover its disposal and waste handling costs. Currently, there are no such

programs applied to household batteries in the United States. but there are in Europe: For
example, Norway assesses a tax of30 to 45 cents per battery for batteries containing more

than 0.025 percent of cadmium or mercury by weight

In Switzerland. where thirty percent, or more, of spent household batteries are

collected. a tax will be imposed on batteries inttoduced on the Swiss market in order to

suppon financially the costs of recycling. This taxis approximately six percent of the

battery cost. The tax will be set so as to cover the costs of battery reclamation'using the

new Sumitomo technology for reclaiming zinc and mercury from primary batteries. (The.

Sumitomo technology is explained on page N.-44 of the report.) ,

The results and the success of the European programs are unknown since they have

only recently been implemented. One problem with deposit programs is the relatively weak

incentive it provides to the consumer to properly discard a household battery. Effective

implementation of deposit or advanced disPosal fee systems is panly based on high

volume, broad-b~ed packaging, and the ease of administration87• The problem with

applying similar programs to household batteries to successfully achie~e recycling goals are

as follows:

• Household batteries, particularly rechargeable batteries, have an
extended service life, creating a lag between the time the deposit is
paid and the time the refund is received

• A relatively small number of household batteries per consumer are
discarded compared to say the volume of beverage containers (i.e.
glass bottles or aluminum cans)

• Due to the relatively small number of batteries consumed and
disposed. administrative costs for such a program could be
prohibitive.

86 Forker, Timothy, Strategic ApproQdes to the Used HOlUeJ.old Bonery Problem: A Report Oft ElI1'opeQII .
Experiences tIIId Their Implications lor Action in the Uniled States, Environmental Action Coalition,
November 10, 1989

87 Montavon, Matthew, and'Shinn, Paul L., Taxing the Solid Waste Streom: ReveraMe AlJerraQlivu lor State
tIIId Local Goverrun.erals, Government Research Center of the Government Finance Officers Association,
April 1990
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For these, and other, reasons, depositor advanced disposal fee systems may not be

considered practical to encourage proper household battery disposal.

3 • Risks From Household Battery Collection, Storage, and Transfer

Collection, storage, and transfer ofhousehold batteries for recycling or disposal

pose risks. The following risks may occur when a number of batteries are concentrated

together:

• Ingestion by small children when batteries are collected and stored in
the home

• Explosion and fire from improper storage of collected batteries

• Exposure to hazardous materials in batteries.

A discussion of each of these risks ·is provided below.

Ingestion Danger

Collection and storage of batteries at the household poses certain risks to small

children. One of the risks is ingestion of the batteries and health effects associated with

toxic cOmponents that are inside the various types ofhousehold batteries. A battery that is

swallowed eventually may pass through the body.

One study on household batteries88 compared ingestion data on penlight and

flashlight dry cell, button-sized cells, coins, Christmas ornaments, and toys. The number

of battery ingestions were found to be very small in comparison to the incidence of

ingestions overall.

Nearly all cases of ingested batteries have had asymptomatic or non-harmful

outcomes. The Carnegie Mellon study summarized the outcome characteristics for several

years. The data showed that 0.1 percent resulted in a major (life threatening/life ending)

outcome, 1.7 percent resulted in a moderate (self-limiting, longer lasting symptoms), 30.6

percent resulted in minor (self-limiting short-lived symptoms), and 67.6 percent resulted in

~o symptOms at all~ Self-limiting means patients are fine; however, the patients place

88 Carnegie Mellon University. 1989
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restrictions on themselves du~ to their own perceptions of their symptoms. Of all

ingestions, battery-related ingestions represent only 0.3 percent

The study did not find evidence indicating whether concentrating batteries in storage

containers in the home for separate waste collection processes will increase ingestions.

They did conclude that the number of ingestions could decrease due to the heightened

awareness and precautionary storage methods that would occur if a storage program was

begun.

Explosion and Fire Hamrd

Hydrogen gas can be formed and released from batteries. Gas from batteries stored

tightly in a drum'will accumulate, and the batteries having residual voltage can Cause a

spark, potentially resulting in an explosion. Hydrogen gas is highly flammable and

explosive and may be generated by reactions between chemicals found in all types of

household batteries.

There have been four reports, only one documented case, of an explosion involving

a large quantity of stored batteries89• The one incident occurred in 1985 when a sealed

barrel of batteries exploded on a truck in route to a landflll. Analysis of the incident led to

the conclusion that batteries, stored together in a 55 gallon drum, continued to discharge

electricity. The electrical discharge produced hydrogen gas which accumulated in the

tightly sealed drum. A spark, origiriating either from an external source, or the batteries
themselves, set off the explosion.

Batteries that are not completely discharged may shan circuit when in contact with

other materials. Heat may be given off sufficient enough to start a fire. Elevated

temperatures, electrical sparks, or even s~tic electricity may cause ignition of the hydrogen

gas. The accumulation ofhydrogen gas can be avoided if batteries are stored in ventilated

containers and/or not allowed to make physical contact

89 VanMaele, Lori, HOlISehold Sanery Collection and Storage, Prepared by the Science and Technology
Division of the Legislative Services Bureau for the Michigan Legislature, March 1990
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Exposure to Hazardous Materials in Batteries

The sttong bases which are the electrolyte solutions in batteries are caustic and

corrosive. Direct contact with human skin Or mucous membranes can cause chemical

bums. In addition, strong basic solutions contribute to battery corrosion and leakage, and

reaction to fonn hydrogen gas. Although mercury and cadmium compounds dono~ bum

skin, they are very toxic when ingested or absorbed. Other methods of improving battery

perfonnance wi~out. the use of mercury are now being implemented to reduce the ~se of

mercury. '

~ general, the collection, storage, and tt'ansfer of household .batteries may present

some risks, as described above. However, these risks can largely be eliminated ,through

relatively simple and pragmatic precautionary measures such as storing collected batteries in

well ventilated containers, lab-packing batteries for transportation and disposal, and using

extra care when handling corroded or damaged batteries.

4 • Sorting Household Batteries

Most battery collection programs collect all types ofhousehold batteries, although a

recent trend is not to collect alkaline and carbon-zinc batteries. For the few types of

batteries in which metal reclamation is an option, it is first necessary to separate out

household batteries by type. Separation may even be necessary for lithium batteries prior

to disposal in a hazardous waste landfIll since these batteries should be deactivated to

prevent subsequent reaction of the lithium metal. In most instances, household batteries are

collected together and then separated by type. Occasionally, button cells will be separated

from the larger cylindrical and prismatic batteries during coll~tion.

Separation of household batteries by type is usually perfonned manually. While

some battery types are easily recognizable, button cells tend to have no labelling with the

exception, of engraved or stamped codes. Battery collection personnel need to be trained
'
to

recognize the various types of batteries. Limited research has been conducted'to deyelop

automated processes for separating the various types of household batteries. However,

more work is required to develop practical techniques of separation90.

90 Bruis, W. H.I., Sorting 01 Mixed Balteriu By Eddy C,."elll and X-Ray Image Analysis Methods,~
Cadmium Baum Update 90. RCJlOTl 00 Seminar. SCJ!tember '1990. Cadmium Association. November. 1990
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- .
Battery collection programs which accept"all types of household batteries have

found that approximately 90 percent ofcollected batteries are alkaline and carbon-zinc

types. There are no reclamation processes available to recover metals from these battery

types. In addition, low mercury content alkaline and carbon-zinc batteries have been

shown to pass USEPA Toxicity Characteristic Leaching Procedure (TCLP) tests and

therefore may not be hazardous according to this test Again, the California Department of

Toxic Substances Control would still consider these primary battery types to be classified

as hazardous household waste due to their fail~g the Waste Extraction Text threshold limits

for zinc. The collection of all these primary battery types may significantly add to the cost

of separating and reclaiming the minority of household batteries which contain significant

amounts of mercury and cadmium.

5 • Household Battery Collection Costs

Costs asSociated with collection of household batteries depends on the method(s) of

collection utilized. Collection costs may include staffing, public education and materials,

collection containers, packing equipment and supplies, collection and storage space, and

other operating and administrative costs. Another major cost component is the cost for

transportation and disposal of household batteries.

Section V of this report includes a discussion of several battery collection programs

operating throughout the United States. Cost information on these programs is limited, and

generally not provided in sufficient detail to allow detailed analysis. Total program costs,

including transportation and disposal costs for used household batteries has ranged from

. $1,840 to $4,840 per ton of batteries collected. In general, the costs to transpon and

dispose of household batteries ~as accounted for approximately 30 to 40 percent ofthe total

program cost

For cities and counties planning to implement battery collection programs, it may be

important to make a distinction between collection costs (including collection facilities,

educati9n programs, staffmg, and operational and administrative costs), and transportation

and disposal costs. The former category will likely be a relatively fix~ cost with only

slight variation depending on the volume of batteries coll~ted; transportation and disposal

costs, on the other hand, will vary directly with the amount of batteries collected.
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c. Disposal of Household Batteries as
Municipal Solid Waste

Waste management practices for municipal solid waste includes collection, transfer,

materials recovery~ composting, and disposal in landfills or incinerators. Each of these

processes are discussed in this subsection as they may relate to household batteries in the

municipal solid waste stream.

1. Collection and Transfer

Once collected, household batteries disposed with municipal solid waste are
. .

generally transported to a sanitary landflll or to a transfer station for subsequent transport to

a hindf1ll. No transfer stations'are known to remove household batteries; however, if

. hazardous materials are spotted in the mixed waste they may be separated for proper

disposal.

Jbere are several types of transfer stations which consolidate loads from packer

vehicles and self haul loads into specialized transfer trailers for a more efficient trip to the

disposal facility. Transfer facilities using trackloaders can potentially crush household

batteries against the conCrete floor: Facilities usingwheeloaders may not face the same risk

because the wheeloaders do not nomulIly ride .on a layer of solid waste as do the

ttackloaders.

Some transfer stations may remove recyclable.materials which are spotted in

scavenging operations. The majority of transfer stations that scavenge for recyclable
materials do not scavenge through mixed residential waste. Scavenging is nonnally done

through commercial and industrial sector loads for high gr~e papers, cardboard, wood,

and sometimes metal.

Within eauromia, it is illegal for sanitary landfills to accept hazardous wastes

unless the·site has been approved for the particular waste involved91 • Many load check

programs provide a visual scan of municipal solid waste at transfer stations or as the waste

enters .the landfill. When spotted, hazardous waste, such as automotive lead-acid batteries,

are removed from the waste stream. Because of their small size and relatively small

91 Ti&1e 14, California Code of Regulations, 117742
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numbers, load check programs do not inspect for household batteries. Consequently,

household batteries disposed in municipal solidwaste are not separated prior to disposal.

Hazardous materials removed at transfer stations or through load check programs are .

normally sent to a Class I hazardous waste facility, or recycled, if recycling opportunities

exist.

2 • Materials Recovery Facilities (MRF)

.Material recovery facilities are a relatively new component of municipal solid waste

management. Currently, there are relatively few materials recovery facilities in California

handling a small percent of the municipal solid waste. Many more materials recovery

facilities have been proposed and should be anticipated as municipalities work to meet

diversion goals specified in AB 939.

Recyclable materials and hazardous wastes, including most household batteries,

could be removed from mixed mun,icipal solid waste through a materials recovery facility.

Materials recovery facilities are essentially a waste processing facility that can serve a

number of purposes including one or more of the following:

• ReCover recyclable materials

• Produce a compost feedstock

• Produce a variety of refuse derived fuels (RDF).

Materials recovery facilities can process mixed residential, commercial, and/or industrial

waste streams, or wholly source-separated commingled recyclable materials.

An intermediate processing center (IPC) is a name sometimes given to a materials

recovery facili.ty that only. processes the source separated recyclable portion of a waste

stream. Depending upon the product the materials recovery facility processes, other names

given to materials recovery facilities includ~ compostfeedstock preparation facility, refuse

derivedfuel (RDF) facility, alcoholfeedstock preparation facility, mixed waste processing

facility, and/or automated recyclable scavengingfacUity.

Household batteries entering a materials recovery facility with a mixed m~icipal

waste stream, where recyclable materials are hand sorted and/or removed by automated
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process equipment. can travel many different paths. The potential pathways. separation

efficiencies. and ultimate disposition of household batteries depend upon the number. type.

and sequence of intennediate processes.

The non-recyclable component of the municipal solid waste stream is called process
residue. Process residue is disposed in a sanitary landfill. If the materials recovery facility

also prepares a cOmpost feedstock or refuse denved fuel from the mixed municipal waste

stream. household batteries. under most current process designs. wouldlikely be separated
and disposed in a Class ill landfill along with the process residue (non-product fraction).

Current materials recovery facilities which are designed to produce fuel and

compost feedstock do not remove household batteries as a homogeneous product

Household batteries are usually commingled with the inens or heavies fraction ofthe

process residue. If screening equipment is used to produce compost feedstock. the

'household batteries tend to aggregate in the undersize fraction (also a process residue).

The pathway traveled by household batteries depends on the system process design

used to separate and produce desired products. The predominate processing ~hnologies

commonly utilized to separate recyclable materials. produce compost feedstock, or produce

refuse derived fuel from mixed residential, commercial. andlorindustrial waste are
.described below.

Manual Sorting Systems (Hand Sorting)

The predominant method of removing recyclable materials from .municipal sol~d
waste is a positive son. In a positive son. the item (e.g.• aluminum can) targeted for
separation is removed from the waste stream in the sorting process. Ina negative son. the

materiai that is targeted for separation is left in the process stream and the remaining

material is removed. For hand sorting operations that recover recyclable materials and

process mixed residential waste. both the recyclable materials and hazardous materials are
norinally removed by the positive sorting method.

Most manual systems use some fonn of mechanical equipment for bulk materials

handling'andproduet packaging. Most materials recovery facilities include a combination

of mechanical and manual systems. Even,the most rudimentary hand sorting systems will

utilize a magnetic separator for removal of ferrous materials.
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One very serious risk associated with hand sorting recyclable materials and

household hazardous waste from the mixed milnicipal solid waste stream is the existence of

hypodermic needles in the waste stream, particularly in mixed residential waste. The

primary risk to the hand sorters who are removing recyclable materials and household
hazardous l;118terials is getting stuck and being exposed to hepatitis rather than being

exposed to household batteries. There also is a concern ofexposure to AIDS from hand

sorting, although little is known about the ability of the AIDS virus to survive in municipal

solid waste. Most operators ofmixed was~ facilities ~onsider the risk from hepatitis far

more serious than any risk from exposure to household batteries.

Technical issues and policy decisions on manual separation need to be assessed to

determine whether ~e efficiencies derived from hand sorting for household batteries are

justified in light ofpotential hazards to workers. Mechanical processes exist that could

remove most household batteries, along with other process residue, from the mixed waste
stream. Mechanical ,processes would add to the capital cost (fixed costs) and to the annual

operational and maintenance costs (variable costs) of the facility. Methodologies that have

been recommended to minimize risk of exposure to hazardous materials include eliminating

hand sorting for both recyclable materials and hazardous materials and automating a
materials recovery process with a'series of magnetic separators, screening, and/or air

density separation equipment

Meclulnictll Unit Process Systems

Mechanical unit process systems can be categorized into functional groups which

the solid waste processing industry recognize. Many types ofprocess equipment can have '

an impact on batteries while processing a mixed waste stream, while other types of
processing equipment will have no effect on batteries in the waste stream. Exhibit IV-2,

on the following page, lists the main unit functions and associated process equipment for

mechanical processes.

Materials recovery facilities utilize a number ofunit process operations commonly

used to separate recyclable materials, prepare a refuse derived fuel, or prepare compost

, feedstock. Some of these processes can be used to sort and separate household batteries.

Unit processes for materials recovery facilities are normally designed to provide

progressivefractionation of the waste stream to recover recyclable materials, or produce a
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Mechanical Process System Design
Functional Requirements and Associated Process Un~~s

Receiving and Storage Pit and Crane
Tipping Floor and loader

Bulk Material Handling Conveyors
Rubber Belt
Pocket Belt
"Apron Conveyors
Drag Flight
Vibrating Conveyors
SCrew Conveyors
Pn"eumatic Conveyors

Open Bags and liberate Contents, Size High Speed Shredder
Reduction Prior to Mechanical low Speed Shredder
Separation Flail Mill

Trammel

Size Separation Trammel SCreen
Disc SCreen
Vibrating SCreen

Extract Ferrous Metal Magnetic Separators

Density Separation (Heavies/lights) Air Classifier
Air Knife
Air Table/Stoner

Separation By Shapes or Ballistic" Friction Behs
Characteristics Bounce and Adherence

Separation By Electromagnetic Metal Detector
Characteristics Eddy Current Separator

Secondary Size Reduction to Facilitate GrindinglMilling Machines
Processing SecondarylTertiary Shredders

Product Packaging Balers
Metal Nuggetizers
Non-Ferrous Biscuiting
RDF Densification

Pelletizers
Cubers
Bisquitters "

EXHIBIT IV-2

Source:
Rhys, H. , Rhys and Associates, personal communication with E. Tseng, February 1992
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refuse derived fuel or a compost feedstock. Progressive fractionation refers to the

successive application ofunit process operations to split a heterogeneous waste stream into

several well defined homogeneous waste streams.

An example of progressive fractionation is taking a heterogeneous waste stream,

consisting ofpaper and ferrous metals. and passing it under a magnetic separator. The

heterogeneous waste stream is split into two homogeneous waste streams by the magnet.

The magnet removes the ferrous material putting it into one stream, and the nonmagnetic
paper material continues as the other fractionated waste stream.

Most of the higher grade refuse derived fuels and compost feedstocks use a
progressive fractionation design, utilizing a combination of magnets, sizing screens, and air

density separators to remove the inorganic fraction of the waste stream. The inorganic

portion of the waste stream consists of glass, rocks, bricks, metals. and items such as

household batteries.

Shredders and flail mills have the greatest probability of breaking open battery

casings when struck by the hammer or flail.. This would be particularly true with high
speed shredders. Other unit processes and equipment may not have a high physical impact

on the batteries. but each unit process will govern which subsequent fractionated waste

stream the household batteries will be concentrated. Bulk h~dling conveyer equipment

merely transport materials and do not process the material.

From a process standpoint, increased heavy metal exposure from smashee;l batteries

would be higher for facilities that used high impact and/or high energy size reduction
equipment, such as a high speed horizontal .shaft hanunermill or shr~der, as compared to a

facility that used a slow speed, lower energyfunpact size reduction equipment, such'as a

slow speed shear shredder. Household batteries which have been crushed, shredded, or

otherwise damaged may present a greater opportunity for metals to escape into the

environment when landfl1led or composted.

The determinate factors that govern which fraction of the waste stream batteries will

culminate in depends on the unit process sequencing and subsequent recombination of

fractionated process streams and outputs. Three physical properties of household batteries.

den'sity. size, and magnetic property, control process fractionation.
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Only some batteries can be removed by magnets because only some household

batteries are magnetic. The properties ofdensity and size can be used to concenttate

batteries into a residue waste stream so thatthey will not be inCluded in the compost

feedstock or refuse derived fuel. Household batteries tend to be concentrated in the

undersize fraction when a sizing screen (4 inches or larger) is used in the mechanized

process stream. Household batteries also tend to be classified into the heavies fraction by

air density process equipment. Table IV.I,·below, shows the density of some typical

household batteries. The density of all household batteries is greater than 2.5 grams per

cubic centimeter, the density of glass. As a result, houSehold batteries tend to be separated

into the heavies fraction of the waste stream, along with glass, rocks, and ceramic pieces.

Table IV·I
Household Battery Density Characteristics

Battery Type Size Density (gtcm3)

Alkaline D 2.60

C 2.60

AA 2.93

Mercuric Oxide Button 4.27

Silver Oxide Button 5.48

Nickel-Cadmium C 2.86

AA 3.08

AM 2.92

The concern of the existence of a shredder in process design must be examined in

relationship to the shredder location in the process ttain and the function design of the

shredder. As an example, if there is sorting of the waste 'stream and the batteries are

removed prior to the waste stream being shredded, the Concern would be lower than if the

waste stream was fJrst processed through the shredder before removing the batteries.

'IbrOugh the proper sequencing of.unit·processes in a materials recovery facility, it

may be possible to process municipal solid waste to separate most household batteries from

waste destined for composting or incineration. Household batteries collected with other
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process residue would then be disposed of in a sanitary landfill. Disposing of household

batteries in landfills may be preferable to incineration or composting, since both of these

operations create a greater potential for metals to escape into the environment.

3 • Landfills

Sanitary landfills have traditionally been defined as an engineered method of

disposing solid wastes on land in a manner that protects the environment by spreading the

wastein thin layers, compacting it to the smallest possible volume, and covering it with soil

by the end of each working day92. Following burial and~ompaction, the organic portion

of the waste material is degraded by soil mi~organisms into more stable compounds.

Landfill technology has advanced significantly in the past 10 to 15 years. Older

landfills were often uncontrolled open dwnps with few pollution controls. Open dumping

frequently resulted in unsanitary conditions, methane explosions, and releases of hazardous

substances to surface and ground water and the atmosphere. Old landfills comprise as

much as 22 percent of the sites on the Superfund National Priorities List established under

the Comprehensive Environmental Response, Compensation, and Liability Act

(CERCLA)93.

Modern landfills, by contrast, are required to include a variety ofpollution control

features such as synthetic or clay liners, leachate collection and treatment systems, and

methane gas collection systems designed to minimize and detect releases of potentially
problematic substances94• In 1984, the first of a series of amendments to State regulations

took effect which govern land disposal of municipal solid waste95. Currently, there· are

approximately 370 active landfl1ls in the State. As of 1990, only three landfl1ls have

received permits under the new.regulations. These landfills have a combined capacity of

1,330 tons per day, less than 2 percent of the municipal solid waste generated in the

State96 91• Currently, an additional 24 sanitary landfills are proposed with pe~ts pending .

92 Robinson. William D., The Solid Waste Handbook: A Practical Guide
93 Office of Technology Assessment. 1989.
94 Ibid
9S Tide 23, California Code of Regulations, Chapter 3
96 TeUus Institute, A Cost Analysis of Municipal Waste Landfillin£ in California, prepared for the California

Integrated Wasle Management Board, April 1990
97 MICROSWIS, FebrullJY 1992
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Landfill Decomposition Processes

Biological and chemical degradation of solid wastes in landfills occur in three

distinct decomposition phases. In the fU"St stage. the degradable organic fraction reacts

with the oxygen trapped during the landfilling process to fonn carbon dioxide and water.

This is accompanied by heat and ~wth of the degrading organisms. Part of the carbon

dioxide can dissolve within the water to fonn a weak acid that Can dissolve other minerals.

After the oxygen is fully consumed. the second stage of decomposition begins. In

the second. stage where anaerobic degradation occurs. the large organic molecules present

in food, paper. and similar wastes are broken down into simpler molecules. including

hydrogen. ammonia. carbon dioxide. and inorganic acids. Carbon dioxide levels can reach

as high as SO to 90 percent of the gas generated. Facultative organisms that survive in both

oxygen and non-oxygen environments account for the degradation of most of the organic

solid wastes in the landfill. and also produce water soluble organic acids from the

hydrolysis of complex organic solid wastes.

In the third decomposition stage. which is also anaerobic. methane-forming micro­

organisms utilize.the carbon dioxide. hydrogen. and organic acids to fonn methane gas and

other products. During the third stage. about one-half of the gas produced is carbon

dioxide and the other one-half is methane. Total methane production depends on waste

composition and the growth conditions for the bacteria inside the landfill.

In addition to the biological decomposition processes. chemical processes also

occur.' For example. ferrous and other metals may be oxidized. Battery casings may rust

and degrade to varying degrees depending on surrounding conditions. Acidic liquid waste

products of micro-organisms can increase chemical activity within a landfill. Inorganic

materialssuch.as metals can change under chemical reactions and may become associated

with the liquid or water phase. Since municipal solid waste usually fonns a very

heterogeneous mass of size and composition. and other factors are complex. variable. and

difficult to assess. it is difficult to predict accurately 811 the biological and chemic~ activity

that occurs within a landfill.

The migration of metals in Unlined landfills will be affected by the soil type and the

hydrology of the area. An acidic environment is likely to produce a higher concentration of

metals in leachate. A high rate of flushing may dilute the metal concentrations and/or
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increase the flow of metals into leachate98• The State of Vennont. in preparing a waste

battery management plan, found that recent investigations and repons are inconclusive

regarding the environmental impact of disposing batteries in landfills. It is generally

believed that certain metals, such as mercury, would be bound in soil and not released

rapidly from landfills, although long-term impacts are difficult to predict99•

Modem LIIndjills

. Modern landfill practices have vastly improved to minimize the amount of

degradation and control the escape of substances from the landrJlI. Greater compaction has

been achieved which result in less trapped oxygen in the landfill. This limits the first

aerobic stage of decomposition. Air does not penetrate a well-compacted landfill to any

extent.

Newer landfills with liners and leachate collection systems contain the municipal

solid waste in daily cells. Modem landfills which claim to compact the materials to over .

1,200 pounds per cubic yard are so densely compacted to save space that conditions remain

essentially anaerobic once the limited amount of trapped oxygen is consumed. Surface

runoff control designed for modem landfills and daily cov~r over the disposal cells

minimize the amount of moisture entering a landfill. The modern design and operational

procedures have made the landfills into more of an entombment rather than a controlled bio­

reactor for anaerobic decomposition.

Modem landfills that have gas collection systems installed remove much of the

moisture from the landfill in the form of water vapor. The moisture is collected along with

the gas. The condensed waste water can be treated and dischar~ed into sewers, or hauled

off site for treatment as a hazardous waste. The removal of moisture through the landfill

gas collection system also can retard decomposition in the landfill.

Household Batteries in LIIndfllls

Household batteries in modem, highly compacted, and relatively moisture-free

landfills do not degrade as much as they would in the older landfills where the batteries are

98 Vermont, Agency of Natural Resources, Vermont Waste Ballery MQlllJgement Plan. Final Draft, November
12. 1991

99 .Ibid
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subjected to the by-products of.intense chemical and biological decomposition of the

organic fraction. Unless a landfill is going to be mined or exhumed for remediation

purposes, the landfill is presently the final destination of household batteries in the solid

waste system. Should heavy metals be leached from batteries, modem landfills have

leachate collection systems which are designed to remove and treat' the leachate.

Household batteries in older unlined landfills without leachate collection systems

may pose a potential risk to the environment The battery industry has indicated that there

is no known instance in which the disposal of household batteries has been shown to have

caused any environmental harm or threat to human health. Battery manufacturers have

pointed to a number of studies conducted during the 1970's and 1980's which generally

concluded that there are no environmental or health reasons for removing batteries out of

the household waste stream1OO•

Concerns regarding toxic metals in municipal solid waste have identified mercury,

l,ead, and cadmium as the primary metals ofconcern. However, the state of knowledge

about potentially toxic substances in municipal solid waste is uncertain. Little i,s known.

about the distribution of toxic substances in various prOducts, what exposures during or

after disposal are sufficient to cause problems, and what relative.risks these substances

pose when landfilled101.

4 • Incineration

There are only three waste-to-energy incinerators operating in California, and one

of these in the City of Commerce primarily processes commercial and industrial waste.

Waste incinerators in California are mass bum (RDF-l) facilities which incinerate waste

with minimal pre-processing.

Fuel Processing

Municipal solid waste can be processed into many different forms, so the energy

value may be realized and e~ssion quality controlled. Each type of refuse derived fuel

(RDF) subjects the waste stream to different processes that will create or reduce risks from

100 National Electrical Manufacturers Association, Written Statement of Ihe National Electrical ManufacDlIetS
Association and Ihe Battery Products AJljance Concemine HOUsehold Battery Disposal. no dale

101 Office of Technology Assessment, 1989
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household batteries. Exhibit IV·3, on the following page,_shows the different solid
waste fuel classifications used,by the American Society of Testing Methods (ASTM) and

used by the solid waste industry.

Currently, there are no processed fuel incineration facilities in California. If RDF

facilities are built, the battery pathway would be dependent upon the process design. If

household batteries are part of the non-fuel process residue, they would likely end up in a

Class mS:aDitary landfill. Because no unit process is 100 percent efficient, even a

processed RDF stream may have a small amount of household batteries in its fuel stream

which couJd potentially end up in a RDF incinerator. Ifhousehold batteries are not

separated into the non-fuel stream. they will be incinerated. This is the fate of household
batteries in municipal solid waste destined for California's existing mass burn incinerators.

In 1984, research groups of the Tokyo Metropolitan Government reported results

of a study on mercury emissions from urban incinerators and mercury concentrations in

ambient air102• The groups' repotts showed that while levels of mercury in the ambient air

were below the World Health Organization standard, a very strong correlation exists

between the level of mercury emissions from municipal incinerators and the number of
household batteries put into incinerators. A similar correlation between mercury emissions

and the number of household batteries in municipal incinerators has been established in

Sweden.

The Japanese and Swedish studies indicate that lower emissions of metals in air,
and lower concentrations of these metals in the residues from incineration facilities can be

achieved by removing household batteries from the waste stream prior to .incineration.

Table'IV-2, on page IV-28, compares the total measured heavy metals in as­
received municipal solid waste to the amount of heavy metals in processed fuel after heavy

metals removal by the National Recovery Technologies (NRT) process. The NRT

technology is an enhanced fuel process whi~h creates a fuel rated be~een RDF-2

102 Household BaJleries: Managemenl or Negl«t?, A Staff Repon to &he Chairman of the New York
Legislative Commission on Solid Waste Management, Albany, New York, September 1988
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Refuse Derived Fuel (RDF) Classifications

ASTM Classification

RDF-1 Municipal solid waste used as fuel in as-discarded form.
-Mass Bum Fuel-

RDF-2· Municipal solid waste processed to a coarse particle
size with or without ferrous metal separation. -C-RDF
(Coarse or Crude RDFt

RDF-3 Municipal solid waste processed to 95 percent by·weight
to less than 2 inches and from which most metals. glass,
and other inorganics have been removed, -F-RDF(Fluff
or Utility Grade RDFt. also called -Mixed MSW
Compost Feedstock-

RDF-4 Municipal solid waste processed into a powdered form,
~5 percent by weight minus 10-mesh screen, and from
which most metals. glass. and other inorganicshave
been removed. -P-RDF (Powder RDF)-

RDF-5 Municipal solid waste that has been processed and
densified into pellets. cubes. or briquettes. can be used
as compost bulking agent, -D-RDF (Densified RDFt

Municipal solid waste processed into a liquid fuel.
RDF-6 -Liquid Synfuel- or -Biofuel-

Municipal solid waste processed into a gaseous fuel.
RDF-7 product of biolpyro-synthesis, -Syngas- or -Gaseous

Synfuer

Non-ASTM Classification
Municipal solid waste processed into a fuel without

PEF shredding. (ferrous. removal and minimal screening to
remove undersize). -Processed Enhanced Fuel- or
-Modified Mass Bum-

Fibrous de-watered pulp with most of the
W-RDF non-combustibles removed

· EXHIBIT IV-3

Source:

Summarized from UCLA Municipal Solid Waste Manag~ment Technology Course
Materials, E Tseng and Associates
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and RDF-3. Table IV-2 compares the impact of fuel processing on cadmium and mercury

levels in the waste. Solid waste was processed by the NRT technology and then

incinerated at different locations. Minimal PEF (l:>etween RDF-2 and RDF-3, but without

shredding) processing can significantly reduce the total measured heavy metals in the as-

o received municipal solid waste.

