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Date:

Appréved: Reinaldo Paniagua Di
Secretary of State

Commonwealth of Puerto Rico

Department of Labor and Human Reso?§c3§£;*mmg%&’£32rf?
» fox

Occupational Safety and Health Offlc
Barbosa Avenue 414 Asslstant Secretary of State
Hato Rey, Puerto Rico

RESOLUTION

I, Carlos S. Quirbs, Puerto Rico Secretary of Labor and
Human Resources pursuant to the authority conferred by Section
8 of the Puerto Rico Occupational Safety and Health Act, Act
Number 16 of August 5, 1975, (29 LPRA 361 et seg.) as amended
hereby amend the Puerto Rico Occupational Safety and Health
Regulation Number Four (Part 1910) approved on February lst.,
1978 and amended on February 2lst., 1978, March 16, 1978 and
May 8, 1978, by adopting the Final Standard for Occupational
Exposure to Inorganic Arsenic which appears published in the
Federal Register, Volume 43, Number 88 of May 5, 1978. |

This adoption shall be effective immediately after its
approval, but the new standard will be effective on August lst.,

1978.

20, 5B

I

Carlos S. ©
Secretary of Labor and Human Resources
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[a510-26] : .
. Title 29—Llabor :
 CHAPTER XVH—OCCUPATIONAL

SAFETY AND HEALTH ADMINIS-
TRATION, DEPARTMENT OF LABOR

PART 1910—OCCUPATIONAL SAFETY
AND HEALTH STANDARDS

Occupational Exposure to Inorganic
Arsenic
AGENCY: Occupational Safety and

Health Administration, Department of
Labor.

~ACTION: Final Standard for Occupa-
tional Exposure to Inorganic Arsenic. -

SUMMARY:. This rule limits occupa-
tional exposure to inorganic arsenic to
10 pg/m* (micrograms per cubic meter
of zir) based on an 8 hour time-weight-
ed average. The basis for this action is
evidence that exposure to inorganic
arsenic poses a cancer risk to workers.
The purpose of this rule is to minimize
the incidence of lung cancer among
workers exposed to inorganic arsenic.
Employees protected by this standard
work principally in the nonferrous
metal smelting, glass and arsenical
chemical industries. Provisions for
monitoring of exposures, recordkeep-
ing, medical surveillance, hygiene fa-
cilities and other requirements are
also included. The 10 pg/m? limit has
. been set because it will provide signifi-
cant employee protection and is the

lowest feasible level in many circum--

stances.

DATES: Effectxve date: August 1,
1978.

Startup dates: ) o

. August 1, 1978—Respirator use for employ-
ees exposed above 500 pg/m?3.

As soon as passible but no .later than Sep-
tember 15, 1978—Completion of initial
monitoring.

October 1, 1978-—Complete establishment of

"~ -regulated areas.

Respirator use for employees exposed
above 50 pg/m?,
. Completion of Initial Training.
Notification of use.

December 1, 1978——Rmspu'ator use over 10

. pg/m3
Completion of initial medical.
Completion of compliance plan,

July 1, 1979—Completion of lunch rooms
and hygiene facilities.

December 31, 1979—-Completion of engineer-
ing controls.

All other requirements of the stand-
arc{ have as their startup date August
1, 1978,

ADDRESS: For additional copies of
~this regulation contact: OSHA Office
of Publications, U.S. Department of
Labor, Room N-3423, Washington,
D.C. 20210, telephone 202-523-8677.

FOR FURTHER INFORMATION
CONTACT:

- Mr. Gail Brinkerhoff Office of Com-
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pliance Programs, OSHA, Third
Street and Constitution Avenue
NW,, Room N-3112, Washington,
D.C. 20210, telephone 202-523-8034.

SUPPLEMENTAL INFORMATION:

INTRODUCTION

This permanent occupational safety
and health standard is issued pursuant
to sections 6(b) and 8(¢c) of the Occu-
pational Safety and Health Act of

‘1970 (the Act) (84 Stat. 1593, 1599; 29

U.8.C. 655, 657), the Secretary of
Labor’s Order No. 8-76 (41 FR 250539}
and 29 CFR Part 1911. The new stand-
ard on cecupational exposure to inor-

“ganic arsenic which appears at 29 CFR .

““white - arsenic”).

living organisms including those man
uses for food.

