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Executive Summary

Introduction

The purpose of this report is to identify and analyze strategies for reducing human exposure to
elemental mercuryn homes and schoal#\t the request of the \&. Environmental Protection Agency
(EPA) Region 10 Regional Mercury Workgroup, the repdramalyze strategies for rédig awareness
aboutelemental mercury andollecting items that contain elemental mercury frérames ad schools.
This report documerst many strategies that state and local governments, schools, d&t gtoups
have pursuedThe objective of this report is to inform local, regional, and national strategies for
preventing human exposure to elemental mercury

This paper adresses the fébwing question\What are the most effective approaches to preventing the
exposure of people, particularly children, to elemental mercury@ answer this question, the author
gathered information using the following methodsaalemic literatureeview, onine research about
existing mercury programand semistructured phone interviews with mercury program coordinators.
The data are organized into tables that highlight the variety of approaches communities have taken to
address the problem of elemental neiry exposure in homes and schools.

Background on the Problem

Elemental mercury, a unigue metal that is a liquid at room temperatugaspeenwidely used in
consumer products, such as thermetars, barometers, and thermostats, that can be found in many
homes and school©ther sources of elemental mercury in homes actools include containers ke
mercury(meaning elemental mercury that has not been intentionally contained in a manufactured
product, but rather is kept in some type of container), whinay have been used in school chemistry
experimentssmall scale gold minin@r religiousand cultural traditions

A mercurycontaining item may be unintentionally spilled if it accidentally breaks. Due to its unique
properties, children tend to findlemental mercury appealing to play with, which can also lead to
exposure. Religious and cultural uses of mercury can lead to exposure dsxpeblure can harm the
nervous and respiratory systems and has been fatabme case<hildren have a highersk than

adults of being harmed, because their bodies are smaller and their developing organs are sensitive. The
frequent occurrence of accidental mercury spil$ & R NJ- g@ttgntiod to th€péoblem Cleanup can

cost up to $500,000 for a large spill.tiéaally, elemental mercury spillsay cost taxpayers as much as

$10 millioneach year.

! From 20072009, EPA Region 10 responded to 19 mercury spills, costingeagawf $1 million total per year (Parker, 2010).
Assuming the mercury cleanup costs in EPA Region 10 are average compared to the other nine EPA regions, the cost to U.S.
taxpayers of cleaning up mercury spills is likely $10 million per year.

2



The problem is amplified in some communities due to a lack of affordable, convenient options for
disposing of mercurgontaining items. Also, many people are not avaf the threat posed by
elemental mercury or about disposal options that may be available.

How can public agencies and groups concerned about environmental health persuade households and
schools to properly dispose of elemental mercufyizories abousocial marketing, persuasion, and
behavior change can inform practical decisions about how to design mercury collection and awareness

programs in order to get people to participate. Research suggieatawareness program coordinators
should

9 Tailorawarenessstrategies o the audience

9 Focus energy on getting the majority of people to participaiace a small percentage of people
is likely to readily adopt a new program or idea, while another small percentage is unlikely to
participate.

1 Try to reach pople through their peer groups, rather than exclusively through mass media.

1 Use mitiple channels of communication to take advantage of the strengths of each channel.

1 When raising awarenessdlude clear steps to takeo that people will not be paragd by fear.

Analysis of Findings

A wide variety of strategids currentlyused to address the problem. Althouddr the purpose of this

report collection and awareness strategies are categorized separately, in practice most programs have
both a collectbn and awareness componerithe strategies are not mutually exclusiVéhile some
strategies specifically target mercury, others include mercury along with other chemicals or items of
concern. Some strategies are appropriate for a specific audience, susdhaols, while most strategies
could be adapted for any audience.

Collection

The groups that primarily are involved with mercury collection are local and state government agencies,
schools, and universitieBrivate companies have been key partnersame collection programs as well.
Groups have implemented nine collection strategies that fall into two main categories:

1) Broad hazardous materials collection programs that include mercury, and
2) Programs specifically focused on mercury.

The first categry includes permanent household hazardous waste (HHW) facilities, mobile HHW
facilities, and HHW events. Collection programs focused on meneclude collection eventgxchange
prograns, drop box/mailback progras)bounty progrars, programs thaipick upmercuryfrom homes
or schools, and collectyy mercuryat a conventior(e.g. a mining convention)



Awareness
Groups have usech awareness strategig¢bat can k& grouped into three categories as follows:

1) Oneway information flowg video, hard copy outrgch materials, mass media

2) Toolsc DVD toolkit, curriculum and activitiesaining class

3) Interactive: twoway information exchange website/new mediacommunity event,
planning process, information hotline

Schools
The following strategies have been usedyet mercury (and in some cases other chemicals of concern)
out of schools:

91 Providing tools for teachers and staff to inventory chemicals and organize a cleanout program

Offering free echnical assistance site visits for chemical management

9 Offering #e visits to identify source and concentration of mercury using vapor analyzer and/or
mercurydetecting dog

9 Asking schools to sign aencury-free pledge

 DevelopngawSKIF o GKS [F6 LINPINIXYY gAGK aA0K22f aQ Ayadz
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There is no single stratedgr mercury collectionor awarenesshat is likely to outperform the rest.

Funding Options

It can be ahallenge to findsustainabldunding for a mercury program, meaning funding that lasts long
enough to significantly reduce the risk of mercury exposure indinget area. Of the ten most
commonly used funding options for mercury programs, two appear most sustairigt#eended
producer responsibilityand 2) éindingmercury collectiorthrough a HHW program, especially evh
funded through solid waste aewer es Other funding options include supplemental environmental
projects, foundation grants, governmesources and funding for water pollution prevention.

Regulation

Although regulatory measures are outside the scope of this project, notesthetral peple involved

with mercury programs highlighted the importance of state mercury regulations in increasing
participation in mercury collection programis. particular, interviewees mentioned bans on disposal of
mercury in the trash and bans on mercury inals.

Recommendations

1) Program should involve collection and awareness tight funding environments, awareness
efforts have been limited. Although this is understandaldienever possible programs should
include both collection and awareneddogramsthat devotedresources to awarenessve
increasel collection progranparticipationrates.
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2)

3)

4)

5)

6)

7)

Get the most bang for your buchky designing an effective, efficient program. Consider Bowling
DNBESyYy {GFGS | yAGSNEAGE QA Y2 R Sthedeashdosolakther OKA S@PSR
collection programs identified in this reporlso, consider targeting schools, which result in an

average of two to six pounds of mercury collected per school. Or target items most likely to spill

and/ or containing the largégjuantities of elemental mercury.

Fill in gaps in servicd-ocus limited resources on areas that do not currently have HHW
collection programs, which are typically rural areas. Rather than a patchwork of local programs
that leave some communities withodisposal options, consider a statéde mercury collection
program.

Make existing programs more effectivémprove existing program websites and flyers. Make it
clear what types of mercurgontaining items will (not) be accepteldicrease and vary outrebc
strategies to improve awareness and in turn, collection rates.

Disseminate this reportEPA Region 10 staff should email this report to all interview
respandents and email correspondents using the contact list that has been prowied, this
report should be corlensed into an EPA publication with additional photos and graphics.

Develop an elemental mercury toolkiEPA Region 10 staff should develop a mercury toolkit in
both online and DVEbrmats. While there is aost involved \ith producing DVDs, wgn that
Internet access is a challenge in some areas, making a DVD option available will make the
information accessible to more people.

Recommended tsategies for specific audiences

Students- EPA Region 10 staff should develop new brochures geareatdostudents. The
brochures should be made availabla e mercury toolkit asemplates that states and local
communities can adapt as needed.

Gold mining community EPA Region 10 staff should create an interagency, -stal& working
group to devéop strategies and share best practices for reaching out to the small scale/ hobby
gold mining community.

Environmental justice communities 2 g+ NR 9t ! Q& 32+t 2F SYGANRBYYSY
Region 10 staff should intentionally engage communitied tay be disproportionately

exposed to health hazards associated with elemental mer&mPy Region 10 staff should work

with tribal partners to develop a strategy for increasing mercury awareness and collection

among tribal nations. Also, given the disity of languages spoken in this region, groups that are
developing mercury programs should consider how to get the message to people for whom

English is a second language and who may not read English. EPA Region 10 staff should begin a
dialogue with membrs of Caribbean and Latin American communities to learn how prevalent




religious and cultural use of mercury is in this region and how awareness efforts might be
developed. Nationally, furtheresearch and dialogue is needed on this topic.