Table IV.2
Total Measured Heavy Metals in

Processed and Unprocessed Waste
(Pounds Per 1,000 Tons)

Toxic Metal Nashville Salem

As-Received MSW (Mass Burn)

Cadmium

~ercury

NRT Processed to Remove Heavy Metals (PEF)

Cadmium

~ercury

16.2

12.2

5.3
8.6

9.5

9.5

1.5
0.024

Table IV·3, on the following page, summarizes the !mpact of removing heavy

metals by processing the municipal solid waste on unabated stack emissions at two waste­

~nergy facilities. The incineration ofproces~fuel is compared to the incineration of

as-received (RDF-l) mass burn fuel where there is no separation of heavy metals.
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Table IV·3
Heavy Metals in Unabated Stack· Emissions

(Pounds of PollutantPer 1.000 Tons)

Toxic Metal Nashville Salem

Incineration ofAs-Received MSW (RDF-l)

Cadmium

~~

Incineration ofNRT Processed Fuel (PEF)

Cadmium

~~

15.1

12.2

8.5

3.6

5.5
0.032

4.5
0.008

The above data indicate that the amount of cadmium and mercury is significantly

reduced in stack emissions when the municipal solid waste is processed removing magnetic

material and some inens. In addition. data on fly ash from ~nnesota incinerators show

higher levels of cadmium from mass bum facilities than RDF facilities103• Since most

~ousehold batteries can be removed from the waste stream by relatively simple processing

in a materials recovery facility. the risk tradeoffcenters around whether household batteries

that are removed and disposed of in a sanitary landfill pose a greater or lesser risk than

when the batteries are incinerated. with metals ending up in ash and emissions.

Incinerator Ash and Emissions Control

Metals are not destroyed by combustion but are altered into different fonns,

depending on the metal. ~etals that have a high boiling .point and do not volatilize easily

are likely to become incorporated into bottom ash.· Metals with lower boiling points are

more likely to become entrained in the flue gas and, depending on temperatures and

pollution control equipment, to be captured in fly ash or emitted into the en~nmenL

~ost heavy metals. including mercury and cadmium, are volatilized in elemental fonn

during incineration. Volatilized metals are entrained in the flue gases. and as the gases

cool. the metals condense either onto fly ash particles or into a homogeneous material.

~ercury is an exception among the heavy metals. ~ercury is often present in flue gases in

103 Arnold, 1991
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.. the fonn of mercury chloride. Mercury chloride has a lower condensation pOint than

elemental mercury and other metals, so the gases have to be cooled to a greater extent

before mercury chloride will condense onto fly ash particles104•

The disposition of metals in bottom ash, fly ash, and incinerator emissions is

dependent on the specific characteristics of the incinerator, processed fuel, and emissions

control equipment. Existing pollution control equipment can be effective at removing

particulates and gases that contain metals originally found in household batteries. Current

dry and semi-dry air pollution control systems can collect 95 percentor more of the metals

found in municipal solid waste, except for mercury. A dry scrubber plus baghouse can

achieve 75 to 85 Percent mercury control, and a dry scrubber plus electrostatic precipitator

can achieve 35 to 45 percent mercury controllOS• The choice of the most effective mercury

control technology is still a controversial subject.

In December 1989, the USEPA published proposed regulations for municipal waste

combustors which included a requirement that all dry cell batteries be kept out of

incinerators. The proposal was based on concern about mercury. In its fmal rules

published in February 1991, the USEPAoonfmned that it had decided not U? require

mandatory programs for separation of household batteries in the municipal waste

combustor standards. The USEPA noted, however, that communities who want to remove

specific mercury-containing materials from the waste stream may want to target mercuric

oxide batteries106•

Ash from incinerators in the United States typically are 15 to 30 percent by weight

and 5 to 15 percent by volume of the original municipal solid waste. Most of the volatile

metals. including mercury and cadmium, tend to be more concentrated in the fly ash.

According to the USEPA, about 36 percent of all ash goes to monofills, 17 percent is co­

disposed with municipal solid waste,and the fate of the remainder is unknown107. In

general, incinerator ash that is non-hazardous will end up in a Class ill sanitary landfill.

Incinerator ash that tests hazardous will end up in a Class I hazardous waste landfill or may

be treated and disposed in a Class IT monofill.

104 Office of Teelmology Assessment, 1989
lOS Amold.Karen, Household Baum Rec;ycJin& and Piliposal Smdy. Minnesota Pollution Control Agency.

June. 1991
106 Balfour. 1991
107 Office of Teclmology Assessment, 1989
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5 • Compost Operations

Table IV-4, below, shows the status of existing and proposed composting

projects in California as ofDecember 1991108•

Table IV-4
Existing and Planned Composting Projects in California

\.

Facility Type Existing Planned

Green Waste Composting

Co-Composting

~edWaste Composting

38

3

o

165

7

38

The three types of composting facilities are briefly described below.

• Green Waste Com[iosting - Green waste composting involves
composting of yard trimmings, grass, and leaves. Although there
may be some minor contamination from residential refuse, the
majority of the feedstock consists of yardwaste. Size reduction by
grinding 'or shredding for the purpose of obtaining a more uniform
handling and improvedfeedstoekmaterial is usually the only
mechanical processing before the ac~al composting process begins.

Green waste only composting projects do not, under normal
circumstances, have risks from household batteries unless the
greenwaste compost feedstock was contaminated by batteries that
were included in the separately collected green waste materials.
Reducing contamination in separately collected green waste could be
improved with the implementation of adequate enforcement and
education programs.

• '. Co-Composting - Co-composting involves the use of sewage sludge
or animal manure with either yardwaste and/or mixed municipal
solid waste. California law defines co-composting as mixing the,
two streams at approximately 80 percent municipal solid waste and
20 percent waste\\,ater treatment plant sludge or septage. The sludge
is a source of high nitrogen content and the municipal ,solid waste is
a source of carbonaceous or bulking material for the sludge. Most
co-compost facilities will process the waste stream to remove some
portion of materials that are not wanted for composting before the
sewage sludge or manure is added.

108 Finch. Michael, Oral Presentation at CIWMB Compost Worltshop, December 17, 1991
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• Mixed Municipal Waste Composting - Mixed municipal waste
composting utilizes the mixed residential, commercial, and industrial
waste streams as compost feedstock after undergoing a series of
.mechanicaVmanual processing steps for the purpose of size
reduction and recovery of teCyclable materials. Mixed municipal
waste compost facilities are sometimesref~ to as municipal solid
waste compost facilities. There are no current municipal solidwaste
composting facilities in California, but the process is used in other
states and in other countries. There are cwrendy 38 planned mixed
municipal solid waste composting facilities in California.

Some mixed waste compost facilities are designed as part of an
integrated materials recovery facility. In these facilities, only a
fraction of the organic waste materials are used for the .production of
a compost feedstock and the majority of the organic material such as
paper and plastic are processed into a ref~se derived fuel. For this
type of facility, the compost feedstock would only be a secondary
product.

The presence of household batteries in compost material presents some potential

concerns. The potential risks from household batteries in the composting programs result

from:

• MechanicaVmanual processing for preparation of compost feedstock

• Final compost quality.

The potential risks' presented by household batteries in municipal solid waste

destined for mixed composting are the same as those risks described in the previous pages

regarding mechanical processes utilized in materials recovery facilities. Some of the

mechanical separation processes may result in crushed or shredded batteries which

increases the potential for the escape of metals from the battery container.

The composting facilities that use both hand sorting and mechanical sorting in their

process do not have a battery problem. However, ifonly a hand sort is performed.

household batteries. particularly button batteries, could contribute to metal contamination in

the finished compost (button batteries have the highest level of mercury as a percent of

weight).

. Heavy metals composition in final compost product may affect allowable end-use of

thepr¢uct. The State of Vennont's proposed compost rules restrict the uses of municipal

solid waste compost which exceed specifk me~s content. Some compost product cannot
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be applied on land used for food for direct human consumption. Under the proposed

Vermont Solid Waste Management Division Rules, composting operations would be

required to sort and separate out unregulated hazardous waste from exempt small quantity

generators and households prior to treatment-The level of presorting would be equivalent

to a system that includes bag opening, magnetic separation, handpicking, and mechanical

screening. This type of operation should be adequate to capture larger batteries (hand

sorting) and the small button batteries (magnetic separation).

In Minnesota, where there are five municipal solid waste composting operations,

most oCthe large batteries (9 volt, AA, C, .and D cells) are removed by handsorting, and

button batteries are generally captured through'mechanical separation, usually a magnetic

syste~. A study completed by the Minnesota Pollution Control Agencyl09 n()ted that in

ordeno reduce the concentrations of metals in finished compost, most facilities sort the

municipal solid waste before it is composted. This is accomplished by hand sorting,

mechanical sorting, or a combination of both.

Metal contamination may result from smashed batteries when its contents are mixed

with the municipal solid waste. The metal con~nation would also be enhanced if the

batteries were not removed prior to the compostingprocess because the heavy metals may

be leached by the composting process itself.

During the initial stages of composting, decomposing organic material experiences'a

slight drop in the pH due to the fonnation oforganic acids. The organic acids potentially

could leach some of the heavy metals out of the household batteries, especially if the

batteries have been shredded. Usually acidic conditions are only temporary as the decay

process progresses. The prppensity for leaching of heavy metals by the organic ~ids

formed during the composting process may be of greater concern particularly when

composting large quantities of acid-producing materials such as pine needles. Neutralizing

agents such as lime may be necessary to prevent the decay process from being disrupted by

too much acid. The adding of lime to balance the pH would also help minimize the

leaching ofmetals.

In order to minimize risks of affecting fmal compost quality, household batteries

could be removed before mixed waste feedstock starts the composting process. Compost

109 Arnold, 1991
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feedstock process designers estimate that over 90 percent" of the household batteries can be

mechanically removed by incorporating the use of sizing screens. followed by magnetic

separators. and then followed by some type of air density system. Mechanical processes

are recommended over positive sorting by hand to remove household batteries because of

the inherent risks and "inefficiencies of hand sorting.

6 • Municipal Solid Waste Disposal Costs

The cost to dispose municipal solid waste is highly dependent on the method of
~sposaland'the level of treatment ~r processing perfonned on the waste' between collection

and disposal. In general. within California. the combined total cost to collect. transport,

and'dispose of municipal solid waste in a sanitary landfill is less than $100 per ton.

Landf111 disposal costs alone range from $6 to $65 per ton according to a study prepared for

the CIWMB in 1990110• Because nearly 90 percent of California's solid waste is disposed

in landfills. landfill disposal costs are the standard against which the economics of

alternative waste management strategies may be measured.

Costs for incinerating municipal solid waste in mass bum'facilities are generally

higher than landfill disposal costs. This is partially due to high ash disposal and air

emission control costs. Costs for composting mixed municipal solid waste in California

are not known since no such facilities cunently exist in the State.

110 Tellus Institute. April 1990
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D. Disposal of Household Batteries
as Hazardous Waste

In general, two disposal options are available for the disposal of collected

household batteries. These are: 1) disposal in a hazardous waste (Oass I) landfl1l, and 2)

reclamation of mercury, silver, or other metals. Of these two disposal options, the majority

ofcollected batteries are currently disposed in a hazardous waste landfill. Presently, the

only household batteries for which metal recovery is possible in the United States are

mercuric oxide, silver oxide, and nickel-eadmium batteries. These batteries comprise a

small percentage ~f the household battery market and household battery waste stream.

Approximately. 90 percent of the household batteries collected in one program are alkaline

or carbon-zinc which have no recycling valuelll. In California, where household batteries

are most often collected at household hazardous waste events, batteries are cominonly

packed with other alkalies and corrosives and s~!lt to a hazardous waste landfill.

1. Hazardous Waste .Landfills

Alkaline, carbon-zinc, lithium, and zinc air batteries are almost always disposed in a

hazardous waste landfl1L This is true even if the batteries are first sent to ametal

reclamation facility. In addition, mixed household batteries are frequently disposed in

hazardous waste landfl1ls even though some battery types are recyclabl~. Mixed at soned

batteries are lab-packed, possibly with other household hazardous wastes~ into drums with

an absorbent filler before being transported to a secure landfl11.

Lab-packing is the process of safely packing many smaller containers of hazardous
waste into a larger container, usually a 30- or 55-gallon steel, plastic-lined drum. All

wastes in a drum must be of the same hazard class, and the smaller containers are separated

and protected by sufficient vermiculite toab~orb the liquid wastes in the drum.

To dispose of wastes in a hazardous waste landfl1l, the waste generator (e.g., a
. .

household hazardous waste collection program) must document the type, quantity, and

nature of the waste to be disposed. Hazardous waste must be properly handled and

transported in accordance with specific regulatory requirements. This usually involves

III Du Bois. Anneae, and Jessie Leng, HOlUehold BaJteries: Drop-Offand C,.,bside Collection., ResoUrce
Recovety, February, 1992 .
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manifesting shipments to provide clear documentation that wastes are properly transponed

and disposed.

2. Hazardous Waste Disposal Costs

Hazardous waste landfilling ofhousehold batteries is an expensive .disposal option.

The City and County of San Francisco reports that it costs approximately $250 to send a

55-gallon drum (approximately 200 pounds of batteries) of used batteries to Kettleman

Hills Hazardous Waste Landfl1l. This cost includes labor. transportation, drum. and

packing material, and translates into adisposaI cost ofapproximately $1.25 per pound

($2,500 per ton) of batteries. There is an additional $400 per year for a "profiling fee"1l2.

which is required for the costs of documenting the type. nature, and source of the

hazardous waste involved.

Section V of this repon describes several battery collection programs in California

and throughout the United States. These descriptions include data on the costs ofoperating

,collection programs, including disposal costs. to the extent that data are available. From

the limited data available, it appears that hazardous waste disposal cos~ in California are

significantly higher than in other states. This may be partially due to the fact that California

presently only has one Class I hazardous waste facility. The presence of only one facility

.increases transponation costs and in addition some waste is exported out of the state. The

costs for disposing of household batteries as hazardous waste in other states has been

reponed to nmge from about $600 to $1,000 per ton of batteries, including transportation

costs. For purposes of this study, it is assumed that the cost of disposing of household

batteries as hazardous waste in California will range· from $2,000 to $2,500 per ton,

including transponation.

As household hazardous waste programs in California become operational, cities

and counties will develop more accmate cost figures for the disposal of household batteries

and other household hazardous wastes.

112 Whatkins. Tom and Paula Keh~. personal communications with Gainer & Associates. February. 1992
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E. Reclamation of Metals From
Household Batteries .

'The tenn .banery recycling is a misnomer. Collected batteries are not directly

remanufactured into new batteries or other products. Battery recycling refers to metal

reclamatio~processes which entail.the extraction of one or more of the metals contained in

the batteries. Some types of primary batteries are.processed to recover mercury or silver.

In the United States. nickel-eadmium batteries are processed primarily to recover nickel.
Processes exist in Europe and Japan which also focus on cadmium recovery from nickel- .

cadmium batteries. Although zinc is a major component of ~ostprimary batteries. zinc

recovery is generally not economically feasible. although battery reclamation processes

which include zinc recovery have been proposed. Zinc can be produced much cheaper

from mines around the world than it can be from battery reclamation. Also. 'cadmium is .

produced directly or indirectly from zinc production. As a precious metal. recovery of

silver from silver oxide button cells can be profitable. One metal processor pays for silver

oxide button cells based on the spot price of silver1l3• thus. demonstrating a market for
used silver oxide batteries.

This subsection focuses on the potential reclamation of household batteries with

attention focused on mercury and cadmium recovery since these are the metals ofprimary'

concern. The processes and technologies used to reclaim metals from household batteries

are complex. and it is not the intent of this study to evaluate technical merits of the various

processes. The following pages describe options available to operat~rs of household

battery collection programs for recovering mercury and cadmium from household batteries.

The options are few. and in some instances. processors have been responsible for creating
additional environmental problems.

1 • Current Household Battery Reclamation Opportunities

The following is a summary of the current status for recycling different battery

types in the United States.

• Alkaline, Carbon-Zinc, Zinc Air - There are no reclamation "facilities
for either alkaline. carbon-zinc.. or zinc air batteries. Currently. all
alkaline. carbon-zinc. and zinc air household batteries diverted by

113 Gainer &: Associates. February 1992

Page IV·3?



Hou.ehold BaUery Waste Management Practice. and Economics

collection programs are sent to a hazardous waste landfill, either
directly or by metal processors. Low mercury content in these
battery types generally make them unsuitable for mercury recovery.

• Mercuric Oxide, Silver Oxide - Of the button cell batteries, only
silver and mercuric oxide batteries are able to be reprocessed.
Mercury Refining Company (MERECO) is the only facility in the
United States that will reprocess both mercuric oxide and silver
oxide button cells. Currently, they are charging $1.50 per pound
for mercuric oxide batteries and pay 1.05 times the "spot" silver
price for silver oxide batteries.

• lithium - Lithium batteries are not recyclable. There are a few fmns
that accept lithium batteries for deactivation. The cost to send lithium
batteries to these finns range between $4.00 and $15.00 per pound.
After deactivation, they are sent to a secure hazardous waste landfill.
Deactivation is a process to completely discharge the battery and
prevent subsequent reaction of the lithium metal.

• Nickel-Cadmium· There are several domestic companies that will
handle consumer nickel-cadmium batteries. Generally, handling
means remarketingthe acquired batteries to overseas metal
processors. International Metals Reclamation Company, Inc.
(lNMETCO) is the only processor of nickel-cadmium batteries in the
United States, although their processes focus primarily on nickel.
recovery for .the production of stainless steel and other alloys.

Exhibit IV.4, on the following page, profiles metal processing and reclamation

facilities for waste household batteries. This list was originally produced by the
Environmental Action Coalition in New York City1l4 and updated for this report. 'The

Environmental Action Coalition warns: "...there is evidence ~at several companies
reclaiming battery metals are doing so in a manner that may not be .safe for their employees

and the environment." Inclusion of any company in this exhibit should not be construed as

an endorsement of that finn's services or practices. Any household battery collection
program should thoroughly investigate potential battery processors before sending any

materials to them. Some specific examples of organizations involved in the reclamation of

metals from household batteries in the United States are described on the following pages.

114 Forker, Timolhy, 1991
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EXHIBIT IV-4

Household Battery
Metal Reclamation 'Facilities

BOT Accepts alkaline and\ lithium batteries; charges $4 to $15
~255 Research Parkway perpound; crush, -neutralize-, and dispose as hazardous
Clarence, New York 14031 waste
(716) 634-6794

International Metals Reclamation .Accepts consumer nickel-eadmium batteries; charges
Company, Inc. (INMETCO) $0.23 per pound, no minimum charge; processed for
P.O. box 720, At. 488 nickel on site, reprocessed for cadmium by another
Ellswood, Pennsylvania 16117 company
(412) 758-5515

Kinsbursky Brothers Supply Accepts consumer nickel-eadmium batteries; charges
1314 N. Lemon Street $0.60 per pound, minimum charge $500 (833 pounds);
Anaheim,. California 92801 brokered to domestic and international processing plants
(714) 738-8516

Mercury Refining Company,lnc. Accepts all household'batteries; charges $1.50 per
(MERECO) pound for mercuric oxide, pays 1.05 times spot silver
790 Watervliet-Shaker Road price for silver oxide, charges $0.65 per pound for
Latham,New York 12110 nickel-eadmium, charges $0.38 per pound for alkaline
(518) 785-1703, (800) 833-3505 and carbon~zinc, charges $6.00 per pound for lithium; ,

mercuric oxide and silver oxide processed on site, '
nickel-cadmium sent to another facility for processing,
alkaline and carbon-zinc sent to a secure landfill, lithium
deactivated and sent to a secure landfill

NIFE Accepts consumer nickel:-eadmium batteries; charges"
Industrial Blvd., P.O. Box 7366 $0.70 per pound, minimum charge $75; sent to NIFE
Greenville, North Carolina 27835 plant in Sweden for reclamation
(919) 830-1600

Universal Metals and Ores Not 'accepting any household batteries at this time due to
Mt. Vernon, New York problems with USEPA RCRA regulations; may accept
(914) 664-0200 consumer nickel-eadmium batteries in the future;

batteries brokered to French, Korean, and Japanese
processing plants

Sources:

Forker, Timothy and sean Hecht, Enylronmental Action CoalUlon's Waste Household Banery
Management Prgtect, 1987-1991, Environmental Action Coalition, December 31, 1991

Gainer & Associates. February 1992
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Mercury Refining Company, Inc. (MERECO)
Latham, New York

MERECO has been involved in metals recovery from mercuric oxide and silver

oxide button cell batteries for over thirty-five years. Using a unique process developed by

MERECO, all mercury and silver oxide batteries are processed for mercury recovery. The

silver oxide cells are then further'processed for separation and recovery of silver. Both

mercury and silver are purified and sold in markets fot these materials.

MERECO accepts all types of household batteries; however, only the mercuric

oxide and silver oxide cells are processed to recl'aim metals. Due to the small amounts of

mercury contained in alkaline and carbon-zinc batteries, MERECO arranges to have these

batteries disposed in a hazardous waSte landfill. Lithium batteries also are' disposed in a

secure landfill, howevet,prior to disposal, lithium batteries are deactivated to prevent

reaction of the.lithium metal. Nickel-eadmium batteries are accepted by MERECO. These

batteries are sent to another facility for processing.

MERECO had serious mercury contamination problems in the past and was listed

as a superfund site by the USEPA in the early 1980s. The c0I1:lpany remediated the

Contaminated site to the satisfaction of the USEPA. MERECO is currently upgrading its

facility to address additional problems with itsniercury reclamation processllS.

International Metals Reclamation Company, Inc. (INMETCO)
Ellswood City, Pennsylvania

INMETCO is an industrial nickel-cadmium processor that accepts consumer size

nickel-eadmium batteries for metal recovery. It is reported to be the only processor of

consumer-size nickel-eadmium batteries in the United States. In 1990, INMETCO recycled

approximately ISO tons of nickel-eadmium and nickel-iron batteries. In 1991, this amount

increased significantly to about 500 tonsl16•

INMETCO utilizes a pyrometallurgical (thermal) reclamation process for processing

a variety of industrial wastes including plating sludges, nickel and chrome containing

us .Reudinger. Nancy, and Dan de Grassi. April. 1991
116 INMETCO Newsl~"er. Winter 1992 .
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solutions, spent catalysts, and nickel-iron and nickel-eadmium batteriesl"'. The process
involves: 1) feed preparation, 2) reduction,. 3) smelting, and 4) casting. INMETCO

reports that typically 98 percent recovery of the nickel from waste feedstocks such as

nickel-iron and nickel-eadmium batteries is achieved. The nickel that is reclaimed becomes

a component in metal pigs which typically contain 8 percent nickel, 13 percent chrome, and
the balance primarily iron. The pigs are sold to stainless steel producers to produce type

~{)4 stainless steel (18 percent chrome, 8 percent nickel, balance iron). -

Gaseous effluent from a rotary hearth furnace contains significant quantities of zinc,

lead, and cadmium. A wet gas scrubbing system treats the gas effluent producing an

alkaline fil~r cake containing these three metals. In addition, a standard baghouse system

attached to an electric furnace collects remaining zinc, lead, and cadmium. The scrubber

filter cake and baghouse dust are further processed by another company (Zinc Corporation

ofAmerica) who is a producer of zinc. The scrubberfllter cake and baghouse dust are

further proces~ to recover zinc, lead, and cadmium. Because this second metal processor

must be involved to recover the cadmium, some organizations believe other recycling

technologies, such as those utilized in Europe and Japan which were developed specifically. .
for nickel-eadmium batteries, may be better suited for nickel-eadmium batteries.

NIFE
. Greenville, North Carolina

NIFEhas obtained a hazardous waste pennit to rece.ve, store, and handle nickel­

cadmium, nickel-iron, and zinc air batteries at its North Carolina facility. Most of the

batteries received by NIFE are industrial type batteries. NIFE is prohibited from receiving

or processing batteries containing mercury. Batteries are nOlprocessed in. the United States
by NIFE but sent to the SAD NIFE facility in Sweden where the batteries are dismanded, .

recycled, or disposed. NIFE claims that the hazardous waste is recycled or rendered non­

hazardous. SAB NIFE is one of two' well-established companies specializing in recycling
nickel-eadmium batteries118. SAD NIFE also is a manufacturer of nickel-eadmium

batteries.

11' Scllweers, M. E., et al., A P,rometalllUgil:aJ Process lor Recycling Cadmium COIIlaining Batteries,
International Metals Reclamation Company, Inc., 1991

118 Hiscock, S. A., Nil:ul-Cadmium Battery Collection and Recycling in ElUope, presented at the Nickel­
Cadmium Battely Update in Brussels, sponsored by the Cadmium Association, September 1990
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Environmental Pacific Corporation
Lake Oswego, Oregon

One company has claimed that it recycles all types of batteries, including alkaline

and carbon-zinc batteries1l9• Environmental Pacific began operations in 1985 by handling

used carbon-zinc batteries from railroad signals and U.S. Coast Guard signal buoys. They

also have collected consumer batteries from local governments and other battery collectio~

programs. The actual fate of household batteries acquired by Environmental Pacific is

uncenain. In addition, the fmn has had a number of environmental and safety problems.

Most recently, in January 1991, the Oregon Department of Environmental Quality fined

Environmental Pacific over $28,000 for incidents which include:

• Shipping hazardous waste to an unregistered facility by an
unauthorized transponer

• Shipping hazardous waste without a hazardous waste manifest

• Storing hazardous waste in excess of allowable quantities.

Environmental Pacific has sent shipments of waste to foreign countries for

disposal. Shipments to China and the Philippines were rejected by those countries in 1987

because the shipments violated environmental protection regulationsl20•

Some of the battery collection program managers contacted ~wing this study

indicated that they have avoided sending collected household batteries to Environmental

Pacific because of their past problems and the uncertainty surrounding how the batteries

would ultimately be disposed121. This particular example illustrates some of the

uncenainty that battery collection programs are confronted with in seeking appropriate

ways to dispose of collected batteries. Given the liability issues present in the disposal of

hazardous waste, any household battery reclamation facility utilized by a collection program

should be thoroughly investigated.

. 119 Watson, Tom. The UflSQVory SitU of Ballery Recycling. Resowce Recovm. April 1991
120 Forker. 1991
121 Watson. 1991
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2 • The Future of Household Battery Reclamation

In addition to the metal processors described above, a number of new technologies

are emerging which may increase opportunities for battery reclan.uttion. Hydrometallurgical

processes have been developed on pilot scales for reclaiming metals from batteries. While

these new technologies are being taught by their supponers, commercial, full-scale facilities

have yet to be proven. Emerging technologies in battery reclamation are summarized

below.

Recytec
Cedllr Knolls, New Jersey

Recytec was established in October 1987 in Switzerland and has offices in

Germany, New Jersey, and Maryland. The company was formed to develop and

commercialize patented technologies in the field of-metal wastes, including recycling of

materials in household batteriesl22• The,procesS is.reponed to not require the sorting of

batteries. A 100 kg per day research and development unit is in operation in Switzerland

A 250 ton per year commercial facility and a 500 ton per year commercial facility are

proposed in Germany and Switzerland, respectively. Recytec is marketing its processes in

the United States and seeking a guaranteed supply of batteries to sustain a 500 ton per year

facility. TheR~ battery process is a thermo-mechanical-electrochemical process with

the following advantagesl23:

• Does not produce any secondary waste due to closed loop water and
acid circuits

• Quality of the pi'oducts is constant and controllable

• Process recycles up to 95 percent of the inputs that enter the system.

Products from the process include mercury, iron, zinc and cadmium, nickel, silver, and
other materials. Only 5 percent of the material becomes secondary waste.

Ree,tec: HOMSehold Balle" Ree,cling Process, presented at the Municipal Waste Combustors Meeting on
Precombustion Control ofMercury Emissions From Batteries sponsored by the USEPA, Februuy 8, 1990

123 Fiala-Goldiger, Jan, et al., The SlalMS olBallery Ree,cling in Switzerland, presented at the Second
International Seminar on Battery Waste Management, November 7, 1990

Page IV-43



Household Battery Waste Management Practices and Economics

Sumitomo Heavy Industries
Japan

Niihama Technical Research Laboratories of Surnitomo HeaVy Industries. Ltd.

(SHI) has researched and developed a new process for treatment of used dry batteries

(household batteries) based on a wholly integrated pyrometallurgical process. This process

. favorS urban plant-sites because of the enclosed nature of the process. inexpensive. .

treatment cost. and low energy consumption using combustible material in used batteries as

fuel and reductantl24•

Sill has had a working pilot plant operating successfully in Japan since 1985. and

has progressively advanced the technology. The technology has recently been selected for

the development of a commercial facility in Switzerland BATREC AG of Switzerland was

founded in 1989 with the goal to develop an environmentally safe solution to the disposal

of consumer batteries. In May 1991. BATREC AG received a permit for a 2.000 ton per

year battery reclamation facility using the Sumitomo technologyl2S.

The SHI treatment technology is based on a thermal process in which the organic

materials are burned and the different metals are separated through their different physical

properties. The reclamaticm process accepts a mixed stream of household batteries which

are primarily comprised of alkaline and carbon-zinc battery types. Primary products of the

process are a ferro-manganese alloy (which includes iron. manganese. and small amounts

.of nickel and copper). zinc (which includes small amounts of lead and cadmium). and

mercury. SID is exploring opportunities to construct a similar commercial facility in the

United States.

TNO
The Netherlands

The process developed by TNO for recovery of metals from nickel-eadmium

.' batteries is largely based on hydrometallurgical principles (Le., the metals are dissolved in

an aqueous solution and subsequently separated from each other and processed into high

124 Swnitomo Heavy Industries, New Technology for TreQlfMnl of Used Dry BQlteries, Revision 6, June 14,
1991

125 Burri, Roger, et al., Approval Procedure for a COINIIercial Battery Recycling Plant in Swilzerland,
Proceedings of the Third International Seminar on Battery Waste Management, Deerfield Beach Florida,
November 4.6, 1991
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quality product materials)126. Existing coriunercial facilities for processing nickel-cadmium

batteries rely on pyrometallurgical (thennal) principles in which cadmium is evaporated and

recovered by condensation. An ~vantage of the TNO process is that no off-gases are

produced. Additionally, thennal processes can fonn emissions of toxic ~rganic substances

such as dioxins. The hydrOmetallurgical process, however, creates liquid waste which
. .

must be treated to remove any. remaining heavy metals.

The process developed by TNO for recovery of metals from used nickel-cadmium

batteries shows promising technological characteristics. However, the economics of the

process are still unclear, although a full scale commercial unit for processing spent.nickel~

cadmium batteries could be established in Europe in 1992.

