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Status Report



\?\ UNITED STATES

?| CONSUMER PRODUCT SAFETY COMMISSION
7/ 4330 EAST WEST HIGHWAY
BETHESDA, MARYLAND 20814

Memorandum

Date: 03/14/2012

TO :  Mary Ann Danello, Ph.D., Associate Executive Director, Directorate for Health
Sciences

THROUGH: Lori E. Saltzman, M.S., Director, Division of Health Sciences
FROM : Dominique W. Johnson, MPH, Toxicologist, Division of Health Sciences
SUBJECT : Status Report: Review of Metals in the Toy Safety Standard ASTM F 963’

1. Background

On August 14, 2008, the President signed into law the Consumer Product Safety Improvement
Act (CPSIA) of 2008 (P.L. 110-314). Section 106(d)(1) of the CPSIA requires the U.S.
Consumer Product Safety Commission (CPSC or the Commission) to . . . examine and assess
the effectiveness of ASTM F 963 . . . and shall assess the adequacy of such standards in
protecting children from safety hazards. . . .”

The toy safety standard, ASTM F 963-07, was made a mandatory CPSC standard by the CPSIA.
Under ASTM F 963-07, section 4.3 provides migration limits for eight heavy metals that may be
in toy materials. These metals are: Antimony (Sb), Arsenic (As), Barium (Ba), Cadmium (Cd),
Chromium (Cr), Lead (Pb), Mercury (Hg), and Selenium (Se).

In an effort to begin assessing the effectiveness of the requirements for heavy metals in the toy
safety standard, CPSC staff contracted with Versar, Inc., to review the toxicity literature from the
years 2000 to 2010, on all of the metals listed in the standard, except lead,” and to evaluate any
toxicity data that may influence the determination of the effectiveness of the current safety
limits. In addition, Versar, Inc., was asked to develop an acceptable daily intake (ADI) value for
each metal. The ADI is the amount of a chemical that a person may be exposed to on a daily
basis without the chemical posing a significant risk of adverse health effects. An ADI is based
on the study reporting the lowest exposure levels associated with adverse effects or a dose that
was not associated with an adverse effect and is estimated using specified uncertainty factors to
account, for example, for extrapolation from animal studies to humans or other deficiencies in
knowledge.

' These comments are those of the CPSC staff and have not been reviewed or approved by, and may not necessarily
reflect the views of, the Commission.
? Lead was excluded because it is addressed separately in section 101 of the CPSIA.



1I. Discussion

A. Derivation of ASTM F 963-07 Values

CPSC staff believes that the migration limits in ASTM F 963-07 came directly from the
European Standard EN 71-3, based on the following information reviewed by staff. A report by
the Netherlands National Institute for Public Health and the Environment (RIVM, 2006),
indicates that permissible levels of bioavailable elements from toys were derived by the Science
Advisory Committee in the European Union (EU) in 1985. These permissible levels were then
specified in the EU’s Toy Safety Directive (Council Directive 88/378/EEC, 1988) and
subsequently incorporated into European Standard EN 71-3 (European Standard EN 71-3, 1994).
As documented in the RIVM (2006) report, the permissible levels were derived from estimated
adult weekly dietary intake levels for each element. The adult dietary intake level was then
reduced by half to estimate a child’s dietary intake. An additional adjustment was made to
derive the allowable daily intake level that may be contributed by toys.3 This adjustment was
between 0.1 and 10 percent of the estimated children’s dietary intake levels. These permissible
intake levels were converted to migration levels in milligrams per kilogram (mg/kg) of toy
material, with the assumption of a daily intake of 8 mg of toy material (8 mg/day), and assuming
an average weight of a child to be 12 kg.*

CPSC staff believes that the values for the migration limits in ASTM F 963-07 come directly
from the European Standard EN 71-3, based in part on the fact that the limits specified in ASTM
F 963-07 and EN71-3 are identical. It should be noted that the scope of the migration limits of
the two standards differ in that ASTM F 963-07 currently applies only to paints and surface
coatings, while EN 71-3 applies to toy substrate materials, such as plastic and metal, in addition
to paints and surface coatings.

B. Steps Taken by CPSC Staff

In order to compare the existing values in ASTM F 963-07 and those derived from Versar,
Versar was charged with reviewing only non-cancer data for all the metals. This is because the
reports that formed the basis for ASTM F 963, the Netherlands National Institute for Public
Health and the Environment (RIVM, 2006, and the previous European Toy Safety Standard
(Council Directive 88/378/EEC, 1988), derived their values from non-cancer endpoints.

Staff systematically analyzed the ADIs developed by Versar, compared the derived values to the
permissible intake levels (ingestion levels that have been determined to pose little to no risk of
adverse effects) provided in the EU’s toy safety directive, and drafted a staff document that
addressed the comparison to each chemical. Because the values from Versar and the EU
directive were derived under different assumptions and procedures, staff adjusted the derived
ADIs in the same way that the EU’s limits were handled, in order to compare the “existing”

? The reduction of the dietary intake value by half, and reduction to between 0.1 and 10 percent of the value to
derive the contribution of toys to the dietary intake level, appear to be based not on any specific data, but rather, on
assumptions deemed reasonable by the report’s authors. CPSC staff found insufficient information in the RIVM
report for evaluating the validity of these assumptions.

* The assumed 12 kg body weight for children was reported in the RIVM (2006), but was not further documented.
Twelve kg is equivalent to about 26.5 pounds, and using reasonably current data, corresponds to children who are
approximately 1 year old (Ogden ef al., 2004).



ASTM F 963 values with “new” values. Staff converted the Versar ADIs to daily intake levels
in milligrams per day (mg/day) by applying the same percentage of allowed daily intake for
exposure from toys as was done in the European analysis. Thus, staff multiplied the ADI by the
percent allowed for toys (0.1 %—-10%), and multiplied the result by the average weight of a 1-
year-old child (12 kg).

Staff recognizes that the use of different approaches could result in different values. CPSC staff
and contractors used a risk-based approach. A risk-based approach to deriving ADIs is one in
which well-conducted toxicity and epidemiology studies are used to identify the lowest exposure
doses that are associated with adverse health effects. The dietary intake approach that forms the
basis of the EU toy safety standard and the current ASTM F 963-07 standard, considers data
about typical exposures to the chemicals of interest within the population and then, through
assumptions and adjustments, derives permissible daily limits.

These approaches have clear differences. For example, the dietary approach looks at typical
exposures, not the possible adverse effects that may occur from those exposures, and does not
adjust the values using uncertainty factors. The ADI is defined as the amount of a chemical that
a person may be exposed to on a daily basis without the chemical posing a significant risk of
adverse health effects. The dietary approach can, but does not necessarily, result in an exposure
level that is associated with adverse effects (i.e., typical dietary exposures may actually be
associated with a risk for adverse effects). Further, the dietary approach may not account for
specific forms of a chemical that are likely used in toys or other products and that may have
differing levels of toxicity. However, the goal in this case was to make the same adjustments to
a derived-exposure limit, regardless of the method used to derive it, in order to facilitate the
comparison of new values with the existing values in ASTM F 963-07.

In an effort to determine the migration of metals from toys, CPSC staff also requested that the
contractor review current data showing migration of metals from children’s toys. However, little
or no data for metals used in toys or migration of metals from children’s toys was found, see
VERSAR report in Tab A. This lack of data was also noted in the RIVM report (2006). Staff
believes that additional testing will be required to identify the use of metals in children’s toys
and to quantify the potential migration of the metals from children’s toys.

In February 2011, CPSC staff initiated an external scientific peer review of the staff document
and the Versar contract report related to the review and analysis of the metals in the ASTM F
963-07 toy safety standard. Two reviewers were selected by Versar, and three reviewers from
other U.S. federal agencies were selected by CPSC staff. Tab C summarizes the peer review
comments and provides CPSC staff’s responses to those comments. There were 61 comments
received during the peer-review process. Comments were in the areas of general information
and understanding, key studies and endpoints used, comparison of dietary and risk-based
approaches, the use of uncertainty factors, relating findings to recommended dietary amounts,
and other current standards for heavy metals. Staff revised the CPSC staff metals document (Tab
B), as appropriate, based on the peer-review comments. The Versar contract report did not
require any revisions.



Attached is the final report provided by Versar, Inc., on four of the metals of interest: arsenic
(As), chromium (Cr), mercury (Hg), and selenium (Se) (Tab A).” The remaining metals included
in ASTM F 963 were not included in the review by Versar for the following reasons:

e Lead is addressed separately in section 101 of the CPSIA.

e Initial review of available information for antimony and barium indicated a lack of new
data. Thus, a full review by Versar was not necessary. Instead, staff developed its own
reports for these two elements (Tab B).

e As part of other agency work on cadmium, staff prepared its own review and analysis for
this element (Williams, 2010). Included in this status report is a summary of that review
and analysis (Tab B).

III. Conclusion

CPSC staff used the information developed by Versar, peer reviewers’ comments, and existing

staff assessments to derive intake limits using recent toxicity data for each of the metals listed in
ASTM F 963.

Table 1 contains a comparison of the existing intake limits in the EU Toy Safety Standard and
ASTM F 963, with the corresponding intake limits based on the ADIs developed by Versar or
CPSC staff. Many of the derived intake limits are lower than the existing ASTM F 963-07
intake limits, although antimony and barium limits are higher. This is due, in part, to the
different sources of data, as well as different assumptions and procedures that were used to
derive the values, as discussed above.

Table 1: Current F 963 Intake Limits and Calculated Values Resulting from Use of Modifying Factors

Existing Standard Values Resulting from Current Review
ASTM F 963
Metal Intake Limit (ng/day) ADI (pg/kg/day) Intake Limit" (ng/day)
Antimony (Sb) 0.2 6 7.2
Arsenic (As) 0.1 0.03 0.00036
Barium (Ba) 25 200 120
Cadmium (Cd) 0.6 0.1 0.06
Chromium (Cr) 0.3 0.4 0.05
Mercury (Hg) 0.5 0.001 0.001
Selenium (Se) 5 1 1
*Includes all modifying factors used in the derivation of the current ASTM F 963-07 standard.

The dietary approach used to derive the ASTM F 963-07 intake limits is not the approach
normally used by staff. Rather than adjusting the derived exposure limit with an additional
factor, staff would base the daily intake limit on the derived ADI and the weight of a child.
Thus, using the ADIs from the current review, and the weight of a small child (i.e., 12 kg; same
as the current standard), staff estimated the corresponding intake limits. Table 2 shows the
intake limits derived using staff’s preferred approach.

> All comments and recommendations received during CPSC clearance and review will be reviewed and addressed
by Versar.



Table 2: Current F 963 Intake Limits and CPSC’s Calculated Intake Limits

Metal ﬁ:;g;“{ﬁf?:; :3 ADI (pg/kg/day) Intake Limit* (ng/day)
Antimony (Sb) 0.2 6 72
Arsenic (As) 0.1 0.03 0.36
Barium (Ba) 25 200 2400
Cadmium (Cd) 0.6 0.1 1.2
Chromium (Cr) 0.3 0.4 4.8
Mercury (Hg) 0.5 0.001 0.012
Selenium (Se) 5 1 12
#Derived using standard CPSC staff approach.

With the exception of mercury, the existing ASTM intake limits are considerably lower (i.e.,
more protective) than the limits from the current analysis. Staff supports additional
consideration of the ASTM F 963 heavy metal limits, particularly for mercury because the
current analysis suggests the need for reducing the mercury limit. One of the issues that would
need to be considered concerns the test method and whether limitations exist as to the levels of
mercury that can be detected. Another consideration is the current status of the use or presence
of mercury or mercury compounds in children’s toys. Staff’s review of limited testing data
shows that mercury or mercury compounds are not currently being used in the manufacture of
children’s toys. Thus, the use of mercury in children’s toys is not an immediate concern, and
implementing a change to the mercury limit in the standard would not necessarily increase the
health protectiveness of the standard. Therefore, staff finds that the existing intake limits of
ASTM F 963-07 are sufficiently protective of children using toys that conform to the standard.

CPSC staff is aware that the European Union (EU) released an updated toy safety directive in
2009, and that the changes to the European toy safety standards pertaining to heavy metals are to
become effective in 2013. The updated EU toy safety directive will include significant changes
to the intake levels for heavy metals (see Appendix B table 8). CPSC staff has worked closely,
and will continue to work closely with ASTM on revisions to the ASTM F 963 toy safety
standard, as well as consider information from new or updated international standards. Staff will
take into consideration the interests in harmonizing with other international standards, in addition
to providing an appropriate level of safety for consumers.

As an example of the cooperation between ASTM and staff, CPSC staff recently participated in a
working group under the ASTM F15.22 toy safety subcommittee that was charged with
developing an amendment to the ASTM F 963-07 toy safety standard to address cadmium in
toys. The working group considered changes to the standard that would expand the requirements
for toys with cadmium and other chemicals. The revised standard was approved by ASTM on
December 1, 2011, and published shortly thereafter.

The revised standard includes certain requirements for cadmium in toys, as well as the other
chemical elements that previously had only been restricted in paints and surface coatings. In
addition to the limits for paints and surface coatings, the revised standard limits these chemicals
in plastics, metal, glass, and ceramic toys and parts of toys. These new requirements align with
the similar portions of the European EN 71-3 toy safety standard. CPSC staff supports the
changes made during the ASTM F 963 subcommittee review process and actively encouraged
expanding the scope of the heavy metals section to include materials other than paints and
coatings. Products subject to this new section of the standard include toys and parts of toys that



are intended to be mouthed, toys for children under 6 years of age, and toys and parts of toys that
are small parts (i.e., that fit into the test fixture specified at 16 CFR part 1501).

This Status Report is part of the staff’s congressionally mandated activity of examining and
assessing the effectiveness of the ASTM F 963. The 2007 version of the F 963 standard was the
current version at the time of this mandate. Since the ASTM work and staff’s activities related to
this Status Report were done concurrently, the analyses presented here could not be considered
by the ASTM subcommittee in development of the ASTM F 963-11. As discussed above the
staff finds that the existing intake limits of ASTM F 963-07 are sufficiently protective of
children using toys that conform to the standard. Consequently, staff also finds the migration
limits of F 963-11 are sufficiently protective of children since the limits did not change. In fact,
staff finds F 963-11, with respect to the heavy metals, to be a more robust standard because it
expands the types of products and materials subject to the standard.

While the revised standard includes a number of new requirements, staff and the working group
focused on cadmium content or the potential for exposure to cadmium because of the recent
work by CPSC staff, which showed the potential for harm to children who are exposed to excess
cadmium. The new requirements address the potential for harm from chronic exposure to
cadmium (i.e., exposures that occur over time, such as from repeated mouthing of a product by a
child), and acute exposures to cadmium (i.e., exposures that happen within a very short period of
time, such as when a child swallows a small part of a toy).

