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Introd uction

The Natural History of a Clandestine Methamphetamine Lab

Fromits initial establishmenthrough its ultimate r@ccupancy, a clandestine
methamphetamine lab goes throdgtar phases that vary with the natafeoperations,
the chemicals present, the exposure pathvandthe potentially exposed populations.
The four phases may generally be described as

Operational clandestine methamphetamine synthesis takes place
e Discovery& Removal t he | ab is Abustedo (di scovel
and bulk chemicals and equipment are removed
¢ Remediation & Verificationsamples are collected to charactetize
distribution of contaminants within the residenite contaminants are
remediated, andamples are collected to verify tmatidual contaminant
levels are below target cleanup standards
e ReOccupancy a new group of residents occuplies residence which
housedheformer clandestine lab

Each phase represents a distingiasure scenario with different primary contaminants,

contaminant sources, exposure pathways and potentially exposed populations.

Contaminant classes, sources and potentially exposed populations are summarize in

Table 1. During the first two phases, inlaéion of airborne contaminants (such as

methamphetamine, acidic and corrosive gases, and phosphine) probably represents the

greatest hazardOnce the primary sourcesf airborne contaminants have been

physicallyremoved, secondary sources may still renmathe residence. Secondary

sources ncl ude solvent spills and fisoftodo medi a (
carpet and wallboard) that have absorbed solvent vapors and volatile contaminants during

the operational phase of the clandestine laboyaRer e | e a sffeg a(sessri nigo) o f
volatile chemicals that haveeenabsorbed into soft medappeas to represent the

primary inhalation hazard during cleanup and verification activities. For reasons

di scussed in the f ol Remediatogofs@andestioen (A Ti mel i n
Met hamphetamine Labd), we assume that airbor
by the time the resa&hce is ready for reccupancy. Thus, as the laboratory progresses

through theefour phases, the significance of inltada as apathwayof exposure

declines markedly.

Non-volatile compoundssuch as the hydrochloride salt of methamphetamapeesent
arother general class of contaminants encountered at clandestine labs.
Methamphetamine has been detecrdnterior sufacesat former labsand appeato be
persistent (Martyny et al., 2004). Pathways of exposure to these compounds include
dermal absorption following skin contact with contaminated surfaces, and ingestion
following skin contact and subsequent haoanouth activities. With few exceptions,
remediatiorefforts at former clandestine labs fo@lusivelyon methamphetamine

! Primary sources include reaction vessels, solvents stored in their original containers, solvents transferred
to other containers, and tanks of compressed gases such as ammonia and hydrogen chloride.
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levels. Therefore, theagnitude of exposure to surfacethamphetamine residuiesand
the consequent health rigks controledby the target remediation goal for
methamphetamine.

The objective of this report is to describe processes for assessing the exposure to
surface methamphetamine residues, sogbtgntial healtthazardsnmay becontrolled by
establishing a cleanp standrdthat ensures thabtal exposure via atelevant pathway

does not exceed the reference dose (RfDiriettemphetamineThe exposure estimates
are based on a+@cupancy scenario, with very young children (approximately 6 months
to 2 years of age) dse subpopulation of greatest concern. Additional assumptions that
were usedo develop the exposure estimates are discussed in the following two sections.
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Tablel. Summary of the exposure scenarios (contaminants, exposure pathways, andllyagpbsed populations) associated with different
phases in the life of a clandestine methamphetamine lab.

Scenario Potentially Exposed Populations Contaminants & Exposure Pathways
Operational Operators Primary. Inhalation of volatile contaminants,
Clandestine Lab  Visitors Intentional dosingall routes)
Innocent bystanders Secondary Dermal contactvith nonvolatile residues on surfaces
Neighbors Non-dietary ingestion via hart-mouth activities
Discovery and Law enforcement Inhalation of wlatile contaminantstored inoriginal containers
Removal Removal personnel Inhalation of resuspendedparticleadsorbeadontaminants
Industrial hygienists Dermal contact with nemolatile residues on surfaces

Exposure minimized bpersonal protect® equipment

Cleanup and Cleanup personnel Inhalation of volatilecontaminantsoff as si ng fr o°m fsof t
Verification Industrial hygienists Inhalation of resuspended, particl@dsorbeatontaminants
Exposure minimized bgersonal protective equipnt

Re-occupancy Residentgincludesall Dermal contact with methamphetamine residues
sensitive suipopulations) Dermal contact with nemolatile chemical®n surfaceshat lack
cleanup standards
Inhalation ofvolatile contaminants offjassingfrori s of t 6 medi a
(likely to be minimal§
Inhalation of resuspended contaminankteat lack
cleanup standards

ASofto medi a i nmitlre drapesam baopetgassaming theythave not been removed as part of cleanup operations), and wallboard. During this
phase, the primary sources of volatile contaminastsrage containerswill have been removed. Secondary sources, such asisotiiat were spilled or

improperly disposed of, will still be present.

% For reoccupancy to occur in California, methamphetamine residues on surfastie cleaned up to the specified cleanup standard

“ Based on the-fnonth cleanup timeline specifién Chapter 6.9.bf the Health and Safety Code, -gffssing of volatile chemicals from soft media is assumed

to be minimal. Limited data from 2dour studies by Martyny et al. (2005, Table 1V) indicate that airborne methamphetamine dissipates raptioydxfig is
synthesized, although additional research on thefemg time course of airborne methamphetamine dissipation is warranted.

Deember D, 2007 External Peer Review Draft Page?



Timeline for Remediation of a Clandestine Methamphetamine Lab

The provisionof Chapter 6.9.bf the Health and Safety Code specify a timaarfe for
completing the investigation and remediation of a former clandestine methamphetamine
lab. A summary of the mandated tasks and deadlines that must be achieved by the local
health officer (LHO) or the property owner is shown in the table below.

Table 2. Action items and statutory timetable for remediation of a former clandestine
methamphetamine laboratory, according to provisions of Chapter 6.9.1 of the Health and Safety
Code.

Action Item Statutory Timetable
Law enforcement agency notifies LHO* Day 0
LHO records property lien and issues order

s Day 15
prohibiting property use and occupancy
Authorized contractor retained Day 45
Site assessment work plan submitted to LHO Day 75
Work plan found deficient or approved Day 100
Remediation complete Day 190
Site assessment report submitted to LHO Not specified
LHO reviews site assessment report and o

Not specified

determines if no further action (NFA) is require
10 Days after NFA
determination

* LHO: Local Health Officeor the Designated Local Agency authorized to
implement the responsibilitied the LHQ

LHO releases property lien

It is noteworthy that the time required to complete all phases of the investigation and
remediation exceeds six months. The process can take even longer if gréypromer
requests an extension and the request is approved by the LHO. In practice, it is difficult
to completethe entire statutoriymandated remediation and review process within the
stipulated timeframe (C. Yegal/EPA, Department of Toxic SubstascControl,

personal communication). Therefore, six months should probably be viewed as the
minimum time required to complete the remediation process. This long duration would
likely provide ample time for airborne methamphetamine residues to disanglate
supportghe conclusion that inhalation does not represent a significant exposure pathway
in apostremediatiorre-occupancyexposure scenario. The inhalation pathway is also
discussed below as the sixth exposure scenario assumption.
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Exposure Scenapn Assumptions

1. All interior surfaces are uniformly contaminated, and the surface concentration of
methamphetamings equivalent to the specified cleanup standard.

The exposure scenario modeled in this report presumes-alastp, residential
exposure genario. The maximum concentration of methamphetamiraéi on

interior surfaces is assumed to equal the cleanup standard. This might be
regarded as health protectivassumption since the synthesis of

methamphetamine in a clandestine lab usually ocaussspecific location within

the residence (typically the kitchen), and portions of the residence distant from the
source of contamination (such as the bedrooms) may be uncontaminated or only
lightly contaminated. Nevertheless, studies conducted by Maetyal. (2004)

suggest that methamphetamine residues are transported throughout the residence
to locations distant from the site of synthesis. Therefore, assumingelgrsip
scenario, a uniform maximum residue level throughout the residence is not
ertirely unreasonable.

2. The source concentration does not decline over time, i.e., there is no depletion of the
surface methamphetamine concentration.

