U.S. CONSUMER PRODUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY
BETHESDA, MD 20814

October 19, 2010

Ms. Joan Lawrence

Chairman, ASTM F15.22 Subcommittee on Toy Safety
c¢/o Toy Industry Association, Inc.

1115 Broadway, Suite 400

New York, NY 10010

Dear Ms. Lawrence:

I am writing on behalf of the U.S. Consumer Product Safety Commission (CPSC)
staff' to encourage the work of the ASTM Subcommittee on Toy Safety to revise the toy
safety standard to eliminate the potential hazard of cadmium in some toys. I am enclosing
a copy of the CPSC’s “Staff Report on Toy Standard Test Methods with Data from
Testing Metal Jewelry and Other Materials,” dated August 2010, and a copy of the
CPSC’s “Staff Report: Cadmium in Children’s Metal Jewelry,” dated October 2010, for
the Subcommittee’s information. Please circulate this information to members of the
Subcommittee.

Recently CPSC staff completed a report on testing lead- or cadmium- containing
jewelry and metal alloy samples. The testing was done to evaluate the potential for
chemical exposure if an item is swallowed by a child. CPSC staff concluded that a test
method for chemicals that can migrate from small items if swallowed-—especially metal
items—should be based on measuring solubility in an acidic solution over a 24 hour
period. This conclusion is based on the results of testing hundreds of jewelry and metal
alloy samples, as well as information about the length of time an ingested foreign object
could be present in the digestive tract of a child. It is hoped that this information, as well
as that contained in the CPSC “Staff Report: Cadmium in Children’s Metal Jewelry,” will
be helpful to members of the ASTM F15.22 Subcommittee.

' This letter was prepared by CPSC staff and has not been reviewed or approved by and
may not necessarily reflect the views of the Commission.

CPSC Hotline: 1-800-638-CPSC (2772) % CPSC's Web Site: hitp://www.cpsc.gov



Page 2

Please let me know if there is any further technical support CPSC staff can
provide to expedite the completion of an effective, revised ASTM F963 safety standard
that addresses the potential cadmium hazard. Please call me at 301-504-7245 if you have
any questions.

Sincerely,

N JON

Colin Church
Voluntary Standards Coordinator

Enclosures

cc Mr. Len Morrissey
Staff Manager, ASTM F15 Committee

Ms. Kristina Hatlelid, Ph.D., M.P.H.
Toxicologist, U.S. Consumer Product Safety Commission

Mr. Jason Howe
Chemist, U.S. Consumer Product Safety Commission
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UNITED STATES

CONSUMER PrRoDUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

Date: October 14, 2010

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 :  Kiristina M. Hatlelid, Ph.D., M.P.H., Toxicologist, Directorate for Health
Sciences

SUBJECT : Children’s Cadmium-Containing Metal Jewelry*?

Introduction

The U.S. Consumer Product Safety Commission (CPSC) administers federal laws concerning
children’s products and other consumer products. Federal laws and CPSC regulations apply
nationwide to the consumer products in interstate commerce that are within its jurisdiction.
Since its inception, the CPSC has played a prominent role in protecting the public, especially
children, from the hazards of exposure to toxic chemicals. While the CPSC and other federal
agencies, as well as local, state, and other organizations, have paid close attention to the potential
for exposure to lead, many other chemicals may be found in products that, if exposure occurs,
could result in adverse health effects in the users of those products.

Young children may be exposed to chemicals in consumer products from the direct mouthing of
objects, from handling such objects and subsequent hand-to-mouth activity, or from swallowing
a small object or a small part of a product. The specific types and frequency of behavior that a
child will engage in depends on the age of the child and the characteristics and pattern of use of
the product.

Recently, CPSC staff identified a number of products, particularly jewelry intended for use by
children that presented a risk of adverse health effects from exposure to cadmium.

Regulatory framework

The CPSC protects children, and consumers in general, from hazardous exposure to substances,
such as cadmium in consumer products, under the Federal Hazardous Substances Act (FHSA)
(15 U.S.C. 88 1261-1278). The Federal Hazardous Substances Act requires that certain
hazardous household products (“hazardous substances”) bear cautionary labeling to alert

! 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.

2 A draft of this document was disseminated for external peer review. A summary of the peer review comments and the staff
responses to the comments may be found in Tab A.
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consumers to the potential hazards that those products present and to inform them of the
measures they need to take to protect themselves from those hazards. Any product that is toxic,
corrosive, flammable or combustible, an irritant, a strong sensitizer, or that generates pressure
through decomposition, heat, or other means requires labeling, if the product may cause
substantial personal injury or substantial illness during or as a proximate result of any customary
or reasonably foreseeable handling or use, including reasonably foreseeable ingestion by
children.

The FHSA gives the Commission authority to ban by regulation a hazardous substance if it
determines that the product is so hazardous that the cautionary labeling required by the act is
inadequate to protect the public. Any toy or other article that is intended for use by children and
that contains a hazardous substance is also banned under the FHSA if a child can gain access to
the substance.

Regulating products under the FHSA generally requires assessment of exposure and risk.
Assessments are generally conducted on a case-by-case basis, considering the specific
characteristics of the product, the intended consumers of the product, and the interaction between
the consumer and the product.

This document provides the staff’s approach to assessing products under the FHSA, summarizes
the relevant toxicology of cadmium, derives limits for exposure that, if exceeded, could result in
adverse health effects, and discusses the results from analytical tests that could result in further
scrutiny of products that may cause excessive exposure to cadmium in children who use the
products.

Cadmium Toxicology

This section includes a brief overview of cadmium toxicology. The staff prepared a separate
toxicity review that includes a broader discussion of the available data,® which may be found in
Tab B.

The adverse health effects of cadmium exposure in humans have been documented largely in
occupational settings, and mostly through inhalation, although nonworker populations have been
studied as well. The principal effects of long-term exposures are chronic obstructive pulmonary
disease and emphysema from inhalation of cadmium and cadmium compounds, and chronic
renal tubular disease from inhalation and oral exposures. Depending on the dose and duration of
exposure, effects have been observed in multiple organ systems and tissues, including kidney,
liver, and bone. Although cadmium exposure in workers through inhalation is associated with
lung cancer, there is insufficient evidence in humans or experimental animals to determine
whether cadmium is carcinogenic from oral exposure.

Cadmium and cadmium compounds are poorly absorbed following ingestion, unless the levels
are high enough to cause damage to the gastrointestinal tract. Absorbed cadmium accumulates
largely in the kidney and liver, with a very long half-life, which is measured in decades. Only a
small portion of the absorbed cadmium is excreted in the urine or in feces. Consequently,
cadmium exposures are cumulative.

3 “Toxicity Review of Cadmium.” CPSC Memorandum from Dominique J. Williams and Kristina M. Hatlelid, Ph.D., M.P.H. to
Mary Ann Danello, Ph.D. August 2010.



The forms of cadmium in consumer products vary from cadmium metal in certain metal alloys,
including materials used in soldering and electroplating, to cadmium salts and other compounds
used in materials such as paints and plastics. Cadmium is found widely in the environment, in
foods, and in tobacco. Diet is the major source of cadmium exposure for most people.

Exposure to cadmium also may occur through contact with some consumer products. Exposures
from products, especially in children, are most likely from handling objects and then transferring
material from the hands to the mouth, through direct mouthing of objects, and from swallowing
small objects or parts of products. Staff identified information relating to ingestion of cadmium
and cadmium compounds as most relevant to the assessment of cadmium exposures from
consumer products.

Existing Exposure Limits

Several limits for exposure to cadmium have been established for regulatory or other purposes.
For example, the World Health Organization (WHO) has developed a Provisional Tolerable
Monthly Intake level (PTMI) of 25 micrograms per kilogram body weight per month* (25
pg/kg/month) (or 0.8 pg/kg/day) (JECFA, 2010). The U.S. Environmental Protection Agency
(EPA) developed an oral reference dose (RfD°) of 1 ug/kg/day for food intake and 0.5 pg/kg/day
for cadmium in drinking water (different levels of absorption of cadmium from food or from
water account for the different RfD values) (EPA, 1994). The Agency for Toxic Substances and
Disease Registry (ATSDR) developed a minimal risk level (MRL®) for chronic’ oral exposure of
0.1 png/kg/day (ATSDR, 2008). These limits were based on studies of kidney effects in humans.

