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Miller, Diane M.

From: Barbara Christianson [BChristianson@Ilawbc.com]

Sent: Friday, March 31, 2006 3:38 PM

To: NIOSH Docket Office

Cc: Lynn L. Bergeson, Jonathon T. Busch

Subject: N[DSIH-D33 ~ Comments of the American Chemistry Council Titanium Dioxide Panel - 1 of 2
.,.f E-Mails

Attachments: 101LT001.pdf; 101CM001D.pdf

We received a notice indicating that our original e-mail with the comments and attachments came back with an
unsuccessful delivery. We will send two e-mails - the first e-mail appends the transmittal letter with the
comments, and the second e-mail will append the attachments. A hard copy of these dacuments have been sent
to by regular mail. Please let us know if you have any questicns,

Barbara Christianson
Legal Assistant
BERGESON & CAMPBELL, P.C.
1203 Nineteenth Street, NW
Suite 300
Washington, D.C. 20036-2401
(202) 557-3807 (phone)

© (202) 557-3836 (fax)

Piease visit our website at hitp:/fwww lawbc.com

This e-mail may contain confidential or privileged information. If you are not the intended recipient, please advise
by return e-mail and delete immediately without reading or forwarding to others.

From: Barbara Christianson
Sent: Friday, March 31, 2006 2:19 PM
To: 'niocindocket@cdc.gov'
Cc: Jonathon T. Busch ; Lynn L. Bergeson
- Subject: NIOSH-033 - Comments of the American Chemistry Council Titanium Dioxide Panel

Appended are a cover letter, comments, and attachments submitted on behalf of the American Chemistry Council
Titanium Dioxide Panel. A hard copy of these documents are also being sent by regular mail. Please let us know
if you have any questions.

Barbara Christianson

Legal Assistant

BERGESCN & CAMPBELL, P.C.
1203 Nineteenth Street, NW
Suite 300

Washington, D.C. 20036-2401
'(202) 557-3807 (phone)

(202) 557-3836 (fax)
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BERGESON & CAMPBELL, P.C.
1203 Nincroenth Street. NW | Suite 300 | Washingion, DU | T0036-2401 | 48 203,557 3800 | fax 202 557 IBI6 | Wb www Lywhic oom

Lyne L. Bergeson tircet dhal 202.557.3801 e-mirdd Ibergesanialow be.com

Lo . March 31, 2006

Via E-Mail and Regular Mail

NIOSH Docket Office

Attn: Diane Miller, Mailstop C-34
Robert A, Taft Laboratories

4676 Columbia Parkway
Cincinnati, Ohio 45226

Re: NIOSH Current Intelligence Bulletin: Evaluation of Health Hazard and
Recommendations for Occupational Exposure to Titanium Dioxide; 70
Fed. Reg. 77399 (Dec. 30, 2005); NIOSH-033

Dear Ms. Miller:

Appended are comments submitted on behalf of the American Chemistry Council
Titanium Dioxide Panel. These comments respond to the National Institute of Occupational
Safety and Health's Federal Register notice announcing the availability of the above-referenced
draft document. Please do not hesitate to call or e-mail with any questions.

Your assistance is appreciated.

Sincerely,

Lynn L. Bergeson
Counsel to the American Chemistry Council
Titanium Dioxide Panel :

Attachment
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EXECUTIVE SUMMARY

The Titanium Dioxide Panel of the American Chemistry Council and the
Titanium Dioxide Manufacturers Association and Physical Sunscreen Manufacturers Association
of the European Chemical Industry Council (hereinafter referred to collectively as Panel) jointly
submit these comments on the National Institute for Occupational Safety and Health’s (NIOSH)
December 30, 2005, Federal Register notice announcing the February 27, 2006, public meeting
in Cincinnati and seeking public comment on the draft NIOSH Current Intelligence Bulletin:
Evaluation of Health Hazard and Recommendations for Occupational Exposure to Titanium
Dioxide (draft CIB). 70 Fed. Reg. 77399. The Titanium Dioxide Panel consists of the major
producers of titanium dioxide (TiO;) in the United States, while the Titanium Dioxide
Manufacturers Association consists of the major TiO; producers in Europe. The Physical
Sunscreen Manufacturers Association consists of the major producers of physical sunscreens in
Europe. -

The Panel appreciates the opportunity to comment on the draft CIB, and requests
that NIOSH and the draft CIB Peer Reviewers give full consideration to the Panel’s comments
and recommendations, which supplement the comments and recommendations made by Panel
- members and representatives at the February 27, 2006, public meeting in Cincinnati. As
- manufacturers,- the validity of the scientific basis for the draft CIB, and its suitability for
purposes of proposing recommended exposure limits (RELs), are highly important to the Panel.

The Panel agrees with and supports NIOSH’s determination that there is
insufficient evidence to designate TiO: as a “potential occupational carcinogen.” The Panel has,
however, concerns regarding NIOSH’s assessment of TiO;, and thcsc concerns go to the core of
the draft CIB’s conclusions, and include:

B NIOSH Should Not Rely on Qutdated Data That Overestimate the
Number of Workers Potentially Exposed to TiO;: The Panel urges
NIOSH to remove references to the National Qccupational Exposure
Survey (NOES), or, alternatively, revise its discussion to address the
deficiencies of NOES, namely, that the data are over 25 years old and
greatly overestimate the number of domestic workers potentially exposed
to TiO; because they do not account for the lack of worker exposure once
TiO; is incorporated into an organic or inorganic matrix.

u NIOSH’s Consideration of the Epidemiology Studies Should
Recognize the Strengths of These Studies: The draft CIB unfairly
focuses on individual limitations of these studies without consideration of
their strengths or their value when considered together. The draft CIB is,
for that reason, biased and not scientifically objective in that it focuses
inordinate attention on “methodologic and epidemiologic limitations™ and
no attention on the strengths of the Chen and Fayerweather (1988),
Fryzek, et al. (2003), and Boffetta, ez al. (2004) cohort studies. The Panel
urges NJOSH to recognize in the draft CIB that there is: (1) no evidence
of an exposure effect in over 20,000 workers in the United States and
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Europe who have been exposed to TiO; since the 1930s; and (2) no
evidence of an effect in the highest cumulative exposure groups from the
Fryzek, et al. (2003) and Boffetta, et al. (2004) studies.

B Some of the Draft CIB Conclusions Are Erroneous, and Must Be
Corrected, Because They Are Based on Misrepresentations or
Misinterpretations of Some of the Animal Studies and Because They
Fail To Consider Several Studies That Are Critically Important:
Section 3 of the draft CIB should be revised to correct misrepresentations
and misinterpretations of many of the animal studies it summarizes.
Equally important, the draft: CIB should be revised to incorporate a
discussion of a2 number of studies that are extremely critical but not
addressed in the current draft. In particular, NIOSH has failed to consider
two important studies by Nikula, ef a/. The failure to consider these
critical data has resulted in erroneous conclusions in the draft CIB that

J must be corrected if the CIB is to be scientifically defensible.

- ® . NIOSH Should Review All the Scientific Data Relevant to the Human
Health Effects of Coal Mine Dust, Including Epidemiology Studies:
The Panel urgés NIOSH to consider and incorporate in the CIB relevant
epidemiology studies and related reviews on evidence regarding coal mine
dust and lung cancer to increase the statistical power of this line of
evidence.

| NIOSH Should Rely Upon Different Modeling Approaches in: Its
Quantitative Risk Assessment That Are Not Driven by Tumor
Responses at Very High Doses and Should Net Ignore Evidence from
More Relevant Levels of Exposure: The Panel urges NIOSH to use
threshold models to reflect mechanism of action conclusions instead of
benchmark dose (BMD) modeling and linearized multistage approaches.

o NIOSH's Proposed RELs Are Not Scientifically Defensible; Due to the
factors described above, particularly NIOSH’s arbitrary selection of risk
assessment models, the proposed RELs in the draft CIB are too low and
not scientifically defensible. Use “of threshold modeling is more
appropriate, and would result in higher RELs that are scientifically
defensible.

u NIOSH Has Failed to Provide Industry with a Confirmed Method(s)
for the Analysis of TiO; in the Workplace Sufficient to Support the

- Proposed RELs: Under the provisions of the Occupational Safety and
Health Act of 1970 (Public Law 91-596), NIOSH is charged with the
responsibility of “monitoring or measuring employee exposure.” A
method for measuring workplace exposures based on aerosol surface area

is preferred by NIOSH. In the draft CIB, NIOSH admits, however, that
“personal sampling devices that can be routinely used in the workplace for
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measuring particle surface area are not currently available.” In addition,
the NIOSH proposed method is confusing and possibly unworkable for
certain smaller manufacturers. The Panel urges NIOSH to remove
recommendations for a werkplace exposure analysis until such time as
appropriate measurement techniques are available.
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oD ON

The Titanium Dinxidci Panel of the American. Chemistry Council and the
Titanium Dioxide Manufacturers Asscciation and Physical Sunscreen Manufacturers Asscciation
of the European Chemical Industry Council (hereinafter referred to collectively as Panel) jointly
submit these comments on the National Institute for Occupational Safety and Health’s (NIOSH)
December 30, 2005, Federal Register notice announcing the February 27, 2006, public meeting
in Cincinnati and seeking public comment on the draft NIOSH Current Intelligence Builetin:
| lEvﬁ!uar:'on of Health Hazard and Recommendations for Occupational Exposure to Titanium
Dioxide (draft CIB). 70 Fed. Reg. 77399.! The Titanium Dioxide Parel consists of the major
producers of titanium dioxide (TiO;) in the United States, while the Titanium Dioxide
Manufacllurcrs Association consists of the major TiO; producers in Eurnpe.z The Physical
Sunscreen Manufacturers Association consists of the major producers of physical sunscreens in

Eump’c.! i

The presentations provided by Drs. John Gibbs, John Tomenson, and David Warheit at
the February 27, 2006, meeting are appended at Attachment 1.

3 Titanium Dioxide Panel member companies include: DuPont; Huntsman Corporation;
Kronos Inc; Lyondell Chemical Company; and Tronox Incorporated (formerly Kerr
McGee Chemical). Titanium Dioxide Manufacturers Association member companics
include Cinkarna Celje, Inc.; Huntsman Tioxide; Kemira Pigments Oy; Kronos
Worldwide In¢; Lyondell Chemical Europe Inc./Millenium Chemicals; Precheza AS;
Sachtleben Chemie GmbH; and Tronox Pigments International GmbH.

) Physical Sunscreen Manufacturers Association member companies include: Degussa

AG; Kemira Pigments Oy; Merck KGaA; Mitsubishi International GmbH; Sachtleben
Chemie Gmbll; and Unigema.
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NIOSH has stated thiat the goals of the draft CIB are three-fold: (1) to describe
the relevant animal, human, and in vitro studies on the health effects of TiOs; (2) to provide a
quantitative risk-assas'smcnt based on dose-response information from the rat and human lung
' dosimetry modeling; and (3) to describe the rationale NIOSH used in the development of the
draft recommended exposure limits (REL).* In preparing these comments, the Panel has been

guided by the five questions that NIOSH posed for the Peer Reviewers:

l. Is the hazard identification and discussion of health effects for TiO. a full
and reasonable reflection of the human and animal studies in the scientific
literature?

2. Are the risk assessment and dosimetric modeling methods used in this
document appropriate and relevant? T

3: Are the sampling and analysis methods adequate to characterize worker
exposure to fine and ultrafine TiO;?

4. Is the use of particle surface area as a dose metric appropriate for
" estimating worker risks from inhalation of Ti0,?

5 Are there additional relevant studies or methods that NIOSH should
consider in developing its RELs for Ti0,?’
The Panel also has been guided bﬁ the Information Quality Act (IQA) guidelines
appliceble to NIOSH, the U.S. Department of Health and Human Services’ (HHS) HHS
Guidelines for Ensuring and Maximizing the Quality, Objectivity, Utility, and Infegrity of

Information Disseminated fo the Public and the Centers for Disease Control and Prevention’s

* See NIO_SH, “Draft Document for Scientific Peer Review: Evaluation of Health Hazard
and Recommendations for Qccupational Exposure to Titanium Dioxide,” available at

http://www.cde.gov/niosh/review/peer/tio2/#a.
3 Id
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(CDC) Guidelines for Ensuring the Quality of Information Disseminared to the .i’ubffc.ﬁ The
HHS and CDC Guidelines were developed in accordance with the provisions of the IQA” and the
Office of Management and Budget’'s (OMB) government-wide Guidelines for Ensuring and -

Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated by

Federal Agencfes."

\

The HHS and CDC IQA Gu_idelinas “ensure and maximize the quality,
objectivity, utility, and integr!'ly of information” that NIOSH disseminates to the public.’
“Objectivity” refers to whether disseminated infnrmaltiun “is accurate, reliable, and unbiased,”
both ‘as to its substance and its pméentation.m As “influential scientific information,” NIOSH
must ensure that the draft CIB “use[s] the best available science and supporting studies
conducted in accordance with sound and objeétivc scientific practices” and “sPecif'[ics], 1o the
extent practicable . . . [d]ata gaps and other significant uncertainties identified in the process of

the [quantitative] risk assessment and the studies that would assist in reducing the uncertainties

L U.S. Department of Health and Human Services, HHS Guidelines for Ensuring and
Maximizing the Quality, Objectivity, Utility, and Integrity of Information Disseminated to
the Pubhc {HHS Guidelines), available at

5 ines/index.shtml: Guidelines for Ensuring the

Quality of qut;rmnraon Disseminated to the Public — Centers for Disease Control and

Prevention and Agency for Toxic Sub.smncec and Disease Registry (CDC Guidelines),
: idelines/cdcinfo2.shtml.

’ 44 U.S.C. § 3516, note.

: 68 Fed. Reg. 8452 (Fecb. 22, 2002), available at http://www.whitehouse gov/omb/
fedreg/reproducible2.pdf.

9 CDC Guidelines at 1I; HHS Guidelines at L.A; see aiso IQA § (b)(2)(A).

9 CDC Guidelines at V.A; HHS Guidelines at [.D.2.c.
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las well as] [a]dditional studies not used in the risk assessment that support or fail to support the

findings of the assessment and the rationale of why they were not used.”"!

To ensure the “quality, objectivity, utility, and in[eg-rit-y” of the draft CIB, NI(-)EH.
also should apply the standards set forth in OMB's Proposed Risk Assessment Bulletin,"
Although still only a proposal, this OMB document is intended “to enhance the technical _quality
and objectivity of risk assessments prepared by federal agencies by establishing uniform,
minimum standards,” and identifies NIOSH CIBs among its specific examples of “influential
risk assessments.”"’ The Panel believes that NIOSH should implement the standards set forth in

the Propased RA Bulletin to ensure the quality. and objectivity of the CIB.

Because Panel members are manufacturers and users of TiO,, the validity of the
scientific basis for the draft CIB, and its suitﬁbi]ity for purposes i.)f' proposing RELs, is highly
important to the Panel. The Panel is vitally interested in ensuring that the CIB, when issued in
final form, accurately reflects the existing animal and.human data on the health effects of TiO:
and also provides a scientiﬁcally sound risk assessment. The Panel notes that NIOSH states in
the draft CIB that it has reviewed “the relevant animal and human data for assessing the

nl4

carcinogenicity of TiO; [in reaching its] conclusions. Moreover, an agency decision is

" CDC Guidelines at VII.

K OMB, Proposed Risk Assessment Bulletin (Jan. 9, 2006) (Proposed RA Bulletin),
available at http://www.whitehouse.gov/omb/inforeg/proposed_risk_assessment
bulletin_010906.pdf. | -

B Idat3,9.

i Draft CIB at iii.
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arbitrary and capricious if the agency has ignored information in its possession or reached a

decision that runs counter to the evidence before the agency.ls

As discussed below, there are studies that are highly relevant to this analysis that
are not dliscussed in the draft CIB, while other studies that are discussed are not afforded proper
attention. These factors call into question the objectivity and, hence, the quality of the draft CIB.
The lPanel urges NIOSH and the draft CIB Peer Revicwers o give full consideration 1o the
Panel’s comments and recommendations.’® To do -otherwise would gravely compromise the
scientific integrity of the document and NIOSH (and other aggncy) decisions that will be based
upon it, as well as the public participation process, all to NIOSH’s, the Panel’s, and the public’s

detriment.

I. THE PANEL SUPPORTS NIOSH’S DECISION TO REMOVE ITS DESIGNATION
OF Ti0; AS A “POTENTIAL OCCUPATIONAL CARCINOGEN™

The Panel notes its support of NIOSH’s determination “that insufficient evidence
. ’ : . . . @ sml?
exists to designate TiO; as a ‘potential occupational carcinogen. As the draft CIB notes,

TiO; has been classified by NIOSH as a potential occupational carcinogen since 1988.

S See Retail Store Employees Union, Local 880, R.C.IA. v. FCC, 436 F.2d 248, 254 (D.C.
: Cir. 1970) (citations omitted); see also Sierra Club v. Intersiate Commerce Comm'n,
1978 U.S. App. LEXIS 12538 (D.C. Cir. 1978).

¥ In addition to the comments stated herein, the Panel endorses fully the comments
- submitted under separatc cover by the American Chemistry Council Nanotechnology

Panel.

7 Draft CIB at 87.
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The Panel concurs with NIOSH's findings that the.tumorigcnic effects ;)f TiO;
" exposure in rats are not chemical-specific or a direct action of TiO; itself, but rather “a function
of particle si;e and surface area acting through a secondary genotoxic mechanism associated
with persistent inflammation,” and that “occupational EXPDSUI’IES to low concentrations of TiO;
pose a negligible risk of cancer in workers.”'® These conclusions, which are based on NIOSH’s
review of the pertinent animal and human data, are indeed supported by the weight of the
evidence, and for that reason the Panel supports NIOSH’s removal of the current classification of

TiO; as a potential occupational carcinogen.

L. NIOSH SHOULD NOT RELY ON OUTDATED DATA THAT OVERESTIMATE THE
'NUMBER OF WORKERS POTENTIALLY EXPOSED TO TiO; '

In Section 1.3 of the draft CIB, after acknowledging that “[a]n estimate of the
nu'n"xber of workers currently exposed to TiO; dust is not available,” NIOSH refers to the
National Occupetional Exposure Survey’s (NOES) estimate of the number of domestic workers
potentially exposed to Ti0,."® As the draft CIB points uut-, though, NIOSH conducted NOES
from 1981-1983 -- more than 25 years age. NOES, then, is a much outdated survey of the

number of workers in the United States potentially exposed to TiO..

> B Id. at 87, 92.

19 Id. at 2-3.
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Moreover, NOES overestimates the number of workers potentially exposed to

~TiO2. As NIOSH knows, the 25-year-old estimates in NOES reflected observation of the actual
use of a specific agent or “the use of a tradename product known to contain the specific agent.”’
With respect to the latter, it is important to note that NOES does not hcc;:-unt for the fact that the
first step in all downstream uses of TiO; (e.g., paints, coatings, plastics, rubber, inks, foodstuffs)
is the incorporation of the compound into an organic or inorganic matrix. Once incorporated, the
TiO; is enclosed within the matrix such that, from that point forward, I.her;;', is virtually no TiO;

dust exposure to subsequent downstream workers, to consumers, or to the environment (i.e., the

only exposure occurs when TiQ; particles are unbound and respirable).

['hc total universe of TiO,-exposed persons is limited to two types of workers:
(1) those in the so-called “white™ end of TiO; production plants (industry currently estimates this
figure to be approximately [,100 workers nationwide); and (2) thﬁse involved in the initial
compounding of downstream products. Although a reliable estimate of the number of workers
involved in the initial compounding of downstream TiO; products is not available, it is important
to note that exposure levels for these workers are expected to be at or below the levels

encountered in TiO; production plants.

2‘? NIOSH, “National Occupational Exposure Survey (1981 - 1983): Estimated Numbers of
Employees Potentially Exposed to Specific Agents by Occupation within 2-Digit
Standard Industrial Classification (SIC),” available at
hup://www.cdc.gov/noes/noes4/m0913sco.html.  Included among those found in the
NOES 1o be potentially exposed to TiO; were 108,653 textile mill products employees,
93,124 electric and electronic equipment workers, 192,970 machinery (except electrical)
employees, and 80,854 clectric, gas, and sanitary services workers. Jd.
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In sum, NOES is outdated and grossly overestimates the number of workers in the
United States with potential respiratory exposure to TiO;. For these reasons, the draft CIB
should not reference or rely upon NOES. If the discussion on NDES is retained in the final CIB,
NIOSH should revise its discussion ‘t(l} address the deficiencies of NOES, namely, that the data
are over 25 years old and greatly overestimate the number of domestic workers potentially
exposed to TiO; because NOES does not account for the lack of worker exposure once TiO; is

incorporated into an organic or inorganic matrix.