IV. Staff Recommendation

Staff finds that the existing intake limits in ASTM F 963-07 and EN 71-3 are sufficiently
protective of children who use toys that conform to the current standard. In developing their
standard, the EU did consider known toxicity information about the elements being reviewed.
Using this information, policy makers chose to reduce the percentage contribution of a particular
element in a toy to the daily intake for that element. Although their methods were based on
average daily intake, CPSC staff believes that the use of toxicity information to make
adjustments in developing their standard provides sufficient protection from adverse effects due
to toxicity from metals in toys. The current levels in ASTM F 963-07 generally provide a lower
limit compared to the intake limits that resulted from the ADIs derived by CPSC staff and the
contractor, using the risk-based approach. While the revised standard is based on the existing
intake limits, the requirements have been expanded to include more products. CPSC staff
supports the changes made to the ASTM F 963. Therefore, at this time, staff is not
recommending any changes to the migration limit section of ASTM F 963-07 (section 4.3), but
we do recommend that the Commission and staff continue to work closely with ASTM on
improvements to the toy safety standard and continue to assess any changes in ASTM or other
international safety standards.
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1.0 INTRODUCTION

1.1  PURPOSE

This document provides a summary of the most recent toxicological data and a toxicity
assessment for the metals identified in the ASTM International-implemented soluble metal
content restrictions in the F963 voluntary standard for toy safety [except for lead]. These metals
are the following: antimony, arsenic, barium, cadmium, chromium, mercury, and selenium. This
document provides toxicity assessments for arsenic, chromium, mercury and selenium, only.
Toxicity assessments were not developed for antimony because of the lack of recent data. In
addition cadmium was not assessed because the Consumer Product Safety Commission (CPSC
or Commission) staff prepared that assessment because it required a more in-depth review than
what is provided for the other four metals. Because there is potential ingestion exposure to the
soluble migratable metals, recent data on the migration of the selected metals from toys are also
provided in this document, where available. The primary purpose of the review was to determine
if recent toxicological data are available that may justify derivation of acceptable daily intakes

(ADIs) that might alter the current soluble metals standard.

1.2 BACKGROUND

Using the European Union’s EN 71-3 Safety of Toys standard as a guideline, the ASTM-
International implemented soluble migratable metal restrictions in the F963 voluntary standard
for toy safety. The standard assumes repeated exposure by ingestion of 8 mg/day (mean value)
of toy material. The permissible levels of bioavailable elements from toys were derived in a
1985 advice by the Scientific Advisory Committee in the European Union and were based on
adult weekly dietary intakes (RIVM, 2006). The EN 71-3 levels were converted to migration
limits in mg/kg of toy material, assuming that a child ingests 8 mg of toy material per day
(RIVM 2006). Routes of ingestion of toy material include: direct ingestion and also licking,
sucking, mouthing, and hand-to-mouth behavior; these activities could result in the migration of
the metals from the toy material matrix thru saliva.

In addition to the EU standard established in 1985, RIVM (2006) developed a risk-based
methodology to assess the safety of exposure to chemicals in toys to derive a more health-based
standard for toys. The emphasis of the methodology was inorganic elements in toys intended to
be put in the mouth. RIVM (2006) noted that their proposed methodology can be used to derive
migration and content limit values for elements in toys and to perform safety assessments of
elements in toys. RIVM (2006) derived new migration limit values for 16 elements, including
those metals addressed in this document, and recommended proposed migration limit values. A

new European Union Toy Safety Directive (2009) gives consideration to the proposed migration



limits of RIVM (2006). The Directive was adopted on July 19, 2009, but it does not come into
full effect until July 19, 2013.

Under the Consumer Product Safety Improvement Act (CPSIA) (2008), F963 was
adopted as a rule by the Consumer Product Safety Commission and became a mandatory safety
standard in February 2009 (CPSIA, 2008). The CPSIA also required the Commission to evaluate
the adequacy of the requirements that address hazards associated with small magnets; toxic
substances; toys with spherical ends; hemispheric-shaped objects; cords, straps, and elastics; and
battery-operated toys. Section 4.3.5.2 of F963, pertaining to toxic substances, prohibits the use
of seven metals (in addition to lead) in paint and similar surface-coating materials when the
soluble metal content exceeds levels ranging from 25 ppm to 1000 ppm. The specific level for
each metal is provided later in Section 2.0. Under the CPSIA, lead is restricted by a total content
limitation. In consideration of this, and to begin evaluating Section 4.3.5.2 for possible update
and incorporation of more recent scientific data, the Commission staff initiated efforts to obtain

updated information on metal toxicity.

1.3 APPROACH

The objectives of this effort were to review and assess the toxicological data on the
metals identified in ASTM F963 specified above to determine if there were potential updates or
needed changes to the CPSC’s mandatory standard. To achieve these objectives, the following

sequential steps occurred:

e A literature search was conducted to identify available data from the year 2000 to present
on the chosen metals (in inorganic form) for acute and chronic toxicity (repeated
exposure oral toxicity) studies, and data relating to migration from products,
toxicological effects, and suggested maximum daily intake, focusing primarily on toxicity
information relating to human health. The primary databases searched were PubMed and
the Agency for Toxic Substance and Disease Registry (ATSDR) toxicological profiles
and chemical evaluation documents. The ATSDR toxicological profiles and chemical
evaluation documents were used as a starting point for the search. Other databases, such

as TOXLINE, were used to augment the primary data search.

e The literature search results (titles, authors, abstracts, and other citation information)
were incorporated into a separate EndNote database for each metal. Approximately

13,000 references were identified.



The abstracts in the EndNote databases were reviewed to determine if they included data
that potentially could affect the ADIs for each metal. The references were primarily
grouped in the metals’ respective EndNote databases according to “All References”;
“May Impact” (references that potentially could affect the acceptable daily intake (ADI));
and “Key Studies.” These grouping are shown by metal in Table 1-1.

Table 1-1. Number of References Identified by Metal
All References May Impact Key Studies
Antimony 326 25 1
Arsenic 3018 197 30
Barium 469 16 0
Cadmium 2186 158 14
Chromium 1285 73 15
Mercury 4784 33 6
Selenium 3141 76 7

Copies of the full references were retrieved for any reference that was determined to
possibly impact the ADI, and PDFs of the references were incorporated into the EndNote
database.

The “May Impact” studies were reviewed to select the key studies—the ones believed
likely to influence a change in F963, Section 4.3 mandatory standard of the CPSC.

Summaries of key studies were prepared for each metal and are provided in Appendix A.

The key studies were reviewed for use in the toxicity assessment and potential derivation
of ADIs based on new/current non-cancer dose-response data and the No Observed
(Adverse) Effect Levels (NO(A)EL) data found. NOAEL and Lowest Observed Affect
(LOAEL) values were identified, and the ADIs for the metals were developed using the
NOAEL and LOAEL approach based on the supporting data. The ADI development for
chromium and mercury was based on animal toxicity data and for arsenic and selenium

was based on human epidemiology data.

Toxicity assessments and ADIs were developed for four metals (arsenic, cadmium,
mercury, and selenium) and are provided herein. Toxicity assessments and ADIs were
not developed for barium and antimony because no new data were found that potentially
could influence the ADI. In addition cadmium was not assessed because the CPSC
required a more in-depth review than what is provided in this document for the other four

metals.



1.4

1.5

ORGANIZATION

The sections of this document are organized as follows:

Section 2 provides information on migration of the selected metals from products,
specifically toys.

Sections 3, 4, 5, and 6 provide the available recent toxicity information and a calculated
ADI based on the available supporting data for arsenic, chromium, mercury, and
selenium, respectively.

Appendix A provides summaries of each article that was selected as a key study.
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SECTION 2.0 MIGRATION OF METALS FROM TOYS

2.1 BACKGROUND
ASTM International, formerly known as the American Society for Testing and Materials
ASTM), has provided the maximum amount of soluble migrated element from toy material in

F963, Section 4.3.5 as a provision for toy safety. The values from F963 are shown below.

Table 2-1. Current F963 Migration Limit for Each Metal
Element Migration Limit (mg/kg product)

Antimony (Sb) 60

Arsenic (As) 25

Barium (Ba) 1000

Cadmium (Cd) 75

Chromium (Cr) 60

Mercury (Hg) 60

Selenium (Se) 500

2.2  RECENT MIGRATION DATA

A literature search was conducted to obtain the most recent data (year 2000+) on the
migration of the identified seven metals from products, specifically toys. Minimal data were
found for studies conducted to determine leaching of metals from products such as ceramic ware,
jewelry, crystal glassware, plastic bottles, and stainless steel cookware.

Recent data on the migration of metals from toys and/or levels of metals in toys were
identified in studies that were conducted in Japan and India. These studies are briefly
summarized and presented below.

Kawamura, et al. (2006) investigated levels of 8 metals (antimony, arsenic, barium,
cadmium, chromium, lead, mercury, and selenium) in 45 baby toys and 10 paints. The toys were
made of polyvinyl chloride. Kawamura, et al. (2006) reported that the samples contained the
following levels:

e Barium (0.3-3,700 mg/kg) (all samples);

¢ Cadmium (0.2-26 mg/kg) (several samples);

e Chromium (0.5-280 mg/kg) (several samples);
e Lead (1.5- 1,300 mg/kg); and

e Antimony (5.3 mg/kg) (1 sample).

Additionally, the samples were evaluated using the migration test of International
Organization for Standardization, ISO 8124-3 (ISO, 1997). Barium, cadmium, chromium, and
lead migrated from some of the samples but at limits lower than the migration limits required by
the ISO 8124-3 Method (Safety of Toys: Part 3; Migration of Certain Elements)(Kawamura, et
al., 2006). It should be noted that the summary of Kawamura, et al. (2006) is from the abstract



and not the article. The article text is provided only in Japanese. Actual data values were
provided in tables, but text describing the tables was provided in Japanese only.

Kawamura, et al. (2009) compared the migration tests of cadmium and lead from paint
film on baby toys set out in the Japanese Food Sanitation Law (official standard) and ISO 8124-
3. Vinyl chloride resin enamel and acrylic resin enamel containing 1,000 mg/kg cadmium and
lead on a dried basis were painted on glass plates, soaked in water, and tested. Cadmium and lead
were found to be below the limit of determination (<0.1 pg/mL) (Kawamura, et al., 2009).
However, when the solvent was changed to four percent acetic acid or 0.07 mol/L HCI, 0.3-2.3
pg/mL cadmium and lead migrated from the acrylic resin enamel, but no migration was observed
from the vinyl chloride resin enamel (Kawamura, et al., 2009). The tests were conducted
according to the ISO method, where the paint was scratched from the glass plates and the powder
was soaked in 0.07 mol/L HCI at 37 degrees C for 1 hour with and without shaking. The
migration of Cd and Pb reached 310 to 910 mg/kg (i.e., 3.5-12 times more than the migration
limits). Cadmium migrated more extensively than lead, and both migrated more readily from the
acrylic resin enamel than from the vinyl chloride enamel (Kawamura, et al., 2009). It should be
noted that this summary is based on the abstract provided for an article that is written in
Japanese.

Kumar and Pastore (2006) investigated levels of lead and cadmium in soft toys in India.
This investigation was conducted because a large number of toys are imported into India with
little or no quality control and because the small children and infants chew and play with soft
plastic toys (Kumar and Pastore, 2006). A total of 111 non-branded PVC toys and soft toys were
randomly purchased in cities in India and tested to determine lead and cadmium levels at the
National Accreditation Board for Testing and Calibration Laboratories in India. Of the 111 total
samples, 77 PVC and 11 non-PVC samples were analyzed for cadmium and lead. Both metals
were found to be present in all samples at varying concentrations. Kumar and Pastore (2006)
reported that average cadmium concentrations ranged from 15.71-26.53 ppm with maximum
concentrations ranging from 11.6—188 ppm. The minimum concentrations ranged from 0.03—

0.16 ppm.
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3.0 REVIEW OF SELECTED KEY STUDIES AND TOXICITY
ASSESSMENT FOR ARSENIC (As)

31 SUMMARY

The existing standard for arsenic is 0.1 pg As/day from toys, which corresponds to a
daily dose of 8E-06 mg As/kg-day from toys for a 12 kg child. An ADI of 3E-05 mg As/kg-day
is derived herein based on a chronic LOAEL of 0.001 mg As/kg-day for skin lesions in an
exposed human population and an uncertainty factor of 30 to adjust from a LOAEL to a NOAEL
(10) and protect sensitive populations (3). Applying the same modifying factors that were used
to derive the existing standard, the permissible intake from toys based on this ADI would be
0.00036 pg As/day. This comparison suggests that the ADI would be approximately three
hundredfold lower than the existing standard.

3.2  EXISTING STANDARD FOR ARSENIC

Existing standards for children’s intake of metals from toys, originally published in EU
12964 EN and EN 71-3, are based on estimated levels of metals in the diet and allowable relative
source contributions from toys, ranging from 0.1-10 percent based on the chemical’s toxicity
(RIVM, 2006). For arsenic, the existing standard is 0.1 pg As/day from toys, based on an
assumed children’s dietary intake of 700 ug As/week (calculated as 50 percent of the measured
adult intake of 1400 ug As/week), and an allowable contribution from toys of 0.1 percent (700
ng As/week + 7 days/week x 0.1% = 0.1 pg As/day) (RIVM, 2006). The allowable contribution
for arsenic from toys was reduced to 0.1 percent from the starting value of 10 percent due to
known carcinogenicity of arsenic by the oral route. Assuming a body weight of 12 kg (RIVM,
2006), the permissible intake of 0.1 pg As/day corresponds to a daily dose of 0.008 ng As/kg-
day or 8E-06 mg As/kg-day from toys.

3.3 REVIEW OF SELECTED KEY STUDIES FOR ARSENIC

RIVM (2006) reviewed the existing toxicity data and assessments available for arsenic.
Arsenic can occur in various organic and inorganic forms that differ in physical and chemical
properties, occurrence, and toxicity. While organic forms of arsenic exhibit very low toxicity,
numerous epidemiological studies have identified adverse health effects associated with
ingestion of inorganic arsenic in human populations. For the current assessment,
epidemiological literature on the non-cancer effects of inorganic arsenic published since 2000
was reviewed. The database includes a large number of studies, many of which quantified
exposure to inorganic arsenic in the exposed populations. Some of these studies were designed

to assess traditional endpoints associated with arsenic exposure (e.g., dermal lesions), but several



of the studies evaluated other endpoints (e.g., intellectual ability, blood pressure, heart disease
mortality), including reproductive and developmental endpoints (e.g., neonatal and infant death,
spontaneous abortion, stillbirth, anemia during pregnancy, erectile dysfunction). The selected
studies and their associated NOAEL/LOAEL values, where applicable, are summarized in Table
3-1. The most sensitive effects generally were found at similar levels (within roughly an order of
magnitude) in all studies (with midpoints of NOAEL and LOAEL ranges varying from 0.0006—
0.006 and 0.001-0.016 mg As/kg-day, respectively). LOAELSs for increased risk of skin lesions
were observed in several studies at estimated midpoint doses ranging from about 0.001 to 0.004
mg As/kg-day (Ashan et al., 2006; Rahman et al., 2006: McDonald et al., 2006; 2007; Guo et al.
2006 a, b). LOAELSs for cardiovascular effects were 0.001 mg As/kg-day for increased blood
pressure (Kwok et al., 2007) and > 0.009 mg As/kg-day for increased risk of heart disease
mortality (Wade et al., 2009). Other studies identified LOAELSs for: decreased intellectual
function (0.007 mg As/kg-day, Wasserman et al., 2004); increased risk of infant or neonatal
death (0.006 mg As/kg-day, Milton et al., 2005; 0.016 mg As/kg-day, Rahman et al., 2007; >
0.001 mg As/kg-day, Myers et al., 2009); increased risk of stillbirth (> 0.004 mg As/kg-day,
Cherry et al., 2008); increased prevalence of anemia in pregnant women (0.002 mg As/kg-day,
Hopenhayn et al., 2006); and increased risk of erectile dysfunction (>0.004 mg As/kg-day, Hsieh
et al., 2008).

