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Preface

The Interagency Coordinating Committee on thelowing Federal regulatory and research agen-
Validation of Alternative Methods (ICCVAM) cies and organizations are participating in this
with support from the National Toxicology Pro- effort:

gram (NTP) Interagency Center for the Evalu-

ation of Alternative Toxicological Methods Consumer Product Safety Commission
(NICEATM) recently sponsored the indepen- Department of Defense

dent scientific peer review of Corrositea new  Department of Energy

test method proposed for assessing the derm&epartment of Health and Human Services

corrosivity potential of chemicals. Such reviews Agency for Toxic Substances and
are critical components in the ICCVAM pro- Disease Registry

cess that culminates in achieving regulatory Food and Drug Administration
acceptance and implementation of new scien- National Institute for Occupational
tifically validated toxicological testing methods. Safety and Health/Centers for
These methods are generally more predictive Disease Control

of adverse human health effects than current National Institutes of Health
methods, and they may be alternative methods National Cancer Institute

that provide for improved animal well-being, National Institute of Environmental
that use phylogenetically lower species, or that Health Sciences

reduce or eliminate the need for animals. The National Library of Medicine

peer review was conducted in accordance wittDepartment of the Interior
public health directives of Public Law 103-43, Department of Labor

which directed the National Institute of Envi- Occupational Safety and Health
ronmental Health Sciences (NIEHS) to develop Administration

and validate improved alternative toxicological Department of Transportation

testing methods, and to develop a process for Research and Special Programs
the regulatory acceptance of such methods (see: Administration

Validation and Regulatory Acceptance of Toxi- Environmental Protection Agency
cological Test Methods: A Report of the Ad Hoc
Interagency Coordinating Committee on the Corrosite® was proposed to ICCVAM by

Validation of Alternative MethogdIH publi- InVitro International, Inc. (IVI, Sponsor), as an
cation 97-3981,; http://ntp-server.niehs.nih.gov/in vitro alternative test method o vivo meth-
htdocs/ICCVAM/iccvam.html). ods for assessing the potential of chemicals to

cause skin corrosion. NICEATM and an
The ICCVAM was established as a standinglICCVAM Corrosivity Working Group (CWG)
collaborative effort by NIEHS and 13 other composed of Federal employees, through inter-
regulatory and research agencies and programsctions with the Sponsor, requested and as-
ICCVAM coordinates issues within the Federal sembled information for an independent scien-
government that relate to the development, valitific peer review of the method. Suggested ex-
dation, acceptance, and national/internationaperts for the peer review panel (PRP) were so-
harmonization of toxicological test methods. licited from Federal agencies and national and
The Committee’s functions include the coordi- international professional societies and organi-
nation of interagency scientific reviews of toxi- zations. The CWG recommended a panel com-
cological test methods and communication withposition that would represent a broad range of
stakeholders throughout the process of tesexperience and expertise, including general and
method development and validation. The fol-in vitro toxicology, clinical dermatology, and

XV



Preface CorrositeX Evaluation

biostatistics. PRP members were from indus-evaluations, conclusions, and recommendations
try, academia, and government, and includedvere consolidated into the PRP Report, which
scientists from the United States (US), Canadafollows. The PRP concurred in a public meet-
Japan, and the United Kingdom (UK). ing via teleconference on April 22, 1999, that
the Report accurately reflects the conclusions
The PRP was charged with developing a scienand recommendations of the January 21 meet-
tific consensus on the usefulness and limitationsng. Additional data analyses prepared for the
of CorrositeR for assessing the skin corrosivity PRP by NICEATM and the test method submis-
potential of chemicals. In reaching this deter-sion are also included as appendices in this docu-
mination, the PRP was requested to evaluate athent.
available information and data on the
Corrosite® assay, and to assess the extent td-ollowing the peer review meeting, the CWG
which each of the criteria for validation and reviewed the PRP Report, and provided recom-
regulatory acceptance developed in themendations to ICCVAM. This entire report has
ICCVAM Report were addressed. The PRP waseen reviewed and endorsed by the CWG and
provided with guidance for their evaluation, ICCVAM. The Report, along with recommen-
which included questions from the CWG to dations on the usefulness of the method, will be
ensure that the assessment provided adequaterwarded by ICCVAM to Federal agencies for
information to facilitate ICCVAM and agency their consideration. Agencies will determine the
decisions on the method. regulatory acceptability and applicability of this
method according to their statutory mandates,
A request for information regarding the use- and as deemed appropriate, issue guidelines,
fulness of the Corrosité&assay, including in-  guidance documents, or proposed changes in
formation about completed, ongoing, or regulations.
planned studies and other data was made via a
Federal Registenotice (July 28, 1998, Vol. The work of the PRP was truly a team effort,
63, No. 144, 40303.) The availability of the and their thoughtful and unselfish contributions
test method submission materials, a request forare gratefully acknowledged. While all mem-
public comments, and the planned public peer bers contributed to this evaluation, the excep-
review meeting were announced in October, tional efforts of Dr. Robert Scala, who served
1998 FederalRegisterOctober 27,1998, Vol.  as the PRP chair, deserves special recognition.
63, No. 207, page 57303). All comments and The efforts of the CWG were instrumental in
information submitted in response to the re- assuring a meaningful and comprehensive re-
guests and announcements were provided toview that would address regulatory needs, and
the PRP in advance of the review meeting.  for evaluation of the recommendations of the
PRP. Finally, the efforts of the NICEATM staff
The PRP met in public session on January 21to ensure accurate analyses and timely distri-
1999, at the National Institutes of Health (NIH) bution of information for the review are ac-
Natcher Conference Center in Bethesda, Maryknowledged, particularly the efforts of Dr.
land. During the meeting, PRP members pre-Thomas Goldsworthy, Dr. Raymond Tice, and
sented their evaluations and proposed concluMs. Karen Haneke. On behalf of ICCVAM, we
sions and recommendations on each of the mahank the many individuals who contributed to
jor sections and the PRP subsequently reachetthis report.
a consensus for each section. The opportunity
for public comment was provided during the William S. Stokes, Co-Chair, ICCVAM
meeting. Following the meeting, the written Richard N. Hill, Co-Chair, ICCVAM
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EXECUTIVE SUMMARY

Corrosive substances are defined as chemicalBlethods (ICCVAM) received a Corrositex
that cause visible destruction of, or irreversible Submission (Submission) from InVitro Interna-
alterations in, living tissue by chemical action tional, Inc. (IVI, Sponsor) for peer review. The
at the site of contact (29 CFR [Code of FederalSubmission included additional information
Regulations] 1917.28, 1998). Dermal requested by ICCVAM following previous com-
corrosivity testing is conducted to identify munications between ICCVAM and IVI.
chemicals that potentially pose this hazard tol CCVAM determined that the Submission was
humans. Test results are used to classify andufficiently complete to undergo peer review.
label chemicals with regard to this potential An independent Peer Review Panel (PRP) was
hazard so that consumers and workers can takessembled to evaluate the extent to which each
appropriate precautions to prevent injury. Testof the ICCVAM validation and acceptance cri-
results are also used to determine appropriatéeria had been addressed, and to determine the
packaging that will minimize hazardous spills usefulness and limitations of Corrositdar the
during transport. US Federal agencies that havedentification of potential human corrosive
regulations related to corrosivity testing include chemicals or chemical mixtures.
the Consumer Product Safety Commission
(CPSC), Occupational Safety and Health Ad-The PRP evaluation of the CorrositeSubmis-
ministration (OSHA), US Department of Trans- sion addressed seven topics, with two to five
portation (US DOT), and the Environmental PRP members assigned as primary reviewers
Protection Agency (EPA) (Appendix Q). Regu- for each topic. This reportis organized by these
lations and guidelines include testing methodstopics, as follows: (1) Test Method Descrip-
for assessing dermal corrosivity, appropriatetion; (2) Test Method Data Quality; (3) Test
chemical packaging and labeling, appropriateMethod Performance; (4) Test Method Reliabil-
transport and/or storage methods, and awareity (Repeatability/Reproducibility); (5) Other
ness education programs for workers in indus-Scientific Reviews; (6) Other Considerations;
trial settings. and (7) Related Issues. Thesetopics are followed
by a Summary Conclusions and Recommenda-
For regulatory purposes, identification of cor- tions section. This report focuses on the per-
rosive chemicals and chemical mixtures hasformance of Corrositéxas compared to the
been based on the ability of a chemical or chemivivo rabbit skin corrosivity test. The validity of
cal mixture to produce visible destruction or ir- thein vivo rabbit skin corrosivity test was not
reversible alterations of the skin at the site ofevaluated.
contact. The commonly usgdvivotest method
involves application of chemicals or chemical Corrosite® is anin vitro method used to deter-
mixtures on the intact skin of a rabbit. The skinmine the dermal corrosive potential of chemi-
is visually evaluated for corrosion within three cals and chemical mixtures. Corrosites
minutes, and at one or four hours after applicatbased on the ability of a corrosive chemical or
tion. Animal welfare considerations have led chemical mixture to pass through, by diffusion
to efforts to developn vitro alternative test and/or destruction/erosion, a biobarrier and to
methods. elicit a color change in the underlying liquid
Chemical Detection System (CDS). The
In May 1998, the Interagency Coordinating biobarrier is composed of a hydrated collagen
Committee on the Validation of Alternative matrix in a supporting filter membrane, while
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Executive Summary CorrositeX Evaluation

the CDS is composed of water and pH indica-the usefulness of Corrositefor assessing the
tor dyes. Test chemicals and chemical mixturescorrosivity potential of chemicals or chemical
including solids and liquids, are applied directly mixtures. The PRP addressed the following two
to the biobarrier. The time it takes for a testmajor questions:
chemical or chemical mixture to penetrate the
biobarrier and produce a color change in thel. Has Corrositek been evaluated sufficiently
CDS is compared to a classification chart to and is its performance satisfactory to sup-
determine corrosivity/noncorrosivity and to port its proposed use for assessing the
identify the appropriate US DOT packing group. corrosivity potential of chemicals or chemi-
Chemicals are prescreened for compatibility cal mixtures?
with the assay by directly applying the test
chemical or chemical mixture to the CDS; if a 2. Does Corrositek offer advantages with
color change is not induced, then the test chemi-  respect to animal welfare considerations
cal or chemical mixture does not qualify for test- (refinement, reductiord, and replacemett
ing with this assay. The US DOT currently ac- alternatives)?
cepts the use of Corrosifexo assign subcat-
egories of corrosivity (packing groups) for la- In response to the first question, Corrosttex
beling purposes according to United Nationsperformance indicates that, in specific testing
(UN) Committee of Experts on the Transport circumstances such as that required by US DOT,
of Dangerous Goods guidelines. However, theCorrosite® is useful as a stand-alone assay for
US DOT limits the use of Corrositexo spe- evaluating the corrosivity or noncorrosivity of
cific chemical classes, including acids, acid de-acids, bases, and acid derivatives. The current
rivatives, acyl halides, alkylamines and US DOT exemption allows the use of
polyalkylamines, bases, chlorosilanes, metalCorrosite® for assigning packing groups for
halides, and oxyhalides (Appendix Q). acids, acid derivatives, acyl halides, alkylamines
and polyalkylamines, bases, chlorosilanes,
The database used in this evaluation consistethetal halides, and oxyhalides. However, the
of Corrosite® data on 163 chemicals and Corrosite® database evaluated by the PRP did
chemical mixtures for which there were corre- not include acyl halides, chlorosilanes, metal
spondingin vivo rabbit corrosivity data. Data halides, or oxyhalides; thus no statement was
on 118 chemicals and chemical mixtures weremade by the PRP for these chemical classes. In
provided by IVI, while data on an additional 45 other testing circumstances, and for other chemi-
chemicals and chemical mixtures were obtainedal and product classes, Corrositeay be used
from two peer-reviewed publications that evalu- as part of a tiered assessment strategy. In this
ated the validity of Corrosit€(Botham et al., approach, negative responses must be followed
1995; Fentem et al., 1998). These two studies
in\-IOIVed a tOtaI-Of " chemi_cals and ChermcallRefinement alternative: A new or revised test method
m!XtureS’ of which 32 cheml_cals and Chemlf:althat refines procedures to lessen or eliminate pain or dis-
mixtures were also included in the IVl Submis- yess to animals, or enhances animal well-being (NIEHS,
sion. 1997).
2Reduction alternative: Anew or revised test method that
A public meeting of the PRP took place on Janu 22 e 8 B oL o e revised test methot
ary _21’ 1999, in Bethesda, MD, J_[O reach Co_n_thatpreplaces animals Wit.h non-animal systems or one
clusions and make recommendations regardingnimal species with a phylogenetically lower one
(NIEHS, 1997).
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CorrositeX Evaluation Executive Summary

by dermal irritation testing, and positive re- data quality and credibility. Positive and nega-
sponses require no further testing unless the intive control values should be reported concur-
vestigator is concerned about potential falserently with each assay to demonstrate that the
positive responses. In either testing strategyiest is working properly.
an investigator may conclude that confirmation
testing is necessary based on consideration ofhe PRP also suggested that laboratories unfa-
supplemental information, such as pH, struc-miliar with conducting the test should obtain
ture-activity relationships, and other chemical appropriate training and conduct tests with test
and/or testing information. As additional test reference chemicals before undertaking any test-
results with Corrositékare obtained, the util- ing of unknown chemicals and chemical mix-
ity of the assay may need to be reconsiderecdtures.
Corrosite® is limited in its universal utility
because of the proportion of chemicals that arésiven the ease and cost effectiveness of con-
not compatible with the CDS and thus cannotducting a pH test, the PRP recommended that
be evaluated. pH testing be conducted prior to use of
Corrosite®. Such information could be used
The following specific changes to the protocol in the future to re-evaluate the agreement be-
were recommended: tween pH and Corrosité&xin identifying
corrosivity.
(2) It should be explicitly stated that the
biobarrier should be allowed to harden Compared tan vivorabbit skin corrosivity test
on a level surface and to cool overnight results, Corrositeéxhad an overall sensitivity
before use. of 85% (76/89), specificifof 70% (52/74), and
accurac$ of 79% (128/163) for the chemicals
(2) Even though replicate variability has and chemical mixtures evaluated. The three data
been shown to be very low, guidance sets reviewed (Submission [Appendix DJ;
should be provided on how to evaluate Botham et al., 1995; Fentem et al., 1998) gen-
an aberrant value. erally showed a similar degree of sensitivity,
specificity, and accuracy.
3) The IVI Corrositek Data Sheets pro-
vided with the test kit should contain a The sensitivity, specificity, and accuracy of
provision for recording the performance Corrosite® by chemical or product class are
of the positive and negative controls. provided in Table 1.
This information should be used to de-
termine the suitability of the test results The PRP concluded that the protocol supplied
: by IVI for conducting Corrositékwas complete
4) Description of the test protocol would and provided the necessary details for a user to
benefit from the addition of a flow dia-

gram illustrating the steps in the proce- s sensitivity is defined as the proportion of all positive
dure. chemicals or chemical mixtures that are correctly classi-

fied as positive in a test (NIEHS, 1997).
In future studies, compliance with Good Labo- 5 Specificity is defined as the proportion of all negative

. Y . . chemicals or chemical mixtures that are correctly classi-
ratory Practice (GLP) Guidelines and inclusion fied as negative in a test (NIEHS, 1997).

of quality control procedures, would improve saccyracy (concordance) is defined as the proportion of
correct outcomes of a method (NIEHS, 1997)
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Table 1. Performance of CorrositeX by Chemical or Product Class

Chemical/Product Class Sensitivity Specificity Accuracy

Overall 85% (76/89) 70% (52/74) 79% (128/163)
Inorganic and organic acids plus acid mixtures 79% (22/28) 63% (5/8) 75% (27/36)
Acid derivatives 100% (7/7) 86% (6/7) 93% (13/14)
Amines 84% (16/19) 67% (4/6) 80% (20/25)

Inorganic and organic bases plus base mixtures 89% (25/28) 57% (417) 83% (49/35)

Organic and inorganic acids and bases 86% (54/63) 68% (15/22) 81% (6P/85)
Cleaners and detergents 90% (9/10) 29% (4/14) 54% (13(24)
Undefined industrial Chemicals 87% (13/15) 62% (8/13) 75% (21/28)
Surfactants * 100% (22/22) 100% (22/2)2)

The numbers in parentheses provide the data on which the percentages are based.
*No corrosive surfactants tested.

conduct the assay correctly. The transferabilitypositive and negative controls to determine
of the method between laboratories and the simwhether each test trial is performing correctly;
plicity of the assay were considered to be at-no controls are included in the vivo assay,
tractive features of Corrositéx Similarly,  which limits an assessment of precision
methods for data analysis and the decision cri-
teria were straightforward. Instructions on how A limitation of the method is that many noncor-
to convert the breakthrough time to the deterrosive chemicals and chemical mixtures and
mination of corrosivity were considered to be some corrosive chemicals and chemical mix-
comprehensive and easy to follow. tures do not qualify for testing by Corrositex
Test chemicals and chemical mixtures are con-
The PRP concluded that an attractive feature osidered nonqualifying if they do not cause a
Corrosite® is that no animals are used. In ad-color change in the CDS; the CDS changes color
dition, the test is rapid and less expensive thanvhen a chemical or chemical mixture changes
the comparable rabbit corrosivity test (see Secthe pH of the solution to less than 5 or greater
tion 6.2). In addition to the available informa- than 8.5. The majority of nonqualifying chemi-
tion on inter- and intra-laboratory variability, the cals and chemical mixtures (49 of 50) in the
in vitro nature of the test allows for the devel- IVI and Validation Study (Botham et al., 1995;
opment of an expanded database on coded confrentem et al., 1998) database for which pH data
pounds tested over time and in several laborawere also available had a pH between three and
tories to provide additional information on in-
ter- and intra-laboratory variability in assay re-
sponse. No such formal studies have been coriPrecision is defined as the extent to which a measure-
ducted with thdn vivo rabbit corrosivity test. ment procedure gives the same results when repeated

. . . under identical conditions; the inverse of variance
Addltlona”y’ CorrositeX includes concurrent (Dorland’s lllustrated Medical Dictionary, 1994)
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ten. Of the 75 nonqualifying chemicals and The PRP concluded that a limitation in the
chemical mixtures in the database for whith evaluation of the Corrosit&xdatabase was the
vivodata were available, 85% (64/75) were clas-relatively small number of chemicals and/or the
sified as noncorrosive in the vivotest. The unbalanced distribution of corrosive and non-
remaining 11 of 75 nonqualifying chemicals and corrosive chemicals and chemical mixtures
chemical mixtures (15%) were classified asevaluated in some chemical/product classes. As
corrosive in then vivo test. Thus, it appears a consequence, accurate conclusions about the
that the qualification step eliminates primarily performance of CorrositéXor some chemical
chemicals that are noncorrosive. Otimeritro  classes could not be made.
methods (e.g., rat skin transcutaneous electri-
cal resistance [TER] and EPISKIN for In response to the second question, the PRP
corrosivity have not shown this same limitation concluded that Corrositéxffers several advan-
(Fentem et al., 1998). tages with respect to animal welfare consider-
ations, including refinement, reduction, and re-
Information on the composition of the complex placement of animal use. Corrosftexvhen
mixtures (generally industrial chemicals, clean-used as a stand-alone assay in some testing situ-
ers and detergents, and surfactants) tested ustions, replaces the use of animals for corrosivity
ing CorrositeR and thein vivo rabbit skin as- testing. Similarly, the use of Corrosifeas part
say was not available. The accuracy was 54%f a tiered approach reduces and refines the use
(13/24) for cleaners and detergents, 75% (21bf animals in testing by providing a basis for
28) for unspecified industrial chemicals, and decisions on further testing. Follow-up tests
100% (22/22) for surfactants. However, the PRPusingin vivomethods, when deemed necessary,
did not consider it appropriate to reach conclu-could employ fewer animals and test agent di-
sions on the usefulness of Corrosftéor these  lution schemes to minimize possible pain in any
product classes without knowing the composi-individual animal.
tion of these materials.

8 In some instances, this analysis includes results from
several concentrations of the same chemical.
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1.0 TEST METHOD DESCRIPTION

1.1  Sufficiency of test method and diffusion through the collagen matrix and, with
protocol description time, even noncorrosive chemicals and chemi-
cal mixtures will reach the CDS. For that rea-
1.1.1 Adequacy and completeness of the testson, four hours is used as the upper limit for the
method assay. Some Categor§rioncorrosive chemi-
cals and chemical mixtures (e.g.,
The Submission contained a thorough protocol dithiopropionic acid) react with the CDS, yet
The scientific and empirical basis of the test waghe chemical or chemical mixture does not reach
described in sufficient detail. Corrosifaxea- the CDS within the required four hours of ex-
sures the time required for a chemical or chemiposure. The Submission contains data on the
cal mixture to pass through a hydrated collagerbreakthrough times for various chemicals and
matrix (biobarrier) and supporting filter mem- chemical mixtures at different concentrations.
brane. Passage through the biobarrier When the breakthrough times for acetic (FW
is observed by a color change in the CDS, arfFormula Weight] 60.5), propionic (FW 74),
underlying aqueous solution of two pH indica- butyric (FW 88), and citric (FW 192) acids as a
tor dyes. The time required to pass through thdéunction of molar concentration are compared,
biobarrier, referred to as the breakthrough time very different breakthrough times are observed
is used as a measure of the corrosive potentig[Table 2). These data suggest that the interac-
of the chemical or chemical mixture under test.tion between a weak acid and the biobarrier is
The Sponsors propose that the time required tonore complex than simple diffusion.
pass through the biobarrier depends on: (1) the
strength of the acid or base; (2) the rate of dif-CorrositeX is correlative in nature, rather than
fusion of the test chemical or chemical mixture; mechanistic. The matrix was engineered to
and (3) for more corrosive substances, the ratdlock passage of certain chemicals and chemi-
of destruction of the biobarrier. However, one cal mixtures for a period of time similar to the
member of the PRP noted that the compositiortime allowed for that chemical or chemical mix-
of the biobarrier, which is IVI proprietary in- ture to stay in contact with rabbit skin without
formation, could not be compared directly with causing “necrosis or ulceration.” However,
skin. while an acellular matrix might ulcerate, it can-
not undergo necrosis.
The destruction/erosion of the biobarrier is eas-
ily observed with strong acids and bases. [VIInthe Submission, the range of applications (i.e.,
suggests that the breakthrough time for dilutetypes of test chemicals and chemical mixtures)
acids or bases depends on diffusion through th&as insufficiently described. The Sponsors pro-
biobarrier, rather than on destruction of the
biobarrier itself. However, if the assay were ;—— , — :
The instruction manual provides instructions for deter-

simply measuring the rate of diffusion of the mining the category (1 or 2) of a material based on the

Chemica| or chemical mixture through the gegree of color change observed in the qualification step,
biobarrier, noncorrosive chemicals and chemi-which is indicative of the degree of the acid/alkaline re-

cal mixtures (e.g., buffered solutions of organicserve. This categorization determines the cut-off times

acids) would be expected to diffuse through theused to determine the corrosivity/noncorrosivity of a
sample. See the Corrositebastruction Manual in Ap-

biobarrier, on a molar basis, as quickly as un'pendix D for a complete description of this determina-

buffered mild corrosives. Certainly, there is tjon.
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Table 2. Comparison of Breakthrough Times for Acids as a Function of Concentration

Acid Concentration | Breakthrough Lowest Concentration (M) Breakthrough
(M) Time (min) Yielding Breakthrough in Less Time (min)
than 60 Min.
Acetic 0.50 53 0.50 53
Propionic 0.54 86 1.35 59
Butyric 0.57 88 11.24 56
Citric 0.52 66 0.76 59

posed that Corrositéxs comparable to thie cal or product class are representative of the
vivo rabbit skin corrosivity test with regard to variety of chemicals in that class.

its ability to assess the corrosivity of well-

defined inorganic and organic acids and basesl.1.2 Adequacy of agreement between the
and complex mixtures of inorganic and organic validation protocol and proposed pro-
acids and bases. The Sponsors also stated that tocol

the test was suitable for assessing US DOT Class

8 corrosive materials, which are defined eitherThe protocol used to generate the supporting
as liquids or solids that cause full thickness de-Submission data is consistent with the protocol
struction of human skin at the site of contactcurrently proposed by IVI. Only three differ-
within a specified period of time, or as liquids ences were noted. First, the stability limit of
that have a severe corrosion rate on steel or aluhe biobarrier was changed from ten to seven
minum based on specified criteria (Appendix days. Second, the time for classification of
Q). However, the Submission does not addres€ategory 2 chemicals and chemical mixtures for
such broad applicability. For example, the Packing Group IFPwas changed from “greater
chlorosilanes are not represented in the providethan 30 to 45 minutes” to “greater than 30 to 60
database. In general, the chemical/producminutes.” Third, the Corrositéxcut-off time
classes as defined in the Submission are broafibr Category 2 noncorrosive chemicals and
and generic (e.g., amines and acid derivatives)chemical mixtures was increased from greater
It would have been useful if the chemical andthan 45 minutes to greater than 60 minutes. The
product classes were more specific. Aminesmpact, if any, of the first change is not known.
could have been classified as primary, second-
ary, or tertiary, and acid derivatives could havew US DOT assigns packing groups to corrosives based
been classified as anhydrides, haloacids, salt®n the severity of the corrosive response. Packing Group
etc., as appropriate. For the database eva|uate5,:orrosives are defiped as m.ate_rials thqt cause full thick-
all test chemicals and chemical mixtures were €SS de_struct|on of mtact_skln '[ISSUG.WI'[hIn an observa-
: . tion period of up to 60 minutes starting after the expo-
assigned to the same chemical or product Class%ﬁre time of three minutes or less. Packing Group Il cor-
used in the Submission. The categories wergosives are materials not meeting Packing Group | crite-
as follows: inorganic and organic acids, acidria and causing full thickness destruction of intact skin

mixtures. acid derivatives. amines inorganictissue within 14 days after an exposure time of more than
bases. base mixtures. cleaners. deteraents uﬂlree minutes but less than 60 minutes. Packing Group
’ ! ! 9 " “lll corrosives are materials not meeting Packing Group |

defined 'ndUSt_”al Chem'cals_’ and surfactants. Itor I criteria but causing full thickness destruction of in-
was not possible to determine whether chemi+act skin tissue within 14 days after an exposure time of

cals and chemical mixtures tested in each chemimore than 60 minutes but less than four hours (49 CFR
173.137).
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The other changes were mandated by US DOTwere based on an extensive evaluation of cor-
in granting the second exemption (US DOT, rosive and noncorrosive chemicals and chemi-
1996). The data provided in the current Sub-cal mixtures and of knowledge gained through
mission are based on the revised cut-off timegshe Prevalidation and Validation Studies
for Category 2 chemicals and chemical mix- (Botham et al., 1995; Fentem et al., 1998). The
tures. The two latter changes do not affect theate of false positive and false negative re-
performance evaluation of Corrositexersus sponses for various chemical classes suggests
thein vivo corrosivity test. some value in attempting to further refine the
dose and breakthrough times if the assay is to
The CorrositeX protocol used in the be used as a stand-alone assay for additional
Prevalidation Study (Botham et al., 1995) andchemical classes.
European Centre for the Validation of Alterna-
tive Methods (ECVAM) Validation Study The amount of test chemical or chemical mix-
(Fentem et al., 1998) was similar to the one usedure used in Corrositéis the same as that speci-
by IVI, with three exceptions. First, the IVI fied for the rabbit studies, although rationale for
protocol required that the biobarrier be refrig- this dose selection in Corrosifewas not con-
erated for a minimum of two hours prior to use, sidered by the PRP. However, the ratio of test
while the protocol for both validation studies chemical or chemical mixture to unit area of
required an overnight cooling period. The the biobarrier (0.5 g or 0.5 mL to 0.713rax-
longer cooling period was used to decreaseceeds the expected ratio of test chemical or
breakthrough time variability when sodium hy- chemical mixture to skin area in the rabbit study
droxide (NaOH) pellets were used as the posiby 8.5-fold.
tive control. Second, the positive and negative
controls differed between the IVI and the two Selection of the maximum exposure time and
validation study protocols. The validation study interpretation of the breakthrough time are based
protocols used a positive control consisting ofon the categorization screen (Category 1 or 2).
a single pellet of NaOH and a “blank” as a nega-The categorization screen determinations are
tive control. The IVI protocol suggests the usereproducible within and across laboratories. In
of 68 to 73% nitric acid or 95 to 98% sulfuric the ECVAM Validation Study (Fentem et al.,
acid as a positive control, and 10% citric acid1998), 60 chemicals were evaluated by three
or 6% propionic acid as a negative control. laboratories in two independent trials. Of the
Third, the Prevalidation Study protocol did not 40 chemicals that qualified, the categorization
include the categorization step used in the IVIscreen results were in disagreement among the
and the ECVAM Validation Study protocols. laboratories only twice. Thus, this aspect of the
The categorization step is used to enable a testssay seems appropriate.
chemical to be measured against a revised scor-
ing scale, based on the acid/alkaline reserve of he qualification test with the CDS provides a
the sample. No impact on the quality of the number of benefits to the assay. It immediately
data is expected based on these differences. eliminates those chemicals and chemical mix-
tures that cannot be evaluated using Corrdsitex
1.1.3 Appropriateness of dose and break- and it provides the operator with a clear indica-
through time selection procedure tion of the expected color change that the test
chemical or chemical mixture would induce
The dose and breakthrough time selection proupon breakthrough of the biobarrier.
cedures were considered to be appropriate. Both
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1.2  Adequacy and completeness of the  mixture to the biobarrier. In addition, the break-
test method protocol through time(s) of the positive and negative
controls would be recorded for each trial. The
1.2.1 Test method material and equipment, usual ancillary data associated with any assay
animal usage (test article identification, number, descriptions,
lot numbers, etc.) would also be recorded. The
The protocol for the assay is complete and protime required to breakthrough the biobarrier is
vides the necessary detail for the user to applysed to determine whether the test chemical or
the assay correctly. The manual gives a detailedhemical mixture would be classified as a cor-
description of the steps to conduct the assayosive according to the cut-off times provided
the materials and equipment needed, and spen the appropriate category table.
cial precautions for ensuring a successful test.
The transferability of the method between labo-A topic that is not discussed in the protocol or
ratories, as defined by the low interlaboratoryin the Submission is the acceptable variability
variability in the validation studies (Botham et among replicate tests for the same chemical or
al., 1995; Fentem et al., 1998), supports the conehemical mixture (i.e., expected coefficient of
clusion that the manual provides sufficient de-variation). While the results of the validation
tail. No animal use is involved. studies (Botham et al., 1995; Fentem et al.,
1998) suggest that the replicate determinations
Additional detail to the IVI protocol, such as are very close, guidance on how to evaluate an
allowing the biobarrier to harden on a level sur-aberrant value would be valuable.
face, may be useful in helping to eliminate po-
tential sources of error. This type of informa- 1.2.3 Data analysis, evaluation, and decision
tion was provided previously by IVI technical criteria
service personnel. Such additions to the proto-
col would not alter its fundamental properties. The descriptions of data collection, data evalu-
ation, and the decision criteria used to identify
1.2.2 Data collection chemicals and chemical mixtures as qualifying
or nonqualifying, Category 1 or 2, and corro-
Submission information on the test methodsive or noncorrosive are well documented. The
clearly stated that data sheets are included iperformance of the qualification test with the
the test kit, along with instructions on what is CDS is well described, and the prescreen pre-
to be measured and how the data are to be intepares the operator for the color change that will
preted. The simplicity of the procedure is oneoccur in the CDS when the chemical or chemi-
of the attractive features of CorrositexThe  cal mixture is tested. As the color change can
same may be said of the data analysis and decbe subtle, there is the potential for operator sub-
sion criteria. At least three types of experimen-jectivity. Such differences were sporadically
tal data are collected on each chemical or cheminoted in the ECVAM Validation Study (Fentem
cal mixture tested: (1) the presence or absencet al., 1998). The categorization screen is well
of a color change in the CDS in the qualifica- documented and the manufacturer provides suf-
tion screen; (2) the presence or absence of &cient color plates to facilitate interpretation.
color change in the categorization screen; andnstructions on how to convert the breakthrough
(3) the time required, up to the limits of the ex- time to the determination of corrosivity are com-
posure time, to induce a color change in the CDSlete and easy to comprehend. The protocol
after addition of the test chemical or chemicalalso includes information on how to make a
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decision when the breakthrough values are veryBotham et al., 1995; Fentem et al., 1998), a
close to the cut-off between classes. NaOH pellet was used as a positive control

based on the desire to have a breakthrough time
1.2.4 Number of replicates per test article  in the Packing Group Il category. This allowed

for readily observable differences in break-
The Prevalidation and ECVAM Validation Stud- through times. The addition of a true negative
ies (Botham et al., 1995; Fentem et al., 1998)control to the protocol by IVI is an excellent
found a lack of appreciable variability in the amendment. A chemical or chemical mixture
replicate data. The Corrositexnstruction that has a breakthrough time closer to the cut-
Manual (Appendix D) recommends the use ofoff of 60 minutes might be more appropriate,
four replicates. The current test method kit con-or it might be useful to extend the duration of
tains four replicate vials to be used for eachthe assay to determine a breakthrough time for
chemical assay. the concurrent negative control. In the Submis-

sion, the discussion of controls applies only to
1.3 Positive, negative, and irritation  Corrosite® since the currennh vivo assays do

control chemicals not include controls.

