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Testimony of Jack E. Houéenger, Associate Director, Antimicrobials Division
Office of Pesticide Programs
U.S. Environmental Protection Agency
Before the Consumer Product Safety Commission
Hearing on Chromated Copper Arsenate (CCA) Treated Wood
March 17, 2003
Introduction

First of all, I want to thank Chairman Hal Stratton for inviting EPA to provide comments
today at the Consumer Product Safety Commission’s (CPSC) hearing on chromated copper
arsenate (CCA) treated wood. We have invested a lot. of effort into the scientific review of CCA
and we have worked cooperatively with the Commission on this effort. We appreciate your
continued commitment to work with the Agency on this important issue.

My comments today will focus on three areas: first, I will provide the regu]atory_ context
of EPA’s pesticide program and how it relates to CCA; second, I will discuss the phase-out of
CCA in residential settings; and third, I will provide you With,the status of our ongoing work at
the Agency and in cooperation with the Commission.

Regulatory Context

EPA regulates the sale, distribution and use of all pesticides in the United States,
inciuding those chemical; that are used in agricultural crop production, those that are used
around the home to control unwanted pests, repellents that protect us from biting insects, and
antimicrobial products that are used to control the gmwfh of microorganisms In our environment.
Specifically, the Antimicrobials Division within EPA’s Office of Pesticide Programs is

responsible for the registration and reregistration activities of all antimicrobial pesticides,

including those products that are used as wood preservatives. CCA falls into this category of



anfimicrobial pesti.cides because it is used as a wood preservative to control wood-destroying
microorganisms. EPA’s legal authority to regulate pesticides is provided by two statutes: the
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA)Y and the Federal Food, Drug and
Cosmetic Act (FFDCA), both of which were amended by the Food Quality Protection Act of
1996. It is under the first statute, FIFRA, that we are given the authority to regulate wood
preservatives like CCA. The primary enforcement tool used to regulate pesticide sale,
distribution and use is the EPA-approved label. Labels are legally required to accompany every
pesticide product sold or distributed in the United States and instruct the user about such things
as where a pesticide product may be used, how to safely apply the product, how much product
should be used, as well as warnings and safety precautions to protect health and the environment.
In other words, the label is the law.

While FIFRA regulates the sale, distribution and use of the pesticide CCA, qualifying
wood treated with CCA is exempt from regulation under FIFRA (40CFR152.25(a)). However,
the potential risks of exposure from using treated wood is considered in our risk evaluation for
the pesticide. The Agency’s régulator,y approach focuses on ensuring the pesticide can be used
safely and that there will be no adverse effects to people or the environment provided the
pesticide was used according to label directions.

CCA, which was first registered in the 1940s, is being extensively reviewed by the
Agency under a rigorous program to evaluate all older pesticides that were registered for use
prior to November 1984. This program, called reregistration, ensures that the older pesticides
meet today’s higher scientific and regulatory standards for protecting human health and the
environment. Because the information and science about pesticides, and therefore our

understanding of the potential risks posed by pesticides, is constantly evolving, this program is



critical to ensure the decisions made to protect human health and the environment are based on
today’s more stringent standards and lmodem scientific assessment methodologies. The
reregistration process includes a multi-phase, public participation process where risk assessment
doéﬁments are shared in a open and transparent manner to afford opportunities for meaningful
input from all interested stakeholders.
EPA’s Regulatory Decision on CCA

EPA is reviewing CCA under two different tracks which will result in the most rigorous
risk assessment ever done on a wood preservative pesticide. One risk assessment is spectfically
considering children’s exposure at residential sites, pléyground settings and public parks. The
completion of this investigation of potential risks to children from exposure to CCA-treated
wood is a priority for the Agency. The other ﬁsk assessment, being conducted under the
Agency’s reregistration program, focuses on the uses that are not subject to the phase-out
agreement. We expect this risk assessment to be available for public comment this Spring.

EPA believes that all regulatory decisions on pesticides must be supported by the
strongest scientific methods and the most scientifically sound information available to ensure we
have a high level of confidence in those decisions. To that end, we have involvéd a number of
offices at the Agency to help with the review of CCA as well as soliciting peer review from an
independent FIFRA Scientific Advisory Panel (SAP) to guarantee our risk assessment techniques
are grounded 1n sound scieénce. The SAP met in October 2001 and recommended that the
Agency conduct a probabilistic risk assessment on CCA which provides for a much more robust
analysis than does a deterministic risk assessment. Probabilistic assessments have significantly
strengthened the scientific credibility of our regulatory decisions. We believe that the

probabilistic assessment that we are conducting will significantly reduce uncertainties associated



with our risk estimates. In addition, the SAP recommended that we seek better quality data on
potential children’s exposure to CCA in residential and playground settings. We have been
taking steps to implement their recommendations about our risk assessment and, in 2001, the
Agency began discussions with the Commission about ways to enhance the data upon which our
exposure assessment would be based. The Agency is also implementing the SAP
recommendations on exposure data which 1 will discuss a little later.

Transition to New Generation of Wood Treatment Products

In early 2002, the CCA manufact.urers, or registrants as we call them, approached EPA
about their individual decisions to voluntarily phase-out virtually all CCA residential uses,
including CCA intended for use in treating wood destined for decks, picnic tables, landscaping
timbers, gazebos, residential fencing, patios, walkways and play structures. EPA accepted the
registrants’ actions to phase out the residential uses of CCA which means that CCA will not be
used on residential type wood after December 30, 2003. The Agency applauded the registrants’
actions which will ensure that future exposures to arsenic are minimized in residential settings.
Further, the voluntary actions will substantially reduce the time it otherwise could have taken for
the review of CCA to go through the traditional regulatory process. In fact, many wood
treatment facilities are already well along with their transitions to products other than those
containing CCA for wood treatment purposes.

According to the regulations governing pesticide registration, the Agencjz 18 requiréd to
1ssue a final cancellation order to formally remove from CCA pesticide labels those residential
uses being voluntarily terminated. [This cancellation order was signed today and is expected to -
be annéunced in the Federal Register shortly.] The final cancellation order makés it illegal to use

CCA product bearing the new restrictive labels to treat wood intended for most residential uses



included in the registrants’ requests after December 30, 2003. Wood products that have been
legally treated with CCA will be allowed to move through channels of trade, but we believe that

will occur for a relatively short period of time.

Status of Ongoing Review of CCA

Even though the Agency reached an agreement with industry to phase out the uses of
CCA for treating wood used in residential settings, we are continuing the children’s risk
assessment process as well as our review of those remaining uses that are not part of the
voluntary cancellation/use termination. It 1s important to néte also that EPA has not concluded
that CCA-treated wood poses unreasonable risks to the public for existing structures made with
CCA-treated wood. We are continuing to evaluate potential risks from structures already in
place and will continue to evaluaté those remaining uses that are not included 1n the voluntary
actions.

We are moving forward with our probabilistic assessment of potential cancer risks to
children from exposure to CCA in residential settings and we are enhancing the information upon
which we will base our decision about such risks. In particular, three studies are currently
underway that will greatly beneﬁf our understanding of the levels of exposure that may be
possible from treated wood. The first study, a “surface residue i)ioavailability study,” will
examine thersurface restdues of arsenic on wood.and estimate how much of that residue can be
absorbed by the body from the wood surface. We expect final results from this study by the eﬁd
of Apnl. The second study is a “soil residue bioavailability study,” which will estimate the
- potential arsenic dose absorbed from soil contact and incidental ingestion throﬁgh the mouth by

children. Those results are expected this month. The third study of importance:is a “‘hand wipe



study” which will estimate the potential exposure to arsenic when the hand comes in contact with
treated wood and correlates this physical activity with potential exposure to arsenic. Results
from an interim pilot of this study have been feceived, but the complete study results are not
expected until late May. These data will be fully evaluated in developing a draft children’s nsk
assessment which we intend to take to our SAP for comment in December. We expect to reease
the draft children’s risk assessment publicly several weeks prior to the SAP meeting. We intend
to fully consider any recommendations made by the SAP in finalizing the risk assessment. An
additional study that we are collaborating on with the Commission and our .Ofﬁce of Research
and Development {ORD) is to develop data on the effectiveness of sea]aﬁ‘ts in preventing
exposure to residues of CCA on treated wood.

EPA expects to evaluate those uses that are not part 6f the voluntary cancellation through
the standard 6-phase public participation process established for pesticide reregistration. This
public process ensures active stakeholder participation throughout and the Agency intends to
include the Commission in our evaluation process.

The Agency highly values its collaboration with the Commission on the assessment of
CCA. AsI mentioned earlier, we began collaborating with the Commission in 2001 and have
maintained an open and constructive dialogue regarding the review of CCA since that time. The
Commission has provided valuable assistance in reviewing the study design protocols that will
generate new exposure information eXpected within the next several months. We wére offered
an opportunity to peer review the risk asseésment prepared by the Commission and will consider
it along with all the other information we have on CCA as we move forward in completing our
risk assessment. We fully intend to consult with the Commission on our CCA risk assessments,

including peer review prior to presenting the children’s risk assessment to our SAP.



Again, on behalf of EPA, I appreciate this opportunity to speak before you about our
review process for CCA. Given the Agency’s rigorous scientific and regulatory process, as well
as the actions to phase out CCA for virtually all residential uses, we look forward to assisting the
Commission in any contiming work on CCA treated wood. 1will be pleased to answer any
questions on EPA activities.

Thank you again for inviting me here today.
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I appreciate the exicnded tme and the opportunity to present our viewpoints here.

My name is Jane Houlihan, and { am the Vice President for Rescarch at the
Environmental Working Group. EWG is a non-profit environmental rescarch and
advocacy organization with offices in Washington DC and Oakland, California. We are
entirely foundation funded, we have no members, and we accept no industry or
government Money.

In May 2001 the Environmental Working Group and Healthy Building Network
petitioncd the Consumer Product Safety Commission to ban the use of CCA-treated wood
in playground equipment, because the research available at the time showed that arsenic
was a potent carcinogen, that arsenic 18 present at significant concentrations on CCA-
treated wood and in underlying soil, and that the health risks poscd by this wood are
greater than previously recognized.

Qince we submitted our petition, new studies show that children who regularly contact
CCA-treated wood face an even greater cancer risk than previously believed. These
jmportant studies were not used by CPSC in developing the risk estimates before you
today. In light of this new infonnation, we believe CPSC has substantially
undevestimated the cancer risk associated with CCA-treated wood.

Given the magnitude of risk, we disagrec with CPSC’s recommmendation to defer action
on this petition. Using muthority under the Federal Hazardous Substances Act, we
recommend that CPSC immediately ban the use of CCA-treated wood in new playsets, a
use that EPA estimates could continue for at Jeast another year unless CPSC acts. We
also recommend that CPSC immediately recall playsets on public playgrounds, and that
using their authority under the Consumer Product Safety Act, Section 15(d)(3), CPSC
require the treated wood industry to directly refund consumers who have purchased
CCA-treated wood playsers.

1. EPA’s New Assessment of B s
March 3 2003 the EPA relcased cancer risk assessment guidelines showing that
careinogens are more potent in early life exposarcs. Through its review of 23 peer-

reviewed studies of cancer incidence from the past 50 years, EPA. has detcrmined that
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infants up to age two are, on average, ten times more vulnerable to carcinogenic
chemicals than adults, and for some cancer-causing agents are up to 65 times more
vulnerable. The Agency also found that children from age two to 15 are three times more
vulnerable to carcinogens than adults.

Tn developing thesc potency factors the Agency cites as key evidence a new National
Cancer Institute study of cancer incidence from early life exposures to arsenic in lab
animals (Waalkes et al. 2003). Under its new guidelines, the Agency will require its staff
to incorporate these potency factors when assessing early life cxposures to chemicals that
cause genetic damage. These factors are not safety or uncertainty factors, rather they are
based on 2 review of the literature that showed that 82% of mutagens were more
carcinogenic when exposure occurred earliex in life and the median increased potency of
mutagens was 10. CPSC has not taken this new information into account in ifs risk
assessment, resulting in an underestimate of risk by a factor of about four.

. s e stud s early life susceptibility cancers caus
rsenic, and supports a linear rpodel for cancer risk. A 2003 study conducted by the
National Cancer Institute and National Institute of Environmental Health Sciences (NCI-
NIEHS) found that a brief 10-day drinking water exposure to arsenic in utero at 42.5 and
85 parts per million (ppm) causcd dramatic increases of malignant, benign and
precancerous lesions at multiple sites in the mice in later lite. Tumors sites included the
lung, liver, adrena}l gland and ovary. In addition, arsenic caused proliferative lesions to
develop in the uterus and oviduct. Some of the tumor sites, such as lung and liver,
overlap with known human arsenic target organs. Moreover, arsenic significantly
increased the incidence of developing any type of tumor, including malignant tumors,
which is also consistent with the hurnan epidemiology findings.

2
2

+

Waalkes ef al. suggest that arsenic is acting at the first stage of carcinogenesis as a tumor
initiator, or mutagen, because arsenic dramatically increased tumor incidence at multiple
sites following a 10-day exposure early in life. The short-term exposure argues against
argenic acting as a tumor promoter, which generally requircs long-term exposure and
shows reversibility of action when exposure stops. The early in Lifc exposure argucs
against aysenic acting as a tumor progressor because tumor progressors typically act on
cells that have already been neoplastically transformed, and progression, as a stage of
carcinogenesis, is typically associated with concurrent existence of benign or malignant
neoplasms. In summary, this new study supports prior decisions by various govemment
agencies to assume that arscnic’s mechanism of carcinogenicity produces a linear
response.

