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EXECUTIVE SUMMARY

The CBMA funded the Insttute for Risk Research (IRR) to undertake an independent investigation
into the impacts of used household bartery disposal and management practices oa the environment,
including an evaluation of the potential risks associated with the identified options. This report
discusses the issues relating to used dry-cell battery disposal practices, their potential impacts on |
the environment, the potential risks to humans, and offers recommendations for what is considered
as acceptable disposal practices for used houschold barteries. The steps followed in the
invesogation are shown in Figure ES-1.

The baneries of concern in this study include the dry-cells classified by the AAA, AA,C Dand 9
volt sizes/formats, and which belong 1o the alkaline, zinc-carbon/zinc-chloride and nickel-cadmium
family of batteries. Current estimates for the Canadian houschold battery market for the selected
dry-cells are given in Table ES-1. Alkaline batteries represent the largest share of household batery
market; these are used for several applications, including radios, toys, flashlights and portable
appliances. Zinc-carbon batteries are generally less powerful, although there are some “high
performance™ cells in this set. Nickel-cadmium (Ni-Cad) rechargeable baneries which are 2 small
portion of the total market, can be recharged up to 1000 times and are also becoming popular. Ni-
Cads are found in such appliances as power tools and portable vacuum cleaners; most of these are
imbedded in the appliances and are not user-replaceable. Alkaline batieries have, in the past,
contributed to the amount of mercury in household waste streams; however, with the current
practce adopted by the barttery industry to reduce the amount of mercury, this situation has been
significantly improved. On the other hand, nickel-cadmium batteries are presently a major
contributor of cadmium to the waste streams.

The metals of potential concern present in the houschold batteries studied are cadmium,
mangancse, mercury, nickel and zinc. In whatever disposal or management practice that is adopted
for the used houschold batteries, there is the potential for the release of metals which might affect
human health directly or indirectly, or which might impact the environment.  Currently, used
household baneries are almost exclusively disposed of in domestic garbage which is eventually
incinerated or landfilled. Lately, the idea of used battery collection, separation and possible
recycling is becoming another focus of anention. Table ES-2 summarizes the results of risk
characterizaton carried out for the various disposal alternatives; no quantitative evaluation was
performed for the recycling optibns.



Figure ES-1 ‘
Steps in the Evaluation of the Impacts of Used
Household Batteries on the Environment.

Literature Search, Data Chemical
Data Collection/ | Review | | Analysis |’
Compllation, and  [<€—>= and [—r of
Private Analysis Batteries
Interviews

l

Evaluation of
Disposal
Options

Risk Assessment
of Battery Disposal
Alternatives

Recommendations
for the Management

of Used Household
Batteries




Table ES-1

Csanadian Household Battery Market Estimates (1990/1991)

Battery Type Battery Size

Total in % of

Millions | AAA | AA C D |9 Volt} Other | Totals
Alkaline 100 9 60 9 8 9 5 65.4
Zinc Carbon 25 16.3

} 1 21 7 9 6 1
Zinc Chloride 20 13.1
Nickel-Cadmium 8 0.5 5 1 1 0.5 -- 52
Touals 1535 1 105 86 17 18 15.5 6
% of Touls 6.9 56.2 11.1 11.8 10.1 3.9
Table ES-2
Risk Comparison for Disposal Alternatives
Quantitative Risk Measure®

Disposal Option Hazard Index Carcinogenic Risk
Landfilling 0.4 (1.6)** 0.0 (0.0)
Incineration 3.5 (0.0) 5.3 x 10-3 (1.4 x 10-6)
Combined Landfilling and 1.9 27x103
Incineradon
Recycling Not Quantified Not Quantified

®  Shows valuc for the most sensiive poiential receptar, ie., population indicating highest risk measure.
** Numbers in parcntheses show values for typical/actual case studies for selecied disposal options; these
are represenied by Waterloo Landfill Siie (Waterioo) and Tricil SWARU incinerator facility (Hamilton),

both 1n Onano.
Nowes Accepable Hazard Index <

Accepuble Carcinogenic Risk Range is 104 1 1077,

Theoretcally, incinerarion of the batieries of concern in this study will present the greatest risks; in
practice, mixed with municipal solid waste (MSW), these batteries may safely be incinerated with
MSW without any significant risks. Landfilling of the dry-cell batteries with MSW will generally



present no significant risks of concem. Although the recycling of the houschold batteries has no
been quantified, the qualitative indicators are tha it is not the best disposal option for the alkalin
(manganese) and the Zinc-carbon/zinc-chloride cells. Ni-Cad mcyclmg programs may, however
be a worthwhile effort

Used household barteries will undergo degradation under landfill conditions, with the rate anc
degree of decay depending on-the-battery types, state of cha.rgc in battery and the physica
conditions ar the landfill site. Beyond the degradation process, it is important to determine if metals
from the baneries will leach from a landfill into an underlying aquifer. Several variables, including
landfill management practices will determine this. Indeed, under ideal landfill conditions, metals
will not leach rapidly through landfills and soils into groundwater. On the other hand, metals do
not decompose or degrade, and thus have the potential of leaching into aguifers over long periods

of ome.

Metals are of cridcal concern in an incineraton process since they are not combustible. Thus, the
protection of the environment in an incineration management option depends on the sbility of the
Incinerator o capture and remove metals from air emissions. Although technologies exist for most
metals removal, which makes such a process available, albeit expensive, it is not completely
cffectve in abadng mercury emissions due 1o the low vapor pressure of m=:cury. T.e presence of
other metals, including cadmium in the incinerator fly ash arising, in part, from the i*:cineration of
houschold bareries, renders such ash potendally highly toxic and as a res:!t, such 3" may not be
disposed of at municipal landfills.

Study Conclusions:
Several conclusions were made based on this investigation:

* The dry-cell baneries investigated (i.e. the alkaline, zinc-carbon/zinc chlcride and Ni-Cads) do
not generally represent a concentrated source of heavy metals in MSW.

*  There is no clear evidence to suggest that the co-disposal of dry-cell barteries with MSW via
incineration or landfilling presents environmental or health problems.

*  Risks 1o the environment from battery disposal by landfilling and incineration are not likely to
be significant. Thus, most houschold batteries may be safely disposed of in municipal landfills
or municipal incineratars; Ni-Cads are better landfilled than incinerated unless recycled.

* Atpresent “recycling” is more likely to present significant risks. There appear to fe significant
health-related problems associated with the scparate collection, storzge and disposal of most
houschold batteries. However, recycling for Ni-Cads may be a more vigble and desirable



measure to adopt. With the currently reduced levels of mercury in most primary cells
(especially the alkaline _mdzim-carbon/zinc-chloﬁdc batteries), recycling of alkaline and zinc-
carbon/zinc-chloride cells is not necessary or needed.

Mercury in houschold baneriéshas been drastically reduced in the past few years and should be
reduced even further because of current research and development activites by the Canadian
battery industry. Concern about alkaline houschold batteries being a major source of mercury in
municipal solid waste is no longer truc; in the past, these batteries had up to 1.5% mercury by
weight, but today they have only 0.025% by weight and this is expected to go down further in the
future. Most of the information filtering to the public as to the amount of mercury in alkaline
barteries manufactured in Canada today is out of date, leading to over-reaction by environmentalists
and the general public o a non-existent problem.

On the other hand, Ni-Cad batteries may be of concern and it may be desirable to recycle them. The
collection and recycling of Ni-Cads is desirable, although effective technologies may not readily
available at the present time. There is therefore the need to develop adequate programs and
tcchnologics. or berter yet develop substitutes for Ni-Cads which do not contain cadmium,
Indzscnmmaw pohcy decision aimed at all batteries, on the other hand, could be detrimental and
would only,rcsult in ineffective and uneconomical programs at best, and be potentially hazardous
and environmentally unsound at worst.

Based on the investigations carried out for the alkaline, zinc-carbon/zinc-chloride and Ni-Cad
batteries, it is concluded that current disposal practices appear to be safe and adequate.
Improvements may however be achieved by adopting the following recommendanons:

- There is the need to educate the general public with respect to distinction between lead-acid
automotive barteries and the various types of dry-cell houschold batteries.

«  Further research needs to be conducted to determine the effect of household bartery disposal on
landfill leachate quality, and the potential impacts on groundwater resources.

+ There should be a policy implemented, that requires all municipal incinerators to be equipped
with wet gas scrubbers. In that case, mercury emitted during combustion of municipal waste
can then be removed. Also, since cadmium is carcinogenic by the inhalation pathway, it is
crucial that adequate scrubbers are used on municipal solid waste incinerators, that will capture
as much of the fly ash as possible and minimize the amounts that could eventually reach
potential human receptors. In the absence of that, Ni-Cads which may be a significant

T~



conuributor of cadmium to municipal solid waste may have to be removed from the wastes o be
incinerated.

* There appear to be some potential health-related problems associated with the scparate
collection, storage and disposal of most household batteries. Thus, with the currently reduced
levels of mercury in most primary cells (especially the alkaline and zinc-carbon/zinc-<chloride
baneries), recycling of alkaline and zinc-carbon/zinc-chloride cells is not presently necessary or
needed. However, recycling of Ni-Cads may be a mare viable and necessary measure to adopt-

Overall, none of the current disposal practices for the used dry-cell baneries investigated in this
study present any real risks. However, it may be prudent and safety-effective to adopt the
recommended management options described in Table ES-3.

' Table ES-3
Recommended Management Methods for Used Dry-Cell Batteries

Battery Type Preferred Alternative Comments
Management Management
Option Option

Alkaline (manganese) Landfilling Incineraton Neither landfilling or
incineration of even
concentrated forms appear to
present any significant risks

Zinc-carbon/zinc Landfilling Incineration Neither landfilling or

chlonde incineration of even
concentrated forms appear to
present any significant risks.

Ni-Cads Recycling Landfilling Separate collection and

' recycling of Ni-Cads
preferred due o potential
risks from Cadmium.

vi
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1.0 INTRODUCTION

All baneries are electrochemical encrgy storage units, in which electrons are passed betweern
positive and negatve electrodes through an electrolyte. A battery delivers electrical energy
produced in an oxidation-reduction (redox) reaction to an external circuit or load. The energy
content is dissipated after the bartery is used for a period of time. The two major types of consume
barneries used in Canada are dry-cell (houschold) barteries and lead-acid (automotive) baneries. The
focus of artenton here will be on dry-cell barteries only. Various types of dry-cell barteries are ir

“common use, each representing a different system of chemical materials. Used dry-cell barteries are
generally disposed of in mixed municipal solid wastes from domestic and business garbage.
Eventually, such wastes are managed via incineration or landfilling. Recycling is becoming s
popular option for the management of wastes. In any one of the applicable waste management
options, metals from the housechold batteries may pose different health and environmental concems
through different means.

The barneries of concemn in this study include the dry-cells classified by the AAA, AA, C,Dand 9
volt sizes/formats, and which belong to the alkaline, zinc-carbon/zinc-chloride and nickel-cadmium
family of barteries. Alkaline batteries represent a larger share of household battery market; these are
used for several applications, including radios, toys, flashlights and portable appliances. Zinc-
carbon baneries are generally less powerful, although there are some “high performance™ cells in
this set. Nickel-cadmium (Ni-Cad) rechargeable batteries which are a small portion of the total
market can be recharged up to 1000 times and are also becoming popular., Ni-Cads may be found
in such appliances as power tools and portable vacuum cleaners; most of these are imbedded in
appliances and are not user-replaceable.

The CBMA funded the Institute for Risk Research (IRR) to undertake an independent investigation
into the impacts of used houschold battery disposal and management practices on the environment,
including an evaluation of the potential risks associated with possible disposal methods. The IRR,
by contractual arrangement, has the final say over the content and publications of the study
findings.This report discusses the issues relating to used dry-cell battery disposal practices, their
potential impacts on the environment, the potential risks to humans, and offers recommendations
for what is considered as acceptable disposal practices for used household batteries.



.1 Background to the Study

ne general public is becoming increasingly concerned with the issues relatng to chemical
yntamination of the environment This public concern about the effects of potentially toxic
iemicals entering the environment has resulted in an increasing demand for more stringent
ntrols over chemical waste disposal practices. One area of concem is the disposal of hazardous
bstances in landfills; an important area of current public artention is with regards to the pereeived: -
:gative environmental impacts of landfilling dry-cell batteries. However, environmental impact
idies reviewed by the Canadian Battery Manufacturer’s Association (CBMA) on the disposal of
y-cell baneries in municipal waste management systems do not indicate that such disposal
actices pose significant threats to the environment. In fact, Canadian battery manufacturers have
cen sieps towards becoming environmentally responsible producers through the implementation
significant reductions (up to about 98% reduction over the past decade alone) in the mercury
ntent of household baneries, mercury being one of the most toxic metals used in houschold
neries. The CBMA believes that the public perception of risks to the environment and human
alth due to disposal of houschold batteries in municipal landfills is affected by:

outdated general public information regarding the composition of houschold bateries;

a lack of understanding of the distnction between the composition of houschold batteries
and lead-acid baneries; and _

a lack of informadon for comparing the risks of the various options available for disposal
of houschold banerics. '

hile the public tends to support the option of recycling these products, the separate collection
dry-cell baneries may contribute to various hazardous situations including fire, explosion
i human exposures to chemicals causing skin irritation. In addition, separate collection of
r-cell barneries for the purpose of recycling is not seen to be a viable option currently due ©
: difficulty of recycling including, the large energy requirements, the poor quality of
overable materials and the lack of markets for recovered materials. The recycling process
Yy also result in the production of new and different kinds of waste streams of potential
wem.

e CBMA, convinced that a comprehensive review conducted by an independent research group
uld help the public to better understand the potential risks of the various houschold battery
posal optons, funded the Instrute for Risk Research (IRR) to conduct this study.



1.2 Study Objectives and Scope

The overall purpose of this study is to investigate the environmental impacts of household

baneries. The study considers only AAA, AA, C, D, and 9 volt formats and which belong to the
alkaline (manganese), m—wbon/anc chloride and nickel-cadmium famx]y of baneries. The main
objectves of the study conducted by the IRR are:

» To review and synthesize available literanure on the issue of disposal of houschold barteries

and the environment.
« To evaluate feasible disposal alternatives for household baneries, including landfilling,

incineraton and recycling.
» To invesdgate the impacts of present and future formulations of dry-cell batteries on the
environment in relation to the various disposal options.

Recommendations are also made on preferred disposal methods that minimizes overall
environmental and health hazards.

1.3 Method of Approach

The study process is shown in Figure 1. Several types of information were reviewed and analyzed,
including the following:

» Informadon on the compositon of houschold batteries including chemical analyses performed
. on samples of baneries.
. Average domestc population consumpton of housechold batteries.
«  Conribution of the various metals of concern to municipal solid waste (MSW) streams from
houschold baneries.
*  Rescarch studies pertaining to health and environmental impacts of the management of used
household baneries.

Data and relevant information were obtained through extensive library and database scarches and
personal communication with specific experts. Additional general information on proprictary
organic substrutes for mercury was further provided by the CBMA, to enable a complete
assessment of potential impacts due to the reduction in mercury.



The data review and analysis comprised of a review of the literature pertaining to environmental
impacts of the various household battery disposal options. The literature review focuses on North
American studies; however where data gaps exist, world-wide studies arc used noting any
limirations in applying the results to the Canadian situation.



Figure 1
Steps in the Evaluation of the Impacts of Used
Household Batterles on the Environment.
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The IRR has based the assessment on the known chemical constituents of the houschold barieries
under review. Pertinent properties of the chemical composition of houschold baneries, including
the toxicity, fate and transport, persistence and attenuation effects have been determined
Information obtained on pertinent propertics of the proprictary organic surfactants used as
substmte for Hg in the houschold bauerics are extrapolated in order to complete the enviroamental
impact and risk assessment. Environmental impacts and pozcnual risks posed by household

- et . m—— s

barteries are evaluated and compared for the various disposal options.

In general, policy decisions on battery disposal practices depends on answers to several questions
such as: ;

« 10 what degree do barteries contribute to the amount of heavy metals in the environment?

» what is the risk associated with that contribution?

» what level of risk will necessitate incurring the costs associated with changes in battery design
and/or disposal?

Policies on used houschold batiery management are stll in the evolutionary stage, and answers o
these and related questons will help shape policy regulations. Risk assessment constitutes one of
the most important steps in the study, that will help answer these questions.