Conclusion

Straegies for increasing mercury awareness and providing affordable, convenient disposal options vary
widelyacross the U.Shis report identifies options and recommended approaches to program design.

Groups in EPA Region 10 should choose a strategy thatfit K SA NJ 02 YYdzy A& Qa OKIF NIF O
assets. By implementing the recommendations in this report, such as creating an elemental mercury

toolkit and convening a gold mining workgroup, EPA Region 10 staff can continue to provide leadership

on thisissue. In doing so, EPA Region 10, state agencies, and local cgoapske mercury programs

more effective and widespread, in order teduce the frequency of mercury spills and exposure. By

considering and adapting the models presented in this reptitRgdzLJd O y KSf LJ b3IS4G GKS
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Abbreviations, Acronyms, and Definitions of Terms

ATSDRAgency for Toxic Substances & Disease Registry
cc cubic centimeter

CEG conditionally exempt small quantity generator
CFL compact fluorescent light bulbs

CWA Clean Water Act

Dept. Department

Depts. Departments

EPA U.S. Environmental Protection Agency

EPR extended producer responsibility

FTE full-time equivalent

gm gram

Hg elemental mercury

HHW household hazardous waste

NPDESNational Pollutant Discharge Elimination System
RCRA Resource Conservation and Recovery Act

SC3 School Chemical Cleanout Campaign

TMDL total maximum daily load

USGS U.S. Geological Sy

Cradle to grave; every aspect of a product or program through its entire life cycle

Hemental mercuryc refers to the metal that is a silvery liquid at room temperature, as distinguished
from organic and inorganic compounds of mercury.

Environmentd justice communities communities of color, lowncome communities, and American
Indian tribes and Al&sn Native Village@National, 2004)

Free mercuryg elemental mercury that has not been intentionally contained in a manufactured product,
but ratheris kept in some type of container (e.g. aisgbottle or mayonnaise jar).

Hazardous waste; waste with properties (toxic, flammable, corrosive, or explosive) that make it
dangerous or potentially harmful to human health or the environment.

High priorty pollutant ¢ the U.S. Environmental Protection Agemas designated 31 chemicals as
priority chemicals through its National Partnership for Environmental Priorities program. Companies can
voluntarily partner with EPA to reduce their use of these chelmica



Mercury legacy productsmercury legacy products are no longer sold as a new product in commerce in
the U.S., but may still be in use, may be resold as a used or antique product, or if not being used may be
stored in homes or businesses (NEWMOA, 2010

Milk run ¢ a trip involving stops at several places.

Social marketing the use of marketing principles to influence human behavior in ordénfwove
health or benefit societyTurning, 201Q)

Toxicity- the capacity of a chemical to cause harrmhaalth.
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1 Introduction

1.1 Objectives and Background

The purpose of tis report is to identify and analyze strategies for reducing human exposure to
elemental mercuryAt the request of the U.S. Environmental Protection Agency (EPA) Region 10
Regional Mercury Workgroup, the report véatalyzetwo maintypes ofstrategies fo preventing human

exposure to elemental mercury:
1) Srategies forpromoting mercury awaness in the general public
2) Srategies forcollectingmaterialsthat contain elemental mercury.

This report will support the implementatiosf the WorkgralzLJQ &  aSkratdgylExEEnework,
specifically Activity #Facilitatingelementalmercury ollection and disposal progranfEPA Region 10,
2008) The purpose of the Framework is to reduecerfan exposure to mercury arile health risls
associated with exposureecogniing that ecological impacts will decrease as withen EPA Region 10
developed the Framework, it was the filSPA Bgion in the country to creata comprehensive strategy
for addressing the probleraf human exposure to mercury. Since the Framework weified in

December 2008, tber EPARegions havéegun developingnercury strategiess well

A national mercury strategy has been in place since 2006, whedtienalEPA Roadmap for Mercury
was approvedin the process ofmplemeningthe national mecury strategy, EPARegionaktaff
membersidentified a knowledge gap related to elemental mercury. Specifically, it is unclear to residents
and school districtsn manycommunitieshow to properly dispose of items containing elemental

mercury. The presenagf elementalmercury-containing items in homes and schools has led to
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thousands of mercurgpillsin the US each yearwhichhaveresulted in adults and children being

harmed by mercury exposure (ATSDR, 20D@rddress this issuan EPAcrossagencysteering

committee is currently being formed to develop an agemggle strategyto prevent elemental mercury
spillsin schools and homegb(d). EPA is coordinating with other agencies, such as the Agency for Toxic
Substances and Disease Registry (ATSDR)issue as wellcross the countrystate andlocal
governments, shools, and other groupsave pursued a variety of strategies for preventigmental
mercury exposuren thiscontext,the objective of this report is to informocal, regional,and national

strategies for preventing human exposure wlementalmercury.

Elemental mercuryefers to the metal that is a silvery liquid at room temperature, as distinguigiosal

organic and inorganic compounds of mercuiyl. Sy OS F 2 NI K AQ/MzNBRKEA & yLB LASSNJI SaYYSS/N
YSNOdzZNE¢ gAff 0SS dzZASR Ay (i SNOKa YNISdNE @a (I 1INPII$ NI 6 Si
particularly dangerous. Mercury vaporizes at room temperature. Its vapors are colorless and odorless.

People are often unaware that theyeabeing exposed.

Exposure to elemental mercury can ocgua few ways. Anercurycontaining itemmay be
unintentionally spilled if it accidentally breaks. Duestd S Y Sy i | f uniquSayjeazivde Qrid
tendency to coalesce into droplets, children niisyd it appealing to play with, which can also lead to
exposure(ATSDR, 2009Religious and cultural usemercury can lead texposure asvell (see Section

2.2.2)

Exposure can lead to serious health effeaisluding neurological problems, respiragdailure,and
death in some caseBespite the health risk, it isot illegal to possesmercury in the homenor for it to
be present in schools many statesElemental mercury is widely useddansumerproducts such as

thermometers and blood pressearmevicesAlthough mercury is being phased out of some products,
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such as fever thermogters, mercury-containing productsre still present in many householdad
school tiemistry lab& Yy dzNB& Sddhd magefalk Atd@eSrdomEontainers ofree mercuy may also
be present in homes and schools, as the chemical is used by small scale gold miners and has been used

in school chemistry experiments as well.

With mercury reduction programs and restrictions on product sales total amount of elemental

mercury used in products has decrease@{NEngland2007), however, manufacturers continue to use
large quantities of elemental mercuny products. In 2004, 117 tord elemental mercuryvassold in

various products in the U GNEWMOA, 2008). Despite thealth risk, mercurnadded products were

not widely considered a problem until the 1950s, when outbreaks of mercury poisoning in Japan drew
international attention to the dangers posed by mercury (Steingraber, 200ki)le exposure to

elemental mercury pass a health risk to people of all ages, the risk of harm is especially high for

children and fetuses, because their bodies are smaller than adults and their organs are in the process of
developing $teingraber, 2001 If the issue of elemental mercugxpasureis not addressed, the costs in
terms of human health and public expenditures for cleanup will continue to be(béghSection 2.3.4

for a cost estimate)

1.2 Research Questions

The overarching questiorthat this report addresseis: What are the most &ective approaches to
preventing the exposure opeople, particularlychildren, to elemental mercury?n order to answer

this questia, this report addresses the followisgib-research questions:

1 What strategies have locatate, and national groups usgéor collecting items that contain

elemental mercury?
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1 What strategies have locaitate, and national groups used for promoting awareness in the
general public about:
0 Health risks related to human exposure to elemental mercury
0 How to properly dispose atems containing elemental mercury
0 How to properly respond when an elemental mercury spill occurs.
1 What are the most effective approachespgmmoting mercury awareness in the general public
1 What strategies calocal, state and national groups use to fdmmercury collection and

awareness programs?

| hypothesize that the most effective approaches to preventing exposgtede a combinatiof
awareness and collection activitidseexpect that for awareness efforts to be effective, a community
must also lave inexpensive, convenient methods available to safely dispose of mexontgining

materials.

Based on findings related to the research questions, this report will recommend strategies for
preventing elemental mercury exposure that local and state gsan EPA Region 10 can consider

implementing.