3, New data show high and persistent arsenic residue levels on hundreds of wood
_structures. Since November 2001, consumers across the country have tested 598

playscts, picnic tables, decks, and trechouses across the country, and In some cases the

arscnic—contaminated soil beneath them, through an at—cost testing kit sold through
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EWG’s website, www.ewg.org. The samples are analyzed by the University of North
Carolina — Asheville’s Environmental Quality Institute. The sampling method 1%
analogous to methods used by various government agencies in conducting residuc
sampling, and is included in this testimony as Attachment A. The results of the consumer
testing program show:

«  Arsenic residue levels on 295 playsets ranged from 0 to 960 micrograms on an
area the size of a four-year-0ld’s handprint (100 cm®), with a median value of 8.3
ug/100cm’.

+  Arsenic residue levels on 598 wood structures, including playsets, picnic tables,
decks, and treshouses ranged from 0 to 2813 ug/ 100cm”, with a median va]g}e of
9.0 ug/100cm’. On ten structures the residue level exceeded 500 ug/100cm™.

»  Older decks and playscts (seven to 15 years old) cxpose people to just as much
arsenic on the wood surface as newer structures (less than one year old). The
amount of arsenic that testers wiped off a small area of wood about the size of a
four-year—old’s handprint (100 square centimeters) typically far exceeds what
EPA allows in a glass of water under the Safe Drinking Water Act standard
(EWG 2002).

- Commercial deck sealants provide no long-term reduction in arsenic levels on the
surface of arsenic-treated wood. Scalants appear to reduce arsenic levels for about
six months, but surface arsenic levels on wood scaled more than six months ago
are statistically indistinguishable from levels on wood that has never been sealed.
Just after application, sealants begin to wear off through physical abrasion and
weathering. The highest arsenic level measured from 300 samples, 1053
micrograms on a 100 em® wood surface, was found on a Houston, Texas structure
sealed two years prior to testing.

These data show that CPSC bas severely underestimated risk to some children, by not
considering in their assessment the wide range of residue levels found on various
structures. The data also point to the importance of CPSC giving the public
comprehensive recommendations on mitigating risi from existing wood stractures,
including frequent sealing.

4. New study from EPA shows chi s '
often_than previously believed, Scientists from EPA’s National Exposure Research
Laboratory compiled statistics on detailed observations of mouthing behavior among
more than 300 children, and found that children put their hands in their mouths at nearly
twice the rate previously believed — on average 16 times pet hour for children over 2
years old, and 18 times per hour for children less than 2 years old. The study recorded
hand-to-mouth behavior a maximum of 48 times per hour. Also of note in this study are
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two frequent behaviors that could dominate risk but are not included in CPSC’s risk
assessment: mouthing of playset surfaces (ncan of 4 to 7 times an hour for the children
studicd), and mouthing of toys stores beneath playsets (such as sandbox toys), a behavior
observed on average between 42 and 56 timnes an hour. This study is included as
Attachment C.

m California shows the average residue on a hand-sized

stru soher than safe levels (defined as
-+ 1 in 1,000,000 cancer risk). On March 7 2003, Califoria’s branch of the BPA released
new arsenic risk assessments that show 2 dramatically lower “safe” level for arsenic in
drinking water than US EPA’s new standard, setting their public health goal for arsenic at
0.004 micrograms per day (4 parts per willion in water), 2500 times lower than EPA’s
new standard of 10 parts per billion, and 2000 times the average arscnic residue level on
100 cm’ of wood, California’s risk assessment adds to the growing number of public
health agencies that have confirmed the cancer-causing potential of very low doses of
arsenic.

€. Risk assessment incorporating new findings shows average excess Jifetume cancer
risk of 1 in 500 for childrep who play on CCA-treated wood three times a week. In
7001 EWG constructed a risk assessment model incorporating Montc Carlo tcchnigues
that account for vaniability in arsepic residue lovels, behavior patterns, and size of a child,
and that compute the spectrum of risk acxoss the population. We presented this model to
the EPA’s Scientific Advisory Pancl in October 200 1. The Panel recommended that EPA
adopt this modeling technique in their asscssment of risk from CCA wood, and the
Agency is moving forward with a Monte Carlo style asscssment. EWG’s model
roethodology is attached as Attachment D. When we incorporate findings from the new
studies described above, the model shows:

- One in 500 children who play on CCA-treated playsets three times a week are
expected to develop cancer from these exposures. ‘

.+ Ten percent of children who regularly play on CCA-treated playsets face an
excess lifetime cancer risk preater than one in 100.

Conclusion and Recomamendations. CCA in existing play structures is a public health
problem very similar in magnitude and certainty to lead paint. Both present sigmficant
health risks that last long after regulatory action banning their sale and use. Both have
been found to pose a greater health risk than believed when they were first sold. Both
disproportionately affect children. fn each case the regulated industries fought remedial
action after the ban, and in each case, failing to take this rcmedial action would have very
nearly completely undermined the effectiveness of ban. Imagine the uonecessary harm to
children that would have occurred had their been no remedial action to reduce lead
exposures after the ban on lead in paint. The same level of harm will result from a failure
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on the part of commissioners to force remedial action to recall CCA-treated play
structurcs on playgrounds.

We recommend that:

CPSC immediately ban the use of CCA-treated wood for new playsets.

L

CPSC immediately recall all play structures on public playgrounds, because these

facilities clearly present the greatest Jong-term risk to children because of their
fong life and heavy use.

- Using authority under the Consumer Product Safety Act, Section 15(&)(3), CPSC
require the treated wood industry to directly refund consumers who have
purchased CCA-treated wood playsets.

.  CPSC work with EPA 1o expedite studies of the effectivencss of sealants, and
Jaunch an aggressive consumer education campaign designed to teach people how
1o mitigate tisk from CCA-treated playsets and other structures.

1]
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Abstract

Arsanic is a known human carclnogen, but development of rodent modely of inorganic arsenic carcinogenesis bas been problenm
Since pestatlon is often & period of high sensitivity to chemical carcinogenesis, we perfarmed a ransplacental cnrcinogenicity stady in o
using inosganic arsenic. Groups (n = 100 of pregnant C3H mice ware given drinking water containing sodium arsenite (NeAsQ)
{contral). 42.5, and 83 ppm arsenite ad libitem from day 8 10 18 of sestatfon. These doses were wall twlerated and body weights of the o
during pestation snd of the offspring subseguent to birth were not reduced. Dams were allowed to give birth, and offspring were w.
st 4 weeks and then put into separate gender-based groups (n = 25} according to maternal exposure. lovel. The offspring recelve
additional arsenic treatment. The study lasted 74 weeks in males and 90 weeks in fermules. A complete necropsy was performed on ail .
and tissues were examinad by light microscopy in a blind fushion. In male offspring. there was a marked mcrease in hepatocelh
carcinoma incidenee in a dose- reluted Fashion (control, 12%; 41,5 ppm, 38%; 85 ppm, 61%) and in lver wemor muldplicity (wmors
liver: §.6-fukl over control at 85 ppm). fn males, there was also 3 dose-related increase in adrenal tamor incidence and multiplicity. In fema
olfspring, dose-related increases oceurred in ovarian wmor incidence (comtrod, 8%; 42.5 ppm. 26%: 85 ppm, 38%) and lung carcinonu
incidence (control, (195; 42.3 ppm. 4%: 85 ppm, 21%). Arscnic exposure also increased the incidence of profiferaiive lesions of the uteru:
and oviduet. These results demonsirate that oral inorganic arsenic axposure, as a single agent, can induce tumor formetion in rodents and
vstablishes inorganie arsenic av 3 complets ransplacental carcinogen in mice. The developsaent of this rodent model of Inorganic arsenic
careinogenesis has important implications in defining the mechanism of activn for this common environmental carcinogen.
£ 2003 Tlseviar Sciance (USA). All rights reserved.

Keywords: Arsenic; Carcinogencsis; Transplocental, Animal Models; Mice

"Introduction

Inotganic arsenic is considered to be one of the highest
priority hazardous substances in the United States. This is
largely because of concern with the metalloid’s earcing-

¥ Curresponding author. Navional Cancer Institnie at the National In-
stitu of Enviconmental Health Seiepccs 117 Alexander Drive, P,O. Box
12233, WD FO-09, Rasearch Trangle Park, NC. 29709 USA. Fax: +1-
915-541-397).

E-prail address: walkes @ nichsnib.goy (M.P. Wanlkes),

ganic potential after environmental exposure {Bates et al.
1992; IARC. 1987; Kirchin, 2001: NRC, 1999: Pott et al.
2001; Simeonova and Luster, 2000; Smith et al., 1992}, It &
quite clear har exposure 1o inorganic arsenic in humans i:
ctivlogleally linked to tumors of the skin, bladder, lung
liver, prostate, and possibly other tissues (Bares et al., 1992
IARC, 1987. Kiwchin, 200]; NRC, 1999 Pott et 1l
2001; Simeonova and Luster, 2000; Smith 21 al, 1992). Tt
addition, many studies in human populations have show:
clear dose—response relationships betwesn environmenia
arsenic levels and cancer incidence (Bates et al., 1992

004 [ QNIX/D3/F ~ see Front motter © 2003 Eiscvier Science (USA). all rights reserved.
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Kichin, 2001, NRC, 1999 Pott ot al.. 2001: Smith et al.,
1997,

The main source of environmental arsenic exposure in
most populations is the drinking water, in which Inorganic
forms of arsenic predominate (Bates et al.. 1992 NRC,
1999; Pott et al., 2001; Smith et af.. 1992). The inorgznic
forms of arsenic include the trivalent form, arsenite, and
pentavalent Forin, arsznare. Clearly, assassing the risk from
exposure 10 inorgatic arsenic in water supplies Iz 2 key
1ssu: facing the sclzntific community. High levels ol arsenic
in the drinking witer can be found in areas within many
countries, including Taiwan, China, Chile, India, Mexico.
and Bangladesh (Bates et al,, 1992; NRC, 1999; Fou e al.,
2001; Smith ¢t al. 1992). but it is becoming evident that
even the more moderate Jevels of arsenic typicaily found in
the United States may pose a significant health risk to
humuns (Lewis et al., 1999; Morales ¢t al., 2000). Indeed,
studies i hamans suggest thal the sisk posed by arsenic in
ihe drinking water in the United States may be comparable
to that from cavirenmental tobacen or radon {Morales et al.,
200303,

An Important aspect of appropriately assigning the po-
tential degres of hazard pused by a given level of exposure
to any cateinogen is a knowledge of carcinogenic mecha-
aisms, which helps o define appropriate models for risk
assessment, partcularly at lower levels of exposwre. Gen-
eration of tmors in animals can be an jnvaluable aid in
defining carcinogenic mechanisms. In this regard, while
exposure to inorganic arsenic tn humans is clearly carcino-
genie (TARC, 1987, NRC, 1999), carcinogenesiy in animals
resvliing from exposure to inorganic wrsenie, when given ag
“u single agenl, has been difficulr to demonstrate convine-
ingly (Kitchin, 2000; NRC, 199Y). Indeed, it is thought that
the definition of the mechanism or mechanisms of arsenic
carcinogenicity has been impeded by a lack of cleur rodent
models (Simeonova and Luster, 20003, However, there has
been some very important recent progress made in the
development of rodeat models of inorganic arsesic carcino-
genests involving coexposure o other carcinogenic teat-

ments (Germalec e al,, 1997, 1998; Rossman et al., 2001)..