Risk assessment is a process that seeks to estimate the likelihood of occurrence of adverse effects
due to specified exposures to chemical, physical, and/or biological agents in humans and ecological
recepiors within an ecosystem. Risk assessment may be performed in response to either short-term
(acute) exposures to toxic chemicals, long-term (chronic) exposures, or to combinations of these.
It may generally require some level of efforts in mathemnatical modeling, especially with respect to
exposure esumatons. Several uncertainties may surround the risk assessment process, especially
because of possible incomplete exposure assessments, limited and questionable monitoring
information, limitations on dose-response assessments, and/or the unavailability of complete
toxicological profiles on some chemicals of potential concern identified for the risk assessment.

The purpose of a health and environmental risk assessment is to characterize the magnirude and
extent of human or environmental exposure to selected pollutants, and then to quantify or qualify
the potendal adverse effects due to such exposures. The assessment can be used both to provide a
baseline estimate of existing risks atributable to an eavironmental pollutant and to determine the
potental reduction in exposure and risk for various corrective actions. Potential risks are estimated
by considering the probability of occurrence, the potential effects, and the exposure scenarios.
Impartant factors to consider in assessing risks include the following:



* Degree to which human health, safety, and welfare may be affected by exposure
contaminants . '

» Effects of contamination on the environment

* Curent and funure beneficial uses of impacted resources

* Application of appropriate, applicable or relevant regulatory standards and other requirements
or guidelines.

Risk is defined a priori by standards set by regulatory agencies based on several extensive studies.

For chemical exposures, the acceptable level of risk and/or applicable standards are based on

several factors, including:

« Epidemiologic smdies (involving accidental human exposures);

* Laboratory animal studies and subsequent inter-species extrapolations;

* Identfication of sensitive human receptors and intra-species exmrapolations;

* Applicanon of safety factors to ensure adequate protection of potential receptors.

If the risk assessment results indicates a level of risk which falls within the acceptable standards,
then no problems are anticipated from exposure of potential receptors. On the other hand, a level of
risks greater than the acceptable limit may or may not pose actual risks. A more detailed evaluation
will gencrally be needed 10 determine whether or not such risks are of concern under the case-
specific exposure scenarios. It must be recognized that risk control measures have their own risks,
and that reduction of one risk may lead 1o other risks. Thus, even if the initial risk assessment
indicates an unacceptable risk, a comprehensive evaluation should help determine the cost-
cffectiveness and trade offs in any risk control programs to be implemented.



2.0 DRY-CELL BATTERY USAGE IN. CANADA

A banery is a device for storing energy and then releasing it in the form of electric current as and
when needed. Houschold banery types commonly found on the Canadian market inclide the

following systems: e

» Zinc-Carbon/Zinc-Chloride
¢ Alkaline (Manganese)

e Mercury Oxide
* Silver Oxide

e Znc-Air

e Lithium

* Nickel-Cadmium Secondary Cells (Ni-Cads)

Only the alkaline manganese, zinc-carbon/zinc-chloride, and nickel-cadmium sysiems are
considered in this study. However, it is important to note the relative advantages of having
different bantery systems on the market.

Why are there Different Banery Systems?
The various energy systems offered by the different battery systems are available to provide
appropriate performance levels in terms of the usage of the cells in popular consumer appliances.

There are different bantery systems because in some applications, cell weights are the most
unportant consideration whereas in others, cell volume is more cridcal.

Cell weight can be an important consideration in certain specialized applications. Different systems
can be compared in watt-hours per unit weight of cell, referred to as gravimetric energy density (or
encrgy density in terms of weight). For instance, the gravimetric energy density for selected dry-
cell baneries in increasing order is as follows:

* Zinc-carbon

* Alkaline Manganese
* Zinc-Chloride

*  Memoury

e Silver



Where barery size is an important factor, wati-hours per unit volume (called Volumatric energy
density) becomes a major consideration. The volumetric energy density, in increasing order for
selected banernies is:

e Zinc-Carbon

» Zinc-Chloride R o s A
e Alkaline Manganese

* Mercury

» Zinc-Air

» Lithium

- Silver

From the standpoint of most consumer applications currently anticipated, volumetric efficiency is &
most significant factor because the amount of space available for the cell in the equipment is usually
fixed. For cells of the same system, the volumetric energy density may vary with the size of the
cell. As cells are made smaller, the relative amount of active materials decreases in relation to the
structural components needed to make the cell functon. It is therefore logical to expect the
volumetric energy density to diminish accordingly, as is the case for silver watch cells of varying
sizes. However, this rule does not necessarily hold in all cases; in fact, the volumerric energy
densiry of alkaline manganese cells increases with decreasing size because the smaller cells are
made more corpact and efficient in manufacture.

2.1 Ih.:_Hmzs:hnld_Bamr.v_T_mes_nLcﬂnggm

Several sizes, types and brands of batteries are available on the Canadian market The most
common dry-cell batteries that are the focus of this study are the AAA, AA, C, D, and 9 volt
varicties belonging to the alkaline, zinc-carbon/zinc-chloride and nickel-cadmium families.
Baucries can be classified as primary or secondary cells according to their general electrochemical
characteristics; secondary cells are rechargeable whereas the primary cells are not. Table 1 gives a
classification scheme for the selected common battery types found on the Canadian market.
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Since their introduction into the market at the end of the 1950s, the market share of manganese
dioxide (alkaline) baneries (also called long-lasting barteries) has continued 1o grow rapidly. The
alkaline mangancse battery has now become a familiar high power alternative to the zinc-carbon

- (Environmental Canada, 199]).

inc-Carben/Zine-Chlcride Bagerice

Zinc-carbon baneries, also called Leclanché batteries, or ordinary batteries, are the best known,
least expensive, and Jeast powerful batteries. They are often used for low power output devices,

discharged (Environment Canada, 1991). The category also includes “high-performance” zinc-
carbon or zinc-chloride baneries; these are more expensive, and better able to withstand
lemperature variations than regular zinc-carbon barteries. High performance batteries last about
40% longer than regular zinc-carbon batieries, they have improved discharge characteristics, as
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well as 2 higher resistance 1o lcaking. but they are not very suitable for applications that require
high electricity outputs (Environment Canada, 1991). -

The anode of zinc-carbon bancncs is zinc, and the cathode contains manganese dioxide (Table 1).
The electrolytes consist of an agueous solution of zinc chloride for “high performance™ barteries,
and ammonium chloride for ordinary batteries. During discharge, the zinc anode is oxidized, and
the manganese dioxide is reduced (Environment Canads, 1991). Small quantities of several -
inhibiting agents, such as mercury chloride, can be added to the electrolyte. On average, 0.01% of
the total weight of zinc-carbon and zinc-chloride barteries consists of mereury.

The manufacrure and use of nickel-cadmium secondary cells began during the late 1950s. They are
used in various industrial and communications applications. There are two types of nickel-
cadmium secondary cells: gas-tight (or sealed), and open. With the exception of the electrolyte,
these secondary cells are not significantly different from each other. Large nickel-cadmium cells of
the open kind are rectangular in shape, and similar to lead cells, but offer better performance; they
often are used for industrial applications. Small gas-tight or sealed secondary cells, commonly
known as rechargeable Ni-Cad barteries, are made in the button and cylindrical formats and can
theoretically be recharged more than 1,000 times and can be used for several years before disposal
(USEPA, 1988; Environment Canada, 1991). Rechargeable barteries, or gas-tight nickel-~cadmium
secondary cells used for domestic applications offer a more economic alternative.

The composition of the electrodes in the gas-tight cells eliminates excess pressures from the
emission of oxygen during overload conditions (Environment Canada, 1991). Secondary cells
have a life span of about five years, and are used in hand tools, radios, tape recorders, flashlights,
calculators, medical devices, measuring instruments, communications equipment, etc.
Rechargeable nickel-cadmium barteries have a lower energy density than primary cells; the capacity
of rechargeable Ni-Cad baneries is equivalent to about 20% that of alkaline baneries (Environment
Canada, 1991). Rechargeable Ni-Cad baneries are not recommended for emergency power supply
systems such as, smokc detectors, because they discharge quickly, and could be drained and
ineffective at the time of an emergency. On the other hand, Ni-Cad batteries have the advantage of
offering more uniform power during use.

As their name indicates, the active elements in Ni-Cad secondary cells are nickel - which forms the
cathode and cadmium - which constitutes the anode (Table 1). The cadmium content is generally
lower than that of nickel, and represents up to about 18% of the total weight; nickel is about 20%.
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When the secondary cell is charged, the nickel hydroxide is oxidized, and the cadmium hydroxide
is reduced to its metallic form. - -

2.2 Dry-Cell Battery Composition

Used household baneries disposed of by individual houscholds are exempt from provincial and
federal hazardous waste regulations. On the other hand, there are some toxic metals which form
impartant components of dry-cell batteries. For all the different types, houschold baneries contain
specific metals that may potentially impact the environment The specific metals of concern for the
dry-cells identified for this study include the following:

» Cadmium

* Manganese
e Mercury

» - Nickel

o Zinc

These metals are toxic to humans and ecological receptors under certain exposwe conditons or
scenarios, when released into the environment. Of all the heavy metals used in the manufacture of
primary and secondary cells, cadmium and mercury are of the most concern. Alkaline and Ni-Cad
banieries account respectvely, for 2 reasonable proportion of the mercury and cadmium used in
dry-cell bareries. '

The percentage composition of metals in the dry-cell batteries are shown in Table 3. All the types
of primary cells under investigation here contain mercury, which is mainly used as a passive
inhibidng element It is present in varying quantities, depending on the type, size, and/or format of
the system. Mercury is used as an inhibitor, and is added to the zinc anode (in most primary cells)
to prevent corrosion mechanisms from affecting the chemical reaction through the generation of
gas. The presence of mercury also prevents the batteries from self-discharging; its presence,
therefare, extends the shelf life of the product considerably. Various othes compounds are included
with the electrodes and/or the electrolyte in each cell type, in order to iricrease its performance by
contolling undesirable reactions, and to facilitate desirable resctions inside the bartery
(Environment Canada, 1991). :
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Table 3
Approximate Average Weight and Percent (of Total Battery Weight) of Metals
in the Various Household Battery Types and Sizes

Battery Average Metal Composition by Weight
Type|Size |Avg.| Cadmium |[Manganese | Mercury Nickel Zinc
Wt. (as MnO2)
(g) |% -gprams|%- - grams| % —grams| % . grams{ % ..grams
Alkaline (Manganese)
15V | AAA 11 0.4 0.04 30 33010025 0.00 - 12 132
(10-11) (28-32) (10-15)
15V | AA 23 0.4 0.09 34 7.8 10.025 0.01 - 14
23-30) (32:35) (215 32
15v |C 66 0.4 026 32  21.12}10.025 0.02 - 14
(65-70) (30-35) (12-15) 924
1.5V |D 133 0.4 053 32 425610025 0.03 - 16 2128
(130-140) (30-35) (14-18)
9V 9 Volt 46 0.4 0.18 30 1380 10.025 0.01 - 10 4.60
(45-50) (28-32) @12 =
Zinc-Carbon/Zinc-Chloride
15V [AaA [ 8 [o001 000 | 33  304] 001 000 - Y
-1 09 (3540) (3540) =7
15V | AA . 17 001 000 | 28 476 | 001 0.00 - 2 |
(16-19) (25-30) @0-25) 374
15v |C 4 0.01 0.00 28 1232 | 001 0.00 - 18
(44-50) (25-30) (as2) 792
1.5V |D 87 0.01 0.01 28 2436 | 0.01 0.01 - 18 ‘
(87-100) __|es30 (15-20) 1566
A% 9 Volt | 37 0.01 0.00 2 8.14 | 0.01 0.00 - 14
(37-50) (20-25) (12.15) 5-18
Nickel-Cadmium (Ni-Cad)
15V | AAA 11 13 143 - - 20 220 -
(10-12) 1(10-18) (15-25)
15V | AA 23 13 299 = - 20 4.60 -
(20-25) {(10-18) (15-25)
15V |C 52 13 6.76 - - 20 10.40 -
(50-55) |(10-18) L[(IS-ZS)
15V |D a2 13 8.06 - - I 20 12.40 -
(60-65)"}(10-18) (15-29)
9V 9 Yolt 38 13 4,94 - - 20 7.60 -
5-40) |(10-18) (15-25)
Note:  Insignificant amounts of metals are noted as 000 gram Jor average metal composinon by
weight for the difference cells. .
Sources--Various, including: ( ) = Range of approximate weights or %
Environment Canada, 1991
CMU, 1989

Duracell Inc., Canada (Information Sheet August, 1991)
CBMA (Personal Communicarion, 1991)




2.2.1 The Changing Composition of Dry-Cell Batteries

One major contributor of mercury from household banteries to MSW is from alkaline cells. Thus,
reducing the amount of mercury in alkaline bateries could have significant impact on the total
amount of Hg that may enter MSW due to used dry-cell battery disposal. Due to its high toxicity
and its relarively high cost, manufacturers have been encouraged to attempt 1o reduce the amountof
Hg conuined in dry-cell batterigs. To achieve this, a number of patented organic substitutes are
being used in several makes of hausehold batteries.

During the past decade, the total amount of Hg used in dry-cell baneries manufactured in Canada
has decreased by about 95%, and this continues to decrease. It is believed that, the present
concentration of mercury in alkaline batteries manufactured in North America is at most 0.8%, and
less than 0.05% in the casc of zinc-carbon/zinc-chloride banteries (Environment Canada, 1991). In
fact, in Canada, most zinc-chloride barteries contain either no Hg or less than than 0.01% of total
cell weight when present. Most of the reduction in Hg usage has occurred in alkaline barteries.
Current Hg content in alkaline batteries manufactured in Canada does not exceed 0.025% by
weight in most cases. The trend in Hg reduction efforts is expected 1o continue in pursuit of near-
zzro or even zero Hg alkaline bartteries. On the other hand, Cd is used as the negative electrode in
rechargeable Ni-Cad baneries. Since Cd is an electrode material in this case, its use cannot be
reduced without proportionally reducing the energy content of the barteries (Balfour, 1990).
Depending on its changing market share, Ni-Cads are therefore expected to contribute similar
amounts of Cd to the MSW streams as presently exist.

2.2.2 Material Used as Substitute for Mercury

Some organic surfactants are used by the different manufacturers as a substirute for Hg in the
anode production process, to help minimize the amount of Hg used in the production of alkaline
baneries. These organic substitutes are used at a level of approximately 100 ppm. A typical material
safety data sheet (MSDS) for the proprictary complex organic phosphate ester has been reviewed
and determined to present far less toxicity effects than Hg; in addition it is not volatile and is
generally a more stable compound. For instance, the organic substitute has an LDsg of about 5 to
15 umes lower than that reported for Hg (LDsg is the lethal dose at which 50% of all laboratory test
animals will be killed). However, the surfactant is known to be soluble in water and also to be
corrosive. This could therefore possibly facilitate the degradation of batteries under landfill
conditons.
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2:3 mm:hmmm@mmmmmna

There has been a continuous rapid increase in the number of batiery-operated devices used in
Canada The driving force behind consumer demand for banteries may therefore be atributed to

the battery-operated appliance market The common battery-powered devices in use in Canada
include the following: S S A W it 3 S L

» audio equipment (eg: radios, tape recorders)

« hearing aids

e toys and games

 lighting products (eg: flashlights, lanterns, switches)
« - photographic equipment (eg: cameras, flashes)

« smoke detectors

 calculators

» clocks and watches

» remote control devices (eg: for TV and VCR sets)

Alkaline and zinc-carbon/zinc-chloride baneries hold the largest share of the domestic market in
Canada—over 90% (Environment Canada, 1991; CBMA, 1991). Alkaline baneries have over 65%
of the houschold bartery market share, with zinc-carbon/zinc-chloride about 29%. Ni-Cads
command the smallest share of the dry-cell bartery market—about 5%. However, the rechargeable
Ni-Cad barttery, which has a useful life of about five years and which are discarded like all other
baueries afier this useful life, has a growing market.

