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SUMMARY: This  document  announces  
three actions taken b y  the  C o n w m e r  
R o d u c t  Safety C o m r n i ~ s i o n . ~  T h e  
Commission i s  finalizing t h e  codification 
of ASTM s tanda rd  D-4236 a s  a 
Commission rule  which was manda ted  
b y  the  Labeling of Haza rdous  Ar t  
Materials Act  ("LHAMA"]. 

LHAMA also  directed t h e  
Commission t o  i ssue  guidelines 
specifying criteria for determining w h e n  
a n y  customary or reasonably  
foreseeable use  of a n  a r t  mater ia l  can 
result in a chronic hazard.  The 
Commission i s  issuing final chronic  
hazard  guidelines a s  d i rec ted b y  
LHAMA. Because the  subs tance  of the  
guidelines directed b y  LHAM4 appl ies  
equally t o  mater ia ls  o ther  than a r t  
materials,  these  guidelines a l so  m a y  b e  
used by t h e  manufacturers  of o ther  
products  subject  to  the FHSA to  
determine whether  their  products  
present a chronic  hazard and, therefore, 
require labeling unde r  section z(p) of the  
FHSP-. The guidelines are n o t  
mandatory.  

Finally, the  Commission i s  issuing a 
final regulatory definition of toxic that  
wi!l define chronic toxicity unde r  t h e  
Federal Haza rdous  Subs tances  A c t  
(FHSA). This  definition supplements  t h e  
Commission's existing regulatory 
definition of toxic that  concerns  acu te  
toxicity. T h e  definit ion will apply  t o  all  
products subject t o  the FHSA. 
DATES: T h e  codification of ASTM D- 
4236 (31500.14(b](8)] which i s  effective 
o n  Oc tobe r  9,1992. , 
FOR FWRTHER INFORMAllON CONTACT: 
Charles M. Jacobson, Office of 
Compiiance a n d  Enforcement, Consumer  
R o d u c t  Safety Commission, 
Washington, DC 20207; telephone (301) 
50P0400. 
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I. Introduction 

A. The Proposals 
On April 17,1991, the Commission 

proposed (1) a codification of ASTM D- 
4236 standard for labeling hazardous art 

materials a s  a Commission rule under 
the Labeling of Hazardous Art Materials 
Act ("LHAMA"]; (2) guidelines for 
determining when an srt material or 
other product subject to the FHSA may 
present a chronic health hazard; and (3) 
a supplemental regulatory definition of 
"toxic" (finder the FHSA] to include 
chronic toxicity. 56 FR 15672 and 56 FR 
15705 (1991). (The proposed guidelines 
and definition were together in one 
document.) The Commission proposed 
that the guidelines and the supplemental 
definition would apply to all products 
subject to the Federal Hazardous 
Substances Act ("FHSA"]. 

The proposal originally provided for 
submission of comments until Ju!y 1, 
1991. In response to numerous requests 
for more time to respond, the 
Commission extended the comment 
period to October 1,1991. 
, LHAMA required the Commission to 

conduct a public hearing on guidelines 
issued under MAMA. 15 U.S.C. 
1277(dj(l). The Commission originally 
scheduled a hearing for July 1 8 , l W .  
However, when the period for written 
comments was extended, the 
Commission rescheduled the public 
hearing for October 17,1991. The 
Commission has considered all written 
and oral comments on the three 
proposed actions. 

This document summarizes the most 
significant public comments received 
and explains the Commission's 
responses to those comments. It 
attempts to clarify some points in the 
proposed actions that engeaered 
confusion, and in doing so it addresses 
the major issues raised by comments. 
The preamble also explains the 
statutory bases for the Commission's 
actions and makes some changes in the 
proposals. 

B. Overview of tllis Document 
The Commission is finalizing three 

actions. Each is described in greater 
detail in a separate section of this 
preamble. First, the Commission is 
issuing the final codification of ASTM 
m 2 3 6 .  LHAMA made this voluntary 
standard for labeling hazardous art 
materials a mandatory Commission rule 
under section 3(b) of the FHSA. 
Congress made some changes in 
profiisions of ASTM D-4236, such a s  the 
definition of art material. Although 
LHAMA did not require the Commission 
to codify ASTM D-4236, the Commission 
decided to do so for the convenience of 
those subject to the LHAMA. Since the 
codification reflects changes by 
Congress, contains some editorial 
changes to make the standard consistent 
with other standards in the Code of 
Federal Regulations, and reflects the 

Commission's interpretation of the 
standard, the Commission determined to 
publish the codification a s  a proposed 
rule. 56 FR 15705. Today the Commission 
issues the codification in final form. The 
substance of the codification and the 
Commission's interpretation of certain 
provisions are explained in section 111. 
of the preamble. 

The second action taken by the 
Commission is the finalization of 
guidelines for determining chronic 
toxicity. I.HAMA required the 
Commission to issue guidelines for 
determining when customary or 
reasonably foreseeable use of an art 
material can result in a chronic hazard. 
15 U.S.C. 1277(d)(l). The guidelines 
proposed by the Commission on April 
17,1991, explained the principles used 
by the Commission staff in making this 
determination. The proposed guidelines 
specified conditions under which an art 
material would be considered to contain 
n carcinogen, neurotoxin, or a 
developmental or reproductive toxicant. 
The proposed guidelines also explained 
certain principles to be used in 
evaluating the risk resulting from 
exposure. 

Because the principles behind the 
proposed guidelines apply to other 
products subject to the FHSA as  well as  
to art materials, the Commission 
proposed that the guidelines could be 
used by manufacturers of all products 
subject to the FHSA to determine if the 
product presents a chronic hazard. As 
explained more fully in section I1 A. of 
this preamble, the FHSA requires that 
all products subject to that act must be 
properly labeled if they present a 
chronic hazard. 

The Commission continues to believe 
that the principles behind the guidelines 
are applicable to all products subject to 
the FHSA. Thus, manufacturers of all 
such products may use the final 
guidelines to aid in their determination 
of whether their products present 
chronic health hazards. The Commission 
reiterates that the guidelines are not 
mandatory. Producers of art materials or 
any other product will not be required to 
follow the guidelines in determining 
chronic toxicity. However, a s  explained 
in section V.C. of the preamble, the 
Commission does expect that protlucts 
subject to the FHSA will be 
appropriately labeled according to 
section 2(p) of the FHSA if they present 
a chronic hazard. The Commission may 
bring enforcement actions against such 
misbranded products. 

Finally, the Commission is issuing e 
final rule under section 10 of the FHSA 
to supplement the current regulatory 
definition of "toxic." The existing 
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regulatary definition specifies tests to 
determilre if a substance presents an 
acute toxic hazard but does not specify 
a similar means for defining a chronic 
toxicant. As explained more fully in 
section VII A. of this preamble, the 
statutory definition of "toxic" is  quite 
broad and includes chronic as well as  
acute toxicity. The supplemental 
definition will close this gap between 
the statutory definition and the 
regulatory definition. As the definition is 
issued under the FHSA, it will apply to 
all products subject to the FHSA, not 
just art materials. As explained in 
section W.B. of the preamble. the final 
definition is broader and more flexible 
than the one proposed. 

11. Applicable Statutes 

The Commission's actions are taken 
pursuant to two statutes: LHAMA and 
the FHSA. It is important to understand 
both statutes and how they work 
together. 

A. The Fedeml Hazardous Substances 
Act 

The FHSA, enacted in 1960, requires 
labeling of "hazardous substances" if 
they are "intended, or packaged in a 
form suitable, for use in the household 
or by children." 15 U.S.C. PZBl(p]. A 
hazardous substance that does not bear 
the labeling specified by section 2(p](1) 
of the FHSA is misbranded and its 
introduction or receipt in interstate 
commerce is a prohibited act under the 
FHSA, 15 U.S.C. 1263, subjecting the 
violator to certain penalties. 15 U.S.C. 
1264. 

A hazardous substance under the 
FHSA includes "any substance or 
mixture of substances which (i) is toxic 
' ' if such substance or mixture of 

substances may cause substantial 
personal injury or substantial illness 
during or as  a proximate ~esu l t  of any 
customary or reasonably foreseeable 
handling or use, induding reasonably 
foreseeable ingestion by children." 15 
U.S.C. l%l(f)[l)[A). This definition 
encompasses two components: that the 
substance be "toxid" and that its 
reasonably foreseeable or customary 
use may cause substantial personal 
injury or illness. 

The mfSA broadly defines the term 
"toxic" to apply to "any substance 
[other than a radioactive substance) 
which has the capacity to produce 
personal injury OF illness to man throu& 
ingestion, inhelation, or absorption 
through any body surface." 15 U.S.C. 
1261 (g). 

The FHSA's labeling requirement fur a 
hazardous substance (as  defined in the 
act) that is intended or packaged for 
Lousehold use or for children is 

essentialky self-executing The FHSA 
does not establish a -am of pre- 
marketing approval of products. Nor 
does it require the Commission to 
develop lists of hazardous substances. 
Rather, it is the manufacturers' 
responsibility to determine if their 
products are or contain a hazardous 
substance and must be labeled under 
the FHSA. Section 3(a)(l) of the FMSA 
does provide for the Commission to 
declare a particular substance to be a 
"hazardons substance" under the act in 
order to avoid or resolve uncertainty 15 
U.S.C. 1262. But the Commission is not 
required to designate a substance as 
hazardous before enforcing the labeling 
requirements of section 2(p). 

The Commission's regulations specify 
tests that can be used to determine 
whether a product presents a hazard of 
acute toxicity. 16 CFR 1500.3(~)(2). The 
existing regulations do not contain - 
criteria to determine if a product 
presents a risk of chronic toxicity. 

B. The Labeling of Hazardous Art 
Materials Act 

The Labeling of Hazardous Art 
Materials Act [LHAMA), enacted 
November 18,1988, amended the FHSA 
15 U.S.C. 1277. It provided that, as  of 
November la ,  1990, the requirements for 
the labeling of art materials set forth in 
the 1988 version of ASTM D-4238 shall 
be deemed to be a Commission 
regulation issued under section 3(b] of 
the FHSA. Section 3(b) of the FHSA 
authorizes the Commission to issue 

labeling =T tions different from o r  in 
addition to ose of section 2(p)(1). 

ASTM D-4238 requires producers and 
repackagers of art materials to submit 
the material's formulation to a board 
certified toxicologist for review. The 
toxicologist must determine whether the 
art material has the potential to produce 
a chronic health hazard and must 
recommend appropriate labeling. The 
requirements of ASTM D-4238 are 
explained in greater detail in section m. 
of this preamble. 

LHAMA made some changes and 
additions to ASTM D-4236. LHAMA 
requires each producer or repackager of 
art materials to describe in writing the 
criteria used to determine whether the 
product has the potential to produce 
chronic adverse health effects. The 
producer or repackager must submit to 
the Commission those criteria and a list 
of the art materials that require chronic 
hazard warning labels. Id. sec. 
1277(b)(3). Upon request of the 
Commission, the producer or repackager 
must also submit to the Commission the 
product formulations. Id. see. 1277(bJ (4). 

In addition to the labeling required by 
ASTM D-4236, LHAMA provides that 

art matei-ials that require ehmnic hazard 
labeling must include on the label the 
name and address of the producer or 
repackager, an appropriate telephone 
number, and a statement that the art  
materials are inappropriate for use by 
children. Id. mc. rn?(b)[5). LHAMA 
reauires that 12 months after a ~roducer  
or Iepackager has discovered significant 
information regarding hazards of the art 
material or ways to protect against the 
hazards, the new information must be 
incorporated into the chronic hazard 
label. Id. set 1277(b)(6). 

LHAMA states that a toxicoIogist 
must "take into account opinions of 
various regulatory agencies and 
scientific bodies" in determining 
whether an art material has the- 
potential to produce adverse chronic 
health effects. 15 U.S.C. lzn[b)f8). In a 
separate section, the statute requires the 
Commiwion to issue guidelines 
containing criteria for determining when 
"customary or reasonably foreseeable 
use of an art material can result in a 
chronic hazard." Congress directed the 
Commission to issue these guidelines 
within one year of enactment of 
LHAMA. Id. sec. 1277(d)[l]. Due to the 
complexity of the scientific issues 
involved and the lack of a Commission 
quorum for a period of time, issuance of 
the guidelines was delayed. 

111. Issues Concerning the Codification of 
-36 

A. Geneml Requirements 

ASTM D-4236 requires the producer 
or repackager of an art material to 
submit the product's formulation to a 
toxicologist who wilI review the 
formulation to determine if the art 
material has the potential to produce 
chronic adverse health effects &ugh 
customary or reasonably foreseeable 
use. The toxicologist will advise the 
producer or repackager of appropriate 
chronic hazard labeling and the 
producer or repackager must adopt 
suitable precautionary labeling. The 
labeling recommended must be in 
accordance with section 5 of ASTM D- 
4236. Such labeling includes a signal 
word, a list of potential chronic hazards, 
the namefa) of the chronically hazardous 
component[s], safe handling - 
instructions, a list of sensitizing 
components, an identification i f  a 
source for additional health information, 
and, where appropriate, more detailed 
technical information in supplemental 
do cum en!^. 

If the art material presents an acute 
hazard the labeling must also warn of it. 
Labeling of art materials subject to 
LHAMA must also conform to labeling 
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requirements .of section 2(p] of the actual telephone number appear on the Similar examples a im cited were 
FHSA and regulations issued label. The Commissmn believes he1 "an solvents in d painting and silk 
thereunder. appropriate tde.phone number" is one screening; solders for stsined glass; lead 

ASTMD-4236 states certain which will enable the purchaser to m paints and ceramics; and asbestos in 
considerations that the reviewing obtain additional information about the talcs and clays. Id. et S16838 {statement 
toxicologist must "take into account?' product's potential &&c hazard. The of Sen. McCain). 
These include "opinions of various number could be that of the proch.loer or % Commission betieves &at under 
regulatory agencies and scientific bodies repackager or another s o w e  that could the statutory definition of-art material" 
' 'on the potential for chronic provide such infurmation. However, the three w r a l  ca tego~es  can be 

adverse health effects of the various label must contain a phone number, n ~ t  discefned as follows: 
components of the formulation.'' just a statement to contact a doctor, and 1. Those pmdncts which actually 
B. Statement of Conformance it must be a United States telephone become a mmp0nen.t bfthe work of 

number. 
ASTM 'D-4236 provides for a 

visual or grapfnc art, such aspaint, 

statement of oonformance that informs D. Standard is Applicable onb' to Art canvas, inks, cragons, chalk. Balder, 

the purchaser that the product complies Moteria's brazing rods, fiux, pager, clay, stone, 
thread, cloth, and photographic film. to the standard. The standard 3pecifies The Commission emphasizes that the 2. Those pmducts aw closely that the conformance statement "should requirements of ASTM-I14236 as  

appear whenever practical on the and intimately associated with the 
modified by are 'pplicable creation of the final work d a r t  each a s  product," but it could also be placed on only to art materials. nus, only brush cleaners, solvents, ceramic kilns, 

(11 the individual product package, (21 a producers and repackagess of art 
display or sign at the point of purchase, materials must submit product brushes, silk screens, molds or mnld 

(3) sepsrate explanatory literature making material, and photo developing formulations to toxicologists to 
available on request at the point of chemicals. determine the piduct ' s  chronic hazard 3. Those idemen& 
purohase, or (41 a response to a formal potential and appropriate labeling. Non- 
request for bid or proposal. art materials must be properly labeled furniture that are used in the process af 

The Commission interprets this under the IHSA if they are hazardous, ~ c ~ ~ ~ ~ ~ t ~ ~ ~ f D $ ~ ~  not 
provision of  ASTM M 2 3 8  to require but the FHSA does not impose any 
that with every art material product specific review procedure upon Examples are drafting h b h  and chairs, 
there mug be  e conformance statement manufacturers of non-art materials. easels, picture frames, canvas 
or, if it presents a &nic hazard, the Rather it is the manufacturers' stretcher&, potter's wheels, hammers, 
product must have a n  appropriate responsibility to determine by chisels, and air pumps farair hshes. 
precautionary l a M .  Adthough the appropriate means whether their non-art prohb in the 
language of ASTM D-4296 does rrot material product is hazardous. category could come within a h o e d  
clearly mandate a conformance Congress provided a very broad interpetation of the term "art material," 
statement for all art materials, the definition of art material or art material the Commissiandoesnot &Iieve 'Iiat 
Commission believes that a l lowiq use produd in m A . " r h e  term is d&ned Congress intended such a s w e e ~ i ~  
of ccmfarmance statements for some as  "any substance marketed or interpretatian. Therefore, as a matter of 
products but not others would result in representedby the producer or enforcement policy, the ~ x d s e i a n  will 
confusion to purchasers. Purchasers repackager as suitable for use in any "01 require that prod- faui% in this 
would be in doubt whether an unmarked phase of the creation of any work of third category comply with the standard 
art material has been found not to visual or gmphic .art of av for art materids. This means that the 
present a chronic hazard or simply has excluding products subject to the Commission will not require that 
not been reviewed at all. ASl"I4 D-4236 Federal Insecticide, Fungicide, and fom&tiono for such products be  
expresses a preference that the Rodenticide Act or to the Federal Food, reviewed by a toxic~lQ43ist. 
conformance statement appear on the Drug, and Cosmetics Act. Although t h  ~ ~ ~ ~ a c ~ r s  ofsuch produrn ~ n d d  
product, but the other options mentioned Commission believes that the not be required ~JY tbe f h m h x i o n  to 
in the s t a d a d  wili &so set* the determination of what is  or is n a  an art submit their =view criteria mlists of 
conformance statement requirement. material must be made on a case by products requiring chnmic b a d  labels 

case basis, there are some general to CPSC. N m  do they h r e  ro provide a C. Telephone Number 
principles that the Commission believes conf~mrance  me^ foalheir 

ASTM D-4236 requires that the will be helphl in enforcing he products. However. the MSA requires 
prewtionary label on an art material requirements for art aeterials. that 911 h d o l d  ra children's p d u c t s  
that has been determined to present a The broad statutary definition d (whether art metwkls o r  not) aaust be 
potential chronic health hazard must be interpreted to d& m y  if- not appropriately labeled if they am or 
identify a e ~ a e  Em additional health traditionally -sidered art ma'tmiak, contain a imzardous substance. 15 
informtien. The ASTM D-8236 such as  the many kinds of t o d s  and U.S.C. 12mpj.  Thus. svena p ~ . o d d  that 
standand provides three examples cd implements lased in the p r o c m  of falls in the & i d  cakgorgr a h  must he 
sucha statement: (1) provision of a 2 4  creating e work d a r t .  The C a d o n  appropriab4y i a b M  if it is toxic 
hour t d  free telephone number, 123 a does not believe that sudn a brued (acutely car clamnically') and may oawe  
statement to contact a physicisn, o r  $31 a sweeping d e f i i a n  was intenbed serious i n j q  m illknees ~ C ~ u g h  
statement to call. the I m l  poisi~n contml Congress. Statement+ dwiq flm reasonably fmerreeablie use. 
center, debates on the LFiAMA amendment This discussion ia inkended to pruvide 

'fie LWhMA rewires, however, that indicak a narrower Sntqmtatisn. some guidance on lbPawr the Commission 
"art materials that require 'drrmic Examples noted are a o l m t s  in cements, interprets the statutory defimitim. 
hazard labeling ' ' mad inctude a n  permanent markers, end inks; lead ha Examples given are intended 4 0  
[he label ' * '. an qprapriate paints, clay. and glazes; cadmium in illustrate the cati3gories the Commission 
1 alephone number," 15 U.S.C. 1277(b) 45). silver d d e r s .  134 Rec. 5~~~ envisions. tn making the &mination 
Thus, Congress has required that a n  (Oct. 19,1988] (sta'tementaf Sen. Gore). of whetlaera product i s  a n  art materiel, 
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the Commission would consider the procedures. However, in enforcing $ 5  1500.14(b)(8](i) (F) and (GI in the 
intended and anticipated uses of the LHAMA the Commission is primarily codification below. 
product as indicated by, for example, its concerned that the person reviewing The Commission considers the 
packaging and promotion. Firms that are formulations has sufficient knowledge chronic hazard statements and the 
uncertain whether their materials fall based on a combination of education, precautionary statements to be 
within the scope of this enforcement training, and experience and that the examples of appropriate statements 
policy may request guidance from the -reviewer uses appropriate criteria to when a product presents a chronic 
Commission staff by addressing their recommend complete and accurate hazard. The Commission considers 
inquiries to the compliance staff of the labeling. Any enforcement action would these lists to be suggestive, and does not 
headquarters or the regional offices. be based on the failure to conduct a n  consider these to be the only statements 

LHAh4A made ASTM D-4238 a adequate product review resulting in of hazard or precaution that could be 
Commission regulation issued under noncomplying cautionary labeling, used. 
section 3(b) of the FHSA. Section 3(bI rather than on the fact that a Because products other than art 
authorizes the 'Commission to Issue toxicologist is not certified. AS a matter mateI-ials that are subject to the FHSA 
additional labeling requirements for of enforcement policy, the Commission may present similar chronic hazards, , 

"hazardous substance(s1 intended, or will not require that all art material manufacturers of non-art materials may packaged in a form suitable* for use in reviews be done by a board-certified find these lists of chronic hazard 
the household or by children." 15 U.S.C. toxicologist. When the Commission 
1262(b). When Congress enacted statements and precautionary 

considers rulemaking to amend the 
LHAh4A it did not expand the statements helpful in labeling their 

codified ASTM standard, it will 
Commission's authority under section consider deleting the requirement of 

products under section 2(p] of the FHSA. 

3(b] of the FHSA. Thus, there is a very board certification. 
All products subject to the FHSA must 

narrow category of art material be appropriately labeled for any acute 

products, those that have no significant Amendment of A.WMD-4236 hazards they present. 

marketing except to schools for adults or congress provided that the 
In addition, the staff is in the process 

to businesses for the use of adults away ~ ~ ~ ~ i ~ ~ i ~ ~  can revise the standard 
of updating its 1979 labeling guide for 

from the household, that are not subject ~ A M A  mandated if the ~ ~ ~ ~ i ~ ~ i ~ ~  
products that present an acute hazard. 

to the FHSA. The Commission The updated version would include 
determines that the standard is 

anticipates that very few products recommendations on designing warning 
"inadequate for the protection of the labels and examples of warning would fall within this category. The public interest" and that the 

Commission's regulations at 16 C m  statements for products that pose a 
Commission's amendment will 

1500.3(c](10)(i] provide guidance on chronic hazard. This labeling guide 
adequately Protect the public interest. would be appropriate for all products what types of products are considered ne amendment must be issued in 

'0 be intended* Or packaged in a form accordance with the procedures of 
subject to the FHSA. 

suitable for use in the household. That section 553 of the Administrative 
ASTM D-4236 also contained an 

regulation states in part: "the test shall I)rocedure Act allowiw an opportunity 
appendix which provided guidelines for 

be whether under any reasonably organizations that certify an art material 
for notice and comment. In addition, the conforms to the requirements of ASTM foreseeable condition of purchase, Commission must allow interested 

Or use the may be found persons an opportunity to present oral D-4236. In the proposed codification 
in or around a dwelling." published on April 17, this appendix 

comments. was erroneously listed as  
E, Board-Certified Toxicologist If ASTM Proposes a to D- 5 151~0.14(b](8][i](H) of the codified 

ASTM D-4236 requires that art 4238,ILHAMA provides that the standard rather than as an  appendix. 
material formulations be reviewed by a Commission shall incorporate it if the The final codification corrects this and 
toxicologist. It defines the term Commission determines that the clarifies that these guidelines are not 
 toxicologist^ as individual who revision is in the public interest. The 
through education, training, and Commission must provide for notice 
experience has expertise in the field of and comment concerning the revision. 15 IV. lssues concerning the chronic 
toxicology, as it relates to human U.S.C. 1277(c]. ITazard Guidelines 
exposure, and is either a toxicologist or G. A~~~~~~ and~ppendix A. Broad Scope 
n physician certified by a nationally 
recognized certification board." ASTM ~ ~ - 4 2 3 6  contained two annexes MAMA requires the Commission to 

LHAMA did not alter this requirement and one appendix. One of the annexes issue guidelines for determining when 
of review or the definition of provides chronic hazard statements. an art material presents a chronic 
toxicologist. Several commenters Section 5.2 of ASTM D-4236 hazard. When the Commission 
expressed concern that allowing only (8  1500.14(b](@)(i)(E)(2) in the published proposed guidelines, it stated 
board-certified toxicologists and codification) states that potentially that the guidelines could be used for 
physicians is too limited and that many chronic hazards must be stated non-art materials as well because the 
toxicologists who are not certified "substantially in accordance with basic principles behind the guidelines 
would also be capable of making the statements" in the first annex. The would apply broadly to all products 
determinations required under ASTM second annex provides precautionary subject to the FHSA. Although the 
D-4236. However, this requirement of statements. Section 5.4 Commission received severai comments 
board certification is part of the (5 1500.14(b](fi)(i)(E)(4) in the concerning the scope of the guidelines, 
standard made mandatory by LHAMA. codification] states that "appropriate the Commission is maintaining the 
U-IAMA provides for the Commission to precautionary statements as to work broad scope of the proposed guidelines. 
amend the standard if it follows certain practices, personal protection, and Essential to understanding this view is 
procedures. The Commission cannot ventilation requirements shall be used the fact that the guidelines are not 
abolish the requirement of board substantially conforming to those" in the mandatory. The Commission's purpose 
certification without following these second annex. These annexes are in issuing these guidelines is not to 
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create a staticclassificatian system that 
must be fallowed by manufacturers. 
Rather, the FHSA makes it the 
manufacturers' responsibility to 
properly label their products. The 
guidelines are intended to help the 
manufacturer in making that 
determination. The process set out in the 
guidelikes would not be affected by the 
classification of a product a s  an & 
rnatcrial or other product subject to the 
FHSA. The scienGfic principles upon 
which the guidelines are  based are the 
same. It makes sense then, that the 
guidance available for art materials 
would also be useful for non-art 
materials. (The codification of ASTM b- 
4236, however, applies only to art 
materials. Thus, only manufacturers and 
repackagers of art materials must 
submit 'their products' formulation to a 
toxicolng~st and must supply the 
Commission with their criteria for 
determining chronic toxicity and a list of 
art materials that require chronic hazard 
labeling.] 

The Commission has authority to 
issue these guidelines under the FHSA 
aspart  of its ability to regulate 
hazardous substances under that 
statute. As discussed in section VI1.A. of 
the preamb!e, the FHSA provides the 
Commission with clear authority over 
llousehold and children's products that 
present a chronic hazard. Section 2 ( p )  of 
the FHSA requires appropriate labeling 
of hazardous mbtances ,  chronic as 
well as ecute. It is within the 
Commission$ general authority under 
the FR3A to provide guidance to 
msnsfacturers on determining w h ~ h e r  a 
product presents .such a hazard and 
therefore must b e  labeled. By issuing the 
guidelines the Commission is not 
imposing new requirements beyend 
those alreedy made by section 2(p) of 
the r n A .  

B. Complexily of Determination 
The Commission recognizes that 

determi~~ing tfa product presents a 
chmmc hazard is highly cclmplex and 
often r d k s  q n  inoomplete or na- 
c o n c h p h  data. The determinatim 
requires the exercise of professional 
judgment. 

Under the FSISA, fur a substance to be 
a "hazardous substance" (and thus 
require labeling) it must have the 
pobniid both to be toxic and to "cause 
substantial personal injury m t l h e ~ s  
during or a s  a proximate resuit of any 
custmary or reasonably foreseeable 
handling or me, including reasonably 
foreseeable ingestion by children." The 
fact that et @wt contains a toxic 
substance d-not make the product a 
"hazardous substance" under ttre Eli!&%. 
The second component of the definition 

must be considered. For instance, the 
manufacturer must account for the 
amount of the substance in the product, 
for the bioavailability of the substance, 
and for exposure to the substance. This 
second aspect of the definition makes 
the determination of the need for 
labeling a complex deoisian. 

C. Customary or Reasonably 
Foreseeable Hogdling or Use 

Some comments expressed concern 
that the Commission had not provided 
sufficient guidance on the meaning of 
the phrase "customary or reasonably 
foreseeable handling or use" that is part 
of the definition of "hazardous 
substance" in the FHSA. The precise 
meaning of the phrase will, of course, 
depend on h e  product at issue. 
However, the Commission's regulations 
at 16 CFR 1500.3[c)(7)(iv] provide some 
general guidance and state: 

Reasonably foreseeable handling or use 
includes the reasonably foreseeable 
accidental handling or me, not onty by the 
purchaser or intended mer of the product, but 
by ell others in a bl~sehold, especially 
children. 

Thus, in general, the Commission has 
taken a fairly broad view of what is 
reasonably foreseeablehandling or use. 

As far as the guidelines are 
concerned, defining a reasonable use 
scenario can be the most uncertain part 
of expusure assessment. As the 
guidelines indicate. there are many 
variablesto consider. Exposure 
assessment is a mixture of science, 
knowledge of the product under 
consideration, and common sense. 
Unfortunately, due to the large number 
of art materials am3 other household and 
children's prducts,  it is impossible to 
specify typical scenarios for all cases. 
Nevertheless, scientists have conducted 
exposure and risk assessments for many 
products. 

D. Guidelines Do Not Require 
Submission of Data 

The guidelines are intended a s  an aid 
to manufactuners in making their 
determination of whether a product is a 
hazardous substance due to chranic 
toxicity and thus would require labeling 
under the FHSA. The guidelines 
themselves establish nu mandatory 
requirements. 

LHAMA and the modified version of 
ASTM D-42318 mandated by that law do 
place certain requirements upon the 
manuEactuFers and repackagers of art 
materials. Thus, d y  the formulations uf 
art materiah mmst be submitted to a 
toxicologist for review. For o h  
products, as has always been the case 
under the WSA. 2 is up to the 

manufacturer to determine propm 
labeling. The FHSA does riart establish a 
required procedure for doing this. The 
guideiines do not change this 
arrangement, but they provide guidance 
for making tbd determination. 

E. Risk .4ssessment fcr Children 2 
Products 

For the reasons explained below, the 
Commission has decided .not to include 
additional safety factors for children's 
pmdwts in the final guidelines and 
definition. As with &her scientific issues 
of this type, support exists both for 
applying an additional safety f a t o r  of 
ten for children's poducts  and for not 
doing so. FDT example, a chiM might be 
more sensitive than an adult in the case 
of !ead poisoning, while adults may be 
more sensitive than children in the ca3e 
of neurotoxicity of certain pesticides. 

Since, on the basis of m ~ c h  of the 
theory and data, it was very possible 
that children would be more susceptible 
to many substances, the additional 
factors of ten were propused to provide 
an extra margin dfsafetyfur children. 
After reviewing the comments relating 
to this issue and considering how the 
additional protective levelswonld be 
implemented, the Commission 'has 
decided not to include these additional 
safety factors for children's products. A 
more detailed response to these 
comments and a discnssiom of the 
analysis followed by the Art & Craft 
Materials Xnstitute f"AtMI") compared 
with that recommended in the guidelines 
is contained in the cmment  section of 
the meamble. section VIII. 

A; a result of analysis of the 
comments, several overaIl themes have 
become clear. First, CPSCs proposed 
methods of calculating the allowable 
daily intake ["AM") for adults are 
similak or result in a lower aIlowable 
risk, to those allowed by other agencies 
for both children and adults. Second. 
ACMI's conclusion that the labeling 
status of many art materials would be 
affected is not consistent with the 
intended w e  of CPSCs guidelines, since 
it appears that in many cases, A M  has 
applied redundant safety factors in its 
exposure assessments which result in 
the overestimation of risk. Third, the 
ten-fold factor for children, if applied as  
the staff intended and wittrod 
red&t safety fectws, w ~ u l d  have 
minimal ecmclmic impad. 

However, there are difficulties in 
determining if a product h t  poses a 
chronic heard wodd  b used by 
children. Because mamy fectors would 
h v e  to be considered determination of 
whether chiidxen would nee 'these 
materiala would Raw tn be made on a 
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case-by-case basis. Factors that would to the labeling requirement under section 2(p) 
be considered include the appeal of the or 3(b). 
product in attracting and sustaining use; 15 U.S.C. 1261n. 
ability of a child to use the product; MAMA mandated ASTM D-4236, 
ability to appreciate the product; adult's with certain modifications, as  a 
perception of intended use, marketing, Commission rule under section 3(b) of 
packaging, advertising, and promotion of the FHSA. Since LHAMA amended the 
the product; and the manufacturer's FHSA, the FHSA's preemption provision 
stated intent. In many cases. it may be applies. Thus, this standard for labeling 
impossible to conclude that a given o f  art materials, as  a 3(b) rule, preempts 
product would not be used by children. non-identical state and local labeling 
Thus, most products could be subject to requirements that are designed to 
the additional factor of ten for children. protect against the same risk of illness 
A net effect of requiring labeling for all or injury a s  ASTM D4236, a s  modified 
products exceeding a cancer risk of by LHAMA. 
~ x I o - ~ ,  for example, was not the intent LHAMA directed the Commission to 
of the proposed guidelines. Thus, the issue chronic hazard guidelines. The 
final guidelines do not provide guidelines finalized today are issued 
additional safety factors for children's pursuant to that provision of MAMA 
products. and the Commission's general authority 

under the FHSA. As explained above, F. Legal Effect of Guidelines the standard ASTM D4236 as  
The guidelines are not issued as mandated by LHAMA has preemptive 

substantive binding rules, but are a nun- effect if the other conditions of FHSA 
mandatory statement of Commission section 18(b)(l)(A) are met. The 
policy. They explain how the guidelines, however, are not a labeling 
Commission determines whether a requirement. They do not require that 
product presents a chronic hazard, and any particular product be labeled. The 

, they provide guidance to those in requirement that hazardous substances 
industry whose responsibility it is to be labeled appropriately comes from 
determine if their product is properly section 2(p), not the guidelines. The 
labeled under the FHSA. Some minor guidelines are a non-mandatory guide 
changes have been made in the final for determining whether a product 
guidelines to clarify their non- presents a chronic hazard. Thus, the 
mandatory nature. guidelines themselves do not have a 

LHAMA required the Commission to direct preemptive effect. As may affect 
issue chronic hazard guidelines for art labeling for chronic hazards, however, 
materials. Congress directed the they may have an indirect preemptive 
Commission to develop guidelines, not a impact because the labeling requirement 
binding rule that would automatically of section 2(p) could preempt different 
categorize all art materials. Thus, the state or local requirements. 
guidelines set forth recommended The supplemental definition of "toxic" 
procedures to be followed with the use is not itself "a cautionary labeling 
of expert judgment rather than requirement" and would not. in itself, 
mechanically, As explained elsewhere, preempt a state or local definition of 
the Commission believes that these "toxic." However, the supplemental 
guidelines will also be helpful to the definition defines a term that is 
manufacturers of non-art materials necessary to the labeling requirements 
subject to the FHSA. of section 2(p) and section 3(bJ just as 

the existing regulatory definition of 
V. Issues Pertinent to A11 Three Actions toxic, which to acute toxicity, 
A. Preemption works together with the labeling 

requirement. For examp!e, while a The Commission received numerous different state definition of utoxic., might comments concerning the issue of 
preemption of state laws and not be preempted automatically, a state 

regulations. labeling requirement that exempts from 

Section 18(b)(l)(A) of the FHSA labeling a hazardous substance that is 

provides generally that: hazardous because of the risk of chronic 
toxicity (as defined by the supplemental 

If a hazardous substance or its packaging is regulatory definition) could be 
subject to a cautionary labeling requirement preempted. under section 2[p) or 3[b) designed to protect 
against a risk of illness or injury associated B. The CHAP Process 
with the substance, no State or political 
subdivision of a State may establish or Another comment rsised frequently 
continue in effect a cautionary labeling concerned the appropriateness of 
requirement applicable to such substance or convening a Chronic Hazard Advisory 
packaging and designed to protect against the Panel ("CHAP") to develop or evaluate 
same risk of illness or injury unless such chronic hazard guidelines. As most 
cautionary labeling requirement is identical commenters seemed to recognize, 

/ Rules and Regulations 

neither the FHSA nor LHAMA requires 
the Commission to convene a CHAP 
before issuing chronic hazard guidelines. 
The Commission must establish a CHAP 
before initiating rulemaking to ban a 
substance under section 2(q)(1) of the 
FHSA relating to the risk of cancer, birth 
defects, or gene mutations from a 
consumer product. 15 U.S.C. 2080(b)(l). 
The CHAP must submit a report to the 
Commission concerning whether a 
substance in the product is a carcinogen, 
mutagen, or teratogen. Id. Thus, the only 
action under the FHSA that requires the 
Commission to consult a CHAP is 
rulemaking to ban a particular 
substance. 