The ATSDR’s 2008 draft toxicological profile also includes an MRL for intermediate length
exposure of 0.5 pg/kg/day based on effects on bone in experimental animals. Due to
inadequacies in the acute oral exposure database, the ATSDR has not derived an acute duration
MRL.

The preceding exposure limits are for general use (e.g., PTMI, MRL) or apply to specific
exposure media (e.g., RfD for food or water). A child-specific standard for cadmium exposure
exists in the form of the European toy safety standard EN 71-3 (European Standard EN 71-3,
1994). Under this standard, the limit for exposure to cadmium from toys for young children is
0.6 pg per day, based on information concerning normal background cadmium intake levels and
a policy decision to limit cadmium exposure from toys to 5 percent of the assumed background
exposure. Recently, the EC toy safety directive (Council Directive, 2009) established new
health-based exposure limits for toys, using recent data on kidney effects in humans, including
studies considered by the ATSDR (2008) and CPSC staff in the current evaluation. Effective
July 20, 2013, the European toy safety standard for cadmium exposure from toys is based on an
exposure limit of about 0.2 g per day. Note that these toy safety standard daily limits are not

4 Exposure limits are generally expressed in terms of milligrams of exposure per kilogram body weight. Since 1 mg = 1,000 pg,
1 pg/kg/day is equivalent to 0.001 mg/kg/day.

® The EPA’s RfD is defined as an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
human population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a
lifetime.

® The ATSDR’s MRL is an estimate of the daily human exposure to a hazardous substance that is likely to be without appreciable
risk of adverse noncancer health effects over a specified duration of exposure.

" As defined in the ATSDR toxicological profiles, chronic exposure is exposure to a chemical for 365 days or more; intermediate
exposure is 15 through 364 days; acute exposure is 1 through 14 days.



expressed in terms of body weight, but are daily limits for cadmium exposure that have been
adjusted to account for the weight of a young child (7.5 kilograms for the revised standard—
about 16.5 pounds).

Long-Term Exposure

A number of additional chronic exposure studies are now available that allow for dose-response
analysis, and can be used to estimate an acceptable daily intake level (ADI). The staff’s
calculations generally are based on the study reporting the lowest exposure levels associated with
adverse effects (lowest observed adverse effect level or LOAEL) or a dose that was not
associated with an adverse effect (no observed adverse effect level or NOAEL). A number of
high quality studies have considered cadmium-related adverse effects in the kidney and bone,
reporting quantitative estimates for the level of cadmium intake that is associated with adverse
effects ranging across about one order of magnitude (i.e., the high end of the range is about 10
times the low end of the range).

Staff chose the analysis of an epidemiological study by Suwazono et al. (2006) as the key study
for a number of reasons, including that the study was based on a large, well-characterized
population without any identified source of environmental or occupational exposure; the
modeling included multiple covariates to account for potential confounders; and the estimated
cadmium exposures associated with adverse health effects were among the lowest of several
studies. Suwazono et al. (2006) used a benchmark dose® approach to analyze the data from a
study of 820 Swedish women. The analysis estimated the concentration of cadmium in urine
associated with urinary protein markers for adverse effects in the kidney. These researchers
reported 0.5 micrograms cadmium per gram creatinine” in the urine (0.5 pg/g creat.) as the lower
confidence limit of the cadmium concentration benchmark dose level (i.e., BMDL associated
with a 5 percent excess risk of protein in the urine). Similar results were reported by Uno et al.
(2005) and Jarup et al. (2000).

Because the BMDL is a measure of cadmium excreted in urine, additional analysis is required to
estimate the corresponding level of cadmium intake into the body. This can be done using
modeling techniques. The derivation of the MRL presented in the draft ATSDR Toxicological
Profile for Cadmium (ATSDR, 2008) has applied such an analysis using the results of several
studies of European populations, including Suwazono et al. (2006). For a 0.5 pg/g creat. urinary
concentration, the analysis published by the ATSDR (2008) estimated a level of cadmium intake
of 0.33 pug/kg/day. This is the intake level chosen by CPSC staff as the critical exposure level.

The scientific community generally addresses uncertainty in the comprehension of toxicology
and dose-response through the use of uncertainty factors. CPSC staff also uses an uncertainty
factor approach in evaluating exposure levels to account for a lack of robust data from animal
studies or a lack of information from human exposures (CPSC, 1992). CPSC staff may apply up
to three uncertainty factors, depending on the completeness and relevance of the available data.
An uncertainty factor may be used if data are available only in studies of animals and not in
humans. An uncertainty factor is applied if the available studies do not identify a dose or

8 A benchmark dose approach uses mathematical modeling to characterize exposure-response relationships.

® Urinary cadmium concentrations were normalized to the amount of creatinine also present in the urine, a common method that
accounts for the variations in excretion of urine and that allows comparison of urinary measurements over time, between subjects,
or from different studies.



exposure level that is not associated with an adverse effect (NOAEL). When a benchmark dose
approach is used, the BMDL is treated as a NOAEL. The third type of uncertainty factor is
applied to account for sensitive populations if the available studies do not adequately address
such concerns.

In this case, only one uncertainty factor is needed, which is intended to account for the
possibility of sensitive members of the population. The staff has chosen to apply a reduced
uncertainty factor of 3, rather than the factor of 10 that is more typically used because of lack of
knowledge of effects throughout a population. The reduced uncertainty factor is appropriate in
this case because of the strength of the data that supports the identified critical exposure level,
which is based on multiple studies of large numbers of people in different parts of the world.
Therefore, an uncertainly factor of 3 applied to the intake level of 0.33 ng/kg/day results in an
acceptable daily intake (ADI) of 0.1 pug/kg/day. This is the level of chronic exposure that should
not be exceeded to avoid adverse health effects.

The key study used to estimate the ADI (Suwazono et al., 2006) was based on data from adult
women in a population that had no particular source of exposure to cadmium. Because the study
participants likely experienced exposures to cadmium throughout their lives, such as through
normal dietary sources, staff believes that the ADI may be applied to various scenarios involving
exposures from consumer products during childhood and later in life.

Another issue to consider is the use of toxicokinetic modeling to relate intake of cadmium to
absorption into the body, distribution within the tissues and organs of the body, and elimination
from the body. Recent data indicate that children ages 6 through 11 years and females show
increased urinary excretion of cadmium (Ruiz et al. 2010). This finding could indicate important
differences in exposure and uptake of cadmium in these populations. Again, the epidemiological
study that was used to estimate the acceptable daily intake level was conducted in women who
likely experienced exposures to cadmium throughout their lives, including childhood. Although
uncertainty remains on the implications of possible differences among various groups, the
relatively large body of literature concerning long-term exposure and effects of cadmium
supports the staff’s approach.

Intermediate and Acute Duration Exposure

Documented acute'® exposures in humans generally have involved exposure to relatively large
amounts of cadmium compounds, resulting in severe adverse effects, including death. One
report of a nonfatal exposure in humans was published by Nordberg et al. (1973). This case
involved gastrointestinal symptoms in boys 13 through15 years old following ingestion of a
beverage containing cadmium from a soda machine. Investigation of this case included analysis
of a sample of water from the machine that contained 16 milligrams of cadmium per liter

(16 mg/L). It is not clear from the report when the water sample was collected or how it was
handled prior to testing for cadmium content. Based on information collected from the boys
about five months after the incident, symptoms began within 15 minutes of consumption of the
drink, and included headache, nausea, vomiting, abdominal pain, and diarrhea. All symptoms
resolved within seven hours, and most of the boys returned to school when classes resumed after
the weekend three days later. The children reported consuming 0.5 to 2.5 glasses of the drink,

OAcute exposures, 14 days or less, 16 C.F.R. §1500.3(c)(2)(i). Intermediate exposure duration is not defined within CPSC
regulations, but generally means longer than acute exposure, but less than chronic; this term is defined in the ATSDR
toxicological profiles as 15 to 364 days.



with an average of about one glass. Although the volume of beverage consumed was not
reported, information in the publication’s discussion suggests that the investigators considered a
glass to be about 0.15 L. Using this estimate for the average intake, the toxic dose of cadmium
was about 2.4 mg. Because of the high level of uncertainty in this quantitative estimate and
inadequate documentation of the case, staff finds this study unacceptable for further quantitative
analysis or derivation of an exposure limit. Staff has not located other studies or reports of
health effects from short-term oral exposure in humans at doses that are not associated with
severe adverse health effects or death. Nor has staff located any reports of persistent effects after
a brief exposure has ended, or studies that measured long-term effects resulting from an acute
exposure to cadmium.