Datafrom environmentastudiesof former clandestine methamphetamine labs
(Martyny et al, 2004)clearlydemonstrate that methamphetamienelspersist

long after lab activities have cease@amples from abandoned clandestine
methamphetamine labs collected years after drug synthesis activities have ceased
indicate that methamphetamine residues can péosigears’

These resultsupporta non-depletion assumptiowhen the residence is

unoccupied However, as a practical reality, there are several mechanisms that
will cause surface contaminant concentrations to decline over time. For example,
cleaning vith common household cleaning agents will reduce contaminant
concentrations on surfaces. In addition, contact by the skin, clothing and shoes of
persons living in the residence will result in transfer of methamphetamine
residues away from contaminatedfages. Slowly, these residues will be

removed from the environment when the residents bathe, wash their clothing or
leave the residence, the latter resulting in the transfer from the source area (the
interior of the residence) to uncontaminated areasi@ithe residence). Over

the very long term, rpainting and replacement of carpets and linoleum will also
reduce surface contaminant levels. Therefore, the assumption that
methamphetamine concentrations are constant over time should be regarded as
heath protectivensofar as it will lead to ovesestimation of the timeveighted

average daily exposure.

® The surface concentration is expressed in units of mass per area, e.g., ig of methamphetamine/100 cm

®Martynyg al . (2004) state, AEven | abs that had been bus
contamination |l evels of methamphetamine present on m
" Carolyn Comeau, Washington Department of Health, personal comnionicat
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3. Thereareno additional sources or reservoirs of methamphetafane, contaminated
air ducts)that would have the potential to elevate the concentrafio
methamphetamine on surfaces above the target cleanup standard.

It is assumed that the cleanup standard will be applied to all surfaces in the
residence, even those that are unlikely to be contaatectly by residents.
Furthermore, assuming theggence of an unremediated source within in the
residence would also add a significant layer of complexity to the exposure model,
since it would require assumptions about the mass of contaminant present at the
source, the efficacy of the release mechanei (air blowing through an air

duct) and the rate of release, and contaminant dispersion and deposition within the
residence.

4. The primary population of concemchildrenin the age range of 6 months to 2 years.
These childrenhy virtue ofagespecifc behavios and frequent contact with the
floor, constitut e anafimbe tesidentigh exgosuttd popul at
scenario

Age-specific behaviors that greatly increase the exposure of young children to

surface residues were recently summariped ieport by Firestone et al. (2007).
Beginning at 6 months of age, chil drenods
more frequent contact with surfaces. Also, children in this age bracket are

increasingly likely to place nefood item in their mouthBetween 1 and 2 years

of age, participation in play activities increase, and extreme curiosity and poor

judgment (based in part on lack of knowledge of potential consequences)
motivate exploratory and/ or Ariskyo behayv
hard and objects in children in this age range is high. Between ages 2 and 3, the
frequency of mouthing of hands and objects begins to moderate and the amount of

time spent outdoors increases.

In justifying specific values for individual exposure paramsstagespecific

exposure and behavioral data for children in the 6 months to 2 years age range are
frequently limited. Nevertheless, a number of published reports have investigated
the exposure of children in this approximate age range to surface aoautésni

(e.g., CoherHubal et al., 2006), and additional studies are currently underway.

In conducting the exposure assessment presented in this report, an attempt was
made to utilize parameter values specific for the 6 months to 2 years age range
when agespecific supporting data were available.

5. The exposed individual spends 100% of his/her time in the reme fiiaeer
methamphetamine lab environment.

In a residential exposure scenario, it is appropriate to account for the time spent
away from the resiadee. For an adult with a job away from the home, it would
be reasonable to assume that this individual speddst®urs/day, 5 days/week
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at his/her job, with 2 weeks of vacation each year. However, it is not
unreasonable to assume that a 6 month t@2 gld child will spend most if not
all of his/her time indoors, particularly if the period of residence coincides with
the cold winter months or the hot summer months.

6. Inhalation of airborne methamphetamine residues doggpresent a significant
exposire pathway.

While inhalation of airborne methamphetamine is likely to occur during the
operational, discovery and removal, and cleanup and verification phases in the life
of a clandestine methamphetamine lab, it is unlikely to be a significant exposure
route during the postleanup reoccupancy phase. During this phase, surface
methamphetamine residues have been remediated to the designated cleanup
standard, so the mass of contaminant available feuspension is exceedingly
small. Additionally, methmphetamine base has a relatively low octanol:water
partition coefficient (log P = 2.07), suggesting that it does not readily adsorb to
soil and dust particles. Thereforesuspension «foil and dust by normal

activities such as walking and vacuumisginlikely to generate significant levels

of airborne methamphetamine

Data characterizing airborne methamphetamine concentrations in former

clandestine labs after the labs have been remediated are lacking. Martyny et al.

(2005) measured airborne methantph@ne concentrations in a small single

story residence during t w-@8houestthereaftep.h et a mi n
Concentrations detected at the later time points were approximat8324@f

the concentrations detected during synthesis, suggeltihgitborne

methamphetamine dissipates quickly once the source of indoor emissions has

been eliminated.

7. A subchronicduration of exposuré-4 months)s assumed.

In the quantitative analysis presented below, two methods are used to estimate
daily expsure to surface methamphetamine residues in units of mg
methamphetamine per kilogram body weight (mediay). Both estimates are
based on the assumptions that the source concentration is consteaae §tedimg)
and that the exposed child spends 100%sshbr time in the remediated
environment. For this reason, the duration of exposure does not affect the
estimates of daily exposure to methamphetafine.

We recognize that the activities of the individuals living in the residence will
reduce surface maimphetamine concentrations over time. As discussed eatrlier,
mechanisms of contaminant depletion include routine cleaning and contact with

& While the output from the SHED®ultimedia model was based on ad¥y exposure duration, the
surface concentration of methamphetamine was assumed to be constant. Therefodayrexposure
estimates simply reflect variation in the behaviarrf@gce contact rates, mouthing frequencies, etc.) of
children in the 12 year old age range.
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uncontaminated skin, clothing and other objects. In reality, these removal
processes will cause the daily exposardécline over time. This reality was
taken into consideration in the decision to develsplachronicreference dose
(RfD) for methamphetamine, insofar as an additional uncertainty factor that
would routinely be used to extrapolatea chronic RfD fronthe results of a sub
chronic exposure study wastincorporated into the calculation.

Exposure Estimation Models

During methamphetamine synthesks fate and transpgotocesss that lead to
deposition of methamphetamine on interior surfd@ase yeto be completely
characterized Clearly additional studiesn this areaare warranted. Based on current
knowledge, it appears thahe or more steps in timethamphetamine synthegigocess
generaten aerosobr vaporof airborne methamphetamine whishtransported widely
throughout the interior of a residen@éartyny et al., 2005) When thevaporcontacts a
surface, itondenses and forms a film, similar to film that deposits on surfaces when
pesticides are applied using broadcast spraying or aotirfidgger. Since the film of
methamphetamine generated during clandestine methamphetamine sysitesgaly
similar to the chemicalfilm produced by indor application of pesticides, models that
have been developed to estimigigoor exposure to paicide residues caalsobe used to
estimatandoorexposure to methamphetamine residugsentral assumption in this
report is that the pathways and mechanisms of exposure to pesticide residues on surfaces
are the same as the pathways and mechanisexpo$ure to surface methamphetamine
residues.

Two models were used talculateestimates of exposure. The first is based on the U.S.
EPAG6s dr aft g (stambard @peratidgd®moceduet®CPs)or Residential
Exposure Assessmelits S.EPA, 1997revised 2001) The SOPs provide standard

default methods for exposure assessments in a residential scenario when ehedhioal
site-specific information are limited. They provide algorithms for calculagorgening
levelexposure estimates for eambmplete pathway. Ehalgorithms are deterministic

that is, theyspecifypoint values for each exposure parameter and generate a single point
estimate of exposureThe documenalsoprovides differentdefault parameter valuest
calculateindividual exposure estimates for childrendaadults The SOPs account for
exposure via the following three pathways:

e Dermal exposure following contact with contaminants on carpet

e Dermal exposure following contact with contaminants on hard surfaaes (
linoleumfloors, plastic laminateounter tops) in the kitchen or bathroom

¢ Incidental nordietary ingestion following hantb-mouth transfer

In a document prepared for the FIFRA Scientific Advisory Panel in 1999, the U.S. EPA
stated AThese SORNhearAgeinltg Olsacluboreetofappr oac
residential exposure assessments. o The SOPs
screening tool, and for more refined risk assessments when chepecéic data and

information are available.
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Alternative exposure estimates were derived using the Stochastic Human Exposure and