Given NIOSH's concern regarding respiratory exposure to fine and ultrafine TED;
and considering that TiO, that is tightly bm;nd in final products (such as paints and plastics for
fine TiO; and .physicél sunscreens for ultrafine TiO;), we request that any final REL determined
by NIOSH be modified as “free and unbound.” Specifically, we request the following

modifications:

| | that lines 55-57 be revised to read: “Therefore, NIOSH recommends
exposure limits for fine and ultrafine free and unbound TiO2 to minimize -
any risks that might be associated with the development of pulmonary
inflammation and cancer”;

m that lines 1646-47 be revised to read: “. . .; thus, NJOSH determined that
it is reasonable and prudent to recommend 1.5 mg/m’ as the REL for free
and unbound fine Ti02"; and

| that lines 1651-52 be revised to read: *, . .: thus, NIOSH determined that

it is reasonable and prudent to recommend 0.1 mg/m’ as the REL for free
and unbound ultrafine TiO2.”
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[ll. NIOSH'S CONSIDERATION OF THE EPIDEMIOLOGY STUDIES SHOULD
RECOGNIZE THE STRENGTHS OF THESE STUDIES

- The draft CIB’s description of the epidemiology studies that have been conducted
must be revised, as in its current form it is not scientifically objective. Scientific objectivity
means, infer alia, that the epidemiology studies must be presented by NIOSH “in an accurate . . .

»2l NIOSH has not met this objectivity standard by emphasizing the

and unbiascd- manner.
“methodologic and epidemiologic limitations” of the Chen and Fayerweather (1988), Fryzek, et .
al. (2003), and Boffetta, e al. (2004) studies, while ignoring the individual and combined
sm:ngdu of those studies. The Panel urges NIOSH to review and better incorporate pertinent
data from these studies. Of particular significance, the Panel urges NIOSH to acknowledge in
the final CIB that there is no evidence of an exposure effect in over 20,000 workers in the United

States and Europe who have been expcuséd to TiO; since the 1930s.

NIOSH states on line 2091 that “[g]iven the particle size dimensions of fine TiO2
(~0.1 pm to 4 pm, .avg. of 0.5 um) [Malvern Instruments 2004], it is reasonable to conclude that
a significant fraction of total dust measurements reported for TiO2 are comprised of respirable
| particles.” The cited reference analyzetgl particle size distributions of primary particles from 15
representative high volume TiO; pigments produced in the U.S. To conduct those analyses, the
pigment samples were dispersed using ultrasound to overcome the strong Vanderwals forces tl';a: .
tend to make fine particles agglomerate. It is iﬁlportant to p-oi:nt out that the primary particle size

range identified was all above 100 nm as shown in Figure 1 below. The TiO; dust that workers

=l HHS Guidelines at 1.D.2.¢; Proposed RA Bulletin at 24.
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are exposed.to in pigment plants is agglomerated but a significant fraction of the exposure is to
respirable agglomerated particles. Based upon the MMAD (1.4 um) of the ultrafine (primary
particle diameter = 0.21 pm) dust generated in rodent studies (Bermudez er al. 2004),

occupational exposures to ultrafine TiO; likely are also mostly respirable.

FIGURE1

L

Photon Correlation . o
» Spectroscopy f

Diametar (nm]

Comparison of Primary Particle Size Distributions as Analyzed PCS and
by Laser Diffraction -

-

NIOSH also suggests that “fine rutile TiO;, may be micronized to produce an
ultrafine particle fraction for product applications such as cosmetics.’?? As an industry, we have

significant experience with the micronization process, and we do not believe that fine TiO; could

3 Draft CIB at 101.
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be micronized to an ultrafine material. We cannot cite 4 Scientific reference to"document this

point, but request that NIOSH delete this assertion unless it documents that it is possible.

The Panel further requests th}at NIOSH clarify the type of TiO; exposure

experienced by workers in the occupational epidemiological studies as follows:

= By revising lines 506-507 of the draft CIB to read: “A few epidemiologic
studies have evaluated the carcinogenicity of fine TiO; in humans; they
are described here and in Table 2-1.”

| By revising lines 716-717 1o read: “Overall, these studies provide no clear
' evidence of elevated risks of lung cancer mortality or morbidity among
those workers expesed to fine TiO; dust.”

=2 By revising lines 726-728 to read: “In addition to the methodologic and
epidemiologic limitations of the studies of workers éxposed to fine TiO, *
there are no studies available of workers exposed to ultrafine TiO2.”

A. The Chen and Fayerweather (1988) Study Provides Valid Mortality Data
That NIOSH Cannot Dismiss

Section 2.2.1 of the draft C1B cites seven “serious limitations” of the Chen and
~ Fayerweather study.” The study, however, contains several different components - cohort
mortality, cohort cancer incitience, nested case control studies of lung cancer and chronic
respiratory disease, and a cross-sectional stﬁdy of lung fibrosis -- and NIOSH neglects to point
out that the limitations cited do not apply to each and every one of the study -:ompunen-ls. In
fact, none of the limitations clited by NIOSH invalidate the mortality component of the study,

which provides valuable hazard data on workers in the domestic TiO, industry before 1960 to

= Id at 14.
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supplement the data supplied by the Fryzek, er al. (2003) study. In particular, the Chen and
Faycnvee:lihcr study “did not repoﬁ statistically significant increased mortality from lung cancer,
chronic respiratory disease, or fibrosis associated with titanium exposure.™ There is no
evidence that the study missed lung cancer deaths; indeed, Chen and Fayerweather indicated that
they were able to ascertain vital status for 94 percent of the cohort and had death certificates for
94 percent of the deaths. Given these facts, the mortality data in the Chen and Faycrweaﬂ-'ter
study simply cannot be dismissed by NIOSH and must be ;::onsidered with the body of other
epidemiological studies, all of which show no evidence of an exposure-related effect on lung

cancer mortality.

With respect 1o the seven “serious limitations™ set forth by NIOSH, the Panel

offers the following observations:

1. NIOSH states that “it is unclear whether quantitative exposure data for
respirable TiQ existed after 1975 and if so, whether those measurements
were used in the analyses”” Chen and Fayerweather stated that no
quantitative exposurc data existed before 1975 and that exposure
classification committees evaluated the exposure of each TiO;-exposed
job. The clear implication is that quantitative exposure data existed after
1975. .

- NIOSH states that the “type of measurement (e.g., total, respirable, or
submicrometer), type of sample (e.g., area or personal), number of
samples, sampling location and times, and nature of samples (c.g.
epidemiologic study or compliance survey), and breathing zone particle
sizes were not reported.”® Very few studies provide the level of detail

= Id
25 Id
26 Id
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that NIOSH states as a limitation in the reporting of the study, and this
study should not be held to a standard different than other studies. In
addition, it is reasonable to assume that Chen and Fayerweather were
describing total dust. -

NIOSH notes that “duration of exposure was not described.””’ The study
does provide the quartiles for exposure duration. The quartiles show that
only 25 percent of the cohort was exposed for more than four years, which
the Panel concurs is a limitation of the study.

NIOSH states that “the presence of other chemicals and asbestos could
have acted as confounders.”™® This is correct, but it would be most likely
to result in increased mortality from lung cancer (inasmuch as one would
expect that the workers would have been more likely to be exposed to
other chemicals and asbestos than the general public). Mortality due to
lung cancer was reduced in the study (9 observed deaths versus 17.3
expected based on U.S. white male mortality rates), however. NIOSH
should note that this limitation does not explain reduced lung cancer
mortality.

NIOSH notes that “incidence and mortality data were not described in
detail and could have been affected by the healthy worker effect.” While
the incidence and mortality data are not described in detail, the healthy
worker effect is highly unlikely to have concealed an exposure-related
effect on lung cancer montality.

NIOSH notes that “chest X-ray films were not available for retired and
terminated workers.”® The unavailability of chest X-ray films does not
affect or in any way invalidate the cross-sectional component of Chen and
Fayerweather’s study. More important, it is completely irrelevant to the
mortality component of the study.

NIOSH states that “company registries were the only apparent source for
some information (e.g., company records may have been based on those
workers eli%i‘ble for pensions, and thus not typical of the general
workforce).” While this may have been true of the cancer incidence

7
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component of the study, with respect to the mortality component, Chen
and Fayerweather indicated that they were able to ascertain vital status for
94 percent of the cohort and had death certificates for 94 percent of the
deaths. Hence, it is highly unlikely that they failed to ascertain many, if
any, lung cancer deaths.

B. NIOSH’s Description of the Fryzek, er al. (2003) Study Should Be
Revised Because It Is Biased and Inaccurate

Section 2.2.2 of the draft CIB makes several inaccurate statements about the
Fryzek, et al, (2003) study. First, NIOSH mistakenly asserts that “company records from the
early period were destroyed or lost.” Nowhere in their paper did Fry;ck, el al. state this.
Instead, they referred to the possibility “that some company.records f:.*om the early periods in the
plants may have been destroyed or lost,” and explained that they “found no evidence to support

such an assumption.” NIOSH should correct line 621 of the draft CIB accordingly.

More significant, NIOSH relies in the draft CIB on a comment made by

Béaumam,_el al. (2004) rilat the use of a time-independent exposure variable may haw;. resulted
in artificially low relative risks (RRs). That particular comment was relevant only to one table,
Table 8, in the Fryzek, et al. study.* NIOSH fails to make clear, as it should, that Fryzek, et al.

responded to the Beaumont, er al. letter to the editor by performing the very analyses suggested

2 1d atl6.

¥ Fryzek JP, Chadda B, Marano D, White K, Schweitzer S, McLaughlin JK, Blot WJ
. (2003). A cohort mortality study among titanium dioxide manufacturing workers in the
United States. J. Occup. Environ. Med. 45:406.

H Beaumont JJ, Sandy MS, Sherman CD (2004). Titanium dioxide and lung cancer [letter
to the editor]. J. Occup. Environ. Med. 46(8).759.

14
101CMO001D.doe[142-001]



"3 .. and demonstrated that time-

-- what the draft CIB refers to only as “[flurther data analysés
dependent and time-independent cxposure variables yielded almost identical RRs.*® In addition,
the Panel believes it is misleading for NIOSH to repeat the Beaumont, ef al. criticism in Table

2.1, where the comments refer to “questionable modeling methods {Bcaumorl':l. et al. 2004]"

without also explaining that the modeling methods did not give incorrect results.”’

» Finally, NIOSH evidences bias in its presentation of the Fryzek, er al. “[f]urther
data - analyses” by mentioning the non-significant hazard ratio of 1.3 fér the “medium”
cumulative TiO, exposure group in the time-dependent analysis with a 15-year lag, but not
mentioning the far more relevant hazard ratio of 0.7 for the “high” cumulative exposure group in

i

that analysis.”™ To be accurate, as well as fair and balanced, NIOSH must discuss the latter

hazard ratio as well.

18 Draft CIB at 17.

% Fryzek JP, Cohen S, Chadda B, Marano D, White K, McLaughlin JK, Blot WJ. Titanium
dioxide and lung cancer [letter to the editor]. J. Occup. Environ. Med. 46(8):760; Fryzek
JP, Cohen S, Chadda B, Marano D, White K, McLaughlin JK, Blot WI. Frrata RE
Fryzek et al., August 2004. J. Occup. Environ. Med. 46(11):1189.

37 Draft CIB at 25.

" Fryzek JP, Cohen S, Chadda B, Marano D, White K, McLaughlin JK, Blot WJ. Titanium
dioxide and lung cancer [letter to the editor]. J. Occup. Environ. Med. 46(8):760; Fryzek
JP, Cohen S, Chadda B, Maranc D, White K, McLaughlin JK, Blot WJ. Errata: RE
Fryzek et al., August (2004). J Occup. Environ. Med. 46(11):1189.
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C. NIOSH Should Revise the Discussion of the Boffetta, et al. (2004) Study,
: Which Is Erroneously Described in the Draft CIB

In its discussion of the Boffetta, er al. mortality study, NIOSH misstates one of
the authors’ suggestions regarding the lack of exposure-response relationships. Point number 2
on lines 704-705 of the draft CIB* should be revised in relevant part to read “(2) the lack of
inclusion of workers who were employed before the bcginniné of the followup period when
expasure concentrations tended to be high.” In additio.n, to be accurate, NIOSH should cxﬁlain
that the study authors felt that this lack of exposure-response relationships was not problematic,
insofar as they stated: “We cannot exclude that this phenomenon had occurred and resulted in |
loss of power. However, the results of the analysis on the inception cohort, composed of
workers whose employment is entirely covered by the follow-up, are remarkably similar to the

results of the whole cohort, arguing against survival hu'ms,""'Er

Moreover, contrary to lines 705-706 of the draft CIB, Boffetia, et al did not -
suggest “that the statistically significant SMR for male lung cancer could represent (1)

heterogeneity by country.”' Rather, they stated:

¥ Draft CIB at 20.
“ Boffetta P, Soutar A, Cherrie JW, Granath F, Andersen A, Anttila A, Blettner M,
~ Gaboricau V, 2265 Klug SJ, Langard S, Luce D, Merletti F, Miller B, Mirabelli D,

Pukkala E, Adami H-O, Weiderpass E (2004). Mortality among workers employed in the
titanium dioxide production industry in Europe. Cancer Causes Control 15:704.

s Draft CIB at 20.
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~ The lung cancer SMR results presented some heterogeneity by country.
Because of the important effort made to standardize exposure estimates
across factories and countries, this heterogeneity should be explained by
chance and differences in the effect of ‘Pmcntial confounders rather than
by factors linked to TiO; dust exposure.*

To be accurate and objective, NIOSH must make this point clear in the final CIB.

In Appendix F of the draft CIB, NIOéH states that *“‘the exposure data in [the
Fryzek, et al. (2003) and Boffetta, et al. {2004)] studies was primarily based on the total dust
fraction [and] limited data wcrcl available for exposure to respirable particles.”™ While Fryzek,
et al. only used personal samples of total dust, a range of exposure data, including respirable dust

measurements, was available from European plants.

D. NIOSH’s Summary of the Epidemiologic Studies in Section 2.3 of the
Draft CIB Is Deficient and Should Be Revised -to Correct Those
~ Deficiencies

In the draft CIB's summary of epidemiologic studies, where NIOSH discusses
deaths from non-ma]i'gnan; respiratory diseases, NI(_'JSH neglects to mention that the Boffetta, ef
al. (2004) study al-so reported a deficit of mortality from this cause (201.9 observed and 228;1-1
ex;lectcd male deaths; 0 observed and 2.4 expected female deaths). In addition, although none of
the cpidémiology studies report on mortality due to pneumoconiosis, there is considerable

discussion of four pleural cancer deaths in Boffetta, ef al. (2004) (even though there was a deficit

e d

% Boffetta, ef al. (2004) at 704.

- Draft CIB at F-1.
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- of observed deaths with 5.2 expected deaths). A simildr discussion of any pneumoconiosis
deaths in Boffetta, er al (2004) would have been expected had there been any, given lthc authors’
focus on a possible association between TiO, exposure and pleural p]&éues and thickening, and
this point should be included in the final CIB.

E. Contrary to What NIOSH Indicates in the Draft CIB, the Boffetta, et al.
(2004) Study Has Reasonable Power to Detect a Dose Response, and the

CIB Should Be Revised Accordingly

On lines 3141-3150 of the draft CIB, NIOSH argues that a significant dose-
fesponse relationship for TiO; exposure and lung cancer “would not be expected to be observed”
in the Boffetta, er @l (2004) study because the upper confidence limit on excess ris:.k at the
median cumulative exposure was estimated to be quite low.** The draft CIB derives estimates of
56.5 and 78.1 milligrams per cubic meter (mg/m’) per year for the midpoint of cumulative
exposure in the highest quartile group, however.*® These values are 29 and 39 times higher than
. the median cumulative exposure value and are significantly more relevant to the determination of

whether the study had adequate power to detect a dose response.

While the BofTeuwa, er af. (2004) swudy did not provide information on its power,

the full report of the European study -- Boffetta, et al. (2003) -- did discuss study power, stating:

e Id. at F-6. : \

a Id. at E-6.
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In the internal analysis, the power of the §tudy to detect (at « level
of 0.05) a relative risk of 2 in the highest versus the lowest quartile
of cumulative exposure was above 95%, that for a relative risk of
1.7 was 90% and that for a relative risk of 1.5 was 74%. It is
~ therefore unlikely that we have missed a moderate-to strong
association (relative risk above 1.5) because of lack of power.f‘ﬁ

Thcrdrafl CIB’s derived estimates of 56.5 and 78.1 mg/m’ p;er year for the midpoint of
cumulative expngum in the highest quartile group equate to average lifetime exposures of 1.26
and 1.74 mg/m’® (45 years of exposurc). Table E-2 of th-:'d;aﬁ CIB indicates that the upper
confidence limits on excess risk at those concentrations (using the appropriate model) correspond
to a relative risk of 1.5. Contrary to th-e.draﬂ CIB, the Boffetta, et al (2004) study does have
reasonable power to detect such risks and a dose response, and the final CIB should be revised

accordingly,

F. NIOSH Should Not Discuss Human Snid'y Case Reports Where There Is
Insufficient Information on the Role That TiO; Played

¢

NIOSH includes in Section 2.1 a case study that has insufficient evidence
provided about the role, if any, TiO; played in the death of a worker reported in that case study.
Although NIOSH states that “[f]urther information about the role of TiO; was not provided,” the

existing paragraph strongly suggests that TiO, was to blame for the worker’s sudden death.*” No

s ~

- Boffetta P, Soutar A, Weiderpass E, Cherric J, Granath F, Andersen A, Anttila A,
Blettner M, Gaboricau V, Klug S, Langard S, Luce D, Merletti F, Miller B, Mirabelli D,
Pukkala E, Adami H-O (2003). Historical cohort study of workers employees in the
titanium dioxide production industry in Furope. Stockholm, Sweden: Karolinska
Institute, Department of Medical Epidemiology. Unpublished.

. Draft CIB at 10.
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autopsy report is cited by NIOSH, and there is no indication whether particulate of the cleaning
mixture that the worker was using to pressure-clean the tank was ruled out as the cause of death.
Absent further verifiable information about the role of TiOs, if any, NIOSH should delete lines

477-479.

IV. SECTION 3 OF THE DRAFT CIB SHOULD BE REVISED TO CORRECT
MISREPRESENTATIONS OR MISINTERPRETATIONS OF SOME OF THE
ANIMAL STUDIES, TO CONSIDER SEVERAL STUDIES THAT ARE OF
CRITICAL IMPORTANCE BUT NOT ADDRESSED IN THE DRAFT, AND TO
CORRECT ERRONEQUS CONCLUSIONS THAT ARE BASED ON THESE
CRITICAL ERRORS AND OMISSIONS

Many of the animal studies summarized in Section 3 of the draft CIB either have
been misrepresented or misinterpreted by NIOSH. For example, NIOSH's summaries of the two
mechanistic studies by Bermudez, ef al. arc inaccurate. Those studies revealed significant
species differences in lung responses to overload concentrations of both pigment-grade and
specific ultrafine-grade TiO; particles. Based on the summary descriptions in the draft CIB, one
would have no idea that the rat has a unique lung response when compared to the mouse and
hamster, and that this likely is the responsible mechanism for lung tumor development in rats but

not mice or hamsters.

Equally important, the draft CIB ignores a number of studies that are extremely
critical. In particular, as explained more fully below, NIOSH has failed to consider two
important studies by -Niku}a, et al. that demonstrate the fundamental differences in lung
responses to low solubility dusts when comparing pulmonary responses in rats to those in

humans and nonhuman primates.
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These critical errors and omissions cause NIOSH to conclude erroneously that
because humans have a slow dust clearance response leading to particle overload, the human
response is similar to the rat responsé. possibly leading to lung tumors. There are two
fundamental flaws in NIOSH's argument. First, the available occupational epidemiology data
are negative for lung cancer. Second, the lung response in humans is different from the lung
response in rats, both with respect to clearance kinetics and with respect to inflammatory and
pathological responses. Ultimately, the basis for NIOSH's risk assessment modeling approach is

flawed.

For organizational purposes, the following comments on the various subsections

of Section 3 are presented in the same order in which the draft CIB is organized.