3. Household Battery Reclamation Costs

The cost to reclaim metals from used household batteries varies by type of battery

and the reclamation process used. Other costs which must be considered in the reclamation·

of household batteries include battery separation by type and transportation. The major

metal processors in the UnitedStates for the reclamati9n of metals from used household
batteries are located in New York (MERECO) and Pennsylvania (lNMETCO). Therefore,

battery transportation costs are presently a significantconsideration for California battery

collection programs.

Table IV-5, on the next-page, summarizes the amount charged by metal

.processors in the United States to reclaim or otherwise dispose of the various types of

household batteries. Transportation costs from California for packages weighing less than
70 pounds add $0.44 to $0.75 per pound ($880 to'$I,5oo per ton), depending on the size

of the shipment In addition, reclamation facilities usually require that batteries are

separated by type in order to be accepted. This creates yet another cost for a battery

collection program.

126 van Deelen, C. L. and J. van Erkel. RecOlIery 01Metals From Spenl Nicul·Cadnaiwra Balteriu. presenled at .
the Nickel-Cadrnium Battery Update in Brussels. sponsored by lhe Cadmium Association. September 1990

Page IV·45



Household BatterY Waste Management Practices and. Economics

Table IV-S
Cost to Dispose of Household Batteries

At Metal Reclamation Facilitiesii'

Method 01
Battery Type $/lb $/ton .Disposition

Alkaline $0.38 $760 Hazardous Landfill
Carbon-Zinc $0.38 $760 Hazardous Landfill
Mercwic Oxide $1.50 $3,000 Reclaim Mercury
Silver Oxide bI bI Reclaim Silver and

Mercury
Zinc Air $0.38 $760 Hazardous Landfill
Lithium $4 to $15 $8,000 to De-Activate then

$30,000 Hazardous Landfill
Nickel-Cadmium $0.23 to $460 to Reclaim nickel and

$0.70 $1,400 cadmium, or send

to Europe or Japan

1/ Excludes uansponation costs. see texL
bI Processor pays 1.05 times the spot price of silver for silver oxide buuon cens.
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v. EXISTING HOUSEHOLD BATTERY
WASTE MANAGEMENT PROGRAMS

This section describes household battery collection programs currently operating in

California, and elsewhere in the United States. The material is presented through a

selection of case studies on existing collection programs. Topics covered include the

various collection methods to diven household batteries from the waste stream, disposal

mechanisms used for collected batteries, reclamation potential for collected household

batteries, household battery source reduction education efforts, and total costs of operating

battery collection programs, including disposal and/or reclamation costs.

Within California, household batteries are primarily collected through household

hazardous waste programs established by cities and counties. Recent legislation in

California has required cities and counties to develop household hazardous waste plans as

an element of their broader integrated waste management plans. This. section begins with a
discussion of household hazardous waste. programs in California, then examines specific

battery collection efforts, both within and outside of California. The programs which are

implemented outside of California are selected as case studies because they have been .

established for several years, and provide insight into collection, reclamation, and disposal

issues,and problems not yet experienced in California.

This section is organized into the following subsections:

• Household Hazardous Waste Management Programs in California

• Case Studies of Household Battery Waste Management Programs

• Effectiveness of Household Battery Collection, Disposal, and
Reclamation.
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A. Household Hazardous Waste Management
Programs in California

Existing Household Battery Waste Management Programs

In 1989, the California Legislature passed the Integrated Waste Management Act,

commonly referred to as AB 939. This landmark legislation requires cities and counties to

implement source reduction and recycling programs which will reduce solid waste disposal

25 percent by 199~ and 50 percent by the year 2000. The passage ofAB 939 represents a

sweeping change in California waste management practices. As a result, the management

of solid waste has changed focus from waste landfilling to source reduction, recycling, and

composting.

Household hazardous waste programs also are a growing component of

California's waste management strategy. AB 939 addresses the reduction of solid waste

entering the State's landf111s and requires, among other things,. that cities and counties
develop a Source Reduction and Recycling Element (SRRE). The SRREs are required to

provide strategies that will divert solid waste from landfills.

Although household hazardous waste is a small percentage of the total waste stream

because of the significance of household hazardous waste, amendments to the Integrated

Waste Management Act, included in AB 2707 (which passed in 1990), elevated the

household hazardous-waste component to a separate Household Hazardous Waste Element
(HHWE). Other recent legislation has allowed small quantity commercial sources to

participate in household hazardous waste programs (AB 2641), and has encourag~ the
collection of recyclable household hazardous wastes (AB 2597). The significance ofeach

of these Acts is briefly summarized below:

• Amendments to the Integrated Waste Management Act (AB 2707) ­
AB 2707 requires each city and county to prepare, adopt, and
submit to the CIWMB, by July 1, 1991, a HHWE which identifies a
program.for the safe collection, recycling, treatment, and dispoSal of
hazardous wastes generated by households within their jurisdiction.
To gain approval of the HHWE frQm the CIWMB, the city or
county must demonstrate that:

Feasible methods will be used to properly reduce, collect,
recycle, treat, and dispose of household hazardous waste

Reasonable expenditures will be devoted to the safe
reduction, collection, recycling, treatment, and disposal of
household hazardous waste .
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Reasonable effons will be made to infonn the public and
encourage public participation in the household hazardous
waste program

The program is available for use by all households within the
jurisdiction of the city or county and provides a safe
alternative to properly"dispose of household hazardous
waste.

• Small Quantity Commercial Sources ofHazardous Waste (AB 2641) ­
This Act allows any city or county which operates a household
hazardous waste program to allow small quantity commercial sources
to participate in the program under certain conditions. For purposes
of this Act, small quantity commercial.source means a business which
generates less than 100 kilograms (220 pounds) of hazardous waste
per month. Businesses may be charged for this service. Specified
exemptions from taxes. reporting requirements. and liability provided
for household hazardous waste programs are extended for programs
accepting hazardous waste from small quantity generators.

This Act effectively broadens the number ofpotential participants in
household hazardous vyaste programs to include businesses which
generate small quantities of hazardous waste. Typically. this would
include similar household type items which are alsO used in a
business environment, such as household batteries.

• Household Hazardous Waste Recycling (AB 2597) - AB 2597
facilitated the collection ofrecyclable household hazardous waste by
eliminating the need for Department of Toxic Substances Control
permits for household hazardous waste collection programs that
target specific categories of recyclable household hazardous waste.
These categories include:

Water-based latex paint

Used motor oil

Used antifreeze

Spent lead-acid automotive batteries

Small household batteries.

Common household hazardous waste management practices
described in the mIWEs are special household hazardous waste
events. For example. one SatuIday per month the municipality may
have either a toxics disposal day or a recycle day. At these event
days. the municipality accepts household hazardous waste for
proper disposal or recycling. In order to qualify for the pennit
exemptions. no other household hazardous waste may be received
and handled other than those listed above. and all recyclable
household hazardous waste collected must be transported to a
recycling facility. Because of these requirements. separate
household hazardous waste events and facilities may be required for
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the collection.ofrecyclable and non-recyclable household hazardous
wastes.

HHWEs which have been submitted for approval. cunently. are undergoing review

by the CIWMB. A review of these plans indicates that many of the proposed household

hazardous waste programs plan to accept household batteries for disposal along with other

household hazardous waste. In addition. it is common for the HHWE to include plans for

recycling: 1) latex paints 2) motor oil, 3) lead-acid batteries, and 4) antifreeze. Very few

of the programs include plans for collecting household batteries for recycling. in contrast

with disposal. The reason most often stated for not collecting household batteries for
recycling is that there is no proven and available recycling technology for the majority of

household batteries. In addition. concerns have been raised to whether the collection of

household batteries which are not recycled would jeopardize the status of a hazardous
waste recycling program due to requirements ofAB 2597.

As household h~dous waste collection programs around the state are organized

and implemented, communities will gain experience in various collection. disposal, and

recycling options for the various types of household hazardous wastes. The development

of household battery collection and disposal or reclamation will depend upon: 1) the

perceived health and environmental risk associated with each battery type, 2) the availability

of suitable reclamation options. and 3) the relative costs of battery disposal and/or

reclamation.
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B. Case Studies of Household Battery
Waste Management Programs

This subsection describes several of the household battery collection programs
loca~ in California and throughout the United States. Programs.outside:of California

were selected since they have been in existence longer than programs in California. These

progi'ams have evolved over the last few years as experience has-been gained. Valuable

lessons learned from these progfamS are beneficial to those wishing.to establish household

battery collection programs in California.' As described in the previoussubsectiont within

California. household batteries are generally collected with other household hazardous

waste for disposal. Finallyt the end of this subsection includes a discussion of efforts by
. product and battery manufacturers to develop battery collection and reclamation programs

for nickel-eadmium batteries.

I • Household Battery Collection Programs Within California

The scope of California's household battery waste management efforts has been
limited to their acceptance at household hazardous waste collection events and pennanent

collection facilities. San Francisco is in the planning process of implementing a collection

program that will accept button cell and nickel-cadmium batteries at their pennanent

householdh~ous waste facility. In additiont two countiest the County of Stanislaus

and the County of Santa Cruz, have performed feasibility studies of household battery

collection and recycling. Collection programs recommended by these studies have not yet

been implemented.

Exhibit V-It on the following paget and the selection of case studies that follow
belowt describe the present status of household battery collection within.California. These

case studies are not intended to be an exhaustive summary ofhou~holdbattery collection

programs in the Statet but are representative of the current status of activities. Because

household battery collection programs are mostly in developmental stagest there is limited

information on program effectiveness or costs.
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Household Battery Collection Programs
in California

}

City and All Types Permanent HHW Hazardous Waste
County of Collection Facilities, Landfill,
San Francisco Batteries Sorted by M.ercury Refining Co.

Type

Stanislaus All Types Community Drop-Off Unknown
County

Santa Cruz All Types " Permanent HHW Hazardous Waste
County Collection Facility Landfill

Los Angeles All Types Community
""

Drop-Off, Hazardous Waste
County Batteries Bulked with LandfHVlncinerator

Other AlkalieS/Corrosives
for Disposal

P.g.V~
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City lind County of SlIn Frllncisco127 ,128

The Oty and County of San Francisco, which handles its solid waste through

landfilling and resource recovery, has a pennanent household hazardous waste facility

operated by Sanitary Fill Company. This facility has been in operation for four years and

accepts household hazardous waste three days a week, Thursdays through Saturdays. The

program is funded through residential solid waste service fees.

Prior to August 1991, household batteries were excluded from'the list of materials

accepted at the facility. Due to heightened awareness of the potential environmental.and

health hazards associated with household hazardous wastes, there has been an increasing

demand from residents for information on,and services for, proper household battery

disposal. Public interest, coupled with San Francisco's own awareness of the potential

impacts of batteries in the waste stream, prompted San Francisco to begin accepting

household batteries at the household hazardol!s waste facility on an informal basis only.

Education and public information concerning the battery program is disseminated only on

request.

During the first six months of the informal program, 600 pounds of mixed

household batteries were collected. Of this amount, over 90 percent were alkaline' and

carbon-zinc, and the remaining were a mix of button cell and nickel~admium batteries. '"

The alkaline and carbon-zinc batteries are disposed at Kettleman~s Hazardous Waste .J

Landfill and the remaining mix of batteries are awaiting shipment to Mercury Refining

Company.

Of the programs surveyed for this study, the City and County of San Francisco is

the only program that distributes information to residents addressing household battery

waste reduction. Produced by San Francisco's Solid Waste Management Program, the

Battery Fact Sheet dedicates a significant ponion of the two-page handout to source

'reduction. The household battery fact sheet includes an explanation ofproblems associated'

with batteries, their harmful components, and a menu of battery substitutes and better

managementpractices to reduce battery purchases. This battery fact sheet also directs

127 Whatkins. Tom. Sanilary Fill Company and Maria Trapalis-Baird, San Francisco Solid Waste Management
Program. personal communications with Gainer &: Associates. JanuaryIFebruary. 1992

128 HtwJTdous Waste News/Household Baltery Fact Sheet. produced by the San Francisco Solid Waste
Management Program '
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residents· to dispose of household batteries in their household garbage because of the

difficulties surrounding battery recycling:

San Francisco's Solid Waste Management Program is actively planning toformtlily

include household batteries into their household hazardous waste collection program. They

will be limiting the collection service to only button cell and nickel-eadmium batteries,

which will be sent to MERECO for reclamation and disposal. The decision to limit

collection to these types of household batteries was based on the following factors:

• Reclamation options

• Program cost-effectiveness

• Current transition to low-mercury alkaline batteries.

It is anticipated that the program will begin in the Spring of 1992. Public education to

support the new battery collection program will include the updating and distribution of

their battery fact sheet, press releases, and garbage bill inserts..

Stanislaus County129,130

Stanislaus County, which has a population of 350,000, is one of only three

California jurisdictions with a waste-to-energy facility. The facility operates under a permit

issued by the USEPA which directed Ogden Martin, the incinerator.operator, in

cooperation with Stanislaus County and the City of Modesto, to perfonn a study of

consumer dry cell batteries and c;{evelop a plan for their separation from the waste stream.

The study, completed in August 1990, consisted, in part, of a waste stream

characterization analysis which revealed that, out of a four ton sample, there were 21

alkaline and carbon-zinc batteries and no button cell batteries. Based on this and other

information, predictions were made that: 1) button cell battery collection programs must

exist already, and 2) to reduce.mercury emissions, all batteries would have to be targeted

for diversion. These predictions were altered when the County surveyed local battery

129 County of Stanislaus, Household Batteries in the Waste Slream. A Study of Their Cmxent SlaM and
Proposed Program for Separation, St.,nsJaus Cowity. Final Report. August 13. 1990

130 Aners. Jami. Senior Environmental Health Specialist, Stanislaus County Solid Waste Management
Division, Department of Environmental Resomces. personal communication with Gainer &: Associates.
February 1992
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retailers and found that, out of the 30 retailers and service locations for watch,

photographic, and hearing aid products, only half were collecting used batteries when they

were exchanged for new ones.

The household battery study concluded with a two year plan of action.for battery

collection. Under the plan, the first year would consist of targeted diversion from the

remaining 15 retailers and service locations, and drop-off collection of button cell batteries

at all major retailers of general household batteries. In the second year, the collection of

button cell batteries would be incorporated intQ the household hazardous waste program,

which includes both one day round-up events and a permanent, staffed drop-off location.

Battery collection would be specifically addressed in public education regarding the .

household hazardous waste program.

After these first two programs are on-line, another waste analysis would be

perfonned to evaluate the success of household battery diversion. Ifa significant reduction

is realized, the program would continue without modification, with program emphasis 'on

public education. Ifa net reduction of batteries in municipal solid waste is not realized, the

program would be,expanded to include the collection of all household batteries, and

consideration given to collecting 'household batteries thn>ugh curbside collection programs.

Since this study's release, no action has been taken to implement the proposed

programs due to the lack of a response from the USEPA. Currently, all household

batteries are accepted at household hazardous waste "round-up" events and will be accepted

at the permanent and mobile facilities which are planned to start in 1992.

Santa Cruz County 131,132

In July 1990, the County ofSanta Cruz Planning Department released a household

battery study, perfonned by a student intern. The study recommended a household battery .

collection program and implementation plan for the County. This five phase collection

program targeted all household batteries as well as dry cell battery collection from the

commercial sector. The five phases are as follows:

131 Reutlinger. Nancy. Batteries in the Waste Stream. A Feasibilily Stud, 0/ HOlUellold Ballery Recycling and
Collection for the CoWllJ o/Santa CrllZ. prepared for the County. Planning Department, Resources Section,
July 20. 1990

132 de Grassi. Dan, Program Coordinator. Integrated Waste Management Planning Program. personal
communication with Gainer &. Ass~iates. February. 1992
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• Phase 1: Retum-to-retailer collection for button cell batteries

• Phase 2: Drop-off at hazardous waste depots for all battery types .

• Phase 3: Retum-to-retailer collection for all battery types

• Phase 4: Commerciallbusiness battery collection and recycling

• Phase 5: Curbside collection of all battery types.

None of these five program phases have been implemented to date because they were

contingent upon finding suitable disposal and reclamation facilities for the collected

batteries. MERECO, the orily mercury reclamation facility which accepts all types of

household batteries, was found to have serious site, emissions, and run-off contamination

problems, and was deemed an unacceptable option Until their refini:ng site and operation

meets USEPA standards. Hazardous waste landfilling was also deemed a prohibitively

expensive disposal option if large quantities of batteries are collected. As a result, separate

household battery collection mechanisms were not established in the County; however,

household batteries are accepted through household hazardous waste collection activities.

The battery study prepared for the County reported on an infonnal survey of

electronic and jewelry stores and hearing aid centers in Santa Cruz County to inquire about

their battery disposal Practices. The survey revealed that several of these stores were

currently diverting their button cell batteries to one reclamation source or another. When

these sources were investigated, some proved to be either out of business or only interested
in silver recovery in ·the silver oxide button cell batteries.

The County of Santa Cruz currently accepts household batteries at their permanent

household hazardous waste facility. Household batteries are packed with alkalies and

corrosives, and sent to a hazardous waste landfill. No data are available on the amount of

household batteries collected.

Los Angeles County133

Los Angeles County, which supports a population of approximately nine million,

has two cities, the City of Long Beach and the City of Commerce. that use waste-to-energy

133 Reilly. Joe. Los Angeles County Sanitation District, personal communication with Gainer &: Associates.
February 1992
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technology as a solid waste management tool. Neither city has a household battery
collection"program, but participate in Los &geles County's household hazardous waste

collection program which accepts all household batteries at their collection events. To date, .

the County has had thirteen collection events since the program's stan in 1988, servicing

20,000 residents thus far. There has been one collection event in the City of Long Beach,

which collected household hazardous waste from approximately 3,100 vehicl~s. The

majority of the City of Commerce is commercially zoned. Consequently, a household

hazardous waste collection event has not been held in that city; however, they have been

held in closely surrounding cities.

Infonnation"on the amount or types of household batteries diverted is unavailable.

Collected household batteries are lab-packed with other alkalies and corrosives for

hazardous waste disposal. Household hazardous waste collected by Los Angeles County

is either recycled or sent to a hazardous waste landfil.l. A permanent household hazardous

waste collection program has recently commenced with the goal of conducting 24 to 48

collection events per year, spatially distributed among all cities in Los Angeles County.

2 • Household Battery Collection Programs Outside California

There are a variety of battery collection programs in place throughout the United

States. The majodty of programs were initiated in conjunction with, Or subsequent to, the

stan of waste-to-energy incinerator facilities in order to stay within USEPA mercury

. emission standards. Cadmium also has been a concern in incinerator emissions. Exhibit
V-2, on the following page, and the case studies that follow below, represent a"cross­

section of established household battery collection programs in the United States.
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N Household Battery Collection Programs

Outside California

Hennepin County, Nov. 1990 Community Drop-Off, Hazardous Waste L~ndfill,

Minnesota Curbside, Mercury Refining Co.,
Retum-ta-Retailer Inmeteo, Local Smelter

County and City of Sept. 1990 All Types Curbside, Hazardous Waste Landfill,
Spokane, Retum-ta-Retailer Mercury Refining Co.
Washington

Whateom County and Sept. 1988 All Types Retum-ta-Retailer Hazardous Waste Landfill,,
City of Bellingham, Mercury Refining Co.
Washington

New Hampshirel May 1987 All Types Community Drop-Off, Hazardous Waste Landfill
Vermont Solid Retum-ta-Retailer
Waste Project

Environmental 1987 Mercuric Oxide, Community Drop-Off, ·Mercury Refining Co.
Action Coalition, Silver Oxide Retum-ta-Retailer
New York City Nickel-Cadmium

Greene County and 1987 Button Cells Retum-ta-Retailer Each Retailer Responsible
City of Springfiled, for Collection/Disposal
Missouri

t'!1
~==~
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Existing Household Battery Waste. Manasement Programs

Hennepin County, Department 01 Environmental Management
Hennepin County, Minnesotal34.13S

Hennep~ County (population 1niillion) began county-wide collection ofhousehold

batteries in November 1990 in order to reduce the amount ofheavy metals entering the

municipal waste stream. Solid waste management in Hennepin County consists of a mass­

bmn incinerator. two refuse derived fuel facilities. resource recovery. and yard waste

composting.· Collection of household batteries is one component in their comprehensive

. household battery program which also includes: 1) a periodic chemical analysis of the

household battery waste stream. 2) a survey of the transition to low mercury content

batteries in the Hennepin County marketplace. and 3) legislative efforts to affect the

manufacturing and collection of household batteries.

Hennepm County residents can panicipate in the·household battery program

through community drop-off. curbside collection. and return-to-retailer programs. The

City of Minneapolis offers curbside collection for all types. of household batteries along

with the pick-up of recyclable materials. In addition. the City has several community drop­

off locations which also accept all types of household batteries. These drop-off sites are .

located at fire stations. municipal buildings. and at some drug store chains. In suburban

and rural Hennepin County. residents can bring their household batteries to any of sixty

locations including drug stores. shopping malls. and Hennepin County Libraries.

In addition to the mixed battery program, button cell batteries are specifically

targeted for collection through a return-to-retailer drop-off program that targets locations

where there is a frequent "change-out" of these types of batteries. Examples of these

locations. are camera shops. hearing aid stores. audiologists. and nursing homes. There is

currently a network of 500drop-off locations of this type.

H~nnepin County employs two social service organizations to collect batteries from

the drop-off locations and sort them. People Unlimited. a private non-profit organization

that employs economically disadvantaged persons in need of establishing a positive work

history. collect the batteries from the drop-off sites and bring~em for sorting to H~nnepin

County's Vocational Services Program. a social services agency for mentally ill adults.

. ,
134 Oyass, Mark J., et a1., Hennepin COIlflly HOlISehold Baltery Program Report and RecommendJUions,

prepared for the Department of En~ironmentalManagement. October, 1991
13S Lofrano·Zaske, Cheryl, Environmental Scientist, Hennepin County Department of Environmental

Management. personal communication with Gainer &: Associates, February, 1992.
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.Batteries are soned into several categories according to physical type and ~hemical content

including button cell, alkaline, carbon-zinc, nickel-cadmium, lithium, small lead acid, and

other mercuric oxide (9 volt) batteries. The batteries are disposed in the following

manner:

• Alkaline and carbon-zinc are sent to a hazardous waste landfill

• Button cell batteries and other mercuric oxide batteries are sent to
Mercury Refining Company (MERECO)

• Nickel-cadmium batteries are sent to International Metals
Reclamation Company, Inc. (lNMETCO)

• Small lead-acid batteries are sent to a local smelter.

Table V-I, below,shows the amount of batteries c·ollected during the (1I'st year of

the program. Data are not available on the amount of small lead-acid batteries collected.

The cost of the battery collection program is estimated to be $1.26 per pound ($2,520 per

ton). This estimate does not include the cost of education and public information effons.
.-

Table V-I
Hennepin County Household Battery Collection

(November 1990.Through October 1991)

Battery Type Amount (lbs) Percent

Alkaline 71,327 58.2%

Carbon-Zinc 42,416 34.6

Nickel-Cadmium 8,689 7.1

Mercuric Oxide 150 ----U.
Total 122,582 100.0%

With the exception of expanding the button cell and mixed battery drop-off

programs, the current collection program will continue unchanged through 1993. During

this time, grab samples of the collected batteries will continue to be analyzed for mercury

. content, particularly the mercury content of alkaline batteries. It is expected that by 1~3 all

. of the alkaline batteries tested will pass the Minnesota legislated requirement of a maximum
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Existing Household Battery Waste Management· Programs

mercury content of 0.025 percent by weight. If this proves correct. the County will
reevaluate the program to assess the need to collect alkaline batteries.

An enhanced public education campaign to promote the proper use and disposal of

batteries will complement the current program. Some of the problems that have been

identified with consumer use of batteries relate to alkaline and nickel-cadmium batteries.

which represent 65 percent of the collected batteries. Alkaline batteries are being discarded
I

.

before they are fully discharged because of the tendency to throwaway all of the batteries

when emptying a radio or tape recorder. when only two or three (out ofthe six or eight

.required) are drained..Nickel-cadmium batteries are often misused ~so. ending up in the

trash or collection bin far sooner than their designed life span due to incorrectrecharging

practices.

Hennepin County has contacted the Portable Rechargeable Battery Association to

discuss how the organization intends to meet the requirements of new Minnesota legislation

which restricts·rechargeable batteries· from entering the 1andf41 and mandates that

manufacturers begin pilot collection programs to recover these batteries.. In addition.

Hennepin County is evaluating the feasibility of accepting dry cell batteries from small
.quantity generators if inclusion of these types of generators into a household battery

collection program is approved by the State and County.

Spokane Regional Solid Waste Disposal Project
County and City of Spokane, Washington 136

The Spokane Regional Solid Waste Disposal Project established a County-wide

household battery collection program in September. 1990. The program employs both
curbside collection and a network of drop-off locations in an effort to divert batteries from

the waste stream due to the waste-to-energy incinerator that began operating in September.

1991.

Of the 150.105 households in Spokane County. 93.000 (62 percent) have curbside

collection of household batteries. The curbside program. which originally serviced only
. .

the City of Spok;me. expanded in the fall of 1991 to include its urban unincorporated areas.

Residents are asked to seal their discharged batteries in a plastic bag (such as an old bread

136 Lang, Jessie, el aI., SpolclJne CitylCounly HOlUeholdBtJJtery Collection Program 1991, November S,
1991
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bag), and place the bag on top of their bin of regular recyclable materials. Collection

drivers place the bag of batteries in a plastic bin inside th~ truck and deposit the

. accumulated batteries in a central storage facility at the end ofeach week.

A network ofreturn-to-retailer drop-off locations is intended to service the

remaining 57,000 homes in the County that do not receive curbside service. as well as

supplement the curbside collection program in the urban areas. The return-to-retailer drop­

offprogram started with cooperation from four major retail chain stores and quickly grew

from 50 drop-off locations to 80 locations in the first year of the program. The program's

mascot is a brightly colored character called Battery Man. Residents can easily identify a

drop-off location by the yellow and black Battery Man poster or window decal. The

collection system consists of a small counter-top collection box (purchased from

MERECO) for residents to deposit their discharged batteries. and a 4 gallon plastic storage .

bucket that stays behind the service counter. access~ble only. to store employees. Both the

counter-top box and the plastic storage bucket are divided into two compartments to

. separate button cell batteries from the other batteries. Retail stores call the Spokane

Regional Solid Waste Disposal PrOject for battery pick-up when the plastic storage

container is full.

Once batteries reach the central storage facility, a person specially trained and

equipped with gloves and dust mask sort batteries into button cell and non-button cell

categories. They also sort out miscellaneous batteries not included in the program, such as

small lead acid batteries. Non-button cell.type·batteries, which compose over 99 percent,

by weight. of the total batteries collected. are packed in a plastic lined metal drum and

shipped to a hazardous waste landfJ.11. The button cell batteries are further sorted to

separate the recoverable (silver and mercuric oxide) from the non-recyclable types (zinc-air

and lithium). The reclaimable types. which consisted of 200 pounds in the first year. are

shipped to MERECO for reclamation of mercury and silver. The non-recyclable button cell

batteries are shipped to a hazardous waste landfJ.11. Hazardous waste landfill dispOsal costs

are approximately $89 per drum (approximately 300 pounds of batteriesI37), or $593 per

ton.

137 The amount of batteries contained in disposal drums varied from 200 pounds to 6S0 pounds depending on
the collection program interViewed. The variations are due to different dnun sizes used (ranging from 19 to
SS gallons), and varying practices for packing drums prior to disposal.
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In the fIrst year of the program, 15 tons of batteries were collected, 80 percent from

the curbside program and 20 percent from the return-to-retailer drop-off locations. It is
expected that the recent expansion of the curbside program will bring in an additional 200

to 300 pounds of household batteries per week (5 to 8 tons per year). The cost of the

program in the fIrst year was $58,900, which included $26,656 in one-time implementation

cosis. Annual operating costs are currently expected to be $42,359, which includes the

cost oCthe additional time required by the curbside.collee.tion drivers. At a diversion rate of

23 tons per year, this translates into a total ongoing operating cost of $0.92 per Pound

($1,840 per ton) of batteries diverted. In addition, it is acknowledged that program costs

will depend on the amount of batteries collected, ~d may be 'as much as $3,000 per ton.

City of Bellingham and Recomp of Washington, Inc.
Whatcom County, Washington 138

The City of Bellingham and Recomp of Washington, Inc. (Recomp) are c0­

sponsors of the household battery collection program that services all of Whatcom County

(population 130,000). Recomp operates the solid waste processing facility that processes

approximately 250 tons per day of municipal solid waste through recycling, solid waste

composting, and waste-to-energy incineration. The incinerator has been in operation sinCe

1974, and a materials recovery facility and composting program have been initiated in

1991. The household battery collection program began in September 1988 to reduce the

amount of heavy metals entering the waste stream·and foc~s public attention on the issue of

household hazardous waste.

The collection program consists of sixty return-ta-retailer and community drop-off

locations. The return-ta-retailer drop-off locations consist of stores that sell or repair
watches, cameras, calculators, and hearing aids. Forty retailers collect batteries from the

general public. The remaining twenty collect batteries in-house only and from employees.
The community drop-off sites are located at recycling centers, senior citizen centers, and

city and county government offices.

Each site is provided with a plastic bucket for battery storage and a supply of

promotional flyet:S. During the first seven months, the program only targeted button cell

and nickel-eadmium batteries but, subsequently, began accepting all types of batteries

138 Muecci, Lisa, R~mp of Washington, Inc., personal communications with Gainer & Associates,
JanuarylFebruary, 1992
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because of the public's inability to distinguish between recyclable and non-recyclable

batteries. The batteries are centrally collected on an on-call basis by a Rec<?mp staffperson.

Once the batteries are collected from the drop-off sites. a Recomp staff person sorts

them into two general categories: 1) alkaline and carbon-zinc. and 2) nickel-cadmium.

silver oxide and·mercuric oxide buttons. and lithium. The alkaline and carbon-zinc

batteries are sent to a hazardous waste landfill in Oregon. and the nickel-cadmium. silver

and mercuric oxide button cells. and lithium batteries are sent to MERECO. MERECO

reclaims the mercury and silver from mercuric oxide and silver oxide batteries. deactivates

the lithium batteries. and sends the nickel-cadmium batteries to another reclamation facility

for processing. Between September 1988 and November 1991. the program collected

thirty-two 55-gallon drums of non-recyclable batteries. and four 55-gallon drums of

recyclable batteries. The program currently collects about 800 pounds of batteries per

month.

. The total annual operating cost of the battery collection program is approximately

$23,250. or about $2.42 per pound ($4.840 per ton) of batteries divened. This covers the .

salary of a pan-time staff person. shipping and storage materials. and disposal costs. The

City of Bellingham covers the disposal cost of sending the non-recyclable batteries to the

hazardous waste landfill. and the rest of the program is funded from tipping fees. An initial

$3.000 was spent for developing and purchasing promotional materials and collection

containers.

Recomp and the City of Bellingham intend to continue the household battery

collection prograin. as is. for the next three to five years. At that time. the program will be

reviewed to determine whether it is still necessary to accept alkaline and carbon-zinc

batteries.