The most popular batery size is AA. Table 4 gives an indication of the Canadian battery market
esaimate for household dry-cell batteries. These estimates are based on industry sales primarily
through retail outlets. This may exclude relatively minor sales of batteries to medical, military,
industrial and commercial users and also of batteries included in consumer devices imported/sold
with baneries. A breakdown of the per capita houschold battery use by province is given in Table
-
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Table 4
Estimates of Canadian Household Battery Sales (1990/1991)

Battery Type

Battery Size

Total in % of
Millions| AAA| AA C | D |9 Volit| Other {Totals
Alkaline 100 9 60 9 8 9 5 65.4
Zinc Carbon 25 16.3
} 3 21 7 9 6 1
' Zinc Chloride 20 13.1
Nickel-Cadmium 8 0.5 5 1 1 0.5 - 52
Totals 153 10.5 | 86 17 18 | 155 6
(% of Total) 100) | 6.9 | (56.2) | a1.ny | a1.8) | qo.1y | 3.9)

Notes: Geographic sales would align approximately as follows:

Maris
Qucbgc
Onuario
Manitoba/Saskatchewan
Alberta
Britsh Columbia
~Source of information: CBMA (Contact person M J. Smith, Duracell Inc. Canada ; personal
communication June , 1991)

6%
23%
36%

8%
11%
16%
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2.4 Potential Metal Contributions from Used Household B : Nanictissi
Solid W (MSW) S )

Dry-cell baneries contain heavy metals including cadmium, mercury and nickel and also an organic
substitute for mercury that has been introduced to help the manufacturers reduce the mercury
content of the household batteries without compromising on the effectiveness or performance of
these baneries. Household barieries may therefore contribute to the hazardous waste stream
appearing in municipal wastes. In fact, mercury and cadmium from discarded houschold batteries
may be contributing up 10 20% and 33 % respectively, of the respective total metal compositions
appearing in municipal solid waste (MSW) streams in much of North America. Cadmium is used
primarily in nickel-cadmium batteries, which make up the largest portion of the dry-cell secondary
bartery market

The type and quantty of metzls in batteries may vary significantly for the different systems and/or
sizes/formats. Table 6 shows the potential metal contributions from the various houschold bartery
rypes to the MSW. The calculations are made by multiplying the average percent of metals found
in cach banery type by the average weight of the battery and also by the number of the particular
banery types sold to consumers. An overly conservative assumption has been made that all battery
sales cach year equals the amount of discards, a situation that is definitely not applicable to the
rechargeable nickel-cadmium banteries. However, assuming batteries used from previous years are
added 10 the waste soeam, then the assumption of sales equals discards is fair, though stll

conservagve.

Using a similar procudeure to calculate the total amount of mercury entering the Canadian market,
during 1991 the amounts for the various types of batteries were as follows: alkaline cells
contributed some 870 kg of mercury, zinc-air 51.44 kg, silver oxides 9.92 kg, alkaline buttons
6.84 kg (Fig 2). No mercury was conmributed from the disposal of lithium, zinc¢ chloride/zinc
carbon or NiCads. Some 3,384.94 kg or over 78% of all the mercury consumed was from
mercuric oxide bartteries (Fig. 3).

The zend in mercury consumpton in batteries such as alkaline, zinc chloride/zinc carbon types has
been steadily decreasing in Canada over the past five years (Fig. 4). Combining sales figures and
known Hg compositions, the amount of mercury was just over 25,000 kg is 1986 and by 1991 the
amount had been reduces to about 1000 kg.
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3.0 FEASIBLE DISPOSAL OPTIONS FOR
USED HOUSEHOLD BATTERIES \

Traditionally, landfilling has been the method of choice for disposal of municipal solid waste
(MSW). With the growing stringent regulations and the lack of suitable landfill sites, disposal
practices are undergoing several changes, especially with Tespect to the management of hazardous
wastes. Incineraton and recycling are becoming prominent alternatives to landfilling. These
alternative waste management processes, however, are not without their own problems. Although
incineration tends to reduce the volume of waste, the residual ash particularly the fly ash, which
has to be disposed of is usually more toxic due to the concentration of toxic remains and
byproducts. In addition there is the potential for the release of toxic contaminants into the air.

As much as recycling seems a more acceptable option, its application to the management of used
household batieries is yet to be proven as efficient. In fact, the economic feasibility of recycling
houschold barteries is a major issue — apart from potental risks due to collection of large quantties
of such barneries and the risks associated with various recycling operations. For instance, recent
elecrrical tests carried out at the Camnegie-Mellon University (CMU, 1989) showed that a
significant percentage of disposed baneries stll have residual voltage. If these batteries are
collected, they could short together and generate enough heat to cause a fire. Thus, care should be
taken in any collection system to prevent this from happening. Sorting the batteries prior to
disposal could be considered if groups of batteries cannot be separated from readily flammable
materials. The residual power also makes batteries more susceptible to corrosion; a factor which
should be considered while discussing the conditon of batteries in landfills over long periods of
tme.

5 Laiifie ST o . P Py

Recently, the general public has shown increased concern over ground and surface water
contamination from landfill waste disposal (Greghian et al., 1981). The potential environmental
impacts from landfilling of MSW are a major reason for many regulations enforced, the technical
innovations, and the public opposition to siting of such facilities. The actual impact which a
landfill has on its surrounding environment, however, is highly dependent on the practice and
operaton of the facility (Christensen et al., 1989). The contamination potental of a landfill
depends on three factors (Miller and Mishra 1989):

+ the migraton of leachate out of the landfill;
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* the potential harm of the leachate constituents: and
* the comresponding concentrations of each contaminant in the lcac}m:

In addition, there should be completeness of exposure pathways due to the presence of potential
human or ecological receptors thar are potentially at risk. Metals in banteries will generally not be
released rapidly from landfills, but, the overall load of metals into the soil and the specific soils
ability 1o adsorb metals are critical factors to consider-in deciding whether or nor 1o dandfill
household baneries. The mobility of any of the metals of concern within the soil system will be
conwolled by the extent of fixarion, adsorption, exclusion, complex formation, reaction kinetics, as
well as the soils overall physical and chemical properties (MPCA, 1991). Indeed, Physical and
chemical propertes of soils may control leachate migration. The combined physical and chemical
properuies of texture, particle size, hydrous oxides and organic matter, cation exchange capaciry
(CEC) and pH are the most significant soil properties that may determine leachate migration
(MPCA, 1991). For example, the soil chemistry of cadmium (Cd) is, 10 a great extent controlled
by pH. Under acidic conditions Cd solubility increases and very lintle sorption of Cd by soil
colloids, hydrous oxides, and organic matter takes place. Thus, the nature of soils sxxmunding a
landfill greatly aﬁ'cctﬂmcmcofhcavymctalmigmtion; fcrinstanoc,claymam-ialappwstogruﬂy
retard, if not stop, heavy metal migration, whereas sand or gravel soils are less adscrptive and also
offer less resistance to water flow (Fochtman and Haas, 1975). Cd, Ni and Zn are believed to
have low mobility in most clayey soils, but Hg may have moderate mobility in the same group of
soils. Mercury (Hg) has become widely recognized as one of the most hazardous elements to
human health. The potential for Hg contamination exists where disposal practices create conditions
conducive for conversion of Hg to toxic forms, such as methyl-mercury and other organic mercury
compounds. Hg moves very slowly through soils under field conditions.

When baneries are disposed of in a landfill they usually are buried together with MSW with
variable moisture content. Capped landfills are expected to have a lower moisture content than
uncapped landfills. Because of the compressibility of MSW, it is likely that the loads on banery
cases arc 100 small 1o damage them. Maintaining these conditions will limit the release of heavy
metals from batteries. Batteries with broken cases present a different problem scenario.
Addidonally, banteries may be subjected to varying stresses between disposal in landfills, which
may lead to rupture of the casing. A study of baneries in landfills has shown that $ome barteries
are broken, corroded or otherwise damaged in a2 manner that would allow their contents 1o leach
out (Lirde, 1989).
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3.1.1 Degradation Processes of Batteries Under Domestic Waste Landfill

Conditions

Banerics that are landfilled go through various physical changes after they are buried. Landﬂll
conditions may promote corrosion and deterioration of battery cases, which conscqucntly may
release metals to leachate generated within the landfill. Kemper and Smith (1981) found that the
amount of zinc leached from shredded refuse was an order of magnitude greater than from non-
shredded refuse; they atmributed the increase to the shredding of alkaline (and maybe Leclanché)
baneries which increased the surface area and porosity of their zinc electrodes. However, Kinemarn
and Natini (1988) reported previously that landfill waste buried for five to ten years was found w0
contain some damaged baneries; USEPA (1988) summarizes the results as follows:

« Many dry-cell baneries were identifiable afier up to 10 years in sanitary landfills.
« The baneries were in different states of decomposition, ranging from ones looking like new, to
. partially corroded, to others almost totally degraded to the point that they were difficult to
idcmify:
 Batteries were not different from scveral other items, which were in various stages of
degradation caused by the landfill environment.
«  No particular detrimental impact was noticed for any of the baneries.

Most likely the banery casing failures were from chemical corrosion. Active vertical earth loads
become 2 more important factor for damage to baneries already structurally weakened from
corrosion. The results from laboratory studies conducted at the Camegie-Mellon University (CMU,
1989) indicated that baneries which are oriented parallel to the main compacting force of the landfil
will hold together longer than those perpendicular to the force; this study concluded that dry cells
are structurally strong and are not likely to be broken from the compactive forces in the normal

waste disposal cycle.

3.1.2 Effects of Battery Disposal on MSW Landfill Leachate Quality

Leachate is produced in landfills as water and other liquids within the waste and any moisture that
collects on top of the landfill flow through the waste. As this liquid moves down through the
wastes, it flushes out and collects pieces of other materials. If a battery is cracked or corroded, the
liquids in the landfill will pick up the metals contained in it. When leachate gets to the bottom of 2
landfill it flows along the liner to the collection pipes which carry it out to storage tanks. Most
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landfill sites take the leachate, separate the water from it, and put the extracted elements back into
the landfill where they may eventually leach out again. This cycle is followed while the landfill is in
operation. Notwithstanding the use of liners in landfills, there is always the potential for some
leachare 10 escape into aquifers beneath the site. Nonetheless, laboratory studies show that neither
MSW leachate nor heavy metal leachate significantly affect polymeric or admix liners (MU,
1989). Furthermore, because metals tend to be adsorbed on clay materials, where natural clay

P — .

liners serve as landfill liners, the possxbzluy of metals escaping from the landfill into groundwater
below is limited. Laboratory column adsorption studies related to the antenuation of pollutants in
municipal landfill leachates have found that heavy metals (including Cd, Pb, Hg, and Zn) are
stongly anenuated even in columns with small amounts of clay (Griffin and Shimp, 1978); this is
reflected in the low mansfer coefficients shown in Table 7. These transfer coefficients give an
indication of the fraction of landfilled metals that can potentially contribute to landfill leachate.
These numbers are therefore important in determining the potential impacts of landfilling used
barteries containing the metals of concem.

Table 7
Transfer CoefTicients for Metals into Leachate in MSW Landfill.
Chemical Transfer CoefTicient
Ca 6x10° (= 0.006%)
Mn Not available
Hg 6x10° (= 0.006%)
Ni ' Not available
& 2x10% (= 0.02%)
* Transfer coefficient, k = (specific total output in leachate at mean residence time)
+ (specific total input by MSW)
* More than 99.9% of metals are still in residual solid after mean residence time of
nbou§ 10 years.
[ e ’;'gc landfill is hydrologically stabilized after residence time of about
years.
* [Fraction of metals which can be transferred to leachate conservatively
taken to be about 0.05%
Sowrces:

1) "Wazer and Elemen: Fluxes from Sanitary Landfills” by H. Belevi and P. Baccini.
In, Sanitary Landfilling, ed. by T.H. Christensen, R. Cossu, and R. Stegmann
(1989). Academic Press, London, UK. .

2) "Long-Term Behavior of Municipal Solid Waste Landfills®, by Belevi, H. and P.
Baccini (1989). Waste Management & Research 7,43-56.

Only limited research data are currently available regarding the actual threar posed by discarded
houschold baneries to groundwater. A study conducted by Jones et al. ( 1977/78) determined that
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baneries recovered from a landfill site after 7 months of burial were less corroded than those
cxposcdwmbiﬂcachax_c_fpr3mondnsinalaboma'y.'lhe study postulated that the reason for
this result is that, in a landfill, a conducting pathway between the banery terminals may exist only
intermintently, if at all This condition reduces the ability of residual charge in the bartery to
contribute effectively to the corrosion process. Furthermore, the study determined that, based on
analyses of the leachate from the tests, only a very small percentage, if any, of the Hg, Cd or Ni
present in dry-cell bancries m;ybc dissolved by the leachate. The study has concluded that,
although Zn and Mn may be leached from large deposits of Leclanché cell wastes, there is no
evidence of Hg being leached from landfilled material to any significant extent or that organo-
mercury compounds are formed (Jones et al., 1977/78). Thus, provided they are well mixed with
household wasies and provided recommended disposal practices are employed, the presence of
spent primary dry-cell banteries in Jandfills may not present special threats to groundwater quality
(Jones et al., 1977/78). In another study conducted by the Japanese Storage Battery Association
(Oda, 1989) for Ni-Cads, it was concluded that cadmium from whole barteries would not be found
(in landfill leachates) for two to four decades in a landfill under normal rainfall conditions.

In a recent laboratory investigation (CMU, 1989), & chemical analysis was carried out to determine
whether barteries should be classified as hazardous or non-hazardous waste and to determine the
effects of throwaway batteries on landfill liners. Both ruptured and undisturbed baneries were
tested 1o determine how the condition of the battery affects its response to the Extraction Procedure
(EP) toxicity test; the EP toxicity tests provide a measure of the potental leachability of solid waste
in landfills. In the EP test an extract obtained from the solid waste is tested for the presence of
specific chemicals (that includes cadmium and mercury). If the concentration of any of these
contaminants in the extract exceeds the EPA limit (maximum concentration of 1.0 mg/l for
cadmium and 0.2 mg/l for mercury), the solid waste is classified as hazardous. Based on
information on battery constituents, the laboratory work was limited to metals that were likely o
exceed the EP toxicity limits. EP toxicity tests were done for cadmium in Ni-Cad barteries and
mercury in alkaline bateries. Because a significant amount of nickel is preseat in Ni-Cad batteries
and because of the known toxicity of nickel, nickel was also analyzed, although nickel is not
specified as a chemical subject EP toxicity tests. Although baneries are generally disposed of intact,
they are subjected to many different stresses during the disposal cycle, potentally causing the cell
casings to rupture, and allowing the conteats of the bartery to escape into the Jandfill environment.
Thus, batteries were tested both with their containers crushed and in their typical unbroker
condition: the results of the extraction tests (Table 8) arc discussed below (CMU, 1989),
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Mercury Test Results for Alkaline and Leclanché Cells;

Measured concentrations for mercury of the alkaline baneries were near the EPA test limit of 200
microgram per liter for severely damaged baneries while slightly damaged and intact batteries
passed the mercury test (Table 8). Alkaline batteries passed the extraction test for mercury whea
their cases were intact or modcmzcly damaged. Broken alknhnc bancn&s provide condmons for

-———

mercury to escape to the environment, and conscqucntly presmt a potcnual threat to landfill
leachate. The Leclanché (zinc-carbon) battery type behaves differently from alksaline batteries. The
case of the zinc-carbon battery is zinc while the case for the alkaline batiery is either steel or plastic,
Mercury is commonly & trace constituent in the zinc battery cases, as contrasted with Hg present in
alkaline baricries as part of the contents inside the case. Hence, zinc-carbon barteries may more
casily release their mercury content to landfill leachates than alkaline batteries.

Nickel-Cadmium Baneries Test Results:
Measured concentrations for nickel and cadmium depended on the condition of each banery (Table
8). Tests on broken banteries resulted in much higher levels of both nickel and cadmium. Tests for
baneries with casings like new and those with corroded casings showed cadmium concentrations
below the acceptable limits for cadmium. However, all tests with broken batteries had cadmium
levels well above the limit The concentration of the metals found in the extract appeared to be pro-
pordonal to the amount of bartery contents exposed to the extraction solution. Thus, broken Ni-
Cad baneries failed the EP toxicity tests due to high cadmium levels while all the whole batteries
passed. In conclusion, sealed and partially corroded batteries passed this modified version of the
EP 1oxicity test for cadmium and nickel. All Ni-Cad batteries with ruptured cases failed the test

based on observed cadmium concentrations; the extract concentration appeared 1o increase with
greater damage to the case.

The laboratory study results (CMU, 1989) show that baneries are more likely to fail the EP toxicity
test if their cases are damaged. It is useful to know the kinds of handling practices and loads
requiredtodamagcbancrycas&&ncU.S.EPAEwaicitytestincludcsamucnnnlimcgrirytcst
that consists of hitting the solid waste being tested with a 0.73 Ib hammer using a six-inch free fall.
This structural integrity test has been found to produce little or no damage to the battery. There is
no guarantee, however, that the test is representative of conditions in the disposal cycle of dry-cell
baneries in MSW. The results from the structural tests suggested levels at which batteries would
fail for loads to both the top and sides of the barneries. No conclusive results could be obtained
from these because of the difficulty in simulating acmal landfill stress conditions. The following
conclusions and policy implications are stated based o the CMU (1989) study results:
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* The exmraction procedure test shows that Ni-Cad baneries, if broken, fail the EP toxicity test for
Cd. Even slightly damaged Ni-Cad baneries exceed the limit for cadmium. However, all whole
and carroded baneries yield cadmium concentrations within the allowable limit. Since it scems
that baneries would undergo some slight damage during the disposal phase, it may be
concluded that landfilling Ni-Cads could lead to conditions where the quality of genera
leachate is potentially detrimental to health and the environment. : i

* Scverely damaged alkaline batteries showed levels of mercury near that allowed by the EP
toxicity test. Because the probability of having a large number of heavily damaged bareries in
one landfill is small, it may be concluded that mercury in alkaline batteries does not pose a
problem in municipal solid waste landfills.