A, ‘Section 3.1.1 (Genotoxicity and Mutagenicity)

With respect to the studies cited in Section 3.1.1 of the draft CIB, NIOSH states
that “[o]verall, these studies suggest that TiO; may have some genotoxic potential, under some
conditions.”® This conclusion is not representative of the large majority of study papers which

suggest that TiO; was negative for genotoxic potential in most of the studies.”

b Id. a1 27.

i See Scientific Committee on Cosmetic Products and Non-Food Products Intended for
Consumers, Opinion of the Scientific Committee on Cosmetic Products and Non-Food
Products Intended for Consumers Concerning Titanium Dioxide (Oct. 24, 2000),
available : ' at
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B. Section 3.2.1 (Intratracheal [nstillation)

Most of the studies cited in Section 3.2.1 fail to identify the crystal structure of
the TiO; particles utilized in the studies (e.g., rutile, anatase, or P25, which is 80 percent anatase
and 20 percent rutile). In fact, throughout the draft CIB, 'NIOSH does not adequately
characterize the crystal structures as well as the particle sizes used by the investigators in the
various studies. Ultrafine TiO; particles are comprised of different crystal structures -- anatase
or rutile -- and different particle sizes, and it is inappropriate, for example, to suggest that P25 is

* representative of all ultrafine TiO; particles.

C. © Section 3.2.2 (Shori-Term Inhalation)

The Panel offers the following line-by-line comments on Section 3.2.2 of the draft CIB:

B The Panel urges NIOSH to mention on lines 8]15-821 that the fine TiO;
was rutile-type and that the point of the Warheit, ef al. (1997) study was to
demonstrate that inhalation of high concentrations of low toxicity dusts
such as pigment-grade TiO; and carbonyl iron particles results in impaired
pulmonary clearance mechanisms and persistent inflammation in rats.
This is a nonspecific response to particle overloading in the lungs of rats.

" With respect to the Baggs, ef al. (1997) study discussed on lines 822-826,
NIOSH should provide better physical characterization of the ultrafine

/scep/documents/out] 35
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TiO; (i.e., particle size, crystal structure) and also the plgmem grade TiO;
particles, |f such data are available.

L On line 832, “52 days™ should be replaced with “32 days.” Unless the
authors of the Donaldson, et al. (1990) study did not provide it, a better
description of the physical characterization of “fine Ti0O;" is needed.
Additionally, NIOSH should complete the study discussion by providing
the conclusions of the study au;hor&

| With respect to the Warheit, et al. (2005) study, the draft CIB provides an
inadequate physical characterization of the different fine formulations of
- TiO; and an incomplete summary of the key findings of the study.

D. Section 3.2.3 (Subchronic Inhalation)

NIOSH states on lines 866-867 that “[i]nhaling 50 or 250 mg/m’ fine TiO; for 13
weeks caused histopathological changes consistent with alveolar epithelial cell hypertrophy and
hyperpiasi; in all species [Everitt et al. 2000).™*" This study summary is erroneous and NIOSH
should cerrect the draft CIB to note the following conclusions of the Everitt, ef al. study, as

described by Bermudez, ef al. (2002):

Burdens of pigment-grade TiO; in the lungs and in the lung-
associated lymph nodes increased in a concentration-dependent
manner. Retained lung burdens following exposure were greatest
in mice. Rats and hamsters had similar lung burdens immediately
postexposure when assessed as milligrams of pigment-grade per
gram of dried lung. Particle retention data suggested that
pulmonary overload was achieved in both rats and mice at the
exposure levels of 50 and 250 mg/m’. Under the conditions of the
present study, hamsters were better able to clear pigment grade
TiO; particles than were similarly exposed mice and rats.
Pulmonary  histopathology revealed both species and

- Id. at 33.
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ﬁndings of the Bermudez, et al. (2002) study, which concluded that there are signif;cant rodent
species differences in lung responses to particle overload, and that the rat develops a unique
adverse response. 1n particular, the stu'iziy' found that pulmonary lesions were most severe in rats,
where p:;ogressive epithelial and fibroproliferative changes were observed in the 250 mg,:’rr’:3

group. These epithelial proliferative changes were also manifested in rats as an increase in

concentration-deépendent differences in pigment grade particle
retention patterns. Inflammation was noted in all three species at
50 and 250 mg/m’ as cvidenced by increases in macrophage and
neutrophil numbers and in soluble indices of inflammation in
bronchoalveolar lavage fluid (BALF; rats>mice, hamsters). In
mice and rats, the BALF inflammatory response remained elevated
relative to controls throughout the entire postexposure recovery
period in the most highly exposed animals. In comparison,
inflammation in hamsters eventually disappeared, even at the
highest exposure dose, due to the more rapid clearance of particles
from the lung. Pulmonary lesions were most severe in rats, where
progressive epithelial- and fibroproliferative changes were
observed in the 250 mg/m’ group. These epithelial proliferative
changes were also manifested in rats as an increase in alveolar
epithelial cell labeling in.cell proliferation studies. Associated
with these foci of epithelial proliferation were interstitial particle
accumulation and alveolar septal fibrosis. In summary, there were
significant species differences in pulmonary response to inhaled
pigment grade TiO; particles. Under conditions in which the lung
pigment grade TiOy burdens were similar and likely to induce
pulmonary overload, rats developed a more severe and persistent
pulmonary inflammatory response than either mice or hamsters.
Rats also were unique in the development of progressive
fibroproliferative lesions and alveolar epithelial metaplasia in
response to 90 days of exposure to a high concentration of pigment
grade TiO; particles.’

In addition, NIOSH misrepresents on lines 866 to 882 of the draft CIB the

51

Bermudez E, Mangum JB, , Asgharian B, Wong BA, Reverdy EE, Janszen DB, Hext PM,
Warheit DB, Everitt.JI (2002). Long-term pulmonary responses of threc laboratory
rodent species to subchronic inhalation of pigmentary titanium dioxide particles. Toxicol
Sei. 70 (1):86-97.
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alveolar epithelial cell labeling in cell proliferation studies. Associat;d with these foci of .
epithelial proliferation were interstitial particle accumulation and alveolar septal fibrosis. In
summary, there were significant species differences in pulmonary response to inhaled pigment-
gmﬂe TiO; particles. Under ;:undilions in which the lung pigment-grade TiO; burdens were
similar and likely to induce pulmonary overload, rats dgvcloped a more severe and persistent
pulmonary inflammatory response than either mice or hamsters. Rats also u.;crc unique in the
development of progressive fibropreliferative lesions and alveolar epithelial metaplasia in

response to 90 days of exposure to a high concentration of pigment-grade TiO; particles.

NIOSH also errs by failing to discuss in Section 3.2.3 the Bermudez, ef al. (2004)
study, in which female rats, mice, and hamsters were exposed to aerosol concentrations of 0.5,
2.0 and ID.C; mg/m’ of ultrafine (80 percent anatase, 20 percent rutile) TiO; particles for 13
weeks. Following the exposure period, animals were held for recovery periods of 4, 13, 26, or

52 weeks (49 weeks for hamsters). The study concluded as follows:
I \

Retained lung burdens increased in a dose-dependent manner in all
three species and were at a maximum at the end of exposures.
Mice and rats had similar retained lung burdens at the end of the
“exposures when expressed as mg uf TiOy/mg dry lung, whereas
hamsters had retained lung burdens that were significantly lower.
. The retardation of g)art:cla clearance from the lungs in mice
and rats of the 10 mg/m’ group indicated that pulmonary particle
overload  had been achicve in these animals.  Pulmonary
inflammation in rats and mice exposed to 10 mg/m’ was evidenced
by incrcased numbers of macrophages, neutrophils and soluble
biomarkers. . . . Progressive epithelial and fibreproliferative |
changes were observed in rats of the 10 mg/m’ group. These
lesions consisted of foci of alveolar epithelial proliferation of
metaplastic epithelial cells (so-called alveclar bronchiolization)
circumscribing aggregated foci of heavily particle-laden
macrophages. The observed epithelial proliferative changes were
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101CMO0 1 D.doc[142-001]



also manifested in fats as an increase in alveolar epithelial cell
labeling in cell proliferation studies. Associated with these foci of
epithelial proliferation were interstitial particle accumulation and
alveolar septal fibrosis. These lesions became more pronounced
with increased time postexposure. Epithelial, metaplastic and
fibroproliferative changes were not noted in either mice or
hamsters. In summary, there were significant species differences
in the pulmonary responses to inhaled uf-TiO; particles. Under
conditions where the lung uf-TiO; burdens were equivalent, rats -
developed a more severe inflammatory response than mice, and
subsequently,  developed  progressive  cpithelial  and

- fibroproliferative changes. Clearance of particles from the lung
was markedly impaired in mice and rats exposed te 10 mg/m® uf-
TiO;, whereas clearance in hamsters did not appear to be affected
at any of the administered doses. These data are consistent with
the results of a companion study using inhaled pigmentary (fine
mode) TiO; (Bermudez, ef al. [2002]) and demonstrate that the
pulmonary responses of rats exposed to ultrafine particulate
concentrations likely to induce pulmonary overload are different
from similarly exposed mice and hamsters. These differences can
be explained both by pulmonary response and by particle
dosimetry differences among these rodent species.

5

In sum, NIOSH misinterprets the conclusions of the very important mechanistic
Bermudez, ef al. (2002) study with pigment-grade TiO; particles, which demonstrated that
despite the fact that rats and mice have similar lung burdens, inflammation, and particle
Ovcrk‘:‘ad, only rats develop histoj}alhological lung tissue changes consistent with
ﬂbmprolifcrative disease, alveolar epithelial proliferation, and septal fibrosis. This is extremely
critical because only rats -- not mice or hamsters — develop lung tumors in respoﬂsc to chronic
inhalation-induced particle overload in the lung. NIOSH also omits the highlly important .

conclusions of the Bermudez, ef al. (2004) study with interspecies comparisons of lung response

H Bermudez E, Mangum JB, Wong BA, Asgharian B, Hext PM, Warheit DB, Everitt JI
(2004). Pulmonary responses of mice, rats, and hamsters to subchronic inhalation of
ultrafine titanium dioxide particles. Toxicol. Sci. 77:347-357.
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to inhaled ultrafine TiO, particles (see Section IV.F below). This omission is critical because

virtually the same conclusions are derived following the development of particle overload in rats.

E.  Sections 3.3.1 (Rat Tumor Lung Response) and 3.3.2 (Chronic Oral)

The Panel offers the following line-by-line comments on Sections 3.3.1 and 3.3.2

of the draft CIB:

| Line 887: The “ultrafine TiO;” in the Heinrich, et al. (1995) study should
be better characterized in terms of size and crystal structure.

| Linc 890: The word “carcinomas” should be replaced with “tumors”
inasmuch as most of the described carcinomas likely were keratin cysts.

u Lines 902-905: These lines are inaccurate, particularly as they relate to
' the Boorman, et al. (1996) reference, and should be revised so that they
are consistent with the new Warheit and Frame (2006) manuscript, which

states as follows: '

Using current diagnostic criteria, this [study] summarize[d]
the microscopic review of 16 proliferative squamous
lesions, previously diagnosed as cystic keratinizing
squamous cell carcinoma, in the lungs of rats from a 2-year

. inhalation study with pigment-grade titanium dioxide
particles. . . . Unanimous agreement was reached as to the
diagnosis of each of the lesions. Two of the lesions were
diagnosed as squamous metaplasia and one as a poorly
keratinizing squamous cell carcinoma. The remaining 13
lesions were diagnosed as non-neoplastic pulmonary
keratin cysts. [The authors concluded that] [t]hese keratin
cysts are a species-specific lesion that is unique to the rat
lung under conditions of particle overload exposure.”

» Warheit'DB, Frame SR. Characterization and reclassification of titanium dioxide-related
pulmonary lesions. J Occup. Environ. Med. (in press; manuscript appended as
Attachment 2).
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| Lines 915-924: The exposure regimen in the Heinrich, e al. (1995) study
should be clarified (17 hours/day x 5 days/week), and the ultrafine test
substance should be better described as 80 percent anatase, 20 percent
rutile. .

n Lines 928-930: NIOSH should state that under the conditions of the
study, exposure to ultrafine TiO; particles in mice was negative.

| Line 931: A section summary of pulmonary effects should be provided.

| Line 946: NIOSH inexplicably omits other negative cral toxicity studies
on TiO;. For example, Bernard, ef al. conducted a study in which groups
of 50 male and female Fischer 344 rats, 8 weeks of age, were fed diets

containing 0, 1.0, 2.0 or 5.0 percent TiO;-coated mica for up to 130
weeks. The authors found no evidence of carcinogenic effects.™

E: ion 3.4.1 (Rodent Lung Responses to Fine and Ultrafine TiO

NIOSH states on line 950 of the draft CIB that “[both fine and ultrafine TiQ; are
capable of eliciting pulmonary inflammation in the rat”*® This statement is overly broad and
inaccurate because any particle in sufficient doses can elicit pulmonary inflammation. NIOSH,
moreni’er, does not draw a distinction between short-term and long-term pulmonary
inflammation, nor does it specify the particle sizes and crystal structure of the fine and ultrafine
TiO; particles. For example, P25 is not likely to be representative of all ultrafine TiO;

particles.’®

B Bernard BK, Osheroff MR, Hofman A, Mennear JH "(1990). Toxicology' and
carcinogenesis studics of dictary titanium dioxide-coated mice in male and female
Fischer 344 rats. J. Toxicol. Environ. Health 29: 417-429.

 Drafi CIB at 36. | :

% See Warheit DB, Webb TR, Sayes CM, Colvin VL, Reed KL (2006). Pulmonary
instillation studies with nanoscale TiO; rods and dots in rats: toxicity is not dependent
upon particle size and surface area. Toxicol Sci. Appended as Attachment 3.

@
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NIOSH misrepresents and misinterprets the Bermudez, ef al. (2004) study, which

found significant species differences in lung responses to ultrafine TiO;. Pulmonary lesions
were most severe in rats, where progressive epithelial and fibroproliferative changes were
observed in the 10 mg,r‘mJ group. These cpithleiial proliferative changes also were manifested in
rats as an increase in alveolar epithelial cell labeling in cell proliferation studics. Associated
with these foci of epithelial proliferation were interstitial particle -accumulation and alveolar
septal ﬁbmsis. In summary, there were significant species differences in pulmonary response to
inhaled ultrafing TiO; particles. Under conditions in which the lung pigment-grade TiO; burdens
were similar and likely to iﬁducc pulmonary overload, rats developed a more severe and
persistent pulr.mnary inflammatory respense than either mice or hamsters. Moreover, lesions in
high-dose rat lungs seen at the end of the exposure period continue to dcvclup in an aggressive
n;iamncr throughout the one-year post-exposure period. Indeed, they start to take on the
appearance of the foci of effects from which tumors are considered to arise in long-term studies.

This is not the case with mice or hamsters.

The Maronpot, et .a:’. (2004) study requires a much r;‘lore detailed explanation than
the one offered by NIOSH on lines 993-995. First, the data do not support the conclusion that
“the pulmonzrly adenomas and adenocarcinomas seen in TiOj-exposed rats are similar to
pulmonary neoplasms in humans.” Second, NIOSH crroncously utilizes this statement as a
rather questionable basis for conducﬁng a quantitative risk assessment between rats and humans.
The draft CIB ignores the guidance given in the International Life Sciences Institute’s (ILSI) Rat

Lung Overload document, wherein fundamental distinctions are made between the lung tumors
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observed in humans and those observed in rats (differenf cell types, different anatomic locations,

ete.).”’

The draft CIB also shouln:! consider in Section 3.4.1 the forthcoming Warheit and
Frame stu:_iy, wherein 16 lung lesions originally described as cystic keratinizing squamous cell
carcinomas were reevaluated according to current diagnostic criteria.®® As discussed in Section
IV.E above, two of the lesions were diagnosed as squamous metaplasia and one as a poorly
keratinizing squamous cell carcinoma. The remaining 13 lesions were diagnosed as non-
neoplastic pulmonary Kkeratin cysts, which the authors concluded are a species-specific lesion

unique to the rat lung under conditions of particle overload exposure.

The draft CIB does not, bﬁt. should, include in Section 34.1 a discussion of the
final report issued by The Presidential/Congressional Commission on Risk Assessment and Risk
Management.*® Established under Section 303 of the Clean Air Act Amendments of 1990, the
Commission was directed by Congress “to make a full investigation of the policy implications
and appro.priatc uses of risk assessment and risk management in regulatory programs under

various Federal laws to prevent cancer and other chronic human health effects which may result

ST ILSI Risk Science Institute, “The Relevance of the Rat Lung Response to Particle
Overload for Human Risk Assessment: A Workshop Consensus Report” (1998).

5"’ See supra, foctnote 52.

= The Presidential/Congressional Commission on Risk Assessment and Risk Management,
“Risk Assessment and Risk Management in Regulatory Decision-meking: Final Report,
Volume n (1997) (Volume " 2), available at

hitp://www.riskworld.com/Nreports/1997/risk-rpt/volume2/pdf/v2epa.PDF.
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from exposure to hazardous substances.” Volume 2 of the Commission’s final report observed
that “[t]here are . . . cases . . . where rodent tumor responses have been shown to be irrelevant to

humans or may occur at doses far exceeding any recognized human exposures including

workplace exposure.”' Indeed, the Commission identified TiO; as one such case.”

In addition to the comments above, the Panel offers the following line-by-line

comments on Section 3.4.1 of the draft CIB:

| Lines 975-978: NIOSH’s description of the Heinrich, et al. (1995) study
in connection with the Bermudez, ef al. (2004) study fails to demonstrate
that in mice, cell proliferation leads to a minor pulmonary effect, while in
. rats, it leads to a major pulmonary effect.

i Lines 980-981: The draft CIB states, “[b]oth fine and ultrafine TiO, are
fibrogenic and carcinogenic in the lungs of chronically exposed rats.
Pulmonary’ interstitial fibrosis develo gcd in rats exposed to 50 or 250
mg/m’ fine TiO; 6 hr/day for 2 years.” The first statement is misleading
because it fails to acknowledge overload mncentralmns or that lung
tumors weré procuced in rats exposed only to 250 mg/m’ -- where only
one tumor was a carcinoma - the rest were adenomas and proliferative
keratin cysts. The statement about pulmonary interstitial fibrosis fails to
indicate that the fibrosis was mild to minimal and was a normal reaction to
extreme dust overload.

[ | Lines 988-990: The use of the term “adenocarcinomas” is inaccurate for
the Lee, ef al. (1985) study, and only one tumor wasa squamous cell
carcinoma.

»

©  pyb, L. No. 101-549, § 303(2) (Nov. 15, 1990).

g Volume 2 at 65.
8 Jd (Table 4-2).

" Draft CIB at 38.
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G.  Section 3.4.2 (Lung Overload)

NIOSH’s review of the scientific literature .pertinent to lung overload ignores
completely two studies that the Panel believes are highly critical: Nikula, ef al. (1997)* and

Nikula, et al. (2001).55 NIOSH should revise the CIB to consider these studies.

The Nikula, e/ al. (1997) study compared the anatomical pattern of particle

retention and the lung tissue response of rats and mnn]éeys exposed chronically (for 24 months)
0 high occupational concentrations of poorly soluble particles. The study found that rats (versus
monkeys) retained a greater portion of particles in alveolar ducts, while monkeys (versus rats)
retained a greater portion of particles in interstitium. In addition, rats, but not monkeys, were
found to have significant alveolar epithelial hyperplastic, inflammatory, and septal fibrotic

responses to the retained particles. The authors concluded as follows:

.

There was ne significant difference in the relative amount of
retained particulate material between diesel exhaust-exposed
monkeys and rats. Within each species, the sites of particle
retention and lung tissue responses were the same for diesel soot,
coal dust, and the combined material. Rats retained a greater
portion’ of the particulate material in lumens of alveolar ducts and
alveoli than monkeys. Conversely, monkeys retained a greater
portion of the particulate material in the interstitium than rats.
Rats, but not monkeys, had significant alveolar epithelial
hyperplastic, inflammatory, and septal fibrotic responses to the

6 Nikula KJ, Avila KJ, Griffith WC, Maucerly JL (1997). Lung tissue responses and sites
of particle retention differ between rats and cynomolgus monkeys exposed chronically to
diesel exhaust and coal dust. Fund Appl. Toxicol. 37:37-53.

6 Nikula KJ, Vallyathan V, Green FH, Hahn FF (2001). Influence of exposure
concentration or dose on the distribution of particulate material in rat and human lungs.
Environ. Health Perspect. 109:311-318.
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retained particles. These results suggest that intrapulmonary
particle retention patterns and tissue reactions in rats may not be
predictive of retention patterns and tissue responses in primates
exposed to poorly soluble particles at concentrations representing
high occupational exposures.*

The Nikula, et al. (2001) study used morphometry to assess particle retention in
" histologic sections from rats and humans. Rats were exposed 1o diesel exhaust for 24 months at
concentrations of 0.35, 3.5, or 7.0 mg soot/m’, and nonsmoking coal miners werc used in, the
study. The study authors found that retained particle distribution within the lungs was markedly
different for rats and humans. They concluded:

These results show that chronically inhaled diesel soot is retained

predominately in the airspaces of rats over a wide range of

exposurcs, whereas in humans, chronically inhaled particulate

material is retained primarily in the interstitium. In humans, the

percentage of particles in the interstitium is increased with

increased dose (exposure concentration, years of exposure, and/or

lung burden). This difference in distribution may bring different

lung cells into contact with the retained particles or particle-

containing macrophages in rats and humans and may account for
differences in species response to inhaled particles.”’