The most reliable estimates of exposure are from the Ahsan et al. (2006) and Rahman et
al. (2006) studies of dermal lesions, which estimated mean chronic (>5 years) arsenic drinking
water exposure for each individual, and the Rahman et al. (2007) study of pregnancy outcome,
which estimated exposure of each individual specifically during pregnancy. All of these were
large studies that grouped subjects by exposure quintile, and two of them (Ahsan et al., 2006;
Rahman et al., 2007) reported median exposure levels for each quintile. Taking the median
value (or midpoint where the median was not reported) as representative of the quintile, the
Ahsan et al. (2006) and Rahman et al. (2006) studies reported LOAEL values of 0.001 and 0.002
mg As/kg-day, respectively, for increased risk of skin lesions (melanosis and/or hyperkeratosis).
A NOAEL was not identified in either study. The LOAEL of 0.001 mg As/kg-day was the
lowest in the database, along with the study by Kwok et al. (2007) that reported increased blood
pressure in postpartum women at the same estimated exposure level (also without a NOAEL). In
comparison, the Rahman et al. (2007) study of pregnancy outcome found effects only at higher
doses. In this study, increased risk of infant death was the most sensitive endpoint, with a
NOAEL of 0.006 mg As/kg-day and LOAEL of 0.016 mg As/kg-day.



34 TOXICITY ASSESSMENT FOR ARSENIC

An ADI for inorganic arsenic can be derived from the chronic LOAEL of 0.001 mg
As/kg-day for skin lesions (Ahsan et al., 2006). There is abundant evidence in the reviewed
studies, as well as the older literature, for skin lesions as a sensitive endpoint for inorganic
arsenic. There is also a large database of supporting studies for other effects, including adverse
reproductive outcomes, at only slightly higher doses. A NOAEL for dermal lesions was not
identified in the Ahsan et al. (2006) study. Taking the LOAEL of 0.001 mg As/kg-day (Ahsan et
al., 2006) as the point of departure (POD), and applying an uncertainty factor of 30 (10 for
adjustment from a LOAEL to a NOAEL and 3 for human variability), results in an ADI for
inorganic arsenic of 3E-05 mg As/kg-day. Use of a partial uncertainty factor of 3, rather than a
full factor of 10 to protect sensitive individuals, is consistent with treatment of the older data in
existing assessments by the U.S. Environmental Protection Agency (1993) and ATSDR (2007).

3.5 COMPARISON OF ADI TO EXISTING TOY STANDARD FOR ARSENIC

The ADI of 3E-05 mg As/kg-day derived here applies to total daily intake of inorganic
arsenic from all sources. The existing permissible intake for arsenic in the European toy safety
standard is 0.1 ng As/day, which refers specifically to intake from toys. In order to compare
these, we applied the same modifying factors that were used to derive the toy standard.
Therefore, a source allocation of 0.1 percent was applied to the ADI and a bodyweight of 12 kg
was used to calculate a permissible intake level that is directly comparable to the existing value
(3E-05 mg As/kg-day x 0.1% x 12 kg = 3.6E-07 mg As/day from toys). Comparison of the
permissible intake of arsenic from toys based on the ADI derived here (3.6E-07 mg As/day or
0.00036 ug As/day) and the existing permissible intake from toys (0.1 pg As/day) suggests that
the ADI would be approximately three hundredfold lower than the existing standard.
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Table 3-1. Summary of Oral Non-cancer Dose-Response Information for Inorganic Arsenic in Humans

NOAEL | LOAEL
(mg As/kg- | (mg As/kg- | Responses at the
Study population Exposure day) day) LOAEL Comments Reference

Chronic exposure
Cross-sectional Subjects sorted into 5 quintiles |[NA 0.0004- Increased risk of | Dose-dependent increase in prevalence of skin Ahsan et al.,
survey of 11,746  |based on TWA As 0.002 skin lesions lesions (melanosis and/or hyperkeratosis). 2006
adults in Bangladesh |concentration in drinking water Prevalence OR (adjusted for age, sex, BMI,

for at least 5 years: 0.1-8.0 Median = education, smoking, sun exposure, and land

(median = 1.8), 8.1-40 (23), 0.001 ownership) significantly increased in 2nd (1.38,

40.1-91 (62), 91.1-175 (125), 95% CI 1.20-2.94), 3rd (3.32, 95% CI 2.18-5.05),

or 175.1-864 (255) ng As/L 4th (3.78, 95% CI1 2.50-5.71), and 5th (5.70, 95%

[~ <0.0004 (0.00008), 0.0004- CI 3.80-8.55) quintiles relative to 1st quintile.

0.002 (0.001), 0.002-0.005 Same results for exposure quantified as

(0.003), 0.005-0.009 (0.006), cumulative As dose (mg As) or urinary As (ug

or 0.009-0.04 (0.01) mg As/kg- As/g creatinine).

day]'
Case-control study |Cases and controls sorted into  |[NA 0.0007- Increased risk of  [Chronic mean drinking water exposure to As was |Rahman et al.,
(504 cases with skin |5 quintiles based on chronic 0.004 skin lesions significantly (p<0.01) higher in cases (& 200 2006
lesions and mean As exposure: <10, 10-49, (males) pg/L, @ 211 pg/L) than in controls (& 143 pg/L,
1,830 controls, 50-149, 150-299, or >300 pg Midpoint = Q 155 ug/L). There were significant dose-related
roughly half males |As/L in drinking water for at 0.002 increases in skin lesion risk in males and females
and half females) in |least 6 months (= <0.0007, with increasing exposure to As (p <0.001). OR
Bangladesh 0.0007-0.004, 0.004-0.009, significantly increased in males at 2nd quintile

0.009-0.02, or >0.02 mg (3.25,95% CI 1.43-7.38) and above and females

As/kg-day)® at 3rd quintile (3.06, 95% CI 1.39-6.74) and

above, relative to the Ist quintile.

Cross-sectional Participants sorted into 4 0.0004- 0.0007- Increased risk of  |[Prevalence of skin lesions in village increased McDonald et al.,
survey of 13,705 groups by mean As 0.0007 0.004 skin lesions with As concentration in village well water. 2006
women in concentrations in village well Prevalence ratio significantly increased in 3rd
Bangladesh water: <5, 6-10, 11-50, or >50 |Midpoint = |Midpoint = (2.10; 95% CI 1.03-4.28) and 4th (22.05; 95% CI

pg As/L (= <0.0004, 0.0004- 0.0006 0.002 11.24-43.27) groups relative to 1st group.

0.0007, 0.0007-0.004, or

>(.004 mg As/kg-day)”
Case-control study |Cases and controls sorted into |0.0007- >0.004 Increased risk of  |OR for skin lesions significantly increased in 3rd (McDonald et al.,
(155 women with |3 groups based on As levels in |0.004 skin lesions group (2.96, 95% CI 1.02-8.59) relative to 1st 2007
skin lesions and 155 |drinking water wells: 0-10, 11- group. Nonsignificant increase in 2nd group
controls matched for |50, or >51 pg As/L (= 0- Midpoint = relative to 1st group (1.33, 95% CI 0.77-2.28).
village and age) in  {0.0007, 0.0007-0.004 or 0.002

Bangladesh

>0.004 mg As/kg-day)”
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Table 3-1. Summary of Oral Non-cancer Dose-Response Information for Inorganic Arsenic in Humans

NOAEL LOAEL
(mg As/kg- | (mg As/kg- | Responses at the
Study population Exposure day) day) LOAEL Comments Reference

Cross-sectional Subjects sorted into 4 groups |[NA 0.001-0.003 |Increased risk of |Prevalence of skin lesions (keratosis, Guo et al., 2006a
study of 109 based on As levels in drinking skin lesions pigmentation, and/or depigmentation) increased
subjects in As water wells used for at least 6 Midpoint = with As exposure. Prevalence OR (adjusted for
affected village and |months: <50, 51-99, 100-149, 0.002 age, sex, smoking, duration of exposure)
32 subjects from or >150 pg As/L (= <0.001, significantly increased in 2nd (15.5, 95% CI 1.53-
control village in ~ [0.001- 0.003, 0.003-0.004, or 248.7), 3rd (16.10, 95% CI 3.73-69.93), and 4th
Mongolia >0.004 mg As/kg-day)* (25.70, 95% CI 6.43-102.87) groups relative to 1st

group.
Cross sectional Subjects sorted into 4 groups |[NA 0.001-0.006 |Increased risk of |Prevalence of skin lesions increased with As water |Guo et al.,
study of 448 adult |based on As levels in drinking skin pigment level, primarily due to increase in prevalence of  [2006b
residents of a single |water wells: <50, 51-199, 200- Midpoint = |disorder pigment disorders. Prevalence of keratosis was
village in Mongolia {499, or >500 pg As/L (= 0.004 very high in all groups, including lowest exposure

<0.001, 0.001- 0.006, 0.006- group, and did not increase further with exposure
0.01 or >0.01 mg As/kg-day)° level. Prevalence OR for pigment disorders

(adjusted for age, sex, and smoking) significantly

increased in 2nd (2.25, 95% CI 1.3-83.24), 3rd

(10.97, 95% CI 1.50-79.95), and 4th (10.00, 95%

CI 1.39-71.77) groups relative to 1st group.
Cross-sectional Participants sorted into tertiles |[NA NA NA Dermal lesions in 141/241 (59%) children. Lesion|Watanabe et al.,
survey of 241 based on urinary As excretion [(631 pug As/ incidence did not vary with tertile of As exposure, {2007
children (109 boys |(mean values of 108, 239, 631 |g creatinine) as assessed by urinary As excretion (55-60% in
and 132 girls) aged |ug As/g creatinine). each tertile). There was a significant trend for
4-15 in 2 rural increasing proportion of children with low BMI
villages in with increasing tertile of As in urine, but no
Bangladesh significant pair wise differences.
Cross-sectional Participants sorted into 3 NA NA NA Nonsignificant increase in risk of peripheral Tseng et al.,
study of 479 adults |groups of cumulative As (>15.4 mg vascular disease with increasing cumulative As 2005
(220 men and 259  |exposure (0, 0.1-15.4,>15.4  |As/L x yr) exposure (adjusted OR of 3.41[95% CI 0.74-

women) in Taiwan

mg As/L x yr).

15.78] and 4.62[95% CI1 0.96-22.21] for 2nd and
3rd groups, respectively, versus 1st group).
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Table 3-1. Summary of Oral Non-cancer Dose-Response Information for Inorganic Arsenic in Humans

NOAEL LOAEL
(mg As/kg- | (mg As/kg- | Responses at the
Study population Exposure day) day) LOAEL Comments Reference
Cross-sectional Subjects sorted into 4 groups  |[NA 0.0007- Increased systolic [Systolic and diastolic blood pressure (6 weeks Kwok et al.,
study in 8790 based on As levels in drinking 0.002 and diastolic blood |postpartum) increased with increasing As 2007
recently pregnant  |water wells: <20, 21-50, 51- pressure concentration in drinking water. The increases
women in Mongolia |100, or >100 ug As/L (= Midpoint = were significant for exposure groups 2 (systolic
<0.0007, 0.0007-0.002, 0.002- 0.001 increased by 1.88 mm Hg, diastolic by 2.11 mm
0.004, or >0.004 mg As/kg- Hg), 3 (systolic 3.90 mm Hg, diastolic 2.74 mm
day)* Hg), and 4 (systolic 6.83 mm Hg, diastolic 3.08
mm Hg), relative to group 1 (adjusted for age and
weight).
Retrospective Subjects sorted into 5 groups 0.003-0.009 (>0.009 Increased risk of  |Incidence rate ratio (adjusted for age, sex, Wade et al.,
mortality study of |based on As exposure in heart disease smoking, alcohol and farm work) significantly 2009
572 deaths in a drinking water: <5, 5.1-20, Midpoint = mortality increased for mortality due to all causes (3.39,
single village in 20.1-100, 100.1-300, or >300 |0.006 95% CI 1.32-8.69), cancer (6.25, 95% CI 1.08-
Mongolia pg As/L (= <0.0001, 0.0001- 36.22), and heart disease (5.08, 95% CI 1.45-
0.006, 0.006-0.003, 0.003- 17.81) in highest exposure group (relative to low
0.009, or >0.009mg As/kg- exposure group) among residents exposed since
day)* before 1990.
Cross-sectional Children sorted into 3 groups |NA NA Increased risk of  [Measured nerve conduction velocity (NCV). No [Tseng et al.,
study of 117 based on current As exposure [(50.1-100 |(>100 mg |slow sural nerve |difference in NCV between <50 and >50 ug As/L {2006
children (62 boys |in drinking water: <10, 10.1- |mg As) As) sensory action current exposure, but sural nerve sensory action
and 55 girls) aged |50, or >50 ug As/L (= <0.0003, potential potential (SAP) decreased at >100 mg As versus
12-14 in 0.0003- 0.001, or >0.001 mg <100 mg As cumulative dose. OR for slow sural
Taiwan As/kg-day)® or cumulative As SAP (adjusted for gender and height) showed
dose: <50, 50.1-100, >100 mg nonsignificant increase for 3rd group versus st
As. group (2.4; 95% CI 0.7-8.1) based on current
exposure and significant increase for 3rd group
versus 1st group (2.9; 95% CI 1.1-7.5) based on
cumulative exposure.
Cross-sectional Children placed in quartiles 0.0003- 0.003-0.01 |Decreased After adjustment for sociodemographic covariates |Wasserman et
study of 201 based on current As exposure: [0.003 intellectual and water Mn concentrations, there was a dose-  |al., 2004
children (98 boys  |<5.5, 5.6-50, 50.1-176, or 177- function related reduction in intellectual function
and 103 girls) aged |790 pg As/L in drinking water |Midpoint = |Midpoint = (measured via modified Wechsler Intelligence
9.5-10.5 in (= <0.0003, 0.0003-0.003, 0.002 0.007 Scale) with increasing As exposure that was
Bangladesh 0.003-0.01, or 0.01-0.05 mg statistically significant in the 3rd and 4th quartiles

As/kg-day)"

versus the 1st quartile.
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Table 3-1. Summary of Oral Non-cancer Dose-Response Information for Inorganic Arsenic in Humans