Several studies in animals have been conducted involving single exposures or short-term dosing,
usually at relatively high doses. Adverse effects have been reported for multiple tissues and
organ systems, including death, and effects in the liver, kidney, and bones. Most of the studies
are not suitable for use in dose-response analysis for deriving exposure limits because of the
severity of the adverse effects associated with the dose levels chosen for the studies. Of the
studies that are appropriate for use in extrapolating to an acceptable intake level for humans, the
staff chose as the key study, the evaluation of short-term exposure in rats through drinking water
by Borzelleca et al. (1989).

This study involved groups of male and female rats that were exposed to cadmium chloride in
drinking water for 10 days. Cadmium exposure was calculated at 1.1, 7.8, and 11.1 mg/kg/day in
males, and 1.1, 8.1, and 13.8 mg/kg/day in females, based on the concentration of cadmium
chloride in the water and the animals’ water intake. The authors noted a dose-dependent
decrease in body weight gain among males. The summary data also appear to show reduced
body weight in the highest dose group in males, and dose-related reduced body weight gain in
females, but statistical analyses were not presented.

Because of the disagreeable taste of water containing cadmium chloride, reduction in body
weight or reduction in body weight gain may be due to the tendency of the animals to reduce
their water intake with a concomitant reduction in food intake. However, the same publication
(Borzelleca et al., 1989) included a study in which dosing through gavage (i.e., delivery of the
dose directly into the stomach through a feeding tube) also resulted in reduced body weight and
reduced body weight gain. This latter study suggests that cadmium exposure affects body weight
through means other than the effect on the taste of the drinking water, and, therefore, changes in
the body weight endpoints should be considered related to the exposure. The results of this study
are supported by findings of body weight effects in two other animal studies involving dosing
through gavage (Baranksi, 1985; Machemer and Lorke, 1981).

For exposures through both gavage and drinking water, Borzelleca et al. (1989) also noted
significant changes in certain clinical chemistry measures, suggesting systemic effects in
addition to the effects on body weight. Therefore, staff concludes that short-term exposure to
cadmium is associated with adverse effects in animals. The lowest dose administered in the
drinking water study (1.1 mg/kg/day) (Borzelleca et al., 1989) can be considered the no
observed adverse effect level (NOAEL) and is appropriate for extrapolating to an acceptable
intake level for humans.

As with the estimation of a longer term ADI, for an acute duration exposure limit, staff identifies
the LOAEL or NOAEL and applies up to three uncertainty factors to account for sensitive



individuals, the use of a LOAEL instead of a NOAEL if that is the case, and for the use of data
from studies in animals instead of in humans if that is also applicable. Consequently, the acute
ADI for cadmium is 11 pg/kg/day, based on the NOAEL of 1.1 mg/kg/day, and the use of an
uncertainty factor of 10 for the use of data from animals rather than humans, and another factor
of 10 to account for sensitive individuals in human populations.

No information was located for human oral exposures of intermediate length duration. However,
recent studies in young rats demonstrate dose-related effects on bone metabolism and bone
biomechanical properties for exposures up to 12 months (Brzoska and Moniuszko-Jakoniuk
2005). Based on a number of effects reported at the lowest dose tested, the LOAEL for the
intermediate duration study is approximately 0.2 mg/kg/day. The intermediate exposure MRL of
0.5 pg/kg/day presented in the recent draft toxicological profile (ATSDR 2008) was derived
using a benchmark dose approach to analysis of this data.

In general, the animal studies conducted in acute exposure scenarios and intermediate duration
scenarios indicate a very wide range of LOAELs and NOAELSs (i.e., orders of magnitude
difference between lowest and highest reported values) including, in some cases, adverse effect
dose levels that are comparable to the LOAELSs and NOAELSs reported in longer-term studies
(see summary in Table 3.6, ATSDR 2008). As discussed above, ADIs, MRLs, and RfDs derived
from chronic and intermediate duration studies range across about one order of magnitude. No
acute exposure limits have been derived previously for oral exposure to cadmium.

Because cadmium is found in the environment, in foods, and in tobacco, most people experience
some level of exposure to cadmium. Any additional exposure to cadmium from consumer
products will add to the overall risk of adverse health effects that might be associated with other
sources of cadmium.

Evaluation

Children’s jewelry is not a distinct, easily-defined product for a specific group of consumers.
Rather, this category of products could encompass a large variety of jewelry products suitable for
children of specific ages or for children of all ages. Because exposure to substances is the focus
of staff’s assessment, the assessment will focus on a group of children likely to participate in the
behaviors that could result in excess exposure to the substances, and who are also the most
vulnerable to the effect of the possible exposures. In this case, staff has chosen to consider
young children ages 2 through 6 years old. Children in this age group still have significant
mouthing behaviors, and occasionally may swallow—accidentally or intentionally—small
objects. This age group may also be of special concern because of the potential health effects of
cadmium exposure in people at early stages of development, similar to the concern about lead
exposure in young children. However, data currently do not exist that clearly show adverse
health effects specifically associated with exposures in early childhood.

Children are not expected to use certain pieces of jewelry, such as a charm bracelet, throughout
their daily life. Some jewelry, such as jewelry with seasonal themes, may be used for a few
weeks, and pieces that are especially valued by the child or by their parents, may be worn only
occasionally. However, some jewelry, such as inexpensive items, may be used frequently or
until the item is no longer favored by the child or is lost. For this evaluation, staff assumes that a
child will use a jewelry item frequently over weeks, months, or years.



Exposure to cadmium from metal jewelry items or similar objects could occur during handling or
mouthing the product, or from swallowing a pendant, bead, or other small component part of
jewelry.

An ingested product could result in an acute or short-term exposure, because ingested objects are
usually eliminated from the body within a few days or possibly weeks. Therefore, data on the
effects of acute or short-term cadmium exposure would be most relevant for an assessment of
swallowed jewelry items.

As discussed above, acute exposure in humans and experimental animals causes a number of
adverse effects. Because of the uncertainty regarding the circumstances and quantitative details
of human exposure cases, staff has chosen to evaluate short-term exposures using the study in
experimental animals by Borzelleca et al. (1989) to derive an ADI for acute exposure of

11 pg/kg/day.

To assess children’s cadmium-containing jewelry, staff assumes that the vulnerable group of
children is 2 to 6 years old, with an average weight of 18.2 kg (40 pounds) (Ogden et al. 2004).
Given the 11 pg/kg/day acute ADI, the maximum allowable acute exposure for a young child
is about 200 pg/day.

Handling or mouthing a product could result in a longer-term exposure because use of the
product could occur over many weeks, months, or years. In contrast to acute exposure, long-
term exposure to cadmium has been studied extensively and is well characterized. Given data
from multiple studies, staff prefers to use studies in humans for characterization of human risks.
Thus, because of the strength of the evidence in studies of human populations, staff has chosen to
use epidemiological information (Suwazono et al. 2006) in the assessment of exposure to
cadmium from children’s jewelry. As discussed above, staff derived an acceptable daily intake
level (ADI) for cadmium of 0.1 pg/kg/day for chronic exposure. Given the 18.2 kg body weight
for children ages 2 to 6 years, and the 0.1 pg/kg/day ADI, the maximum allowable chronic
exposure for young children is about 1.8 pg/day.

Ingestion of foreign bodies

As discussed in the staff’s briefing package on lead-containing children’s metal jewelry, several
cases show that excessive exposure to lead resulted from children swallowing lead-containing
metal jewelry items (CPSC 2006a).

Further, as documented in the briefing package, jewelry items are among the most commonly
ingested items by young children (CPSC 2006b). Staff analyzed data from the National
Electronic Injury Surveillance System (NEISS) database on emergency room-treated injuries
associated with ingestion of consumer products by children. For 2000-2005, the staff estimated
302,587 emergency room-treated injuries, nearly 80 percent of which were children under age

7 years. The objects most commonly swallowed were coins (accounting for nearly half of
ingestions); jewelry; toys not elsewhere classified; and nails, screws, tacks, or bolts.