Dose Simulatiorfor multimedia, multiroute/pathway chemica(SHEDSMultimedia)

model(Version 3). This moddias been in developmey the U.SEPA Office of

Research and Developmd@RD), National Exposure Research Labora(®ifzRL)

since 1998According to its developers, SHEEMu | t i me di a-offs@ence a st at e
computer model for improvingstimates of aggregate (singleemical, multi

route/pathway) and cumulative (mudinemical multi-route/pathway) human exposure

and dbisdesigoed to kimulate aggregate exposures ased flaruserspecified

population cohorts anahulti-media chemicals, and relies on data from tlowation

activity diaries c ondptedlHenthn Activity Datab&e EPAG6s Con
(CHAD). The history of development SHEDSMultimediais reviewed in the

technical manual for the current version (U.S. EPA, 2007). From-2002, a scenario

specific version of the model, SHEB&ood, was developed to astite the exposure

and dose of children to chromated copper asCCA) wood preservatives that had

been applied to play structures and dedks2005 and 2006, NERL and its contractor

Alion Science and Technology developed a graphic user interfac¢ {@HHEDS

Multimedia version 3, along with user and technical manuals for the médelmost

recent revisions to SHEDBDBultimedia made in March, 2007, consestprimarily of

correcting severahinorii b u g s omodefandtmbd#ying thesUl. The modéwas

again eviewed by FIFRA Scientific Advisory Panel (SAP) in August 2007

SHEDSMultimedia is a probabilistic model that estimates exposures via inhalation of
contaminated air, dermal absorption following contact with contaminated surfaces, and
ingeston from handto-mouth or objecto-mouth activities. The model generates time
series exposure foiser-specified population cohortdvionte Carlo simulation is used to
produce distributions of exposure that reflect the variability and/or uncertairtg in t

input variables.

According to the deve-Maperimedf at he mbde EPARE
principal model for simulating human exposures to a variety of multimedia,

multipathway environmental chemicals such as pesticides, metals and persistent

bioaccumulative toxins.

The following sections summarize theposure estimates provided by the two models

(i.e., the residential SOPs and SHEM8Itimedia), and provide analysis and
interpretation of their results.
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Exposure Estimates based oAlgorithms Presented inStandard Operating
Procedures for Residential Exposure Assessms¢btS.EPA,1997, revised 2001)

Introduction

Standard Operating Procedures (SOPs) for Residential Exposure Assessment is a draft

guidance document prepared in 1997 by the Resaléixposure Assessment Work

Group. The work group was composed of staff from the Health Effects Division of the
USEPAGs Office of Pesticide Programs and Ver
default methods for exposure assessments in a residestiargcwhen chemicahnd/or

site-specific information are limited. They were developed in response to passage of the

Food Quality Protection Act (FQPA) in 1996, which mandated the U.S. EPA to

immediately begin considering aggregate exposure to pestiditasdietary and non

occupational pesticide exposures for the general population were a primary focus of this

effort. Examples of these exposure pathways include inhalation of vapors following

pesticide application inside a home and dermal contactpsgticide residues by

children playing on a treated lawn. The SOPs provide a means of calculating single

pathway, screening level exposure estimates. In a document prepared for the FIFRA

Scientific Advisory Panel in 1999, the U.S. EPA stafed h e s eare$h@ Paskbone of

the Agencyo6s current approach for completing
SOPs were intended to be used both as a screening tool, and for more refined risk

assessments when chemispkcific data and information are avaiblThey address

two different exposure scenarios:

e Homeowner, handler exposures that result when an individual applies a pesticide,
when such activity is not a condition of his employment

¢ Residential, posapplication exposure that results from actiwtyan environment
previously treated with a pesticide. These exposures, which may result from
occupational or homeowner applications, may occur in any number of settings
such as homes, schools, and day care centers.

In an indoor residential environmeiertain types of pesticide application produce the
same widespread surface contamination that results when methamphetamine is
synthesized. For example, an indoor fogger is an effective means of applying a pesticide
indoors because disperses a film oétprde on interior surfaces. Similarly, emissions

from methamphetamine synthesis deposit a film of chemical residue throughout an entire
house or apartment. For this reason, SOPs that were developed to estimate residential
exposure to pesticides appliesing an indoor fogger may be adopted to estimate
residential exposure to peseanup methamphetamine residues on interior surfaces. The
following calculations are based on S@gorithns to estimate

e Dermal exposure following contact with contaminammscarpet
Dermal exposure following contact with contaminants on hard surfaces (floors
and counter tops) in the kitchen or bathroom

¢ Incidental nordietary ingestion following hantb-mouth transfer
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PostApplication Dermal Dose from Pesticide Residues®arpets

Exposure scenarioPesticide residues are transferred to the skin of adults, toddlers and
infants who come in contact with treated carpets for recreation, housework and other
occupant activities.

Assumption¥”
1. 5% of the application rate (frofaroadcast or crack and crevice treatments) is
available on the carpet as dislodgable residue.
2. Homeowners can contact the treated carpet immediately after pesticide
application.
3. Dissipation of pesticide residues should be based on chespieaific data.
4. Dermal transfer coefficientsare assumed to be
1. Adults: 16,700 cri/hr
2. Children(1to 6yearsof agd: 6,000 cni/hr
5. Body weights are assumed to be
1. Adults: 71.8 kg
2. Adult females (for reproductive or developmental toxicity): 60 kg
3. Children® 15 kg
6. Duration of exposure: 8 hours/day

Calculation potenti al der mal(mgiday3je rate on day
PDR = ISR * CF1l* Tc*ET
where:
ISR, = indoor surface residue ondayt © (“mg/ ¢ m
CF1 = conversion factor (0.001 mg/ug)
Tc = transfer coefficien(cr/hr)
ET = exposure time (hr/day)
and
ISR, = AR * F  (1-D)' * CF2* CF3
where:
AR = application rate (pounds active ingredieAy/ft
F = fraction of active ingredient retained on carpet (unitless)
D = fraction of residue dissipating dgai{unitless)
t = postapplication day on which exposure is assessed
CF2 = conversion factor (4.5% 10° pg/pound)

See U.S. EPA (1997), Section 8.2.1; and U.S. EPA (2001), p. 6. Parameter vBIO&Binvere revised

per Policy 12 of the Science Advisory Council for Expo4@a01).

% The methodology is based on assumptions when adequate chepécdfic field data are unavailable.

" The revisedraluefor adultsis based on Jazzeseidatgpublished by Ross et al. (1990 and 1991he

valuefor childrenis based on data fnman adult crawling across treated carpet (U.S. EPA, 1996).

2The 1997 SOP document provided separate transfer coefficients and associated body weights for toddlers
(3 years of age) and infants (6 months to 1 % years of age). The 2001 revisions ofibdspéeinsfer

coefficient for children %6 years of age and did not specify a body weight, so 15 kg was assumed.
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CF3 = conversion factor (1.08 10° ft¥cnt)

For former meth labs, the pedeanup concentration of methamphetamine residues on
surfeces (i.e., the indoor surface residue) is the target cleanup level, which in most states is
0.1 pg/100 crh(0.001 pg/crf). Since dissipation data for methamphetamine are not
available, it is conservatively assumed that dissipation does not occur. Téewsiog the
above equations, it is not necessary to calculate tB&value for this parameter is simply

the target cleanup leveln the absence of chemiegpecific data, it ixonservatively

assumed that 100% of the methamphetamine residue poeseatpet is dislodgeabi#

Therefore, the dermal dose rate forcaid contacting carpet is
0.001 pg/crf = 0.001 mg/uc* 6,000 cri/hr * 8 hr/day = 0.048 mg/day

Normalized tathe averag®ody weightof a 23 yearold child (15 kg) the estimated

exposure resulting from contawith methamphetamine residue on carpets would be
0.0032mg/kg-day. The SOP doemtinclude any assumptions about dermal absorption,
indicating that the calculated daily dose ra
assess risk.o This i mplies that iGvens appro
that the experimentally determined dermal absorption of methamphetamine is

approximately 6670%, this assumption produces approximately a 50% @stenation of

the dermally absorbed dose.

PostApplication Dermal Dose from Pesticide Residues on Hard Surfates

Theexposure scenarmndassumptionsare identical to those specified for calculating the
dermal dose from residues on carpets, although the duration oliexp®assumed to be

just 4 hours/day. The latter value is justified on the basis that it represents the mean of the
90" percentile values for time spent on the kitchen and bathroom for all age groups (adults
and children).