Corrosite® provides for both positive and nega- A letter dated November 3, 1998 from Dr.
tive controls. The role of these controls is toRosalind Wei of IVI indicated that the control
assure that the test system is working properlyalues must be within a specified range for the
during each trial. To achieve this goal, the con-data to be accepted. However, no provision is
trols should be able to detect over and undemade for the performance of the controls to be
prediction (relative to the controls) and shouldrecorded on the IVI CorrositéxData Sheet
be the basis for accepting a test. Thus, th€7/98 Rev.3). Such information should be in-
control(s) must be included with each trial. Thecluded.
negative control serves as a color control for
the CDS so that the operator has immediate refCorrosite® does not make provision for deter-
erence to the “normal” appearance of the CDSmining the irritancy of noncorrosives nor does
under the test conditions. This is very helpfulit make any such claim.
when a subtle change in color upon break-
through of the test chemical or chemical mix- 1.4  Strengths and/or limitations
ture is expected. The positive control evaluates
the proper function of the assay systemCorrosite® is a non-animal means of estimat-
(biobarrier, CDS, etc.) and the operator. ing the dermal corrosivity potential of a test
chemical or chemical mixture. The testis rapid,
The standard Corrositekit provides sufficient  relatively simple, and appears to be less expen-
test system components to test both positive andive than the comparabie vivo rabbit test. A
negative controls as well as four replicates ofclear and detailed protocol is available; concur-
the sample. Positive and negative controlrent positive and negative controls are included
chemicals do not necessarily need to be thost determine the fithess of each trial. The data
suggested by IVI. Very strong acids are unlikelyon coded compounds tested over time and in
to show appreciable underprediction, especiallyseveral laboratories indicates excellent perfor-
if a relatively broad range of breakthrough timesmance with regard to inter- and intra-laboratory
compared to the full range of the Packing Groupreproducibility. However, one member of the
| limits is used. In the validation studies PRP felt that additional interlaboratory valida-
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tion studies using laboratories with no previouscision are animal-to-animal differences in re-
experience in conducting the assay were needesponse within an assay and inter- and intra-labo-
before an accurate assessment of reproducibilatory reproducibility. Such measuresrovivo
ity can be made. precision were not available in the Submission.
However, a limited measure of animal-to-ani-
One advantage of this assay compared toithe mal variability is available for the ECVAM Vali-
vivo rabbit skin corrosivity assay is the poten- dation Study (Fentem et al., 1998) (Table 3).
tial for developing a comprehensive databaseThis in vivo reference data, compiled by the
on coded compounds tested over time in sevEuropean Centre for Ecotoxicology and Toxi-
eral laboratories to provide a clear measure otology of Chemicals (ECETOC, 1995), shows
inter- and intra-laboratory variations in assaythat variation exists in the numbers of animals

responses. Since controls are not incorporatetested and in the response observed.
into thein vivoassay, the only measures of pre-

Table 3. In Vivo Reference Data for 17 Corrosive Chemicals Evaluated in the ECVAM
Validation Study (ECETOC, 1995)

ECVAM (#) and Name ECVAMChem | P11 | Exposure | N Response
Class
(15) dimethyldipropylenetri- Org. Base NPC 4 hr 1 Ne @ 1 hr
amine
(13) 3-methoxypropylamine Org. Base 6.7 4 hr 6 Brel6@1npr
(17) dimethylisopropylamine Org. Base 5.6 4 hr 6 Brel6@1npr
(45) heptylamine Org. Base 6.7 4 hr 6 Brel6@1npr
(48) glycol bromoacetate (85%) Electrophile 7.7 4 hr 1 INe@ 1 hn
(23) 2-tert-butylphenol Phenol 5.7 4 hr 6 N& @1 hn
(18) KOH (10%) Inorg. Base NPC 4 hr 3 Ne33@D1
(42) 2-mercaptoethanol (Na) Inorg. Base NPC 3 min 3 1IRe@D1
23neg@ DY
(47) 60/40 octanoic/decanoic Org. Acid NPC 4 hr 3 Ne23@DM
acid Ne 3/3@ D7
(29) 65/35 octanoic/decanoic Org. Acid NPC 4 hr 3 Es23@Dl
acid Es3/3@D 2
(40) octanoic acid Org. Acid 4.4 4 hr 3 Ne33@D2
(50) 55/45 octanoic/decanoic Org. Acid 5.1 4 hr 3 Ne33@DPp
acid
(3) carvacrol Phenol >4.0 4 hr 4 E’S/4@Dl1
Es4/4 @D 2
(14) allyl bromide Electrophile 7.2 4 hr 2 N2@D7
(38) tallow amine Org. Base NPC 4 hr 3 Ne2i3@D7
(836) 2-methylbutyric acid Org. Acid >4.0 4 hr 4 ERQI4A@D7
(5) methacrolein Electrophile 4.1 4 hr 3 N8 @D9

Abbreviations: Br = Burned, Es = Eschar, Inorg. = Inorganic, N = Number of rabbits tested,
Ne = Necrotic, neg = negative (for corrosion), NPC = Not possible to calculate, Org. =
Organic, PIl = Primary Irritation Index
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A request was made to the appropriate Federddy chance. The intralaboratory variability was
regulatory agencies for data on the inter- andess than the interlaboratory variability, and only
intra-laboratory reproducibility of than vivo  2/22 laboratories lacked significant correlation
corrosivity assay; the National Toxicology Pro- with the intralaboratory ranking of samples. Of
gram (NTP) Interagency Center for the Evalu-particular interest with respect to Corrosftex
ation of Alternative Toxicological Methods was the frequency and consistency with which
(NICEATM) was informed by agency represen- skin necrosis was reported in th@seivo stud-
tatives that these data were either not availablées. There was considerable scatter in the num-
or not readily available. However, Weil and ber of animals with necrosis (i.e., visible de-
Scala (1971) examined intra- and inter-labora-struction or irreversible alteration of the tissue
tory variability in the results of eye and skin [49 CFR 173 App. A, 1992]) for some of the
irritation tests. Standard protocols were usedagents tested (Table 4). For example, chemical
by 22 laboratories to test 12 reference chemiE induced necrosis in four out of eight rabbits
cals. For the skin test, eight rabbits were usedn one laboratory, one of eight in a second labo-
for each agent and 0.5 mL was applied for 24ratory, and zero out of eight in the remaining 20
hours under semiocclusive bindings. A portionlaboratories. This study was conducted in 1968-
of the evaluation dealt with how laboratories 1970 using a defined protocol, but prior to the
ranked samples, a measure of interlaboratoryntroduction of the FDA/EPA GLP guidelines.
variability. Stated differently, did laboratories More recent interlaboratory performance evalu-
rate agents of low irritancy differently from ation studies addressing timevivodermal irri-
those of high irritancy? tation assay have not been conducted. The PRP

suggests that it may be useful to compile inter-
The laboratories, as a whole, ranked the agentand intra-laboratorin vivo corrosivity data for
much more consistently than would be expectedeference chemicals.

Table 4. Necrosis Observed in the Weil and Scala (1971) Study

Agent Number of Laboratories Reporting Necrosis in Eight Rabbits
0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 8/8
E 20 1 1
F 12 1 1 2 1* 5
G 19 1 2*
I 18 2 2*
J 14 2 2% 1 3
J-1** 13 2 2* 1 3 1
K 15 2 1~ 1 3
L 8 1 1 1 JHx* 8
M 14 2 1 4 1
M-1** 13 2 1 4 1 1
N 21 1
O 21 1

*1/8 rabbits died in one laboratory.
**|_aboratory 31 reported two sets of data for this sample. 0/8 with necrosis in one run and 7/8 in the
other.
***1/8 rabbits died in two laboratories.
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Based on the available data, there is uncertaintjested using Corrositéxprecluded an analysis
as to the precision of the reference data againgif the predictive value of this assay for untested

which CorrositeX is compared. With this limi-
tation of the reference data in mind, the only

limitation of Corrosite& that can be stated quan- 1.5

titatively is the fraction of the test chemicals

complex mixtures.

Editorial/technical corrections

and chemical mixtures within each test set thalNo specific editorial/technical corrections were
did not qualify for testing. Estimates of speci- identified other than those already indicated

ficity and sensitivity of the Corrositéxdata
against then vivo data might be viewed as

“worst case” since they presume 100% preci-1.6

sion for thein vivotest.

above.

Recommendations

The following specific changes to the protocol
Corrosite® is correlative in nature and is not were recommended:

based on mechanistic principles. Amajor limi-
tation of the method is the large proportion of (1)
chemicals and chemical mixtures that do not
gualify for testing by Corrositéx Based on an
analysis by NICEATM (Appendix G), the ma-
jority (49) of nonqualifying chemicals and
chemical mixtures for which pH data were also (2)
available (N=50) had a pH between three and
ten. Of the 75 nonqualifying chemicals and
chemical mixtures for whichn vivo data were
available, 85% were classified as noncorrosive
in thein vivotest, suggesting that there is only (3)
a 15% likelihood that a nonqualifying chemi-

cal or chemical mixture will be corrosive. Other

in vitro methods for corrosivity (e.g., rat skin
TER assay and EPISKIN) have not shown this
same limitation (Fentem et al., 1998).

Another limitation of CorrositeXis the rela-  (4)
tively high number of false positive and false
negatives in some chemical classes (see Sec-
tion 3.6). Also, the lack of composition infor-
mation for the undefined complex mixtures
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It should be explicitly stated that the
biobarrier should be allowed to harden
on a level surface and to cool overnight
before use.

Even though replicate variability has
been shown to be very low, guidance
should be provided on how to evaluate
an aberrant value.

The IVI Corrositek Data Sheets pro-
vided with the test kit should have a pro-
vision for recording the performance of
the positive and negative controls.
These controls should be used to deter-
mine the suitability of the test results.

Description of the test protocol would
benefit from the addition of a flow dia-

gram illustrating the steps in the proce-
dure.



2.0 TEST METHOD DATA QUALITY

2.1  Quality control and quality assurance  sheets that were provided in confidence to
procedures including data audits ECVAM by an industrial company. The crite-
ria used in the selection of test chemicals are
Thein vitro andin vivo experiments conducted detailed in Barratt et al. (1998) and the criteria
by IVI were not in accordance with GLP guide- adopted during the ECETOC review are pro-
lines. However, audits were conducted byvided in the report by the Working Party (Bagley
NICEATM and by the NTP Quality Assurance et al., 1996). Allin vivo studies are stated to
Unit (QAU) that compared the data provided in have been carried out in accordance with the
the Submission against original study recordsOrganisation for Economic Co-Operation and
to verify accuracy and completeness (Appen-Development (OECD) Guideline for Testing of
dix N). Although the audits identified missing Chemicals: Acute Dermal Irritation/Corrosion
GLP-required information (e.g., data, labora- (OECD, 1992).
tory/facility records, Standard Operating Pro-
cedures (SOPs), protocols, written amendment2.2  Protocol consistency during valida-
and deviations), the auditors concluded that the tion
errors and omissions found did not alter the cred-
ibility of the 1VI database and that the data couldIVI used the January 1995 version of the
be evaluated with confidence. The PRP agreecorrosite® protocol in generating all IVI sub-
with this conclusion. mitted data. Audits of the study-specific infor-
mation provided to support the Submission in-
CorrositeX® tests in the Prevalidation and dicate that there were no chemical-specific pro-
ECVAM Validation Studies (Botham et al., tocol amendments or deviations. The data re-
1995; Fentem et al., 1998) were stated to haveulting from the Prevalidation and ECVAM
been conducted in the “spirit” of GLP. Thus, Validation Studies (Botham et al., 1995, Fentem
one of the two laboratories involved in the et al., 1998) followed an established protocol.
Prevalidation Study and the three laboratoriesAs discussed in Section 1.1.2, the VI and vali-
involved in the ECVAM Validation Study had dation study protocols differed in regard to the
experience in conducting GLP studies for sub-length of the refrigeration cooling period be-
mission to regulatory authorities. A formal au- fore the biobarriers were to be used; in the se-
dit of the ECVAM data by a QAU was not con- lection of positive and negative controls; and in
ducted; however, all data submitted by the parthe use of a categorization step. These differ-
ticipating laboratories were verified against theences do not invalidate the studies conducted
original data sheets by ECVAM staff on at leastby either organization. It is suggested that IVI
three separate occasions. Similarly, rigorousnclude the reporting of positive/negative con-
checks of all calculations, data analyses, etc.trol values in the protocol in order for an objec-
were conducted independently by ECVAM staff tive assessment to be made as to whether the
and the Management Team representatives ofontrols meet the specified acceptance criteria
the lead laboratoriedn vivodata for 49 of the and whether the test is working properly.
60 chemicals tested in the validation studies
were obtained from ECETOC (1995). Data for In the Submission, IVI provided an abbreviated
the remaining 11 chemicals were from dataprotocol for the animal studies conducted by a
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contract laboratory for the validation assess-2.3  Recommendations

ment; there was no assurance that this protocol

was rigorously followed throughout the stud- In future studies, compliance with GLP guide-
ies. This was a weakness of the Submissionlines and inclusion of quality control procedures,
along with the associated failure to identify would improve data quality and credibility.
where each chemical or chemical mixture wasPositive and negative control values should be
tested and the date of testing. With respect t@eported concurrently with each assay to deter-
ECVAM, thein vivostudies generally used three mine if the test is working properly.

to four animals treated at several sites to pro-

vide time course data.
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3.0 TEST METHOD PERFORMANCE

3.1  Data presentation

not represent the entire chemical population of

interest for corrosivity testing. The Submission

The Submission provideid vitro andin vivo

did not provide sufficient detail to permit a com-

data on 118 chemicals and chemical mixturesprehensive evaluation of the total data of 118
all data were supported by paper documentaechemicals and chemical mixtures. The areas
tion. Fifty-five of the chemicals and chemical that confounded evaluation were:

mixtures consisted of mixtures and proprietary
products whose compositions were not pro-
vided. The remaining 63 defined chemicals and
chemical mixtures in the Submission and the
data in the Prevalidation Study (Botham et al.,
1995) and ECVAM Validation Study (Fentem
et al., 1998) were grouped into four chemical
classes. Five of the 63 IVI defined chemicals
and chemical mixtures were unclassified. The
four chemical classes were (1) inorganic and
organic acids and acid mixtures, (2) acid de-
rivatives; (3) amines (organic bases), and (4)
inorganic bases and base mixtures. The 55
chemicals and chemical mixtures with unknown ©
composition in the IVI database and similar
chemicals and chemical mixtures in the valida-
tion studies were grouped into three product
classes: (1) cleaners and detergents; (2) unde-
fined industrial chemicals; and (3) surfactants,
with one chemical or chemical mixture remain-
ing unclassified. The chemicals evaluated in
the validation studies were classified as inor-
ganic acids, organic acids, inorganic bases, or-
ganic bases, neutral organics, phenols,
electrophiles, inorganic salts, and surfactants.
For the PRP evaluations, all chemicals and®
chemical mixtures were classified according to
the chemical class scheme used by IVI. The
chemical classes provided in the US DOT Ex-
emption were similar to the chemical classifi-
cation scheme used in the Submission.

The criterion used by IVI and ECVAM to se-
lect the chemicals and chemical mixtures for
evaluation was reasonable, where stated, but
potentially biased. That is, the database may
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The lack of composition information for 55
chemicals and chemical mixtures. Such in-
formation is proprietary and was not pro-
vided to IVI by the manufacturer. Although
positive results by qualified chemicals and
chemical mixtures would yield useful
corrosivity results for a particular complex
mixture, the lack of composition informa-
tion precluded an analysis of the predictive
value of Corrositek for untested complex
mixtures.

With the exception of the ECVAM Valida-
tion Study (Barratt et al., 1998), primary ir-
ritation scores for each substance were not
provided. This information would have
been helpful for understanding the irritancy
potential of the chemicals and chemical
mixtures evaluated. The lack of this infor-
mation ultimately affected the PRP’s abil-
ity to comment on the ability of the assay to
distinguish between highly irritating versus
corrosive chemicals and chemical mixtures.

Some chemical classes were too broadly
defined to make specific conclusions about
the utility of CorrositeX for that class. For
example, a possible subclassification alter-
native for acid derivatives would have been
to classify these chemicals based on struc-
ture, pH, and reserve acidity. More specific
class designations such as anhydrides,
haloacids, salts, etc., would have been help-
ful.

For some chemical classes, the number of
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chemicals in the database was too few 013.2  Adequacy of prediction of endpoint

the distribution of corrosives versus of interest
noncorrosives too unbalanced to ensure an _ _
adequate evaluation of performance. The demonstrated linkage between CorroSitex

and than vivorabbit skin corrosivity test is the
At the request of ICCVAM, nonqualifying ability of the assay to correctly identify vivo
chemicals and chemical mixtures were not in-rabbit corrosive and noncorrosive compounds.
cluded by IVI in the 1998 Submission. How- The generally favorable accuracy analysis of the
ever, the proportion of nonqualifying chemicals in vitro data with then vivo test results sup-
and chemical mixtures can be estimated fromports such a linkage. Presumably, this linkage
the validation studies, the 1996 IVI Submission,is also predicated on the biological relevance
and other relevant databases: of thein vitro model; the diffusion through and/
or the destruction of a collagen-based barrier is
* In the Prevalidation Study (Botham et al., suggested to be analogous to chemical-induced
1995), testing was conducted in two labo- corrosion of rabbit skin. The assay is highly
ratories; the proportion of nonqualifying pH and reserve acidity and alkalinity sensitive
chemicals in the two laboratories were 24%j.e., the more acidic or basic the chemical or
(12/50, Laboratory A) and 27% (13/48, chemical mixture, the more likely it is to give
Laboratory B). For noncorrosive chemicals, an accurate prediction). This is consistent with
32% (8/25) were nonqualifying in both labo- hat is known about thie vivo dermal corro-
ratories. For corrosive chemicals, 16% sjon potential of a chemical or chemical mix-
(4/25) and 22% (5/23) were nonqualifying ture. However, based on the databases evalu-
in Laboratories A and B, respectively. ated, the assay had false positive (30-100%;
o Tables 5 and 9, respectively) and false negative
* In the ECVAM Validation Study (Fentem (155104 Tables 5 and 6, respectively) rates that
etal., 1998), the proportion of nonqualifying \yere considered to be excessive for some
chemicals was 37% (22/60). For noncorro- chemical and product classes. For the database
sive chemicals, 58% were nonqualifying, oy ajuated (Submission plus both validation
but only 10% of the corrosive test samplesgy, gies), the false positive rate was considered
were nonqualifying. by the PRP to be excessive for all chemical and
product classes except surfactants (Tables 5-14).
The false negative rates were also considered
by the PRP to be excessive in the overall data
set (Table 5), and for amines (Table 8) and in-
organic and organic acids and acid mixtures
Table 6). As indicated by the generally high
false positive rates, Corrositéxends to

e In the 1996 IVI Submission to ICCVAM, overpredict corrosivity potential as compared
the proportion of nonqualifying chemicals 101N vivodata. Among the 163 chemicals and
and chemical mixtures was 16.5% (83/502)_chem|cal _mlxtures thgt ql_Jallfled, the accuracy

of Corrosite® with thein vivotest was 79%.

The overall rate of nonqualifying chemicals and

chemical mixtures for all databases combined

was 18% (133/733).

* The proportions of nonqualifying chemicals
and chemical mixtures observed in three in-
dustrial studies by Gordon et al. (1994) were
8.1% (3/37), 31.7% (13/41), and 0% (0/47)
for chemicals/agrochemicals, petrochemi-
cals, and cleansers/surfactants, respectivel
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3.3  Adequacy of test method perfor- population decreases, the predictive value de-
mance evaluation creases strikingly, even with high values for

specificity and sensitivity (Purchase, 1982).
In support of the PRP, the performance of

Corrosite® was evaluated by NICEATM using 3.4  Adequacy of test method perfor-

the data submitted by IVI and from the two vali- mance data

dation studies (Botham et al., 1995; Fentem et

al., 1998). Accuracy, sensitivity, specificity, It would have been helpful if the Submission
positive predictivity’, negative predictivit, had included a comprehensive evaluation of the
false positive rafé and false negative rate Variability in breakthrough times among repli-
were determined for the total database and fofate tests for the 118 chemicals and chemical
each of the three data sets. Corrofiteata  Mixtures tested. Inter- and intra-laboratory re-
published by Gordon et al. (1994) were excludedProducibility of CorrositeX was evaluated for-
from the performance analysis since the refermally within the ECVAM Validation Study
ence data were obtained from a US DOT TablgFentem et al., 1998) using analysis of variance
(49 CFR 172.101, 1992) and actiravivore-  (ANOVA) methods. The results of these analy-
sults were not available. The sensitivity variedsSes indicate that the within and between labora-
from 71 to 92% for the three studies (Table 6).tory reproducibility for Corrositékwas excel-
The remaining performance calculations amondent and that the variability in assay results was
the three data sets appear to be comparable. acceptable.

The Submission and the validation studies pre3.5  The adequacy of the chemicals/prod-

sented not only the results of tests conducted ucts (numbers/types) selected to evalu-
with individual chemicals and chemical mix- ate the performance of the method for
tures but also included several of the usual sta- each chemical/product class

tistical parameters to evaluate the validity of a . _ _
new method. Absent from the evaluations wad V! Provided data on 118 chemicals and chemi-
a discussion of how predictive value varies with €@l mixtures. However, the number of chemi-

prevalence. As the prevalence of corrosivet@l classes represented by these 118 chemicals

chemicals and chemical mixtures in the test2Nd chemical mixtures is limited, and generali-
zations on performance should not be made

beyond these chemicals and chemical classes.
1 positive predictivity is defined as the proportion of cor- Furth(_ermore_, of the 118 separate Chem'cal'_S and
rect positive responses among materials testing positiv€hemical mixtures whose data were provided
(NIEHS, 1997). The positive predictivity is a function by IVI, 63 were defined chemicals and 55 were
of the sensitivity of the test and the prevalence of posi-chemicals and chemical mixtures of unknown
tives among the chemicals tested. ., . . .
12 Negative predictivity is defined as the proportion of composition. V_Vh”e a_maly3|s of the 55 chemi
correct negative responses among materials testing neg&—als_ _and Chemm?—' letUl’eS_Of L_JnknOWF! com-
tive (NIEHS, 1997). The negative predictivity is a func- pOsition can provide supporting information on
tion of the sensitivity of the test and the prevalence ofperformance, the formal performance analysis
[‘segalt"’es ath‘,Ong ”t‘e thﬁ;_'ca'; tes:ﬁd- con of ofOCUSEd ON the defined test samples. The Sub-
alse positive rate is defined as the proportion of all__. . . .
negative (noncorrosive) substances that are falsely idenmISSIOn included sz?lr_nples fr_om seven Cheml
tified as positive (NIEHS, 1997). cal/product classes: inorganic and organic ac-
14 False negative rate is defined as the proportion of alids and acid mixtures (n=22), acid derivatives

positive (corrosive) substances that are falsely identified(n=14), amines (n=14), inorganic bases and base
as negative (NIEHS, 1997)
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mixtures (n=8), cleaners and detergents (n=18)(Fentem et al., 1998; Botham et al., 1995). The
industrial chemicals (n=22), and surfactantsGordon et al. (1994) data set was not included
(n=14). This chemical classification scheme issince the Corrosit&responses were compared
similar to that provided in the US DOT Exemp- against the US DOT-assigned packing group
tion. The Prevalidation Study (Botham et al., designations specified in the Hazardous Mate-
1995) classified chemicals as inorganics (n=6) rials Table (49 CFR 172.101, 1992) instead of
organic acids (n=13), organic bases (h=11), neuavailablein vivodata. However, consideration
tral organics (n=10), amine oxides (n=2), an-of this data set provides value from a weight-
ionic surfactants (n=3), and cationic surfactantsof-evidence perspective, and is therefore in-
(n=5). The ECVAM Validation Study (Barratt cluded in the performance analysis tables
et al., 1998; Fentem et al., 1998) classified(Tables 5-14). Performance characteristics of
chemicals as inorganic acids (n=7), organic acthe total data set, including the Gordon et al.
ids (n=11), inorganic bases (n=4), organic base$1994), are also provided in the tables for the
(n=10), neutral organics (n=9), phenols (n=5),same reason. Unless otherwise specified, the
electrophiles (n=8), inorganic salts (n=3), andvalues provided in the following subsections
surfactants (n=3). After reclassifying the chemi-represent the data set including the Submission
cals to meet the 1VI chemical and chemical and the two validation studies only.

mixture classification scheme, the number of

chemicals and chemical mixtures per class were3.6.1 Total chemical and chemical mixtures
inorganic and organic acids and acid mixtures (Table 5)

(n=36), acid derivatives (n=14), amines (n=25),

inorganic bases and base mixtures (n=10), clearBased on 163 chemicals and chemical mixtures,
ers and detergents (n=24), industrial chemicalsCorrosite® has an accuracy of 79% (128/163),
(n=28), and surfactants (n=22). In addition, a sensitivity of 85% (76/89), a specificity of 70%
organic and inorganic acids and bases were con{52/74), a positive predictivity of 78% (76/98),
bined into one class for evaluation (n=85). a negative predictivity of 80% (52/65), a false

positive rate of 30% (22/74), and a false nega-
Because of the relatively small numberstive rate of 15% (13/89).

of chemicals evaluated in some chemical

classes and the unbalanced nature of corrosivg g2 Inorganic and organic acids and acid
versus noncorrosive chemicals (corrosive mixtures (Table 6)

>>noncorrosive), definitive conclusions as to

the adequacy of Corrositefor some chemical Based on the 36 chemicals and chemical mix-
classes were difficult to make with confidence. tyres in this data set, Corrositelxas an accu-

" . . racy of 75% (27/36), a sensitivity of 79% (22/
3.6 Accuracy, sensitivity, specificity, posi- 28), a specificity of 63% (5/8), a positive
tive predi_ct_ivity, negative predictivity_, predictivity of 88% (22/25), a negative
false positive rate, and false negative e ictivity of 45% (5/11), a false positive rate
rate and chemical classes of 38% (3/8), and a false negative rate of 21%

For the purposes of this evaluation, the formal(6/28)'

performance evaluation was limited to the
chemicals and chemical mixtures evaluated in
the Submission and the two validation studies
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3.6.3 Acid derivatives (Table 7) a specificity of 0% (0/1), a positive predictivity
of 90% (9/10), a false positive rate of 100%
“Acid derivative” is a non-specific class desig- (1/1), and a false negative rate of 0% (0/9). The
nation and is broadly defined as an acid pro-analysis was confounded by the limited num-
duced from a chemical substance either directlyber of chemicals and chemical mixtures tested.
or by modification or partial substitution. This Additionally, more corrosive chemicals and
class includes anhydrides, haloacids, salts, andhemical mixtures than noncorrosive chemicals
other types of chemicals. A more precise clas-and chemical mixtures have been tested, result-
sification of these materials is needed to makeng in very low specificity (0%) and a high false
a definitive statement about the utility of positive rate (100%).
Corrosite® for these chemicals.
3.6.6 Inorganic and organic bases and base
Based on the chemicals assigned to the acid mixtures (Table 10)
derivatives class (N=14), Corrosifekas an
accuracy of 93% (13/14), a sensitivity of 100% Pooling the chemical classes containing inor-
(717), a specificity of 86% (6/7), a positive ganic and organic bases and base mixtures re-
predictivity of 88% (7/8), a negative predictivity sulted in a data set of 35 chemicals. For this
of 100% (6/6), a false positive rate of 14% (1/class, Corrositeékhas an accuracy of 83% (29/
7), and a false negative rate of 0% (0/7). No35), a sensitivity of 89% (25/28), a specificity
acid derivatives were included in the of 57% (4/7), a positive predictivity of 89% (25/
Prevalidation Study (Botham et al., 1995), s028), a negative predictivity of 57% (4/7), a false
these values reflect the chemicals provided inpositive rate of 43% (3/7), and a false negative
the Submission and the ECVAM Validation rate of 11% (3/28).
Study (Fentem et al., 1998).

3.6.7 Organic and inorganic acids and bases
3.6.4 Amines (organic bases) (Table 8) (Table 11)

This data set includes primary, secondary, and

tertiary amines. These chemicals are also clasPooling the chemical classes containing organic
sified as organic bases when test results are conand inorganic acids and bases resulted in arela-
bined across chemical classes. Based on the 2bvely large data set of 85 chemicals, with the
chemicals and chemical mixtures in this datadistribution of chemicals weighted toward cor-
set, Corrositek has an accuracy of 80% (20/ rosives (63 corrosives versus 22 noncorrosives).
25), a sensitivity of 84% (16/19), a specificity For this class, Corrositéxhas an accuracy of
of 67% (4/6), a positive predictivity of 89% (16/ 81% (69/85), a sensitivity of 86% (54/63), a
18), a negative predictivity of 57% (4/7), a false specificity of 68% (15/22), a positive
positive rate of 33% (2/6), and a false negativepredictivity of 89% (54/61), a negative
rate of 16% (3/19). predictivity of 63% (15/24), a false positive rate

of 32% (7/22), and a false negative rate of 14%
3.6.5 Inorganic bases and base mixtures  (9/63).