NOAEL LOAEL
(mg As/kg- | (mg As/kg- | Responses at the
Study population Exposure day) day) LOAEL Comments Reference
Cross-sectional Participants sorted into 3 NA NA Increased risk of  |Prevalence of pterygium (disfiguring disease that |Lin et al., 2008
study of adults (223 |groups based on cumulative As (0.1-15 mg |pterygium based |can lead to blindness) increased with cumulative
exposed and 160 exposure (<0.1, 0.1-15,>15.1 As/L x yr) |on cumulative As |As exposure and with duration of well water
controls) in Taiwan |mg As/L X yr). exposure consumption. Significantly increased OR for both
2nd (2.04; 95% CI 1.04-3.99) and 3rd (2.88; 95%
CI 1.42-5.83) groups versus 1st group, even after
adjustment for age, sex, working in sunlight and
working in sand (other significant risk factors).
Reproductive and developmental toxicity
Study of pregnancy |Subjects sorted into 5 quintiles |0.0007- 0.012-0.020 |Increased risk of  |Increased risk of infant (age < 12 mo.) death with |Rahman et al.,
outcome in 29,134 |based on As concentration in |0.012 infant death increasing As concentration in maternal drinking 2007
women in drinking water during water, significant versus quintile 1 in quintiles 3
Bangladesh pregnancy: <10 (median <1), [Median= |Median = (RR=1.19, 95% CI 1.00-1.42), 4 (RR=1.29, 95%
10-166 (77), 167-276 (225),  |0.006 0.016 CI 1.08-1.53), and 5 (RR=1.19, 95% CI 1.00-
277-408 (340), or >409 (515) 1.41). Increased fetal loss (stillbirth) in quintile 4
pg As/L [=<0.0007 (RR=1.14, 95% CI 1.01-1.30) relative to quintile
(<0.00007), 0.0007-0.012 1.
(0.006), 0.012-0.020 (0.016),
0.020-0.030 (0.025), or >0.030
(0.037) mg As/kg-day]”
Study of pregnancy |Subjects sorted into 3 groups |[NA 0.004-0.007 |Increased risk of |Increased risk of spontaneous abortion in exposure |Milton et al.,
outcome in 533 based on As levels in drinking spontaneous groups 2 (OR=2.4,95% CI 1.2-5.1) and 3 2005
women in water wells: <50, 51-100, or Midpoint = |abortion and (OR=2.5, 95% CI 1.5-4.4) relative to group 1
Bangladesh >100 pg As/L (= <0.004, 0.006 neonatal death (adjusted for height and history of hypertension
0.004-0.007, or >0.007 mg and diabetes). Increased risk of neonatal (age <28
As/kg-day)” days) death in group 2 (OR=2.7, 95% CI 1.1-6.73)
and stillbirth in group 3 (OR=2.9, 95% CI 1.5-
5.9).
Study of pregnancy |Subjects sorted into 3 groups [0.0007- >0.004 Increased risk of  [Stillbirths increased with As exposure level. OR |Cherry et al.,
outcome in 30,984 |based on As levels in drinking |0.004 stillbirth for stillbirth was nonsignificantly increased in 2008
women in water: <10, 10-50, or >50 pg group 2 (1.23, 95% CI 0.87-1.74) and significantly
Bangladesh As/L (= <0.0007, 0.0007-0.004 |Midpoint = increased in group 3 (1.80, 95% CI 1.14-2.86)
or >0.004 mg As/kg-day)” 0.002 relative to group 1 in multivariate analysis.
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Table 3-1. Summary of Oral Non-cancer Dose-Response Information for Inorganic Arsenic in Humans

NOAEL LOAEL
(mg As/kg- | (mg As/kg- | Responses at the
Study population Exposure day) day) LOAEL Comments Reference

Study of pregnancy |Subjects sorted into 4 groups |[NA >0.001 Increased risk of  |Increased risk of neonatal (age <28 days) death ~ |Myers et al.,
outcome in 9890 based on As levels in drinking neonatal death (OR=2.01, 95% CI 1.12-3.59, adjusted for 2009
women in water wells: <20, 21-50, 51- adequacy of prenatal care) in exposure groups 3+4
Mongolia 100, or >100 ug As/L (= (combined) versus groups 1+2 (combined). No

<0.0006, 0.0006-0.001, 0.001- evident relationship between maternal As

0.003, or >0.003 mg As/kg- exposure in drinking water and preterm birth,

day)* stillbirth, or birth weight.
Prospective cohort |Subjects sorted into 2 groups |0.002 NA NA There was a non-significant decrease in birth Hopenhayn et
study of 844 infant- |based on As levels in city weight in infants of women from the As-exposed |al., 2003
mother pairs (424  |drinking water: <I or 40 ug city (-57 g, 95% CI -123 - 9) in multivariate
from an As-exposed |As/L (approximately <0.00004 analysis.
city and 420 from a |or 0.002 mg As/kg-day)®
low-As city) in
Chile
Prospective cohort |Subjects sorted into 2 groups |[NA 0.002 Increased Prevalence of anemia (Hgb < 11 g/dL) was higher |Hopenhayn et
study of 810 based on As levels in city prevalence of in pregnant women from As-exposed city than al., 2006
mothers (407 from |drinking water: <1 or 40 ug anemia in pregnant [low-As city, and disparity increased with trimester
an As-exposed city |As/L (approximately <0.00004 women (11.0%, 28.7%, 49.4% versus 6.8%, 12.4%, 17.0%
and 403 from a low- |or 0.002 mg As/kg-day)® in multivariate model). Differences were
As city) in Chile statistically significant in 2nd and 3rd trimesters.
Cross-sectional Subjects sorted into 2 groups  |NA >0.004 Increased risk of  |Increased risk of erectile dysfunction (ED) in high |Hsieh et al.,
study of men >50  |based on As levels in drinking erectile exposure group relative to low exposure group 2008
years of age (66 water: <50 or >50 ppb As (= dysfunction (OR=3.0, 95% CI 1.0-9.2) after adjusting for

from As-endemic
area and 111 others)
in Taiwan

<0.004 or >0.004 mg As/kg-
day)"

serum testosterone level and traditional ED risk
factors. ED graded as severe was more strongly
associated with As exposure in same model
(OR=7.5, 95% CI 1.8-30.9).

NA = not applicable

*Based on 2.75L/day midpoint estimate for water consumption (reported in paper) and 55 kg body weight (assumed by analogy to Taiwan cohort).
"Based on 4L/day midpoint estimate for water consumption (reported by Biswas et al., 1998) and 55 kg body weight (assumed by analogy to Taiwan cohort).
“Based on default water consumption of 2L/day and body weight of 70 kg (U.S. EPA, 1988) in absence of specific data for Mongolian cohort.
Based on default water consumption of 2L/day (U.S. EPA, 1988) and mean body weight of 55 kg (reported in paper).

*Based on 90" percentile water consumption of 1.3L/day and mean body weight of 51 kg for children aged 12—14 years (U.S. EPA, 1997).
"Based on 90™ percentile water consumption of 1.3L/day for children aged 10 years (U.S. EPA, 1997) and mean body weight of 22 kg (reported in paper).
¢Based on water consumption of 2.3L/day (reported in paper) and 60 kg body weight (estimated from BMI reported in paper).
"Based on water consumption of 4.5L/day and 55 kg body weight for Taiwan cohort (U.S. EPA, 1993).
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4.0 REVIEW OF SELECTED KEY STUDIES AND TOXICITY
ASSESSMENT FOR CHROMIUM (Cr)

41 SUMMARY

The existing standard for chromium is 0.3 pg Cr/day from toys, which corresponds to a
daily dose of 2.5E-05 mg Cr/kg-day from toys for a 12 kg child. An ADI of 4E-04 mg Cr/kg-
day for hexavalent chromium, the form most likely to occur in toys, is derived herein based on a
chronic LOAEL of 0.4 mg Cr/kg-day for gastrointestinal tract lesions in mice in a chronic
drinking water study and an uncertainty factor of 1000 to extrapolate from mice to humans (10),
adjust from a LOAEL to a NOAEL (10), and protect sensitive populations (10). Applying the
same modifying factors that were used to derive the existing standard, the permissible intake of
hexavalent chromium from toys based on this ADI would be 0.05 pg Cr/day. This comparison

suggests that the ADI would be approximately sixfold lower than the existing standard.

4.2  EXISTING STANDARD FOR CHROMIUM

Existing standards for children’s intake of metals from toys, originally published in EU
12964 EN and EN 71-3, are based on estimated levels of metals in the diet and allowable relative
source contributions from toys, ranging from 0.1-10 percent based on the chemical’s toxicity
(RIVM, 2006). For chromium, the existing standard is 0.3 pg Cr/day from toys, based on an
assumed child’s dietary intake of 200 pg Cr/week (calculated as 50 percent of the measured adult
intake of 400 pg Cr/week), and an allowable contribution from toys of 1 percent (200 pg
Cr/week + 7 days/week x 1% = 0.3 pg Cr/day) (RIVM, 2006). The allowable contribution for
chromium from toys was reduced to 1 percent from the starting value of 10 percent due to known
carcinogenicity and mutagenicity of chromium in humans by the inhalation route. Assuming a
body weight of 12 kg (RIVM, 2006), the permissible intake of 0.3 pg Cr/day corresponds to a
daily dose of 0.025 pg Cr/kg-day or 2.5E-05 mg Cr/kg-day from toys.

43 REVIEW OF SELECTED KEY STUDIES FOR CHROMIUM

RIVM (2006) reviewed the existing toxicity data and available assessments for
chromium. Chromium is found in trivalent and hexavalent forms in the environment. Naturally
occurring chromium is almost always found in trivalent forms, while chromium used in
industrial applications typically is limited to hexavalent forms. The toxicities of trivalent and
hexavalent chromium differ considerably, the latter being far more potent (RIVM, 2006). For
the current assessment, toxicology literature on trivalent and hexavalent chromium published

since 2000 was reviewed.
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44  TRIVALENT CHROMIUM (Cr3+)

The database for trivalent chromium since 2000 includes subchronic (Shara et al., 2005;
NTP 2008a), chronic (Shara et al., 2007; NTP, 2008a), and developmental (Staniek et al., 2009)
toxicity studies in rats and/or mice that were considered potential candidates for development of
toxicity values. These studies are summarized in Table 4-1. No significant non-cancer effects
were seen in any of the studies, which is consistent with the previously existing database for
trivalent chromium. NOAELSs and doses tested were 1-3 orders of magnitude higher for the
NTP (2008a) studies than the other studies because of differences in bioavailability of the
specific forms of trivalent chromium used (all dietary studies). The material tested in the NTP
(2008a) studies, chromium picolinate monohydrate, is a crystalline solid that is slightly soluble
in water and is lipid soluble; it is reportedly more bioavailable than comparable unchelated forms
of trivalent chromium. NTP (2008a) cited studies showing that absorption of this material
through the gut was 2.8 percent in humans and comparable to that for chromic chloride in rats
(NTP, 2008a). A study comparing the two materials found that liver and kidney concentrations
of chromium were two- to sixfold higher in rats fed chromium picolinate versus chromic chloride
at identical doses in the diet (Anderson et al., 1997). The materials tested by Shara et al. (2005,
2007) and Staniek and Krejpcio (2009), niacin-bound chromium complex and chromium
propionate cation, respectively, are well absorbed and highly bioavailable. Absorption efficiency

was reported to be 40—60 percent for chromium propionate cation (Staniek and Krejpcio, 2009).

45 HEXAVALENT CHROMIUM (Cr6+)

The database for hexavalent chromium since 2000 includes subchronic toxicity studies
(two studies in rats and two studies in mice), chronic toxicity studies (one study in rats and one
study in mice), and reproductive toxicity studies (several in monkeys and rabbits) that were
considered potential candidates for development of toxicity values. These studies are
summarized in Table 4-2. LOAEL values identified from subchronic and chronic toxicity
studies ranged from 0.4 to 3.1 mg Cr/kg-day and were associated with liver, kidney,
hematological, and lymphatic effects (Stout et al., 2009; NTP, 2007, 2008b; Acharya et al.,
2001). LOAELSs for reproductive (testicular) effects were in the range of 1.8 to 5.4 mg Cr/kg-
day (Yousef et al., 2006; Aruldhas et al., 2006, 2005, 2004; Subramanian et al., 2006). The
lowest LOAEL, 0.4 mg Cr/kg-day, was identified for epithelial hyperplasia in the duodenum,
histiocytic infiltration of the liver and mesenteric lymph node, and cytoplasmic alterations in the
pancreatic acini from a chronic toxicity study in mice administered sodium dichromate dihydrate
in the drinking water for two years (Stout et al., 2009; NTP, 2008b).
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4.6 TOXICITY ASSESSMENT FOR CHROMIUM

4.6.1 Trivalent chromium (Cr3+)

None of the available studies on trivalent chromium found effects at any of the doses
tested. All of the more recent studies were conducted with relatively well-absorbed forms of
trivalent chromium. The chromium picolinate monohydrate studied by NTP (2008a) is of similar
bioavailability as chromic chloride. Bioavailabilities of the niacin-bound chromium complex
and chromium propionate cation studied by Shara et al. (2005, 2007) and Staniek and Krejpcio
(2009), respectively, are much higher still.

A tentative ADI for soluble trivalent chromium can be derived from the 52-week
NOAEL of 1.6-3.0 mg Cr/kg-day reported by Shara et al. (2007), although there is considerable
uncertainty in deriving an ADI based on a free-standing NOAEL. This study included only one
dose level, but used an adequate number of animals and investigated a wide array of endpoints.
This NOAEL is supported by the results of the subchronic (Shara et al., 2005) and
developmental toxicity (Staniek and Krejpcio, 2009) studies. Taking the low end of the male-
female range (1.6 mg Cr/kg-day) as the POD, and applying an uncertainty factor of 100 (10 for
extrapolation from animals to humans and 10 for human variability), results in a tentative ADI
for soluble trivalent chromium of 0.016 or 1.6E-02 mg Cr/kg-day.

Additional uncertainty factors for extrapolation across durations (this was a 52-week
study) and database weaknesses (lack of reproduction toxicity studies) could be considered as

well.