Calculation The equationsral parameters that are used to calculate the dermal dose from
residues on hard surfaces are identical to those used for calculating the dermal dose from
carpets. Thereforeising the same equation described above for calculaditantial

dermal dose rate n  d aBDRY)ithe dermal dose rate forchild contacting hard

surfaces is

0.001 pg/crf = 0.001 mg/uc* 6,000 cri/hr * 4 hr/day = 0.024 mg/day

Nor mali zed t o a(1%Kkg)itHe dstinsatedexpbgure vesultirgy fram contact

with methampetamine residues on carpets would be 0.0016 riglgg The SOP does

notinclude any assumptions about dermal absorption, indicating that the calculated daily

dose rate fiébe used in conjunction with toxi
appropriate to assume 100% dermal absorpti@ren that the experimentally determined

13 The assumption is consistent with the procedure used to assess compliance with a cleanup standard, since
the amount detected on a wipe s#arip by definition dislodgeable.
14 See U.S. EPA (1997), Section 8.2.1; and U.S. EPA (2001), p. 6.
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dermal absorption of methamphetamine is approximatel§080, this assumption

produces approximately a 50% owestimation of the dermally absorbed dose.

PostApplication Dose Estimate for Toddlers from Incidental Nebietary Ingestion of
Pesticide Residues on Indoor Surfaces from HatwMouth Transfer'

[Note: Parameter values for this pathway weatrevised in Policy 12 of the Science
Advisory Council for Exposw (2001)}

Exposure scenarioPesticide residues are transferred to the skin of toddlers during post

application contact with treated indoor areas and dreegjuently ingested as a resflt

handto-mouth transfer. The 3 year old age group was seléatduls scenario because, at
the time the SOP was written, this was the youngest age group for which data-eo- hand

mouth activity were available.

Assumptions:

1. 50% of the application rate from broadcast or crack and crevice treatments) is

available aslislodgable residue.
2. Homeowners can contact the treated carpet immediately after pesticide

application.

3. Dissipation of pesticide residues should be based on chespieaific data.

4. The average surface area of both hands is 356azra toddler (3 years afge)*®

5. Replenishment of the hands with pesticide residiuias implicit factor in this
assessmensuggesting that there is no maximum dermal loading value

6. The surfaceo-skin transfer efficiencyf dislodgable residuds 100%"

7

. The average rate of hato-mouth activity is 0.026 events/minute (1.56

events/hour) for toddlers {3 year olds).

8. The duration of exposure to indoor surfaces is 4 hours/day. (See justification in
Section Il above.)

9. The average weight of addler (age 3 yearsd 15 kg.

Calailation potential dose rates from ingestion [PDR (mg/day)]

where:
ISR
SA

FQ

PDR = ISR+ SA*FQ=*ET

indoor surface residue (mg/ém

surface area of the hands that contact indoor surfaces and

subsequently transfer residues to the moutmduaigiven

event (cni/event)
frequency of hando-mouth events (events/hour)

15See U.S. EPA (1997), Section 8.4.
6 Based on the 1996 U.S. EPA exposure Factors Handbook

“"The guidance

document i s edggbleriesidueton theninddohsurfacersé gar d:

mg/cnt, the residue on skin is also 1 mgfaafter contacting the surface.
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ET = exposure time (hours/day)

As discussed above, the pastanup concentration of methamphetamine residues on
surfaces at former meth labs (i.e., the indoor surfesi€ue) is the target cleanup level,
which in most states is 0.1 pg/100%(8.001 pg/cm, or 0.001 x 18 mg/cnf). Since
dissipation data for methamphetamine residues on surfaces are not available, it is
conservatively assumed that dissipation does cmiro

Therefore, the incidental ingestion dose among toddlers following contact with
contaminated surfaces and subsequent-t@anabuth activity is

0.001 x 1C¢° mg/cnf * 350 cni/event=1.56 events/hou* 4 hours/day = 0.0022 mg/day

A

Normalizedtoatod | er 6 s b (a5kyg) the estintated exposure would be
0.00015mg/kg-day.

Total Estimated Exposure via All Three Pathways

Dermal Dose from Pesticide Residues on Carpets: 0.0032 mg/keday

Dermal Dose from Pesticide Residues on Hard Surfaces: 0.0016mg/kg-day

Incidental Ingestion Dose from Haito-Mouth Activity: 0.00015 mg/keday
TOTAL: 0.004% mg/kg-day

For comparison, using the same surface residue level, the SHEDS model estimated an
average total absorbed dose @015 mg/keday, or330 timedess than theesidential
SOPs.If the experimentally determined dermal absorption efficiency for
methamphetamine had been used in the SOP equations, the dose estimates for the two
dermal absorption pathways would have been reduced by apprelyirmaethird, but the
estimate of total dose still would have been 220 times greater than the dose estimate
generated by the SHEDS model.

Analysis and Interpretation

Based on the SOP algorithms, 97% of total expolurra childresults from dermal contac

with Asoftodo surfaces such as carpet and hard
occurs secondarily to dermal contact with contaminated surfaces and subsequéot hand

mouth activity, accounts for just 3% of total exposure. These resultsgelyldriven by

thedefault value for the dermal transfer coefficient for a child 1 to 6 years of age (6,000

cn/hour). The guidance document does not provide justification for this value. However,

the results of a recent study conducted by Cohen Huilaal @006) suggest that this

default valueappears tde veryhealth protectivel n t hi s study, chil dren
surface pesticide residues was evaluated in a child care center wheestitide

esfenvaleratbad been applied the previous dayansfer coefficients were based on

surface sampling data and pesticide loadings on cotton body suits that the children wore to
monitor their dermal exposure. Transfer coefficients were calculated using the equation

Dermal transfer coefficient = dermatposure / surface loading
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where the dermal exposure was the mass of pesticide on the body suit divided by the
monitoring duration (nanograms/hour) and the surface loading was based on the results of
surface wipe sampling (micrograms/square centimelegnsfer coefficientsvere

calculated for infant§6-12 months of age) and psehoolersZ-3 years of age).

Dermal transfer coefficients calculated using the data obtained from this study ranged from

10 to 6,000 crithour. Therefore, th8OPs specify a dault vdue for thetransfer

coefficientfor a childthatis equivalento the maximum value ohined by Cohen Hubal et

a. The authors of this study concluded, féres
assumption used by the U.S. EPAOPP [ie.3l@Ps] i s r edtamivabl e. 0 A
interpretation would be that dermal transfer coefficients for children have a wide range of
variability, and that dermal exposures would be more appropriately estimated using a

stochastic model, such as SHEDsItimedia, which accounts for the wide range of

chil drends b e h alhealoricimsaanddlefaultparanvetertvalues prescribed

by the SOPs appear to be appropriate for obtaininghesaith protectivescreening level

estimates of exposure.
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Exposure Estimates based othe Stochastic Exposure and Dose Simulation Model
for Multimedia, Multipathwa y Chemicals (SHEDSMultimedia), Version 3

Introduction: Overview of SHEDSMVultimedia

The Stochastic Human Exposure and Dose Simulation for multimedia; multi
route/pathway chemicals (SHEBMultimedia) model (Version 3) has been in

development by the U.S. EPA Office of Research and Development (ORD), National
Exposure Research Laboratory (NERL) since 1998. According to its developers, SHEDS
Mul t i medi eaoffs@ence computertnedel for improving estimates of

aggregate (singliehemical, multiroute/pathway) and cumulative (mutihemical, mult

route/ pathway) human exposure and dose. 0 It
for userspecified populatiocohorts and mukimedia chemicals, and relies on data from
time-locatonract i vity diaries compiled in U. S. EPA

Database (CHAD).

As defined in the Technical Manual for the mo@gposures the contact between the

chemich agent and t he h wngamgdstromtesgralttract at t he s ki
exposure surfacedoseis defined as the amount of chemical that entertatiget after

crossing the exposure surfaces.

SHEDSMultimedia estimateabsorbed doses that dheresult ofexposure via

inhalation, ingestion (from mouthing the hands or objects) and dermal contact in a
residential setting. The model uses Monte Carlo simulation to simulate a population of
stochastically created v i r gensand whose collective chateristics reflect the

simulated population and input distributions for exposetated variables. For each
individual, SHEDSMultimedia generates a series of activities, media concentrations, and
resulting exposures over the selected simulation pefiibése individual exposure time
series are then aggregated over time to produceititegrated or timaveraged

exposuresas shown in the hypothetical individual exposure prafiléigure 1

Exposure estimates presented in this report were generatediyst andar do SHEDS
Mul ti media run, also called a dAvariability r
sample of individuals in the target population using Monte Carol sampling. The

fundamental modeling unit in SHEBENultimedia is the individual, andach individual

is generated as a representative random sample. These individual exposure estimates

provide the basis for the exposure distribution for the population.