This incledes studies using Te AC (H-ras mutated) trans-
penic mice in which skin tumors are generated by co-
exposure to arsenite in the drinking waier and dermal ap-
plication of 12-O-tetradecanoyl phorbol- 13-acetate (TPA;
Germolec et al., 1997, 1998). In addition, the incidence,
multiplicity, and agpressiveness of tumors induced by ul-
traviolet radjation in the skin of hairless mice is markedly
increased by inclusion of arsenite in the drinking water
{Rissmman et al.. 2001). These mousce skin models (Ger-
molec ot al, 1997, 1998; Rossman et al., 2001) represent
very imponant advances and would point to copromotional
or cocarcinogenic effects of oral inorganic arsenic, both of
which could be important elements in dermal carcinogenic-
ity of the metatlotd, particularly as the skin is a human rarget
site of arsenic carcinogenesis (NRC., 1999). Nonetheless,
inorganic arsenjc when given slone did not result in tumors

2022322592

ol the skin or anywhere else in either of these two model

systems (Gennolec et al, 1997, 1998, Rossman et al,
2001}, and the requirement of Loexposure to tumor-causing
treatiments {Le.. TPA or ulravioles radiation) for wmor
development 1o occur certainly complicates defining the
precise contribution of arsenic in these weatment scenarius,

Inorpanic arsenic is meshylared in humans and most
rodents, forming first 2 monomethylated and then a dim-
ethylated  {dimethylarsinic  acid;  DMA)  compound
{ Aposhian, 1997; Kitchin, 2001; NRC, 1999; Thomas et al.,
2001). In this regard, a recent series of chronic carcipoge-
nicity studies in rots with DMA (Wci ct al, 1998, 1999;
Yamamolo ¢t al.. 1995, Yamanaka et al,, 2000} has pro-
vided siznificant progress In our understandlag of the car-
cinagenic potential of this methylaed arsenic species (Ke-

. nyon and Hughes, 2001} For sostance, DMA Ircatment can

cause tumor promotion ip the urimary Bladder, Bver, skin,
and Ildnay in rats after imitiadon with a variety of potent
organic carcinogens or by iradietion (Wei et al, [995;
Yamamoto et al, 1995; Yomanaka et al,, 2000). Furthee-
more, long-term (=-2 years) exposure lo DMA in the drink-
ing water can act as 3 complete carcinogen in rats, inducing
transition cell carcinoms and papilloma of the urinary bled-
der (Wel et al. 1999), a target tissuc In homans {(NRC,
1999). However, an issue with these studies is that. although
DMA is generated frum inurganic arsenic in humans and
rodents, it s, of course, not the actual agent to which
humans are exposed. since methylated species would rarely
occur in drinking water (NRC. 1999). Clearly. whether
chronic oral DMA exposure precisely duplicates the phar-
macokineties or toxic manifestations of chronic oral inor-
ganic arsenic exposure in all its terget Gssucs is an open
questien (Kenyon and Hughes, 2001). In addision, there are
rat-specific, blood-bome arsenic-binding proteins that are
absent in humans and other rodents, such as mice, that
dramatically alter biokinetles and tdssue dosimetry of both
inorzanic arsenic and DMA (Kenyon and Hughes, 2001;
NRC, 1999; Pott ec al., 2001}

Thus, although significant recent progress has been
made, the developmeat of rodent models of inorganic ar-
senic carcinogenesis clearly dessrves additlonal wiention,
In this regard, gestation in rodents is eften a period of high
sensitiviry to chemical carcinogenesis, with a variety of
malemal exposures resuling in wmor formation in the off-
spring. This includes trapsplacental carcinogenesis induced
by inorganics other than arsenic, such as lead (Waalkes et
al., 1995), cisplats (Diwan er al., 1993, 1995), and nickel
{Diwan et al., 1992). There is at least one case report in
humans in which maternal inorganic arsenic exposure from
the therapeutic use of Fowler's solution during pregnancy is
suspected as a cavsc of multiple skin basaliomes (2 typical
form of skin cancer induced by arsenic) in a 32-ycar-old
man (Aldick and Fabry, 1973). Arscnic appears 1o readily
cross the human placenta, producing arsenic concentrations
that are similar in cord blood compared to marernal blood
(Concha et al., 1998). Arscnic given 10 maternal animals

6% F.14
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also moeves veadily #CrOsS ihe placenta and sibstantial con- - Qince the C3H mice nppf:ared 10 be more sensitive than the
centrations of arsenic have becn mecasured in a variety of other Dwo slrains ko e ransplacenial Loxicity of norgenic
! dssues in the embryoffewus {Lindgren et al. 1984; NRC. arsenic, they were selucted for the chronie stdy, In addi-
i 1999). Significant wransplacental transtes of argenic ocCurs tion. since the preliminary resting indicated 100 pom ol
i in all perods of pestation and after orul exposure in mice arsenic in the drinking water during this penod of preg-
} (NRC, 1999). Thus. the wansplacental Toule s clearly 2 nancy was unpatatable and provided evidence of an adverse
\ plausible mode of cxposure tn HUMARS. Thercfore, we pef- etfect (—10% reduced growth) in the resulting newborns in
i formed 2 Lrnnsplacenml carcinogenicily study in mice in the C3H mice, Jower doses wer: sclecied for the chronic
: which pregrant animals were briefly exposed 10 well-toler- study.
:i ated levels of sodium arsenite i the drinking water and he Thus. a total of 30 timed primigravid female C3H mice
; offsp.ing were subsequently examinad for tumor develop- were randomly divided intd three groups of 10 sach ant
qent in adulthood. The cesnlts show that inofganic arsenic, given drinking watet containing sodium arseniie ol 0 (cow
\ as 6 single agent, trouced tumos af multiple sitcs incloding trol), 42.5, or 85 ppm arsenite ad libitom from day 8 w 1t
i the Yiver, adrenal, ung. and ovary after transplacental ex- of gestation. Dams were allowed 1o give birth. and litter
: posure and extablishes inorganic arsenic as a cornplets where culled 1o no most than eight af four days postpariam
: transplacental carcinogen 10 mice- : Offspring were weuned at 4 weeks and then randomly pu

| into scparate groups (n = 23) of males and females accorid
ing t©© maternal expasue tevel, The offspring received ne

[ Materials apd methods additivnal arseaic treatment. The dams were discarded afte
' ; weaning and the offspring were absceved for the next 7
':_ Cherpicals (males) of 90 {fernales) weeks.
i _
! Sodlum arsenite (NyAsO,) was obtatned From Sigma Clinical data
i Chemical Co. (St Louis, MO) and dissotved in sterile dis-
! tilled water w0 the desired concentrations in the drinking . fndividugl dam body weights were recorded Detwec
? water as parts per miilion arsenic. days 8 and {8 of gestation. Waler consuraption of the dar
X was recorded (in mi pet mouse) during the arseme cxposdt
i Animals and trearmenid peciod on days 16 and 18 of geswation. Individual neona!
1 _ weights were recorded at birth and at l-week intcrvo
. Animel care was provided in accordance with the U.S. dherealter until weaning (week 4), Afier being placed 1ot
. Public Health Policy on the Care and Use of Apimals a3 the appropriate gender-based Treatment gronps, the bod
i defined ip the Guide (o the Care and Use of Animals (NIH weights of the offspring were recorded ar weekly imerva
. publication No. 86-23). Mice were housed in a standard uatil experimenial week 96 and at monthly intervals ther
: barrier facility, al @ (gmperawlre of 68-72°F and with 2 after. In the otfspring, clinical signs were checked daily 2
' celarive umidity of 30 = 5%, and 2 12-h lighudark eycle. mice were cuthenized when significant chisical signs deve
A basal diet {NIH-31 Open Formula, 6% Modified; Teklad oped or at 74 (yuales) or 90 (fernales) experimentst weeh
Sandard Dicts, Madison, Wi and water (onmodifted of Assuming the pregnaat animals weighed 40 g during 1t
modified as balow) werd provided ad libimm, The NCI- exposure period (meusured average in control pregné
Frederick apimal facility, where the biepsy portion of the mice was 40.04 = 1.18 g on geswlion day 18) and €o
present study was conducted, and its animal program are sumed 9 m} of drinking Watr per day {measured average
aceredited by the American Association for Accreditation of confrol pregnant mice Was g .08 * 0.25 ml on gestation d.
Laboratory Animal Csre. Mice were obtained from the 18) the dosage Jevels of 42.5 and 85 ppm arsenic wou
Animal Production Aré2, NCIL-Frederick, Animal Prograrm; have tesulied in @xposures of §.55 w 19.13 mg arsenic/t
Eraderick, MD. ‘ day and a tow] dose of $5.6 W 191.3 mg arsenic/kg to i
Preliminary shott-term testing to define dosage levels maternal-fetal sysiem. With a biological half-life of int
utilized timed pregnant C3HMeNCr (C3H). C37BL/GNCE, ganle grsenic estimated af about 4 days (NRC, 1999). sot
and BOCIFINCr mice (8 = 5 o 7) that received sodium wranslactational exposvte of the offspring © arsenic M
arsenite (NaAs0,) ad Jibiturn in the drinking waicr at 75 and have occurred with the current protocol.

106 ppm of arsenjc from day 8 of gestation through ©
delivery (day 21). The higher dose of arsenic (100 ppm) Pathology
reduced maternal water consumption (~20%) in al} strains,

but the lower dose (75 ppm) had no such effect. Arsenic A complete necropSy wis performed on all morby
exposure induced small depresstons of newborn body animals, animals found dead, or on mice at eeminal eud
; weight (reduced $.9% compared W control} and crown— nasia. The following tissues Were taken and processed
! rump length {reduced 4.9%]) at the 100 ppm dosage only in standard technigques for histological analysis: gonads (v’

C3H mice but ot in BOECIFIMNCE or C37BLIGNCr mice. fics or tesles), LieTus. oviduct, liver, kidneys, lung, adrer
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spleen. thyrold, thymus. skin, and all grossly abaormat i

liseues. Tissucs were fixed in (0% neuiral butfered forma-
Hn. embedded in paraftin, scetioned at 3 pm, and stained
with hematoxylin and eosin for histological annlysis. All
pathalogicul axsexsments were performed in a blind tushion.
The vast majority of all tumours observed in the current smdy
secutred after 26 experimental weeks, well after the mice
had reached adulthood.

Derie i vsis

Dauta are given as incidence (number of affectad mice per
totn] niice availabie for examination) of as mean = SE, as
appropriste. A probability lovel of p == 0.05 wes consldered
to indicute o significant difference. [n defining the incidence

of mice bearing benign or malignant mmors in cases of -

mltiple tumaors in the same [issue, the anlmal is assipned ©
the appropriate group based on its most advanced lesion.
Tissue-specific total wmor incidence i defined as those
mice beacing at least one benign or malignent wmor in 2
given organ. Total proliterative lesions (TPL) are defined ux
the ircidence of mice bearing elther u tmor or 4 sigmficant
preneoplastic Jesion (hyperplasia) In o given organ. Tumor
muldplicity is defined es the number of twmors per mouse
either of a paricular organ or at any site. In pairwise
wmpqnson of lesion inctdence, 2 one-sided Fisher’s Exact
rest was used. For mulliple comparisons of mean wmor
multiplicity data, two-sided. unpaired Smdent’s 1 tests with
Bonferroni comections were nsed. To analyze dose- relutod
wends, 4 two-sided y sguare test for end was used. Sur-
vival was examined with the methods of Kaplan-Meier and
Cox and only considered diffcrent from control if buth wsts
were signilicant, Incidence is hased on numbers of animals
avaitable for abscrvatlon. and any loss of animals to obses-
vation was due primarily to autolysis that was considered
wa advanced For appropriate diagnosis.

Results

Pregnant C3H mice were treated with 0 (control), 425,
or 5 ppm arsenic as sodiurm arsenite in the drinking watcr
from gestation days § to 18 and carcipogenic Tesponse was
evaluated in the resulting offspring. Maternal depking wa-
ter consurnption was not altered by the inclusion of arsenle
in the drinking water. For instance, on the last day of
ireatment {gestation day 18) control mice consumed 5.08
0.25 m! per mouse (o = 5; mean = SE) compared o 3.86
= 0.27 and 872 * 0.27 ml per mouse in the 42.5- and
§5-ppm arsenic groups. respectively. Arscnic exposure did
not alter body weight of the pregnant mice as. for example,
on day 18 of gestation where control mice weighed 40.04 =
118 g (n = 5. mean * SE), mice rcceiving 42.5 ppm
arsenic weighed 40.68 + 1.01 g, and mice receivirg 85 ppm
arsenic weighed 41.22 = 0.36 g. The wansplacental expo-
sure to arsenic did not reduce body weights in any group of

offspring over the cowse of the experiment (data not
shown). For instance, at & weeks of ape (weaning) hody
weight in femule offspring (2 = 25 per group) was 17.3 2
1.4 g (mean = SE) in controly, 17.0 = 0.9 ¢ inthe 42.5-ppim
group, and 17.4 % 0.7 g in the B3-ppm group. while in mule
oftspring it was 20.6 = 0.6 ¢ in controls, [9.5 % 1.0 g in the
42.5-ppm group, and 216 = 0.9 ¢ in the 35-pprn group, All
these data cstablish the doses nsed in the present study os
being well tolerated o both the matemal animal und the
resulting offspring.

Because of a loss in the number of surviving animals
gfrer 52 exparimental weeks in the grovp of mule otfspring
expused to the highest wsenic dose (85 ppm) during gesta-
tion, due largely to malignant hepatle fumors (see below),
the study in male offspring was wrminated at 74 weeks (Fig.
1A). Because sivival was not different between groups, the
study in femalz offspring was carrled out to its original
intended Bme point (90 weeks; Fig. 1B).

Transplacental exposure t© arsenic induced a marked,
dose-related tncremse o inctdence of hepatocellular carci-
norea formation in male offspring (Tuble 1), In fact, there
was 4 4.9-fold increase over conteol tn hepatocellular cur-
cinoma incidence ut the hizhest arsenite dose (83 ppm}. The
incidence ol hepatic sdenomp was unaltered by arsente
rreatment (Table 1. although many animals bearing adeno-
mas also had carcinomas. which placed them insto the latter
category, as the categorization of tumor incidence was de-
termined by mest advaaced tesion in the lndivideal arimal.
The incidence of hepatic timors of any type (10tal EmOrs)
was also elevated 2.1-Told over control at the highest dose.
Liver temot multiplicites for adenoma, corcingma, or total
tumors were all increased at the highest dose of arsenic (85
ppm). Very strong. dose-related trends occurred for hepa-
toeelinlar carcinomy incidence, totad tnor incidence. and
sdenoma multiplicity. hepatocslintar carcinoma muldplic-
ity. and total tumor multiplicity. In female offspring liver
tmar incidence and multiplicity (not shown) were unal-
tered by arsenic exposure. Control females (n = 25) had five
cases of hepate adenoma, and a0 carcinoma, Arsenle
treated females in the 42.5-ppm group (n = 23) had three
cases of adenoma and one carcinoma, while in the 83-ppm
group (n = 24} three: adenoma and ong carclnoma occurred.

In male offspring, transplacental exposurc 1o arsenic also
induced a marked increase in adrenal cortical twmor tnei-
dence and multiplicity (Table 2). Tumer incidence and
tmor multiplicity were increased 2.4- and 2.2-fold over
control, respectively, af the highest dose of arsenic (35
ppm). Stong. dose-reluted trénds oceurred for both wmor
incidence and multiplicity. Tumors were exclusively corti-
cal adenomas. Only one adrenal twmor occurred in femates.
specifically an adrenal cortical carcinoma in the 42.5-ppm
arsenic group.