New Hampshire/Vermont Solid Waste Projectl39.140

The New HampshireNennont Solid Waste Project, a consonium of twenty-nine

small rural municipalities in two states. implemented a mixed household battery collection

139 Hirth, Carl. NHIVl' Solid Waste Project. Household Baltery Program. Claremont. New Hampshire,
December 1991 .

140 Hirth, Carl, Solid Waste Planner. NH/VT Solid Waste Project. personal communication with Gainer &
Associates, February 1992 .
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program in 1987. The program, servicing a population of 72,000, began simultaneously

with the start-up of a 200 ton per day waste-ta-energy incinerator servicing the residential

and commercial waste stream of the project area. The goals of the program were to reduce

concentrated sources ofheavy metal in the waste stream and return to industry those

batteries which could be recycled.

The battery collection program has both retum-to-retailer and community drop-off

sites. Community drop-off sites are located at transfer stations, recycling centers. and

government offices. Drop-off sites are supplied with a 5-quart metal bucket, adorned with

the project's logo, which sits adjacent to their battery collection display. Retailers playa

significant role in the program by encouraging customers to return their discharged

batteries. Household batteries are collected by a staff person or a municipal work crew.

who collects the batteries every. six months and on a per call basis. and transports them to
one of two centralized storag~ facilities. When a significant amount of batteries have

accumulated, they~ sent, unsorted. to a hazardous waste·landfJlI in South Carolina. At

the program's inception. it was intended that silver and mercuric oxide type batteries would

be sorted and sent to MERECO, but this was later canceled due to the lack of staff and

appropriate facilities for ~attery sorting.

From May 1987 through December 1991. the project diverted over 13 tons of
mixed batteries. The largest quantities of batteries are collected from municipal transfer
stations and recycling centers. During this time. the diversion rate has risen from

approximately 8 percent in 1987. and 1988 to 18 percent in 1991. based on an industry

estimate of the annual per capita consumption rate of 8 batteries, or about one pound. No

data are available on the diversion rate of specific types of batteries due to the program's

current practice of hazardous waste landfJlling of mixed batteries.

The cost of the program has been kept to a minimum. with disposal as the largest

single expense. at approximately $300 per 55-gallon drum or $923 per ~n (the~

Project reports that a 55 gallon drum will hold approximately 650 pounds of batteries).
Collection equipment, drums and packing material, and public education cost .

approximately $6.000 per year. Based on current battery diversions. total program costs

are about $1.54 per pound ($3.080 per ton) of batteries collected.
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Environmental Action Coalition
New York City, New York141 ,142

Since 1987, Environmental Action Coalition (EAC) has extensively researched the

effects of household batteries in the waste stream and provided. a variety of household

battery collection services for New York City residents. Motivated. by the potential health

and environmental impacts caused by these batteries, EAC set up a test program to collect

and recycle button cell batteries from retail stores. Funding for this pilot program was

provided by the New York State Environmental Facilities Corporation.

Owing the SDt month ~ilot program, EAC set up 180 rerum-to-retailer drop-off sites

. in stores that sold button cellbattery-powered items such as watches, hearing aids, and

cameras. Stores were provided counter-top collection boxes, signs, window stickers, and

customer information on proper battery disposal. When the collection boxes mled, stores

were instructed to either call EAC for pick-up service, ship the batteries to EAC post-paid,

or ship the batteries directly to MERECO. The pilot program netted approximately 75

pounds of batteries, delivered to MERECO by EAC, plus an undetermined additional

quantity that was directly mailed to MERECO by retailers. Because of the revenue receiyed

from the sale of silver oxide batteries, some re~ers were motivated to directly mail their

collected batteries.

. .
EACalso experimented with providing battery collection service to residents living

in high-rise apartment buildings to determine the battery diversion rate possible from this

type of program. Over a period of twelve months, this service collected mixed batteries

from three buildings, totalU1g 1,300 units. The mixed batteries were sent to MERECO,

where the silver and mercuric oxide button cell batteries were sorted for refining, and the

rest were sent to a hazardous waste landfill. The year-long collection service from

apartment b~ildings diverted approximately 1,000 pounds of mixed batteries. EAC was

forced to discontinue this service due to the expense of sending the non-recyclable batteries

to a hazardous waste landfill.

.As the result of a grant received from the USEPA, EAC expanded its return-to­

retailer program in 1990, to further encourage the recycling of button cell and rechargeable

141 Forker, Timothy and Hecht, Sean. Envjronmental Action CoaJitjon's Waste Household Battery
Manaeement Project 1987-1991, December, 1991

142 Forker, Timothy, personal, communication with Gainer &. Associates, February, 1992
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household batteries. This grant also allowed them to continue ,to research battery markets.
legislation and public policy. and to study national and European battery management
programs.

With this program expansion. EAC honed the focus of their household battery
collection program primarily to capture nickel-eadmium batteries. and silver,and mercuric

oxide button cell batteries. To do this.EAC established drop-off sites at areas having a

high replacement rate of these batteries. primarily retailers and users. such as hearing aid

and camera stores. audiologists. and doctors working with the hearing impa.ired. They, also. ,

set up drop-off locations at schools. non-profit organizations. and at two environmentally

friendly retail stores.

Household Hamrdous Waste Project
Green County and eity 01 Springfield, Missouril43

Now affiliated with the University of Missouri Extension Service. the Household

Hazardous Waste Project began as a grassroot coalition concerned with the environmental

and health impacts of household hazardous waste. The coaliti~n was composed, in part, of

representatives from the Springfield Public Works Department, the American Red Cross.

Green County Department ofHealth. the County of Green/Cty of Springfield Watershed

Committee. and 'the Leagile of Women Voters. The purpose of the Household Hazardous

W~e Project was to formulate a plan of action to reduce the amount of household

hazaidous waste entering the waste stream. Funding for implementation came from the
State's Environmental Improvement and Energy Resources Authority.

The Household Hazardous Waste Project addressed household batteries in the same

manner as other household hazardous waste. Businesses which would accept household

hazardous waste from the public for recycling and safe disposal were systematically

identified. Participating businesses were wholly responsible for the collection arid disposal

of the household hazardous waste. Starting in Green County in 1987• the Household
Hazardous Waste Project identified approximately twenty retailers. mostly jewelers and

hearing aid stores. who were willing to collect and dispose' of button cell batteries. Some

retail stores. which had been offering this service previously. were disposing their batteries

through a collection program supported by the American Watchmakers Institute. Local

143 Steinwachs, Marie, Associate Director, Household Hazardous Waste Project, personal communications
with Gainer &: Associates, January/February 1992
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Soroptimist Qubs also had been involved with battery recycling as ~ fund raising activity

from the sale of used silver oxide batteries. Retailers not previously accepting button cell

batteries were supplied with irifonnation on disposal and recycling' options.

With the collected infonnation. the Household Hazardous Waste Project published

a Household Hazardous Waste Resour~e List 19 disseminate infonnation to county

residents. In 1988. the program expanded to provide infonnation to residents in twenty­

three counties in Southwest Missouri. The Household Hazardous Waste Project

discontinued updating the counties' lists in ~989. but a handful of counties have continued

maintaining the list on their own. N9 data on them:nount of batteries diverted has been

collected.

The Springfield Regional Waste District is in the start-up phase of implementing a

municipal waste composting system. It is the Household Hazardous Waste Project's

intention to have the diversion of household batteries specifically addressed. as a condition

of this waste management system. ,

. 3 • Industry Sponsored Hollsehold Bat~ery Collection and Recycling

Some states. such as Minnesota and New Jersey. have recently passed legislation

which requires either product manufacturers or battery manufacturers to develop and

implement plans for the collection and recycling of nickel-eadmium and mercuric oxide

household batteries. These industries are now just working to meet requirements of the

new laws. However. some of these effons are wonh noting.

Compaq Computer Corporation
Houston, Texas144.145

In January 1992. Compaq Computer implemented the computer industry's first

nationwide PC battery pack recycling program. The program is offered to all Compaq

Computer customers. Under the program. depleted nickel-eadmium batteries contained in

laptop and notebook computers are sent to INMETCO for reclamation.

144 Compaq Computer Corporation. News Release: Comptut ANIOunces Battery Recycling Program lor
COMPAQ Laptop and Notebook PC Users, January 27, 1992

145 Rosenberg, Walt, Compaq Computer Corporation, personal communication wilh Ernst & Young, February,
1992
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To participate in the program. 'Compaq customers call a toll-free hotline and receive

a pre-addressed, postage-paid battery mailer which is directly mailed to INMETCO with the

used computer battery pack. For each Compaq battery pack received, Compaq will be

charged a fee for reclamation of the battery pack. Compaq plans to notiL all Compaq

consumers of the disposallrecycling procedures which will accommodate.all Compaq

battery packs sold in the United States.

Portable Rechargeable Battery Association .(PRBA)
Atlanta, Georgial46 ,147

In response to recent legislation in Minnesota and New Jersey, five manufacturers

of rechargeable household batteries fonned the Portable Rechargeable Battery Association

(pRBA) to respond to specific requirements.which mandate that 'rechargeable ,battery

manufacturers and battery product manufaet~rs develop and adopt battery collection and

management plans. The mission of the PRBA is to represent the interests of
manufacturers, distributors, assemblers, users, suppliers, and sellers ofsmall sealed

. rechargeable batteries and battery operatedprodu£ts.

The PRBA is currently working to develop and implement nickel-eadmium

household battery collection" and reclamation programs in the United States. The approach

the association is~g involves a reverse distribution network whereby used nickel- .

cadmium batteries would be returned to original equipment manufacturers, certain retailers,

and service centers. Collected nickel-eadmium batteries would be transported to

manufacturers' regional warehouses until a sufficient quantity is accumulated to ship

containerized batteries to reclamation facilities in Japan or Europe. The PRBA also is

supporting efforts to develop additional reclamation facilities in the United States. The

PRBA's efforts to implement collection programs have been delayed by the lengthy ReRA

pennit process and the classification of nickel-cadmium batteries as hazardous waste.

146 Tater, Todd.. representing the Portable Rechargeable Battery Association, Materials presented in meeting
with CIWMB and Ernst & Young, January 31,1992

147 Portable Rechargeable Battery Association. Briefing on Implementation 01 Ni·Cd Colieclion-ReclamQJion
Programs, August 15, 1991
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C. Effectiveness of Household Battery
Collection, Disposal, and Reclamation

In this subsection, we review the success and effectiveness of the programs

described previously.

1. Diversion Rates of Household Battery Collection Programs

Most household battery collectionpro~ do not keep accurate records·on the

amount of batteries diverted from their community'S waste stream. Of the programs that

have kept track of the amount of batteries collected, overall diversion rates range between 7

and 18 percent. This diversion rate is defmed ~ the percentage of discarded household

batteries which are diverted from the municipal solid ~waste stream through collection

efforts. Table V-2, below, presents the estimated overall diversion rates and total annual

operating costs of several surveyed programs. These pro~s were described earlier in

this section.

Table V-2
Effectiveness of Household Battery Collection Programs

Diversion ·Program
Collection Program Rateal Cost

Hennepin County, 12% S1.26nbbl
Minnesota ($2,520/lon)

County and City of Spokane, 18o/c&I SO.92nb
Washington 7% ($1,84O/Ion)

City of Bellingham and 7% S2.42nb
Whatcom County, Washington ($4,84O/Ion)

New HampshireNermont 18% S1.54nb
Solid Waste Project ($3,080/lon)

1/ Estimates based on a per capita annual disposal rate of one pound (approximately 8
baueries)

bI Does not include public education costs
. rJ Cmbside and retum-to-retailer diversion rates, respectively. These rates are not

additive since the two programs are implemented indifferent pans of the County
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Diversion rates for curbside collection are usually higher than diversion rates for

retum-to-retailer and community drop-off collection. For example, in Spokane County, the

portion of the County served by the curbside program saw an 18 percent diversion rate,

whil~ the area covered by their return-to-retailer programs achieved a diversion rate of

approximately 7 percent .

In addition, it should be noted that the retum-to-retailerand community drop off

battery collection program operated by the New HampshireNennont Solid Waste Project,

which, began in 1987, claims a diversion rate of 18 percent The diversion rate of this

program, which started two to three years earlier than the other programs, is substantially

higher than other drop-.off programs. This seems toindicate that higher diversion rates can .

be achieved over time.

Of the several household battery collection programs surveyed, the cost of these

battery management programs ranges from $0.92 to $2.42 per pound ($1,840 to $4,840 .

per ton) of batteries diverted. These costs reflect both collection and disposal and/or

reclamation. At $0.92 per pound, the collection programin Spokane, Washington is the

most cost-effective collection program reviewed. This may be attributable to the relatively

low cost ($593 per ton) for disposing of the batteries in a hazardous waste landfill.

2 • Factors Influencing COllection Program. Effectiveness

Significant factors influencing the future ofhousehold battery waste management

programs are:

• Changes in the chemical content of household batteries

• Existence of suitable household battery reclamation opportunities

• High cost of disposal.

With present manufacturing trends to reduce or eliminate mercury content in

alkaline batteries, coupled with the high cost to dispose of household batteries in a

hazardous waste landfill, many collection programs are reevaluating the viability of

collecting all types of household batteries. In the next few years, high mercury content

alkaline batteries will be flushed through the market and waste stream, leaving only button

. cells and nickel-cadmiwn batteries as the batteries of primary environmental concern. At
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this point, many household battery collection programs may opt to discontinue collection of

alkaline and carbon-zinc batteries. This could reduce program operating and disposal costs

since these batteries typically represent from 85 to over 90 percent of the waste household

batteries collected.

The decision on what type of household batteries to collect may affect the decision

on how best to collect batteries. Return-t~retailer collection may be better suitedfor button

cell and nickel-cadmium batteries where consumers are looking for a specific type and size

of replacement battery. It should be noted, though, that with the narrowing of battery types

collected, there also would be greater need to educate the public on differentiating battery
, ,

types. This could be accomplished with a battery labelling system which wQuld help

consumers sort their batteries after use. Another alternative \yould be to label batteries with

a magnetic strip during the manufacturing process which could greatly facilitate the battery

separation process at a materials recovery facility.

Although mercury reduction in batteries is welcomed by household battery

collection programs, the high cost of recycling or disposing of nickel-cadmium and button

cell batteries remains a financial burden. With limited options available for battery

recycling, the cost to recycle most types of batteries may be greater than disposal as

h~ous wastel48• A part of the cost differential is due to,the cost of separating ba~es

by the yarious types prior to processing (this must either be performed as batteries are

collected or prior to the reclamation process). This cost differential may be reduced in the

future as methods for separating collected batteries are improved, or reclamation processes
are adopted which do not require the separation of batteries by type. Facilities are not

presently commercially operational; howev~, processes and technologies to accomplish

these objectives are being developed.

The concept of household battery recycling is becoming increasingly popular,

however, some practical issues have received less attention. This section has shown how

opportunities for recycling, or reclaiming metals from used household batteries, are quite

limited. While battery collection. programs are being developed and supported in the United

States, similar efforts to facilitate the establishment of additional reclamation facilities are

needed. Reclamation technologies that currently exist in Europe and Japan could be

148 Wallis, George and S. P. Wolsky, Options lor HOlASehold Battery Waste MtlNlgemenl, Proceeding of Ihe
Second International Seminar on Battery Waste Management. November 5-7, 1990
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implemented in the United States; however. lengthy pennit processes and adverse public

response to siting these facilities (NIMBY syndrome) have stymied these efforts149•

Dedicated.battery reclamation.facilities may require a high volume of used batteries

in order to be economically viable. To obtain the necessary volume it may be necessary to

increase collection efforts. Until such time as adequate facilities are developed to

efficiently. effectively. and safely dispose of waste batteries through appropriate

reclamation processes, battery collection programs may continue to be confronted with

costly battery disposal options.

149 Ibid
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VI. SUMMARY OF STUDY FINDINGS AND
-RECOMMENDED HOUSEHOLD BATTERY WASTE

MANAGEMENT STRATEGIES

This section of the report summarizes study findings and presents recommendations

regarding the management of used household batteries in California. In developing the

recommendations. consideration was given to existing waste management practices and

regulations. This includes current development of local household hazardous waste

programs and recent developments in household battery management in other states.

In detennining appropriate strategies for the management of household battery

waste. a number of important issues need to be addressed concerning: 1) designation of

the various types of household batteries as hazardous waste, 2) requirements for the

collection, storage, transportation, and disposition of hazardous waste within California,

and 3) obligations ofcities and counties, to establish household ,hazardous waste collection

and disposal programs. Each type of household battery can present different issues and

problems regarding their disposal, and may involve different teChnological, economic, and

legal issues.

Actual health ande~vironmenta1 impacts from the disposal of household batteries

are not well known. Mercury and cadmium are metals ofprimary concern in municipal

solid waste. Historically, household batteries have contained significant levels 'of mercury

and cadmium. However, mercury may be less ofa concern than in the past, owing to the

efforts of the battery industry in nearly eliminating mercury from the most common types

of household batteries. Cadmium, on the other hand, is a growing concern since nickel­

cadmium batteries represent a growing share of the household battery market, and nickel­

cadmium batteries represent the single largest source of cadmium in municipal solid waste.

This' section of the report is organized under the following subsections:

• Household Batteries of Concern in the Waste Stream

• Household Battery Disposal Practices

• Metals Reclamation From Household Batteries

• Economics of Household Battery Collection and Disposal
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Household Battery Waste Management Strategle~

A. Household Batteries of Concern
in the Waste Stream

There are several types of batteries which fall under the general category of

household banery. Each battery type is comprised of different kinds and amounts of metals

and other materials. In addition, ~e various types of batteries have found different
applications due to their operating characteristics, size, and cost

The portable power offered by household batteries' has become an increasingly
important component ofeveryday life. Sales estimates indicate that per capita consumption

of household batteries has risen from 12 batteries per year in 1985 to 16 batteries per year

in 1992. Per capita annual sales are projected ti>increase to nearly 23 batteries by the year

2000.

Trends in the use and application of household batteries vary by the various types
and sizes of batteries. Some significant trends in battery sales include the following:

• Sales of household batteries are projected to increase nearly 50
percent in California between 1992 and the year 2000. Major
factors in this increase include a large increase in per capita
consumption and changes in market share, product mix, and
consumer market trends

• Alkaline batteries will continue to be the dominant type of household
battery, accounting for 68 percent of the household batteries sold in
the year 2000

• Nickel-eadmium batteries are expected to receive an increasing share
of the household battery market, accounting for 17 percent of the
market by the year 2000.

Exhibit VI·I, on the following page, lists the common types of household

batteries and summarizes information regarding projected California battery sales, metals of

concern, and the amount of metals entering the waste stream from the disposal of
household batteries in California. The USEPA has identified mercury and cadmium as the

metals of primary concern in municipal solid waste. Small amounts of mercury historically

have been included in most types ofprimary batteries. Mercury is a major com~nent'of

mercuric oxide batteries since the mercury serves as one of the electtodes in the cell.
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EXHIBIT VI·!

Summary of. Household Batteries of Concern in California

Primary
Batteries

Alkaline 284 465 Mercury 0.025% and 7.1 0.0 Reclamation Not
decreasing Available

Carbon-Zinc 88 60 Mercury 0.0001% ·0.1 0.0 Reclamation Not

-----
Available

Silver Oxide 11 13 Mercury 1% 0.1 0.1 Silver Reclaimable
(MERECO)

jl

IIZinc Air 12 22 Mercury 0.4 0.8 Reclamation Not
Available

. Lithium 1 3 Lithium Varies iN Reclamation Not
Available

SecOndary
Batteries

•••••
iN Insufficient data are available for a detailed analysis of lithium batteries. Lithium and other new battery

technologies may warrant special study if their use increases significantly.

-

•
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Cadmium is a major component of nickel-cadmium batteries, also funeti,?ning as one of the

electtodes. Because each battery type includes varying amounts of mercury and cadmium,

each battery type may have a different impact in the waste stream.

Alkaline and carbon-zinc batteriC?s presently represent approximately 80 percent of

the household battery market In recent years, battery manufaet~ have all but eliminated

mercury from these types of batteries. Currently, carbon-zinc batteries generally do not

contain any added mercury. In December ,1991, two of the four major battery

manufacturers in the United States announced plans to begin production of mercuryfree
alkaline batteries in 1992. Other battery manufacturers are expected to follow this lead. If

this development occurs as anticipated, then the contribution of mercury to the waste stream

from alkaline and carbon-zinc batteries will be virtually eliminated in the next few years.

There are several types of button cell batteries. While each type has slightly

different characteristics, they are generally used for hearing aids, watches, cameras, and

calculators. 'Historically, mercuric oxide has been the most common type of button cell.

However, silver oxide, zinc air, and lithium batteries 'each offer some characteristics

superior to mercuric oxide and have steadily increased their market share over mercuric

oxide batteries. This is a beneficial trend since mercuric oxide cells contain significantly

greater amounts of mercury than the ,other types of button cells. The availability of

substitute battery technologies has contributed to the decline of mercury in the waste stream

,contributed from mercuric oxide batteries.

The focus of efforts to further reduce mercury in the waste stream should be placed
, '

on removing mercuric oxide batteries from the waste stream. This could be accomplished

through both reducing the use of these batteries and through collection of button cells.

Two states have legislated a ban on mercuric oxide button cells. In addition, battery

manufacturers have indicated that mercuric oxide button cells may be taken off the market

within the next few years. with or without a legislated ban.

Examination of the metals loading to the waste stream from household batteries

indicates that by the year 2000 there will be over 100 times as much cadmium in municipal

solid waste from household batteries as there will be mercury. Cadmium is one of the

electtodesin nickel-cadmium batteries and the cadmium content cannot be reduced without

changing the battery's performance: For purposes of relative comparison. the amount of
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cadmium in a single nickel-cadmium battery is roughly equivalent to the amount of mercury

in over 400 low-mercury (0.025 percent) alkaline batteries oCthe same size.

Nickel-cadmium batteries should be targeted for diversion from the municipal solid

. waste stream and disposed as hazardous waste or reclaimed for the following reasons:

• Nickel-cadmium battery usage is growing significantly

• The amount ofcadmium in nickel-cadmium batteries cannot be
reduced without affecting battery perfonnance

• Alternative battery teehnolo~es presently are not sufficiently
developed to provide a suitable substitute for nickel-cadmium
batteries for most applications.

Many consumers may not recognize how many batteries they use during everyday

activities. It is estimated that approximately 80 percerit of the nickel-cadmium batteries are

sealed inside consumer products. In many cases, consumers may not even realize that their

products contain a nickel-cadmium battery.
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B. Household Battery Disposal Practices

In .general. household batteries can be disposed by consumers in one of two ways.

Household batteries can be disposed with other refuse in municipal solid waste, or they can

be separated and collected for metals reclamation or disposal as.hazardous waste.

1 • Household Batteries in Municipal Solid Waste

Approximately 86 percent of the municipal solid waste in California is landfilled. 12

percent is recycled, and the remaining 2 perCent is incinerated or composted Household

batteries comprise an estimated 0.005 percent, by weight. ormunicipal'solid waste.

The~fore, disposal issues surrounding household batteries are not related to the space

occupied.by batteries in landfills. Concern exists regarding the potential health and

environmental effects of metals contained in household;batteries after they are disposed.

Once household batteries enter the waste stream in mixed municipal solid waste,

they can travel many different pathways before reaching a fi~ destination. The potential

pathways may-include transfer stations or materials recovery facilities prior to final

disposition in a landfl1l. incinerator. or compost Intennediate processes to separate and

refine municipal solid waste may have an impact on the final disposition of household

batteries. A materials recovery facility which prepares compost feedstock or a refuse

derived fuel could be designed to separate out household batteries with other process

residue. It is presen.tly n?t practical to. separate batteries from general municipal solid waste

as a homogeneous waste stream, although in theory this could be accomplished. (It is

possible to separate battery types. once battery wastes are sorted together.) Batteries

separated from the waste stream with other process residue would end up in a sanitary

landfill.

The effects of household batteries in landfl1ls is uncertain. Recent studies and

reports about the environmental impact of household batteries in landfills are inconclusive.

Given the inconclusive nature of research in this.area. we have accepted USEPA's position

that mercury and cadmium are ofprimary concern in municipal solid waste.

Household batteries may present a·greater concern if they are present in incinerators

or compost In.either of these situations. the metals in batteries have a greater potential to

escape into the environment In the case ofincinerators, stack emissions may include
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sufficient levels of mercury or cadmium to be of concern. In addition, incinerator ash

disposed in landfills contains more concentrated materials from which metals may be

leached. Studies have shown that modest processing of municipal solid waste prior to

incineration (RDF-2 to RDF-3) can significantly reduce the metals loading.of the waste

stream entering the incinerator. In addition, emissions control equipment can be effective

in controlling emissions. Nevertheless, if new or existing incinerators in California wish to

limit the amount of metals incinerated, then battery collection programs may be further

justified.

In the case ofcompost, the presence. of household batteries, particularly if they have'

been crushed or shredded by process equipment, may contribute to the metal content of

compost product Metal content in compost may limit its uses, and provide a pathway for

the metals back into the environment Similar to the preparation of-refuse derived fuel,

compost feedstock could be rid of most household batteries through the design of

intermediate feedstock preparation processes. In this regard, materials recovery facilities

could help to minimize the potential impacts of household batteries in the compost

municipal solid waste stream.

2 • Household Battery Collection

In California, the primary collection vehicle for household batteries not disposed in

municipal solid waste is household hazardous waste collection programs sponsored by

cities and counties. Collection programs operating outside of California have demonstrated

that retum-to-retailer and curbside collection of household batteries may also be effective
. .

collection mechanisms. In communities with a mass bum incinerator, or compost

operations for mixed municipal solid waste, collection programs which mclude

participation by retail establishments or inclusion of household batteries in curbside

collection may provide additional convenience to the consumer for proper battery disposal.

Increasingly, household battery collection programs are reconsidering the need to

collect and dispose of alkaline and carbon.:zinc batteries. The mercury content in these

types of household batteries has been virtually eliminated. In addition, alkaline and carbon­

zinc batteries often represent approximately 90 percent of the collected batteries. This

significan~y increases the complexity of separating batteries by type if reclamation is a

collection objective. Some
\
battery collection programs surveyed during this study are

considering limiting, or have limited, the types of batteries collected to only button cells and
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rechargeable nickel-cadmium batteries. Under cwrent regulation in California, this would
not be an alternative for city and county hazardous waste collection programs because all

household batteries types are considered hazardous.

Battery and product manufacturers have begun to develop programs for the

collection of nickel-cadmium batteries. Manufacturers generally are motivated in this

regard by legislation in other states.

3. Household Battery Hazardous Waste Disposal

Collected household batteries must be ha~'l(ned and disposed along with other

hazardous waste, unless they are reclaim~. Reclamation technologies are not

commercially available for alkaline, carbon-zinc, zinc air, and lithium batteries. These

battery types represent about 84 percent of the household batteries currently sold in

California. In addition, other recyclable types of household batteries are frequently

disposed as hazardous waste due to high cost and other concerns regarding the limited
. .

options for battery reclamation.

Household batteries.destined'for hazardous waste landfills are generally lab-packed

with other household hazardous wastes. Lab-packingis the process of safely packing

many smaller confa:iners of hazardous waste into a larger container, usually a 30- or 55­

gallon steel, plastic lined drum. Hazardous.waste must be,properly stored, packed,

transported, and disposed in accordance with applicable state and federal requirements.

This usually involves the permitting of facilities and manifesting of shipments.
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c. Metals Reclamation from Household Batteries

In the United States, there are limited opponunities for .the reclamation ofmetals

from household batteries. Only two facilities are known to reclaim metals from household

batteries in the United States.

• Mercury Refining Company (MERECO) - MERECO, located in
New Yark, reclaims mercury from mercmic oxide batteries and
silver and mercury from silver·oxide batteries. Other batteries types
are accepted by MERECO; however, they are either disposed as
hazardous waste or sold to other processors.

• International Metals Reclamation Company (INMETCO)-
,INMETCO, located in Pennsylvania, is an industrial waste metal
processor which accepts used consumer nick~l-eadmium batteries 0

for metal recovery. INMETCO's process focuses on the recovery·
of nickel for the production of stainless steel. Waste products
containing cadmium are shipped to a second metal processor for
cadmium recovery.

Mercuric oxide, silver oxide, and nickel-eadmium batteries cmrentlyrepresent only 16

percent of the household battery market in California. All other batteries must be disposed

as hazardous waste.

Other metal reclamation processes exist in Europe and Japan which are designed

specifically for recovery of nickel and cadmium from nickel-eadmium batteries. While

some people believe similar facilities should be sited in the United States it is unknown

whether this will occur. Problems inhibiting the construction of this type of facility in the

United States include:

• Complex and lengthy pennit requirements

• The NIMBY (Not-In-My-Back-Yard) syndrome

• Economic viability and the need for a large steady supply of batteries.

In addition, new battery reclamation technologies have been proposed for reclamation of

nickel-eadmium batteries, and also mixed batteries. The latter technology would reclaim a

ferro-manganese alloy, zinc, and'mercury from all types of household batteries. These

new technologies are still in the developmental stages and·have not been proven in large­

sc8le commercial facilities.
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The outlook for battery reclamation in the United States is unknown, but appears

limited. Ifnickel-cadmium batteries are targeted for large-scale collection, as is occurring

in a few other states, then the need for additional reclamation facilities should be examined

further.
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D. Economics of Household Battery.
Collection and Disposal

The costs of collection and disposal of household batteries as hazardous waste may

presently cost on the order of up to $4,000 a ton in California. This includes

approximately $2,000 a ton for collection, and $2,000 a ton for disposal. The cost per ton

to collect and reclaim the applicable metal from household batteries is generally equal to, or

greater than, this $4,000 per ton.

The development and implementation of household battery collection and disposal
programs in California can create an additional fmancial bmden on local governments. For

a community of 100,000 people with a household diversion rate of only 10 percent, the

annual costs for collection and disposal of just household batteries as hazardous waste

could equal $20,000, or more.

For the most part, the cost to dispose household batteries as a hazardous waste will

be the~ for each type of battery. The exception to this may be lithium batteries.

Because of the potential for lithium in its metallic state to react violently with water, some

. battery collection program operators report that these cells should be deactivated prior to
disposal. Reported costs for deactivating lithium batteries range from $4 to $15 per pound,

or $8,000 to $30,000 per ton of batteries.

Since the amount of mercury and cadmium is the concern of household batteries, it

is illustrative to examine costs for diverting these metals from the waste stream through
. .

battery collection and disposal. Each battery type contains varying amounts of mercury and

cadmium. Table VI·I, on the following page, shows the approximate cost incurred of

removing a single pound ofmercury, from primary battery types, and cadmium, from
nickel-eadmium batteries. These costs are achieved by diverting each battery type from the

waste stream and disposing of them as hazardous waste.

Page VI-12



. Summary of Study Findings and Recommended
Household Battery Waste Manasement Strategle.