Due to these omissions, NIOSH appears to have misinterpreted the apparent
paradox in lung responses between rats and humans. Indeed, the pulmonary clearance of dusts in
humans and monkeys is significantly slewer when compared to rats. One might assume that this
leads to a greater degree of particle overload. The pulmonary response of humans and monkeys

to inhaled diesel exhaust and coal dust is significantly differcnt from rats, however. First, the

%  Nikula, er al. (1997).

o Nikula, et al. (2001).
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distribution of inhaled dusts in humans and nonhuman primates is different from rats. In humans
and primates, there is a much greater tendency to interstitialization, whereas in rats, more of the
dust is constrained to the alveolar compartment. Second, as the Nikula, et al. (1997) and Nikulﬁ,
et al. (2001) studies have demonstrated, the rat lung response is much more reactive and
inflammogenic when cunipared to the response of human and primate lungs. Despite the fact
that there may be a much greater dust burden in humans and primates relative to rats, this does
lead to a rat-type lung overload response. This likely is the reason why pathologists have not
observed in humans any dust-related (silica and asbestos excepted) lung tumors in the absence of
smoking. Thus, NIOSH has erred in making the case that humans exposed to overload -
conc;ntmtions of particles may develop lung tumors and should revise the draft CIB to reflect

accurately the available scientific data.

In addition to the comments above, the Panel offers the following line-by-line

L%

comments on Section 3.4.2;

® Lines 1006-1007: NIOSH states that “the lung tumor response of PSLT
can be predicted by the particle surface area dose without the need to
account for overloading.™ This statement is inaccurate for two reasons:
(1) the development of lung tumors in rats is threshold mediated; and (2)
particle overload is a prerequisite for the development of lung tumors in
rats exposed 1o low solubility/low toxicity dusts.

| Lines 1016-1017: The statement that “mice and hamsters are known to
give false negatives in bioassays for some human carcinogens” is
misleading.”’ No examples are provided, and it is unclear whether NIOSH
is referring to true carcinogenic agents or to studics with particles. Absent
clarification, the existing statement does not explain the: fact that other

% Draft CIB at 39.

69 Id
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than the rat, none of the rodent species or the large mammalian species
develop lung tumors in response to extreme particle overload.

| Lines 1020-1022: NIOSH asserts that “evidence from known human
carcinogens, such as asbestos and crystalline silica, suggests that rats are
no more sensitive to the[] [carcinogenic effects of TiOy] than humans.””
The Panel believes that this assertion ‘is flawed. Neither asbestos nor
crystalline silica falls into the class of low toxicity, low solubility
particles. Crystalline silica is well known as a cytotoxic dust that
produces sustained inflammation, fibrosis (silicosis), alveolar proteinosis,
and, in some cases, lung tumors. Asbestos is similarly known to be a
fibrogenic and mesotheliogenic fiber. To compare these cytotoxic dusts to
TiO; is not germane to the argument that rats and humans may have
similar-type responses to TiO; particles. Additionally, no data suggesting
that rats are no more sensitive to carcinogenic effects than humans is
offered. '

H. Section 3-.4.3 (Dose Metric)

1

The dose metric discussion in Section 3.4.3 again indicates an insufficient
-understanding of the fundamental species differences between the rat and other rodent species as
well as large mammalian species. In addition, the Panel urges NIOSH to incorporate in the CIB
. a better understanding of the relationship between BAL fluid indiqators of inflammation and
tissue responses.” In the mouse, sustained pulmonary inflammation does not lead to significant
adverse lung tissue response, while in the rat, it leads to epithelial proliferation, fibroproliferative

responses, and septal fibrosis.

N Id

a See Bermudez, et al. (2002, 2004).
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Additionaily, on lines 1051-1052, NIOSH should make clear that the situation
described -- where a “sufficient particle surface area dose of fine TiO; would be expected to be

Ty

carcinogenic™'” -~ is one where gross overload exists.

I. Section 3.5.1 gLu_ng Tissue Responses)

In the first paragraph of Section 3.5.1, the draft CIB,{ as described in Section 3.4.2
above, uses selective logic andlfai]s to recognize the ['undame;ﬂal differences between the
manner in which humans and rats respond to inhaled dusts. Moreover, no human and animal
studies in which “respirable TiO; persisted in the lung” are cited by NIOSH. While the lung
clearance response in humans is slower than .ir. is in rats, NIOSH does not rccognize that the lung -
inflammatory response in humans to dust concentrations is relatively muted, while the response
in rats is reactive. Overall, NIOSH errs in not considering adequately the two Nikula, et al.

studies cited above, and NIOSH should revise the draft CIB to reflect such a consideration of

lhesq studies.

On line 1074, NIOSH references “[tlhe one case of life-threatening
lipoproteinosis seen in & worker-with high pulmonary deposition of Ti0,,” and states that it “was
more severe than seen in any exposed laboratory animals, although alveolar lipoproteinosis was

also observed in TiOs-exposed rats.”” Without evidence that the worker had not been exposed

% Draft CIB at 41.

L id at42.
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to silica or any other particle, this statement is unjustified and misleading. In addition, the
comparison to rats exposed for two years to 250 rngf’m3 of TiO; is inappropriate,

Finally, on lines 1082-1084, it is not clear whether NIOSH is referring to the
alveolar metaplasia in the three human patients who had a common exposure to TiO; (and any
other substances). Absent this, there is an insufficient basis to justify conducting a comparative

risk assessment for rats and humans.

i Section 3.5.2 (Role of Chronic Inflammation in Lung Disease})

NIOSH improperly includes silica and asbestos in its paradigm to justify the
potential risk assessment comparisons between rats and humans, The epidemiological data for
TiOz workers simply do not justify a risk assessment. Iri humans, silica exposure has been
shown to result in chronic inflammation, fibrosis (silicosis), an;:i ultimately potential lung tumors.
TiO; exposure does not result in chronic inﬂalmmat[ﬁn, however, and there is no epidemiological

evidence of fibrosis and, ultimately, lung tumors.

Figure 3-3 compares the tumor incidences between the pigment-grade and
ultrafine TiO; studies. While those studies ailow for lung burden by taking into account the
different strains of rat used, there is no lfeference to the differences in study termination time.
Time pf termination of a study is an important factor when comparing incidences of particle-
induced tumors. The lung tumors seen from particulate exposures arc ones of old age, and an

extension beyond the normal termination time of two years usually results in a large increase in
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these tumors. The Lee, er al. (1985) study.ended at I.w-o years, whereas the Heinrich, et al.
(1995) ultrafine TiO; study éast::d for up to 30 months (six months of non-exposure after the two-
year exposure period). Nikula co\;ered this issue in a’paper published in 2000,” where the
author obgcwed in the discussion of strain differences that some caution is needed when
comparing some r::-f' the studies’ data with the data from other studies, given that the study
durations differed (25.5 months versus 30 months). With a pc.:tcntial'for a significant irlu:rease in
lung tumor incidences during the final six months of a 30-month study, care is needed in
interpreting different tumor incidences among studies when the termination times of those

studies differ significantly.

Figure 3-3, as well as Figure 3-4, specifically the lung tumor-proportion data
reflected in those figures, also should be modified to reflect new data published by Warheit and

3
Frame.”

V. NIOSH SHDULD REVIEW ALL OF THE SCIENTIFIC DATA RELEVANT TO THE
HUMAN HEALTH EFFECTS OF COAL MINE DUST, INCLUDING
EPIDEMIOLOGY STUDIES

In the draft CIB, NIOSH ciles at least 12 separate references based on human or
animal exposure to coal mine dust to provide “additional support for the determination that the

rat is a reasonable animal model with which to predict human tumor response for other particles,

u See Nikula KJ (2000). Rat lung tumors induced by exposure to selected poorly soluble
' nonfibrous particles. Inhal. Toxicol 12:97-119.
™ See supra, footnote 52.
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such as Ti02."™ The primary examples of the use of studics of coal mine dust effects include the -

following:

n Lung Overload (lines 1008-1012): “In addition, lung clearance of
particles is slower in humans than in rats, by approximately an order of
magnitude, and some humans (e.g., coal miners) may be exposed to
concentrations resulting in doses that would be considered overloaded in
rats. Thus, the doses that cause overloading in the rat may be relevant to
estimating disease risk in workers with high dust exposures.””’

n Role of Chronic Inflammation in Lung Disease (lines 1103-1108): “In
humans, chronic inflammation has been associated with non-neoplastic
lung diseases in workers with dusty jobs. Rom [1991] found a statistically
significant increase in the percentage of PMNs in BALF of workers with
respiratory impairment who had been exposed to asbestos, coal, or silica
(4.5% PMN in cases versus 1.5% PMNs in controls). Elevated levels of
PMNs have been observed in the BALF of miners with simple coal

worlgsers‘ pneumoconiosis (31% of total BAL cells versus 3% in controls) .

n Use of Coal Dust Data (Figure 3-4): Relationship between Particle
Surface Area Dose in the Lungs of Rats after Chronic Inhalation to
Various Types of Poorly Soluble Low Toxicity (PSLT) Particles and
Tumor Proportion.”

B Mechanistic Considerations (lines 1524-1539): “The mechanism of
action of TiO; is relevant to a consideration of the associated risks
because, as discussed earlier, the weight of evidence suggests that the
tumor response observed in rats exposed to fine and ultrafine TiO; results
from a secondary genotoxic mechanism involving chronic inflammation
and cell proliferation, rather than via genotoxicity of TiO; itself. This
effect appears related to the physical form of the inhaled particle (i.e.,
particle surface area) rather than the chemical compound itself. In this

L ~ Draft CIB at 94.
- Id at 39 (citation omitted).
a Id. at 43 (citations omitted).

”» Id at48.
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way, TiO; behaves in a sumlar manner to other PSLT particles, such as
barium sulfate, carbon black, toner, and coal dust. il

B . Basing the REL on Rat Tumor Data (lines 1922-1933): “NIOSH has
considered the evidence suggesting that rats may be an inappropriate
model for human lung cancer after exposure to particulates and has
concluded that the rat is a reasonable model for predicting human lung

.  cancer risks. Although there is not extensive evidence that the

' overloading of lung clearance, as observed in rats . . ., occurs in humans,
lung burdens consistent with overloading doses in rats have been observed -
in some humans with dusty jobs (e.g.. coal miners).

- The Panel supports NIOSH's use of the coal mine dust data in this manner. The
Panel concurs that rats and humans respond similarly to all PSLT particles based on the surface
area of the particles. Given the similarity of response to coal mine dust and TiOz, however, all of
the scientific data relevant to the human health effects of coal mine dust, including the human
epidemiology studies, are relevant as well. In Section 2 of the draft CIB, NIOSH critiques four

* Ti0, occupational epidemiclogy studies but disregards the relevant studies of lung cancer among

coal miners.

In addition, NIOSH references one of its own publications in support of the use of
international definitions for respirable dust® That publication, NIOSH Publication No. 95-106
(Criteria for a Recommended Standard: Occupational Exposure to Respirable Coal Mine Dust),

which is not referenced elsewhere in the draft CIB, contains the following discussion of the

% Idat63.
% d at93 (citation omitted).
2 14 a4,

1 40
101CMO01 D doc(142-001)



epidemiological evidence for lung cancer due to coal mine dust exposure that should be included

in the final CIB:

Most studies have reported that mortality from lung cancer is lower
than expected- among coal miners when compared with general
population rates, although some studics have reported elevated
lung cancer mortality among coal miners. Mortality from lung
cancer was not associated with cumulative exposure to respirable
coal mine dust in the two studies that evaluated this relationship.
In a study of lung cancer by histologic type, Vallyathan et al.
(1985] found little difference in the pathologic features of lung
caricer in coal miners and in men from the general population who
smoke cigarettes.  Vallyathan et al. [1985] also found no
relationship between lung cancer and years in coal mining.*’

Publication 95-106 further states that “SMRs for lung cancer . . . have generally been lower than

expected among coal miners.”*

An additional reference that should be included in the final CIB is the

International Agency for Research on Cancer’s (IARC) Monographs on the Evaluation of

Carcinogenic Risks to Humans, Volume 68: Silica, which contains the following summary of the

" epidemiological evidence regarding coal mine dust and lung cancer:

There have been no epidemiological investigations on cancer risks
in relation to coal dust per se. There is, however, a large body of
published literature concerning cancer risks potentially associated
with employment as a coal miner, including 2 small number of
exposure-response associations with coal mine dust.

? NIOSH, Criteria for a Recommended Standard: Occupational Exposure 10 Respirable
Coal Mine Dust (Sept. 1995), at 64 . (citations omitted), available at
http://www.cdc.gov/niosh/95-106.html. '

Id. (citations omitted).
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The evidence from occupational cohort studies for an association
between coal mine dust and lung cancer has not been consistent;
some studies revealed excess risks, whereas others indicated
cohort-wide lung cancer deficits. There is no consistent evidence
supporting an exposure-response relation for lung cancer with any
of the customary dose surrogates, including duration of exposure,
cumulative exposure or radiographic evidence of pneumoconiosis.

Human studies suggest that coal dust contains stable radicals and is
able 10 induce reactive oxygen species.that may causc DNA
damage. Coal mine dust can cause cytotoxicity and induce the
release of mediators from inflammatory cells; however, these
effects are not predictable from its quartz content alone.

There is inadequate evidence in humans for the carcinogenicity of
coal dust.”

I
In addition to epidemiologic studies of coal mine dust and lung cancer among
coal miners, the Panel believes that epidemiologic studies among workers exposed to other PSLT
particles also are relevant to Ti_Oz risk assessment and shoﬁld be included in the final CIB. The
inclusion of relevant epidemiologic studies of workers exposed to all PSLT particles would
significantly increase the statistical power of this line of evidence, which would increase the

confidence that the REL for fine TiO; is safe for all workers.

= IARC, Monographs on the Evaluation of Carcinogenic Risks to Humans, Volume 68:
Silica (last updated May 20, 1997) at Section 5 (emphasis in original), available at

htlg:."fwmg-cie.iarc.f‘rfhtducsfmonggraghsfvo]ﬁsfcogl htm.
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VI. NIOSH SHOULD RELY UPON THRESHOLD MODELING APPROACHES IN ITS
QUANTITATIVE RISK ASSESSMENT THAT ARE NOT DRIVEN BY TUMOR
RESPONSES AT VERY HIGH DOSES AND NIOSH SHOULD NOT IGNORE
EVIDENCE FROM MORE RELEVANT LEVELS OF EXPOSURE

A. The Quantitative Risk Assessment Is Erroneously Driven by Tumor
Responses at Very High Doses and Should Instead Rely Upon Thr\:shold
" Models a ayesian Model Averaging (B

In the dﬁﬂ CIB, NIOSH states that the “plausible mechanism of action folr TiOn
in rats can be described as the accumulation of TiO; in the lungs, overloading of lung clearance
mechanisms, followed by increased pulmunary inflammation and oxidative stress, cellular
proliferation, and, at higher duses, tumorigenesis. "% The draft CIB also states that these effects
are better dcscnbed by parucic surface area than mass dose, that the observed inflammatory
response is consistent with a threshold mechanism, and that the best-fitting dose-response curves
for the tumorigenicity of TiO, are nonlinear.”’” Despite these conclusions, NIOSH derived the
RELSs using risk assessment methodology developed for use with a genotoxic carcinogen that has
no threshold.*® Threshold models are needed to reflect mechanism of action conclusions; linear
extrapolation from the 1/10 benchmark dose (BMD) and linearized multistage approaches are not
appropriate for this purpose in .this case. The Panel thus provides the I'olluwiﬁg specific

comments on the limitations of NIOSH’s tumor modeling approach for TiO,:

% Draft CIB at 64.
p B
% Id at68.
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. The Panel urges NIOSH to consider applying a threshold modeling
* approach. The threshold seen and modeled for pulmenary inflammation is
clearg apparent in the tumorigenicity data shown in Figure 3-4 of the draft
CIB.” Peter Morfeld of the University of Cologne has successfully fitted
a threshold model to the animal carcinogenicity data in Figure 3-4 using
an approach similar to that described in Appendix B.” Morfeld’s
reanalysis of Fig 3-4 of the NIOSH TiO; document yielded a threshold at
0.32 m¥/g (0.95-CI: 0.13, 1) analyzing the eight TiO; experiments only,
and 0.18 m*/g (0.95-Cl: 0.063, 0.32) when analyzing all 32 experiments
(including carbon black, talc, etc.). The methodology used is described in
Appendix B of the NIOSH document (the results are based on the
likelihood profile). Morfeld applied no weights in this aggregated re-
analysis. The thresholds are clearly significant and NIOSH missed this
issue because it applied only non-threshold models. Morfeld’s findings
point at rather high thresholds for both fine and ultrafine TiO;, when
transformed into mg/m’ (cf. Tables 4.5 and 4.6 of the NIOSH paper).
Morfeld also has applied the methodology to tumor prevalence data from
another study of rats exposed to a range of low and high surface area
dusts”’ The application of a better fitting threshold model would not
result in the same problems observed with NIOSH's current model, that is,
a mode! that fits in the lower and upper ranges but not in the middle,
where the points are below the curve. -

™ Linear extrapolation from the 1/10 BMD is not an appropriate approach to
rely upcn in the draft CIB because the risk estimates are driven entirely by
tumor response at high doses. The risk estimate and upper bound would
be almost identical if just the high dose tumor responses had been used to
perform the calculation.”” Thus, linear extrapolation from the BMD
effectively provides the same answers as the linear model would, which is

_ the worst fitting model in Table 4-4 of NIOSH’s analysis.

u The linearized multistage model is also very sensitive to the high dose -
response (see Lovell and Thomas, 1996) and should not be relied upon by
NIOSH. Using the upper confidence interval of the linear term (the
linearized upper bound on risk) to obtain an upper bound on risk

» Jd. at 48.

% Personal Communication with Dr. Peter Morfeld.
" Morfeld P, et al. (2006). Dose-responsc and threshold analysis of tumor prevalence after -

intratracheal instillation of six types of low- and high-surface-area dusts in a chronic rat
experiment. /nhal Toxicol (in press; appended as Attachment 4).

See Draft CIB at 86 (Fig. 4-4).
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effectively ignores the data at the more relevant low doses. The best
fitting multistage model is onc that can be as close to a threshold model as
possible (i.e., a zero linear term and a zero quadratic termy, and NIOSH
must not ignore this fact and calculate the linearized upper bound on risk.

The Panel alsc urges NIOSH to consider nonlinear models such as the
multistage, Gamma and Weibull model, that best model the low (and more
relevant) dose behavior. In the case of the multistage model, the lower
confidence limit for the 1 in 1,000 excess risk dose should be obtained
directly from the model (i.e., not using the upper confidence limit for the
slope term as in the linearized multistage approach) as it is for the Weibull
and Gamma models. A lower limit dose obtained from this approach for
the multistage model is not supplied in Table 4-5 of the draft CIB,” but
would be expected to be much closer to the dose from the Gamma (0.042
m¥/g) and Weibull (0.036 m’/g) models than the linearized multistage
estimare of 0.014 m*/g. :

Although NIOSH notes positive aspects of the Bayesian model averaging
(BMA) approach, the BMA is provided little weight in the draft CIB.
Specifically, NIOSH correctly notes that “BMA provides an approach for
summarizing the risk estimates from the various models, which differ in
the low-dose. region of interest for human health risk estimation.””
NIOSH further states that BMA also “provides an approach for addressing
the uncertainty in choice of model in the BMD approach.”® The Panel
urges NIOSH to factor in the estimates from the BMA approach more
favorably in the CIB than they are currently presented. The Panel believes
that BMA may be a useful approach to address uncertainties in model
assumptions, but there must be appropriate prior weightings of models and
the averaging must include threshold models.

NIOSH notes that their “rat-based risk estimates cannot be reasonably be
dismissed from use in predicting the excess risk of lung cancer in humans

exposed to TiOy" on the basis of comparing one set of rat-based MLE =

excess risk estimates for lung cancer to the 95 percent UCL of excess risk
from the epidemiologic studies (Appendices E and F).* The Panel notes
that the threshold model and the majority, if not all, of the modeling
approaches used by NIOSH give MLE rat-based excess risk estimates for

93

35

Id. at 76.

Id. at 59.