(Table 9)
3.6.8 Cleaners and Detergents (Table 12)

Based on the ten chemicals and chemical mix- _ _ _
tures in this data set. Corrositelias an accu- based on the 24 chemicals and chemical mix-

racy of 90% (9/10), a sensitivity of 100% (9/9), tures in this data set, Corrositelxas an accu-

38



Test Method Performance

CorrositeX Evaluation

)

"(766T) "2 19 UopIoD pue ‘(866T ‘e 18 Wwaluad) ApMEYPurRD 3 ‘(S66T e 18 Wweypog) ApnS uonepijesld ‘uoISSILgNS 8y Ul PaPIACId SaINIXIW [ed1WaYD IO S[eIIWBYD SBPNJIUI SIYL o,
(866T "'Ie 12 wajuad) Apnis eAepIEpUe ‘(S66T “'[e 19 Weylod) ApniS uoleplfersld ‘UOISSIWANS 8y Ul PapIACId SaInIXIW [edIWBYD JO S[edIWayd SAPN|IUI SIUL e

(866T) Te 10 Wwaa- g

(S66T) 'le 10 weylog

(IA1) -oul ‘reuoneussiu] 01AUL AQ INWADDI O} UOISSILGNS g

(266T ‘SHAIN) aAebau SEAEEEIBLSE Jey) SaINIXIW [edIWwayd Jo S[ediwayd (8A1s04109) annisod e jo uoniodoid syl se pauyap si arel annebau asfe o

(266T ‘SHAIN) aAnisod se pSiFURE Yeyl Sainixiw [ea1wayd Jo s[ediwayd (8AIsoliodouou) aanebau [fe jo uoniodoid ay) se pauyap Si arel aAnisod as[e ¢

(266T ‘SHIIN) palsal sfealwayd ay) Buowe saniebau Jo adusenald ay) pue

591 aU JO ANARISUSS 3y} Jo uoiouny e si Alanoipaid annebau sy jHuasaeBainixiw [eaiwayd Jo sfesiwayd Buowe sasuodsal annehau 1981109 jo uoniodoid ayi se pauyap si Alanoipaid aanebaN ¢

(266T ‘SHIIN) paisal sfeaiwayd ayl Buowe saanisod Jo adusenald ay)

ue 1S3 8y} Jo ANARISUas ayl jo uonauny e si Ananaipaid aanisod ay Bugsensadnixiw [eajwayd Jo sfeaiwayd Buowe sasuodsal annisod 1991109 Jo uoniodoid syl se pauyap st ANARdIpald aANISOd 2

‘SHEUEB TS & Ul aAehau se palisse|d A10a1109 ale 1ey) sjediwayd aaiebau |je jo uoniodoid ay) se pauyap si Aoyoads ¢
‘SHAP®TISS & Ul aAnisod se palisse|d Aj1981109 ale Jey sjediwayd aAsod |e jo uoiiodold syl se paulap si ANARNISUSS g

(266T ‘SHIIN) poydW ® JO S8W09IN0 1981109 Jo uoiiodoid ay) se pauyap si (82UepPI0dU0I) AJRINDIY ¢

vodgxgypfity ul S[ealWwayd Jo Is!| Yl Uo paseq st "MalAal 1By Bulnp dyd 8y Ag sn 4o} IN1VIDIN Aq pajeslo sem a|qel SIYL g

o|geoldde 10N = VN

2/€) 45 (s/m) oz @mw) .S (vz/ee) 96 (S/v) 08 (9z/€2) 88 (te/22) /8 TE 039S ereqg aimug
(8/0) 0 VN VN (8/8) 00T VN (8/8) 00T (8/8) 00T 8 (¥66T) le 1@ uopi09
+SOIPMS
(6T/€) 9T (972) €e L) 1S (8T/9T) 68 91v) 19 (6T/9T) ¥8 (52/02) 08 (=4 uonepleA snid uoissiwgns
L/T) T (t/0) 0 (z/m) 0S (9/9) 00T (t/1) 00T (2/9) 98 (8/2) 88 8 g ADNIS uonepIeA NVADI
8/2) 14 (e/m) €e (/2 0S (2/9) 98 (€r2) 19 (8/9) S/ (t1/8) €L 1T ,APMIS uoneplersid
IT/T) 6 (€/0) 0 (/) SL (ot/01) 00T (e/e) 00T (tt/01) 6 (FT/ET) €6 YT Juolssiwugns
laquinN % JlaquinN % lagquinN % lagqwinN % JagquinN % laquinN % JaquinN %
sorey e ANANDIPBId e AUARDIPaId s[eslwayd
annebaN asjeq  [grey aAnisod asje annebaN QAIISOd Auoyoads Lnisuss +AoeIndoy 10 JaquinN 221N0S ereq

LSeulwy) sBuipuld oAIA U 0] paredwod ANAISOLI0OUON/ANAISOII0D BUndIpald Ul XRUS01I0D JO 9OUBWIOLS U1 JO uolleniens g ajgel

9|qeoldde JoN = VYN

(219) 98

(zerte) 16

(certe) 16

(6€/L8) G6

0#9S eleg aliuz

VN (t/0) 0

(zz/L2) 00T

(22/92) 96

(22/92) 96

(¥66T) e 18 uopi09

s5°IPNMIS
A SNid UoISSILgnS

5/0) 0 (z/0) 0 (2r2) 00T (s/5) 00T (zr2) 00T (5/9) 00T (212) 00T A s APNIS uonepieA NVADI
0 ,APniS uonepiersid
V/0) 0 ) T (9/9) 00T (8/2) 88 (2/9) 98 212) 00T (rT/eT) €6 vT JHoISsILgNS;
JequinN % JaquinN % JaquinN % JaquinN % JaquinN % JaquinN % JaquinN %
seored ce AUANOIPaId 2e AHAROIPaIH s[edlwayd
anneboN esfeq  [grey annisod asfe annebaN 9AIlISOd LAuoyoads Lnnisuss +AoeIndoy JO JaquinN 921N0S ereq

Asanneausq p1ov) sbuipuld oAIA uj 01 paredwo) ANAISOLI0IUON/ANAISOLI0D Bunodipald UleNsolioD Jo aduewlopad ayl Jo uolrenfens “2 ajqeL

39



Corrositexvaluation

o

Test Method Performance

‘(¥66T) ‘Ie 18 UopIo9) pue ‘(866T “'|e 18 Waluad) ApMEAYPERD3 ‘(S66T ‘'[e 18 weylod) ApniS uonepienald ‘uoissiugns ayl ul papiAoid Sainixiw [ea1wayd Jo S[ediwayd Sapn|oul SIYL g
(866T “"[e 10 waua4) ApniS emepHepUe ‘(S66T “'[e 19 weylog) ApniS uonepijeAald ‘uoissiugns ay) Ul papiacid sainixiw [esiwayd 1o S[edlwayd Sapnjoul Siyl z

(866T) "2 10 WA 1

(S66T) "o 19 Weyog o

(IA1) "2ul ‘reuoneusaiul oAU A WWADDI 01 UOISSIWANS 4,

(266T ‘SHIIN) aAebau SeAEsBLSIR Jey) SaINIXIW [ed1Wwayd 10 S[ediwayd (8A1s04109) aAnisod (e jo uoniodoid sy se pauyap Si arel aAnebau asfed g,

(266T ‘SHAIN) a2AnIsod se psiELRmE Yoyl Salnixiw [eaiwayd 1o sjedlwayd (aa1solioouou) aaiebau (e jo uoniodold syl se pauyap si arel aansod asfeH ,,

(266T ‘SHIIN) palsal s[edlwayd ay) Buowe sannebau jo asusenaid ay) pue

591 8U1 JO ANAINISUSS 8y} Jo uonouny e st AuAnoipaid anebau sy Buasaesainixiw [ed1wayo Jo sfediwayd Buowe sasuodsal aarehiau 1081109 jJo uoiodoid ayi se pauyap si AuAndipaid aaneba o,
(266T ‘SHIIN) palsal sfedlwayd ayr Buowe saanisod Jo asuajenald ay)

ue 1S8} 8y} Jo ANARISUSS ay) Jo uonauny e st Ananaipaid aanisod sy Bursensadnixiw [eajwayd 40 sfeaiwayd Buowe sasuodsal aAnsod 1991109 Jo uoluodoid ayl se pauyap st ANARdIpaId SANSOd g,
‘SHIUEBTSOL © Ul aAieBau Se palIsse|d A199.4100 aJe Jeyl s[ealwayd anirebau e jo uoiodoid ayl se pauyap si Aoyoads 4,

‘SHARGMSSL e Ul aAlISod se palIsse|d A199.4109 aJe 1eyl s[ealwayd aaiisod [je jo uoiodoid ayl se pauyap si AUANISUSS ¢,

(266T “SHIIN) pPoyBW B JO SBW09IN0 1994109 Jo uoiuodoid ayl se pauyap Si (82uepioduod) AoeInddy ,,

yodgxguypgly ul sjealwayd Jo 11| 8yl Uo paseq Si 1| ‘MalAal J1ayl Buunp ddd aur Aq asn 1o} IN1VIDIN Aq pareald sem ajgel Siyl 1,

a|gediidde 10N = VN

e/€) 6 2/€) o34 L) PAS] (seree) 16 L) LS (se/ee) 16 (ev/9¢e) 98 [44 £49S ereg aimug
T/0) o] VN VN TT/TT) 00T VN (TT/TD) 00T (TT/TT) 00T 1T (66T) ‘Ie 18 uoploD
S$3Ipns
(8z/e) TT (L/€) 14 L1v) LS (8z/52) 68 Lrv) A<} (82/52) 68 (se/62) €8 se uoneplfeA snid uoissiwagns
6/T) TT (€r2) 19 (c29] 0Ss (o1/8) 08 (e/m) €€ (6/8) 68 (z1/6) =7 2T s APNIS uonepiieA WVADI
6/2) f44 (/1) €€ wre) 0s (8/2) 88 (er2) 29 (6/2) 8. (ct/6) S, cT oAPNIS uoneplensid
T/T) 9 ) 14 wrg) S, (8T/LT) 6 w/e) S/ (8T/LT) 6 (zz/02) 6 zz sHolIssIuagns;
1aquinN % laquinN % 1aquinN % laquinN % lagqwnN % JaquinN % laqwnN %
ey or ANAIDIPBI s ANANOIPBIH s[ediwayd
aniebaN asre R1ey aAlsod asje annebaN sod »AUonnads ANNIsuas 2 /Aoe1Inooy J0 1aquinN 221n0S vreg

(gainxiN aseg pue saseg ouebiQ pue ouebiou]) sbuipuiq oAIA Ul 03 pasedwo) ANAISOII0OUON/ANAIS01I0D Bundipald UIXPNS0LI0) JO 8dUBWIONad 8y} JO uonenens * 0T d|geL

a|qeoidde 10N = VN

6/0) o] (2r2) 00T VN (T1/6) 4] (z/0) 0 (6/6) 00T (T1/6) 4] TT £49S ereq ainu3
(€/0) 0 VN VN (e/e) 00T VN (€r€) 00T (ere) 00T € (¥66T) Te 12 uoploo
S9Ipns
(6/0) (o} (/) 00T VN (ot/6) 06 (1/0) 0 (6/6) 00T (ot/6) 06 oT uoireplleA snid uoissiwgns
(z/0) 0 (2re) 00T VN Wwre) 0§ (z/0) o] (2r2) 00T wre) 0S 14 15 APMIS uonepireA WYAD3
(t/0) 0 VN VN T 00T VN (t/m) 00T (§729)] 00T T oAPMIS uoneplenald
(2/0) 0 (T 00T VN (8/2) 88 (t/0) o] (L12) 00T (8/2) 88 8 sHoissiuagns
laquinN % JsquinN % laquinN % JaquinN % JaquinN % JaquinN % JaquinN %
sored o ANARDIPBIH s AUAROIPIH s|edwayd
annebaN osfeq  |@led aAnisod asfed annebaN aAlIsod SAuounads EVATTISIVELS 2/AoeIndoy 1O JaquinN 221n0S elreq

(gaInMxiIN aseg pue saseg oluebiou|) sbBuipuiq OAIA Ul 01 paredw o) AIAISOLI02UON/ANAISO1I0D Bunodipald ul%glIS0110)) JO 9dUBWIONSd 3yl JO uonenjeAs ‘6 a|gel

40



Test Method Performance

CorrositeX Evaluation

o

“(¥66T) [ 10 UOPIOD pue (866T “[e 10 Walus-) AP YeurRD3 ‘(S66T e 1o Weylog) ApniS uoepifeAsld ‘UoISSIWANS Sy} Ul PapiAoid SSINIXIL [eDILUBY JO S[edIWayd SPNJOUI SIYL g

(866T [ 19 Walua4) ApNIS IRAEDHPUE (S66T *'[e 19 Weljog) ApmS uoirepifensid ‘UoISSIUGNS 8y} Ul PapiAcId SSINIXIW [BIIWSYD IO SeIBYD SIPNIOUI SIYL g

(866T) 'Te 10 WalaS 4o
(S66T) 'Te 10 wewogd ¢

(IAI) -ou| ‘leuoneusaiu] 0AUL Ag INWADDI O} LUOISSIWIANS 7o

(266T ‘SHIIN) aAebau SeAEEIBLSIR Jey) SaINIXIW [edIWayd 10 S[ediwayd (8A1s04109) aAnisod (e jo uoiiodoid ay) se pauyap Si ares aAnebau asfe 14
(266T ‘SHAIN) aAnisod se psiEua@ Yeyl Sainixiw [eaiwayd 1o sfedlwayd (8AIS01I0ouou) aAlebau e jo uoiiodoid ay) Se pauyap Si arel aANSod as[e g
(266T ‘SHIIN) paisal sfediwayd sy} Buowre sannebau jo sousjesald ayy pue

591 9y} JO AlAISUaS 8y} Jo uonouny e si Alanoipald aanebau ay HuasapBarnixiw [ea1wayd Jo sfediwsayd buowe sasuodsal aaebau 1981109 Jo uosodold ayy se pauyap si Alanoipaid aaeba
(266T ‘SH3IN) pa1sal sieaiwayd ayl Buowe saansod Jo asusenald ayy
ue 181 8y} Jo AIAIISUSS 8yl J0 uonauny e si Alanaipald aanisod sy huisensadnixiw [ed1wayd Jo sjediwayd huowe sasuodsal annisod 1994109 o uoniodoid sy se paulap si AIANRDIPaId BANSO g

‘SHIUEBTSOL © Ul 9AieBau Se palIsse|d A1991102 aJe Jeyl s[eaiwayd anirebau e jo uomiodoid ayl se pauyap si Aoyoads ;¢
‘SHARGMSSL © Ul 9AlISod Se palIsse|d A199.4109 aJe 1eyl s[eaiwayd aniisod [je jo uoiiodoid ayl se pauyap Si AUANISUSS o
(266T ‘SHIIN) pPoyBW B J0 SBW09IN0 1994109 J0 uouodoid ayl se pauyap Si (82UepiodU0d) A2RINIIY ¢

Lodgxgypsy Ul S|eoIWBYD JO 1SI| 8yl U0 paseq S| "MalAal JIay) Bulnp dyd ayl Aq asn 1oy IW1VADIN AQ pareald sem a|qel SIy] 4

a|qedj|dde Jo0N = VN

[/T) (0} (2t/0T) 65 (8/2) 88 (61/6) yA4 (L112) 114 (o1/6) 06 (2z2/971) 65 /2 +49S ereq ainug

VN (€/0) 0 (e/e) 00T VN (er€) 00T VN (e/e) 00T € (¥66T) Te 1@ uopioo

s$9IPNMIS

(ot/1) 0T (rT/0T) TL (S/v) 08 (61/6) Ly WT/w) 62 (o1/6) 06 (re/eT) vS vz uopepljeA sn|d uoissiwgns

VN (t/0) 0 (T/1) 00T VN (/1) 00T VN (t/1) 00T T o APMIS uonepleA WVYADT

(z/0) 0 (e/g) 00T VN (s/2) ov (€/0) 0 (2re) 00T (5/2) ov S «APNIS uonepienaid

/T) €T (01/2) oL (r/e) S w1/2) 0S (ot/€) o€ (8/2) 88 (81/0T) 9§ 8T oissiwagns

laquinN % laquinN % laquinN % lagquinN % JaguinN % JaquinN % JaqWINN %
ored ssANANOIPBId s ANANOIPBIH slesiwayD

aAnebaN asieq F1ey aAlIsod asje annebaN aAsod ,JAnoyoeds VSTITSTETS cAoeIndoy JO JaquinN 82IN0S vlreq

(swuabiala@ pue siauea|d) sBuipul4 OAIA Ul 0} patedwoD ANAISOLI0IUON/ANAISO1I0D Bundipald UI%PHS0LI0D JO 9dUBWIONad 3y} Jo uoenfens "z ajqel

(vOT/0TT (€2/2) o€ (92/91) 29 (tot/ve) €6 (€2/91) 0L (YOT/¥6) 06 (2zt/0TT) .8 12T 449S ereqg aimug
/1) z (z/0) o] (€r2) 19 (55/5S) 00T (2r2) 00T (95/59) 86 (85/L9) 86 85 (¥66T) ‘Te 18 uoploD
<$9IpNIS
(€9/6) T (zz/2) ce (r2/sT) €9 (Tows) 68 (zz/sT) 89 (€9/¥79) 98 (58/69) 18 S8 uonepljeA snid uoissiwgns
£/S) €z (01/€) o€ (21/2) 85 (0z/L71) S8 (ot/2) oL (zz/LT) L (zeve) S ze +o APMIS UonEpIeA NVADT
T/v) T2 (s/2) ov 2/¢) (24 (2t/5T) 88 (s/e) 09 (6T/ST) 6L (rz/8t) =7 vz «APNIS uonepienaid
PIE) VA 91/v) sz (5T/2T) 08 (ev/6€) 16 (91/21) S. (ev/6€) €6 (85/19) 88 85 oissiwagns
JaquinN % JaquinN % JaqunN % JagquinN % JaquinN % JaquinN % laquinN %
orey s AWANOIPaId s ANANOIpaId s|eolwsyd
annebaN asje Rred annisod asfed annebaN BAIlISOd ,JAnonoads ST NTSIVETS sAoeinooy Jo JaquinN 921n0S vlreq

(seseg pue spioy dluebliou| pue oluebiQ) sBulpuid OAIA Ul 01 pasedwo) ANAISOLI0IUON/ANAISO1I0D BundIpaid UIXPISOLI0D JO 9dURWIONSd 8yl Jo uonenfeAs “TT djqeLl

41



Test Method Performance Corrositexvaluation

racy of 54% (13/24), a sensitivity of 90% (9/ tion on the severity of the corrosive response of
10), a specificity of 29% (4/14), a positive a chemical or chemical mixture so that appro-
predictivity of 47% (9/19), a negative priate packing groups may be assigned. US
predictivity of 80% (4/5), a false positive rate DOT currently accepts the use of Corrositex
of 71% (10/14), and a false negative rate of 10%for assigning such packing groups (Appendix
(1/10). No conclusive statement can be made&)), which are determined by assessing the
about the predictive value of Corrositefor  breakthrough times of a chemical or chemical
cleaners and detergents because of the lack ohixture. Information on the ability of
information about the identity of the ingredi- Corrosite® to accurately assign packing groups
ents in each product. was provided in the VI Submission (Table 23

of Appendix C). However, the PRP did not in-
3.6.9 Undefined industrial chemicals vestigate the use of Corrositeer this purpose.

(Table 13)

3.8  Clinical relevance and human
Based on the 28 unidentified chemicals and predictivity
chemical mixtures in this data set, Corrositex
has an accuracy of 75% (21/28), a sensitivity ofThe overall accuracy and the positive and nega-
87% (13/15), a specificity of 62% (8/13), a posi- tive predictivity indicate that Corrositéxesults
tive predictivity of 72% (13/18), a negative are generally similar to those obtained using the
predictivity of 80% (8/10), a false positive rate in vivo test. Information on which chemicals
of 38% (5/13), and a false negative rate of 13%and chemical mixtures in the Submission and
(2/15). No conclusive statements can be madealidation studies are human corrosives and
about the predictive value of Corrositefor  noncorrosives is needed before an assessment
undefined industrial chemicals because of thecan be made on the performance of this assay
lack of information about the identity of the in- for predicting human response. Such informa-
gredients in each product. tion is not available.

3.6.10 Surfactants (Table 14) 3.9 Regulatory utility of the method

Based on the 22 noncorrosive chemicals andCorrosite® is limited in its universal utility
chemical mixtures in this data set, Corrositex because of the proportion of chemicals that are
has an accuracy of 100% (22/22), a specificitynot compatible with the CDS and thus cannot
of 100% (22/22), a negative predictivity of be evaluated. Corrosit&yperformance indi-
100% (22/22), and a false positive rate of 0%cates that, in specific testing circumstances such
(0/22). No conclusive statements can be saids that required by US DOT, Corrosités use-
about this class of chemicals and chemical mixful as a stand-alone assay for evaluating the
tures since the ingredients in the chemicals an@orrosivity or noncorrosivity of acids, bases, and
chemical mixtures are not known and the onlyacid derivatives. The current US DOT exemp-
chemicals and chemical mixtures evaluatedtion allows the use of Corrositefor assigning

were noncorrosive. packing groups for acids, acid derivatives, acyl
halides, alkylamines and polyalkylamines,
3.7  UN Packing Group Classification bases, chlorosilanes, metal halides, and

oxyhalides. However, the database evaluated
To ensure safety in the transport of hazardoudy the PRP did not include acyl halides,
materials, US DOT requires additional informa- chlorosilanes, metal halides, or oxyhalides; thus
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CorrositeX Evaluation Test Method Performance

no statement can be made by the PRP for thesserned about potential false positive responses.
chemical classes. In other testing circum In either testing strategy, an investigator may
stances, and for other chemical and productonclude that confirmation testing is necessary
classes, Corrosit&may be more appropriately based on supplemental information. As addi-
used as part of a tiered assessment, in whictional test results with Corrositeare obtained,
negative responses must be followed by dermathe utility of the assay may need to be reconsid-
irritation testing, and positive responses requireered.

no further testing unless the investigator is con-
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4.0 TEST METHOD RELIABILITY #°
(REPEATABILITY 3/REPRODUCIBILITY %)

4.1  Adequacy of intralaboratory repeat- ticularly when the mean is in the range of the
ability and reproducibility evalua- experimental variability of the cut-off value
tions between packing group designations. For ex-

ample, the breakthrough times for hydrobromic

The Submission addresses the issue o#cid (Packing Group Il assigned on the basis of

intralaboratory variability. Data points were thein vivotest) are 2.53 and 2.03 minutes, giv-

provided for six reference chemicals (n > 200).ing a mean of 2.28 minutes and a SD of 0.35.

The standard deviations (SDs) of the break-Since the mean is less than three minutes, hy-

through times for two of the six chemicals were drobromic acid is classified to be in Packing

reported to be about 5% of the mean values; folGroup I, an over-prediction compared to e

three others they were reported to be approxivivo test results. The determination of optimal

mately 10%, and for the sixth chemical or cut-off values is critical for Corrositéxbut was
chemical mixture the SD was shown to be abounot addressed in the Submission. The cut-off

18% (of a very small number). These data werevalue of three minutes for separating Packing

not part of the data set audited. Groups | and Il is particularly important, since

it represents a relatively short time interval. It

In the Submission, individual breakthrough is not clear whether the cut-off values assigned

times of less than 240 minutes were providedhave taken into consideration the experimental

for 80 chemicals and chemical mixtures. Thevariability as well as the number of replicates
number of replicates for these 80 chemicals/used.

products ranged from two to six. The coeffi-

cients of variation (CVs) for intralaboratory There has been limited, but probably sufficient,

variability were calculated for these 80 chemi- assessment of the intralaboratory reproducibil-

cals and chemical mixtures. With few excep-ity of Corrosite®. This conclusion is based on
tions, the CVs for these chemicals and chemi-an assessment of all data, including those from
cal mixtures were all less than 5%. The maxi-the Prevalidation and Validation Studies and the
mum CV was 15.6%, which occurred for two VI submissions to US DOT. It also takes into
chemicals (hydrobromic acid and 10- accountthe evaluation of the interlaboratory re-

undecenoic acid). However, a mean value basedroducibility of CorrositeX (see Sections 4.2-

on two replicates is probably not reliable, par-4.4), assuming that if the test results are repro-

ducible between laboratories, they are also likely

* Reliability is defined as a measure of the degree totg he reproducible when tested within the same
which a test can be performed reproducibly within andlaboratory

among laboratories over time (NIEHS, 1997). )
81 Repeatability is defined as the closeness of agreement )

between test results obtained within a single laboratory4.2  Adequacy of interlaboratory repro-
when the procedure is performed on the same substance ducibility evaluations

under identical conditions within a given time period

(NIEHS, 1997). ; ; ;
82 Reproducibility is defined as the variability between For chemicals and chemical mixtures that can

single test results obtained in a single Iaboratorybe tested using Corrosifgxtwo types of data

(intralaboratory reproducibility) or in different laborato- are produced. One set that includes specific
ries (interlaboratory reproducibility) using the same pro- breakthrough times is continuous; the other set
tocol and test samples (NIEHS, 1997).
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Test Method Reliability Corrosité&Evaluation

is categorical and includes the breakthroughclassified as corrosive in one laboratory and
times recorded as >240 minutes for Category Inoncorrosive in the others.
test chemicals and chemical mixtures or as >60
minutes for Category 2 test chemicals andOne PRP member felt that insufficient data were
chemical mixtures. The latter set consists ofavailable from independent laboratories to as-
chemicals and chemical mixtures that did notsess fully interlaboratory reproducibility. How-
penetrate the biobarrier within the timescaleever, the unanimous consensus of the other PRP
defined by the prediction model. members was that there has been adequate
evaluation of the interlaboratory reproducibil-
The Submission addressed the issue of théy of Corrosite®, although conducting addi-
interlaboratory reproducibility of Corrositeéx tional studies with less-experienced laborato-
Ten chemicals were tested in five laboratoriesries and a larger number of test chemicals and
with six replicates per test chemical or chemi-chemical mixtures could be informative. The
cal mixture. The extent of interlaboratory agree-reported interlaboratory reproducibility reflects
ment appears to be acceptable. An ANOVAthe training and expertise of the laboratories par-
approach for estimating within-laboratory and ticipating in the validation studies. It is sug-
between-laboratory variability would have been gested that laboratories unfamiliar with conduct-
preferred. ing the test should obtain similar training and
conduct tests with test reference chemicals be-
Two studies were performed to evaluate spefore undertaking any testing of unknown chemi-
cifically interlaboratory reproducibility: (1) a cals and chemical mixtures. The vitro test
double-blind study of 29 chemicals which dem- appears to be precise (i.e., the data points were
onstrated an interlaboratory reproducibility of in close agreement).
93%, and (2) an end-user evaluation of 20
chemicals which demonstrated a reproducibil-4.3 ~ Reproducibility of reference chemi -
ity of 95%. cals or products

In the ECVAM Validation Study (Fentem et al., Results specifically for reference chemicals or
1998), the three laboratories differed in only controls were not available for evaluation.
three cases in obtaining continuous or categoriHowever, data on appropriate test chemicals and
cal values (i.e., corrosive versus noncorrosivechemical mixtures have been reported (see Sec-
results). Statistical evaluation of the intra- andtion 4.2), which enable an adequate assessment
inter-laboratory variabilities of the continuous of the reproducibility of Corrosité&both within
data (the results for 20 of the 60 chemicals) in-and between laboratories.

dicated no systematic bias. The between-labo-

ratory reproducibility of the breakthrough times 4.4 Repeatability and reproducibility of

was acceptable. Within laboratories, there were results

no cases where the corrosivity classification

changed from one run to the next, although ther& he results appear to be sufficiently repeatable
was one case where a chemical or chemicand reproducible, both within and between labo-
mixture was nonqualifying in one run and non- ratories.

corrosive in the other. Interlaboratory differ-

ences in classification were also quite rare; ther&he ECVAM Validation Study (Fentem et al.,
were only two cases where a chemical wasl998) involved the testing of 60 coded chemi-
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cals in three laboratories. In this study, somechemicals were reported as non-qualifying by
differences were found between the three laboat least one laboratory). However, there were
ratories in relation to the qualification of the test only two cases where a chemical was classified
chemicals and chemical mixtures. For 26 ofas corrosive by one laboratory and noncorro-
the 60 chemicals (43% of the test chemicals angive by the others.

chemical mixtures in the validation study), one

or more laboratories found the chemical to be4.5  Reproducibility and reliability of
non-qualifying. In 18 of these cases, all three Corrositex® versus standardin vivo
laboratories were unable to qualify the chemi- assays

cal, while in the remaining eight cases at least

one laboratory qualified the chemical or chemi- The reproducibility of Corrositéxis expected
cal mixture and obtained a predicted corrosivityto be better than that of most biological tests,
classification. In all of these eight cases, thesince Corrositek involves a standardized
classification determined was noncorrosive.physico-chemical test system rather than a bio-
This problem of nonqualification was especially logical endpoint. It is impossible to compare
obvious for the neutral organics (all nine of thedirectly the reproducibility of then vitro and
neutral organics were nonqualifying in at leastanimal tests due to the lack of objective infor-
two of the laboratories), phenols (all five were mation on the intra- and inter-laboratory repro-
nonqualifying in at least two of the laborato- ducibility of the rabbit skin corrosivity test pro-
ries), and electrophiles (seven of the eightcedure.
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5.0 OTHER SCIENTIFIC REVIEWS

5.1 Literature reviewed Study are described in a companion paper by
Barratt et al. (1998) published along with the
Three major reports are available on CorroSitex Fentem et al. (1998) report. Based on the con-
in the open literature. Two of the reports ditions under which the validation studies
(Botham et al.1995; Fentem et al., 1998) pub- (Botham et al., 1995; Fentem et al., 1998) were
lished in peer-reviewed journals present resultconducted, the PRP placed considerable weight
of validation studies. The Botham et al. (1995)on the results obtained and conclusions drawn
paper presents the results of a Prevalidatiorfrom these studies.
Study conducted to determine if Corrosftead
sufficient merit to warrant a validation study. The study reported by Gordon et al. (1994)
Based on the results, a validation study was subevaluated 75 chemicals that could be classified
sequently performed and reported in the Fentenas to corrosivity based on published US DOT-
et al. (1998) paper. The publication by Gordonassigned packing group designations (49 CFR
et al. (1994) describes results of Corrositex 172.101, 1992). The report also summarizes
evaluations conducted by or for IVI or reported the results of several previously conducted
to IVI. This paper was published as a chapterCorrosite® studies of agrochemicals, petro-
of a book and was not peer-reviewed. chemicals, and household cleaners. Specific
details on the conduct of these studies with re-
The Prevalidation Study (Botham et al., 1995)spect to laboratories used, GLP compliance,
conducted during 1993 and 1994 involved thecriteria for selection of chemicals and full iden-
evaluation of 50 chemicals, half of which were tification of the chemical evaluated were not
corrosive and half of which were noncorrosive. provided. Most importantly, correspondiimg
Selection of these chemicals for testing wasvivodata were not available to make the appro-
based on the availability of sufficiemt vivo  priate performance comparisons; thus, the PRP
data to allow the chemicals to be unambiguouslydid not use these data in the evaluation of per-
classified. 1Vl was one of the two participating formance.
laboratories. The subsequent ECVAM Valida-
tion Study (Fentem et al., 1998) was conductedlest results on some of the chemicals and chemi-
during 1996 and 1997 and involved the evalua-cal mixtures evaluated in the above-mentioned
tion of 60 coded chemicals representing a di-papers were also submitted by VI among the
verse group of chemical classes, including or-118 chemicals comprising the Submission. This
ganic acids, organic bases, neutral organics, ineverlap with data reported in the validation stud-
organic acids, inorganic bases, inorganic saltsies consists of two of the 37 qualifying chemi-
electrophiles, phenols, and soaps/detergentsals from the Prevalidation Study (Botham et
The Validation Study was conducted in threeal., 1995), and 32 of the 40 qualifying chemi-
laboratories. Both studies, with the exceptioncals from the ECVAM Validation Study (Fentem
of one laboratory in the Prevalidation Study, et al., 1998); however, only nine of these 32
were conducted in the “spirit” of GLP. Well- chemicals were independently tested by IVI.
defined criteria for the selection of the chemi- Nine of the 75 chemicals in the Gordon et al.
cals evaluated and clear objectives of the vali{1994) report were also included in the Submis-
dations were established. The selection and dission, along with the correspondiigvivo data
tribution of the chemicals for the Validation compiled by IVI.
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5.2 Comparison of the findings of the the validation studies than for the Submission
published studies and the Submission (19- 29% versus 8%). False positive and nega-
tive rates were 0% and 3%, respectively, in the
Both the validation studies (Botham et al., 1995;Gordon et al. (1994) study.
Fentem et al., 1998) and the Submission agree
with respect to repeatability. In the With regard to the utilization/functionality of
Prevalidation Study reported by Botham et al.Corrosite® for specific classes of chemicals,
(1995), the data were sufficiently reproducible, agreement between the two validation studies
both in terms of individual breakthrough times (Botham et al., 1995; Fentem et al., 1998) and
and the corrosivity classification derived, for the the Submission was variable with respect to
two laboratories that performed Corrosften  accuracy due to differences in results obtained
the Validation Study reported by Fentem et al.between the two validation studies. However,
(1998), the intra- and inter-laboratory reproduc-for the classes of chemicals and chemical mix-
ibility was sufficient. tures tested, the performance values between the
Submission and at least one of the two valida-
For both of the laboratories in the Prevalidationtion studies were relatively similar. Differences
Study (Botham et al, 1995), 76% and 73%, re-in accuracy between the studies are possibly the
spectively, of the chemicals qualified for result of the relatively small number of chemi-
Corrosite®. Similarly, 60% of the chemicals cals that comprised a chemical class, particu-
and chemical mixtures in the Validation Study larly as this relates to noncorrosives. Because
(Fentem et al., 1998) qualified for testing. A of the small numbers of chemicals and chemi-
much higher percentage of noncorrosives (60%Yxal mixtures evaluated, a single missed predic-
failed to qualify than corrosives (10%). Over- tion greatly shifts the percent accuracy value.
all, there is adequate agreement between th&he small number of chemicals and chemical
validation studies and the IVl Submission in mixtures evaluated for certain classes of chemi-
results obtained for chemicals that qualified for cals also weakens any comparison of sensitiv-
evaluation with Corrositéx Accuracy is simi- ity, specificity, and false positive and negative
lar between the validation studies (75-76%) andrates for specific classes of chemicals between
the Submission (82%). Gordon et al. (1994)the validation studies and the Submission. How-
reported a much higher accuracy of 97%, whichever, there appears to be sufficient information
may be due to the test chemicals and chemicaib conclude that the false negative rate for ac-
mixtures selected for evaluation. Sensitivity ids and bases was higher in the two validation
was about 71% in the ECVAM Validation Study (Botham et al., 1995; Fentem et al., 1998) stud-
but, in the Prevalidation Study, it was closer ies than in the Submission (21-23% versus 7%).
(81%) to the 92% reported in the Submission.ECVAM concluded that Corrositéxmay be
Specificity was similar for both the valid for testing specific classes of chemicals
Prevalidation Study and the Submission at abousuch as organic bases and inorganic acids. There
70%. Specificity was slightly higher for the was insufficient chemical class information in
ECVAM Validation Study (81%). Sensitivity the Gordon et al. (1994) study for a reliable
and specificity in the Gordon et al. (1994) study comparison with the Submission.
were at 97% and 100%, respectively. The vali-
dation studies and the Submission were genemRegarding the overall ability of Corrosifeto
ally similar relative to false positive rates. How- assign accurately chemicals to UN packing
ever, false negative rates were much higher igroups, Gordon et al. (1994) indicates an agree-
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ment of 88%, which is relatively close to the ECVAM reported concern for the large number
IVI value of 80%. However, the Gordon et al. of chemicals (40%) that did not qualify for
(1994) study shows about equal occurrence oévaluation with Corrositéx considering this a
overestimates and underestimates, while thenajor limitation of Corrositékas compared to
Submission reported 20% overestimation andotherin vitro corrosivity assays. The concern
2% underestimation. The ECVAM Validation was especially significant for phenols, neutral
Study (Fentem et al., 1998) agrees with the Suberganics and electrophiles. ECVAM concluded
mission in the limited ability of the method to that CorrositeXis robust, readily available com-
assign correctly Packing Group | to the chemi-mercially, and compares relatively well with
cals evaluated (about 50% and 60% for theotherin vitro tests for corrosivity, the method
ECVAM Validation Study and the Submission, suffers because of its incompatibility with many
respectively). However, only about 62% of the chemicals. ECVAM further concluded that
chemicals and chemical mixtures were correctlyCorrosite® performs moderately well in its
assigned to Packing Group Il/Packing Group Il ability to distinguish between corrosives and
in the ECVAM Validation Study versus approxi- noncorrosives for chemicals that qualify for this
mately 90% for the Submission. method.
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6.0 OTHER CONSIDERATIONS