A new EPA test to replace the EP toxicity test is the toxicity characteristic leaching procedure
(TCLP). The major difference berween the TCLP and the EP toxicity test is its effectiveness in
testing for volatile organics. However, the TCLP uses basically the same method as EP toxicity
when testing for inorganics. In addition, the test uses the same standards as the EP toxicity test for
determining whether or not inorganic wastes should be classified as hazardous. Thus the hazard
classification for used bareries should not change with the use of the TCLP test.

A series of leachate characterization tests were performed in baneries readily available in the market
place. Five analyses have been performed: ‘

zinc carbon/zinc chloride

nickel cadmium

lithium

alkaline - retail sample

alkaline - warchouse sample

U':thu-a

Banerics for the first four samples were purchased from several locations within the Kitchener-
Waterloo area. The composition of each sample with respect to the size of banery (i.c. AAA, AA,
C. D, 9v) was representative of the sales figures supplied by the Canadian Battery Market
Estmates. The samples were subjected to particle size reduction as specified in Section 5.1 of the
Leachate Extraction Prodedure found in the Waste Management General Regulation (Regulation
309) under the Environmental Protection Act for the Province of Ontario (Fbr a complete
description see Appendix A).

In this study the procedures followed will result in a worst-case scenario: Leachate characteristics
are being derived from a monofil composed entirely of each sample type. The barteries have been

35



broken open and subject to parmicle size reduction. The results of the leachate characteriztion tests
for schedule 4 inorganics is-presented in Table  and for non-schedule 4 parameters in Table
The results as summarized in Table indicate that:

*  Only Ni-Cad baneries when subjected to particle reduction would be considered leachate toxic
because the sample concentration of cadmium - 2900 mg/L was greater than the cmcm of 0.5

mg/Lmbccoxmdacdasludmcmmorhmrdouswasm.

- Lithium baneries would be considered registerable solid waste because of the cadmium and
flucride contents, and is hazardous waste because of the reactivity of the lithium when exposed
to the ammosphere.

* Zinc chloride/zinc carbon cells, because of the cadmium content would fall into the registeralbe
solid waste category.

* Mercury levels in alkaline cells available from retail outlets was similar to those obtained from
the warchouses. The levels of mercury of 0.012 and 0.014 mg/L respecitively just exceed the
schedule criteria of 0.01 mg/L - the concentration above which materials are classified as
registerable hazardous waste.

3.2 Ind ion with MSW Di | Alternats

Concern about airborne emissions from municipal waste combustors (MWGCs), or incinerators,
seems minimal at this time. However, there is growing concerns about ash disposal practices,
which center on risks that can arise from pollution of groundwater supplies from landfills accepting
incinerator ash. There is also concern about worker exposures to ash in MWC plants and at
landfills and about risks to the public from wind-blown ash dust, especially during transportation
of ash from MWCs to landfills (Ujihara and Gough, 1989). However, reviews and studies by
Shaub (1988) and Kellermeyer (1989) conclude that risks to the public from ash dust are minimal.
Although the conclusions are based on limited information, they do not appear to be as serious as
possible exposures from contamination of water supplies by landfills accepting ash.

Incineradon of batteries does not destroy the heavy metals contained in them. Thermal processes
transfer heavy metals either to stack gas as fine particles or to bottom ash. An important
characteristic of the ash is its toxicity and its status as a waste. In an incineration, the solid waste is
burned, with bottom and fly ash remaining as end-products; the bottom ash falls through the grates
of the incineraor, while the fly ash rises through the smokestack, and may be trapped by a
collection device. Incineration reduces the volume of waste by about 80-95 percent, and the
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Parameter

Arsenle
Barlum
Boron
Cadmlum
Chromium '
Fluoride
Lead
Mercury
Nitrate + Nltrlte
Nitrite
Selenlum
Sllver

* Nole;

Table 9
DATTERY LEACIIATE STUDY
SUMMARY OF RESULTS - SCIIEDULB ¢ INORGANICS
REGULATION 309 LEACHATE EXTRACTION TEST

Concentration In Sample (mg/l)

Ontario Regulation ® Sample Type 1 Sample Type 2 Sample Type J Sample Type 4 Sample Type §
309 Criteria (mg/L) (Zine Carbon/Chloride) (Nickel/Cadmilum) (Lithium) (Alkaline-retail) (Alkaline-warchous

0.05 ND (0.005) ND (0.005) 0.035 ND (0.005) ND (0.005)
1.00 5.36 0.15 0.06 0.12 0.13

5.00 04 0.05 0.16 0.06 ND{(0.05)
0.005 0.067 2900 031 ND(0.032) ND{(0.032)
0.05 0.04 0.06 0.27 ND(0.02) 0.08

240 ND (0.05) 0.06 43.0 0.16 0.13

0.05 ND (0.10) ND (0.10) ND (0.10) ND (0.10) ND (0.10)
0.001 0.003 0.0009 ND (0.0005) 0.012 0.014
10.00 ND (1.2) ND(1.2) ND (0.24) ND (2.4) ND (2.4)
1.00 ND (0.30) ND (0.30) ND (0.06) ND (0.60) ND (0.60)
0.01 ND (0.005)° ND (0.005) ND (0.005) ND (0.005) ND (0.005)
0.05 ND (0.02) ND (0.02) ND (0.02) ND (0.02) ND (0.02)

A leachate loxic wasta ls a waste which produces any of these
contaminants In excess of 100 times the listed criteria. A registerable waste

Is a waste which produces any of the listed contaminants al a level of belween
10 and 100 t{mes tha criteria

|
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Table 10

‘ BATTERY LEACHATE STUDY
SUMMARY OF NON-SCHEDULE 4 PARAMETERS
REGULATION 309 LEACHATE EXTRACTION TEST

L]
Concentrafion jn Sample (mg/L)

Ontario Drinking Sample Type 1 Sample Type 2 Sample Type 3 Sample Type 4 Sample Type §

Paramater  Water Criteria (mglL) (Zinc Carbon/Chloride) (Nickel/Cadrmium) (Lithlum) (Alkaline-retall) (Alkaline-warchouse)
Alumium 0.050 (1) ND (0.10) ND (0.10) 236 ND (0.10) . ND (0.10)
Beryllium ND (0.005) ND (0.005) ND (0.005) ND (0.005) ND (0.005)
Caklum ' 169 0.87 ND (0.20) 1.8 1.06
Cobalt ND (0.09) ND (0.09) ND (0.09) ND (0.09) ND (0.09)
Copper 1.0(2) 0.31 ND (0.02) ND (0.02) ND (0.02) ND (0.02)
Iron 03 (2) : ND (0.05) 0.28 ND (0.05) ND (0.05) 0.24
Magnesium Vo 450 104 0.50 0.8 0.16
Manganese 0.05(2) 170 . ND (0.01) 0.01 17.2 15
Vanadium 0.02 0.01 0.02 ND{0.01) ND(0.01)
Zinc 5.0(2) 1970 094 040 1190 1300
Nickel 0.350(3) 0.66 215 0.05 0.13 0.07
Strontlum 0.43 ND (0.01) ND (0.01) ND (0.01) ND (0.01)
Sodlum 200 (2) 337 40 4.36 130 100
Anllmony - : ND (0.005) ND (0.005) 0.008 ND{0.005) ND{0.005)
Chioride 250 (' 2050 ND (0.80) ND (0.16) ND (1.6) ND (1.6)
Bromide ; ' ND (1.90) ND (1.90) ND (0.38) ND (3.8) ND (3.8)
Phosphale ; ND (5.50) ND (5.50) ND (1.10) NA NA
Sulphate 500 (1), , ND (5.90) ND (5.90) 640 ND{(11.8) ND(11.8)

Notes: (1) This Is a U.S.E.P.A. secondary maximum contaminant level (SMCL)
(2) Maximum desirable concentrallons - parameters related to aesthetlc quality
(3) This Is 2 US.EP.A. llfetime health advisory for a 70 kg adult.



8SN0yBIEM

8ISEM PII0S @|qeie)s|Bay ¥10°0 b 10’ Aindsew (| - euBylY ‘S
elsep pilog ejqeseis|Bey z10°0 e 10 Aindjew (| yeies - eupeyy ‘y
8)SEM BAJ|0BB)
Ajlepueiod & Bujedipu
‘Jj8 o] einsodxe A
uo ey Jybneo ejdwes llAjloBeY
B1SEAL SNOPIBZEH W (111
8ISBM PJj0oS 8|qB.e|s|beY o'ey ove 0've epponyy (1)
8ISBAM PlI0S 8|qeie)s|Bey 1£°0 g 50 wnjwped (| wnyin ‘e
O|X0] 8|BYOBET 0062 g S0’ wnwped (|  wnWpPBDANIN ‘2
uoqued vz
8ISeM pjlog e|qe.eis|Boy £90°0 g 50° wnjwped (| /BPIOIYD du)Z * |
_ (1/6w) (1/6w)
: : (7/bw)
. (ueyy sejeesn 1) (ueyy Jejeeln ji)
uo||B1|UBIUOYD 81SBM SNOPIBZEH JO 8ISEM PIIOS
usww) e dwes BISEAA O|X0] 8leyoes] 8|qels|s|bey (s)ie)loweiey edA) edweg

Bl131110 60€ uojie|nbay uo paseg
suo|IBa|jis68|D 3lsep jo AlBwwng

Apnis aisyaeaq Alaleg
L @jqel

20



weight by about 50-75 percent. Table 12 shows typical partitioning concentrations during
incineration for the chemicals of concern found in dry-cell baneries; it gives an indication of how
much of the mcmlspxucntinMSWbccomcavaﬂablcinthcdiﬁ'mmfomaMmedi&

7 "Table 12 '
Typical Concentration for the Chemicals of Concern
in MSW, MWC Ash and in Other Incinerator Effiuents

Chemical | Household Fly Ash Bottom Combined |Incinerator Flue

Parameter | Waste (ng/g) Ash Bottom and | Gas (mg/m3)
(ng/g) (kg/g) Fly Ash
(1g/g) * |Raw Gas Clean Gas
Cadmium 10- 40 <5-2210 | 1.1-46 0.18-100 | 05-3.5|0.02-02
(Cd) '

Manganese | Not available | 171- 8,500 | 50-3,100 | 143,130 a’.‘f‘nc a"?f‘”c

1-10 0.9-35 ND-19 [ 005-17.5 | 0.1-1.0 |0.02- 0-.2

Nickel (Ni) 50-200 [9.9-1966| 9-226 13-12,910 [ 05-50 | 0.1-1.0

Zinc (Zn) 500 - 3500 2,800~ 200 - 92-46,000 | 10-100 1-10
152,000 12,400

Note: All values given in H8/8 (ppm), unless otherwise stated.
ND - Not detected at the detection limiz,

Sowrces: 1) US. EPA, Characierization of MWC Ashes and Leachates from MSW Landfills,
Monofills, and Co-Disposal Sites. ' Summary, Vol. 1, EPAI530-S W-87-0284A
(Washingion, DC: EPA, Ocuober). .

2) Ujihara, AM. and M. Gough, 1989, Managing Ash from Municipal Waste
Incinerators: A Report. Resources for the Future, Washington, DC.-

3) Lorber, K E. (1987)

4) Fochtman and Haas (1975)




3.2.1 Effects of Battery_Incineration on Stack Emissions from MSW Incinerators

Most of the metals in incinerator emissions may be caprured by the pollution control systems on an
incinerator. It is believed that lime scrubbing systems using filter fabric typically remove over
99.9% of the fly ash; over 99% of cadmium and zinc, and 90-95% of mercury arc removed by the
filters (statement by Ray Klicius of Environment Canada, cited in CMU, 1989). Conservatively™ -
estimated, USEPA (1989) also indicates air pollution control devices (APCDs) efficiencies for
contolling Cd of up to 99%, and up to 98% for Hg. MPCA (1991) agrees that existing air
pollution control equipment are very effective at removing particulates and gases containing metals
from household bameries; current dry and semi-dry air pollution control systems are believed to be
able 10 collect 95% or more of the metals found in MSW, except for Hg. A wet scrubber or a
we/dry scrubber can achieve higher collection efficiencies for Hg (Bmna, 1991; Donnelly, 1991).

Mercury ‘creates the most concern in the incineration process; because of its low boiling point, it
may not always condense on the fly ash and therefore it might be released into the ammosphere. The
control of mercury emission to the atmosphere from incineration of household bateries in domestic
waste is an important pollution control issue. Different air pollution control devices vary in their
cffectiveness in capruring mercury. Some studies show that only 25 to 30 percent of the mercury is
collected by the collection systems (cited in CMU, 1989); this issue is presently being studied by
the EPA (CMU, 1989). A spray dryer and baghouse system can achieve 75 to 85 percent mercury
removal, thus capturing the mercury in the ash; a spray dryer plus electrostatic precipitator can
achicve about 35 to 45 percent removal (Ellison, 1986, 1991; MPCA, 1991). If it is determined
that mercury collection is a problem, then removing high-content mercury batteries from the MSW
streamn could assist in abating the problem. Other metals from the incineration of household
batteries, including cadmium, are largely collected in the ash from the incineration process; about
92.4 per cent of the cadmium in incinerated waste stream is captured in the total ash (Vogg et al,,
1986; MPCA, 1991).

3.2.2 Effects of Battery Incineration on Incinerator Ash Toxicity

Fly ash consists of the airborne particles that are captured by filters in the incinerator stack.
Bonom ash is the heavy residue formed at the bottom of the incinerator after the municipal solid
waste is burned. In the process of burning wastes, some of the heavy metals present may volatize,
and then condense on particulate matter as it rises through the smokestack. Consequently, the fly
ash will have a high concentration of heavy metals. Pan of the metals do not volatize though, and
these contribute to the bottom ash generated in the process. Of the ash created through the
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combustion process, about 10% is fly ash and 90% is bottom ash (CMU, 1989; Environmen
Canada, 1991). The partitioning of metals between bottom and fly ash varies between incinerators
and may be influenced by such factors as the operating temperature of the incinerator and whethe
the material being bumed is suspended in the air or on the floor of the incinerator. In fact, the
partitioning of metals between the bottom and fly ash is a poorly understood aspect of incineration
Since most incinerator facilities mix the bottom and captured fly ash for disposal, the total amoun!
of metals contributed by baneries to the ttal ash will approximately be the same, regardless of how
it is partitoned between the bottom and fly ash, assuming none or only minimum amounts of the
metals escape through the smokestack. Results of EP toxicity tests of ash samples have been
generalized as follows (Ujihara and Gough, 1989):

* almost all fly ash samples exceed EP wxicity limits for cadmium (and also lead);

*  most combined ash (i.c., bottom and fly ash) samples surpass EP toxicity limits for lead, but
no! for cadmium; and "

*  somc bottom ash samples are below the limit for lead and g] are below the limit for cadmium

Laboratory studies show that cadmium, one of the toxic substances of concern associated with
houschold barteries, is one of two metals (together with lead) thar tends to be more concentrated in
the fly ash than in the bottom ash (Ujihara and Gough, 1989; Sawell, Constable and Klicius,
1991). Since Cd is carcinogenic by the inhalation pathway, it is crucial that adequate scrubbers are
used in MSW incinerators, that will capture as much of the fly ash as possible and to minimize the
amounts that could eventally reach potential human receptors. In the absence of that, Ni-Cads
which may be a significant contributor of Cd in MSW may have to be removed from the wastis to
be incinerated.

Indeed, this is supported by results from an evaluation conducted at Camnegie-Mellon University
(CMU, 1989) which showed that removal of Ni-Cad batteries from incinerators could reduce ash
carcinogenic toxicity by about 2 percent and ash non-carcinogenic toxicity by about 0.5 percent.
The significance of these values may be investigated using detailed methods of risk assessment.
For example, assuming that percent reduction in ash toxicity is on the order of percent reduction in
risk from exposure to ash (Le., assuming a linear model), it can be inferred that for every 100
cascs of cancer due o status quo incinerator emissions of ash, an average of 2 of those cancer
cases will not occur if Ni-Cads are removed from incinerators and disposed of in a manner in
which humans are less likely to be exposed to their contents. Since the components used in the
calculations are not the only pollutants released from MSW incinerators, the calculated values
should be interpreted as the upper limit for risk abatement. Again, based on an analysis of a
comprehensive risk assessment for a hazardous waste incinerator (cited in CMU, 1989) in which
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an extensive list of both organics and inorganics were used, the majority of the total carcinogenic
risk from ash was due to cadmium, arsenic and chrommum. Similarly, the major memls coatributing
10 noncarcinogenic risk was associated with manganese (and also lead).