1.3 Audience

The immediate audience for this report is staff from EPA Region 10, including members of the Regional
Mercury Workgroup, who requested the repoEPA Region 10 includes the states of Washington,
Oregon, Idaho, and Alask&erhaps more importantlyhe intended audience also includesél and

state groupsn EPA Region 1@hich interact directly with theffected public Groups thatmay be

Ay (0 SNB A G S Rsfikdihgsinglile: NE L2 NI Q

15



9 Local governmats, includingfire departments, which often respond to spills, atebartments
responsible fowater treatment which could achieve cost savings by preventing mercury
pollution

i State governments, particularly health and environmental protection agencies

9 Tribal governments

i Schools

1 Universities

1 Hospitals

1 Federal @vernment agencies, includirgPAand ATSDR

In addition,communities and professions that have historically used elemental mercury may have an
interest in this research. Examples include the goicimy community, dentists, and communities where

elemental mercury is used as part of a religiousulturalpractice.

1.4 Scope

The scope of this researchfecusel on elemental mercury collection and awareness programs in the
U.S.Programs that serve thgeneral public will be included, as well as programs thiaet specific

groups, such as students agdld mines. Someprogramsare included that clbect mercury along with
other hazardus waste This project is specifically concerned with efforts teyent mercury exposure

in homes and schools. Althouglementalmercuryexposure could potentially occur aty place where

it is used or storegthis project focuses on the two places where children are most frequently exposed:

homes and schoolATSDR,D9)
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A recent report by ATSDR showed that children have also been exposed to elemental mercury in other
locations, includingnedical facilitie€2009) The potential for mercury exposure at hospitals and health
clinics will also not be included in thigpat, because the EPA has started an initiative specifically
targetingthis industry. Formerly known as Healthy Hospitals for the Environment, this initiative has spun
off and is now part of Practice Greenhealthmong other issues, this initiatieeldreses tiemical
management for hazardous materials, such as elemental mer€umy.medical use of elemental

mercury is in dental amalgam used for fillings. Mercury in dental fillings is outside the scope of this
research Silvercoloredfillings typically cotain about 50percent elementaimercury(ATSDR, Pub)ic

Some states, such as Oregamd Masachusetts, have special collecticemnd recycling programs

GFrNBSGAYy3 RSyliArataqQ 2FFaAdSaod

Although mercury exists in several forms, this project is focused on elefmercurywhich is a metal
that is listed on the periodic table of elements. Although some other forms of mercury, such as
methylmercury, also pose human health risktle scope is limitedo elemental mercury because
currently there are not widespreagtrategies to prevent elemental mercury exposure. Mercury spills
can be costly to cleanup and have resulted in serious injury. Alsostgroutes of exposure, health

effects and potential solutions vary depending on the type of mercury.

The scope ofasearch will not cover the followirgpurces oroutes of mercury exposurdish
consumptionpower plant emissionsnedical waste incinerator emissiomagrcury in the water supply
and gymnasium floors that contain a mercury catalpdso, his report des not address collection and

awareness programs that are specifically focused on compact fluoresceniigpsi CFLs). Although

% Practice Geenhealth websitehttp://www.practicegreenhealth.org/
3 Methylmercury is an organic mercury compound that can build up in fish and other organisms that live in or rely
upon mercurycontaminated waterChronic exposure to methylmercury can harm the central nervous system and
cause developmental effects in children. U.S. Environmental Protection Agency website. Accessed March 4, 2010.
http://ww w.epa.gov/ttn/atw/hithef/mercury.htmland http://www.epa.gov/fishadvisories/advice/#what
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use of CFLs has increased dramatically in recent years, the amount of elemental mercury contained in a
CFL is relatively loesompared to other items, such as fever thermometé&&Ls contaian averagef 4
milligramsof mercury, whereaslder thermometers contain about 500 milligrams of mercgn

amount equal to the mercury in 125 CKEsergy Star, 2008The scope of thieesearch is therefore

focused on items that arguably should be a higher priority for collection, given that higher levels of
exposure could occur as a result of such items breaHihgs this research is focused on items that pose

a higher level of rislgiven that risk increases as exposure increasés not clear whether or not there

is a threshold level of elemental mercury below which exposure causes no human health Hffe@BEL

breaks and the mercury is not properly cleaned up, cumulativddeel exposure may be a conceRuor

the purpose of this paper, however, the focus is on items that poseategrbauman health risk for a

single exposure incident based tire amoun of elemental mercury the itemsontain.

The table below summarizes whatinside and outside the scope of this report:

In Scope

Outside Scope

Elemental mercury

Organic and inorganic mercuric compounds (e.qg.
methylmercury)

Collection programs

Regulatory approaches

Awareness programs

Exposure that happens in places other thahomes
and schools (e.g. hospitals, health clinics, industrial
sites, businesses)

Exposure in homes and schools

Programs targeting medical and dental practices

Exposure of children, youth, and adults.

Mercury programs outside the U.S.

Broad chemical maagement and hazardous waste
management programs that include elemental
mercury

Exposure Routesfish consumption, medical waste
incinerator emissions, power plant emissions, and
mercury in the water supply

Elemental mercury in consumer products

Product: Compact fluorescent light bulbs (CFLS)

Free mercury

Gymnasium floors that contain a mercury catalyst
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Another reason for focusing on materials containing elemental mercury isttban ibe challenging for
citizensto properly dispose of these itemslany communities have banned the disposahwdrcury
containingitems in household garbage. Citizens may be unsure how to legally and safely dispose of
these itemsNot all household hazardous wagtdHW)programs accept items that contain mercury.
Also, Wochures that describe HHWprograms are sometimes unclear about whether containe e
mercury are accepteddHWcollection events may be infrequent inconvenient for some residents to
attend. Somecommunities lackHHWcollection programs altogether. Fthese reasongyroper disposal
of mercury can be challenging. In order to prevel@mental mercunyexposure in homes and schools,
this report will examine ways to increase awareness of the danger posedtayialsthat contain

mercuryanddevelop progams for collecting these matials.

1.5 Research Methodology

This reportaddresseshe researt questions usinthree methods:1) review and analysis of agency,
newspaper, Internet, and scholarly publications, 2) sstmnictured interviews with mercury program

coordinators, and 3) analysis of policy options.

1.5.1 Literature Review

The first step in this research project was to conduct a literature review. Background information on the
problem came primarily fronthe websites ofederal agenies, such as EPA and ARIRews articles

were the main source of information about incidents where mercury was spilled. Online research helped
to identify organization that have conductethercury collection and awareness prograrmNsn-

governmental organization websites providadvealth of information via databases and reports.

Academic literaturesuch as journal articles, provided thetical frameworks that informed analysis
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about program effectivenes&valuationsof HHWand mercuryprograms were another source of

information.

1.5.2 Semi-Structured Interviews

Between February and M&010 he author of this report conducte@0 phone interviews in order to
gather information from across the country about mercury awarerssbcollection programsin
addition, interviews wee conduced via email with fiveespondentsOnline research about existing
mercury programs helped to identify organizations and in some cases people to contact about the
programs. EPA Region 10 sta#mbersalsorecommended severalolleagues to interviewn adlition,

interviewees were askefibr suggestions of people to contact.

In order to gather information about existimgercury collection and awarenepsograms phone

interviews wereconductedprimarily with mercury prograntoordinatois and managers as weal with

staff members whose work relates to mercury in some way (e.g. an emergency response coordinator)
semistructuredinterview protocolwas developegdpre-tested on threemercury program coolidators,

and modified lased on their feedback. The finaterview protocolincludes 18 questions, many of which
areopenended(see Appendix AThe protocoincludesa list of promptseaningissues to probe
Foz2dzi AT GKS NB ahad ypR $h¢ SendrEiBradyin@iviewdalNkogch was selected
rather than the rigid format of atandardized survefor several reasons. It was desirable for the
interview to have a conversational tone in order to establish rapport with the intervie\itesech,

2002) Also, the sermstructured format made it possibl® spontaneously ask follow up questions.
{GNRBY3 NI LLRNI +FyR F2tf2g dzLJ ljdzSadazya SR (2
R A RY Q (Althpugtetiie dnterview protocol is very detailegathering informatiorfrom the Internet

about pogramsprior to each phone interviewnade it unnecessanp ask allquestions of every

interviewee.
20



The purpose of the interviewsas primarily to gatherqualitativeinformation, howevera few questions
were designed to generatstatisticsthat characterze the cost, effectiveness, and prevalence of these
programs One example of guantitative measure ithe average cost of a collection progrgrar pound
of mercury collected. Thiaterview results were analyzed to produar inventory of approaches that
organizations across the U.S. have taken to address the problem of people being expasedury at
home and at school. While the bulk of the intewidata is presented in Sectiorirttable format,

additional details on some programs, such as contdotnation, is avdable in AppendiB.