In issuing these guidelines, however, 
the Commission is not promulgating a 
binding rule, is not seeking to ban a 
substance, and is not taking action with 
respect to any particular substance. 
Issuance of these guidelines is not 
appropriate for CHAP review. The 
CHAP'S purpose is to review particular 
products and ~ d v i s e  the Commission on 
the chronic risk posed by that product or 
by specific subsianc~s contained in the 
produc!. The chronic hazard guidelines 
being issued do not relate to any 
particular products or substances, but 
they provide guidance for determining. 
in general, whether a product can 
present a chronic health hazard. 

The Commission certainly agrees that 
the guidelines should reflect sound 
scientific judgment and should be 
widely reviewed and commented upon. 
Other Federal agencies and interagency 
groups have reviewed relevant parts of 
the guidelines at CPSC staffs request 
prior to their publication for public 
comment, to ensure that the latest 
science has been addressed. The 
Commission published proposed 
guidelines and sought written comments 
even though LHAMA did not require the 
Commission to do so. The Commission 
also received comments as  a result of 
the public hearing held in October. The 
Commission does not believe, however. 
that the CHAP process is the most 
appropriate means to obtain views on 
the guidelines. 

CPSC staff is involved in many 
government and nongovernment 
activities to ensure consistency, use of 
the latest data, and use of the most 
current scientific approaches to the risk 
assessment process. These groups 
include the Federal Coordinating 
Council on Science, Engineering, and 
Technology [FCCSET), the International 
Life Sciences Institute (ILSI), and the 
National Academy of Sciences (NAS) 
Committee on Risk Assessment 
Methodology (CRAM) processes. CPSC 
staff is also involved with a number of 
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interagency committees such as the including reasonably foreseeable supplemental definition of "toxic" that 
Interagency Pharmacokinetics Group ingestion by children." Any of the defines chronic toxicity will appear at 18 
and the Interagency Committee on chronic hazards, including but not CFR 1500.3(~)(2)(ii), The guidelines 
Neurotoxicity [which, at CPSC's request, limited to cancer, rreurotoxicity, or summarize discussions contained in 
reviewed the neurotoxicity guidelines developmental or reproductive toxicity documents prepared by the 
before they were proposed). addressed by this notice constitute Commission's Directorate for Health 
Participating in these efforts, the "substantial personal injury or illness." Sciences. This preamble is also drawn 
consideration of the comments received 111 order to determine whether a product from the backup documents and is 
by expert scientists, and the fact that should be regarded as a hazardous intended to aid in interpretation of the 
there are very few departures in the substance, one must determine not only guidelines. Copies of the backup 
guidelines from generally accepted risk that the product has the potential to be documents are available at the 
assessment methodology, lends toxic, but that in any customary or Commission's Office of the Secretary, 
credence to the assertion that the reasonably foreseeable handling or use Consumer hoduct  Safety Commission, 
guidelines are scientifically defensible persons are exposed to the toxic r o ~ a  428, 5401 Westbard Avenue, 
and reasonable. component[s] in a way that Presents a Bethesda, Maryland. 

significant risk of the substantial C. Enforcement adverse health effect potentially B. Carcinogenicity 
'The Commission emphasizes that associated with the product. This latter Introduction there has not been, nor will there be, factor can be considered to reflect the 

enforcement of the guidelines a s  such. person's exposure to the toxic This section discusses the chronlc 
Even once the guidelines become final component or the bioavailability of the hazard guidelines concerning 
they will not be treated as  mandatory component. carcinogenicity. The guidelines for 
requirements which must be followed by determining chronic hazards by reason 
manufacturers. A firm could follow a 2. Nature of the of carcinogenicity are especially needed 
different but sound and scientifically Except as specifically noted, the because of (1) the long latency period 
supportable analysis to determine current scientific knowledge concerning between the initial exposure to a 
whether a product presents a chronic clironic hazards is insufficient to allow carcinogen and the appearance of 
hazard. the guidelines to specify criteria that can tumors, (2) the fact that humans are 

However, the Commission has be mechanically applied to determine to multiple carcinogenic agents 
enforced, and will continue to enforce, whether a product is toxic. during the latency period under 
the FHSA requirements that a household Interpretation of certain points in the generally uncontrolled [and 
product that is or contains a hazardous guidelines will likely require expert other factors discussed below), and (3) 
substance must be appropriately labeled knowledge and the application of the controversies that have surrounded 
to advise of the hazard. In addition, the professional judgment. Thus, the the conditions under which tests 
Commission has sought to enforce the guidelines do not present a simple showing a carcinogenic response in 
specific, and largely procedural, blueprint into which a given set of facts should be considered relevant 
requirements that LHAMA mandated may be inserted to receive a certain to human risk. These factors make it 
for art materials. During 1991, the determination. Rather, careful expert impossible to demonstrate conclusiveJy 
Commission staff contacted all known judgment must be used. If questions that scch substances are human 
manufacturers and repackagers of art arise concerning matters not clarified by carcinogens~ Nevertheless, materials to advise them of the these guidelines, guidance may be agreement exists in the scientific 
procedural requirements of LHAMA obtained from previous Commission community as to the nature and amoul.,t 
which went into effect on November 18, tcxicity, exposure, and risk assessments; of evidence that should exist in order to 1990. In 1992, inspections are being or frum the Commission's Directorate conclude that a substance is a made of firms that have not given some for Health Sciences. human carcinogen. indication of compliance or if there is These guidelines contain a number of 
some other reason to suspect assumptiocs, methodologies, and The intent of the guidelines is to 
noncompliance. When firms are found procedures for determining chronic incorporate those areas where there IS a 
with products or practices that are not hazard and risk. While these are subs!antial consensus as to the evidence 
in compliance, they will normally be currently the most scientifically justified needed a lhat a 
given the opportunity to voluntarily choices in the opinion of the substance is a likely human carcinogen. 
make the necessary corrections. Only Commission, the Commission recognizes mbstances where the 
when a firm has demonstrated a refusal that new data and methodologies evidence does not meet this standard, or 
to cooperate voluntarily would legal continue to be developed. Accordingly,  here there is controversy how 
action be sought to obtain compliance. all defdult assumptions (i.e., numerical the evidence be the 

VI. The Chronic Hazard Guidelines factors to be used in the absence of data Commission may proceed by 
for the particular substance or rulemaking, as provided in section 3(a] 

A. Gencral circumstance) contained in the foilowing of the FHSA, or by enforcement actions 
sections on hazard and risk on a case-by-case basis to resolve the 

1. Toxicity and Exposure determination may be as new question of whether the substance 
AS explained earlier, the definition of data become available. presents sufficient evidence of an ability 

"hazardous substance" requires both ln determining whether a substance to be carcinogenic in humans that the 
that the substance fall into one of the should be as hazardous a]] substance should be considered toxic. 
designated hazard categories, in this available scientific evidence should be Evidence for carcinogenicity largely 
case that of "toxic," and that the considered. However, the guidelines do comes from two sources: Human studies 
substance "may cause substantial not require any additional laboratory (epidemiology) and animal studies (long- 
personal i ~ j u r y  or illness during or as a tests to determine toxicity or exposure. term carcinogen bioassay). 
proximate result of any customary or A condensed version of the guidelines Epidemiology is a broad medical science 
reclsonably foreseeable handling or use, will appear at 16 CFR 1500.135. A that deals with the incidence, 
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distribution. and control of disease in a Research on Cancer {IARC), the mechanism of action, and other 
population. Results from these American Natioml Standards institute considerations (OSTP, 1985, p. 10421). 
epidemiologic and animal studies are (ANSI), and the U.S. Environmental In assessing the strength of 
supplemented with available Protection Agency [-A] epidemiological studies, it is necessary 
information from short-term tests, The following discussion explains the to take into account the possible role of 
pharmacokinetics [absorption, scientific principles and evidentiary bias, confounding factors. and chance 
distribution, metabohsm, and approach upon which a determination (IARC, 1987, Suppl. 7. p. 26; OSTP, 1985. 
elimination of substances], and other that a substance is a "sufficient Principle #18. p. 10377). "Bias" means 
relevant toxicological data. The evidence" human 0s animal carcinogen that the aperation of certain factors in 
guidelines would evaluate the toxicity of or a "limited human evidence" the design and execution of a study lead 
a substance on the basis of potential carcinogen would be based. The criteria erroneously to a stronger or weaker 
carcinogenicity by evaluating the that are commonly used to evaluate the association between an agent and the 
available human and  animal data. evidence derived from human and disease than in fact exists. Confounding 
Under the guidebnes, substances for animal camino€!enesis data outlinedin factors are factors associated with a test 
which "sufficient evidencew exists to the following sections are similar to agent which create a situation in which 
demonstrate carcinogenicily from those of IARC and EPA- except for a few the relationship between the test agent 
studies in humans would be considered differences that are expla in4 below. and a disease is made to appear 
to be toxic. In addition, tliose 2. Assessment of Evidence for stronger or weaker than it truly is as a 
substances for which there is "limited ~ ~ ~ ~ i ~ ~ ~ ~ ~ i ~ i t ~  from studies in result of the association between the 
evidence" of carcinogenicity in humans H ~ ~ ~ ~ ~ .  confounding agentfs) and the test agent. 
or "sufficient evidence" of Chance relates to the statistical 
carcinogenicity in animals are a. Discussjon. Epidemiological studies significance of the observed causal 
considered toxic. except that evidence are the direct means of assessing association between the exposure to the derived from studies that has carcinogenicity of a substance in 

humans (the Office of Sc~ence agent and the development of the 
been shown not to be relevant to 

Technology Assessment and Policy disease. This is ascertained by proper 
humans is not included. 

(OSTP), 1985, Principle # 15). statistical analysis of the data. The 
As noted above, it will be necessary Epidemiologic data are obtained from statistical power of a study depends 

to On rulemaking under occupationa~ therapeutic or consumer upon the size of the study group, the 
section 3(a) of the FHSA, or on exposure to a substance. These studies number of subjects exposed, and the 
enforcement actions, to resolve can provide sufficient evidence for a level of excess risk which is required to 
uncertainties that are not addressed by causal hypothesis (such as that between be detected (OSTP, 1985, p. 10423). 
these guidelines. In t h ~ s  regard, the cigarette smoking and lung cancer) and The problems encountered in 
Commission is aware that the criteria reasons for prevention of a epidemiological studies involving 
stated in the guidelines do not lend health hazard (OSTP, 1985, p. 1m211. chemicals are: Long latent periods that 
themselves to a mechanical application. They examine both the distribution of a exist between exposure to a 
A number of the criteria include disease using descriptive studies carcinogenic agent and the development 
statements that themselves can be (correlational approaches) and of cancer; inability to control for 
applied to particular chemicals only by deternlinants of a disease using confounding risk factors; exposures to 
the exercise of expert technical analytical studies (case control and mixtures of chemicals; frequent absence 
judgment. For example, one of the cohort methods) {OSTP, 1985, Principles of appropriate groups from the 
fdctors stated below for determining ##16 17, p. and difficulty in obtaining accurate and 
that an epidemiological study shows a A good quality epidemiological study unbiased historical exposure 
causal relationship between exposure to should have a clear and detailed assessment, disease ascertainment, and 
an agent and cancer is that a!] possible description of the study population, direct detection of relatively low level 
conFounding factors which could disease, and exposure. The design of the cancer risk (OSTP, 1985, P. 10424). These 
account for the observed association are study should have dealt with bias and studies are inherently capable of 
eliminated after consideration. Expert confounding factors that can influence detecting only comparatively lsrge 
technical judgment is required to the risk of disease by matching, or the increases in the relative risk of cancer. 
identify possible confounding factors analysis have dealt with bias Negative results even from high quality 
and to evaluate whether the available and confounding factors by statistical epidemiological studies cannot prove 
data are adequate to eliminate the adjustments {IARC. 1987, Suppl. 7. p. 26). the absence of an ~ssociation between 
factors as causes of the observed The study should describe the the carcinogenic effect and the exposure 
association. In some instances, this determination of statistical parameters, (OSTP, 1985. principle X 19, p. 10377) 
determination will not be such as relatike risk, odds ratio, However, a well-designed and - 
straightforward. In these cases, the absolute disease rate, confidence conducted epidemiological study with 
guidelines will not resolve the intervals, significance tests, and well-defined and usable exposure data 
(:ontroversYl and it may be a ~ ~ r o ~ r ! a t e  adjustments made fcr confounding can be used to assess upper limits of 
for the Commission to conduct factors. The study should also describe risk Such a study is especia!ly useful in 
rulemaking to resolve the controversy, the selection and characterization of this regard if there is animal evidence 
or to bring enforcement actions in which exposed and con\rol population, the from well-conducted studies to show 
the toxicity of the substance would be adeqiracy of dgraiion, the quality of thet the agent is potentia!ly carcinogenic 
established on a case-by-case basis. follow up, and the identification of blas ~n humans (EPA, 1988, p. 33996). 

Although there are many difficult and confounding factors. A causal The criteria stated below for 
issues related to the interpretation of relationship is strengthened by the assessing the evidence of 
cancer studies in animals and humans, observation of a dose-response carcinogenicity derived from human 
r r i t~ r i a  for defining carcinogenicity have relationship, the consistency and studies agree with those outlined by 
been established by several groups. reproducibility of results, the strength EPA, except that the "No Data 
such as the International Agency for and specificity of the association. the Available" and the "No Evidence of 
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Carcinogenicity" classifications are 
deleted because they are not necessary 
for the purpose of determining toxicity. 
The criteria also agree with those of 
IARC, except that the "Evidence 
Suggesting Lack of Carcinogenicity" 
classification is deleted for the same 
reason, and !he criteria suggested below 
include life-threatening benign tumors in 
the evaluation of human studies for the 
purpose of protecting public health. In 
this regard, the Commission agrees with 
EPA's position on benign tumors. 
because the threat to life is the most 
important consideration in health risk 
evaluations. Benign tumors could be life 
threatening if they are critically located, 
such a s  brain tumors (gliomas), which 
can compress and destroy the 
surrounding brain tissue, or tumors 
located in endocrine glands (hormone 
producing glands, like the pancreas, or 
pituitary), which can cause an 
imbalance of critical hormones. 

The American National Standards 
Institute (ANSI, 2129.1-1988) did not 
specify criteria for the evidence of 
carcinogenicity derived from 
epidemiological studies but made use of 
epidemiological data in its overall 
categorization of carcinogens. 

A causal relationship between 
exposure to an agent and cancer is 
established if one or more 
epidemiological investigations that meet 
the following criteria show an 
association between cancer and 
exposure to the agent: (1) No identified 
bias that can account for the observed 
association has been found on 
evaluation of the evidence, (2) all 
possible confounding fact0i.s which 
could account for the observed 
association can be ruled out with 
reasonable confidence, and (3) based on 
statistical analysis, the association has 
been shown unlikely to be due to 
chance. 

b. Categories of human evidence. The 
following categories of evidence from 
human studies have been developed. 

i. Sufficient evidence of 
cercinogenicity in humans. The evidence 
is considered sufficient when all three of 
the above criteria for establishing a 
causal relationship between exposure to 
the agent and development of cancer are 
fully met. Evidence in this category 
would establish that a substance is 
toxic. 

ii. Limited evidence of carcinogenicity 
in humans. The evidence is considered 
limited for establishing a causal 
relationship between exposure to the 
agent and cancer when a causal 
interpretation is credible, but chance, 
bias, or other confounding factors could 
not be ruled out with reasonable 
confidence. Evidence in this category 

would establish that a substance is 
toxic. 

iii. Inadequate evidence of 
carcinogenicity in humans. The evidence 
is considered inadequate when all of the 
above three criteria for establishing a 
causal relationship between exposure to 
the agent and cancer are not met. 
leaving an alternative explanation to be 
equally likely. Evidence in this category 
is insufficient to establish that a 
substance is toxic, but does not imply 
that non-carcinogenicity has been 
proven. 

3. Assessment of Evidence for 
Carcinogenicity in Animals 

a. Relevance of animal data to 
humans. In the absence of adequate 
human data, the next best source of 
evidence of the carcinogenicity of 
chemicals is animal data, which are 
considered relevant to humans for the 
following reasons. (1) Mechanistically, 
an induction of heritable changes in the 
cellular DNA is generally considered to 
be the first and major event in 
carcinogenesis, and DNA is chemically 
similar in humans and animals. (2) 
Several agents, e.g., 4-aminobiphenyl, 
bis (ch1orome:hyl) ether, 
diethylstilbestrol, melphalan, 
methoxalen plus ultraviolet radiation, 
mustard gas and vinyl chloride were 
first found to be carcinogenic in animal 
studies before they were found to be 
carcinogenic in human studies (IARC, 
1987, Suppi. 7, p. 22). (3) Information 
evaluated by IARC shows that, out of 
the 44 agents for which there is 
"sufficient" or "limited" evidence of 
carcinogenicity to humans available, all 
37 agents that have been tested 
adequately were found to produce 
cancer in at least one ariimal species. 
Based on this observation, IARC stated: 
"Although this association can not 
establish that all agents that cause 
cancer in experimental animals also 
cause cancer in humans, nevertheless. in 
the absence of adequate data on 
humans, it is biologicaily plausible and 
prudent to regard agents for which there 
is sufficient evidence (see p. 30) of 
carcinogenicity in experimental animals 
a s  if they presented a carcinogenic risk 
to humans." (IARC, 1987 Suppl. 7 ,  pp. 22 
& 30). 

b. Factors in the consideration of 
animal data. Animal studies to 
determine the carcinogenicity of an 
agent involve both exposure of 
laboratory animals to the agent for a 
long period of time (several months to 
the entire life span) and histopathologic 
examination of the animals at the end of 
the study to detect an exposure-related 
increase in tumor incidence. Criteria for 
assessing the quality and adequacy of 

- 

animal studies have been discussed by 
various groups (OSTP, 1985; National 
Toxicology Prrjgram (NTP], 1984). A 
good animal study (carcinogen 
bioassay) requires consideration of a 
variety of factors. For example: (1) The 
species and strain of animals used in the 
study should have a sufficient historical 
data base; (2) animals should be disease 
free and kept under good housing 
conditions and animal care; (3) the 
number of animals/group/sex should be 
adequate; generally 50 or more animals 
of each sexlgroup should be used; (4) 
animals should be randomly distributed 
in the groups; (5) dose levels selected 
should be adequate; at least one of the 
doses should be close to the maximum 
tolerated dose [MTD): doses in excess of 
the MTD may lead to increased 
mortality excessive toxicity, or other 
unphysiologic conditions not considered 
desirable in a carcinogen bioassay 
(OSTP, 1985, p. 10413, Principle #4, p. 
10376); and (6) exposure duration and 
frequency should be adequate (daily 
exposure by oral or inhalation routes for 
a two-year period is generally used in 
rodents) (NTP, 1984). 

Other factors associated with a good 
animal cancer bioassay or study that 
must be considered in essessing the 
evidence are: (1) Whether data 
collection and reporting are comple!e 
and clear, (2) whether routes, exposure 
patterns, and possible mechanisms of 
cancer induction are relevant to the . 
human situation, e.g., tumor 
development only at the site of 
transplant or injection of a material. or 
bladder tumors in the presence of 
bladder stones (OSTP, 1985, p. 10414: 
Principle # 4, p. 103761, (3) whether 
metabolic-pharmacokinetic properties 
are affected, and whether pathways 
required for activation of the agent to 
produce cancer are lacking in humans; if 
humans do not have the same metabolic 
pathway found necessary in the test 
animal for the carcinogenic effect, the  
evidence may not be relevant to 
humans, (4) results of short-term in vivo 
and in vitro tests provide additional 
information concerning a judgment of 
carcinogenicity of a chemical (OSTP, 
1385, Principle #5, p. 10376), and (5) 
whether the methods used for statistical 
analysis are clearly stated and are 
generally accepted techniques for 
analyzing carcinogen bioassays (!ARC', 
1987, Suppl. 7, p. 26; OSTP. 1985, p. 
10417). 

The confidence in evidence of 
carcinogenicity derived from animal 
studies increases: With an increase in 
the number of responding species, 
strains, sites, dose levels, experiments. 
or unusual tumor types: with the 
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inrrease in the statistical significance of 
increased tumor incidence over con!mls; 
with dose-related increases in the 
proportion of malignant tumors and total 
tumors; and with shorter times between 
the start of chemical exposure and the 
onset of the tumor. 

Benign tumors in experimental 
animals frequently represent a stage in 
the evolution of malignant neoplasms, 
but they may be endpoints that do not 
readily undergo transition to malignancy 
(IARC. 1987. Suppl. 7, p. 23; OSTP, 1985, 
p. 10416). However, if an  agent is found 
to induce only benign neoplasms, it 
should be suspected of being a 
carcinogen and it requires further 
investigation. Consistent with this 
observation is a recent review of over 
300 National Toxicology Program [hV] 
cancer bioassay3 which found only a 
few chemicals (3%) causing only be~lign 
tumors (Hd& 1988). Thus, when benign 
t ~ m o r s  occur together with malignant 
tumors from the same cell type in an 
organ or tissue, the benign tumors 
should be combined with the malignant 
tumors for evaluating the carcinogenic 
effect (OSTP, 1985, principle 8, p. 10376; 
see McConnell et al., 1986 for guidelines 
for combinira benign and malignant 
tumors). 

In evaluating carcinogenicity studies, 
tumor data at sites with high 
backgmund rates, such a s  testicular. 
pituitary, and mammary tumors in 
certain strains of rats and lung and liver 
tumors in certain strains of mice, may 
require special consideration (OSTP, 
1985. p. 10417; principle #9, p. 10377). 
For example, in the case of the male 
B6C3K mouse (which has a high 
background of liver tumors), if the ocly 
tumor respome is the increase in liver 
tumors in males, the evidcnce will 
normally be considered "sufficient" 
evidence of carcinogenicity if the other 
criteria of "sufficient" evidence a s  
outlined in the following section (such 
as, tumor response in another strain, 
species, or experiment) are met. 
1 Iowever, the determination could be 
changed on a case-by-case basis to 
"limited evidence" if the liver response 
clr other high backgrouild response is 
necessary for the ori inal  "sufficient 
evidence" determinat i~~l  but 
considerat~on of certain factors, stated 
b ~ l o w ,  relating to the high background 
r2sponse support such a change. Factors 
t:; be considered are: (1) The tumor 
incidence is increased only in the 
highest dose, andjor on13 at the end of 
the study; (2) the pmportions of 
malignant tumors are not substantially 
increased in a dose-related manner; (3) 
the tumors are predominantly benign; (4) 
shortening of the time to the appearance 

of tumors did not occur in a dose-related 
manner; (5) negative or inconclusive 
results are obtained from a spectrum of 
short-term tests for mutagenic activity; 
and (6) excess tumors are found to occur 
only in a single sex (EPA, 1986). 

c. Cumporison with EPA criteria. The 
guidelines concerning carcinogenicity 
derived fmm evidence from animal 
studies agrees with criteria promulgated 
by EPA, except for the following 
differences. 

i. The "No Data Available" and the 
"No Evidence of Carcinogenic~ty" 
classifications of EPA are not used 
because they are not iiecessary for the 
purpose of assessing the toxicity of 
consumer products. C X C  dces not 
maintain an inventory of chemicals, as  
EPA does for all chemicals in commerce 
[except for drugs, food additives, and 
cosmetics), and therefore such 
categories are not needed. 

ii. An increased incidence of benign 
tumors, with an indication that the 
tumors have the ability to progress to 
malignancy, is included as a 
contributing response in the criteria for 
"sufficient evidence" of carcinogenicity 
Such evidence of carcinogenicity would 
cot be treated this way by EPA's 
criteria. The Commission, after careful 
review of the availab!e studies, has 
concluded that if a benign tumor is 
known to have the potential to progress 
to malignancy, then for all practical 
purposes the turnor should be 
considered to have the same potential 
health risk as  if it is a malignant tumor. 
In addition, benign tl~mors in 
experimental animals frequently 
represent a stage in the evoiution of a 
malignant tumor, as stzted esrlier. 

iii. Increased tumor incidences at 
independent mdtiple sites of origin in 
the same species and btudy are 
considered as separate responses. Scch 
evider.cz would be considered as  a 
single response by the EPA's criteria. 
The Comrnissiali believes that the 
ability of a chemicsl to independently 
produce tumors at multiple sites 
indicates that it has a wide range of 
carcinogenic potential, similar to such 
an indication from responses in multiple 
strains. species, or exjxriments. 

d. Comparison with IARC's cr:teria. 
The cvnsiderat~on of carcinogenicity 
derived from pln~mal studies is also in 
agreement with that formulated by 
IAMC, with the following exceptions. 

i. The "Evidence Suggesting Lack of 
Carcinogenicity" classification is 
deleted since it is not necessary for the 
purpose of determining toxicity. 

ii. According to IARC's criteria. 
increases in incidence rates of certain 
neoplasms that are known to have high 
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background rates could be viewed as  a 
"limited evidence." as opposed to a 
"sufficient evidence," clasuification. 
EPA's criteria, on the other hand. 
provide that such evidence should 
contribute to the "sufficient evidence" 
determination. which could be changed 
to "limited evidence" on a case-by-case 
basis, depending upon the specific 
infomation a s  described above in the 
section dealing with tumor data at sites 
with high background rates (EPA, 1986). 
The Cornmission, after careful review of 
available data, concludes that EPA's 
criteria provide a more tilorough 
analysis of whether the high background 
rate of tumors is confounding the 
observed correlation between exposure 
and tamer. 

iii. An increased incidence of benign 
tumors only, with an indication of the 
ability of the tumors to progress to 
malignancy, would contribute to the 
"liniited evidence" classification by 
IARC's criteria. kiowever, such evidence 
is viewed by the Commission as  a 
coctributing response in the criteria for 
"sufficient evidence" of carcincgenicity. 
for the reasons described above in 
section B.J.c.(ii] discussing how the 
criteria differ froin EPA's classification 
scheme. 

iv. Increased incidence of tumors at 
independent multiple sites of origin in 
the same species and study are treated 
as discussed above in section B.J.c.[iii) 
concerning differences from EPA's 
classification scheme. IARC's approach 
is sirnilor to that of EPA's. 

e. AIVSI definitions. 2129.1 
(1988) did not specify criteria for the 
evidence of carcinogenicity derived 
from animal studies, but it made use of 
arlimal data in its overall definitions of 
carci~ogenicity. 

f. Co tegories of al~imal evidet;ce. 
Based on current infomation, the 
Commission concludes that tbe 
following classifications represent the 
best scientific assessment and are most 
appropriate to classify tile evidence 
derived from animal cancer bioassay 
studies. 

i. Sufficient evidence of 
carcinogenicity in animals. "Suificient 
evidence" of carcinogenicity requires 
that the substance has been tested in 
well-designed and -conducted studies 
(e.g., as conducted by National 
Toxicology Program. or consistent with 
the OSTP guidelines) and has been 
found to elicit a statistically significant 
(p <0.05) exposure-related increase in 
the incidence of malignant tumors, 
combined malignant and benign tumors. 
or benign tumors if there is en indication 
of the ability of such benign tumors to 
progress to malignancy: (a) in one or 
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both sexes of multiple species, strains, 
or sites of independent origin or in 
experiments using different routes of 
iidministration or dose levels: or (b) to 
an unusual degree in a single 
experiment [one species/strain/sex) 
with regard to unusual tumor type, 
unusual tumor site, or early age at  onset 
of the tumor. The presence of positive 
effects in short-term tests, dose- 
response effects data, or structure- 
activity relationships are considered 
additional evidence. If evidence of 
carcinogenicity in animals is sufficient, 
the substance will be considered toxic. 
in the absence of adequate conflicting 
data. 

ii. Limited evidence of carcinogenicity 
in animals. "Limited evidence'kf 
carcinogenicity means that the 
substance has been tested and found to 
cause any of the following: (a) a 
statistically significant (p<0.05) 
exposure-related increase in malignant, 
benign, or combined malignant and 

' benign tumors in one or both sexee of 
only one species, strain, and site and 
such evidence otherwise does not meet 
the criteria defined for "sufficient 
evidence" in the above section; (b) 
evidence derived fmm studies which 
can be interpreted to show positive 
carcinogenic effects but which have 
some qualitative or quantitative 
limitations with respect to particulars. 
such as doses, exposure, followup, 
survival time, number of animals/group, 
or reporting of the data, which would 
prevent consideration of the evidence as 
"sufficient" (category i above): or (c) an 
increase in the incidence of benign 
tumors if there is no indication of the 
ability of the tumors to progress to 
malignancy. If only "limited animal 
data exist for a substance, the substance 
will not be considered toxic under the 
definition on the basis of the limited 
animal data. 

iii. Inadequate evidence of 
carcinogenicity in animals. "Inadequate 
evidence" of carcinogenicity includes 
that evidence which cannot be placed 
into "sufficient" or "limited" categories, 
or which is derived from poorly 
conducted studies with major 
qualitative and quantitative limitations, 
such as inadequate doses, too few 
animals/group, poor survival, or 
inadequate reporting, so that there can 
be no interpretation of the d5ta a s  
showing either the presence or absence 
of a carcinogenic effect. Data in this 
category do not establish a substance as  
toxic. 

C. Neurotoxicity 

1. Introduction. 

This section discusses "neurotoxicitv" 
for purposes of providing guidelines 
concerning neurotoxicitv. The - 
discussion presents a synopsis of 
criteria for the determination of the 
neurotoxicity of substances based on 
animal or human data. All neurotoxic 
effects, except those immediate effects 
which are rapidly and completely 
reversible following a short-term 
exposure, are considered chronic effects 
in the guidelines. 

This discussion reflects the 
Commission's assessment of the most 
current scientific knowledge and 
consensus in this field (WHO, 1988; 
ETA, 1985: Spencer and Schaurnburg, 
1985; Hartman, 1988; OTA, 1990). For 
substances where the available 
evidence does not meet this standard, or 
where there is controversy about how 
the evidence should be evaluated, the 
Commission may proceed by 
rulemaking, a s  provided in section 3(a) 
of the WSA, or by enforcement actions 
on a case-by-case basis to resalve the 
question of whether the substance 
presents sufficient evidence of an ability 
to be neurotoxic in humans that the 
substance should be considered toxic. 

Test methods to determine certain 
neurotoxicity endpoints (manifestation 
of a neurotoxicological effect) are 
available (Anger, 1985,1988,198$ Baker, 
et a/., 1990: Johnson and Anger, 1983; 
Hartman, 1988; Tilson, 1989, EFA, 1985; 
WHO, 1988). Several federal agencies 
regulating toxic substances and drugs 
have guidelines to evaluate 
neurotoxicity a s  a part of acute and 
chronic toxicity testing and safety 
evaluation. The EPA has published 
neurotoxicity test guidelines (EPA. 19851 
and is currently developing 
neurotoxicity risk assessment 
guidelines. 

The U.S. National Institute of 
Occupational Safety and Health 
(NIOSH) has recommended national 
strategies for the prevention of 
neurotoxic disorders (NIOSH, 1988). 
NIOSH has listed 65 historically 
established human neurotoxic agents, 
major sources of exposure to them, 
neurotoxic effects associated with 
various agents, and chemicals for which 
neurobehavioral effects have been 
reported. 

Evidence of neurotoxicity Is evaluated 
by the quality and adequacy of the data 
and consistency of responees induced 
by a suspect neurotoxicant. Criteria to 
evaluate evidence derived from human 
and animal neurotoxici.ty data and the 
associated terminology outlined in the 

following sections are based on those of 
the World Health Organization (WHO), 
NTP, EPA, and NIOSH. 

Evidence for neurotoxicity comes 
largely from human studies and animal 
studies. The guidelines would evaluate 
the toxicity of a substance on the basis 
of potential neurotoxicity based on 
available human and animal data. 
Under the guidelines, substances would 
be considered to be toxic if "sufficient 
evidence" or "limited evidence" exists 
to demonstrate neurotoxicity from 
studies in humans. In addition, those 
substances for which there is "sufficient 
evidence" of neurotoxicity in animals 
are considered toxic except that 
evidence derived from animal studies 
that has been shown not to be relevant 
to humans is not included. 

The criteria in these guidelines are not 
intended to be mechanically applied, but 
rather should be interpreted with the 
exercise of expert technical judgment. 

a. Definition of neurotoxicity. 
Neurotoxicity is any adverse effect on 
the structure or function of the nervous 
system by any substance, physical, 
chemical or biological in nature. The 
term "adverse effect" a s  used here 
means any undesirable effect on the 
nervous system caused by direct or 
indirect actions on the nervous system 
following acute, subchronic, or chronic 
exposures. The effect may be immediate 
or delayed, reversible or irreversible. 

Characteristics of "adverse effects" 
include the following: (1) Side effects 
(unwanted effects] or effects due to 
overdosing; (2) functional or structural 
responses in the nervous system that 
promote compensation to restore normal 
function; or (3) any alteration from 
baseline (the individual1$ particular 
normal state), although still within 
"normal" range, which may diminish the 
ability to survive, undergo repair, or 
adapt to the environment. This 
definition includes chemicals that act 
directly on elements within the nervous 
system, such as  glutamate which 
directly stimulates receptors, or 
indirectly, such as carbon monoxide 
which decreases the availability of 
oxygen. 