Id. at 69.
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lung cancer that are lower than the 95 percent UCL of excess risk from the
epidemiologic studies and also cannot be reasonably dismissed on that
basis. In addition, NIOSH states that “If the sensitivity of the rat response
to inhaled particulates differs from that of humans, then the excess risks
derived from the rat data would be cxpected to d:i‘fcr from the excess risks
estimated from the human studies.” 7 That will not be the case, however,
if one compares cxcess risk in the region of the dose response curves
where neither species.shows any evidence of effect, ie., in the n:gmn
below the threshold.

The following chart provides a summary of the most plausible risk cslim&t&é from
rat tumor modeling for fine TiO; that should be addressed in the draft CIB. The extrapolation

from m*/g rat lung to mg/m’ is the same as used in the draft CIB:

Best estimate Lower confidence
mg/m’ limit
mg/m’

Threshold 45 18
(all dusts model)” (25) %)
Bayesian.  Model T 6.5"
Averaging L
Nonlinear models® 31-39 5-6
(1 in 1,000)

a  Source: Dr. Peter Morfeld. The results in this chart were presented by Dr. John
Tomenson at NIOSH’s February 27, 2006, public meeting in Cincinnati, Ohio, regarding

the draft CIB.
b Will increase if threshold models included, and given appropriate pnor probability.
c: Multistage, Weibull and Gamma models.
9 Id
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B. NIOSH Ignores Epidemiology Data from More Relevani Levels of
Exposure in Its Quantitative Risk Assessment and Should Revise the CIB
To Reflect These Data

In Section 4.1.1 of the draft CIB, NIOSH states: “For quantitative risk assessment,
dosc-r:sp.nnse data are needed, cither from human studies or extrapolated to humans from animal
studies. The epidemiologic studies on lung cancer have not shown a dose-response relationship
in TiO; workers [Fryzek, et al. (2003); Boffetta, ef al. (2004)]. However, dose-response data are
available in rats, for both cancer (lung tum-:-:-rs) and early, noncancer (pulmonary inflammation)
endpaints.”" In Section 4.4 of the draft CIB, NIOSH further states that “the cpidemiologic
studies lacked the power to detect an excess risk of 1/ 1000.””° While the Panel understands that
the epidamiclogic.studies may not have sufficient power to detect a standardized mortality ratio
(SMR) for lung cancer of 1.02 (equivalent to an excess risk of 1/1000 for lung cancer), this does
not mean that a risk assessment based on an effect seen in rats at exposures equivalent to 150
mg!m3 in humans is scientifically defensible. NIOSH should not favor rat data over hu_mén data
simply because there is no evidence of dose response in the human studies. Instead, the Panel
urges NIOSH to rely upor the human studies in its risk assessment as part of a weight of
evidence pméess instead of only using the negative epidcmiulogic data to test a hypothesis

derived from implausible animal medels, a position which is scientifically indefensible.

- 1d. at 50.

o Id. at 65.
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e

VIIL : NTIFICALLY DEFENS

In Section 5 of the draft CIB, NIOSH sets forth proposed RELSs of 1.5 mg/m’ for
fine TiO; and 0.1 mgfm’ for ultrafine TiO; as time-weighted average concentrations for up to 10
hours a day during a 40-hour work week.'  While the Panel, as explained in Section I of these
comments, suﬁpons NIOSH’s determination that there is insufficient evidence tnl designate TiO,
as a “potential occupational carcinogen,” the Panel has identified several flaws in NIOSH’s
analysis that has resulted in ungcccptabiy"-law proposed RELs. These errors discussed in detail
above -- particularly NIOSH’s arbitrary sclection of risk assessment models - contribute to
prop-oseci RELs that are not scientifically defensible. The Panel thus urges NIOSH to incorporate
the Panel’é ‘comments discussed above, reevaluate the studies relevant to TiO; use threshold

modelling in its quantitative risk assessment, and propose scientifically defensible RELs. -

VIII. NIOSH HAS FAILED TO PROVIDE INDUSTRY WITH A CONFIRMED
METHOD(S) FOR THE ANALYSIS OF TiO; IN THE WORKPLACE SUFFICIENT
TO SUPORT THE PROPOSED RELS :

Under the provisions of the 1970 Occupational Safety and Health Act of 1970
(Public Law 91-596), NIOSH must provide suitable procedures for the analysis of workplace
standards. As further discussed in NIOSH Publication No. 95-117, any proposed method must

meet certain standards of accuracy and reliability.'”’ In this regard, NIOSH has developed

mn_ 1d. at 94.

01 Kennedy, E.R.; Fischbach, T.J.; Song, R; Eller, P.M.; Shulman, S.A.: “Guidelines for Air

Sampling_and Analvtical Method Development and Evaluation” DHHS(NIOSH)
Publication No. 95-117 (1995).
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standard procedures for such method validations. In the draft CIB, there is not a suitable method
or methods, which has undergone validation testing, and which is suitable to support the:
proposed exposure limits. NIOSH recognizes the need for an analysis method based on particle
surface area, but admits such a method is not available. Certain interim methods and sampling
strategies are proposed but NIOSH provides no documentation as ,to the accuracy,
reproducibility, or reliability of such methods as applied to TiO;. In addition, the Panel feels that
the proposed scheme for characterizing workplace exposures to Ti0; is confusing and possibly
unworkable, especially for certain smaller producers. Until a suitable and confirmed method is
avai[ﬁble for the anﬁlysis of TiOﬁ in the workplace, the Panel urges NIOSH 10 remove

recommendations for workplace exposure analyses.

CONCLUSION

The Panel appreciates this opportunity to provide its comments, and urges NIOSH

to revise the draft CIB to reflect the changes and issues noted herein.

Attachments

: . 49
101CMOO1 D doc] 142-001]




flouno) Agysiway)
ueallaWy 8y} JO [dued apixoiq wnjuej] ay) bunuasaiday

MN 'P¥] uonesned
uelonsnelsolgsibojoiwapidy juejnsuo)

2s9 ‘gejue) jeis dig ‘qyd uosuawo] uyor

apixolg wniuejl] o} aunsodxg jeuonednaaQ 10}
SUOIJEPUSWIWOI3Y puk piezeH Yj|eaH Jo uolzen|eay
:NILITTING FONIADITIILNI
INIHHINO HSOIN }Jelp 8y} uo SjUBWIWoy




alnsodxa

JO S|9A3] JUBAS|S) 10W WOJ) 82UBPIAS By}

sajoubl pue sasop ybiy A1aA e sesuodsal sowny:

AQ USALIP SI UOIYM JUBLUSSOSSE YSII dAnje)uenb
ay) JO SUOIJEHWI| 8y} O} UOIJUS)E MBIP O]

(_suonejiwiy a1bojoiwapide pue aibojopoyjaw,
uo UdNnw 00} S8sSN0j uolen|eAs g|D ay}l) saipn)s
1oyo9 ¢ ||e Jo syibuans ay] 0} uoljuaje Meip 0]

uonejuasald Jo wiy




(e
19 epayog Aq Jeoued [einald Jo uoissnasip a9s) Buluayoly) pue
sonbe|d jeina|d ainsodxa ZQll usamiaq uoljeldosse ajqissod
B Ul }S2I9}UI JUSPIAS 8y} uanib syjesp sisoluodownaud
Jo uleped |ensnun UE UO PajUBWILIOD dAeY O} UIEUSD
s pue ‘Jamod Jajealb yonw pey Apnis ejjayog ayl
‘SaIpN)s SN OM] 8y} suonuaw Ajuo jnq (g1 28ull) syieap yons
jo Buipodal jo yoe| pue syjeap sisoiuosownaud zOtL 9|qissod
109]9p 0} SaIpN]s JO Jamod JO 3oe| Inoge SjuaWWod g|o -
. ‘Apnis siyj ul
syjeap ajew dxe gzZg SNSISA SO g0gZ @y} buipnjoul salpnjs ¢
le ul aseasip Aiojelidsal jueubijewuou Jo sjoyap o€y Ul
- salpnjs ayj jo Aue ul (Go'0>d “9’) Apueoyiubis pasealoul jJou
sem aseasip Aiojelidsa. Jueubijewuop, sejels Alrewwng g|0 -
‘pa)s|| aje suolejwl| |esibojopoyiawl
ou Jnq ‘soalgns 000‘ZZ IBIO} 2} J0 €/Z S1enod Apnig -

(002) 1€ 12 enajyog 'L
S9IPN}S UBWNH jO uoienjeAs




"MO| 8)Inb 2q 0} pajewIsa S| ainsodxa
SAIBINWND ueIpawW ay) Je YSl SS89X8 uo
JHwi| @ouspiyuod Jaddn ay) asneosaq Apnis
ueadoin3g ay] ul paAIasSqo aq 0] pajoadxa
a0 ]0U pjnoMm Jaodued bun| pue ainsodxa
ZOl] J10} diysuoinelal asuodsal-asop
juedljiubis e jey) enbie OG-L1L € SaUIT

.w._wgo."_ MO
(¥002) 1e 32 epayoq °|
S9IpN}S uewnH jo uoijenjeAy




asuodsal asop e }03}3ap 0} Jamod ajqeuoSEal Sem a1y} 32UsH

%P/l SeM G'L pue " 906 SeM ainsodxa sAleInwng Jo ajienb
JSOMO[ 8y} SNs4eA Jsaybiy ayj ui /7| JO XSL dAljejal B (GO JO |9AD)

L Je) Josjop o} Apnjs ayj jo somod sy} ‘sisAjeue jeuwssul ayy ur, 1ey)
saje)s pue Apnjs ay} Jo Jamod ayj ssnasip saop (€002 ‘e 18 enauog)
Apn)s ueadoing ay) Jo podal [Ny 8y 1nq ‘Jemod ApnjS UO UoneIoUl

apinoid Jou sa0p (002) “|e 1© enayog jey) seje)s Ajoanioo g 8yl

‘(]opow ajendoidde ay) Buisn) G°| JO sySU SANE|SI 0]
PUOdS81100 SUOIIEJJUSDUOD 9SS} J8 HSI SS3IXD U0 S}ILI| 92USPIUOD
18ddn 8y} jey) sejesipul g-3 m%mk pue cw/Bul /| pue 9z'|

10 sainsodxe swoy| 9beieAe 0} ajenba sieal .w/bw |'g/ pue G 9G

(enjea ainsodxa aAje|NWND uBIpPaW 8Y) uey) Jaybily sewrn ge pue
62 @1 sieal w/bw |'g, pue G 96 aq 0] pajewss juiod piw) Jueas|al
aJow yonw s dnoub ajipenb yssybiy ayj ul ainsodxs sAneINWND - «

Apnjs epajjog Jo Jamod




T uondwnsse

ue yons joddns 0] aduapine ou

puNo} am ybnoyyy 10| 10 pakolisep usag

aney Aew sjue|d ay) ul spouad Apea ay)

- wioy) spiooal Auedwoo swos jey} 9|gissod

S| )1, sayels yazhl4 © saiuedwoo ayj 1oj JSof

10 paAoujsep alem poliad Ales ay) wolj
spJooas Auedw o9, jey) sajels g|d ayl -

(£002) 1€ 12 YozAi4 °Z |
S3lpn}S uewnH jJo uonenjeAns




‘dnoub ainsodxa
aAle|Inwno ybiiy ayy ul /£ Q 1o onels piezey sy)
uolnuaw },usaop ng dnoib ainsodxe aAlEINWIND
wnipaw ay) ui €' Jo oljel plezey juesiubis uou
B 0] uonuane smelp gl ayl Aym Jegjpun st )| -
| _'8|qbybau
S| Juowneayg Aq pasies seiq a|qissod ay} 0 jo8ye
2] 18yl smoys Ajuea|o )azAi4 pue 8jge} auo ui
sosAjeue 0] Ajuo pajejal Juownesg AQ sjuswWod
‘JoNeMOH " [r00oz Ie 18 Juowneag] spoyjaw
Buijspow sjqeuonsenb,, pue moj Ajjeroliue
usaq arey Aew sy 8yj, salels gD oyl -

Juod (€£002) Ie 30 yazhig g
- S3IpNIS UueWNH }o uonenjeAy




wEmm_u Jaoued bun| JO Juswulepuagse

Japun JO 82uUapIA® ou si aJay) pue Ansibal Juodng ay}

Ul 8|ge|ieAe JOU UOljew.lojul Sniejs |eJIA uleyqo o} [N pue
vSS ay) pasn Aay) 1ey) ajels Aes|o siojebiysanul ay |

' JB3|o Jou SI /G| 0} Jold syjeap 10} 821N0S

oyl ‘£861—SE6 L poliad ay) 1oj syesp PaAISS]O JO Jaquinu
ay) papodal Apnis, ay) 1eyl sajels gl ay) ‘sjdwexa 1o .

(2G50 = HINS) sbBuipuly s9oued bun| ay)

ajepljeAul Jou op pue Apnjs a8y} jo jusuoduwiod Ajjjepow

oy} 0] JueAs|al SS9 ase (sojsagse Aq Buipunojuod
m_a_mmoa ‘6°8) pajsi| suonejwl| ay} jo Auepy

(/96 8ul|) SuoISNjou0d
Aue papnoaid (8861 ) usyD pue Jayjeamiale
E Apn}s ayj JO suoljeliwl] snoLas ey} sajeis gD ayl -

amm:___._oﬁm_w;._w%"_ pue :m;o '€
Salpn}g uewnHy jJo uoljenjeAy




aulel}|n Jnoge SAIBWLIOMUI Jou SAIPNIS «

polad Apnis jo

Jley 1se| JaA0 isnp |ejo) w/bw Z°9g Jo ainsodxa ueaw pey
~ dnoub pasodxa jseybiH ‘ueadoing oy Jejiwis Ajgeqoid
Ing ‘Apnis Auedwo9 ijjnw g 10} umouy Jou abuey (g

. dnoib ainsodxa jsaybiy

ul ZOll aul cw/bw z'¢ — ¢'0 wolj pabues sainsodxa

awisyl| ueaw jusjeainba ‘Apn)s ueadoung u (e

“salpnis Auedwoo nynw ab.e| z ay) jo dnoib
ainsodxa aAlje|nwno j1saybiy ul Joays JO 80USPIAS ON

adoJn3 pue SN Ul SQEE | 2ouls pasodxad
SJ8Y40M 000°0Z 490 Ul }03))0 aINS0dXa JO BOUBPIAS ON =

saipnys a16ojoiwapida wouy suoIsn|ouo”)




| ‘J19sH ZzO!1 Jo Aoixojousab eia uey) J1ayjel ‘uonesayjosd

||I22 pue uoljewwiejjul dluoJyd BuiAjoAUl WisiueyoaW oIxojouab
AJepuooas e wolj synsal gO!1 auljeyn pue auly o} pasodxa sjel ul
paAlasqo asuodsal Jown) ayj jey) s1sabbns aouapins jo Jblem ayl

| wisiueyoaw
PIOUSaIY] B YJIM Jua)SiSu0d s| asuodsal Alojeluwejjul paAIssqo Sy L

. 9sop ssewl
cmzwmm._mmomt:mm_o_tmagumn__owmnhmzmnm‘_mﬂumtmmmm_._._.

sisauabuown) ‘sasop Jaybly je ‘pue ‘uonjesajijoid

1B|N||90 ‘SSal)s SAIJepIX0 pue uoljewwejjul f1euownd pasealoul
Ag pamoj|o} ‘swisiueyoaw aoueleald bunj jo BUIpeo|dsAo ‘sbun|
oy} Ul Ol JO uone|nwnooe 8y} se paquasap aq ueo sjel ul ¢0LL
10} uoljoe Jo wsiueyoaw ajqisne|d e jey) paulwsisp sey HSOIN

(¢ uO13D3S) suoIsSNjouUOod dlsiueyddw Aoy
JUBWISSASSY YSiY dAneuenp




pajoubi sjinsal nq ‘yoseoudde 13)3a9q Ajjenuajod
sojewl]ss |jspoul |je Jo (YNg) Buibelaae jopow ueisaleqg .

¢ZO0!11 10j asn Aym - pjoysauy
ou yjim uabouiaied sixojoushb e 104 yoseoadde jensn

buljepow abejs-ljjnw paziueaui] .
(00L Aq papiaip asop (1/}) uonejodenxa

Jeaul] yym buijepow (QiNg) @sop yiewyouag

sojewn)sa ysi sjesauab o) |
pasn sayoeoadde Buijapow Jown} Gun-




(suopenajes HSOIN)
sWw/Bw ainsodxa auioqiie ueaw Juajeainba ,SISNIOM

ve 0Z 9L ¢l 8 14 0 an
(3 T4 9Ll 347 901 L Ge 0 uld
(DU By w500 232 0RUNS e
03t Gzt ao'e L0 000 €2'0 000
. _ . | 4 4... - - L aoo
SEEN DU SSHEWSS . + e S -rlLﬂE

‘Hfl.l N -l H.hﬂ.-lﬂ# ;.n.“-.”uﬂd_c —— o

b EpD) ErENg  ——— L,

W _ R —— e

- : .“_ — .
e e

4 G BUOEEey ——

Emm.onxm J9)YJOM ueaW JUs[BAINDS YJM - bi4
4N ¢wy/bw g pue auly cw/Bw |
G'L 40 ST3Y 03 pes| |9pow el sy} saop Aym




-¢ 614 ul Bjep 8y} 0} [9pow pjoysaiyy e papy
AInysseoons sey (uonesiunwiwod feuosiad) plaHoN
v-¢ B4 ut umoys ejep Ajolusbluowny ay)

ur uasedde Ajes|o os|e s uojewweyul Areuowind
10} pajopowW pue usas pjoysaly) ay) Ing ‘(wis)
Jeaul| ou Yjm 21gno si japow abejsninw “6°8)
Jeauljuou ale zQl1 Jo Ayolusbuown} ay} Joj SSAIND
asuodsal-asop Bumy-isaq ayj jey) sejou HSOIN
yoeoudde Buijgpow pjoysalyy e pasn sAeY p|noys
HSOIN 1.yl 1sabbns 'suoisnjouod dlisiueyosw 8yl

ploysaiyl oN °1
yoeoidde Buijapow Jownj} jo suoljejiwi’]




(00°L ~ €10 1D %56) B/zW 2€'0 = ajewnsa pjoysaly| ZolL
(2€°0— €90°0 10 %S6) B/zWw g1°0 = sjewnsa pjoysaiyl .  SIsnp |y

|]apow pjoysaiyy

{Bumy By ) orop tour sacpns BjogqiEy

[ Ve Ly [1n iRy
I O ] v e o I e v 1w I [ 0 I A | i |
.
T + [
-
-
—
- 5
&
s
3
| o
B
CE T - .m .
m. ER -t~y | P W_
e ¢ e 2
v o dymciT BT N0 A L
= sramas X Leeg
. awey 4
0 L

sIsSnp 171Sd sShoueAa 10} sjel ul uonuodoud |
lown) pue 8sop eale aoeuns sjoied usamlaq diysuone|dy -¢ b4




_ _ (ssaid ui)

AB0j02IX0 | uoneeyu| ‘Juawuadxa jel 21uoIyd B ul Sisnp
~eaue-aoeuns-ybiy pue -moj Jo sadAj xiIs Jo uole||isul
|eayoeJjeljul Ja)je aouajeaald Jown) Jo sishjeue pjoysaiyy
pue asuodsal-asoq (9002) ‘|e 12 pP|oHO\ Os|e 993

(aubo)jon jo ANsianiun ‘pldlow 1818d) . lueoyiubis
Alles|o ale spjoysaly) ay| sisAjeue-al pajebaibbe
siy} ul paidde aiam syybiam oN “(8)1104d pooyiay|

Ay} Uo paseq ale sjnsal ay}) Juawnoop HSOIN 241

JO g xipuaddy ul paquiosap si pash Abojopoylaw ay|,,

PI9JIOIN JO Yyoeoidde Buijapow Ploysaiyl




|apow Buy

" 1SJoM 8] Ajises — |spowl Jeaul| [eyuenb auy)
SE Jamsue awes ay) soAIb >_m>:omtm ang -

| | uone|noes

ay] wuopad 0} pasn usaq pey sasuodsal

lown) asop ybiy ayj 1snl j1 jeonuapl jsowe
9( p|nom punoq Jaddn pue a8jewli}Sa YSIY -
991} (9oUBI0S pue) [apow Aj[enuassy e

(ang) @sop yiewyosusg 'z
sayoeosdde Buijapow Jown} uo sjUBWIWOY




(suope|najed HSOIN)
gwyBw ainsodxa auioqdie uedaw JudjeAINba SISNIOM

e 9.l 134" 901 L Gt 0 aul4
(Ging w.niﬁmu?mwm BTELINS S| AURS
L | ; dod eL0 o&a 20 0la
I ] I ] |
. . - T - a0

SHEY P sHewad  + 1....11\.1..!5..4..!”.,1 s

YSl
SS90X3 |'0

- aiNg

~ sasop
- ybiy je asuodsals Jown} Aq bw..::m :w>_.__u ang




iS4 uo punoq Jaddn pazuesul|

ayj a1enojeo pue siy} aioubl Aym — (wus) onelpenb oisz

B pue wJa)} Jeaul| 019z e) )96 ueod }I se |apow pjoysaiy}
B 0] 8S0[0 Se sI jopow abejsinw Bunyly 1saq syl

SOSOP MO| JUBAS|S.
alow ay) je ejep ay) mm:o:m_ A|2A1308)8 si4 uo punod

1addn ue uieiqo 0} (¥su uo punoq Jaddn pazieaul| ay))
W8] Jesul| ay) JO [eAlajul @ouapiuo9 Jaddn ay) Buisn «

(9661 _mmEor_.__._ pue ||oA0T] @8s) asuodsal asop ybiy ay)
0] 9AIlIsuas AJoA Os|e si [opow abejsijinw pazueaul| Syl -

|[opow abejsijnw pazieaul ¢ |
sayoeoudde Buijapow Jown} jo suoljejiwi]




B/-w
710°0 Jo ®jewnsas abe)synw paziieaul| sy) ueyy
SIepow (Bb/zw 9€0°0) IINqiopn pue (67w zpg o)
elwilieq) ay} wouj asop ay) 0} 1as0o yonw aq
O} p8joadxa aq pjnom jng 'G-¥ d|qe] ui paijddns
Jou s1 Aem siyp paulelqo asop ywij Jamoy
¢(yoeoudde abejsiynu pazieau|
94} Ul se wue} adoys ayj 1oy JWi1| eousplyuoo
laddn ayj 6uisn jou '91) |]opow abejsiinw
Sy}- Wouy Ajoauip asop ysil 889X 000L w
OU} 10} Jul| 83usplyuoo Jamo) ay) uiejqo jou Aypp -
o }1S8q Jnoineyaq
9S0p (Juensjal asow pue) Moj sy} jopow
Alles|o Inqiepp pue ewwes) ‘sbejspyinw sy .

paloubs sjepow seaujjuoy
sayoeoudde Buljepow Jown jo suoleiwi




Jpasn

alom sanjiqeqoud Joud yeym - sanijiqeqold

joue)sod 1samo| ay) Ajises aney sjapoul
Bumy 1seq € ay) yeyy buisuidins si )i ‘JISASMOH -

| | 'di0 aul
Szm_o;m_z__cmzmw_<_>_mm£,mwm_m§m>mz.