4.6.2 Hexavalent chromium (Cré6+)

An ADI for hexavalent chromium can be derived from the chronic LOAEL of 0.4 mg
Cr/kg-day for lesions (including epithelial hyperplasia in the duodenum, histiocytic infiltration of
the liver and mesenteric lymph node, and cytoplasmic alterations in the pancreatic acini) in mice
administered sodium dichromate dihydrate in the drinking water for two years (Stout et al., 2009;
NTP, 2008b). A corresponding NOAEL was not identified. This study included testing of large
numbers of mice of both sexes at multiple dose levels and featured evaluation of a
comprehensive array of endpoints. This LOAEL is supported by similar effects in rats in a
companion chronic experiment (Stout et al., 2009; NTP, 2008b) and in both rats and mice in
precursor subchronic experiments (NTP, 2007). Taking the LOAEL of 0.4 mg Cr/kg-day as the
POD, and applying an uncertainty factor of 1000 (10 for extrapolation from animals to humans,
10 for human variability, and 10 for adjustment from a LOAEL to a NOAEL), results in an ADI
for hexavalent chromium of 0.0004 or 4E-04 mg Cr/kg-day.
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4.6.3 Comparison of ADI to Existing Toy Standard for Chromium

The ADIs of 0.016 mg Cr/kg-day for soluble trivalent chromium and 4E-04 mg Cr/kg-
day for hexavalent chromium derived here; apply to total daily intake from all sources. The
existing permissible intake for chromium in the European toy safety standard is 0.3 ug Cr/day,
which refers specifically to intake from toys and does not differentiate among chromium species.
Because chromium in toys is most likely to be hexavalent, we used the ADI for hexavalent
chromium as the basis for comparison and applied the same modifying factors that were used to
derive the toy standard. Therefore, a source allocation of 1 percent was applied to the ADI for
hexavalent chromium and a bodyweight of 12 kg was used to calculate a permissible intake level
that is directly comparable to the existing value (4E-04 mg Cr/kg-day % 1% x 12 kg = 5E-05 mg
Cr/day from toys). Comparison of the permissible intake of hexavalent chromium from toys
based on the ADI derived here (SE-05 mg Cr/day or 0.05 pg Cr/day) and the existing permissible
intake from toys (0.3 pg Cr/day) suggests that the ADI for hexavalent chromium would be

approximately sixfold lower than the existing standard.
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Table 4-1. Summary of Oral Noncancer Dose-Response Information for Trivalent Chromium (Cr3+)
NOAEL LOAEL
Species and study | Exposure [report doses, route, | (mg Cr/kg- (mg Cr/kg- |Responses at the
type (n/sex/group) frequency, duration] day) day) LOAEL Comments Reference
Subchronic toxicity
Sprague-Dawley rat |0, 5, 50, or 125 ppm niacin- 11-19 NA NA No significant effects on survival, clinical signs, |Shara et al.,
18/sex/group bound chromium (providing 0, body weight, feed or water intake, hematology, (2005
(6/sex/group at each |0.2, 2, or 5 mg Cr/day) in the clinical chemistry, organ weights, hepatic lipid
time point) diet for 30, 60, or 90 days (= 0, peroxidation, hepatic DNA fragmentation, or
0.5-0.8, 5-8, or 11-19 mg gross or microscopic pathology.
Cr/kg-day)”
F344/N rat 0, 80, 240, 2000, 10,000 or 506 NA NA No significant effects on survival, clinical signs, INTP, 2008a
10/sex/group 50,000 ppm chromium body weight, feed intake, hematology, clinical
picolinate monohydrate in the chemistry, organ weights, sperm parameters (J)
diet for 90 days (= 0, 0.8, 2.4, or estrus cycling (Q), or gross or microscopic
19, 95, or 506 mg Cr/kg-day)” pathology.
B6C3F, mouse 0, 80, 240, 2000, 10,000 or 1090-1419 NA NA No significant effects on survival, clinical signs, [NTP, 2008a
10/sex/group 50,000 ppm chromium body weight, feed intake, hematology, clinical
picolinate monohydrate in the chemistry, organ weights, sperm parameters (J)
diet for 90 days (= 0, 2, 5-6, or estrus cycling (9), or gross or microscopic
44-54,212-274, or 1090-1419 pathology.
mg Cr/kg-day)®
Chronic toxicity
Sprague-Dawley rat |0 or 25 ppm niacin-bound 1.6-3.0 NA NA The body weights of treated rats were reduced |Shara et al.,
18/sex/group chromium (providing 0 or 1 by ~10% in females at 39 weeks, and ~13% in {2007
(6/sex/group at each |mg Cr/day) in the diet for 26, males at 52 weeks, but were otherwise within
time point) 39 or 52 weeks (= 0 or 1.6-3.0 10% of controls at weeks 26, 39 and 52. The
mg Cr/kg-day)” researchers did not consider the effect on body
weight to be adverse. No significant effects on
survival, clinical signs, body weight, feed or
water intake, hematology, clinical chemistry,
organ weights, hepatic lipid peroxidation,
hepatic DNA fragmentation, or gross or
microscopic pathology.
F344/N rat 0, 2000, 10,000 or 50,000 ppm (286-314 NA NA No significant effects on survival, clinical signs, |NTP, 2008a
50/sex/group chromium picolinate body weight, feed intake, or noncancer lesions.
monohydrate in the diet for
105 weeks (= 0, 11-12, 55-61,
or 286-314 mg Cr/kg-day)"
B6C3F; mouse 0, 2000, 10,000 or 50,000 ppm [727-783 NA NA No significant effects on survival, clinical signs, INTP, 2008a
50/sex/group chromium picolinate body weight, feed intake, or noncancer lesions.
monohydrate in the diet for
105 weeks (= 0, 30, 143, or
727-783 mg Cr/kg-day)”
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Table 4-1. Summary of Oral Noncancer Dose-Response Information for Trivalent Chromium (Cr3+)
NOAEL LOAEL
Species and study | Exposure [report doses, route, | (mg Cr/kg- (mg Cr/kg- |Responses at the
type (n/sex/group) frequency, duration] day) day) LOAEL Comments Reference
Reproductive and developmental toxicity
Wistar albino rat 0 or 7.2 mg Cr/kg-day 7.2 NA NA No significant effects on body weight, feed Staniek et al.,
20 females/group |(administered as chromium intake, clinical chemistry, or organ weights of |2009
propionate cation) in the diet dams; pregnancy outcome, litter size; or fetal
on GD 0 to GD 21 body and organ weights, or morphology.
The control diet contained 0.02 mg Cr/kg-day.

*Daily chromium doses in mg Cr/day converted to mg Cr/kg-day by dividing by body weights reported in the study. Ranges are shown where body weights for males
and females differed.

"Daily chromium picolinate monohydrate doses in mg/kg-day reported by the researchers converted to mg Cr/kg-day by multiplying by ratio of molecular weight of
chromium to molecular weight of chromium picolinate monohydrate (52/436 = 0.119). Ranges are shown where chromium picolinate monohydrate doses in mg/kg-day
reported by the researchers differed for males and females.
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Table 4-2. Summary of Oral Noncancer Dose-Response Information for Hexavalent Chromium (Cr6+)

Exposure [report NOAEL LOAEL
Species and study doses, route, (mg Cr/kg- | (mg Cr/kg-
type (n/sex/group) | frequency, duration] day) day) Responses at the LOAEL Comments Reference
Subchronic toxicity
Wistar rat 0 or 25 ppm potassium |[NA 1.3 Increased serum AST and ALT, |Body weights and food and |Acharya et al., 2001
5-6 males/group dichromate in the decreased liver glycogen and  |water consumption were
drinking water for 22 triglycerides, increased liver reportedly monitored, but
weeks (=0 or 1.3 mg cholesterol, histopathological  |data were not shown.
Cr/kg-day)” alterations in the liver (altered
hepatic structure and damage to
hepatocytes) and kidneys
(damage to the renal tubules and
Bowman’s capsule).
F344/N rat 0, 62.5, 125, 250, 500, |NA 1.7 Microcytic hypochromic anemia |Histiocytic infiltration in the [NTP, 2007
10/sex/group or 1,000 mg/L sodium (decreased hemoglobin, liver and duodenum at higher
dichromate dihydrate hematocrit, mean cell volume, |doses.
in the drinking water mean cell hemoglobin;
for 13 weeks (= 0, 1.7, increased RBC), increased
3.5,59,11.2,0r 209 serum ALT and SDH, increased
mg Cr/kg-day)® incidence of histiocytic
infiltration in the pancreatic
lymph nodes
B6C3F, mouse 0, 62.5, 125, 250, 500, |NA 3.1 Erythrocyte microcytosis Erythrocyte microcytosis NTP, 2007
10/sex/group or 1,000 mg/L sodium (decreased mean cell volume less severe than in rats;
dichromate dihydrate and mean cell hemoglobin); histiocytic infiltration of the
in the drinking water increased incidence of epithelial [duodenum and mesenteric
for 13 weeks (= 0, 3.1, hyperplasia in the duodenum lymph node at higher doses.
5.2,9.1,15.7,0r 27.9
mg Cr/kg-day)®
B6C3F, mouse 0, 62.5, 125, or 250 NA 2.8 Eryrthrocyte microcytosis Similar effects in all 3 NTP, 2007

10 males/group

BALB/c mouse
10 males/group

am3-C57BL/6
mouse
5 males/group

mg/L sodium
dichromate dihydrate
in the drinking water
for 13 weeks (=0, 2.8,
5.2, or 8.7 mg Cr/kg-
day)®

(decreased mean cell volume
and mean cell hemoglobin);
histiocytic infiltration and/or
epithelial hyperplasia of the
duodenum, secretory depletion
in the pancreas, glycogen
depletion of the liver; body
weight reduced >10% in am3-
C57BL/6 mice

strains, although effective
dose levels varied.
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Table 4-2. Summary of Oral Noncancer Dose-Response Information for Hexavalent Chromium (Cr6+)

Exposure [report NOAEL LOAEL
Species and study doses, route, (mg Cr/kg- | (mg Cr/kg-
type (n/sex/group) | frequency, duration] day) day) Responses at the LOAEL Comments Reference
Chronic toxicity
F344 rat 0,14.3,57.3,172,0or (0.2 0.8 Microcytic hypochromic anemia NTP, 2008b; Stout et al.,
50/sex/group 516 mg/L sodium (decreased hemoglobin, 2009
dichromate dihydrate hematocrit, mean cell volume,
in the drinking water mean cell hemoglobin;
for 2 years (= 0, 0.2, increased RBC); increased
0.8,2.1-2.4, or 5.9-7.0 serum ALT and decreased
mg Cr/kg-day)® serum ALP; histiocytic
infiltration of the liver,
duodenum, and mesenteric
lymph node; also chronic
inflammation and fatty changes
in the liver and hemorrhage of
the mesenteric lymph node
B6C3F1 mouse Males: 0, 14.3,28.6, |NA 0.4 Epithelial hyperplasia in the Eryrthrocyte microcytosis ~ [NTP, 2008b; Stout et al.,
50/sex/group 85.7, or 257.4 mg/L duodenum, histiocytic (decreased mean cell 2009
sodium dichromate infiltration of the liver and volume and mean cell
dihydrate in the mesenteric lymph node, hemoglobin) and histiocytic
drinking water for 2 cytoplasmic alterations in the  |infiltration of the duodenum,
years (=0, 0.4, 0.9, pancreatic acini jejunum, and pancreatic
2.4, or 5.9 mg Cr/kg- lymph node at higher doses.
day)”
Females: 0, 14.3, 57.3,
172, or 516 mg/L (= 0,
0.4,1.4,3.1,or 8.7 mg
Cr/kg-day)”
Reproductive toxicity
Bonnet monkey 0, 50, 100, 200, or 400 |2.7 5.4 Decreased sperm count and Subramanian et al., 2006

3 adult males/group

ppm Cr (administered
as potassium
dichromate) in
drinking water for 6
months (= 0, 2.7, 5.4,
10.8, or 21.7 mg
Cr/kg-day)*

motility; decreased activities of
superoxide dismutase and
catalase in seminal plasma and
sperm; increased H,O,
concentration in seminal plasma
and sperm
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Table 4-2. Summary of Oral Noncancer Dose-Response Information for Hexavalent Chromium (Cr6+)

Exposure [report NOAEL LOAEL
Species and study doses, route, (mg Cr/kg- | (mg Cr/kg-
type (n/sex/group) | frequency, duration] day) day) Responses at the LOAEL Comments Reference
Bonnet monkey 0, 100, 200, or 400 NA 54 Histopathological changes in the Aruldhas et al., 2004
3 adult males/group |ppm Cr (administered epididymis (including ductal
as potassium obstruction and the formation of
dichromate) in microcanals)
drinking water for 6
months (= 0, 5.4, 10.8,
or 21.7 mg Cr/kg-day)*
Bonnet monkey 0, 100, 200, or 400 NA 5.4 Decreased testis weight, Aruldhas et al., 2005
6 adult males/group |ppm Cr (administered decreased activities of testicular
as potassium enzymes (superoxide dismutase,
dichromate) in catalase, glutathione reductase,
drinking water for 6 and G-6-PDH), decreased
months (= 0, 5.4, 10.8, concentrations of antioxidants
or 21.7 mg Cr/kg-day)* (glutathione, vitamins A, C and
E), increased concentrations of
H,0, and OH in the testis,
histopathological changes in the
testes (including disorganized
seminiferous tubules, depletion
of germ cells, and hyperplasia of
Leydig cells)
Bonnet monkey 0, 100, 200, or 400 NA 5.4 Histopathological changes in the Aruldhas et al., 2006
3 adult males/group |ppm Cr (administered epididymis (increased numbers
as potassium of basal cells and intraepithelial
dichromate) in macrophages with accumulation
drinking water for 6 of sperm-derived lipofuscin
months (= 0, 5.4, 10.8, material)
or 21.7 mg Cr/kg-day)*
New Zealand white [0 or 5 mg/kg-day NA 1.8 Decreased testes and epididymis Yousef et al., 2006

rabbit
6 males/group

potassium dichromate
via daily gavage for 10
weeks (=0 or 1.8 mg
Cr/kg-day)*

weights, decreased plasma
testosterone concentration,
alterations in semen
characteristics (including
decreases in sperm
concentration, motility, and
percent normal sperm, and
increases in dead sperm and
initial pH), and increased
TBARS and decreased GST in
the seminal plasma
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Table 4-2. Summary of Oral Noncancer Dose-Response Information for Hexavalent Chromium (Cr6+)

Exposure [report NOAEL LOAEL
Species and study doses, route, (mg Cr/kg- | (mg Cr/kg-
type (n/sex/group) | frequency, duration] day) day) Responses at the LOAEL Comments Reference

"Doses of potassium dichromate were calculated using default body weight and water consumption data for male Wistar rats in a subchronic duration study. Doses of
potassium dichromate were converted to doses of Cr6+ by multiplying by the ratio of molecular weight chromium/molecular weight potassium dichromate
(104/294=0.354).

"Doses in mg Cr/kg-day reported by researchers. Ranges are shown where doses reported by the researchers differed for males and females.

‘It is not entirely clear whether reported concentrations are for Cr or potassium dichromate, although it appears to be the former. Assuming concentrations were for Cr,
doses of Cr were calculated using default body weight and water consumption values for mature rhesus monkeys (no values for bonnet monkeys). If reported
concentrations were for potassium dichromate, Cr doses would be approximately 35% of the doses shown (= 0, 0.96, 1.9, 3.8, or 7.6 mg Cr/kg-day).

Doses of potassium dichromate were converted to doses of Cr6+ by multiplying by the ratio of molecular weight chromium/molecular weight potassium dichromate
(104/294=0.354). The researchers reported that the 5 mg/kg dose "contains 3.6 mg chromium (VI)" but it is not clear how this number was calculated or exactly what it
means.
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5.0 REVIEW OF SELECTED KEY STUDIES AND TOXICITY
ASSESSMENT FOR MERCURY (Hg)

51 SUMMARY

The existing standard for mercury is 0.5 ug Hg/day from toys, which corresponds to a
daily dose of 4E-05 mg Hg/kg-day from toys for a 12 kg child. An ADI of 1E-06 mg Hg/kg-day
is derived herein based on a LOAEL of 0.001 mg Hg/kg-day for testicular lesions in male rats
exposed in the drinking water for three months and an uncertainty factor of 1000 to extrapolate
from rats to humans, adjust from a LOAEL to a NOAEL, and protect sensitive populations.
Applying the same modifying factors that were used to derive the existing standard, the
permissible intake from toys based on this ADI would be 0.001 pg Hg/day. This comparison
suggests that the ADI would be approximately five hundredfold lower than the existing standard.

5.2  EXISTING STANDARD FOR MERCURY

Existing standards for children's intake of metals from toys, originally published in EU
12964 EN and EN 71-3, are based on estimated levels of metals in the diet and allowable relative
source contributions from toys, ranging from 0.1-10 percent based on the chemical's toxicity
(RIVM, 2006). For mercury, the existing standard is 0.5 ug Hg/day from toys, based on an
assumed child's dietary intake of 35 ug Hg/week (calculated as 50 percent of the measured adult
intake of 70 ug Hg/week), and an allowable contribution from toys of 10 percent (35 ug
Hg/week + 7 days/week x 10% = 0.5 ng Hg/day) (RIVM, 2006). Assuming a body weight of 12
kg (RIVM, 2006), the permissible intake of 0.5 ng Hg/day corresponds to a daily dose of 0.04 ug
Hg/kg-day or 4E-05 mg Hg/kg-day from toys.