Approximately 97 percent of arsenic
enters end-product manufacture in the
form of arsenic trioxide (As,O, or
This - eompound,

- which is used in the synthesis of many

1910.1018, applies to all employments °

in all industries covered by the Act .
- with the fellowing exceptions. For the

reasons explained below, the standard
does not apply to pesticide application,
agriculture, and the treatment and use
of arsenically preserved wood:- .

This document also amends Table Z~
1 of 29 CFR 1910.1000. Entries for cal-

cium arsenate and lead arsenate are

deleted because they are replaced by
the new standard. The existing entry,
“Arsenic and its compounds (as As)—
0.5 mg/m>%” is amended to read “Or-
ganic arsenic and its compounds (as
As)-0.5 mg/m3” The existing entry
covers both organic and inorganic ar-

- senicals. As the new standard covers

inorganic arsenic, the entry in Tabie
Z-1 is accordingly amended to clarify
that it only covers. organic arsenicals.
The existing entry in Table 1 for
arsine remains unchanged for the rea-

-sons discussed below. .
Pursuant to section 4(b}2) of the

Act, The Occupational Safety and
Health Administration (OSHA) has
determined that this standard is more
effective than the
standards now applicable to the mari-
time and construction industries and
currently contained in Subpart B of
Part 1910, and Parts 1915, 1916, 1917,

- 1918, and 1926 of Title 29, Code of

Federal Regulations. Therefore, those
corresponding standards are supersed-
ed by the new inorganic arsenic stand-
ard in §1910.1018. A new paragraph

‘(e) is added to §1910.19 to clarify the

apphcabihty of this new inorganic ar-

- senic standard to the construction a.nd

maritime industries. -

I. BACKGROUND -

Arsenic (As) is commonly present in
amounts ranging from less than 0.601

‘percent to 6 percent in sulfide ores

mined for their copper, lead, zinc,
gold, and silver content. Arsenic is also
widely distributed naturally in small

amounts (2-5 ppm) throughout the

earth’s crust. For example, it is found
in iron ore and coal. Further, trace
amounts of organic arsenic (less than
1 ppm) are naturally present in most

corresponding .

other arsenic compounds, is released
by and obtained as a by-product of the
smelting of sulfide ores of copper,
lead, and zinc. Arsenic is generally re-
garded, however, as a troublesome im-
purity in these metals which is elimi-
nated through the smelting process.
The Tacoma, Wash., facility of
ASARCO, Inc. (formerly the American

Smelting & Refining Co.) is the sole =

U.S. producer of arsenic trioxide.

ASARCO’s arsenic production capaec- o

ity is estimated to be 11,000 tons per
year. World arsenc trioxide production
averages approximately 60,000 tons
per year, while U.S. consumption aver-
ages 30,000 tons per year. Most of the
36 copper, lead, and zinc smelters pro-
duce some amount of arsenic-bearing

- flue dust as a by-product of their oper-

ations. In the past, some of this flue
dust was reprocessed by ASARCO-
Tacoma, in order to reclaim the
amounts of precious metals and ar-
senic it contains. Recent information,

however, indicates that ASARCO has - - ‘

been reducing the amount of flue dust

it will accept for reprocessing, and
“that much of the dust is being stored -

by the originating smelters.

Arsenic and its compounds have a
variety of applications. The major use
(comprising approximately 69 percent

of U.S. consumption) is for insecticides .

N R
.
X .

i

and- herbicides. Before World War II -

inorganic arsenic compounds (primar-

ily calcium arsenate and lead arsenate)
were the most widely used pesticides.
Substitutes have now replaced arseni-

*cals in many uses. However, the record
of this proceeding indicates that two .

arsenicals are used in the raising of
cotton, especially dry field production
in Texas. Arsenic acid, gn inorganie
pentavalent arsenical, is used as a des-
iccant. Methane arsonates, organic ar-
senicals (not covered by the standard),
are used as pesticides. Approximately
40 percent of the U.S. consumption of

‘arsenic trioxide (12,000 tons) is uti-

lized in the synthesis of these two
chemicals.

Approximately 11 percent of total
U.S. arsenic trioxide consumption is
used in glass production as a clarifying
and reducing agent. Only small quan-
tities (a few pounds per ton) are usual-
ly used in some forms of glass. This
use has been reduced as substitutes
have been developed.