In female offspring, transplacental arsenic exposure in-
duced a marked increase in ovarian tumor incidence (Table
3). Incidence was increased 2.2- und 4.2-fold over control at
the 42.5- and 85-ppm exposurc levels, respectively. A
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whep morfbund or of wrpingd euthanasiy.
of[spring.

strong. dose-reloted trend in incidence of ovarign tWMOrs
also oceurred, Three of 15 wmors Were carcinomas in or-
senic-exposed antmals. Controls had one adenoma and a
benpign granulosa cell tumor. The 42.5-ppm treatment group
had three sdenomas, one adenocarcinoma, one benign gran-
wlosa cell wmor, and ope malignant granulosa cell fumor.
“The 85-ppm trealment group had seven adenomas, one
luteoma, and one hemangiosarcoma.

malignant Wmors (Table 4).
carcinoma was signl
apsenic in females. Addit
trend also occarred for pu
females. In males only three

adenoma and one hemang
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Fig. ). Bffect of mruneplacental arsenite exposUES a1 @ feontrol). 42.5, o7 83 ppm i the maternsl drinking waley on survival of the

ficantly increased
onally, a strong
Imonary carcinoma incidence

resultant offspring. Mater
for tumors. Antmals were guthuni.

n =725 for male {A) and female

Transplacental arsenic exposure enhanced lung tun
development in femole offspring, particularly with regard

The incidence of pulmon:
at the highest dose
dose-depend

Jung tmors—two pulmon
;osarcoma-—occurred, all
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Tuble 1
Liver tumns 1n male offepring afler wansplocental arseniic exprsire

Group ) Tomer inidence Tumor multiphicity (mmarshivuse}

Adgnoni Carctnoma ‘Fotat mmors At Carcynnmy Total tamers
Contral {7 = 24} 7 3 16 071 2022 13 = h)7 0.87 = 0.75
42.% ppm [n = 21} 3 g Hl 141 = .49 042 = 013 LR = 034
85 ppm bn = 23} G 14 20F 3160 L0958 1.30 = 0.28 431 = g9
Trend p = r— 0.0006* uootTa> <0000 nonn3- <0000~

Muie. Proznant female mive wene exposed 1o sadium arsenite at dhe indicgtad doses in ppu arsenic from duys B 18 af geswtion und mimors were assessed
in the offspring, Sample size §n) synas number of mice aveilable for patholegical analysis. In defining the Ingidener of Benipn or maliznant imors i cases
ot multiple Wemors tn 1 same tssuc. the antmal was assigned o the uppropriste Zroup based on its mast advanced lesion. Toral wrror incidence is defined
48 thosz miee bearing ot least one benipn or malignant hepatic tmor, while tal immor multiplicity includes bath aderams and carcinnmn, Tumers were

exclusively hepatocsiintar in e

* Siznthcamly different From comirol valucs or a stgrifiesnt dose-related wend. A number of animals hid both wlennma and carcinoma, incluling 2 cases
in the sontrol grovp. § cases in the 42.5-ppm arsenic peoup. aod 14 cases In ihe B5- ppm arsenic group, maldng the nomiaal rag for wienoma V23 {37.3%)
in conteod, W21 (42.8%) of 42.5 prow. and 20033 (87.0%) ar 85 ppon. The nominal rate of sdenomy inciheior way thus siznilicamly Ip < 401} inercascd

aver el ut the 33-ppin wrsepic expesie favel.

which were observed in the high-dose arsenic group (85
ppm). A significant tread (p = 0.0306) occurned for inci-
dence of wial lung wmors in males (control: O wmors/24
mice; 42.5 ppm arsenie: (210 85 ppin arsenic: 3/23).

Transplacentz) ¢xposure 1 arsenic induced 'z marked
increasc in utenne hyperplasia (moderate to severe) and in
TPI. (incidence of mice bearing either umor or moderate Lo
severe hyperplasia) at both doses (Teble 5). Very surong,
dose-related trends occurred in the invidence of uterine
hypurplasia and TPL. Tumors included adsnomas, earcino-
mas, and sarcomas while hyperplasia was exclusively epi-
thelial and cystic in naure. Although age-related wild hy-
perplasia of the uterine epithelium was seen in control mice,
more severe hyperplasia occurrad only seldomly.

Following transplacenta exposure to arsenic. a marked
increase in hyperplasia and in TPL of the oviduct vecurred
at the bighest dese (85 ppin) in female mice (Table 6).
Strong, dosc-related trends occurred in the incidence of
oviduet hyperplasia and TPL. One treawed (85 pprn) mouse
had a large oviduct adenoma. A small oviduct adenoma also
oceuired in a control animal,

Table 2

Adrenal tumors in mule offspring after waneplacental arseaite exposure
Group Tncidence Multiplicity
Control (x = 24) 9 0721 £ 020
42.5 ppm {n = 21) [N LI =022
85 ppm (n = 23) =113 157 2 032%
Trend p = ' Q001 0.016*

Note. Pregaant fermale mice were 2xposed to sndium erseniwe 2t the
indicaied doses in ppm arsenic from days 8 w 18 of gestation and wmers
were agsersed in the offspring. Sample size (n) equals number of mice
available for pathologicsl analysis. Tolal wmer incidence is defined as
those mice bearing at J2ast one adrenal wmor, while rrmor multiplicity is
number of adrenal wmares per mouse. Tumor were exclusively adrenal
cortical adengmas,

* Significantly different from conirol values or u significunt dosg-relaied
trend.

Thyroid wmor incidence in fermale mice exposed trans-
placentally 1o 42.5 ppm arsenic (7 wmors per 23 mice)
approached significance (p = 0.0516) compared to the in-
cicence in controls {2/25). Tumors were exclusively foltic-
vlar cells adenomas in controls but included six adenomas
and one adenocarcinerna in the 42.5-ppnt arsenic group, No
thyrold wmors occurred in female mice in the &5-ppm
arsenic group or in male mice regurdless of weanment group.

The incidence of mice bearing at least one twinor of any
type or at least one malignant tumor of any type in any
dssue is shown in Table 7. In male mice there were signif-
icant increases in mice bearing at least ong wmor and in
mice bearing at least one malignans mer at both doses of
arsenic. In fact, mallgnant wmor incidence of any type in
male mice was markedly increased over coatrol at 42.5 ppm
arsemic {3.4-fold) and 85 ppm arsenic (4.9-fold). There were
also strong dose-related trends for male mice beanng ar
least one tumes or at least one maliesant turmor. In female

Table 3 )
Crvarian umgr incidence in female otfspring afier transplacenral
Ars&nle cxpusare

Group Tovideaue
Benign Maliganar Total -tumorr.
Control {r = 25) 2 0 2
425 ppro (n = 23) 4 2 &
85 ppm in = 24} g i P
Treed p = 0.025*% 0456 0.015%

Neme, Pregnant female mice were exposed 1o sodivm arsenite at the
indicuted doses in ppm arsenie from days 8 o I8 of pestation and wmers
were asgessed in the offepring, Somple size (#) cquals number of mice
available for pathotogicul nnalysie. Total tumor incidence is defined as
those mice beacing 2 Benign or matigrant pvarian fumor, No mouse hd
more than one ovanun (umoar. Specific tumor type s dexeribed under
Resulrg, .

* Significantly different from control valucs or A signifleant duse-reluted
trend. The comperison of o1l tumer incidence between control and 42,5
ppm arsenie approach significance (p = 0.098).
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Table ¢
Lunp tomor incidense in female otfspring aher wunsploceul
ArsEnie CXPUNG

Cooup Adrnoma Carcinomnta Futal wmors
[:l:mtrnl (= 23] 7 Q 2

42.5 ppm (v = 1) 2 1 3

35 ppm (= 24) 1 b ]

Trerd p - 0.5086" 0.000

e e m———

Netg, Pregramt female mice were exposcd (0 sodium arsenite 2t the
indicatcd doses in ppin ersenic [om dave R1o 1B Of pestation and wenors
were ssscsset in the offpring. Sampie size (7} cquils number of mice
svwilubte Tor puthnlogieal ana)ysis. Totsl mmor ineidence is defined as
Jhase mise braring a bemgh of malignant Tung oL Mo mouse ket more
Mhan pac Jung tumar, Speaific tomor ype is deseribed under Resuls.

* Sigaifizanty different from control values or a fignifeant dorse-related
wend. The comparison of Wial tomer racldence between vontrol and 423
ppm arsgai; approach significonce (p = 0,110}

mice, there were significant increases in ice bewing of
least one matgaant mor al hoth doses of arsenic. Malig-
aant tamor incidence of any TYpe in female mice was in-
crcased over contro} sl 42,5 ppm atecnie (4.9-fold) and 83
ppwm arsenic (4.2-Foldy. A significant dose-related trend for
female mive bearing al least one malipnant tumor alse
pceorred.

Transplacental arsenic eXposure also bed dramaric ef-
t2ets on tumor wultiplicity of any organ ({wmors pef MOLSE)
or malighant umor multiplicity of any organ (Fig. 2). In
raale mice, the average numbet of umors per mouse and of
roalignant Wmor pef MOUsE Wers significantly increased at
both doses of arsenic and showed strong (p < OO
dose-related wrends. 1o female mice, the average pumber of
malignant UmMOS per MOonse Was significantly increased 21
both doses of arsenic and showed a significant {p = 0.0082)
dosa-relsted trend, Cyther bamors occurred in sites that were
apparently not modificd by meaiment In female mice this

Tuble 5
Uterine tumor and proliferative Jesion incitence in female offspring
afier trunsplacental arseniic sLposure

Group ' Jneidence

Hyperplasin Tomar Towl proliferative

icsions
Conrol (n = 25) 3 1 4
43.5 ppm @ = 23} o 4 3+
83 ppm (n = 24) 13* 2 15+
Trend p 0.001%* 0.597 g.cot*

Note, Pregoant female mice weve exposed W sodivm arsenlte at the
indicated doses ia ppim arsenic from days % 10 |8 of gestation snd wmons
were asscssed in the offspring. Sumple sies () cquals rumber of mice
avoilable for pathological anslysis. No mouse had more than ong utering
rumar, Tumes type i deseribed under Results, Total profiferative legions
are defined as (he incidence of mice bearing either a uterine wpor of
moderue to severe hyperplasio. Hyperptasin was exchusively epithelia) and
cystle in natre.

* Significant diflerence from comrol values or b significunt dose-related
wend,
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Tuble 6

Oviduct wmor and proliferative lesion incidence i fomatz offspring
ey transpiaceuial GrSENIIC ExpRsUTe

Group : Incidence

— ~—

Total prohferative

Hyperplusia Tumor

icsions
Coateol {7 = 23) ¢ l 1
425 ppmt (0 = 23 3 0 3
85 pper [~ 24} 6* b 7
Teend p = 0.0081* 0.0143%

Moge. Pregrant female mice were exposed to sodfivm wsenite ut the
inchicated doses in ppm arsemic from days 519 18 of gestation and tumors
were atsessed in the offeprine. Somples size () equals numher of mice
avilable for pnshulugicni analysis. No mouse had more than ong UETine
or, Turnor type 15 deseribed updes Resuls, Towl proliforurive Lesions
are debned us the incidence of mice bourng cither 3 pyifdict woer ol
lyperpasia, Ryparplisia was exclurively epithelial in nature.

* Sipmficantly dilferent fram centrol values of a sipnificunt ese -related
el

included one skin sarcomia gnd one pitaitary adenoma in
control mice, thite SACOMAs {skin, subzutaneous, and 1ib
cage), and one adrenal carcinoma in wmice exposed 10 425
ppm arsenic and one skin sarcoma and one pituitary ade-
noma in mice exposed 1o 85 ppm arsenic. In male mice this
incinded one stomach sarcoma, a lymphoma. and a urinary
bludder transition cell carcinoma in mice exposed 10 42.5
ppm arsenic and an cpidigymal sarcoma i mice exposed (O
5 ppm arschic. Control male mice did not have any arddi-
Lional tumors beyead those already discussed above.