Table VI·I
Cost or Diverting Metals From Municipal Solid Waste

Through the Collection and Disposal of Household Batteries

Cost of
Metal of Metal Metal Diversional

Battery Type Concern Content ($lIb ·of metal)

Alkaline MelCmy 0.025% $8,000

Carbon-Zinc MelCury 0.0001% $2,000,000

Mercmic Oxide MelCury 37% $5

Silver Oxide MelCury 1% $200

Zinc Air MelCury 2% $100

Nickel-Cadmium Cadmium 12.5% $16

1/ Assumes $4,000 per ton household battery hazardous waste collection and disposal
costs.

The data presented in Table VI-I indicate that, from a cost-effectiveness standpoint,

household battery collection efforts should focus on button cell and nickel-cadmium

batteries. The data also support the direction that many exlsting battery collection programs

are taking which is not to accept alkaline and carbon-zinc batteries in their programs.

The data in Table VI-l do not include costs for reclaiming meUils from.batteries.

MeICuric oxide, silver oxide, and nickel-cadmium batteries can be reclaimed. The cost to

reclaim meICury from meICuric oxide batteries is higher than the cost of household battery

hazardous waste disposal~ Silver oxide batteries command a payment price from metal

Processors due to the value of silver as a precious metal. Finally, the costs to reclaim

. nickel-cadmium batteries is comparable to the cost of hazardous waste disposal.

Table VI·2, on the following p~ge, shows the number of batteries required to be

diverted for each pound of the applicable hazardous material avoided. These data indicate

that it would require over nine million carbon-zinc batteries to be collected in order to divert

a pc:>und of melCury from the municipal solid waste stream. It also is interesting to note that

both alkaline and silver oxide batteries need approximately 40,000 batteries to be Collected

to divert a pound of melCury from the municipal solid waste stream, even though it is much
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cheaper to dispose of the silver oxide batteries because of their lesser weight Table VI-2

shows that a relatively small number of mercuric oxide and nickel-eadmium batteries must

be collected in order to divert a pound of hazardous metals in the municipal solid waste

stream.

. Table VI-2
Number of Batteries Collected

For Each Pound of
Hazardous Material Diverted·

Required
Number or

Average Batteries
Weight Diverted

Per (Batteriesl
Metal or . Metal Batteryal Pound or

Battery type Concern Content (Grams) Metal)

Alkaline MertW}' 0.025% 46 39,391

Carbon~Zinc MertW}' 0.0001% 49 9,244,897

Mertwic Oxide MertW}' 37% 2 612

Silver Oxide MercW}' 1% 1 45,300

Zinc Air MertW}' 2% 2 11,325

Nickel-Cadmiwn Cadmiwn 12.5% 44 82

II 453 grams per pound Avoirdupois Weight

Given (1) the current financial pressures on local governments, (2) the costs of

collecting and disposing each type of battery, (3) the varying metal content levels for each

type of household battery, (4) the need for a cost-effective and pragmatic approach in the

management of battery waste, and (5) the evidence that nickel-eadmium batteries may pose

a relatively larger potential risk to health and the environment, an appropriate battery

management strategy may require targeted efforts directed primarily at nickel-eadmium

batteries.

. Page VI-14



Summary of Study Findings and Recommended
Household Battery Waste Management Strategies

E. Legal and Regulatory Issues
Involving Household' Batteries

The federal and State ofCalifornia classifications ofhousehold batteries as

hazardous waste are quite dissimilar. Also, the State of California's approach to managing

. household hazardous waste, by placing the burden on local governments for collection and

disposal, may be missing opportunities to both focus requirements on manufacturers and

target certain types of household batteries.

1. Federal Versus California Classification of Household Batteries as
. Hazardous Waste

The USEPA detennines whether toxic materials are hazardous based on Toxicity

Characteristic Leaching Procedure (TCLP) tests. Mercuric oxide and.nickel-cadmium

batteries fail TCLP tests for mercury and cadmium, respectively, and therefore generally

. are conside~ hazardous. Based on data available for this study, other types of household

batteries such as certain manufacturer's alkaline and carbon zinc batteries have been shown

to pass TCLP tests for mercury and cadmium.

At the federal level, wastes generated by households are excluded from haDJdous

waste designatiori lSO• As a result, the disposal ofmercui'ic oxide and nickel-cadmium

batteries, andoth.er household hazardous waste, are not regulated under· federal regulations.

In addition, small quantity commercial generators of hazardous waste, which generate less

than 100 kilograms (220 pounds) per month, are conditionally exempt from lIiany of the

hazardous waste regulations in RCRA151.

Regulations within Califomia, however, are more stringent than at the federal level.

California hazardous waste control laws and regulations do not include the household

waste exclusion or the small quantity generator 'conditional exemptions. Therefore, in

Califomia, all wastes determined to be hazardous must be handled and disposed in

accordance with the State's hazardous waste laws and regulations.

California requirements on the coll~tion, storage, handling, transportation, and

disposal of household batteries are the same as they are for other hazardous waste. There

150 Tide 40, Code of Federal Regulations, §261.4(b)(1)
151 Tide 40, Code of Federal Regulations, §261.5
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is a transponation exemption which &:Uows households to transport their household'

hazardous waste to a collection facility without a manifest. This 'exemption applies for any

person transporting hazardous waste to a pennined hazardous waste facility for transfer,

treatment, recycling, or disposal, which does not exceed five, gallons or so pounds1S2•

Furthermore, California's definition of hazardous waste is broader than the

USEPA's. In addition to the TCLP criteria, California regulations include criteria for

toxicity using the Waste Extraction Test (WET). This test which establishes standards for

mercury and cadmium includes criteria for silver, nickel, and zinc. Based on these

additional standards, the Department of Toxic Substances Control (DTSC) considers all

types of household batteries to be hazardous because of zinc contained in most types of

primary batteries. Only in California are alkaline and carbon-zinc batteries legally

considered hazardous since no other states are known to have established a standard for

zinc.

2 • California Management of Household Battery HazardOUS Waste

The 'approach adopted by California for managing the disposal of household

generated hazardous waste is the development of household hazardous waste collection

programs operated at the city and county level. Cities and counties have been required by

State legislation to plan and implement collection programs for household hazardous

waste1S3, including household baneries. Household hazardous waste programs are being

established to assist the general public, and possibly many businesses, to properly dispose

of hazardous waste. Many of these programs currently are in the early stages of

development by cities and counties.

, Typically, cities and counties are either establishing pennanent hazardous waste

collection facilities or conducting periodic household hazardous waste collection events.

To facilitate the development of these programs, the State has passed legislation which

eases some of the regulatory and permit requirements. One Act1S4 allows any city or

co.unty which operates a household hazardous waste program to accept hazardous waste

from small quantity Oess than 220 pounds) commercial sources, and exempts the program

152 Health and Safety Code §2S163(c)
153 AD 2707, Chapter 1406 of 1990 Statutes
154 AB' 2641, Chapter 1266 of 1990 Statutes
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from specified taxes, reporting requirements, and liability. Another ActlSS facilitates the

collection of certain recyclable hazardous wastes. including household batteries,by

eliminating the need for permits for programs which collect only specified recyclable

hazardous wastes. Although this legislation'includes household batteries, most recyclable

household hazardous waste collection programs do not accept household batteries because

of the limited opportunities for reclamation.

While the State is working to establish an infrastructure for the collection of

household hazardous waste through cities and county sponsored programs, collection

programs sponsored by retailers, manufacturersj and other private organizations are

required to adJlere to the regulatory requirements for collecting, storing, treating,

transporting, and disposing of hazardous waste. With respect to household batteries, the

State has attempted to facilitate household battery reclamation by providing limited

exclusions and exemptions from hazardous waste laws if batteries are reclaimed1S6• Once

again, however, the limited opportunities for battery reclamation have restricted the

usefulness of this legislation.

ISS AB 2597. Chapler 1265 of 1990 StatUIeS

156 Health and Safety Code. §2S216 et seq.
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F. Summary ·of Household Battery Legislation
in the United States

A number of other states have studied issues surrounding the collection and

disposal of household batteries. Some states have passed legislation with provisions

ranging from placing limits on mercury content to requiring manufacturers to establish

battery collection·andreclamation programs. Additional states are considering legislation
on household batteries. and it is anticipated that battery·legislation will be introduced in the

United States Congress by New Jersey Senator Frank Lautenberg in the Spring of 1992.

This legislation is expected to closely mirror legislation already enacted in the State of New

Jersey.

Exhibit VI·2. on the following page. summarizes the provisions of the more

significant household battery legislation enacted by several states. Legislation in each state

has generally included provisions on battery content limitations, battery product ~abelling.

removability of batteries from products, and mechanisms for the collection and disposal of

specific battery types. Appendix B of this report includes a summary of proposed and

. enacted legislation in the United States. and also describes some battery management

activities in Europe and Japan.

Review of the legislation in other states indicates a relatively consistent trend among
states in three distinct areas. These are: 1) continued reduction in mercury content, 2)

requirements for product design and labelling, and 3) development of collection and

disposal mechanisms. Trends in each of these areas is briefly described below.

• Mercury Content - Battery manufaeturershave been successful at
reducing the amount of mercury used in the production of household
batteries by over 90 percent since 1984. The reduced reliance on
mercury has resulted largely from the refonnulation of alkaline
batteries. To assure that batteries sold in their state contain low
levels of mercury. several states have established mercury content
limits on alkaline and carbon-zinc batteries. and in some cases, have
banned the sale of mercuric oxide button batteries. While battery
manufacturers have purportedly voluntarily reduced their use of
mercury. the legislation serves to provide manufacturers with an
incentive for continued progress. Battery manufacturers have
indicated that batteries manufactured to meet the requirements ofone
state ·are also produced and sold in other states. However, there is
nothing that requires this to occur.
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Summary of Household Battery Legislation
in the United States

Content Limitations
Alkaline - 0.025% mercury Jan-92 Feb-92 Jan-92 Jan-92 Feb-92

- 0.0001% mercury Jan-96 Jan-96
Carbon-Zinc - 0.0001% mercury Jan-93 "Jan-92
Button Cells - 25 mg mercury Feb-93

PtOduct Bans
Mercuric Oxide Button Cells Feb-92 Jan-92V
Any Batteries Containing Mercury Jan-96

Product Labelling
JUI-93~ JUI.93~Batteries labelled to Identify Type Jul~93

Batteries labelled Regarding Proper Disposal Jul·93 Jul-93 Jul-93
Products/Packaging labelled To Identify Jul-93 Jul-93 Jul-93 Jul-93

Battery Type
ProductS/Packaging labelled Regarding Jul-93 Jul-93 Jul-93 Jul-93
"Proper Battery Disposal

Batteries Removeable From Products
Rechargeable Batteries Easily Removeable Jul-93 Jul-93 Jul-93 Jul-93 Jul-93

From Products

Collection Program Responsibility b1State andlor local Government Jul-93
Battery or Product Manufacturers Apr-92§/ Jan-92g!
Retailers Jan-92 " Jan-92

Household Battery Disposal at b1 b1Not Allowed in Municipal Solid Waste Jan-92 " Aug-91 Apr-92a Jul-92

at Mercuric oxide batteries
bI Rechargeable batteries
a Mercuric oxide and nickel-eadmium batteries
~ Button cells by an earlier date
§/ Pilot program required by April 1992
V Hearing aid batteries exempt until January 1994
g! Submit plans to State
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In general, carbon-zinc are now being produced without the addition
of mercury (less than 0.0001 percent mercury). Alkaline batteries
can meet the 0.025 percent requirement, and withiri a couple of
years, they also will be produced with no mercury added.

Minnesota and New Jersey have
,

banned the
'

sale of mercuric oxide
button batteries (New Jersey has exempted those batteries used in
hearing aids until January 1994). The battery industry has indicated
that mercuric oxide batteries may be removed from the market in the
United States prior to 1996, with or without legislation, due to the
increased use of substitute battery types.

• Product Design andlAbelling - With most of the attention on
household batteries shifting to the cadmium in nickel-cadmium
batteries, several states have recognized that batteries must be
accessible from products before they can be effectively collected for
proper disposal or'reclamation. Therefore, several states are
mandating that rechargeable batteries, or battery packs, be
removable from products by the consumer. A uniform target date
for meeting this requirement ofJuly 1993 has been established by all
states with such legislation.

Complementing battery removability are requirements for the
labelling (of both batteries and battery-operated products) of the type
of battery and the need for proper disposal procedures. This is
being accomplished through uniform symbols on products and
packaging, and in some cases, written instructions. Labelling also
serves to help educate consumers on the various types of household
batteries and varying requirements for disposal.

• Collection mid Disposal Mechanisms - The most complicated and
controversial aspect of present battery waste management trends is
the establishment of an infrastructure to collect and dispose of
household batteries. States have experimented with a variety of '
techniques including voluntary programs for the collection of
household batteries. Because of the limited options available for
battery reclamation, most collected batteries are disposed as
hazardous waste. Both reclamation and hazardous waste disposal
are costly to collection program operators.

In addition, a few ,states have made it illegal to dispose mercuric
oxide and/or rechargeable household batteries in municipal solid
waste. Other batteries are either considered non-hazardous or
determined to pose a relatively small risk relative to costs of
disposal.

Throughout California, cities and counties are currently in the
process of establishing household hazardous waste collection
programs. Household batteries can be collected through these
programs. Other states have implemented collection programs at the
'local government level; however, interest is growing in requiring
product or battery manufacturers to take responsibility for the
collection and disposal of used rechargeable batteries. '
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What is consistent among states working toestablisli collection and
disposal mechanisms is that no state has found an ideal solution to
the many complex problems involved.

In considering appropriate household battery waste management strategies for

California, it is important to understand what has occurred in other states. For example,

battery content limits and product design requirements require extensive lead time and

impose significant cost on manufacturers. Target dates for provisions required in

legislation have been established in consultation' with manufacturerS so that deadlines are

achievable and reasonable. In addition, labelling requirements need to be consistent in each

state since manufacturers may have litde control over where products are ultimately sold.
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G. Key Household Battery Policy Issues
for California

Current laws and regulations in California designate all household batteries as

hazardous waste. subject to proper handling and disposal. Because of the large number of

household batteries which are used by both businesses and households in everyday

applications. it may be impractical. ineffective. and very costly to manage all household
batteries as currently dictated by California requirements.

A more pragmatic and cost-effective approach to battery management would target .

those household batteries wtpch present the most significant risk to human health and the

environment. This study. and other studies conducted throughout the country. have found

that nickel-cadmium batteries currently pose the greatest risks due to their high levels of

cadmium. While mercmic oxide button cells. and to a lesser extent other button cells. also

should be cause for.concern due to their mercury levels. alkaline and carbon-zinc battery
types are starting to be recognized as a relatively small risk when present in the municipal

solid waste stream.

Although alkaline and carbon-zinc batteries present a relatively small risk. under

current California regulations. they are required to be handled as hazardous waste. This

places increased burdens on cities arid counties in managing household hazardous waste.

In confronting the household battery issue. the State needs to explicitly consider the

following key policy issues:

• Should all household batteries be targeted as household hazardous
waste? Should new low. or no. mercury content alkaline and
carbon-zinc primary batteries be granted a waiver from their
California classification as hazardous waste due to the unique
consideration of zinc as a toxic substance?

• Who should be responsible for collection and disposal of household
hazardous batteries. such as button cell and nickel-cadmium
batteries? Should local governments be responsible through special.
event days and/or curbside collection programs. or should retailers
and battery and product manufacturers be more responsible for
collection arid disposal? .

• What are the true total costs of hazardous household battery
collection and disposal programs? Who should bear these costs.
and how should hazardous household battery programs be funded?
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• Should communities with active incineration and compost projects
have special n=quirements for collection and disposal ofall
household batteries.'versus a community which relies primarily on
landfilling?

• Should local governments be allowed to accept hazardous household
batteries from commercial sources with exempted regulatory
n=quirements concerning amounts and.liability? Should local
governments be able to.collect and transport hazardous household
batteries exempt from certain regulatory requirements regardless of
the recyclable nature of household batteries?

• Should the State encourage the location of battery reclamation
facilities in California for button cell and nickel-cadmium batteries.
or even primary battery types such as alkaline batteries? Is the
technology for reclamation environmentally sound and do the
economics of reclamation justify such a facility'without a tax
subsidy?

• Should the State encourage or provide incentives to manufacturers to
commercially develop new battery technologies such as nickel-metal
hydride batteries and,rechargeable alkaline manganese batteries as a'
replacement for existing nickel-eadmium secondary household ,
hazardous batteries?

The aoove key questions represent some of the many diverse policy issues

concerning the management of household batteries as either non-hazardous. or hazardous.
waste. This study provides insight into most of the above key questions. but does not

attempt to answer all of the above complex outstanding policy issues. The

:recomIilendations in the next subsection do address those policy issues which we believe
. are conservatively justifiable at this time. Those policy issues which. are not addressed as a

result of this report should be considered for future policy evaluation.

-
,
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H. Recommended Household Battery
Waste Management Strategies

As a result of the research and findings of this report,.we present the following

recommendations for further consideration by the State. Some of these recommendations
Will require new legislation and regulations, and some recommendations may require

modifications to existing State regulations. Finally, the recommendations will require a
more active future role on the pan of state agencies to assist in the.managementof
hazardous household batteries. Below are presented the five major recommendations of

this report.

1. . Develop Specific Legislation for Household Battery Regulation

.It is recommended that California develop broad based legislation for regulation of

'household batteries. This kind of legislationis similar to what is already occmring in other
states. Recommended legislative general provisions include (1) mercury content

limitations, (2) standardized product labelling requirements, (3) a targeted battery product

ban. and (4) specifications that batteries be removable from products. Specific provisions
for recommended household battery legislation are shownin Table VI·3. on the next
page.
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Table VI·3
Recommended Household Battery Legislation

Battery GeDeral Specific
Type ProvisioD ProvisioD

Alkaline Mercury Content Limitation Limit mercury content in alkaline .
batteries to 0.025 pezcent, by
weight, by July 1993

Alkaline Mercury Content Limitation Limit mercury content in alkaline
batteries to 0.0001 pezcent, by
weight, by January 1996

Carbon Zinc Mercury Content Limitation " Limit mercury content in carbon­
zinc batteries to 0.0001 percent, by
weight, by July 1993

All Button Product Labelling Require button cell batteries and
Cells packaging to identify the type of

battery and need for proper disposal
by July 1993

Mercwic Oxide Product Ban Ban sale of mercuric oxide button
cell batteries by January 1996

Nickel­ Product Labelling Require nickel-cadmium baUeries
Cadmium and packaging to identify the type

of battery and need for proper
disposal by July 1993

Nickel­ Product Labelling , Require batIery-qJel'8ted producas
Cadmium using nickel-cadmium baueries and .

packaging to identify battery type
used and the need for proper
disposal by July 1993

Nickel­ Batteries Removable from Require that all battery-operated
Cadmium Products ' products using.nickel-cadmium

batteries to be manufactured so that
thebaueries are easily removeable '
by the consumer

2 • Facilitate Dialogue With the Department of Toxic Substances Control
and the Battery Industry Regarding California's Hazardous Waste
Regulations as Applied to Zinc in Household Batteries

Only in California are alkaline and carbon-zinc batteries legally considered

hazardous waste due to zinc content, since no other states are known to have established a

standard for zinc. Also, household batteries contribute an insignificant amount of zinc in
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comparison'to'other contributed sources. In light of these. and other. reasons. the battery

industry believes that household batteries should be exemptfrom theCalifomia Waste

Extraction Test for zinc. 'This would allow low-mercury. and mercury free',alkaline and

carbon zinc batteries to be classified as non-hazardous waste.

The.Califomia Integrated Waste Management Board needs to facilitate discussions

with the Battery Industry and the Department ofToxic Substances Control concerning this

issue. The battery industry may want to present documentation and evidence to the

Department of Toxic Substances Control concerning the hazardous nature of zinc in

household batteries. The battery industry may argue to modify existing California

regulations to provide a zinc toxic substance exemption specifically for household batteries.

If the battery industry is successful in obtainmg a zinc exemption from the,

Department of Toxic Substances Control. this reclassification of alkaline and carbon zinc

household batteries-would greatly increase the cost-effectiveness of household battery

collection and disposal programs; The overwhelming proportion of household batteries

collected by household battery waste management programs'could potentially be alkaline

and carbon-zinc batteries which have no present value for reclamation. and which may need

not be considered legally hazardous.

3. Review ,and Revise Existing California Regulations Which Affect
Household Batteries

In addition to more stringent criteria for defining hazardous wastes. California does

not have the federal household waste exclusion from hazardous waste designation. Also.

in California small quantity generators are not exempted from requirements ofthe

regulations..As a result. the same restrictions placed on hazardous wastes generally also

apply to household batteries in California. However. there is a state transportation

exemption for small quantity battery transpon and an exemption on transpon requirements ­

if the batteries are sent to a metal reclamation facility.

All of the above California regulations should be reviewed by the State with regard

to household batteries to detennine if there should be some additional special waivers for

household batteries. Existing state hazardous waste regulations should not act as an

impediment to local governments and private businesses who need to collect. store. and

transpon household batteries for proper hazardous waste disposal.

i
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Existing regulations may need to be able to allow a broadening in the number of
participants in household hazardous waste programs to include more businesses and

manufacturers. Also, local governments should not be constrained to having separate
hazardous household battery waste events just because there may be no proven and
available recycling technology for the majority of household batteries.

4 • Develop and Implement a Statewide Education Program for
Hazardous Household Batteries

Any household battery which is designated as household hazardous waste should

~ separated from the municipal solid waste stream. A large number otCalifornia

consumers do not realize that household batteries are presently considered hazard0l:ls
waste. Because consumers do not generally know this, the effectiveness of household

hazardous waste collection programs are seriously undennined. The public's willingness

to separate out batteries depends on the perceived health and environmental risks associ~ted

with each battery type.

The State of California presently considers all household batteries as legally
hazardous. On the other hand, the Department ofToxic Substances Control currently

publishes a brochure which states that primary household batteries should be replaced by

the ~'non-hazardous alternative" of secondary batteries. As the result of some confusion on
the hazardous nature of household batteries, consumers may be receiving conflicting

signals.

The State should develop and implement a statewide education program on the
various types of household batteries, and the special requirements for disposal. The

education program should include the following areas:

• Description of the various types of household batteries

• The varying contribution of toxic metals in different battery types

• Proper disposal of button cells and nickel-cadmium batteries.

The State needs to help relay a consistent message to California consumers

regBrding the ~ollection and disposal of household batteries. If consumers are advised to

collect certain household batteries, there needs to be provided a proper form ofdispOsal.
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Consumers should not be advised to collect any household batteries which are not

considered hazardous waste. It should also be noted that with any narrowing'of hazardous

battery designations, there will be a greater need to educate the public on differing battery

types. This can only be accomplished with a standardized consumer product labelling

system.

5 • Further Develop Hazardous Household Battery Collection and
Disposal Strategies

Existing household hazardous waste programs sponsored by city and county

governments should be the present primary mechanism for hazardous household battery

collection. These battery collection programs should focus on the required collection and

hazardous disposal of nickel-cadmium and button .cellbatteries. However, if additional

battery collection efforts are considered necessary (for example ifa community has an

incineration or compost operation) then collection programs should extend to retail outlets

and curbside collection programs. As the State develops regulations for expanded compost

operations as part ofAD 939 diversion requirements, it should give special consideration to

the treatment of household batteries.

The ultimate decision on what type of household batteries to collect 'may affect

decisions on how best to collect batteries. Return to retailer collection may be highly suited

for button cell batteries and even nickel-cadmium batteries where consumers are .looking for

a specific type and size replacement battery.

Consideration should be given to identifying ways to facilitate the collection and

disposal or reclamation ofnickel-cadmium batteries, particularly for applicable product

manufacturers and battery manufacturers.. The State may ultimately want to encourage that

battery collection programs be set up by manufacturers.
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ApPENDIX A

BIBLIOGRAPHY

This appendix.summarizes much of the recent literature on the household batteries,

their disposal, and potential recyclability. The bibliographyis annotated with a brief

description of each article, report, or document as it may relate to this study for the

CIWMB. The bibliography includes literat1:Jre prepared by officials ofindustry groups,

government agencies, and academic and private researchers, as well as other studies.

The bibliography is separated into three sections:

• Adverse Effects of Metals Contained in Household Batteries

• Market and Product Trends

• Potential for Collection and-Reclamation Programs.
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questions about disposal methods and whether the mercury
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The City and County of San Francisco is planning a
household battery collection program. Only silver oxide and
mercuric oxide batteries can be recycled in the United States.
A facility in France will recycle nickel-cadmium batteries.
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93. R. W. Beck and Associates, Household Hazardous Waste Element/or the
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ApPENDIX B

LOCAL, STATE, FEDERAL
AND INTERNATIONAL LEGISLATION

This appendix summarizes legislation that has been proposed or enacted at various

levels ofgovernment This includes legislation at the local. state, and federal' levels in the

United States. and in Japan and several European countries. Several local programs to

collect and process.household batteries have been initiated in the United States. Most of

these programs have not required specific authorization, such as city council resolutions or

ordinances. However, several have been mandated at the local level by·stateJegislation.

The local, state. federal. and international legislation reviewed for the study

includes legislation proposed or enacted by the following jurisdictions:

State

• California' • Minnesota
• Connecticut • New Jersey
• Maine • Oregon
• Maryland • Rhode Island
• Michigan • Vennont

Federal

• United States

Local

• Minneapolis • San Francisco .

International

• Austria • Germany
• Britain • Japan .
• Denmarlc • Sweden
• European Community • Switzerland.

The discussion of legislation is organized by types of waste management

approaches which have been proposed or initiated to identify and manage the potential

hazards from used household batteries. Industry officials also have drafted model
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legislation to guide the management and disposal of batteries. In general, waste

management approaches to household batteries have included a wide variety ofpractices.

many of which are described throughout this report. This appendix describes legislative

efforts to manage household battery waste and disposal under the following headings:

• Source Reduction in the United States

Content Limitations

Product Bans

• Waste Management Practices in the United States

Household Hazardous Waste Programs

Household Bat~ery Waste Management Plans

Education Programs and Labelling Requirements

Collection and Processing Programs

Recycling Programs

Studies in Progress

• Source Reduction-and Waste Management in Europe and Japan

• Model Legislation for Household Batteries.

Exhibit B·l. following this page. is a one-page summary of legislation which

identifies the types of provisions in legislation. Following Exhibit B-1. is a discussion of

proposed and e~acted legislation pertaining to each of the waste management approaches
listed above. Exhibit B.2, beginning on page B-12. is a comprehensive summary of

legislation by jurisdiction. this summary includes reference to bill number. effective date of

provisions, description of major provisions in the legislation. affected entities. status
.....

concerning introduction or enactment, and contact agency.
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Local, State, Federal, and International Leal.latlon

A. Source 'Reduction in the United States

Mercury and cadmium have been identified by the USEPA and several state

environmental agencies asthe~tals contained in household batteries that may pose

potential hazards to human health and the environment1S7,lS8,lS9. Several jurisdictions

have proposed or enacted source reduction requirements aimed at these metals. Where it is

technically feasible, source,reduction has been implemented through limitations on the

percentage content by weight of mercury. Where substitute battery types currently exist or

are expected to be developed, product bans have been proposed for specific battery types.

Many of the content limitation provisions are to take effect in 1992, with other provisions

on, content limitations and product bans to be phased in over several years.

1 • Ci»ntent Limitations

Mercury in alkaline and carbon-zinc batteries is an additive used to control the

buildup of hydrogen gas within the battery; Several jurisdictions have proposed or passed'

legislation aimed at limiting the mercury contentin these batteries. In general, current

legislation limits the mercury content of alkaline batteries to 0.025 percent (250 pans per "

million) by weight. These provisions are to be effective in 1992in Connecticut, Michigan,

Minnesota, New Jersey, Oregon, and Vermont Similar legislation is scheduled to be

introduced in Congress this year by Senator Lautenberg of New Jersey. The four major

battery manufacturers in the United States have redesigned their products and have met

these goals since mid-199Jl60.

Limitations on mercury content as low as one pan per million by weight (0.0001

percent), for both alkaline batteries and carbon-zinc batteries, also have been proposed.

These provisions will become effective within the next few yearS. One pan per'million by

weight is considered to be the background level of mercury. This limit essentially legislates

that mercury will not be added to these types of household batteries during manufacture.

With the exception of Eveready's heavy duty line of carbon-zinc batteries, major

157 United States, Office of Technology Assessment, Facing America's Trash: What Next for Municipal
SoUd Waste, OTA-0-424, October 1989

158 Arnold, Karen, Household Battery Recycling and Disposal Study, Minnesota Pollution Control
Agency, June 1991

159 State of Michigan, Repon of the Joint Legislative Committee on Batteries. December 1990
160 Balfour, October 1991
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manufacturers of carbon-zinc batteries in the United States claim to have met this

requirement since 1990. Eveready plans to begin producing "mercury free" heavy duty

carbon-zinc batteries in the spring of 1992161• In addition, two battery manufacturers have

announced-plans to begin prOduction of "mercury free" alkaline batteries in 1992162•

2 • Product Bans

Product bans have been aimed primarily at mercuric oxide button cells. .These cells

typically contain from 30 to 43 percent mercury by weight, and reduction of the mercury

content within the cell is not feasible because mercury is one of the electrodes. Silver oxide

and zinc~ button cells, with about 1 and 2 percent mercury content by weight,

respectively, are substitutes for mercuric oxide cells. Complete product bans ofmercuric

oxide batteries, where enacted, will be phased in over several years.

New Jersey legislation to ban mer£uric oxide batteries was vetoed on a conditional

basis by the Governor. It is expected that mercuric oxide hearing aid batteries will be

exempt from the product ban because some hearing aid devices only accept mercuric oxide

cells. The exemption will last three years, after which a total product ban on mercuric

oxide cells will be effective. Bans on the sale of mercuric oxide cells have been proposed

by special study committees in Michigan and Vennont. Michigan also proposed the ban of

silver oxide and lithium batteries by January I, 1992, and nickel-eadmiumbatteries by

January I, 1995. These proposals have not been enacted.

\.

161 Balfour, February 1992
162 RayoV8C Corporation, December 1991 and Panasonic Company, December 1991
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B. Waste Management Practices in the
United States

..........
Where content limitations are not technically feasible, states have enacted or

'proposed a wide range of approaches to prevent or reduce toxic metals contained in

household batteries from entering into the solid waste stream. Waste management practices
differ in tenns of (1) placement ofresponsibility on consumers, retailers, manufacturers, or

public agencies, (2) types of household batteries which are targeted for management, (3)

degree of compliance required or incentives offered, and (4) intensity of management

practices.

1 . Household Hazardous Waste Programs

Several jurisdictions have implemented the collection and recycling or disposal of

household hazardous waste. Used household batteries are included as a component of

household hazardous waste. The most comprehensive management approach is to Prepare

a household hazardous waste management plan. Plans typically include methods to reduce
generation ofh~ousmaterial, and to separate, collect, and recycle materials such as

household batteries, paints, and unregulated household hazardous wastes. Two pieces of

legislation in California were passed to manage household hazardous.waste. AB 2707163

requires that agencies develop household hazardous waste management plans which

include source reduction, public education, and regional interagency approaches. AD

939164 requires a 50 percent reduction in the amount of solid waste generated over the next
decade, including the proper disposal of household hazardous waste. Provisions of both

AB 939 and AB 2700 specify the responsibilities of local governments in California to

develop and implement integrated waste management practices.