53 REVIEW OF SELECTED KEY STUDIES FOR MERCURY

RIVM (2006) reviewed the existing toxicity data and assessments available for mercury.
Mercury can occur as a metal (element), inorganic salt, or organic compound (e.g.,
methylmercury). Only inorganic forms are considered relevant for toy-related exposures
(RIVM, 2006). For the current assessment, toxicology literature on inorganic mercury published
since 2000 was reviewed. Six studies were identified that include data for noncancer effects
following subchronic or chronic oral exposure to inorganic mercury at lowdose levels. All of
these studies were designed to assess reproductive endpoints in rodents. These studies observed
effects on reproductive performance in rats and mice, including reduced fertility, implantations
and fetal viability, as well as testicular degeneration and decreases in sperm counts and motility
in males. Two of these studies (Atkinson et al., 2001 and Khan et al., 2004) also observed

changes in kidney weights of parental animals (without accompanying histopathology or clinical
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chemistry changes). These studies and the NOAEL/LOAEL values identified are summarized in
Table 5-1. LOAEL values were 0.001 mg Hg/kg-day for testicular lesions in males, 0.18 mg
Hg/kg-day for reduced fertility in breeding trials, and 1.5 mg Hg/kg-day for reduced
implantations and hormonal effects in females.

At the lowest LOAEL of 0.001 mg Hg/kg-day, Penna et al. (2009) observed
morphological and ultrastructural changes in the testes and epididymis of male rats maintained
on drinking water containing mercuric chloride (HgCl,) for up to three months. Testicular and
epididymal lesions observed in these rats increased in incidence/severity with increasing dose
and exposure duration. Testes and epididymis weights did not differ significantly from controls
at the doses used in this study. Degenerative testicular lesions were also observed at higher
doses in other studies of rats (Boujbiha et al., 2009) and mice (Orisakwe et al., 2001). In these
higher-dose studies, the testicular lesions were accompanied by decreases in testes weight,

reduced sperm counts, and reduced production of viable embryos in mating trials.

54  TOXICITY ASSESSMENT FOR MERCURY

An ADI for mercury can be derived from the LOAEL of 0.001 mg Hg/kg-day for
testicular effects in the study by Penna et al. (2009). This endpoint is supported by the other
studies in Table 5-1 showing testicular and reproductive effects of inorganic mercury at higher
doses. Taking the LOAEL of 0.001 mg Hg/kg-day (Penna et al., 2009) as the point of departure
(POD) (no corresponding NOAEL was identified), and applying an uncertainty factor of 1,000
(10 for extrapolation from animals to humans, 10 for human variability and 10 for adjustment
from a LOAEL to a NOAEL), results in an ADI for inorganic mercury of 1E-06 mg Hg/kg-day.
Additional uncertainty factors for extrapolation from subchronic to chronic duration and for

database weaknesses (lack of developmental toxicity studies) could be considered as well.

5.5 COMPARISON OF ADI TO EXISTING TOY STANDARD FOR MERCURY

The ADI of 1E-06 mg Hg/kg-day derived here applies to total daily intake of inorganic
mercury from all sources. The existing permissible intake for mercury in the European toy
safety standard is 0.5 pg Hg/day, which refers specifically to intake from toys. In order to
compare these, we applied the same modifying factors that were used to derive the toy standard.
Therefore, a source allocation of 10 percent was applied to the ADI, and a bodyweight of 12 kg
was used to calculate a permissible intake level that is directly comparable to the existing value
(1E-06 mg Hg/kg-day x 10% x 12 kg = 1E-06 mg Hg/day from toys). Comparison of the
permissible intake of inorganic mercury from toys based on the ADI derived here (1E-06 mg
Hg/day or 0.001 pg Hg/day) and the existing permissible intake from toys (0.5 pg Hg/day)
suggests that the ADI would be approximately five hundredfold lower than the existing standard.
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Table 5-1. Summary of Key Studies for Mercury

Reference | Species/ Mercury Dose Dose Hg NOAEL | LOAEL | Effects at LOAEL Additional effects at Additional
Group size | Form/ Compound (mg Hg/ higher doses Comments
Route/ (mg/kg-day) | kg-day)
Duration
Atkinson Sprague- HgCl, via M:0,0.5,1, | M:0,037, | NA 0.37 (M) | |number pregnant, testes and seminal No histopathology
etal., Dawley rats | gavage 7 1.5 0.74,1.1 0.55 (F) | lfertility index, vesicle weight; |body | conducted; effects in
2001 (FO: 20/sex/ | days/week F:0,0.75, F: 0, 0.55, |mean # live weight; |pup 4-day first generation
group, pre-mating | 1.5,2.5° 1.1, 1.8 pups/litter, |live survival index,; appeared to
F1:15-25/ through birth index, |implant | Tclinical signs and moderate in second
sex/group) | lactation for efficiencies, Tkidney | mortality in FO adults | generation (effects
FO and F1 weight observed at higher
generations doses, if at all)
Khan et C57BL/6 HgCl, via 0,0.25,0.5, 0,0.18, NA 0.18 fertility index, llive birth index, Planned F1 breeding
al., 2004 mice gavage 7 1.0 0.37,0.74 Tkidney weight (M) | Tkidney weight (F) not performed due to
(25/sex/ days/week low fertility in all FO
group) pre-mating treated groups; no
through significant effects on
lactation clinical chemistry or
histopathology
Heath et Female HgCl, via 0,1,2 0,0.74,1.5 | 0.74 1.5 ltotal implantations; | NA Dams sacrificed on
al., 2009 Sprague- gavage 7 Tnon-viable gestation day (GD)
Dawley days/week implantations; 13; |body weight
rats for 60 days Iplasma (<10%) at all doses
(20/group) | prior to progesterone levels;
mating with Tpituitary luteinizing
unexposed hormone (LH) levels
males
Boujbiha Male HgClyinthe | 0,4, 8 0,3,6 NA 3 Degenerative More severe 6 rats from each dose
etal., Wistar rats | drinking histological changes | degenerative changes group used for
2009 (44/group) | water for up in seminiferous in seminiferous mating trials with
to 90 days tubules; |epididymal | tubules; | mating untreated females
(groups of 6 sperm count and index in mating trials 13829
rats motility; | viable with untreated females
sacrificed embryos per litter in
periodically mating trials with
throughout untreated females
the study)
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Table 5-1. Summary of Key Studies for Mercury

Reference | Species/ Mercury Dose Dose Hg NOAEL | LOAEL | Effects at LOAEL Additional effects at Additional
Group size | Form/ Compound (mg Hg/ higher doses Comments
Route/ (mg/kg-day) | kg-day)
Duration
Penna et Male HgCl, in NA 0,0.001, NA 0.001 Degenerative Increased incidence/ Dose reported as pg
al., 2009 Sprague- the drinking 0.005, 0.01 histological changes | severity of Hg/rat-day by
Dawley rats | water for up in seminiferous degenerative changes researchers - divided
(15/group) | to 3 months tubules and in seminiferous by reported body
(groups of epididymis that tubules and epididymis | weights to give
S rats progressed with time values used here; no
sacrificed (rated "moderate" at effects on body,
periodically low dose after 3 testes, or epididymis
throughout months, indicating weights
the study) alterations in 20—
50% of the
seminiferous tubules
in tissue sections
from more than half
of the total number
of treated rats)
Orisakwe | Male CD-1 | HgCl, in NA 0, 0.65 NA 0.65 |water intake, |body | NA Dose reported as mg
etal., mice drinking weight gain, |testes Hg/kg-day by
2001 (5/group) water for 12 weight, |epididymal researchers; co-
weeks sperm count, exposure to zinc
testicular necrosis, partially mitigated
disintegration of testicular effects of
spermatocytes from Hg
basement membrane

"Reduced from 2.0 mg/kg-day after 43 days (still pre-mating period) due to overt toxicity (clinical signs); not included in F1 parental generation due to insufficient
number of F1 offspring.
°Reduced from 3.0 mg/kg-day after 27 days (cohabitation period) due to overt toxicity (clinical signs, mortality); not included in F1 parental generation due to
insufficient number of F1 offspring.
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6.0 REVIEW OF SELECTED KEY STUDIES AND TOXICITY
ASSESSMENT FOR SELENIUM (Se)

6.1 SUMMARY

The existing standard for selenium is 5 pg Se/day from toys, which corresponds to a daily
dose of 4E-04 mg Se/kg-day from toys for a 12 kg child. An ADI of 0.001 mg Se/kg-day is
derived herein based on a chronic LOAEL of 0.003 mg Se/kg-day for increased risk of diabetes
in an exposed human population and an uncertainty factor of 3 to adjust from a LOAEL to a
NOAEL and protect sensitive populations. Applying the same modifying factors that were used
to derive the existing standard, the permissible intake from toys based on this ADI would be 1 pg
Se/day. This comparison suggests that the ADI would be approximately fivefold lower than the

existing standard.

6.2  EXISTING STANDARD FOR SELENIUM

Existing standards for children’s intake of metals from toys, originally published in EU
12964 EN and EN 71-3, are based on estimated levels of metals in the diet and allowable relative
source contributions from toys, ranging from 0.1-10 percent, based on the chemical’s toxicity
(RIVM, 2006). For selenium, the existing standard is 5 pg Se/day from toys, based on an
assumed children’s dietary intake of 350 ug Se/week (calculated as 50 percent of the measured
adult intake of 700 pg Se/week), and an allowable contribution from toys of 10 percent (350 pg
Se/week + 7 days/week x 10% =5 pg Se/day) (RIVM, 2006). Assuming a body weight of 12 kg
(RIVM, 2006), the permissible intake of 5 pg Se/day corresponds to a daily dose of 0.4 ng
Se/kg-day or 4E-04 mg Se/kg-day from toys.

6.3 REVIEW OF SELECTED KEY STUDIES FOR SELENIUM

RIVM (2006) reviewed the existing toxicity data and assessments available for selenium.
For the current assessment, toxicology literature on selenium published since 2000 was
reviewed. Several recent epidemiological studies and clinical trials were located that reported
positive associations between high selenium status and increased risk of type 2 diabetes (Bleys et
al., 2007; Laclaustra et al., 2009a; Lippman et al., 2009; Stranges et al., 2007), hyperlipidemia
(Bleys et al., 2008), and hypertension (Laclaustra et al., 2009b) in (primarily) U.S. adults. These
studies are summarized in Table 6-1. Among these studies, the only ones with measured oral
intake data were clinical trials that showed increased risk of diabetes, alopecia, and dermatitis in
subjects given 200 pg Se/day in dietary supplements for a number of years (Stranges et al., 2007;
Lippman et al., 2009). NOAELs were not identified in either study. The other studies measured
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exposure in terms of blood levels. Effects in these studies were found at blood levels similar to
those measured in the Stranges et al. (2007) supplementation trial.

Human and animal studies providing supporting information on a possible role of
selenium in contributing to development of diabetes and metabolic syndrome (i.e.,
hyperlipidemia, hypertension and other risk factors that occur together and increase the risk for
type 2 diabetes, coronary artery disease, and stroke), data on a possible protective role of
selenium in diabetes, and hypotheses on pro- and anti-diabetic mechanisms of selenium, are
comprehensively reviewed by Mueller et al. (2009).

The key studies in Table 6-1 and supporting data reviewed by Mueller et al. (2009)
collectively suggest that a high selenium status resulting from normal diets or from long-term
dietary supplementation with selenium may increase the risk of developing type 2 diabetes. The
key studies used large numbers of subjects and showed increases in diabetes risk that were
generally dose-related and statistically significant. Cross-sectional evaluations of adult
participants in National Health and Nutrition Examination Surveys (NHANES) found that the
prevalence of diabetes was increased at serum selenium levels as low as 124-138 ug Se/L, as
shown by corresponding multivariable-adjusted odds ratios (ORs) of 1.57-3.18 (Bleys et al.,
2007; Laclaustra et al., 2009a). The adjusted OR for diabetes increased to 3.65 and 7.64 in
NHANES participants with serum levels of 134-146 and >147 pg Se/L, respectively (Laclaustra
et al., 2009a). Evaluations of NHANES adults also found increased serum lipid concentrations
(total, HDL and LDL cholesterols, triacyglycerols and apolipoproteins A-I and B) at >135 g
Se/L serum (Bleys et al., 2008), and increases in blood pressure levels at >140 pg Se/L serum
and hypertension prevalence at >122 pg Se/L (Laclaustra et al., 2009b). Selenium intake data
were not reported in the NHANES studies, although similar blood levels (>121.6 ng Se/L) and
risks of type 2 diabetes [adjusted hazard ratios (HRs) of 1.55-2.70] were found in a clinical trial
of adults who had long-term dietary supplementation with 200 pg Se/day (Stranges et al., 2007).
Another clinical trial found that long-term dietary supplementation with 200 ug Se/day caused
only a nonsignificant increase in relative risk (RR) of diabetes, although small statistically
significant increases were found for dermatitis (RR=1.17) and alopecia (RR=1.28), which are

two known adverse effects of selenium (Lippman et al., 2009).

6.4  TOXICITY ASSESSMENT FOR SELENIUM

The increased risk of diabetes and related effects in U.S. populations detected in recent
epidemiological studies and clinical trials provides a sensitive endpoint for derivation of toxicity
values for selenium. A chronic oral LOAEL of 200 ng Se/day can be identified for type 2
diabetes based on the results of the Stranges et al. (2007) clinical trial. The diabetes increase in

this study was found at selenium blood concentrations that appear to be consistent with the levels
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associated with increased diabetes, serum lipids, and hypertension in the NHANES studies
(Bleys et al., 2007, 2008; Laclaustra et al., 2009a, 2009b). Limited additional support for a 200
ug Se/day oral LOAEL is provided by the small increases in alopecia and dermatitis at this
intake level observed by Lippman et al. (2009), although 200 pug Se/day caused only a
nonsignificant increase in diabetes in the Lippman et al. (2009) study. The LOAEL of 200 pg
Se/day may be close to the threshold for these effects, because the risks for diabetes and other
effects at this level were low, and because diabetes was clearly increased in only one of the two
studies with 200 pug Se/day supplementation.

Derivation of an ADI for selenium based on the 200 pg Se/day LOAEL for diabetes is a
possibility that would need to be evaluated considering various factors, particularly the proximity
of the LOAEL and ADI to the selenium RDA of 55 pg/day (NAS, 2000) and typical 30-220
pg/day range of U.S. selenium intakes from diet and supplements (Laclaustra et al., 2009a,
2009b; Stranges et al., 2007).

Given the proximity of the LOAEL of 200 pg Se/day (0.003 mg Se/kg-day) to the RDA
and typical U.S. selenium uptakes, an uncertainty factor (UF) for an assessment based on this
LOAEL is not likely to exceed 3. Applying a UF of 3 to the LOAEL of 0.003 mg Se/kg-day
would yield an ADI of 0.001 or 1E-03 mg Se/kg-day.