Discussion

The present fesults show that exposare of pregnant C3H
mice to inorganic arsenic throvgh the drinking water &
well-wlerated lovels in the laler stage of gastalion Iaduces &
variery of mmaors in the resulting offspring. This includes
apgressive epithelial malignancies, such & hepatocellular
carcinoma and pulmonary adenocarcinoma, that eccurred 1n
the a2bsence of any trealnent other than lporganic arsenic.
Both the fiver and lung are wrget sitas of carcinogenesis i
humans after oral exposure (0 clevated levels of environ-
mental inorganic arsenic (Chen and Wang, 1990; NRC.
1999; Tsai et 2l, 1999; Wu ¢t al., 1989). Strong dose-
response relationships eccurred between the level of mater-
nal inorganic arsenic exposure and tomors i the offspring
at several sites, including malignant turors of the liver-and
lung, which are similer to the dose— response relationships
scen between hepatic and pulmonary cancers and oral ex-
posure 10 environmental arsenic in humans (Chen et gl
1690; NRC, 19991 Wu al., 1989), Tronsplacental €xpo-
sure to arsenic also induced neoplass of the adrenal glanc
and of the ovary, while significant progressive proliferativ
lesions also occurred in the oviduct and utegus. At least ont
study shows an association between arsenic in the drinking

P.19
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Tuble 7
Tncidence of mice bearing m feast vne wmor of any 1ype or m kst one malignant twn of any type ufter transplacental areniie expisure
Groun Males, Pemales

. ;fu:nw‘ ol anv type Mabipnant e I Tumor of any type Ma!ign;m{ tunum
Contral {24) 11 3 (25} 12 2
425 ppm 421) B Y td (23} 1 g
85 pprv 123) padd T4+ (24) 2] B

0000 nOGHH 0.172 0.424

Trend p =

Nerie, Values in parentheyes are munbers of mice. Pregnam leeals inice were eaposed W sodiom amsenile ul the indicied doses in ppin arsenic from day
®n 15 f gesiulon nnd tmors were assessed Ja the offspriag. Sample size () gyuals nuinber of mice svailable fir pathological enalysis. Incidence of mia
bearing a wmor of any type includes animals with ar lessk vne Benipn or malignant wmer while incidence of makignant wimoes incledes only mhose noc
benring o least one malignant mimor. [n defining the Jacidence of iny temor o of malignant wmors in cases of multple tumors in the sume apimal it wa-

wssizned to the sppropriste group bused on ity most advorged fesinn,

* Significanly different from conod values or 2 sigadficant descorelgted trend.

water and cervical cancer in Taiwan (Tsai etal, 1999, Our
previons work in Swiss mice indicated thal repeated injec-
finns of inorganic arsenic markedly increased the incidence
and severity of utering proliferative lesions (Waalkes et al..
2000), supporting the prasent results in C3H mice. Gender-
based dilferences in ot response were observed in the
present study thar are, at present, unexplained. In addition,
the present study dernunstrated that arsenic had a dramatic
effect on the incidence of winors at any site, particularly
malignant wmors, which parablels similar observations in
arsenic-exposed hwmans (Chan et al, 1990; NRC. 1999:
Wi et al., 1989). Overall, the present work provides con-
vincing evidence that orally udministered inorganic arsanic

Tumor Multiplicity In Male Offepring
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Tumeor Multiplicity {lumors/mouse)

Malignant Tumors  All Tumors

can be a multislte rangplacental carcinogen in mice, witl
several sites corresponding 10 known human rarges tssues
The formation of mmors Following oral inorganic acsenic
exposure as a single agent is particularly important since
arsenic has been viewed a8 s “paradoxical” humen carcin-
ogen, with strong evidence of human carcinogenic potential
but limited evidence for anirnal curcinogenasis {Basu et al..

20001,

In the present study, a short peried of exposure (0 inor-
ganic arsenic in the drinking water of pregnant mice was
offective in inducing mimors in the offspring once they
reached adulthood, In comparison. in the srudy showing
DMA w be a complate carcinogen after oral exposure in rats

Turnor Multiplicity in Female Offspring
18

£ Control |
16 | 551 42.5 ppm Arsenite )
B 55 ppm Arsenile

10k
s L
08 b
0.4 b

02k

0.0

Malignant Tumors  All Fumors

Fig. 2. Effeer of innsplucental arsenite exposwre at O {ednisol), 42,5, or 85 ppm in the maremal drinking water on tamor multiplicity n the resultunt offspring.
Matzrnal animals were exposed during pregnuncy o detsiled under Masarials and methads and the offspring were nnalyzed for wmors. Rasults are shown
For male (left) und femule (right) offspring snd include tsmor muoltiplicity of any organ (average number of wmors of any kind per movse) or malighant twmor
multiplicity of any orpan (average number of malignant umers per mouse). *Significantly different (p << 1.05) from control. '
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{Wei et al, 1999, the methykated aysenical was given con-
tinuously for 104 weeks in the drinking water at jevels of
between 50 und 200 ppm DMa (23.5 to 93.6 ppm us
arsenic) and produced wrinary bladder tumozs pnly ts a lake
event, orewing alter 97 weeks OF mOTC of treatment. This
compares to the present study in which ypaternal arsenic
dosages of 42.5 and B3 ppm (as arsenic), when piven 7ot
only 10 days during gestatien. Were both effective ir in-
creasing the incidence of malignant and henign mMOrs in
the pffspring. In CoCApOSUe studies of skin carcinogenesis
in which inorgenic arsenic is given in the drinking watcr
before and during ultaviolet cadiation in hairless mice
{Rossman et ab, 2003} or together with TPA in H-ras-
mutated transgenic mice (Germotec et al. 1997, 1998}, the
effective doses have ranged trom 5.8 to 200 ppm {(as ar-
senic). and the doses usad in the present study ceptainly fall
within tis range. although the duration of exposurc was
much less prowacted with teansplacental exposare. This
creates the distinct possibillty that the gestational period
may be a time of high sengitvity o the carcinogenic effects
of arsente, as it is with other inorganic carcinogens (Diwun
et . 1997, 1993, 1995, Waatkes et oL, 1993). Looking
specifically ot transplacentat arsenic exposure and carclno-
genic effects in humans would probably prove difficule, bus
it stands to reason that women are exposed during preg-
nancy in Jocations where exposure 9 elovated levels of
environmental arsenic iy COMMOT. 1n this regard. in a Tegent
paper oR assessing the fisk of jnternal cancers in Taiwancse
populutions exposed (O inorganic arsenic in the drinking
water, it was estimated that the dose associnted with 8 1%
excess (JF100 exposed persons: ED,) risk of liver cances
using a Taiwanese comparison population ranged from 0.24
to 0.89 ppm arsenic in the drinking water (Morales ¢t al.,
2000). Thus, the drioking waser dogas used in the preseat
study (42.5 to B3 ppm). which resulted in op o a2 61%
incidence of hepameelinlur carcinomas in malc mice alotg
with a 10-fold increase In carcipoma nultiplicity, are only
in the order of 50- to 100-fold higher than those thought to

potentlally pose 2 significont risk 1o humans for.davelop-.

ment of liver cancers (Morales et al, 2000). The natre of
rodent carcinogenesis studies, including practicalities of re-
stricling group sizes, typically WalTants uss of doscs higher
thap those cncountered by human populations. However,
pecent data assessing arsenic in the dripking water found
Jevels a5 high as 3.4 mg/L in India sad 1.3 mg/L, in Nevada
(Guhe-Muzumder et af., 1998; Warner et al., 1493y, making
the jowest dose of arsenic ip the present study (42.3 my/L)
only 12.5 to 32 tmes higher than these contemporary hu-
man exposure levels. These sorts of safety factors are hardly
encouraging, particutarly when one considers not oaly the
short exposure period In the present study. but also the fact
that there may be genctically wased population differcnces
in sensitivity to arsemic carcinogenesis (Basu et al., 2001).

Most of the mmor sites that were indueced by arsenic
the present study showed a significant rare of sponisneous
emor ineldence in control animals, including hver and
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adrenal gland wmors. The spontaneous occurrence of -
mors is, of course, comImon ia cadent hivassays and varies
with strain and sex ¢Willinms and latropoulos, 2001). Inshis
regard. there is clear evidence that arsenic may act 46 2
tmor promoter In some instances. This is likely the case
with some models of skin ¢ancer, in which inorganic arsenic
pels 88 a copromoter with TPA {Germolee ct ak, 1997,
169%) und is clearly the case with various studics in which
DMA acts as 3 tumor protmoter in liver. kidney, skin, and
urinary bladder kn rats (Wei et al., 1993; Yamumoto &t ak.,
1945, Yamanak: €t L. 20007 or ia skin in tnice (Morikawa
et ab. 2000). Although the mechanism of arsenic carcino-
genesis 1s undefined. aecumuluting cvidence in tn vitro
cystems indicates that 3t may aet, at teast in part, by mod-
wluting signaling pathways for cell growth (Simeonove and
{uster, 20040), which conid be at the leved of fumor promo-
tion. The [act that arseniv taduced tumors in organs in which
SpOMLANeOUs tumors ocuur with some frequency in the
prescot study right appear (0 support the cenclusion it has
acted 8s a lumor promoler. However, hy definition. a classic
UNIOT prOMUGLEL Yequires protracted and continueid §Xposure
for effect and shows yeversibility of action i withdrawn
(Pitot and Dragan. 1996: Goodman, 200D). The car¢ino-
genie cffects of arsenlc in the prasent study were nanifested
long aftey a Very short perind of expasure and, thus, dis-
playet neither reversibiilty nor the peed for protracied and
continsed exposure for effect, vbservations af odds with.
and that secmingly preclude i classification as. & classical
tumor promoter. This docs not eliminate wmor promouion
s a mode of action for arseple in other model systems and
particalarly for the skin (Germoled ct akh, 1997, 1998;
Morikawa et al., 2000). Both the initiation and progression
stages of carcinogenesis are thought 1o (generally) involve
sreversible events (Pitot and Dvagun, 1996). In the present
casé, it conld be envisioned thal atsenie was affacting some
pool of winimally peoplastic ccs in the fetul target Gssucs,
bur. because of the obvious jack of reversibility, acting in
this instance us a humor progressor. The results of the
present study, which showed an arsenic-induced enhance-
ment of the incidence and/or multiplicity of malignant tu- -
hots in scveral instances, could be supportive of arole as 8
Progressor. Indesd, continuous exposurc to inorganic ar-
cenic ju the drinking waret enhances the aggressiveness of
ckin tugnors in mice resulting from ulraviolet irradiation.
doubling rthe pottion of highly invasive squamous cell car-
cinoma compared 10 animals receiving irTadiation alune.
(Rossman, et al., 2001). Tomot progression is typically
associated with irreversible changes in gene expression.
including fetal genc expression, and selection of neoplastic
cells for optimal growth (Pitot and Dragan, 1996). There ate
a variety of ways in which arsentc can alter gene eXPIessias
{De Razo ¢t al.. 2001: Simeonova and Luster, 2000; Zhao &t
al.. 1997} which can be associated with an aberrant celluia
phenotype. However, progressars are thov ght to act 62 celh
that have already been neoplastically ransformed. and pro-
pression, as a si2g# in carcinogenesis, s usually a late even
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asspeizied with the concurment existence of wmalignam or -

benign neoplasms (Pt and Dragan. 1996). The short pe-
riot &f ursenic exposure endad before birth in the present
stusdy. and the very enrly stage and brevity of exposure
argues aguinst progressor effects, and would be more Fiting
for a tumor initiator. There Is accurnuluting evidence that
nigthylation of inorganic arsenie could generate potentiniiy
nwlagenic species in in vitro model systems (Mass et ab.,
20813, or that o methylated mewbolite may be the ultimate
toxicant {Kichin, 2004 Pewick et uf., 2000; Styblo er al.,
20005, Thomos et al,, 20010). The struin of mice uged in the
preseat study cerainly has been shown 1o methylate arsenic
{Hughes et al., 1999), but additiony] study on the biokinetics
and metabolism of inorganic arsenic in matermab/fetal sys-
ey of C3H mice, under conditions which give risc w

fumors. will be necessary to define the vltiniate carcinogenic

specics. Regardless of the stage o stages of carcinogenesis
that ursenic may have atfected, it was an clearly an effective
curcinogen in the present study producing, when given
alone, significant increases in tumor incidence and molt-
plicity in severn] tissues, including tissues where it is car-
chogenic in humans, such as the liver and Tung.

In summary, this work provides an animal model of
wmar devalopment after oral exposere to inorganic arsenie
as 4 single sgent and, as such, should be aa imponant
advahce in our arrampts 10 understand the mechanisms of
arsepic carcinogenesis. This study showed thar the brief
wxposure of pregnant mice 1o arsenic in the drinking water
resulted in the formation of a variety ol malignunt, benign
and preneoplastic lesions in the offspring after they had
reached adplthood, and aftec 2 long period withom apy
arsenic exposire. 'This included induction of wmors in mice
that are associated with arsenic exposure in humans. such as
liver and Jung malignancies. Gender-based differences in
tumor response were observed thot may be of mechanistic
siznificance. The development of this model will now allow
a pumber of crideal mechanistic studies 1w be carried out,
such as the genomic analysis of the events associated with
arsenic-induced trunsplecentad carcinogenests.
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Frequency of mouthing behavior in young children

MICOLLE 8. TULVE,” JACK C. SUGGS.” THOMAS McCURDY.,” ELAINE A. COHEN HUBAL® AND
JACQUELINE MOYA®

*Nationa! Expostre Research Laporetory, US EFA, MD- EA0504, Researcit Triangle #ark, Norrh Corolina 27709, USA
ONestipraf Canter for Environmental Assessment, [US EPA, MD-8623D. Waskingion, Disiriet of Columbia 20466, USA

Young children muy be more likely than adults to be exposed o pesticides folfowing a residential application as a result of hand - and objeet-to-mouth
contacts in comaminated oreas. However, relatlvely few studics have specifically vvalusted mouthing behavior in chitdren Jess thon 5 years of wre., Previously
unpublishied dida collected by the Fred Hutchinson Canver Research Censer { FHURCY were snilyzed to assess the mouthing behavior of 72 children (37
males/35 females ). Total mouthing behavior dars included the daily froyeney of barh month and tangue contacts with hands. other body parts, surfaces,
macural wbjects., and tovs, Bating cuents were excluded, Chifldren ranged in age from 11 10 60 months. Observuiions for more than | day wers availahle for 78%
of the ehildren. The total datn sel was disaggregated by gender intor five age proups { 1020, 208-30, 3040, 40— 50, 5060 moxnths ). Swristieal arulyses of the
data were then undertaken to detormnine if significant differences existed among the nge/ gender subgroups in the sample. A mixed offcors Hincar model was
vsed 1o 105t the associations amvag uge, gender, and mouthing frequeneivs, Subjeets were treated as randem and independent, and intrasubject varinbility was
accounted for with an autocotrclation fanction, Results indicatad that there wis no associution belween mowthing frequency and gender. However, 2 clear
refationship was observed belwess monthing Frequeney and ape, Using a tres analysis, two distinet groups could be identified: children <224 and children »24
months of uge. Clildren <24 months cxhibited the highost trequenay of mouthing behuvior with 8117 events/h (meanxSE) (n=28 subjocts, 69
observations ). Children 224 munihiz sxthilited the lowest frequency of mouthing behavior with 4244 cvents /b (n=44 subjecks, 117 observations ). These
results suggest that children are less likely to place objests info their mouths as they sge. These changes in mouthing belavios os o obild ages shoutd be
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accounted for when ussessing aggregate cxposure to pesticides in the residentiol environment,
Jowrnal of Exposure Analysic and Envircnmental Epidemivlygy {2002) 12, 259164 doi:10.1038/5).jua. 7500225

Keywords: lndirect ingestion expustre, mouthing behavior, young children.