Approximately 7 percent (2,100 tons)
of the total U.S. consumption of ar-

- senic trioxide is used in the synthesis

of arsenical wood preservatives, prinei-
pally chromated copper ' arsenate
(CCA). Wood preservatives make wood

more resistant to termites, fungi, and,
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rot. In doing so, they extend the
useful life of the wood (from 6 to 36
years) helping conserve a natural re-
source and lessening the need for per-
sistent insecticides for termite control.
There are several types of wood pre-
servatives, but for some uses, the
record indicates that arsenical preser-

vatives are preferred. (See the Final

Environmental Impact Statement
(FEIS) and iis references.)

" Other uses of Inorganic arsenicals

are for lead alloys (5 percent), flota-
tion reagents for concentrating copper
ores (5 percent), and feed additives (2

.. percent). Small quantities are used in

the production of drugs, semi-conduc-
tors, light omitting diodes, devices to

turn solar energy into electricity and.

in - other electronic applications.
Lengthier discussions of role of arseni-~
cals ¢an be found in the FEIS and in
the Technological Feasibility Analysis
. and Inflationary Tmpact Statement

(II2) by Arthur Young & Co. (AY). . -

The exact number of workers ex-
posed to inorganic arsenicals is un-
known at this time. AY estimated that
approximately 660,000 employees were
involved in the commercial cyéle of ar-
senic, and that 7,400 employees were
exposed to over 4 pg/m? of inorganic
arsenic. This latter number is an un-

derestimate because of employee turn-

over and limited data in some areas
and for some facilities. ‘ .

I1. PERTINENT LEGA:’.’Amonm L

assure, so far as possible, safe and
healthful working conditions for every
working man and woman. One means
prescribed by Congress to achieve this
goal is the authority vested in the Sec-
retery of Labor to set mandatory
safety and health standards. Occupa~
tional safety -and health standards
provide notice of the requisite conduct

" . or exposure level and provide a basis
for assuring the existence of safe and -

healthful workplaces The Act pro-
vides that:

The Secretary, in promulgating standm'ds
dealing with toxic. ‘materials or harmful
physical agents under this subsection, shall

- set the standard which most adequately as-
sures, to the extent feasible, on the basis of
the best available evidence, that no employ-
ee will suffer material impairment of health
or functional capacity even if such employ-

ee has regular exposure to the hazard dealt:

with by such standard for the perfod of his
working life. In addition to the attainment
of the highest degree of health and safety
protection for the employee, other consider-

" .. ‘ations shall be the latest available scientific

" data in the field, the feasibility of the stand-
ards, and experience gained under this and
other health and safety laws. (s. 6(bX5))

- Sections 2(b)(5) and 6, 20, 21, 22, and
24 of the Act reflect Congress’ recogni-
tion that conclusive medical or scien-
tific evidence including causative fac-
tors, epidemiological studies’ or dose-
response data may not exist for many

RULES AND REGULATIONS

toxic materials or harmful physical
agents. Nevertheless, standards cannot
be postponed because definitive medi-
cal or scientific evidence is not cur-
rently available.” Indeed,
need only be supported by the best
available evidence. The legislative his-
tory makes it clear that: “it is not in-
tended that the” Secretary be para-

lyzed by debate surrounding diverse

medical opinion.” House Committee
on Education and Labor, Report No.
91-1291, 91st Cong., 24 Session, p. 18
€1970). This Congressional judgment is

supported by the courts which have .
- reviewed standards promulgated under
the Act. In sustaining the standard for -

occupational exposure to vinyl chlo-
ride (289 CFR  1910.1017), the U.S.
Court of Appeals for the Second Cir-

cuit stated that: “it remains the duty -

of the Secretary to act to protect the
working man, and to act even in cir-

cumstances where existing methodolo- -
gy or research is deficient.” Society of -
- the Plastics Indusiry- Ine. v. Occupa-

tional Safety and Heallh Administra-

tion, 509 P. 2d 1301, 1308 (CA. 2,
1975), cert den sub nom, Firestone
Plastics Co. v. United States Depart- -
~ment of Labor; 95 S. Ct 1998, 4 L.Ed.

2d. 482 (1975).