In 1990, the California Legislature passed legislation to assist in efforts of local

governments and other agencies in providing sate disposal me~ods for household

hazardous waste and providing public information on the proper disposal of hazardous

substances commonly found in and around homes. SB 937165 requires that the Board

implement a public information program and prepare guidelines for local agencies to'follow

163 Chapter 1406 of 1990 Statutes
164 Chapter 1095 of 1989 Slatutes
165 Chapter 35 of 1990 Statutes
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in planning and implementing household hazardous waste collection, recycling, and

disposal programs.

In Maryland, each county is required to prepare and submit an assessment of the

feasibility of establishing a household hazardous waste collection Prograni. Assessments

are to include an estimate of the cost of one household hazard~us waste collection day

every year and the feasibility of establishing regional household hazardous waste collection

by county. In Vennont, this approach is to be implemented at the state level.

A statewide household hazardous waste public infonnation program has been

implemented in Oregon. The education program includes the following infonnation:

• Alternatives to disposal of household hazardous waste at solid waste
disposal sites

• Methods of reusing or recycling household hazardous waste

• Alternatives to the use of products that lead to the generation of
household hazardous waste.

Collection programs may involve one-day collection events or pennanent collection

facilities. Periodic household hazardous waste collection events have been implemented in

Oregon. Pilot project collection events will include the recycling of used household

batteries, where feasible. A pennanent collection facility for household hazardous waste

has been ~nstructed in San Francisco. Almost all collected materials are either processed

or recycled with only 2 percent of materials disposed in hazardous waste landfllls. It is

anticipated that rechargeable batteries and button cells also will be recycled as part of this

program.

In California, proposed legislation, SB 1143 would have established a fee on the

first sale of a potentially environmentally hazardous product, based on 2 percent of the

sales price. The bill would have required that 50 percent of the fee revenues be deposited

in the Hazardous Waste Control A~unt, to be available for expenditure for educational,

regulatory, and remedial programs. The other 50 percent would have been allocated to

cities and counties to implement the household hazardous waste collection and education

programs ~andated by AB 2707 and AB 939. SB 1143 was substantially revised in

January 1992, removing all references to fees. Action on this bill is stiIlpending in.the

California Legislature.
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2 • Battery Waste Management Plans

Waste management plans have been proposed, or are required, which target used

household batteries rather than household hazardous waste in general. Responsibility for

collection and disposal is placed on either manufacturers or local government agencies.

Financial mechanisms, such as return deposits or grants, have been proposed to defray

program costs and provide incentives to participate.

When the responsibility for waste management is that of the manufacturers, written

battery management plans have been required to include provisions for the collection,

transportation, and recycling or disposal of targeted batteries, such as rechargeable batteries

or mercuric oxide cells; The plans designate the collection system to be utilized, consumer

education programs, an industty-wide unifonn coding system, and the funding source or

mechanism to defray the cost of the plan. Regulatory authorities also have been given

emergency powers to require manufacturers to develop management plans for other types

of household batteries. Legislation placing the responsibility on manufacturers has been

passed in New Jersey and will be introduced into the United States Con~ess by Senator

Frank Lautenberg of New Jersey.

When the responsibility for waste management lies with a government agency,

management plans·also include collection, transportation, and processing or recycling

provisions. Vennont law authorized the development of a statewide used battery

management plan. The plan includes a comprehensive system for collection and disposal

of batteries determined to be harmful. The plan also considers incentives to encourage

consumer participation, such as return deposits. Minnesota law established a grant

program to help counties plan and implement household battery collection, processing, and

disposal projects. The bill also establishes guidelines for collection and transportation

systems, dissemination of educational materials regarding environmentally sound battery

management, and development of markets for materials recovered from batteries.

3 • Education Programs and Labelling Requirements

To encourage and enable participation in voluntary programs, several jurisdictions

have passed legislation on education programs aimed at tl)e general public, and labelling

requirements to be placed on individual batteri~s and battery pack~ging.

"""'.
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For rechargeable batteries, labelling and infonnation on proper disposal methods

have been legislated in several states. In Oregon, the batteries must be labelled with the

recycling ~ymbol and the symbol "Cd" for the metalcadmium. Other jurisdictions which

have passed labelling requirements on rechargeable batteries include New Jersey and

Connecticut, and is scheduled to be proposed in the United States Senate. In Minneapolis,

retailers are responsible for disseminating information. A City ordinance requires that

retailers must postnotices on the proper disposal methods of used household batteries.

4 • Collection and Processing Programs

Several jurisdictions have required the implementation 9f collection and processing

programs for household batteries. Legislation provisions requiring the proper disposal and

processing of the collected batteries have not been specific in describing processing options

such as recycling. In general, collection programs are aimed at mercuric oxide batteries and

rechargeable batteries. These battery types contain the highest percentage by weight of

toxic metals, and substitute battery types are still in the development stage.

Where specific battery types are targeted for collection, the legislation emphasizes

the responsibilities of the manufacturers. These responsibilities include designation of

collection systems and processors, designation of funding sources and mechanisms to

defray the costs of the programs, consumer education, and industry-wide unifonn codes to

identify specific battery types.

Nearly 80 percent of nickel-cadmium batteries are used as components ofconsumer

products, where the batteries have been included as an integral componentof the product

To facilitate separation and collection of these batteries, several states have passed

legislation requiring that all rechargeable batteries be easily removeable from consumer

products. The responsibility for collection of rechargeable batteries depends on the

j1J!isdiction. Minne.sota law requires that manufacturers implement pilot programs and

then, within two years, permanent programs to collect rechargeable batteries. The goal of

the pilot program is to gather sufficient statewide data for th~ design and implementation of

the permanent program. The goal of the permanent program is to collect 90 ,percent of

waste rechargeable batteries. Connecticut law requires that municipalities have the

.responsibilitY for recycling nickel-cadmium batteries through local or regional processing

centers. New Jersey law requires that retailers shall accept rechargeable batteries from

consumers. Legislation on the design of consumer products has been passed in Oregon,
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and· proposed for the states of Michigan and Vennont, and at the federal level for the United

States.

Mercuric oxide batteries also have been targeted for collection and processing..

Because of the specialized uses of these cells, responsibility for collection and processing

has been placed on distributors and manufacturers, rather than municipalities. In New

Jersey, mercuric oxide hearing aid batteries were exempt from mercury content limitations

and banning, if the used batteries are collected by hearing aid distributors. Government,

medical, commercial, and industrial generators of large quantities ofmercuric oxide cells

also are required to provide on-site collection and source ~eparation. In Minnesota,

government and other large generators are prohibited from disposing used mercuric oxide

cells in the mixed solid waste stream, but manufacturers are responsible for collection and

processing.

5 • Recycling Programs

A critical component of household battery waste management programs is the .

establishment of technically, institutionally, and 'economically feasible recycling programs

for those batteries identified as recyclable. Current legislation on household batteries leave

the issue of recycling unanswered. Several states currently require the collection of various

types of household batteries, as discussed above. However, ultimate disposal of the

batteries is frequently left to some future determination or additional study. For example,

in Minnesota. the Office of Waste Management was directed to investigate options and

develop guidelines for collection and disposal of household batteriesl66• As a resul~ of its

study, the Minnesota Office of Waste Management recommendations for the recycling

market included that the Office work with industry to explore and solicitpossible

household battery market development projects167.Clearly, the opportunities for recycling

household batteries remain limited and uncertain.

6 • Studies in Progress

. Several jurisdictions have passed legislation authorizing studies, as interim
'

measures to frame possible future actions. The main unresolved issues concern: 1) the

166 Minnesota Act 89·1, Article 20
167 Vandenbosch, Mary, ~ aI., Household Battery Report, prepared for the Legislative Commission on

Waste Management by the Minnesota Office of Waste Management, December 1991
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extent to which battery types other than mercuric oxide and nickel-cadmium cells may pose

potential health hazards, 2) the extent to which recycling is technically or economically

feasible, 3) the potential hazards which may be present in the recycling process, and 4) the

development of comprehensive funding mechanisms which both defray ~sts ofcollection

and provide incentives for consumer participation. The studies also incorporate technical

and scientific persPectives in the evaluation of the potential adverse effects on human health

and the.environment, and involve cooPeration with battery and consumer product

manufacturers, wholesalers, and retailers who will be responsible for developing

management plans. Studies have been authorized in California, Minnesota, Vennont, and

~chigan. This repon is the product of legislated authorization to study household batteries

in California.
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Detailed Summary of Household Battery LegislationI
'lI'..
Nr.m~!!!!m!~~!!!!m!~~~~~~~~~~~~~~~~~~~~~===~==~~~~~~~===T:!:':ll~~====~

State of Callfomla SB 1594 (1989) I Enacted Jan-1-90 Hazardous Waste Exemption • Solid waste facilities
• Hazardous waste

Collection locations and transportation of household facilities
batteries are exempt from hazardous waste·requlrements
for receiving, storage, and transportation, If the batteries
are to be recycled.

• CIWMB
State of Callfomla I AS 3530 (1990) I Proposed

(subsequently
--- Deposit end Refund Value • Consumers

• Retailers
amended, Would require consumers to pay d8aler a ten cent deposit • Battery distributors
see below) upon purchase of household batteries. Would require • Battery

dealers to accept used batteries and pay a ten cent refund manufacturers
value for household batteries. The deposit and refund
value Is to be Increased by five cents every two years until
the redemption rate Is 80 percent.

State of Callfomla I SB 1813 (1990) I Enacted Jan-1-91 Study of Disposal and Collection Program I • CIWMB
AB 3530 (1990)

I I
Requires study on the disposal and potential recyclabllity
of used household batteries.

State of Callfomla I SB 1143 (1991) I Proposed -- Hazardous Products Fee • CIWMB
(subsequently • State Board of
amended, Requires a fee of 2 percent of the sales price, with 50 Equalization
see below) percent of revenues for education and remedial programs, • Dept. of Health

and 50 percent to IfI1)lement household hazardous waste Services
collection programs. • Cities

• Counties
I •ConsumersI

I SB 1143 (1992) I I I I

Slate of Callfomla Proposed -_.- Hou....old HaurdOU8 Waaie Facility
• Household

Establishes crfterla by which a hazardous waste facilities hazardous waste
permit Is not required for a household hazardous waste collection facilities
collection facility. To be exempt from permit requirements, • Cities
such a facility would be reqUired to accept nlckel-cadmlum, • Counties
alkaline, carbon-zinc, and other small batteries.

------



Detailed Summary of Household Battery Legislation
(Continued)

------"State of Connecticut I Public kt 90-248 Enacted Jul-1-93 Product Design, labelling, and Recycling Program • Battery
89-385 manufactuf8rs

• NlckeJ.cadmlum batteries In consumer products must
• Manufactuf8rs ofbe easily f8moveable, and packages must be labeled

consumer productsrequiring proper disposal. Municipalities must recycle
nlckel-cadmlum batteries through processing centers. • Municipalities

State of Connecticut I Public Act 91-3n I Enacted Content limitation

I
• Battery manufactul8rs

Jan-1-92 • Retailers• Used mercuric oxide cells af8 consldef8d hazardous
waste. Retailers will be reqUired to accept used cells
from consumers.

Jan-1-92
• limit on mercury content In alkaline batteries of 0.025

percent (250 parts per million) by weight.

I
Jan-1-93 • limit on mercury content In zlnc-carbon batteries of

I
one part per million by weight.

State of Maine I L.D.1278(1991) Proposed

I
Battery Refund Program • Consumers

• Retailers
This bill would: • Distributors

Feb-1-92 • Establish a"household battery collection program by • Manufactuf8rs
Instituting a 101t"deposlt system on all household • Importers
batteries sold In the st~te. • Incinerator operators

• State agencies .Aug-1-93 • Prohibit Incineration of household batteries
Feb-1-94 • Ban sale of products from which batteries cannot be

removed and f8pJaced by the consumer.

l • Requlf8 all State agenc!es to purchase, to the

• maximum extent possible, f8chargeable household
m:.:. batteries rather than non-rechargeable batteries.
Co)

l .L L ~~,, .J
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Detailed Summary of Household Battery Legislation
(Contin~ed) .1•

"~~_~~mllmr~~~~=~rm~~~~f'm'l=~~!!':ml~!!':ml~~=~=~~r::mm!!l~~~~~~~~~~~~~~;------
State of Maryland Public Act 89-820 Jul-1-89Enacted Hou..hold Hazardous Waate Collection Program • Counties

. Each county Is to assess by January 1, 1990 the
feasibility of establishing a household hazardous waste
collection program, Including one collection day per
year.

State of Michigan Public Ad 90-20 Enacted Apr-1-90 Recycling Program and Depoe" System NlA

• Authorizes the study of disposal and recycling options,
and possible deposit system, for nlckel-cadmium and
mercury batteries.

• Report due December 31, 1990 from Joint legislative
committee (see below).

State of Michigan Report of the Proposed Management and Dispoul of Household Batteries • Battery
Joint Legislative Committee manufacturers
Committee on Jan-1-92 • Nk:kel-cadmlum batteries anno be banned from
Batteries disposal in solid waste landfills and Incinerators • Manufacturers of

Immediately and to be banned from sale by January 1, consumer prodUcts
1995

Jan-1-92 • Mercuric oxide, silver oxide, and lithium batteries are to
be banned from disposal In solid waste landfills and
Incinerators Immediately and are to be banned from
sale by January 1, 1992

Jan-1-92 • Alkaline and carbon-zinc batteries are required to limit
mercury content to 0.025 percent by weight by January
1,1992.

Jan-1-95 • Recycling of alkaline and carbon-zinc batteries to be
required by January 1, 1995.

Jan-1-95 • Batteries are to be removeable from prodUcts and
....L.. ........ ",,- --, devices ....... .........
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Detailed. Summary of Household Battery Legislation
(Continued)

-----
State of Minnesota Act 90-409 Enacted Content Limitation.end Product Design • Govemment agencies

Aug-1-90 • Prohibits disposal of mercuric oxide, silver oxide, and • Industrial facilities
nlckel-cadmlum batteries used by govemment
agencies and medical facilities. Manufacturers are • Commercial facilities
responsible for collection and processing.

• Medical facilities
Jan-1-92 • Limit of 25 mg. of mercury In alkaline button cells.

• Battery manufacturers
Feb-1-92 • Limit of 0.025 percent by weight mercury In alkaline

batteries. • Manufacturers of
consumer products

Apr-15-92 • Manufacturers are to Implement pilot programs for
the collection and management of rechargeable
batteries.

Jul-1-93 • Removeable nlckel-cadmlum battery packs.

Apr-15-94 • Manufacturers are to Implement permanent
programs for the collection of rechargeable batteries.
The program goal Is to collect 90 percent of waste
rechargeable batteries.

State of Minnesota Act 89-1 Enacted NlA Collection and Recycling Program • Office of Waste
Article 20 Management

• Office of Waste Management Is to Investigate options
and develop guidelines for collection and disposal.

• Report Is available as of Decermer, 1991.
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State of New Jersey Dry S83157 Passed state Cell Battery Management Act (as amended by Governor) • Battery 
(1991) legislature manufacturers 

Jan-1-92 Mercury content limitation of 0.025 percent by weight (250 parts 
Amended by per million) for alkaline batteries. • Manufacturers of 
Govemor consumer products 

Jan-1-92 Mercury content limitation of 25 mg. from button alkaline·h",ttArto.,,,,. 

• State solid waste 
Jan-1-92 Mercury content limitation of 0.025 percent by weight (250 parts management 

per million) for mercuric oxide batteries. agencies 

Jul-1-92 Mercury content limitation of 0.0001 p8rcentby weight (one part • Retailers 
per million) for zinc carbon batteries. 

• Government 
Jul-1-93 Rechargeable batteries must be removeable from Agencies 

consumer products, labeled, and Include Information on proper 
disposal. 

Jan-1-94 Two year exemption for mercuric oxide hearing aid batteries 
expires. 

Jan-1-96 Mercury content limitation of 0.0001 percent by weight (one part 
per million) for alkaline batteries. 

Retailers are to accept used rachargeable batteries from 
consumers. . 

Government agenCies, hospitals, and commercial and Industrial 
establishments that generate at least 220 pounds per month are 
to provide on-site collection and source separation of mercuric 
oxide and rechargeable batteries. 

Manufacturers are to prepare and submit written battery 
management plans for the disposal of mercuric oxide or 
rechargeable batteries, Including designation of the collection 
system, funding source or mechanism, consumer education, and 
an Industry-wide uniform coding system 

The State Department of Environmental Protection may Issue . 
emergency orders to manufacturers of other dry cell batteries, 
directing suspension of sale or requiring battery management 

Detailed Summary of Household Battery Legislation 
(Continued) . 



Detailed Summary of Household Battery Legislation
(Continued)

-_••_-
State of New York S.4275-A Proposed Content L1mftatlon end Product Design

A.7029-A
Jan-1-92 • Limit of 0.025 percent by weight In alkaline batteries • Battery .
Jan-1-92 • Limit of 25 me:i of mercury In alkaline button cells Manufacturers
Jan-1-93 • Prepare a study on the feasibility of requiring the • Manufacturers of

elimination of mercury from alkaline batteries and a consumer products
schedule for the collection, recycllng,and disposal of • State agencies
mercuric oxide, silver oxide, nlckel-cadmlum, and small
lead-acid batteries.

Jul-1-93 • Limit of 0.0001 percent by weight In carbon-zinc
batteries

Jul-1-93 • Nickel-cadmlum and small lead-acid batteries or
battery packs must be easily removeable from
consumer products .

Jul-1-93 • Rechargeable batteries must by clear1y marked to
identify Its chemical content

State of Oregon AB 3361 (1991) Enacted Content L1mftatlon end Product. Design

Jan-1-92 • Limit of 0.025 percent by weight mercury In alkaline • Battery manufacturers
batteries. • Manufacturers of

Jan-1-92 • Limit of 25 mg. mercury In alkaline button cells. consumer products
Jul-1-93 • Removeable nlckel-cadmlum battery packs.

State of Oregon Act 89-833 Enacted Jul-1-90 Household HezerdoU8 Weste Management • State Department
I of Environmental

Implements a statewide household hazardous waste Quality
pUblic education program. Conduct a pilot project to
operate periodic household hazardous waste Collection
events. Collection of household batteries Included In

l one-day events. Contractors are to sort and'recycle

• batteries.

!.... , , , '- ' "
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Detailed Summary of Household Battery Legislation
(Continued)

Battery Content, Product Design, and Recycling
State of Rhode Island NlA Proposed • Consumers

Jan-1-92 • limit to 0.025 percent by weight the mercury content of • Battery manufacturers
alkaline batteries • Consumer prodUct

Jan-1-93 • Prohibit sale of mercuric oxide button batteries manufacturers
Jan-1-94 • Prohibit disposal of nlckel-cadmium, mercuric oxide, or • Retailers

lead-acid batteries, or consumer products containing • Distributors
nickel-cadmlum or lead acid batteries, In municipal or • Dept. of
commercial solid waste. Environmental

Jan-1-94 • Nickel-cadmlum and lead-acid batteries contained in Management
consumer products must be easily removeable by the
consumer and labeled to Indicate: 1) the battery is
recyclable and not to be disposed of In municipal solid
waste, and 2) the type of electrode used In the battery.

Jan-1-94 • Nickel-cadmium and lead-acid batteries must be labeled
to Indicate: 1) the battery Is I'8cyclable and not to be
disposed of in municipal solid waste, and 2) the type of
electrode used in the battery

Jan-1-94 • The Department of Environmental Management shall
develop l'8gulatlons for a battery recycling program for
mercuric oxide, nlckel-cadmlum, and lead-acid batteries.
Collection Is to be at the point of sale.

State of Vermont Bills 87·78 Enacted Jul·1-91 Hazardous Waste Management Collection and • State agencies
87·248 Recycling Program
89-218

Hazardous waste management plan should be pUblished
and Include a statewide strategy to reduce, I'8move,
separate, collect, and I'8cycle materials, Including
disposable batteries based on volume of waste, sources
of waste, CUrl'8nt disposal methods, cost to I'8cycle, and
potential markets.



Detailed Summary of Household Battery.Legislation
(Continued)

------Bettery Content, Product Design, and Recycling
State of Vermont 811I91-124 Enacted

Jul-1-91 • Landfill prohibition for waste mercuric oxide, sliver oxide, • Consumers
nlckel-cadmlum, and sealed lead-acid batteries from • Battery manufacturen
certalnnonconsumer users. • Consumer prodUct

• Manufacturers aru required to ensure a collection system, manufacturers
Inform purchasers of landfill prohibition, and Include cost • Retailers
collection In the sales transaction. • DistribUtors

Jan·1·92 • All button cell batteries must be label~by type. • Agency of Natural
• Manufactururs aru not allowed to distribute or sell for rutall Resources

an alkaline battery that contains moru than .3% mercury or
a button cell which contains more than .025% mercury.

Feb-1-92 • Manufacturers aru not allowed to distribute or sell any
alkaline battery with more than .025% of mercury.

Jul-1·92 • Nlckel-cadmlum and other rechargeable batteries aru
banned from landfill disposal wheru there Is an onglng
collection program.

. Jan-1·93 • Button cell batteries containing 25 milligrams or moru of
mercury are banned from being sold In Vermont.

• Unless proven unfeasible, all mercuric oxides, silver
oxides, nickel-cadmium, and sealed lead-acid batteries
are prohibited from landfill disposal.

Jul-1-93 • Nickel-Cadmium batteries must be easily removeable and
labelled as to the proper disposal of the battery.

Jan-1-96 • All batteries with mercury are prohibited from retail sale.

State of Vermont Waste Battery Proposed Waste Battery Management Plan. I· Battery manufacturers
Agency of Management Plan • Incinerator operators

Natural Resources Agency determined that mercuric oxide and
nlckel-cadmlum batteries, regardless of
disposal, and alkaline batteries, when Incinerated, may
cause harm to health and the environment based on
quantities of mercury and cadmium contributed to the solid
waste stream. Recommendations Include:

Jul-1-92 • Prohibit sale of mercuric oxide·batteries by July, 1992.
Nlckel-cadmlum batteries are to be diverted from
disposal through targeted collection programs.Jan-1-93

• Alkaline batteries are to be rumoved from waste struams
destined for Incineration by January 1, 1993•
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Detailed Summary of Household Battery Legislation

(Continued)•
;~~~~~~~~~~~~~~~~~~~~~~~~!:!n':!!~~~~~~~~~~~~~~~~~~~~~~~~~~

-_••_-
TItle 8 Enacted sep-14-90 Disposal end Educstlon Progl'llm • Retailers

City of Minneapolis Chapter 152
Retailers must post notice on proper disposal of batteries.

City of EnactedSan Francisco Resolution 226-87-3 Oec-14-87 Housahold Hazsrdoua Wests Collection • City of san
Progl'llm Francisco

Established household hazardous waste
collection .program and permanent collection
facility. Proposal to recycle rechargeable
batteries and button cells Is part of th~ program.



Detailed Summary of Household Battery Legislation
,(Continued) "

------

I•
%...

United States NlA Proposed by Battery'Recycllng and Disposal Act of 1991
Senate Sen. Lautenberg • Battery

• "Mercury content limitation of 0.025 percent by weight manufacturersTo be Introduced In Jan-1-93 (250 parts per million) for alkaline batteries.
1992 • Mercury content limitation of 0.0001 percent by • Manufacturers ofJan-1-96 weight (one part per million) for alkaline batteries. consumer products

• Mercury content limitation of 0.0001 percent by
Jan-1-92 weight (one part per million) for zinc carbon batteries. • State solid waste

• Mercury content limitation of 0.025 percent by weight, managementJan-1-96 (250 parts per million) for mercuric oxide batteries. agencies
• Rechargeable batteries must be removeable from

Jan-1-93 consumer products, labeled, and Include Information
on proper disposal. '

• Manufacturers are to prepare and submit written
battery management plan for the collection,
transportation, and recycling or disposal of mercuric
oxide or rechargeable batteries.' Plans are to IncludE
description of the collection system, funding source, .
consumer education, and Industry-wide uniform
codes. Combustion Is prohibited as'a means of
disposal.

• The U.S. EPA may Issue emergency orders to
manufacturers of other dry cell batteries, directing
suspension of sale or requiring battery management
plans.

United States HR3735 Proposed NlA Study of Disposal and Collection Program
House • U.S. EPA(1989) The U.S. EPA shall conduct a studySec. of:

2010
• Effects of used batteries on landfills and Incinerators
• Potential recyclability of used household batteries.



Local, State, Federal, and International Legislation

c. Source Reduction and Waste Management
Practices in Europe and Japan

European countries have been at the forefront of establishing legislation on

household batteries. Typically, legislation has been aimed at reducing mercury and/or

cadmium content levels in batteries which has led to voluntary agreements with

manufacturers regarding product labelling and collection programs. Educational programs,

such as those found in Japan. are increasing public awareness in the recyclability of

household batteries and have resulted in high retmn rates. Collection and processing

programs have been in effect for over five years in both Switzerland and Sweden.

achieving collection rates as high as 60 percent in Sweden. Although battery collection

programs were implemented in the late 1980's. only a few countries have facilities to

recycle the batteries.

1. Germany

The Federal Parliament of the Federal Republic of Germany passed a second

amendment to the Refuse Disposal Law on January 15. 1982. This amendment issued the

Sewage Sludge Discharge Implementation Order. effective April 1. 1983. and placed

limitations on lead, cadmium. chromium. copper. nickel. mercury. and zinc in sewage

sludge168•

In 1986. Article 14 of the Refuse Disposal Law was amended to set specific waste

reduction goals. This change allowed the Environment Minister of Germany to issue

environmental-related orders.· The Minister requested battery manufacturers to cooperate in

reducing heavy metals in household waste by voluntarily reducing the mercury content in

batteries and by improving pnxiuct markings to facilitate separating certain types of

discarded batteries169• In September. 1988. voluntary agreements with battery

manufacturers were established to limit mercury levels and require recycling labels on dry

cell.batteries. Batteries with mercury content levels exceeding 0.1 percent of weight had to

168 Tabasaran and Panners, Compiled for the Fachverband Batterien, Hanover, EnvjronmeotaUy Relevant
Effects of the Substances Present in Primm Batteries when Disposed of in Dumps and Incioemtors
for Domestic Waste and in CoinpostinK Systems, October, 1990

169 Business International, Business EIlIJ)j)e. Germany Leads the Way on RedJ.lcing Waste, February 9,
1987
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be marked effective April, 1989 and are to be returned to dealers. Also, the battery

manufacturers have agreed to reduce mercury contents to 0.1 percent of weight.

Depending on the success of these voluntary agreements. the Environment Agency

will make customer return of such batteries mandatory and will require the manufaeturersto

supply the necessary facilities. Ifattempts to recycle by these measures do not achieve high

returri rates. the Government intends to implement a refundable deposit on batteries170.

2. Austria

With the passing of the Austrian Standard, S2022. limiting mercury and zinc

contents. Au~tria has also established voluntary industrial agreements which limit the

quantities of mercury and zinc iIl'householdproducts171• All household hazardous was~s.

including batteries. are actively separated from the municipal solid waste since 50 percent

of the waste is composted and sold for agricultural use. To assist in the collection ofdn'
cell batteries prior to entering the household hazardous waste su:eam. Austria also plans to

implement a labelling and deposit system on hoOsehold batteries to achieve a higher retWn

rate.

3 • Switzerland

Used dry cell batteries. under Swiss regulations. are prohibited from being placed

in household refuse. Since 1983. battery suppliers have been required to accept used

batteries. In addition. the Government has established a comprehensive battery collection

program with both retail and public collection containers. In 1990. collection of used

household batteries in Switzerland was about 35 percent of total batteries consumed for that

year. The problem Switzerland faces is the lack ofrecycling capabilities within the

country. A group consisting of private
p

firms,
•

individuals. and public authorities have

established a battery recycling company in Zurich to recycle used Swiss batteries which

formerly had been sent to Germanyl72.

170 Business International, 1987
171 Tabasaran and Partners, 1990
172 Economist Publications Ltd., Country Rej)Ort. Solving the Problems ofRecycling Batteries; Water

Pollution byFanns, July 12,1989
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In addition to the collection programs, Switzerland also has passed strict pioduct

labelling legislation, requiring mercury or cadmium contents of over 0.025 percent in

batteries to be marked with labels indicating that the product is environmentally hazardous.

Also, nickel-cadmium batteries will have a deposit system in place and must be removeable

from rechargeable household appliances and toolsl73.

4. Sweden

As typical with the Scandanavian countries, Sweden passed strict content limitation

restrictions in the early 1980's. The Swedish Government requires batteries with mercury

and cadmium levels greater than 0.025 percent to be labelled as hazardous and bans such

batteries from entering municipal solid waste landf1l1s. Also, the Government has plaCed

levies equal to 15 to 20 percent of the battery price on the manufacturers. These revenues

are then used to fund the recycling program.

Since 1987, Sweden has enacted an extensive household battery collection program

and currently retrieves 60 percent of all disposed batteriesl74. The program uses it

combination ofcurbside, retail outlet, and public collection boxes. The batteries are then

manually sorted by type and disposed accordingly. The nickel-cadmium batteries are sent

to a recycling facility while other batteries are stored.

S. Denmark

Under the Danish Recovery Act, there are strict labelling requirements on batteries.

Household batteries with mercury and cadmium contents greater than 0.025 percent are to

be labelled hazardous, and all batteries are to be labelled recyclable. In addition,

rechargeable products with built-in batteries will be labelled. Ifpassed, this legislation will

implement a rebate system which will be equal to 10 percent ofthe purchase price and will

help achieve a 95 percent return rate of used nickel-eadmium batteriesI7~.

173 Goldberg, 1991
174 Levy, Stephen J., United States, Environmental Protection Agency, Office of Solid Waste, ElJIlU)eiIIl

Battery Management Practices, Presented 10 OAQPS, Precombustion Control ~f Mercury Emissions
from Batteries Meeting, February, 8, 1990

175 Ibid
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6. Britain

The Environment Minister of Britain launched a pilot collection program in 1989

which was established to help meet the goal of recycling 50 percent of usable household

rubbish by the year 2000176• This program provided 10,000 households in Sheffield with

a box container, which has partitions for various recyclable household products. including

batteries. and will be cOllected as frequently as twice a week. Curbside collection·programs

such as this pilot program are deemed necessary in order for Britain to increase its recycling

rate from 1.5 percent to over 30 percent.

7 • European Community

In March 1991, the Council of Ministers "Environment" fonnally adopted the EC

DirectiveNumber 91/157 relating to batteries containing certain hazardous substances

(mercury,c~um, and lead)I77. The main provisions of the proposal are: 1) a ban on

alkaline batteries with a mercury content more than 0.025 percent, and 2) labelling of .

batteries containing. by weight. more than 25 mg mercury (except alkaline batteries). 0.025

~cent cadmium, or 0.4 percent of lead. Mercuric oxide. nickel-eadmium and lead acid

batteries are to be collected separately from municipal solid waste for recycling or other

special disposa1178•

The directive illustrates the basic principles by which the EC Commission has

established its strategy for waste management. In ranking order, these are:

• Prevention

• Recycling and reuse

• Optimization of fmal disposal.