6.1. Test method transferability 6.1.3 Ease in obtaining necessary equipment
and supplies
One of the most attractive features of tims
vitro test is its apparent ease of transfer amond:quipment, chemicals and chemical mixtures,
properly equipped and staffed laboratories. Theand supplies needed to conduct thigitro test
operating directions are explicit; data sheets arare readily available to end-users with a chemi-
included; and there is a decision algorithm ascal laboratory, or could be readily obtained from
part of the test method. The test solutions anaxisting commercial sources. The only limita-
biomembrane components are provided so thation with respect to obtaining the needed equip-
the issue of reagent variation is greatly mini-ment and supplies might be the ability of the
mized. No information was provided on diffi- Sponsor to provide the test kits. Use levels were
culties in reconstituting the biomembrane; thisnot predicted. However, the Sponsor indicated
could be a source of variance. that they have a greater than ten-year supply of
biobarrier material.
6.1.1 Sensitivity to minor protocol changes
6.2  Cost-effectiveness
The method as described seems to have a num-
ber of steps at which changes in technique oAt the Peer Review Meeting, the Sponsor quoted
conditions between laboratories might affect thea price of $575 for a kit to test two chemicals/
outcome. However, considering the high levelchemical mixtures, not including technical time.
of reproducibility for tests conducted in differ- Based on this price, two chemicals would be
ent laboratories, this does not seem to be an igested by Corrosit€xat a small cost savings
sue. The results of testing to demonstrate th@ver anin vivo rabbit study. The commercial
effect of minor protocol changes was not pro-price for then vivotest is in the range of $800
vided by IVI, nor was it addressed in either vali-to $1,000. This savings may be lost, if
dation study. CorrositeX® is utilized in a tiered approach
where it would be required that findings using
6.1.2 Reasonableness of required training Corrosite® need to be verified with a rabbit
and expertise study. However, fewer animals may need to be
tested following Corrositéxresults.
The testing is straightforward and does not re-
quire extensive training. Indeed, the Corro$itex 6.3  Reasonableness of time needed to con-
Submission noted that after a two-hour training duct the test
session on the scientific background and direc-
tions for use of the test, a technician from anThe time required was thought to be reasonable
end-user organization produced results with 2y the PRP. Dr. Wei (IVI) stated at the Peer
test chemicals that showed 95% reproducibil-Review Meeting that a reasonable workload for
ity with results obtained in the Sponsor’s own one technician for one day would be eight to
laboratory. Thus, based on the assay descrigen chemicals. The only concern is whether a
tion, it would seem that a technician with a suit-technician can start successive test vials on the
able experience in chemistry would, with mod- kind of schedule that will also allow accurate
est training, be able to handle the analyses wellkeading of the breakthrough time.
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6.4  Additional information 6.6 Comparison to current regulatory use
of pH extremes

The work of the PRP was impeded by the lack
of a complete and organized collection of in- In the September 28, 1992 Application for Ex-
formation submitted to ICCVAM by IVI. This emption to the US DOT (IVI, 1992), IVI com-
made it difficult for the PRP to evaluate effi- pared Corrositék with a physico-chemical
ciently the information provided. The Sponsor method that uses pH and acid/alkali reserve to
also failed to supply a clear and concise statepredict dermal corrosivity; 19 acids and bases
ment of the proposed regulatory use of the testdiluted to different pH and acid/alkali reserve
It must be noted that ICCVAM guidelines were were tested. The Sponsor reported that the
not available until after the Submission had beerphysico-chemical method underestimated the
submitted to ICCVAM. Future submissions to corrosivity of six chemicals and overestimated
ICCVAM will benefit from detailed guidance a seventh. Corrositéxdid not underestimate
for submission preparation (ICCVAM, 1998). any of the 19 chemicals used and overestimated
The descriptions of the test protocol could ben-the corrosivity of six. No other data were noted
efit from the addition of a flow diagram to il- in the Submission regarding the use of pH ex-
lustrate the steps in the procedure, to accomtremes to classify chemicals. This sample is
pany but not to replace the description. Thetoo small to draw any useful conclusions about
use of photographs to illustrate the procedureghe physico-chemical method.
also would help the novice analyst to become
adept at the assay. Information on the compo# CorrositeX’ were to be endorsed as a valid
sition of the biobarrier, its source and stability, alternative to the rabbit test solely for identify-
within bounds of proprietary information, would ing corrosive inorganic and organic acid and
be helpful. bases, then the advantages of CorroSiteser

simple pH determination must be clearly stated.
6.5 Refinement, reduction, and replace- In this respect, a comparison of the corrosive/

ment considerations noncorrosive predictions obtained with either

Corrosite® or pH, for the 60 test chemicals used
Since the method is designed as a replacemeim the ECVAM Validation Study (Fentem et al.,
for animals, the adoption of Corrosifewould  1998), showed that there were only three chemi-
clearly reduce the requirement for animal test-cals which would have been classified differ-
ing for corrosivity. Therefore, it has the poten- ently using Corrositeéx 2-methylbutyric acid
tial to eliminate the use of animals for the de-(corrosivein vivo, corrosive with Corrosite¥
termination of corrosivity for those chemicals noncorrosive on the basis of pH),
that can qualify for detection by this method. dimethyldipropylenetriamine (corrosiugvivo,
However, Corrositékdoes not meet criteria for corrosive with Corrositeé¥ noncorrosive on the
replacement ofn vivo test in all evaluations basis of pH), and 50% sodium carbonate (non-
because of the limited number of chemicalcorrosivein vivo, corrosive with Corrositéx
classes for which it is applicable as a stand-alon@oncorrosive based on pH). In addition, 25 of
assay. If usedin atiered approach, Corro8itexthe 60 test chemicals were nonqualifying in the
provides for reduction and refinement of ani- Corrosite® assay and, of these, 21 would not
mal use. For chemicals that test negative or dtnave invoked correct classification correctly
not qualify, these agents have a low likelihoodsolely on the basis of pH.
of causing corrosive lesions if tested in animals
(refinement).
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A more detailed comparison of data for pH ex-for the test. A major concern is that a high per-
tremes and Corrosit&by NICEATM (Appen-  centage of chemicals and chemical mixtures
dices | and K) showed both pH and Corrositex used in the validation studies did not qualify
are adequate methods for identifying thefor the test method. However, as a test to clas-
corrosivity of chemicals in the extreme pH sify those chemicals and chemical mixtures that
ranges (i.e., pH < 2 or pH > 11.5). However,do qualify, Corrositek appears to be reason-
Corrosite® was slightly but consistently more ably robust. The analysis of chemicals and
accurate than pH for predicting corrosivity at chemical mixtures that do not qualify will, ob-
the extreme pH ranges. Corrositeorrectly  viously, require another testing procedure.
identifies several noncorrosive chemicals in the
extreme pH ranges that would be false positiveThisin vitro test is especially less effective for
results if analyzed by pH only. A number of chemicals and chemical mixtures with a pH
chemicals in non-extreme pH ranges (pH >2 andetween 5.0 and 8.5; chemicals and chemical
pH <11.5) were identified as corrosive basedmixture in this range show a significant rate of
onin vivoresults. Corrositéxcorrectly identi- nonqualification because the CDS does not
fied the majority of these agents as corrosivechange color in this pH range. Certain chemi-
Also, Corrositeg, in contrast to a pH analysis, cals and chemical mixtures containing dilute
can be used for specifying packing group des-alkali, dilute sodium metasilicate, and a surfac-
ignations. Thus, it would appear that tant showed elevated false positive rates. In-
Corrosite® offers advantages over determina- dustrial cleaners have a high false positive rate
tion of pH extremes for the identification of and lubricants, refinery streams and kerosene
corrosives. additives were usually nonqualifying (Gordon
et al. 1994).

6.7 Effectiveness for assessing corrosivity/

noncorrosivity

The method appears to be reliable for those
chemicals and chemical mixtures that qualify
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7.0 RELATED ISSUES

7.1  Other test methods for this endpoint, 7.2. Suggestions/recommendations for
or other endpoints to be evaluated by corrosivity-related workshops or vali-
ICCVAM dation efforts

Other methods for consideration for this end-It was suggested that ICCVAM concentrate its
point include the rat skin TER assay, and testgesources predominantly on endpoints other
using human skin models such as EPISKIN than skin corrosivity. However, a means of
and EPIDERMM. EPISKINM and the rat skin achieving US regulatory authority acceptance
TER assay have been shown to be scientificallyof the results oih vitro corrosivity studies con-
valid and have been recommended by ECVAMducted primarily in Europe could be to orga-
(Fentem et al., 1998). nize a workshop to discuss the rat skin TER and
EPISKIN assays, both of which were consid-
In regard to validation assessments of other endered to be validated in the ECVAM Validation
points, several assays were suggested for corsBtudy (Fentem et al.,1998). Another possibil-
sideration including: the neutral red uptake ity would be a workshop on how to assess labo-
vitro phototoxicity assay, eye irritation assess-ratory-to-laboratory variation for the validation
ments that incorporate vitro cytotoxicity tests,  of assays.
acute oral toxicity assessments using structure
activity relationships anish vitro methods, and
assessment of dermal penetration models.
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8.0 SUMMARY CONCLUSIONS AND RECOMMENDATIONS

Passage through these layers is observed by a
The PRP has evaluated the extensive body ofolor change in the CDS, an underlying aque-
information on Corrosité% in support of a re- ous solution of two pH indicator dyes. The time
guest in the Submission that this assay be evaluequired to pass through the matrix is used as a
ated as aim vitro alternative ton vivomethods  measure of the corrosive potential of the chemi-
employed to assess dermal corrosivity.cal or chemical mixture under test. The Sub-
Corrosite® has been subjected to a series ofmission contained a thorough protocol. The
intra- and inter-laboratory validation studies in scientific basis of the test was generally de-
which its reliability and relevance have beenscribed in sufficient detail. Corrositels cor-
examined. The data set from the Submissiomrelative in nature, rather than mechanistic. The
and the two validation studies included 163 pri-matrix was engineered to block passage of cer-
mary chemicals and chemical mixtures for tain chemicals and chemical mixtures for a pe-
which there were correspondiigvivo rabbit  riod of time similar to the time allowed for that
corrosivity data. Data on 118 chemicals andchemical or chemical mixture to stay in contact
chemical mixtures were provided by VI, while with rabbit skin without causing “necrosis or
data on 77 chemicals and chemical mixturesulceration.” While an acellular matrix might
were obtained from two peer-reviewed publi- ulcerate, it cannot undergo necrosis. The dose
cations that evaluated the validity of Corrositex and breakthrough time selection procedures
(Botham et al., 1995; Fentem et al., 1998).were considered to be appropriate. Both were
There was overlap for 32 chemicals and chemi-established as a result of the extensive evalua-
cal mixtures between IVI and the two valida- tion of corrosive and noncorrosive chemicals
tion studies (Botham et al., 1995; Fentem et al. and chemical mixtures and of knowledge gained
1998). Corrositeékdata provided in Gordon et through Prevalidation and Validation Studies.
al. (1994) were not included in the overall per- The amount of test chemical or chemical mix-
formance assessment since the Corrdsitex ture used in Corrositéxis the same as those
sponses were compared against US DOTspecified for the animal studies, but the actual
assigned packing group designations instead ofoncentration per unit surface area is approxi-
invivodata. However, these data were providednately 8.5-fold higher. The qualification test
for comparative purposes. with the CDS provides a number of benefits to

the assay. It immediately eliminates chemicals
This review includes a description of the testand chemical mixtures that do not qualify for
method and an evaluation of data quality, assayhe test. It also provides the operator with a
performance, and assay reliability, as well asclear indication of the expected color change
other considerations. Also, the adequacy of thehat the test chemical or chemical mixture would
method description, limitations and conditions produce upon breakthrough of the biobarrier.
of the assay, and its relevancenweivostudies  The descriptions of data collection, data evalu-

have been addressed. ation, and the decision criteria used to identify
chemicals and chemical mixtures as qualifying
8.1  Test method description or nonqualifying, Category 1 or 2, and corro-

sive or noncorrosive are well documented. The
Corrosite® measures the time required for a CorrositeX® protocol provides for both positive
chemical or chemical mixture to pass a hydratecand negative controls. The role of these con-
collagen matrix and supporting filter membrane.trols is to assure that the test system is working
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properly during each trial. Corrositedoes not sions. Similarly, rigorous checks of all calcula-
make provision for determining the irritancy of tions, data analyses, etc, were conducted inde-
noncorrosives nor does it make any such claimpendently by ECVAM staff and the Manage-
ment Team representatives of the lead labora-
The following specific changes to the protocol tories.
were recommended:
IVI used a consistent protocol when generating
(2) It should be explicitly stated that the the data included in the Submission. The data
biobarrier should be allowed to harden resulting from the validation studies (Botham
on a level surface and to cool overnight et al., 1995; Fentem et al., 1998) followed an
before use. established protocol that differed only slightly.
The differences noted did not invalidate the
(2) Even though replicate variability has studies conducted by IVI or the laboratories par-
been shown to be very low, guidance ticipating in the validation studies. The PRP
should be provided on how to evaluate urged compliance with GLP guidelines in fu-
an aberrant value. ture studies to improve data quality and cred-
ibility.
3) The IVI Corrositek Data Sheets pro-
vided with the test kit should have a pro- The PRP recommended that positive and nega-
vision for recording the performance of tive control values should be reported concur-
the positive and negative controls. rently with each assay to determine if the test is
These data should be used to determinavorking properly.
the suitability of the test results.
8.3  Test method performance
4) Description of the test protocol would
benefit from the addition of a flow dia- Compared tin vivorabbit skin corrosivity test
gram illustrating the steps in the proce- results, thisn vitro test had a sensitivity of 85%

dure. (76/89), specificity of 70% (52/74), and accu-
racy of 79% (128/163) for the chemicals and
8.2 Test method data quality chemical mixtures provided in the Submission

and the two validation studies (Botham et al.,
The IVIin vitro andin vivo experiments were 1995; Fentem et al., 1998). The three data sets
not conducted in accordance with GLP guide-reviewed (Submission; Botham et al., 1995;
lines. However, audits were conducted byFentem et al., 1998) showed a similar degree of
NICEATM and by the NTP QAU; the audits sensitivity, specificity, and accuracy.
compared the data provided in the Submission
against original study records to verify accu- When considered by chemical or product class,
racy and completeness. The auditors concludethe sensitivity, specificity, and accuracy of
that the errors and omissions identified did notCorrosite® were 79% (22/28), 63% (5/8), and
alter the credibility of the IVI database. A for- 75% (27/36), respectively, for inorganic and or-
mal audit of the ECVAM data conducted by a ganic acids plus acid mixtures; 100% (7/7), 86%
QAU was not conducted; however, all data sub<6/7), and 93% (13/14), respectively, for acid
mitted by the participating laboratories were derivatives; 84% (16/19), 67% (4/6), and 80%
verified against the original data sheets by(20/25), respectively, for amines; 89% (25/28),
ECVAM staff on at least three separate occa57% (4/7), and 83% (29/35), respectively, for

60



CorrositeX Evaluation Summary Conclusions and Recommendations

inorganic and organic bases plus base mixturesthe reproducibility of Corrositéxs expected
86% (54/63), 68% (15/22), and 81% (69/85),t0 be better than that of most biological tests,
respectively, for organic and inorganic acids andsince Corrosite%X involves a standardized
bases; 90% (9/10), 29% (4/14), and 54% (13/physico-chemical test system rather than a bio-
24), respectively, for cleaners and detergentsiogical endpoint. It is impossible to compare
and 87% (13/15), 62% (8/13), and 75% (21/28),directly the reproducibility of then vitro test
respectively, for undefined industrial chemicals. and animal tests due to the lack of objective in-
The specificity of Corrositéfor surfactants formation on the intra- and inter-laboratory re-
was 100% (22/22); no corrosive surfactantsproducibility of the rabbit skin corrosivity test
were tested. procedure.

The demonstrated linkage between CorroS8itex The evaluations of intra- and inter-laboratory
and than vivorabbit skin corrosivity test is the reproducibility are generally thought to be ad-
ability of the assay to correctly identify vivo  equate. Further relevant information could be
rabbit corrosive and noncorrosive compounds generated by analyzing existing data on posi-
The generally favorable accuracy analysis of theiive and negative controls, and by conducting
in vitro data with than vivo test results sup- ANOVA. Using a weight-of-evidence ap-
ports such a linkage. The assay is highly pHproach, including data from the published vali-
and reserve acidity and alkalinity sensitive (i.e.,dation studies (Botham et al., 1995; Fentem et
the more acidic or basic the chemical or chemi-al., 1998) as well as those reported in the Sub-
cal mixture, the more likely it is to give an ac- mission, it appears that the intra- and inter-labo-
curate prediction). This is consistent with whatratory reproducibilities are acceptable. How-
is known about thén vivo dermal corrosion ever, one reviewer felt that insufficient data were
potential of a chemical or chemical mixture. available from independent laboratories to fully
The overall accuracy and the positive and negaevaluate interlaboratory reproducibility.
tive predictivity indicate that Corrosit&shows
a fair degree of agreement with thevivotest.  The PRP suggested that laboratories unfamiliar
Corrosite® appears to perform better with cer- with conducting the test should obtain appro-
tain classes of chemicals than with other chemiypriate training and conduct tests with test refer-
cal classes. ence chemicals before undertaking any testing
of unknown chemicals and chemical mixtures.
Because of the relatively small numbers of
chemicals evaluated in some chemical classe8.5  Other scientific reviews
and the unbalanced nature of corrosive versus
noncorrosive chemicals (corrosive>>noncor- The PRP believes that, for chemicals that quali-
rosive), definitive conclusions as to the ad-fied for Corrositeg, the similarity in perfor-
equacy of Corrositeéxfor some classes of mance of the data sets in the published evalua-
chemicals are difficult to make with a high de- tions of Corrositek, particularly the validation

gree of confidence. studies (Botham et al., 1995; Fentem et al.,
1998) and the Submission, provide an indica-
8.4  Test method reliability tion as to the overall ability of the assay to pre-

dict correctly the corrosive and noncorrosive
The results appear to be sufficiently repeatablgotential of various chemical classes. However,
and reproducible, both within and between labo-ECVAM found a higher degree of false nega-
ratories.
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tive results for Corrosité&xhan indicated in the in the future to re-evaluate the agreement be-
Submission. tween pH and Corrosité&xin identifying
corrosivity.
8.6  Other considerations
8.7 Related issues
One of the most attractive features of
CorrositeX is its apparent ease of transfer Other methods for consideration for this end-
among properly equipped and staffed laboratopoint include the rat skin TER assay and tests
ries. Furthermore, slight changes in techniqueusing human skin models, such as EPISKIN
or conditions do not appear to affect test out-and EPIDERNMV.
come. Extensive training is not required, and
equipment and supplies are readily accessibleA means of achieving US regulatory authority
The cost of the Corrositéxest kit is less than acceptance to the resultsinfvitro corrosivity
the usual cost of dn vivoassay. The PRP noted studies conducted primarily in Europe could be
that the evaluation was impeded by the lack ofto organize a workshop to discuss the rat skin
a complete and organized collection of data subTER assay and EPISKIN assay, both of which
mitted to ICCVAM by IVI. were considered validated in the ECVAM Vali-
dation Study (Fentem et al., 1998). Another
A more detailed comparison of data for pH ex- possibility would be a workshop assessing how
tremes and Corrosité&by NICEATM (Appen-  to evaluate laboratory-to-laboratory variation
dices | and K) showed both pH and Corrositex for the validation of assays.
are adequate methods for identifying the
corrosivity of chemicals in the extreme pH Inregard to validation assessments of other end-
ranges (i.e., pH < 2 or pH > 11.5). Corrositex points, several suggestions of other assays to
was slightly but consistently more accurate thanconsider were made including: the neutral red
pH for predicting corrosivity at the extreme pH uptakein vitro phototoxicity assay, eye irrita-
ranges. Corrosité&correctly identified several tion assessments that incorporiateitro cyto-
noncorrosive chemicals in the extreme pHtoxicity tests, acute oral toxicity assessments
ranges that would be false positive results ifusing structure activity relationships anditro
analyzed only by pH. A number of chemicals methods, and assessment of dermal penetration
in non-extreme pH ranges (pH >2 and pH <11.5)models.
were identified as corrosive based ianvivo
results. Corrositék correctly identified the 8.8  Has Corrosite® been evaluated suffi-

majority of these agents as corrosive. Also, ciently and is its performance satisfac-
Corrosite®, in contrast to the pH extreme, can tory to support its proposed use for as-
be used for specifying packing group designa- sessing corrosivity potential of chemi-
tions. Thus, it would appear that Corrosftex cals or chemical mixtures?

offers advantages over determination of pH ex-

tremes for the identification of corrosives. Corrosite® is limited in its universal utility

because of the proportion of chemicals that are
Given the ease and cost effectiveness of connot compatible with the CDS and thus cannot
ducting a pH test, the PRP recommended thabe evaluated. Corrosit&yperformance indi-
pH testing be conducted prior to use of thecates that, in specific testing circumstances such
Corrosite®. Such information could be used as that required by US DOT, Corrositéx use-
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ful as a stand-alone assay for evaluating the8.10 Advantages of CorrositeX
corrosivity or noncorrosivity of acids, bases, and
acid derivatives. The current US DOT exemp- The advantage of the Corrositerethod is that
tion allows the use of Corrositefor assigning it is a non-animal test that can be used to evalu-
packing groups for acids, acid derivatives, acylate the skin corrosive potential of selected
halides, alkylamines and polyalkylamines, classes of chemicals and chemical mixtures and
bases, chlorosilanes, metal halides, ands a basis for setting priorities for further test-
oxyhalides. However, the database evaluatedhg, if necessary. The method demonstrates
by the PRP did not include acyl halides, sufficient inter- and intra-laboratory reproduc-
chlorosilanes, metal halides, or oxyhalides; thugbility. The method has the additional advan-
no statement can be made by the PRP for thegage that large numbers of chemicals and chemi-
chemical classes. In other testing circum-cal mixtures can be tested quickly and relatively
stances, and for other chemical and producsimply in a standard chemical laboratory set-
classes, Corrosité&may be more appropriately ting.
used as part of a tiered assessment, in which
negative responses must be followed by dermaB.11  Limitations of Corrositex®
irritation testing, and positive responses require
no further testing unless the investigator is con-The false positive rate for Corrositeis higher
cerned about potential false positive responseghan may be desirable for some classes of chemi-
In either testing strategy, an investigator maycals. The overall false positive rate for the da-
conclude that confirmation testing is necessarytabase evaluated was 30% (22/74) and the cor-
based on supplemental information. As addi-responding false negative rate was 15% (13/89).
tional test results with Corrositeare obtained, Thein vivomethod and the corresponding ref-
the utility of the assay may need to be reconsiderence data set also have inherent limitations.
ered. However, then vivomethod is accepted by the
regulatory agencies and is the current standard

8.9  Does CorrositeX offer advantages with  against which all corrosivity alternative tests are

respect to animal welfare consider- measured.

ations (refinement, reduction, and re-

placement alternatives)? The principal limitation of the method is the

large proportion of test chemicals and chemical

Corrosite® was developed as a laboratory al- mixtures that do not qualify to be tested by
ternative to then vivo methods that are com- Corrosite®. For the 1998 Submission, IVI was
monly employed to assess dermal corrosivity.instructed to only provide data on qualified
The method does not meet the criteria for a tosamples. The ECVAM Validation Study
tal replacement of th vivo test because of (Fentem et al., 1998) found that 37% of the
the limited number of chemical classes forchemicals (22 of 60) selected for evaluation did
which it is applicable. The use of Corrosftex not qualify for CorrositeX That is, the chemi-
as a stand-alone assay for testing acids and baseal or chemical mixture was not capable of in-
reduces and replaces the use of animals inlucing a color change in the CDS so that the
corrosivity testing. Similarly, use of Corrositex breakthrough of the chemical or chemical mix-
as a component of a tiered approach for testingure through the biobarrier could be detected.
other chemical and product classes reduces an@f the total data set evaluated, including the
refines the use of animals in testing. 1996 Submission, a total of 92 nonqualifiers
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were found. The majority of nonqualifiers have the results for many such chemicals and chemi-
a pH between three and ten. Of the 75cal mixtures were comparable to thevivore-
nonqualifying chemicals for whiah vivodata  sults, in the absence of composition data, no
were available, 64 chemicals (85%) were clas-confidence could be placed in the predictive
sified as noncorrosive in the vivotest. This value of the test as compared with its correla-
would suggest that only 15% of nonqualifying tive value.
chemicals or chemical mixtures would be ex-
pected to be corrosive. Otharvitro methods Another limitation or condition related to the
for corrosivity have not shown the same limita- evaluation of Corrositéxs the relatively small
tion with respect to the qualification of test number of chemicals evaluated in some chemi-
chemicals and chemical mixtures that have beewal classes. The small number of chemicals and
found with CorrositeX (Fentem et al., 1998). chemical mixtures and the unbalanced distribu-
Examples of othein vitro methods for tion of corrosive and noncorrosive chemicals
corrosivity include the rat skin TER assay andand chemical mixtures evaluated in each of sev-
the EPISKINM assay. eral chemical classes reduces the confidence as-
sociated with any conclusions regarding the util-
In addition, no information was provided that ity of the method for all chemical classes.
would support the predictive value of
Corrosite® for complex mixtures. Although
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Appendix B

Characterization of the Data Sources (Appendix A) Used for Performance
Analyses of Corrosite®?

Table 1. Number of qualifying chemicals overlapping between sources (based on the total

data set)
Total Submission | Fentem et al. | Botham et | Gordon et al.
(1998) (1998) al. (1995) (1994)
VI
submission
(1998) 118 32? 2° 9
Fentem et al.
(1998) 40 32% 1 2
Botham et
al. (1995) 37 2° 1 8
Gordon et al.
(1994) 75 9 2 8
Total Data
Set 221°¢

a Data submitted by InVitro International (IVI) in the Submission for twenty-three chemicals were
obtained from the Fentem et al. (1998) Validation Study. Discordant Corfosisxlts between

IVI and Fentem et al. (1998) were found for two chemicals (2,4-xylidine and hexanoic acid); both
were classified as positive by IVI. These chemicals were considered as positive in the total data set
performance calculations. In the individual source data set calculations, neither of these chemicals
was included in the performance calculations of the Fentem et al. (1998) data set since they were
discordant between laboratories within the validation study. Discomtlamio results between

source papers were found for one chemical (potassium hydroxide, 5% ag.). When this chemical
was included in the total data set calculations, it was considered to be positive. In the data sets for
the individual papers, tha vivofinding reported in the respective paper was used.

b Discordant Corrositéxresults between source papers were found for one chemical (hexanoic
acid) (see footnote “a”). Discordant Corrosftegsults between laboratories in the Botham et al.
(1995) paper were found for one compound (Empicol LZPV/C); this compound was not included
in the performance calculations for this paper.

¢ This total is less than the sum of the chemicals reported in the individual papers because of the
overlap in chemicals reported in multiple papers. This total was derived from the following:

* number of chemicals reported in a single paper = 174 (includes one compound [2,4-xyli-
dine] actually reported in two papers but only included in calculations for one paper due to
discordance [see footnote “a™));

! See tables 5-14
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Appendix B: Characterization of Data Sources

* number of chemicals reported in two papers = 45 (includes one compound [hexanoic acid]
actually reported in three papers but only included in calculations for two papers due to
discordance [see footnotes “a” and “b”]); and

* number of chemicals reported in three papers = 2.
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Appendix C

Corrositex® Test Method Submission (May, 1998)
EXECUTIVE SUMMARY

InVitro International’s Corrositex® test is a laboratory alternative to the in vivo methods
that are commonly employed to assess dermal corrosivity. Previous investigations have
demonstrated the utility of this in vitro method and it is now accepted by the U.S.
Department of Transportation (DOT E-10904) as a satisfactory means of defining the
corrosivity of Class 8 hazardous materials.

In addition, EPA has approved Corrositex as Method 1120 for the characterization of
solid waste.

In early 1996, at the request of the chairman of the Consumer Product Safety
Commission, the Interagency Coordinating Committee for the Validation of Alternative
Methods (ICCVAM) performed an initial technical review of much of the available
Corrositex data. This review resulted in a request for additional information and
clarification. InVitro International responded in June 1996 and provided the requested
information with a data base consisting of 419 individual chemicals and compounds.
However, a lot of the materials included in that data base can not be identified. Therefore,
notebook copies of these data points can not be located. A new table with 118 chemicals
and compounds is constructed and evaluated. This new table included the data points
that can be backed up with notebook copies and those from the ECVAM validation
study. Analysis of this revised information provided similar observations to the June
1996 submission:

* The Corrositex test is comparable to the in vivo test with regard to its ability
to assess the corrosivity of well-defined inorganic and organic acids and bases.

* The Corrositex test is comparable to the in vivo test with regard to its ability
to assess the corrosivity of complex mixtures of inorganic and organic acids
and bases.

* As judged by sensitivity, specificity, false positive rates, and false negative
rates, the Corrositex test tends to “err on the side of safety.”

* The Corrositex test appears to exhibit an increased false positive rate for
industrial cleaner formulations, i.e., mixtures composed of dilute alkali, dilute
sodium metasilicate, and a surfactant. This over-estimation of corrosivity
tends to favor public safety.

Taken together, these observations suggest that the Corrositex test, as defined by the
parameters embodied in DOT E-10904, is a very suitable and safe in vitro alternative to
the in vivo methods that are employed to assess the dermal corrosivity of hazardous
materials. We ask for regulatory support where Corrositex has been proven to work well;
and that it not be held back because there may be some areas where Corrositex does not
work as well.
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Appendix C: CorrositékTest Method Submission (May, 1998)

2. Describe how use of Corrositex will produce results that are at least equivalent for
risk assessment purposes as the method that it is proposed to replace. In particular, the
predicted frequency and implications of false negatives and false positives should be

addressed.

The new database, which contained a description of 118 distinct samples (Appendix
IV), was employed as the primary source of information for this response. The 2X2

contingency table is shown below.

In Vivo Results

Corrosive Noncorrosive Total
Corrositex Corrosive 59 16 75
Results Noncorrosive 5 38 43
Total 64 54 118

Table 1. Comparison of Corrositex Results with /n Vivo Results.

These observations were analyzed further by performing the calculations shown in
Table 2 shown below.

Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =97/118 = 82%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =59/64 = 92%
Total Number of Corrosives
Specificity = Number of Noncorrosives Correctly Identified =38/54 = 70%

Predictive Value =

(Corrosives)

Predictive Value =
(Noncorrosives)

False Positive
Rate =

False Negative
Rate =

Total Number of Noncorrosives

Number of Corrosives Correctly Identified

Total Number of Corrosive Results

Number of Noncorrosives Correctly Identified

Total Number of Noncorrosive Results

Number of Noncorrosives Classified as Corrosive

=59/75=79%

= 38/43 = 88%

=16/54 =30%

Total Number of Noncorrosives Tested

Number of Corrosives Classified as Noncorrosive

=5/64=8%

Total Number of Corrosives Tested

Table 2. Summary of the Performance of the Corrositex Test Compared to /n Vivo Findings
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Appendix C: CorrositékTest Method Submission (May, 1998)

3.

These findings demonstrate that the Corrositex test correlates well with the accepted
in vivo method of assessing dermal corrosivity. The sensitivity and specificity of the
laboratory test favors identification of corrosive substances. This observation is also
substantiated by noting that the false positive rate is greater than the false negative
rate. All of these observations are consistent with the stated developmental objective
of providing an in vitro test that tended to “err on the side of safety.”

Provide in vivo reference data including a description of the quality of the data,

protocol used to generate the data, the data from the tests, and a summary of the actual
results. The nature, quality, and source of any other in vivo reference data should be
provided. Describe the definition of corrosivity used in the in vivo tests, such as
ulceration, necrosis, or other specified irreversible change. Indicate if the in vivo data are
available for examination.

4.

In vivo data are included in Appendix V for data audit purpose. The entire content of
Appendix V is confidential. The in vivo data are summarized together with Corrositex
data in Appendix IV. The protocol and definition of corrosivity are described in
Appendix V.

Indicate if the Corrositex and in vivo data were generated in accordance with GLPs.

Describe those aspects that were not performed in accordance with GLPs, and the
potential impact of such deviations from non-adherence to GLPs.

5.

Notebook copies for data points summarized in Appendix IV are included in
Appendix VI for data audit purpose. The entire content of Appendix VI is
confidential. The scientific notebooks of InVitro International’s scientists and
technicians are maintained on file at the company’s Irvine, CA facility. These
documents were reviewed during the preparation of this response and both the quality
and the quantity of the data contained in these records was found to be sufficient to
support the current and prior applications. However, it was noted that strict
adherence to GLP was not maintained. For example, not all of the notebooks have
been signed by the technician who performed the work or the technicians’ supervisor
and not all partially completed notebook pages have been lined out. In spite of this,
the underlying data is sound and it is unlikely that these technical failures to comply
with GLP have a significant negative impact on the outcomes of the studies reported
here.

Indicate if laboratory records have been maintained for the testing that has been

conducted, and if these records would be available for examination if requested.

Laboratory records have been maintained for the testing that has been conducted. All of
these records are available for on-site examination if requested.
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6. Indicate whether there are Corrositex testing data for the range of chemicals and
products regulated by agencies that have or will be asked to accept this method, and
indicate the specific classes of chemicals and products for which this method is being
proposed.

As noted in response to Question 1, the Corrositex test was specifically designed to
assess the corrosivity of acids and bases. Consequently, the types of chemicals that
have been assessed to date have predominantly been those that are known to be
consistent with the DOT description of Class 8 corrosives. The current DOT
exemption (Appendix VII) indicates that the Corrositex test is suited for assessing the
corrosivity of the following classes of chemicals:

* Acids, inorganic and organic

* Acid derivatives (anhydride, haloacids, salts, etc.), inorganic and organic
* Acyl halides

» Alkylamines and polyalkylamines

* Bases, inorganic and organic

* Chlorosilanes

» Metal halides and oxyhalides.

7. Develop 2X2 tables for each study showing the degree of agreement between the in
vitro and in vivo tests. This should include calculations for concordance, sensitivity,
specificity, false positive rate, false negative rate, and positive and negative predictivity.
Also, it is important to know, as a function of chemical class and product category, the

)

proportion of discordant calls that were “under” and “over.’

The revised data base consisting of 118 samples (Appendix IV) was sorted to identify
compounds and chemicals that could be assigned to defined classes. This resulted in a
data base consisting of 63 materials (Appendix VIII). The remaining 55 compounds
consisted of mixtures and proprietary products that the composition is unknown.
These undefined compounds are compiled on a separate list found in Appendix [X.
Data found only in Appendix VIII was then utilized to develop the 2X2 contingency
tables and performance analysis for each chemical class as shown below.

When inorganic and organic acids as well as acid mixtures were delineated within
the data base found in Appendix VIII, the following results were obtained:

Total number of compounds: 22
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Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 15 2 17
Results Noncorrosive 2 3 5
Total 17 5 22
Table 3. Comparison of Corrositex Results with In Vivo Results for
Inorganic and Organic Acids and Acid Mixtures.
Performance summary:
Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =18/22 = 82%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =15/17 = 88%
Total Number of Corrosives
Specificity =  Number of Noncorrosives Correctly Identified = 3/5 =609,

Total Number of Noncorrosives

Predictive Value = Number of Corrosives Correctly Identified

(Corrosives) Total Number of Corrosive Results

Predictive Value = Number of Noncorrosives Correctly Identified

Noncorrosives) Total Number of Noncorrosive Results

False Positive Number of Noncorrosives Classified as Corrosive

_ Total Number of Noncorrosives Tested
Rate =

False Negative Number of Corrosives Classified as Noncorrosive

_ Total Number of Corrosives Tested
Rate =

=15/17 = 88%

=3/5=60%
=2/5=40%
=2/17=12%

Table 4. Summary of the Performance of the Corrositex Test Compatad/Aago
Findings forlnorganic and Organic Acids andAcid Mixtures
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When inorganic and organic acid derivatives were delineated within the data base
found in Appendix VIII, the following results were obtained:

Total number of compounds: 14

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 7 1 8
Results Noncorrosive 0 6 6
Total 7 7 14

Table 5. Comparison of Corrositex Results with /n Vivo Results for Acid Derivatives.

Performance summary:

Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =13/14=93%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =7/7=100%
Total Number of Corrosives
Specificity =  Number of Noncorrosives Correctly Identified =6/7=86%
Total Number of Noncorrosives
Predicti\_/e Value = Number of Corrosives Correctly Identified =7/8 = 88%
(Corrosives) Total Number of Corrosive Results
| Predictive Value =  Number of Noncorrosives Correctly Identified = ¢/6 = 100%
Noncorrosives) Total Number of Noncorrosive Results
False Positive _Number of Noncorrosives Classified as Corrosive = 1/7 =14%
Rate = Total Number of Noncorrosives Tested
False Negative ~Number of Corrosives Classified as Noncorrosive = /7 = 0%

Rate = Total Number of Corrosives Tested

Table 6. Summary of the Performance of the Corrositex Test CompatadAigo

Findings forAcid Derivatives.
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When amines were delineated within the data base found in Appendix VIII, the

following results were obtained:

Total number of compounds: 14

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 10 0 10
Results Noncorrosive 1 3 4
Total 11 3 14

Table 7. Comparison of Corrositex Results with /n Vivo Results for Amines.

Performance summary:

Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =13/14=93%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =10/11=91%
Total Number of Corrosives
Specificity =  Number of Noncorrosives Correctly Identified =3/3=100%

Total Number of Noncorrosives

Predictive Value =

Number of Corrosives Correctly Identified

(Corrosives)

Predictive Value =

Total Number of Corrosive Results

Number of Noncorrosives Correctly Identified

Noncorrosives)

False Positive

Total Number of Noncorrosive Results

Number of Noncorrosives Classified as Corrosive

Rate =
False Negative

Total Number of Noncorrosives Tested

Number of Corrosives Classified as Noncorrosive

Rate =

Total Number of Corrosives Tested

=10/10 =100%

=3/4=T75%
=0/3=0%
=1/11=9%

Table 8. Summary of the Performance of the Corrositex Test CompatadAigo
Findings forAmines.
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When inorganic bases and base mixtures were delineated within the data base
found in Appendix VIII, the following results were obtained:

Total number of compounds: 8

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 7 1 8
Results Noncorrosive 0 0 0
Total 7 1 8

Table 9. Comparison of Corrositex Results with /n Vivo Results for
Inorganic Bases and Base Mixtures.

Performance summary:

Parameter Formula Results

Equivalence = Number of Compounds Correctly Identified =7/8 = 88%

Total Number of Compounds Tested

Sensitivity = Number of Corrosives Correctly Identified =7/7=100%

Total Number of Corrosives

Specificity =  Number of Noncorrosives Correctly Identified =0/1=0%

Total Number of Noncorrosives

Predictive Value = Number of Corrosives Correctly Identified =7/8 = 88%
(Corrosives)

Total Number of Corrosive Results

Predictive Value =  Number of Noncorrosives Correctly Identified =0/0 = N/A
Noncorrosives)

Total Number of Noncorrosive Results

False Positive Number of Noncorrosives Classified as Corrosive = 1/1 = 100%
Rate = Total Number of Noncorrosives Tested
False Negative Number of Corrosives Classified as Noncorrosive = (/7 = (%,
Rate = Total Number of Corrosives Tested

Table 10.Summary of the Performance of the Corrositex Test CompatadAago
Findings forlnorganic Bases and Base Mixtures.
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The remaining of Appendix VIII are Cinnamaldehye, Trichlorotoluene, 20/80
Coconut/Palm Soap, Sodium Undecylenate, and Cellusolve + TX-100. The following
results were obtained:

Total number of compounds: 5

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 0 0 0
Results Noncorrosive 0 5 5
Total 0 5 5

Table 11. Comparison of Corrositex Results with In Vivo Results for the
remaining of Appendix VIIL

A performance summary was not prepared.

An interesting way of summarizing this data is suggested by the knowledge that the
Corrositex Chemical Detection Solution is composed of an aqueous solution of an
acidic indicator dye (methyl orange) and a basic indicator dye (phenyl red). Asa
result, the Corrositex test would be expected to perform most reliably as a means of
characterizing the dermal corrosivity of acids and bases. Therefore, the acid and base
data from Tables 3, 5, 7, and 9 presented above have been compiled and are presented
below in Table 12.

In Vivo Results

Corrosive Noncorrosive Total
Corrositex Corrosive 39 4 43
Results Noncorrosive 3 12 15
Total 42 16 58

Table 12.Comparison of Corrositex Results withVivo Results for
Organic and Inorganic Acids and Bases.
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The performance of the Corrositex test for organic and inorganic acids and bases may
then be calculated as follows:

Parameter Formula Results

Equivalence = Number of Compounds Correctly Identified =51/58 = 88%

Total Number of Compounds Tested

Sensitivity = Number of Corrosives Correctly Identified =139/42 = 93%

Total Number of Corrosives

Specificity =  Number of Noncorrosives Correctly Identified = 12/16="75%

Total Number of Noncorrosives

Predictive Value = Number of Corrosives Correctly Identified =139/43 =91%
(Corrosives)

Total Number of Corrosive Results

Predictive Value = Number of Noncorrosives Correctly Identified  =12/15=80%
(Noncorrosives)

Total Number of Noncorrosive Results

False Positive Number of Noncorrosives Classified as Corrosive = 4/16 = 25%

_ Total Number of Noncorrosives Tested
Rate =

False Negative ~Number of Corrosives Classified as Noncorrosive = 3/42= 7%,

_ Total Number of Corrosives Tested
Rate =

Table 13. Summary of the Performance of the Corrositex Test Compared to In Vivo
Findings for Inorganic and Organic Acids and Bases.

The results reported here suggest that, for acids and bases, the Corrositex test is very
comparable to the in vivo test of dermal corrosivity. In addition, with regard to corrosive
materials, the Corrositex test displays excellent sensitivity and predictivity. The false
positive rate of the Corrositex test is much greater than the false negative rate. In these
regards, the results obtained with acids and bases display similar trends with those
reported for all of the compounds in our current data base (see Table 2, page 3).
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8.

Indicate any limitations for the use of this method. Specify any chemical classes or

product categories where the method should or probably should not be used.

9.

As detailed in response to Question 13 in Section A, current evidence suggests that
“industrial cleaners” tend to give an elevated false positive response rate in the
Corrositex test. Initial investigations indicate that most of these formulations appear
to be composed of a mixture of dilute (0.5 - 2.0%) alkali, dilute (0.5 - 5.0%) sodium
metasilicate, and a surfactant. However, this over-estimation of corrosivity tends to
favor public safety.

As noted in June 1996 submission, response to Question 2d in Section C, samples
that have a pH in the range of 5.0 to 8.5 display a significant rate of non-qualification
in the Corrositex test. This observation is consistent with the knowledge that the
CDS indicator solution does not exhibit a color change in this pH range.

Provide the complete detailed technical protocol for the proposed method.

A copy of the current Corrositex Instruction Manual (revision 12/95) is found in
Appendix X.

10. Provide the complete protocols used to generate the different sets of data included in
this submission. The technical protocol used, including any modifications and their
impact, should be clearly stated for each data set.

The original version of the Corrositex Instruction Manual (revision 1/95) provides a
detailed description of the experimental protocol that was employed for all of the
studies reported here. This version of the protocol is found in Appendix XI.

11. Submit quality assurance procedures used to ensure lot-to-lot consistency of the test
materials, and summarize data for such monitoring.

The current versions of the Quality Control Assessment SOPs for Corrositex
formulations and fully-assembled kits are found in Appendix XII. The results of
initial lot-to-lot quality assurance studies can be found on pages 20 to 24 of the
Application for Exemption submitted on September 28, 1992 (Appendix I). To date,
18 lots have been manufactured and all have passed the quality assurance
specifications listed in the Standard Operating Procedures (SOP) found in the
Appendix XII.

12. Data submission:

a. Indicate which and if any of the studies were conducted with coded chemicals.
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The Application for Renewal of Exemption DOT E-10904 (Appendix II) contains
several tables that detail the results of studies conducted with coded samples. Table
14 shown on the next page summarizes the appropriate references for these tables:

Table Number Page Number Number of Coded Samples
17 34 29
38 and 39 66 and 67 50
53 118 17

Table 14 . Summary of Tables Found in Appendix II Describing Results of Studies
Conducted with Coded Samples.

Additionally, it should be noted that Tables 38 and 39 found in Appendix II contained
a series of misaligned cells. Consequently, the data presented there is incorrect.

These errors were corrected in the supplemental information provided in Appendix 111
(pages 13-21).

b. Indicate the timeframe of the conduct of the various studies, i.e., the dates during
which studies were conducted in each laboratory.

The data included in Appendix VI were obtained from April 1993 through June 1994.
The in vivo studies were conducted at various times as indicated in the reports
(Appendix V).

c. Indicate the lab in which each data set was generated, even if this is provided as a
coded designation for each lab.

The Corrositex results of the revised data base consisting of 118 samples were
generated by InVitro International (Appendix VI). The in vivo results were generated
by the contract lab in L. A. or were supplied by the manufactures as shown in
Appendix V.

13. Provide the chemical composition for chemical mixtures and products included in the
data submission. Data for mixtures or products for which the chemical composition is
not known or available should be evaluated separately from chemicals for which this
information is available.

The composition of 63 materials found in the revised data base (Appendix IV) is known.
This information is summarized in Appendix VIII and has been evaluated and discussed in
response to Question 7. The composition of the remaining 55 materials is proprietary
and is unknown. The results of studies conducted on these materials are summarized in
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Appendix IX and are utilized to develop the 2X2 contingency tables and performance

analysis for each product class as shown below.

When cleaners and detergents were delineated within the data base found in

Appendix IX, the following results were obtained:

Total number of compounds: 18

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Results Noncorrosive 1 3 4
Total 8 10 18
Table 15. Comparison of Corrositex Results with /n Vivo Results for Cleaners and
Detergents.
Performance summary:
Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =10/18 = 56%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =7/8 = 88%
Total Number of Corrosives
Specificity =  Number of Noncorrosives Correctly Identified =3/10 =30%
Total Number of Noncorrosives
Predictive Value = Number of Corrosives Correctly Identified =7/14 = 50%
(Corrosives) Total Number of Corrosive Results
Predictive Value = Number of Noncorrosives Correctly Identified =3/4="75%
Noncorrosives) Total Number of Noncorrosive Results
False Positive  [Number of Noncorrosives Classified as Corrosive  =7/10 = 70%
Rate = Total Number of Noncorrosives Tested
ate =
False Negative Number of Corrosives Classified as Noncorrosive = 1/8 =12%,

Rate = Total Number of Corrosives Tested
ate =

Table 16.Summary of the Performance of the Corrositex Test Compatadvieo

Findings forCleaners and Detergents.
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When industrial chemical were delineated within the data base found in Appendix
IX, the following results were obtained:

Total number of compounds: 22

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 13 5 18
Results Noncorrosive 1 3 4
Total 14 8 22

Table 17. Comparison of Corrositex Results with /n Vivo Results for Industrial

Chemical
Performance summary:
Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =16/22="73%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =13/14 =93%
Total Number of Corrosives
Specificity =  Number of Noncorrosives Correctly Identified =3/8 =38%

Predictive Value =
(Corrosives)

Predictive Value =
(Noncorrosives)

False Positive
Rate =

False Negative
Rate =

Total Number of Noncorrosives

Number of Corrosives Correctly Identified

Total Number of Corrosive Results

Number of Noncorrosives Correctly Identified

Total Number of Noncorrosive Results

Number of Noncorrosives Classified as Corrosive

Total Number of Noncorrosives Tested

Number of Corrosives Classified as Noncorrosive

Total Number of Corrosives Tested

=13/18=72%

=3/4="T75%
=5/8=62%
=1/14=T7%

Table 18.Summary of the Performance of the Corrositex Test CompatedAago

Findings forindustrial Chemical.
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When surfactant was delineated within the data base found in Appendix IX, the
following results were obtained:

Total number of compounds: 14

Contingency table:
In Vivo Results
Corrosive Noncorrosive Total
Corrositex Corrosive 0 0 0
Results Noncorrosive 0 14 14
Total 0 14 14

Table 19. Comparison of Corrositex Results with /n Vivo Results for Surfactant.

Performance summary:

Parameter Formula Results
Equivalence = Number of Compounds Correctly Identified =14/14 = 100%
Total Number of Compounds Tested
Sensitivity = Number of Corrosives Correctly Identified =0/0 = NA
Total Number of Corrosives
Specificity =  Number of Noncorrosives Correctly Identified =14/14 =100%

Predictive Value =
(Corrosives)

Predictive Value =
(Noncorrosives)

False Positive
Rate =
False Negative

Rate =

Total Number of Noncorrosives

Number of Corrosives Correctly Identified

Total Number of Corrosive Results

Number of Noncorrosives Correctly Identified

Total Number of Noncorrosive Results

Number of Noncorrosives Classified as Corrosive

=0/0=NA

=14/14 =100%

=0/14=0%

Total Number of Noncorrosives Tested

Number of Corrosives Classified as Noncorrosive

Total Number of Corrosives Tested

=0/0 =NA

Table 20.Summary of the Performance of the Corrositex Test Compatadvieo

Findings forSurfactant.
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V.C. Gordon, S. Mirhashemi, R. Wei and V. Harutunian, A New /n Vitro Method
to Determine the Corrosivity Potential of Surfactants and Surfactant-Based
Formulations, Comunicaciones - Presentadas a la XXV Jornadas Del Comite
Espanol De La Detergencia.

P.A., Botham, et al., A Prevalidation Study on /n Vitro Skin Corrosivity Testing:
The Report and Recommendations of ECVAM Workshop 6, ATLA 23, 219-255,
1995.

Copies of these manuscripts are included in Appendix XIII.

B. MISCELLANEOUS COMMENTS

1. Corrositex results should be compared with the in vivo classification of corrosive or
noncorrosive.

This has been done in the current response.

2. The chemicals that have been tested in a series of different concentrations need to be
addressed separately from chemicals tested only once.

Diluted samples of a chemical have not been included in the current data base
(Appendix 1V).

C. APPARENT INCONSISTENCIES AND DISCREPANCIES IN THE TABLES
THAT SHOULD BE CORRECTED OR EXPLAINED

1. Reproducibility within and between laboratories: Results for tests run on the same
chemical or product in different labs to demonstrate interlaboratory reproducibility should
be combined into one table. Similarly, multiple tests of chemicals to demonstrate
intralaboratory repeatability or reproducibility should be combined into appropriate
tables.

The results of inter- and intra-laboratory reproducibility studies may be found on
pages 23 and 36 of Appendix I and pages 73 through 81 of Appendix II.

2. Performance of the test.
a. Calculate performance when scored as C vs. NC.

See Question 2 in Section A.

b. Calculate performance when scored as I, 11, 111, or NC.

Data found in Appendix IV has been analyzed to define the performance of the Corrositex test
when scored as Packing Group I, 11, III or NC. The following contingency table demonstrates
the performance of the Corrositex test when compared the in vivo data (Table 23). It should be
noted that samples whose in vivo data are listed as “C” or “R34” are not included in the analysis
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Reported in Table 23. Sample #44 and 59 of Appendix IV were not included either. Therefore
the total number of samples described in this instance is 90.

In Vivo Packing Group

I Il I NC Total
I 3 1 1 0 5
Corrositex 1| 1 28 1 7 37
Packing Group il 0 0 1 8 9
Noncorrosive 1 0 0 38 39
Total 5 29 3 53 90

Table 23. Comparison of Packing Groups Defined by In Vivo Studies and
the Corrositex Test.

c. Performance of the test for different categories of substances.

See Question 7 & 13 in Section A.

d. Proportion of non-qualifying (NQ) substances among structure or use categories.

The submission in June 1996 contained 83 non-qualified samples. Current data base
does not contain non-qualified samples.

3. Specific questions
a. Explain why there are two conflicting in vivo classifications for 95% caprylic acid.

The results of in vivo studies demonstrated that 95% caprylic acid was corrosive.
Briefly, the conflicting entries of corrosive and noncorrosive noted for this material
resulted from the following series of errors. Initially, when Table 39 on page 67 of
Appendix II was compiled, an incorrect designation of NC was entered in the in vivo
results columns of line 35. This erroneous entry was transcribed to line 240 of Table 49
found on page 90 and lines 368 and 369 of Table 54 found on pages 131 and 132 of
Appendix II. Please refer to pages 13-21 of the Supplement to Application for Revision
and Renewal of DOT E-10904 found in Appendix III for a detailed explanation and
correction of this error.
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b. Explain why there are often 2-3 in vivo classifications listed for several chemicals.

These multiple classifications result from incomplete/insufficient in vivo studies
reported by the contract laboratory. While this laboratory was expected to employ in
vivo exposure periods of 4 hours, 1 hour, and 3 minutes respectively to determine
Packing Groups III, II or I; in some cases only the 4 hour and 1 hour exposure periods
were actually performed. In these instances when the 3 minute exposure period was
omitted, it was not possible to distinguish if the tested material should be
characterized as a packing group I or packing group Il compound. Consequently, in
these cases, the in vivo classification “I, II”" has been included in the listing found in
Table 49 of Appendix II.

c. Table 49, rows 952 and 953. The results for the two samples are virtually
identical, yet 952 is classified B1/Il and 953 is classified B2/I1l. Provide an

explanation.

The samples are not duplicates with inconsistent results. The strippers should have
been labeled Stripper A and Stripper B. These are individual formulations provided
by an industrial company.

d. Eliminate duplicate entries from Table 49.

Current data base does not contain duplicate entries.

e. Table 49: Describe what the entries under the column titled “In lab” mean; e.g., if
the space is blank or if there is an asterisk.

An asterisk entered under the column titled “In lab” indicates that the sample was
evaluated at InVitro International. A blank entry indicates that the sample was not
evaluated at InVitro International. All the corrositex results of the current data base
were generated at InVitro International (Appendix VI).

1. Table 54, lines 11 and 30. The same patterns of response are assigned different
concordances. This should be explained.

When Table 54 of Appendix II was originally formatted, lines 11 and 30 were as
shown below:
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# Sample Name | Corrositex DOT in vivo Concordance
Group
11 | Hydrobromic I IT II over
acid
30 [ Phosphorous I IT I 1
pentachloride

Thus the Corrositex test was judged to over-estimate the packing group of
hydrobromic acid (line 11) when compared to the in vivo test. By contrast, the
results of the packing group determination of Phosphorous pentachloride obtained
from the Corrositex test and the in vivo test were found to be concordant.

Prior to submission of the renewal application, Table 54 was re-formatted to clearly
delineate the compounds that were identified to be corrosive by the in vivo test. This
was achieved by replacing the in vivo packing group designations of I, II, or III with
the letter “C.” However, when this was done, the person responsible for compiling
the new version of the table failed to edit and amend the results reported in the
concordance column. Consequently the version of Table 54 found in Appendix II
contained the following lines:

# | Sample Name | Corrositex DOT in vivo Concordance
Group
11 | Hydrobromic I II C over
acid
30 [ Phosphorous I II C 1
pentachloride

Thus the apparent discrepancies identified by the reviewer resulting from editing
errors that occurred while the table was being compiled.

Every effort has been made to correct these types of errors in the data that is
provided with the current response.

g. Table 54. If Corrositex groups I, II, and 11l are all equivalent to a classification of
“C,” why are some chemicals in Group I considered “over” (rows 10, 82, 83)
and others considered “under” (rows 116, 117, 149, 150, 160, 161) when
compared to the in vivo classification of “C?”

See Question 3f in Section C.
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CORROSITEX" INSTRUCTIONS
MATERIALS AND LG IIYMENT
A ISample Kil
[} Ome vizl euniaiping one gram of bioharrisr matrix and & micre slichar.
2} Ome vial eqrmaiaing 19 ud of bivbamier diluent.
i} Ty racky of seven vinls filled with Chemleal Dotcetion Systam (CDS).
4} Onemay of 12 membrans dises phus ome additensd membrage dis,
Tleese discs muet be stored in the refrigeraor ue 2-8°C,
) Two Data Sheats.
6)  Thies Quudily test tubes,
N T {ansiorize tosls (two A test bes, vwo B t2an ke, 3nd one botle of
Conlirm Reagen:).
0. dabample Kjl
1 Ome vial comaursing vie prm of biobarrier matmhx end 2 micps slichar,
) Cme vial conmiming 10 ml o bisbarricr diluenr.
3 Four racks of seven vinks filled wirk Uhemuenl Detection Sysam [CDS),
1) Cne troy ot 74 membrape discs plos one ndditigyl wembrane disc,
These disce muyt be stored in the refriperarar a1 2-8°C,
3} Four DBaw Shacrs
&) Five: Quaiifr taar mbes.,
Ty Fuue Cwiegorize sees (four A wsttube, four B tect tubes, end ane hemle
of Comfirzn Reugent).
L. CORROSITEX Ll i unlaime g MOWIDMENT LACE30FY 10 periorm the

CORROSITEX tem method - inugt be purchased separntely)

i
7
i)
1)
)
i)
"
2
el
10
LA B
12y
13

Mueva I sierng bt plae - EIGY L)
Thermomete: (1)

Phipelal vimaers 123

Eippeanlor] xepeal pipemar (1)

Eppendnrt combitips 2.3 ml {1 2ased] ()

Lab Irdusmes posimve displocament pipemr 1}
lak Jndusmies positve Wisplucoment pipetar tps {1 cgae/250)
Spataly (1)

Farceps (1)

Uvex saters poueivs (1 pair)

Permanent |ab marking pens (2}

Water bath contaier (1)

Plogtic wrap (] ezl

by, 12457
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[.

BIOBARKIER PREPARATION'

MOTE: [roopemtion must be completad ot leger 2 Lows powr to unning fems,
11 Ploes the water bath comtainer on the hot plate and ingzr a thenoomater,

2} Fill the water bath convainer with appeoxiyiatsly o inch of warer ond heat 1o
(4 - TU"C (lumn (be hear koob to 7-8). Iio noc 2U6w the 1empecatare o eXcevd
Jo,

7} While the warer bath is wamilng, remove the membrane dises fron
refligear, Remove the iy iid m pravent condansatlon.

4)  Add the entire contens of the bubsrrier Jiluent (o the vial of biobirmsr matrx
fiawdey, Place the vial inside the watep bath o the kol plate.

§) Tum the air ktih o modivm speed (4-3). Makes surs the wicru siitbar i rorring,
smoothly, but not wo tass (avoud Joaming). Adjust the sir knob i necessary,

MOTE: RO MOT VORTEY OR SHAKE THE VIAL VIGOROUELY TO
ROLIIRILIZE,

6] Alluw the biobarriar marrix prswder to dissalve completsiy. Mix shoold ke
approvomately 20 mintes,

7 Turn off the sur khobs s the Lead. Alaw the seiunsn 1 st Yy § misutas in the
waler baih to allow rny air Bubbics to rise to the surrace,

NOTL: o pievent te biobarries solurion fmm solidilving in the vial. do noz renue th;
vind fram the waler bath., [mmadiesly provee: 1 Step B,

B Asszneble the repear pipeoor watb « 7 ml combitip and sethe ppenar
positien funr (41, (o dispense ool or 200 ),

| ke instruzTions detickl balow deseroe the Simultine:s prepararion of 11 ot the ol Cuocsiondly,
My be tote convenicar f anakze only o ainele wangle s ona ome. LFthis IS te case, prepar: aaly | hiohermer
mcmirancy wih the dissolved biohirmer met prwder prépoed (0 Step &, The moused mams enlunen may ten
be wiared f K1 i s ughtly sculed urininul vial tor 19 10 | menth, Tu prepurc the remaming 21028rens o
laoer clar, sgiubiilae the sulidificd mamr: aal hy waming il Cur 3 (o 4 mimmer without senne 0o 600 waldr
hath prar 17 MpemDg o i doeribol in Seps - (2

Pre-moce blobarcicr are alsg avmiable. They by be nrdered from 1 00 Intonationa] by cailing (R6)-2-
LNYITRO.

ETLA T
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9 Fill the pipemat rin with bivbarrier solution, avoiding an bwbbles, Dispanss one
aliquet to wasts w 2dsded roper sybeequent volume delivary, Wips the pipstior
lp I remmove sxcess solubon.

10} Pipet 200 plinto each meshmne disc, suauing the sntu s nembrane s covered
and no air bubhizs have ficuwl, Aoy air bubbles an the el will glicr the result of
thy bsl, [0 ks weours, she dise should nol be wsad 2nd should be replvoed with
the spare membine dize supplied in the ki,

111 Ml the preparation and sxpirauon dates of the hiohamers on she oy Jzhel.
Tightly wrap Lhe filled tray with plastic wizp and immediaraty sim= the i@y o 2-
Ll

12) Tl iy must be stored at 2-4°0 for 2 heurs prjnr io hgﬁtﬂnmﬂ ETg hming.
T binbarriers are sabie for 208y il wrapped with on aimght seal sl gored gl
2-R°C. This prosealure must be foilowed 3 described, o5 the biobarrices pre
sEnsitive 10 dehydiatinn.

CORROSIIEX TESTING PROTOCOL

STET | - QUALIFY: 'Ihin stvp ensuzes thim your sampic is cornpatible with the
CORROSITEL SYStEM Peine lo runniog Lhe fest ang may be
performed pror (6 the biabarrier prepararion o desined

11 Fillin the sumple informednm o the CORROSITEY Dam hheer,

2} Add the sampie (150 ] i Tiquic, ;00 mg W salid) v e Qualify test fube.
Shake to dissolve sollds. Fur immmiscinle ligwds and inealobly solids,
shake the viad und Jee stand tor vne minots. Ohserve the golor hangs at
the sample/icsting Juid intertac:

3} M ihe amber liowid changes colar ar eandimeney | cocey ves on Gre Zampls
Ialilivd seetion of the Tats Sheol aod proceed o Stap 2.

4)  Ifaphvsiesl chanpe is not abeerucd, your marerial is nat suiable it
CORROSITEX syrizn. Check na of he Sanple Qualificd section of tha
Duta Sheer and conemer your technicny reprase sanive gt (200)-2-
INVITRO.

STER 7 - CATEGAREZE: This step etablishes the culepory of vur-off times for vour
sarmply

) Add e sample (130 ul if Jiguid. 100 mg if solid) 10 the sl I

Tuhe A {ycllow solutian) aml Tube B (clear solution). Cap end shaky
unml mixed

3 Krv. 122
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i)

B

If o cotor chmops i+ whserved in sither tube, matels the eolor oo the
corresparding ealo ehirts on the CORROSITEY, Testing Frotocol Poster.
Agsign and record the appapily walsyury on the Dam Sheet and provecd
0 Blep 3.