Introduction

Young children may be more likely than adults to be
exposed to pesticides following s residential applicationas a
result of hand-to-wmouth and object-ro-mouth contacts in
contaminated areas {(Cohen Hubal ot ak, 2000a), Char-
acterizing and quantifying children’s mouthing behaviors
are important in assessing the potential for dermal and
indirect ingestion of contaminants from objects, hands, and
surfaces in the environmenr. However, data on children’s
mouthing activilies, including between- and within-child
variability, arc cxtremely limited. As a result, default

assumptions arc currently uscd 0 estimate these exposurcs.

Mouthing is an important component in childhood
development. In early development, sucking provides
cssential nuirieots in the form of breast or bottle feeding,
as weil as a fecling of well being and a sense of sceurity

L. Address all eorrespondence to: Dr. Micolle S, Tulve, National Exposture
Research Labonuory, US BPA, MD-E20504, Rescarch Triungle Park, NC
27709, USA. Teb.: +1-919-541 - 1077, Faxp 11919541 -0005. E-maik:
tlve, micodlef@epa. gov

Received 3 April 2002,

2822322592

(Juberg et al., 2001). If infants are not allowed unrestricted
breast feeding, they will suck on a pacilicr, thumb (or other
fingers), blanket, or toy (Groot ct al., 1998). As children
develop, mouthing behavior, in combination with looking
and touching, allows children 1o explore and investigate
their environment. Mouthing bebavior develops into an
exploratory behavior in which objects are placed into the
mowth for a few seconds for purposes of discovery. During
this stage of development, children will put their hands and
any object that they come in contact with inte their mouths
(Ruff, 1984; Ruff and Dubincr, 1987; Davis et al,, 1995

-Groot et al,, 1998).

Teething is another reason that children will mouth
fingers and objects. At this stage of development, mouthing
alleviates the pair and discomfort associated with tecthing
(Groot et al., 1998). Tecthing usually begins at 7-8 months,
but may start several months carlicr or later. As with all
childhood behaviors, mouthing activitics vary significantly
FFom child to child, and therefore, the impact on exposure
will also be highly variable (Cohen Hubal et al., 2000a).

Pioneering videotaping studies by Zararian et al. (1995,
1997) and Reed ot al. (1999) have significantly advanced
how we observe children. Zartarian ct al. (1995, 1997)
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cellected hand-to-mouth data, reporting the variability and
differences berween the et and right hands on the day of
observation. Four children. two boys (2 years 10 months:
3 years 9 manths) and two girls (2 years 5 months; 4 years
2 months ) were videotaped with hand-held cameras for 8-
10 h/duy. The main objectives of this pilot study were 10
develop a general methodology for videotaping microactiv-
ities of a population and to collect an initial database of
actlvity pattems for 2- tw 4-year-old children of farm
workers. While investigating these objeotives, some hand-
to-mouth data were collected. Left hand - to-mouth contacts
ranged from 1 to 45 contacts/h. Similarly, right hand-to-
mouth contacts ranged from [ to 46 contacts/h. The hand-
-mouth data were also reported ag the percent time that
the four children spent contacting different object types with
each hund during the waking hours on the day of

- observation. These results ranged from 1.0% to 4.4%. The
tme awake ranged from 6 to 31 h for the four children
{Zartarian et al., 1995, 1997).

Reed et al. (1999) used a similar videomping
methodology to quantfy the types and frequencies of
children’s hand-1o-mouth activities. Twenty children in a
day care cemter, uged 3-6 years, and 10 children in
residencet, aged 2-5 years, were videotaped during their

waking howrs for 1 day. The average hund- to-mouth
lrequency raw was determined 10 be 9.5 contacis/h { Reed
et al, 1999).

Not all investigators use the videotape approach; c.g.,
Groot ot al. {1998) employed parents as observers. In
addition, research by Fagot and Hagan (1988) has shown
that observers are move relablc when obscrving live
activities than when warching videotapes of recorded
activitics. Fagot and Hagan {1988 caution that videowping
may not be useful for targe groups of children. 1n al] of the
studies reported here, each child wus individually observed.
Regardless of whether the children were videotaped or their

-activities were recorded by an observer, the end result was

only a few hours of obscrvation time. A swnmary of the
research related to mouthing activitics iy presented in
Table 1.

For this paper, an unpublished data set of children’s
mouthing behaviors, collected by the Fred Hutchinson
Cancer Research Center (FHCRC), was analyzed. The
objectives of our study were to usc this data set to (1)
evaluate the influence of age and gender on total mouthing
behavior, (2) determine the predominant types of mouthing
aotivilics and their frequency, and (3) compare our results
with other literature values.

Tuble 1. Summary of meuthing uctivity research Tocused on expastre agsessment.”

Number
of children

Reference

Location
of study

Ape range

Activity colleoted

" Method employed

for dotp collection

Juberg et sk (2001) 0-36 months 168 Western New York

Reed cval. (£999) 2-6 years 30 Urbin New Jersey
Freeman {1999} 3-17 yeurs 19 Minngsosa
Groot ct al, {1998} 3 36 monthe 42

‘The Netherlunds

Zartarian et ol 29--50 months 4

(1995, 15587)

Salinas Valley, CA

Rufl and Dubiner {1987)  9-12 months 29 Undisclosed

suburbun Jocation
Ruff {-19%4)

612 months 60 Undizeloged

suburban location
Madden et al. {1980)

23 33 months 3 Urhan Maryland

Mouthing duration,

maotithing frequency,

types of objects mouthed
Hand-ta-¢lothing, hand - 1= dire,
hand- - hand. hand -0 - mouth,
hand - to -ohject, hand -to- other
items (paper, grass, pels).
hand- to-smonth /textured
surfaces, objset ta~ mouth
Mouthing behavior

Mouthing duration

LeRt und right hund contact
frequency and duration for
numerous categorics of objecks

Eviduation of younig children’s
abitity to maniputate objeety and
their associned bebuvioc

Fvaluation of oxploratary behavior

Meuth -te - body, mouth-to-object

Parental observers: 1 day:
sandard diary form

Videatape of waking hours;
upproximalely } day of tape
per child; activities were
quantified from 3-min intervaly
and summed o pive hourly
frequensy eounte

Vidvolape ohservalivns
Parental obxervers; 2.5 brday
ar 15 -min intervalz

Videotapa of waling houry;
approximanly | day of tape
per child: computerized
transfagion software

Videotape of play with specified
ohjccts; trained observer,

timed interactive evenls
Videowpe of play with specifisd
objecls: trained obyerver:

timed interactive cvents
Trained obsurvers; interval
recording system; 2-33 h

totl observation tme

Lepow et al. (1975, 1971 26 years 10 Hartford, CT Mouthing frequency of hands and  Trained observers; 3«6 h
nonfood ohjects of observation: reeorded
mouthing activity; given
# score bused on freguency
"Modified from Cohen Hubol e al, (20000),
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Methods

Original Data Set

Unpublished data were obtained from the FHCRC (Scou
Davis and Danz K. Mirick, Progrum in Epidemiclogy,
Division of Public #ealth Seiences, FHCRC, PO Box
19024, Seatrle, WA 98109-1024}% Tn their study, 90
children who ranged in age from 10 10 60 months were
watched in their home enviromment by trained observers.
The abjective was 1o deseribe and quantify the distribution
of soii ingestion values In a group of children under the age
of § years. Observations were collected using 3 zero-one
time sampiing approach. This observational methed mea-
sures both the frequency and duration of the behavior,
Fiftzen-second intervals are used, during which the
behavior is recorded once if it ocours at all. Observers were
instructed 1o record mouth and tongue contacts with hands,
other body parts, nareral objects, surfaces, and twys every
I5 ¢ for a minmom of 15 min. Obscrvers recorded
additional comments un children’s activitics. Inthe resalting
data, ehildren were actually observed between 5 and 60 min/
day for 1..6 days, depending on scheduling, cooperation,
cle. (Davz;s etal, 1995).

The Reduced Dara Ser
For this analysis, the original data set was coded o melude
children’s activitics { macroactivities ) and locations (micro-
cnvironments ). Children’s activitics were coded as quiet or
active play based upon the observer’s comments in the
guestionnaire. For cxample, siting watching television,
coloring, reading, or talking with a parent was coded ay
guict piay. Running around, walking, bicyeling, and
jumping were coded as active play. Quiet and active play
are two macroactivity classifications wsed 10 categorize
children’s actlvity levelg in their cnvironment (Cohen Hubal
et al., 2000b). Locations (microenvironments) were cate-
gorized as indoor or outdoor enviroynents. This micro-
environment and macroactivity classtfication scheme 1s
being tesied In exposwre assessment to ideniify behavior that
may mazke some children especially vulnersble to indirecr
ingestion exposure to pesticides and other cnvironmental
contaminants { Cohen Hubul el al,, 2000b).

Preliminary analysis of the mouthing and tongue contacts
- showed no statistically significant differences between
mouik and tongue. Therefore, mouth and tongue evepts
were summed for each activity category. Total mouthing
behavior was the daily frequency of both mouth and tonguc

conract with hands, other body parts, surfaces, natursl

objects, and toys. Originally, the observers were asked to
colicet the mouthing behavior during an swake period when
the child was not eating. Thevefore, in order to normallze the
data, we excluded all food events from subsequent analyscs,
We excluded those children who were coded as engaging in
active play ir an ndoor or outdoor environment and quiet

Jonrnal of Exposure Analycls und Frvirnmmental Epidemiviogy {2002) 12{d)
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play i an outdoor cnvironment because there were too few
to do any siatistical analyses.

Qur analyses, then, focused entively upon those children
who were coded as cngaging in quict play in an indoot
cavironment, The fipal dara ser contained 72 children (37
males/35 females ), ranging in age from 11 10 60 months.
There were a wotal of 186 obscrvalions; muliiple observa-
tions were available for 78% of the children, The number of
obscrvations per child ranged from | to 6.

Data Analyses
To cvaluate the influcnce of a child’s age and gender, a

-general linear model using SAS (Version 8.02; SAS

Institute, Cary, NC) was fit to the log of the daily frequency
of all mouthing data in the following form:

LTOYTAL = GENDER + AGECLASS
+ GENDER s AGECLASS
+ ID{GENDER » AGECLASS)
j. RESIDUAL

where LTOTAL=log of the total mouthing frequencies;

GENDER =scx of the child; AGECLASS=age breakdown

“of the child; GENDER*AGECLASS=relationship between

gender and age of the child, ID(GENDER*AGECLASS )=
nested relationship between gender and age of the child with
respact to the identification number; RESIDUAL =ero1.

Each observation was mreated as random and independent
within the general linear model. A logarithmic transforma-
tion of the daty was used to: (1) reduce multicollinearity
among the independent variables, (2} reduce autooorrela-
ton among residuals, and (3) make the distribution of
measurements more symmetric.

Results

Figure ! depicts the frequency of mouthing behavior as a
function of age and gender There is no significant
difference in the mouthing/age rclationship by gender.
Therefore, we focused on age, without relying on gender, to
explain hand-to-mouth activity. This result comesponds
with data reporled by Ruff (1984), Ruff and Dubiner
(1987) and Groot ct al. (1998 ) who showed that there is no
statistically significant difference in mouthing cvents
between boys and girls, There is, however, a significant
relationship between mouthing and age of the child.

The sge/mowhing relationships were evaluated in two
ways: using age as a continuous variable, such as depicted
in Figure }, or using age as a categorical variable. if the
latter approach is vsed, the question becomes “What age
categories make sense from a statistical pergpective™? (iroot
et al. (1998) had four age breakdowns, including: 3-6
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Figure 1. Lincar regression of the frequency of motthing behavior as
a Punction of age and pender.

months, 612 monthg, 12 (8§ months, and 183-36 months.
An EPA-sponsored workshop focused on idenufying
approprimte age groups for assessing exposure based on
behavioral and anatomical differences in children (US EPA,
2000). In the workshop report, the subgroup that considered
behavioral development proposed the following age group-
ings: birth to <3 monthg, 3 to <6 months, 6 to <12 months,
12 w <24 mouths, and 2 10 <6 years. Based on the
distribation ol children’s ages in this data sct, we selected
the following age groups for analysis: 10-20, 20-30, 30~
40, 40-50, and 50-60 mosths. We also ran the analysis
using age as & calegorizing variable on the following age
groups: 10-23, 24-35, and 36--60 months. Results on
these analyses showed no stistical difference between 24—
35 and 3660 months. However, there was a statistically
significant difference berween children <24 and =24
months for this dara set. This information provides
additional support for the age eategories as proposed in
the EPA workshop report.