"Adverse effects" must be considered 
within the context of agent usage and 
exposure scenario (ICON, 1990). 

b. The nervous system: Background 
and definition. Effects on the nervous 
system will be considered in relation to 
the two major anatomical divisions: 
central and peripheral. The central 
nervous system consists of the parts of 
the nervous system contained within the 
skull (brain) and the vertebral column 
(spinal cord). The peripheral nervous 
system consists of nerve cells (neurons) 
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and their processes [axons, dendrites) not complete. Some chemicals, (reception of information given by 
which conduct information between especially the lipid soluble type, may sensory nerve terminals concerning 
muscles, glands, sense organs, and the still cross the barrier. Another mode of movements and position of the body; it 
spinal cord and brain. The peripheral entry of chemicals is by uptake into occurs chiefly in the muscles, tendons. 
nervous system includes afferent peripheral nerve terminals. The and the labyrinth). 
(sensory) and efferent (motor) fibers; chemical is then transported to the cell Common signs and symptoms of 
both types of fibers are represented in bodies in the CNS through the axon. cognitive effects include effects upon 
the components of the nervous system Parts of the nervous system such as  short-term memory, learning, verbal and 
(WHO. 1986). neurons of the autonomic nervous non-verbal long-term memory, problem 

Basic cellular elements of the nervous system and the sensory ganglia, certain solving, attentional and arousal 
system are neurons, glial cells parts of the brain (e.g., near the decrement and vigilance disturbances. 
associated with blood vessels, and other beginning of the spinal cord), and to a Common signs and symptoms of 
specizlized epethelial and connective limited extent, the retina in the eye, are ,,tor effects are muscle weakness, 
tissue cells (WHO, 1986). Neurons outside the blood-brain barrier and are body posture or gait, 
contain multiple short processes, called likely to be more exposed to neurotoxic paralysis, spasticity, rigidity, tremor, 
dendrites, which receive information chemicals than are other parts (WHO, dystonia (abnormal muscle tone), 
from other nerve cells. and a single long 1986). incoordination, hyperactivity, 
axon that conducts electrical signals to Some other factors that may influence myoclonus (alternate cycles of rigidity 
other neurons and muscles, and to and susceptibility to effects are the size and and spasm in rapid succession of a 
from skin, muscles, and glands. The type of the nervous system cell, the level muscle or of a group of 
axon terminates at a synapse where and type of the various fasciculations (spontaneous 
chemically-encoded information is neurotransmitters in different regions of contractions of a number of muscle 
conveyed to neurons or muscles. Glial the nervous system, the integrity of ftbers supplied by a single motor nerve 
cells in the central nervous system cellular membranes, the type of filament), cramps, seizures, and 
comprise the supporting structure of intracellular organelles, and the degree convulsions. 
nervous tissue. of vascularity (Baker, et ol., 19901. For Common signs and symptoms of Neurons are atypical cells because the example, a poorly vascularized (i.e., has autonomic are abnormalities in dendrites and the axon are fewer vessels1 nervous tissue, such as  control of functions related to metabolically inactive and collectively the globus pallidus, is likely to be more temperature that may be manifested, for are much larger than the cell body susceptible to hypoxia [abnormal example, in sweating; (b] the (somata), which alone is responsible for condition resulting from decrease in gastrointestinal tract that may be shown all the metabolic activity required for oxygen supplied to or used by body in diarrhea, salivation, or a change in maintenance of the entire cell (WHO, tissue] than a more vascularized tissue appetite; [cl the cardiovascular system, 1986). The structure of ne.urons provides of the nervous system, such as  the for example, a change in heart rate; and an enormous surface area for chemical cerebral cortex. However, in some cases changes in other functions, such as, exposure, and consequently, chemical where cells have a high requirement for urination, sexual functions, and injury. For example, a peripheral neuron oxygen, they may be more sensitive to 
located in the lumbar portion of the hypoxia in spite of the high lacrimation (tearing). 

spinal cord and innervating a muscle in vascularization than less vascularized pathophysiological effects 
the foot is abotit a meter long and tissue having a low requirement for on the nervous system are as follows: 
contains a long column of cytoplasm. oxygen. For example, neurons of the (a] NeumnOpathies [partial Or 

Some chemicals may interfere in the grey matter of the cerebral cortex are loss the neurOnal its 
maintenance of this cytoplasm column more vascularized than the myelinated Processes* Or terminations); 
by, for example, interrupting axons of the cerebral white matter. (b) rnyelinopathies (segmental or focal 
transportation of nerve impulses along However, the neurons are more demyelination which means destruction 
the axon. In this way a chemical such as  sensitive than the axons to hypoxia of myelin, a fatlike substance forming a 
n-hexane, and n-methylbutyl ketone because they have a higher requirement sheath around certain nerve fibers]; (c) 
may affect the nervous system. for oxygen than the axons for axonopathies (axonal degeneration]: [d) 
Chemicals such as  triethyl tin may metabolism. disruptions in synaptic transmission 
induce changes in the metabolic system c. fvfanifestatjons of neurotoxicity. (synthesis* storage7 degradation* 
of the somata, which may then cause Corm-non manifestations of neurotoxicity transport, release, and binding to 
degenerative changes in the entire may be categorized into four types: specific membrane receptors of 
~ e u r o n .  A chemical such as triethyl tin. sensory effects, motor effects, neurotransmitter chemicalsj; [e) changes 
hexachlorophene, or lead, may alter autonomic effects, and in levels and functions of ion channels 
myelinating cells (myelin is a fatlike pathophysiological effects (changes to (sodium and potassium ions responsible 
substance forming a sheath around the structure and function of nerve cells for depolarizing and repolarizing the 
certain nerve fibers), cytoplasmic and tissue]. membrane respectively) and changes in 
processes, or the myelin sheath, thereby Commo~. signs and symptoms of related enzymes such as  neurotoxic 
causing neurotoxic effects. Intracellular sensory effects include anxiety, esterases. 
elements of intraneural blood vessels irritability, apathy, lethargy, attention 2. Evidence of ~ e u r o t o x ~ c ~ t y ~  ~~~~~~l 
may be altered by chemicals such as  difficulty, illusion, delusion. Discussion lead and misonidazole. Secondary hallucinations, dementia [mental 
changes may then occur in other tissues, deterioration), depression, euphoria, Evidence of neurotoxicity is derived 
such as voluntary muscles (WHO. 1986). siupor (partial or nearly complete from toxicological studies related to 

Several means exist for chemicals to unconsciousness), and coma. Other neurobehavior, neurochemistry, 
enter the nervous system. Although the signs and symptoms of sensory effects neuropathophysiology. and 
nervous system is largely protected from are abnormalities of (a) smell, vision, neurodevelopment in humans and in 
chemicals entering into nerve cells taste, hearing, skin senses (for example, animals. Major objectives of a 
through blood, the blood-brain barrier is numbness, pain); (b) proprioception neurotoxicity study are to detect and 
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characterize toxicity endpoints. identify 
changes in the structure and function of 
the nervous system, characterize the 
changes associated with exposure, 
assess the existence of any dose-time- 
response association, and elucidate the 
niechanism of neurotoxicity (Hartman, 
1988; WHO, 19M). 

Neurobehavioral studies determine 
the effect of a chemical exposure based 
on observations of the behavioral 
functions of the subject. Some of the 
behavioral functions generally tested in 
these studies are motor speed and 
steadiness, attention/response speed, 
manual dexterity, visual perception/ 
memory, auditory memory, verbal 
abilities, attention/vigilance, profiles of 
rnood state, and respondent and operant 
behavior. 

Neurochemical studies determine the 
effect of chemical exposure on changes 
in the level, activity, and pattern of 
neurotransmitter chemicals, such as 
acetylcholine, noradrenaline, dopamine, 
glycine, serotonin, and of enzymes like 
neurotoxic esterases. 

Neuropathophysiolgical studies 
determine the effect of chemical 
exposure on the structure and function 
of the nerve tissues. Observed effects 
and types of studies include: (1) 
Degeneration. or demvelination of nerve 
tissues; (2) encephaloiraphy (electrical 
activitv measurements of the brainl: 131 
evoke8 potential (electrical 
evoked in the brain by external activity 
such as auditory, visual, or 
somatosensory stimuli); (4) 
electromyography [recording electrical 
activity from a muscle); (5) 
electroneurography [measurement of 
both motor and sensory nerve 
conduction velocities]; (6) temperature 
threshold; and (71 quantitative testing 
for cutaneous (skin] sensation. 

Developmental neurotoxicity studies 
are concerned with adverse effects on 
the structure of the nervous system or 
on neurobehavioral functions related to 
physical growth and development (Wier, 
et of.. 1989J. 

Several major difficulties in 
determining neurotoxicity of chemicals 
exist. Problems may arise regarding the 
ability of the nervous system to conform 
with the immediate environment, due to 
the scientific community's incomplete 
understanding of the neurotoxic effects, 
due to interspecies differences in 
structure and complexity of functions, 
and due to a very wide range of normal 
ceurological and physiological functions 
of the nervous system which can mask 
the ability to observe effects due to 
chemical exposure. Suitable methods 
are unavailable to detect changes with a 
reasonable degree of certainty in 
adaptive capacity of the nervous 

system, in homeostatic functioning, as 
well as in movement pattern, fatigue. 
and the ability to perform complex 
tasks. It is, therefore, clear that a single 
test may not suffice to detect 
neurotoxicity (WHO. 1986). 

Evidence for neurotoxicity comes 
from two sources, namely, studies in 
humans and studies in animals. Results 
from these studies are evaluated in view 
cf the available infomation on 
histopathology [changes in tissues), 
enzyme inhibition, metabolism, and 
other relevant toxicological data to 
determine if there is a causal 
association between exposure to a 
chemical and neurotoxicity. 

3. Evidence of Neurotoxicity Derived 
From Studies in Humans 

a. Discussion. Direct evidence of 
human neurotoxicity comes from 
observations of humans. A good quality 
human study should have a clear and 
detailed description of the studied 
population, disease, and exposure. A 
neurotoxicant can produce more than 
one neurotoxic effect including those 
related to sensory, motor, learning1 
memory, or mood activity. The history of 
occurrence of the effect should be 
relatively complete, and past events 
should be substantiated by medical 
records if possible. The design of the 
study should have dealt with bias and 
confounding factors that can influence 
the risk of disease by matching, or in the 
analysis by statistical adjustments. The 
study should describe the determination 
of statistical parameters, such as 
relative risk, odds ratio, absolute 
disease rate, confidence intervals. 
significance tests, and adjustments 
made for confounding factors. It should 
also describe the selection and 
characterization of exposed and control 
populations, size of the population 
groups, adequacy of duration, 
completeness, and quality of follow up. 
A catisal association is strengthened by 
the observation of a dose-response 
relationship, consistency and 
reproducibility of results, strength and 
specificity of the association. and an 
established mechanism of action. 

The evaluation of human 
neurotcxicity studies should consider 
many factors including: Age, sex, 
socioeconomic status, health. 
neurological disorders and other 
diseases, drug treatment history, 
recreational drug use, motivation of the 
test and reference groups, life style 
(alcohol, smoking, etc.), education level. 
individual levels of alertness, emotional 
state, and levels of sleep and fatigue. 
Tests should be blind and test sites free 
from distractions. Confounding factors 
to be considered in evaluation of these 

studies include allergic and 
idiosyncratic reactions. Other complex 
issues to be considered are: immediate 
versus delayed toxicity, reversible 
versus irreversible effects, local versus 
systemic effects, acute versus chronic 
effects, and tolerance development 
(tiartman, 1988; OTA, 1990; Anger, 1989; 
Jonson and Anger. 1983; Hooper, 1987). 

Major difficulties encountered in 
studies in humans are the delayed 
neurotoxic effects, exposures to 
mixtures of chemicals, and the lack of 
information on the effects of acutely 
non-toxic low-dose levels of 
neurotoxicants over a long period of 
time. 

b. Evidence of neurotoxicity derived 
from studies in humans. Since 
neurotoxic effects are very complex and 
often subtle in nature, scientific 
judgment is necessary in classifying the 
evidence. The confidence in evidence of 
neurotoxicity derived from human 
studies increases with the observation 
of a dose-response relationship, 
consistency and reproducibility of 
results, strength and specificity of the 
association, and conformance with an 
established mechanism of action. 

i. Sufficient evidence of neurotoxicity. 
"Sufficient evidence" for a causal 
association between exposure to a 
chemical and neurotoxicity is 
considered to be present when the 
fellowing four criteria are met. (1) A 
consistent pattern of neurological 
dysfunctjon is observed in multiple 
studies. (2) The adverse effects/lesions 
in the nervous system account for the 
neurobehavioral dysfunction with a 
reasonable degree of certainty. (3) All 
idcniifiatlie bias and confounding 
factors sre discounted after 
co;!sidr.ratinn. (4) Based on statistical 
an?  Iv~~ i s ,  ihe association has been 
shown unlikely to be due to chance with 
reasonable certainty. 

11. limited evidence of neurotoxicity. 
" L l n ~ i : ~ d  evidence" of neurotoxicity 
means that evidence is less than 
convi:~cing, i.e , one of the above 
"sufii~ient evidence" criteria for 
establishing a causal association is not 
met. Thus, uncertainties exist in 
establishing the association between 
exposure to a chemical and the 
neurotoxic effect. 

iii. Inadequate evidence of 
neurotoxicity. "Inadequate evidence" of 
neurotoxicity means that evidence does 
not meet the criteria of the above two 
categories and that no interpretation of 
the data shows either the presence or 
absence of a chemical exposure-related 
neurotoxic effect. 
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4. Evidence of Neurotoxicity Derived caused by repeated exposures have the depression of the lever results in 
From Studies in Animals reached a threshold limit]; and (51 if presentation of food, then the 

a. General considerations. In the circadian rhythms may influence consequence of the behavior (pressing 
absence of human data, the next best behavior, such as, feeding, drinking, the lever and presentation of food) 
source of evidence of neurotoxicity is and mating 19ffi]. comes to control the occurrence of the 
animal data which may be considered b. Categories of neurotoxicity studies. response. 
relevant to humans for the following Six Common representative categories of Common neurobehavioral studies 
reasons: (1) Anatomy, physiology, neurotoxicity studies, with a few include detection and evaluation of 
histology, and biochemistry of the examples of test methods in each changes in the following neurotoxicity 
nervous system in humans and category, to determine various endpoints: cognitive functions; eating 
mammals are essentially similar; (2) neurotoxicity endpoints are listed and drinking behavior; social behavior 
chemical agents first found to be below. involving two or more individuals; 
neurotoxic in humans, such a s  i. Neurobehavioral studies are tremors, convulsions [threshold dose of 
methylmercury, carbon disulfide, n- concerned with adverse effects of a convulsants is considered in view of 
hexane, methyl ethyl ketone, methyl chemical on the behavior of an other unrelated toxicity), ataxia (effects 
butyl ketone, and dichloroacetaldehyde organism. Behavior may be defined as  on muscular coordination), paralysis. 
are also neurotoxic in animals; and (3) movement of an organism or its parts lacrimation, and the presence and 
agents, like and pyridoxin within contexts pertaining to time and absence of certain reflexes; spontaneous 
phosphate (vitamin Be), first identified space. Behavioral responses typically motor activity; motor functions; and 
in animal studies a s  neurotoxic were have been divided into three types sensory processes. 
later found to be neurotoxic in humans based on the functional relations that ii. Neurophysiological studies 
(WHO, 1986). In neurotoxicity studies, control their occurrence [WHO, 1986). basically measure various physiological 
animals are dosed acutely, These three types are respondent functions; such as, (1) nerve conduction 
subchronically, or chronically. behavior, operant behavior, and mixed velocity, (2) peripheral nerve terminal 
Neurotoxicity endpoints are studied behavior. function, (3) electromyographic activity. 
using different test methodologies Respondent behavior is controlled (4) spinal reflex excitability, (5) 
designed either to screen or investigate mainly or exclusively by the prior electrocardiographic activity (EKG]: (61 
a mechanism of action of neurotoxicity, occurrence of an  event (stimulus) in the blood pressure, (71 
or to gather additional data. environment. The events are referred to electroencephalographic activity (EEG), 

Criteria for assessing quality and as  eliciting stimuli. A classic example of (81 general excitability. (9) convulsive 
adequacy of animal studies have been unconditioned respondent behavior is a activity, (101 stimulation of the cerebral 
discussed by various groups (WHO, dog's salivation when food, an  motor cortex, (11) recovery functions, 
1986; EPA, 1985; Hartman, 1988; Tilson, unconditioned stimulus, is placed in the (121 cognitive functions, and (131 
1987,1989; OTA, 1990). The major dog's mouth. synaptic and membrane activity. 
factors indicative of a good quality Operant behavior is apparent iii. Morphological studies assess 
animal study are the following. (I) exclusively from its consequences and is structural changes in neural and non- 
Species, sex, age, health, housing also referred to as emitted behavior. neural cells of the nervous system. Such 
conditions, and nutrition of the animals Operant behavior occurs with no known changes may include: (1) The 
are suitable for the test. (2) The number observable eliciting stimulus. For accumulation, proliferation, or 
of animals/group/sex are adequate. (3) example, when an animal is exposed to rearrangement of structural elements 
Animals are randomly distributed in the a novel environment, it will show a like intermediate filaments, 
groups. (4) Dose levels, duration, and characteristic pattern of exploratory microtubules, or organelles (e.g., 
frequency selected are adequate to activity initially, followed by a mitochondria, lysosomes); (2) the 
detect the adverse neurotoxic effects. (5) slowdown. The environment is not an degeneration of neural cells in whole or 
Data collection and reporting are eliciting stimulus. However, the motor in part; (3) gross changes in morphology 
complete and clear. (6) Routes and activity is associated with the of cells; (4) changes in brain weight; (51 
exposure pattern are relevant to the environment. discoloration of and hemorrhage in 
human situation. (7) Test methods used Some behavior, known as mixed nerve tissue; and (6) changes in glial and 
for statistical analysis are appropriate, behavior, is known to have both fibrillary acidic protein (GFAP). 
clearly stated, and are the generally respondent and operant components. iv. Biochemical and endocrinological 
accepted techniques for analyzing For example, bird pecks are controlled studies may include determination of 
neurotoxicity studies (WHO, 1986; EPA, partly by eliciting stimuli and partly by changes in: (1) RNA. DNA, and protein 
1985; Hartman, 1988; Tilson, 1989; OTA, response consequences. synthesis in nerve cells; (2) enzyme 
1990). Both respondent and operant levels; (3) lipids, glycolipids, and 

A good quality animal study requires behaviors may be modified by the glycoproteins synthesis; (4) synthesis, 
consideration of reliability, sensitivity, conditioning (learning) process. For uptake, release, reuptake, metabolism. 
and validity of the results (Vorhees, example, when food (a non-conditioning stimulation and inhibition of acetyl 
1987). Interpretation of neurotoxicity stimulus) is placed in a dog's mouth only choline, epinephrine, serotonin and 
data should consider: (1) If the after a special note is sounded [a other neurotransmitters; (5) ion channels 
neurotoxic effects are caused by a single conditioning stimulus] and the and energy metabolism; (6) anterior 
dose (such as  cholinesterase inhibitors procedure is repeated for some time, the pituitary hormones, e.g., follicle 
and pyrethrins); (2) if effects are sound of the note alone starts inducing stimulating hormone, thyrotropic 
reversible or irreversible (reversible salivation, without placing food in the hormone, hypothalamic control of 
effects may indicate compensation or dog's mouth: a conditioned respondent pituitary secretions; and (7) peripheral 
adaptation rather than a simple acute behavior. A conditioned operant metabolism of endocrine secretions. 
effect]; (3) if neurotoxicity is delayed; (4) behavior occurs, for example, when a v. Developmental neurotoxicity 
if a threshold exists (effects may appear food-deprived rat is placed in a chamber studies consist of a battery of tests to 
only after changes in the nervous system with a food dispenser and a lever, and evaluate physical growth/ 
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developmental and neurobehavioral to humans is not included. Such current scientific knowledge and 
functions. The tests given at the evidence would result, for example, consensus in this field. 

- preweaning stage, for example, may when there was an identified The intent of the guidelines is to 
include measuring brain weight and pup mechanism of action for a chemical that incorporate those areas in which there is 
weight, and monitoring physical causes neurotoxicity in animals that has a substantial consensus as  to the 
development at various intervals of been shown not to apply to the human evidence needed to support a conclusion 
time. Examples of the tests given at the situation. For example, metabolic- that a substance is a likely human 
postweaning stage are tests of sensory pharmacokinetic properties concerning developmental or reproductive toxicant. 
and neuromuscular functions, reactivity, the need for activation of the agent to For substances where there is 
problem solving. and neuroendocrine produce neurotoxicity may come into controversy about how the evidence 
functions. (Wier, et a1 1989). Neurotoxic play. If humans do not have the same should be evaluated, the Commission 
agents may cause qualitatively different metabolic pathway found necessary in may proceed by rulemaking, as  provided 
toxicity syndromes in developing the test animal for the neurotoxic effect, in section 3(a) of the FHSA, or by 
animals than in adult animals. then the study may not be relevant to enforcement actions on a case-by-case 

vi. In vitro neurotoxicity studies may humans. basis to resolve the question of whether 
be used to support the animal studies. ii. Limited evidence of neurotoxicity. the substance presents sufficient 
However, they are not considered "Limited evidence" of neurotoxicity evidence of an ability to produce 
adequate by themselves to classify means that the substance has been developmental or reproductive toxicity 
neurotoxicants. These studies generally tested and tl) found to cause a in humans so that the substance should 
use primary cell cultures of various statistically significant (p <0.05) be considered toxic. 

such as increase in a neurotoxic effect in one or Evidence for developmental or 
neurons, rodent fetal cells, and both sexes of only one species, strain, reproductive toxicity largely comes from 
cerebellar cells. The studies may also and experiment and such evidence two sources: Human studies use free-living soil nematodes, e. g., otherwise does not meet the criteria (epidemiology) and animal studies. 
caenorhabditis e1egans9 and various defined for "sufficient evidence" above; Results from these studies are microorganisms (Harvey, 1988; 
Reinhartz, et a]., 1987; Davenport et al., or (2) evidence derived from studies supplemented with available 

1989; Williams, eta]., 1987). which can be interpreted to show information from short-term tests, 

vii. Other studies may include studies positive neurotoxic effects, but have pharmacokinetics, and other relevant 

dealing with pharmacokinetics, blood- some qualitative or quantitative toxicological data. The guidelines issued 

brain barrier, bioavailability, and limitations with respect to particulars, by the Commission evaluate the toxicity 

structure-activity relationships. e.g., doses, exposure, follow-up, number of a substance on the basis of 

c. Classification of neurotoxicity of a n i m a l ~ / ~ r o u ~ ,  and reporting of the developmental or reproductive toxicity 
evidence derived from studies in data, which would prevent classification based on human and animal data. Under 

animals, B~~~~~~ of the complex and of the evidence as  "sufficient" in the the guidelines, substances would be 
often subtle nature of the neurotoxic considered to be toxic if "sufficient 
effects, scientific judgment is necessary iii. Inadequate evidence of evidence" or "limited evidence" exists 
in classifying neurotoxicity evidence. neurotoxicity. "Inadequate evidence" of to demonstrate developmental or 

The confidence in evidence of neurotoxicity means that evidence does reproductive toxicity from studies in 
neurotoxicity derived from animal not meet the criteria of the above humans. In addition, those substances 
studies increases (becomes convincing) categories and that there can be no for which there is "sufficient evidence" 
with (1) an increase in the number of interpretation of the data as showing of developmental or reproductive 
responding species, strains, dose-levels, either the presence or absence of a toxicity in animals are considered toxic. 
experiments, severity and multiplicity of chemical exposure-related neurotoxic except that evidence derived from 
effects; (2) the observation of a dose- effect. Data in this category would not animal studies that has been shown not 
response relationship, consistency and establish a substance as toxic under the to be relevant to humans is not inc1uded- 
reproducibility of results, and specificity guidelines. As noted above, it will be necessary 
and strength of the association; (3) to continue to rely on rulemaking under 
supportive in vitro and other studies; D. Reproductive and Developmental section 3(a) of the ~ S A ,  or on 
and (4) an increase in statistical Toxicity enforcement actions, to resolve 

significance of neurotoxic effects over I. Introduction uncertainties that are not addressed by 
controls. these guidelines. In this regard, the 

1. Sufficient evidence of neurotoxicity. a. General discussion. This section Commission notes that the criteria 
"Sufficient evidence" for a causal discusses the guidelines concerning stated in the p~idelines do not lend 
association between exposure to a reproductive and developmental themselves to unambiguous application. 
chemical and neurotoxicity means that toxicity. Section 2(g) of the m S A  A number of the criteria include 
(1) the substance has been tested in defines toxic as  applying "to any Btatements that themselves can be 
well-designed and -conducted studies substance (other than a radioactive interpreted only by the exercise of 
(e.g., NTPs neurobehavioral test substance) which has the capacity to expert technical judgment. For example, 
battery, Tilson 1989; EPA's neurotoxicity produce personal injury or illness to one of the factors stated below for 
test guidelines, EPA. 1985), and (2) the man through ingestion, inhalation, or determining that an epidemiological 
substance has been found to elicit a absorption through any body surface." study shows a causal relationship 
statistically significant (p <0.05) 15 U.S.C. 1261(g). between exposure to an agent and 
increase in any neurotoxic effect in one The Commission is issuing these developmental or reproductive toxicity 
or both sexes of multiple species, guidelines to specify criteria that will is that confounding factors such as  
strains, or experiments using different offer consistent guidance for identifying socioeconomic status, age, smoking. 
routes of administration and dose-levels. developmental or reproductive alcohol consumption, drug use, 

Evidence derived from animal studies toxicants. This guidance reflects the environmental or occupational 
that has been shown not to be relevant Commission's assessment of the most exposure, and other diseases should be 
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adjusted fa .  Expert technical judgment structural &mrmalitles, 431 altered hormoAes which cc;rahl growth and 
is required to identify possibk growth 143 f u n c b d  deficiencies, and functions od many organs oE the body 
confounding fadom and to evaluate (5) behavioral deficiencies. including the testis in males and the 
whether the available data are  adequate E m b r p  Developing young in the ovary in females. 
to eliminate such factars a s  causes of human uterus before eight weeks. The Postnatal: After birth. 
the oberved association h some time period varies ban one species to Prenatal: Befwe bid. 
instances, this will not be another in animals. Progesterone: An ovaxian hormone 
straightforward. The guiddines will not Embly~toxicit% Any toxic effect on primadly s e s ~ ~ ~ i &  for the 
resolve such conkouersy. and it may be the embryo as a r e d t  of prenatal maintenonde d pregnancy. 
appropriate for the Commission to exposure. These include malformations, p m t a k  ba -mw wx d a n d  
conduct rulemaking to resolve the altered growth and  in utero death. which secretes a part of semen. 
controversy or bring enforcement &ididymis: The elongated cordlike Seminal plug: A wax like material 
actions in which tbe toxicity of the structlure along the pasterior border of found in tfre ~slgina dhe female 
substance would be established on a the testis, containing ducts in which rodents approxiiraately 12-24 hours after 
case-by-case basis. sperm are stored. successid mating. 

Although there are many difficult Estrogen: A female sex hormone SemimI vesih: An accessory male 
issues related to the interpretation of secreted by the ovary. sex gland which secretes a part of 
developmental or reproductive toxicity Estrous r y c l ~  The cyde of changes in semen. 
studies in animals and humans, criteria the female genital tract oflower Spenn: The male reproductive celi. 
for defining developmental or mammals, which are produced as  a Teratogen: Am agent o r  factor that 
reproductive toxicity have been result of ovarian hormonal activity. It is he p ~ U C t i o n  a s t m r a l  
established by several groups, such as equivalent to the menstrnal cycle in defect in the d*ing embryo or fms. 
the Food and Drug Administration humans and other primates. 
(FDA), the EPA, and the European 

Testis: The wale gonad. 
Femcle reproductive toxicant: An 

Economic Community W C J .  The Testsstemm: The maie sex hormone agent which can adversely affect the secreted by testis. Commission also believes that this ability of a sexually mature female to 
approach for defining known or Variation: A structural deviation that produce normal offiprhg. 
potential dwdopmental a r  reproductive Fertility: The capacity to conceive or may not aherse ly  affect survival, 

toxicants in cvnsumer pmducts is induce conception. development. o r  function. 

appropriate a d  feasible. The evidemce Fertilization: The fusion of a sperm 2. Identif cation of Developmental and 
of develspmenral or  reproductive with an  ovum resulting in the formation Reproductive Toxicity Hazards from 
toxicity is determined by the quality a d  of a zygote. Studies in Humans 
adequacy of the data and the Fetotomcity: Any toxic effect on the 
consistency of responses induced by a fetus a s  a result of prenatal exposure. a. Discussion. Good epidemidogic 

studies provide the most devarr t  suspect developmental or reproduc:ive These include malformations, altered for assessing human risk. toxicant. growth and in utero death. 
The following paragraphs describe Fetus: Developing young in the human Epidemiologic data are obtained from 

definitions and terminology used in this uterus after eight m e h .  The t h e  occupational, environmental, 

section a d  suggest guidelines for period varies from species to species in therapeutic. or consumer exposure to a 

identification and dassification of animals. substance. A positive good quality 
reprtxhctive and developmental F ~ I I ; ~ ~ ~  ~ t ; ~ ~ l ~ k j ~ ~  fiormone (FSH): meet the 
toxicants These guidelines may be used A pituitary hormone responsible for the foliowing criteria [EPA, 1988a; EPA, 

as a basis for labeling of consumer development of ova and production of 1988b; EPA, 1989): (11 There should be 
produrh under h e  FHSA. estrogen in females, end the no identifiable bias which can be 

ab. Defhitions ond terminology. For development of =miiferous tubules introduced through a faulty design of the 
these guidelines, the fallowing and production of sperms in males. experiment. For example, if hospital 
definitions and terminology will be used. Gonad: An ovary or testis. records are used, embryonic or early 
Some of these definitions were adapted Implantation: Attachment of the fetal loss may b e  underestimated since 
from EPA (1988aJ, EPA [2988b), EPA blastocyst to the epithelial lining of the are necessarii~ hospitaiized 
(1989). and the Medical Dictionary by uterus. for these autcomes. These parameters 
Saunders (1x5). Luteinizing Hormone (LH): A pituitary may be better ascertained by 

A!t~redgrowth: An alteration in hormone responsible for ovulation, interviews. (2) Confounding factors such 
offspring organ or MY weight or size. development of corpus .luteurn, and as  socioeconomic statiis, age, smoking, 

Biastocyst: A stfucture resulting from production of progesterone ifi the alcohol consumption, drug use, 
the repeated divisions of the fertilized females, and production of testosterone environmental or occupational 
ovum. in males. exposure, and other diseases should be 

Conceptus. The whole product of Male reproductive toxicant: An agent adjusted for. (3) The association 
conception at any stage of development which can aifect the ability of between a n  endpoint and a causal factor 
fram fertilization of ovum to birth. a sexllally mature male to produce should not be due to chance; there must 

Dcr~elopmental bxjcity: Adverse normal offspring. be a statistically significant association. 
effects on the developing organism that Malf0mntion: A permanent structural b. Categories of human evidence. The 
may result from its eFposure during change that may adversely affect following categories of evidence from 
prenatal development, or ~ o s t m t a l l ~  to survival, development, or function. human studies have been developed. 
the time of sexual maturation. The Neonate: Newborn. i. Sufficient evidence of 
adverse developmental effects may be Ova: Plural of ovum. developmental or reproductive toxicity 
detected at  any point in the life spanaf Ovary: The female gonad. in humans. The evidence for a substance 
tlie organism. The major manifestations Ovum: The female reproductive cell. causing an adverse reproductive or 
of developmental toxicity include: (1) Pituitaryglond A gland which is developmental effect(s) is considered 
Death of the developing organism. (2) located in the brain and secretes many sufficient when i' is based on good 
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quality human epidemiology which 
meets all the requirements stated in the 
above discussion of human studies: the 
results are statistically significant and 
without identifiable bias or confounding 
factors. 

ii. Limited evidence of developmental 
or reproductive toxicity in humans. The 
evidence for a substance causing an 
adverse reproductive or developmental 
effect(s) is considered limited when the 
human epidemiology meets the criteria 
for sufficient evidence except that it 
lacks one of the criteria described in the 
above discussion of human studies. 
Thus, evidence is limited when 
statistical significance is borderline as 
opposed to clear-cut, there is a source of 
bias, or there are confounding factors 
that have not been or cannot be 
corrected for. 

iii. Inadequate evidence of 
developmental or reproductive toxicity 
in humans.The evidence is considered 
inadequate when more than one of the 
above criteria for establishing a causal 
association between exposure to the 
agent and reproductive or 
developmental effects are not met, 
leaving an alternative explanation to be 
equally likely. 

3. Identification of Developmental and 
Reproductive Toxicity Hazards from 
Studies in Animals 

Although human data are most 
relevant for predicting human hazard, in 
its absence animal information becomes 
a valuable tool for predicting effects in 
humans. Many chemicals which are 
reproductive and developmental 
toxicants in humans have been shown 
to produce similar effects in animals 
(Council on Environmental Quality 
(CEQ). 1981). Some examples are 
alcohol, busulfan, chlorobiphenyls, 
diethylstilbestrol, isotretinoins, organic 
mercury, thalidomide, valproic acid, 
aminopterin, lead, ethylenedibromide. 
kepone, and carbondisulfide (CEQ, 1981: 
EPA, 1989). In a review by FDA (1980) of 
38 compounds known to be associated 
with birth defects in humans, 37 were 
found to produce similar effects in at 
least one species of animals (45 FR 
69,823). In another review of the data of 
the teratologic potential of 203 
chemicals by FDA (19801, FDA stated: 
"it is reasonable to conclude that 
positive animal teratology studies are at 
least suggestive of potential human 
response." (45 FR 89.824). In addition. 
Wilson (1977) has described the 
mechanism(s) and pathways which 
could be applicable to both humans and 
animals in the initiation and 
development of birth defects. 

a. Study protocols for studying 
developmentol and reproductive 
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toxicity in onimols. EPA has developed 
protocols for studying developmental. 
male reproductive, and female 
reproductive toxicities in laboratory 
animals. Each of these three study 
protocols is discussed briefly below. 

A protocol for studying developmental 
toxicity has been described by EPA 
(1989). Developmental toxicity can be 
studied in animals by administering a 
test substance during pregnancy, and 
evaluating embryonal, fetal, and/or 
neonatal toxicity. The protocol may also 
include exposure of the organism during 
a specific period of development (e.g., 
during organ development), evaluation 
of toxicity over several generations, 
evaluation of toxicity during the early 
postnatal period or even up to sexual 
maturity. Animals used for 
developmental toxicity studies are 
usually mice, rats, or rabbits The most 
important endpoints of developmental 
toxicity are embryonal mortality, fetal 
mortality, neonatal mortality, 
malformations [external, visceral. 
skeletal] at a n y  stage of development, 
altered growth. a s  well a s  functional 
and behvavioral abnormalities. 