In summary, enducting semstructuredinterviews involved the following steps:

1) lIdentifying potential interviewees

2) Drafting interview protocol

3) Pretesting interview protocol

4) Conducting interviews

5) Analyzing informatin gathered through interviews

6) Compiling information into inventory

1.5.3 Analysis

After gatheringdatathrough the literature review and interviews, the next step was to sift through the
datain orderto identify policy options thastates and locajroupswithin EPA Region 10 coutdnsider
implementing.A summary of the data is presexa in table format in Chapter.Z he literature and
interviews also led to the development ofiteria for analyzinghe effectiveness gpolicy options

Regional Mercury Workgrgustaff also helped to select critiex; highlighting the importance of a
sustainable funding mechanismaising awareness among students, and reaching out to the gold mining

community. Please se€hapter5 for the analysis and resultimgcommendations
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2 Background ont he Problem of Elemental Mercury Exposure

In this chapter, background information about chemical properties of elemental mefsecyion 2.1)
precedessections related t@achstepthat would beinvolved in conducting a risk assessniesbures
(2.2) exposurg2.3.1) toxicity and health effect€.3.2) and risk(2.3.3).This chapter does not
constitute a complete risk assessment, as the purpose of this chapter is to provide a thorough
background on the problem of elemental mercury exposiitds chapter concludes withdiscussion of

costs related to the problem (2.4) and relevant regulations (2.5).

2.1 Chemical Properties of Elemental Mercury

Hemental mercury is also known as liquid mergunetallic mercuryor quicksilverAs mentioned in
Chapter 1, dthough mercury exists in several fornedemental mercuryefers to a metal that is listed on
the periodic table of element#\t room temperature, elemetal mercury is alense silvery liquid.

Mercury is the only heavy metal that is liqtiroom temperature. Mercury has a high vapor pressure,
which means that compared to other chemicals, it tends to evaporate raf@dipemercury will
evaporate at room temperature, forming colorless and odorless vagdrSDR, Publids temperature
increasesmore mercury will evaporatédercury vapors are highly toxic, which is why its colorless and

odorless vapors are so dangerous.

* American Chemical Society. Understanding Risk Analysis. Internet edition. 1998.
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Liquid elemental mercury can disperse and
coalesce intemall, shiny dropletsATSDR, 2009
It can be interesting to watch éhway elemental
mercury splits and comes back togeth&he
unique chemical properties of elemental

G2 I aaNT

YSNOdzNE (SYR

increasing their propensity to play with ib{d).
2.2 Sources of Elemental Mercury
in Homes and Schools

Elementdmercury is present in homes and
schools in two forms: 1) products that contain

elemental mercury, and 2jee mercury

Figure 1: Chemical Properties Useful for
Industry

GaSNOdz2NE KIFa |
properties that have led to its
widespread use in industrynd products.
Consider that mercury:

y dzY 6 SN

9 is very dense (13.5 grams per cc, vers

water with a density of 1 gm/cc)
expands and contracts evenly with
temperature changes

has high electrical conductivity

does not readily react with nonoxidizin
agents

= =

1 isthe ony heavy metal that exists as a
liquid at room temperature
91 alloys with other metals (e.g., silver,

copper, nickel, gold) to form amalgamg
9 vaporizes very easily
T Ada G2EAO (G2 tADBAY

(Excerpt fromWisconsin Mercury Sourcebapk

meaning elemental mercury that is in a container, such as @rjsquirt bottle Some mercurnadded

products, such as thermometers, snae found in homes or schools. There are some sources of

elemental mercury that are specificatiy concern in homes, such as free mercury used in gold

extraction and mercury used in religious practices. There are also sources of elemental mercurg that ar

specific to schools, such as chemistry classroom supplies.

Children and teachers have been known to bring elemental mercury to school from home and vice versa.

In this way, household mercury can be a source of mercury in school and mercury from safidi# e

source of mercury in homes.
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2.2.1 Products in homes and schools
9t SYSy il f YSNDdzZNE Q& dzyAljdzS OKSYA Olrithe LISRledteNtdi A Sa Y
mercury histeically has been used the followingproductsthat may be present in honseor schools
(ATSDR, 2009; NEWMOA, 2010)

i Thermometers

1 Thermostats

1 Barometers (measures atmospheric pressure)

1 Manometers (measures pressure)

1 Sphygmomanometers (measures blood pressure)

1 Automotive switches

1 Lamps

1 Batteries

9 Hectrical switches

91 Flow meters

=

Jewelry ¢ necklaces with mercurfilled pendants; mercurfilled beads
A broken thermometer is the most frequent pathway of exposure (ATSDR, 2009).

In the U.S.elemental mercury has been phased outna@nyproducts including televisions tilt switches,

g Ff2¢g NBIdA I G2NARZ FyR OKAf. Rédrylepacy pédécrad 6 NE aSi &
longer sold as a new product in commerce in the U.S., but may still be in use, may be resold as a used or
antique product, or if not being used may be storedthimmes or businesses (iicGuchmercury legacy

productsare no longer sold as a new prodydtut may still be in use, may be resold as a used or antique
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product, or if not being used may be stored in homes or businésaésle legal restrictions, consuen
pressure, and technological developments have led to mercury being phased out of some products,
mercury is still being used in other produéBoth legacy products and new merceagided products

pose an exposure risk to people in their homes and school

2.2.2 Sources of elemental mercury in schools

Elemental mercury is one of many toxic chemicals that may be present in schools. One place where
mercury may be found is in the chemigtabomtory, since elemental mercuand nercury-containing

devicesmay be $ed in sienceexperiments. Some states and school districts have banned the use of
mercury in schodl, or in some cases mercury has been banned specificalemistry classe&ven if

elemental mercury is no longer used, it may still be present in-fmyaforgotten containersr devices

¢t KS TI OAft aréais@riofer plata th IBokHr elemehtaercury in schools. Brcury may be

found inswitches on the boilempool heater, steam heating systefreezer fire alarm systemor

heating, ventiléion, and airconditioning/HVAControl system{NEWMOA, 2010DId thermometers in

the home economics classroom may contain mercury asefl. F RRAGA2Y X GKS a0K22f
perhaps a surprising place to find elemental mercury, but it can be ptesmetheless iblood

pressure urts and fever thermometerd.ight bulbscontaining mercurysuch as fluorescent and high

intensity discharge bulbsyre also commonly used in scho(ilsid).

Anothersource of mercury in schodis consideris mercury thastudents or teachesbring from home.
Inrecent years, several schaokrcury spillsnvolved mercury that a student, teacher, or substitute

teacher had brought from home. Students typically bring the mercury to school to show friends.

® For more informatyn on mercury legacy products, please see the NEWMOA website:
http://www.newmoa.org/prevention/mercury/projects/legacy/index.cfm
® The NEWMOA website provides a databasmefcuryadded products:
http://www.newmoa.org/prevention/mercury/imerc/notification/index.cfm#note
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common merary ill scenario in schoolavolvesa fever thermometer that students brought from

home (based on a review of news articjeAnother potential source of mercury exposure is from

jewelry. Some types of importedyelry, such as necklaces with mercdifjed pendants and mercury

filled beads, can break and spitbr examplein 2010 there were two spills in Idaho related to jewelry
containing elemental mercury (KBOI2, 201@ addition to students bringing mercury from home,
teachers have brought mercuty schoolin order to use it for chemistry experiments or to simply
RSY2Yy &G NI G4S Y SNDdIzZNE @i& undlearifrbnNtBeditératyfcIvhdtbid@helBighEsh S & ©
source of the problem of mercury spills at school is mercury that was already preseptsitbol or

mercury that was brought from home.

2.2.3 Sources of elemental mercury in homes

Elemental mercury may be present in homes in the forrmefcuryadded product®r containers of
free mercury In some cases, children have found an item containing eteéat mercury at school or at
an abandoned industrial site and brought it home, ethied to a spill at home (ATSDR, 2008e two

main sources of free mercury in homes are related to gold mining and religious and cultural practices.