A number of caveats are associated to these generalizations, however, due to inherent problems
with testing ash. Also, limited field data do reveal that conccnmmons of Cd (and Pb) in leachates
from *“real-world” ash dxsposa;l sites are gcncza!ly below EP toxxcuy limits, but few samples have
approached the limit for Pb (Ujihara and Gough, 1989). It should be cautioned, however, that field

data exist only for a few years; this limited data makes conclusive statements difficult to make.

In the meanume several options have been suggested 1o manage the ash and reduce the risks:

1. anempt to remove the metals from the waste stream prior to combustion.

2. dispose of the ash in properly designed landfills so that the materials do not contaminate
groundwater.

3. heat the ash prior to disposal so as 1o remove the metals.

4. reuse the ash in 2 way that human exposure does not occur. Some examples include the use of
ash in cement-based products, as fill in base in roadbeds, and as a component in asphalt paving
(Ujihara and Gough, 1989).

3.3 Recydi Oitisn for the M f Used Batteries: Logisti
| Viability of Recycline Household Batteri

This section consists of a review of the literature pertaining to battery collection systems, the
current status of banery recycling technology for the various battery systems, and the costs of
banery recycling, in order to evaluate the feasibility of implementing battery recycling programs in
Canada. The collection and recycling of used household batteries poses several unanswered
technical and economic problems, and until these are resolved, it would be premature to
recommend widespread implementation of such a program.

The mercury and silver oxide (button) batteries are the only battery types for which recycling
tcchnolog:cs have been developed and have the potental 1o operate in a cost-effective manner
(subject w fluctuations in the market value of mercury) due to the high concentration of mercury
and silver. Mercury baneries are the source of seven tonnes of a total of 48 tonnes of mercury
eminied in Canada per year. Therefore, a collection program for mercury batteries alone would not
significantly reduce the emissions of mercury from discharged batteries (Environment Canada,
1991). Furthermore, while source reduction in the mercury content of these barteries is not likely,
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there is a trend towards a declining market share of this type of banery as they are increasingly
replaced by zinc-air cells which contain only 1 percent mercury by weight.

While there is no established industry for recycling/processing mixed collections of household
baneries, some recycling technologies have been tested. However, commercial implementation of
mixed banery recycling appears o have basically poor economics due to the readily available, low
cost, high purity, virgin materials. Further barriers to the development of large scale houschold
bartery collection and recycling programs are that the recycling processes are not fully developed
(i.c. separation of zinc and manganese) and secondary markets for recovered metals do not exist in
all cases. The collection rate for used batteries is generally low, even in countries where the public
awareness has been high (Environment Canada, 1991). The public is likely to be unwilling and/or
unable to distinguish berween alkaline cells and non-alkaline cells, or between zinc-carbon cells
and nickel-cadmium cells. Thus recycling plants would need to be designed to sort 2 complete
mix of consumer cells (Litle, 1989). However, there are currently po cost-effective methods to

automate sorung of cells.

None of the most prevalent types of batteries (alkaline, carbon-zinc and heavy-duty carbon-zinc)
are being commercially recycled due to the fact that their major components are metals with Jow
value. While a Japanese pilot project demonstrated satisfactory recovery and marketing of mercury
and iron, scparaton and the identfication of economical markets for the major components zinc
and manganese dioxide has not been resolved. Whether a reutilization of the recovered secondary
materials will be possible in the furure is uncertain. The recovered zinc and manganese dioxide are
currently of a low purity and as such cannot be marketed as raw materials.

Ni-Cad bancries can be smelted to extract metals for reuse in the manufacturing of steel. The
smelong process is expensive and must be subsidized by the provider of the banerics. The impact
that a Ni-Cad battery collection and recycling program would have on the diversion of cadmium
from the waste stream would be limited given that the consumer does not have access to 80% of
Ni-Cad cells which are manufactured into cordless rechargeable appliances.

While cost-efficient recycling processes for battery reclamation do not currently ‘exist, it is not
unrcasonable to suggest that technological advances will make this option more feasible in the
furure (CMU, 1989). Recycling of baneries could be developed if clean technologies are found
and viable end-use markets for the reclaimed materials are secured. Proposals for establishing
banery recycling facilities to handle all types of baneries have been developed or are in the process
of investigation by Recytec, Voest-Alpine, Bronx 2000 Development Corporation and J.L.
Recycling. However, it may take several years to establish recycling collection systems,
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processing plants and infrasgucrure. The current environmental concerns associated with

household banery disposal may be alleviated or have changed in that fime frame. For example, the

decline in the mercury content of alkaline manganese batteries, the changing market share of the

mercury button cell with the introduction of the zinc-air battery, and the recent introduction of
alkaline rechargeables which will compete with disposable alkaline batteries and rechargeable Ni-

Cads, show that approaches designed to solve current problems could become less effectve or.
cven obsolete in a short ime.

3.3.1 Current Situation

In most Canadian municipalities, houschold baneries are largely treated as other houschold waste
and are disposed of in incinerators or landfills. For instance, in Toronto, batteries of all rypes are
also collected at ransfer statons through a voluntary drop-off system and can be collected by the
~Toxic Taxi" service, which will pick up household hazardous waste (must be a minimum amount)
for subsequent disposal at 2 hazardous waste landfill.

In 1991 the Citizens' Clearinghouse on Waste Management and the Victoria Environmental
Network, with funding from Environment Canada, undertook a pilot project to collect used dry-
cell batieries from households. Over 4,000 batteries were collected by school children, hospital
personnel and the general public (Citizens’ Clearing house on Waste Management, 1991).

In Waterloo region batteries are included in “Houschold Hazardous Waste Days” held once or
wice a month in which residents voluntarily drop off hazardous waste at & designated depot in
Waterloo. This waste is then disposed of at the Sarnia hazardous waste landfill by Laidlaw
Environmental Services. Houschold baneries are classified into a broad waste classification called
‘miscellaneous/inorganic household hazardous waste”; therefore statistics on the volume of
touschold barteries collected are not available. There are no immediate plans to expand the existing
touschold battery collection program, however plans to create a permanent depot for household
tazardous waste will make it more convenient for residents to participate in the existing program.
= Hamilton-Wenrworth region, houschold batterics can be disposed of at the hazardous waste
d¢epol. Baneries are currently being stored while the feasibility of conducting a pilot project for
ecycling is investigated. '

At present, there are no established facilities for recycling of household batteries of any type in
Canada J.L. Recycling in Ottawa has been operating as a third-party broker for recycling of
louschold bareries for the past year and a half. The company accepts mercury-oxide, silver-oxide,
ainc-air, zinc-carbon, and nickel-cadmium (Ni-Cad) barteries which are then sent to recycling
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spent bateries as hazardous waste (MIT, 1990). With all baneries going to 2 bazardous waste
Jandfill, costs for the program would rise significantly with increased participation in the collection
program.

Arheide Collection:

While curbside collection of barteries can be costly, the higher participation rates and case of
combining it with existing curbside collection programs can make it the most cost effective
alternative (CMU, 1989). In 1989, Hennepin County, Minnesota conducted a study designed o
investigate the most effective methods for removing houschold batteries from the waste stream.
The county initiated pilot batery collection programs in two towns with similar population
characieristics - one using curbside collection of household barteries, the other collecting household
batteries through a retail drop-off program. To date, this project has generated the most useful
information on participation in, and success of, household battery collection programs in the U.S.

Six to seven times more batteries were collected in the curbside method of collection. The number
of baneries collected per household was also about 50 percent higher than in the retail collection
method (MPCA, 1990). Ninery-four percent of the barteries were alkaline or zinc/carbon, three
percent were Ni-Cads or button baneries. This suggests that curbside collection of houschold
batteries is a more effective collection smategy. It was also suggested however, that par of the
difference may have been artributable to the fact that residents of the curbside pickup town received
a mor: intensive advertising campaign (MIT, 1990). After storing the batteries for nearly a year,
Hennepin County ended up sending them to & hazardous waste landfill at a cost of about $1000 per

ton.

Both HennepinCounty, Minnesota and the New Hampshire /Vermont Solid Waste Projects, as
reporned, have artempted to remove household bartteries from MSW. On the basis of data collected
and experiences gained, both have recently recommended that the most efficient way to direct
mercury and cadmium is to reduce the amount of mercury used in batteries such as alkaline cells, to
focus anention on the data collection and recycling of batteries that contain mercuric oxide, require
small cordless appliances be supplied with recyclable baneries which can be readily removed, and
10 look forreductions of metals from other sources (Amos, 1991; Johnson and Hirth, 1990).

3.3.3 Fessibility of Recycling by Battery Types

Several fadars are involved in determining the economic feasibility of houschold battery recycling:



* Cerain recycling processes require 2 homogeneous supply of batteries, such that the banteries
to be processed are of one type. This makes the consideration of separation processes
important.

* The cost of reclamarion may exceed the cost of extraction from ore.

e Reclaimed elements must be of a purity that will be marketable 1o industries using the elements.

» Subsidization may be nceded to-encourage or initiate reclamation. - - P—

Despite the existence of technology to recover some types of batteries, its oversll economic
feasibiliry remains controversial. In general, the recovery of used barteries meets technological and
economic obstacles that limit the effectiveness of organized collection programs. In many cases,
these have caused projects to fail afier a short period of time (Environment Canada, 1991).

The obstacles cited in recycling dry baneries include :

* Insufficient control over battery supply and low or unstable market value of the materials
recovered (Environment Canada, 1991). :

* Insufficient purity of recovered metals; raw materials are in plentiful supply commercially and
available at low cost

* Changing composition of bauery systems, i.e. decreasing content of mercuty in alkaline
baneries and decreasing market value of mercury

*  Poor environmental record of mercury refining facilites

* Different bartery systems require different recycling technologies, therefore the vasious battery
systems must be collected separately or manual or mechanical scparation is required at the
recycling facility, adding to the cost of the operation. Consumers cannot readily distinguish
berween different banery systems.

The closest mercury recycling plant to Canada is located in Albany, New York. Mercuy Refining
(MERECO) Company is the only company in the U.S. that accepts button batteries. After the
mercury and silver are recovered, remaining material (about 80% by weight of the original) is sent
to a secure landfill. There is no charge for sorting. A fee is charged to dispose of the lithium cells.
Nickel cadmiums are accepted at no charge and are sent to a recyclerin F-n- Alkaline and
carbon-zinc batteries are also accepted for a fee and are sent to a secur- la <1 operated by

Chemical Wasie Management in Model C.\ry, N.Y. (Reutlinger, 1990). Mi * - has had in the
past, contamination problems associated with mercury, although reports now . ;jest that facility
improvements will address previous environmental problems (Reutling= ' mssi, 1991).
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Sweden and Switzerland both passed Ni-Cad banery recycling laws in 1986. Banery collection
has been under way on a voluntary basis in West Germany, the Netherlands and Austria since
1989. Ni-Cad banerics are collected by the manufacturers and sent to 2 recycling of controlled
disposal centre. The cathode is sold for its nickel content, and the anode for its cadmium coateat.
Rescarch across Europe has demonstrated that sealed Ni-Cad cells can be reprocessed but recycling
may be hampered by adverse economics. Few facilities in Europe are capable of reprocessing
sealed Ni-Cad bateries. Until recently, SNAM in France and SAB-Nif in Sweden were the only
commercial operations. They were joined in 1989 by SAVAN, a joint venture between SNAM and
cadmium producer Vielle Montagne, also in France (ENDS, 1990). These recycling plants are
mainly interested in the nickel used in secondary cells which is sold to steel manufacturers
(Environment Canada, 1991). Some small recovery firms are stockpiling the cadmium anode and
teating .only the nickel cathode, while waiting for an increase in the market price of cadmium
(Environment Canada, 1991).

Nickel-cadmium baneries are collected by J.L. Recycling Ltd. in Ottawa and are shipped to Europe
for processing. Sanyo Energy U.S.A. corporation will offer & recycling program later this year that
will allow consumers to return used Sanyo Ni-Cads for recycling at a company plant in Japan.
There are several metal reprocessors in the U.S. that accept industrial Nickel-Cadmium barteries.
Until recently however, none of these companies accepted consumer Ni-Cads (Reutlinger, 1990).
Nickel-cadmium batteries are now being recycled in the U.S. by Inmetco in Ellwood,
Pennsylvania, which operates a secondary smelting furnace for the high-temperature recovery of
nickel, chromium and iron. Inmetco fumes off zinc, lead and cadmium, which are collected in 2 !
wel scrubber and in the dust. These byproducts are sent to Horschead Resource Development Co.
Inc. in Palmerton, Pennsylvania, a residue processor (American Metal Market, 1991; Schweers e
al., 1991).

Expericnce at the existing plants and several research establishments have shown conclusively that
recycling of sealed Ni-Cad barteries is technically feasible. Recovery and reprocessing techniques
are far from being optimized, however, and recent research has yiclded a number of important
advances. The Dutch research group TNO is testing a hydrometallurgical process in which
cadmium is leached from shredded batteries by hydrochloric acid and then recovered by solvent
exmacton. Unlike thermal processing, TNO's method recovers pure nickel as well as cadmium.
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Collection and sorting of Ni-Cad baneries continues to be a problemaric, Mercury baneries should
not be present in the lot of nickel-cadmium batteries to be recycled. The presence of 1% of mercury
may cause impurities and considerably increase the cost of recycling (Environment Canada, 1991).
In Germany, 50% of batteries collected to date have been primary cells, not Ni-Cad batteries.
Hand-sorting of Ni-Cad cells represents approximately one-half of the total costs, excluding
reprocessing. At current warld cadmium prices, these costs make recycling uneconomical (ENDS -
1990).

The amount of cadmium produced in Canada has been estimated to be 1570 tonnes in 1989 and
1463 tonnes in 1990 (Cadmium Association, 1990). The rechargeable battery market dominates
the world consumption of cadmium (Table 13). These estimates compare very favourably with
esumates provided by the U.S. Burcau of Mines data for cadmium demand in 1984 (AD. Linle,

1989).

Table 13
Estimated Market Share for Various Cadmium Uses in 1980 and 1990

Uses 1980 1990

% %
Baneries 23 55
Pigments 27 20
Stabilizers 12 10
Coartings 34 8
Alloys 3 -
Miscellaneous 1 4

Source: Cadmium Assoc., 1990

Approximately 80% of Ni-Cad cells sold are sealed inside cordless rechargeable appliances. If
consumers recycled all of the nonsealed nickel-cadmium baneries, the result would be recycling of
19% of the originally reproduced nickel-cadmium baneries. This figure equates to a recycling of
approximately 150 to 185 tons of cadmium annually or about 4 to 5 percent of the U.S. total
cadmium usage (Europile, 1986). Given that achievable recycle rates for recyclable materials (e.g.,
aluminum cans, plastic borttles, newsprint) tend to be less than 50 percent on a natonal basis, the
reduction of cadmium in the waste stream that could be cffected by recycling of consumer cells is
likely 10 be proportionately very small (Lirtle, 1989).



Recent legislation in Minnesota and Connecticut requires that by July 1993, nickel-cadmium
batteries in rechargeable household appliances must be designed to allow for removal of the

banery.

Zine-Car | Alkaline Banes

In several U.S. cities, concern about non-recyclable alkalines has led to the development of
alkaline collection-disposal systems. The motivation for these programs was to remove these
batteries from the waste stream to reduce the mercury content in incinerator emissions and ash.
The collected baneries are sent for disposal to a hazardous waste facility or stockpiled undl a

recycling opton develops (Reutlinger, 1990).

The declining mercury content in alkaline bateries is key to the discussion of whether to separate
these barteries from the waste stream. There is no consensus among U.S. recycling program co-
ordinators as to whether the expense of collecting and disposing of alkalines is justified in light of
recent mercury reductions. Some recyclers feel that any amount of mercury in the waste stream is
100 much, and also raise concerns about the large amounts of zinc and other metals in batteries.
Others feel that by the time a municipality could implement a substantial collection program, the
manufacturers will have further reduced the mercury content (Reutlinger, 1990).

There is currently no established industry for reprocessing alkaline-manganese and zinc-carbon
barery systems. Environmental Pacific Corporation of Lake Oswego, Oregon, has indicated that
they grind up the dry cells and export them to processors in the U.S., Europe, and Asia. None of
the U.S. banery recycling or collection-disposal programs send barteries to this company as they
were not knowledgeable about the environmental and worker safety records of the foreign
processors (Reutlinger, 1990). More recently Environmental Pacific has been charged by the
Oregon Dept of Environmental Quality, is facing increasing hostility from nearby residents, and
has been found to lack the appropriate permits to store used batteries (Watson, 1991).