SHEDSMultimedia can also be run as a tstage Monte Carlo model (also called an
Auncertainty runo), which consists of a seri
modified between each variability run to represent uncertainty in the input parameters of

the variability runs. However, two stage Monte Carlo simulations m&reompleted

for this report.
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Time-Averaged Instantaneous

Peak

| Time-Integrated

Mass, Concentration
or Mass Loading

Figure 1. Hypothetical exposure profile for an individualer time
(Reproduced frolrdSEPA, 2007)

As outlined in the Technical Manual for SHED&Iltimedia version 3 (U.S. EPA, 2007),
the following general sps are applied for each individual in a SHEDS run:

1. Given the distribution of the target population, randomly select the age, gender
and other demographic properties of interest.

2. Using the CHAD diaries that are built into the model, generate a longitudina
activity diary that indicates the sequence and duration of activities and locations
for the individual.

3. Generate concentratigime series for each potential contact med{erg., indoor
air, indoor smooth surfaces, indoor textured surfaces, indoor'8ust)

4. Simulate the contacts between the individual and the affected media. These
depend on the diary activity and location information and-sgecified contact
probabilities™

5. Calculate exposureme series for the individual using the results from steps 3
and 4 and usespecified distributions for exposure factors.

6. Generate an approximation for the dose time series, if desired, using the simple
physiologicallybased pharmacokinetic (PBPK) model in SHEDS.

7. Export exposure time series for use in a PBPK mandledxtract desired metrics
or summary statistics from the exposure or dose time series.

SHEDSMultimedia repeats this process for an individual many times (the number of
iterations is specified by the user) using Monte Carlo simulation to obtain populati

18 As discussed in the following section, concentrations on smooth and textured surfaces are assumed to
equal the target cleanup level foethamphetamine. Concentrations on both types of surfaces are assumed
to be constant (nedepleting) for the entire 98ay exposure duration. The indoor air concentration is
assumed to be zero, and the concentration in indoor dust is assumed to Bd@secassumptions are
consistent with the goal of identifying a riblased cleanup standard for methamphetamine on surfaces.

19 Contact probabilities and exposure parameters arsgegfic, to the extent that agpecific data are
available for them.
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estimates.A diagram of the steps involved in generating exposure and dose estimates
using the SHEDS model is shownFigure 2

; X GENERATE
EPA’s Congqlldated POPULATION 2 <&
Human Activity Database: ’ FOR .mw.
Time-Location-Activity Diaries SIMULATION T )

l

SIMULATE LONGITUDINAL ACTIVITY DIARIES

distributions

Winter Winter Spring Spring Summer | Summer Fall Fall
Weekday | Weekend | Weekday | Weekend | Weekday | Weekend | Weekday | Weekend
1 i i 90 i % 180 i i 270 % i 360
UNCERTAINTY: Day of Year l
Sample N sets of CALCULATE EXPOSURE
parameter CALCULATE INDIVIDUAL OR DOSE
EXPOSURE AND DOSE FOR SIMULATED

» | SAMPLE FROM

INPUT DIST’NS e
VARIABILITY: WYy
a — L | -

perform M iterations | o
from each input /

distribution . m
N

POPULATION

/f

EXPOSURE

Figure 2. Diagrammatic overview of the SHEDS methodology. (Reproduced from Zartarian et
al., 2006)

Additional Exposure Assumptions foBHEDSMultimedia

In additionto the exposure assumptiatiscused on page8-12, the followingadditional
assumptiosarerequired to run SHEDSJultimedia.

1. The aal bioavailability of ingestechethamphetaminesidues following hando-
mouth or objecto-mouth movement&as assumed to b£00%.

An oral bioavailability of 100% may be regarded as some¥wbalth protective
because few chemicals are completely absorbed following ingestion.
Nevertheless, methamphetammiis known to be well absorbed by all routes of
exposure, including ingestion. In addition, its rapid rate of dermal absorption
suggests the drug passes readily through biological membranes.

Since the postemediation surface concentration of methaetpiine is

anticipated to bextremely low (the prevailing default cleanup standard is 1
ng/cnf) and theresidueto-skin transfer efficiency is assumed to have a mean
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value ofjust 7%, themass of the druggansferred to the mouth via hat@mouth
activities is anticipated to be extremely smallherefore thextremely lowrate
of intake of the drug is not expected to limit its absorption efficiency.

2. Based on experimental dathetmeandermal absorption efficiency of
methamphetamin@asedimatedto be57 + 7.6% (mean = SD)

In vitro studiesof the dermal absorption of methamphetamine wecently
completed byDrs. Xiaoying Hui and Howard Maibact the University of
California San FranciscQUCSF)? These studiesvhichwere based on a
standardgorotocolutilizing Franz diffusion cells and human skin sampiedicate
that methamphetamine is well absorbed across the Ekiperimental details are
provided in adraft report of theJCSFstudiesincluded as an appendix to this
report.

Interpretirg data from these studiesquiresan understanding of the basic cellular
structure of skin Simply described, skin is composed of three distinct layers: the
outermost epidermis, the intermediate dermis, and an underlying layer of
subcutaneous fafThe gratum corneum consists only of dead cells, called
corneocytes, which lack any contact with the circulation in living skisinoted

in a recent review by Van de Sandt et al. (2007)ptlermost layer of the
epidermis, the stratum corneum, is the4tatating barrier of skin.These authors
also made the following recommendations for interpretation of data from dermal
absorption studies:

For risk assessment purposes, the chemical adsorbed to the stratum
corneum &the end of the experiment is considkas norbio-available.

The amount of penetrated substance found in the receptor fluid (in
vitro)éat the end of the experiment
In addition, amounts present in the epidermis (minus the stratum

corneum) and dermis atat time are often considered to be systemically
available as a conservative assumption

The UCSF data were interpreted in a manner ctamgisvith these
recommendationsThe overall estimate of dermal absorption efficiency is based
on cumulative data tlected over a 24our incubation period.

3. The nmaximum dermal loadingf methamphetamine residues on the gkody
and hands)vas assumed to bten times greater thahetarget cleanup
concentratiorfor methamphetamine on surfaces.

SHEDSMultimedia in@rporates separate variables for maximum dermal loading
on the hands and body, although the values for the two variables are usually
identical. They are included in the motieprevent multiple contacts from

® These studies were conducted under contract with funding provided by the California Environmental
Protection Agency, Department of Toxic Substances Control.
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adding to the dermal load indefinitely. Thiere, when the maximum dermal
loading is obtained, no additional contaminant can be transferred to the skin.

The target cleanup standdngst proposed by the state of Washington and

subsequently adopted by several other states is 0.1 ug/fpérchrg/cnt.

Since the surface cleanup standard is so low, we have assumed that the skin can
accumul ate up to ten times the&hsstate of V
assumption, combined withe t h a mp h e t aateiohdertha uptake grid

an assumedveraeresidueto-skin transfer efficiency of 7%stronglysuggests

that dermal loadings thelimiting factor inthe mass of methamphetamine taken

up via thedermalpathway.

4. Themeansurfaceresidueto-skin transfer efficiencyor methamphetamineas
estimated to b&% for alltypes ofsurfaces.

Residueto-skin transfer efficiency is likely dependent on the chemical properties
of the contaminating substance and (if applicable) the carrier in which the
chemical is presentNevertheless, the transfer eféincies reported by Camann et
al. (2000) for chlorpyrifos, pyrethrin | and piperonyl butoXidiaree chemically
distinct substancéswere not remarkably different in most case&he default
distributions for the transfer efficiency parameter (betaildigion; shape 1: 0.6;
shape 2: 8.4; mean 0.07) that were supplied with the SHEDS model is based on
two references, one conducted by Nishioka (2008gucontract to U.S. EPA

and the other published by Cohen Hubal et al. (2005).

Data from then vitro surfaceto-skin transfer studies conducted at UC San
Franciscaverenotused to estimate a value for residaeskin transfer efficiency
in SHEDSMultimedia. This decision was basgdimaily on the fact thathe
experimental techniques devedapby UCSFshouldat presenberegarded as
experimental. Thenethodologyhas not been validatdyy comparing its results
with data fromin vivo hand presgransfer studiesf other chemicalsg.g.,
chlorpyrifos, pyrethrid and piperonyl butoxide (Camann &t, 2000)].