GoldMining andExtraction

Goldextractionis one soure of free mercury in homes. Gold miners and gold mining hobbyists may use
elemental mercury t@xtract gold from orePeople also use mercury to extract and purify gold from
articles that contain gol¢ATSDR, Pubjidviercury used for gold extraction mdye kept in a jar or other
containerin the home or garagd-amilies wih relatives who were involved with gold extraction may
have jarof mercuryat their residenceand not realize itAlternatively, families may know th#tey have

a jar of elemental mercury, but may nkimow how to dispose of it.
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Exposure to elemental mercury from gold extraction can have serious health impa2@04 a teenage

boy in Clark County, Nevada was hospitalized with acute mercury poisotenglaling with mercury

that an uncle, who had been a gold miner, had left at the residence when he moved away gt mont

prior to the accident (Review Journal, 200H this case, 11 other people were believed to have been

exposed to the mercury. The BRORSite Coordinator expected cleanup to cost more than $500,000.

another case, four men attempted to puriygoldmercury amalgam in an wentilated area of a home

(Levin et al., 1988 Following exposure to the mercury vapor, the men had symptonaswute mercury

poisoning. Longerm follow up was possible with only one of the men. Despite receiving prompt
GNBFGYSyGs GKS YIFyQa | oAf Al eAsthese twoeBsesiillésBategdespite LIS NI |
the health risk posed by gold extractiahe practice continues. Gold miners and gold mining hobbyists

may be one community that would benefit from a targeted mercury outreach effort.

While some gold minetsaveelemental mercurnat hometo use in the extraction process, elemental
mercury can &o be a byproduct of a gold mining process called suction dreddisigrically, gold

miners used mercury to extract gdldat wasplacer minedrom streams. As a result, mercury was often
left behind in the streamWashington, 2010 Modern snall scale gld miners who suctiorredge

streams areften able torecoverthis mercury from the streamsas a byproduct of their gold mining
efforts. Unless a mercury collection program is availatsie,choices before thgold minersare either a)
to dump the mercuy back into the environment dy) to bring it home in a container, which then poses
an ongoingspill risk.In Washingtorthe small scalegold miningcommunity has partnered witthe state
environmental agencio turn in the mercury they haveemoved from dreams.In less than four years,
small scale miners turned in over 160 pounds of mercury to the Washington Department of Ecology.

This innovative partnership may serve as a model for mercury collection in other Stdé=ss with a
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history of gold placemining include Washington, Oregon, ldaho, Alaska, California, Montana, Colorado,

South Dakota, and to a limited extent some Appalachian and New England states (Kirkemo, 2010).

Religiousand Cultural Practices

Some members of certain Caribbean aatin. Ameican religionsincludingvoodoo, SanterigRalo, and
Espiritismo, use elemental mercurgremonially in the home (ATSDR, 208%0wn asazoguein
Spanishelemental nercurymay be worrasanamulet, sprinkéd on the floor,added to bathwateror
addedto a candle or oil lamfEPA, 2002ATSDR, Publidn these communities, mercury use is not
uncommon. In a 2003 survey of 898 people, most of whom had a Latino or Caribbean background, 38
percent reported that they used or knew someone who used mercuryelagious, spiritual, or hedit
purposes (ATSDR, 20@®ting John Syw). People typically purchaseercuryat religiousherbalsupply
stores that arecalledbotanicasin the Caribbean communitylot all practitioners éthese religions use
mercury, and ot all users use it in the same way. Trained religious leaders may use elemental mercury

in arguably less risky ways than other practitioners.

In addition to the concern about inhalindgeenental mercury it is alsosometimes taken internally to
treat gastointestinal disorderspr added to detergent or cosmetic produc&ome traditional Chinese

and Indian remedies f@tomach disorderssuch as herbal ballalso contain mercury (ATSDR, 2009

These religious and healing practices may expose the user otembers of the household, and future
residents of thenome to mercuryAlthough religious mercury use has received little attention in the
press, the potential for exposure from this type of use is lahgéhe New York City Bronan estimated
500 t03,000pounds of elemental mercury amused religiously per year (\Waroff citing Baard2001;

Zayas and Ozuah996).
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To date, there has been little research done on the risk posed by religious mercu@nesehallenge is

that it may be difficult to gai access to private residences in order to conduct test2008study

measured the levels of mercury vapor in common rooms of apartment buildings, comparing buildings in
communities where religious mercury use is likely to otowrbuilding where religius mercury use

was unlikely(Garetano et al.)Greater levels of mercury were found in buildings where religious use was
likely occurring. Although the mercury levels in the common areas were lbANT SDRhinimumrisk

level for residencegmercury levés in living quarters may have been higher.

In Indian culture, members of the Hindu religion may use jewelry or figurines made from a combination
of mercury and silver, callggarad It is unclear whether parad may emit mercury vagocommon

practice igo immerse paradn milk and then drink the mill&udies have shown that after submerging
parad in milk, the milk may contain high concentrationsnafrcury (NEWMOA, 2010t is unclear from

the literature what level of health risk, if any, this practinay pose.

There is little understanding among environmental and health professionals about religious and cultural
uses of mercury. While some research on this issue has been done in the Northeast, it is unclear how
prevalent these uses of mercury areHRA Region 16urther researctand dialoguds neededon this

issue (see Recommendations

2.3 The Threat from Elemental Mercury Exposure

When demental mercuryis present inhomes andschoos, it poses a risk to human healtfiwo main
factors determine themount of risk a chemal has of harming human health: exposure and toxicity.
The following sections describe exposure (2.3.1), toxicity (2.3.2), and risk (2.3.3) related to elemental

mercury.
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2.3.1 Exposure

Exposure is one factor that determines rigxposure Figure 2: Understandig Risk of Harm

from Chemical Exposure
means how much chemical the person is exposed to

Risk = Toxicity x Exposure
over how long of a time period. Generally the longer ¢
Toxicity is the capacity of a chemical

more often a person is exposéal a chemicalthe to cause harm to health. Exposure
means how much (dose) of the
chemical the person is exposed to
over how long of a time period
(duration). The risk diarm from

products contain more mercury than others, and thus| chemical exposure is a combination
toxicity and exposure.

greater the risk of harnRisk also increases with the

amount of mercury to which a person is expds&ome

can lead to higher exposure if they are broken or

misused. For example, while a thermometer typically contains two grams of elemental mercury

(Montana, 2008), by comparison, an antique barometgri¢ally contains 113 grams (NEWMOA, 2010).

Thereare three routes through which mercucan enter the human bodynhalation, ingestion, and
skin contact The mostharmfulroute ofelemental mercurgexposure is through inhalation. When a
person breathesn mercury vaporabout 80 percent of the mercury enters the bloodstreairectly
from the lungs (ATSDR, Puplithe mercury then rapidly goes to other parts of the body, susctie
brain and kidneys (ib)dinhalation is particularly problematic becauseople cannot smebr see
elemental mercurywaporsand do not realize that they are inhalingAtbsorption by thelsin is a
relatively minor exposure route (ATSDR, 2008hen someone plays with mercury, dermal exposure
often occurs, however, the risk ped by inhaling it is much higher than any risk from touching it.
Another route of exposure is ingestion. For elemental mercury, ingestmiiasser concern than other
exposure routesWhen elemental mercury is swallowed, very little enters the bodgabse it is poorly

absorbed by the gastrointestinal tradbid; ATSDR, 2009

30



For children, there are other exposure roate consider While a fetus is in the womb, chemicals,

includingelemental mercury, that the mother has been exposed to catrdnesfered to the fetus

through the placental barriett is unclear from the literature whethemreastmilk isan exposue route
for elemental mercury, however rbastfeeding is an exposure route for methylmercury andgaaic
mercuric compounds (ATSDR, Re)bAlthough breastfeeding can be an exposure route to toxic

chemicals, kildren benefit signitiantly from breastfeeding (ibid/orld, 2010. If women have any

concerns about mercury levels in breast milk, they should discuss it with their doctor wifenid

Exposure to elemental mercury through any of the exposure
routes described above can harm health and in some cases
leadtodeath.  aSR 2y (KS I dzi K2 NI
articles and case studies about elemental mercury, in the U
deaths esulting from elemental mercury poisoning appear t
be rare, but they do occur. Currently, there are no national
summary data on the number of deaths related to elementa
mercury poisoning. Likewise, there are no summary data
available on the health impacf elemental mercury

exposures.

How frequent areslemental mercuryexposure incident8 A

recent analysis of U.S. poison control center calls showed t

from 2002 to 2006, more than 37,000 calls were made about children exposed to mercury (ATSDR,

Mercury Spill Facts :

1 In EPA Regia 10,
NES @A Raff of h& spile 2 1
that require EPA
emergency
response involve
mercury.

1 Cleanup can cost as
much as$500,000
for a large spll.

1 Mercury spill
cleanups usually
cost EPA $15,000
$60,000.

1 Nationally mercury
spills may cost
taxpayers more
than $10 million

each year.
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2009).The total number of people exposed to mercury over this time period is higher than the reported
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number of calls, because this figure does not include adults and it does not capture exjpasignts

that are not reported’

2.3.2 Toxicity and Health Effects

Elemental mercury is highly toxid.oxicityis the capacity of a chemical to cause harm to health.
Dependingon several factors (summarized in FigureeXposurdo elemental mercury can cause the

following human health effecttATSDR, PubliEPA website

1 Nervous Systeng exposure to large doses can cause permanent brain damage. Other effects
related to thenervous systengan includepersonality changegirritability, shyness,
nervousness), tremors, changes in vision (constriction (or narrowing) efghal field),
deafness, muscle incoordination, loss of sensatitifficulties with memory, insomnia,
neuromuscular changes (such as weakness, muscle atrophy, twitching), headaches, disturbances
in sensations, changes in nerve responses, and performanagtslei tests of cognitive

function.