A protocol for studying male 
reproductive toxicity has been described 
by EPA (1988a). Male reproductive 
toxicity can be studied by exposing 
sexually mature male rats to a test 
substance for a certain period followed 
by cohabitation with untreated sexually 
mature female rats. The exposure of the 
males to the test material is continued 
during the mating period. The main 
endpoints for evaluating toxicity are 
mating ability, fertility, prenatal and 
postnatal developmental effects, and 
weight and histopathological 
evaluations of reproductive organs 
(testis, epididymus, prostrate, seminal 
vesicle and pituitary]. Mating ability is 
ascertained by determining the number 
of animals with seminal plugs or the 
presence of sperm in a vaginal lavage, 
per number of pairs of rats cohabited. 
Fertility is ascertained by determining 
the number of animals pregnant per 
number of confirmed matings. The 
prenatal and postnatal developmental 
effects are ascertained by determining 
litter size, pre- and post-implantation 
loss, number of live and dead pups, sex 
ratios, malformation, birth and postnatal 
weight, and survival. Positive findings 
for supplemental endpoints such as  
sperm evaluation (count, morphology, 
and motility] and hormone evaluation 
(testosterone, FSH, and LH) increase the 
evidence for hazard identification. 

EPA has also described a protocol for 
studying female reproductive toxicity 
(1988bl. Female reproductive toxicity 
can be studied by exposing sexually 
mature female rats to a test material for 

a certain period followed by 
cohabitation with untreated sexually 
mature male rats. Exposure of females 
to the test material is continued during 
the mating period and throughout 
gestation and lactation. The main 
end~oints  for evaluating toxicity are 
mating ability, fertility, prenatal and 
postnatal developmental effects, weight 
and histopathological evaluations of 
reproductive organs (ovary, uterus, and 
pituitary). Positive findings for 
supplemental endpoints such as  estrous 
cycle abnormalities, and hormone 
evaluations (estrogen, progesterone, 
FSH, LH) increase the evidence for 
hazard identification. 

Studies on reproductive toxicity are 
often performed where both males and 
females are treated, in a manner such as 
described above for the individual 
sexes. Such studies may not distinguish 
between "male" and "female" 
reproductive toxicity. 

b. Criteria for a good quality 
developmental or reproductive toxicity 
animal study. Any reliable study of 
developmental or reproductive toxicity 
should be designed and carried out in - 
accordance with certain recognized 
criteria. The following criteria should be 
met for a good quality developmental or 
reproductive toxicity animal study. 

1. The study should include at least 
one dosed (treated) group and one 
concurrent control group. However, two 
or more differently dosed groups are 
preferred. 

2. Maternal toxicity (e.g., a reduction 
in maternal body weight or organ 
weight] should be evaluated and 
accounted for in the interpretation of a 
study. In an ideal situation, the toxic 
effect(s1 observed in a positive study are 
significant at one or more doses in the 
absence of maternal toxicity. However, 
such toxicity is not automatically 
discounted as secondary when 
associated with maternal toxicity. 

3. Test animals are selected based on 
consideration of species, strain, age, 
weight and health status, and should be 
randomized into dose groups in order to 
reduce bias and provide a basis for 
performing valid statistical tests. 

4. Good historical data on 
developmental and reproductive toxicity 
should be available for the species/ 
strain tested; ideally, such data should 
be obtained for animals from each 
supplier. 

5. The number of animals per dose 
group should be adequate. Generally, 20 
litters per group for rodents and 12 
litters per group for rabbits are used 
(Sowinski, et al., 1987). 

6. Toxicity is evaluated using 
acceptable laboratory methods. and 
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data are analyzed using appropriate means that evidence does not meet the products have not been defined to a 
statistical methods. criteria of the above categories and that lev4 where predictive d e b  can in 

Sufficient evidence derived from there can be no interpretation of the any sense replace wellconducted field 
animal studies is used a s  a basis to data as showing dtfier the presence or  studies. Many of the strengths and 
predict probable developmental or absence of a chemical exposure-related weaknesses of the approaches 
reproductive toxicity of an  agent in effect discussed by the OSTP remain the same 
humans. The evidence for toxicity 

E;: Sensilizatjor; today a s  in 1985. These appmches  are 
derived from animal studies is discussed in the following subsections. 
supported by o b m a n c e  of (I] dose- The Commissi~n already has issued a ~h~~ routes ofcxposure-inha~tion, 
relzted effects over an increased supplemental definition concerning dermal absorption, and oral ingestion- 
number of doses, (21 an increased sensitization, which is at 16 CFR will be d i s c u s d  in separate 
number of d i f f e ~ a t  endpoints, [3) the 1500.3(c](Sj. While that discussion subsections in the following discussion. 
same route of exposure a s  the expected relates to the separate category of The largest current technical effort has 
human exposure rollte, (41 multiple hazardous substance referred to in the heen driven by the l.ecent interest in 
speciesjstrains, or routes of FPIS.4 a s  a "strong sensitizer," the indoor air quality. Thua, inhalation is 
adniinistration exhibiting the principles c o n k i n d  in that section will the most thorou&ly investigated 
response(s), and (5) pharmacokinetic serve also as a guide to determine when exmure rocte. ora l  iogestion has been 
data and information on the likely a substance is toxic due to the chmnic largely addressed in dietary and food 
mechanism of a@tim. hazard of allergic sensitization. additive studies, while dermal contact is 

c.  Cotepries of evidecce for I? Evoluatior~ of Risk Froin Exposure to largely of interest to the cosmetics 
c'eveloprmntdor mpfo.ocilrrtive toxldtv Substarlres m a t  May Present o Chronic industry a d  hence also to FDA. 
rlerjr.edfmm onim4studies. The Hozard 
iollowing categories of animal evidence Protocols exist for both oral and 

have been developed. 1. Guidelines fur Assessing dermal contact for foods, drugs, and 

i. Sufficient evidence of E ~ ~ ~ ~ ~ ~ ~ - ~ ,   ti^^^. The FHSA cosmetics. They include procedures for 

developmental or reproductive toxir:ity defines a s  toxic "any substance which considering the form of the 

in animds. Tne evidence for a has ahe capacity to proddce personal being studied, the site of application ffor 

substance is considered sufficient when injur~l or illness to man &rough cosmetics), and amounts potentially 

obtained horn a good quality animal ingestion, inhalation, or absorption consumed [for food]. Similarly, the form 

study and there is a statistically through any body U.S.C of the product a s  used should be taken 

significant (p <0.05) treatment-related 1BIigJ Under the PHSP,, s toxic into consideration when designing 

~ncrease in multiple endpoints (as schstance is "hazardods" if that exposure studies. Usirig pure chemicals 

drscr ikd in he toxicity study protocol substance " c a ~ s e s  personal injury or and 

section) in a single spt3Lles/strain, or in substantial iilness during or a s  e subsequeo! health effects when the 

the incidence of a single e~ldpoint at proximate result cf  any customary or product under cdnsideration is a 
muitiple dose levels or wlih multiple reasonably foreseeable handling or mixture, is not likely to provide an 
routes of administration rn a single use," 15 U.S.C. 1261(f)(l )(A). order for accurate reflection of exposure. For 

spec:es/strain, or increase in the a substance to be considered a hazard exiimplev in mess ing exPosure from di- 
incidecce of a single endpoint in by this definition, it must not firily have 2-eih~lhexylphhaiate (DEHP) rather 
multiple species/strains/experiments. the potential to be toxic, but rt rncst h than studying Pure the staff 
Etidence from animal studies which has demonstrated that (a) perscrns are performed experiments with actual 
been shown to be not relevant to exposed to the substance, (b) the products in order to demonstrate release 
humans is not used for this purpcse. substance t a n  enter the body, and (c) of D E W  from the products' plastic 

ii. Limited evidence of developmental there is a significant risk of a n  adverse matrix and transfer to either skin or 
or reproductive toxicity in animals. The health effect(s) associated with the saliva. Exposure studies with paint 
evidence for a substance is considered handling and use of the substance. removers demonstrated that studies 
limited when (1) obtaicecj from a goo:! These represent, i;l turn: exposure. using methylene chloride alone, rather 
quality study a ~ d  there is a statistica!ly bioavaildb~llty, and risk. Th.s section than a formulated ~ i n t  remover, would 
significant (p < O . E )  treatment-related d!scdsses the stihjec! of exposure, and IS have resulted in erroneous exposure 
increase in the incidence of a single i ~ t e n d e d  to be used ir. the determination estimates. 
endpoint in a single specieslstreinl of sgnificant risk of chroxc toxicity of There are a number of procedures for 
experiment at a single dose level art n:ateriais or other products subject assessing exposure of individuals or 
administered through only one route and to the FHSA. populations to chemicals which may 
such evidence otherwise dops not meet A discussion by the Office of Science cause cancer or other adverse health 
the cr.teria defined for "sufficient Techno!ogy Assessment and Policy effects. Reasonably accurate exposure 
evidence" above; or (2) the evidence is (OSTP) concerning the level of evidence data are important in the assessment of 
derived from studies which can be that a chemical OT product poses a risk. The accuracy needed can not be 
interpreted to show positive effects but carcinogenic risk to humans and the categorically stated sinoe such factors 
have some qualitative or quantitative level of expasure of the consumer when as potency, concentration, and strength 
limitations with respect to experimental the product is used is presented in the , of evidence for toxicity of the chemical 
procedures 1e.g.. doses, exposure, Federal R e s t e r  (50 FR 10372 (March 14, of concern are all important in defining 
follow-up, number of an~mals/group, io85j). Although advances have been the resources required to obtaln the datd 
reporting of the data, ek.1 which would made in the area of modeling and necessary to perform an exposure 
pmvent classification of the evidence in monitoring exposures during the five assessment. Further, when using 
the categmy of "sufficient evidence" years since this pub!ication, many of the population estimates, the broad range of 
above. variables concerning the use patterns, use patterns, frequency of use, diversity 

iii. Inadequate evidence of distribution of pollutants, sources, sinks, of products, and the variations in the 
c!rr elo?rnental or reproductive toxicity reiationships be+wcen physical types of housing where the products are 
rn animals. "inadequate evidence" parameters and market penetration of used, will lead to exposure limits tbat 
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-- 
are often several-fold multiples of the 
predicted average exposure. Information 
concerning use patterns, frequency of 
use, definition of housing stock, and 
definition and market penetration of the 
products of interest is often lacking. 

b. Background the three routes of 
exposure.-i. Inhalation. Active interest 
and advances in exposure assessment 
have been largely driven by the current 
concern about indoor air quality and 
past activities involving occupational 
exposure and ambient air quality 
criteria and monitoring. Although 
exposure estimation techniques are 
becoming more sophisticated, there is no 
universally accepted minimum set of 
specifications for either data collection 
or estimation of exposure from the 
collected data. Generally, exposure is 
assessed by direct monitoring of 
populations, predictions of exposure, or 
use of surrogate data. These three 
approaches are briefly discussed below. 

(a) Direct monitoring involves 
monitoring the general population or 
select segments of the population for 
exposure to a chemical or chemicals. 
Past monitoring studies have provided 
concentrations averaged for various 
periods of time and concentration 
measured at  discrete times. Such data 
were obtained for carbon monoxide and 
nitrogen dioxide, power plant plume 
dispersion/reaction and concentrations 
of various chemicals in such locations 
as work places, point sources, cities, 
and even regions. Similar data bases do 
not exist for equivalent populations for 
residential indoor air. Examples of 
recent studies addressing residential air 
quality are: The EPA TEAM study 
(Wallace. 1987). the herce Foundation 
New Haven study (Stolwijk, 1983), the 
Gas Research Institute Texas unvented 
gas space heater study (Koontz, 1988), 
the CPSC Atlanta unvented gas space 
heater study (TRC. 1987). and the 
Harvard Six Cities Study (Spengler, 
1985). 

These studies provide measurements 
of the concentration and duration of 
concentration for combustion products. 
volatile organics. particulates, and 
biological materials. Ir, addition, they 
provide limited real time monitoring and 
information concerning selected health 
effects information. With field 
monitoring studies, due to the potential 
for exposure to pollutants other than 
those monitored, a health effect 
associated with one of the monitored 
pollutants may not be accurate. 

(b) Predictions of exposure (through 
modeling) to a chemical(s) can be based 
on physical and chemical principles, 
mass balance principles and 
mathematical models. Examples of such 
studies are: (1) The exposure predictions 

presented in various CPSC staff reports 
on unvented kerosene and gas space 
heaters; (2) the CPSC-EPA and CPSC- 
LBL methylene chloride exposure 
studies from use of paint strippers; and 
(3) the CPSC-EPA exposure studies of 
perchloroethylene from dry cleaning and 
other uses. 

Data necessary for use in predictive 
modeling are often obtained from 
studies on products in small chambers 
(50 to 100 liters), large chambers (30,000 
to 30,000 liters), or in research houses. 
The studies are usually designed for 
specific products. In general, protocols, 
although having common features, are 
not directly applicable to other products 
which may be investigated. 

Often such modeling studies are 
based on data obtained from 
representative products used in room- 
size chambers or research houses. The 
distinction between a modeling study 
and a field monitoring study is that often 
the modeling relates to a specific 
product while a field study may only 
attempt to identify the pollutants and 
their concentrations, not their sources. 

(c] Surrogate duta [data of exposure 
derived from chemicals of similar 
structure, reactivity and volatility as the 
chemical of interest) are used by some 
investigators when no data exist for the 
chemical of interest. Surrogate data 
have not been used extensively by the 
Conimission but have been used in some 
instances by EPA in pesticide exposure 
estimates. Surrogate data should only be 
used for preliminary evaluations to - 
establish the scope of additional studies 
tha! will be needkd to define exposure 
more accurately. 

ii. Ingestion. Ingestion studies have 
been performed for orgailics and 
inorganics in foods. The 
bioaccumulation of pesticides and 
chlorinated compounds has been 
studied in hellfish and edible fish. In its 
"total diet studies" the FDA has 
provided data on the concentrations of 
selected chemicals in approximately 200 
foods purchased in grocery stores 
throughout the United States. These 
data, in conjunction with data obtained 
from tissue analyses for pesticides, 
provide estimates of the exposure, body 
burden and effectiveness of regulatory 
programs intended to limit exposure to 
certain pesticides. 

These studies involve direct 
monitoring of sources of chemicals as 
well a s  fate of the chemicals in products 
such as foods. Laboratory simulations 
have been developed to estimate 
exposure to chemicals on a smaller 
scale. These latter studies do not usually 
involve a living species but are based on 
leaching or extraction of the chemical 
from a product with a simulated saliva 

or gastric fluid. Examples of such 
studies are studies performed by the 
FDA concerning lead released from 
decorated glassware (Soc. Glass 
Decorators. 1979). CPSC's studies 
concerning lead released from printed 
paper products, and CPSC's studies of 
nitrosamine and DEHP released from 
pacifiers. 

The estimation of exposure from 
ingestion of chemicals present in foods 
or consumer products is then predicted 
based upon estimates of use of the 
product and its release from the product. 
In the case of oral ingestion of consumer 
products containing chemicals, data on 
chemical content of the products may be 
known. However, the exposure directly 
resulting from those products must be 
predicted on the basis of population 
studies of random households inquiring 
into the products used and their 
composition. 

iii. Dermal exposure. Dermal exposure 
involves estimating the amount of 
substance contacting the skin. This may 
involve experiments measuring the 
amount of material leached from a 
product contacting a liquid layer which 
interfaces with the skin, or the amount 
of substance which migrates from a 
product (in solid or liquid form) which is 
in contact with the skin. Parameters 
which must be considered include 
surface area of the skin contacted. 
duration of contact, frequency of 
contact, and thickness of a liquid 
interfacial layer. Examples of how these 
types of experiments might be applied to 
expos&-e assessments can be found in 
the Commission's exposure assessments 
on dioxin and arsenic leached from 
children's playground equipmer~t. 

More recently, in vitm testing using 
anirnal or human skin held in specially 
designed cells has allowed the rate 
constants of penetration of various 
chemicals to be determined. This 
approach can be performed in the 
laboratory and, thus, is more controlled 
than experiments involving live animals 
or humans. Examples of studies using 
this approach are studies of the 
penetration of cosmetics and topical 
drugs performed by the FDA, and 
studies of the penetration of DEHP and 
formaldehyde performed by the CPSC. 

c. Discussion of exposure estimates. 
Each of the three approaches for 
exposure assessment described above 
have certain strengths and weaknesses 
as discussed below. 

i. Inhalation.--in) Direct monitoring. 
Direct monitoring will provide the 
strongest data for demonstrating and 
quantifying exposure and should be 
used when available. The data obtained 
from such studies represent 
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measurements made in actual living 
conditions. The effects of weather, a 
residence's structural characteristics 
and contents, and human behavior are 
all reflected in the data obtained. With 
proper monitoring protocols, various 
human activities, weather conditions, 
source use (where the source of 
chemical is known), and other 
information directly of interest can be 
obtained. The resulting data base will 
reflect measurements of actual 
maximum and minimum concentrations 
and may provide adequate information 
to determine the effect of various 
parameters which affect the ultimate 
exposure. Such parameters include, but 
are not limited to, air exchange rate, 
ambient-indoor temperature differences. 
wind speed, type of heating system, and 
frequency of use of the source of 
interest. Direct monitoring studies can 
be of either randomly selected 
populations or selected specifically to 
represent a segment of the population 
expected to bea t  risk of exposure. 

Data from such population studies are 
important not only because they provide 
direct measurement of human exposure, 
but also because, when well-designed 
and -conducted, they provide valuable 
information for the development of 
models to predict human exposure. 

(b) Modeling. Mathemdtical modeling. 
another approach for assessing 
exposure, is based on the principles of 
conservation of mass; these models are 
often called mass balance models. The 
models may be one compartment where 
the whole house or building is treated as  
a single volume, or two or more 
compartments where rooms or portions 
of rooms are treated as individual 
exposure entities. 

Model development with field 
validation has been largely performed 
using single story houses in ' 
investigations of unvented space heating 
appliances and gas ranges and ovens. In 
these cases the single compartment 
model has described the distribution of 
pollutants throughout the living space 
(Traynor 1983). A single compartment 
model in a house where there are 
multiple rooms appears to be adequate 
for predicting exposure to combustion 
products with heating appliances 
(Traynor 1987). This is a result of the 
heat produced by the appliances which 
rapidly disperses the pollutant 
throughout the house, leading to a 
uniform distribution of the pollutant. 
The case of multistory houses is less 
clear. In a study by the Gas Research 
Institute [Gas Research Institute in 
press) in a split entry research house, 
the distribution of pollutants from 
unvented gas space heaters or gas 

ranges/ovens was uniform at or above 
the levels where the heater was located. 
When the heater was in the lower 
"game room" area, pollutant 
distributions wefe uniform throughout 
the house. However when the heater or 
range/oven was operated on the second 
level which contained the kitchen, living 
room, and bedrooms, the pollutant 
concentrations were uniform on the 
second level and near background on 
the lower level. 

During these studies the central 
heating system was not used. Thus, the 
effect of the furnace fan in distributing 
pollutants in the house is not known. 
The concent'rations of the reactive 
pollutant, nitrogen dioxide [NOa), were 
nearly always higher in rooms distant 
from the heater than in the room where 
the heater was located. This effect was 
attributed to a combination of the 
reactive decay and convective transfer 
of pollutants within the house. Modeling 
pollutant concentrations in houses of 
three or more stories will be further 
complicated by the stack effect of the 
house itself and the more convoluted 
path required for the pollutant to move 
from room to room. 

The following criteria are minimum 
inputs for use of mass balance models: 

(1) Source strength of the pollutant- 
emitting product (obtained from 
liierature and field or laboratory 
studies]. 

(2) Housing characteristics (obtained 
from literature or housing surveys 
specific to the pollutant source of 
interest), such as: 

(a) Number and size of rooms, 
(b] Level of insulation in floors, 

ceilings, and exterior and interior walls, 
[c] Reactive decay rates if appropriate 

for certain pollutants, 
(dl Air exchange rates for the sample 

being modeled, 
(e) Construction characteristics of the 

housing sample, 
[f) Occupant behavior involving the 

house. 
(g) The number and usage of the 

pollutant source in the structure, and 
(h] The type of central heating and air 

conditioning used in the house. 
(3) Ambient conditions which are 

likely to be encountered for the 
population under study, such as: 

(a) Ambient wind speed which can 
affect the infiltration rate (air exchange 
rate] and, thus, alter the concentration 
ranges predicted, 

[b) Ambient temperature which is an 
important factor in air exchange and air 
distribution within a house, and 

(c] Ambient surroundings that can 
affect the wind's and sun's effect on the 

house by providing shading or breaking 
the normal wind velocity. 

All of these factors should be 
considered in modeling exposures. 

The list of criteria needed for 
modeling is extensive and often the 
information is not available in the 
necessary detail to fill all cells of the 
model. It is often necessary to review 
the existing literature and use as  inputs 
data representing the average and range 
of values reported. Although data from 
field studies of occupied housing should 
be used in exposure assessments, they 
are not always available. When field 
study data are available they should be 
used not only for the exposure 
assessment, but also for determining 
averages and distributions for the 
purpose of model development. 
Alternatively, where data are lacking, 
averages and ranges from laboratory 
chamber studies can be incorporated. 
Examples of such data are emission 
rates from unvented space heaters 
which have largely been determined in 
laboratory chambers the size of a small 
room. These data are often 
supplemented by small field studies of 
select populations using the appliance or 
product of interest. Such studies are 
used to confirm the laboratory- 
determined emission rates and to 
provide a limited validation of the 
predictive capability of the model. 
Examples of such studies are those 
performed by LBL (Traynor, 1983) and 
the Pierce Foundation [Stolwijk, 1983) 
with unvented gas and kerosene space 
heaters. 

Exposure assessment-models should 
be validated. The assumptions and 
limitations of the model, the validation 
process, and validation results should 
be described. Validation is generally 
done by comparing model predictions 
with the results of field or laboratory 
studies. Where possible, model 
validation should utilize input 
parameters independent of the field 
study house[s) being monitored for 
validation purposes. The model 
validation comparison should reflect the 
ability of the model to predict average, 
high, and low concentrations in a house. 

Models have provided much of the 
exposure information for combustion 
products used by various federal 
agencies, both to determine the need for 
extensive field studies and to determine 
regulatory approaches. The modeling 
studies performed for combustion 
products predicted the concentrations 
measured in dwellings reasonably we!!, 
in large part, because the appliances 
under investigation produced a large 
amount of heat which drove the 
combustion products rapidly throughout 
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the dwellings. Thus, a relatively simple, 
one compartment model was suitable 
for assessing exposure. However, when 
there is no driving force to distribute the 
chemical of interest throughout the 
dwelling, i.e., heat or a central 
ventilation system, the prediction of 
concentrations throughout a dwelling 
becomes less accurate. An example of 
the latter was the LBL study (Hodgson 
1987) of paint removers tested in a room- 
size chamber and used inside dwellings 
to remove paint from standard panels or 
furniture. Until validation data from. 
research house and field studies is 
obtained, models should only be relied 
on as  preliminary estimates of exposure. 

(c) Surrogate data. Surrogate data 
should be used only when data on a 
particular pollutant or source are sparse 
or unavailable. Care should be taken in 
interpreting surrogate data in order to 
minimize potential errors due to the 
following differences between the 
surrogate substance and the "real" 
substance of interest. 

There may be differences in product 
composition. Linear extrapolation of 
pollutant concentrations based on 
differences in concentrations in the 
surrogate and "real" product are not 
appropriate. Matrix effects of the 
surrogate product may not be defined in 
sufficient detail to permit a valid 
extrapolation to another product. 

Differences in the physical properties 
of the surrogate and the "real" 
substance may exist. Differences in such 
physical properties a s  vapor pressure. 
viscosity, and diffusion constants may 
be great enough to introduce substantial 
errors into the exposure assessment. 

Finally, differences in reactivity/ 
absorptivity may affect the ultimate 
emission rate and, thus, concentration 
measured or predicted. 

In general, surrogate data should be 
used as a screening process to 
determine whether additional studies 
are necessary and what the parameters 
for those studies are. 

ii. Oral ingestion. When chemicals are 
suspected to leach from a product, such 
as pacifiers or flame retardant treated 
sleepwear, studies designed to assess 
solubilization of the chemical using 
simulated saliva and chewing are 
required. If portions of the product may 
be swallowed, the product should be 
subjected to simulated gastric fluids to 
assess the chemical's release. 

The diverse nature of consumer 
products precludes a standard protocol 
for exposure based on oral ingestion 
studies. Generally, each product will 
require specific procedures and 
techniques to assess exposure. 
P!oavever, once human factors data 
defining product use are available. the 

following criteria should be established 
to assess exposure: 

(1) A stimulant or range of stimulants 
should be carefully selected to mimic 
the possible range of conditions which 
can occur in humans. Such conditions 
may represent full and empty stomachs. 
or various s ~ l i v a  compositions which 
differ during the course of the day. 

(2) The mechanical action to which a 
product is submitted must be chosen to 
represent some range of realistic 
conditions to which a human may 
subject the product. This consideration 
should encompass the population using 
the product, such as  infants, toddlers, 
young adults, and older adults. 

(3) The simulation to be used to mimic 
the use of the product (i.e., rubbing, 
abrasion, body area and areas in 
contact with the product) should be 
defined. 

iii. Dermal exposure. Dermal exposure 
concerns the amount of a substance in 
contact with the skin over a period of 
time. In order to adequately define the 
amount of dermal exposure the 
following factors need to be considered: 
concentration of the substance in the 
product, migration of the substance from 
the product to the skin, site of 
application, skin surface contacted by 
the product (or substance), duration of 
exposure, and frequency of exposure. 
Examples of dermal exposure 
assessments previously performed by 
the Commission include those on dioxin 
in paper products (Babich, 19891, arsenic 
in wood playground equipment (Lee, 
1990), and TRIS flame retardant in infant 
sleepwear (CPSC, 1977). 

The diverse nature of consumer 
products and exposure scenarios 
precludes the development of a standard 
protocol for dermal exposure. The 
general protocols described helow are 
given to iliustrate the numerous factors 
which should be considered. One can 
envision that dermal exposure may 
occur by one of the following general 
~athwavs:  111 the substance is contained 
br bouid i; a solid matrix which is 
exposed to a liquid that contacts the 
skin (e.g., dioxin in infant diapers, TRIS 
in infant sleepwear); (2) the substance is 
contained or bound in a solid matrix 
which contacts dry skin (e.g., dioxin in 
communications paper, TRIS in infant 
s!eepwear, arsenic in wood playground 
equipment); (3) the substance is 
dissolved in a liquid which contacts the 
skin (e.g.. dish detergent]; and (4) the 
substance contacts the skin directly. 

In pathways 1 and 2, the critical factor 
in assessing exposure is estimating the 
rate or extent of migration of the 
substance from the matrix to the skin. In 
pathway 1, migration is mediated by the 
liquid (e..g., urine, perspiration). 

whereas migration in pathway 2 is 
unmediated. The distinction between 
pathways 1 and 2 may be contrived. 
Migration of dioxin from 
communications paper to the skin was 
modeled as  unmediated migration by the 
Commission (Babich, 1989) and as  liquid 
mediated migration with sebum as the 
liquid phase (A.D. Little, 1987). In 
pathway 1, migration may be described 
by a solid: liquid partition coefficient 
(K), defined by: 

where C(solid] is the concentration in 
the solid matrix and C(1iquid) is the 
concentration in the liquid phase. 
Partition coefficients are generally 
measured in the laboratory. The 
conditions used in the laboratory should 
mimic the intended use. For example, for 
dioxin in infant diapers, fluff pulp with a 
known dioxin concentration was 
extracted with synthetic urine at 32 
degrees for intervals up to twenty-four 
hours (NCASI, 1989). 

The migration rate in pathway 2 may 
be determined bv direct measurement 
(e.g., Ulsamer, eial., 1978). 

d. Conclusion. Due to the multitude of 
consumer products and art ~ a t e r i a l s ,  it 
is not possible to describe default 
scenarios for each product. Exposure 
scenarios should include customary or 
reasonably foreseeable use, including 
reasonably foreseeable accidental 
handling and use. 

In most cases the best estimate of 
exposure [average exposure) is 
acceptable. Conservative estimates (i.e., 
those which may lead to overestimation 
of exposure, such as the upper 
confidence limit, "reasonable worst 
case," or "maximum exposed 
individual") are not required, but may 
be more appropriate in some cases. For 
example, conservative estimates should 
be used in cases where exposure data 
are lacking. Conservative estimates may 
also be useful to demonstrate that a 
certain exposure is not of concern. 
Exposure distributiocs are preferable to 
point estimates, provided that there are 
sufficient data for their development. In 
some cases, a range of exposures is 
appropriate, such as when the exposure 
distribution is bimodal. 

It is important to no:e that exposure 
assessments for a single consumer 
product often represent only 
incremental additions to the total 
exposure that results from use of 
multiple products in the home. Thus, it 
may be useful to define what portion the 
incremental exposure is of the total 
environmental exposure. However, this 
determination may be difficult since 
data concerning other sources; and use 
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and duration of use patterns for a 
population or population segment, are 
often unavailable from the current base 
of human factors knowledge. While the 
focus of the guidelines is on individual 
products, exposures from other sources 
should be considered if they are known 
to the toxicologist. 

In assessing exposure, all available 
data should be considered, including 
data from field studies, modeling 
studies, and studies of surrogate 
products. In general, field data are 
preferred over modeling studies. which 
are preferred over surrogate data. On a 
case by case basis, one must decide, for 
example, whether a good modeling 
study is better than a poor field study. 
Typically, the Commission uses both 
field data, when available, and model 
predictions. In most cases the 
Commission has utilized surrogate data 
only when there is reasonable assurance 
that they will accurately represent the 
chemical of interest. 

2. Guidelines for Assessing 
Rioavailability 

a. Introduction. The LHAMA directs 
the Commission to issue guidelines 
specifying criteria for determining when 
any customary or reasonably 
foreseeable use of an art material can 
result in a chronic hazard. This section 
discusses the LHAMA's directive to 
specify criteria for assessing 
bioavailability of chronically hazardous 
substances contained in art materials. 
Since the content of the guidelines can 
also apply to sources other than art 
materials, these guidelines should be 
considered for other products subject to 
the FHSA. 

As explained in the previous section, 
bioavailability, which is concerned with 
the ability of a substance to be absorbed 
into the body, is one part of the inquiry 
into whether a toxic substance is 
"hazardous" under the FHSA. Therefore, 
these bioavailability guidelines will 
serve as part of a larger effort to outline 
the principles to be used in evaluating 
the risk resulting from exposure to 
materials that may present a chronic 
hazard. 

b. BioavaiIability.-i. Background. 
Bioavailability is a term used to indicate 
the extent to which a substance is 
absorbed by the body. The bioavailable 
dose can differ from the dose available 
for exposure (such as  the amount 
ingested, the amount available for 
respiration, the amount deposited on the 
skin, etc.) and can also vary widely 
depending on the chemical nature of the 
substance and the route of entry into the 
body. For example, the estimated 
fraction of dietary lead absorbed by 
adults is only about eight percent 

[Rabinowitz, 19731. On the other hand, a 
volatile solvent, such as chloroform, 
whose vapors have high blood solubility 
can be expected to be almost completely 
absorbed during inhalation (Klaassen, 
1980]. 

For purposes of these guidelines, an 
assessment of bioavailability will 
include, when necessary, the rate as 
well as the extent of absorption. 
Depending on the exposure scenario, the 
bioavailable dose may be directly 
affected by the rate at which a 
substance enters the body, particularly 
in the case of short-term inhalation and 
dermal exposures of slowly absorbed 
compounds. The rate of absorption may 
also be important when toxicity is 
related to a concentration of the 
toxicant above a critical level rather 
than the cumulative body burden. 

The bioavailable dose, a s  defined in 
these guidelines, should also be 
distinguished from the dose of toxic 
substance that is delivered to its site of 
action. In addition to absorption, this 
delivered dose takes into account 
distribution, metabolism, and excretion. 
Therefore, estimation of delivered dose 
and its application to risk assessment 
cannot be addressed by bioavailability 
considerations alone, but requires a 
more complete phamacokinetic 
(absorption, distribution, metabolism 
and elimination of substances] analysis. 
Use of pharmacokinetic information in 
the assessment of risk is addressed in 
the set of guidelines on risk assessment 
procedures. 

The need to consider bioavailability 
in estimating the risk from use of a 
product containing a toxic substance 
arises when a difference is anticipated 
between the absorption characteristics 
of a substance to which there is human 
exposure and those characteristics for 
the substance when it is tested in animal 
toxicity or human epidemiological 
studies used to define the dose-response 
relationship. Some situations in which 
this might occur are outlined below. 

ii. Physical or chemical forms of a 
toxic substance. If the physical or 
chemical form of a toxic substance in a 
product differs from the form present in 
the dose-response studies used to assess 
risk, the comparative bioavailability of 
the forms of the substance must be 
evaluated. This is particularly true of 
toxic metals which can exist a s  water 
soluble salts, water insoluble salts, alkyl 
compounds, and in various states of 
polymeric aggregation. All of these 
forms differ in their ability to be 
absorbed across biological surfaces. The 
bioavailability of toxic substances 
inhaled as particulates and aerosois will 
also vary based on particle size. 

iii. Route of exposure. Bioavailability 
should be evaluated when it is 
anticipated that the route of human 
exposure to a toxic substance will differ 
from that used in the dose-response 
study. This,could be a relatively 
common situation since the test 
substance is often administered orally in 
animal toxicity studies yet human 
exposure to chemicals from use of 
consumer products is frequently through 
the skin or by inhalation. 

i~ l .  Presence of other constituents. 
When a product contains constituents 
that are not accounted for during the 
dose-response study and that are 
reasonably anticipated to interfere with 
or enhance the absorption of a toxic 
substance, bioavailability must be 
considered. For example, the extent of 
dermal absorption of a compound can 
be influenced by the type of solvent 
present. Toxicity studies by the dermal 
route often use a vehicle that maximizes 
dermal absorption of the test substance. 
However, the dermal bioavailability of 
the substance might be quite different in 
the environment present in a consumer 
product. 

v. Dose. Bioavailability should be 
considered during the exposure/risk 
assessment of a toxic substance if there 
is reason to believe that the dosing 
conditions used in the dose-response 
study would introduce a non-linearity in 
absorption when extrapolating to 
conditions encountered during human 
exposure. Animal toxicity and human 
epidemiology studies on which risk 
assessment is based often involve 
chemical exposures that are higher than 
exposures resulting from use of 
consumer products. Risk assessments 
usually predict toxicity at those lower 
doses using mathematical models that 
do not fully apply the biological non- 
linearities that can sometimes exist. In 
certain instances, non-linearilies in 
absorption can influence low dose 
extrapolation. Some toxicants are 
absorbed from the gastrointestinal tract 
by carrier mediated transport systems 
that may be saturated at the dose 
utilized in dose-response studies. 
Saturable metabolism (level of 
metabolism which cannot be exceeded] 
of toxic substances can produce non- 
licearities in bioavailability. This is 
particularly true following 
gastrointestinal absorption since the 
major metabolic organ in the body, the 
liver, receives the absorbed materials 

* Carrier mediated transport requires the 
existence of a macromolecular carrier responsible 
for binding the substrate on one side of a biolog~sai 
membrane and releasing it on the other side. Tnis 
process can be saturated at high doses. 
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via the portal circulation before the 
materials are available to the systemic 
circulation. The fraction of the applied 
dose absorbed as measured during 
dermal penetration studies is frequently 
less at high doses than at lower doses. 
Therefore, extrapolation of absorption 
data at high dermally applied doses 
without further study at lower doses 
could underestimate bioavailability. 

vi. Other conditions. Other aspects of 
a dose-response study may make it 
inappropriate to estimate human risk 
without making adjustments in 
bioavailability, particularly if the animal 
model or human population under 
investigation does not adequately 
approximate the absorption 
characteristics anticipated in the 
population of concern. For example. 
certain metals, notably lead and 
cadmium, are more efficiently absorbed 
in the gastrointestinal tract of younger 
animals (and humans) than adults 
(Woffmann, 1982). Thus. it is necessary 
to correct for this absorption difference 
when estimating risk to children based 
on a toxicity study in adult animals. In 
addition to age, other factors that might 
affect adjustments in bioavailability are 
animal species, sex, and strain. It may 
also be necessary to adjust 
bioavailability to reflect differences in 
dosing regimen. Often animal studies 
are conducted under conditions of 
repeated dosing while human exposure 
from use of a product may be 
intermittent. 

vii. Special cases where 
bioavailability has been accounted for 
in exposure and risk assessments. 
Sometimes certain aspects of , 

bioavailability are inherently accounted 
for during the assessment of either risk 
or exposure. Risk assessments that rely 
on pharmacokinetic models to account 
for non-linearities in delivered dose will 
usually have made a correction for 
bioavailability. Exposure assessments 
based on biological monitoring data. 
such as urinary metabolites or adducts 
present in the blood, will often have 
accounted for bioavailability due to the 
nature of the measurement. In these 
cases, it may be unnecessary to assess 
bioavailability separately. 

c. Guidelines for the assessment of 
bioavailability-i. General strategy for 
assessing bioavailability. Three routes 
of exposure are normally encountered 
during use of consumer products: 
inhalation, ingestion, and dermal 
contact. Once the exposure assessment 
has established the routes of concern 
and the amount of toxic substance 
available to the appropriate absorptive 
surface (i.e., respiratory tract, 
gastrointestinal tract, and skin), 

bioavailability should be addressed if 
any of the conditions described above 
requires it. This should be done for each 
toxic substance and each route of 
exposure presented by the product. 