The collection of carbon-zinc and alkaline batteries is costly, and their recovery is not profitable
because they contain only a small percentage of mercury. The cost of recycling exceeds the value
of the materials recovered (Environment Canada, 1991). The trend toward mercury reduction in
alkaline banerics would reduce the economic feasibility of recycling this type of battery system as
mercury is the most valuable component.

For standard alkaline zinc/manganese and non-alkaline/zinc carbon cells (non-button cells only),
Voest-Alpine Environmental Engineering of Austria has developed a pilot process in which the
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baueries are crushed and screened magnetically. In this process, all ferrous scrap, plastic and pape
is removed, leaving a crude black mass which is composed of manganese dioxide, zinc flakes anc
carbon. The black mass is then thermally treated allowing the mercury and zinc to be recovers
(cither as the metals or their oxides) and separated in a stage called the "vapour” phase. To remow
any possible increased amounts of potassium and sodium, the black mass can be leached, before o
after thermal treatment, and this black mass can be used as a primary ore substitute in the
manufacture of electrolytic manganese dioxide. Despite the available Em'opmn technology, market
currently do not exist for the recovered metals (Taylor et al., 1988).

In 1985, with the financial backing of the government, a non-profit organization, Clean Japan
Center, built an experimental plant to recycle used dry batteries and fluorescent tubes containing
mercury. Operation of the plant, for the purpose of technical and economic demonstration,
conunued untl September 1987. The project aimed at recovering mercury, zinc and manganese (in
combinadon) and iron. The plant operation consisted of the following processes:

1. Premeament in which batteries are sorted into five groups according to shape and size, with
further separarion of zinc-carbon baneries and alkaline-manganese batteries by taking advantage
of the weight difference. Hand removal of foreign materials is still required to a certain extent.
Iron jackets of the pre-sorted baneries are detached and recovered as iron scrap. The baneries
then undergo a process of crushing and mixing.

[0

Roasting using a rotary furnace heated to 600 to 800 degrees Celsius to decompose and
vaporize volatile substances such as mercury. Combustion fuel for the furnace is liquefied
petoleum gas (LPG), which is injected against the flow of feed material

3. Magnetic separation is used to sort out the calcine generated by roasting into iron scrap and zine
residue.

4. Gaseous emission containing vaporized mercury from the roasting process is sent through dust
collecting equipment to a condenser where it is cooled 1o below the dew point of mercury for
the recovery of mellic mercury. Dewdrops of the metallic mercury condensed on the internal
surface are periodically recovered by water flushing and refined to the purity of 99.99% or
above for sale. ’

5. A gas reamment process removes and neutralizes completely trace amounts of gaseous mereury
and chloride by chemical cleansing, wet electrostatic precipitation and gaseous mercury

adsorption. -
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6. The condensing process and the gas treatment process &s well as a waste water treatment
process are all connected serially in a closed circuit. Rinse wastes and drainage discharged
from those processes are all collected. After mercurial substances are stabilized and removed,
the wasic waler is vaporized to crystalize salts. The collected waste water is agitated with
mercury stabilizing agent and the pH value is adjusted before being filrated. The filtrated
water is vaporized and the residues are all returned to the roasting fumsce. %y ——

Levels of exhaust gases were in compliance with the emission standards provided in the Air
Polluton Prevention Act. Sulfuric oxide was less than 1% of the emission standard and hydrogen
chloride did not reach the minimum concentration for quantitative analysis. Mercury concentration
was below the World Health Organization's guideline value. Industrial water is recycled in a
closed circuit so that no water is discharged to public sewers.

Mecreury is refined to 2 purity of 99.99% or above. Zinc content in the recovered calcine is
approximately 35% on the average. Other major components of the calcine are manganese (23-
30%) and carbon (14-18%). Two kinds of iron scraps are recovered, one with the peeling machine
and the other is recovered from calcine through the magnetic separator. Iron scrap recovered with
the pezling machine has an avcr'agc quality of 98% while that recovered with the magnetic separator
has a quality of approximately 94%.

Recovered mercury was applied to the material for batteries, inorganic chemical agents, measuring
inswuments, electric relays, lamps, amalgams and others. Iron scraps were supplied to iron and
steel manufacturers through their contracted vendors. In spite of the favourable recovery, zinc
residues which made up 54% by weight of the incoming batteries were not marketed due to the

collapse of international price and the rate of foreign exchange.

Ir was concluded that the plant demonstrated favourable performance, resulting in the establishment
of technically stable conditions for recycling battery wastes. The demonstration suffered from
uncven quality and unstable delivery of used barteries, while marketing of the products was
adversely affected by drastic changes in the rate of foreign exchange and in the price of metals at
international market Income from tpping fees and revenue derived from the sale of recovered
materials, failed to cover expenditures. '

Processes for recycling mixed batteries including alkalines are in the development stages.
Proposals for recycling plants have also been put forward in Austria, Switzerland, Germany ,
Canada and the Netherlands. Experience to date is not very positive. It has been found to be
difficult to produce recovered material of salable quality and at a reasonable cost. It appears
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uncerain whether any commercial recycling plants for alkaline manganese and/or zinc carbon
barteries will become available in the furure (University of Lund, 1990).

Some exploratory work has been initiated in Canada by Falconbridge Ltd. 1o recover contained

metals of interest - including Hg, Cd, Ag, etc., from used baneries collected from domestic

garbage (Freeman, 1990). Conventional mineral dressing techniques which are commonly used in_
the mining and metallurgical mdusu-y were employed to separate and concentrate components into

fractions acceptable for recycling. The banteries were collected from a pilot recycling program in

Toronto. Although the recovered iron and zinc concentrates were assumed to qualify for recycling;

nevertheless, some 75% of the remaining mass was unsuitable for recycling. The authors

suggested that the unrecyclable mass could be disposed in pond tailing of existing mines. A related

issue which arosc with the various approaches listed was what to do with the wash water - it

would require neutralization and metal recovery before discharge.

Banery Separation Svstems:

The scparation of household barteries by type is an important consideration in the feasibility of
recycling as different battery systems require different processing technology for reclamation. For
example, the cadmium in Ni-Cad baneries acts as a contaminant to mercury, reducing the yield of
mercury during recycling. Better identification and separation of batteries is a key 10 economical
banery reclamation. At present however, there is no efficient way of distinguishing among the
different types of button cells which include mercury, silver, zinc-air and lithium systems.

The possibiliry of mechanical soning'of collected batteries has been studied at TEM, University of
Lund in Sweden. Mechanical sorting appears to be feasible only when all battciy types are to be
collected. From the point of view of the treatment technology, the batteries should be sorted into
the following groups:

1. Bunon cells

2. Nickel-cadmium

3. Alkaline manganese and carbon-zinc

Buuon cells can be separated in a relatively straight-forward way due to their size. While further
sorting of button cells by weight is technically possible, it was concluded that the stringent
requirements in the size and weight sorting steps and the small quantities of nickelcadmium and
zinc carbon burton cells in Swedish bartery collections made it infeasible to develop equipment for
the sorting of button cells. Carbon-zinc baneries can be scparated from other batteries according to
weight with a relatively high efficiency. Alkaline manganese and nickel-cadmium baneries can be
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scparated by measurcment of resistance between a pole and the inner casing, or by ulorasound
(University of Lund, 1990).

The Swedish report concluded that the mechanical separation plant would not be economically
vizble, purely on the basis of low banery volumes collected in Sweden (approximately 100 tons
per year). Countries with more dense populations that decide to collect all banery types and have
shorter ransport distances may-find the economics mare favourable. Alternatives to mechanical
sorting involve markings that arc invisible under normal circumstances including; markings that
become visible under ulma-violet light, markings that become visible under infra-red lightor a
magnetic bar code (University of Lund, 1990).

Reclamarion Processes:

One of the objectives of recycling primary batterics is the recovery of the contained metals
including mercury (Hg), silver (Ag), Zinc (Zn), manganese (Mn) and iron (Fe). The proportion by
weight in the various barery. systems amounts to almost 30% for Hg or Ag in the relevant burton
cells, 25 1o 30% for Mn in cylindrical cells, Zn is present in all cells - with the exception of lithium
on a scale of 10 to 20%, Fe is also present in all cells, as the protective container, accounting far
20 to 30% by weight Many other metals arc present in lesser quantities and variable amounts
depending on specific technology: copper, cadmium, calcium, magnesium, titanium, aluminum,
tin, lead, and others. Some inorganic salts are also present as well as plastic, paper, and graphite in
various forms (Bartolozzi, 1990). Nickel-cadmium cells contain 15% cadmium by weight.

Since batteries are made of several metals, they require expensive and complex processing for
successful extraction of the recyclable elements. The installations must meet strict environmental
standards when mercury and cadmium are involved. The reclamation process scparates metals for
reuse and wastes that can be appropriately disposed. Scparation of batteries by type is usually
required by reclamarion plants, however facilities that mechanically separate mixed batteries are in
the development stages. Several reclamation processes including pyrometallurgical and
hydrometallurgical have been tested and are described below.

Pyrometallurgical processes remove banery elements by crushing and roasting the batteries.
Roasting is a process where the batteries are heated to evaporate off the desired elements. In
principle, all mercury containing batteries can be treated in this way. The baneries are ground and
the mercury is distlled at a high temperature and low pressure. Through further heating, crude zinc
and cadmium can be removed. If the process is continued, manganese and iron and nickel can be
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recovered in crude form. The processing of used banteries results in residues that must be disposed
of in hazardous waste faciliti_cs ((DAU. 1989).

100 degrees Celsius. The spent barteries, usually first crushed, are then leached with hydrochloric
or sulphuric acids, befare rearments to precipitate MnO2, Fe(OH)3, Zn(OH)2 cx, alternarively, the
purified solutions are electrolyzed.- Ofien the mercury is removed -in advance by heating
(Bartolozz, 1990).

The hydrometallurgical process could be favourable to the pyrometallurgical process, both
economically and cavironmentally. The process could be less energy intensive and therefore less
costly, and results in substances of a purer form. The self-contained nature of the process and

Costs:

Arthur D. Linle Inc. developed an estimate of the costs of re ing household baneries through
a plant designed 10 handle alkaline, carbon-zinc and nickel-cadmium barteries. Based on the annual
volume of consumer cells sold (excluding button-cells), the total processing cost would be
approximatcly 4.08 cents per cell or nearly $50 Per cubic foot ($1695 per cubic meter). This does

was esumated at $105.00.
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3.3.4 Policies on Recycling Programs

For puposes of comparison, it is interesting to examine whether or not other industrialized
natiois have regulated the disposal of household batteries. Many have either mandatory or
volintary programs for scparating batteries out of the municipal waste stream. Sweden and
Switzerland require that baneries containing more than 0.025% mercury or cadmium be marked
with both an “cnvironmentally hazardous™ symbol and a “recyclable” symbol. In Sweden,
manufacturers must pay & levy on these baneries, equal to 15-20% of their retail price. In additon,
baneries must be separated from other household waste prior to disposal. These batteries are then
stored of landfilled as hazardous waste. Both Norway and Denmark arc considering legislation
sirnilar 1o that of Sweden. Iraly and Holland also have enacted legislation requiring that batteries be
disposed of separately from organic household waste (Primary Barneries in Waste and the
Environment, NEMA Position Papers I and II, 1989).

In January of 1989, the entre European Community (EC) proposed a management program for all
Alkaline, Mercury, Ni-Cad, and Lead-Acid baneries that arc manufactured, bought, or sold within
EC counties. Their proposal requires that these baneries display a recycling symbol, and that they
be subject to recycling and/or special disposal. The proposal also mandates the start of a consumer
informaton program on bauery composition and disposal.

Compared with its North American counterpart, the European bartery industry is in general more
closely monitored. Faced with the possibility of an increase in regulation, European manufacturers
have in some cases begun voluntary collections programs. It is important to note that these
collecton programs do not focus on reclaiming battery components; rather, their goal is to insure
that batteries are disposed of as hazardous waste. This is partcularly important for the many
European counrtries that incinerate large pbnions of their waste. Similar voluntary recovery
programs also exist in Japan.

A study has been done in Canada on the feasibility of separating and recycling batteries as a means
for reducing the amount of heavy metals in the environment. Rather than emphasizing collection
and scparation schemes for used barteries, the recommendations of the study centered oa
improving technology in batery design in order to reduce the levels of heavy metals used. It also
advocated the adoption of wet gas scrubbers in all municipal incinerators (Feasibility Study of the
Recycling of Used Dry Cells in Canada, March, 1989).

Before examining possible changes in policy, it is worthwhile to speculate on how technology and
market mechanisms alone could produce change. In the past, changes in technology produced the
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alkaline banery - a product that has virally replaced the zinc-carbon cell Originally these cells
contained high amounts of mercury, yet technological changes and market forces have resulted in
the development of an alkaline cell that contains less than 0.025% mercury. In addition, new
technology could appear that would make the alkaline battery obsolete. Any new policy will
impose costs and benefits on various interest groups, as well as introduce various irefficiencies

into the market _



4.0 RISK ASSESSMENT OF BATTERY DISPOSAL ALTERNATIVES

Heavy metals can have detrimental effects on ecosystems. It is apparent that, ecosystcms have
naturally occurring levels of heavy metals; however, additonal amounts of such metals can stress
the delicate balance necessary f for thc efficient performance and/or survival of the ecological
community. Household battery usage and disposal practices currendy in place for used dry-cell
baneries results in some additional metal loadings on the environment, with potentials for
derimental effects. This section examines the risks associated with various disposal options for
used dry-cell banteries that becomes part of household waste streams. The concepts of risk
assessment are employed in evaluaring and comparing the feasible disposal options identified for
the management of used houschold batteries.

4.1 The Risk Assessment Methodology and Case Model Description

The risk assessment process consists of several steps (Figure 5). Hazard identificadon is the
qualitaive evaluation of the potentdal adverse health/environmental impacts of a chemical on
potential receptors. The exposure assessment phase of the risk assessment includes the
- identfication of significant migraton pathways and potential receptors, the development of
exposure scenarios (including the analysis of environmental fate and persistence), the
estimation/modeling of exposure point concentrations, and the estimation of chemical intakes for all
potential receptors and significant pathways of concern. Exposure assessment is a process used to
estimate the rates at which chemicals are absorbed by organisms through all mechanisms--
including, ingestion, inhalation, and by dermal absorption. The absorbed dose differs significantly
from the externally applied dose, called exposure or intake. The exposure estimates are used to
determine whether any threats exist based on existing exposure conditions from a potentally
contaminated media. The exposure assessment of a hazardous chemical involves a characterizaton
of the major pathways of contaminant transpart leading from the sources to the points of exposure.
Following a risk assessment, risk management plans can be developed to help reduce existing or
anticipated risks from a given action or activiry.

A conservative assumption is made in this evaluation, that all barteries purchased in 2 given year
enter MSW in that year. Since lesser quantities than this will in practice be disposed of, estimated
quantities of heavy metals purported to enter the MSW and which is used in characterizing risks for
used battery disposal options will represent over-estimates that will be more protective of human
health and the environment. This helps to build a factor of safety that can counteract uncernainties
potentially present in the analytical processes. Data on total sales (conservatively assumed to equal
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total amount of disposal) of dry-cell batteries in Canada are used to indicate the potendal risks of
the banaydisposajummypancriskasmnzmoddudﬁnd_in this evaluation incorporates
methods for estimating the amounts of the metals of concern potentially entering the various

environmental compartments due to the various disposal practices.



Figure §
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Histd Teniifias ing for Drv-C21l Barers Disposal

The metals of concern in the banery types being investigated in this study may' be sources of
potendal risks to humans and the environment. The potential risks are the results of potential
releases of the metals into the environment following disposal of used batneries in the MSW
stream. In general, exposure to certain levels of the metals of concern in household batteries can
result in acute and/or chronic health effects. Acute effects may be due to short-tarm cxi)osu.f:-s. o
large doses of the toxic metals, while chronic effects are due to long-term exposires to low doses.
Cd and Hg are recognized as the critical metals of concern. Selected properties of the chemicals of
concern in household batt xries that affect the hazard potential of the disposal pracsices an: presented
in Appendix B (Tables B . and B2).