1 Respiratory systeng damagesthe lining of the mouth and irritatethe lungs and airways,

causing tightness of the breath, a burnsgnsation in the lungs, and coughing

1 Kidneysc kidney damage, which may not be perneguh

1 Developmentaleffects - exposure can lead to brain damage in children

"This is the best statistic currently available to summarizerthmber of mercury spills annually across the U.S.
Information about mercury spills is generally available only on alogsase basis through sources such as the
9t ! Qa 9 YS NH SwhSiee and Beivd epyres.S
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9 Acrodynia or pink disease. Acrodynia cegsult in severe leg cramps; irritability; and abnormal

redness of the skin, followed by peelingtbé hands, nose, and soles of the feet

9 Other- nausea, vomiting, diarrhea, increases in blood pressure or heart rate, skin rashes, and

eye irritation

1 High levels of exposure can resulkidney effects, respiratory failure, and death

2.3.3 Risk of Health Effects

As noted in Figure 3, there areveral factors that determine the severity of health effects from

elementalmercury exposte. While dose, duration, and route of exposure key factors the age and

health of the person exposed may also come Figure 3:

. : . Factors that DetermineSeverity of Health Effects
into play.Mercury poses a higher risk to
children, especially fetuseshan adults. There | The factors that determine how severe the health
effects are fromelementalmercury exposure

are two reasons why children are most include these:

susceptible. First, children have smaller bodi 1 the dose:
1 the age of the person exposed (the fetus is

SO exposure to the same quantity of mercury .
the most susceptible);

would affect a child more than an adult. 1 the duration of exposure;
1 the route of exposure- inhalation,
Seconddeveloping organs are mesersitive ingestion, dermal contact, etc.; and

, _ f the health of the person exposed.
to damage tharthose inadults (Steingraber,

2001). Source: EPA website

We do not always see small effects from low levels of expofemonstrable health effects are rarely
reported after small mercury spills, suchtasken fever thermometers (ATSDR, 2D@Yhile an the one
hand it is possible that small spills do not affect health, on the other hand, it may be the case that health

effects are underreported.fle health effectof mercury exposure mayot be immediately noticeable
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Also, thedoctors involvednaylackthe trainingthat would enable thento recognizesymptoms of

mercury poisoning, which can be similar to other health conditittris.not clear from the literature
whether there exists a threshold level of elemental mercury exposure below which the cdiesnot
harmfulto human health Small doses may not be harmful to health, or it may be that the health effects
are not detectableln any case, the precautionary principteould suggest that steps should be taken

prevent even small mercury expossre

Even though health &ctsare not often reported for low level mercury exposurés SDR and other

public health agenciestrongly recommendhat all mercury spills be cleaned up properly, regardless of

the size of the spilk + SNEB & Y I f f tallicYn@rdayy {fér exaniple,¥a &w drops) can raise air
concentrations of mercury to levels that may be harmful to health. The longer people breathe the
contaminated air, the greater the risk to their health. Metallic mercury and its vapors are extremely
difficult to remove from clothes, furniture, carpet, floors, walls, and other such items. If these items are
not properly cleaned, the mercury can remain for months or years, and continue to be a source of

exposur& (ATSDRPublig. The EPA website hasformation

How to Combat

on how to prgerly clean up a mercury spill: Misconceptions about
Mercury
http://www.epa.gov/mercury/spills/

0" 06 xA OOAA
mercury when we were kids and
Although it is dangerous to play with elemental mercury, itdidn6 O | AEA OO

The risk is that elemental
mercury can spill, leading to
chronic exposure to harmful
levels in the air.

some adults remember playing with it when they were

chidNBy ® t $2 L) § Weusedtd play Hith that |

® One definition of the precautionary pry’ O A LX $Vheh an acti¥ty rdisesithreats of harm to human health or

the environment, precautionary measures should be taken even if some cause and effect relationships are not fully
established scientificall§ ¢ from Science and Environmental HiaNetwork website:
http://www.sehn.org/precaution.htm|
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a0dzZFF a {ARA YR Al RARYQUG YIS dza aAo0]l ®¢ ¢KSe
government is making a big deal about ith&Y people may not consider is thisk that while playing

with mercury it could spill. & mercuryspillis not cleaned up properly, it will continue to vaporteer

time and could harm people who inhale it. Bowling Gr&tate! Yy A S NR A (& Qa4 & a SNDdzNE
9 E LIS NJviwed gletnénstrates hownercury spills can leai a health riskhrough inhalation:

http://www.bgsu.edu/offices/envhs/pagel18364.html

2.4 The Cost of MercuryExposure

One way to analyze the costmiercuryexposure in the U.$s to look atdata fromEPA regional
emergency response programs. BRYion10recently compiled statistics about mercury spills that
have required a EPA response. From 2000, EPA Region 10 respondedl®mercuryspills, costing
an average of $1 milliototal per year(Parker, 2010)Assuming the mercury cleanup costs in EPA
Region 10 are average compared to the other nine EPA regions, the cost taxpagers of cleaning up
mercury spillould be as much &@i10 million per year EPA Region gtaff members ag currently
compiling dataaboutthe frequency and cost of mercury spilistheir region, which includeslabama,
Florida, Georgia, Kentucky, Mississippi, North Cardinath Carolina, Tennessee andtsbal nations
Their data will include not justite cleanup cost to EPA, but the cleanup costs bornaT§DRstate
healthagenciesand local agenciess well (McCann, 20107 his regional effort to compile costs could
serve as a model for other regio’®hile not every spill requires government invatwent in the

cleanup, the typical cost to the EPA of cleaning up elemergatuny spills can range from $000 for a

LJ

I+

“ly2(iKSN) gl & G2 SadAyvYLasS dG2drt Oz2ada G2 9t! LISMdreasStN) g2

period EPA spent over $1 miti@n mercury spills just in Idaho (Pierce, 2010). If this were average for a state, the
annual average for the nation would be over $16 million spent on elemental mercury cleanup just.by EPA
($1,000,000/3*50=16,666,667)
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small spill to $500,000 for a large spilith cleanup usually costing EPA betw&ds,000-$60,000

(Parker, 20Q; EPA RegialD, 2008.

Costs of Mercury Exposure :

In addition to the costs of emergency response and clean 1) Health effects lives lost

there may be costs related to evacuation, disruption, and 2) Medical

relocation.Based ommercury spillglata fromNew York 3) Disability payments

o ) _ 4) Emergency response
nearly half of mercury spills in schoatsalved evacuation
5) Evacuation and disruption

while only about fre percent of spills in homes required
6) Cleanup

evacuation (New York, 200&)ftenthe response to a

mercury spill in a school involves an evacuation of a classroom, if not the entire school. Schools may be
closed for days or weeks during mercury cleandjhés disuption may be costly in terms of lost learning
time and in some cases relocation costs when temporarily moving instruction to a portable classroom or
other spaceLikewise, mercury spills that happen in homes can require a family to temporarily relocate,

GKAOK Aad RAA&ANMzZIGAGS G2 | FrLYAteQa tAFS FyR Yl &
Other costs related to mercury exposure incidents can include health effects (see Section 2.3.2), lives
lost, medical care, and disability payments.

2.5 Regulatory Regime for Elemental Mercury

The issuef elementalmercuryexposurecurrently has a different place on state and national agendas.
On the national level, Congress passed a law in 1996 that essentially phased out the use of mercury in

alkaline batteries (NEWMOZ2010). Since the passage of thaw, the issue appears to have fallen off

(V)
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Congress has only required mercury to be phasedbahe product: alkaline batteries. Compared to

Congress, the exative branch has madelementalmercury more of a prioritythough the EPA has
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largely taken a voluntary approachhrough its rulemaking process, in 2007 EPA required notification if
elemental mercury is used in certain toovehicle components (ib)JdShce 2008, reducinglemental

YSNOdzZNE Ay LINPRdzOG& Kl & KIR I LI OS 2y 9t! Q&a | 38y
high priority pollutant EPA is working to reduce mercury in products and waste through voluntary

partnerships with compak S & ® ¢ BcBool ThemicaiCleanout Campaign (8CG8)other voluntary

program that addresses mercury as well as other toxic chemicals.