Two general approaches may be used 
to account for bioavailability in the 
process of estimating risk: a default 
value can be assumed for the amount of 
substance absorbed or a bioavailability 
assessment can be performed. The 
default value should be used when there 
are no adequate data which would lead 
to an alternative approach. The goal of 
the bioavailability assessment is to 
provide a quantitative estimate for the 
amount of substance absorbed into the 
body. There may be several acceptable 
measurements from which 
bioavailability can be determined. 

Although all available data should be 
considered, it is usually best to use in 
vivo absorption studies for the 
substance of interest. In vitro data can 
often be used to supplement in vivo 
data. [With in vivo studies, the 
substpce of interest is introduced into a 
live animal. With in vitro studies, the 
substance's effect on tissue or cells 
isolated from the animal is studied.) 
Bioavailability assessments based on in 
vitro data are acceptable if in vivo 
studies are not available, if in vitro data 
are shown to be of superior quality, or if 
in vitro data more closely approximate 
the exposure conditions anticipated 
from use of the product in question. In 
the absence of substance-specific 
absorption data, it is acceptable to use a 
bioavailability estimate based on the 
default assumption or a surrogate 
measurement of a related compound 
that is known or anticipated to be no 
less than the actual extent of absorption. 
In instances where no other acceptable 
data exist, a bioavailability estimate of 
a related compound whose 
bioavailability is expected to be less 
than that of the substance of interest, 
but not beyond the magnitude of 
reasonable experimental error, can be 
used. However, if a related compound 
has been chosen based on a surrogate 
measurement, it must be justified that 
small differences in the surrogate data 
will not cause the extent of absorption 
to be underestimated beyond 
reasonable acceptability limits. The 
acceptability limits and the conditions 
on their use apply in subsequent 
discussions of surrogate bioavailability 
data. These approaches are also useful 
when the risk is anticipated to be 
negligible as might occur with products 
containing very low concentrations of a 
toxicant or products whose use leads to 
very low human exposure. A 
bioavailability estimate that is known or 

anticipated to underestimate the extent 
of absorption should not be used. A 
qualitative assessment can sometimes 
assist in choosing a method to estimate 
the bioavailability of a substance. In 
cases where bioavailability is 
considered, exposure estimates must be 
adjusted for the fraction of substance 
absorbed relative to the dose-response 
study. 

(a) Default approach. The default 
value for bioavailability assumes that 
100 percent of a substance to which a 
person is exposed will be absorbed. 
Although the default assumption may 
overestimate absorption, it usually has 
the advantage of allowing a relatively 
quick and easy determination of an 
upper bound on risk without the need 
for a more time-consuming quantitative 
bioavailability assessment. Because 
exposure estimates must be adjusted for 
relative bioavailability, risk 
assessments based on the default value 
may still require a quantitative 
evaluation of the fraction absorbed 
under conditions of the dose-response 
study (see discussion below). 

[b) Bioavailobility assessment.- 
Qualitative approach. A qualitative 
assessment may be useful in choosing 
the final quantitative approach 
necessary to account for bioavailability. 
If a qualitative assessment can 
demonstrate that the bioavailability 
from use of a product is anticipated to 
be no greater than the bioavailability 
that would result under the conditions of 
the dose-response study, it is acceptable 
to assess risk based on the assumption 
that a substan.ce is absorbed to the same 
extent as occurred in the dose-response 
study. Like the default assumption, this 
approach may overestimate 
bioavailability but could, nevertheless, 
provide an acceptable value with 
minimal time and effort. 
X qualitative assessment can also 

justify utilizing bioavailability data for a 
related compound when data are not 
available for the substance of interest. 
provided all critical factors related to 
absorption by the route under 
consideration are taken into account. In 
this case, there must be compelling 
evidence to indicate that the 
bioavailability of the surrogate 
compound is no less than the substance 
under consideration. Because these are 
not quantitative determinations, data 
other than direct bioavailability 
measurements are sufficient to complete 
the assessment. For example, a 
knowledge of the relative solubilities of 
two forms of a toxicant may be 
sufficient to allow data on 
gastrointestinal bioavailability of the 
more soluble form to be used to estimate 
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the risk ham ingestion of the less systemic bioavailability can also be 
soluble fwm of the same substance. The determined using cumulative excretion 
type of measurements sufficient to data. This necessitates that excreta be 
produce a qualitative determination are collected from the major routes of 
route-specific snd wiB be discussed elimination (urine, feces, expired air, 
below. etc.) until virtually all the substance has 

Quantitative approach. If a been expelled from the body. Regardless 
bioavailability assessment is needed of the measure used it is important to 
and the default assumption is not used, account for both the parent compound 
then quantitative estimates for the and its major breakdown products. 
amount absorbed must be determined. Use of radiolabeled compounds is 
The necessary data may be available to usually the most effective way of 
suficientlg quantify bioavailab~lity or insuring a complete accounting of the 
the appropriate exlperimental stadies parent and its metabolites. 
can be conducted to generate this Bioavailability measurements for at 
information. Acceptable methods for least two doses that span 1 to 2 orders 
determining bioavailability depend on of magnitude mzy be necessary in order 
the route of exposure. However, there to address possible non-linearities. In all 
sre some general considerations situations, the doses employed should 
c~mmon to most bioavailability be such that the processes of absorption 
cleasurements that wi!l be discussed and metabolism [when it affects 
k ere. bioavailability) are not compromised. In 

Bioavailability measurements fmm in general, bioavailability testing should 
vivo exposure. The most definitive conform with the EPA Good Laboratory 
method of detennining bioavailability is Practice Standards (EPA. 40 CFR part 
to measure it directly after in vivo 792) and applicable test standards for 
administration by the exposure routerr of pharmacokinetics [EPA, 40 CFR part 
interest. When systemic bioavailability 798.7485): 
(the fraction of the administered dose Other data that moy be used to 
that enters the systemic circulation] is quantitate bioavailability. Types of data 
the a,ppropriate measure, the relative other than in vivo measurement may be 
availability between exposure used to estimate bioavailability. Under 
conditians and hose  of the dose- the proper circumstances, absorption 
response study can be determined by a can be determined from in vitro 
comparison of the total areas under the preparations utilizing isolated organs. 
substance concentration in pJasna When estimating bioavailability from 
versus time curve (area under the m e  any in vitro preparation, it is important 
ar AUC). This procedure estimates the to ensure that it is truly representative 
amount vf a substance to which a of in vivo processes. For example, an 
specific of the body is exposed over isolated segment of intestine should not 
time. The ra tb  of the AUCs can be be utilized to assess absorption of a 
shown to be equal to the relative extent substance that also enters the body 
of absorption Gibaldi and Perrier, 1982) through the stomach or another part of 
and can be used directly to adjust the gastrointestinal tract. In most 
expaslire estimates for calculation of situations, it must also be demonstrated 
risk. In casesr where the 'toxicity of that the preparation was viable during 
interest occurs at the site of exposure. the period of measurement and that 
such as effects on the skin follo* those factors critical to bioavailability of 
dermal exposure or respiratory toxicity a particular substance, such as 
from inhalation. systemic bioavailability specialized transport or metab~lism, 
is not a &vant measure; extent d 
absarption must be determined from the 
concentration in the tissue of interest. 
For examge, if a substance was given 

orally h a dose-response study and the 
principal route of exposure b m  use of a 
product waa by inhalation, relative 
bioavailabibty can be calculated as  
AUCYn-tdAUCodt provided 
compambk doses af the substance were 
administered. Mathematical 
a c c o W ~ ~ o n s  can be made if 
different dosee are given. The AUC 
method =quires hzd plasma 
concentration .of the substance be 
determined at s m d  'time p i n t s  after 
dosing anti1 at had 2 to 3 ~1fJive.s  of 
elimination have occurre& Relative 

approximate the in vivo condition. 
Uptake studies using isolated cell 
systems, or subcellular fractions where 
cellular arganization has been disrupted, 
are usually not sufficiently 
representative of the in v im situation. 

In certain defined circumstances, use 
of surrogate data to estimate 
bioavailability is acceptable. For 
example, the amount of substance 
absorbed from ingestion of a solid 
material can sometimes be estimated by 
measuring its solubility in media 
designed to mimic the gastrointestinal 
environment. B1ood:gae partitiming [the 
relative amount in blood versus the 
amount in air] can eometimes aesist in 
determining systemic bioavailability 
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following inhalation of gases and 
vapors. Tire respirable fraction of dust 
and aerosols is sometimes an adequate 
estimate of that portion available for 
absorption through the alveoli of the 
lung. In order to use surrogate data. the 
test method used must accurately reflect 
the absorption process it is substituting 
for, and any results must be 
reproducible. Data that overestimate the 
bioavailability are also acceptable, as 
noted previously. 

Physiologically based models can also 
provide estimates of absorption. These 
models mathematically describe 
absorption in terms of physiological and 
biochemical parameters, such as, 
ventilation rate, blood flow, partition 
coefficients, and absorption rate 
constants. Physiological models have 
the advantage of being able to predict 
systemic or t h n e  bioavailability under 
different conditions, but they frequently 
require access to large amounts of input 
data. Model-dependent parameters 
should always be identified and the 
methods used to determine their values 
clearly .stated. Like other methods used 
to generate surrogate data, models must 
be validated to ensure that they 
adequately estimate the particular 
measurement of interest. 

(c) Adjusting exposure estimatesfor 
bioavoilability. Route-specific exposure 
resulting from a particular product use 
can be exp-ressed as the amount of 
substance to which one is exposed per 
body weight per day. This average daily 
dose can then be multiplied by a relative 
bioavailabiw ratio to give the amount 
of substance that contributes to the 
body burden for a particular situation. 
The relative bioavailability ratio 
determined by the bioavailability 
assessment ie defined as the fraction of 
a substance absorbed from a specified 
exposure as a result of product use 
divided by the fraction absorbed during 
the dose-response study. Exposure 
estimates must be adjusted by the 
relative bioavailability ratio whenever 
exposure to a substance from product 
use leads to the conditions outlined in 
subsection b. above. This ratb takes a 
value of 1 when the bioavailability is 
assumed to be approximated by the 
dose-response study itseH. If a use 
scenario involves multiple mutes of 
exposure, the route-specific average 
daily doses may be summed to get the 
total average daily dose fur a particular 
use scenario. 

ii. Routes of exposure. The 
predominant routes of exposure 
encountered during use of consumer 
products are ingestion, inhalation, and 
dermal contact. fie biological surfaces 
that function as bioavailability barriers 
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are different for each exposure route 
and, thus, the factors that control and 
the methodologies used to measure 
ahsorption can.vary. This section will 
discuss the critical features that must be 
consideredin determining absorption 
across the gastrointestinal tract 
(ingestion), respiratory tract (inhalation), 
and skin [dermal contact). 

(a) Gastminbstinal tmct.-Transport 
characteristics. The gastrointestinal 
tract is the site of potential absorption 
for ingested substances. Although, in 
principle, absorption can take place 
along the entire length of the 
gastrointestinal tract from mouth to 
rectum, most absorption takes place in 
the stomach and small intestine where 
larger surface areas, longer residence 
times, and higher perfusion rates are 
most conducive to transport across the 
mucosal barrier. The most common 
mechanism by which toxicants are 
absorbed across the gastrointestinal 
tract is by passive transport 3 through 
the absorptive cells. Absorption by this 
mechanism is greatest for small 
uncharged lipid soluble molecules with 
adequate aqueous diffusivity. In fact, for 
a series of non-electrolytes of similar 
molecular size, gastrointestinal 
absorption can be shown, in general, to 
be proportional to lipid solubility as  
measured by oi1:water partition- 
coefficients. Ionizable compounds such 
as  organic acids and basesare not well 
absorbed in their ionized form, and the 
extent and rate of absorption will be 
governed by the pH at the absorption 
site and the pKa of the chemical. Thus. 
organic acids are likely to be better 
absorbed in the acidic environment of 
the stomach, while organic bases would 
be expected to be better absorbed in the 
more basic pH of the intestine. While 
lipid soluble compounds diffuse through 
the gastrointestinal cells, small water 
soluble compounds are capable of 
diffusing through aqueous pores located 
at the junctions of the intestinal 
epithelial cells. This is a major 
mechanism by which water and small 
electrolytes, such as  potassium and . 
sodium ions, penetrate the 
gastrointestinal tract. Other water 
soluble chemicals with a molecular 
weight below about 200 daltons have 
also been shown to be absorbed this 
way (Schanker, 1962). 

Several more specialized transport 
systems exist in the gastrointestinal 
tract that can be responsible for 
absorption of selected substances. Some 

Paseive transport refers to simple diffusion of a 
substance from one compartment to another 
contmlied by a diffusion coefficient and the 
concentration or electrochedical gradient across 
the membrane. 
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chemicals are transported by a carrier 
mediated mechanism. This type of 
transport is primarily responsible for 
absorption of some nutrients and 
endogenous substances, but sometimes 
non-essential chemicals, including 
metals, such as  lead and aluminum, and 
several auaternarv ammonium 
compour;ds, are capable of utilizing 
these svstems. Intestinal absomtion of 
large &cromolecules [ ~ o , ~ , o o o  
daltons) have been documented in man 
and experimental animals. This is 
believed to occur bv ~inocvtosis .~  
Particles up to 5-6 micrometers (urn) in 
diameter can be absorbed by 
phagocytosis (Aungst and  hen. 1988). 
However, the extent of absorption by 
pinocytosis and phagocytosis is 
generally low. Gastrointestinal 
absorption of charged substances of 
high molecular weight is particularly 
poor. 

Physiological and physicochemical 
factors. Aside from the transport 
characteristics, there are several 
physicochemical, biochemical, and 
physiological factors that can influence 
gastrointestinal absorption and systemic 
bioavailability. The nature of a 
substance can sometimes be 
substantially altered during the 
absorption process: degradation can 
occur in the acid environment of the 
stomach: a toxicant can be altered by 
the action of digestive enzymes or the 
bacterial flora present in the intestines; 
once absorbed, some chemicals can 
undergo extensive metabolism in the 
liver before reaching the systemic 
circulation. 

Most substances must be solubilized 
before absorption can take place. The 
rate and extent of dissolution can often 
limit the rate of absorption of a chemical 
ingested as  a solid material. A key 
determinant of dissolution of solid 
material, as well as absorption of 
complex mixtures, is aqueous solubility. 
Absorption of some substances can be 
changed by formation of insoluble salts 
or molecular complexes. Dissolution of a 
compound in a solid matrix is influenced 
by particle size: Smaller particles are 
more easily absorbed than large 
particles because of their greater surface 
area. Sometimes the way in which a 
substance is formulated can have 
profound effects on gastrointestinal 
absorption. Lipid soluble substances 
administered in oily vehicles are often 
absorbed directly into the blood through 
the lymphatics bypassing the liver. The 
result could be a significant increase in 
systemic bioavailability if the substance 

4 Pinocytosis and phagocytosis refer to tmnaport 
processes by which substances are engulfed by the 
cell membrane. 
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is known to undergo extensive hepatic 
metabolism. Highly viscous suspensions 
can affect absorption by slowing 
dissolution of a substance and delaying 
gastric emptying. 

Physiological factors must be 
considered when assessing 
gastrointestinal bioavailability. Delayed 
gastric emptying caused by a test 
substance or its vehicle can affect 
absorption particularly in the case of 
acid-labile (i.e., decomposes in the 
presence of acid) compounds or 
situations where acidity influences 
dissolution. Gastrointestinal motility 
can affect absorption by altering the 
time spent at the site of absorption. This 
is critical for compounds whose 
bioavailability is limited by the amount 
of time they reside in the intestine. The 
gastrointestinal absorption of soma 
substances is known to be age 
dependent: the absorption of many 
metals such as cadmium, iron, mercury. 
lead, and zinc is highest in newborns 
and decreases with age (Hoffmann, 
1982). 

~h;rsicochemical properties can 
sometimes indirectlv aid in the 
determination of bioa~ai labi l i t~  
estimates. When a chemical is ingested 
as a solid material, measurements of 
solubility in media that mimic the 
gastrointestinal environment may be 
used to estimate absorption, assuming 
certain conditions are met. Use of 
solubility measurements as  an estimate 
of bioavailability implicitly assumes 
that absorption of the soluble material is 
known. Other assumptions about 
absorption are acceptable provided that 
the actual extent of absorption will not 
be underestimated. It must be shown 
that the test method under which 
solubility is measured will not lead to a 
lower solubilitv than is ex~ec ted  to 
occur followin;: ingestion.-This requires 
that the surronate method be validated 
against the appropriate in vivo models 
for the substance of interest, the type of 
material for which it is present, and its 
dose range. 

Relative solubilities, pKa's and 
oikwater partition coefficients can also 
be utilized to justify using 
gastrointestinal bioavailability data for 
a related compound. A chosen surrogate 
compound should never be expected to 
have a lower bioavailability than the 
compound of interest. Absorption of a 
more soluble form of a toxicant should 
never be estimated using data from a 
less soluble form of the same toxicant. 
Absorption of organic acids should 
never be estimated using data from a 
related acid with a lower pKa. On the 
other hand, bioavailability of organic 
bases should never be estimated from a 
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related base with a hi&@ *a. The more rapid rnovemed of particulate constant tension, a steady state 
ai1:waifm partition reeffiuknt af the matter fiom the larger airways to the concentration in the blood will 
surrogate mbstance should never be glottis to be  swanmed.  eventually be achieved. The time 
lower than the wmpouad under Particles with dimeters around 5 um needed for a gas to reach steady-state is 
consideration. In these cases, it is also begin to reach the irlveolns of the primarily a 'function of its solubility in 
essential that o k f a c t o r s ~ o r i t i d  to lung during nasal breathing: this region blood, which is cheracterized by a 
bioavailability, such a s  transport becomes the major site of deposition for b1ood:gas partition coefficient defined 
mechanism, molemlar weight,  fir^ pass particles with diameters less than 2 urn. as the r a t i ~  of the concentration of 
metabohm, and pfiysialogical efEeds d o  Lipid soluble aerosols are very readily dissolved gas in the blood to Khat in the 
not cause the bioavaila&ility of the absorbed from this zone of the gas phase at equilibrium. 
surrogate compound to be less than the respiratory tract due to The large sorface A highly soluble gas with a large 
substance of interest. area, high blood flow, and thin diffusion partition coefficient will be  almost 

(b] Respiratory kct: Factors that barriers. Because of the relatively completely transferred to the blood with 
affect obsoption from the respimtoi-y inefficient clearance mechanisms each inspiration. but the time needed to 
system. Chemicals that are absotbed available in the alveoli, insoluble reach steady-'state may be several 
through the respiratorytract are gases. particles can remain for long periods hours. On the other hand, only a small 
such as, carbon dioxide &T nitrogen until they are eithther removed by the fraction of a gas with low blood 
dioxide; vapors of volatile liquids, such bronchial mucociliary system, solubility wiTl be absorbed into the 
as, benzene or methylene d o r i d e ;  and phagocytysed by alveolar macrophages, blood and saturation may be aohieved 
aerosols, snch as, silica, asbestos. and cleared by lymphatic drainage, or slowly more quickly. Other factors will 
other dusts, smokes, fogs or  mists. undergo dissolution and vascular influence the ability of a gas to be 
Aerosol deposition and the efficiency of removal. The long residence times of absorbed in the blood: Time to steady- 
absorption is dependent on particle size part~culates deposited in the inner state will be more prolonged for gases 
and charge. The majority of aerosol regions of the respiratory tract. that are highly lipid-soluble and can be  
particles with a mass median combined with the relative ease of stored in body fat; insoluble gases that 
aerodynamic diameter ("MMAD") diffusion across the alveolar are rapidly cleared by metabolism wid 
greater than 5 um are deposited in the membranes, make the lung a significant also be absorbed to a greater extent 
nasopharyngeal region of 'the respiratory site of absorption for those substances than a gas of similar solubility that is 
tract following nasal breathing The that adsorb on the surface of small not metabolized; an increase in 
particles are usually ,trapped in the thick aerosols. Inhaled particles less than 1 pulmonary ventilation will often 
mucus blanket of the nasal surface and um in diameter can be eqtected to reach increase the absorption of a highly 
are rapidly removed by either the deepest regions of the lung easily. soluble gas, while an increase in 
mucocilizry ~ l e a r a n c e , ~  sneezing. or However, the total deposition/retention pulmonary blood flow can increase the 
nose blowing. Much of this parti~vlate of these particles in the absorption of an insoluble gas; some 
matter is made available to the respiratory system is g e n d l y  less carrier mediated or other specialized 
gastrointestinal tract after swallowing of since they can be exhaled. Recent data transport systems are known to exist in 
the secreta. As nasal breathing becomes using nasal casts of humans and the respiratory tract, but are uncommon. 
augmented by mouth breathing, whioh experimental animals suggest that Other considerations may affect 
might occur during exercise or periods ultrafine aerosols less than 02 urn in absorption from the respiratcny tract. 
of nasal blockage, nasopharyngeal diameter become increasingly deposited Inhaled substances that alter 
deposition is reduced whih both the in the nasopharyngeal region of the mucociliary flow, cause 
fraction and size of particles reaching respiratory tract. Other particle bronchconstriction, or directly damage 
the deeper regions of the respiratory characteristics such as density, shape, the respiratory epithelium can 
tract are enhanced. Some sllEficiently and hygroscopicity 6 may influence the significantly iduence  the 
sc~luble aerosols can dissolve in the site of depositian and absorption. bioavailability from this route of 
mticus m d  be absorbed through the The uptake of gases sad vapors can exposure. Althou& the metabolic 
epithelium of the nasopharyngenl region occur throughout the respiratory system. capability of the lung is generally more 
into the blood. The predominant mechanism for most limited than that of the liver, certain 

Particles with a M M D  in the range of gases is passive diffusion h n  by the selected substances may undergo 
2 to 5 are increasingly deposited in higher concentration ira the inspired air extensive pulmonary metabolism that 
the tracheobronchial region of the relative to the tissue and blood. could result in reduced systemic 
respiratory tract following nasal Aqueous soluble gases tend to be taken bioavailability. A more detailed 
breathing. These are also cleared by the up by the nasopbaryngeal region and discussion of the factors that determine 
upward movement of the mucus layer upper airways. A greeter percentage of the bioavailable doeefollowing 
lining this portion of the respiratory the less water eolubb gases reach the inhalation can be found in the EPA 
tract. However. the mucus is  generally lower airways and alveolar mgion of b e  Interim Guidelines for Development of 
t h ~ ~  and the dearance times longer, lung where absorption into the systemic Inhalation Reference Doses IEPA. 1989). 
particularly in the terminal bronchiolar blood occurs much more readily. Once The determination of administered 
regions of the lung* a u o w i ~  for greater in the alveoli, the anwunt of a gaseous dose from inhalation studies is Jrmre 
o ? ~ o r t u n i t ~  of absorbed across substance that enters the Mood is complexthan with ather routes since it 
the epithelial ceils into the blood. controlled not only by its concentration is dependent an duration d exposum, 
Coughing and sneezing can resalt in in the inspired air, but aim by its respiratory rate and tidal volume as  well 

solubility in blood, pulmonary as  concentration. It is best for in vivo 
Mucociliary clearance refers to a mchantsrn by ventilation, and blood flow. As one respiratory measurents to be done by 

which part lmlat~  bactem arn.enba~~ed in a continues to breathe a gas or vapor at  a plethysmography, but in its absence, 
layer of mucus lin~ng the reapIratory tract and swept 
upward out of the system byrhe mobemeni of amall appropriate values for ihe particdar 
hairs celled cllie anached =to she epithelial cells of ~Mygmacopicity re& to the sblkjty af particles speckg of experimentel 
the tracheobronchiel end nasal reg:ona to accumulate rno~sture. assumed based on literature values. 
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Administered dose calculaticns from 
experimental animals must be defined ir, 
terms of an equivalent human dose. This 
means that the airborne concentration 
has to be adjusted to reflect differences 
in exposure duration and breathing rate 
between experimental conditions and 
humans. The default human breathing 
rate during typical product use is 
assumed to be 20 cubic meters per day. 
This produces a default alveolar 
vectilation rate of 13.4 cubic meters per 
day since only a fraction of the air 
breathed is available for gas exchange. 
Appropriate ventilation rates for a 
number of animal species have been 
documented (EPA, 1988). If the test 
material is an aerosol. particle size 
distribution needs to be determined as  
the mass median aerodynamic diameter 
(MMAD). For insoluble aerosols, the 
amount deposited in the various regions 
of the lung can be estimated from the 
aerosol size distribution, deposition 
efficiency, and ltlng si1rfac:e area. 
Adjustments can be made to account for 
diiferences in aerosol deposition 
between animals and humans (Jurabek, 
el 01.. 1989). 

Absorption by the respiratory tract 
can also be predicted using 
physiologi~ally hased models. These can 
be developed to estimate blood 
concentration over time resulting from 
inhalation of a substance or doses 
reaching different sites of the 
respiratory tract. The accuracy of these 
models depends on precise values for a 
fiumber of physiological (ventilation 
rate, b!ood now, airway diameter, etc.), 
biocl~ernlcal (metabolic rates), and 
physiochemical (b1ood:gas paitition, 
diffusion coefficients, etc.) parameters. 
All models should be adequately 
validated before being used i;! assessing 
bioavailability. 

Certain surrogate data may be.used to 
assist in determining bioavailabiiity 
estimates following i:~halation. Aerosol/ 
dust particulates with a MMAD less 
than 10 urn can sometimes be used as  an  
estimate of that fractior: avaiiabie for 
abscrption across the a!veclar region of 
the lung. Studies indicate that drily a 
very small fraction [<lo%) of aeroscJls 
greater than this size reach :he 
respirable region even wit!] v.!lti!ation 
rates that occur during moderate to 
heavy esercise (Mi!!er, eta]., 1988). 
Although bioavailabikity from alveolar 
deposition of aerosols greater than 10 
urn may he eliminated Fro111 
consideration, potential absorption of 
these particulates fwm other portions of 
the respiratory tract or from 
gastrointestinal exposure es  a result of 
munociliary clearance must he 
evaluated. 

B1ood:gas partition coefficients for 
gases and vapors can be atilized to 
justify the substitution of respiratory 
bioavailability data from a related 
compound, provided certain criteria are 
met. The b1ood:gas coefficient of the 
surrogate corrlpound must not be less 
then the compound under consideration. 
In addition, it must he shown that other 
factors tliat control transport from the 
respiratory tract such as  metabolism, 
clearance, tissue distribution, and 
uptake from other regions of the 
respiratory tract carmot be expected to 
cause absorption of the surrogate to be 
less than that of the substance of 
interest. 

(c) Skin:permeability characteristics. 
The shin serves as  a relatively 
impermeable barrier to many chemical 
agents. In contrast to the 
gastrointestinal tract and lung in which 
a chemical must only pass through two 
cells to reach the blood, the skin has 
multiple cell layers that must be crossed 
before systemic absorption takes place. 
The rate-limiting step in this process is 
usually diffusion across the stratum 
comeurn, the outermost densely packed 
layer of ketatinized epidermal cells. The 
straturn comeum of different regions of 
the body will ilary in ttlickness and 
diffusivity, and wlll be reflected in 
different derma! permeabilitieu. For 
example, :he palms and soles are much 
less permeable than other skin areas 
because of their very thick outer layer of 
skir,. Chemicals diffuse much more 
readily acress the inner epidenr.is and 
dermis than the stratum corneum. Son~e  
chemicals may be partially absorbed 
through :he cells of the sweat g!ands 
and hair follicles. However, becailse the 
cross sectional area occapied by these 
struc!ures in human skin is oniy 0.1 to 1 
percent of ihat occupied by the 
epidermis, this route of absorpiion is 
uniikely to play a major rale.fi;r most 
substances. 

Ahsorption from the skin is believed 
to crcclrr by passive diffusion. The 
overriding determinants for the rate of 
peroutsneous absorption are, therefore, 
the concentiotion gradients from skin 
surfdce to blood and the permeab~lity of 
the penetrant for the ~ t i a t u n ~  corneum. 
In addition to skin thickness and 
membrane diffusivity, dermal 
per-lieability is controlled try molecular 
size and paitiiioning between the 
stratuiri corneum a::d the vehicle in 
which the penetrant is present. Except 
for some extreme!y nonpolar 
c ~ x p o u n d s ,  tile permeability constants 
for many substances in aqueous 
so!utions have been shown to correlate 
well with their lipid solubility as 
measured by the octano!:water partition 
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coefficient, provided !heir diffusivity 
does not greatly vary. The correlation is 
not as strong for the highly nonpolar 
compounds because the transfer of 
chemical out of the stratum corneum 
into the inner epidermis can become 
rate-limiting. This could possibly lead to 
an overestimation of dermal 
permeability based on the octano1:water 
partition coefficient. The degree of 
polarity can influence the diffusivity r?f a 
substance in the stratum corneum, Very 
polar compounds appear capable of 
partially diffusing through the outer 
surface of protein filaments, while the 
less polar molecules must exclusively 
dissolve in, and diffuse through, the lipid 
matrix between the protein filaments. 
These differences in molecular 
mechanism can lead to quantitative 
differences in the diffusion coefficient 
among substances. Aithough small 
moderately lipid soluble molecules 
appear to be bes: absorbed from the 
skiil, larger molecular weight and/or 
ionized substances will usually be 
absorbed to e lesser extent. More 
information on how physicochemical 
properties influence dermal absorption 
can be found in the EPA Guidance for 
Conducting Dermal Exposure 
Assessments (EPA, ?992). 

The vehicle in which the substance of 
interest is app!ied to the skin can affect 
d ~ r m a l  absorption in several ways. A 
vehicle may improve skin absorption by 
increasing solubility, thus, providing a 
greater coaceniration gradient for 
diffusion. The vehicle can increase or 
decrease the partitioning of the 
~ene t ran t  in the stratum corneum, 
thereby altering absorption. Some 
vehicles such s s  dimethvlsulfoxide, and 
certain lipid extraction solvents and 
detergents, can accelerate dermal 
penetration by altering the diffusivity of 
fhe dermal barrier. This can occur by 
chemically destroying the integrity of 
the stratum corneum, either by 
functioning as  a swelling agent. 
rei~loving lipid, or altering the 
conformational structure of the cell 
layer. 

A number of other factors might affect 
dermal bioavailability. The rate of 
absorption is directly proportional to the 
amount of surface area contacted by the 
penetrant: a toxicant applied over a 
large area of skin will be absorbed 
faster than an equal amount over a 
srnalier area. Diffusion across the skin 
increases exponentially with rising 
temperature. Skin hydration affects 
percutaneous absorption by altering the 
diffilsivity and thickness of the stratum 
corneum: dehydration can decrease 
permeability by a s  much a s  tenfold 
(Klassen. 1980). Disease or damage to 
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the stratum corneum can cause an  
abrupt increase in percutaneous 
absorption. Like the respiratory tract, 
metabolism of certain chemicals by cells 
in the inner epidermis may significantly 
decrease the bioavailability from skin. 
Binding of penetrant within the different 
cell layers may also limit bioavailability. 
Volatility, chemical instability, and pH 
of the vehicle may alter the amount of 
toxicant in a form available for 
absorption. Finally, variability in skin 
permeability exists among species. 
Good models for human skin are 
dependent on the compound of interest: 
pig and monkey skin generally appear to 
share the greatest similarity to human 
skin in terms of percutaneous 
absorption, but skin from other animals 
may also be adequate. Human skin may 
also be available. 

Percutaneous absorption can be 
estimated with physiologically based 
models. These use physiochemical, 
biochemical, and physiological data, 
such as, diffusion and partition 
coefficients, molecular weight, 
clearance, and blood flow to predict 
bioavailability. The parameters used a s  
input to the model should be 
experimentally determined by legitimate 
methods and the values being estimated 
by the model should be appropriately 
validated. 

Octanol: Vehicle partition coefficients 
can sometimes be utilized to justify 
using dermal bioavailability data from a 
related compound. The chosen surrogate 
must not have a partition coefficient 
lower than the substance of interest. 
Other factors that influence 
bioavailability, such as membrane 
diffusivity and skin metabolism, also 
should not be expected to cause the 
absorption of the surrogate to be less 
than the compound under consideration. 
Since dermal absorption data are often 
available a s  an experimentally 
determined or a mathematically derived 
(based on surrogate measurements) 
permeability constant when the skin 
contact is with a liquid, this 
measurement needs to be converted into 
the absorbed dose. This can be 
determined by multiplying the 
permeability constant (cm/min) by the 
concentration of the chemical in the 
medium contacting the skin, the exposed 
surface area (square centimeters) and 
the duration of exposure (min). 