_ yoeoudde gg 8yj
ul japouw Jo 8210yd Ul Ayurepsoun ay) buissaippe
10J yoro.udde ue sapinoid osje yNg "uonewnss

ySL yjjeay uewiny Joj }saJajul Jo uoibal 8sop
-MOJ Y] Ul JBLIP Yyoiym ‘s[apoll snoliea ayj wodf
sajew}sa ysu oy} Buizuewwns Joj yoeoidde

ue sapiroid VNG, 1eul sajou A1os11od gid suL -

(Ving) Buibelane japow ueisaleg g
sayoeoudde Buijapow 1own} jo suoiljelyiwi]




sjapow ewuies) pue [Inqirap ‘abeysinp q

Muprgeqoud soud sjersdosdde uaalb pue ‘papnjoul sjapoul pjoysaiy} j1 dseasdul [[IM e

| (0001 ur L)
9—-G 6E - L€ q/ESUIJUON
(0001 ur L)
eG'9O el 8 VNG
(6) (G2)| (1epow sjsnp |(e)
(4N sw/bw Z) g G ploysaiy L
cw/bw cw/bw
JiLI| JUOD JBMOT] | Bjewl)ss 1seg

ZOl1 auyy 10} Buljopow Jowny
jel wouj sajewl}sa ysii ajqisneld jsow jo Atewwng




saIpN}S uewny ay} U1 asuodsal asop JO 9DUBPIAS OU SI 813y}
asneosaq Uewny JAAO ejep el ay) JOAB) O} pPpo Swess }|

. Sjed ul sjqejiene

aje ejep asuodsal-asop 4eAaMOH ‘[#00Z ‘Ie 18 eljejog

‘000z ‘Ie J8 yazAi4] siexiom ZzO!L ul diysuoielal asuodsal

~9SOp B UMOYS JOU 9ARY J192uRI bun| uo saipnjs oibojorwepidas

oy 'SaIpnjs [ewiue woly suewny o) pajejodeixa.

JO S8Ipnjs Uewny wouy jayjie ‘papasu ale ejep asuodsal
-9S0p ‘JuBLISSOSSE YSII anijeyuenb 10, 1ey) seiejs g0 syl -

JJomod ajeoipul uewny ul ;w/bw oG 0} juajeAinba sainsodxa
JE S)el Ul uaas J0aya ue saop Ing ‘Z0’| JO J8duUed Buni
10} YINS Ue 10818p O} Jamod juaiyns aney jou op Asy|

000L/1 JO YSIll SS80Xe ue 109)ap 0} Jamod 2yl Emu._u_w_
solpn}s d1bojolwapida ay), Jeu} sajels HSOIN. &' Uojoas uf

o ejep ABojoiwapida Jo asn — |
yoeoudde Juawssassy YRSy aAnejjuen jo suoneuri




'loA3]| 1.y} je saloads 1saylie
ul 108JJ 8INSOdxXa Ue JO 90USBPIAS OU JOBjJ U|. -«

| ( 6-¥70¢ Sdul| @9s
— [opouw Jel ay) Buisn apew g ued suonoipald
12y} pue) uew se AJIAlJISuas awes 8y) sey jel dy}
1ey) Buiueaw se pajaidiaul 8g jouued ¢w/bw
G'l 1B [9pow uewny pue jel ay) wouij sysi

SSOOXa Ul 80UaJ3YIp Ou Jo Buipul) € ‘JSASMOH .
s|epow jewiue a|gisnejdwi wouj paALIap
siseyjodAy ue 1sa) 0} si ejep olbojolwsplida

~ aAllebau ay) JO apew asn ulew ay] .

Ju09 ejep ABojorwapida jo asn — yoeoisdde
JUBWISSASSY YSIY 2AI}RIIUBNY JO Suolje} Wl




.mm...:moa_xm auljesj|n pue aulj 10} aAnd3j0.d aq v.:oz. cw/Bwi
G'L JO 13Y ‘@2uaH "w/bw z se ybiy se aq Aew aujesn|n jo asop
[eoLID Y} 04 Jiwii| 19MO| 3y} Jey} Sajedipul [Spowl pjoysaly) jey

sjapowl
ploysaiy} apnjoui pue sbunybiam loud ajgisuss aAey jsnw ingq suoidwnsse
|[apow ul Ajuiepiasun yyum jeap o) yoeoltdde |njesn e aq Aew yNg

(ayendoidde jou ale abejsiinw pazueaul| pue qNg)
SUOISN|OUO0D UOIJE JO WSIUBYISW Jo3|ja) O} papasu aie S|apow pjoysaly |

sajewlid
puE SiajsWiey ‘8ol UeyYj aA1}ISUSS 2I0W Jej} SI Jel Jey} aouapine buolls

aulel}n JNOge UoljeuLIoUI pajiwi| sapiaocid ejep uewny jnq ‘ainsodxa
JO S|2A8) MO| JE }0a48 OU JO SaIpN}s [ewiue pue uewny woly aduspirne Buons

adoin3 pue g ul SOEGL BU)

‘20Uls pasodxa siax3iom 000'0Z JaA0 Ul Jo3)8 ainsodxd Ue JO dDUSPIAS ON

SUOISN|2UO0I ||eJdAQ




[dued ZO!L DOV 8y Bupuesaidey
| '’ 'sqqo "d uyor

900¢ ‘/z Menuge
bunssy Juswwo) 211gnd HSOIN




§99B[dYIONN BY} UI ZOIL O]
9In0Yy Alojelidsay ayj ynoybnouy |
0} pasodx3 ale SuaxIop\ Auely moH




.[€861 HSOIN] sdnoib |euolyedndd0

9Z PUe (SOIS) suoliedlyIsse|d |euisnpul pJepuels Zi ul
(2-19-€9¥€1 18quinN SYD) ZO!L 03 pasodxa Ajjenusjod
e (9]ews) Uoi(jiw G'Q ‘Sjew Uoljjiw Z'Z) Sid9)Iom
uoljjiw 2°Z Jey) pajewnsa ‘€861 —1861 WOy pajonpuod
‘(S3ON) AaAing ainsodx3 jeuoijednooQ |euoiieN ayl,,

apixoiqg wniuey] o) ainsodx3 jeuoijednasQ
10} SUOIIEPUBWILLIOIY pue piezeH YjjeaH Jo uonenjeAs
INLLITING FONIADITTALNI LNIFHHND HSOIN 1L4vdA 22 AON




w.mo_Emm Aiejues pue seb ‘011098 0} pasodxe wmm_ow
|eo1109|e 1daoxa Aiauiyoew o0} pasodxe 0/6°26 1
Jusawdinba 21U0J}09}9 _u.cm J11}09|2 0] pasodxa 78G9\
rﬂ%uea Il 8jyxa] 0} pasodxa $59'80

| papn|ou|

juabe olvads ay) ulejuoD 0) umouy Jonpoid aweuaped).
1o uabe oioads, e Jo asn ay} paniasqo Aaains ay |,

11

apIxoig wniue}i] 0} ainsodx3y _m.:o_«mn:uuo
10} SUOIJEPUBWILIODAY pue piezeH Y}|eaH JO uoljenjeas
INILITING FONIADITTILNI LNIFHHND HSOIN 14VdHad 22 AON




. ‘suoljesado

uononpold ZOlL Ul palajunoous asoy} Mojaq 1o je

aq 0} pajoadxa ale dajs sIy} Ul S|9A8| 8INsodxd ‘JOAOMOH
‘3|qe|IieAe s sjonpoid wealjsumop jo Buipunodwod ul
POA|OAUI S|BNPIAIPUI JO Jaquinu 8y} JO ssjewlise a|gel|al ON |

. "9PIMP|IOM ‘S[enpIAIpUl 00 INoge
1B 1snp ZOl L 0} pasodxa (Aep Jad 9ouo) Ajgulinol siaxIom
jueld yuswbid Jo Jaquinu ay} aceld sejewisa Alysnpuj

| ‘aseyd pinbi| ay}

ul 10 Swa)sAs peasolo ul aoe|d aye) suoljesado Buluiewsal
ay] sa9ssao0id ay) Jo pud ay} premoy pue Buiuuibaqg

ay} Je 1nd20 isnp ajelausab yolym sdajs Buunjoejnuew ay |




‘'sjonpoid wesalisumop

Jo Buipunodwod [efjiul 8y} Ul PAAJOAUL SI9)JOM
asoy) snid syue|d zOlL 10 pua _8)Iym, ay) Ul SisxyJom
0] pajiwl| SI sjenpiAlpul pasodxa JO 8sIaAluUn ay |

JUSWIUOJIAUS Y} JO SIOWNSUOD

‘S19)Jom 0}— s)snp ZO!L 0} ainsodxa ou AjjenuiA si
919Y) pue Xujew siy} Ulylm paso|ous S| SpIXolp wniuell
‘puohag pue ‘1esn-pua ayj} 0} piemioj juiod siy) wol4

Xijew o_cmm_og_ Jo olueblo ue
ojul uonjesodiooul si (918 ‘synNISpooy} “Yul ‘Jagqgnu ‘sonseld
‘sbuneod ‘syuied) sasn wealsumop e ul dajs jsil) a8y |




icOLL O]

ml_:woaxm Eoum__awmw_ UM "S°N Y] Ul SISYIOAN
JO JaquwinN 8y} sajewisalan Ajssolo Asning

aJnsodx3 |euonjednooQ |euolieN €8-1861 9yL

uoISN|OU0D




.Sainsodxa m.c.cmé: jnoqe co.am.Eg&E.
ou, apnjoul Apnys yazAi4 ay) Jo suonejwi

. 201 aulen 0} sainsodxa
jeuonednoado uo paysijgnd ussaq aney ejep op,

. 'Syse} 10 suoneiado anioads ul ssuljel)in
0} saunsodxa pue suonnqLisip azis afoiped
auloquie ayj uo pspaau Alenaied aie ejeq,

apixoig wniue}l | 0} ainsodx3 jeuonednasQ
10j SUOIIEPUBWIWIOI3Y pue piezeH Yj|eaH jo uonenjeasy
*NIL3TTINE FONIOITTALNI LNIHHND HSOIN 14Y¥a 22 AON










| uonoelyiq Jase Aq
pue §1d pazAjeuy Se suonnqulsig azis sjdiHed Arewid Jo uosuedwod

(wiu) se10Wweiq

QoaoL

oL
" B ur A i o 85 Balit
_ Foda A
B 4 i
: t e u,.;_. . 1 mw.—.u. ..Mw m
o “upnel Fe - h m
n! i G L S R 4
.n.. - 1A .,.H—.. “.’q- T r.-.._. |\ * ... Far ...ﬂ— |m. L of 4 nl.u-..«wn i 1.“.. " -._u.w.... ;.. s ". .4.F
_.T & .....m _.. h oF At . .-_...... IR S . n :
GO ETE T k| E L .. Uopoeyygese |
{wu) mpwelg
A_n__uo_. Qoo L oqL 4:.
— S £ 0
, ‘... i . ' h 3 gt S
4 ! b . tu.p..l__. . ol
AT < epatt pt 5
. ] B . 0t Ww
@
. =z
3
> | . hnoumc._.._umnm 02
i : | _ :o:m_ﬂ._oo :ouozm
.;. ] F : .. 3 . - ... ...... = _ ..”__ _. T ..,.m”_ e 0t




ENTLETTY
ZOLL SPIM PHOM 8} JO %] "0 > sjussaidal ZOlL dulel)in

o, juswbid se anijosye
jou — JYBI1| B|qISIA 10848l JOU Op UOIDIW |0 > S3jdlued

Soiuouo99 — sa|oiued ay) Jo eale adeuns
|ejo} 8y} 0} uoipodoud ul asealoul sjuawailinbal ABiaug

soIsAyd -- uoJolw
L'0~ SI Buipuub ABisua ping Aq zO!L 9z1s Asejuswbid
YJIM uoionpal azis afoiued Jo Jiwli| Jamoj [edljoeld

suolelapisuod) 18y10




iAbojouyos}

|leuoiuaAu09 Buisn zQl1l (suly) epelb uswbid
jJo Buunioejnuew ay) buunp juasaid 8q 0}

~ A|9yj1] Jou si ainsodxe Q! suyel)n jueoyiubig

uoISN|oU0D)




JJUBAS|9Y Sainsodx3 ajenoiued
11Sd 194}l0O puUE }sng |eo) aly




_Z0l] se yons ‘sgjoiued 1oyjo 1oj asuodsal

Jownj uewny joipaid 0} YyoIym yum jspouw jewue
ajqeuoseal e S Jel 8yj jey) uojeuiuls}ap ayj

1oy poddns jeuonippe, apinoid 0y Japlio ul g9 Jelp
Sy} ul }snp [0 0} ainsodxa [Bwiue 10 UBWNY Uo
paseq saousiajal aleledas zZ| 1se9)| je sa)o HSOIN

apixoig wniueyj o} ainsodx3y _mco_wmn:uuo.
10} SUOIJEPUAWILIOI3Y pPue piezeH Yj|esH o uolnjen|eay
INILITING FINADITIALNI INFHHNOD HSOIN 14Vdd 22 AON




(21Ol - 8001) ,'sainsodxa

1Snp ybiy ypm S18Xi0M Ul XS 8seasip buljewjss o}
jueasjel aq Aew jed ay) ul BuipeolIsAC asned Jey) Sesop
Y] ‘Sny | Sjel ui PEPEBOIBAO PalspISU0D 8q PiNnom ey
Sasop ui Buiyinsal SUORJUSIUOI 0] pasodxse aq Aew
(siourw jeod “b+8) suewny awos pue “apnjubew

Jo Jap.o ue Ajsjewixosdde Aq ‘sjes ul uey) suewny

Ul JoMoJs si sajoied Jo aoueles)o bun) ‘uonippe uj,

apIXxoiq wniue}l] 0} ainsodx3 jeuonednaaQ
10} SUOIEPUIWILLOI3Y puk plezeH yjjeaH Jo uollenjeans
INILITING IONIDITTIALNI LNFHHEND HSOIN L4VHA 22 AON




(80L1L-€0L L), [ (S1043U0D Ul %€ SNSIoA

SJ189.7vg |0} JO % L&) Sisotuoaouwinaud ,Sid9)I0M
|02 8idwWis Y}Mm staulw Jo 4Tvg 8y} Ul parIasqo usaq
oABY SN 4O S|9A8] pajeAs|T (Sj0juod ul SN %G L
SNS.U8A S8sed Ul NIWd %G ) ealjis 1o ‘|eod ‘sojsagse

0} pasodxa usaq pey oym juswiiedw) Alojelidsal yim
S18X10M JO 4T7vg Ul SN jo ebejuaaiad ay) ul asesioul
jueoliubis Ajjeonsiels e punoj [L66 L] woy ‘sqof

AISNp Yim siaxiom ui sasesasip buny ol)se|dosu-uou yjm
pajerdosse usaq sey uonewweul o1uoJyd ‘suewny uj,

2pIXoIg wniuell] o} ainsodx3g jeuonednaa
10} SUOJEPUBWIWIOIAY pue piezeH Y}|eaH Jo uoljenjeas
‘NILITING FONIADITIILNI LNFHHND HSOIN 14V¥HA 22 AON




(6uny B7.4u) asop eaie adeuns spped p-¢ 2inbBiy

; ] I'D 1o - L0
19001 1 1 1 IO T 1 mmrre 1 1 1 | [ T I ] I
- S
v o SRy
x L
— %0
L %2t
=
=
E- po
wr
gt
f =
o
'
) -
el O R m
YoB|g uoqes (O e um..m
" md.F Av —SLOE .
. “epnoged jSnEds3 1sAg A [
y . _wEng (e
v g een W P
mus] 4
o o

apixolg wniuey } o} ainsodxg jeuonednadg
- 10} SUOHEPUBWIWIOIY pue piezeH yjjeaH Jo uonenjeng
‘NIL3TING IONIOITTILNI INIHHND HSOIN L4Y¥A ZZ AON




| (6ESL -€2S 1) . '[e0d pue
‘1aU0] yoe|q uoqued ‘sjeyns wnleq se yons ‘sojoiued
1 7Sd 48Yj0 0} JouueW Jefjwis B Ul SeAeyaq ZO!L
‘Aem s1y} uj "Jj8sy punodwod [ealwiayo ay) uey) 1ayjed
(eaie aoeLns afoied “a°1) ajoiued psjeyul 8y} Jo WI0)
jeaisAyd ay) o} pajeja. sieadde joayse SIy| J18SH ZO!L
JO Anoixojousab ein uey) Jeyjes ‘uoneisjijold |jeo pue
uonewiwejul 21u04yd Buinjoaul wisiueydall dixojousb
A1epuooas e wouj Synsad zQ! auljediin pue auly
0} pasodxa sjel Ul paAIasSqo asuodsad Jown) ayj jeyl
sysebbns aouspine Jo Jybiem 8y} Usijies passnosip
Se ‘9snedaq S)SuU pajeloosse ay) JO uoljeispisuod
B 0) JueAsfal Sl zOl| JO uooe Jo wsiueyass ay|,,
apIxoig wniue}l ] 0} ainsodx3 jeuojednoaa

10} SUOIIEPUBWILIOIY pue piezeH Yj|eaH Jo uonenjeay
INILITING IONIDITTIALNI LNIFHHND HSOIN 14VHA ZZ AON




(c£61-2261) .~ (s4svutw
jeoa “b-a) sqofl A}3snp yjm suewny awos ul periasqo
usaq aAeY SjeJl Ul Sasop buipeolan0 YjIM JusjSISuU0d
suap.unq bun| ‘suewny ui SIN220 “"°Sjed Ul peaAIasqo
se ‘@ouksealo bunj jJo buipeOolIBAO By} jey) 89UspINS
SAISUB)X® JoU SI 818y} ybnoyj|y "S)SU Jeaued bun|
uewny bunoipaid 10) [opowW djqeuosea. e S| jel sy} jey]
papnjouoo sey pue sajenaiped 0] 8insodxs Ja}je Jaoued
bun| uewny Joj jspouw syeridosddeur ue aq Aew sjed
1ey) Bunsabbns aauapiAs 8y} paiapisuod sey HSOIN,
apixoiq wniue)l] o} ainsodx3 |jeuojedndd