Furthermorein the UCSF studieshe contact durations required for significant

transfer to occur were significantly longer than those engplags t andar d fAhand
pr e s sied Farexamdplethetransfer of methamphetane from vinyl tile to

skin after contact durations of 15 seconds and 5 minutes was just 0.15% and

5.41%, respectivelyln contrastjn an evaluation of a cotton glove press test for

assessing transfer of pesticides from plush caRmigerts and Camann (1989)

utilized a contactluration of twoseconds. In two more recent studies, Camann et

al. (2000) and Clothier (2000) utilized contact durations of just one second.

Z Typically, a twofold difference in transfer efficiency for the three chemicals was observednaftre
of the surface had a much greater effect on transfer efficiency: transfers from vinyl flooring teet€-2
fold greater than from plush carpets.
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The UCSF studies indicated that residue to skin tramsigtro was highly
dependent on contact durationgault that contrasts markedly with the results
obtainedn vivoby Cohen Hubal et al. (2005), where transfer was fauttb
depend on contact duration. The durati@pendence of transfer efficiency
found in the UCSF studies is also problematic becthesSHEDS model does
not incorporate a parameter for contact duration.

In summary, the results of the UCSF studies are not easily reconciled with the
published literature. In part, this may the result of the physical and mechanical
differences between¢hhand press technique and the in vitro methods developed
by UCSF. Nevertheless, validation studies of the UCSF methodology have not
been completed. For this reason, we decided to incorporate the default SHEDS
distribution into our analysis of methampdumine exposure.

5. Contact with uncontaminated surfaces or objeasassumechotto deplete
methamphetamine residues from the skin.

SHEDS allows the user to spec#yalue for contaminant depletion from the skin

as result of contact with uncontaminated r f aces (parameter 3 (d
efficiency during events without water o).
exposure analysis is based on assumes that all surfaces are uniformly

contaminated with methamphetamine, so contact with uncontaminated surfaces

would be unlikely to occur. We have conservatively assumedaongict with

uncontaminated surfacas not a mechanism of contaminant depletion from the

skin; all the residue that adheres to the skin as a result of contact with

contaminated surfacesassumed to remain on the skin until removed (albeit

partially) by washing?

6. Methamphetamine iassumed to bpresent on surfaces as a chemical film or
residue; soil and dusgiside the homa&vere assumedhotto becontaminated with
methamphetamine.

SHEDSMultimedia has separate inputs for contaminant concentration as a
Airesidueo on surfaces and as a constituen
assumed that methamphetamine is only present as a surface residue; the
concentration in soil and dusisidethe residences assumed to be zero. This
assumption is based in part on the relatively low octanol:water partition
coefficient of methamphetamine (I6g= 2.07). In the outdoor environment,
chemicals with partition coefficients this low do not adsedodily to soil and
translocate readily from the surface to groundwater if spilled onto soil.
There are no data available on the physical form of methamphetamine as a
contaminant inside a residence. A portion of the chemical may indeed be
adsorbed to sobr dust particles, but there is no basis for estimating the
percentage that is adsorbed to particles and the percentage thatSsneta

2See section VI (fAOther Sources of Uncer thatamtyo) for
and water as a means of removing methamphetamine residue from the skin.
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single distribution was used to characterize the sutias&in transfer of
methamphetamine residues, this assionpshould not have a material effect on
the exposure estimates generated by the model.

Justification for Parameter Valuesised in SHEDSMultimedia

SHEDSWood and SHED®/ultimedia have been reviewed on several occasions by the

FIFRA Scientific Advisory Pael. A report from a December 2003 meetmgthe use of
SHEDSWood to assess childrends exposure to re
chromated copper arsenic (CCA) stated,

It was the consensus of the Panel that, by and large, the best informatiorubn inp
variables at this time has been usedéEven
choices of distributional assumptions, overall the work seemed a reasonable

effort and a sound basis for risk assessment within the limitations of available

informatioré Even thouf one can question specific choices of distributional

assumptions, overall the work seemed a reasonable effort and a sound basis for

risk assessment within the limitations of available information.

To estimate exposure to surface methamphetamine resttii@supporting
methamphetaminspecific parameter values and distributions are not available, and it is
unlikely that they will become available in the foreseeable future. For this reasenal

of theparametewalues andlistributionsutilized for analysis of methamphetamine
exposurevere thevalues and distributions that weseovided with the modelvhich are
based on experimental data for other chemidalsomecasessupport forselectinga
particular value or distribution could be gained bynparing hesimilarity, or
dissimilarity,of chemical and physical properties of methamphetamititethe chemical
and physicaproperties of chemicals for which relevant data are available

Values for several parameters were adopted because¢neyidged to bénealth
protective anchot entirely unreasonabler because their effect on the total exposure
estimate was found to be minimal. For example, assuming 100% oral bioavailability of
ingested methamphetamine residues may indeed be conservatitiee effecof this
assumptioronthe SHEDSMultimediaestimateof exposurevassmall because the
ingestion pathway only accowutfor about 10% of total exposur&@herefore, even if the
bioavailability of ingested methamphetamhmed been assumed te 50%, the net effect
would be just a 5% decreasetietotal exposurestimate.Similar results were found
for several other parametershese are discussed in the secti@@ensitivity Analysis:
Evaluation of Changes in the Values of IndividBaramé&er on Estimates of Exposure
below.

Values and distributions for a number of exposure parameters were developed in
consultaion with Drs. Luther Smith and Graham Glen of Alion Science and Technology,
U. S. @Eimayxaentractor for development of th&lEDS-Multimedia model. The

far right column of parameter values taplable 3 notes several references to this
correspondence.
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Table 3. SHEDS Multimedia Model Version General exposure and dose factdbata & information supporting selected panater values and distributions

Variability Groups and Variable Descriptions Variable Units Defaul®® . Comments USEPA (2005;Table 10)
Distribution Parameters or Hore et al. (2006; Table 3)

1. Activity -related

a) Probability of having a vegetable garden [has_garden_p] [-] point 1 not applicableassume 0
b)  Probability of having a lawn [has_lawn_p] [-] point 1 not applicableassume 0
c) Probability of having a dog or cat [has_pet_p] [-] point 1 assume 0

2. Transfer-related

a) Soil-skin adherence factor [adherence] mg/cnt point 0 not applicableassume &
(soil pathway incomplete)
b) Body-surface fractional contact rate [contactb] hr? triangle min: 0 use default P. 61 Econtact, res, body & PP. 7071
mode: 0.36 values >1 account for multiple contacts
max: 1.08
c) Handsurface fractional contact rate [contacth] hrt triangle min: 0.6 use default P. 61 Econtact, res, hat & P. 70
mode: 1.2 values >1 account for multiple contacts
max: 1.5 see 12/15 & 12/19 notes from Dr. Glen
d) Fraction of body unclothed (nemand) [f_uncloth] [-] beta shapel: 3 same as SHED®/ood Pp. 61 Euncipoay; P- 70
shape2: 6.7 use default

e) Fraction of surface of one hand

that enters mouth [hm_fraction] [-] beta shape 1: 3.7 same as SHED®/ood P. 62 Enangmout; P- 73
shape 2: 25 use default 0.085 (Andefaudwt SHED
(mean = 0.13)
f)  Hand mouthing events per héur [hm_freq] events/hr triangle min: 0.4 useagespecific (1 to <2 yrs) Weibull: scale 6.93, shape 0.73
mode: 8.5 indoor data from Xue: p. 62 Nhm); p.74
max: 25.7 (Weibull; 18.79, 0.91 10 £ 7 (range: 118); Fregw

19.6 + 19.6 (mean * SD)

% These distributions and parameter values were included with the SHEDS model as received.
24 The log Kow for methamphetamine is 2.07, suggesting that methamphetamine doesdilgtadhere to soil particles.
®values for this paramtee r coul d al so-hhedbadetaohofimobt hdren O 24 mont hs<Z#months):snean ds, mhegianTl2, D5vali@eventsdadur ( 2002; Tabl
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Table 3. Continued

Variability Groups and Variable Descriptions Variable Units Default® . Comments USEPA(2005;Table 10)
Distribution Parameters or Hore et al. (2006; Table 3)
g) Dustingestion rate (indoor, direct only) [ingestion_indoor] mg/hour point 1 no dust datagssume 0
h)  Soil ingestion rate (outdoor, direct only) [ingestion_outdoor] mg/hr point 1 not applicableassume 0 p. 62 (Rsoi); pp. 722
i)  Objectsurface concentration raffo [object_ratio] [-] point 0 use uniform: 0 (min), not evaluated in SHED®/ood
0.2 (max)per infamation 0. SefquliiSHED® ) ; ok i O
from Drs. Glen & Smith see 12/19/06 and 1/16/07 notes
from Dr. Gken
j)  Objectmouth contact area [om_area] cm? uniform min: 0; max: 20 use exponential: 1 (min),
10 (mean), 50 (max) see 1/16/07 note from GlSmith
k)  Objectmouth contact raté [om_freq] events/hr point 0 use Hore et al. distributior?® 5 + 4 (range: 1.4 15); Fregy
I)  Objectmouth transfer efficiency [om _transfer] [-] uniform min: 0.1; max: 0.5 use default 0 . IefquliiSHEDS ) ; safeffi f
m) Residueskin transfer efficiency [transfer_dermal] [-] beta shapel: 0.6 use default references from Glen/Smith (12/15/06)
shape2: 8.4

% These distributions and parameter values were included with the SHEDSanodetived.