The best approach to determine if “natural” categories
existed in the data is 10 use a wee analysis available in S-
Plus 2000 (Version Professional Release 1, 1999). This
type of model employs a recursive partitioning: algorithm
that succcssively splits thc data into homogeneous
subgroups. Two main age groupings were identified using

- this approach: 24 and >24 months of age (sce Figure 2).
Children 024 months mouthed the most fequently with a
reported median mouthing frequency of 73 events/h (60—
8% eventg/h, n=28 subjects, 69 observationg), whereas
children >24 months had a median mouthing frequency of
31 cventsih (25--39 events/h, n=44 subjects, 117 ob-
servations). The data are reporied as the median (95%
confidence interval, n=number of subjects, total vurnber of
observations ).

Tublc 2 rcports the frequency of mouthing behavior for
the cntire datz sct for four different mouthing activities:
mouth-to-body, mouth-ro-hand, mouth-to-surface, and
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mouth-to-toy. Generally, these children mouthed toys the
most frequently, followed by hands, body parts, and then
household surfaces,

Children 1124 months showed significantly more mouth-
ing of toys, as compared to children >24 months. However,
both groups of children appear to favor the mouthing of toys
and hands {Table 2). Again, in both groups, other body
parts and surfaccs were mounthed less frequenty. A
summary of the frequency of mouthing bchavior is
presented in Table 2. Groot ot al. {1998) reported similar
findings w these data. Those investigators showed that for
the youngest group of participants (3-6 months), fingers
were most often mouthed followed by toys. In the 6- 10 12-
month age range, toys wese mouthed most often, followed
by nontoys and Angers (Groot ctal., 1998). Similarly, in the
12- w 1$-month agc group, nontoys and fingers were
mouthed most frequently, burt as the children aged (18-36
months), fingers were most often placed into the mouth
{Groot etal., 1998). Groot et al.’s rescarch reports mouthing
time as the total mouthing time per 24 h and then breaks the
roouthing time into mouthing of certain categories of objects
as a pereent of the total. Though inowthing events or
frequency per hour cannot be computed using their dats, the
data are vajuable becavse they allow dotenmination of the
likelihood of mouthing certain objects for a group of
children. Tn addition, their research suppornts our findings
that hands (i.c.. fingers) and toys arc most likely to be
mouthed, :

Implications for exposure assessnient

Children 0024 months have the potential to be exposed to
higher concenwrations of pesticide residucs due to their
higher frequency of mouthing behavior as compared to
children =24 meonths in age. Indirect ingestion exposure ig
generally defined as mouth and tongue contacts of an

Lozinriuddag requm ) fvesihe)
Lol
L

Aps Granp

Figure 2. Box plots of totul mouthing froquencies for the two ape
groups.,
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Table 2. Variability in objects maunthed lor different age groups.

Varmhle Al subjeets <249 menths =24 montis

a" Mean® Mzdivr  05% CI* o' Mean® Median  95% CF #* Mean® Medlan ~ 95% CI

(events/h) (eventg/h} (events/h} {events/hY (events/h) {ovenke/h) {events/h) (cvents/b) (cvents/h)

Meuth—hndy 18¢ R 2 23 [ a4 3-%5 1nr i 1 0.8-1.3
Mouth - hond 186 16 11 9--14 69 1% 12 o-16 N7 16 g 7-12
Mouth=-surface IRG A l. 0.8-12 [3: 5 3.8 1172 13 n.9-Lt
Mouth- toy 186 27 13 14.-23 69 45 kL 31-48 nz 7 9 7-12
Total mputhing evente 186 56 44 36352 6% 8! 13 60-.88 117 a2 31 5-39

" Number of observations.
® Arthmetic mean.

“The 95% confidence limjes apply 10 medim. Volues were caleulated in logs und cenverted © oniginal units, See 1ext for complete details,

individual with a contaminated object. To characterize an
exposure event, information is required on the concentration
of a pollutant in the exposure medium, the activities that
result in a contact, and the wansfer efficiency from the
exposure medium to the individual (Cohen Hubal ot al.,
2000a). Indircet ingestion exposurcs usually occur via
microactivities (pa,) such a5 mouth-to-body, -hand, -
surface, and/or -toy contacts {where the subscript, x,
represents body, hand, surface, oy, op any other abject that
i mouthed ), .

Exposute can be estimared in two steps: (1) individually
for cach microactivity, and/or (2) summed for all activities
for an exposure duration of interest (i.e., 24-h). For each
microactivity resulting in indircet ingestion, cxposure over a
24-h period can be defined as:

En = (C:H{TE,)(SAL)}(EF) (1)

where x=body, hand, surface, toy, or any other objcct that is
mouthed; £ y=indlrect ingestion exposure from a specific
mouthing cvent over u 2d4-h period {p=,) [ug/dayl;
C,.=1wtal conmaminant loading on x {ug/cn ), TE,=trans-
Ter efliciency, fraction wramsferred from x o mowh
{unitless [; SA,=swrfacc arca of x that is mouthed [em?/
event]; EF=fequency of moeuthing events over a 24-h
period [event/day}.

The total indirect ingestion exposure over a 24-h period
can be cstimated by summing exposures for all iniceoactlv-
ities. For any particular microenvironment (ux) being
modeled, the child’s potential exposure I$ the sum of all
exposares for all microactivities conducted in that micro-
environment (i.c., indoors at home on carpet). The lotal
mdirect ingestion exposure can be described with the
[ollowing equation:

Emlfla::t = z Z Ena | } (2)

jre o jay

where Epg g =total indirect ingestion exposures over a
24-h period [up/day}; 2=sum over all microenviron-
ments in which the child is located over a 24-h peried;
f‘; =sum over all mouthing events in # speeife microenvir-
onment that ocour over a 24-h time period.

Journal of Exposure Anulysiy and Environmental Epideminlogy (2002) 12(4)
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If the exposure duration of inlcrest is different from 1
day, the algorithms can be adjusted accordingly.

To illustrate the use of these equations to estimate the
potential indirect ingestion exposure from a pesticide via
hand-to-mouth activity, we apply it to monitoring data
obtained for diazinon by Luwis ¢t al. (2001). The micro-
environment is the living room of a residential dwelling
where a 24-month-old female child (weight=13.5 kg)
spends 4 h in the microenvironment { uet=LR.4 h). She i3
found o have 0.3 pg of dinzinon residue on her hands, which
have a total surface area of 310 ¢m”. In this cxample, x=hand

and Chpu=0.001 pp/em’ (diazinon loading on hand=

Crang/ SAngng ). Tn 2ddition, the following assumptions arc
made: {1} the child’s rmouth anly comes into contact with
10% of hor hand during any single microactivity cvent
[SAwn=310x0.1=31 cm?/events); (2) thc amount of
diazinon on her hand Is constant as 2 function of time; and
(3) the TEp.pa Is 50%. If we know the number of times per
hour that the child puts her hand into her mouth, we can
caleulate her indirect ingestion exposure for diazinon from
her hands. Using the daia in Table 2, month-to-hand activity
is 12 events/h. Her exposure is computed as follows:

-Eud/fw.r_ = Emi[[,l’l.d[h}

d

- (0001 55 0 [l 09 (2[=57])

= 0.186 ["-‘f]

Tuking into account the time in the microcnvironment,
the mass of diazinon to which the child is exposed is:

Evuirap = (0-136 [%%D(‘;[h]) == 0.744|pg]

To vbtain the per unit mass estimate for the child, divide
by her body mass:

T44[ng] N 55.1[ng]

End/LR.Aih] = Tm = E

To obmin an ectmate of thiy child’s total indirect
exposurc to diazinen, potential exposure from all
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microactivities would have fo b computed end summed
{1.e., mowh-to-body, -surfaces, -toys). Given the fre-
guency of mourhing events in small children and
contaminant loadings on all types of objects that they puat
into their mouths, it is important to have an accurate
estitnate of mouthing activities in young children,

The mouthing activity data gencrated in this manu-
script represent multiple days of observadon for 72
children. As such, the data represent the intcachild
mouthine variability based om microcnvironments und
macroactivities {in this case, quict play indoors) for a
larpe cohort of children <60 months in age. The most
cunent default agsumptions to represent hand-to-mouth
actuvity are 20 evems/h (shori-term exposures} and
9.5 evens/h (intermediate-term  cxposures) based on
daty reported by Reed ot al. (1999) (Update to the
Residential SOPs dated February 22, 2001: Policy 12).
However, these numbers do not consider mouthing of
objects other than hands. The data presented in this
manuscript show that young children may mouth specilie
objects {re., toys) up W 48 cvents/h. The data set
analyzed in this manuscript provides a dismbution of
mouthing contacts that cari be used to improve exposure
assessments for children in this age range.

Conclusions

The results reported in this study are focused on children
who engaged in qulet play m an indoor enviromment.
Analysis of the data set uslng & lincar SAS model suggests
that the mouthing dats can snd should be broken into two
subsets based on age: 1124 and >24 mouwths, The data
further showed that toys and hands were preferentially
mouthed as compared to other body parns and houschold
surfaces. We have obtained a mote realistic estimate of a
child’s mouthing behavior by using dam collected on
multiple observarion days. Similar dara for childret engaged
in active play would provide additional insight into the
mouthing behaviors of young children and the impact of
these on indirect ingestion exposure.
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Cancer Risks from Children’s Exposures to Arsenic-Treated Wood:
Methodology for Monte Carlo Style Risk Analysis

Enviromnenrdl Working Group
Washington, D.C.
March 13, 2003

The Environmental Working Group (EWG) conducted a risk assessment to quantify
excess lifetime risk of lung and bladder cancer for children ages one 1o seven exposcd to
‘arsenic-treated lumber on play structures and decks.

The risk assessment is based on exposure parameters proposed by the Consumer Product
Safety Commission (CPSC 2003) and the Environmental Protection Agency (EPA 2001),
and on measured distributions of arsenic in dislodgeable residue wipe samples, and
studies of soil surrounding arsenic-treated structures. Model parameters and model
results are descnibed below.

Exposure routes and pathways

We assume exposures are from a child’s contact with arsenic on the surface of playsets
and in the soil below:

Play structure

1. dislodgeable arsenic, ingestion

2. dislodgeable arsenic, dermal absorption
3. contaminated soil, ingestion

4. contaminated soil, dermal absorption

Body weight

In this simulation body weight varies by child and by age, and is updated monthly as the
simulation progresses for each child. :

Ninety-nine body weight distributions representing the 1 through 99 percentiles were
created from NHANES HI measurements (the Centers for Disease Control and
Prevention’s National Health and Examination Survey Data). Each of the 99
distributions represents a child’s body weight from age 1 through age 6 (12 throu;gh 83
months). The data used to generate these weight distributions represent 6374 individuals,
with measurements made between 1988 and 1994.

NHANES data are presented at an age resolution of one month. To generate the weight |
percentile distribution curves, we began by grouping data for cach month together, with
approximatcly 100 children’s weights represented for each month. At each monthly
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interval we computed a mean and standard deviation for an assumed lognormal
" distribution, then used these paramcters to compute the 1* through 99™ percentile weights
at each monthly interval. Then, m essence, we connected the dots from one month to the
next to generate a weight-through-time curve for each of 99 weight percentiles.
Smoothing of each generated curve was conducted though an averaging algorithm that
replaced each individual value with the average value of the original computed point and
the corresponding weight values for the two months on either side.

NHANES does not collect data through time for an individual. Therefore, in this analysis
we are constrained by the assumption that a child remains in the same weight percentile
throughout the sitnulation period. In essence, in this simulation a small child stays small
through childhood, and a Jarge child stays large.

Body surface area

Body surface area was computed from body weight for each modeled child. Foragiven
body weight, a single value is computed for surface arca based on a regression developed
from Gehan and George (1970) and NHANES body weight data.

Gehan and George (1970), as cited in EPA (1999), give body surface area as a function of
height and weight. Since the method used in this model to compute body weight
percentiles from NHANES data does not preserve height, we used the Gehan and George
regression to translate body surface area into a function of body weight only.

First, individual height and weight data from NHANES were used in the Gehan and
George regression to compute surface area for each individual represented in NHANES.
Next, we computed the ratio of surface area (computed) to body weight {measured) for
each child representcd in the NHANES data, and plotted that ratio as a function of
weight. We then performed a trend analysis for SA/BW versus BW, with a trend
computed separately for up to age 2, and then for age 2 and greater, where SA = body
surface area, and BW = body weight.

In the model siulations, body surface area is updated monthly for each modeled child
from this computed trend, based on the mouthly body weight for cach of the 99 perceutile
weight curves represented in the model. We lose vaniability by fixing surface arca fora
given body weight. In actuality, surface area appears to vary over a range of about 10
percent for a given weight. Oux values for body surtace area can be considered central
tendency estimates within each assumed weight percentile.

Surface area of hands, legs, and arms

In the scenarios presented here, we assume that dislodgeable arsenic and soil adhere to a
fraction of a child’s hands, arms, and legs. The total surface area of each modeled child’s
hands, arms, and legs are computed as central tendency estimates from individual body
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part surface area measurements presented in EPA (1985). These best-fit curves,
generated from EPA data, allow vsto compute the surface arca of a child’s hands, arms,
and legs as a function of a child’s age and total body surface arca.

Duration of exposure

Exposures were assumed to occur regularly overa period of six years, from age 1 through
age six (12 through 83 months) (EPA 2001).