Additional data on ingestion of objects are found in a 1998 study that evaluated 100 children
ages 9 months to 13 years, who ingested various foreign bodies, including coins, ball bearings,
pins, marbles, screws, buttons, a light bulb, a novelty nail file, and a clothespin (Macgregor and
Ferguson, 1998). This study evaluated how long an ingested object might remain within the
gastrointestinal tract. The total transit time for passage (from ingestion to elimination through



the rectum) of the items ranged from 1 to 46 days. The peak time of passage was 2 days, with a
median time of 6 days. The authors noted that the mean transit time for an ingested object
increased with age; it was greater than 15 days for 13 year olds, while it was typically 5 days for
4 through 10 year olds.

Thus, the available information shows that children may swallow items such as jewelry, and that
ingested items can cause excessive exposure to chemicals from the swallowed items.

Assessment

Exposure to cadmium from children’s metal jewelry could occur as children use and interact
with a product. This exposure might occur from activities such as mouthing a product or
handling the product with subsequent hand-to-mouth transfer of cadmium that might be removed
from the surface of the product. This exposure could occur over the many days or months that a
child uses a product such as metal jewelry. Exposure to cadmium also might occur if a child
swallows a small item or a part of an item. In the case of ingestion of a product, the exposure
would occur during the usually short time that the item remains in the gastrointestinal tract,
notwithstanding the possibility that an ingested object sometimes is retained in the body for
several weeks.

Staff evaluates possible exposures to cadmium or other chemicals from children’s products by
measuring leaching of the cadmium from the item using a saline solution to mimic the effects of
mouthing, and a dilute hydrochloric acid solution to simulate the gastric effects on a swallowed
item. The staff’s standard laboratory procedure is to immerse an item in the saline solution for a
period of six hours. Because of the data showing that ingested items sometimes remain in the
stomach for several days, for products such as metal jewelry, staff conducts the dilute acid
leaching test for 24 hours. Data generated by the staff indicates that 24 hours is generally
sufficient time to identify products that could leach large amounts of chemicals.

Mouthed object

For the case of mouthing, staff assumes that each minute of extraction in the saline solution
represents a minute of mouthing of the object by a child. A CPSC study of mouthing behaviors
of young children estimated an average daily mouthing time of 37 minutes for all objects
(excluding pacifiers) for children ages 24—-36 months (CPSC 2001).

Using the saline extraction to simulate the effects of mouthing a jewelry item, with the
assumption that mouthing a children’s product for 37 minutes per day represents an excess
exposure, and that the ADI for chronic exposure to cadmium is 1.8 micrograms per day for a
young child, the ADI would be exceeded if the results of the saline extraction of the item exceeds
18 micrograms total cadmium extracted during the 6-hour saline extraction (Eqg. 1).

(1.8 pg/day)/(37 min/day) x (6 hours x 60 min/hour) = 18 pg (Eq.1)
where

1.8 pg/day is the chronic acceptable daily intake level (ADI) for children 2—6 years old,

37 min/day represents the daily mouthing time of jewelry, and

6 hours x 60 min/hour is the number of minutes each jewelry item is tested for leaching
of cadmium into the saline solution in the laboratory evaluation.



Therefore, a test result for saline extraction of a mouthable product that exceeds 18 ug indicates
that the product may meet the criteria established in the FHSA for a product to be considered a
hazardous substance.

Swallowed object

Swallowing a cadmium-containing object is an acute exposure situation, for which the available
toxicology database is limited. However, the need to evaluate products for the potential for acute
exposure to cadmium prompted staff to choose data from acute studies in experimental animals
to derive an acute exposure limit of 200 pg/day.

In contrast to repeated exposures to small amounts of a chemical over time, ingestion of an item
results in the total exposure from the item occurring within a short time (i.e., an acute exposure).
The acute ADI would be exceeded if the result of the acid extraction of the item exceeds

200 micrograms total cadmium extracted during the 24-hour acid extraction.

Therefore, based on the available data on acute exposures, a test result for acid extraction of a
swallowable product that exceeds 200 g would indicate that the product may meet the criteria
established in the FHSA for a product to be considered a hazardous substance.

Conclusion

Given the available information on cadmium toxicity and the assumptions about children’s
interactions with cadmium-containing products, staff has estimated limits for testing that may be
used for evaluating children’s jewelry under the FHSA. For a product that may be mouthed by a
child, staff concludes that a result from the 6-hour saline extraction test that exceeds 18 pg would
indicate that the product may meet the criteria established in the FHSA for a product to be
considered a hazardous substance based on chronic toxicity. For a product or part of a product
that may be swallowed by a child, the staff concludes that a result for the 24-hour acid extraction
test that exceeds 200 pg would indicate that the product may be considered a hazardous
substance based on acute toxicity.

In order for a substance to be considered a hazard under the FHSA, both exposure and the risk of
adverse health effects associated with handling and use of the substance must be taken into
account. Therefore, the characteristics of the product and a child’s behaviors and interactions
with the product must be considered along with the information on toxicity.

Discussion

This evaluation provides an approach to assessing cadmium-containing children’s metal jewelry
that takes into account both acute exposure (e.g. from swallowing) and longer term exposures
(e.g. from repeated mouthing behaviors over time).

A key consideration in the toxicology of cadmium is that once absorption of cadmium occurs, it
remains in the body, particularly in the kidneys and liver, for many years. Given the very long
half-life of cadmium in the body, exposures that occur from swallowing an object or from
mouthing an object over time could have significant impacts on the overall exposure to cadmium
from all sources and contribute to the risk of adverse health effects from cadmium exposures.

The evaluation is based on a number of assumptions about children’s behaviors, product
characteristics, and relevant testing methods, and the existing knowledge base for cadmium
toxicology. Because of the known hazards associated with human exposure to cadmium, staff
has taken a conservative approach by using an estimated acceptable daily intake level (ADI) for
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chronic exposure and assuming a relatively high level of mouthing activity. The acute exposure
scenario was evaluated using data on adverse health effects from short-term exposure to
cadmium in animals because that data is most relevant to the possible scenario in which a child
swallows a cadmium-containing item.

The approach in this assessment to longer term exposure from mouthing items is conservative,
largely because of the assumptions about the behaviors expected in very young children. Staff
used data from an observation study for mouthing of all objects during a day, which would
overestimate exposure that might occur from a particular product. Furthermore, the staff’s
assessment of mouthing behaviors that occur over time is based on an acceptable daily intake
level that is not expected to cause adverse effects if the exposure occurred over many years.

While staff has taken a conservative approach, exposure to cadmium is associated with
significant health effects, and any exposure from consumer products, such as jewelry, is in
addition to exposures that most people experience from food, water, and other sources.

11
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UNITED STATES

CONSUMER PrRoDUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

Date: October 14, 2010

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 :  Kiristina M. Hatlelid, Ph.D., M.P.H., Toxicologist, Directorate for Health
Sciences

SUBJECT : Staff Responses to Peer Review Comments on “Children’s Cadmium-
Containing Metal Jewelry” *

In June 2010, Consumer Product Safety Commission (CPSC) staff sought external scientific peer
review of staff’s draft document, “Children’s Cadmium-Containing Metal Jewelry.” Comments
from the three reviewers were received by staff in July 2010. Staff revised the draft document
based on the peer reviewers’ comments and provides brief responses to the comments here.
Similar comments or comments pertaining to specific topics are grouped and addressed together.

Comment

There were several specific observations related to sentence structure, wording, or clarity of the
text, and a general comment that the document should contain more background on the purpose
of the document and the regulatory approach.

Response: Staff revised the text accordingly to address both the specific and general comments
about the document.

Comment

Among the three reviewers’ comments were somewhat conflicting conclusions that the ADI
approaches and data used are appropriate, or that there are deficiencies in the approach and
discussion.

Response: The staff carefully considered each comment and revised the draft document to best
address the comments and present an appropriate evaluation of the available data and
information.

! The responses to the peer review 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.

CPSC Hotline: 1-800-638-CPSC (2772) CPSC's Web Site: http://www.cpsc.gov


http://www.cpsc.gov/�

Comment

A comment concluded that the review is incomplete, specifying that the form of cadmium and
dose route in the toxicology studies should be included, as well as the form of cadmium expected
from exposure to children’s products. The review should include discussion of the renal cortex
concentration threshold concept and database.