10§ SUOIIEPUIWIWIOIIY pue piezeH Yj|esaH Jo uoieniens
NILITING IONIDITIILNI ANIFHHND HSOIN L4VHA ZZ AON







_'sJaulw |02 Buowe peroedxa

uey) Jomo| useq Ajjesouab aney Jaoued bun|

J0) S,.4NS - diysuoneras sty pajenjens jeyj saIpn}s
om] 8y} ui jsnp auiu |e0? a|qesidsal O} ainsodx@
anenwINd UM pajeioosse jou sem Jaoued bunj
wo.y Ajeruon .--gJoUIW [ROD Buowe Ayjepow Jedued
6un| pojens|d papodal 8Aey salpn)s dwos ybnoyjie
-+ so)ed uonendod jesousb ypm paJeduod uaym
ssoulw [e00 buowe pejoadxe uey} Jamoj SI 48oued
Bun| wouy Ayjepot jey) papodel aneY salpn}s }SON,

1sn@ 2uliN 180D ajqeaidsay 0} ainsodx3
jeuonednd20 ‘piepuels PapUAWIWIOINY E 10} e

- —

—||




_---gisojuosownaud jo aauspire oiydeiboipes 10 ainsodxe
aAlejnwng ‘ainsodxa Jo uoneinp Buipnjoul ‘sejebolins esop
Aiewojsna ay) Jo Aue ypm 1aoued bun| Joj uonelsl esuodsal

-ainsodxa ue Buuoddns a2usping JUS)SISU0D OU SI 818l |

'SJ101jp J9oURd Bun| 8pPIM-LI0Y0D PajedIpul S18YJ0

SBOJDBUYM ‘SYSLI SSBIX8 POJRoOAS] SOIPN]S SWOS JUS)SISUOD Uda(
10U Sey Jooued Bun| pue JSnp aull [BOI USBM}Sq UOHBIO0SSE
ue 10J SBIPN}S JOYO0I [euoljednago wolj 8oUspIAe oy |

“1SNP 8ulW [0 YIM SUOIJBIO0SSE
asuodsai-ainsodxa Jo jequinu [jews e buipnjoul ‘4suiul

[eoo e se JuswAojdwa yjm pajeroosse Ajjeinusjod sxsii 18oued
bBuiuieouoo ainjets)l] paysiignd jo Apoq ab.iej e ~** sl 818y,

89 TOA HAVEOONON OdVi




13y Jaybiy e ul asuapiuod
apinoad uaAa Aew pue Sia)IoM [|e 10} 8jes SI ZO!1L
aul} JoJ 13y Y1 Jey} 8oUapuuod 8y} asealdul pjnom siyl

‘90UBPIAD JO BUI| SIY} JO Jamod [eonsnels auy)
asealoul Ajjueoijiubis pjnom sapoied | 1Sd ||e 0] pasodxa
S19)J0M JO salpn)s |eoibojolwapida Jueas|al Jo uoisnjoul ay |

‘PapNoul 8q P|NOYS pue Juswssasse sl g1l

0] JUBA3|aJ OS|e aJe sgjoIued | 1Sd 18Yjo 0} pasodxa sia)Jom
Buowe saipn)s |eaibojoiwapida ‘sioulw Buowe 1aoued bun|
pue 1Snp aulw |eod Jo saipnis |eaibojoiwapide 0} uonippe uj

UOIBpUSWILWLIOISY




900¢ ‘£ Aeniged
lJeUURUID-WNLIoYPNY 1el HSOIN
|ued “OlL DDV ay3 bunussaiday
Alojeloge ||9)SseH juodng
S1v4 ‘1ava “a'ud Wsylep ‘g piaeq

9pIxoi@ winiueli] 0} ainsodx3y .ﬁ

jeuonednddQ 10j SUOCIREPUDWLIOIY
pue piezeH yjjeaH jJo uoijenjeny
:uI3”d|jng 22u3biIjjejur JUdLIN)
HSOIN Heldp 3ay] uo sjusuuio)




Ul saoualayyip [BJuswepuny ay) 9]elJSuowap

1€ 19 BInYIN Aq saipn)s
U3 a4oubi sioyjne oy| =

W1um (1007 ‘266T) *-
HUBA3IaI Ajleonio o




‘PoMe|} SI S|opowl

JUSWISSISSEe YSI1 9yl buironpuod 10y siseq ayl ‘sny |

‘'sosuodsal |edibojoyjed pue Alojewwejul

0} plebas ym pue ‘sonaunp| asuelea)d ul Yyoq —

SjeJ WO Jualapip si suewny Jo asuodsal bun| ayy (7
J2oued

bun| 10} aAnebau si eyep Abojoiwapida ay3 (T
:Juswinbae siy) 03 S9SSaueaM |ejuawepun) z 1ses| 1y =

'siowiny

bun| 03 buipea| A|gissod ‘osuodsal jed 3yl 03 Jejiwis

29 ybiw asuodsal uewny ayl ‘peojdano apiued 03

Buipea)| ‘asuodsal aoueies)d 3SNp MO|S dARY suewny
32UIS 1BY] UOISN|DUOD SNO3UOLID 3L} Bm‘__u sioyne ay| =

II SUOISN|DUO)) [elaUdn)




‘suewiny ui Jaoued
bun| 03 pea| ‘1L 10 1Snp |02 31| S31endiJed 3|gn|os
Al1ood 03 ainsodxa ‘Bupjows Jo aduasqe ayl ul 1ewy
salpnis Abojoyied bun| uewny wo.j ‘@duspIAs UMOUY
Ou pue Joued bun| 03 diysuone|a. |eaibojoiwapida
uMouUy ou yim — (sspipued ¢oi) buipnppul) saejnonued
9|qn|os Aj100d 03 sasuodsal ay} Wwolj J3YIp edl|Is
pue so}sagse 03] sasuodsal Ateuow|nd ayj Jeyl} umouy
||IoM SI 31 'S03Sagse pue edl|Is pajeyul 0] suewny
JO S109449 a3y bunn Ag suoneIauaduod peojlaAo
0} puodsa. pjnod bun| uewny ayjy 3eyy bunsabbns
|9POW JUBAS[2JUOU pue Yeam e ypo) Ind sioyne ay| =

III SUOISN|DUO)) [eldUd5)




'S9102dS J9Ulo ANV Ul I1N220 10U S20p asuodsal
SIY] "SUOIlLJ3uU3dU0D PEOJISA0 3DIed

Je sajejndied 3|gn|os Ajlood 03 sasuodsal
bun| buidojeAsp 0] aAISUSS Ajonbiun e Sley =

AI SUOISNPUO)) [elaUd5)




siown) bun| ON & suonieIn|y ou & SIsoiqld
OU 10 31| & uonewwejul Jo 33163p MO| & PeOIBAQ
9)dIed & dSd 01 24nS0dXa 2IU0IYD & suewny uj =

siown) bun| « suoneinw & eisejdelsw & s3940
9AlleJa41j04douqly pue sisoiqly jeidas ‘uonesayijold
192 |eljoylide « uonewwejul paulelSnNs & peolanQ
dPIed & ‘Ol 03 2InSodxa JIUoIYD «Sjed U] =
SdSd JO suonesuadu0d
PeOo|I2AQ 0] pasodxa siey ul siown] bun
JO JuswdojoAa( 10) OLIBUSDS UOIDY JO 9pPOA Juadin) =

A SUOISNPUO)) [el3Udn)




(213N
0507 :9Sejeue 94,08) GZd Se aziIs 9pied 10 3InjonJs
|BISAID Dwes ay) aAey sopiled Ol auyenn
|E 10U ‘10BJ U] *S9Ipn3s zapnuwiiag pue youulsH
9yl Ul pasn sgpiMed Q1L §Zd duljelyn ayj 03 [eduap!
10 Je|jiwis aJe sapited ¢Oil auyeyn ayl Jo |e

Jey) Sawnsse Juandop 3yl asnedaq Juenodw SISyl =
*S3IPNJS SNOLIBA 3U3 Ul S10jebisaAul
au3 Ag pasn (sonstapeseyd (eaisiyd) sazis apied
pue sainjnais |e3sAid ayj azuayeleyd Aj@yenbape

0} |1e} sioyine ayy ‘quawndop g1d 9yl noybnoayy =

(uosuawo] uyor) (sw/bw 1°0)

sapiued ‘o1l aulenn o (sw/bw g 1) spelb
Juswbid 10J S73y paysabbns ayy 104 uonediAsSN[ 100d

IA SUOISN|DUO)) [eldUd5




‘PoME}}

sI sadAy-apiped ¢l aulesyn ||e 10j aA3eIuasadal

SI GZd eyl uonsabbns oyl pue sazis apiled

JualayIp pue (3)1nJ 10 asejeur) sainjonuls [e3sAlD
Juataylp Jo pasudwod ale sgpiled o1 auyenn =

‘'suewny ui ssowny bunj aonpoud ¢l buipnjoul

SdSd 03 2Jnsodxa jey) 22uapIAl |edibojoyiedolsiy

Ou SI 243y) ‘uonippe ug ‘aanebau si sspiued <O
0] pasodxa suewny ul 2duapiAa |edibojoiwapid3y ay | =

‘'SUBWINH 10J JUBA3J2. J0U 3Je pue saldads

Jey] 03 anbiun ase sasuodsad Jownl/Alojewwuejjul
bun| 3y Ul SONSSI eaJe JDBLINS/PROJIDA0 Jd1}ed =

IIA SUOISN|DUO)) |eIdUIN)




966T '€£5-+9S
1z Abojoyred |e2160|021X0] — *|e }2 uew.oog

P66T ‘So|diHed pIjoS

JO $1094J3 d1usboulpie) pue JIX0] U — ANDT
66T

‘/0€-p0E €7 |001X0] |ddy wepun4 — uojjed

L66T 'TC
-0T :SbT |0dewleyd |ddy [0d1xo “[e 19 J_yJeM

66T
‘GT/-004:ET |021X0] Jadx3 g uewnH — IXaH

‘G66T ‘9GG-££G:/ |00IX0] |eyul ““|e 3@ YduulsH
‘GR6T ‘Z6T-6/T:6/ "wieyd |[ddy xo] “|e 12 997

Hun- jey a2y3 ul sya43 w._.u_u._mn_ uo
suonedijqnd juerodw ]y — punoibjoeg




900¢
ssaJd ul ‘saoualdg |ed160j0dIX0] |e 19 JIBYJep) =

'T00C ‘8T€
-TT€ 60T J2dsiod Yi|eaH UOlIAUg '|e 1o e|nyIN ™=

'L66T
‘€G-/€ /€ 1021X0] |ddy "wepund “|e 3o eIMjIN *
(/66T) 1uswabeue|y MSiY pue JUsWSSIassY
¥SIyY UO UOISSIWWOD) |euapisald ‘Wdvddd *®
'966T ‘16T-18T (lddns) 8 |0dIX0| uonejeyur — NA =
ssaid ul 9002 ‘WIOC — dwelq pue Jsyiep =

(3u0)) BunT ey 3y} ul s3I
apIed uo suonedijqnd juepodwy




v00T 'LSE-LPE L L "1IS T|02IX0] [e }° Zepnwliag ®
‘2002 ‘£6-98:0/ "19S |021X0] “|e 32 Zepnwilog ®
'000Z ‘9¢TT-ETTT:CT [021X0] |eyu] “|ejo uel] =

(3u0)) BHunT jey 3y} ul S3/Y3
dpiIMed uo suonedijqnd juepiodwy




(#002)
|013U0D) pue sasne) Jaoue)) ““|e 1o elRyog

£00Z '60%
-00%:St Pol uodiaug dnodQ [ ‘e 30 Y=zAld

'T00C ‘2€e-LTT LT
Yl|eaH UoJIAuUg YIOAN [ pueds ““|e 19 e3ajog

‘8861 'T¥6-££6:0€
pa dnooQ [ — JayjeamuaAeq pue usyd

SI19)I0M TOLL Ul S309443 @4nsodx3 uo
suonedijqnd jedibojorwapid3y Juepodw]




00T/Z€
GZ-d ‘001/6€ 9D ‘00T/2Z 433Q :siown] bunT -

syuow 9 + SIA z — gw/bw 0T SZ-d
‘cw/Bw 9'TT gD ‘cw/bw £ 4330 — Sied JelsiM 4 -
(wu 0t-0T) GZ-d “OLL auyesyn (G66T) "1 32 YOUUlRH =

Md + Sslowny ubiuaq
0% GZ ~ + SISOIQl} + S1094D SnoueA — sw/bw gz =

SJOWN) OU + SIS0JQL + S}03YJe snoueA - cw/bw Qg =

S)09)J9 Joulw - gw/bw QT =

sIA 7 10y gw/bw Sz pue 0§ ‘0T ‘0 —sied 4 pue |y =
wu Q0€ ~ “OlL aul (S86T) “|e@ @97 =

sopiped ¢l aujesyjn pue
aul} -saipnis AJDIxXo] uonejeyur




‘'slowiny

bun| 0] spes| S}0943 39S} JO 2DUI)SISISd =
‘eisejdelaw snowenbs pue eisejdiadAy

10/pue AydoapadAy |elpyids & uonewwepu] =
‘Swisiueydaw pajelipaw abeydoidew

le|oaA|e |ew.ou Jo buipeojaAo — ajisinbalald =
*S312ads JuapoJ I3YJ0 Ul Jou INg Sjed ul
siown) Aseuownd Jo Jusawdo|aAap ay] 0} pes|

ued saje|ndied a|gn|osul 03 a1nNsodxa Jluoiy) =

sinown] Aleuouw|nd p22npujg ajejndijed
U0 S9AI03dS19d jua.lin) — IXoH




‘uonisodap sdiHed Jo SIS

je sajebaibbe abeydosoew pue uonoun) sabeydoloew

ul s3uap ‘eouelea)d apped Jo juswuiedwl ‘S|

Ateuow|nd Jo uoneuajljoid paoueyua ‘uonewweljul
pauleisns paonpo.d cw/bw QGz 03 Sainsoaxy =

‘ainsodxaisod syjuow 9 ybnoiy)

pajen|eAs pue cw/bw 05T, pue g ‘G e SyooM ¢ J10)J
sa|ijed uoll _%coEmu 10 €Ql1] 0} pasodxa sjel 9|y =

uonewwejjul Juldlsisiad pue swisiueyodaw Ppueleld|d
Ateuownd paJiedun ui s3jnsas si3snp A}101xX0} MoOj
JO suonesnuaduod ybiy jo uonejeyuy — °je 32 JydYyIep




'siowny ubiuaqg aq 0}

SsuoIsa| ay3 patapisuod (£1/¢) Auoulw v “(OMd) .SISA

uijelay aAnelaljold, snojownjuou aq 03 SUoIsa)

ay} paJtapisuod Ajuolew vy ‘swsejdoau jueubijew jou
2J9M SU0IS3| 2131SAD 3y jeyy paalbe syuedidiped ||y =

'sgppided zO1L pue s|luqy

piwele-eled Ag sjed ul paosnpoud suoisa| Ateuow|nd

buizunesay 213sAd U0 SNSUISUOD IARAIIDSIP
oisoubelp e yoeald 03 sysibojoyied jo doysyiopn =

S|qLJ _u_Em._m-m._mni--
0} 24nsodxa J1uoayd buimojjoj sjes jo sbunj ayj
ul UoIs3l| e — ,IsAH unje.ad)] aAanesdjljold, — uojed




‘S1eJl 0] anbiun

9( 0} paJopIsSuod Ajjelauab suoiso| asay| =
‘'suewiny ul SuoIs9|

9S9] paAISsSqo pey sisibojoyied ayj JO SUOpN =

‘'suewny J10J ddMd 2u3 Jo
suonedljdwi — doys)Jom awes ayj Jo poday =

doys)iom Abojoyjed e jo sbuipui4 :apixoip wniueln
0} pue sjuquy piwese-d 03 sjed Jo uonjejeyul Aq ainsodxa
J1U0IYD Y}IM pajeidosse suoisad| snowenbs — AAa7




‘Bun| 3eJ Y3 ul sainsodxe peojtaAo apied
03 @suodsa. ul sasuodsad sanssiy Ateuow|nd
anblun asay} JO UOREDIJISSE|D U0 SNSUISU0D

e payoeal sysibojoyied Jo doysy.om

doys).iom e Jo “.._oa_mm_. ".mcs_
324 3Y3 JO Suoisa| snowenbs buiziuneid)y
213SAD JO uonedlyisse]) *|e 39 uewioog




S1sAD unesay Aleuow|nd Jnsejdoau-uou se

pasoubelp a19M SuoISa| €T buluiewsal ay] “ewouldted
|90 snowenbs buiziuneiay-Ajio0od e se auo

pue eisejdejaw snowenbs se pasoubelp a1oMm SUoIsI)
2y} JO OM] *SUOIS3| 33 JO yoea Jo sisoubelp ay)

0]} Se payoeal sem jusawaalbe snowiueun :S11NSIY

‘S9|o1ed spixolp wniuel apelb-juawbid

UM Apnis uoiejeyul 1eaA-om} e wodj syed Jo sbuny
93 ul ‘ewouldied |19 snowenbs buiziuneay 211sAd se
pasoubelp Ajsnolrald ‘suoisa)] snowenbs aAiesasjold
9T JO M3IAJ 21d0DSO.DIW 3} paziiewwns jduodsnuew
oy} ‘eus3ld dnsoubelp jualind buiziinn :3A1LD3C90

(9002 ssa1d u1 ‘WIOC) SuOISa)
Ateuownd pajejal -¢Q1L JO uonedIJISse|dd.d
pue uoneziidjoeley) - aweldqd pue jidylep




'S109)49 Aloje.idsal a3nde Jo ySIi Mo| e sasod
011 1.y} pauIWLIRIap Sey YdJ ‘JUSWUOIIAUD
9U3 pue yjjeay uewny o3 piebal yipn =

'Vvs Jo

III 93IL JO £TE UOIIDBS Japun S|eIIW3YD JIX0)

JO 1S1| 3Y3 wodj aoueisqgns siyy bunajep ajn.

|eulj e panssi yYd3 (43awelp wr ¢-1 sapiped)

‘“O11 uo uonew.ojul Yyeay jusunad

JO M3IABI |NJoded e UBYY Tyl 24l Wwodj

S|eaiwayd 3s1Iap 03 suoniad Auew paAladal
Sey Vd3 ‘ViDdd3 JO juswioeus sy} duis =

Vidd3 pue vyJS1 s,vd3 19pun siaqly
pue sapipied pijos :Suoisiap Juawabeuew
}SI4 Ul uonjew.iojul )si1 pue piezey jJo asn — NA




'(886T ‘WdaSN) suewny ul Jad2ued asned 0] payadxe aq
Ajgeuoseal ued 10 asned |IM $QOlL 18yl MOYS 03} DUSPIAD
JU3IDIYNS JOU S| 23] 1By} UoeUIWID)}DP SDUIPIAD

JO Jybiom ||esan0 ue 03 spea| eiep Ajdiuabeinw aAebau
9 + aInsodxa JO S9In0J snoueA Ag saipnis ajdiynw
woJj sesuodsad diusbouinied aAnebau ayy ym buoyy

‘bun| ay3 Jo swisiueydaw aduelea)d

PaWBYMIBA0 2ARY Aew jey) suonejusduod ybiy

0] uone|eyul eIA pasodxa Sjed Ul palinddo ‘paAlasqo Sem
siowny bun| ur aseaour ue yoiym ui ‘(¢geT e 12 997)
MBIA3J \Yd3 9] JO awi} ay3 3k 3jnsal aAnisod ajbuls ay |

‘'suonenw s|gejiay pue ‘Aydiusbournied ‘syaye
A10jeaidsal 21u0IyD JO SDUBPIAS JUBIDIYNSUL SI D494 |

‘uonejeyul Aq A3dIxo3 3nde moj Jo st ‘o1l

po2Nnuijuod - nA




"SI uewny 03 JueAl|aJ Jou
24e ¢l 03 ainsodxa yyum pajernosse sasuodsal
10WN] Juapo.J PaAIaSqo asnedaq |edIWwayd yons
U0 Se Ol palnuap! Ajleayidads WYY dyL
. 'S94nsodxa uewny paziubodas Aue

buipsaoxa Jej sasop je 1n220 Aew 1o suewny

0] JuUeA3|a.11 3 03 UMOYS U33( 2AeY Sasuodsal
lown} JUSPO. aI3YM “** S95ED" " ale alay]

C QWN|oA ‘poday jeulq
(£66T) Juswabeue) Sy pue JUDWISSISSY
JSIY U0 uUoIssIwo) |enuapisald — WiVidd