, Similar to the United States. under the European Community Directive. batteries

that contain appreciable amounts of mercury. cadmium, or lead are conside~ to be

176 .Clover, Charles, Sunday Telegraph, Green Dustbin May Lay Waste to L2.5b Bill, November, 19,
1989

177 European Community Waste Management and Its Applications to Used Balteries, Proceedings of the
Second International"Seminar on Bauery Waste Management. November, 5-7, 1990

178 EuropiJe,lmplementation oftheEC Battery Directive: The Basisfor Collection & Recyling
Schemes, Batteries and the Environment. Association of European Primary Battery Manufacturers,
Bern, Switzerland, April 1991
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hazardous wastes. However, the European approach differs significantly froJ.1l that of the

United States in at.least two respects179:

• In the United States. consumer wastes are explicitly excluded from
the provisions of RCRA. However. in Europe. the EC Directive
very defmitely includes consumer wastes..In order to control the
disposal of consumer wastes. methods for separate collection must
be established.

• In the United States. the criterion for whether batteries are a
hazardous waste is the leachability of the toxic metal contents (TCLP
test). In Europe. the hazardousness of batteries is determined by the
concentration of toxic metals in each product (e.g.• alkaline batteries
with more than 0.025 percent mercury).

These differences have implications on the approaches taken for managing
(

household battery .waste disposal.

·S. Japan

In Japan. battery recycling programs have been in existence for over five years.

Most municipalities collect batteries although the collection method varies among

communities. Most retrieve used batteries through monthly household hazardous waste

collection days where batteries are placed in marked bags. ~parate from other recyclable

·itemsl80• Other collection programs include quarterly pick-up days and public drop-off

containers~ Recovery rates for household batteries in Japan average about 20 percent

The Japan Storage Battery Association has started a one year nationwide recycling

program. which began in October. 1991. targeting nickel-eadmium batteries. This

campaign has published and distributed literature promoting the collection and recycling of

nickel-eadmium batteries. The Association hopes it will increase the recovery rates of these

batteries from 13 to 20-30 percent181.182. The program calls for manufacture.rs to

voluntarily collect the used batteries from local customers. This campaign is a pilot

program which will determine the future for other such recycling projects.

179 Ibid
180 Levy, 1990
181 COMLINE News Service, COMUNE Daily News Cbemicals and Materia1s, Japan Storage Baltery

AssociaJion Promoting NiCd Battery Recycling, October, 24, 1991 ..
182 COMLINE News Service, COMLINE Daily News Chemicals and Materjals, JCl{XJn: Recycling

Campaign, November 22, 1991
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It should be noted that in Japan more than 300 municipal corporations are

undertaking separate collection for used batteries apart from general garbage. This is in

spite of a report issued in 1985 by the Ministry of Health and Welfare which is generally

thought to declare the safety of used household batteries.
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D. Model Legislation for Household Batteries

'. Model legislation for household batteries has .been proposed by the Dry Battery

Section of the National Electrical Manufacturers Association (NEMA)and the Battery

Product Alliance (BPA). The model legislation is shown in Exhibit B·3. following this

page.

The model legislation would have manufacturers responsible for technical

approaches to waste battery management. such as limitations on mercury content.

consumer product redesign for easy separation of batteries. and product labelling. The

legislation would not commit the battery industry to technical approaches that may not be

feasible. such as development of new battery types. Municipalities would be responsible

for programmatic approaches that require public participation. In some cases. the

provisions of the model legislation have been incorporated into the enacted legislation

detailed above. The model legislation includes the following provisions:

• Source Reduction. Mandate mercury content limitations of 0.025
percent by weight in alkaline manganese batteries. Work towards
mercury-free alkaline and zinc Carbon batteries

• Education Programs andUlbelling Requirements. Label nickel­
cadmium and small sealed lead batteries. the consumer product. and
the package with the chemical symbol "Cd" or "Pb". and the
recycling symbol. and include instructions on the proper disposal of

. . such batteries

• Collection and Processing Programs. Require easy removal of
nickel-cadmium and small sealed lead batteries from consumer
products. Require municipalities to establish a local collection and
processing system for nickel-cadmium, small sealed lead. and
mercuric oxide·batteries.

Page 1·28



EXHIBIT B-3
PAGE 1 OF 6

Model Legislation For Household Batteries
Proposed by the Dry Battery Section

of the National Electrical Manufacturers Association
and the Batteries Products Alliance

Be it enacted by the State of _

SECTION 1. "FINDINGS AND PURPOSE"

A. "FINDINGS

1) Batteries have come to play an important role in the advancement
of social, medical, and economic concerns.

2) It is important to advance environmental interests without
unnecessary interference with, or complications of, local,
interstate, and international commerce to the detriment of our
state's economy. " "

3) h is important to provide clear, safe, and practical guidelines to
our state's citizen's, businesses and governmental bodies.

4) There are inherent differences in batteries and products using
batteries with respect to their composition, distribution, and
application.

5) It is the public interest to recycle certain types of batteries and,
on balance, not in the public interest to recycle other types of
batteries.

B. PURPOSES

1) To require the mercury content in alkaline manganese batteries
to be reduced to a level so that batteries at or below the level may
be disposed in solid waste, and so that batteries above the level
may not be sold in this state.

2) Require the mercury content in zinc carbon batteries be reduced
to a level of no more than one part permillion, so thatbatteries at
or below that level may be disposed in solid waste and batteries
above that level may not be sold in this state.

3) To provide for the management of small sealed lead, nickel
cadmium, and mercuric oxide batteries that might pose
environmental or hea!th problems if the batteries were disposed
of in the Solid"waste stream.

4) To maximize consumer acceptance and convenience in
accomplishing important objectives of environmental protection.

5) To minimize unnecessary administrative expenses to the state
and avoid undue burdens on the state's consumers, retailers,
manufacturers, and suppliers.
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Model Legislation For Household Batteries
(Continued)

SECTION 2. "DEFINITIONS"

A. "BATTERY"

A battery consists of one or more cells, each cell consisting of a positive
electrode, a negative electrode, and an electrolyte.

B. "ALKALINE MANGANESE BATTERY"

An alkaline manganese battery is a battery consisting of manganese
dioxide positive electrode material, zinc negative electrode material, and
an alkaline electrolyte.

C. "ZINC CARBON BATTERY"

A zinc carbon battery is a battery consisting of manganese dioxide
positive electrode material, zinc negative electrode materials, and an
electrolyte consisting of a solution of zinc chloride and lor ammonium
chloride.

D. "MERCURIC OXIDE BATTERY"

A mercuric oxide battery is a battery consisting of mercuric oxide positive
electrode material and zinc negative electrode material.

E. "NICKEL CADMIUM BATTERY"

A nickel cadmium battery is a battery consisting of nickel positive
electrode material and cadmium negative electrode material. .J

F. "SMALL LEAD BATTERY"

A small lead battery is a battery consisting of nickel positive electrode
material and cadmium negative electrode. material.

G. "BATTERY PACK"

A battery pack consists of one or more batteries enclosed in a housing.

H. "CONSUMERPRODUCr

A consumer product is any product which is sold primarily for personal,
family or household use, and which is normally sold through consumer
retail distribution. .

I. "NONCONSUMER PRODUCr'

A nonconsumer product is a product which is not a consumer product.

J. "DISTRIBUTOR"

A distributor is a seller of batteries.
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Model Legislation For Household Batteries
(Continued)

K. "RECYCLE"

Recycle is the term used to describe the collection and transportation of
. certain batteries and the reclamation of materials fromcertain batteries.

L. "EASILY REMOVEO"

Easily removed refers to a battery or battery pack which is either
detachable or readily removed by the consumer from a consumer product
with the use of common household tools (e.g., flat bladedorphillips head
screwdriver) and which can be removed by the consumer without cutting
or desoldering any wires.

SECTION 3. "MERCURY CONTENTS IN ALKALINE MANGANESE BATIERIES"

A. Except for Subdivision B of this section, no person may sell or offer for
sale in this state an alkaline manganese battery manufactured on or after
January 1, 1992, which battery contains more than 0.025 percent
mercury by weight of the battery.

B. For alkaline manganese batteries having sizes and shapes resembling
buttons or coins, the limitation on mercury content shall be 25 milligrams
of mercurylbattery.

C. After January 1, 1996. a manufacturers may not sell, distribute. or offer for
sale in this state an alkaline manganese battery (except an alkaline
manganese button cell) that contains mercury, unless the Commissioner
of the (appropriate regulatory agency) grants an exemption pursuant to
paragraph 0 of this section.

O. On application by a manufacturer, the Commissioner of the (appropriate
state regulatory agency) may exempt a manufacturer from the
requirements of paragraph C if the manufacturer demonstrates that"

1) Since the effective date of this law, the manufacturer has worked
in good faith to develop mercury-free alkaline manganese
batteries with respect to safety, leakage. capacity, rate capability
and shelf life, which are as good as alkaline manganese batteries
containing no more than 0.025 percent mercury produced by
that manufacturer on January 1, 1992; and.

2) If granted that exemption, the manufacturer will continue to work
in good faith to achieve the goals described in subparagraph (1)
of this paragraph O.

An exemption granted by the Commissioner of the (appropriate state
regulatory agency) under this paragraph 0 must be limited to a maximum
of two years and may be renewed.
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Model Legislation For Household Batteries
(Continued)

SECTION 4. "MERCURY CONTENT IN ZINC CARBON BATTERIES"

A manufacturer may not sell, distribute or offer for sale in this state a zinc carbon
battery that contains a mercury concentration level of more than one part per
million (0.0001 %) by weight for batteries manufactured on or after January 1,
1993.

SECTION 5. "PRODUCT REQUIREMENTS FOR NICKEL CADMIUM AND SMAll lEAD
BATTERIES"

A. No distributor may sell or offer for sale in this state any consumer product
or nonconsumer product manufactured on or after July 1, 1993, which
product contains a nickel cadmium or small lead battery or a battery pack
containing a nickel cadmium or small lead batt~ry, unless:

1) In the case of consumer products, the battery can be easily
removed by the consumer, or is contained in a battery pack that is
separate from the product and can be easily removed from the
product.

2) In the case of nonconsumer products, the battery can be
removed or is contained in a battery pack that is separate from the
product. .

3) The product, the battery itself, and the package containing a
consumer product are labeled in a manner to meet the
requirements of the International Standards Organization (ISO
7000-1135) recycling symbol with the chemical composition "Cd"
for nickel cadmium, or "Pb" for small lead batteries included as
part of the recycling symbol.

4) The instruction manual, if any, for the product includes
information explaining the recycling symbol and methods to
assure proper disposal of the batteries or battery packs.

B. The commissioner or (appropriate state regulatory agency) may authorize
the sale of a consumer product or a nonconsumer product which does
not comply with subdivision A of this section if the commissioner
determines that: '

1) The product was available for sale on or before the effective date
of this act, and the product cannot reasonably be redesigned
and manufactured by July 1, 1993: or,

2) Design of the product to comply with subdivision A would result
in significant danger to public health and safety.
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Model Legislation For Household Batteries
(Continued)

c

SECTION 6. "MUNICIPAL RESPONSIBILITY FOR RECYCLING MERCURIC OXIDE
BATTERIES, CONSUMER SMAULEADBATTERIES, AND CONSUMER
SMALL NICKEL CADMIUM BATTERIES·

A. Each municipality In this state shall be reSponsible for establishing a local
collection and processing system, or participating in a regional
processing center, for recycling the following batteries by the following
dates:

1) For meraJric oxide batteries, (date)

2) For nickel cadmium and small lead batteries used in household
and consumer products, July 1, 1993.

B. In the case of batteries or battery packs included in the Section 6, no
person may dispose of the battery or battery pack except as part of the
collection system.established under Section 6A above.

SECTION 7. ·RESTRICTIONS ON DISPOSAL OF NONCONSUMER SMALL LEAD
BATTERIES AND NONCONSUMER SMALL NICKEL CADMIUM BATTERIES·

A. In the case of nonconsumer small lead batteries and nonconsumer small
nickel. cadmium batteries, none of which are include in Section 6 of the
Act, no person may place such batteries or battery packs in mixed
municipal.solid waste. The following methods are acceptable for
recycling said batteries:

1) The user or distributor may contract with the local roonicipal
collector or authorized scrap dealer or transporter to collect,
transport, and recycle such batteries or battery packs; and/or,

2) The user of distributor may contract with an authorized scrap
dealer or transporterto collect, transport, and recycle such
batteries or battery packs; and/or, .

3) The user may contact the distributor of such batteries or battery
packswho must accept batteries or battery packs for recycling up
to the number of batteries or battery packs of the same type and
brand which that distributor has sold. The distributor may contact
the next level of distribution in like manner until the batteries or
battery packs are retumed to the manufacturer for recycling.

4) Paragraphs 1), 2), and 3) of this subdivision A shall not be
interpreted to exclude other recycling methods.

SECTION 8. ·PENALTIES AND EXEMPTIONS·

A. A person who fails to comply with Section 3, 4, 5, or7 of this act shall be
liable to the state for a civil penalty in an amount not to exceed $100 for
each day the noncompliance continues follOWing receipt of notice of the
noncompliance from the state.
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Model Legislation For Household Batteries
. (Continued)

B. A person who complies with the requirements of Section 7 is not liable for
improper disposal by any other person.

C. Batteries which are recycled in accordance with Sections 6 or 7 of this act,
as applicable, shall be exempt from this state's hazardous waste"­
regulations.

SECTION 9. "APPLICATION"

Notwithstanding any provisions of this Act, no "actions or activities prohibited or
regulated by this Act shall be affected by this Act if they occur prior to the
effective date, and any products manufactured prior to the effective date shall not
be subject to the Act.
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ApPENDIX C

LEGISLATION AUTHORIZING THE
HOUSEHOLD BATTERY STUDY

This appendix presents the two state bills, .Senate Bill (SB) 1813 and Assembly Bill

(AB) 3530 which authorized this study. SB 1813, approved September 10, 1990,

authorizes the CIWMB to conduct a study on the disposal and recyclability of household

batteries. AB 3530, which passed on September 30, 1990, also requires the CIWMB to

conduct a similar household battery study.
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EXHIBIT C-l
PAGE 1 OF 2

Senate Bill No. 1813

CHAPTER 711

An act to amend the heading of Chapter 8 (commencing with
Section 42440) of Part 6 of, to add an article heading immediately
preceding Section 42440 of, and to add Article 2 (commencing with
Section 42450) to Chapter 8 of Part 6 of, Division 30 of, the Public
Resources Code, relating to solid waste.

(Approved by Governor September 10. 1990. Filed with
Secretary of State September 12, 1990.]

. LEGISLATIVE COUNSEL'S DIGEST

SB 1813, McCorquodale. Household batteries: study.
Existing law does not expressly authorize the California Integrated

Waste Management Board to study the disposal and means of
promoting the recycling of batteries typically generated as
household waste.

This bill would authorize the board to conduct a study on the
disposal and recyclability of batteries typically generated as
household waste, as specified. The bill would make a statement of
legislative findings.

The people of the State of CaliFornia do enact as Follows:

. SECTION 1. The Legislature finds and declares that it is
desirable to study the recyclability of household batteries and the
effect of household batteries on solid waste. landfllis and
transformation facilities. Household batteries include batteries from
hearing aids, cameras, watches, computers, calculators, flashlights,
lanterns, standby and emergency lighting, portable radio and
television sets, meters, toys, clocks, and other batteries typically
generated as household waste.

SEC. 2. The heading of Chapter 8 (commencing with Section
42440) of Part 6 of Division 30 of. the Public Resources Code is
amended to read: .

CHAPTER 8. RECYCLED BATIER'\" PROGRAMS

SEC. 3. An article heading is added immediately preceding
Section 42440 of the Public Resources Code, to read:

Article 1. Lead-Acid Battery Program

SEC. 4. Article 2 (commencing with Section 42450) is added to
Chapter 8 of Part 6 of Division 30 of the Public Resources Code, to
read:
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Article 2. Household Battery Program

42450. (a) The board may conduct astudy on the disposal and
recyclability of household batteries, taking into account any studies
completed or underway elsewhere, including, but not limited to, any
studies by the Environmental Protection Agency. The board may
participate in the study.

(b) The study may include, but is not limited to, all of the
following:

(1) The effect of used household batteries on solid waste landfills
and transformation facilities, including any threats to human health
or environment.

(2) The recyclability of used household batteries, including, but
not limited to, the following topics:

(A) Applicable recycling technologies and their effectiveness.
(B) Collection systems.
(C) Possible adverse effects on human health or the environment

resulting from exposure to household batteries at all stages of the
recycling process.

(D) Costs and revenues associated with recycling, including
avoided disposal costs.

(E) Development of markets for products derived from recycled
household batteries.

(c) For the purposes of this section, "household batteries" means
batteries made of mercury, alkaline, carbon-zinc, nickel-cadmium,
and other batteries typically generated as household waste,
including, but not limited to, batteries used in hearing aids, cameras,
watches, computers, calculators, flashlights, lanterns, standby and
emergency lighting, portable radio and television sets, meters, toys,
and clocks, but excluding lead-acid batteries as defined in Section
42440.
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EXHIBIT C-2
PAGE 1 OF 3

Assembly Bill No. 3530

CHAPTER 1631

An act to add Division 12.2 (commencing with section 15000) to
the Public Resources Code, relating to batteries, and making an
appropriation therefor.

[Approved by Governor September 30.1990. Filed with
Secretary of State September 30. 1990.}

. LEGISLATIVE COUNSEL"S DIGEST

AB 3530, Margolin. Household batteries.
Existing law does not require the California Integrated Waste

Management Board to study the disposal and recyclability of
household batteries.

This bill would require the board to conduct a study of specified
contents on the disposal and potential recyClability of household
batteries, as defined. The bill would require the board to submit a
report describing the results of the study and its recommendations,
as specified, to the Legislature on or before March I, 1992. The bill
would also require the board to include prescribed information
based on the study in a specified report to the Legislature on March
31,1993.

The bill would appropriate $150,000 from the Integrated Waste
Management Account in the Integrated Waste Management Fund to
the board for the purposes of conducting the study and making the
report. .

Appropriation: yes.

The people of the State of CaJj{ornia do enact as follows:

SEcrION 1. Division 12.2 (commencing with Section 15000) is
added to the Public Resources Code, to read:

DIVISION 12.2. HOUSEHOLD BAITERIES

CHAPTER 1. DEFINITIONS

15000. "Board" means. the California Integrated Waste
Management Board.

15001. "Consumer" means every person who, for his or her use,
purchases a household battery from a dealer.

15002. "Dealer" means a person in this state who sells or offers for
sale household batteries to consumers.

15003. "Distributor" means every person who sells or offers for
sale household batteries to a dealer in this state, including any
manufacturer who engages in ~ese sales. "Distributor" includes, but
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is not limited to, any person who imports household batteries from
outside this state for sale to, dealers or consumers in this state.

15005. "Household battery" means primary or secondary
batteries, including nickel-cadmium, alkaline, carbon-zinc, mercury,
and other batteries generated as non-RCRA hazardous waste similar
in size to those typically generated as household waste. "Household
battery" does not include lead-acid batteries. For purposes of this
section, "non-RCRA hazardous waste" has the meaning as defined in
Section 25117.9 of the Health and Safel)' Code.

15007. "Manufacturer" means any person who produces .or
manufactures household batteries.

15009. "Recycling center" means an operation which is certified
by the department pursuant to Section 14538.

CHAPTER 2. STuDY ON HOUSEHOLD BAITERIES

15010. The board shall conduct a study on the disposal and
potential recyclabilityof household batteries. In conducting the
study, the board shall consult with other appropriate agencies and
shall take into account any'studies that have alread)· been conducted
on those batteries and their relation to solid waste.

15011. The study shall include, but is not limited to, all of the
following:

(a) The effects of used household batteries on municipal solid
waste ·landfills and incinerators, including any threats to human
health or the environment.

(b) The potential recyclabilit)' of used household batteries,
including, but not limited to, the following:

(1) Recycling technologies that could be used.
(2) The potential effectiveness of those technologies in

recovering reusable materials from household batteries.
(3) Existing and potential collection systems for household

batteries, including all of the following:
(A) Voluntary collection systems, using existing recycling centers

and other mechanisms.
(B) Inclusion in the California Beverage Container Recycling and

Litter Reduction Act.
(C) A deposit system. which requires distributors to pay to the

manufacturer a refundable deposit on purchase, dealers to pay to the
distributor a refundable deposit on purchase, consumers to pay to the
dealer a refundable deposit. on purchase, and each deposit to be
refunded on return of the household battery.

(D) The collection systems described in subparagraphs (A) to
(C), inclusive, in conjunction with collection of other household
hazardous wastes.

(4) The potential adverse effects on human health or the
environment resulting from exposure to household batteries at all
phases of the recycling process, including collection, storage,
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transportation, and reclamation of reusable materials.
(5) The costs of recycling household batteries, including avoided'

disposal costs.
15012. On or before March 1, 1992, the board shall submit to the

Legislature a report describing the results of the study conducted
under this chapter, together with recommendations on whether
there is a need for legislation, regulation, or further study relating to
the disposal or recyclability of used household batteries. The board
shall also include a section on these subjects in the report submitted
pursuant to Section 42950 on March 31, 1993.

SEC. 2. The sum of one hundred fifty thousand dollars ($150,000)
is hereby appropriated from the Integrated Waste Management
Account to the California Integrated Waste Management Board for
the purposes of conducting the study and making the report
required by Section 1.
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ApPENDIX D
.....

LETTERS REQUESTING INFORMATION
FOR THE HOUSEHOLD BATTERY STUDY

AND STATE RESPONSE LETTER

This appendix includes a copy of the letter sent to the California Department of

Toxic Substailces Control. requesting information on household battery characterization in

relation to hazardous waste.

Also included is the response letter from the Department ofToxic Substances

Control. The letter from the Department addresses several key issues regarding household

batteries such as the classification of hazardous waste. regulations governing disposal

practices. and restrictions on collecting. handling. storing. transporting. and disposing

batteries.

This third letter included in the appendix is a copy of a letter sent by the California

Integrated Waste Management Board which requests infonnation on household batteries

and battery waste management practices. This letter was distributed to eighty-six different

battery manufacturers. product manufacturers. environmental groups. and other interested

parties who are listed following the letter.
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Ell ERNST&YOUNG • 555 Cdpitol Mdll • Phont': ':'lb ol.n &-5b
Suilf' &50 Fa>.: Ylbolollf):":"ol
Sdcrdmf'nlo. Caliiornl.l 95810l

January 22, 1992

Mr. Roben McConnick
Senior Hazardous Materials SpeCialist
Advanced Technology Division
California Department of Toxic Substances Control
P.O. Box 806
Sacramento, California 95812-0806

Classification of Household Batteries as Hazardous Waste

Dear Mr. McConnick:

Ernst & Young is currently conducting a study for the California Integrated Waste
.~anagement Board (CIWMB) concerning the disposal and recyclabiliry of used household
batteries. This study is being conducted to meet requirements of Assembly Bill 3530,
passed in September 1990, and will result in a repon tQ. be submitted to the State'
Legislature. In brief, this study will review:

• The effects of used h6usehold batteries on municipal solid waste
landfills, incinerators, and compost operations, including any threats
to human health or the environment

• The potential recyclability of used household batteries, including
recycling technologies, the potential effectiveness of those
technologies, and existing and potential collection programs for used
household batteries

• The potential adverse effects on human health or the environment
resulting from exposure to household batteries at all phases of the
recycling process, including collection, storage, transportation, and
reclamation of reusable materials.

In conducting this study for the CIWMB we have recognized a number of
significant issues rehited to the hazardousness of household batteries. In addition, the
existing legal and regulatory framework may encourage or impede efforts to recycle, or
provide other special handling and disposition of used household batteries.

The purpose of this letter is to seek clarification and a greater understanding of
some of these issues. Below we have summarized some peninent information on
household batteries. Following this background material, we pose a number of specific
questions related to household batteries.
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~ackground on Household Batteries

For purposes of our study, household batteries are defined to include primary or
secondary batteries, including alkaline, carbon-zinc, mercuric oxide, silver: oxide, zinc air,
lithium, and nickel-cadmium batteries. Household batteries do not include lead-acid
baneries, such as those used in automobiles. Household batteries do include. those batteries
typically used for hearing aids, cameras, watches, toys, computers, calculators, flashlights,
lanterns, tools, ponable radios and television sets, handheld vacuums, clocks, and many
other consumer and household items. Household batteries generally fall into one of two
categories:

• Primary Batteries - Primary batteries are non-rechargeable batteries
constructed so that only one continuous or intermittent discharge is
obtained. Alkaline, carbon-zinc, mercuric oxide, silver oxide, zinc
air, and lithium batteries are primary batteries

• Secondary Batteries - Secondary batteries are rechargeable, that is
they can be recharged following panial or complete discharge by
reversing the flow of electrical current. Secondary batteries can be
reused hundreds of times. NiCkel-cadmium batteries are secondary
batteries.

Exhibit I, attached, provides a summary of the various types, sizes, and
quantities of household batteries. Exhibit 1 also lists the materials used for anodes,
cathodes, and electrolyte for each type of battery. Batteries also can be made with different
materials, however, other combinations pre"sentIy do not represent a significant share of the
market. Household batteries may contain a variety of metals including cadmium, lead,
lithium, manganese, mercury, nickel, silver, and zinc. All of these metals have been
identified to present potential health risks to humans. Mercury and cadmium are the metal
of greatest concern in household batteries l .

'"'IF'

The exact composition of household batteries is the proprietary knowledge of each
battery manufacturer. In addition, the composition of some battery types has changed in
recent years as manufacturers have worked to reduce the amount of mercury in household
·batteries. The battery industry has published or supplied data which lists the metals
contained in household batteries, either as a percent of battery weight, or as a weight range.
Exhibit 2, attached, summarizes estimates of the percent of various types of metals
contained in the different types of household batteries.

Most primary battery systems (with the exception of lithium batteries) use zinc as
the negative electrode (anode). Unfonunately, zinc has a natural tendency to react with
other battery ingredients, generating hydrogen gas which may cause the battery to leak and
which reduces the performance of the batteries. Historically, battery manufacturers have

1 Unitcd SLatcs, Environmcntal Protection Agcncy. Officc of Tcchnology Assessmcnt, Facing America's
Trash; What Ncxt for Municipal Solid Wastc? OTA-0-424. October 1989.
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overcome this,undesirable behavior by including, small amounts of mercury (1 to 3 percent
by weight) 'on the surface of the zinc2• Several years ago. in, response to environmental
concerns. the battery industry began to explore other ways'to control the behavior of the
zinc, ways which would require less use of mercury). These effons have focused
primarily on' alkaline and carbon-zinc battery types which represent the largestponion of
battery sales.

Legislation in, a few states (not including California) have set mercury limits at
0.025 percent (250 ppm)4. The battery industry has· generally met this requirement, and
recently manufacturers have announced designs for alkaline and~arbon-zincbatteries,in

swhich no mercury is added • Manufacturers indicate that background levels·of mercury of
approximately 0.001 percent (10 ppm) still will be present as impurities in other-metals
such as zinc6•

Mercuric oxide batteries contain the highest level of mercury at approximately 30 to
43 percent. A high level of mercury is required'in this battery type, since mercury is used in
the cathode, material of the battery Reducing the amount of mercury would proponiollally
reduce the energy content ofthe battery7. The primary consumer application of mercuric
o"idebatteries is with button cells used in hearing,aides. watches. and similar applications.
Silver oxide, zinc air. and lithium. batteries are manufactured as button cells and are
substitutes for the mercuric oxide batteries. Silver oxide and zinc air battery types contain I .
to 2 percent mercury. a·substantialreduction over the mercuric oxide, but still significantly'
greater .that alkaline or carbon-zinc batteries. Lithium button batteries contain no added
mercury.

Nickel-cadmium batteries. the most common type of secondary household battery.
contain no added mercury. The 'metal of concern in nickel-cadmium type batteries is
cadmium which makes up about 10 to 15 percent of the battery. Since cadmium is an
electrode material in nickel-cadmium batteries~ its use can not be reduced without
proponionally reducing the energy content of thebaueries8• Nickel-cadmium batteries are

2 United Slate, Environmental ProlCction Agency, Office of Research and Devciopment, Achievement'; in
Source Redyction and RecyclinG for Ten Indystries'in the United States, EPN600/2-91/051, September
1991 "

) Ibid
4 States that have enacted legislation limiting mercury conlCntlO 0.025 percent by weight for cenain

types of battcrics include: Connecticut, Minnesota, New Jersey, Oregon, and Vennonl. Michigan has
proposed such legislation, .

S Rayovac COq>oration, News Release: Ra)'ovac and Matsushita Sign Technology Agreement. December
10, 1991 ,

6 Panasonic Company, News Release: Panasonic Unveils New 99.999.PercentMercury-Free Battery
Line, December 4,1991 .

7 Balfour, Raymond L.,lIousehold and Other Batteries: Source Reduction and Recycling, presented allhe
10th Annual Resource Recovery conference of the U.S. Conference of. Mayors on behalfof the National
Electrical'Manufacturers Association and thc Battcry Products Alliance, Washington, D.C., July 12,
1991 .

8 Ibid-
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growing in use and popularity among consumers and manufacturers of consumerproducts.
Since a single nickel-cadmium battery can replace hundreds of primary batteries, the
volume of waste is reduced. It is estimated that 80 to 85 percent of the household nickel­
cadmium batteries sold are sealed inside consumer products9• In many cases, consumers
may not be aware that products contain batteries, either at time of purchase or during
disposal.

At this ti!De, there is limited infonnation on the perfonnance of various types of .
household batteries in Toxicity Characteristic Leaching Procedure (TCLP) tests. The
infonnation we do have was provided by Mr. Ray Balfour, Vice President for Rayovac,
and representative for the Dry Battery Section of the National Electrical Manufacturers
Association (NEMA). These data are summarized in Exhibit 3, attached. The battery
types tested are within EPA limits, however, neither mercuric oxide or nickel-cadmium
batteries are included in the data. .

A number of studies suggest that the disposal of household batteries in municipal
solid waste may not pose a significant threat to human health or the environment when
placed in properly operated and maintained landfills10,1l ,12. Concerns arise when
household batteries are included in municipal solid waste destined for incinerators or
compost operations13• In these instances, there is greater opponunity for the metals of
concern to escape into the environment. The magnitude of the potential hazards associated
with battery incineration or composting are as yet unclear. One waste characterizatiori
study conducted on municipal solid waste found that household batteries represent 'only
0.07 percent, by weight, of the waste streamJ4• A separate study determined that
household batteries represented only 0.01 percent of the volume of municipal solid
wasteJ5• By contrast, other waste characterization studies have found that all household
hazardous waste represents between 0.2 and 1.0 percent, by weight, of the total municipal
solid waste16·.