3. Risk Assessment Guidelines.-a. 
Introduction. The purpose of this section 
is to describe the procedures to be used 
when estimating risk for substances 
which are defined as  toxic by nature of 
their carcinogenicity. Such risks are 
used in conjunction with exposure 
information to determine whether an 

acceptable daily intake (ADI) has been 
exceeded, a s  described in the section 
concerning that subject. As explained in 
that section, the process of quantitative 
risk assessment will not be applied to 
other chronic endpoints (reproductive/ 
developmental effects and 
neurotoxicological effects) at this time. 
Thus, this section will only deal with 
carcinogenic risk assessment. 

Although these guidelines will be 
fairly specific, further information on the 
rationale behind some of the 
assumptions, examples of how the 
guidelines are applied, and examples of 
the application of pharmacokinetics can 
be found in the Commission risk 
assessments on methylene chloride 
(dichloromethane) and formaldehyde 
(M.S. Cohn, Inhaled methylene chloride 
unit carcinogenic risk assessment, June, 
1985; M.S. Cohn, Estimated carcinogenic 
risks due to exposure to formaldehyde 
released from pressed wood products, 
February, 1986; M.S. Cohn, Updated risk 
assessment for methylene chloride 
(dichloromethane), June 1987). 

b. Guidelines for carcinogenic risk 
assessment.-i. Selection of data upon 
which risk is based. For a given 
carcinogenic substance, the data used 
will be obtained from those studies used 
to define the substance a s  "toxic" by 
virtue of its carcinogenicity. Among 
these, the study leading to the highest 
risk should normally be used. However, 
other factors may be considered in the 
choice of the study. For example, a 
study with three administered doses, 
showing a dose-response relationship, 
can be given more weight than a study 
in the same species/strain with a single 
administered dose. Similarly, a study 
with the same route of exposure a s  that 
anticipated for human use of the product 
under consideration can be given more 
weight than a study that uses the same 
species/strain, but uses a different route 
of exposure. If both sexes in the study 
respond significantly, they can be 
combined before risk analysis if the 
responses are similar (as done in the 
case of formaldehyde). Alternatively, 
the risks f o ~  each sex can be determined 
individually and then averaged for the 
final estimate (as done in the case of 
methylene chloride). If there is more 
than one significantly responding 
endpoint, the risks for each are 
determined individually and then added 
for the final estimate. See the risk 
assessments on methylene chloride 
referenced above for an example of this 
treatment. 

ii. High-to-low dose extrapolation. 
The multistage model (Global83 or later 
version) is used in all cases unless a 
convincing argument can be made for an 
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alternative model such as  one 
addressing a distribution of thresholds. 
Linearity at low dose is always the 
default assumption, in light of the high 
probability that the action of any 
carcinogen will interact with 
background cancer processes and 
environmental agents, as opposed to 
acting independently. Upon request, a 
copy of Global83 that will run on a 
personal computer is available without 
charge from the Commission. 

The risk will be based on the 
maximum likelihood estimate from the 
multistage model, unless the maximum 
likelihood estimate is not linear at low 
dose (which happens when the first- 
order coefficient, q,, is zero). In such a 
case, the 95% upper confidence limit on 
risk (i.e., the 95% lower confidence limit 
on dose) should be used. In the example 
risk assessments cited above, the 
maximum likelihood estimate was used 
in the case of methylene chloride and 
the upper confidence limit on risk was 
used in the case of formaldehyde. 

Modification of doses put into the 
multistage model may be made if 
sufficient pharmacokinetic information 
is available. See the above referenced 
risk assessments on methylene chloride 
for an example of how such information 
can be used to account for nonlinearities 
in the dose-response curve due to 
pharmacokinetic influences. 

iii. Species to species extrapolation. 
For systemic carcinogens, that is, those 
that exert an effect remote from the site 
of contact, a "surface area" correction 
will be used if estimates of human risk 
are made based on animal data. At 
present, this correction is a factor 
derived from dividing the assumed 
human weight (usually 70 kg) by the 
average animal weight during the study, 
and taking that to the Y3 power. On a 
miligram per kilogram per day (mg/kg/ 
day) basis, the human is assumed to be 
more sensitive than the animal by this 
factor. See the risk assessments on 
methylene chloride for an example of 
this approach. There is the possibility 
that this factor may be changed, using 
the ?h power instead of the '/s power, a s  
part of a unified Federal regulatory 
approach. If such an approach is 
adopted, it will apply here. 

In cases where the concentration is 
expressed a s  parts per million (such as, 
in air or in diet) and the carcinogen acts 
at the site of contact [such as, nasal 
passages or the lung), species may be 
assumed to be of equivalent sensitivity 
on such a basis. In other words, humans 
and animals exposed to the same 
concentration (in parts per million) in air 
or diet for the same proportion of 
lifetime are assumed to be equally 
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sensitive. See the risk assessment on 
formaldehyde for an example of this 
approach. 

At this time, pharmacokinetics should 
not be used to adjust for differences 
between species in sensitivity to a 
carcinogen; briefly, this is because 
information on sensitivity of various 
species to a "target" dose is not 
currently available. The rationale for 
this decision is explained in depth in the 
risk assessment for methylene chloride. 

iv. Route to route extrapolation. If no 
experimental study having the same 
route of exposure as that anticipated for 
human use of a substance is available. a 
study by another route of exposure is 
used. In such cases, pharmacokinetic 
methods may be used if sufficient data 
are available, or methods described in 
the bioavailability section [nay be used. 
The less inforination available, however. 
the more one has to rely on default 
assumptions (as discussed in the 
bioavailability section). 

v. Scenario extrapolation. Where 
exposure scenarios are different from 
those used in the underlying study upon 
which estimates of risk are based, 
proportionality should be applied. For 
example, if an experimental study is 
performed under conditions of exposure 
for six hours a day, five days a week for 
lifetime, then the risk for a single hour of 
exposure is the risk from the 
experimental study divided by a factor 
of: 6 (hours/day exposure] x 5 (days/ 
week) x 52 (weeks/year) x 70 
[assuming a 70-year lifetime]. If 
pharmacokinetic methods are used to 
adjust for risks at  high versus low 
exposure levels, one must be careful not 
to combine level-time measures (such as  
in calculating a lifetime average daily 
dose) without takirig the non-licearity 
into account. Whcre such 
pharmacokinetic information is 
avai!able, it may be used to adjust 
scenario extrapolations. For example. 
two uninterrupted days of exposure may 
lead to a different time versus 
ct>ncentration [area under the c~irve) 
estimate than two interrupted days of 
exposure, due to factors such as 
incomplete elimination of the substance 
after twenty-four hours, saturation of 
uptake processes, or saturation of 
metabolic processes. 

4. Acceptable Risks to Children and 
Adults 

a. Introh~ction. Ucder the LfiAMA, 
the Commission is required to develop a 
number of criteria to be used in the 
determination of whether an art 
material is to be labeled. Two of these 
are addressed here, namely, (I) "criteria 
for determining when art materials may 
p rod~~ce  chronic adverse health effects 

in children and criteria for determining 
when art materials may produce such 
health effects in adults." with the added 
provision that "where appropriate. 
criteria used for assessing risks to 
children may be the same as those used 
for adults," and (2) "criteria for 
determining daily intake levels for 
chronically hazardous substances 
contained in art materials." 

The first of these two criteria. effects 
in children and effects in adults, is 
addressed in this section. The second, 
criruria for acceptable daily i ~ t a k e ,  
consists of two general parts: Guidelines 
for determination of the quaatitative risk 
estimated to be incurred from use of an 
art material containing a toxic 
substance, and whether or not this risk 
is acceptable. The first general part is 
addressed in other sections regarding 
whether or not a substance is toxic, how 
exposure is assessed, and how risk is 
estimated. The second general part, 
what risk is acceptable, will be 
addressed here. This discussion is 
intended to address the issue of 
acceptable risk with regard to all 
products subject to the FHSA, not just 
art materials. 

The reasons for the inclusion of these 
two particular elements (risks to 
children and adults, and whether such 
risks are acceptable) in this section 
become clear when one considers that 
hazard, as well a s  risk, cannot normally 
be distinguished relative to age of the 
person exposed. It would be extremely 
rare. if at all, that a case could be made 
that a specific chronic hazard would 
apply only to children and not to adults, 
or vice-versa. For cancer and chronic 
n~urotoxicological effects, hazard 
identification is normally based on long- 
term studies in animals or humans, and 
unless there is some rare phenomenon 
indicating otherwise, both add i s  and 
children would be expected to be 
susceptible to substacces causing such 
effects. Similarly, exposure of an adult 
or chiici to a reproductive toxicant could 
lead to effects in eventual offspring. A 
special case is that in which a substance 
has an effect only during pregnancy-a 
child exposed to such a substance 
wauld not be at risk, but exposure to a 
pregnant adult could affect the unborn 
child. 

Although children may be more 
susceptible to the effects of chronic 
toxicants, current methodologies for 
carcinogenic or other chronic hazard 
risk assessment are usually unable to 
distinguish between risk to children and 
adults for most substances. This is 
because (1) data do not usually exist 
which relate ultimate risk to age at first 
exposure to a substance, and (2) in the 
absence of such data, the basic 

methodologies used for risk assessment 
have not developed to the point where 
such projections can be made. Such an 
endeavor may be further confounded by 
scenarios where exposure to a 
substance in childhood may lead to 
manifestation of a disease in adulthood. 
Of course, there are rare occasions 
when data have been available to allow 
distinction of risks relative to age of 
exposure, such as the methodology 
applied for the estimation of risk of 
mesothelioma due to exposure to 
asbestos. In this case, there are 
epidemiological data relating risks 
observed (after a lengthy period of 
followup) to the age ai which members 
of the group were first exposed. 

Since currently available hazard and 
risk assessment methods are unable to 
distinguish susceptibility of children and 
adults in most situations, the procedures 
foq risk assessment and determination of 
acceptable daily intake will apply to 
both children and adults. Thus, the two 
subjects (children and adult hazardlrisk, 
and acceptable risk) are discussed 
together in this section. 

b. Acceptable daily intake (ADO 
based cn acceptable risk. As mentioned 
above, the concept of acceptable daily 
intake (ADI) for a substance depends 
upon the projected exposure to users of 
a product (and possibly others affected 
by the product) and the estimated risks 
at such exposures. Thus, for any specific 
product the AD1 of a constituent 
hazardous substance is defined as that 
exposure which leads to or is below an 
"acceptable risk," The recommended 
value of such a risk is explored below. 

I. AD1 for carcinogens. Although no 
universal figure exists, several 
reviewers have observed that Federal 
agencies, when setting a value of 
acceptable risk to the public for 
carcinogens, have often used the figure 
of one in a nliliion or less. A one in a 
mi1i:on risk means that when exposure 
to an agent of concern occurs, the 
exposed individual has an estimated 
additional one chance in a million 
during his or her lifetime of developing 
the deleterious effect, such as  cancer. 
The exposure scenario being evaluated 
can be one use, one year's use, "normal 
product utility," or anticipated use over 
a lifetime, depending on the nature of 
the situation being addressed. Thus, the 
choice of the exposure situaticn 
evaluated is important to the concept of 
what risk is "acceptable." The greater 
the exposure, the higher the risk. Risk 
can be expressed in terms of exposure. 
For example, risk can be expressed as a 
risk of one in a million of developing 
cancer from a certain level of radon 
measured in a house, if the person 
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exposed lives in the house for a lifetime. 
Alternatively, risk can be expressed as 
lifetime risk--eating an apple treated 
with a pesticide every day for an entire 
lifetime results in a certain risk of 
cancer. 

Federal agencies have wrestled with 
the notion of "acceptable risk" for many 
years. The FDA in 1977 (42 FR 541481, 
and in 1979 (44 FR 170751, concluded 
that a lifetime risk of below one in a 
million imposes no additional risk of 
cancer to the public. The latter Federal 
Register notice dealt with 
diethylstilbestrol (DES). Since the 
industry was unable to show that use of 
DES led to risks of less than one in a 
million. DES was banned (Marraro, 
1982). EPA has considered risks in the 
area of one in a million to one in 100.000 
as a value for "acceptable risk," 
although other values have certainly 
been considered (Lave. 1985). The range 
reflects the-attitude that, although the 
line for a specific regulatory action on a 
substance might normally be drawn at 
one in a million, there is flexibility if the 
benefits of the particular substance 
drive the definition of "acceptable risk" 
to a higher value. Industry has also 
noted the one in a million value. Mieure 
(1984) of Monsanto Company has stated 
that risks less than one in a million "are 
not normally considered relevant for 
regulatory consideration; FDA, OS1-IA, 
and EPA have all stated that substances 
having risks below one in a million 
ought not be subjected to regulation." 

The Commission has also acted to 
require labeling at estimated risks on 
the order of one in a million for a 
carcinogen. In the case of methylene 
chloride, some 30 products containing 
this compound were identified and 
evaluated in terms of estimated 
individual risks. By and large, those 
products having estimated risks of over 
one in a million were subject to a 
labeling requirement under an 
enforcement policy, and those under one 
in a million were exempt from this 
requirement. Additionally, the 
Commission took an  action to minimize 
the amount of DEHP allowed in baby 
pacifiers when the maximum estimated 
risks were within the range of one to ten 
in a million. 

The above discussion gives examples 
of past, present, and proposed 
definitions of "acceptable risk" used by 
Federal regulatory agencies that center 
around the figure of one in a million. 
While the discussion does not give 
examples of the many other figures that 
have also been considered or proposed. 
the use of one in a million has been most 
prominent and also has the most 
precedent in the case of actions taken 

by the Commission and other agencies 
for carcinogens. Other chronic endpoints 
(reproductive effects and neurotoxicity] 
should receive a similar level of 
concern. Therefore, for purposes of the 
LHAMA (and for other products subject 
to the FHSA), the maximum AD1 under. 
the guidelines is that exposure of a toxic 
(by virtue of its carcinogenicity) 
substance estimated to lead to a lifetime 
excess risk of one in a million. The term 
"exposure," a s  used in the guidelines, 
refers to the anticipated exposure from 
normal lifetime use of the product, 
including use by artists, art teachers, 
and art students. The assessment of 
exposure is covered in the section on 
exposure in these guidelines. 

ii. AD1 for neurotoxicological and 
developmental/reproductive agents. As 
mentioned in the section on risk 
assessment, no numerical risk 
assessment method for 
neurotoxicological or developmental/ 
reproductive agents will be specified at 
this time. Although other Federal 
agencies such as EPA are developing 
and considering such methods for these 
types of chronic agents, the 
development is still ongoing, and they 
are not ready for implementation in 
guidelines such as  these. When 
implementation is feasible, the 
Commission will specify appropriate 
amendments to these guidelines. 

Therefore, a s  an alternative, a safety 
factor approach is specified for handling 
neurotoxicological or developmental/ 
reproductive agents. Safety factors have 
been used extensively in the past for 
nun-carcinogenic substances, and even 
for carcinogens as late as the early 
1970's. Typically, a factor of ten is 
applied to account for potential 
differences in sensitivity between 
humans and animals, and another factor 
of ten is applied to account for 
differences in sensitivity among humans 
(Fiutt, 1985). 

Using the safety factor approach, the 
AD1 under the guidelines is the 
following. If the hazard is ascertained 
from human data, such as that derived 
from epidemiological studies, a safety 
factor of ten will be applied to the 
lowest no observed effect level 
("NOEL"] seen among the reievant 
studies. For each study, the NOEL is 
considered to be the highest 
experimental exposure or dose level at 
and below which no significant 
response is observed [presumably, the 
next higher experimental point reflects a 
significant, positive response]. The AD1 
is then tenfold less than the lowest 
(among the relevant studies) of these 
doses or exposures. If the hazard is 
ascertained from animal data, the AD1 is 

one hundredfold less than the lowest 
NOEL. 

The above concepts require some 
clarification. First, in the event that the 
only study or studies available have 
significantly positive responses at  all 
levels tested (for example, only two 
single-point studies are available], a 
NOEL cannot be determined. Therefore. 
in such cases, the safety factor used to 
determine AD1 will be applied to the 
lowest exposure or dose yielding 
positive results, known as  the lowest 
observed effect level ("LOEL"). The 
safety factor will include an additional 
factor of ten [i.e., ADI's of 100 and lOOo 
below the LOEL for situations based on 
human and animal data, respectively) to 
account for the probability that a 
response would occur at a lower dose or 
exposure. 

Second, the NOEL (or LOEL] and AD1 
reflect daily dose levels, t h ~ ~ t  is, the 
NOEL (or LOEL] is calculated in terms 
of amount per day experienced by the 
animals or humans under study, and the 
safety factor is applied to that number to 
determine ADI. When a specific art 
material (or other material subject to the 
FHSA) containing a toxic substance is 
used, if the daily exposure during use 
[with use, again, referring to anticipated 
use pattern(s)) exceeds the ADI, the 
product should be labeled according to 
provisions of the LHAMA and the 
FHSA. 

Third, where only specific populations 
are susceptible, the product is still 
subject to the provisions of the LHAMA 
and the FHSA, although any labeling 
would identify such populations. For 
example, if a developmental toxicant 
acts only during pregnancy, this quality 
would be so noted on the labeling. 

VII. The Supplemental Defimition of 
Toxic 

A. The Existing Statr~tory and 
Regulatory Scheme 

Section 2[g) of the FHSA defines the 
term "toxic" very broadly as "any 
substance (other than a radioactive 
substance] which has the capacity to 
produce personal injury or illness to 
man through ingestion, inhalation, or 
absorption through any body surface." 
15 U.S.C. 1261(g). This broad statutory 
definition covers both acute and chronic 
toxicity. 

The Commission's regulatory 
definitions that interpret and 
supplement the statutory definitions 
provide specific tests that can be used to 
determine whether a product is acutely 
toxic by oral ingestion, inhalation, and 
skin contact. 16 CFR 15M.3(~)(2]. 
However, there currently is no 
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corresponding regulatory definition to are "toxic" (and must be labeled intended for adults and for use outside 
apply to products presenting a risk of appropriately) under the FHSA. The of the household are not covered by the 
chronic toxicity. supplemental definition discusses the Commission's interpretation of LHAMA. 

The Commission has long taken the particular chronic hazards of cancer, Response. As explained more fully in 
position that the statutory definition of neurotoxicity, and developmental or section 1II.D of the preamble, the 
toxic includes both acute and chronic reproductive toxicity. However, the Commission construes this exclusion to 
toxicity. Several regulations issued definition is not limited to these be very narrow. LHAMA mandated 
under the FHSA have addressed chronic hazards, but includes other chronic ASTM D4236 a s  a Commission rule 
hazards associated with a variety of hazards. under section 3(b) of the FHSA. Section 
products, such as  lead [a neurotoxin), 16 The Commission has simplified the 3(b) applies to substances intended or 
U.S.C. 1500.17(a)(6), asbestos (a proposed definition. Some commenters packaged in a form suitable for use in a 
carcinogen), id. 8 1500.17(a!(7), and vinyl felt that the proposed definition would household or by children. Thus, a 
chloride (a carcinogen), id. eliminate the flexibility necessary to substance that is not so packaged or 
§ 1500.17(a](10]. Another example of the properly consider all factors affecting intended is not covered by a section 3(b) 
Commission's action regarding chronic risk. They objected to an automatic risk rule. However, the Commission believes 
hazards is its Statement of level and automatic safety factors. that it will be a very rare art material 
Interpretation and Enforcement Policy The Contmission's intention in issuing whose use is not anticipated in the 
on methylene chloride which notified the proposed guidelines and definition household or by children. 
the public that, due to risk of cancer, the was to provide a balance of flexibility This is particularly true since many 
Commission considered household and certainty. The Commission did not artists do not separate their households 
products containing methylene chloride intend to impose an automatic system from the area where they use art 
to be hazardous substances subject to that leaves no room for expert judgment. materials. 
FHSA labeling requirements. 52 FR The general principle that determination Comment. Some commenters stated 
34698 (1987). of chronic hazards is a complex matter that the final rule should clearly require 

Congress and the courts have also requiring the assessment of many a conformance statement on all art 
recognized the Commission's authority factors is stated throughout the material products. 
to regulate chronic hazards under the proposed and final guidelines. Response. As explained in section 
FHSA. 1n G U I ~  south ~nsulation v. CPSC? After reviewing the comments and 1 1 1 . ~ .  of the preamble, the Commission 
701 F.2d 1137.1148-50 (5th Cir. 19831, the considering how the proposed definition ASTM D4236 to require 
Fifth circuit ruled that the FHSA would would be implemented, the Commission that art material that do not 
be the proper statute under which the decided to issue a broad definition require chronic hazard labeling provide Commission could ban urea- rather than the more rigid one proposed. a conformance statement indicating that 
formaldehyde foam insulation if the The final definition will clearly inform they conform to the requirements of 
Commission could establish a proper the public that chronic hazards are 
evidentiary basis for concluding that the covered under the FHSA. will also 

ASTM D4236. 
Comment. A few commenters product presented a cancer risk (a allow the flexibility intended by the observed that the Commission needs to chronic hazard). Also, Congress Commission. This does not mean, 

indicated its expectation that the be able to amend ASTM D-4236 if 
however, that manufacturers will lack ASTM changes any provisions of the Commission would address chronic direction on when to label products that standard. hazards through the WSA. 15 U.S.C. may present chronic hazards. The Response. LHAMA provided for the 2080(b1(11(C) and (z)(A)(iii) (CHAPto guidelines present exhaustive 

review data before Commission can ban discussions of the chronic hazards of 
Commission to amend the standard once 
it has provided an opportunity for a product that contains a cancer, neurotoxicity, and reproductive ,,itten comments. If the change is not teratogen, or mutagen). and developmental toxicity, a s  well as  one initiated by ASTM, oral comments 

B. The Supplenlental Definition the principles of exposure and risk must also be permitted. The procedure 
The supplemental regulatory assessment. The guidelines clearly for amending the standard is discussed 

definition finalized today amends the recommend a risk level of 1 X 10-6for in section III,F, of the preamble. 
regulatory definition of "toxic" to carcinogens and certain safety factors Comment. Several commenters noted 
provide a definition that will include for neurotoxins and reproductive and the difficulty in defining "reasonably 
chronic toxicity, not just acute. The developmental toxicants. The guidelines foreseeable or customary use" of an art 
Commission hopes that this will clarify provide that these levels material. This problem was also noted 
the definition and fill the gap in the generally be followed in making labeling for other materials. 
Commission's current regulatory decisions, but they recognize that sound R ~ ~ ~ ~ ~ ~ ~ .  ~h~ Commission agrees 
definition of "toxic." scientific data may warrant deviation that this concept is difficult to define 

The Commission is issuing the from these levels. and may be particularly so with art 
supplemental definition under the Rather than requiring set risk levels, materials. the discussion in section 
authority of section 10 of the FHSA the final supplemental definition defines 1v.c. of the preamble indicates, the 
which authorizes the Commission to "toxic" as including such chronic Commission has generally given a broad 
issue regulations "for the efficient toxicants a s  carcinogens, neurotoxins interpretation to the term. 
enforcement of this ~ ~ ~ , v  ~~~i~~ this and reproductive and developmental Comment. Several commenters 
definition will improve the toxicants. questioned the need for boardcertified 
Commission's enforcement capabilities ~ 1 1 1 .  Significant Comments and toxicologists to review the formulations 
since the staff would not have to prove Responses of art materials, and some recommended 
the meaning of chronic toxicity in each deleting this requirement from ASTM D- 
enforcement action. The Commission A. 'Oncerning the 4236. 
also believes that the definition will be Codification Response. As explained in section 
helpful to manufacturers since it will Comment. Several commenters 1II.E. of the preamble, ASTM D-4236 
clarify that chronically toxic substances expressed concern that art materials defines the term "toxicologist" for 
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purposes of that standard as  a board suggested that the Commission develop Response. As explained more fully in 
certified toxicologist or physician. The substance-specific lists of carcinogens, section V.B. of the preamble, the 
Commission can only change this sensitizers, neurotoxins, and Commission must establish a C W  in 
requirement by the rulemaking process developmental/reproductive toxins. certain specified situations. The only 
that LHAMA provided to amend the Response. The Commissions's action action under the FHSA that requires the 
standard. The process for amending the fulfills the Congressional intent behind Commission to consult a CHAP is 
standard is discussed in section 1II.F. of LHAMA and is consistent with the rulemaking to ban a particular 
the preamble. FHSA. The Commission believes that its substance. 

However, the staff does not believe approach strikes a balance between the In issuing these guidelines, however, 
that, in most instances, whether a desire for certainty and the need to the Commission is not promulgating a 
toxicologist is board certified or not will allow expert judgment. As explained in binding rule, is not seeking to ban 8 
be crucial to the analysis performed. the   re amble and the guidelines, many substance, and is not taking action with 
Rather, the Commission is primarily factors must be considered and respect to any particular substance. The 
concerned that the review is conducted assessments made to come to the CHAP'S purpose is to review particular 
by a person who has sufficient determination that a substance is a products and substances. CHAP review 
knowledge based on education, training, "hazardous substance" under the FHSA. is not appropriate in this case. The 
end experience and that the review is A simple list of substances would not chronic hazard guidelines do not relate 
based on appropriate criteria. Section reflect the complexities involved in this to any pa*icular or 
1II.E. of the preamble explains that as  a determination. substances, but they provide guidance 
ma:ter of enforcement policy, the Comment. commenters expressed for determining, in general, whether a 
Commission will not require that all art views on both sides of the issue of the product can present a chronic health 
.naterial reviews be conducted by a scope of the guidelines, that is, whether hazard. 
board certified toxicologist. they should apply to products other than Comment. In a somewhat similar vein, 

Comment. One commenter stated that art materials. Chemical Manufacturers some commenters suggested that the 
no scientific and epidemiological data Association ["CMA"], for one, suggested rewlate chronic 
exist to suggest that consumers are that the Commission address non-art hazards under the CPSA rather than the 
being harmed by current use of art materials in a separate proceeding. FHSA. They thought that the 
materials. Response. As stated elsewhere in the Commission should address specific 

Response. The Commission is not preamble, the guidelines are intended to consumer products and consult CHAPs 
asserting that any particular art material help manufacturers and others in in the process of doing this. 
does or does not present a hazard. The determining whether their product Response. As discussed in the 
guidelines set up a process to determine presents a chronic hazard and, preamble, the FHSA provides authority 
whether a product presents a chronic therefore, must be labeled under the for the to regulate chronic 
hazard. Congress has made the FHSA. These same considerations are hazards. Although the Commission may judgment that there is a need for a equally appropriate for art materials and have the authority to proceed under the standard relating to the chronic health for other products subject to the FHSA. CPSA, the FHSA is the more appropriate risk of art materials and that the The guidelines are not mandatory. Thus. 
Commission should develop guidelines. to say that they only "apply" to art statute. The FHSA specifically requires 

Comment. Some individuals and materials makes no sense since their use the labeling of hazardous substances. 

organizations have sought clarification will be equally helpful to the The Commission has acted in the past to 

of the term "art material." and they have manufacturers of art materials and of provide for chronic hazard labeling 

asked for some guidance on how the other products subject to the FKSA. under the authority of the FHSA (e.g., 

Commission will interpret the term as  Comment. Several commenters methylene chloride). In fact, if the 

defined in LHAMA. suggested that the Commission convene were chronic 
Response. Congress provided a broad a Chronic Hazard Advisory Panel hazard guidelines under the CPSA, it 

definition of the term "art material.'' ("CHAP"]. CMA, for example, envisions may have to first issue a rule under 
With the exception of certain products the CHAP as  a "screening mechanism" section 30(d) the CPSA finding that it 

regulated under other statutes, the term to identify particular consumer products is in the public interest proceed under 
is defined as  "any substance marketed "that deserve a full evaluation for the CPSA rather than the FHSA. 
or represented by the producer or potential chronic health risks." The Comment. CMA commented that the 
repackager as  suitable h use in any CHAP nlould conduct hazard Commission has not given adequate 
phase of the creation of any work of determinations on materials nominated notice to extend the chronic hazard 
visual or graphic art of any medium." 15 by CPSC. There would be an guidelines from art  materials to other 
U.S.C. 1277(b)(1). The Commission has opportunity for public comment. If products covered by the FHSA. CMA 
not developed any supplemental warranted, the CHAP would assess stated that the proposed guidelines did 
definition that would further define this potential exposure and, if there was not adequately explain the 
ism. However, some guidance on the significant exposure potential, conduct a Commission's authority and did not 
Commission's interpretation of this term risk assessment. The CHAP would then address the economic effects of the 
is provided in the discussion earlier in make recommendations to CPSC extension. 
the preamble in section 1II.D. regarding labeling. CSMA recognized Response. The Commission believes 

that the Commission is not required to that adequate notice was provided. The 
8. Geneml Comments Concerning consult a CHAP before issuing the proposed guidelines clearly stated that 
Guidelines guidelines, but suggested this "as a because the scientific principles behind 

Camment. One commenter suggested matter of sound administrative the guidelines are not affected by the 
that the Commission should issue practice." Another commenter suggested types of products under cormideration. 
chemical-by-chemical "guidelines" that the Commission should establish a manufacturers couid use the proposed 
somewhat like the lists that are CHAP to review the need to expand the guidelines to aid their determination of 
developed by the state of California chronic hazard guidelines to product whether a product covered by the FHSA 
under Propo~ition 85. Similar comments categories other than art materials presents a chronic hazard. The 
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commission received 47 written 
comments, including several on the very 

-issue of the scope of the guidelines. and 
15 people presented testimony at  the 
public hearing in October. 

Moreover, as explained in the 
preamble, the chronic hazard guidelines 
are not mandatory and are not being 
issued as substantive, binding rules. 
Rather, they are intended as  guidance 
for manufacturers and others who must 
determine if their product requires 
labeling under the FHSA. 

The Commission believes that it has 
adequately addressed the economic 
effects of the chronic hazard guidelines. 
The guidelines impose no new 
requirements on manufacturers. It is the 
W S A  that requires proper labeling of 
hazardous substances. The guidelines 
represent the CPSC's interpretation of 
the current scientific concensus 
regarding chronic health hazard 
assessment. Furihermore, the guidelines 
do not require any review of non-art 
materials by a toxicologist. This is a 
requirement of LHAMA and is directed 
exclusively at art materials. 

Some commenters, including CMA 
may incorrectly believe that 
toxicological review would be required 
of all products subject to the FHSA. The 
requirements associated with the 
codification of the ASTM D-4236 apply 
only to art materials. 

Comment. Several commenters stated 
that the Commission should clarify that 
chronic hazards covered by the mfSA 
are those that have the potential for 
"substantial" injury or illness. 

Response. The FHSA definition of 
"hazardous substance" at issue in these 
guidelines does concern substances that 
may cause "substantial personal injury 
or substantial illness." 15 U.S.C. 
1261(f)(l). The Commission's regulatory 
definitions provide guidance in 
interpreting this term. The applic_able 
regulation states: "Substantial, personal 
injury or illness' means any injury or 
illness of a significant nature. It need not 
be severe or serious. What is excluded 
by the word 'substantial' is wholly 
insignificant or negligible injury or 
illness." 16 CFR 1500.3(c](7](ii). 

C. Comments On Scientific Issues of the 
Guidelines and Definition 

I. General 

Comment. Commenters noted that it is 
important to keep the guidelines flexible 
and that rigid adherence to default 
factors (i.e., numerical factors to be used 
in the absence of data for the particular 
substance or circumstances) should not 
be required. 

Response. The guidelines are intended 
to be flexible. This is stated very clearly 

in the guidelines a s  proposed and 
finalized. Default assumptions such as  
those used in exposure and risk 
assessment are, by definition, to be used 
in the absence of appropriate data. The 
guidelines permit the rep1acemer.t of 
default assum~tions with data-based 
alternatives. Alternative approaches 
should be scientifically defensible and 
supported by appropriate data. 

Comment. Some commenters 
suggested that the guidelines should 
clarify that lack of significant 
bioavailability (or exposure) of a 
substance that would otherwise be a 
chronic toxicant will result in that 
substance being exempt from 
consideration as a "hazardous 
substance" under the FHSA. 

Response. The proposed guidelines 
explained that for a substance to be a 
"hazardous substance" under the FHSA 
it must have the potential to be toxic 
and present a significant risk of adverse 
health effect through customary or 
reasonably foreseeable handling or use. 
The proposed guidelines also explained 
that this second factor reflects the 
person's exposure to the toxic 
component or the component's 
bioavailability. 56 FR 15674. The final 
guidelines reiterate this point. 

Comment. Several cornmenters 
suggested that CPSC should specify 
using a species extrapolation method 
based on body weight since the use of 
the proposed "surface area correction" 
is not supported by the science. 

Response. The science does not more 
strongly support one specific choice for 
a species extrapolation factor over 
another. Such a factor is commonly used 
to predict human cancer risks on the 
basis of results in animals. It is 
generally agreed that the best choice for 
such a factor lies within the range of the 
body weight method cited by the 
commenters, and the "surface area" 
method proposed in the guidelines. The 
FDA has used the body weight method 
in the past, and CPSC and the EPA have 
used the "surface area" method. 

However, CPSC staff has been 
working closely with EPA, FDA. OSHA. 
and other Federal agencies to adopt a 
unified approach for species 
extrapolation (a factor related to weight 
ratio of humans and animals to the 
three-fourths power, which is in the 
middle of the range previously 
described]. The guidelines state that this 
approach should be used when the 
unified Federal effort is adopted. There 
is extensive scientific justification and 
much peer review associated with this 
process. The Commission does not 
believe any change to this discussion in 
the proposed guidelines is warranted. 

Comment. A few commenters stated 
that CPSC proposes to select data which 
produces the highest risk estimate. They 
suggested that the CPSC should 
encourage users to evaluate all 
appropriate data sets, and that the most 
scientifically relevant data, preferably 
human epidemiology, should be 
regarded as the key data to use for dose- 
response modeling. 

Response. The proposed and final 
guidelines do not specify using data that 
produce the highest risk estimate. In 
choosing which data sets will serve as  
the basis for risk estimates, toxicologists 
should review all the data. The 
guidelines state that expert judgment is 
to be used in this, as well a s  in the many 
other choices which are part of the risk 
characterization process. For example, a 
method is presented which combines the 
results from different sexes, as opposed 
to only calculating risk from the highest 
responding sex. Furthermore, statements 
are made within the guidelines 
indicating that human epidemiology. 
when adequate, is the preferred source 
of data for human risk characterization. 

Comment. Several commenters 
objected that the proposed definition of 
"toxic" would remove flexibility and 
require automatic application of a 
specified risk level for carcinogens and 
safety factors for other chronic 
toxicants. 

Response. After considering these 
comments and how the proposed 
definition would work in practice, the 
Commission decided to revise the 
definition so that it defines "toxic" with 
respect to chronic toxicity but does not 
specify p2rticular trigger levels. The 
definition is discussed in section VII of 
the preamble. 

2. Cancer 

Comment. Several commenters 
suggested that the guidelines' 
consideration of benign tumors a s  
evidence of carcinogenicity should be 
similar to the approach of the 
Environmental Protection Agency and 
the International Agency for Research 
on Cancer (IARC), which consider such 
tumors as "limited evidence," and not 
"sufficient evidence." The grouping of 
benign and malignant lesions, they 
assert, is controversial and is only 
appropriate when certain criteria, like 
histogenic cell type, are met. 