Response: The staff document was revised to include additional material and a greater level of
detail to address the reviewers’ concerns, although this document is not intended to be a
standalone toxicity review. Staff’s toxicity review of cadmium, a document produced separately
from the reviewed evaluation, also addresses some of the reviewers’ comments.

Comment
Consider the bone effects in the derivation of the ADI.

Response: While adverse effects on bone are important outcomes from exposure to cadmium,
published analyses of epidemiological data show that for long-term exposure, effects in kidney
are more sensitive endpoints. Thus, staff chose the study of effects in kidney for the dose-
response analysis and derivation of the chronic duration ADI.

Comment

If long-term and intermediate-term LOAELs and NOAELSs are similar, what does this mean for
the minimum exposure period needed to produce a long-term effect?

Response: The available information indicates that the relationship between cadmium exposure
and adverse health effects is complex, with considerable variability in responses, depending on
dose, route of administration or exposure, and species or strain of animal or human population.
Further, there are a variety of endpoints for cadmium toxicity, each with its own dose-response
relationship. Many effects of cadmium are observed only at relatively high exposure levels,
regardless of duration of exposure. Other effects have been seen following longer term
exposures at lower levels, such as the adverse effects in kidney and bone that are the most
significant and most sensitive endpoints for chronic exposures. The results of studies in
experimental animals that show, in some cases, similar LOAELs and NOAELS in intermediate or
longer term studies may be due to the specific endpoints considered in the studies, or the specific
conditions of the studies, such as choice of species. However, the data do not provide for a clear
conclusion to be made about the minimum exposure period needed to produce a long-term effect.

Comment

The application of the default uncertainty factor in the derivation of the chronic ADI could be
reconsidered. Based on the large size of the populations included in the epidemiological studies,
a factor of 3 would be appropriate. However, some remaining uncertainty, such as the possibility
of effects of childhood exposure to cadmium, should be discussed.

Response: Staff agrees that the database for chronic exposure to cadmium is robust, and that
uncertainty can be characterized using a factor of 3, rather than the default value of 10, to
account for effects in sensitive subpopulations. Although children have not been specifically
studied with respect to adverse effects from long-term exposure to cadmium, the epidemiological
studies included populations with general environmental exposures to cadmium that likely
occurred throughout their lives, including during childhood. Therefore, the results of those
studies would, in part, reflect childhood exposure.
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Comment

CPSC staff should model short-term exposure and derive ADI based on effects on cadmium
concentration in the kidney.

Response: At this time, the staff does not believe that such an analysis, using available
information, would significantly reduce the uncertainties related to data on short-term exposures.
However, staff agrees that the approach to the short-term exposure data in the draft document is
inadequate, and has revised the evaluation using information from published studies of acute
exposure in experimental animals.

Comment
The approach to the swallowing scenario does not make sense and is not appropriate.

Response: Staff’s approach to evaluating the acute exposure scenario was developed because of
the lack of data specific to acute exposure to cadmium, particularly from foreign body ingestion,
such as swallowing jewelry. Staff has reconsidered this approach and made appropriate changes
to the report. Staff is now using published studies of acute exposure in experimental animals for
the swallowing scenario assessment.

Comment

An acute exposure limit is needed. Reevaluate the available acute data or use an intermediate
duration limit. Provide more details about the acute exposure data, including Gl effects.

Response: Staff agrees that an acute exposure limit is needed. While staff still considers the
available database on effects from acute exposures to be limited, this section of the report was
revised to include information from published acute exposure studies in experimental animals.

Comment
How might the acute and chronic mechanisms of action differ?

Response: The toxicological effects of cadmium are many, and depend on dose, form, and
route of exposure, whether the effect is observed in humans, and the species and strain of animal
used in experimental studies. Systemic effects (multiple organs and tissues) are observed from
both acute and chronic exposures. Acute exposures often involve higher exposure levels, which
may result in effects that are not observed with lower dose, longer term exposures (e.g., effects
directly on gastrointestinal tissue that are related to high doses). Some actions of cadmium
would be expected to occur regardless of the duration of exposure; some effects involving certain
biological systems or processes may occur only after longer term exposures because repeated
exposures over time are required to perturb the systems. Thus, acute and chronic toxicity may
share certain mechanisms, depending on dose and other factors of exposure, while some
mechanisms are relevant only with longer-duration exposure.

Comment

A commenter suggested that staff consider recent data that show increased urinary excretion of
cadmium in children ages 6 through 11 years, as well as for females, which could indicate
important differences in exposure and uptake of cadmium in these populations.

Response: Staff added discussion to the report, but because staff’s analysis is based on a study in
women who likely also had been exposed in childhood, the conclusions have not changed.
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Although uncertainty remains on the implications of possible differences among various groups
of people, the relatively large body of literature concerning long-term exposure and effects of
cadmium supports the approach taken by staff.

Comment

It appears that the CPSC is deriving a different (higher) ADI than the ATSDR chronic MRL or
USEPA RfD.

Response: As described in the draft document, CPSC staff derived an oral, chronic ADI that is
lower than either the existing or draft MRL derived by the ATSDR, or the existing RfD derived
by the EPA. The difference between the CPSC staff’s draft ADI and the EPA’s RfD stems from
using different epidemiological studies as the basis for the analysis. Similar data were used to
estimate the ADI in CPSC staff’s draft analysis and the ATSDR’s draft, but CPSC staff applied
an uncertainty factor of 10 to account for sensitive members of the population, while the ATSDR
used a factor of 3. ADI estimates are divided by uncertainty factors, so that using a factor of

10 results in a lower estimated ADI. Based on the peer review comments and additional
consideration of this issue, the revised CPSC staff analysis includes an uncertainty factor of

3 rather than the default value of 10 (to account for effects in sensitive subpopulations) because
of the strength of the numerous epidemiological studies. Therefore, staff’s revised ADI is the
same as the ATSDR’s draft chronic MRL.

Comment
Are there data specifically on ingestion of jewelry regarding Gl transit time?

Response: The CPSC databases allow estimates of the number of cases involving ingestion of
jewelry, but few cases, if any, provide details about the incidents, such as Gl transit time. The
scientific literature discusses cases of foreign body ingestions, but jewelry ingestions have not
been considered specifically, and the cases that have been reported are not well-described.

Comment

The dose associated with emesis should not be normalized to body weight; volume of stomach
contents would be a more appropriate measure for extrapolation to different ages.

Response: The staff agrees with this comment, and revised the description of the data
accordingly.

Comment
For the mouthing scenario, an intermediate duration exposure limit would be more appropriate.

Response: The staff used data from studies in humans to derive the exposure limit for longer
term exposures. An intermediate duration study, conducted in animals, was not chosen for use in
the assessment because data in humans, when available, is preferable to animal studies. In
addition, in this case, the numerous, well-conducted studies in humans, lead to a higher level of
confidence in the results than would occur using the study in animals.
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\ UNITED STATES
\2\ CONSUMER PRODUCT SAFETY COMMISSION
BETHESDA, MD 20814

Memorandum

Date: October 14, 2010

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 J. Williams, Toxicologist, Division of Health Sciences
Kristina M. Hatlelid, Ph.D., M.P.H., Toxicologist, Directorate for Health
Sciences

SUBJECT : Toxicity Review of Cadmium®

This memorandum provides the U.S. Consumer Product Safety Commission’s (CPSC) Health
Sciences staff assessment of the potential toxicity associated with cadmium and cadmium-
containing compounds.

CPSC staff assesses a product’s potential health effects to consumers under the Federal
Hazardous Substances Act (FHSA). The FHSA is risk-based. To be considered a “hazardous
substance” under the FHSA, a consumer product must satisfy a two-part definition. 15 U.S.C.
81262 (f)(1)(A). First, it must be toxic under the FHSA, or present one of the other hazards
enumerated in the statute. Second, it must have the potential to cause “substantial illness or
injury during or as a result of reasonably foreseeable handling or use.” Therefore, exposure and
risk must be considered in addition to toxicity when assessing potential hazards under the FHSA
(CPSC, 1992; summarized at 16 C.F.R. 81500.135).