“AThis variable refers to the ratio of the mass | bhdi hgoof)chemthbhal masesi Hoaedbngaaofobhecsusfatengh
SHEDSMul t i medi a Techni cal Manual, page 38). Drs. Glen &a$mitvlars tadbtl ed, i n"We uc o moideé o i(tselet rimai ¥ amioad
the specific details of the peeleanup exposure scenario (e.g., whether or not toys and mouthable objects are disposed of or decontaminated to theerasaidtiogelevel as interior surfaces).

BValues for this paramettoyoodhdaalf s mthspablished byerdve € ml 2 Babia): tnéan 45 and median 39; 95% Cl on the medi@mvehts/hour

2 Assume lognormal distribution with arithmetic mean of 5 and arithmetic standard deviation of 4. See distribution ggr@rastal Ball. Paramet values cited by Hore et al. (2006) were based on-shidific microlevel
activity data obtaiRedtfcomet AppChichdiené&xPosure Study (CPPAES). Or i gimthabt e df & T-mauth)Eantad fee@uancyorates t ¢
cited by Paromita Hore seem reasonable to uso (12/19/06).
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Table 3. Continued

Variability Groups and Variable Descriptions Variable Units Defaulf® . Comments USEPA(2005;Table 10)
Distribution Parameters or Hore et al. (2006; Table 3)

3.  Removalrelated

a) Maximum dermal loading for body [dermaxb] ug/ent uniform min: 0.4; max: 2.0 assume point value: 0.01 see 12/15 & 12/19 notes from Dr. Glen
(10x fAdefaulto cleanup |l evel)
b) Maximum dermal loading for hantts [dermaxh] ug/ent uniform min: 0.4; max: 2.0 assume point value: 0.0% see 12/15 & 12/19 notes from Dr. Glen
(loxAidef aul td cleanup | evel)
c) Removal efficiency during bath/shower [remv_bath] [-] beta shapel: 17.1 same as SHED®/ood p. 62 Fpat); p. 74
shape 2: 5.1 use default 0.85 (Adefault SHEDS
(mean =0.77)
d) Removal efficiency during events w/o wafemv_dry] [-] point 0 assume &
e) Removal efficiency during mouthing [remv_mouth] [-] triangle min: 0 default apparently based p. 63 Fhmremoy & p- 75 (Mmean = 0.78)
(skin-to-mouth only) mode: 0.16 on Kissel et al. (1998) 0 . JefquiiSHEDS® ) ;fsa-kei
max: 0.32 use uniform: 0.1 (min),
0.5 (max}*
f)  Removal efficiency during hand washing[remv_wash] [-] beta shapel: 32 same as SHED®/ood p. 62 En); p. 74
shape2: 22 use uniform: 0.3 (min), 0.15 (ndefault SHEDS
(mean = 0.59) 0.45 (max§®
g) Mean # hand washes/day per person  [washprob] day* lognormal geo mean: 3.74 same as SHED®/ood p. 62; p. 74

geo std dev: 2.63  use default

%0 These distributions and parameter values were included with the SHEDS model as received.

1 Both 5(c) and 5(d) are variables that limit dermal lngd These limits, which are usually given the same value, apply to the sum of the chemical across all phases (sbiksidsenThey are included to prevent multiple
contacts from adding to the dermal loading indefinitely, i.e., whenthe maximoradi ng i s attained, no more contaminant can be tr armd lbadingrtoesdrfaceo s
concentration is one, meaning that skin loadings cannot exceed the surface concentration. Howeterssifiaeet cleanup standard is so low (1 ngowe have assumed the skin can accumulate 10x the cleanup standard. Dr.
Glendés note of 12/19 supports thisoulndgi a:eafsdynabr es wg g eriif the aeandfstandaricyangedetgnificantyc me changed i

%2 Assumed values for maximum dermal loading of hands and body are 10x the current target remediation goal for methamgsidtazsioa surfaces (0.001 pgRniThis assumption may need to beekaluated it is apparent

that the riskbased target cleanup goal is considerably higher than the current value

%3 This conservative assumption is based on the uneven texture of the skin, and takes into consideration the small nassaot tmading on the skithat is anticipated to occur under the pdsanup exposure scenario.

%4 See Zartdan et al. (2000), using dagenerated by Camann et al. (1p&dr saliva removal of chlorpyrifos on freshly spiked human hands. Theaiid of a 0.1 to 0.5 uniform digbution is 0.3, which is the default point value
adopted for the SHED®/ood model . Zartarian et al. (2000) state, oivlatl ied fe <tiiematyed otrhdtr e5 "% am eandiretseeca & ppredad ¢ cma
communication from Robert Lewis (U.S.EPA, NERL). The SHEBBS8od documentation also references a personal communication from R. Lewis.

*Based on Dr. Glenés note of January 16,sp®lldngtc. TheDdfareace fori SHED®adparaneterivaluas issWester ét al.g1993, in which tivd cencemteationsrodBenic i

mixed in soil or water was applied to skin of rhesus monkeys. Whether these data are applicable to methamphetamoretrdsiduess ki n i s uncertain-i noAlpdenpmemloamatiscri b e
Maibach (2006), where dermal absorption of some contaminants is enhanced by washing with soap and waterinTéféewiafr DEET (an amide with a logols neaty identical to that of methamphetamine) is very strong. If
thewasi n effect applies to methamphetamine, the value for firuéssmv_washo and fAremv_batho may be consid

Deember D, 2007 External Peer Review Draft Page29



Table 3. Continued

Variability Groups and Variable Descriptions Variable Units Defaulf® . Comments USEPA (2005Table 10)
Distribution Parameters or Hore et al. (2006; Table 3)

4. Doserelated

a) Absorption fraction for lungs [absf_lung] [-] point 1 not applicable
assume &
b) Dermal absorption rate/day for dus soil [absr_dm] day* uniform min: 0.001 not applicable
max: 0.3 assume 0
c) Dermal absorptio rate/day for surface residuedsr_dr] day* point 0.03 use uniform: 0.5 (min),
0.9 (max)
(preliminary UCSF data)
d) Gl tract absorptio rate per daydr dust or soi[absr_gm] day? triangle min: 0.01 not applicable
mode: 0.1 assume 0
max: 1.0
e) Gl tract absorption rate/day for sucéaresidugabsr_gr] day? triangle min: 0.01 assume 1
mode: 0.1
max: 1.0
f)  Bioavailability fraction for dust/soil [bioavm] [-] point 1 not applicabl®
assume 0
g) Bioavailability fraction of surface residuegbioavr] [-] point 1 assume ¥
h)  Elimination rate from the blood [elimr_blood] day* lognormal geo mean: 0.6 use defaulf®

geo stdev: 1.2

i) Molecular weigh mass ratio of the

metabolite to the parent compodhd [metab_ratio] [-] point 1 assume 1
5. Baths
a) Maximum number of days between bathgbathdays] days probability vectorl1: 0.75 same as SHED®/ood p. 75, Table 11
2:0.14 3:0.07 4: 0.0%; usedefault see also EFH, Table 1%

5:0.0% 6:0.0% 7: 0.01

% These distributions and parameter values were indlud the SHEDS model as received.