While several federal laws address mercury pollution, these laws do not prohibit companies from

including elementamercury in products. The laws that are most relevant to this issue are the Clean

Water Act (CWA) and the Resource Conservation and Recovery Act (RCRA). Through its requirement that
states develop total maximum daily loads (TMDLS) for pollutantsittaair water bodies, the CWA

indirectly addresses mercury in consumer products. When a state sets a TMDL for mercury, all sources

of mercury that flow into the water body are considered. Although broken consumer products are a
relatively minor source of mercugntering a water body as compared to power plant emissimms

global background levelsome states have used the TMDL process to develop and fund plans for

collecting mercunsadded products.

Also under CWA, point sources of pollution, such as munisigstewater facilities, must comply with
National Pollutant Discharge Elimination System (NPDES) permit requirements, which in some cases
limit mercury pollution®. To comply with these limits, some regulated entities have developed mercury
minimization plas, which can include a variety of strategies. People who use suction dredging to obtain

gold from streams are required to obtain NPDES permits. Further research is needed to determine if

YFor more information, pleasevisi 9t ! wS3IA2Y mMnQa 21 aiSel SN 5Aa0KFNABS
http://yosemite.epa.qov/R10/WATER.NSF/NPDES+Permits/Permits+Homepage
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suction dredgers could be required to properly dispose of mercuryigi@und in the process of suction

dredging.

Another relevant law is RCRA, which in theory regulates hazardous waste, such as elemental mercury,
FNRBY HGOAWMIRES:E © ¢KAA flg R2Sa y2a FLILIXe (2 K2daAaSK2f

mercuryadded consumer products is exempt from this law.

Compared to the national level, the issue has a higher place on some state agendas, particularly in the
Northeast. Starting in 1999, states in the Northeast and elsewhere began to pursue enactment of
legislationfocused on reducing mercury in products and waste (NEWMOA, 2008). The major types of

state laws related to mercury include:
9 Disposalprohibits disposal of mercugdded products in the trash; requiring recycling
1 Phaseout: requires that mercury be phadeut of ertain products

1 Sales banshans the sale of certain mercuaglded products. Examples: thermometers,
thermostats, automotive switches, manometers, switches and relays, measuring devices, and

novelties™.

91 Labeling and notificatiarproducts contming mercury must be labeled; manufacturers may be

required to notify environmental agency if they make mereadded products

91 Public education programequires that mercury awareness lessons be provided in schools

and/or awareness campaign directedraiuseholds

" For a detailed table showing the merctagded products that are banned in each state, please see the
NEWMOA websitéhttp://www.newmoa.org/prevention/mercury/imerc/productban.cfm
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1 Collection programmay require that manufacturers collect and recycle a specific mercury

added product, such as the Maine thermostat collection law. Alternatively, Connecticut and
Rhode Island require companies that sell or distribute meradided products to develop a

collection system plan.

Note that the difference between a mercuadded product sales ban and a phamé is that there are
no exemptions allowed under a ban. With a phasg, companies can apply for an exemption if there is

no technically feasible nemercury alternative.

State laws related to mercury in consumer products vary 0
significantly. Currently 45 states have some type of mercury 9 O /O
law (ATSDR, 2009). While a few states have a comprehensi\ Currently 45 states have some
type of mercury law.

package of requirements related mercury and consumer

products, others have little or no related legislattarMichigan, | source: ATSDR, 2009

for example, has developed a comprehensive strategy for
StAYAYFGAYy3 GKS dzaS FyR NBfSFasS 2F YSNDdzNE 6! ¢{5w
created® GKS b2NIKSIF &G 2FadsS al yl 3SYSWhilesone FtdtedA F £ 3 Q |
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the mercury issu¢hrough legislation
While some states mandate nmry programs, others believe voluntary programs are adequate.

Voluntary activities are taking place nationalyd locally. One example is a voluntary tddeek and

NEO&OfAy3 LINRPINIY 2NEFIYAT SR 08 G(KS o AoAtheanbst Y I y dzF I

2 Eor more information, sebttp://www.newmoa.org/prevention/mercury/imerc/legislatior2008.pdf
BC2NI b92ah! Qa Y2RSf fS3aratrdiArzys LXSIasS oraard
http://www.newmoa.org/prevention/mercury/final_model legislation.htm
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part, it appears that the scope of conflict surrounding this issue has been contained to the state and

local levels, as most national programs are volunteinjle some state programs are required by law

3 Awareness of the Threat

As described ithe previous chapter fte presence of elemental mercury in homes and schpotes a
clear threat.Figure 4 shows the causal steps related to mercury exposure that result in consequences
such as health effects and other costs discussed in the previotisrsddnderstandngwhy the

chemical is present in many homes and schaals the pathway that leads to exposure and related

consequenceshed light on the magnitude of the problem

Mercury-containing products and free mercury are present in homes andastbecause these items
fulfill(ed) human needs and wanftghe problem is amplified in some communities by a lack of

affordable disposal options or information about disposal options. If children and youth think mercury is
fun to play with, this exacerbas the problem as well, because playing with mercury can lead to a spill.
The causal model shows interventions, such as collection and awareness efforts and emergency
response proceduresyhichcan break the causal chain at different points. This modelnsarizes
information presentedn Chapters 2 and.®nderstanding the causal steps can point the way toward

interventions that will help to reduce the threat.

The model uses a hazard control intervention framework presented in a 1985 book by Kaspelson et a

¢KS KdzYty ySSRa aK2sy Ay G(GKS Y2RSt FNB RNI gy FNRBY
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Figure 4: Causal Sequence of Direct Elemental Mercury (Hg) Exposure in Homes and Schools, Including

Amplifiers and Hazard C ontrol Interventions
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3.1 Awareness of the Threat among Households

Proper disposal agélementalmercury is a challenge. In order for households to properly dispose of
mercury, people must understand twhings: 1) the threat posed by mercury, and 2) how to properly

dispose of items containing mercury, according toitiséate and local regulations.

It is not uncommon for households to have unneeded items that contain elemental mercury. The

reasons thapeople keep elemental mercury instead of disposing of it include:

1 Not knowing that an item contains elemental merc(as Vegas, 2004)
1 Not realizing the dangers of elemental merc(df SDR, 2009)
9 Lack of affordable, convenient disposal optigR#erce ad Loerch, 2010)

9 Lack of information about proper dispog&@ilmore, 2002)

In general, lack of disposal optioasd information gapare the main barriers to proper disposal of

elemental mercury.

Barrier #1: Lack ddiffordable, convenientisposal options

Disposal laws vary acrostates. While some states require that mercury be disposed of as hazardous
waste, in other states it is permissible to dispose of mercury as household gaHzagample, in

Alaskaas well as other statasis permissibleéhat household hazardous was(eiHW) including
elementalmercury, be dsposed of in municipal landfills (Alaska, 20092006 the State of

Massachusetts banned the disposal of mereadgled products in any manner other than recycling,
disposal as hazardowgste, or another approved method (NEWMOA, 2010). Minnesota, New York, and

other states have siitar disposal bans fanercury.
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Disposal laws and options vary within states as well. While there may be nenstialisposal ban for
mercury, a local governemt may require recyclingr hazardous waste disposéih some states, such as
Idaho, Alaska, and Nebraska, larger citygscallyhaveHHWfacilities whilesomerural areas lack

disposal optionsSome communities organize regular HHW collection evengyavimercury is accepted,
while others may lack the necessary funding. While many HHW events and facilitie=eamad
comprehensive, others accept only certain merecaoytaining itemsin some areas that lack HHW

facilities and events, people can britigeir waste to commercial recyclers, howevigr Alaska and

perhaps other states there are no recycling facilities. Even in areas that have commercial recyclers, the
cost may be a barrier to some households. Affordable disposal options are scaotedraeas,

particularlyin rural communitiesFigure 5 showa menu of disposal options from which communities

can choosevhen designing a mercury collection program
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Figure5: Menu of Elemental Mercury Disposal Options for Households and Sch@uspiled Basd
on Interviews and Document Collection
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MENU

Elemental Mercury Disposal Options for Households and Schools

HHW Facility In highly populated areas, it is common to have a HHW facilityavhe
elemental mercury is accepted. The HHW facility may be located at a private landfillg <
waste transfer station, or at a site operated by a local government agency

Mobile HHW Facility Some local government agencies have a mobile HHW facility, -
such as druck that travels around less densely populated areas.