The FHSA addresses both acute and chronic hazards. While the FHSA does not require
manufacturers to perform any specific battery of toxicological tests to assess the potential risk of
chronic health hazards, the manufacturer is required to label a product appropriately according to
the requirements of the FHSA. The first step in the risk assessment process is hazard
identification, that is, a review of the available toxicity data for the chemical under consideration
and a determination of whether the chemical is considered “toxic” under the FHSA. Chronic
toxicity data (including carcinogenicity, neurotoxicity, and reproductive and developmental
toxicity) are assessed by CPSC staff using guidelines issued by the Commission (CPSC, 1992).
If it is concluded that a substance is toxic under the FHSA due to chronic toxicity, then a
quantitative assessment of exposure and risk is performed to evaluate whether the chemical may
be considered a “hazardous substance” under the FHSA.

! 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.

CPSC Hotline: 1-800-638-CPSC (2772) CPSC's Web Site: http://www.cpsc.gov
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This memo represents the first parts of the risk assessment process, that is, the hazard
identification and dose-response steps.

Staff’s conclusion is that the data concerning the toxicity of cadmium, discussed below, are
sufficient for cadmium to be considered toxic under the FHSA due to effects on multiple organ
systems and toxic endpoints, including kidney dysfunction.

Staff has developed an acceptable daily intake level (ADI) for chronic exposure to cadmium by
the oral route of 0.1 micrograms cadmium per kilogram body weight per day (0.1 pg/kg/day)
based on studies in human populations. This is the level of chronic exposure that should not be
exceeded in order to avoid health effects.

Introduction

Cadmium is a metal found in the earth’s crust, and is known to be associated with zinc, lead, and
copper ores. Pure cadmium is a soft, silvery-white metal that is insoluble in water; soluble forms
include cadmium chloride and cadmium sulfate. Most cadmium used in the United States comes
from the processing of other metals, such as lead, as well as recycling of nickel-cadmium

batteries. According to Agency for Toxic Substances and disease Registry’s Draft Toxicological
Profile for Cadmium (ATSDR, 2008), approximately 83 percent of cadmium is used in batteries.

For nonsmokers, the primary source of cadmium is food. Those regularly consuming shellfish
and organ meat have higher exposures. Leafy vegetables also contain high levels of cadmium.
Tobacco leaves accumulate cadmium from the soil, leading to increased cadmium exposure
among smokers (ATSDR, 2008).

Blood cadmium concentrations reflect recent and cumulative exposures; urinary cadmium levels
reflect both cadmium exposure and the concentration of cadmium in the kidneys. As part of its
National Health and Nutrition Examination Survey (NHANES), the Centers for Disease Control
and Prevention (CDC) measured cadmium in the blood and urine of a representative sample of
the U.S. population. From the 2003-2004 survey (CDC, 2009), the geometric mean blood and
urine cadmium levels for the group 20 years of age and older was 0.378 micrograms per liter
(ug/L) in blood and 0.260 pg/L in urine. Females (0.326 pg/L, blood; 0.216 ug/L, urine) had
slightly higher levels than males (0.283 ug/L, blood; 0.206 pg/L, urine).

Several agencies have established recommendations or regulations for cadmium. The U.S.
Environmental Protection Agency (EPA) developed an oral reference dose (RfD?) of 1
ug/kg/day for food intake and 0.5 pg/kg/day for cadmium in drinking water (different levels of
absorption of cadmium from food or from water account for the different RfD values) (EPA,
1994) and has established limits for cadmium concentration in drinking water of 0.04 mg/L for
exposures up to 10 days, or 0.005 mg/L for lifetime exposures (EPA, 2003). The U.S. Food and
Drug Administration (FDA) established the limit for cadmium in bottled water at 0.005 mg/L
(FDA, 2009). For exposure through inhalation in the workplace, the Occupational Safety and
Health Administration (OSHA) established a limit of 5 micrograms per cubic meter of air (5
ug/m®) for an 8-hour workday (OSHA, 2009).

2 The EPA’s RfD is defined as an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
human population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a
lifetime.
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The ATSDR’s 2008 draft toxicological profile includes a minimal risk level (MRL?) for chronic’
oral exposure of 0.1 pg/kg/day, based on kidney effects in humans (ATSDR, 2008). The draft
toxicological profile also includes an MRL for intermediate length exposure of 0.5 pg/kg/day
based on effects on bone in experimental animals. Due to inadequacies in the acute oral
exposure database, ATSDR has not derived an acute duration MRL.

Toxicokinetics

Cadmium is not well absorbed into the body, especially after ingestion or through the skin. After
absorption, cadmium is widely distributed throughout the body, but is predominantly found in
the liver and kidney. Excretion is very slow, with approximately 0.007 and 0.009 percent of the
body burden being excreted in the urine and feces, respectively, per day (ATSDR, 2008).

Absorption

Based on a number of studies, the ATSDR (2008) reported that absorption from oral exposure
likely ranges between 1 and 10 percent. While exposures through inhalation are important in the
workplace, inhalation exposures are less likely from consumer products than exposures through
ingestion of cadmium-containing substances and products.

All of the studies reviewed suggest that the absorption of cadmium via the dermal route is slow.
Less than 1 percent of the administered dose is absorbed through the skin during dermal
exposures. Dermal absorption generally would be a concern when solutions come into contact
with the skin for several hours or more, such as in an occupational setting (ATSDR, 2008).

Distribution

Cadmium can be detected in all tissues, with the largest concentrations in the liver and the
kidneys. Kjellstrom (1979) presented data from an international investigation of cadmium
exposure. In this study, analysis of tissues from hundreds of people in Japan, Sweden, and the
United States showed geometric mean concentrations in the kidneys and liver increased from
less than 1 microgram per gram tissue weight (1 pg/g) in early childhood to a peak of 40-50 pg/g
in the kidney, and 3-4 pg/g in the liver that occurs at around 50 to 60 years of age. After about
age 60, tissue cadmium concentrations decrease over time.

Metabolism

After absorption, cadmium does not undergo direct metabolic conversion such as oxidation,
reduction, or alkylation. However, the cadmium ion binds to proteins and other molecules,
especially the proteins albumin and metallothionein (Nordberg, 1984). Cadmium in the blood is
found primarily in protein complexes.

Elimination

Kjellstrom and Nordberg (1978, 1985) studied the available data and developed a human
toxicokinetic model for cadmium to describe cadmium absorption, distribution, and excretion.
Based on the available data, cadmium excreted from the body in feces is largely unabsorbed
material from the gastrointestinal tract. Most of the cadmium that is absorbed into the body is

® The ATSDR’s MRL is an estimate of the daily human exposure to a hazardous substance that is likely to be without appreciable
risk of adverse noncancer health effects over a specified duration of exposure.

4 As defined in the ATSDR toxicological profiles, chronic exposure is exposure to a chemical for 365 days or more; intermediate
exposure is 15 through 364 days; acute exposure is through 14 days.
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excreted slowly, with urinary and fecal excretion being approximately equal. Urinary excretion
is dependent on blood and kidney concentrations, and the total excretion is assumed to be equal
to the daily intake of cadmium at steady state.

From the model, these authors estimated that daily excretion in feces and urine is approximately
0.007 and 0.009 percent of body burden, respectively. The model also predicts that the half-life
for cadmium in human tissue is in the range of 6 to 38 years in the kidney and 4 to 19 years in
the liver.

Acute Toxicity

Investigation of suicide involving cadmium ingestion found that death occurred due to massive
fluid loss, edema, and widespread organ destruction. Buckler et al. (1986) described a case of an
estimated exposure of 1,840 mg/kg cadmium chloride that resulted in death within 33 hours.
Wisniewska-Knypl et al. (1971) reported death within 7 days of ingestion of 25 mg/kg cadmium
iodide.

In a less severe case of acute toxicity, Nordberg et al. (1973) reported gastrointestinal effects in
children who ingested 16 mg/L cadmium from soft drinks. This case involved gastrointestinal
symptoms in boys 13 tol15 years old following ingestion of a beverage containing 16 milligrams
cadmium per liter of beverage (16 mg/L). Based on information collected from the boys about
five months after the incident, symptoms began within 15 minutes of consumption of the drink,
and included headache, nausea, vomiting, abdominal pain, and diarrhea. All symptoms resolved
within seven hours, and most of the boys returned to school when classes resumed three days
later. The children reported consuming 0.5 to 2.5 glasses of the drink, with an average of about
one glass. Although the volume of beverage consumed was not reported, information in the
publication’s discussion suggests that the investigators considered a glass to be about 0.15 L.