Response. The basis for considering 
benign tumors as part of "sufficient 
evidence" under certain conditions, and 
combining benign tumors with 
malignant tumors was discussed in the 
proposed guidelines. The CPSC believes 
that a benign tumor, if it has the 
potential to progress to malignancy. or is 
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life-threatening, should be considered to 
have the same potential health risk a s  if 
it is a malignant tumor. Cument 
information supports combin@ benign 
and malignant tumors when 
scientifically defensible (e.g., same cell 
type in an organ or tissue]. This is one of 
the principles of the consensus 
document proposed by Federal 
government agencies under the aegis of 
the Office of Space and Technology 
Policy. As it is rarely found that 
chemicals cause only benign tumors (in 
a review of 300 National Toxicology 
Program bioassays by Huff in 1988). the 
CPSC staff believes since a benign 
tumor may be life-threatening itself, or 
may be transitioning to mali&ancy, it 
should be treated as  a malignant tumor 
unless there is adequate evidence 
showing that these possibilities are 
unlikely to occur. 

Comment. Several commenters 
observed that increased tumor incidence 
at  independent multiple sites are not 
necessarily independent observations 
and should not be treated as such m the 
guidelines. Tumors resulting from 
metastasis are not considered as  
separate tumors. Significance of multiple 
site tumors should be considered in the 
same way as  that by WA. 

Response. The issue of tumors 
produced at multiple sites was 
discussed in the proposed guidelines. 
The phrase "sites of independent origin" 
means independent cancers which 
originate at unique sites and not that the 
same cancer metastasizes to a different 
site where cancer is reestablished. Thus, 
metastasis of a primary tumor to 
different sites will not be counted as  
different primary tumors because they 
would not have independently 
originated. The staff believes that the 
ability of a chemical to independently 
produce tumors at multiple sites 
indicates that the chemical has a wider 
range of carcinogenic potential similar 
to such an indication fmm responses in 
multiple strains, species, or experiments. 
No information was f m d  in the 
comments to warrant any dmnge in this 
position. 

Cmnment. Several cornenters  stated 
that according to the Commission's 
proposals, a single study in humans 
which shows only lirnited evidence, or a 
study in animals which shows 
"sufficient evidenw" is all that is 
required to determine that a substance 
is toxic under the FHSA due to chronic 
toxicity. They observed that in general. 
consistent findings fiwn multiple human 
studies or multiple species are 
necessary to ensure valid hazard 
identification for this type of toxicity. 

Response. Evidence from a study or 
studies taken together must be 

evaluated by the toxicologist. If a single 
extremelv well conducted, non-biased 
study shows a powerfully significant 
effect, it by itself can serve a s  a basis 
for "sufficient evidence" of a toxic 
effect. 

Epidemiological studies are very 
complex, and generally have inherent 
problems, such as exposure to multiple 
chemicals and problems ascertaining 
exposure. Much of this complexity leads 
to the evidence falling into the "limited 
evidence" category. CPSC staff believes 
that an  epidemiological study or stildies. 
which provides convincing evidence of a 
causal relationship between the 
incidence of cancer (or other chronic 
effects) and exposure to a chemical, but 
in which chance, bias, or other 
confounding factors could not be 
absolutely ruled out (limited evidence), 
may warrant the characterization of a 
chemical as toxic lprobable human 
carcinogenic substance) under the 
FHSA. The criteria in these guidelines 
are not intended to be mechanically 
applied, but rather should be  interpreted 
with the exercise of expert technical 
judgment. A single animal study with a 
response at only one dose will not 
normally lead to a conclusion that the 
substance is "toxic" under the 
guidelines. 

Comment. Several comrnenters 
suggested that a ''weight of the 
evidence" approach used by EPA should 
be followed in place of a "strength of the 
evidence" approach used by I A K  in 
categorizing the evidence. CPSC, they 
observed, seems to have adopted the 
"strength of the evidence" approach. 
The commenters suggested that the 
guidelines should emphatically direct 
the consideration of all available 
information, including tests that show 
negative responses, a s  part of any 
evaluation. 

Response. Both approaches inciude 
evaluation of all the available data 
regardless of the positive or negative 
results. CPSC's approach, which is not 
designated by any name, is similar to 
that of EPA and IARC it also includes 
evaluation of all the available data. 
CPSCs approach does require a certain 
amount and quality of positive data 
before a finding of "toxic" can be made. 
but CPSG'a guidelines also state that 
certain data and evidence can negate 
the impact of the positive data. The 
Commission believes that the approach 
adopted in the guidelines to evaluate 
carcinogens is a sound one, because it 
allows consideration of all the available 
data and not just the positive data. 

3. Neurotoxicity 
Comment. Numerous commenters 

noted that since LHAMA is concerned 

with only c h n i c  effects, acute 
neurotoxic effects should not be 
considered. Discussion in the proposed - 
guidelines on neurotoxicity, they stated, 
is too broad and would cover everything 
including water. Consideration should 
be limited to the agents which primarily 
affect the nervous system; only direct 
neurotoxic effects should be included in 
the definition. Effects due to overdosing. 
or alterations from baseline should not 
be considered a s  an indication of 
neurotoxicity unless statistical 
significance can be demonstrated. 

Response. The guidelines do address 
onlv chronic effects. The nervous system 
is iitegrally connected to the functioning 
of all the other svstems in an owanism. 
which c m p l i c a t k  the interpretition of 
neurotoxic effects. Effects can be 
chronic under several circumstances. 
These include long-term exposure 
followed by the effect, short-term 
exposure followed by an effect 
occumng at same time in the future, and 
an immediate effect due to short-term 
exposure which then lasts for a 
prolonged period of t h e .  "Acute" in this 
case would refer to only those 
immediate effects, from short-term 
exposure, which are rapidly and 
completeiy reversible. The terms 
"short," "prolonged," and "immediate" 
are general guides to the interpreting 
toxicologist, who must decide from the 
nature of the studies if the effect is acute 
or chronic. 

Comment. Several cornmenters stated 
that defining "sufficient evidence" by 
statistics is not appropriate since sorrPe 
results may be  statistically significant 
due to random variability. They 
suggested that results must be 
statistically significant and biologically 
plausible. that "limited evidence" should 
also require biologics! plansiblity, and 
that the "possible neurotoxic 
substances" class should be deleted. 
Neurotoxicity criteria, they c o r n e n i d ,  
are impractical to determine an 
appropriate hazard warning. 

Response. Although it i s  possible that 
some neurotoxicity findings may he the 
result of false positives, this is 
accounted for by the guidelines. For 
human studies, the studies must be of 
high quality, and bias (which could lead 
to a false positive) must be considered. 
For animal studies, the effects must be 
statistically significant in more than one 
good quality study. Expert technical 
evaluation includes examination of 
reliability, sensitivity, and validity along 
with the requirement that a study shodd 
be well designed and conducted. 
Biological plausibility is a factor that 
increases confidence in a resuit, but by 
no means is it a prerequisite for using 
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guidelines) to which a person can be 
exposed without presenting an 
unacceptable risk of injury and illness. 
The AD1 will usually be considerably 
less than the dose observed to cause an 
adverse health effect in animals a s  
discussed in subsection (i) and (ii] of 
this discussion in the guidelines. This is 
because the observed adverse effect 
levels in animals, in most instances, 
have to be adjusted (1) to assure that the 
toxicity observed at the high levels is 
acceptably reduced or eliminated at  the 
human exposure levels, (2) to protect for 
the possibility that humans may be more 
sensitive to the toxic effect at equivalent 
administered doses, and (3) to account 
for the larger expected variation within 
the human population. Unfortunately, 
scientific data on which to determine 
the magnitude of these adjustments are 
rarely available, necessitating the use of 
assumptions based on longstanding 
policies within the regulatory 
community. However, the guidelines 
indicate that these assumptions should 
be replaced with biologically-based 
approaches when there is valid and 
convincing scientific evidence that an 
alternative is clearly superior. 

The second part of the comment is 
addressed within the guidelines for 
assessing bioavailability. That section of 
the guidelines describes the situations in 
which there is a need to assess 
bioavailability, including when it is 
an!icipated that the routes of human 
exposure to a toxic substance will differ 
from those used in an animal toxicity 
study. 

If it is true that exposure to 
ingredients within art materials are 
"infinitely smaller" than the doses that 
produce chronic toxicity in animals and 
that the ingredients of concern are not 
bigavailable, then of course there is no 
hazard. However, this needs to be 
established through the hazard 
assessment process. 

6.  Exposure Assessment. 
Comment. One comrnenter suggested 

that exposure assessment should be 
done in accordance with handling 
instructions on the product package. 
such as. "use with adequate 
ventilation." 

Response. ASTM D-4236 states that 
reasonably foreseeable misuse should 
be considered in assessing risk. Use 
with inadequate ventilation, for 
example, is likely to be reasonably 
foreseeable. Commission regulations 
also state that under the FHSA 
"reasonably foreseeable handling or 
use" includes foreseeable accidental 
handling or use. 16 CFR 1500.3(c)(7)(iv). 
Thus, in the context of LHAMA and the 
FHSA. exposure assessment should not 

be limited to the manufacturer's 
instructions. 

Comment. Two commenters suggested 
that CPSC eliminate consideration of 
incremental exposures when judging the 
need to label an art material, as 
suggested in the guidelines for assessing 
exposure. This provision, they stated, is 
impractical and unnecessary, and CPSC 
fails to provide adequate guidance for 
its implementation. They stated that it 
will create confusion among users if a 
product is labeled due to incremental 
exposures from other sources. 

Response. It is often impractical to 
consider exposures from other sources, 
although it is sometimes desirable to do 
so. One example is products containing 
lead since there is an existing 
background level near the point where 
an effect can occur. However, in the . 
context of LHAMA and the FHSA, the 
focus is clearly on individual products. 
The proposed guidelines stated in the 
discussion only that "it may be useful" 
to define what portion the product- 
specific exposure is of the total 
environmental exposure, but the 
discussion acknowledged the 
difficulties. The final guidelines clarify 
that assessment of exposures from other 
sources is not required, but should 
generally be noted. Whether other 
sources should be considered must be 
determined on a case-by-case basis. 

7. Risk Assessment. 

Comment. Several commenters 
objected to CPSC's proposal in the 
chronic hazard guidelines that an 
additional ten-fold safety factor be 
applied to products intended for use by 
children for all chronic endpoints when 
calculating the acceptable daily intake. 
to account for the possibility that 
children may be more sensitive than 
adults. Se*.e:al stated that this was not 
supported by the scientific data. Some 
commentess stated that this additional 
ten-fold factor would have an adverse 
economic impact on the art materials 
industry, especially on manufacturers of 
unleaded glazes used for ceramics. As a 
result of this safety factor, they stated, 
92 product lines which currently do not 
require warning labels under the Art 
and Craft Materials Institute's review 
program will be required to carry 
warning labels. 

Response. As discussed in section 
1V.E. of the preamble, the Commission 
has decided not to include additional 
safety factors for children's products in 
the final guidelines and definition. 

Although children may be more 
susceptible to many substances than 
adults, it may be difficult to differentiate 
between products for children and those 
for adults, particularly in the area of art 

materials. This could result in a more 
widespread use of the ten-fold safety 
factor than the Commission had 
intended. 

Even if CPSC's proposed ten-fold 
safety factor were implemented, 
however, it is questionable whether the 
extra safety factor for children would 
actually affect the labeling status of 
unleaded glazes. According to Dr. 
Stopford (ACMI's consulting 
toxicologist), ACMI applies safety 
factors of its own to risk assessments 
involving children. In many cases, the 
ACMl safety factors. which are not 
required in the proposed guidelines, may 
be equivalent to or greater than CPSC's 
proposed ten-fold safety factor. In effect, 
ACMl's toxicologist has applied 
redundant safety factors and, as a 
result, has overestimated risk. 

Multiple overestimations of exposure. 
in total greater than a factor of ten, have 
been incorporated by ACMl's analysis; 
these would not be used if CPSC staff 
were to do the analysis. Of course, 
ACMI's overestimation of exposure is 
intentional. It is its means of providing 
an  additional safety factor for children. 

In addition, for assessing cancer risk. 
according to Dr. Stopford, ACMI 
assumes that children are exposed for 70 
years. In comparison, the Directorate for 
Health Sciences would assume that a 
child is exposed to a children's product 
only during childhood. If childhood is 
considered to last for ten years, then 
ACMI in effect is applying a seven-fold 
safety factor of its own which is not 
directed by CPSC's guidelines. Taken 
together, ACMl's self-imposed seven- 
fold safety factor and the 1 >< 
acceptable risk directed by the CPSC 
guidelines, are equivalent to a 70-fold 
safety factor, while the proposed 
guidelines required only a ten-fold 
factor. 

Comment. Several commenters stated 
that the Commission's guidelines and 
rules should be consistent with those of 
other agencies, such as  OSHA. EPA, and 
FDA. 

Response, Congress mandated the 
voluntary standard as a Commission 
standard. The Commission cannot 
change these provisions without going 
through the amendment procedures 
specified in LHAMA. The CPSC's 
chronic hazard assessment guidelines 
are almost entirely consistent with the 
guidelines and methodologies of other 
agencies, including those mentioned by 
the commenters. Some of the differences 
relate to what is required by Congress; 
for example, LHAMA requires CPSC to 
address the determination of acceptable 
daily intake for chronic hazards. 
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Comment. One cornmentee suggested 
that since it is not known how \r&w 

componats 01 art material8 interad, the 
most iaforrnative labeling ~&&t be Ea 
atate 'Costains (rum d toxic 
substanmk Use thie prod=$ with 
caution arrd as intended or imtmctedk" 

synergia?ie ar aanlagsh~c wections. For 
this reasen, hkbg may no0 reflect the 
kme effect sf the mixture if it is based on 
the extent to whish one component is a 
carcinogen, ne~~otoxieant ,  or 
reproductive or developmental toxicant. 
kloreover, a s  explehed in the 
guidelines, bimvs$fability and exposure 
must be considered. Labelang of art 
materials should be accurate and a s  
specific as  p ~ ~ ~ i h l t ?  in terms of 
precautionary statements and 
con9equencer of ignoring the warning 
Specificity increases the likelihood that 
users would take grewutiocnry 
mcasnras a d  reduces the likelihood 
?hat &e product will be used in a 
mariner peeceired as safe, but which 
may not include the ~ ~ r o p i i a t e  safety 
M6XSUWS. T % d ~ S , l . B k f ~ s  ~ h ~ d d  b@ 
evaluated based on existi% scientific 
data ao that the Label can reflect the ?me 
nature of the hazard. 

E. Comments Concerning B.xmomic 
Impoct 

&mineat. Some comaenters 
expressed concern abut 8be k d c m  
that would be ~iaeed on each 

~ r n m i s s b n  essesswnta of bhe 
potential chronic h a d  d each 
product. A d d t l d d y ,  if a p d w t  were 
mistakenly seqaked ta haw chrnni~ 
hazard labeling d e ~  the guidekiws 
this wwld be tsnksnomb b k~ahg the 
producct, since no emstmer  wuld b y  
the product. Thus, the pi&hes s h d d  
b caefdly thowght thrall& C U  
wggested that the issue e 
separate notice of emakiag 
to address SE& e c m a d ~  E O F I G ~ ~  

Response. The pmmhk attemq8a to 
clarify &at h requkemmt h t  a 
mandaetwer p v i &  a tmkdag i s t  with 

pmpedy labJeb, h k  the meam used to 
reach hts:@m k & b k  
mad&-8. The &1bs im 

repackager d srf. mat 

summary of the mite& r rwkwinsg 
toxicologist userr ta determine chronic 
tox- BR$ a k t  af them speea'fx 
p m k t s  that requk chmk b r d  
labling, 

Msnufacturers who have caedbte 
reasom to bekve that their gmdscts 
are safe OF else are applgping the 
appropriate wamimg lab&, woald not 
wed to reevaluate their p h t s  
against the guE&!ims. The gai&lines 
and supplemental defini~on, in and of 
themselves, do not hmease the 
regulatory burden on maslufacturers. 
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firm's interest to have a "carefully 
thought through" method for evaluating 
its products. The guidelines and 
definition should aid the manufacturer 
in the determination that a product must 
be labeled under the FHSA. As the 
preamble and other responses to 
comments explain, the Commission has 
given a great deal of thought to the 
guidelines and definition. The 
Commission believes that it has 
adequately addressed the economic 
concerns expressed and that a separate 
rulemaking is unnecessary. 

Comment Two commenters requested 
that the Commission extend the 
effective date of the final guidelines and 
definition to six mdnths or one year 
rather than the W days proposed. They 
stated that additional time is necessary 
for manufacturers to ensure labeling 
compliance without excessive hardship. 

Response. Neither of the commenters 
requesting an extension of the effective 
date are producers of art materials. 
Thus, only the guidelines and 
supplemental definition of toxic would 
apply to these commenters. The 
guidelines and definition do not impose 
new requirements on manufacturers of 
consumer products subject to the FHSA. 
Therefore, manufacturers of consumer 
products will not incur additional costs 
solely because of the adoption of the 
final guidelines and definition. It is 
possible that in reviewing the guidelines 
and definition, a firm may realize that 
its interpretation of the FHSA 
requirements has been in error and will 
incur costs correcting its mistake. 
However. these costs would be incurred 
whenever and for whatever reason a 
firm discovered that it was not in 
compliance with the FHSA. 
Furthermore, one of the above 
commenters stated that it has already 
"conducted extensive testing to ensure 
the safety of [its] products and has not 
discovered any chronic hazard 
concerns." If responsible evaluation has 
occurred, the firm is likely to be in 
compliance with the FHSA. The 
Commission does not believe that there 
is any economic justification to extend 
the effective date. 

F. Comments Concerning all Actions 

Comment. Several comments raised 
the issue of preemption. Some 
commenters stated that the proposed 
rules might lend strength to an argument 
that they would preempt state laws 
dealing with toxic chemicals, and these 
comrnenters requested the Commission 
to state thet the rulemaking would not 
preempt state law. Other comments 
requested the Commission to indicate 
that its actions would preempt state law. 

Response. The issue of preemption is 
quite complex and cannot be resolved 
simply by stating that all contrary state 
laws are or are not preempted. As the 
preamble explains more fully, under 
section 18 of the FHSA. a cautionary 
labeling requirement under section 2(p) 
or 3(b) of the FHSA designed to protect 
against a risk of injury or illness 
associated with a hazardous substance 
would preempt non-identical state or 
local cautionary labeling requirements 
applicable to that hazardous substance 
and designed to protect against the 
same risk of injury or illness. LHAMA 
mandated ASTM M 2 3 6  as a 
Commission rule under section 3(b) of 
the FHSA. As a labeling requirement 
under section 3(b) of the FHSA, it has 
preemptive effect in the circumstances 
stated in section 18(b)(l)(A). 

The final chronic hazard guidelines, 
however, are not mandatory and do not 
themselves impose any cautionary 
labeling - requirements. The 
requirement to place hazard labeling on 
a substance that is a "hazardous 
substance" comes from sections 2(p) 
and 3(b) of the EMSA. The guidelines, in 
contrast. are an aid to manufacturers 
and producers in determining whether a 
product is a hazardous substance. Thus, 
the guidelines themselves would not 
directly preempt any non-identical state 
guidelines. 

The supplemental regulatory 
definition of '"oxic" is not itself a 
cautionary labeling requirement. 
However, it does work with the labeling 
requirements under section Z(p) and 
3(b). The regulatory definition in itself 
does not have direct preemptive effect. 
but the labeling requirements under 
sections q p )  and 3(b] would preempt 
state and local labeling requirements 
that applied to hazardous substances (as 
defined in the FHSA and its regulations] 
covered by section 2(p) or 3(b) and 
designed to protect against the same 
risk. 

Comment. An ancillary comment was 
made that the labeling requirements 
under the FHSA are too weak and vague 
to preempt state laws. 

Response. The requirements of the 
FHSA are not vague. The FHSA defines 
the term "misbranded hazardous 
substance" at  section 2(p)(l)(E] a s  a 
hazardous substance that "fails to bear 
a label [I) which states conspicuously 
t * .  an affirmative statement of the 
principal hazard or hazards, ' * * or 
similar wording descriptive of the 
hazard" (emphasis added). This means 
the labeling must communicate to the 
consumer an understanding of the 
potential principal hazard or hazards 
presented by the product in order to 

avoid being misbranded and subject to 
legal action. 

In some cases simply restating the 
defined hazard, such as "FLAMMABLE" 
will provide a meaningful statement of 
hazard. In other cases, more descriptive 
language is necessary, such as  for 
corrosive hazards, statements like 
"CAUSES BURNS'or "CAUSES 
SEVERE BURNS'are required to satisfy 
the FHSA. 

The cautionary labeling required 
under the FHSA must present a 
balanced perspective of the potential 
hazards of the product. Many products 
which may cause chronic health effects 
may also be acutely toxic and present 
vhvsical hazards. such as flammability. 

suggested labeling for methylene - 
chloride ~ a i n t  s t r i ~ ~ e r s  had to take into 
consideration the &oduct8s acute 
inhalation toxicity in addition to the 
carcinogencity hazard. Therefore, the 
suggested front panel label statement is 
"VAPOR H m '  with the 
instruction "Read Other Cautions and 
HEALTH HAZARD INFORMATION on 
back panel" and the back panel 
statement is "Contains methylene 
chloride, which has been shown to 
cause cancer in certain laboratory 
animals." For products where the only 
hazard is carcinogenicity and the 
evidence of increased risk of cancer to 
humans is clear, the labeling would be 
more straight forward. In its policy 
statement regarding the labeling of 
asbestos containing consumer products. 
51 FR 33911, September 24,1986, the 
following signal word and statement of 
hazard were suggested as  adequate for 
asbestos cement sheet products. 
"WARNING: BREATHING FIBERS 
MAY CAUSE CANCER" with the 
hazardous component declared as  
"Contains asbestos which is known to 
cause cancer in humans." 

Comment. The Chemical 
Manufacturers Association ("CMA"] 
commented that the Commission should 
provide explicit protection for trade 
secrets. 

Response. Again, there is confusion 
over requirements of AS'IU D-4236 for 
art materials and requirements for other 
products. The requirement to submit 
formu!ation data to a toxicologist and 
the determining criteria to the 
Commission applies only to art 
materials. Thus, the protection of trade 
secret information is not a s  wide-spread 
a problem as some may have believed. 
A provision of A m  M 2 3 6 ,  now 
codified at 16 CFR 1500.14 
(b)(8)(i)((C)(2), states that only the 
reviewing toxicologist shall have access 
to the product formulation submitted for 
review. There is an  exception if written 
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permission is given or if the data are 
provided on a confidential basis to a 
physician for purposes of diagnosis or 
treatment. 

Section 2(p)(l) of the FNSA requires 
that the name of the hazardous 
substance be listed on the label. This is 
a statutory requirement and is not 
something the Commission can change. 
Listing the generic name is acceptable. 
There is no requirement to spell out the 
product formulation or the amount of the 
hazardous substance. 

As for submission of data to the 
Commission, in general, the Commission 
does provide for protection of trade 
secret or uroorietarv information 

The Commission certifies that the 
guidelines, definition; and codification 
will not have a significant economic 
effect on a substantial number of small 
entities, and therefore no regulatory 
flexibility analysis need be prepared 

List of Subjects in 16 CFR Part 1500 

Arts and crafts, Consumer protection. 
Hazardous materials, Hazardous 
substances, Imports, Infants and 
children, Labeling, Law enforcement, 
Toys. 

For the reasons discussed above, the 
Commission amends 16 CFR part 1500 
as  follows: 

submitted to'it if the material is so PART 4500-[AMENDED] 
marked (16 CFR 1015.181. These 
provisioks would apply i o  the 1. The authority citation for part 1500 
information submitted by art material revised to read a s  follows 
producers or repackagers under Authority: 15 USC 1261-1277 
MAMA, a s  well as others subject to the 

2s A new 15m.f35 is added to read FHSA. 
as  foHows: 

IX. Effective Dates 
In order to allow sufficient time for 

manufacturers and packagers to 
evaluate the guidelines and 
supplemental definition, the guidelines 
and definition will take effect 90 days 
after publication. The final guidelines 
and definition will apply to products 
initially introduced into commerce on or 
after the effective date. The codification 
of A S W  D-4236 [ S  .msoo.i.a(b](a)) wi!l be 
effective upon publication. 

X. Environmental Considerations 
These actions are unlikely to have any 

effect an the quantity or physical 
characteristics of, or other c h a ~ g e s  in, 
product, materials, or packaging that 
could impact the environment beyond 
normal formulation, packagicg, or 
promotional changes currently common 
among these producers of art materials 
and other products subject to the m S A .  
Therelore, the Commission concludes 
that the g~idelines, definition, and 
codification will have l~tt le or no 
potential for affecting the human 
envirorrrnent and that neither an 
envirunniental assessment nor an 
environmental impact std!emeat is 
required. See 28 CFR part 1021. 

XI. Regulatory Flexibility Act 
Certification 

The Commission is finalizing 
guidelines which will provide guidance 
for determining when a product presents 
a chronic hazard based on animal OF 

human data. The supplemental 
definition of "toxic" reflects these 
guidelines and clarifies the meaning of 
chronic toxicity. The Commission Is also 
codifying the provisions of ASTM D- 
4236 which Congress mandated a s  a 
Commission standard. 

g 1500.135 Summary of guldeblnes tor 
determining chronic tonicity. 

A substance may be toxic due to a 
risk of a chronic hazard. (A regulatory 
definition of "toxic" that pertains to 
chronic toxicity may be found at 16 CFR 
l500.3(c) (21.) The following discussions 
are intended to help clarify the complex 
rssues irlvolved in sssessing risk from 
suhstances that may potentially cause 
chmnlc hazards and, where possible, to 
descrjbe conditions under which 
substances should be considered toxic 
due to a risk of the specified chronic 
hazards. The guidelines are not intended 
to be a static claqsification system, but 
should be considered along with 
avaiilab!e data and with expert 
judgment. They are not mandatory. 
Rather, the guidelines arc intended a s  
an aid to manufacturers in determining 
whe~her a product subject to the FHSA 
presents a chronic hazard. All default 
assumptions contained in the guidelines 
on hazard and risk determination are 
subject to replacement when 
alternatives which are supported by 
appropriate data become available. The 
foilowing are brief sxrnrnailes of more 
extensive discussions contained in the 
guidelines. Thus, the guidelines should 
be consulted in conjunction with these 
caummaries, Copies of the guidelines may 
be obtained from the Office of 
Compliance and Enforcement, Consumer 
Product Safety Commission, 
Washington, DC 20207. {In addition to 
the chronic hazards discussed below, 
issues relating to the chronic hazard of 
sensitization are discussed in 16 CFR 
1500.3(c) (5).) 

(a) Carcinogenicity. Su betances are 
toxic by reaeon of their potential 
carcinogenicity in humans when they 

/ Rules and Regulations 46665 

are known or probable human 
carcinogenic substances a s  defined 
below. Substances that are possible 
human carcinogenic substances or for 
which there is no evidence of 
carcinogenic effect under the following 
categories lack sufficient evidence to be 
considered toxic by virtue of their 
potential carcinogenicity. 

(I) Known Human carcinogenic 
Substances ("sufficimt evidence" in 
humans). Substances are toxic by 
reason of their carcinogenicity when 
they meet the "sufficient evidence'" 
criteria of carcinogenicity from studies 
in humans, which require that a causal 
relationship between exposure to an 
agent and cancer be established. This 
category is similar to the Environmental 
Protection Agency's (EPA) Group A the 
International Agency for Research on 
Cancer's (IARC) Group 1, or the 
American National Standards Institule's 
(ANSI) Category 1. A causal relationship 
is established if one or more 
epidemiological investigations !Rat meet 
the following criteria show an 
association between cancer end 
exposure to the agent. 

(i) No identified bias that can account 
for the observed association has been 
found on evaluation of the evidence. 

(ii) All possible confounding factors 
which could account for the observed 
association can be ruled out with 
reasonable confidence. 

(iii) Baved on statistical analysis, the 
association has been shown unlikely to 
be due to chance. 

(2) Probable Human Carcinogefire 
Substances. Substances are also towc 
by resson of their probable 
carcinogenicity when they meet the 
"limited evidence" criteria of 
carcinogenicity in humans or the 
"sufficient evidence" criteria of 
carcinogenicity in animals described 
below. This category is similar to BPA's 
Group B, IARC's Group 2, or RNSl's 
Categories 2 and 3. Evidence derived 
from animal studies that has been 
shown not to be relevant to humans is 
not included. For example, such 
evidence wau!d result when these was 
an identified mechanism of action for a 
chemical that ceases cancer in animals 
that has been shown nut to apply to the 
human situatian. It is reasonable, for 
practical purposes, to regard an agent 
for which there is "sufficient'%vldence 
of carcinogenicity in animals a s  if it 
presented a carcinogenic risk to humans. 

(i) "Limited evidence " of 
carcinogenicity in humans. The 
evidence is considered limited for 
establishing a causal relationship 
between exposure to the agent and 
cancer when a causal interpretation is 
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credible, but chance., bias. or other certeinty. Substances in this category presence of inadequate human data, or 
confounding h c t o ~ s  could not be med meet the definifion d "neurotoxic" as data which do  not fall into any other 
out with reasonable confide= stated above. 'Sufficient evidence." group. Subtances in this category are 

(ii) 'Sufficient evidence" of derived from human studies, for e causal not considered "toxic." 
carcinogenicity in animuls. Sufficient association between exposure to a [c) Developmentai and Reproductive 
evidence of carcinogenicity requires that chemical and neurotoxicity is Toxicity. -(I} Definitions of "Sufficient ent" 

the substance has been tested in well- considered to exist if the studies meet and "Limited" Evidence. me following 
designed and -conducted studies (e.g., as the following criteria. definitions apply to all categories stated 
conducted by National Toxicology (i) A consistent pattern of neurological below. 
Program [NTP), or consistent with the dysfunction is observed. ( i ]  "Sufficient evidence" from human 
Office of Science Technology (ii) The adverse effects/lesions studies for a causal association between 
Assessment and Policy (OSTP) account for the neurobehavioral human exposure and the subsequent 
guidelines) and has been found to dicit dysfunction with reasonable certainty. occurrence of developmental or 
a statistically significant (p <0.05) (iii) All identifiable bias and reproductive toxicity is considered to 
exposure-related increase in the confounding factors are reasonably exist if the studies meet the fogowing 
incidence of malignant tunao~s. discounted after consideration. criteria: 
combined malignant and benign tumors, (iv) The has been shown (A) No identified Mas that can 
or benign tumors if there is an indication be due chztnC@v based on account for the &served association 
of the ability of such benign tumors to has been found on evaluation of the 
progress to malignancy: (2) m-obabie Neurotoxic Substances, evidence. 
(A) in one or sexes of mmultipk Substances are also toxic by reason of [B] All possible confounding factors 

species, strains, or sites of independent their probable neurotoxicity when which could account for the observed 
origin; or experiments using different meet the "limited evidence" miteria of association can be ruled out with 
routes of administration or dose levels; neurotOxicit~ in or the 

"sufficient evidence" criteria derived reasonable confidence. 
or (C) Based on statistical analysis, the 

(B) to an unusual degree in a single from animal studies Evidence de~ived association been shown dikely to 
experiment (one specieslstrainlsexl from animal studies that has been 

shown not to be relevant to humans is be due to chance. 
with regard to unusual tumor type, 

not included. Such evidence would (ii) "Limited evidence" from h- 
unusual tumor site, or early age at onset 

result. for example. when there was an studies exists when the hunzan 
of the tumor. 

ihtified mechanism of adion for a epidemiology meets all but one of the 
The presence of positive effects in short- hat causes neurotoxicity in criteria fur "sufficient evidence"; i.e.. the 
term tests dose-response effects deta, an-h h a t  has been shown not to statistical evidence is borderline as 
or stFlrctureactivity relationship are to he hman situation- opposed to clear-cut. ?here is a source of 
considered additional evidence. (i) "Limited evidence" of bias. or there are c o n f o m h g  factors 

(3) Possible Human Carcinogenic neurotoXjCjty in humans. The that beve not been and cannot be 
Substance ("limited evidemce" animal derived frm human studies is accounted for. 
carcinogen). h the absence of considered bmited for neuotoxicity (iii) "Sufficient evidence" from animeL 
"sufficient" or "limited" human data, the evidence is less than studies exists when 
agents with "limited evidence of convincing, i.e.. one of the criteria of (A) Obtained from a good qualify 
carcinogenicity from animal studies fall ustPfficient evidencew of neumtoxicitp animal study: and 
into this category. Such substances. and for estaMishw a causal (B) The mbstance has been found to 
those that do not faII into any other between exposure to the agent and elicit a atatisticaHy significant fp <Q05) 
group, are not considered "toxic." This neurotohitg. is not met, leaving some treatment-related increase in mdtiple 
does not imply that the substances are uncemtainh in a musal endpoints in s s ide?  speciesfstrain, or 
or are not carcinogens, only fhat the aesodatiw. in the incidence of a single endpoint at 
evidence is too uncertain to provide for gii) "SufiCjient evidence" multiple dose kweb or  with multiple 
a determination. This category is similar n e u m c j f y i n  a imoh.  sufficient routes of administration in a single 
to WA's Group C, IARCs Group 3, or e v h e  of neurotoxic* &ri\red from specieslstrain, or increase in the 
ANSrs category 4. animal stu&s f o ~  ca-1 a ~ k a t i m  incidence of a shgie endpoint in 

(b] Neurotoxicity. Substances are between exposwe to a &emid apd multiple speciesfstreins/ experiments. 
toxic by reason of their potential neurotoxicity requi~es h a :  (iv] "Limited evidence" h m  animal 
neurotoxicity in humans when they meet (A) The substance hes been tested in studies exists when: 
the "sufficient evidence" or "Iimited wel l -deswd and -condwted studies (A) Obtained from a good quality 
evidence" criteria of neurotoxicity in ( e g ,  N'EP's murob&avio~al kttery,  or study and there is a statistically 
humans, or when they meet the conforming to EPA's neurotoxidty test significant [p<O.OS) treatment-related 
"sufficient evidence" criteria of guidelines) and increase in t h  incidence d a single 
neurotoxicity in animals. (E) The substance has been found to endpoint in a single species/sbeh/ 

( I ]  Known Neurotoxic Substances elicit a statistically significant @ <a&) experiment at a single duse level 
(“sufficient evidence in humans'). i n c ~ e a w  in any neurotoxic effect in one administered tho& only o m  route and 
Substances are toxic by reason of their or both sexes d multiple species. such evidence otherwise does not meet 
neurotoxicity and are considered strains. or experiments using different the criteria for "sdficient evidence"; os 
"known neurotoxic substances" when route& af edministretim end Mevds. (B) The evidence is desired from 
they meet the "sufficient evidence" [3) Possible Neurotoxic S u b s b ( ~ ~ ~ e s .  studies which can he in te~g~eted to 
criteria of neurotoxicity derived from "Possible neurotoxic substances" ere show positive e£XeeEts but have some 
studies in humans which require that a the substances which meet the "Ydjrtect qualitative or quantitative limitations 
causal association between expueure lo evidence" crite~ia of neurotoxicity with respect tu experimental procedures 
an agent and neurotoxicity be evidence derived from animal s t u i b  in (e.g., doses, expawe. fdhwup, number 
established with a reasonabre degree of the absence of human dab, OF in the of animaIsfgroup, reporting af the data. 
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etc.) which would prevent classification developmental toxicity" proposed by exposure and adverse effects on male 
of the evidence in the group of =A. This category is also comparable reproductive main endpoints. This 
"sufficient evidence." to category 2 of the EEC and category category is comparable to the one 
[2) Developmental Toxicants. A1 of FDA, except that these guidelines termed "Possible Positive A" in the EPA 