A similar rationale was applied by

the U.S. Court of Appeals for the Dis-
trict of Columbia Circuif in reviewing
the standard for occupational expo-

sure to asbestos (29 CFR 1910.1001).’
8 - The Court stated that: - -
The primary purpose of the Act is to |

Some of the questions mvalved in the pro-
mulgation of these standards are on. the
frontiers of scientific knowledge, and conse-

quently as to them insufficent data is pres-

ently available to make a fully informed fae-
tual determination. Decision-making must

in that circumstance depend to a greater -
.extent upon policy judgments and less upon

purely factual judgments.

Industrial Union Department, AFL~
CIO v. Hodgson, 499 F 2d 467, 474

(C.AD.C.1974).. =y

expressly required to consider the fea«
sibility  of the proposed. standards.
Senate Committee -on. Labor and
Public Welfare, S. Rep. No. 81-1282,
91st Cong., 2d Sess., p. §8 (1970). Nev-
ertheless, considerations of technologi-
cal feasibility are not limited to de-

vices already developed and in use.-

Standards may require improvements
in existing technologies or require the

_development of new technology. Soci-

ety of the Plastics Industry, Inc. v. Oc-
cupational Safety and Health Admin-

. -istration--supra at 1309; American

Iron & Steel Inst. v. OSHA, No. '16—
2358 (3rd Cir., 3/28/178).

Where appropriate, the standards
are required to include provisions for
labels or other forms of warning to ap-
prise employees of hazards, suitable
protective equipment, control proce-
dures, monitoring and measuring of
employee exposure, employee access

standards
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to the results of monitoring and ap-
propriate medical examinations. More-
over, where a standard  prescribes
medical examinations or other tests,
they must be made available at no cost
to the employees (section 6(bXT)).

Standards may also presecribe record-
“keeping requirements where necessary

or appropriate for enforcement of the -
Act or for developing information re- -

- garding occupational accidents and -

nesses (sectmn 8ceH).

- IX1. HISTORY OF THE Rmmrmn
. In 1943, the American StandardsAs—

"'sociation (now the American National -,

Standards Institute or ANSI) proposed
a standard for arsenic of not more

than 15 micrograms of elemental ar-
senic per cublc meter of air (hereins
after pg/m3). However, by 1945, this

‘standard was increased by a factor of

10 to 150 pg/m> :
In 1947, the American Conference of
Goverhmental Industrial Hygienists
(ACGIH) recommended a Maximum
Airborne Concentration (MAC) of 100
pg/m3 In 1948 this was changed
Threshold Limit Value (TLV) of 500

pE/m® It appears that this level was -

set to protect against the hazard of
dermatitis from arsenic trioxide, with-~
out consideration of carcinogenieity. =
In 1976, based on its evaluation of
evidenc. ' of carcinogenicity ACGIH
adopted two new TLV’s for arsenic tri-

oxide. In the smelting environment, a ~
level of 50 ug/m?® (as arsenic) along =~

with a ceiling of 5 ppm for sulfur diox-

ide and a level of 50 pg/m? for antimo-

ny trioxide (as antimony) was recom- -
mended.- In°- non-smelting environ-

ments a level of 250 ug/m® (as arsenic)
was recommended. The detailed basis

for arriving at these levels is not clear o

on the record.
The ACGIHE has separate standards

-for lead arsenate and calcitm arse-

nate. A limit for lead arsenate of 150 -

it - pg lead arsenate/m> has remained in
In setting standards, the Secretary is

effect since 1957. (There are at least -
six distinct lead arsenate compounds.

- Depending on the molecular formula,

this limit expressed as elemental ar.

‘senic (As) can range from approxi-
‘mately 20 to 55 pg/m?). According to-

ACGIH documentation, lead arsenate -
was considered to present the double

threat of chronic toxicity due to its -

lead content and acute toxicity due to
its arsenic content. The limit for ecal-
cium arsenate of 100 ug/m?3 adopted
by ACGIH in 1957, was later changed
to the present 1,000 pg (1 mg) calcium
a.mema,te/ms (equivalent to 380 pg As/

“m?3).