If a color chupe ¢ ool obwerved fn stiher tabg, 4dd T drops of the
COMNTTRM reagent s Tube B, Cup and shaice unni mixid

Mach 1he posultine color to the calor char o We CORROSITEX Tasting
Protacol Poster {tep 7R)  Apsign and record the tppropriate category on
thy Diata Shest and procesd 19 Sip 3.

NUYIE: Far immiscthle ssmples, shake the vial and et stunl fivv one minue.

(bzerve the calar camie at th sampleftestiog fuld |avrlice”

MTER 3 - CLASSIFY: TLis sivp dwiermines tha appeopeate Packing Croup foy 3 oar

snthple,
Mg cermin all proper safily procedures are foltowed [uc (be chemicals
hetng iested. Conmult yonwr cocnpany T safery procedures i jur u
pacegduyy, USE PROFCR SAFETY EQUIPMERT Fume hood, ghoves,
Tye PH:FI:EI'!'I:N'JH.r ({8

[temove one tray of seven pre-flled CDE viala from the kit box.

The (.05 « fuls must be at room rempururs {1 7-25°C) batone uping,.

.
* fernsionaliy. @ither nonsels witeer sumpres ar Tmpes ht muiwele sublic calar caamges e

Culzenrizg, T0bes Mav be sneoinered, Thess Cvpes uf swmphes may be acuraiely wutzortred by
perfueming The follawing prerenic

k

)

4

i)

Meawze anm record the pH olu 19% {viv or wiv) agueold subetion ri the sample,

i e A4 gt the 10% snlution is 27 8. urlilze Tube A tycliow solunan) ro e the
camganization lest. 1 ahepld of the 10% selulivn ix ' 7.0, uillize Tube B {Cleir salution)
10 perfaito the pAmporTzRTIon Ta.

Addel the sample (150 b if liguid. 1061 mg IF 521ld) W the tube tha hax fewr, telecied. Coa
und shakn priTLl Linixed.

i exsgre aod record che fing) pH of the mixture in thy ubs,
For smcayyremenms performed with Tuba A 1f the pH b < 5.0, the exmpie i= Caiegory |

IFtze pl ) 2.0, e fampie i Caoepory 2. For ivsiguccmends perrormed with Tube B, i€
thw pH = 4.0, the wmnle in Cacegory 1. IMthe pH v %40 sample |5 Category 2.

Axv. b2
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4)  Vials ] - 4an: inbe ulilized for sample repilicst (wsling. The viol Izheled
{+) is to be wilizad fior o posilive control sample, o visl Jabeled (- is for

& Jpalive control sample qnd i vial labeled O serves g o CDS color
conT,

NUTE: Labut each via| cap with th curresponding rest aterial for appropriar:
tlaweal purposes.

The following table lists severnt chemicals which mey be e as positive
s megntive conmnly, or you may estiidish your own controls. I e
eonirod f3ils quside e chewipmared mnge, pleee wonlsel your 1echnend
TEQTEsEnLve at B00-2-TNVITRO.

CORBOSITEX POSITIVE AND MECGATIVE CONTROLS

‘ Cuoc. | CORRUSITEX
_ _ fhemical (w1.%}) | Time{min.}
Pogilive Conmal | Nitre Acid Ga-73 he-2.0
! Sulfuzic Acid 959t 05-2.0
Megative Conool | Clivle Acid 10 = Ei}
Provienic Acid & | =

F Uy timer may nzused for the sampis replivaley and one timer may he
used fur the conerals. Place the timers in fhant of the rack, Make carin
they are wet o zem and ate rrady to time the rest,

f) Add 1 biaharner g o the 1ap ol di fesl vied, Donors o The s 1o
bt: i e vial far longes than peeo svanics efpre adding tie e sumpke

MOTE: The may ot hivbarmer dises #nld be kept on crushed ive when ool in the
relfigeramr. hrymediately re-wrap and place the troy ¥ i dises back
0t y 2-B°C reftigaeiur after completion of the test,

T Fyvenly upply 500 ul ar 00 my of the 123t sagnple onto the tap of the
biobarrie; iy and sart the tiowr the instant the SAMpHG s adtud.

epeut Stens b and 7 far the renmining vials, saggering anch stae Ume by
ang minute. The st Wne difference tor cach vial will be subtracted from

the flnai 1i:ne | determene 1he ner response e, Rlnygpering allows more
accurmie bine regording if e mwacton times ore dexie),

Aov. 193
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i

DO NOT CAFTIIE V1IALS WHILE THE TEST 15 IN PROMZRESS
DR TO POSSIGLE PRESSURE BUILD P WITH 50ME

, REACCIVE CHEMICALS,

The lirst indicarion of the prexana: nl' 3 phemical in the CDE will bea
o Stpean ol coior change procuced bensath the veuler ol each
bioharrier dlse. A4 pyun as this reaction is nhaerved, raeond the deteclion
lime un the Do She,

If exa ewetion |tmes are not required, observe the COS vials for the first
£ minurea after gach star time and for 3 rainuies hefire and after mach
Packing Gronp emt-0tf tioe. For axample, if you have & Categary 1
agmpl: the TD5 vials would e obwervexd [or 1be Grst 5 minures, gnd then
st pk the 33 Jo 63 mivere incerval and the 235 W 245 minwe imarval for
each vial

MOTE:Changes in the £:13% wwy inchule various color changes (red, srngy, w

9}

10

I}

17)

lightening} and floking o provipilation.

When the tost Ly biam completed, remove the hiobarier disvs ol cap

each vial. 1lz= caulwon when handlmg viats, Fallow your b protocol for
v chemical izl

Repear Sieps 11] 1,2 and 3 for eseh samphe to ke waled,

Calsulate the CORRUSITEX Time and the mean of the foor sample
repllearcy (CORROSITEX Tune — Dtestion Time - Start Time. )

Using the tahls balpw, sezign the appropriae Seching G by sampie
catepory and LLRROSITEX cme.

RACKING QROUFR LIESIGRATION

i

CORRUSITEX Time (muinues)

Categary

Otolmin. | »Twé0min | =S0to2d0mm | #2740 min.

f.'ﬂ‘l.tgur'_'.f ]

{ ta 3 mla. 34020 non, A0 1oy 61 miin. wt min.

| ' |
T v ¥

\ Tacking Group v | Packing Group 11 | Packing Geonp 1IE | Mon-comosive

My, 1293
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RIHA N, CRTIHG S, () TOT S

INVITRO

e bRk A, loand, Gritnmde U200

BOR--RANT, D40k RANK, MAK, % A-RE 1 55

12426

INTTRMNATIOMNAL
CORROSITEX” DATA SHEET
Bampie Hane: Company Namx
Fnmpis Loy _ Phorw Number: |

Zample Deyi:ripilon: {Flunan CirGis Apprapriats mbugurios)

Taet Paormed By, _

Ealld ¢ & vl Fovwlucd £ Wasla Pl Prnl burmg
Abtive Ingredicls,
¥ igrmfLire
Chemios | M Claen C:onrantiathon
Tast Ruyinwed Dy:
—_— - Frint Ml
- Syt e —
- ~—— Oy Test Ferbmmad.
CORROSITFY Lot # Kit Pxnieation Praparation Dale of Blobaiiars: ,
. H..-.- . o -'l'\- .' 1 . [T "
AR Y HE b -|| .\1 I| [ . SR
:‘n\,}‘.wmt cmumﬁm i : -ﬁgij,mﬂ i i"ﬂ‘i’fr 7‘{5&#‘ EN s HG
1 2 3 ]

Deteution TIme 1ir:nn:see —_— e —_— P —

Sturd Time —_— e i —_——— —

CORROFTRY Tima —_ e e et e ge—

Lianvett o Minuies

Maar of 4 Fwepdicaics - —

PACKING CACUP ASBIGNMLNT TABLE
CORROSITLIY Time (In Minwiesy
[ Caieqory 1 O3min. [ =3to 60 min ~£41 10y 240 min, " 240 v
LCatug::r-,l F Plodmin. | =2tu 30 win. =50 10 B0 . >B0 nan,

Iy i

Furl ing Qroup | 1[jm:lnncl i::-rijulpﬂ Jiul.-hmg Group [l |  Non Corroslve -l

Comine s Ohscrsliony,

— — " —
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The following information is provided as an example of how the Corrésitesay
is performed. Color copies of the “How-To Guide” may be obtained by contacting
InVitro International, Inc. at 1-800-2-INVITRO.
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—

MLEA

A How-To Guide to the
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Convenient and Cost-Effective
[dentification of Corrosive

and Non-Corrosive Materials.
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e

CORROSITEX is an in vifro testing system that mimics the effect of corrosives on living
skin and classifies the level of corrosivity in chemicals, formulations and waste.

CORROSITEX can save your business time and money by enabling you to accurately and
efficiently package and ship hazardous materials.

Ensures Compliance - New regulations stipulate that all corrosives in commerce be classified
prior (o shipiuent into United Nations (UN.} Packing Groups aceording to DOT and international
requirements, CORROSITEX accurately assigns UN. Packing Groups I, I1, I11, or verifies non-corrosivity.
Lower Costs - CORROSITEX costs up 1o 80% less than #2 edvo testing,

Quicker Results - CORROSITEX delivers results in as little as 3 minutes to 4 houss.

Greater Accuracy - Because CORROSITEX is more accurate than pH testing and is packing
group specific, it prevents costly aver-packing and eliminates any potential risk of nnder-packing

corrosive materials.

Reduces Risk - CORROSITEX provides important information on Suwntial dangers in the
workplace and the type of emergency response required in case of an accident.

Government Approved - Government approved and internationally accepted, CORROSITEX
is reconmended by and/or meels the requirements of:

- ULy Depariment of Transporiation (DOT): DOI-E 10904

- Enwitrommnental Protection Agency (EPAL: SW-846 Methad 1120 #

- Infernational Afr Transpor! Association (1414}

- Occupational Safery and Health Adminisiration (OSHA)

- Transport Canede

- United Nations Packing Groups

- Envopean Commnity

Faster Product Development -

CORROSITEX accelerates product development by

allowing you to:

» [nexpensively pre-screen and modify new formulations

= Determine the toxic impact of formulations

« Rapidly bring te market better, safer brands
f—h ﬂ

RS
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Add entire contenits of Diluent to the vial

Dilsieni of Bioharrier Matrix powder.

St Beer

Hiobarsicr
Mairix

Stir and wann o 68 - 707C in
until the Biobarrier Matrix |
pletely dissolved l:||:-'!||'-':\i|‘|:|1l-|f.

Pipet 200 pl into each membrane disc,

€ 15 covered

ensuring the entire membs

and no air bubbles have formed.

ion dates, seal
friperate

Note the preparation/expirat

the tray with p

(2-8°C) immediately.

Cention: Wear and wse safef)
egguipment and condudt fest
under approved fime hood
for corrosive malterials.

Pre-made biobarriers available from Invitro.
Ask for details when ordering.

D-13
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(ORROSITER™ TESTING PROTOCCL

STEP 1- QUALIFY

if Hquid, 100 mg if solid) to the Quality test tube. If the amber liguid
If a physical change is not of mr material s

e Corrositex system, Please call vour technical representative at 1-800-2-INVITRO

Add your sample (150 pl
changes cor

not suitable for t

STEP 2- CATEGORIZE

Akl your sample (150l if Liguicd, 100 g il solid) o Tube A aol Tube B, Cap and shake until

i observed in either tube, match the color to the corresponding color chart

weory and proceed 1o Step 3. 11 a color change is nof observed in either

mixed, I a color char

Assign the priale ¢

tube, proceed o Step 28,

TOHE R THRE B

060

EATERDRY 1

@
plls )
Ce

CRTEREATY

CATERORY 7 <_> CATERORY 7

STEP 28
Add two deops of the CONFIRM
resgent o Tube B, Cap and shake until mixed.

lNVlTRO Mateh the resulting color to the color charks at right.

------------------------- Assign the Appropridte catepory and procead 1o Step 5. EATEEONY 1

Fur intensely voluped sampbes, phase reler o e slroction manual,
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(ORROSITER™ TESTING PROTOCCL

STEP 1- QUALIFY

if Hquid, 100 mg if solid) to the Quality test tube. If the amber liguid
If a physical change is not of mr material s

e Corrositex system, Please call vour technical representative at 1-800-2-INVITRO

Add your sample (150 pl
changes cor

not suitable for t

STEP 2- CATEGORIZE

Akl your sample (150l if Liguicd, 100 g il solid) o Tube A aol Tube B, Cap and shake until

i observed in either tube, match the color to the corresponding color chart

weory and proceed 1o Step 3. 11 a color change is nof observed in either

mixed, I a color char

Assign the priale ¢

tube, proceed o Step 28,

TOHE R THRE B

060

EATERDRY 1

@
plls )
Ce

CRTEREATY

CATERORY 7 <_> CATERORY 7

STEP 28
Add two deops of the CONFIRM
resgent o Tube B, Cap and shake until mixed.

lNVlTRO Mateh the resulting color to the color charks at right.

------------------------- Assign the Appropridte catepory and procead 1o Step 5. EATEEONY 1

Fur intensely voluped sampbes, phase reler o e slroction manual,
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STEP 3- CLASSIFY

Place one (prepared and refrigerated)
Biobarrier Disc in tie top of each vial
Pegin test immediately (no later than
ﬂ f ﬁ ! minures)

o
Add 500 pl (liquid) or 500 mg
vour fest sample and cont

Viels with CDS
into Biobarrier Discs in

Biobarrier s

(solid) of

and st

art timers. Cavtion: Do ol cap
ils [f-'f.l‘.‘h'.] the test due o ‘,f\‘ wethle

i
the

y ,
pressiere budd wp.

As 500N a5 4 reaction is observed in the
Chemical Detection System, recand the

detection time

Color clvnge

Remove each Biobarrier Disc, ¢ap and
dispose of vials using vour lab [ rotocal

for proper chemical disposal

U.N. PACKING GROUP ASSIGNMENT TABLE

Uise the category
determined Gategory Time Required for CDS change (minules)

Step 2 and the . —
reaction lime

determined in (lategory 1 (10 3 min >3 0 60 min >0 10 240 min >240) 1in

Sep 3 lo assign

the proper

Packing Group Category 2 010 3 min. =3 10 30 min. >30 to 60 min. =00 min.
as shown in

the tabie

[0 the right, Packing Group | | Packing Group Il | Packing Group Il | Non-corrosive

Note: Fadl compliance with DOT regedations requires melal corvosivily deala before packaging as a non-corrosive

D-16
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(ORROSTTEX. 10 .

CORROSITEX can be purchased and performed on-site, or you
may send your samples off-site to a private laboratory for testing
For more information on how CORROSITEX can benefit your
company, contact InVitro International at 1-800-2-INVITRO.

InVitro International’s CUSTOMIZED TECHNOLOGY
SERVICES is dedicated to ensuring that our products and
services meet your specific requirements.

WE FULLY GUARANTEE YOUR SATISFACTION.

16632 Millikan Ave. » Irvine, CA 92606 o 1-800-2-INVITRO » Fax: 714-851-0563 INTERNATIONAL
hup:/www.invitroind com

©1996 InVitro International

D-17



Appendix E

NICEATM ! Comparison of the CorrositeX Instruction Manuals

All data submitted in the 1998 CorrositeXub-
mission was performed according to the
Corrosite® Instruction Manual (revised 1/95).
The current CorrositéxInstruction Manual
(Appendix D) was revised on 12/95. The pro-
cedures listed in the two manuals are similar,
except for slight modifications including:

1.

Biomembrane preparations are to be pre-
pared in the same manner; however, the 12/
95 revised manual states that biobarriers

are stable for 7 days as compared to 10 days
in the 1/95 manual.

“Prequalification Test” and “Screening”
procedures in the 1/95 manual are similar
to the “Qualify” and “Categorize” proce-
dures listed in the 12/95 manual. The
stepwise assay procedures are similar be-
tween the two manuals, as are the calcula-
tions for the Corrositékbreakthrough
time. Positive and negative controls and

their associated breakthrough times are
listed only in the 12/95 revised manual. For
determination of Packing Group, US De-
partment of Transportation (US DOT) Ap-
proved Category A/B in the 1/95 manual
is labeled “Category I”, in the revised 12/
95 Instruction Manual; the same break-
through Corrositek times (minutes) are
used for both manuals. US DOT Pending
Category A/B in the 1/95 manual is labeled
“Category 2” in the revised 12/95 submis-
sion. At the request of the US DOT, the
Corrosite® times (minutes) for Category
2 agents for Packing Group Il designation
has changed from “>30 to 45 minutes” in
the 1/95 manual to “>30 to 60 minutes” in
the 12/95 manual. Similarly, the
Corrosite® times (minutes) for Category
2 agents for noncorrosive designation has
changed from “>45 minutes” in the 1/95
manual to “>60 minutes” in the 12/95
manual.

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicologi-
cal Methods

E-1



E-2



Appendix F

NICEATM 1 List of Nonqualifying Chemicals for Corrositex®

The following table lists chemicals that were
nonqualifying for Corrositeékx The chemicals

were obtained from the following sources as
indicated in the reference column of the table:

Barratt, M. D., P. G. Brantom, J. H. Fentem, ¢
I. Gerner, A. P. Walker, and A. P. Worth.
1998. The ECVAM international validation
study forin vitro tests for skin corrosivity.

1. Selection and distribution of the test
chemicals. Toxicol. In Vitro 12:471-482.

Botham, P. A., M. Chamberlain, M. D. *
Barratt, R. D. Curren, D. J. Esdaile, J. R.
Gardner, V. C. Gordon, B. Hildebrand, R.
W. Lewis, M. Liebsch, P. Logemann, R. «
Osborne, M. Ponec, J.-F. Régnier, W.
Steiling, A. P. Walker, and M. Balls. 1995.
A prevalidation study onn vitro skin
corrosivity testing: The report and recom-
mendations of ECVAM Workshop 6. ATLA
23:219-255.

Fentem, J. H., G. E. B. Archer, M. Balls, P.
A. Botham, R. D. Curren, L. K. Earl, D. J.
Esdaile, H.-G. Holzhutter, and M. Liebsch.

1998. The ECVAM international validation
study onin vitro tests for skin corrosivity.
2. Results and evaluation by the manage-
ment team. Toxicol. In Vitro 12:483-524.

Gordon, V. C., J. D. Harvell, and H. I.
Maibach. 1994. Dermal corrosion, the
Corrositex system: ADOT accepted method
to predict corrosivity potential of test mate-
rials. Alternative Methods Toxicol. 10:37-
45.

InVitro International, Inc. Corrositéx
ICCVAM Submission, May, 1998

Appendix XIII of the October 11, 1996 sub-
mission. Please note that data sheets were
not provided for this submission. However,
to expand the data base of nonqualifiers,
these data were provided for consideration
the Peer Review Panel (PRP).

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative

Toxicological Methods
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Appendix F: NICEATM List of Nonqualifying Chemicals
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Appendix G

NICEATM ! Evaluation of Nonqualifying Chemicals

Data Set Including the 1996 Irtk6d International, Inc. (IV]) Submission

The list of nonqualifying chemicals provided in Appendix F was expanded to include data from the
1996 IVI submission. A breakdown of the data sources for nonqualifying chemicals is provided in
the table below. Of the 75 chemicals for whitkivodata was provided, 64 chemicals (85%) were
classified as noncorrosive in timevivotest. The remaining 11 chemicals (15%) were classified as
corrosive according to the vivotest.

pH data were provided for 50 chemicals, and the overall distribution is shown in the attached
Figure 1. All but one of the nonqualifying chemicals were in the pH range of 3 to 10; for this
analysis, all pH values were rounded to the nearest whole number.

Bothin vivoand pH data were provided for 33 chemicals, and the pH distribution for these materi-
als is shown in Figure 2. Of these 33 chemicals, one would be classified as corrosive using the pH
test, althougln vivodata indicates that this chemical is noncorrosive; 3 chemicals in the pH range
between 3 and 3.9 would be classified as corrosive accordingito results.

Data Set Excluding the 1996 1VI Submission

Data on 30 nonqualifying chemicals were provided in the Fentem et al. (1998) and Botham et al.
(1995) papers. Of these 30 materials, 24 (80%) were classified as noncorrosive invibieest.

The remaining 6 (20%) were classified as corrosive according to thneo test. Both pH andh

vivo data were available for 18 chemicals in this data set; the pH distribution for these chemicals
was nearly identical to that found for the 33 chemicals in the total data set.

Source of Data on Nonqualifyiniiest Materials

. : s Without | With pH
With pH | Without With in L L
Source NQ (Total data pH data | vivodata invivo [andin vivo
data data
Fentem et al. (1998) 18 15 3 18 -- 15
Botham et al. (1995) 12 3 9 12 -- 3
Gordon et al. (1994) 0 -- -- - -- --
1998 VI submission 0 -- -- -- -- --
1996 IVI submissioh 62 32 30 45 17 15
Total 92 50 42 75 17 33

gVI was advised by the Interagency Coordinating Committee on the Validation of Alternative Methods (ICCVAM) not

to submit data for nonqualifying chemicals.

®Note that data sheets were not submitted for these results; therefore, no quality assurance audit was conducted for
these data.

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicologi-
cal Methods
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Appendix G: NICEATM Evaluation of Nonqualifying Chemicals

Figure 1. pH Distribution for Nonqualifying Chemicals (Total) (N=50)
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Appendix G: NICEATM Evaluation of Nonqualifying Chemicals
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Appendix H: NICEATM Table of Breakthrough Times
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Appendix |

NICEATM 1 Evaluation of the Performance of CorrositeR and the pH Test

The tabulated data as shown in the List ofAlso included in this section are graphs of the
Chemicals (Appendix A) were used to comparedistribution of chemicals over the entire pH
the performance of Corrositeand the pH Test; range. The first graph depicts the distribution
both of the tests were compared agamsivo  of pH for the entire data set (Submission,
data. Only those chemicals for which pH wasPrevalidation Study [Botham et al., 1995],
available were used in the analysis. Addition-ECVAM Validation Study [Fentem et al., 1998],
ally, any chemicals that produced discordantand Gordon et al., 1994). The next two graphs
results between papers/submissions or had disgdepict the distribution of pH for the chemicals
cordant results in multiple labs within the sameprovided in the Submission and the ECVAM
study were not included in this analysis. Validation Study, respectively.

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicologi-
cal Methods
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Appendix I: NICEATM Evaluation of the Performance of
CorrositeX¥ and the pH Test

Distribution of pH for the Entire Data Set
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Appendix I: NICEATM Evaluation of the Performance of
CorrositeX and the pH Test

Distribution of pH for the Chemicals provided in the Submission
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Appendix I: NICEATM Evaluation of the Performance of
CorrositeX¥ and the pH Test
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Appendix J

NICEATM ! Description of the Data Set used to Evaluate the Performance of
Corrositex® and the pH Test at Varying pH Levels

The following information describes the data set that was used to evaluate the performance of the
Corrosite® Test and the pH Test for corrosivity versusivoresults. This is a subset of the data
provided in Appendix A.

pH less than or equal to 2

Total number of chemicals with pH data = 51

Number of chemicals that are discordant betweefivo and CorrositeXresults = 3
Number of chemicals that are discordant betweefivo and pH results = 3

Breakdown of discordant results:

Chemical Chemical/Product Class In Vivo Corrositex pH
gin Industrial Chemical - + +
maleic acid organic acid - + +
sulfamic acid inorganic acid - + +

Abbreviations: - = noncorrosive, + = corrosive
pH between 2 and 4
Total number of chemicals with pH data = 44

Number of chemicals that are discordant betweefivo and CorrositeXresults = 10
Number of chemicals that are discordant betweesivo and pH results = 22

Breakdown of discordant results:

Chemical Chemical/Product Classin Vivo Corrositex pH
acrylic acid organic acid + + -
ferrous chloride tetrahydrate acid derivative + + -
butyric acid organic acid + + -
acetic acid organic acid + + -
crotonic acid organic acid + + -
dimethylcarbamyl chloride acid derivative + + -
aluminum chloride acid derivative + + -
butyric anhydride acid derivative + + -
hydroxylamine sulfate amine + + -
2-methylbutyric acid organic acid + + -
benzyl chloroformate acid derivative + - -

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicologi-
cal Methods
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Appendix J: Data Set Used in pH Comparative Analyses

Chemical Chemical/Product ClassIn Vivo Corrositex pH
caprylic acid organic acid + - -
capric/caprylic acid organic acid + - -
methacrolein aldehyde + - -
octanoic acid organic acid + - -
65/35 octanoic/decanoic acids organic acid + -

55/45 octanoic/decanoic acids organic acid + -

60/40 octanoic/decanoic acids organic acid + -

allyl bromide industrial chemical + - -
Copper (II) chloride acid derivative - + -
isostearic acid organic acid - ng -
n-butyl propionate neutral organic - ng -
isopropanol neutral organic - nq -
phenethyl bromide alkyl halide - ng -
2-phenylethanol neutral organic - nq
o-methoxyophenol guaiacol organic acid - ng
2-bromobutane industrial chemical - ng

2-ethoxyethyl methacrylate industrial chemical - nq

methyl trimethylacetate industrial chemical - nq

methyl laurate surfactant - nq -
sodium lauryl sulfate soap/surfactant - ng

carvacrol organic acid + ng -
2-tert-butylphenol organic acid + ng -
hexanoic acid organic acid + discordant

Abbreviations: - = noncorrosive, + = corrosive, nq = nonqualifying

pH between 4 and 8

Total number of chemicals with pH data = 22

Number of chemicals that are discordant betweesivo and CorrositeXresults = 0
Number of chemicals that are discordant betweesfivo and pH results = 3

Breakdown of discordant results:

Chemical

ammonium hydrogen difluoride

sulfur monochloride
1-(2-aminoethyl)piperazine

4-amino-1,2,4-triazole
butylbenzene
4-(methylthio)benzaldehyde
n-undecanol

2,4-xylidine

Abbreviations: - = noncorrosive, + = corrosive, nq = nonqualifying
J-2

acid derivative
acid derivative
amine

amine

industrial chemical
aldehyde

industrial chemical

amine

Chemical/Product ClassIn Vivo

+

+
+

Corrositex pH

+ -
+ -
+ -

ng -

ng -
ng -

ng -

discordant -



Appendix J: Data Set Used in pH Comparative Analyses

pH between 8 and 11.5
Total number of chemicals with pH data = 16

Number of chemicals that are discordant betweefivo and CorrositeXresults = 1
Number of chemicals that are discordant betweesivo and pH results = 7

Breakdown of discordant results:

Chemical Chemical/Product Classin Vivo Corrositex pH
1,2-diaminopropane amine + + -
dimethyldipropylenetriamine amine + + -
dimethylisopropylamine amine + + -
n-heptylamine amine + + -

dicyclohexylamine amine + + -

3-methoxypropylamine amine + + -
N,N-dimethylbenzylamine amine + + -
n-nonanol industrial chemical - ng -
triethanolamine amine - + -

Abbreviations: - = noncorrosive, + = corrosive, nq = nonqualifying
pH greater than 11.5
Total number of chemicals with pH data = 28

If pH 11.5 is used as the cutdbr corrosivity:

Number of chemicals that are discordant betweefivo and CorrositeXresults = 1
Number of chemicals that are discordant betweefivo and pH results = 4

Breakdown of discordant results:

Chemical Chemical/Product ClassiIn Vivo Corrositex pH
sodium hypochlorite w/ chlorine  acid derivative - - +
calcium carbonate acid derivative - - +
degreaser degreaser - - +
sodium carbonate inorganic base - + +
potassium hydroxide inorganic base discordant + +



Appendix J: Data Set Used in pH Comparative Analyses

If pH 12.5 is used as the cultdbr corrosivity:

Number of chemicals that are discordant betweesivo and CorrositeXresults = 1
Number of chemicals that are discordant betweesvo and pH results = 12

Breakdown of discordant results:

Chemical Chemical/Product Classin Vivo Corrositex pH
calcium carbonate acid derivative - - +
degreaser degreaser - - +
sodium carbonate inorganic base - +

lithium hydroxide monohydrate  inorganic base + +

ethanolamine amine + + -
tetraethylenepentamine amine + + -
triethylenetetramine amine + + -
2-ethylhexylamine amine + + -
2-mercaptoethanol, sodium salt inorganic base + +

diethylamine amine + + -
diethylenetriamine amine + + -
ethylenediamine amine + + -
cyclohexylamine amine + + -
potassium hydroxide inorganic base discordant +

Abbreviations: - = noncorrosive, + = corrosive, nq = nonqualifying
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Appendix K

NICEATM!' Assessment of the Performance of Corrositex® Compared to the

Performance of the pH Test for Test Materials in the Extreme pH Ranges

In an effort to evaluate the usefulness of
Corrosite® compared to the pH Test for test
materials with pH values in the extreme ranges
(i.e., pH< 2.0 and pH> 11.5), the database of
test materials used in the analysis provided in
Appendices | and J was expanded to include
information from the following sources:

Fentem, J. H., G. E. B. Archer, M. Balls, P.
A. Botham, R. D. Curren, L. K. Earl, D. J.
Esdaile, H.-G. Holzhitter, and M. Liebsch.
1998. The ECVAM international validation
study onin vitro tests for skin corrosivity.

2. Results and evaluation by the manage-
ment team. Toxicol. In Vitro 12:483-524.

Gordon, V. C., J. D. Harvell, and H. I.
Maibach. 1994. Dermal corrosion, the

Corrositex system: ADOT accepted method
to predict corrosivity potential of test mate-
rials. Alternative Methods Toxicol. 10:37-
45.

InVitro International, Inc. Corrositéx
ICCVAM Submission, May, 1998

October, 1996 CorrositeCCVAM Sub-
mission, provided by InVitro International,
Inc. [Please note: Supporting data sheets
for Corrosite® andin vivo data were not
provided for the test materials in this sub-
mission; quality assurance analysis was not
conducted on these results.]

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicologi-
cal Methods
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Appendix K: NICEATM Comparative Assessment for Extreme pH Ranges

Table 1. Summary of Results for Test Materials with a pHe 2.

In Vivo pH Corrositex Number of Test Materials
+ + + 102
- + + 13
- + - 6"
- + discordant * 1’
- + nonqualifying 1¢

aThe six test materials were as follows, with test concentrations in parentheses: chemical #9, citric
acid (5%), citric acid (10%), citric acid (14.6%), ferric chloride (2%), and oxalic acid (10%).

® The discordant test material was identified as chemical #83151 (a petrochemical).

¢ The nonqualifying chemical was methyl myristate.

Table 2. Summary of Results for Test Materials with a pH 11.5.

In Vivo pH Corrositex Number of Test Materials
+ + + 100
+ + - 2°
discordant + + 2
- + + 29
- - - 10°
- + discordant 1

2 The two test materials were cellusolve/SMS (20/1%) and Cleaner #13.

® The test materials that were discordant based wivotests were potassium hydroxide (5%) and
sodium hydroxide (5%).

¢ The 11 test materials were as follows, with test concentrations in parentheses: bathroom cleaner,
bathroom cleaner #2, calcium carbonate (neat), three different cleaners, degreaser, sodium hydrox-
ide (0.1%), sodium hypochlorite (5%), and sodium metasilicate (2%).

d The test material that was discordant in Corrositex tests was cleaner #14.

Table 3. Summary of Results for Test Materials with a pH< 2 or > 11.5.

In Vivo pH Corrositex Number of Test Materials®

+ + + 202
+ + - 2
- + + 42
- + - 16
- + discordant 2
- + nonqualifying 1

discordant + + 2

3Please see the footnotes to Tables 1 and 2 for specific test material information.

! Different labs within a study and/or source papers reported different results.
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Appendix M

NICEATM Evaluation of the Performance of Corrositex® in
Predicting Corrosivity/Noncorrosivity Compared to In Vivo Findings

The following provides an overview of the per- As compared to the performance characteris-
formance of Corrositéxusing the following tics for the entire data set Table 5 (page 21 of
sources: 1998 IVI Submission, Fentem et al.the PRP report) the accuracy of the data set ex-
(1998), and Gordon et al. (1994). Chemicalscluding the Botham et al. (1995) paper was
mentioned only in the Botham et al. (1995) wereslightly higher (87% as compared to 84%).
specifically excluded at the request of the PeeSimilarly sensitivity and specificity were also
Review Panel (PRP). This data set is an addislightly higher for this data set (sensitivity =
tion to Table 5 (page 21 of the Peer Review92% as compared to 89%; specificity = 78% as
Panel [PRP] report). compared to 75%).