Substances are toxic by reason of their are limited to teratogens. guidelines on male reproductive risk 
potential developmental or reproductive [iii] Possible Human Developmental assessment. EPA proposes to use either 
toxicity when they meet the "sufficient Toxicant. A substance is considered a limited human or limited animal 
evidence" or "limited evidence" criteria "possible human developmental evidence data to classify a toxicant a s  e 
of developmental or reproductive toxicant" if there is "limited animal "Possible Positive A toxicant. AS 
toxicity in humans, or when they meet evidence, in the absence of human data, described above, CPSC would elevate 
the "sufficient evidence" criteria of or in the presence of inadequate human limited human evidence to the category 
developmental or reproductive toxicity data, or which does not fall into any "Probable Human Male Reproductive 
in animals. The Food and Drug other group, to establish a causal Toxicant." 
Administration (FDA] and the European association between human exposure ( 4 )  Female Reproductive Toxicants. 
Economic Community (EEC] have and subsequent occurrence of Female reproductive toxicants can be 
developed categories for teratogens but developmental toxicity. EEC, FDA, and grouped into the following different 
not other developmental toxicants. The EPA have not developed a category categories based on evidence obtained 
teratogen guidelines limit the comparable to this group. The from human or animal studies. EPA has 
information only to structural birth Commission believes that data from proposed guidelines for assessing 
defects and do not include other hazards well planned animal studies are female reproductive risk but has not yet 
of developmental toxicity such as  important to consider even though they proposed a specific system for 
embryonal death, fetal death, or may provide only limited evidence of categorization of female reproductive 
functional deficiencies which are also developmental toxicity. toxicants. 
important in assessing the overall (3) Male Reproductive Toxicants. (i) Known Human Female 
toxicity of a substance when Male reproductive toxicants can be Reproductive Toxicant. A substance is 
administered during pregnancy. grouped into the following different considered a "known human female 
Recently. EPA has proposed a system for categories based on evidence obtained reproductive toxicant" if there is 
classifying developmental toxicity. The from human or animal studies. "sufficient'9human evidence to establish 
Occupational Safety and Health (i) Known Human Male Reproductive a causal association between human 
Administration (OSHA) has not yet Toxicant. A substance is considered a exposure and adverse effects on fernale 
developed any classification for "known human male reproductive reproductive function such as  mating 
developmental toxicity. The commission toxicant" if there is "sufficient" human ability, fertility, and prenatal and 
has established the following categories evidence to establish a causal postnatal development of the conceptus. 
for determination of developmental association between human exposure (ii] Probable Human Fem~le 
toxicity according to the available and the adverse effects on male Reproductive Toxic~nt. A substance is 
evidence. reproductive main endpoints which are considered a "probable human female 

(i] Known Human Developmental mating ability, fertility, and prenatal and reproductive toxicant" if there is 
Toxicant ("sufficient evidence in postnatal development of the conceptus. "limited" human evidence or 
humans"). A substance is considered a This category is comparable to the one "sufficient" animal evidence to establish 
"known human developmental toxicant" termed "Known Positive" in the P A  a causal association between human 
if there is "sufficient" human evidence guidelines on male reproductive risk exposure and adverse effects on female 
to establish a causal association assessment. reproductive function. 
between human exposure and the [ii] Probable Human Male (iii] Possible Human Female 
subsequent occurrence of Reproductive Toxicant. A substance is Reproductive Toxicant. A substance is 
developmental toxicity manifested by considered a "probable human male considered a "possible human female 
death of the conceptus (embryo or reproductive toxicant" if there is reproductive toxicant" if there is 
fetus), or structural or functional birth "limited human evidence or "limited" animal evidence, in the 
defects. This category (Human "sufficient" animal evidence to establish absence of human data, or in the 
Developmental Toxicant) is comparable a causal association between human presence of inadequate human data, or 
to category 1 of the EEC and categories exposure and the adverse effects on which does not fall into any other group, 
D and X of F'DA, except that these male reproductive main endpoints. This to establish a causal association 
guidelines are limited to teratogens. This category is comparable to the one between human exposure and adverse 
category is also comparable to the termed "Probable Positive" in the EPA effects on female reproductive function. 
category "definitive evidence for human guidelines on male reproductive risk (dl Other Subjects Related to the 
developmental toxicity" proposed by assessment. However, the EPA category Determination that a Substance is 
EPA. is based only on sufficient animal Toxic. Under the FPISA, for a toxic 

(ii) Probable Human Developmental evidence. CPSC believes that limited substance to be considered hazardous, it 
Toxicant. A substance is considered a human evidence is also sufficient for a must not only have the potential to be 
"probable human developmental chemical to be placed in this category. hazardous but there must also be the 
toxicant" if there is "limited human [iii] Possible Human Male potential that persons are exposed to 
evidence or "sufficient" animal evidence Reproductive Toxicant. A substance is the substance, that the substance can 
to establish a causal association considered a "possible human male enter the body, and that there is a 
between human exposure and reproductive toxicant" if there is limited significant risk of an adverse health 
subsequent occurrence of animal evidence, in the absence of effect associated with the customary 
developmental toxicity. This group human data, or in the presence of handling and use of the substance. 
[Probable Human Developmental inadequate human data, or which does Under these guidelines, existence of an 
Toxicant] is comparable to the category not fall into any other group, to establish adverse health effect means that such 
"adequate evidence for human a causal association between human exposure is above the "acceptable daily 
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intake" ("ADI"). The AD1 is based on 
the risks posed by the substance. and 
whether they are acceptable under the 
FHSA. This section addresses those 
issues by providing guidelines 
concerning assessment of exposure. 
assessment of bioavailability, 
determination of acceptable risks and 
the AD1 to children and adults, and 
assessment of risk. 
(1) Assessment of Exposure. An 

exposure assessment may comprise a 
single exposure scenario or a 
distribution of exposures. Reasonably 
foreseeable use. a s  well as  accidental 
exposure, should be taken into 
consideration when designing exposure 
studies. The following guidelines should 
be used in the assessment of exposure. 

(i) Intialation. Inlwlation studies to 
assess exposure should be reliable 
studies using direct monitoring of 
populations, predictions of exposure 
through modeling, or surrogate data. 

(A) Direct Monitoring. Populations to 
be monitored should be selected 
randomly to be representative of the 
general population, unless the exposuie 
of a particular subset popu!ation is the 
desired goal of the assessment. The 
monitoring technique should be 
appropriate for the health effect of 
interest. 

(B) Modeling. Predictions of exposure 
to a chemical using mathematical 
models can be based on physical and 
chemical principles, such as  mass 
balance principles. Mass balance 
models shou!d consider the source 
strength of the product of interest. 
housing characteristics, and ambient 
conditions likely to be encountered tby 
the studied population. 

(C) Surrogate Data. Surrogate data 
should only be used when data 
concerning the chemical of interest are 
sparse or unavailable and when there is 
a reasonable assurance that the 
surrogate data will accurately represent 
the chemical of interest. 

[ii) Om1 Ingestion. Oral ingestion 
studies may involve direct monitoring of 
sources of chemicals as  well as 
laboratory simulations. The estimation 
of exposure from ingestion af chemicals 
present in consumer products is 
predicted based upon estimates of use 
of the product and absorption of the 
chemical from the gastrointestinal tract. 
The following criteria should be 
established for laboratory simulations to 
estimate exposure: 

(A) A simulant or range of simulants 
should be carefully selected to mimic 
the possibte mnge of conditions which 
occur in humans, such a s  full and empty 
stomachs. or various saliva 
compositions a t  different times of the 
day. 

(B) The mechanical action to which a 
product is submitted must be chosen to 
represent Bome range of realistic 
conditions to which a human may 
subject the product. 

[iii) Dermal Exposure. (A) Dermal 
exposure involves estimating the 
amount of substance contacting the skin. 
This may involve experiments 
measuring the amount of material 
leached from a product contacting a 
liquid layer which interfaces with the 
skin, or the amount of substance which 
migrates from a product (in solid or 
liquid form) which is in contact with the 
skin. 

[B) Parameters to be considered 
include: Surface area of the skin 
contacted, duration of contact, 
frequency of contact, and thickness of a 
liquid interfacial layer. 

(2) Assessment of Bioovailability. (i) 
The need to consider bioavailability in 
estimating the risk from use of a product 
containing a toxic substance only arises 
when it is anticipated that the 
absorption characteristics of a 
substance to which there is human 
exposure will differ from those 
characteristics for the substance tested 
in the studies used to define the dose- 
response relationship. 

(ii) In determining the need to assess 
bioavailability, the factors to be 
examined include: 

(A) The physical or chemical f o m  of 
the substance, 

(B) The route of exposure (inhalation, 
ingestion, or through the skin), 

(C) The presence of other constituents 
in the product which interfere with or 
alter absorption of the toxic substance, 
and 

(D) Dose. 
(3) Assessment of Risk. This section 

on quantitative risk assessment applies 
to estimates of risk for substances that 
are toxic by reason of their 
carcinogenicity. 

(i) Generally, the study leading to the 
highest risk should be used in the risk 
assessment; however, other factors may 
influence the choice of study. 

(ii) Risk should be based on the 
maximum likelihood estimate fmrn a 
multistage model [such as  Global83 or 
later version) unless the maximum 
likelihood estimate is not linear at low 
dose, in which case the 95% upper 
confidence limir on risk should be used. 

(iii) For systemic carcinogens, if 
estimates of human risk are made based 
on animal data, a factor derived from 
dividing the assumed human weight (70 
kg] by the average animal weight during 
the study and taking that to the Ya 
power should be used. There in the 
possibility that this factor may be 
changed using the Y4 power instead of 

the % power, a s  part of a unified 
Federal regulatory approach. If such an 
approach is adopted, it will apply here. 

(iv) When dose is expressed a s  parts 
per million, and the carcinogen a d s  at 
the site of contact, humans and animals 
exposed to the same amount for the 
same proportion of lifetime should be 
assumed to be equally sensitive. 

fv] If no experimental study having 
the same route of exposure as that 
anticipated for human use of a 
substance is available. a study by 
another route of exposure may be used. 
Pharmacokinetic methods may be used 
if sufficient data are available. 

(vi] When exposure scenarios are 
different from those used in the 
underlying study upon which estimates 
of risk are based, proportionality should 
be applied. If pharmacokinetic methods 
are used to adjust for risks a t  high 
versus low exposure levels, level-time 
measures should not be combined 
without taking the non-linearity into 
account. 

(4) Acceptable Risks.+) AD1 for 
Carcinogens. The maximum acceptable 
daily intake ("ADI") is that exposure of 
a toxic (by virtue of its carcinogenicity) 
substacce that is estimated to lead to a 
lifetime excess risk of one in a million. 
Exposure refers to the anticipated 
exposure from normal lifetime use of the 
product, including use as a child as well 
as  use as  an  adult. 

(ii] AD1 for Neurotoxicological and 
Developmental/Repmductive Agents. 
Due to the difficulties in using a 
numerical risk assessment method to 
determine risk for neurotoxicological or 
developmental/reproductive toxicants, 
the Commission is using a safety factor 
approach. a s  explained below. 

(A)  Humon Doh. If the hazard is 
ascertained from human data, a safety 
factor of ten will be applied to  the 
lowest No Observed Effect Level 
("NOEL") seen among the relevant 
studies, li no NOEL can be determined, 
a safety factor of 100 will be applied to 
the Lowest Observed Effect Level 
("LOEL"). Both the NOEL and LOEL are 
defined in terms of daily dose ieveL 

[B) Animal Data. If the hazard is 
ascertained from animal data, a safety 
factor of one hundred will be appkied to 
the lowest NOEL If no NOEL can be 
determined, a safety factor of one 
thousand will be applied to the lowest 
LOEL. Both the NOEL and LOEL are 
defined in terms of daily d m  level. 

3. Section 1500.3(~)(2) is amended by 
revising pctrawaph fc)[2) introductopy 
text, redesignating paragraphs [c)[2) (i) 
through [iii) es paragraphs (c)tZRi) (A1 
through (C) end adding new paragraphs 



(c)@)(i) introductory text end (c)(2)(ii) to known to be associated with e product (7f Reducer-the pmma or entity 
read as  follows: w pmduct compoeent(s). when L e  who manufactures, processes. or 

componeat[s) ie present in e physical impr t s  oo art material. 
6 1500.3 DeRnitlons. 
. * C I S  

form volume, a conaentrzrtion h a t  in [t?) R e p a c k a g e 1 4  person or entity 
the opinion of a toxicologist (see who obtains materials from prducem 

(c) ' ' paragraph [b][8)[i)[B)[fl) of this section) and without mak@ changes in such 
(2) To give specificity to the definition has the ~otential  to pwduce a chronic mabriaEs puts P b  in containers 

of "toxic" in section 2(g) of the ect (end adverse heal& intended for sale a$ art materiels to 
restated in paragraph [bM5) of this (2) This section applies exclusively to users. 
section), the f o u o w i ~  supplements that art materials peckaged in sizes intended [g) s to 
definition. The folbwhg categories are for indivj&d of m y  age or those 
not intended to be inclusive. participating in a amalt group. 

( I )  Acuie toxicity. 'Toxic" means any (31 ~&&ng lgeminapjms shall becomes evident in a significant number 
substance that praduces death within 14 consider reasonably foreseeable rrse or of people cn -poJure to ~e same 
days in half or more than half of a p u p  misuse. substance. 
of: (4 )  hfanufact~ers  or m~cka i3as  may (EO) Toxi-ppk to any rjubtance 

[ii) Chronic toxicity. A substance is wish to have c c J q l i a m  certified by a 
toxic because it presents a chronic certifying organization. Guidelines for a 
hazard if it falls into one of the following certifying ownization am @en in 
categories. (For additionat information parcrgraph (bK8)(i)[H) of this -\ion. (11) Toxiwlogirte-en individual who 
see the chronic toxicity guidelines at 16 (B) Descriptions of Terms Specific to thrw& duEatisln tminirrg. md CFR 1500.135.] This Standard.-11) Art material or art has b fie@ of (A) fir Caminogens. A substance is material product-+my raw or processed toxicology, as it to human 
toxic if it is or  contains a h o w  or material. or manufactured product. 
probable human carcinogen. exposure, and is either a toxicohgist or 

marketed or  represented by the phpician Gatified by a nationally (B) ForNevmtoxicologiccaf Toxicants. producer or repackager as  intended fm recognized certification board. A substance ia toxic if it is or contains a and suitable farmers  ea defined herein. BiaevAbititm extPnt Bat a known or probabIe b a n  neurotoxin. (2) Users--artists or crafts people of 
[C) For DeveIopmentwl or substance can be absorbed L a any ~ g e  who create, or recreate in a 

biolagically fom Reproductive Toxicants. A substance is limited number, kr& by hami, works 
toxic if it h or contains a hm or which may or may oot have a practical or (c) reprckwr --?IS.--41) of 

% ~ o b e r  
.Is(pri* probable human developmental or use, but in which aesthetic 

reproductive toxicant. considerations am psrarnount. subit  art malerid pdw4 

4. Section 1500.14 is amended by 43) Chronic adverse health ef fec t ( s j a  fofowula~Ns) or d"lpldstim~e~ 
a 

adding a new paragraph (b)(8) to read as  persistent twic  effectts) that develops for re 
follows: over time from a single, prolonged or be in 

Pro&toctP speCtd repeated exposure to a substance. This 

labeling under redon qb) of the Aet effect may result from expcwurefs) to e 

tb)*"*'  
substance that can, in hmans ,  cause 
sterility, birth defects, h a m  to a [a) Ari materials. developing fetus or to a nursing infant, 

Note: The Labeling of Hazardous Art cancer, allergenic: sensitization, damage 
Materials Act ('m), 15 U s e  to the Demous system, or prdstent access to the fonnulation(s); except that 
(hb. lOD-695, enacted Novemb6% 1 8  l m )  adverse eff& to  any o t b r  organ the ! O X / M ) ~ ~ I S ~ S  shall furnish a pahient's 
pmuides that, as of November 18. I=, "'the physician. on a canfide~tial bad& the 
requirements for the labeling of art materials systen'- 
set f0+ in version of the standardof the f4] chronic health hazard[s] [hereafter infomation ne@a=rn $0 diapo* Or 

Arnayc,sn Society for Testing and Materials r e f e n d  to as "chronic h a w d " b a  treat cases of exposrue or accidental 
Id,.4Sn'L' j denipated D-4236 that is in effect health risk to hmans ,  reeultant from ingestion. 
an LNo~emher 16.1Y88j ' ' " shaU be exposure to a substance that may cause (3) The producer repackager, upon 
deemed to be a regulatimn issued by the a chronic aduepse health effect. advice given by a toxicologist in 
Cornmasion under section 3(b)" of Be (5) Analytical laboratoq-a a c ~ o d a n c e  with paragraph [bKaE(i)ID) 
Federal Haaardolis Substances Act, 15 U S.C. laboratory having per%mnel and of this section a d  base8 upon g m e ~ % b  
1282Cb1. For the convenience of interested apparatus of pe~omLng persons. the Commission ~EI irmcldtng !he accepted, we~l-mtebksbed evidence that 

requiPements of Am M23e) in quantitative or qualitative analyses of a wrmpmmt substance(s1 bm pa 
(b)(~)(i) of this section, along with other art material%. which may yield cause chronic a h r s e  health effects 
requirements (stated in p~agpaph (bf(@)(iif af information that is used by e A p t  precautionary iabting in 
this section) mPde applicable to ari materiala toxicobgist for evaluation of potentially accordance with parapaph tb)la)(i)iE) 
by the MAMA. The subakance af the hzardoas materials. of this section. 
requirements specifaed in LHAhU became I%) tabel-a display of written, (4) Labeling shall co~lfonn to any 
effective en November 1&199k), as mandated =tbr upm 
by Congress. 

labelkg practices prescribed by f&emP 
immediate container of any art material and state statutes or ~eguiatiana and 

(i) ASTM L?-4236.--(A) Scope.-(I] product. When the groduei is shall not diminish. tbe effect of required 
This section describes a procedure for unpackaged. or is not packaged in an a o t e  toxkity wantings. 
developing precau?ianary hbeh for art immediate container intended or (5) The producer or ~ e p  
materials and provides hazard and suitable for delivery to users. the label suppky e poiaon expmm management 
p~ecau?hary statements based upon can be a display of such matter dire& infomatiOn sa~re& gene* 
knowledge that exists in the scientific upon the article invokved or upon a tag formuletian idormetion required f ~ r  
and did axmnenitiea This 8ection or other suitabk l a b e k  device disaernination to poison control centen, 
concerne thoee EBronic health hezarda attached to the ert material. or shall provide a 24-how cost-free 
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telephone number to poison control [vir) Opinions of various regulatory potential effects may be combined into 
centers. agencies and scientific bodies, including one statement. 

(6) The producer or repackager shall the International Agency for Research (7) Information Sources-The 
have a toxicologist review a s  necessary, on Cancer and the National Cancer precautionary label shall contain a 
but at  least every 5 years, art material Institute, on the potential for chronic statement identifying a source for 
product formulation(s) and associated adverse health effects of the various additional health information 
label(s) based upon the then-current, components of the formulation. substantially in conformance with one 
generally accepted, well-established (3) Based upon the conclusion reached of the phrases listed below: 
scientific knowledge. in conformance with review (i) For more health information-(24 

(7) Statement of Conformance- determinations set forth herein, the hour cost-free U.S. telephone number). 
"Conforms to  AS^ Practice ~ 4 2 3 6 , "  toxicologist(s) shall recommend (if] Contact a physician for more 
or "Conforms to ASTM D-4236." or precautionary labeling consistent with health information, or 
"Conforms to the health requirements of paragraph (b)(B)(i)(E) of this section. (ill) Call your local poison control 
ASTM EI-l.236." This statement may be (E) Labeling &actices.-(ll Signal center for more health information. 
combined with other conformance Word.-(11 When a signal word for an  (8) Labeling Content, Product Size- 
statements. The conformance statement acute hazard(s) is rnandated and a Any art material product in a conta~ner 
should appear whenever practical on chronic hazard(s) exists, the signal lalger in size than one fluid ounce (30 
the product; however, it shall also be shall be that for the acute hazard. ml) ( ~ f  the product is sold by volume) or 
acceptable to place the statement on (ill When only a chronic hazard(sl one ounce net weight (28 g) (if the 
one or more of the following: the signal word WARNING shall product is sold by weight) shall have full 

(i) The individual product package. be used. 
(ii~] The signal word shall be 

precautionary labeling, a s  described in 
(;I) a display or sign at  the point of 

prominently visible and  set in bold paragraph (b)[e)[i) (E) of this section. 
purcliase. Any art material product in a container 

[ii~] separate explanatory literature capita1s in a size 
Or greater than equal to or smaller than one fluid ounce 

available on requirements at  the point of the statement of potential chronic 
hazards. or one ounce net weight shall have a 

purchase, 
(2) List of Potentially Chronic label that includes a signal word in 

(iv) a response to a formal request for Hazards-Potentially chronic hazards, conformance with paragraph 
bid or proposal. a s  determined under the procedures of (b)(B)[i)(E)(I) of this section and a list of 

(D) Determination of Labeling.-(1) paragraph Ib)(8)(iJ(D) this section, potentially harmful or sensit~zing 
An art material is considered to have shall be stated in components in conformance with 
the potential for producing chronic accordance with the statements listed in paragraphs (b1(8)(il(E)(31 and  (51 of this 
adverse health effects if any customary paragraph (b)(B)(i)(F) of this section. section. 
or reasonably foreseeable use can result Potentially hazards noted (9) The informat~on described in 
in a chronic hazard. be those that are clinically significant paragraph (b)[8)fi)(E) of this section 

(2) In making the determination, a and that might be expected with any must appear on: 
toxic~logist(s) shall take into account reasonably foreseeable use of the art (11 The outside container or wrapper. 
the following: material. The hazards should be grouped if any, unless it is easily legible through 
(13 Current chemical ~ ~ m p ~ ~ i t i ~ n  of in the order of relative descending the outside container or wrapper and 

the art material, supplied by an  severity. (ii) All accompanying literature whew 
analytical laboratory or by an  industrial (3) N~~~ of chronically ~~~~~d~~~ there are directions for use, written or 
chemist on behalf of a manufacturer or ~ ~ ~ ~ ~ ~ ~ ~ ~ ( ~ ) - ~ l l  components and otherwise. Where a product that 
repackager. known decomposition products of the requires warning labels under 

[ill Current generally accepted, well- fDrmulation with a potential for chronic paragraphs (b)(8)(i) (D) and (E) of this 
established scientific knowledge of the hazards. a s  deterzined under the section is  packed within a point-of-sale 
chronic toxic potential of each procedures of paragraph (b)(B)(i)(D) of package that obscures the warning 
component and the total formulation. this section, slldll be listed prominently, statement(s), the point-of-sai~ package 

(;if] Specific physical and  chemical GenertGally eclu:balent names may be shall carry the signal word ccr.fo:ming 
form of the art material product. used. to ~ a r a ~ r a p h  [b][8)(i)[E)(Z) and t!ie 
bioavailabilitp. concentration, and the ( 4 )  Safe Handling Instructlons- following wording: "Conteins: (list 
amount of each potentially chronic toxic Appropriate precautionary statements hazardous product(s)) that may be 
component found in the formulation. a s  to work practices. personal harmful if misused. Read cautions on 

(iv) Reasonably foreseeable uses of protection, and ventilation requirements individual containers carefully Keep out 
the art material product a s  determined shall be used substantially conforming of the reach of chiidren." 
by consultation with users and other wifh those listed in paragraph (10) Statements required under 
individuals who are experienced in use (b](B)(i)(G) of thls section. paragraphs [b)[e)(i) (Dl and (E) of thls 
of the material(s), such a s  teachers, or (5) List of Sensitizing Cornponents- section must be in the English language 
by market studies, unless such use To protect users from known sensitizers and located prominently in conspicuous 
information has previously been found within art materials, each label and legible type in contrast by 
determined with respect to the specific shall contain a list of those sensitizers topography. layout, or color with other 
art material(s] under review. present in sufficient amounts to printed matter on the label. 

(v) Potential for known synergism and contribute significantly to a known skin (11) Supplemental Information- 
antagonism of the various components or respiratory sensitization. Where appropriate, more detailed 
of the formulation. (6) Combined Statement-If an  art information that relates to chronic 

(viJ Potentially chronic adverse health material contains more than one hazard[s), such a s  physical properties, 
effects of decomposition or combustion component capable of causing a chronic decomposition products, detailed safety 
products, if known, from any reasonably adverse health effect, or if a single instructions, or disposal 
foreseeable use of the hazardous art chemical can cause several different recommendations, shall be included in 
material product. chronic adverse health effects, the supplemental documents, such a s  
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Materia1 Safety Data Sheets, technical any work of visual or graphic art of any which, where possibFe, specify criteria 
brochures, technical data sheets etc. medium. The term does no? include for determining when any mstomaly or 

(F] chrocic Hazard Statements economic poisons subject to the Federal reasonabb f o r ~ e e a b l e  me of an art 
MAY CAUSE STEltPLITY. Insecticide. Fungicide, and Rodenticide material can result in a chronic hazard. 
C Q ~ A ~  MAY CAUSE ~ERMPL~JENT Act or drugs, devices, or cosmetics These guidelines include criteria for 
EYE DAMAGE. subject to the Federal Food, Drug, and de!errnining when art materials may 

MAY BE HARMFUL BY BAEATI1ING Cosmetics Act. produce chronic adverse effects in 
VAPDRSIDUSFS. (B) The standard referred to in c h i h e n  and aduks, criteria for 

MAY BE HARMFUL IF SWALLO\'JED. paragrsph (b)(B)Ei) of 'ppEies determining wKch substances ~.ontairne$ 
MAY BE HARMFUL BY SKIN l o  art materials intended for users of in art materials the potentiar for 

CONTACT. any epe. 
(C) Each p r d t ~ c e r  or repackegsr of art producing chronic adverse effects and 

MAY PRC3DUGE BIRTH DEFELTS IN 
maten'als shell desc;ribe in wliting the what those effects are, criteria for 

THE DEVELOPING FETUS. 
BE E X C R ~  IN M U ~ R N  XIILK. criteria used to determine whether an de'"min:cg the bi~avaiiabi'ity of 

hPAY CAUSE N A N  TO THE art material has the potential far chronicajly h~aerdolas srlbstances 

NURSLVG INF.&hT. producing chronic adverse haa'eth contained ira ar t  materials when the 

C A ~ , J ~ L T  A G ~ T ~  E ~ ~ S ~ R E  X ~ A Y  effects. Each producer or re3ackag~r ~ r o d t ~ c t s  are used i* a customary or 

PRODUCE CAnYCER. shall submit, to the Cornmissian"s ressonably foreseeable manner. asad 
CANCER A G ~ T   BAS^ ON ~ T S  Division of R~gulaiory Manaaement, cfiferia fur determining acceptable daily 

WI'IH LABORATORY ANlMAES. Consumer product Safety &mmiss!nn, intake Pevels for chranically hazardous 

~ ~ S E B L E  CANCER  AGE^  BAS^ Washington, DC 20207, the written substances ccmtaind in art materials. 
ON T E S ~  ~ 1 1 %  L ~ R A T O R Y  description of the criteria described Because these guidelines apply to 
AMMAES. above and a tist of art materials that Raxardoos substances in general as well 

MAY P R O D U C E A ~ G J C  WEALTION require hazard kvarning labels under this as to haz~rdous  subeterpces in art 
BY IFiGEST1QN/INHAEbh=QN SKIN sp"tion. request of the rnateria?~, the guidelines are set forth in 
COWACT. Commission, a producer or repackager 5 1500.135 and a definition of '"honic 

MAY PRODUCE NUMBNESS OR shall submit to the Commission p rodu~t  toxicityw is provged in 8 p j k ~ ~ 3 ~ 4 2 1 l i i 1  
IN TT~E E%T'XF&~~~ES. fOmlatiOns. a s  part ~f supplementation of the term 

MAY CAUSE (SPECIFY [Dl MI art materials that reljr~i~e 
chronic hazard labding pursuant to this 

"toxic" b se&tiOPL qq) Of the FPESA. 
T I E  ORGANtS)) D M G E  

HRATING/COWTEON MAY section must include on the label the Appendix A ta H15062.14@~8)- 
CAUSE HAZARDOUS name and United States address of the Guidelines for a Cert!fyiag B r g a n i z h  
DEeOMPOSITPON PRODUCTS. producer ar repackager of the art (Nal Mandatory) 
[@I Precautionary Statements materials, an appropriate United States 

tekphsne number that can be (81 m e  term "certifying o r w h t i o n . "  3s 
Keep out of reach of children. for more infoma~on on he hazards used in this paragraph, refers to an 
When uskg do not eat. m s ,  or smoke. requiriw warning hbels under this organization or an ht i tu te  that after 
Wash hands immediately after use. section, and a that assuriag that aU provisions are met. certifies 
Avoid inhalation/ingestionjskin 

contact. 
materials are inappropriate for lase by an art mated does to " 

children. labeling requh-erne& of this pactice. 
Avoid fumes from cawbustion (E) If an  art material producer or (b) The certifying body m y  be funded by 
Keep container tightly closed when not repackager becomes aware of mmber manufacturen. but ~~d inel'de 

in use. any significant infomation regaPdhg use's or their rvmsentatives. W+A 
Store in well-ventilated area. the hazards of an art or ways to rnanufacturm' &Pnlsts, on it3 technical and 
Wear protective clothing (specify protect against he h a a r a ,  &is new certifying commitlees. 
Wear protective !Z%les/face shield. information must incoq)orated into (e) Represersbtiw samples of art meteria5e. 
Wear NIBSH-certified mask for dusts/ the labets of such art materials that are labeled as confomiw 60 *tion and 

mists/fumes. bought at retail, shout& be analyzed at manufactured after 12 months from the 
rsndom and from lime to time by on Wear NIOSH-certified respirator with date of discovery. g a producer 

an fm (s~e%'), repackager refOrrramlates an art m $ e ~ a l ,  anatytical taboratory to ensare fhey are the 
Wear NIOSH-certified supplied-air 

respirator. the new formuta!ion must be evaluated as the used by me 
toxicotogist(s) f ~ r  htem,ining tabeying and labeled in accordance with the 
requirements. Use wirldow exhaust fan to remove standard set forth f lS(BQ.P4Cb)[?i)(iJ. 

vapors and ecsure adequate c m s  IF) In determining whether an art Id] The methods used by the toxieo!cg;;r!is) 
ventilation. (Specify explos ion-pr~~f  18 has the far prodzmciag zn wetmew and detembabion of thcneed and 
necessary.) chronic adverse health eRecta, including of IJrecaut'mary 'abe'iwror 

Do no? heat above (specify temperahre) casctnoSenic;ay and poteniiatly chronic adveree>eahh effeiie 
witho~rt adeqt*a!e ventilation carcinogenicity, the toxicologist to shcdld b p e r i d i d l y  mmawed by an 

Plse (specify type) IocaI exF,ansti~g advisory bod~d coqjased of nat Icss t h n  
hood. under three or r a n  ikcn Sw to i im l~da t aG  at least the standard described a h w e  shall take 

cE wbm, is ceriified an toximlwy by a Do nat uselmix with [specif) material) into accour:t opinions of various 
[ii) The following shall apply with rcgrlla torgr agencies and scieni~f~c nationit!\ recogv.ze3. cert~frr;eticn bard. 

respect to the standard f ~ r  art materfalls bodies, including &e U.S. &zksuner KelA cases wA16re bhe~e us d;sagreement by 
set forth in (5 1m.Z8(b)[$][i). rgrt;cipztr?g B;I ~ducers  or part ici~ating bsers. R'du" ''kb " m ' s s i ~ n  (cBcI9 the with rbe &!emrkstbn of the taxirowijr(sj, (A) The term art material or G F ~  

'"' En;rironmenta' Protection 'gcn!~ there sbwdld be a method the 
m a t s . i a l p ~ ~ u c t  shall mean m y  IDA) ,  and the Int@rnatima% &e~;y for taxica~cgist'Y deasion can be ts 
substance marketed or represented by Research on Cancer [HRC). . 
the producer or repackager as suitable (iii) Ptnnnant to the tWML4, t ~ , e  the edviso~y board of toxieolwgiste far 

for use in any phase of the creation of Commission hss issurJ .'qtidelEnes axbitra:ion. 
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Dated: September 22.1992. Huff. j.E. (1988). Long term in vivo assays for ICON (1990). Interagency Committee on 
Sedye E. Qunn. chemical carcinogens conducted by the Neurotoxicity: Definition of 
Secretory, Consumer Product Safety U.S. National Toxicology Program. Neurotoxicity. April 12 meeting. 

commission. Symposium on NIEHS Research Johnson. B.L.. Anger. K.W. (1983). Behavioral 
Highlights: 16 September. Toxicology. In "Environmental and 

Lbt of References- International Agency for Research on Cancer Occupational Medicine". Rom N.W., ed. 
(IARC) (1987). IARC Monographs on the Little. Brown and Company, Boston. MA. 

The following documents contain Evaluation of the Carcinogenic Risk of 329-350. 
information relevant to this rulemaking Chemicals to Humans, Supplement 7: 17- OTA (1990). U.S. Congress, Office of 
proceeding and form the basis for the 34. Lyon, France: International Agency Technology Assessment, "Neurotoxicity: 
proposed guidelines and definition. They for Research on Cancer. Identifying and Controlling Poisons of 
are available for inspection at the Office McConnell, E.E.. Solieveld. H.A., Swenberg. the Nervous System." OTA-BA-436 
of the Secretary, Consumer Product J.A.. Boorman, G.A.. (i986). Guidelines (Washington. DC: U.S. Government 
Safety Commission, room 428, 5401 for Combining Neoplasms for Evaluation Printing Office. April 1990). 

Westbard Avenue. Bethesda, Maryland: of Rodent Carcinoge~esis Studies. JNCI. Reinhartz, A., Lampert. I.. Herzberg, bf. and 
76: 283-289. Fish. F. (1987). The Detectior, of 

1. Memorandum from Lakshmi C. Mishra. National Toxirology Program (1984). Report Neurotoxicity Activity by a Bacterial 
Senior Toxicologist, to Sandra Eberle, of the Ad Hoc Panel on Chemical Toxicity Assay. Model Systems in 
Program Manager. EXPB, da!ed October 5. Carcinogenesis Tes:ing and Evaluation of Neurotoxicology: Alternative 
1990. entitied Criteria for Determining if a . 
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