=
HHW Event For communities that lack a HHW facility, organizing atime or ’ﬁ’
regular HHW collection event can be a esi$éctive means of collecting elemental mercury '
along with other chemicals harmaceuticals, or electronics.

Commercial Recycler Many communities have commercial recycling facilities that accepts = ..
S N

items containing elemental mercury for a fee. R

Drop Box State environmental agencies have provided drop boxes or buckets for
elemental nercury collection in locations that are convenient for households, such as hospfSe
and fire stations.

Mail Back Several private companies sell specially designed buckets and boxes that ca
filled with elemental mercury containing items and returnedhe company by mail for disposa %

Pick Up In some states, households can call to have environmental agency staff or
contractors drive to their home to pick up items containing elemental mercury. %

Trash In some states it is permissible, thougtt advised, to dispose of elemental mercury
in the trash.

HHW = household hazardous waste

P P P P e P P P s Pt P P s P P P Pt Pt Pt P Pt Pt Pt P P Pt Pt P P s P P
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Barrier #2: Information gaps

For people to take action, in addition to having disposal optipesple must appreciate that it is

dangerous to have elemental mercury in their homes. People often do not even realize that they have

items containing elemental mercury in their homes. Across the country, organizations have tried a

variety of outreach metods, which will be discussed in Sectibh.

Another challenge is that it can be difficult for people to
find out how to properly dispose of elemental mercury in
their area.People may not know which public agency to
contact for information, and may feélustrated when
they have to make multiple phone calls to get the
information they needA survey of Washington State
residentsabout mercuryfound that 38 percenof
respondentddid not know about hazardous waste
collection programs in their area (Gilnepr2002). Non
whites and respondents who earned less than $25,000
year were more likely than comparison groups to say th
were unaware of hazardous waste programs, while
respondents who have young children were more likely
be aware of these prograsn(ibid). These data indicate
that the information gap is largend that it is larger for

some groups than others

Communication Strategies: One
Size Does Not Fit All

Corsider your audiencez some of
the people you may be trying to

reach:

T

May not have Internet
access

May not be adept with using
the Internet

May be illiterate

May speak English as a
second language

May have different learning
styles. Some people
remember information
better if they hear it rather
than read it.

May trust information
received through word of
mouth from their peers
more than from government
agencies.

To reach a diverse population,
multiple means of communication
may be necessary.

To address th information gapsome agencies have developed excellent websitesiucate the public

about mercury For example, th©regonDepartment of Environmental Qualityebsite has an
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interactive map showing HHW facilities and events by county, including times and contact inforfhation
While websites can be @ost effective means of outreach, not all citizens have Internet a@dssne

or are adept at finding information in this walyor this reason, multiple outreach mechanisms should be
used, however, agency budgets often lack funding for outreach. Materials should clearlykiete

types of mercuncontaining items ar¢not) accepted by a disposal programlso, to reach people for

whom English is a second language it may be necessary to provide information in multiple languages.

3.2 Awareness of the Threat among Schook

For schools, the situation is similar to householgt®per dsposal of mercury is a challenge. Man
schools have participated imlsoolchemicalcf S+ y 2 dzi LINRPINI Ya |yR OF YLI A3dya
hdzié ® C2NJ a0Kz22fta G2 LI NILAOALIGS Ay LINRINIYA (2 S

understand the treat posed bynercury and how to properly dispose of items containing mercury,

according to their state and local regulations.

Schools are typically considered to be conditionally exempt small quantity generators (CEGs) of
hazardous wste. As CEGkazadous wastalisposal rulesnay be different than for households. In
some areas, schools must pay to dispose of their hazardous waste. The cost of disposal can be a barrier

to schools, however, some states have found innovative solutions

9 Sliding scalerogram fees
o In Tennessee, the amount a school is required to contribute 6 F A SR 2y GKS &aO0OK

wealth. The program receivedlNJ y1a ¢KAOK Syl of SR KAa wafta

14 Oregon Department of Environmental Quality HHW Program:
http://www.deq.state.or.us/lg/sw/hhw/hhwfacilitymap.htm
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9 Schools can bring their hazardous waste for free to HHW collection eventaobile facilities

o In many states, schoo#d other CEGare dlowedto dispose of hazardous waste at
HHW collection eventfor a fee Some local governments in Oregon ey
Hampshireallow this at no cost to the school.

o In King County, Washington schoad tring mercury to a mobile HHW facility for free.

1 Rebate program
0 Voucher Incentive PrograrEach yeaKing County, Washingtéridehab the Lab
program sets aside a percegeof total funding (equivalent to $80,0086100,000¥or a
rebate program for dwools and businessesf inspectors make a recommendation (e.g.

buy gloves for safetyprogram will reimburse costs at 50 percent up to $500.

 Workwithi KS &d0K22f Qa AyadaNI yOS O2YLJ yeé
o Inlowa, a statewide Rehab the Lab school chemical management progsamn by the
company that srves all lowa public schools
o In Washington, an insurance company gave an insurance discount to schools that

participate in Rehab the Lab.

3.3 What Research Suggests for How to Get People to Participate in
Mercury Programs

How canpublic agencies angroupsconcerned about environmental health persuade households and
schools to properly dispose of elemental mercuvyfile programcost remains &arrier to address,
even for collection programhat are free to participantsit can e a challenge to inspire people to

participate Only a small percentage of households or schools may choose to participate in a mercury
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program. The amoundf elemental mercury collectechay be just the tip of the iceberg. What strategies
can increase paitipation rates? Participating in a mercury program can be thought of as a desired
behavior change. Theories about social marketpggsuasionand behavior change can inform practical

decisions about how to design elemental mercury collection and awaspegrams.

Model of Social Change

Scholars have developed models that explain how social change happens. EveretQiRidgsis of
innovationmodel (see Figur6) shows how a innovativenew idea spreads through a community
(Rogers, 1995)hebell aurve representsuccessive groups of consumeérat adopt a new technology
or idea (shown in blue). Thmimulative percentage of people who have adopted the neehnology or
ideais shown in yellowThe diffusion of innovation modegroups people into cagories:innovators,
early adopters, early majority, late majorignd laggardsuUsing this model, social change campaigns
typically target innovators and early adopters, whapkfully will adopt the ideédirst and then influence

the early najority and lae majoritythrough word of mouth(RE3.org, 2010)

Related tospreadinguse of proper mercury disposakchnology, people who seek out information on
how to dispose of their mercusrgontaining items could be considered innovators. Early adopters would
be people who act immediately upon receiving information about mercury disposal options. The early
majority could be people who bring mercury to a collection event after repeated invitations and
reminders.People who experience barriers to participationare otherwisereluctant to participate

would comprise the late majority and laggard groups.

Diffusion is the process by which an innovation is communicated through certain channels over time
among the members of a social system (Rogers, 199®)diffuson of innovationrmodel has been used

to describe how communities adopt plic health campaignsuch agurifying water by boiling, and
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community has adoptedraidea, because through interpersonal networks (word of mouth) an idea can

then spread to a critical mass of peo|fl®95) While mass media can spread a message to many people,

I 002 NRA Yy Tintér@ersanal eh&nN@abe mare effective in persuadiran individual to accept a

new idea, especially if the interpersonal channel links two or more individuals who are similar in
420A2S02y2YAO0O &aidl Gdzax SRdzOI (Relgted b mardlly prigka®dyib A Y LJ2 NI |

modelwould suggesthe following:

1) A minority of peote will readily adopt a new idea/participate in a newercury collection

program(innovators and early adopters)

2) Realistically, some people will lag behind the majority in starting to participateercury

collection programs

3) Focts energy on gting the majority of people to participate in mercury collection programs
Rather than relying exclusively on mass media, try to reach people throughptesigroups

(e.g. neighborhood safety group or church health and wellness commiig#ey word of mouth.
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Figure6: Diffusion of Innovation Model of Social Change

KEY
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Models ofIndividual Behavior Change

Models of behavior change, such agislcognitivetheory, emphasizéhe importance of peer modeling
and social reinforcement of behaviors in human learning and behavior cl{@i€, 2010).ike the

diffusion of innovation modelhismodelsuggess that peers cabe particularly effectig in persuading
people to adopt anew behavior such as participatiama mercury progranin one prominent example,
behavior change models were used in designing a successful AIDS prevention program (CDC, 2010).

Behavior change models may have practical applicationdéodésign of mercury programs as well.
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