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicologi-
cal Methods
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Appendix N

Quality Assurance Audit Summaries

NICEATM? Verification of Data ilAppendix 1V of the May 1998 Submission Based on
Confidential Laboratory Notebooks Provided by the Sponsor and theAM&Validation Study
(Fentem et al., 1998)

In Vivo Data (Appendix V) For compound 80, named “485,” the notebook
gives a mean breakthrough time of 55.22 min-
Handwritten data in the original laboratory note- ytes. The value in Appendix IV of the Submis-

books substantiated the vivo packing group  sjon (28.25 minutes) was given for “485B” in
label except for compounds numbered 1, 8, anghe laboratory notebook.

9 in Appendix IV of the Submission. The note-

books did contain typewritten summaries with For compound 94, Appendix IV of the Submis-
the appropriate data (tissue destruction/irreverssion gives a mean breakthrough time of 40.29
ible changes within 3 minutes). minutes whereas the laboratory notebook page

cited gives a value of 35.62 minutes.
The laboratory notebook sample numbers des-

ignated for the compounds in Appendix IV of None of the differences noted above would
the Submission are sometimes incorrect. Fochange the packing group designations.
compound 40 in Appendix IV, the laboratory

notebook sample number is 60; for compoundAll of the packing group designations are ap-
51, #21; for compound 60, #49; for compound Propriately assigned for the Corrositersults
66, #32; for compound 71, #64; for compound (Mmean breakthrough times).

73, #45; for compound 78, #19; for compound _

80, #12; for compound 82, #10; for compoundA” other mean breakthrough times were accu-
83, #11. For compounds 88, 89, 90, 91, and 95(ately reproduced from the laboratory notebook
the notebook sample numbers are 62, 61, 63ata.

46, and 44, respectively. All designations in the Category column under

ECVAM Validation Study Results Corrosite® Results (except NF and NA) were
accurately reproduced from the laboratory note-

The European Union (EU) risk phrase listed forbooks.

the CorrositeX results in Appendix IV of the . .

Submission for compound 45 is R34. However,Data audit conducted by Bonnie Carson, ILS,

in the table of data on page 46 of the ECVAM INC/NICEATM on July 28, 1998.

report by Fentem et al. (1998), 2 of the 3 labo-

ratories listed R35.

Corrositex® Laboratory Notebook Data (Ap-
pendix VI) of the Submission

For compound 13, the mean breakthrough time
given in Appendix IV is 71.57 minutes.
The notebook gives 71.37 minutes.

I NICEATM = National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods
2 ECVAM = European Centre for the Validation of Alternative Methods
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Appendix N: Quality Assurance Audit Summaries

NICEATM Summary Comments on NIEFI8udit
of the May 1998 Corrositeék ICCVAM Submission

At the request of NICEATM, the NIEHS Qual- ing studies (as provided in the test reports [TR]
ity Assurance Unit (QAU) conducted an audit and Appendix IV) andn vitro studies (as re-

of Sponsor-submitted information to determine ported in Appendix 1V). Information pertain-
the accuracy, consistency, and completeness ohg to test dates, animal strain and supplier,
the transcribed summary tables as compared teample numbers and/or chemical name, concen-
the original study records. Confidentialvivo  tration, times of exposure, and dermal reactions
andin vitro data associated with the validation were verified in then vivo test reports. The
studies of the Corrosit&xest system were com- information in then vivotest reports was then
pared against the summary tables in the Maycompared with the tabulated vivo summary
1998 CorrositeX Submission. The audit was results in Appendix IV. Information pertaining
conducted from September 4, 1998 throughto reaction time in the Corrosité»xsystem,
October 2, 1998. The following comments pro- Corrosite® category, and packing group des-
vide a summary of the information determinedignation forin vitro study results in Appendix

during the course of that audit. IV were verified from corresponding notebooks
in Appendix VI. Forin vitro studies, the pack-
A. Audit pr ocedures and scope ing group classifications were verified from the

packing group designation table on page 6 of
Several points must be considered regarding th@&ppendix X. A total of 118 chemical samples
audit. As stated in both the Submission and thevere tabulated in Appendix 1V, of which origi-
audit, neither then vivoorin vitro segments of nal data were present for 95 chemical samples.
the report were conducted under full Good
Laboratory Practice (GLP) compliance. B. Assessment
Records concerning a number of areas were not
available and not considered during the auditin assessing the audit report, NICEATM staff
These include animal receipt, quarantine, ranfocused on audit findings that would impact the
domization, and serology; animal husbandryintegrity of the data and the ability of the Peer
and environmental controls; test chemical re-Review Panel (PRP) to properly evaluate the
ceipt, inventory and usage; test chemical idendata in the Submission. The majority of audit
tity and purity; dose preparation analysis; stan{indings related to transcriptional errors or the
dard operating procedures; instrument calibrajack of full documentation on test records.
tions; and chemical-specific protocols, amend-Whereas these errors demonstrate lack of com-
ments, and deviations. Since the objective ofpleteness and/or GLP compliance within the
the audit was to assess the extent to which sunsubmission package, they do not effect the in-
marizedn vitro andin vivotest information was  tegrity of the data or an ability to assess perfor-
supported by hand-written source data and othemance of the data presented. Of more impor-
records, the following audit procedures on thetance are cases where audit findings would
Submission were performed. modify actual Corrositék results, packing

group designation, or category designations. In
Audited data included all pertinent data and fac-general, the audit findings showed that (a) mean
tual information applicable to thevivoscreen-  breakthrough times are accurately produced

3 NIEHS = National Institute of Environmental Health Sciences
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from laboratory notebook data, (b) packing ber of cases of transcriptional errors were iden-
group designations are appropriately assignedified and the lack of documentation complete-
for mean breakthrough times, and (c) designaness in the Submission was noted. NICEATM’s
tions in the category column under Corrositex assessment of the audit report found that most
results are accurately reproduced from the laboef the findings are inconsequential to the over-
ratory notebooks. Most of the recording errorsall Submission. There were a few cases where
noted in the audit would not alter packing groupdesignation of Corrosit€xdata could be af-
designations or Corrositéxesults. fected. However, correction of data entries in
these few cases does not affect the overall as-
There were only a few instances where audisessment of the Submission because these
findings did affect packing group designations changes would either slightly alter or have no
or Corrositef results. In vivo Packing Group effect on the evaluation of concordance, speci-
designation for sodium hydroxide (NaOH)/SMS ficity, sensitivity, positive or negative
was listed as corrosive (C) in the study reportpredictivity, or false positive or false negative
whereas the original study records list “incon- rates. Whereas the auditors’ findings may re-
clusive” as the result. Thevitro packing group sult in a lowering of confidence in the data pre-
for butylamine was entered in the report as “lll,” sented in the Submission, they do not appear to
but original study records reported itas “llh ~ have significant impact on the assessment and
vitro Corrosite® time (minutes) for sample evaluation of the test submission.
name 485 (sample number 50) was shown to
be 55.22 minutes in the original study records*Note that on October 27, 1998, NICEATM sent
but was listed as 28.25 minutes in the reporthe auditors report to the Sponsors for them to
entry. This would modify the packing group clarify and respond to the audit findings. The
designation in the report for compound 485 fromSponsors acknowledged the errors, but added
Packing Group designation Il to category Ill. that these would have minimal effect on the
overall data assessment.
In summary, the audit noted that the studies were
not conducted under GLP compliance. A num-
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Appendix O

Evaluation Guidance to the Peer Review Panel

A. Instructions for Peer Review Panel (PRP) Members

The PRP was charged with developing a consensus on the usefulness of Coassitealterna-

tive method to thén vivo methods that are commonly used for assessing dermal corrosivity. In
reaching this determination, the PRP was asked to evaluate all of the available information in the
Submission in accordance with the published criteria for validation and acceptance of toxicological
test methods (NIEHS, 1997). The PRP was charged with preparing a written report that summa-
rized the extent to which each of these criteria have been addressed.

An outline of the major items that were addressed in the PRP report is provided below in “B. Points
for Evaluation.” Specific questions or considerations that were addressed by the reviewers in their
assessment were added by the Corrosivity Working Group (CWG) to ensure that the assessment
provided adequate information to facilitate agency decisions on the regulatory acceptability of the
method.

One primary and at least two secondary reviewers were designated for each section by the National
Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicological
Methods (NICEATM) in consultation with the PRP Chair. These individuals were requested to
prepare written responses for their assigned sections. However, all reviewers were encouraged to
familiarize themselves with the entire set of questions and to comment on any (or all) section(s).
All reviewers were asked to complete the summary conclusions section (Section C of this Appen-
dix).

In conducting this review, the primary focus of the PRP was to evaluate the proposed C®rrositex
protocol and supporting submission materials. Based on the supporting information provided in
the Submission, the PRP was asked the extent to which Corfdsitaxacceptable alternative to
standardn vivo dermal corrosivity assays for identifying human corrosives. The review focused
on the following:

Has CorrositeX been evaluated sufficiently and is its performance satisfactory to support
its proposed use for assessing the dermal corrosivity potential of substances?

DoesCorrositeX offer advantages with respect to animal welfare considerations (re-
finement, reduction, and replacement)?

The focus of the PRP evaluation was on the utility of Corrdsitex described in the proposed
Instruction Manual (Appendix D) for detecting possible human corrosives. Suggestions for future
evaluations or workshops to review proposed test method revisions or other test methods were
submitted to NICEATM for consideration by Interagency Coordinating Committee on the Valida-
tion of Alternative Methods (ICCVAM) and were described in Section D, Related Issues.



Appendix O: Evaluation Guidance to the Peer Review Panel

B. Points for Evaluation
1. Test Method Description

a. Are the test method and protocol described in sufficient detail, including the scientific
and mechanistic basis of the test, range of applications, endpoints, numbers of
replicates, need for dose-response curves, and acceptable variations in the protocol?

1) Is the protocol used to generate the supporting submission data in agreement
with the proposed protocol? If not, discuss the adequacy of the rationale
provided for changes incorporated in the proposed protocol.

2) Evaluate the appropriateness of the dose and breakthrough time selection
procedure. Discuss the need for determination of categorization or
acute toxicity data prior to conducting the actual test.

b. Comment on the adequacy and completeness of the test method protocol, including:

1) Description of the material and equipment needed to conduct the test. Is the
number of tests per test agent appropriate?

2) Description of what is measured and how it is used.

3) Description of data analysis, evaluation, and decision criteria used to
identify substances as:
- qualified or not qualified
- category 1 or category 2
- corrosive or noncorrosive

C. Are there appropriate provisions for the use of positive, negative, and [other
endpoints] control chemicals?

d. What are the strengths and/or limitations of Corro%itayd are they described ad-
equately, including the usefulness for testing various chemical classes and/or mix-
tures.

e. Are there editorial/technical corrections necessary for the proposed protocol?

2. Test Method Data Quality

Is there evidence of sufficient quality assurance/quality control (i.e., were experiments con-
ducted and data collected and maintained in accordance with Good Laboratory Practice

0-2



Appendix O: Evaluation Guidance to the Peer Review Panel

[GLP] standards and procedures or in the “spirit” of GLPs [e.g., GLP standards without
audits])? If not, is there clear indication from the technical data that there was adequate
record-keeping or data collection.

a.

Is there an assurance provided that indicates there was adherence to the protocol
during the validation studies? Are deviations from the standard protocol clearly
described and justified?

Was a data audit conducted by a Quality Assurance Unit? If so, is the data quality
satisfactory based on the audit results (e.g., adequate adherence to protocols, record-
keeping following GLPs)?

Test Method Performance

a.

Are the data provided in sufficient detail for you to evaluate the results and conclusions
obtained with Corrosité® Are sufficient data provided to adequately evaluate the
performance of the method for its proposed use?

Does the method adequately predict the endpoint of interest (corrosivity) by demon-
strating a linkage between the test and the current test method (rabbit skin test)?

Comment on the adequacy of the methods used to evaluate the suitability and per-
formance of the test method. Are results of Corro8itexd the reference test(s)
compared and evaluated appropriately?

Comment on the adequacy of the statistical/analytical methods used to evaluate the
performance of the test method.

Comment on the adequacy of the chemicals/products (numbers/types) selected to
evaluate the performance of the method for each chemical/product class. Is it ap-
propriate to generalize the performance of the method for all chemicals/products in
each class based on the performance of the selected test chemicals/products?

Comment on the sensitivity, specificity, concordance, false positive rate, and false
negative rates for the chemical/product classes that the method is proposed to be
used for.

1) To what extent does the method classify corrosives correctly for those
that qualify in the Chemical Detection System (CDS): for all chemi-
cals/products or some classes?

2) To what extent does the method classify non-corrosives correctly for
those that qualify in the CDS: for all chemicals/products or some
classes?
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Are the sensitivity, specificity, concordance, and false positive and negative rates
acceptable for the chemical/product classes tested?

Are the conclusions on the usefulness of this method scientifically sound?

1) Are results of Corrositéxclinically relevant and is the test predictive for
human corrosivity?

2) Is the utility of the method clearly established for regulatory use in hazard
assessment of chemicals as potential corrosives?

4. Determination of Test Method Reliability (Repeatability/Reproducibility)

Are intra- and inter-laboratory reproducibility adequately evaluated?

a.

Comment on the adequacy of the evaluatiomtohlaboratory repeatability and
reproducibility of the test method, and the data used to define and describe the level
of intralaboratory variability.

Comment on the adequacy of the evaluationteflaboratory reproducibility of the
test method, and the data used to define and describe the level of interlaboratory
variation.

1) Consider the range of vehicle control data within and across laboratories in
the validation studies. Do these differences affect data quality (reproducibility,
sensitivity, etc)?

Was the reproducibility of the test method evaluated on a series of appropriate
reference chemicals or products, and do these adequately represent the types of
substances for which the test method is proposed to be used?

Are the results obtained with Corrositesufficiently repeatable and reproducible?

Comment on the adequacy of the reproducibility and reliability of Corr®sitéow
does this compare to currently used methods for determining corrosivity.

5. Other Scientific Reviews

Comment on and compare the conclusions published in independent peer-reviewed reports
or other independent scientific reviews of the test method, compared to the conclusions
reached in this submission, and comment on any other ongoing evaluations of this method.

0-4
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6. Other Considerations

a.

h.

Can the test method be readily transferred among properly equipped and staffed
laboratories; that is:

1) Is it relatively insensitive to minor changes in protocol (e.g., the acceptable
pH/temperature range for reagents and for the location where the test will be
conducted)?

2) Are the level of training and expertise required to conduct the test reasonable?
3) Are the necessary equipment and supplies relatively easy to obtain?

Is the method cost-effective, relative to the cost of conducting\awvo test or pH
extreme?

Is the time needed to conduct the test reasonable?

Is there any other information that should be added to the report, published or un-
published?

Has there been adequate consideration and appropriate incorporation of animal
use refinement, reduction, and replacement alternatives? Will Corfostiice

the number of animals required or refine the procedure to reduce or eliminate pain
or distress compared with the reference tests?

How does the performance of this method compare to the current regulatory use of
pH extremes (pH<2.0 or >11.5) to classify and label a chemical or product as corro-
sive?

Does the test method appear to be effective for assessing corrosivity/noncorrosivity
for CDS-qualified chemicals of any pH, those in the listed effective range of <5.0 or
>8.5, or only for certain other pH ranges?

Should pH determination be required prior to use of this test method?

Summary Conclusions

Based on the information provided:

a. Does this method adequately identify the dermal corrosivity potential for
some or all chemicals? Specify those for which it would be considered ad-
equate, and those for which it is not adequate.

0-5
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b. Is this method adequate for identifying the absence of dermal corrosivity
potential for some or all chemicals? Specify those for which it would be
considered adequate, and those for which it would not be considered ad-
equate.

C. Could this method be used to provide equivalent or better prediction of
corrosivity or noncorrosivity for some or all chemicals than current meth-
ods? If applicable, discuss how it should be used in conjunction with cur-
rent methods.

d. Discuss conditions/limitations/restrictions that may affect the intended use
of Corrosite®, and that are justified based upon the presence or lack of
scientific evidence.

e. Discuss advantages of the proposed Corr&sitexcompared to the stan-
dard corrosivity test methods.

f. Has there been adequate consideration and appropriate incorporation of ani-
mal use refinement, reduction, and replacement alternatives? Will Coftositex
reduce the number of animals required or refine the procedure to eliminate
pain or distress compared with the commonly used corrosivity tests.

D. Related Issues

1. This evaluation is for a specific assay proposed as an alternative for currently ac-
ceptedin vivo dermal corrosivity tests. Are there other test methods for this end-
point, or other endpoints that you would you like to see evaluated by ICCVAM in
the future?

2. Are there suggestions/recommendations for workshops or validation efforts that you
think that ICCVAM or others should support in this area of corrosivity?

Reference:
NIEHS (National Institute of Environmental Health Sciences). 1997. Validation and regulatory
acceptance of toxicological test methods: A report oathbocinteragency Coordinating Com-

mittee on the Validation of Alternative Methods. NIH Publication No. 97-3981. NIEHS, Research
Triangle Park, NC.
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ICCVAM 1! Validation and Regulatory Acceptance Criteria

Validation Criteria 2

For a new or revised test method to be consid-
eredvalidated for regulatory risk assessmente
purposes, it shouldenerally meet the follow-
ing criteria (the extent to which these criteria
are met will vary with the method and its pro-
posed use). However, there needs to be flex-
ibility in assessing a method given its purpose
and the supporting database. Because tests can
be designed and used for different purposes by
different organizations and fdifferent catego-
ries of substances, the determination of whethes
a specific test method is considered by an
agency to be useful for a specific purpose must
be made on a case-by-case basis. Validation of
a test method is a prerequisite for it to be con-
sidered for regulatory acceptance.

» The scientific and regulatory rationale for
the test method, including a clear statement
of its proposed use, should be available.

 The relationship of the test method’s
endpoint(s) to the biologic effect of interest
must be described. Although the relation-
ship may be mechanistic or correlative, tests
with biologic relevance to the toxic process
being evaluated are preferred.

* Adetailed protocol for the test method must
be available and should include a descrip-
tion of the materials needed, a description
of what is measured and how it is measureds
acceptable test performance criteria (e.g.,
positive and negative control responses),
description of how data will be analyzed, a
list of the species for which the test results
are applicable, and a description of the
known limitations of the test including a

description of the classes of materials that
the test can and cannot accurately assess.

The extent of within-test variability, and the
reproducibility of the test within and among
laboratories must have been demonstrated.
Data must be provided describing the level
of intra- and interlaboratory reproducibility
and how it varies over time. The degree to
which biological variability affectthis test
reproducibility should be addressed.

The test method’s performance must have
been demonstrated using reference chemi-
cals or test agents representative of the types
of substances to which the test method will
be applied, and should include both known
positive and known negative agents. Un-
less it is hazardous to do smhemicals or
test agents should be tested under code to
exclude bias.

Sufficient data should be provided to permit
a comparison of the performance of a pro-
posed substitute test with that of the test it
is designed to replace. Performance should
be evaluated in relation to existing relevant
toxicity testingdata, and relevant toxicity
information from the species of concern.
Reference data from the comparable tradi-
tional test method should be available and
of acceptableuality.

The limitations of the method must be de-
scribed; for examplen vitro or other non-
animal test methods may not replicate all of
the metabolic processes relevant to chemi-
cal toxicity that occuim vivo.

1ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods

2NIEHS (National Institute of Environmental Health Sciences). 1997. Validation and regulatory acceptance of
toxicological test methods: A report of thd hoclnteragency Coordinating Committee on the Validation of
Alternative Methods. NIH Publication No. 97-3981. NIEHS, Research Triangle Park, NC.

P-1



Appendix P: ICCVAM Validation and Regulatory Acceptance Criteria

Ideally, all data supporting the validity of a
test method should be obtained and reported
in accordance with Good Laboratory Prac-«
tices (GLPs). Aspects of data collection not
performed according to GLPs must be fully
described, along wittheir potential impact.

» All data supporting the assessment of the
validity of the test method must be
available for review. .

» Detailed protocols should be readily avail-
able and in the public domain.

* The method(s) and results should be pub-
lished or submitted for publication inanin-
dependent, peer-reviewed publication.

* The methodology and results should have
been subjected to independent scientific re-
view

Regulatory Acceptance Criterig .

Validated methods are not automatically ac-
cepted by regulatory agencies; thmed to fit
into the regulatory structure. Flexibility is es-
sential in determining the acceptability of meth-
ods to ensure that appropriate scientific infor-
mation is considered in regulatory risk assess-
ment. A test method proposed for regulatorye
acceptance generally should be supported by the
following attributes:

* The method should hawendergone inde-
pendent scientific peer review by disinter-
ested persons who are experts in the field,
knowledgeable in the method, and finan-
cially unencumbered by the outcome of the
evaluation.

* There should b& detailed protocol with
standard operating procedures (SOPs), a list

of operating characteristics, and criteria for
judging test performance and results.

Data generated by the method should ad-
equately measure or predict the endpoint of
interest and demonstrate a linkage between
either the new test and an existing test, or
the new test and effects in the target spe-
cies.

There should bedequate test data for
chemicals and products representative of
those administered by the regulatory pro-
gram or agency and for which the test is
proposed.

The method should generate data useful for
risk assessment purposes, (i.e.,Harard
identification, dose-response assessment,
and/or exposure assessment). Such meth-
ods may be useful alone or as part of a bat-
tery or tiered approach.

The specific strengths and limitations of the
test must be clearly identified and described.

The test method must be robust (relatively
insensitive to minor changes in protocol)

and transferable among properly equipped
and staffed laboratories.

The method should be time and cost effec-
tive.

The method should be one that can be har-
monized with similar testing requirements
of other agencies and international groups.

The method should be suitable for interna-
tional acceptance.

The method must provide adequate consid-
eration for the reduction, refinement,
and replacement of animal use.

2NIEHS (National Institute of Environmental Health Sciences). 1997. Validation and regulatory acceptance of
toxicological test methods: A report of thd hoclnteragency Coordinating Committee on the Validation of
Alternative Methods. NIH Publication No. 97-3981. NIEHS, Research Triangle Park, NC.
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Guidelines and Regulations for Dermal Corrosivity

AGENCY OR
ORGANIZATION

GUIDELINES AND
REGULATIONS

COMMENTS

Consumer Product
Safety Commission
(CPSC)

16CFR1500
81500.3Definitions
8§1500.4Human experience with
hazardous substances
§1500.41Method of testing
primary irritant substances

The method involves the applicati
of the test substance on the hair-f
intact and abraded skin of at least
albino rabbits.

bN
ee
6

Occupational Safety
and Health
Administration
(OSHA)

29CFR1917
§1917.28(2) Definition of
Corrosive

29CFR1910
81910.1200Hazard
Communication
(includes Appendix A)

OSHA accepts determination of
dermal corrosivity by Corrositex®
and otherin vitro tests.

States that OSHA does not requirg
chemical manufacturers or import
to conduct animal tests for the
evaluation of the hazard potential
chemical products.

US Department of
Transportation

(US DOT)

Exemption allowing use of
Corrositex® as an alternative test
method.

49CFR 173

8§173.136a)(1) Class 8
Definitions

§173.137a), (b), (c)(1) Class 8
Assignment of Packing Group

49CFR172
8§172.442Corrosive Label
8§172.558Corrosive Placard

Original exemption granted 28 Ap
1993. Current exemption expires
November 2000.

8173.137 requires determination
the packing group based on data

from tests conducted in accordan¢

with 1992 OECD Guideline for
Testing of Chemicals, No. 404, Ac
Dermal Irritation/Corrosion.

Lte

US Environmental
Protection Agency
(EPA), Office of Solid
Waste and Emergency
Response

62FR32452(13 June, 1997)
(final rule) affecting 40 CFR Part
260, 264, 265, and 266.
Hazardous Waste Management
System; Testing and Monitoring
Activities.

5

Incorporates by reference update
Il of "Test Methods for
Evaluating Solid Waste,
Physical/Chemical Methods," EPA
Publication SW-846, 3rd ed. SW
846 Method 9040
(40CFR261.22 determines
corrosivity by the pH extremes (
2 or>11.5).

State-of-the-art analytical
technologies for RCRA-related
testing include Method 1120, Derr
Corrosion, which describes the uss
the Corrositex® test Kkit.
http://www.epa.gov:.80/epaoswer/
hazwaste/test/1120.pdf

http://www.access.gpo.govisu_doq
aces/aces140.html

hal
b Of
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AGENCY OR
ORGANIZATION

GUIDELINES AND
REGULATIONS

COMMENTS

EPA, Office of
Pollution Prevention
and Toxic Substances
(OPPTS)

OPPTS 870.2500Acute Dermal
[rritation

EPA Health Effects Test Guideling
http://www.epa.gov/docs/OPPTS |
Harmonized/870_Health_Effects_
Test_Guidelines/Drafts/

n

EPA, Office of
Pesticides

40CFR152
§152.170Criteria for restriction tg
use by certified applicators

40CFR156

§156.10Labeling requirements
(skin corrosives are assigned
toxicity category I)

40CFR157

8157 Subpart B - Child-Resistan
Packaging (8157.22 states
requirement for pesticides
corrosive to the eyes or skin)

40CFR158

8§158.690(acute dermal toxicity
testing requirement for
biochemical pesticides is waived
corrosive to skin or falls within th
corrosive pH ranges)

if

U

US Food and Drug
Administration
(US FDA)

21CFR 70
§70 Subpart C- Safety

Evaluation. 870.42(b) Criteria fof

evaluating the safety of color
additives

Corrosivity not mentioneger se
Sensitization and primary irritation
mentioned.

No other formal regulations found
with respect to corrosivity.

Organization for
Economic Cooperation
and Development

(OECD)

Harmonized integrated hazard
classification system for human
health and environmental effects

of chemical substances.

Provides a tiered testing strategy

or
the evaluation of dermal corrosivi;ly.

http://www.oecd.org//ehs/class/

hclfinaw.doc

'Unless otherwise specified in the comments column, guidelines may be accessed via the US
Government Printing Office (GPO) Code of Federal Regulations database
http://www.access.gpo.gov/nara/cfr/cfr-table-search.html.
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Appendix S

Corrositex® Peer Review Meeting Agenda

Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM)
and the
National Toxicology Program (NTP) Interagency Center for the
Evaluation of Alternative Toxicological Methods (NICEATM)

January 21, 1999, 8:30 a.m. to 5:30 p.m.

Rooms E1 & E2

William H. Natcher Conference Center
45 Center Drive
Bethesda, MD

8:30 a.m. Introductions Dr. Robert Scala
8:40 a.m.  Welcome from the NTP Dr. George Lucier

8:45 a.m. Introduction to NICEATM and ICCVAM

Overview of the CorrositéxPeer Review Process Dr. William Stokes
9:00 a.m.  Summary of Current Agency Requirements Dr. Richard Hill
9:15 a.m.  Overview of the Proposed CorrositAgsay Dr. Rosalind Wei
9:35 a.m. Questions Regarding the Test Method Protocol Dr. Rosalind Wei

9:.55 a.m. Peer Review Panel Discussion
Test Method Description Dr. John Harbell, Coordinator
Drs. Karen Kohrman and John Stegeman

10:30 a.m. Break

10:50 a.m. Peer Review Panel Discussion (continued)
Test Method Data Quality Dr. Sidney Green, Coordinator
Drs. Michael Derelanko, John Harbell
and Hajime Kojima

Test Method Performance Dr. A. Wallace Hayes, Coordinator
Drs. Karen Kohrman and James Chen

12:45 p.m.  Public Comment
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1:05

2:05

3:00

3:20

4:10

4:30

5:30

p.m.

p.m.

p.m.

p.m.

p.m.

p.m.

p.m.

Lunch Break

Peer Review Panel Discussion (continued)

Test Method Reliability Dr. Julia Fentem, Coordinator
Drs. James Chen and Daniel Sauder

Other Literature and Scientific Dr. Michael Derelanko, Coordinator
Reviews Dr. Hajime Kojima
Break

Peer Review Panel Discussion (continued)

Presentation of Corrosité¥erformance Dr. Thomas Goldsworthy
Compared to the pH test

Other Considerations and Dr. John Stegeman, Coordinator
Related Issues Dr. Daniel Sauder
Final Public Comments
Peer Review Panel Conclusions Drs. Robert Scala and Julia Fentem

Adjourn
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Appendix T

Corrositex® Peer Review Meeting Summary Minutes

January 21, 1999
Bethesda, Maryland .

Introduction

A public meeting of an independent peer review®
panel (PRP) was convened on January 21, 1999,
in Bethesda, Maryland to review Corrositex
which was proposed as an alternative toxico-

Gamble Company, Cincinnati, Ohio
Hajime Kojima, Ph.D., Nippon Menard
Cosmetic Company, Ltd., Nagoya, Japan
Daniel Sauder, M.D., University of Toronto,
Toronto, Ontario

John Stegeman, Ph.D., Woods Hole
Oceanographic Institution, Woods Hole,
Massachusets

List of Attendees

logical test method for assessing the corrosivity
potential of chemicals and products. The meet-
ing was coordinated by the Interagency Coor-’
dinating Committee for the Validation of Alter-
native Methods (ICCVAM) and the National °
Toxicology Program (NTP) Interagency Cen-
ter for the Evaluation of Alternative Toxicologi- *
cal Methods (NICEATM) and was sponsored
by the National Institute of Environmental *
Health Sciences (NIEHS) and the NTP. *
The following expert scientists served on the®
PRP:

* Robert Scala, Ph.D., retired from Exxon
Biomedical Sciences, Rehoboth Beach,
Delaware (Chair)

e Julia Fentem, Ph.D., Unilever Researche
Colworth, Bedfordshire, United Kingdom
(Executive Secretary) .

« James Chen, Ph.D., National Center fore
Toxicological Research (NCTR), Little e

Rock, Arkansas .
* Michael J. Derelanko, Ph.D., Allied-Signal,
Inc., Morristown, NJ .

» Sidney Green, Ph.D., Howard University
College of Medicine, Washington, D.C.

* John Harbell, Ph.D., Institute for In Vitro
Sciences, Inc. (IIVS, Inc.), Gaithersburg,

Maryland .
* A.Wallace Hayes, Ph.D., the Gillette Com-
pany, Boston, Massachusetts .

« Karen Kohrman, Ph.D., the Procter &
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Susan Aitken, Consumer Product Safety
Commission (CPSC)

Surender Ahir, Occupational Safety and
Health Administration (OSHA)

June Bradlaw, Food and Drug Administra-
tion (FDA)

Loretta Brammell, NIEHS/NICEATM
Robert Bronaugh, FDA

Rodger Curren, IIVS, Inc.

George Cushmac, US Department of Trans-
portation (US DOT)

Alan Goldberg, Johns Hopkins University
Thomas Goldsworthy, Integrated Labora-
tory Systems, Inc. (ILS, Inc.)/NICEATM
Ben Gregg, US Environmental Protection
Agency (US EPA)

George Lucier, NIEHS

Karen Haneke, ILS, Inc./NICEATM

Ann Hanger, US EPA

David Hattan, FDA

Patrick Herron, ILS, Inc./NICEATM
Barbara Hill, FDA

Erin Hill, VS, Inc.