6.5 COMPARISON OF ADI TO EXISTING TOY STANDARD FOR SELENIUM

The ADI of 0.001 mg Se/kg-day derived here applies to total daily intake of selenium
from all sources. The existing permissible intake for selenium in the European toy safety
standard is 5 pg Se/day, which refers specifically to intake from toys. In order to compare these,
we applied the same modifying factors that were used to derive the toy standard. Therefore, a
source allocation of 10 percent was applied to the ADI, and a bodyweight of 12 kg was used to
calculate a permissible intake level that is directly comparable to the existing value (0.001 mg
Se/kg-day x 10% x 12 kg = 0.001 mg Se/day from toys). Comparison of the permissible intake
of selenium from toys based on the ADI derived here (0.001 mg Se/day or 1 pg Se/day) and the
existing permissible intake from toys (5 pg Se/day) suggests that the ADI would be

approximately fivefold lower than the existing standard.
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Table 6-1. Key Human Studies Suggesting Adverse Effects of Selenium on Diabetes, Hyperlipidemia and Hypertension

Study Design Critical Effects NOAEL LOAEL Reference
Randomized, double-blind, placebo Diabetes was diagnosed in 58 Se and 39 placebo | NA 200 pg Se/day, Stranges et al. (2007)
controlled clinical trial' evaluated the recipients; the adjusted hazard ratio (HR) was 122 pg Se/L
effect of Se dietary supplementation on 1.55 (95% CI 1.03-2.33, p = 0.03). An exposure- plasma
incidence of type 2 diabetes. 1202 adult response gradient was found across 3 tertiles of
men and women ingested 0 or 200 pg plasma Se levels, although the risk was
Se/day (n = 602 and 600, respectively) in significantly increased only in the highest tertile
tablets for a mean duration of 7.7 years. (>121.6 ng/ml) when compared to the lowest
tertile (< 105.2 ng/ml) with an adjusted HR of
2.70 (95% CI 1.30-5.61, p = 0.008).
Randomized, double-blind, placebo- The relative risk (RR) of diabetes was slightly but | NA 200 pg Se/day Lippman et al. (2009)
controlled clinical trial® evaluated the not statistically significantly increased in the Se
effect of Se dietary supplementation on group compared to placebo (RR =1.07, 95% CI
incidence of type 2 diabetes. Adult men 0.94-1.22, p=0.16). Evaluation of adverse effects
ingested 0 or 200 pg Se/day (n = 8696 and | known to be associated with Se showed small and
8752, respectively) in capsules for a statistically significantly increased risks of
median duration of 5.46 years. alopecia (RR =1.28, 95% CI 1.01-1.62, p<0.01)
and dermatitis (grades 1-2) (RR=1.17,95% CI
1.00-1.35, p<0.01) in the Se group.
Cross-sectional study of the association Increased prevalence of diabetes in serum Se NA 138 pg Se/L Bleys et al. (2007)
between serum Se concentrations and type | quintile 5 (> 137.66 ng/ml) compared to quintile serum
2 diabetes in 8876 adult men and women 1 (< 111.62 ng/ml) as shown by an adjusted odds
participants in NHANES III°. ratio (OR) of 1.57 (95% CI1 1.16-2.13).
Cross-sectional study of the association Mean serum Se levels were significantly higher NA 124 ng Se/L Laclaustra et al.
between serum Se concentrations and in participants with diabetes than without diabetes serum (2009a)

diabetes in 917 adult men and women
participants in NHANES 2003-2004.
Associations between serum Se levels and
fasting plasma glucose and glycosylated
hemoglobin levels (biomarkers of diabetes)
were also evaluated.

(143.7 vs. 136.4 pg/L, p=0.001). Comparisons of
serum Se quartiles 2, 3 and 4 (124-133, 134-146
and >147 pg/L) with the lowest quartile (<124
ng/L) showed increased ORs for diabetes of 3.18
(95% CI 1.01-9.96), 3.65 (95% CI 1.31-10.16)
and 7.64 (95% CI 3.34-17.46), respectively. ORs
for diabetes, plasma glucose and glycosylated
hemoglobin had significant increasing linear
trends.
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Table 6-1. Key Human Studies Suggesting Adverse Effects of Selenium on Diabetes, Hyperlipidemia and Hypertension

Study Design Critical Effects NOAEL LOAEL Reference
Cross-sectional study of the association Serum concentrations of cholesterol (total, LDL NA 135 pg Se/L Bleys et al. (2008)
between concentrations of serum Se and and HDL), apolipoproteins (B and A-I), and serum
serum lipids in 5452 adult men and women | triacylglycerols were significantly increased in
participants in NHANES III. the highest quartile of serum Se compared to the

lowest quartile (>134.7 and <113.7 ng/mL,

respectively). Levels of all serum lipids and

apolipoproteins had significant increasing trends,

as did ratios of LDL:HDL cholesterol and apo

B:apo A-L.
Cross-sectional study of the association Mean serum Se levels were significantly higher NA 122 pg Se/L Laclaustra et al.
between serum Se concentrations and in participants with hypertension than without serum (2009b)

prevalence of hypertension in 2638 adult
men and women participants in NHANES
2003-2004.

hypertension (138.3 vs. 136.1 pg/L). Statistically
significant and clinically important increases in
blood pressure levels (systolic, diastolic and
pulse) occurred in the two highest quintiles of
serum Se compared to the lowest quintile (=140
pg/L and <122 pg/L, respectively). The
prevalence of hypertension was significantly
increased in quintiles 2, 3, 4 and 5 (122-131, 132-
139, 140-149 and >150 pg/L) compared to the
lowest quintile (<122 pug/L); ORs were 1.40,
1.26, 2.00 and 1.73 and showed a significant
increasing trend.

NA = not available

"Nutritional Prevention of Cancer (NPC) trial (1980s-early 1990s).
*Selenium and Vitamin E Cancer Prevention Trial (SELECT) (2001-2004).
3Third National Health and Nutrition Examination Survey (NHANES) (1988-1994).
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Key Study Summaries
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ANTIMONY
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Valli, V., R. Poon, 1. Chu, S. Gupta, B. Thomas. (2000). Comment. Subchronic/chronic
toxicity of antimony potassium tartrate. Regulatory Toxicology and Pharmacology
32:337-338.

Lynch, B., C. Capen, E. Nestmann, G. Veenstra, J. Deyo. (2000). Comment. Reply to
Comment. Regulatory Toxicology and Pharmacology 32:9339-340.

Lynch, B., C. Capen, E. Nestmann, G. Veenstra, J. Deyo. (1999). Review of
subchronic/chronic toxicity of antimony potassium tartrate. Regulatory Toxicology and
Pharmacology 30:9-17.

Poon, R., I. Chu, P. Lecavalier, V.E. Valli, W. Foster, S. Gupta, B. Thomas. (1998). Effects
of Antimony on rats following 90-day exposure via drinking water. Food and Chemical
Toxicology 36:21-35.

Valli et al. (2000) commented on a prior review article of Lynch et al. (1999), where Lynch et al.
(1999) had commented on a 1998 study of Poon et al (1998). Lynch et al. (1999) concluded that
a NOAEL of 0.5 ppm for antimony potassium tartrate for environmental exposure as reported by
Poon et al. (1998) was not supported by the available data and suggested that a NOEAL of 50
ppm would be more appropriate.

Lynch et al. (1999) suggested that the 0.5 ppm NOAEL was based on mild biological effects that
were reversible and not necessarily indicative of overt toxicity. Valli et al. (2000) refutes this,
claiming that while grading of histopathological changes was of a subjective nature, the validity
of the system had been verified in previous studies. Furthermore, they note that adverse
reactions should not be interpreted as physiological rather than toxic simple because they are
reversible. Lynch et al. (2000) noted that Valli et al. (2000) did not provide any additional
information that would support that the subtle changes reported in Poon et al. (1998) were
adverse; thus, the authors continue to conclude that the changes were adaptive and physiological
in nature, making them unsuitable data on which to base the NOAEL.

Lynch et al. (1999) noted that hepatic anisokaryosis and nuclear hyperchomicity, effects that
Poon et al. (1998) based the 0.5 ppm NOAEL on, are a part of normal variation in hepatocytes in
young rats. Valli et al. (2000) acknowledges this variation, but argues that it does not negate the
findings because these effects in the exposed population were compared to a control group.
Poon et al. (1998) provided evidence of tissue injury and presence of antimony in the spleen.
Lynch et al. (1999) criticized these findings, again suggesting that results could be due to natural
variation and/or physiological changes that could be influenced by necropsy procedures. Valli et
al. (2000) refuted this claim again, stating that effects of natural variation were accounted for by
comparing exposed and control populations. Furthermore, Valli et al. (2000) noted that
appropriate controls and handling methods were followed during necropsy.

Valli et al. (2000) criticized Lynch et al. (1999) for failing to mention the toxicological
significance of effects (increased organ weights) occurring at a dose of 1.5 ppm reported in
previous literature. Lynch et al. (2000) replied that these organ weight changes were not
mentioned because the original author attributed them to variable fluctuation and thus, were not
biologically significant.



Valli et al. (2000) criticized Lynch et al. (1999) for favoring the results of a 13-week
intraperitoneal study done by NTP over the Poon et al. (1998) study during their literature
review. The authors’ indicated that rats in the NTP study were dosed intraperitoneal three times
a week and thus is not as relevant to the mode of antimony exposure in humans (via drinking
water) which occurs many times daily. Lynch et al. (2000) responded that they agree that the
Poon et al. (1998) study provides the more appropriate data for establishing drinking water
criteria. They further noted that while Poon et al. (1998) is more relevant, it does not change
their opinion that the Poon data was over interpreted, and the data from the NTP study was
utilized to support this opinion.



ARSENIC

A-5



Ahsan, H., Y. Chen, F. Parvez, L. Zablotska, M. Argos, I. Hussain, H. Momotaj, D. Levy,
Z. Cheng, V. Slavkovich, A. van Geen, G. Howe, and J. Graziano. (2006). Arsenic Exposure
from Drinking Water and Risk of Premalignant Skin Lesions in Bangladesh: Baseline
Results from the Health Effects of Arsenic Longitudinal Study. American Journal of
Epidemiology 163(12):1138-1148.

Ahsan et al. (2006) evaluated dose-response relations between arsenic exposure from drinking
water and premalignant skin lesions. A population exposed to the full-dose range of arsenic
(0.1-864 pg/liter) was identified in a 25-km?” area near Araihazar, Bangladesh, that had not been
subject to prior arsenic testing or other arsenic-related research/mitigation activities. In 2000, all
5,966 tube wells in the study area were tested for arsenic, and the users of the wells were
identified through an interview process. Between 2000 and 2002, 11,746 participants (5,042
men and 6,704 women) were recruited into the Health Effects of Arsenic Longitudinal Study.
The participants were married, between the ages of 18 and 75 years old, had resided in the study
area for at least five years, and were a primary user of one of the tube wells tested. Eighty-nine
percent of study participants (n = 10,494) shared tube wells with 0 to 5 other study participants,
while the remaining 14 percent shared their wells with 6 to 13 others. The participants were
interviewed and clinically assessed for skin lesions and other health conditions. Biologic samples
(blood and urine) were also collected. Several measures of arsenic exposure were estimated for
each participant, based on well-water arsenic concentration and usage patterns of the wells and
on urinary arsenic concentration. The measures of arsenic exposure were time-weighted well
arsenic concentration, cumulative arsenic index, and urinary creatinine-adjusted arsenic.

There were 714 confirmed cases of premalignant skin lesions identified in the cohort. Of these
cases, 421 (337 men and 84 women) had only melanosis, while the remaining 293 (247 men and
46 women) had both hyperkeratosis and melanosis. Consistent dose-response effects were
observed for all three arsenic exposure measures using different regression models. Also,
prevalence odds ratios (PORs) of skin lesions increased with levels of arsenic exposure. Risk
was significantly higher for the exposure group with 8.1 to 40 pg/liter than for the lowest
exposure group (<8.1 pg/liter). Compared with drinking water containing <8.1 pg/liter of
arsenic, drinking water containing 8.1 to 40.0, 40.1 to 91.0, 91.1 to 175.0, and 175.1 to 864.0
pg/liter of arsenic was associated with adjusted PORs of skin lesions of 1.91 (95% confidence
interval (CI): 1.26, 2.89), 3.03 (95 percent CI: 2.05, 4.50), 3.71 (95 percent CI: 2.53, 5.44), and
5.39 (95 percent CI: 3.69, 7.86), respectively. Males were four times more likely than females to
have skin lesions (POR =4.15, 95 percent confidence interval: 3.27, 5.26). However, when the
effects of arsenic exposure with age and body mass were assessed separately in men and women,
patterns of prevalence odds ratios were similar between men and women; therefore, the results
for only the overall study population are given. Older age was associated positively with risk of
skin lesions. As compared to the youngest age group (<30 years), the risk of skin lesions
increased nearly fivefold for participants in the oldest age group (<60 years). There was a general
inverse trend regarding the association between body mass index and skin lesion risk. When
arsenic exposure was held constant in the analysis, cigarette smoking, hookah smoking, and
markers of socioeconomic status were also associated with the risk of skin lesions in this cohort.



Cherry, N., K. Shaikh, C. McDonald, Z. Chowdhury. (2008). Stillbirth in rural
Bangladesh: arsenic exposure and other etiological factors: a report from Gonoshasthaya
Kendra. Bulletin of the World Health Organization 86(3):172—-177.

Cherry et al. (2008) primarily examined the epidemiological pattern of stillbirth made by arsenic
contaminated hand pump wells in Bangladesh. The data were collected by Gonoshasthaya
Kendra, a large nongovernmental organization providing health care to some 600 villages. The
study used completed pregnancies and outcomes (n = 30984) for two calendar years, together
with existing data on socioeconomic and health factors. The health care in these villages was
administered from 16 geographical centers; information on the average arsenic concentration in
each center was obtained from the National Hydrochemical Survey. Average arsenic
concentrations ranged from <1 pg/l to 81 pg/l. After univariate analysis, a multivariate model
was fitted, including all factors other than arsenic, with center as a random effect. The final
model without arsenic included only factors significantly associated with stillbirth at P < 0.05.
Arsenic exposure, as dummy variables contrasting 10 pg/l to < 50 pg/l, and >50 pg/l with < 10
ng/l, was then added to this best multilevel model to estimate any additional risk associated with
concentrations at these two higher levels, having adjusted for potential confounders.

The overall stillbirth rate was 3.4 percent (1056/30984) and increased with estimated arsenic
concentration (2.96 percent at <10 pg/l; 3.79 percent at 10 pg/l to <50 pg/l; 4.43% at >50 pg/l).
Of the factors studied, 17 socioeconomic and health factors were considered to be related to risk
of stillbirth. Cherry et al. (2008) noted that the effect of arsenic was estimated, allowing all
factors significantly related to stillbirth; however, the dose response between the arsenic
concentration and stillbirth was not diminished. The odds ratio estimated for arsenic was
adjusted for these factors. After this adjustment, the odds ratios estimated for arsenic (with <10
ng/l as reference) remained raised: 1.23 (95 percent confidence interval, CI: 0.87—1.74) at 10
ug/l to <50 pg/l and 1.80 (95 percent CI: 1.14-2.86) at 50 pg/l or greater. Cherry et al. (2008)
concluded that an increased risk of stillbirth is associated with arsenic contamination and noted
that efforts are needed to protect women at high risk.