Different exposures may result due 1o the method of choice in used hous=hold battery disposzl
practces. The generic esuation for calculating chemical intakes i< given by (USEPA, 1989a):

] = CxCRxCFxFIxABSstFxEDXI/BWxl/AT (nH
where:
1 = intake, adjusted for absorption (mg/kg-day)
c = chemizal concentration in media of concemn (e.g, mg/kg)
CR = conuitrate (e.g., mg soil/day; liters water/day) pRTILS
CF = conversion factor (to cater for consistency in unit; used) LN
FI = fracticn of intake from contarninatad source (uniilzss)

ABSg = bioavailability/absorption facter (%)
EF = exposut frequency (days/years)

ED = exporure duration (years)
BW = body weight (kg) ,
AT = averaging time (period over which exposure is aviraged — days).

This equaton is adapted to estimate actual exposure intakes by' pot:ntal receptors as a result of
releases of metals into various environmental media from the banery tisposal practices.

A conservatve mass balancc approach is additionally employed in 'th's cvaluation, according to the
following relationship: |

I=[Mass/ycar}xI1/BW]x(CF) @

-
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where mass/year refers to the amount of chemical available per year to potential receptors and all
other terms are same as defined above. This equation is used to estimate potendal intakes by
receptors potentially impacted from the method of choice for the disposal of used houschold

banenes.

A toxicity assessment is conducted as part of a risk assessment to quantitatively and qualitatively
assess the potental for adverse human health and environmental effects from exposure to the
chemicals of potential concern. Typical and important potential health and environmental effects of
the metals of concern used in the dry-cell bateries are presented in Table 14. A more elaborate
discussion of the metals’ health and environmental effects is further presented in Appendix C of

this report

Table 14
Potential Health and Environmental Effects of
the Metals of Concern in Dry-Cell Batteries

Metal Typical Health Effects and Toxic Manifestations

Cadmium Developmental disabilities, Kidney damage, Pulmonary edema, Lung cancer,
(Cd) Neonatal death, Bioaccumulation in aquatic organisms

Manganese | Bronchits, Influenza (metal fume fever), Liver cirrhosis, Pneumonia
(Mn)

Mercury Anaxic gait, CNS Symptoms, Developmental disabilides, Minamata disease,
(Hg) Kidney and Liver damage, Bronchitis, Gingivitis; Bioaccumulation of methyl-
mereury

Nickel (Ni) | Asthma, CNS effects, Gastointestinal effects, Lung and nasal Cancer, Dermatitis

Zinc (Zn) Comeal ulceraton, Esophagus damage, Pulmonary edema
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The quantitative portion of the toxicity assessment entails identifying the relevant toxicity indices
against which exposure point intakes and doses can be compared during the risk characterization
stage of the overall assessment. This aspect of the evaluation consists of the determination of
appropriale toxicity indices (such as acceptable daily intakes (ADIs), reference doses (RfDs), and
slope factors (SF), or cancer potency factors (CPFs)). The qualitative aspect of the assessment
may include summaries of the adverse human health effects, typical environmental levels or
background concentrations, toxicokinetics, toxicodynamics, and ecotoxicology associated with
each chemical of potental concern.

_— il Braerminasion:

Risk characterization is the final step in the risk assessment process and the first input to the risk
management process, Its purpose is to present the risk manager with a synopsis and synthesis of
all the data that should contribute to a conclusion with regards to the nature and extent of the risk.
In the risk characterization, the exposure and toxicity assessments are used to characterize risk
levels, both quandtatively and qualitatively. The risks to potentially exposed populations from
exposure and subscquent intake of the chemicals of potential concern are characterized by the
calculaton of noncarcinogenic hazard quodents and indices and/or carcinogenic risks. These
parameters are then compared with applicable standards for risk decisions.

For potendal carcinogens, risks are estimarted as probabilities. The carcinogenic risks may be
esumated by multiplying the cancer slope factor (SF), which is the upper 95% confidence limit of
the probability of a carcinogenic response per unit intake over a lifetime of exposure, by the
csumated intakes—yielding incremental risk values. The carcinogenic effects of the chemicals of
concern are calculated according to the followin g relationship (USEPA, 1989a):

Risk, CR = CDIxSF (3a)
where
CR = probability of an individual developing cancer (dimensionless)
CDI = chronic daily intake averaged over 70 years (mg/kg-day)
SF = slope factor (1/{mg/kg-day]).

This represents the linear low-dose cancer risk model, and is valid only at low risk levels (ie.,
below estimated risks of 0.01). The aggregate cancer risk equation for multiple chemicals is
subsequently obtained by summing the risks calculated for the individual chemicals using the
above relationship(s). Thus, for muldple compounds,



Total Risk = ¥ (CDJj x SF) (3b)
o . 3 1

CDI; = chronic daily intake for the i) contaminant
SF; = slope factor for the ith contaminant.

or multiple compounds and multiple pathways, the overall total cancer risk for all'exposare’
pathways and all contaminants considered in the risk evaluation will be:
Overall Towal Risk = ¥¥ (CDIjj x SKj) (3c)
i)
where
CDJjj = chronic daily intake for the ith contaminant and jth pathway
SFijj slope factor for the ith contarminant and jth pathway.

The CDIs are estimated from the equations given previously for chemical intakes, whereas the SF
values are obtained from various sources/databases, including the Integrated Risk Information
System (IRIS) and the Health Effects Assessment Summary Tables (HEAST) available through the
U.S. EPA (Environmental Protection Agency). As a rulc-of-thumb, incremental risks of between
104 and 10-7 arc generally perceived as acceptable levels for the protection of human health and

the environment

The overall potential noncarcinogenic effects posed by the chemicals of concern is usually
expressed by the Hazard Index (HI). The noncarcinogenic effects of the chemicals of concen are
calculated according to the following reladonship (USEPA, 1989a):

Hazard Quodent, HQ = E/RfD (42)
where
E = chemical exposure level or intake (mg/kg-day)
RfD = reference dose (mg/kg-day).

The sum total of the hazard quodents for all the chemicals of concern gives the hazard index for a
given exposure pathway. The applicable relationship is:
Total Hazard Index, HI = Y E;j/RDj ' (4b)
1

where
Ej = exposure level (or intake) for the ith contaminant
RID; = accepmble intake level (or reference dose) for ith contaminant.



For multiple compounds and multiple pathways, the overall total noncancer risk for all exposure
pathways and all contaminants considered in the risk evaluation will be:

Overall Total Hazard Index = ¥§ Ejj / RIDjj (4)
i)

where
Ejj = exposure level (or intake) for the ith contaminant and jth pathway
RIDjj = accepmble intake level (or reference dose) for ith contaminant
and jth paxhway.

The E values are estimated from the equations given previously for chemical intakes, whereas the
RID values are obtained from databases such as IRIS and HEAST available through the U.S.
EPA. RfDs have been established by the U.S. EPA as thresholds of exposure to toxic substances
below which no adverse or insignificant health impact is anticipated; it is the suggested maximum
amount (in mg) of the chemical of concern for every kg of a pérson’s body weight that an
individual can be exposed 1o daily without noticeable health impacts. These thresholds have been
established on a substance-specific basis for oral and inhalation exposures, taking into account
evidence from both human epidemiologic and laboratory toxicologic studies. In accordance with
the U.S. EPA guidelines on the interpretation of hazard indices, for any given chemical, there may
be potential for adverse health effects if the hazard index exceeds unity (i.e. HI > 1). The
“accepable level” itself (i.e., the RID) incorporates a large margin of safety (of a factor of berween
100 and 1,000), so that it is possible that no toxic effects may occur even if the "acceptable level”
is exceeded. However, in interpreting the hazard index (HI) values, a reference value of HI less
than or equal 1o 1 should be taken as the acceptable reference or standard. For HI values greater
than unity (i.e. HI > 1), the higher the value, the greater is the likelihood of adverse health impacts.

Case Models Descri sion:
Case simulations are used to demonstrate the potential effects of potential receptor exposures 1o

metals of concern contributed by dry-cells to MSW. Three different case scenarios are evaluated,
including the following:

. landﬁuingd.isposalaﬂyforMSW(CucModdl)
* Incineradion disposal only for MSW (Case Model 2)
*  Combined landfilling and incineration disposal for MSW (Case Model 3)

The model utilizes specific informarion pertaining to the following:



wn reswults that landfilling even concentrated volumes of the used household baneries

sionifirant health and envirnnmental imnarte since the hazar indi;-rs are <1 for all



o Total annual amount of baneries entering MSW streams
 Total annual amount from bateries going to landfill and/or incinerator used for MSW

management

Additional information necessary for a complete evaluation are identified in the subsequent

sectons.
4.2 Risk CI scezes f the Landfill Di L Al e foe M hold
Batteries

Landfilling of used household bateries together with MSW is a popular disposal option for dry-
cell baneries. The landfilling of used baneries leads to consequential decomposition of the barteries.
Subsequently, the metals of concemn present in the baneries are released into leachates generated at
the landfills. The migration of such leachates into underlying aquifers can result in the
contamination of potental water supply sources.

Additional information on exposure modeling parameters for the landfilling option necessary for a
complete evaluation include the following:

« For leachate gencrated, it is assumed that = 0.05% of the metals from batteries entering a
landfill will escape in the form of leachate to contaminate groundwater. This represents a
conservative estimate, compared with typical mansfer coefficients (Table 7) for leachate in
MSW landfills,

« It is assumed that there is ingestion intake from potentially contaminated groundwater,

following the migraton of leachate into a water supply aquifer.

A complete listing of the exposure modeling assumptons are included in Table 15, together with
the estimates of potential receptor exposures based on equation (2). A summary of the risk
characterization computations is given in Table 16; this is based on results from Table 15 and
equations (3) and (4). Hazard index values of 0.4 and 0.1 were estimated for the child and adult
populations, respectively. No carcinogenic risks are anticipated, since none of the chemicals is
classified as a carcinogen by the oral exposure route. Thus, ir is apparent from the risk
characterizanion results that landfilling even concentrated volumes of the used household baneries
will present no significant health and environmental impacts, since the hazard indices are <1 for all

potenual receptors.
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TABLE 18

ELING AND EVALUATION RESULTS

CASE MODEL I-LANDFILUNG DISPOSAL ONLY FOR MSW

adull average weighl Ia 70k

0. these potental recepior

g&&f:!.o..S!mi!E.onE:.-!%l?v&ﬁ-S

Total Annusi Tolal Annual Totel Annual Totel Annusl| Potenital ' | Potentlsl Receplor Expos
Batlory Amount from Amount from Amount from Amount from Ingestion Vie Ingesilon of Leachs
Censilivent Batlerles Inte Balterlen inte Batterles Into Balterlea Inte Loachale inteke Relenses Into Ground wa
MSW Streame MBW Bweama MSW Streams Landtin cao | | abuy

(Natlonsi-milllon gam) | (Onterio--gm Case_Reglon 1—gm Case Reglon §-m {(mg/persontyr) (mgrkg/day)
Cadmium (Cd) 4.73E:01 1.70E+07 1.70E405 1.70E+08 8.62€:04 8.62E.01 1.48E-04 J3.33E-0
Manganess (Mn) 1.61E+03 8.80E+08 6.80E4+08 5.80E+00 2.00€+08 2.90E+01 4.07E-03 1.13E-0
Mercury (Hg) 1.08E+00 3.80E+05 3.80E+03 J.80E+08 1.00€4+09 1.90E.02 3.2BE-08 T.44E-0
Nicket (NI) 8.07E+01 1.83E+07 1.83E+05 1.83E+08 0.13€:04 9.13E-01 1.68E-04 J3.B7E-0
Zno (Zn) 8.00E+02 2.91E+08 2.91E+08 2.91E+00 1,488,408 1.46E+01 2.40E-03 8.70E-0




RISK CHARACTERIZATION
CASE MODEL I-LANDFILLING DISPOSAL ONLY FOR MSW

TABLE 18

Polentlal Potentlal Receptor Exposure Heazerd Hezard Carclnogenic| Carclnogenliec
Baterry Ingestion Vis Ingestion of Leachate Index Index Riske Riske
Conetltuent Intake Releases Into Ground Water for for | for for
cio | | aouLy Child Adult Chitd Adult

{mg/person/yr) {mg/kg/dey) Exposure Exposure Exposure Exposure

Cadmlum (Cd)*|8.62E-01 1.48E-04 3.33E-05  |5.00E-04 0.20 0.07 0.00E+00 0.00E+00
Manganese (Mn)|2.00E+01 4.07E-03 1.13E-03 1.00E-01 0.05 0.01 0.00E+00 0.00E+00
Mercury (Hg) |1.90E-02 3.26E-08 7.44E-07 3.00E-04 0.01 0.00 0.00E+00 0.00E+00
Nickel (NI) 9.13E-01 1.68E-04 3.57E-05 2.00E-02 0.01 0.00 0.00E+00 0.00E+00
Zino (Zn) 1.48E+01 2.49E-03 5.70E-04 2.00E-01 0.01 0.00 0.00E+00 0.00E+00

TEEYOTAT WEPBELET | TH.00EI08

‘Cadmium s a Bi carcinogen (l.e., a probable human carcinogen) by the Inhalation pathway only.

All the other chemicals of concern are considered to be noncarcinogens.




To validate results obtained from the case model, field information is used to confirm the
conclusion reached. A landfill site is chosen in the Regional Municipality of Waterloo. The
Waterloo landfill site is located in the extreme southwest corner of the Ciry of Waterloo, Regional
Municipality of Waterloo, Ontario. The area is underlain by a major sand and gravel aquifer which
supplies about 45 million gallons per day (mgpd) of groundwater to the Kitchener-Waterloo area.
In fact, this is one of the most significant groundwater resources in Ontario.

Over 100 monitoring wells have been installed at, and in the vicinity of the landfill since 1971.
Table 17 shows a summary for typical monitoring information associated with operation of the
Waterloo landfill site arca. None of the monitoring data for the upper unit aquifer or the aquifer unit
No. 1 exceeds the MOE objective. Nonctheless, the higher of these contaminant levels (worst-case
scenario) is used to estimate the level of potental risks posed by aquifer contamination from gll
sources of the metals of concern. It should be noted that the dry-cell bartteries of concern are
contributing only a fraction of this total amount of metals monitored as present in the aquifer; for
instance, Hg and Cd from dry-cell barteries contribute only about 20% and 33%, respectively, to
the quantdes appearing in MSW. Tables 18 and 19 respectively, show the potential receptor
cxposures based on equation (1) and the risk characterization based on equaton (3) and (4) for the
impacts of the Waterloo landfill on .und:rlying aquifers.

The hazard index for the adult population is 0.7 (i.e., <1), indicating no problem. On the other
hand, child exposure shows a hazard index >1. However, this value of 1.6 is not very much above
the accepuable index of unity. Considering the conservative assumptions used in the evaluation, it
may be concluded that the landfill disposal of household baneries are not posing any risks due 1o
the presence of any of the metals of concerns identified for these barteries. No carcinogenic risks
are anticipated, since non of the chemicals is a carcinogen by the oral exposure route.

Thus, it is apparent from the risk characterization results that, landfilling MSW of which used
household baneries may be a part is presenting no significant health and environmental impacts. It
is also worth mentioning that these levels of metals present in the aquifer would have been
contibuted from all sources other than dry-cell banteries only.
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" Table 17 7

Representative Maximum Concentrations (mg/L) of the Chemicals of Concern in
Leachate and Groundwater Near the Waterloo Landfill Site in the Regional

Municipality of Waterloo

Upper Fine-{-- - - | Worst- | Collector “-——
Grained Aquifer | Typical Case -Case
Parameter Unit Unit Leachate | Leachate| Leachate MOE
Aquifer No. 1 Quality | Quality | Quality | Objective
Cadmium (Cd) <0.01 <0.01 0.024 0.065 0.013 0.005
Manganese (Mn) 0.01 0.18 12 39 - 0.05
Mercury (Hg) <0.00001 0.00003 | - — - 0.001
Nickel (ni) <0.01 <0.01 0.23 7.0 0.43 -
Zinc (Zn) 0.35 0.55 6.5 50 2.60 5.0

Notes: » Collector-case characterization of leachate quality is based on average value from leachate
pumping stagon.

» Worst-case leachate quality represents the maximum contaminant level from leachate
generated from landfill.

* MOE objectve is maximum acceptable contaminant levels.

Sources: 1) CRA, 1990. Waterloo Landfill Site Hydrogeologic Investigation (Final Report, June
1990). Prepared for the Regional Municipality of Waterloo.
2) CRA, 1990. Waterloo Landfill Site Progress Report. Report to the MOE, Hamilton.
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Upper Fine-j-- - - - - - | Worst- | Collector -
Grained Aquifer | Typical Case -Case
Parameter Unit Unit Leachate | Leachate| Leachate MOE
Aquifer No. 1 Quality | Quality | Quality | Objective
Cadmium (Cd) <0.01 <0.01 0.024 '0.065 0.013 0.005
Manganese (Mn) 0.01 0.18 12 39 - 0.05
Mercury (Hg) <0.00001 0.00003 | - - - 0.001
Nickel (ni) <0.01 <0.01 0.23 7.0 0.43 —
Zinc (Zn) 0.35 0.55 6.5 50 2.60 5.0 !




pumping stanon.