Exposure frequency

The exposure scenario presented in this document represents the subset of children who
play fairly frequently on arsenic-treated wood. We assume a frequency of 3 times 2 week
throughout the year {156 times), with each visit lasting an hour. EPA considers this to be
a central tendency estimate (EPA 2001).

Soil adherence factor

The soil adherence factor refers to the amount of soil assumed to adhere to the skin when
a child plays on soil. We assume a value of 0.987 milligrams of adhered soil per cm? of
children’s hands, 0.0278 milligrams per cr? of children’s aums, and 0.354 milligrams per
cm? of children’s legs, consistent with values from Greenhouse Studies (Kissel 1998).

Dislodgeable arsenic transferred o the skin

In a study performed for the wood industry (SCS 1998), researchers finds wide variability
in the different amount of arsenic transferred to wood versus hand (and arsenic in hand
samples often exceed arsenic in wipe samples). The median wipe-to-hand ratio from this
study is 4.6 (i.e., 4.6 times more arsenic on the wipe sample than on the hand), the value
chosen for this model, We assume the same level of dislodgeable arsenic adheres to all
exposcd body parts (hands, arms, and legs).

Hand-to-mouth activity, arsenic removal efficiency, and bioavailability

The amount of dislodgeable arsenic ingested by each modeled child is calculatcd as a
function of the number of times a child put portions of their hands into their mouth.

From Tulve et al. (2002), wc use the mean estimate of 16 times per hour for children over
2 years old and 18 times per hour for children less than 2 years old as the rate of hand-to-
mouth activity. This value is constant for all modeled children. Our use of a central
tendency estimate for all modeled children significantly underestimate risk for a
substantial fraction of the population considered. Tulve et al. (2002) measured hand-to-
mouth behavior a maximum of 48 times per hour.
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Consistent with EPA recommendations, we assume that cach hand-to-mouth event can be
represented, on average, by a third of the hand (approximately 3 fingers) contacting the
mouth. We also follow EPA’s recommendation of assuming that only 50 percent of the
dislodgeable arsenic on the hand is transferred to the mouth. We assume that 100 percent
of the transferred arsenic is bioavailable (EPA 2001). :

Because the model simulates active play on the wood, dislodgeable arsenic is assumed 10
be replenished on the hands between mouthing events. We do not model the ingestion of
arsenic rematning on the hands after the one-hour play time is over and before the child
washes the remaining arsenic from his or her hands.

Soil ingestion and bioavailability

We simulate children’s incidental ingestion of soil contaminated with arsenic that has
leached from arsenic-treated wood and construction-related sawdust. These exposures
would apply to children who play near play structures, or children who play with toys
that have been stored beneath play structures, such as sandbox toys.

EPA cites five key soil ingestion studies in their analysis of soil exposure factors (EPA
1999). These studies provide estimates of mg of soil ingested daily for individual
children. We use all the daily ingestion values from these five studies in our model.
Where EPA does not provide individual data points from the stdies (in milligraros of
soil ingested per day for an individual child), we generate the values from the given
distribution statistics (typically from the mean and standard deviation).

In our model we give a child an equal chance of falling within any one of the five
measured distributions. Then each child is randomly assumed to fall within a high,
medium, or low exposure group, a categorization that is maintained throughout the
simulation period. For each model day on which soil exposures are assumed to occur, a
soil ingestion rate is randornly selected from within the relevant third (bigh, medium, or
low) of the chosen distribution. We assume that all of a child’s soil intake 15 from
arsenic-contaminated areas, and that 25 percent of the ingested arsenic is bioavailable
(EPA 2001).

Dermal absorption

We cousider dermal absorption separately for exposurcs to dislodgeable arsenic and
exposures to contaminated soil. For the subset of children represented in this model, we
assume that an arca equivalent to the palms, the back of the cajves, and the back of the
forcarms are exposed to dislodgeable arsenic or contaminated goil. 'We compute these
body part surface areas as half of the total hand surface area, one-quatrtcr of the total
surface arca of the arms, and one-quarter of the total leg surface area.
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We assume that 6.4 percent of the arsenic, cither in adhered soil or in dislodgeable
arsenic on the skin surface, is absorbed through the skin (EPA 2001).

Dislodgeable arsenic levels on arsenic-treated wood surfaces

In this model, childrens” exposures to dislodgeable arsenic are calculated from measured
arsenic residue on 588 in-service playsets, decks, porches, sandboxes, and treehouses,
including 295 playsets, from EWG’s Home Sampling Program. Residue level is assumed
to remain constant through the modeled years for an individual child.

Soil arsenic distribution

Measured distributions of soil arsenic used to represent contamination beneath individual
arsenic-treated wood playsets are from 453 soil samples below or near in-service
playsets, decks, porches, sandboxes, and treehouses saopled by homcowners as part of
our Home Sampling Program.

Data are highly skewed toward sandy soil and could underestimate exposures in Jarge

patts of the country with more organic, clayey, silty soil where arsenic concentrations
would likely be higher.

Cancer Potency

We compute cancer risk using the CPSC’s upper bound cancer slope factor of 0.023 kg-
day/ng. This value is consistent with the National Research Council’s estimate of EDO1
for bladder cancer alone (NRC 2002). We assume an increased potency of 10 for
children less than two years old and three for children over two years old as suggested in
EPA’s new guidelines for cancer risk assessment (EPA 2003).

Model calculational procedures

Modcl results presented in this report are from a model run that incorporated one million
children. In each of the one million model loops, the model creates a child that 1s defincd
by a body weight distribution (xanging from 1" through 99" percentile). Body surface
arca and body part areas are computed. Then the model randowly assigns four arscnic
distributions to the child, one represcating dislodgeable arsenic and soil arsenic for a play
structure, and one representing those same distributions for a deck. The modcl assumes
that all available measured distributions for soil and dislodgeable arsenic are equally
applicable to deck and play structure exposures, since the wood used for these structures
is the same.
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Each child cycles through the model day by day, with 3 hours a week assumed for play
structure contact time, and 3 hours a week assumed for deck contact time. Average daily
doses are computed for each of the 8 possible combinations of exposure routes and
pathways so the relative importance of each can be determined.

A child’s body weight and body surface area is updated monthly as the model cycles each
child through time. Dislodgeable arsenic and soil arsenic remain constant through the
exposure period, except that a child is given a one in four chance of moving each year, at
which point distributions are reassigned.

An average daily dose is computed according to standard risk assessment equations
presented in EPA (2001), using exposure parameters described previously.
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Good afternoon, my name is Paul Bogart and I represent the Healthy
Building Network. Thank you for the opportunity to testify today on
the Healthy Building Network’s and Environmental Working Group’s
petition to ban the use of CCA lumber in playgrounds. The Healthy
Building Network is a national network of green building professionals,
environmental groups, consumer advocates and concerned parents who
are interested in promoting healthier building materials as a means of
improving public health and preserving the global environment.

As you know, in May of 2001 we submitted a petition seeking a ban on
the use of arsenic treated wood in playground equipment. More than
thirty organizations representing hundreds of grassroots groups across
the country have endorsed the petition. '

Over the past two years, we have spoken to thousands of concerned
parents, teachers and others about the completely unnecessary risk
posed by the use of arsenic treated lumber in decks and playgrounds.
In almost every case, the response has been the same: if it isn’t
necessary, and it is a potential hazard, let’s get rid of it.

School boards, municipalities, city councils, parents — and even the

playground manufacturing industry, to its credit -- have reached the
common sense conclusion that regardless of the rate of arsenic leaching |
from the wood, or the rate of human exposure to the arsenic, prudence



dictates that children should be exposed to as little arsenic as possible in
their lives, and none of it should come from their play things. Many
have therefore decided to eliminate arsenic treated wood from their
playgrounds, schoolyards, and park. To the best of our knowledge, not
a single major playground manufacturer currently uses CCA treated
wood.

Now, the Consumer Product Safety Commission has before it a staff
report that confirms the obvious with scientific analysis:

¢ arsenic leaches from the CCA treated wood;
e it is even more toxic than previously thought;
¢ children are among the most vulnerable populations.

The Commission now has an opportunity to accelerate the necessary,
achievable, and long overdue transition away from the use of arsenic
coated wood in children’s products. In so doing, it will ensure that
those leaders in the affected industries, e.g. the playground companies
that have already stopped using CCA treated wood, do not lose one
more cent of revenue to the laggards among their competitors, who have
resisted this change, and continue mislead parents into thinking that all
wooden playground models are alike. The Commission has an
overwhelming obligation to speak forcefully and without equivocation
on this issue because if history is our guide, the arsenic lobby well
represented here today will exploit any ambiguity or nuance in the
Commissions statement to further mislead the public. HBN is
particularly concerned about this point.

It has been 13 years since the CPSC last examined the issue of
Playgrounds built with arsenic treated wood. The arsenic industry has
routinely mischaracterized the rigor of your previous analysis and its
conclusions, to mislead parents, consumers, municipal officials and
playground equipment manufacturers. Wearing the CPSC’s stamp of
approval of CCA like a badge of honor, the arsenic industry caused
millions of CCA playsets to be sold to consumers under false assurances
of safety since 1990, even as the data which you have before you today
mounted.



During the Commission’s first hearing on our petition, in August, 2001,
the American Wood Preservers Institute (AWPI) testified that ““An
éxtensive 1990 report by the CPSC found that CCA-preserved wood is
an appropriate materials for playgrounds.” (PowerPoint Briefing by
Scott Raminger to CPSC, 8/6/01.) In fact, your 1990 analysis contained
no such “finding.” The contrary it concluded: “This suggests that a
possible hazard might be created when playground equipment is built
with unfinished pressure treated wood from retail sources.” (CPSC
memorandum 8/2/90, Executive Summary.)

We have also presented the Commission with evidence that
manufacturers’ knowingly provided misleading infoermation to
consumers in brochures such as the one from the (Osmose corporation
entitled “CCA FACTS”, attached). This brochure for retail consumers
features the words, all capitals, “ USE IT FOR PLAYGROUNDS” next
to a color illustration of a playground structure, and “CCA TREATED
WOOD IS NOT HAZARDOUS” next to the color illustration of a
pitnic table. (The manufacturer’s Material Safety Data Sheets,
attached) explicitly contradicts these statements with these warnings,
among others: “This product must not come in contact with food or
feed,” and “Approximately 2.50z (6 cubic inched) of treated wood dust
ingested by a small child may be life threatening.” '

The responsibility facing this Commission may be complicated and
daunting, but it is not in doubt: New playgrounds made with arsenic
treated wood must be banned, and decisive steps must be taken
immediately to protect children from those playgrounds already in use.

While Healthy Building Network views many of the findings stated in
" the Staff report as a vindication of the assertions contained in our
original petition to the Commission; the recommendation that the
Commission defer action until after the EPA has acted, and the impact
of that action assessed, seems dangerously out of synch with their
. findings.

The EPA agreement, when finalized, is very limited in its ability to
protect children on a number of fronts:




First, the agreement would allow any CCA lumber produced before the
end of this year to be sold indefinitely, virtually assuring that despite the
findings of the staff report, CCA playsets will continue to be sold to
unsuspecting consumers well into next year.

If CPSC staff estimates of playground sales in the previous decade hold
true, we are talking about more than a quarter of a million
ADDITIONAL arsenic treated playsets sold to consumers while the
CPSC and EPA wait to take decisive action based on their own science.

Second, the voluntary labeling program currently in place for arsenic
treated wood only applies to retail sales of lumber. This means that
despite the conclusions of the CPSC staff that use of such lumber for
playsets represents a significant cancer risk well above the generally
accepted level for federal action; consumers who purchase arsenic
treated playgrounds will not even receive a label informing them of the
presence of arsenic nor the risks involved.

Third, deferring action, as recommended in the Staff report, positions
the CPSC as a roadblock to completing a transition that has already
begun in earnest by a majority of playground manufacturers.

Currently, the International standards organization (ASTM), as well
as the International Play Equipment Manufacturers Association
(IPEMA), are awaiting CPSC action before updating their standards.
Further delay on this issue not only impacts these organizations but
perhaps more importantly, rewards those remaining playground
manufacturers still using CCA while punishing the majority of
manufacturers who have taken a leadership position on this issue.

For these reasons, as well as for the health of the tens of millions of
children who play on arsenic coated playgrounds daily, deferring action
on the this issue is incompatible with the findings of the Staff report.

Instead, the Commission should take the following steps:

1.  HBN believes that playground equipment made from CCA
wood meets the statutory definition under the Federal
Hazardous Substances Act of a children’s product which

‘contains a hazardous substance in such manner as to be




susceptible of access by a child to whom such article is
entrusted. On the basis of this determination, HBN requests
that CPSC begin rulemaking to immediately ban new
playground equipment made from CCA treated wood.

Given the extended service life and greater use of public and
commercial playground equipment made from CCA wood,
HBN requests that such equipment be recalled immediately
and that CCA manufacturers pay the cost of this recall.

HBN requests the Commission to direct the
manufacturers/retailers of CCA playground equipment to
notify, in writing, all customers who purchased such
equipment in the past twenty years, and for whom records
exist, of the findings of the CPSC staff report and relevant
EPA findings and recommend mitigation measures to reduce
dislodgeable arsenic.

HBN requests that the Commission use aggressive means to
inform the public of the findings in the staff report including
increased cancer risks posed by CCA playground equipment,
as well as recommended mitigation measures.
HBN requests that the CPSC join with the EPA in an
expedited study to determine the best mitigation measures for
reducing the amount of dislodgeable arsenic from CCA -
playground equipment AND decks.