A number of collection programs have been established across the country and in
other countries for household batteries. Mercuric oxide' and silver oxide batteries contain

9 Balfour. Raymond L.• material presemedin meeting to CIWMB and Ernst & Young on October 24.
1991

10 United S13tcs. Environmental Protection Agency, Risk Reduction Engineering L3boratory. Pollution
Prevention Research Program, Dry-Cell baltcO' Workshop; November 14, 1990

11 Joncs. C. J., ct aI., An Investigation of the Degradation ofSome Dry Cell BaiteriesUnder Domestic
Waste Landfill Conditions, in Journal of Hazardous Materials. 2(1977-78). pg 259-289

) 2 Fochtman, Edward G. and Willard R. Haas. lIT Rcsearch Institute, Relationship ofSpent Dry Ballerics
to the JIcavy Metal Content ofSolid Wastes, presentcd at the Second National Conference on Watcr
Usc, Chicago. May 4-8, 1975

J3 Minnesota Pollution Control Agency, Household BancO' Recye! ing and Disposal Study, June 1991
14 U.S. EPA, 1990
15 Ibid
16 U.S. EPA, 1989
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sufficient levels of mercury and silver, respectively, to make them economical to recycle17.

These battery types also represent a small ponion of the total number of household
batteries. Nickel-cadmium household batteries are recycled in Europe and Japan for their
cadmium, however, no such facilities to recycle cadmium from used household batteries
exist in the United States18. Household batteries collected in some programs are destined
for hazardous waste landf111s or to storage for possible future recycling19.

Collection and storage of household batteries present additional probiems. When
batteries discharge, a small amount of hydrogen is produced. The hydrogen is vented off
the battery and does not cause any 'concern in nonnal battery operation. However, the
aggregation of large quantities of batteries in a barrel or other container, result in batteries
being in physical and electrical contact with one another. As a consequence, they may
continue to discharge, generating both heat and hydrogen gas in the process and creating
dangers of fire and explosion if not properly" ventilated20. Lithium batteries may pose a
new problem in disposal. Lithium compounds present in lithium batteries are highly
reactive in water.

Questions Related to Household Batteries

Given the above background information on household batteries, we have
fonnu1ated a number of questions regarding household battery .characterization and disposal
alternatives. Given the Department's responsibilities for regulating hazardous waste in the
State, we would appreciate some clarification on these imponant issues. Our questions are
as follows:

1) Under what conditions would each type of household battery
(alkaline, carbon-zinc, mercuric oxide, silver oxide, zinc air,
lithium, and nickel-cadmium) be considered a hazardous waste as
defmed in Health and Safety Code (H&SC) Section 25117?

2) Are household batteries considered to be household hazardous waste
for purposes of AB 2707 (Chap. 1406 of 1990 Statutes) and
therefore subject to inclusion in household hazardous waste
elements of integrated waste management plans?

3) Are household batteries, when accumulated in a collection program,
considered to be a hazardous waste, 'subject to hazardous waste laws
and regulations?

4) Under what conditions would the presence of household batteries in
municipal solid waste, at the concentrations typically found (as

17 Household Balleries: Management or Neglect?, Staff Rcporlto the NYS Legislative Commission on
Solid Waste Management, Albany, New York, Scptcmber 1988

18 Reutinger, Nancy,Balleries in the Waste Stream: A Feasibility Stud)' oflIousehold Ballery Recycling
and Collection for the County ofSanta Cruz, County of Santa Cruz, California, July 20, 1990

19 Minnesota Pollution ConlIol Agency, 1991
20 U.S. EPA 1991



fJJ ERNST& YOUNG

Mr. Roben McConnick
Page 6

January 22, 1992

stated previously), violate existing laws or regulations regarding the
disposal of municipal solid waste in landfills? In incinerators? In
compost?

5) How do existing laws or regulations govern the disposal of
household batteries? Do differences exist whether waste batteries
are generated by households or businesses?

6) What restrictions exist on' the collection, handling, storage,
transpon, and disposal of household batteries?

7) How do existing laws' or regulations govern' the recycling of
materials contained in' household batteries?

8) In a letter from the Department of Health Services to Senator
William Campbell dated June 4, 1987 (copy attached), the
Department concluded that feasible opportunities to' recycle
household batteries did not exist and that "...more hazard to the
public health and environment could be created by the accumulation
of dry batteries at retail outlets (neighborhood.grocery' stores)."
Does this letter still reflect the position of the Depanment regarding
the disposal of household batteries?

9) Is the Deparunent aware of any instances where household batteries
have been shown to have an effect on human health or the .
environment as a result of disposal in landfills, incinerators, or
compost operations?

10) Is the Department aware of any instances where household batteries
have been shown to have an effect on human health and the
environment as a result of collection, soning, storage, transfer, or
recycling? b

Your response to ,the questions listed above will be useful in the further
development of our stu~y for the CIWMB. Due to, our restricted schedule for completion
of this study, and submission of the study repon to the State Legislature, we would
appreciate· receiving a response to' these questions as soon as possible. If you have any
questions regarding this letter, please contact me or Mr. Roben Reed at (916) 443-6756.

Very truly yours,

ERNST & YOUNG

·~at'~--
James A. Gibson
Project Director

cc: Mr. Fernando Benon, CIWMB



Household Battery Components

.: '.

.:....: Battery Type BattetfSize ::::',:........

Primary Batteries

Alkaline D,C,AA,AAA,9V Zinc Manganese Dioxide Potassium Hydroxide 1,795
(60.6%)

Carbon-Zinc· D,C,AA,AAA,9V Zinc Manganese Dioxide Ammonium Chloride or 7'10
Zinc Chloride (24.0%)

Mercuric Oxide Button·· Zinc Mercuric Oxide Potassium Hydroxide or 49
Sodium Hydroxide (1.7%)

Silver Oxide Button Zinc Silver Oxide Potassium Hydroxide or 83
Sodium Hydroxide (2.8%)

Zinc Air Button Zinc Atmospheric Oxygen Potassium Hydroxide 60
(2.0%)

lithium C, AA, 9V, Button lithium Manganese Dioxide Organic Solvent 5
(0.2%)

Secondary Batteries

Nickel-Cadmium D, C, AA, AAA, 9V Cadmium Nickel Oxide Potassium Hydroxide 259···
(8.7%)

• Includes -General Purpose- and -Heavy Duty- batteries.
•• larger sizes of mercuric oxide balleries are manufadurered for special commercial. industrial, and military purposes. These larger sizes are not considered household

balleries due to their special uses.
••• An estimated 80 to 85 percent of these batteries are sold together with cordless rechargeable products.

Source:

1) National Electric Manufacturers Association, Wrillen Statement of the National Electrical Manufacturers Association and the Battery Produds Alliance Concerning
Household Battery Disposal, no date

2) Balfour, Raymond l.. Household and Other Batteries: Source Redudion and Recycling, presented at the 10th Annual Resource Recovery Conference of the U.S.
Conference of Mayors on behall of the National Electrical Manufacturers Association and the Ballery Products Alliance. July 12. 1991.

~
~---l:i:'
=i-



Metals in Household Batteries
(Percent by Weight)

. ':. , .
.:-: .. ", .,

'.. : ':"; ..:.":':::.:': :
. .:':" ':. ::.:',.: .... ..:

Battery Type
" '-',:.:' ::'

.' Mercury. :Cadmium . Zinc Nickel
'.' ",

'~II~er ·.::-"llthl~~·
" .",

."
...

.. :.:.
'.'

;:.
': .. .'.

Primary Baneries

Alkaline 0.025 - 0.5 0.01 8 - 18

Carbon-Zinc 0.01 0.03 12 - 40

Mercuric Oxide 30·43 10·15

Silver Oxide 1 10 - 15 30 - 35

Zinc Air 2 35 - 40

Lithium ??

Secondary Baneries

Nickel~Cadmium 10 - 15 15 - 25

Source:

1) Balfour, Raymond L., Household and Other Balleries: Source Reduction and Recycling, presented at the 10th Annual Resource Recovery Conference
01 the U.S. Conference of Mayors on behalf of the National Electrical Manufacturers Association and the Banery Products Alliance, July 12, 1991.

2) Northeast Waste Management Ollicial's Association, Source Reduction for Toxic Metals in Household Balleries: Federal, State, and Industry Initiatives,
1991

3) Northeast Washoe Management Ollicial's Association, Source Reduction for Toxic Metals in Household Balleries: Federal, State, and Industry
Initia:ives, 1991

4) Balfour, Raymond L., Material Presented in Meeting with CIWMB and Ernst & Young on October 24, 1991.



EXHIBIT 3

. Household Battery
USEPA (TCLP/SW846) Test Data

··::Lead
(0008)

EPA Maximum 0.2 mgJl 1.0 mgtl 5.0 mgtl

Rayovac
Alkaline (0.1% Hg) 0.072 0.014 0.345

Carbon-Zinc ("No Mercury') 0.029 0.522 0.340

Zinc Air 0.020

Silver Oxide 0.150

Eveready
Alkaline (Energizer) <0.025 <0.01 <0.05

Carbon-Zinc (General Purpose) 0.07 0.17 <0.1

Carbon-Zinc (Super Heavy Duty) <0.025 0.2 <0.1

.

Source:

1) letter from Raymond lo Balfour, Vice President, Rayovac Corporation to Paul Markowitz, Vermont Natural
Resources Agency, September 18. 1991.

2) Balfour, Raymond lo, Material presented in Meeting with CIWMB and Ernst &Young on October 24, 1991.
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Th.Honorabl. "1111.. Campbell
Memb.r of the S.nat.
Stat. ,Capitol
Sacramento,CAl5814

Dear S.nator Campb.,,:

OPPOSITION "OF 58 loti (ORIGINAL)

J regret that the Department .ust oppose 58 lOgS. which would r'Qu1r. ,retan.rs
.sel ling 'new dry batt.r1.s' (.veryday-us. battertts) to acc.pt the used batt.ri.s
for purposes of r.cycling.

The Department h~s eonclud'd ·that carbon-zinc (most common typ.· of dry battery)
is not economically,' 'easibl. to r.cycl. due to t.ts low-value: "ick.l-.cadmtum
batter; es, spect 'ically 11sted tnthe bill, ar. not accept.d .by any r.cyclers., .
The requirement that th.se typ.s of batt.ri.s be recycled (as a hazardous .wast.) ".
would create not onlY a disposal problem,' but would requtr. that the retaners·
comply 'wi thal 1. the hazardous.wast. laws and regulations (tncluding,btcollling.·
permitted as a transfer station and/or storage facility).

It would' be inappropriate to'r'Quire recycling of drybatterfes ,when ."ocapaetty
exists. The cost to the r.ta11er forrecycl1ng, ·when and if ·batteries became
econc,icllly and technologically feasible to .recycle, or for .disposal would
certainly be pused on to the consumer. New dry batteries would no doubt become

,quite expensive. Addittonally"liorehazarci to the public ,health and .nvironlllent
could be crelted by the accumulation of dry batteri.s at retail outlets

, .'(ne ighborhood grocer1Itor.s).

If you have any questions conc.rning the 'Departlllent's 'posftion ',on 'S8 lOgS, please
contact lie or David '11111., ··Deputy Director, at (tll) 323-1723.

Stnc.r.'y,

ppe~~
Alex R. Cunninghu', ".
Chief Deputy Dtr.ctor .

Enclosure

cC.: Kenneth v. Kizer, M.D•• M.P.H.
Director
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PETE WILSON. Governor
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(916) 322-3670

Mr. James A. Gibson
Ernst &Young
555 Capitol Mall, Suite 650
Sacramento, California 95814

Dear Mr. Gibson:

HOUSEHOLD BATTERIES

This is in response to your letter in which you requested information
as to household battery characterization and disposal alternatives. Your
letter was in regards to· the California Integrated Waste Management Board
(CIWMB) study, conducted by your firm to meet the requirements of
Assembly Bill 3530. Your letter included the background information you
have obtained, in addition, to ten questions for our response. We have
listed our responses to your ten questions below.

1. - Under. what conditions would each type of household battery
(alkaline, carbon-zinc, mercuric oxide, silver oxide, zinc-air,
lithium, and nickel-cadmium) be considered a hazardous waste as
defined in Health & Safety Code (HSC) Section 25117?

Section 25117 defines ·the term "hazardous waste", the
regulations determine the criteria for classifying the waste as
hazardous. To determine if household batteries ~re classified
as a hazardous waste, our criteria is pursuant to Chapter 11,
Division 4.5, Title 22, California Code of Regulations (CCR).
For assistance in these determinations, contact our Waste'
Evaluation Unit at (916) 322-3670.

2. Are household batteries considered to be household hazardous
waste for purposes of Assembly Bill 2707 (AB 2707) (Chapter
14~6 of.l990 Statutes) and therefore subject to inclusion in
household hazardous waste elements of integrated waste
managem~nt plans?

Yes', household batteries generated by a household are household
hazardous waste which should be included in management plans by
cities and counties. AB 2707 added household hazardous waste
as a separate element to integrated waste management plans of
cities and counties.

March 9, 1992
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3. .Are hou.ehold·batterie. when accumulated in a collection
.proara•• con.idered to bea hazardous waste. subject to
hazardous wa.te law. and reaulationa?

Section 25201 (c). HSC, allows for a hazardous waste facilitie~

permit not to be required for a household hazardous waste
collection facility operated'by a public agency, or by any
person under an agreement with a public·agency, if all the
conditions of .the section are met, including that the batteries
are transported to a recycling facility. This section would
exempt the. collection facility only from obtaining a permit,
and would not reclassify the waste collected. For more
1nformationon Household Collection Facilities, contact
Hs. Judy Frantz "at (916). 855-7759.

4. Under vhat conditions would the presence of household batteries
in municipal solid vaste at the concentrations typically found
(as stated .previously) •. violate ezlatina lavs orreaulations
resardins the disposal of municipal solid vaste in landfills?
In incinerators? In compost?

Whenever the batteries are classified as a hazardous waste·by
meeting the criteria in Chapter II, D~vision 4.5, Title 22,
CCR, the waste should be managed'and handled for proper
disposal according to the hazardous waste laws and regulations.
For further.information on land'disposal restrictions contact
Ms. Peggy Harris in our Treatment Standards Unit at
(916) 324-7663.

5. How do existins lavs,or resulations sovern the disposal of
household batteries? .Do differences ezist vhether vaste
batteries are .senerated by households or businesses?

Household .wast·e is excluded by. the federal regulations' in Title
40, Section 261.4 (b)(l), Code of Federal Regulations· (CFR).
This exclusion removes waste generated by a household from
classification and regulation as a'hazardous waste. Also, the
batteries .could be exempted from federal regulation under ·the
"conditionally-exempt, small-quantity generator" provisions of
Section. 26l.5. CFR. However, the-state hazardous waste control
laws and regulations are more stringent·than ·the .federal .
.There are no state equivalents of Section 261.4 (b)(l) , and
261.5, CFR. Any hazardous was.te that. meets the criteria and is
generated under these' circumstances is classified and regulated
by the state as "non-RCRA hazardous ·waste". When the batteries
are generated from other sources such as businesses ·where there
1s ·no federal exclusion, any batteries'that meet the criteria



Mr. James A. Gibson
March '9, 1992

Page 3

as hazardous waste would then be regulated as "RCRA hazardous
waste".

6. What restrictions exist on the collection, handling, storage,
transport, and disposal of household batteries?

There are no restrictions placed on household batteries that
differ from the general hazardous waste requirements for proper
handling and storage. There isa transportation exemption
which allows for householders to transport their household
hazardous waste including household batteries to a collection
facility without a manifest. This is true for any persons
transporting hazardous wastes to a permitted h~zardous waste
facility for transfer, treatment, recycling, or disposal, which
does not exceed five gallons or 50 pounds from obtaining a
manifest. to transport if all the conditions of Section
25l63(c), HSC, are met.

7. How do existing laws or regulations govern the recycling of
materials contained in household batteries?

"Article 10.6, Section 25216.1, HSC, "Management of Small
Household Batteries", this section is for any household
batteries generated as non-RCRA"hazardous waste that are going
for. recycling. The recycling laws in Section 25143.2, HSC,
which allow for exclusions and/or exemptions 'from the hazardous
waste laws are not applicable to household batteries when going
for recycling.

8. In a letter from the Department of Health Services to Senator
Villiam Campbell dated June 4, 1987 (copy enclosed), the
Department concluded that feasible opportunities to recycle
household batteries did not exist and " ... more hazard to the
public health and environment could be created by the
"accumulation of dry batteries at retail outlets (neighborhood
grocery stores)." Does this letter still reflect the position
to the Department regarding the disposal of household
batteries?

A copy of the letter to Senator Campbell was not included with
your attachments. However the Department has always encouraged
recycling when technologically and economically feasible, to
reduce our dependence on' land disposal of hazardous waste and
to protect the public health and environment.
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9. Is the Department aware of any instances where household
batteries have been shown to have an effect on human health or
the environment as a result of disposal in landfills,
incinerators, or compost operations?

In the background information you provided levels. of toxic
metals listed for each battery type, when the toxic .metals are
released into the environment they can contaminate the air,
surrounding water supply or accumulate in plants and animals.
The potential harm of these metals to humans' and the
environment is a result of the disposal of these batteries in
the municipal solid waste stream. Heavy metals from any source
represents a potential problem. For additional information on
the toxicology of these toxic metals and their effect on the
environment and human health, contact our Technical Services
Division at (916) 255-2007.

10. Is the Department aware of any instances where household
batteries have an effect on human health and the environment as
a result of collection, sorting, storage, transfer, or
recycling?

There is a need to always properly manage and handle hazardous
. recyclable materials when collecting, storing, transporting,
and recycling to prevent any exposure to humans or the
environment.

If you need further assistance or you have questions on this letter,
please contact Ms. Claudia Moore of may staff at (916) 322-4742.

Sincerely,

Robert McCormick
Alternative Technology Division

cc: Mr. Ron Pilorin
Alternative Technology Division
Department of Toxic Substances Control
P.o. Box 806
Sacramento, California 95812-0806
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Ms. Judy Frantz
Region l/Sacramento
Department of Toxic Substances Control
10151 Croydon Way
Sacramento, California 95827

Ms. Peggy Harris
Alternative Technology Division
Department of Toxic Substances Control
P.O. Box 806
Sacramento, California 95812-0806

Mr. Allan Wolfenden
Technical Services Branch
Department of Toxic Substances Control
8950 Cal Center Drive, Building 3, Suite 101
Sacramento, California 95826

Ms. Claudia Moore
Alternative Technology Division
Department of Toxic Substances Control
P.o. Box 806
Sacramento, California 95812·0806

RM: CM :cm/ba



STA1E OF CAUPORMA Pere Wilson. Governor

CALIFORNIA·INTEGRATED WASTE MANAGEMENT BOARD
1800 Cal Cerller Drive
5acra111enlO, California 9S826 .

January 3, 1992

Mr. Raymond Balfour, Vice,President
Rayovac corporation
601 Rayovac Drive
Madison, Wisconsin 53711

RE: Ca'lifornia Household: Battery study.

Dear Mr. Balfour:

The California Integrated Waste Management Board'(CIWMB).has·
initiated a ·study 'of waste management practices concerning used
:household batteries. Household batteries include primary .. (non-
.rechargeable) and secondary (rechargeable) batteries typically
used in a variety of.consumer.products. Excluded from the study,
are automobile: (lead-acid) batteries and' batteries specifically

. designed .for=industrial or' military purposes. We a~e encouraging
interested parties to provide· input into the study, through
contact with the CIWMB's .study consultant, Ernst & Young.

Household batteries, as.an item targeted for waste' managemerit and
recycling,- are' currently receiving much attention from-agencies
such as the CIWMB.: This' .study by th'eCIWMB is. intended to
identify the effects of 'household batteries on municipal solid
waste landfills and incinerators, and the potential for
collecting' and recycling used household batteries. The stUdy
includes the following elements:

Assessment of the effects of used household batteries.
on municipal landfills and incinera·tors in California,
including. potent"ial adverse' affects on human· health' or'
the environment

Assessment of. existing waste· management. practices,
inclUding source reduction, limitations on metal
content,' collection., .recycling, and other processing'
programs

Assessment of the need ·to reduce-potential hazards from
the dispsal of used' household batteries:,

Policy recommendations concerning household-battery
waste management- strategies-

The stUdy report is to be completed and submitted to the·
California State Legislature by June 1, 1992.

We would like to invite you to participate' in the study- process.
If you or your organization have information concerning 'hou~ehold

batteries and battery
(

waste management practices that would be

- Prinllll an~ed Piper -
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important for us to consider, we would appreciate hearing from
you. Information should be provided directly to our study
consultant at the following address:

Dr. James A. Gibson, Project Director
Household Battery Study

.Ernst , Young
555 Capitol Mall, suite 650

Sacramento, California 95814
(916) 443-6756 .

If there are questions concerning this study, please call
Dr. James Gibson, at the above number, or me at (916) 255-2348 in
my Sacramento Office.

Sincerely,

~~
Fernando Berton, Manager
Household Hazardous Waste Unit

cc: James A. Gibson, Project Director
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"Aiwa America, Inc.
Charles Robenello
800 Corporate Drive

. Mahwah, NJ 07430'

Alexander Manufacturing
1511 S.Garfield Place
Mason City, IA 50401

American Telephone & Telegraph
l:Ial Bretan "
131 Morristown Rd.
Basking Ridge, NJ C64-B2138

AT&T Consumer Products
Gerard Nelson
5 Wood Hollow Road, Rm.3026
Parsippany, NJ 07054

Black & Decker (US) Inc.
William Hill
10 Nonh Park Drive
P.O. Box 788
Hunt Valley, MD 218830-0740

Braun, Inc.
Roger Sokol
66 Broadway, Route 1
Lynnfield, MA 01940

Bright Star Industries, Inc.
Subs of Kiddie, Inc.
600 Getty Avenue
P.O. Box 1909
Clifton, NJ 07015·1901

BRK Electronics
David S. Buddingh
780 McClure Rd.
Aurora, n.. 60504

California Advocates
Mr. Ralph Simoni
925 L Street
Sacramento, CA 9581

Californians Against Waste
Mr. Mark Murray
Policy Director
926-1 Street, Suite 606
Sacramento, CA 95814

Canon U.S.A., Inc.
Minoru Mabuchi
One Jericho Plaza
Jericho, NY 11753-1679

Casio, Inc.
Connie Herrel
570 Mt. Pleasant Ave.
Dover, NJ 07801

Catalyst Research
Div. of Mine Safety Appliances Co.
3706 Crondall Lane
O~gsf.till,~ 21117

Coleman Outdoor Products
David Bamber
250 N. St. Francis Ave.
Wichita, KS 67202

Compaq Computer Corp.
Walt Rosenberg
20555 SH 249 MIS 030401
Houston, TX 77070

DJ Incorporated
Ed Penick
7301 Distribution Dr.
"P.O. Box 58128
Louisville", KY 40268-0128

1
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Duracell, Inc.
P.O. Box 2598
Waterbury, cr 06723'

Elec1rOnic Industry Association,
Kathy A. McCarl
2001 Pennsylvania Ave. NW
Washington, 'D.C. 20006

Environmental Action Coalition
Sean Hecht
Recycling Coordinator
625 Broadway
New York, NY 10012

.Environmental Defense Fund
Ms~ Mary Jane Gallagher
Office Administrator
5655 College Avenue, Suite' 304
Oakland, CA 94618

Eveready Banery Co.
, Terry Telzrow
Manager of Product SafetY

. P.O. Box 6056
Cleveland,OH 44101

Eveneady Battery; Company, Inc.
Checkerboard Square
St. Louis,MO 63164

Fedco Electronics, Inc.
Stephen Victor, Jr.
184 W. 2nd Str'Cet
P.O. Box 1403
Fon du Lac, WI 54936-1403

Fuji Film America, Inc.
Manny Almeida
555 Taxter Rd.
Elmsford, NY 10523

2

,Gates Energy Products, Inc.
Robert L Guyer
P.O. Box' 147114
Gainesville, FL 32614-7114

Gates Energy Products, Inc.
K. Fred Wehmeyer
Manager, Technical Services' ,,
P.O. Box 114
Gainesville, FL 32602

Gould, Inc. .
Foil Division
35129 Curtis Blvd.
Eastlake, OH 44094

GP Batteries Int'!., Ltd.
(Quantum Baneries, Inc.)
DOn Buckley
2772 Loker Ave., West
Carlsbad, CA 92008.

GS Battery, U.S.A.lnc:
Mr. Yow Yoshida
17253 Chestnut St.
City oflndustry, CA 91748'

HItachi Home Electronics (America), Inc.
Eiichi Funaki
3890 Steve Reynolds Blvd.
Norcross, GA 30093".

Hitachi Power,Tools, USA Ltd.
Akihiko Nozaki
4487-E Park.Drive
Norcross, GA 30093

Dlinois Tool Works (l1W)
Bruce Jacobs
Two Marrion Drive;
Lincolnshire, IL 60069
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INMETCO
M. E. Schweers
245 Ponersville Rd.
E11swood City, PA 16117

Intennec Corp.
KenL8key
6001 36th Ave. W.
P.O. Box 4280
Everett, WA 98203-9280

JaBro Batteries, Inc.
John R. Brophy, Sr.
1938-A University Lane
Usle, n.. ,60532

League of Women Voters of California
Legislative Office
Ms. Fran Packard
Member, Board ofDirectors
926 J Street, Suite 1000
Sacramento, CA 95814

Mag Insttuments
1635 S. Sacramento Avenue
Ontario, CA 91761

Makita,USA, Inc.
Stan Rodrigues
44388. Old Wann Spring Blvd.
Fremont, CA 94538-6148

Marathon Battery Company
P.O. Box 8233
Waco, TX 76714

Marubeni America Corp.
Power Project Department
John Mayer
Assistant Manager
101 California Street, 47th Floor
San Francisco, CA 94111

Matsushita Electric Corp. ofAmerica
(panasonic Electronics)
Joseph E. Burnside
1819 L S1. NW, Suite 2000

"Washington, D.C. 20036

Milwaukee Electric Tool
Tom Pope
13135 West Usbon Rd.
Brookfield, WI 53005

Minolta CoJporation
Mr. Toshimitsu Taiko
tOl.Williams Drive
Ramsey, NJ 07446

Motorola Inc.
Frank Malaspina
8000 W. Sunrise Blvd., Room 1107
Plantation, FL 33322

MUTEC
One Mutee Drive
Columbus, GA 31907

National Power Corp.
IraAlpon
4701 N. Lamon Ave.
Chicago, n.. 60630-3896

Natural ~esources Defense Council
Mr. Chris Calwell
Research Associate
71 Stevenson Street, Suite 1825
San Francisco, CA 94105

Nikon Americas, Inc.
Arnold Kamen
1300 Walt Whitman Road
Melville, NY 11747-3064
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. Noranda Sales Corp., Ltd.
SconD. Ross
1 Adelaide S1. E., Suite 2700
Toronto, Ontario,Canada M5C 2Z6

Norelco Consumer Products
Don Mesite
2 Business Park Rd.
Old Saybrook, CT 06475

Panasonic Indusaial Company
David A. Thompson
P.O. Box 1511
Panazip: 7A-2
Secaucus, NJ 07094

Planning & Conservation League
Mr. Jerry Meral
Executive Director
926 J Street, Suite 612
Sacramento, CA 95814

Portable Rechargeable Banery Association
Mr. Nonn England
Executive Director
210 Inter~tate Nonh Parkway, Suite 700
Atlanta, Georgia 30339

Poner-Cable Corp.
Matthew G. Popik
P.O. Box 2468
4825 Hwy. 45 Nonh
Jackson, TN 38305

Poulan/Weed Eater
Carl J. Ryfun
P.O. Box 9329
5020 Flournoy-Lucas Rd.
Shreveport, LA 71139-9329
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Power Conversion, Inc.
495 Blvd.
Elmwood Park, NJ 07407

Pro Banery, Inc.
Stephen L. Walker
3941 OakcHff Ind. Ct.
Atlanta, GA 30340

Quicksilver Products, Inc.
Ritchey Vaughn
200 Valley Drive, Suite 1
Brisbane, CA 94005

Rayovac Corporation
Mr. Raymond L. Balfour
P.O. Box 4960
601 Rayovac Drive
Madison, WI 53711-0906

Remington Products, Inc.
Dick Zaino
60 Main Street
Bridgepon, cr 06604

Ricoh Corporation
Matt Mustachio
180 Passaic Ave.
Fairfield, NJ 07004

Ryobi Motor Products Corp.
DavidPeot
P.O. Box 35
Pickens, SC 29671

Saft America, Inc.
Advanced Banery Systems Division
107 Beaver Coun
Cockeysville, MD 21030
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Saft America
Chip Wildes, Jr.
711 Industrial Blvd.
Valdosta, GA 31601

SANYO Energy (USA) Corp.
Todd Tatar
2001 Sanyo Ave.
San Diego, CA 92173

Sanyo Nonh America Corp.
Herben H. Lippold
200 Riser Road
Little Ferry, NJ 07643

Sharp Electronics Corporation
An Hashimoto
Sharp Plaza
Mahwah, NJ 07430

Siena Club
Legislative Office
Mr. Gordon Hart
Legislative Representative
1024 10th Street, 2nd Hoor
Sacramento, CA 95814

SKn.. Corporation
Sub. of Emerson Electric

cG. Bany Baum
4300 West Peterson Ave.
Chicago, n.. 60646-5999

Sony Corporation of America
David Fritz
Sony Drive
Park Ridge, NJ 07656

Tamiya America, Inc.
Rick Uyeno
101 Columbia, Suite 120
Aliso Viejo, CA 92656

Tandy Corporation
Mac Slayton
1100 One Tandy Center
Fon Wonh, TX 76102

Teledyne Water Pile
Don Ruehmann
1730 E. Prospect Street
Fon Collins, CO 80553

The Bodine Company, Inc.
AlexEnz
P.O. Box 460
Collierville, TN 38027

The Hoover Company
Alan R. McMullen
101 East Maple Street
Nonh Can.ton, OH 44720

The Toro Company
Gary L. Hetcher
8111 Lyndale Ave., S.
Bloomington, MN 55420-1196

Tocad America, Inc.
Akira Tanaka
401 Hackensack Ave.
Hackensack, NJ 07601

Toshiba America, Inc.
Yasuo N·ishioka
375 Park Ave.
New York, NY 10152

Toyota Tsusho America, Inc.
Nippondenso ID Systems Div.
Jon C. Karube
1875 S. Grant St., Ste. 350
San Mateo, CA 94402
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Ultra Technologies
Subsidiary of Eastman Kodak
Route 88 South
P.O. Box 267
Newark, NY 14513

US IVCCorp.
Harvey D. Mitnick
41 Slater Drive
Elmwood Park, N~ 07407

Vana Baneries, Inc.
George Sussingham
300 Executive Blvd.
Elmsford, NY 10523-1202

Wen Products, Inc.
Nickolas Anton .
5810 Nonhwest Highway
Chicago, a 60631

Wilson Greatbateh, Ltd.
10,000 Wehrle Drive
C1~nce, NY 14031

Windmere Corporation
Arnold Thaler
5980 Miami Lakes Drive
Miami Lakes, FL 33014

Yamaha Corporation ofAmerica
Fred Fukui
6600 Orangthorpe·Ave.
Buena Park, CA 90622-6600
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