In 1969, the Secretary of Labor pro-
mulgated the 1968 Threshold Limit
Values of the ACGIH including the

~limit for “arsenic and its compounds™

(500 pg/m?® as arsenic) lead arsenste
(150 pg/m?® as lead arsenate) and cal-
cium arsenate (1,000 pg/m? as calcium
arsenate), - under the Walsh-Healy
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Public Contracts Act (41 U.S.C. s35 et
seq.) (34 FR 788-796) after an opportu-
nity for a public hearing and written
comments (33 FR 14258). These stand-
ards were subsequently adopted as es-
tablished Federal - Standards under
section.  6(a) of the Okccupational
Safety and Health Act of 1970 (36 FR
10466, 36 FR 15101) and included in
what is now table Z-1 of § 1910.1000.
The Occupational Safety and Health
Administration began the process of
revising the current standard govern-
ing occupational exposure to inorganic
arsenic after receipt of the National
" Institute for Occupational Safety and
"7 Health (NIOSH) document, “Criteria
for a Recommended Standard * **
Occupational Exposure to Inorganic
Arsenig,” in January 1974. On Septem-
" ber 20, 1974, after notice published in
the FEpEraL REGISTER, OSHA conduct-
~ed an informal fact-finding hearing®
on the possible health hazards associ-
ated with occupational exposure to ar-

senic and its inorganic compounds.

Findings presented at the hearing and
through post-hearing comments impli-
cated inorganic arsenic as a human
carcinogen. Recent mortality studies
conducted both in the United States
and abroad furnished strong addition-
al evidence to corroborate previous
studies which showed excess respira-
tory and lymphatic cancer mortality

among workers exposed to inorga.nic‘

arsenic. ‘

In view of this additional informa-
tion, NIOSH submitted revised recom-
mendations to OSHA on November 8,
1974, advocating that occupational ex-
posure to arsenic and its inorganic
compounds be limited to “no detect-
able level.,” NIOSH later published a

new criteria ' document containing -

these modified recommendations and
8 discussion of the. new information
considered. The new NIOSH recom-
mendations called for controlling occu-
pational exposure to inorganic arsenic
so that no worker is exposed to a con-
centration of arsenic in excess of 0.002

mg (2 ug) per cubic meter of air as de- -

termined by a 15-m1nute sampling
périod.

On January 21, 1975 a proposed

standard to control occupational expo-
sure to inorganic arsenic was pub-
lished in the FEpERAL REGISTER (40 FR
3392). The proposal included a de-
tailed preamble describing the necessi-
ty for the proposed standard, the in-
formation relied upon in its develop-
ment and the terms of the proposal in
its entirety. The notice requested the
submission of written comments, data,
views and arguments on the issues
raised by the proposal and scheduled

an informal hearing pursuant to sec- .

tion 6(bX3) of the Act (29 U.S.C.
655(bX(3)) for April 8, 1975. The hear-
ings lasted 6 days.?

On November 8, 1974, a notice of
OSHA'’s intent to prepare an environ-
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mental  impact statement was pub-
lished in the Feperat REGISTER (39 FR
39617) pursuant to 29 CFR 1999.3(d).
Subsequent to the publication of that
notice, a draft environmental impact
statement (DEIS) was prepared and
on March 21, 1975, the Council on En-
vironmental Quality published a
notice of availability of the inorganic
arsenic DEIS (40 FR 12841). In addi-
tion to the 45 day comment period
specified in 29 CFR 1999.4(g), the envi-
ronmental impact, if any, of the pro-
posed standard was also an issue for
the informal hearing as provided by 29
CFR 1999.4(h) and the notice of pro-

' posed rulemaking (40 FR 3392).

In addition to the DEIS, OSHA also
prepared the “Technological Feasibil-
ity Analysis and Inflationary Impact

‘Statement” (IIS). On June 24, 1976 a

notice was published in the FeperaL
REeGisTER (41 FR 26029) announcing
the availability of the document. This
notice also announced that the second

‘phase of the rulemaking hearing on -
-the economiec impact and technological

feasibility of the proposed standard, as
well as certain new sclentific evidence
which had been developed or obtained
since the April 1975 hearing, would be
held.

On July 16, 1976, a second FEDERAL
REGISTER notice announced the inten-
tion to include, as an issue in the
forthcoming hearing, testimony and
information on the advisability of in-
cluding sputum cytology as part of re-
quired medical surveillance provisions
in the final standard for inorganic ar-
senic - (41 FR 29425). Following this
second = hearing (September 8-14,
1976) ! post-hearing comments were re-
ceived until November 2, 1976.