Worst-case leachate quality represents the maximum contaminan
generated from landfill.

MOE objective is maximum acceptable contaminant levels.



1990. Waterloo Landfill Site Hydrogeologic Investigation (,
Prepared for the Regional Municipality of Waterloo.
1990. Waterloo Landfill Site Progress Report. Report to th
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4.3 Risk Ci ¢ the Inci ion Di L Al ive f
Household Batteries

Incineration of used household baneries generally will result in the release of metals as fumes and
particulates. Exposure to such contaminants can consequently occur via direct inhalation by
humans, or contamination of other environmental media may occur with: subsequent impacts-on
humans (such as through consumption of contaminated foods and water).

The incineration process yields fly and bortom ash, which both may contain some metals. Based
on an assumption of reported ﬁgun:s that 10% of incinerated wastes become fly ash and 90%
become bottom ash (Goldstein, 1989), and that fly ash has a smaller unit weight than bortom ash,
it is estimated that about 70% by weight of the metals are in the bottom ash and 30% by weight in
the fly ash (CMU, 1989). It is further assumed that 99% of the fly ash is captured by the
incinerator's air pollution control device, and this part of the fly ash is added to the bortom ash for

disposal at a hazardous waste facility. '

A complete listing of the exposure modelling assumptions are indicated in Table 20, together with
the esimates for potental receptor exposures based on equation (2). A summary of the risk
characterization calculations for the incineration option is given in Table 21; this is based on results
from Table 20 and equations (3) and (4). Hazard index values of 3.5 and 0.8 were estimated for
the child and adult populations, respectively. Also, carcinogenic risks of 5.3 x 10-3 and 1.2 x 10-3
were estimated for the child and adult groups, respectively. By comparing these numbers with an
accepiable hazard index of 1 and an acceprable carcinogenic risk range of 1.0x10% 10 1.0 x 107,
it is apparent that, incineranion of concentrated amounts of the dry-cell banteries may present both
carcinogenic and noncarcinogenic risks to potential receptors. Much of this risk is consributed by
cadmium, known 10 be a probable human carcinogen by the inhalation pathway. This cadmium
will be from concentrated sources such as the disposal of Ni-Cads. Removal of large amounts of
Ni-Cads from MSW sireams 1o be incinerated will therefore remove the potential risks posed by
the incineranion alternasive for managing the used dry-cell barteries.

To validate the results obtained for the case model presented, field information is used to confirm
the conclusion reached for the incineration management of used dry-cell batteries. A solid waste
incinerator facility located in Hamilton with a population of about 430,000 is chosen for this

purpose.
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The Solid Waste Reduction Unit (SWARU) in Hamilton, Ontario, processes and incinerates
municipal solid waste (MSW). The facilities are owned by the Region of Hamilton-Wentwarth and
operated by Laidlaw Waste Systems. Table 22 shows 2 summary of typical monitoring/modeling
data associated with the operation of the SWARU incinerator facility in Hamilton. It should be
noted that the dry-cell baneries of concern are contributing only a fraction of the total amount of
metals present in wastes incinerated at the facility. Tables 23 and 24 respectively show the potential
receptor exposures (based on equation (1)), and the risk characterization (based on equations (3)
and (4)) for the potential impacts of the Hamilton SWARU due 1o ammospheric emissions. There is
no significantly measurable noncarcinogenic risks experienced by potensial human receptors, since
hazard indices approaching zero values were estimated for both child and adult population. On the
other hand, carcinogenic risks of about 1.6x 107 and 14 x 106 were estimated for the child and
adult groups, respectively. However, these numbers fall within the acceptable carcinogenic risk
range of 1.0 x 104 10 1.0 x 10-7. Hence, it may be concluded thas metal emissions from the
Hamilton-Wentworth facility presents no risks of concern.
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TABLE 24

RISK CHARACTERIZATION
FOR INCINERATOR RELEASES
HAMILTON SWARU FACILTY, HAMILTON, ONTARIO

Potential Receplor Exposure Potentisl Receplor Exposure

Balerry Vie inhsletion of Incinerator Vie Inhelstlon of Incinerator Inhelstlion
Constliuent [Releases (osrcinogenic elfects)| Relesses (noncarcinogento etfecte)
cHw | | apuLr e | | apbury
{mg/kg/dey) [(mg/kg/day)
Cadmium (Cd)"|2.68E-08 2.24E-07 3.87E-07 2.70E-07 5.00E-04
Mangansse (Mn)|t.17E-07 1.03E-08 1.64E-08 1.24E-08 2.00E-01
Mercury (Hg) [6.43€-08 8.66E-07 9.02E-07 8.82E-07 3.00E-04
Nicke! (NI) 0.28E-07 8.16E-08 1.30E-05 0.81E-08 2.00E-02
Zino (Zn) 7.88E-07 6.86E-08 1.00E-086 8.01E-08 1.00E-02
fiedf Shond besiotes diign;

Inhelation

6.10E+00

Hezerd Hazard [Cerclnogenio Cerclnogenl
Index Index, Risks Rlsks
foy for for for
Chiid Adull Chlld Adult
Exposure | Exposute Exposure Exposure
0.00 0.00 1.88E-07 1.37E-08
0.00 0.00 0.00E+00 0.00E +00
0.00 0.00 0.00E+00 0.00E+00
0.00 Jo.oo 0.00E+00 0.00E+00
0.00 0.00 0.00E+00 0.00E+00
0| BRI | T ey pratkE) A ]

‘Cadmium s a BY carcinogen (l.e., @ probable human carcinogen) by the Inhalatton ?u,i.w only.



4.4 ok izati { the Combined Landflli { Inci .
Di L Option for H hold B ] .

Pant of dry-cell baneries present in MSW may be landfilled, while the remaining is incinerated.
Tables 25 and 26 respectively show the exposure assessment (based on equaton (2)) and risk
characterization (based on Table 25 and equations (3) and (4)) of a management option that
involves both the incineration and landfilling of used household baneries. Hazard index values of
1.9 and 0.4 were estimated for the child and adult populations respectively. Also, carcinogenic
risks of 2.7 x 10-3 and 5.1 x 10% were estimated for the child and adult groups, respectvely. By
comparing these numbers with an acceptable hazard index of I and an acceptable carcinogenic risk
range of 1.0 x 10 10 1.0 x 1077, it is noted that risks of concern are presented, due to cadmium
(from Ni-Cads) being incinerated. In reality, these metals will appear in diluted forms due o
mixing with large volumes of MSW. Concentrated amounts of Ni-Cads are less likely 1o be found.
This means that the levels of risks estimated here will actually be lower. Nonetheless, it is
recommended that Ni-Cads be landfilled or recycled if in concentrated forms.

Test analyses of ash removed from SWARU are presented in Table 27.While bottom ash loss was
found to meet Regulation 309 criteria; fly ash samples failed to meet the criteria because of high
cadmium levels. As a result, the fly ash from SWARU is no longer co-mingled with bottom ash
and is instead disposed separately in an approved hazardous waste landfill site near Samia.

4.5 Risk CI izati f R I M L ALt tive f
H hold Batteries: Risks Related to S te Collecti

Ingestions, fires and explosions, and environmental problems are some of the negative
consequences associated with the separate collection, storage and recycling of houschold baneries.
Although the risks associated with dry-cell bantery recycling are not quantified, a qualitatve
evaluadon of such risks is presented below.

To characterize the magnitude of this problem in the U.S. the number of battery ingestions was
compared to ingestons of other objects (CMU, 1989). Data on ingestions of coins, Christmas
omaments, and toys, compilcd by the American Association of Poison Control Centers (AAPCP)
was compared to bartery ingestions (alkaline cells and button cells). The number of battery-related
ingestions was on the same order of magnitude but slightly less than that of the other groups.
Battery ingestions made up nearly one-third of the total ingestions of the compared groups for the
years 1986-1988. Of ingestions of all types, battery related ingestions represented only 0.3%.
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Daia on the severity of health consequences of banery ingestions revealed that only 0.12% of
outcomes were life threatening, 1.71% were self-limiting (patients are fine; however, the patients
place restrictions on themselves due to their own perceptions of their symptoms), while 30.60%
have short-lived sclf-limiting symptoms and 67.57% have no symptoms.

NEMA (1988) reports that 1,065 haneries were accidently ingested berween 1982 to 1987 in the
U.S. causing the death of two young children as a result of internal chemical burns (0.02 % of the

ingested baneries proved fatal) (MPCA, 1990). 2

There is no data to suggest that bauery collection programs increase the risk of ingestions.
Explosion/Fire:

Placing large quantities of batteries together in containers could possibly increase the risk of fire or
explosion, particularly if the batteries are not fully discharged. Research has shown that a
significant number of discarded batteries do have residual voltages and can still supply current.
(CMU, 1989). When charged banteries contact, they begin to discharge. This generates heat and
hydrogen gas, creating potentially hazardous conditions in the home or to collection and disposal
workers if the containers are not ventlated.

NEMA (1988) reports one instance in which a secaled barrel of waste barteries exploded, causing
minor injuries to the person unloading the barrel. This was not a barrel of batteries from a
household collection program. In addidon, used dry-cell batteries kept in a separate continer can
continue to discharge, leading 1o leakage which can cause skin irritation if handled — a threat o the
home and workplace.

Environmental Impacts:

Addirional risks resulting from reclamation processes must be taken into consideration, including
the possibilitics of air and ground pollution.

The Mercury Refining Company (MERECO) in Albany, N.Y. has past and current mercury
contamination problems. Prior to 1989, MERECO had been operating with antiquated equipment

Conscrvation ordered MERECO 1o install a new bumner and air pollution control equipment,
improve operations at the facility, minimize surface runoff and enclose the facility in one building
afier finding that considerable amounts of mercury had migrated off-site from the plant grounds, A
second stdy following a September 1989 fire at the facility concluded that severe contamination of
soil and creek sediments had occurred. It was concluded that mercury contamination at and near the
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(Reutlinger, 1990).
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4.6 Risk Comparisons for Used Household Battery Disposal Alternatives

It is necessary to determine the extent to which risks can be reduced, as well as the pathway for
implementation of risk reduction policies. Table 28 summarizes the relative level of risks associated

with the preferred disposal aliemarives for used household batteries.

Table 28

Risk Comparison for Disposal Alternatives

Quantitative Risk Measure®

Disposal Option

Hazard Index

Carcinogenic Risk

Landfilling 0.4 (1.6)** 0.0 (0.0)
Incineration 3.5 (0.0 5.3 x10-3 (1.4 x 10-6)
Combined Landfilling and 1.9 27x10°3
Incineraton

Recycling Not Quantified Not Quantified

®  Shows value for the most sensitive

potential receplor, i.e., population indicating highest risk measure,

®® Numbers in parentheses show values for typical/acmal case smdies for selected disposal options; these
are represented by Waterioo Landfill Site (Waterloo) and Tricil SWARU incinerator facility (Hamilon),

both in Ontario,
Nows: Acceptable Hazard Index <.

Accepiable Carcinogenic Risk Range is 104 w0 10-7,

Theoretcally, incincration of the bateries of concemn in this study will present the greatest risks; in
practice, mixed with MSW, these barteries may safely be incinerated with MSW without any
significant risks. Landfilling of the dry-cell baneries with MSW will generally present no
significant risks of concern. Although the recycling of the household batteries have not been
quantified, the qualitative indicators are that it is not the best disposal option for the alkaline
(manganese) and the zinc-carbor}/n'nc-chlaridc cells; Ni-Cads recycling programs may, however,

be 2 worthwhile effort.



5.0 CONCLUSIONS AND RECOMMENDATIONS

Waste disposal and management practices are shaped in part by federal and provincial regulation
and legislaton. Regulations governing waste disposal practices attempt 1o distinguish berween
hazardous and non-hazardous materials. Materials are determined to be hazardous based on a set of
tests that examine their toxicity, flammability, explosivity, corrosivity, and/or infectiousnéss.
Despite the toxicity of some of the composition of household barteries, dry-cell batteries are
themselves not affected by hazardous waste regulations, since all household wastes entering the
MSW swream are generally classified as non-hazardous.

Concerns about battery disposal practices stem from the possibility of hazardous
materials/chemicals leaching from landfills or entering the auﬁosphcrc through incineration of
MSW. On the one hand, the amount of household battery usage scems to be going up which
augments the concern about its impact when disposed together with MSW. On the other hand,
some of the amounts of more toxic chemicals used in some of the batteries are going down and/or
being substituted with potentially less toxic ones, thus minimizing potental impacts of the presence
of dry-cell barteries in MSW.,

5.1 Conclusions

Most used household baneries become an integral part of the municipal solid waste stream. In
pracuce, all solid waste is either landfilled or incinerated, with recycling becoming an integral
component. Several conclusions may be drawn based on this investigation:

* The dry-cell baneries investigated (i.e. the alkaline, zinc-carbon/zinc chloride and Ni-Cads) do
not generally represent a concentrated source of heavy metals in MSW

* There is no clear evidence to suggest that the co-disposal of dry-cell banteries with MSW via
incineration or landfilling presents environmental or health problems.

* Risks 1o the environment from banery disposal by landfilling and incineration are not likely w0
be significant. Thus, most houschold baneries may be safely disposed of in municipal landfills
or municipal incinerators; Ni-Cads are benter landfilled.

* At present “recycling™ of non-rechargeables is more likely to present significant risks. There
appear 1o be significant health-related problems associated with the separate collection, storage
and disposal of most household batteries. However, recycling for Ni-Cads may be a more
viable and desirable measure to adopt. With the currently reduced levels of Hg in most primary



cells (especially the alkaline and zinc-carbon/zinc-chloride bameries), recycling of alkaline and
zinc-carbon/zinc-chloride cells is not necessary or needed. ~

5.2 Risk Management Programs for Used Household Batteries

Table 29 presents the recommended methods for the management of spent dry-cell baneries. The
preferred management option refers to the best available method of disposal that is recommended
for use, whereas the alternative option is what can be called the second best method to adopt when

necessary.
Table 29
Recommended Management Methods for Used Dry-Cell Batteries
Battery Type Preferred Alternative Comments
Management Management
Option Option

Alkaline (manganesc) Landfilling Incineration Neither landfilling or
incineration of even
concentrated forms appear t©
present any significant risks

Zinc-carbon/zinc Landfilling Incineraton Neither landfilling ar

chloride incineration of even
concentrated forms appear to
present any significant risks.

Ni-Cads Recycling Landfilling Separate collection and
recycling of Ni-Cads
preferred due to potential
risks from Cd.

5.3 Recommendations for Action

Until the uncertainty regarding the recycling feasibility issues are resolved, municipalities should
increase public awarcness of their houschold hazardous waste collection programs in which
residents voluntarily drop off batieries at a depot for disposal in a hazardous waste landfill,
particularly in communities which rely on municipal waste combustion as the primary waste
disposal method. In conjunction with this effort, the banery manufacturing industry should play a
larger role in educating the consumer about the various battery systems and the environmental
implications associated with their composition. The use of less toxic systems (i.e. zinc-air, lithium
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cells) should be encouraged while the more toxic alternatives are gradually removed from the
marker Bener labelling of banery types and their contents would result in 2 more environmentally
awarc and generally informed battery consumer and perhaps alleviate public misperceptions
regarding the toxicity of the household battery systems. Further source reduction of mercury in
alkaline banteries should be continued among Canadian battery manufacturers, particularly in light
of anticipated increases in alkaline sales over the next several years.

Specifically, the following recommendations are made regarding houschold battery disposal
pracuces: ‘

* There is the need to educate the general public with respect to the distinction between lead-acid
automotve batieries and various types of dry-cell household barteries.

* Considerable research needs 1o be conducted to determine the effect of houschold bartery
disposal on landfill leachate quality, and the potential impacts on groundwater resources.

* All municipal incincrators should be equipped with wet gas scrubbers. So that the mercury
emirned during combustion of household waste would be removed.

»  Furure directions for industry should include:
« Public education
* Encourage recycling where appropriate (eg. used Ni-Cads)
* Leadership in terms of waste management
* Contnue research and development (e.g. battery substitution)
* Establish communication strategies with municipalities and government agencies

Rather than impose policies, one could consider the option of letting market pressure and changes
in technology lead to the possibility of a reduction in the use of heavy metals. In fact batteries
themselves are not the largest constiment in HHW, yet they are a ubiquitous and diffuse source of
heavy metal waste. It is possible that managing their disposal efficiently could reduce the overall
environmental threat posed by such metals.
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