%71n the postremediation exposure scenario, airborne levels of methamphetamine will be extremely low becauseHT) imethrvolatile, (2) while methamphetamine base is volatile, it will have evaporated from thtoated
surfaces by the time a residential structure-sasupied, and (3) on account of the relatively loywkf methamphetamine base (2.07), adsorption of methamphetamine to soil and dust particles is not expeesegpandion of
surface dusis unlikely to generate significant airborne levels of methamphetamine.

% Significant adsorption of soil or dust is not anticipated given the relatively igwoKmethamphetamine (2.07)

%9 Assumption of 100% bioavailability based on (1) the high watebditjuof meth-HCl, (2) the low molecular weight of methamphetamine, and (3) the small mass of dermal loading that is anticipatedridesdber post
cleanup exposure scenario

“The current version of SHEDS incorporates a simple pharmacokinetic ntodsitimate blood concentration. The values for the elimination rate and the parent compound:metabolite MW massatdifectithe estimate of
absorbed dosg.uther Smith and Graham Glen, Alion Science and Technology, personal communication).

“I Theparameter is requirefdr the SHEDS pharmacokinetic mad toestimateblood concentration The primary metabolite of methamphetamine (MW 148 2mphetamine (MW 135.2), so this ratio is 0.&¢1humansa
significant traction of ingestemiethamphetame is excreted unchanged in the urineegNovember 2, 2006 Draft SHEDHRultimedia Technical Manual, page 39)
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PathwaySpecific and TotalAbsorbed Dosé&stimates Using SHEDSMultimedia

Absorbed dee estimates based on SHEDAuItimedia were initially calculated based on

a Aunito sur f aioneofOr0@ pgimethaephetamine/éntequivakert to

0.1 pg/100 crf), which is the cleanup originally developed by the state of Washington
and subsequently adopted by several states. The Washington standard was based on
technical feasibility, that is, thewest amount of methamphetamine that could be
reliably detected in surface wipes using a standardized sampling protocaiotlbésed

on in-depth analysis of the toxicity of methamphetamine or quantitative evaluation of
potential exposure to surface tim@mphetamine residues.

The model was run for a population of 100 childrehylears age. The exposure

duration was assumed to be 90 days, but assuming longer or shorted durations would not

alter the dose estimates because the residue concentratiosswared to be constant for

the entire duration of exposure and doses were calculated on adag/kgsis.

However,assuming a 9day exposure duration is advantageous because SHEDS

Multimedia generates graphical output of the-ttagay variation in absbed dose

estimatedor an individual, and this visual representation facilitates appreciation for the
variability of exposure even under f@Astatico

Since SHEDSMultimedia is a stochastic model, each run will gexte slightly different

results. However,in this application of the model, rtn-run variability is minimized

because mean daily dose estimates are based on 100 children and the surface

methamphetamine residue concentratiom fixed valuefor the enire 90-day exposure

period. Ther ef ore, the estimate of each chil dods :
of 90 singleday dose estimatgleading to minimavariaion between runs

Total and pathwayspecific estimates @fbsorbed dose are provitia Table 4,
reproducedlirectly from the computer image of the model outpAverageexposure via

all three completpathways (dermal absorption of methamphetamine residues on the
body, dermal absorption of methamphetamine residues on the hands, ahdnrafes
methamphetamine followingandto-mouth or bodyto-mouth activity was estimated to

be 0.012 £ 0.004 ug/kday (mean + SD)Percentile exposure estimates were 0.011,
0.016 and 0.021 mg/kday for the 50, 75" and 9% percentiles, respectivelyThe

relative contributions of each pathway to total exposure are shown in Figure 3, and it is
clear that dermal absorption of methamphetamine residues on the body is by far the most
significant exposure pathway, accounting for approximately 78%tedbtal absorbed

dose. Dermal absorption of methamphetamine residues on the hands, and inadvertent
ingestion resulting from hartd-mouth activity, account for the remaining 12 and 10% of
the total, respectively.

An example of the dato-day variation irthe absorbed dose estimatesa single
individualis shown in Figurd, with the black line representing total absorbed dose, the
blue line representing dermal absorption of residues on the body, green representing
inadvertent ingestion of residues on b@nds and body, and red representing dermal
absorption of residues on the hands. Note that all three pathways generally move in
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parallel with one another, so that days when exposure via transdermal absorption of
residueon the body spike upward are daylsenexposure via the other two pathways
spikeupwardas well. In this example, daily absorbed dose estimates for a single
individual range from approximately 0.002 t@24 pg/kgday, or about 1-2old. Figure

5 provides a second exampletio¢ day-to-day variationin absorbed doger an

individual. In this case the variation on daily absorbed dose is only affolat (0.005 to
0.035 ug/kgday), whilethe significance oinadvertent ingestion and dermal absorption
of methamphetamine residues on thedsasnot as pronounced as it is in the first
example. Comparing boys.girls, no dramatic differences weeapparenthe estimate
of absorbed dose wé@s0117 + 0.0039 pg/kdayfor boys and.01%5 + 0.0B9 pg/kg-

day (mean + SDfor girls*?

Note thatexposure viall other potential pathways (e.g., inhalation airborne
methamphetamine, dermal contact with soil and dust contaminated with
methamphetamine and subsequent transdermal absaaptianadvertent ingestiprs
zerobecause the concentrationméthamphetamine in the source media (e.qg., air, soil
and dust) was assumed to be zero. Justification for these assumptions was provided
previous sectionsf this report

“2|n this particular model run, absorbed dose estimates were made for 60 boys and 40 girls. This ratio will
vary from run to run; the sex of@achild is randomly selected by the model.
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CEX

EFiIe View Tools Solutions Window Help

v | = & @ DR 2 0&

Absorption: (mg/kg)
Baseline3April2007 N=100 Out.Dailymeans_mgkg

Selection: Males Females Ages 1 to 1 Ranks 0 to 99

Vaiable Labe vele [N [Man |3 [l e Lo |Foeroe |Pomaome | omcoe —
1 Ahzorption [takal) abstat 100 0.0000120 38996E-6 7.0008E-6 8.9385E-6 0.0000109 00000155 0.0000183 0.0000215
2 Ahbsgorphion in Gl ract (residue) absGr 100 1.2384E-6 5H3846E-7 39964E-7 BEOVIE-7 1.2324E-6 15671EE Z2083E-6 272EGE-E
2 Absorption from body (residue) absBr 100 9.3473E-6 322068E-6 G.0V6GE-E EB9742E-E 8.4547E-E 00000113 0.0000155 0.00007186
4 Absorption from hands [residue] absHr 100 1.4158E-6 5.5948E-7  V493E-7 9EG12E-7  1.316E-6 1.7304E-6 Z4G1GE-6 Z7V0OIE-6

4 of
l Close Iﬂ

Table 4. SHEDS output: total absorbed dose ardhpvayspecific doses of methamphetamine for a population of 100 chile2grears of age.
Surface residue concentration assumed to be 0.001 fig/cm

Deember D, 2007 External Peer Review Draft Page33



=, SAS - [Graph Output]
E} File Miew Tools Solutions ‘Window Help - 8 x
v | = & @ £ R = Q&
View Results
Percent Absomption: (mg/kg) By Patlnway
BaselnedAprl2007 N = 10 Oul Dadymeans_mogkg
Selection: Males & Females figes 110 1 Ranks O to PP
nem: 0.32%
FT.80%
Pathway H cody Residue I GI Tract Residue [ Hands Residue

Figure 3. SHEDS output: pathwagpecific doses of methamphetamasea percatage of total doséor a population of 100 children-2 years of
age.
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=, SAS - [Graph Output]
aFiIe Yiew Tools Solutions  Window  Help - 8 X

v | [~ & @ DEH £ 0@

View Results

Daily Time Series for Absormptiont (mg/kg)
Baseline3Aprl2007 Out AlPersonDays_mghg
Individusl:1 M Age:1 Rank-2 From 0UAN2002 To JTAR2002

Absoption: (mgrkg)

sE—6] | |

OlJAN2002 1SJANZ002 OiFEBZOR 1SFEBZOR CiMAR2002 WBMARZ002 OlaPR2002

Date

Variable Label — fbsorplion {otal) — Absorption from body {residue)
— fbsorplion from hands {residue) T Absorplion in Gl tract {residue)

Figure 4. SHEDS outputexample#l of pathwayspecific daily time series of absorbed methamphetamine dose ifudtigidual (a oneyearold
boy) over é@@0-day exposure period.
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Figure 5. SHEDS outputexample #2 gbathwayspecific daily time series of absorbed methamphetamine dose ifadigidual (a oneyearold
boy) over a 9alay exposure period.
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