Studies in experimental animals show that the oral LDs,° ranges from approximately 100 to

300 mg/kg in rats and mice (Baer and Benson, 1987; Kostial et al., 1978; Kostial et al., 1979).
The lowest dose of cadmium found to cause death (2 of 20 animals) was 15.3 mg/kg
administered as cadmium chloride in water in a single dose by gavage in Sprague-Dawley rats
(Borzelleca et al., 1989). Other adverse effects from acute oral exposure include: reduced body
weight or reduced body weight gain (cadmium doses greater than about 2 mg/kg/day);
hemorrhages, ulcers, and reddening of the stomach and intestinal tract (61 mg/kg/day); testicular
atrophy (66 mg/kg/day); and necrotic changes in the kidney (15.3 mg/kg/day) and liver

(138 mg/kg/day) (Baranski, 1985; Borzelleca et al., 1989; Machemer and Lorke, 1981).

Systemic Toxicity

Ingestion of cadmium is associated with numerous effects, primarily in the kidney and bone.
The main effects and key studies are summarized below.

Kidney

The adverse effects of cadmium in the kidney are related to the concentration of cadmium within
the kidney, particularly within the kidney cortex. Studies have been conducted using kidney
cortex cadmium concentration as the measure of exposure. Because the concentration of
cadmium in the kidney is associated with the concentration of cadmium in the urine, the latter

% Ds, or lethal dose-50, is the dose that produces death in half of the group of test animals under specified conditions and test
duration.
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metric has been used in studies of living humans, in which kidney levels of cadmium cannot be
directly measured.

Tubular dysfunction is considered one of the first signs of kidney damage, characterized by an
increase in urinary, low-molecular-weight protein excretion, such as B2-microglobulin (B2M),
human complex-forming glycoprotein (pHC) (also known as a.1-microglobulin(a1M)), and
retinol binding protein; or increased levels of intracellular enzymes, such as N-acetyl-f-
glucosaminidase (NAG) in the urine (European Chemicals Bureau, 2007; J&rup et al., 1998).

Exposure at higher levels is associated with excretion of high-molecular-weight proteins, such as
albumin, as demonstrated in studies of workers with exposure by inhalation (Bernard et al.,
1979, 1990; Chen et al., 2006a, 2006b; Elinder et al., 1985; Roels et al., 1989, 1993; Thun et al.,
1989).

In workers exposed to high levels of cadmium, ending exposure does not usually lead to the
reversal of the damage affecting the kidney. The increases in urinary levels of f2M, retinol
binding protein, or total protein, or the decreases in glomerular filtration rate (GFR) have been
seen years after the cadmium exposure in workers ended (Elinder et al., 1985; Jarup et al., 1993,
Mason et al., 1999; Piscator, 1984; Roels et al., 1989; Thun et al., 1989). For workers with low
exposure levels of cadmium, decreases or no change in urinary B2M levels were seen after
exposure ended (McDiarmid et al., 1997; van Sittert et al., 1993). Roels et al. (1997) and
Trzcinka-Ochocka et al. (2002) found that reversibility of cadmium-induced tubular dysfunction
was dependent on the cadmium body burden and the severity of microproteinuria at the time
cadmium exposure was reduced or stopped.

A number of large epidemiological studies have examined the effects of cadmium exposure on
the kidney. A few such studies are summarized here.

Jarup et al. (2000) examined 1,021 individuals living near a nickel-cadmium battery plant in
Sweden for at least five years (n=799) or employed as battery workers (n=222). The mean
urinary cadmium levels were 0.81 and 0.65 pg/g creatinine® in males and females, respectively.
Urinary cadmium levels were significantly associated with urinary pHC levels, after adjustment
for age, in the whole study population, or with the workers removed from the analysis. The
prevalence of abnormal pHC values (defined as exceeding the 95th percentile in a Swedish
reference population) was estimated to increase by 10 percent at urinary cadmium levels of

1 pg/g creatinine.

The European Chemicals Bureau (2007) recalculated the probability of pHC proteinuria (using
the raw data from Jérup et al., 2000) to account for the differences in age of the reference
population (mean of 40 years) and study population (mean of 53 years). Based on these
recalculations, the urinary cadmium level associated with a 10 percent increased probability of
abnormal pHC values (20 percent total probability) was 2.62 pg/g creatinine for the total
population. In the nonworker subgroup, a urinary cadmium level of 0.5 pg/g creatinine was
associated with a 13 percent probability (representing a doubling of the probability for the
reference population) of abnormal pHC values.

® Measurement of creatinine levels in the urine or blood is used to evaluate kidney function. Urinary protein measurements are
often normalized to creatinine to account for the variations in excretion of urine and allow comparison of urinary measurements
over time, between subjects, or from different studies.
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Noonan et al. (2002) examined 361 residents in Pennsylvania living near an old zinc smelting
facility (geometric mean urinary cadmium level of 0.14 pg/g creatinine) and a reference
community (without an identified exposure source) located 10 miles from the facility (geometric
mean urinary cadmium levels of 0.12 pg/g creatinine). The data from the two communities were
pooled because there were no differences in urinary cadmium levels between them. 2M, NAG,
alanine aminopeptidase (AAP), and aloumin (ALB) levels were measured as biomarkers of renal
dysfunction. The geometric mean urinary cadmium levels were 0.07 and 0.08 pg/g creatinine in
88 males and 71 females ages 6 t017 years old, and 0.24 and 0.23 pg/g creatinine in 71 males
and 80 females aged >18 years. No significant correlations between urinary cadmium levels and
renal biomarkers were observed in the children, after adjustment for creatinine, age, and gender.
In adults, significant correlations (after adjustment for creatinine, age, gender, smoking, and self-
reported diabetes or thyroid disease) between urinary cadmium and NAG (partial correlation
coefficient of 0.20, 95% CI of 0.05-0.36) and AAP (partial correlation coefficient of 0.21 and
95% CI of 0.05-0.36) were observed. Significant dose-effect relationships also were found for
these two biomarkers. Urinary cadmium levels were not significantly associated with elevated
levels of f2M or ALB.

Jin et al. (2002) examined three populations living various distances from a nonferrous metal
smelter. The geometric mean levels of urinary cadmium were 11.18 and 12.86 pg/g creatinine in
males (n=294) and females (n=171) in the highly polluted area, 3.55 and 4.45 pg/g creatinine in
males (n=243) and females (n=162) in the moderately polluted area, and 1.83 and 1.79 pg/g
creatinine in males (n=253) and females (n=155) in the control area. Significant correlations
were found between urinary (and blood) cadmium levels and renal biomarkers (f2M, retinol
binding protein, and ALB).

Dose-Response Relationships for Effects in Kidney

Several dose-response analyses have been done using a number of studies, including those
summarized above, investigating the relationship between adverse effects in the kidney and
urinary cadmium levels as a biomarker of cadmium concentration in the kidney.

Investigators analyzed data involving hundreds of people from studies in Europe (Jarup et al.,
2000; Suwazono et al., 2006), Japan (Kobayashi et al., 2006; Shimizu et al., 2006; Uno et al.,,
2005), and China (Jin et al., 2004). The study populations lived in cadmium-polluted areas or
had no particular source of cadmium exposure. Several studies used benchmark dose’
approaches to estimate critical exposure levels. Most of these studies considered urinary
excretion of pHC, NAG, f2M, retinol binding protein, ALB, or other proteins, and markers for
changes in GFR as biomarkers of kidney injury. The analyses differed in choice of study
population and also in the choice of model and parameters resulting in estimates of critical
urinary cadmium concentrations (i.e., the cadmium concentration associated with a specified
level of risk for kidney dysfunction) ranging from about 0.3 to 15 micrograms cadmium excreted
in urine per gram creatinine in urine (ug/g creat). These studies are summarized below.

In a population of workers and environmentally exposed people in Europe, Jarup et al. (2000)
found a 10 percent excess in urinary pHC at a cadmium concentration 1.0 pg/g creat.

Jin et al. (2004) examined a population living in a cadmium-contaminated area of China. Using
a benchmark dose approach and cutoff value for defining abnormality for excretion of 2M of

A benchmark dose approach uses mathematical modeling to characterize exposure-response relationships.
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0.8 mg/g creat., these researchers estimated a critical cadmium concentration of about 4 to
15 pg/g creat. for a 5 percent excess risk.