On November 5, 1976, a notice an-
nouncing the availability of certain
new analyses o6f the potential carcino-
genicity of pentavalent arsenic, as well
as other information, was published
(41' FR 48746). This notice provided
for the submission of comments on the
new materials by December 9, 1976.

The entire record, including 193 ex-
hibits and approximately 2,500 tran-
script pages was certified by the Pre-
siding Administrative Law Judges on
January 27, 1977, and February 3,
1977, respectively, in accorda.nce with
29 CFR 1911.17.

Prior to promulgation of the final

_standard, OSHA prepared a final envi-

ronmental impact statement (FEIS) in
accordance with 29 CFR 1999.5. Notice
of the availability of the FEIS was

_published by the Council on Environ-

mental Quality on February 11, 1977

(42 FR 8690).

This standard on occupational expo-
sure to inorganic arsenic is based on'a

Throughout - this document references
will be made to hearing transcript pages as
follows: Fact-finding hearing (September 20,
1974)—FTR; Hearing, April 8-15, 1975—
ATR,; Hearing, September 8-14, 1976—-STR.

full consideration of the entire record
of this proceeding including materials

“discussed or. relied on in the proposal,

the record of the informal hearing, all
written comments and exhibits.

IV. OccupaTioNAL HEALTE
IMPLICATIONS

The impetus for this new Inorganic
arsenic standard is evidence of its car-
cinogenicity. This section analyzes
that evidence in depth and is divided
into seven parts as follows:

A. Summary and General Consider-
ations. A discussion of some of the
generzal considerations appropriate to

- the evaluation of epidemiologic stud- -

ies.

B. Respzmtory C’ancen A discussion
of the study designs and the authors’
conclusions; and OSHA's conclusion
based on its analysis of the studies as
well as some of the criticisms and com-
ments contained In the record of the
arsenic proceeding.

C. Lymphalic Cancer. Presentation
of available data on the causal agents
implicated in the lymphatic cancer
deaths observed in two of the studies.

D. Dose-Response. A presentation of
dose-response data derived from some
of the studies, criticisms and adjust-
ments where appropriate, as well as
OSHA'’s analysis.

E. Animal Studies. A presentation
of, and evaluation of animal studies .-
pertinent to the evaluation of occupa-
tional carcinogenesis. -

-F. Valence Conszderatzona. A discus-
sion and comparison of acute toxicity,
mechanistic interactions and intercon-
version between trivalent and pentava-
lent arsenic, and an evaluation of the
present relevance of this information
on the assessment of carcinogenic risk.

G. Conclusion. Separate summaries,
analyses and conclusions on the car-
cinogenic risk of exposure to trivalent
and pentavalent arsenic.

A. SuMMARY AND GENERAL -
CONSIDERATIONS

OSHA has carefully reviewed the
substantial body of evidence relating

‘to the carcinogenicity of inorganic ar-

senic.and has concluded that it iz
clearly a human carcinogen. There is
virtually no dispute as to the carcino-
genicity of trivalent arsenic. Thereisa
substantial body of epidemiologic
studies of arsenic-exposed workers in
varying environments showing excess
risk of lung cancer where the one
common factor is exposure to inorgan-
ic arsenic. Moreover, excess-risk in-

creases consistently with increasing -

degree and exposure to inorganic ar-
senic. In addition as discussed in detail
below, both the available evidence and
policy considerations have leéd OSHA
to conclude that pentavalent arsenic
should be regulated as a human car-

- cinogen.

The following sections analyze in
depth the most important epidemiolo-
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gic studies which are part of the
‘record. A brief review of the nature of

. ep:demiology may clarify that analy
Epidemiology is the study of the dis-

tribution and determinants of disease

in. humans, It focuses not on any
single individual but on groups of indi-
viduals. Evidence of carcinogenicity in
.- humans can be derived from two types
of epidemiological studies (1) descrip-
tive epidemiological studies in which
the morbidity or mortality of cancer in
human populations is found to vary
(spatially or temporally) with expo-
sure to the agent and (2) analytical
epidemiological studies (e.g., case-con-

trol or cohort studies) in which indi-"

viduals’ exposure to the agent are
found to be associated with an in-

- ereased risk of cancer., Epidemiological

studies, when done properly, are the
most direct measure of the carcinogen-
fcity of an agent since man himself is
the subject of these studies.