So[oied a|qnjos Allood Jo suoneuadUod
leuonednddo ybiy o3 (syjuow 4z) Ajjeaiuoyd
pasodxa sAayuow pue sjes Jo asuodsal
onssi} bun| sy3 pue uonuajal apIHed

JO uisned |edjwojeue syl pasedwod Apnis

Isnp
|e0d pue jsneyxa |9saip 03 Ajjediuocayd
pasodxa sAax)uow snbBjowouli) pue sjeqs
Uaamiaq 194)1p uoijualad apiied Jo sajls
pue sasuodsal anssi} bun - “je 30 enyIN




*OU0D ybiy je sajewnud 10y sAnoIpald

9( J0u Aew sjeu Ul suonRdeal anssi) pue sutaned
uonualal adied jey)y papnjouod sioyny
‘S9[dIed paulelal syl 03 sasuodsal 2no.4qiy
|eydas pue Asojewwepyul ‘onsejdiadAy jepynda
le|oaA|e Juedyiubis pey sAs)uow jou Ing siey
'S)ed 'SA wniistaqul

ul s9|died Jo uoipod Ja3ealb pauiejal SA9Y)UO
SA)uow *SA S}oNp JejoaA|e

ul sajoiped Jo uouod Ja3ealb paule)as sjey

(3u0d) T-INYIN




‘Suewiny “SA sjed ul JuaJlayip Ajpay.tew
sbun| ayy uiyam uonnquisip spiHed pauieisy =
‘SIaulW |eOD Bupjowsuou — suewnyH =
cw/joos bw / 1o
G'€ 'SE’0 e d333 03 SYUowW ¢z pasodxa syey =
‘suewny
pue Sjel WwoJj suodas 21b0jo3sIy ul uonualal
o|21}ed ssasse 0] Alswoydiow pasn Apnis =

sbun| uewny pue jei uil jelajew
9jejnoijied jJo uonnqIIsIp 3yj uo Isop
10 *2U0d 3insodx? jo dUINPJUT *|e 33 ejn)IN




‘SooIued
0} asuodsal bun| ul saouataIp sanads
10} JUNO2de ABWw UOIRNQLISIP Ul 9dUaJayI(

°9S0p | YiIm | wnijisiaqul

9U] ul s9pied jo abejusoiad — suewny ug
‘wnnisiajul ul Ajuewad paulelas si Jepew
aje|ndnied pajeyul Ajjealuoayd - suewny ug
'SU01b3a. Jej0dA|ER UI paulela.l

S1 JOOS [3Salp pajeyul Ajjealuodyd - sjed uf

(3u0d) Z-eINYIN




ON SIA siown) bun| jo uononpoigd

9J9A9S SSI| INq SaA SOA (si1soiquy) aseasip bun| jei3nsiajug
sapou ydwAj onesoyj 03

Alqeqoid Aiqeqoud 6unj wouy sapued Jo uoedojsuULRI} pasealdu]

saA SOA sa|oiped
pajisodap jo uonezijennsiajul pasealdous

jou Ajqeqoud S9A sapiped jo suaping Ateuownd abae
aduesea)d pajeipaw abeydosdew

Jou Ajqeqoid oA (swpymiano) asueseapd Ateuownd pasajly
s||22

JeHed I0N SaA jeljayjida pue sabeydoioew jo eisejdiadAy
uiejpsd JoN S9A uonewwepuil Aseuownd Jwoay)
uep s1ey sjel ul peojiano bunj jo

pue ‘Aaxuopy ‘60q aejenbas pue sajnqune jelssepn

sjewwely ab.ae sA sjey ul peojaAQ apiIMed
JO S3109))3 Ateuouwnd jo suosiiedwo) sanads




‘eale 20epns 9pied |ejo]
se passaldxa sem uaping bun| ayy usaym paqLOsap
1S9 uonedo|suel} pue uopewwe|jul Jeyl papnjpuo)

‘YOseg pue ¢Q1) 03 sainsodxa pajen|eA

9WN|OA 3)iued
JO SwWa) Ul @dueles|d apied Jo Juswaiedw ay)
S1Ipald Yyoiym -sisayjodAy peojsano d113aWN|oA palsa |

i —

"aJue.le’d|d pue uonewwepjul uo
eaJle adelins s)diped Jo dudINJUT II
‘sooIped d|qnjos
Aj1ood jo uonejeyus ““je 3@ ueay




AU ‘BAIY ddeLING NI ]

0s¢ 00¢ 0S1 001 05 0

.

01

e [

-0C

aulles g | 0t
(wupgz~) €011 auy ¢

NIAd %

(wugz~)¢ o1 suyesyn g | OF

0§

P66 [ 4ISA0PAIG) ~DIUAY 2ODANG 2|I1JAD ] YJIN UOND]2410))

SYeY Ul Q1L JO UONE[ISU] 0V SIY b TV Ul NN JO JU22Iag




(9661) l10osqg £Aq paysiiqnd ejep woyy paydepy
Bunj/,w ‘ealy aoeung ajenoilied

._._
001 01l L 1°0 10°0 100°0 =
v | e . 0 Q
=
=
o
L°0 -
1)
o}
=
wn
2'0 3
4
=
r
0 5
3Ooe|f] uoqe @
v U_mw (o]
cOL ¥ —
j2saig W c
LL'0=2vY - b0 2
Q
»

Jed @y} ul uoijewioj Jownj} pue
eale adeLins a|o1ued usamiaq diysuonje|oy




‘Juawbid cw/bw 05z
93 Jou pue spetb-juswbid cw/bw Qg syl 03 Jejiwis
Sem Q114N 0} pasodxa Skl Ul 109JJ9 w/bw T ayL *

ew/Bw 05z pue 0§ ‘0T ‘0 — Apms Q1L apelb Juawbld =

200¢Z “"]e 39 zapnuwiidg
"SUOIS3| dAIjesdj1joadoaqly pue jeljRyda
9AIssa4bo.d ‘uoijewwiejul 319A3s aJow
sjes -¢o11Jn 03 sasuodsat Hun| ui1 sadUBIDYIP
sa10ads juedyiubis asam alay)y ‘Atewiwns uy =
'2d JA T JaA0 pajen|eas pue — cw/Bw QT pue 0’z ‘s0
0} S)99M £T 10J pasodxa siaiswey pue adiw ‘syes 4 =
¥00C - ,S9|d1}1ed apIxoiqg wniuey |
auljesdjn JO uonejeyur d1uoIYIgns 03 SIajSweH pue
S1ey ‘I JO sasuodsay Ateuowingd , “|e 3@ zapnwiiag

)

sapied Qil auijesyjn pue auuy
-sa1pn3s AjdiIxo] uonejeyur 111D




'S1S04q1J [e1dss JejoaAje pue uoiejnwndoe
9]o1ed |ensialul a1om uoneayljo.d
[e1[oydd JO 120§ 3SaL} YIIM Pa)eID0SSy
'S3IPNIS uonesayljold (190 ul bulqgel

192 |elj2ylidD Je|ODA|E Ul 3SeaJdul ue Se s)el
Ul pajsajiuew os|e atam sabueyd aAnesayijold
|el@yads asay | “dnoub cw/bw oSz ay)

Ul paAIasqo a1am sabueyd aaelasijosdoaqly
pue -jejpylids aAIssalbold asaym

‘S]el Ul 9J9A9S JSOW J9M SUO0IS9| Aleuow|nd

s9]d1ed Q1L aujesyjn pue auly jo A3D1X0)
bun| ayj3 buipsebau syuiod awoy aye




'SI9jswey

10 221w Jayie uey) asuodsal Alojewwejul

Aleuow|nd juaisisiad pue a19A3S

2J0W e padojaAap siel ‘peojsano Aseuowind

20Npul 03 A|yI| pue Jejiwis aJam suap.ng o1

opelb jJuswbid bun| ay3 yoaiym ui suonipuod

lapun -s9piped ‘i apelb Juswbid

pajeyul 03 asuodsa. Ateuow|nd ul sadualayIp
S910ads juedlyiubis a1om alay) ‘Atewwins ug

II - sjuiod awoy a3ye]




‘soppued €Ol apelb juswbid jo
uone.uaduod ybiy e 03 aunsodxa Jo sAep 06
0] asuodsau ul eisejdelaw |ellayiida Jejoaaje

pue suoIS9| 2AieJa41j01doaql) aalssalboud
JO JuswdolaAap By} ul anbiun aiam os|e sjey =

III — sjuiod swoy a3ye]




‘Sjed 0} paledwod usym JuaYIp SI Sjewwew Jsabie| ul
SISNp pajeyul 03 sasuodsal Jejn|@2 pue uonnqLISIp ay| =

'sodAy-ad1ed 4sd Jo sesop
ybiy 03 siowny bun| doj@asp jou op saads juapol 1BYO =
'S1SAD
uijelsy aAness)ijoid doj@Asp pue sapiied ajgnjos Alood
JO SUOIJeJJUadUOD PEOJISAO 0] DAIJISUIS Ajonbiun ale sjpy =
‘siown) bun| ubiuag
padnpoud sjel ui cQ1 apelb-yuswbid ¢w/bw g J0u
NG 0S¢ JO SUOIRIIUBOUOD PEOIISAO 0] SaUNsodxa Jluoly) =

SdSd pue %011 YuMm sjey ul
sa1pn}S Ab0j0dIX0] uo suoiIsnpPuod)




'S9]elS pajiun |ay3 ul
SJ)lom bunnjoejnuew apixoip wniuej buowe

Apmis Ajijeiow poyod v (€£002) [e 39 dozAt4 (¢
|E3.3UO|\| WUy Apnis paseq
-uone|ndod e ul Jadued bun) Jo YSI pue apIxoIp
wnjuel 03 aunsodx3 (1007) “|e 3 enayog (¢
'OPIXOIp wniuej} 0] pasodxa SI19)I0M Jo Apnis
d1bojoiwapidy (886T) !4ayjeamiaie pue uay) (1

s9joiied Q1L 03 ainsodx3 19310
Yiim saipnis Abojoiwapids




"S19)d0M pasodxa-¢Ql] ul

120ued bunj 10j aAnebau aisam ppiom ay)

30 syed juasayip ul spoyod uonendod
ob.e| Jo saipnis ABojoiwapida anoy ayy =

‘adoun3 ul Anisnpui uononpoud

OPIXOIp wniuejn ayj ul paiojdwa siay1om
buowe Ayjerion - (+002) “*|e 30 enoyog =

(r3uod) saipnys Abojoiwapidy *




saje|ndijied
¢OlL 3jedsouepN

PUue aul4 Yyiim saipnls

Aesseoig Aleuowngd

*




‘9007 ‘s9ou3aids |ed1bojodixo |

‘ssaud ul “*|e 19 JIvYlep) — ealy

20BJING pue 3zIS dpIHed uodn juspuadap
j0U S| AJDIX0] :S1eY Ul S}0g pue spoy ‘Ol
9|easoueN Yim salpnis uone|jisu Aleuow|nd

sjey ul uonewweput
Ateuouwi|nd Yyjim aje|a410d0 sAemje jou op
S321puUl 3JeLInS dDIped - uoljeuliojul MaN




WURS  JOSIX X0 BRT ETABN3

A 4 1 LE L I

(..LE1-LHY,,) s10q O]

S30Qg ouepN olL




wu 00c

Spoy oueN QlL




~

1 oz0
- o

T

001 IndLL QANOd




ow ¢ ow | AN 14 $¢

V ? | |

STSSI], SUM] PUE [V { ¥IA UONEN[EA]] 9.1NS0AX9)S0g | —

(jonuod aAnisod) sa[onaed zen)e e
S10P ZOL], 2[Be3SOUBN]« uone[suy

SPOI ZOL], 9[BOSOUBN e
sa[onted zOLL pazis-aul e

(3y/3w ¢ pue 1) sadA ], de[nonied e

(Jonuoo) Sdd
sdnoin ainsodxy

Apn)S Aesseolqg Areuowing
COLL dBIsouey .10J [090)0.14




sdnoJdsc) ainsodx3

aseq 20lL | SpOH 2011 $10Q Z0'L S49d
ByBwi g BB | ByBw g ByyBuwa | BybBw g ByBuw |
—— . : - : : . o+ %0
. ' + %01
_ : %02 M
. o
%0 =2
o
%0¥% m
=
%0S =
m
C % w %09 T
JUQIDJJIP 10U DIk QI -OUBN 29 AIRjudwgI =
* * ' %0L X
=
lyow ga’ %08 G
yluow L O .
Woopn L M| %06

noy pz @ | %001

S]Op-OuUeN pue ‘SpoJ-ouepN
‘sa|a1e4OlL 0} pasodx3 sjey jo spinj4 yg ul sjiydoynap jusdied

‘olL :Ajsianiun
301 Y}IM Salpnis aAaReloqe]jo)




byBw g
aseq 2oL

sdnoug ainsodx3
ByyBuw | ByyBw g ByyBuw | BybBuw g BywbBuw |
aseg zoIL SpoY 20!l CuUEeN SPOY ZO!L CUeN sjog 0!l CUEN S]oQ ZOLL QueN

S8d

7 Yuow 0 _
|| ywow o | —
¥oap L@
|| moppzm | =
Slop-OouenN pue
‘spoi-ouep ‘sa|oiped ‘01l 0} pasodx3 sjey uj sanjep HAT PINid ve

0l

0z

og

o

0s

09

04

08

06

an




sdnoug ainsodx3y

BwbBw g ByyBuwi | Bwbw g ByBw | Byybw g By/Bw |
aseg 201l aseg ZolL SpoyY 2011 oueN sSpoy Z0!L OUEN Sjog 0Ll OuBN SjoQ Ol OUEN Sad
. : _ 0
Z
14
—1 9
B
E
0l =
r
|”T A — |+ Zl
— ¥l
lywop eO | == 9l
| ywow LO n
¥ea LB
L InoHy vm' _— GN

S)jop-OueN pue
‘spos-ouep ‘sajoiued Qi o3 pasodx3 sjey u| sanjeA dLIN PINIH 1vd




0002

oo8L

wu gz J9)siopiaqo @ wu gz J8)siopiaqQ ¢
(Brl) pajiysur ssew Q1)

0091 oovi 00z 000} 008 009 00t ooz

(5002 ‘dH3  19)1s10pIaqO)

3d SJY {Z }e 9sop SSse|y 3|2134ed
2011 0} uonewwepu] Ateuowind jo diysuonejay

]

[=1
o™

o
Ly

(=]
=

0s

sjiydoiinap juaaiad




05¢

ANE& ealy aseuns OlL

002 051 0oL 0S

(5002 ‘dH3)
19)sI0pIaqQ 3d SJY pZ Je ealy d9deLNng 8|oilied

2011 0} uonjewwelju] Ateuowingd jo diysuoneoy

=}
-

=]
o™~

[=1
[ ]

o
=

0§

s|iydoJynap juaaiad




0002

By/Bwg |oseH m  BybBwy ||9SeEH Y  wu QZ J8)sioplaqO @ WU Q§Z J9)siopiaqQ ¢

(Brl) paynysur ssew Q1]

008l 0091 0oL 002} 000} 008 009 00¥ 002

(119%seH) + (5002 ‘dH3  49¥si0piaqQ)

3d SIY ¥Z Je 9Sop SSe| 3|o1ied
2011 0} uonewwepu] Ateuowind jo diysuone|oy

0L

=
o~

=]
™

(=
<

0§

s|iydoJjnap juadiad




By/Buwig [19seH m By/Bw ||@seH ¥ la)siopiaqo ¢
(,wD) ealy adeung ?Oll

00s2 oooz 00SL 000L 00s

(119¥%seH) + (dH3 18¥s10pIaqQ)
3d Sy {Z Je ealy adejng a|dljued
201l 03} uonewuwepu] Arieuowingd jo diysuone|ay

o
-

=]
[ ]

o
o

o=
<t

0S

sjiydodinap juasiad




'sadAy-opo1ed ajedsoueu Jo AJIDIX0)
Ateuow|nd ayl Yyum pajeldosse 1oye) Jjolew e
S| eaJe 90eJINns jeyy uonejnisod ayj 03 J93Unod
unJ sbuipuly asayy ‘alowisypng “uonisodwod

lejiwis Jo sapied pazis-iabie| 03 patedwod

bun| syl 03 J1usbowwejjul 10 JIX0303AD

210W J0ou ale ydiym sadAy-sponied ajeasoueu
Jo 9|dwexa 3s.1) 9Y3 aplAold S)nsal asay] =

duedjiubis
pue S}jnsay jJo Alewuwns




'Jiews|qo.d sawodaq ¢w/bw

1°0 JO 3wl 24nsodxa ue JO uolepuUaWW0D3

ay] aJojatay| ‘sadAy-spnued

¢O1] oueN J0 auleq|n ||e 1oJ aAnReuasaldal

JOU 3Je S3IpNn]s ‘|e }° zophuwiag pue

““[e 39 YdLUISH a3 Ul pazijin ssppied Ol

auljenn gzd 241 1eyl ajes3suowap Salpnis
plezey Jaylo pue Apnls SIY} JO S)nsa4 ay| =

41D “0Oll 01 @A13e|a4 duediubIS
pue s}|nsay Jo Alewwwins




‘2jerudouddeul

2.1e S|opOoW JuaWSsasse ysi buipuodsallod ay) sny L
'siown) bun| 03 buipea| Ajgissod ‘asuodsal jel ay3 0)
lejiwis aq ybiw asuodsal uewny ayl ‘peojiano gppiped
0] buipes| ‘asuodsal adueldea|d 3ISNp MOJ|S 2AeY Suewny
92UIS 143 UOISNDU0D SNO3UOLID 9y} melp sloyine ayl

‘e 12 zapnuwiag pue “’|e 19 eMjIN AQ S31pN1s JueAl|a.
Aj1e21310 ay) aziseydwa-ap 03 WS sioyine ay |
‘pajaldiaiul

Aldadoud j0u aJe sauewwNsS 3yl Jo Auew ‘I9ASMOH

aAIsuaya.dwod ‘Jed 3sow au
10} SI M3IAJ 3NjeIS}| JUSUad pue JUSWNJ0pP |BJauln)

I - suoisnpuo) Alewwwins




*S210ads 1910 ANY Ul JN220 J0U S20p
asuodsal SIY|  "SUOIIRJUDDIUO0D PEOJIDAO JJIped
e saje|naiJed a|gnjos Ajlood 03 sasuodsal

bun| buidojoAap 03 DAIISUSS Ajonbiun 2Je Sjey =

II - SUOISN|DUO0) EmEE:m*




siown) bun| ON & suoneInjy ou & Sisoiqld
OU 10 3|NI| & uonewwepjul Jo 93169p MO| & pPeolIaAQ
JPIRd & dSd 03 2InS0odxa JIU0Jyd & suewny uy =

siown) bun| & suoneinw & eisejdelsw

& S1094J0 aAnelayljoldolqly pue sisolql |edss

‘uoneuajijold (192 |elPYde & uonewweul pauleIsns «
DEOJIBAQ dPIed & ZOlL 0} 2INS0odxa JIuoIYd «Sjed uy =

SdSd JO SUOBJIIU3dUO0D
PROISAQ 01 pasodxa Ssjey ul siown] bunT
JO JuawdoPAs( 10} OLIBUDS UORDY JO 9POIA JUaLn) =

III - suoisnppuo) EmEE:m*




'S9IpPN]S SNOLIBA 3L} Ul S103ebiisaAul a3y} Aq
pasn (sonsuaeleyd |eaisAyd) sazis spied pue

S24n]oNn.3s [eIsAID ayy aziaoeleyd Ajgjenbape 0]
le) sloyane ayl ‘quawndop g1d oyl Jnoybnoay| =

(uosuawo| uyor) (cw/bw 1°0) SoPIMEC
<ol auenn 1o (cw/bw g 1) apetb juswbid
10} S73¥ pa1sabbns ay3 10 uoneduynsni 100d

AI - SUOISN]DU0) EmEE:m*




'Bunsi| TYL 419y} wody

Vd3asn Aq pa3si|-op udaq sey a40jai3y3 pue

1snp AJ1DIX0) MO| B S| ZOLL 3ey] SUOISSIWWOD
pue sauabe [eiapay 19Yjo Ag Juswbpamouwdy =

-91e11dosddeur s1 sadAy-gpoied

¢Ol] auyenn ||e 1o} aAnejuasaldal si Gzd ey

uonsabbns ay] pue sozis anRJed Juaiaylp pue

(311InJ 10 3sereur) SaunyNLs |eISAID Jualaylp
Jo pasudwoo ale sopiped ‘Ol auyenn =

'SIJOM €I ul Jooued bun) 10 aAebau ale
S9IPNIS SAISUIXD § WOl synsaJ Abojoiwepidy =

A - suoisnpuo) Alewiwns *

e T A