Richard Hill, US EPA

Vera Hudson, National Library of Medicine
(NLM)

Leonard Keifer, US EPA

Francis Kraszewski, Gillette Company
Marianne Lewis, US EPA

Jeanie McAndru, US EPA

Barry Margolin, ILS, Inc./NICEATM

Kathy Miner, ILS, Inc./NICEATM
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* Hari Mukhoty, US EPA Dr. Stokes explained the ICCVAM review pro-
 Thomas Re, Cosmair cess, and the steps that had been undertaken in
* John Redden, US EPA the review of Corrositéx He discussed the role

» Katherine Stitzel, Procter & Gamble of the ICCVAM committee, its expert subgroup

* William Stokes, NIEHS/NICEATM (Corrosivity Working Group [CWG]), the PRP,
 Raymond Tice, ILS, Inc./NICEATM and the process by which regulations are re-

* Mark Torreson, National Institute for Oc- viewed and forwarded to agencies for action.
cupational Safety and Health (NIOSH)

* Heather Vahdat, ILS, Inc./NICEATM Public Law 103-43 directed the NIEHS to de-
» Kay Valeda, National Heart, Lung and velop and validate alternative methods that can
Blood Institute (NHLBI) reduce or eliminate the use of animals in acute

* Sherry Ward, the Gillette Company or chronic toxicity testing, establish criteria for
* Rosalind Wei, InVitro International, Inc. the validation and regulatory acceptance of al-
(V1) ternative testing methods, and recommend a

* Neil Wilcox, FDA process through which scientifically validated
* Yung Yang, US EPA alternative methods can be accepted for regula-
» Errol Zeiger, NIEHS tory use. Criteria and processes for validation
and regulatory acceptance were developed in
Meeting—Background Information conjunction with 13 other Federal agencies and

programs with broad input from the public.
Introductions These are described in the document “Valida-

tion and Regulatory Acceptance of Toxicologi-
Dr. Scala, Chair, called the meeting to order afcal Test Methods: A Report of the Ad Hoc In-
8:30 a.m. and asked each person in attendanderagency Coordinating Committee on the Vali-

to state their name and affiliation. dation of Alternative Methods,” NIH Publica-
tion 97-3981, March, 1997. This document is
Welcome from the NTP available in the internet at http://ntp-

server.niehs.nih.gov/htdocs/ICCVAM/
Dr. George Lucier, Director of the NTP, thanked ICCVAM.htm. ICCVAM was subsequently
the ICCVAM participating agencies and stake- established in a collaborative effort by NIEHS
holders, the Corrosit&Sponsor, and the PRP and 13 other Federal regulatory and research
for their efforts. Dr. Lucier also presented anagencies and programs. The Committee’s func-
overview of the NTP and the ICCVAM process. tions include the coordination of interagency
reviews of toxicological test methods and com-
Introduction to NICEATM and ICCVAM/ Over- munication with stakeholders throughout the
view of the Corrositex® Peer Review Process process of test method development and vali-
dation. The following Federal regulatory and
Dr. William Stokes, ICCVAM Co-Chair and research agencies and organizations are partici-
Director of NICEATM, read the conflict of pating in this effort:
interest statement that had been signed by
each member before agreeing to serve on thes Consumer Product Safety Commission
PRP. Dr. Stokes asked if any PRP members « Department of Defense
had a change in their conflict of interest * Department of Energy
status; none were raised. * Department of Health and Human Services
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* Agency for Toxic Substances and Dis- skin. Dr. Hill further stated that testing is usu-

ease Registry ally done using thim vivorabbit skin corrosivity
* Food and Drug Administration test. The test results serve as a basis for deter-
* National Institutes of Health mining appropriate materials labeling and haz-
 National Cancer Institute ard identification. An international harmoniza-
* National Institute of Environmental tion effort has been in progress in order to de-
Health Sciences velop internationally consistent labeling. Mea-
* National Library of Medicine surement of pH is used to define potential cor-
* National Institute for Occupational Safety rosives, where chemicals which have a pH in
and Health/CDC the extreme ranges are considered to be poten-
* Department of the Interior tial corrosives for labeling purposes. Currently,
* Department of Labor the US DOT has accepted Corrosfteas a
*  Occupational Safety and Health Admin- method to determine the corrosive potential of
istration seven chemical classes. Dr. Hill also mentioned
* Department of Transportation that a tiered testing scheme has been proposed
* Research and Special Programs Admin-by OECD for determining dermal corrosivity
istration potential of chemicals/products.

Environmental Protection Agency

Overview of the Corrosit@x
Corrosite® was proposed to ICCVAM for con-
sideration as aim vitro method for use in de- Dr. Rosalind Wei, Director of Research and
termining the dermal corrosivity potential of Development at IVI, described the procedure
chemicals. The test method submission wasised to test chemicals or compounds using
prepared by IVI. Independent peer review isCorrosite®. The presentation was followed by
an essential prerequisite for consideration of aassay-related questions from the PRP.
method for regulatory acceptance (NIEHS,
1997). The PRP was charged with developingMeeting—Review of the Corrositéx
a scientific consensus on the usefulness of th&ubmission
method to generate information for human
health risk assessment purposes. The proposést Method Description
test method and results of the peer review will
be forwarded by ICCVAM to Federal agencies Dr. Harbell, the section coordinator, presented
for consideration. Federal agencies will deter-the analysis and conclusions reached by the test
mine the regulatory acceptability of the methodmethod description section reviewers, which
according to their mandates. included Drs. Kohrman and Stegeman.

Summary of Current Agency Requirements The PRP concluded that the basis for the test
was adequately described, and the protocol was

Dr. Richard Hill, ICCVAM and CWG Co-Chair, complete and consistent. They further con-

presented an overview of current agency regu€luded that the decision rules were adequately

lations with regard to dermal corrosion testing.defined, and that the range of applications is

He stated that corrosion is not universally de-known to some degree.

fined, but generally focuses on destruction of

the skin or the irreversability of effects on the
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Test Method Data Quality Test Method Reliability

Dr. Green, the section coordinator, presented th®r. Fentem, the section coordinator, presented
analysis and conclusions reached by the teghe analysis and conclusions reached by the test
method data quality section reviewers, whichmethod reliability section reviewers, which in-
included Drs. Derelanko, Harbell, and Kojima. cluded Drs. Chen and Sauder.

With regard to data quality, the PRP concludedThe PRP concluded that the reproducibility of
that the studies presented in the Submissionhe test was adequate, although one peer re-
were not conducted under Good Laboratoryviewer felt that additional interlaboratory inves-
Practice (GLP) standards, but that the data werégations would be helpful. The PRP suggested
credible, based on results from two data auditsthe inclusion of positive and negative controls
Studies conducted as part of the European Cerand analysis of variance in future intra- and
tre for the Validation of Alternative Methods inter-laboratory evaluations.

(ECVAM) prevalidation and validation studies
were conducted under the “spirit” of GLP. Other Literature and Scientific Reviews
Test Method Performance Dr. Derelanko, the section coordinator, pre-
sented the analysis and conclusions reached by
Dr. Hayes, the section coordinator, presented théhe other literature and scientific reviews sec-

analysis and conclusions reached by the tedion reviewers, which included Dr. Kojima.

method performance section reviewers, which
included Drs. Kohrman and Chen.

The PRP concluded that certain limitations weree®
present in the data set (i.e., complex mixtures
were not defined and thus could not be evalu-
ated; category definitions were vague, So some
could not be considered in the evaluation; and
the number of chemicals in some chemical
classes was limited such that performance analy»
sis for these classes may not be representative).
However, the PRP concluded that the accuracy
(82%), sensitivity (85%), specificity (70%), and
positive and negative predictivity (78% and
80%, respectively) were adequate for the data
set including the Submission, Prevalidation
Study (Botham et al., 1995), and ECVAM Vali-
dation Study (Fentem et al., 1998). The PRP
felt that the assay was useful as a stand-alone
method for predicting the corrosive potential of
acids and bases. The test can also be used as
part of a tier assessment approach for determin-
ing the dermal corrosion potential of substances
in other chemical classes.

T-4

Key papers evaluated are listed below:

Barratt, M. D., P. G. Brantom, J. H. Fentem,
I. Gerner, A. P. Walker, and A. P. Worth.
1998. The ECVAM international validation
study forin vitro tests for skin corrosivity.
1. Selection and distribution of the test
chemicals. Toxicol. In Vitro 12:471-482.
Botham, P. A., M. Chamberlain, M. D.
Barratt, R. D. Curren, D. J. Esdaile, J. R.
Gardner, V. C. Gordon, B. Hildebrand, R.
W. Lewis, M. Liebsch, P. Logemann, R.
Osborne, M. Ponec, J.-F. Régnier, W.
Steiling, A. P. Walker, and M. Balls. 1995.
A prevalidation study onn vitro skin
corrosivity testing: The report and recom-
mendations of ECVAM Workshop 6. ATLA
23:219-255.

Fentem, J. H., G. E. B. Archer, M. Balls, P.
A. Botham, R. D. Curren, L. K. Earl, D. J.
Esdaile, H.-G. Holzhitter, and M. Liebsch.
1998. The ECVAM international validation
study onin vitro tests for skin corrosivity.
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2. Results and evaluation by the managetween pH and Corrosit&xin identifying
ment team. Toxicol. In Vitro 12:483-524. corrosivity.
e Gordon, V. C., J. D. Harvell, and H. 1.
Maibach. 1994. Dermal corrosion, the Summary of Nonqualifying Chemicals
Corrositex system: ADOT accepted method
to predict corrosivity potential of test mate- Ms. Karen Haneke, NICEATM, presented an
rials. Alternative Methods Toxicol. 10:37- overview of available data on nonqualifying
45, chemicals, focusing on nonqualifying test ma-
terials for which there was also pH andrivo
The PRP concluded that generally, the resultglata. Of the 75 nonqualifying test materials
reported in these papers were similar to thosedentified in published sources and a 1996
presented in the Submission. It was noted tha€Corrosite® submission, 85% of these materi-
the Gordon et al. (1994) publication was not peeials were considered noncorrosive according to
reviewed. in vivotest results. pH data were found for 50
nonqualifying materials, of which all but one
Presentation of Corrosit@Performance Com- were in the pH range of 3 to 10. pH distribu-
pared to the pH Test tion was similar when the database of
nonqualifiers was limited to only test materials
Dr. Thomas Goldsworthy, NICEATM, pre- for which both pH anah vivo data was avail-
sented the findings of an evaluation of the per-able (N = 33); when this limited data set was
formance of pH compared to that of Corrositex evaluated, 91% of the chemicals were noncor-
both tests were compared againstivorabbit  rosive according tm vivotests.
skin corrosivity data as the standard. The analy-
sis found that both the pH test and CorroSitex Other Considerations and Related Issues
are adequate for identifying the corrosive po-
tential of chemicals with a pH value in the ex- Dr. Stegeman, the section coordinator, presented
treme ranges (i.e., pH less than or equal to 2 othe analysis and conclusions reached by the
greater than or equal to 11.5). However,other considerations and related issues section
Corrosite® was slightly but consistently more reviewers, which included Dr. Sauder.
predictive than pH for chemicals with a pH
value in the extreme ranges. Further,The PRP noted several advantages of the
Corrosite® correctly identified several non- Corrosite® test compared to the vivo rabbit
corrosive chemicals with pH values in the ex- skin corrosivity test. Corrositéxs a non-ani-
treme ranges; these chemicals would be falsenal test that is also relatively quick and easy to
positive calls if analyzed only by pH. Addi- perform. The PRP stated that the large propor-
tionally, a number of chemicals with pH values tion of test materials that do not qualify for test-
in the non-extreme range (i.e., pH greater tharing by the Corrositékmethod is one limitation
2 and less than 11.5) were identified as corro-of the assay.
sive using thén vivotest; Corrositékcorrectly
identified the majority of these compounds. The PRP also agreed that the assay, whether used
Given the ease and cost effectiveness of conalone or as a component of a tiered assessment
ducting a pH test, the PRP recommended thaapproach, provides for the reduction and re-
pH testing be conducted prior to the use ofplacement of animal use for certain defined
Corrosite®. Such information could be used chemical classes. Additionally, chemicals that
in the future to re-evaluate the agreement betest negative or do not qualify for Corrositex
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have a low likelihood of causing corrosive le- Kohrman stated that the variability probably
sions if tested in animals. Any follow-up tests deals with small sample size. Dr. Goldsworthy
usingin vivomethods could employ small num- added that evaluations were done on a wide
bers of animals and test agent dilution schemesariety of sources and combinations thereof, and
to minimize numbers of animals and possiblegenerally, the data sets were found to be similar
distress in any individual animal. to each other.

Public Comments Dr. Katherine Stitzel, Procter & Gamble, felt
that the PRP should give additional thought to
Dr. Rodger Curren, IIVS, Inc., stated that sincethe statement that 20 chemicals per class would
this is only the second ICCVAM review, the be an adequate number for evaluation. She
review is a precedent-setting activity. The PRPstated that this may be setting a precedent that
must determine whether the use of Corro8itex may be difficult to meet, strictly based on the
would provide an equivalent level of protection prevalence of some chemical classes. She fur-
compared to the currently acceptedivorab-  ther added that making such a statement may
bit skin corrosivity test. Dr. Curren added that be setting a standard for tire vitro test that
with regard to reproducibility, he felt that data was not set for thm vivo test.
from only a few labs was adequate because there
are performance standards (i.e., positive andr. Errol Zeiger, NIEHS, made additional com-
negative controls). To address a PRP discusment on the issue of prevalence and how many
sion on the adequacy of evaluatingchemicals are needed for an adequate evaluated.
interlaboratory data from only three labs, with He pointed out that when speaking of preva-
one being naive, Dr. Curren stated that none ofence, the discussion is not the prevalence of
the labs were naive; they all had experience irchemicals classes in the universe, but rather the
conducting the test. In response to the PRP’prevalence of chemical classes in specific in-
comment that the number of chemicals for somedustries. Dr. Zeiger noted that the prevalence
classes was inadequate for performance assesst certain chemical classes thus changes based
ment purposes, he mentioned the difficulty inon the industry evaluated and the endpoint of
obtaining adequaie vivodata for comparison. interest. Dr. Zeiger also provided comment on
the issue of the interlaboratory reliability study
Dr. Alan Goldberg, Johns Hopkins University, and how dependent and nonindependent labs
asked two questions to members of the PRPplay a role in these types of assessments. He
First, he asked for clarification on the statementstated that one method of assessment is to in-
that auditors concluded that the discrepancieglude only labs with experience in conducting
did not affect the conclusions reached from thethe assay, while a second is to include only labs
data. Dr. Green responded that the data defiwith limited experience with the assay. Dr.
ciencies and missing data were very few, andZeiger felt that the equivalence of training
were thus determined to have minimal effect.among the three labs is an asset to the evalua-
Second, Dr. Goldberg noted that one of the dataion, and urged caution in evaluating how labs
sources evaluated (submissions and publishedre determined to be dependent versus indepen-
sources) was slightly different in performance dent.
compared to the others, and asked how that
would affect the totality of the data. Dr.
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Dr. Francis Kraszewski, the Gillette Company, Dr. Robert Bronaugh, FDA, asked for clarifica-

asked if the PRP was satisfied with the mechation from the PRP about the database, and

nistic basis of the assay. Dr. Hayes clarifiedwhether it is considered adequate versus inad-

that the test is not mechanistically based, buequate. Dr. Scala answered that the database is

instead is significantly correlated. considered to be adequate, but that data for cer-
tain chemical classes may be inadequate due to

Dr. David Hattan, FDA, asked, from a regula- the few numbers of chemicals in those classes.

tory standpoint, whether the PRP felt that the

results on neat materials could be translated t&RP Conclusions

reflect the response of final formulations. Dr.

Kohrman replied that the answer was depenBased on their review, the PRP concluded that

dent on what is known about the matrix. Shethe CorrositeX method is equivalent to the

stated that with proper information, it is pos- vivo rabbit skin corrosivity test for predicting

sible to make an assessment of the entire mixeorrosivity and noncorrosivity for specified

ture based on results found using neat materichemical classes (i.e., primarily acids and

als. Dr. Sauder added that the question is verypases). Therefore the test may be used either as

valid, and that information/studies pertinent to a stand-alone assay for determining the dermal

the topic would be helpful. corrosion potential of acids or bases or as part
of a tier assessment approach for determining

Dr. Ben Gregg, US EPA, stated that most matethe dermal corrosion potential of substances in

rials reviewed by his agency are mixtures, andother chemical classes.

that US EPA may be interested in using

Corrosite® as a replacement forvivotesting  The meeting was adjourned.

of mixtures. He stated that more work should

be directed toward how the test performs for

mixtures.
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Appendix U

Summary of Public Comments on Corrosite&

Two Federal Register Notices were publishede Procedural information for the performance
on July 28, 1998 (Vol. 63, No. 144) and Octo-  and determination of results is provided for
ber 27, 1998 (Mol. 63, No. 207) respectively, CorrositeX.

requesting public comments on the Corrositex

test method. Information was also includedre-» There is a 93% correlation between
garding the availability of a public test method Corrosite® andin vivo responses.
document located at the Consumer Product

Safety Commission (CPSC) Reading Room.s Corrosite® provides data that allows for
Responses were received from three individu-  classification, labeling, and packaging of
als as listed below: hazardous materials making it useful for risk

assessment.

Karen E. Purves (Septembdr, 1998)Animal

Protection Institute » CorrositeX is less expensive as well as time

effective when compared to animal testing

Ms. Purves’ comments focused on validation  and more accurate when compared to pH
and regulatory acceptance criteria as listed in  testing.

the Interagency Coordinating Committee on the

Validation of Alternative Methods (ICCVAM) < Corrosite® provides a replacement alterna-
document “Validation and Regulatory Accep- tive to animal use in corrosivity testing.
tance of Toxicological Methods” (NIH Pub No.

97-3981). The following points summarize Ms. Linda Sternbeg (October 30, 1998)
Purves’ comments: BetzDearborn, Inc.

Corrosite® can be used to properly deter- Ms. Sternberg stated that while she recognizes
mine corrosivity for US Department of that Corrositek may be expedient and cost-ef-
Transportation (US DOT) shipping classi- fective in some circumstances, the assay did not
fications quickly and at a reduced cost appear to perform satisfactorily for the
BetzDearborn product lines. BetzDearborn pro-
Detailed protocol for test method is readily vides “engineered chemical treatments for in-
available from InVitro International (IVI).  fluent water, boiler, cooling systems, wastewa-
ter and process systems” and most of the prod-
Reproducibility and reliability have been ucts tested using Corroistexvere mixtures.
demonstrated both in tests performed by IVIExperiments were performed on 74 of the
and in pre-validation studies conducted company’s products using Corrositekl1 of
under European Centre for the Validation which did not qualify for use). A 65% (41/63)
of Alternative Methods (ECVAM). error rate was observed among the qualifying
products with a lack of agreement between data
Adequate data is available framvivoand  from Corrosite® and animal data and/or sup-
pH studies to allow for comparisions with plier information. Ms. Sternberg concedes that
CorrositeX. theoretically, a ‘correlation factor’ could be gen-

U-1



Appendix U: Summary of Public Comments on Corrdsitex

erated to compensate for these differences bugvaluating interlaboratory data from only three
points out that the money and time required tolabs, with one being naive, Dr. Curren stated
do so would contradict BetzDearborn’s purposethat none of the labs were naive; they all had
in using Corrosite% experience in conducting the test. In response
to the PRP’s comment that the number of chemi-
Tom Hearty (January 18, 1999) Mallinckrodt, cals for some classes was inadequate for per-
Inc. formance assessment purposes, he mentioned
the difficulty in obtaining adequate vivodata
Mallinckrodt tested two of their products using for comparison.
both CorrositeX and then vivocorrosivity test
outlined in OECD Guideline 404. One product Dr. Alan Goldberg, Johns Hopkins University,
(pH 12.7) was identified by botim vivo and  asked two questions to members of the PRP.
CorrositeR test results as a noncorrosive sub-First, he asked for clarification on the statement
stance. Corrositéxtest results identified this that auditors concluded that the discrepancies
product as a Category Il material with a meandid not affect the conclusions reached from the
breakthrough time of greater than 70 minutesdata. Dr. Green responded that the data defi-
The second product (pH 13.2) was found to beciencies and missing data were very few, and
noncorrosive using the vivotest, but was iden- were thus determined to have minimal effect.
tified as corrosive by Corrositéx The product Second, Dr. Goldberg noted that one of the data
was assigned to Packing Group Il by sources evaluated (submissions and published
Corrosite® since the product was a Category sources) was slightly different in performance
Il material and had a mean breakthrough timecompared to the others, and asked how that
of 47 minutes. Thmn vivotest results indicated would affect the totality of the data. Dr.
that this compound was a moderate to sever&ohrman stated that the variability probably
irritant. Based on this result, Mr. Hearty felt deals with small sample size. Dr. Goldsworthy
that CorrositeXis too sensitive in its responses. added that evaluations were done on a wide
variety of sources and combinations thereof, and
Additional Public Comment generally, the data sets were found to be similar
to each other.
The following public comments were presented
during the public comment period at the Janu-Dr. Katherine Stitzel, Procter & Gamble, felt
ary 21, 1999 peer review panel (PRP) meetingthat the PRP should give additional thought to
the statement that 20 chemicals per class would
Dr. Rodger Curren, Institute for In Vitro Sci- be an adequate number for evaluation. She
ences, stated that since this is only the seconstated that this may be setting a precedent that
ICCVAM review, the review is a precedent-set- may be difficult to meet, strictly based on the
ting activity. The PRP must determine whetherprevalence of some chemical classes. She fur-
the use of Corrosité&would provide an equiva- ther added that making such a statement may
lent level of protection compared to the currentlybe setting a standard for tire vitro test that
acceptedh vivorabbit skin corrosivity test. Dr. was not set for thi vivo test.
Curren added that with regard to reproducibil-
ity, he felt that data from only a few labs was Dr. Errol Zeiger, National Institute of Environ-
adequate because there are performance stamental Health Sciences (NIEHS), made addi-
dards (i.e., positive and negative controls). Totional comment on the issue of prevalence and
address a PRP discussion on the adequacy diow many chemicals are needed for an adequate
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evaluation. He pointed out that when speakingwhether the PRP felt that the results on neat
of prevalence, the discussion is not the prevamaterials could be translated to reflect the re-
lence of chemicals classes in the universe, busponse of final formulations. Dr. Kohrman re-
rather the prevalence of chemical classes in spgslied that the answer was dependent on what is
cific industries. Dr. Zeiger noted that the preva-known about the matrix. She stated that with
lence of certain chemical classes thus changegroper information, it is possible to make an
based on the industry evaluated and the endassessment of the entire mixture based on re-
point of interest. Dr. Zeiger also provided com- sults found using neat materials. Dr. Sauder
ment on the issue of the interlaboratory reliabil-added that the question is very valid, and that
ity study and how dependent and information/studies pertinentto the topic would
nonindependent labs play a role in these typebe helpful.
of assessments. He stated that one method of
assessment is to include only labs with experi-Dr. Ben Gregg, US Environmental Protection
ence in conducting the assay, while a second i&\gency (US EPA), stated that most materials
to include only labs with limited experience with reviewed by his agency are mixtures, and that
the assay. Dr. Zeiger felt that the equivalencdJS EPA may be interested in using Corrositex
of training among the three labs is an asset t@as a replacement for vivotesting of mixtures.
the evaluation, and urged caution in evaluatingHe stated that more work should be directed to-
how labs are determined to be dependent verward how the test performs for mixtures.
sus independent.

Dr. Robert Bronaugh, FDA, asked for clarifica-
Dr. Francis Kraszewski, the Gillette Company, tion from the PRP about the database, and
asked if the PRP was satisfied with the mechawhether it is considered adequate versus inad-
nistic basis of the assay. Dr. Hayes clarifiedequate. Dr. Scala answered that the database is
that the test is not mechanistically based, butonsidered to be adequate, but that data for cer-
instead is significantly correlated. tain chemical classes may be inadequate due to

the few numbers of chemicals in those classes.
Dr. David Hattan, Food and Drug Administra-
tion (FDA), asked, from a regulatory standpoint,
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’_f\ National Institutes of Health
B National Institute of
B Environmental Health Sciences

., P. O. Box 12233
5 DEPARTMENT OF HEALTH AND HUMAN SERVICES Research Triangle Park, NC 27709

Date: June 4, 1999

From: Co-Chairs, Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM)

Subject:  Peer review report on Corrositex®; Request to forward to agencies for
regulatory and non-regulatory acceptance consideration

To: Director, National Toxicology Program (NTP)

Thru: Director, Environmental Toxicology Program,
National Institute of Environmental Health Sciences

We are pleased to provide you with the peer review report, Corrositex®: A Test Method for Assess-
ing the Dermal Corrosivity Potential of Chemicals (Attachment 1) which was reviewed and ap-
proved by ICCVAM at its May 22, 1999 meeting. The review of Corrositex® was coordinated by
ICCVAM and the NTP Interagency Center for the Evaluation of Alternative Toxicological Meth-
ods (NICEATM). Corrositex® is the first in vitro method and the second test method to undergo
evaluation by the ICCVAM on behalf of its 14 participating Federal agencies and programs.

ICCVAM concurred with the conclusions and recommendations of the Peer Review Panel (PRP)
and the [CCVAM Corrosivity Working Group (CWG) (Attachment 2) regarding the potential use-
fulness of Corrositex®. The PRP concluded that Corrositex® may be used as part of a tiered testing
strategy for assessing the dermal corrosion potential of chemicals, such as the one endorsed by the
Organization for Economic Cooperation and Development (OECD). The OECD tiered testing
strategy for dermal irritation/corrosivity provides for the use of validated and accepted in vitro
methods. In this approach, positive responses do not generally require further testing, while nega-
tive responses would usually be followed by in vivo dermal irritation/corrosion testing. The PRP
recommended that with either positive or negative Corrositex® results, there should be the oppor-
tunity for confirmatory testing if false positive or negative results are suspected based on a weight-
of-evidence evaluation of supplemental information, such as pH, structure-activity relationships
(SAR), and other chemical and testing information. ICCVAM concurs with the PRP that Corrositex®,
in specific testing circumstances, may be useful as an assay for evaluating the corrosivity or
noncorrosivity of acids, bases, and acid derivatives (e.g., US Department of Transportation [US
DOTY)).

The PRP concluded that the use of Corrositex® offers several advantages with respect to animal
welfare. Corrositex®, when used as a stand-alone assay for some testing applications such as
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transportation purposes, can replace the use of animals for corrosivity testing of qualified chemi-
cals in some chemical classes. When used as part of a tiered testing strategy for corrosivity, there
is a reduction in the number of animals required because positive results usually eliminate the
need for animal testing, and when further testing in animals is determined to be necessary, only
one animal is required to confirm a corrosive chemical. Corrositex® also provides for refinement
in that most of the chemicals that are identified as negative by Corrositex® or nonqualifying in the
detection system are unlikely to be corrosive when tested in thein vivo test. If any skin lesions are
produced in test animals, they are usually limited to some degree of irritation.

Independent scientific peer review, considered a prerequisite for regulatory acceptance, has now
been completed for Corrositex®. The final stage in the regulatory process involves determination
of the acceptability of Corrositex® by regulatory agencies, and informing the appropriate regulated
community and others of the acceptability of the method for meeting regulatory requirements.

We therefore ask that you forward the attached report to the participating ICCVAM agencies re-
questing their consideration of Corrositex® for regulatory acceptance or other non-regulatory appli-
cations where appropriate.

Thank you for your continuing support of ICCVAM and NICEATM s efforts to achieve validation
acceptance of new methods that will provide for improved protection of human health and the
environment, and improved animal welfare.
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’_f\ National Institutes of Health
National Institute of
b Environmental Health Sciences

“.0¢ DEPARTMENT OF HEALTH AND HUMAN SERVICES PO Box 12233

Research Triangle Park, NC 27709

MEMORANDUM

Date: May 3, 1999

To: ICCVAM

From: Co-chairs, ICCVAM CWG

Subject: ICCVAM CWG Recommendations on Corrositex® as a Test Method for Assessing

Dermal Corrosivity Potential of Chemicals

The purpose of this memorandum is to inform ICCVAM that the CWG unanimously endorses
the conclusions and recommendations stated in the PRP Report entitled Corrositex®: An in vitro
test method for assessing the dermal corrosivity potential of chemicals—Results of an indepen-
dent peer review evaluation coordinated by ICCVAM and NICEATM (Attachment 1). The
Report consists of the PRP’s written deliberations and conclusions from the public peer review
meeting convened in Bethesda, Maryland on January 21, 1999. The PRP concurred in a public
meeting via teleconference on April 22, 1999 that the Report accurately reflects the conclusions
and recommendations of the January 21 meeting. Appendices to the Report include data and
information submitted to substantiate the validation status of the method, and supporting analy-
ses and information prepared by NICEATM. The CWG recommends that ICCVAM forward the
Corrositex® Report to applicable Federal and international organizations for regulatory accep-
tance consideration for the uses recommended by the PRP.

The CWG concurs with the PRP’s conclusion that Corrositex® may be used as part of a tiered
testing strategy for assessing dermal corrosion potential of chemicals, such as the one endorsed
by the OECD (Attachment 2). The OECD tiered testing strategy for dermal irritation/corrosivity
provides for the use of validated and accepted in vitro methods. In this approach, positive re-
sponses do not generally require further testing, while negative responses would usually be
followed by in vivo dermal irritation/corrosion testing. The PRP recommended that with either
positive or negative Corrositex® results, there should be the opportunity for confirmatory testing
if false positive or negative results are suspected based on a weight-of-evidence evaluation of
supplemental information, such as pH, SAR, and other chemical and testing information. The
CWG concurs with the PRP that Corrositex®, in specific testing circumstances, may be useful as
an assay for evaluating the corrosivity or noncorrosivity of acids, bases, and acid derivatives
(e.g., US DOT).
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The PRP concluded that Corrositex® demonstrated excellent intra- and inter-laboratory reproduc-
ibility. The ease of transferability among laboratories and the simplicity of the assay were
considered by the PRP to be attractive features of Corrositex®. The manufacturer’s protocol for
Corrositex® was considered to be complete and to provide the necessary details for users to
conduct the assay correctly. Methods for data analysis and decision criteria were considered to
be straightforward, and the PRP noted that concurrent positive and negative controls are included
to determine whether each test trial is performing correctly. The PRP concluded that the test is
more rapid and less expensive than the in vivo rabbit corrosivity test. Since it is an in vitro
alternative test, it also has the advantage that it does not require the use of animals and can be
conducted in laboratories without animal facilities.

Animal Welfare Considerations

The PRP concluded that the use of Corrositex® offers several advantages with respect to animal
welfare. When used as a stand-alone assay for some testing applications such as determining
transportation packing groups, Corrositex® can replace the use of animals for corrosivity testing
of qualified chemicals in some chemical classes. When used as part of a tiered testing strategy
for corrosivity, there is a reduction in the number of animals required because positive results
usually eliminate the need for animal testing, and when further testing in animals is determined
to be necessary, only one animal is required to confirm a corrosive chemical. Corrositex® also
provides for refinement in that most of the chemicals that are identified as negative by
Corrositex® or nonqualifying in the detection system are unlikely to be corrosive when tested in
the in vivo test. If any skin lesions are produced in test animals, they are usually limited to some
degree of irritation.

Limitations

A limitation noted by the PRP was that some corrosive chemicals and mixtures do not qualify for
testing with Corrositex®. That is, they do not cause a color change in the Chemical Detection
System (CDS). A color change is needed to enable the detection of the chemical or mixture if it
breaks through the biobarrier membrane, and requires that the chemical change the pH of the
solution to less than 5 or greater than 8.5. Many noncorrosive chemicals do not cause the re-
quired change in pH, and thus do not qualify for evaluation by Corrositex®. Of the 75
nonqualifying chemicals and mixtures for which in vivo corrosivity data were available, 85%
(64/75) were classified as noncorrosive in the in vivo test. This indicates that nonqualifying
chemicals are often noncorrosive.

Comparative Corrositex® and in vivo rabbit data were provided for complex mixtures that gener-
ally consisted of industrial chemicals, cleaners, detergents, and surfactants. While the perfor-
mance data for Corrositex® are promising for some of these mixtures, the PRP did not consider it
appropriate to reach conclusions for these classes in the assessment of the validation of the
method because the composition of these materials was not provided. Based on the performance
of Corrositex® for mixtures, the CWG thinks that Corrositex® can yield useful information for
those materials that qualify for the test.

The evaluation of Corrositex® for some chemical/product classes was limited by the relatively
small number of chemicals and/or the unbalanced distribution of corrosive and noncorrosive
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chemicals/mixtures evaluated. As a consequence, conclusions about the performance of
Corrositex® for some chemical classes were not made by the PRP.

CWG recommendations

The CWG concurs with the PRP’s recommendations, and agrees that the following specific

changes to the protocol should be made (Note: The wording for these recommendations has
been slightly revised from those provided in the Report, but it does not change their intent):

* Specific information should be added to the protocol:

(1) It should be explicitly stated that the biobarrier should be allowed to harden on a level
surface and should be refrigerated at 2 to 8 °C overnight before use.

(2) Even though replicate variability has been shown to be very low, guidance should be pro-
vided on how to evaluate an aberrant value.

3) The IVI Corrositex® Data Sheets provided with the test kit should include a provision for
recording the performance of the positive and negative controls. This information should
be used to determine the suitability of the test results.

4) Description of the test protocol would benefit from the addition of a flow diagram illustrat-
ing the steps in the procedure.

* In future studies, compliance with Good Laboratory Practice (GLP) Guidelines and inclusion
of quality control procedures, would improve data quality and credibility.

* Positive and negative control values should be reported concurrently with each assay to demon-
strate that the test is working properly.

* Laboratories unfamiliar with conducting the test should obtain appropriate training and con-
duct tests with reference chemicals before undertaking any testing of unknown chemicals and
chemical mixtures.

* pH testing should be conducted prior to use of Corrositex®. Such information could be used
in the future to re-evaluate the agreement between pH and Corrositex® in identifying
corrosivity.