Chiou, H.Y, S.T. Chiou, Y.H. Hsu, Y.L. Chou, C.H. Tseng, M.L Wei, C.J Chen. (2001).
Incidence of Transitional Cell Carcinoma and Arsenic in Drinking Water: A Follow-up
Study of 8,102 Residents in an Arseniasis-endemic Area in Northeastern Taiwan. American
Journal of Epidemiology 153(5):411-418.

Chiou et al. (2001) investigated the dose-response relation between long-term exposure to
ingested arsenic through drinking well water and the incidence of bladder cancer in the arsenic
endemic area of Lanyang Basin in northeastern Taiwan. In this area, arsenic levels in the well
water varied from <0.15 pg/l (undetectable) to >3,000 pg/l. Each household in Lanyang Basin
has its own well, and the wells have been in use for more than 50 years. Therefore, it was
possible to assess individual exposure to inorganic arsenic in a much more precise way than
previous studies.

Residents aged >40 years were recruited into the cohort with their informed consent. A total of
8,102 residents (4,056 men and 4,046 women) agreed to participate and were interviewed in their
homes between October 1991 and September 1994. Data obtained from the interview included
information on history of well water consumption, residential history, sociodemographic
characteristics, cigarette smoking, alcohol consumption, physical activities, and history of
sunlight exposure, as well as personal and family history of hypertension, diabetes mellitus,
cerebrovascular disease, heart disease, and cancer. Estimation of each study subject’s individual
exposure to inorganic arsenic was based on the arsenic concentration in his or her own well
water, collected during the home interview. Arsenic concentration was determined by hydride
generation combined with atomic absorption spectrometry. The occurrence of urinary tract
cancers was ascertained by follow-up interviews and by data linkage to community hospital
records, the national death certification profile, and the cancer registry profile, through
December 1996.

Cox’s proportional hazards regression analysis was used to estimate multivariate-adjusted
relative risks and 95 percent confidence intervals. During the follow-up period, 9 subjects were
afflicted with bladder cancer, 8 were afflicted with kidney cancer, and 1 was afflicted with both
bladder and kidney cancer. Among the 18 study subjects with urinary tract cancer, there were 17
with pathologic confirmation data and 11 with transitional cell carcinoma (TCC). The subjects’
risk of developing cancers of the urinary organs was significantly higher than the risk in the
general population of Taiwan (standardized incidence ratio (SIR) = 2.05; 95 percent confidence
interval (CI): 1.22, 3.24). The SIR for bladder cancer was 1.96 (95 percent CI: 0.94, 3.61), while
the SIR for kidney cancer was 2.82 (95 percent CI: 1.29, 5.36).

The incidence rates for cancers of the urinary organs and TCC were further analyzed by arsenic
level in well water and duration of well water drinking. The incidence rates of urinary tract
cancer and TCC for subjects who drank well water with arsenic levels of 10.0, 10.1-50.0, 50.1—
100.0, and 100.0 pg/l were 37.6, 44.8, 66.4, and 134.1 per 100,000 and 12.5, 14.9, 66.4, and
114.9 per 100,000, respectively; these results show a dose-response relation. A significant dose-
response relation between risk of cancers of the urinary organs, especially TCC, and indices of
arsenic exposure was still observed after adjustment for age, sex, and cigarette smoking. The
multivariate-adjusted relative risks of developing TCC were 1.9, 8.2, and 15.3 for arsenic



concentrations of 10.1-50.0, 50.1-100, and >100 pg/liter, respectively, compared with the
referent level of <10.0 pg/liter.

When incidence rates for cancers of the urinary organs and TCC were analyzed by duration of
drinking well water, no dose-response relation was observed. The incidence rates for urinary
cancer were 61.1, 46.7, and 77.3 per 100,000 for persons who had drunk well water for <20.0,
20.1-39.9, and >40.0 years, respectively; the corresponding incidence rates for TCC were 0,
46.7, and 46.4 per 100,000, respectively.
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Ferreccio, C., C. Gonzalez, V. Milosavjlevic, G. Marshall, A. Sancha, A. Smith. (2000).
Lung Cancer and Arsenic Concentrations in Drinking Water in Chile. Epidemiology
11(6):673—679.

Ferreccio et al. (2000) investigated the relation between lung cancer and arsenic in drinking
water in northern Chile in a case-control study involving patients diagnosed with lung cancer
between 1994 and 1996, and frequency-matched hospital controls. The study identified 152 lung
cancer cases and 419 controls (167 cancer controls and 252 noncancer controls). Participants
were interviewed regarding drinking water sources, cigarette smoking, occupation, and other
variables.

Three regions in northern Chile were included in the study area. The population in region II
experienced high exposure to inorganic arsenic in past years from natural contamination of
drinking water originating in the Andes Mountains. Water sources in regions I and III contained
relatively little arsenic. Using lifetime residential histories, each participant was assigned the
average water arsenic concentration for the county in which they resided for each year. Average
arsenic water concentrations were calculated for the years 1930 to 1994. In addition, average
arsenic water concentrations were calculated for the counties of residence for 1958 to 1970,
when some of the highest exposures occurred. The population-weighted average arsenic
concentration for region II in these years was 578 pg/l, much higher than the population-
weighted average of 212 pg/1 for the second highest concentration period, which was from 1971
through 1977. The combined control group had been exposed to an average arsenic concentration
of 109 pg/liter in drinking water between 1930 and 1994, and an average of 280 pg/liter for the
peak exposure period 1958 to 1970.

Lifetime (1930 to the present) average arsenic exposure was evaluated as a categorical variable
with five exposure strata. Peak exposures on the basis of the average water concentration for
each participant in 1958 to 1970 were evaluated. Lowest exposure categories were used as
references to calculate odds ratios (ORs). Unconditional regression analyses were conducted
using StataCorp statistical software, adjusting for age, sex, socioeconomic status, smoking, and
working in a copper smelter.

Logistic regression analysis revealed a clear trend in lung cancer odds ratios and 95 percent
confidence intervals (CIs) with increasing concentration of arsenic in drinking water, as follows:
1, 1.6 (95 percent CI = 0.5-5.3), 3.9 (95 percent CI = 1.2-12.3), 5.2 (95 percent CI =2.3-11.7),
and 8.9 (95 percent CI = 4.0 —19.6), for arsenic concentrations ranging from less than 10 pg/l to a
65-year average concentration of 200—400 ng/l. There was evidence of synergy between cigarette
smoking and ingestion of arsenic in drinking water; the odds ratio for lung cancer was 32.0 (95%
CI = 7.2-198.0) among smokers exposed to more than 200 pg/l of arsenic in drinking water
(lifetime average) compared to nonsmokers exposed to less than 50 pg/l. Comparatively, the OR
for nonsmokers in the highest arsenic exposure category was 8.0, and the OR for smokers in the
lowest arsenic-exposure category was 6.1. Ferreccio et al. (2000) concluded that this study
provides evidence that ingestion of inorganic arsenic is associated with human lung cancer.



Guo, X., Z. Liu, C. Huangl, L. You. (2006). Levels of Arsenic in Drinking-water
and Cutaneous Lesions in Inner Mongolia. Journal of Health and Popular Nutrition
24(2):214-220.

Guo et al. (2006) investigated the relationship between levels of arsenic in drinking-water and
cutaneous lesions in Inner Mongolia, PR China. The study examined the association between the
prevalence of keratosis and pigment disorder and levels of arsenic exposure among villagers
aged 18 years or older in the arsenic-affected village of Hetao Plain.

Subjects (n=448) were surveyed regarding the participants’ residential history, socio-
demographic conditions, sources of water at each residence, duration of tube-well usage, amount
of water consumed daily, occupation, working conditions, and health-related lifestyle habits,
such as smoking and alcohol consumption. After the interviews, subjects underwent a skin
examination by a dermatologist; skin disorders were diagnosed using established clinical criteria.
The study included 227 participants who were affected by cutaneous lesions (n=162 with
keratosis and n=65 with both pigment disorder and keratosis) and 221 participants who were not
affected by cutaneous lesions, as diagnosed in 1996 and 1998.

At the time of investigation, the geological team collected samples (n=106) from all wells in the
village. The samples were analyzed for total concentration of arsenic using Ag-DDC analysis.
The concentrations of arsenic in water in the village ranged from nondetectable to 1,354 pg/L.
Most participants in the study started using tubule-type wells as a water source in the 1980s.

To evaluate the relationship between various cutaneous lesions and levels of arsenic in water, the
prevalence of keratosis and pigment disorder was calculated separately. Arsenic-contamination
levels in water were classified into four categories: secure level (<50 pg/L), low level (50-199
pg/L), middle level (200499 pg/L), and high level (=500 pg/L). Logistic regression analyses;
adjusted for age, sex, and smoking; were performed to estimate odds ratios and their 95 percent
confidence intervals for each level of arsenic.

Mean arsenic exposure levels increased from 207 pg/L for subjects without skin lesions (n=221),
to 240 ng/L for subjects with keratosis (n=162), to 371 pg/L for subjects with pigment disorder
(n=62). The ratios of cutaneous lesions increase from 34.2 percent for arsenic levels less than 50
ug/L to 66.7 percent for arsenic concentrations of >500 pg/L. The results from the logistic
regression showed that, with the increase of arsenic concentration in water, the risk of pigment
disorder also increased. The sex-, age- and smoking-adjusted odds ratios were 5.25 (95 percent
CI 1.32-83.24), 10.97 (95 percent CI 1.50-79.95) and 10.00 (95 percent CI 1.39-71.77) (p=0.000)
for 50-199, 200-499, and >500 pg/L, respectively. The association between risk of keratosis
and levels of arsenic was not significant (p=0.346). The authors indicate that data suggests
keratosis is an early feature of arsenic poisoning, and the development of pigment disorder
depends on higher doses of arsenic intake rather than keratosis. The authors concluded that
further studies are needed to confirm that cutaneous lesions and other adverse health effects
occur at low levels of arsenic exposure.



Guo, X., Y. Fujino, X. Ye, J. Liu, T. Yoshimura, and Japan Inner Mongolia Arsenic
Pollution Study Group. (2006). Association between Multi-level Inorganic Arsenic
Exposure from Drinking Water and Skin Lesions in China. International Journal of
Environmental Research and Public Health 3(3):262-267.

Guo et al. (2006) evaluated the association between multi-levels of inorganic arsenic exposure
from drinking water and skin lesions in an arsenic-affected area in Inner Mongolia, China. The
subjects (adults aged 18 and over) included 109 people from an arsenic-affected village with
high arsenic concentration in drinking well water (>50 pg/liter) and 32 people from a
neighboring village with low arsenic concentration in drinking well water (<50ug/liter; control).
Subjects were surveyed regarding socio-demographic conditions, residential history, occupation,
working conditions, duration of using tube-well and health-related lifestyle habits, such as
smoking and alcohol consumption. After the interviews, subjects underwent a skin examination
by an expert Chinese physician; skin disorders were diagnosed using established clinical criteria.

The field team collected water samples from all tube wells used by participants for at least six
months in the last 20 years. Samples were collected from all tube wells in the villages studied
(n=49 in the high arsenic concentration village and n=7 in the low arsenic concentration village).
Total inorganic arsenic (iAs) was determined using an atomic absorption spectrophotometer.

Information about tube well usage at each residence and work site and the results of the arsenic
measurements were used to construct arsenic exposure histories. Descriptive analyses were
conducted by comparing general characteristics, mean arsenic concentrations, and the number of
tube wells used by the subjects. Logistic regression was conducted to calculate the odds ratio
(OR) of skin lesions associated with arsenic exposure with adjustments for sex, age group,
smoking, and duration of exposure. The multilevel of exposure was classified into four groups:
<50, 51-99, 100-149, and >150 pg/liter. The ORs of exposure duration for arsenic dermatosis
were also estimated, dividing the duration of exposure into three levels (less than 6 years, 6 to 15
years, and more than 15 years).

Arsenic-induced skin lesions, including keratosis, pigmentation, and/or depigmentation were
diagnosed in 56 and 3 subjects in the arsenic-affected and control villages, respectively. A
consistent dose-response relationship between arsenic exposure level and skin lesion risk was
observed. Compared to those with iAs concentration <50ug/liter, the adjusted odds ratios of skin
lesions for the subjects with 51-99, 100-149 and >150pg/liter were 33.3 percent (OR =15.50, 95
percent CI: 1.53-248.70), 46.7 percent (OR =16.10, 95 percent CI: 3.73-69.63) and 55.7 percent
(OR=25.70, 95 percent CI: 6.43-102.87), respectively. Duration of using well was not associated
with increased risk of skin lesions in this population; (OR =1.68, 95 percent CI: 0.40-6.91 for 6-
15 years, OR =2.30, 95 percent CI: 0.58-9.14 for more than 15 years) compared with the
duration of less than 5 years. Associations among skin lesions risk and smoking and drinking did
not occur.



Guo, X., Y. (2007). Cancer Risks Associated with Arsenic in Drinking Water.
Environmental Health Perspectives 115(7):A339-A340.

Guo (2007) commented on the reanalysis of data by Lamm et al. (2006). Lamm et al. (2006)
conducted a cancer risk assessment for arsenic in drinking water using data from six townships
in southwest Taiwan. Lamm et al. (2006) reported a “township” cofounder, in which three of the
six townships studied (2, 4, and 6) showed positive dose-response relationships with arsenic
exposure and the three other (1, 3, and 5) showed cancer risks independent of arsenic exposure.

Lamm et al. (2006) were unable to identify the individual townships; however, Guo (2007) was
able to identify these townships based on data collected in previous studies. Four of the
townships analyzed have the highest prevalence of Blackfoot disease (BFD) in the country. Guo
(2007) states that there indeed might be a “township factor” because all three of the townships
affected by this factor were in the endemic area. One township that was not affected by the
factor was in the endemic area.

Lamm et al. (2006) had indicated that bias may have occurred with water sampling because
villages with high BFD prevalence may have been selected intentionally for sampling. Gou
(2007) stated that the chance of bias occurring in the selection of the villages sampled within the
townships was small, because almost all of the villages in the Kuo (1968) survey were covered.

Guo (2007) agreed with Lamm et al. (2006) in that their findings of a threshold-like model
indicates no increase of bladder cancer with exposure <150 pg/L. Guo (2007) noted that this is
consistent with other studies covering all of Taiwan and southwest Taiwan only.

Guo (2007) noted that the use of a median arsenic level by Lamm et al. (2006) as the exposure
indicator might not generate accurate results because villages with similar median arsenic levels
can have very different distributions of exposures.

Lamm, H., M. Feinlab, R. Chen. (2007). Cancer Risks Associated with Arsenic in Drinking
Water. Environmental Health Perspectives 115(7):A340-A341.

Lamm et al. (2007) responded to comments from Guo (2007) regarding reanalysis of data in
Lamm et al. (2006). Lamm et al. (2006) conducted a cancer risk assessment for arsenic in
drinking water using data from six townships in southwest Taiwan. Lamm et al. (2006) reported
a “township” cofounder, in which three of the six townships studied (2, 4, and 6) showed
positive dose-response relationships with arsenic exposure, and the three other (1, 3, and 5),
showed cancer risks independent of arsenic exposure.

With regard to three townships (1, 3, and 5) showing cancer risks independent of arsenic
exposure, Lamm et al. (2007) state that they are less inclined to believe that the “township”
factor is related to Blackfoot disease.

Lamm et al. (2007) examined whether using altern