In an analysis of data collected in a region of Japan without a source of cadmium pollution,
Kobayashi et al. (2006) estimated a critical cadmium concentration for a 5 percent excess risk of
about 2-4 ng/g creat.

Shimizu et al. (2006) analyzed people living in a cadmium-contaminated area of Japan. Using a
benchmark dose approach and cutoff value for defining abnormality for excretion of B2M of

1 mg/g creat., these researchers estimated a critical concentration between 1 ug/g creat. and

4 ng/g creat.

Suwazono et al. (2006) used data from a study of Swedish women who had no particular
environmental or occuEationaI exposure to cadmium. Using a benchmark dose approach, and a
cutoff based on the 95" percentile for urinary protein excretion estimated for a person with no
cadmium exposure, the critical concentration was estimated at 0.6-1 pg cadmium/g creat. for a
5 percent excess risk based on excretion of NAG and pHC.

Another study in Japanese populations not exposed to a known source of cadmium resulted in an
estimated critical concentration of 0.3-3 pug cadmium/g creat. (Uno et al., 2005).

Another analysis of several studies conducted mostly in Japanese populations was conducted by
Gamo et al. (2006), with a focus on studying the effects of age and sex. Urinary cadmium was
used as a biomarker of exposure and the prevalence of abnormal levels of f2M as an indicator of
kidney dysfunction. The authors concluded that a significant increase in the prevalence of
abnormal B2M levels would not result if the geometric mean urinary cadmium level in a
nationwide population does not exceed 2 pg/g creat.

Diamond et al. (2003) considered data from 15 different epidemiological studies. These authors
developed a pharmacokinetic/pharmacodynamic (PK/PD) model to determine the relationship of
low molecular weight (LMW) proteinuria with cadmium exposure. The authors estimated tissue
cadmium concentrations, rather than using cadmium excretion in the urine as a marker of dose,
and estimated intake levels corresponding to the specified probabilities of observing LMW
proteinuria in a model of a 55-year-old person. The analysis resulted in an estimate for 10
percent risk for LMW proteinuria with a median kidney cortex concentration of 153 pg cadmium
per gram tissue, corresponding to a cadmium intake of 2 pug/kg/day in females and 4.3 pg/kg/day
in males.

Liver

While liver tends to accumulate cadmium, it does not appear to be as sensitive to cadmium
effects as the kidney.

The two cases involving death in humans discussed above (Buckler et al., 1986; Wisniewska-
Knypl et al., 1971) included liver injury; but studies of lower doses in human have not shown
significant liver-specific effects (Ikeda et al., 1997, 2000).

In experimental animals, exposure in rats for 10 days to drinking water containing

13.9 mg/kg/day was not associated with liver effects, while a dose of 138 mg/kg/day caused
severe effects, including necrosis of hepatocytes (Borzelleca et al., 1989). Longer term studies
have shown liver effects at lower doses. A 10-week study in male Rhesus monkeys at a dose of
4 mg/kg/day by gavage found decreased glutathione peroxidase and glutathione S-transferase
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(GST) activity in the liver and other tissues (Sidhu et al., 1993). A number of other studies have
noted histopathologic changes in the liver and changes in liver-associated enzymes in other
laboratory animals at doses as low as about 2 mg/kg/day (Groten et al., 1990; Muller and Stacey,
1988; Schroeder et al., 1965; Steibert et al., 1984; Stowe et al., 1972). Other studies with similar
doses did not observe liver effects (Loeser and Lorke, 1977a; Kotsonis and Klaassen, 1978).

Musculoskeletal Toxicity

Cadmium effects on the bone in humans are evident in a cadmium-contaminated area in Japan,
where some residents suffer from a disease known as Itai-Itai or “ouch-ouch” disease involving
osteoporosis and osteomalacia.

In a study of a population of Swedish men and women living in an area with past sources of
cadmium pollution, significant decreases in bone mineral density were observed in the group
more than 60 years of age with the highest blood cadmium levels compared to lowest exposed
group (Alfvén et al., 2002). Akesson et al. (2006), in a study of Swedish women without a
particular exposure to cadmium, reported a significant negative relationship between urinary
cadmium levels and bone mineral density. The median urinary cadmium concentration was
0.67 pg/g creat. in this population. These two study populations also were used to examine the
relationship between cadmium exposure and kidney toxicity (see above).

A study in a group of Flemish women (Schutte et al., 2008) showed effects on several measures
of bone health in the absence of evidence of kidney dysfunction in most of the subjects.

In an analysis of women in the United States, Gallagher et al. (2008) used data from the Third
U.S. National Health and Nutrition Examination Survey (NHANES) 1988—-1994, as well as
NHANES 1999—-2004, to evaluate the association of urinary cadmium levels and osteoporosis.
These researchers reported that women who were at least 50 years of age with urinary cadmium
levels between 0.50 and 1.00 pg/g creat., were at 43 percent greater risk for osteoporosis, relative
to those with levels less than or equal to 0.50 pg/g creat. Because smokers did not show a
statistically increased risk, the authors concluded that dietary sources of cadmium, rather than
cigarette smoke, are related to the osteoporosis risk. These authors also concluded that perhaps
21 percent of osteoporosis prevalence among women at least 50 years of age may be attributed to
cadmium,

Recently, Suwazono et al. (2010), following their analysis of kidney effects in a population of
Swedish women, looked at cadmium-induced bone effects. Using the benchmark dose approach,
these researchers estimated the critical cadmium concentration of 1.8-3.7 pg/g creat. for a

5 percent excess risk of low bone mineral density. The lower confidence limit of the critical
cadmium concentration (BMDL) is 1.0-2.1 pg/g creat.

Brzdska and colleagues published a series of studies demonstrating effects of cadmium on bone
in experimental animals (Brzoska and Moniuszko-Jakoniuk, 2004a, 2004b, 2005a, 2005b, 2005c,
2005d; Brzéska et al., 2004, 2005a, 2005b, 2005¢). Osteopenia and osteoporosis were noted in
male rats exposed for 12 months to cadmium at 0.5 mg/kg/day and 4 mg/kg/day, respectively. In
female rates, osteopenia was reported after exposure at 0.08 mg/kg/day for 12 or 18 months, and
osteoporosis was observed with exposed at 0.08 mg/kg/day for 24 months. Altered mechanical
properties of bone also were observed by these researchers and others (Ogoshi et al., 1989). A
number of studies reported decreased bone calcium and increased urinary excretion of calcium in
intermediate- and chronic-duration studies with doses of 0.2-8 mg/kg/day (Brzoska and
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Moniuszko-Jakoniuk, 2005d; Kawamura et al., 1978; Nogawa et al., 1981; Pleasants et al., 1992;
Watanabe et al., 1986).

Reproductive Toxicity

Several studies investigated the relationships between cadmium in blood, serum, or semen and
hormone levels (testosterone, follicle stimulating hormone, luteinizing hormone, prolactin,
estradiol) and measures of fertility. In a study of Eastern European men, Jurasovi¢ et al. (2004)
reported a number of significant associations between reproductive health endpoints and
cadmium blood concentrations, after adjusting for smoking status. Akinloye et al. (2006) also
reported significant relationships between physical measures of decreased fertility and blood
serum cadmium measurements. Seminal plasma cadmium concentration was not associated with
the fertility outcomes. For hormone measurements, only seminal plasma cadmium concentration
had a significant effect, and only for follicle stimulating hormone levels. In a study of men in the
United States, using data from the third National Health and Nutrition Examination Survey
(NHANES I11), Menke et al. (2008) reported no association between urinary cadmium levels and
serum testosterone and estradiol levels, after adjusting for smoking status.

No studies were found on reproductive effects in women after oral exposure to cadmium.

Several studies in experimental animals considered reproductive effects of cadmium exposure.
Borzelleca et al. (1989) noted testicular atrophy in rats after exposure to 66 mg/kg/day by gavage
for 10 days. A single dose of up to 25 mg/kg in rats had no effect (Dixon et al., 1976). Longer
term studies (up to 17 weeks) in rats showed testicular effects with doses of about 5—

12 mg/kg/day (Pleasants et al., 1992; Pleasants et al., 1993; Saxena et al., 1989).

In studies of female animals, no effects on reproductive organs we