In contrast to the controlled ei:peri- )

mental study of animal species, epide-
miological studies of necessity rely
upon the untoward effects of un-
planned events in the past. For that
reason, it may be difficult, in any one
epidemioclogical stidy, to account for

all potential confounding variables.

Thus while a single epidemiological
study may in some cases demonstrate
a cause-effect relationship, the most
convincing evidence of causality from
epidemiological studies comes when

several - independent . studies done.
under diverse circumstances result in .

positive findings. -

Any epidemiological study showing
‘or not showing a positive association
between an agent and an increased
risk of cancer may be weighted to a
greater or lesser extent insofar- as the
following criteria are met: -~ -

(1) Definition of Study Populatzam
A clear description is made of the pop-~

--ulation from which the study group

was selected, the method of selecting

- the. subjects of the study group,.the
" criteria and rationale for inclusion or
exclusion of study subjects: and the
procedure and rationale by which the
study subjects were classified accord-
ing to presence or absence and degree
of exposure.
(2) Reférence Populatzon. A clear de-
scription is made of the reference or
standard population against which the
‘study group is contrasted and the pro-
cedure and rationale for selecting that
reference or standard population. ;
(3) Disease Ascertainment and Clas-
sification. A clear statement is made
of the specific procedures and sources

 for disease ' ascertainment including.

the degree of completeness of that as-
certainment track for the study and
the reference population. The criteria

are specified for classification of mor- _
bidity and mortality (e.g., nosology)

and a statement is made addressing

RULES AND REGULATIONS ‘

the comparability of study and refer-
ence population regardmg this classxﬁ
cation scheme.

(4) Positive or Negatwe Bzas or Co'no
Jounders. As the operation of factors
in the study design or execution may
lead erroneously to an observed excess
or deficit of cancer risk among ex-
posed individuals, a clear statement is
made of the magnitude of over or un-
derestimating disease risk in the study

group. Such factors to be considered -

are selection of healthy individuals for
work and ethnicity and life-style dif-
ferentials.

(5) Dose—Respon.se Relatwmsth. A

dose-response relationship- is demon-

strated, that is an increase in cancer
morbidity or mortality with -an  in-
crease in degree of exposure. Demon-

stration of such -a relationship pro~

vides strong evidence for incriminating
the agent under study as a causal
factor in the etiology of caricer causa~
tion. However, because of difficulty in-
the quantification of actual degree of
exposure (dose-rate, deposition, reten-
tion, excretion) such - relationships
may not always be apparent. For that
reasont the lack of a demonsizated
dose-response relationship may not
negate the carcinogenicity of an agent.

In addition to these criteria, it must
be recognized that any epidemiclogical.
study - will have confidence limits
around estimates of association or rel-

- ative risks (e.g., around Standardized
Mortality Ratios ete). In a study re-
ported as “negative”, the upper confi-  first

dence limit may fall at a relative risk
considerably above unity and thus the

study cannot be regarded as negative
but only as excluding a relative risk:

that is above this upper limit. Finally
a." “negative”
may be relevant only to dose levels
within or below the range of those ob-
served in the study and is pertinent
only. if sufficient time has elapsed
since first human exposure to the
agent. Experience with human cancers
of known etiology suggests that the
period from first exposure to a chemi-
cal carcinogen to development of clini-
cally observed cancer is usually meas-
ured in decades and may be in exgess
of 30 years.

‘Epidemiologic evidence' must. be;

viewed in its entirety. Such evidence is
strengthened when similar findings

are repeated or occur in different set- .

tings and environments. Accordingly,
after discussing and analyzing individ-

ual studies, OSHA draws its conelu-

sions based on all studies taken. as a
whole, scxentlﬁc oplmon, and OSHA
policy.

B. RESPIRATORY CANCER

Two significant studies became avail-
able before the fact-finding hearing.
The first, a study by Ott, Holder, and
Gordon (Ex. 1A 3-1) concerning the
relationship between - respiratory

epidemiological study
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cancer and occupational exposure to
dry arsenicals was submitted to OSHA
by the Dow Chemiecal Company in re-

‘sponse to the advance notice of pro-

posed rulemaking (39 FR 10494). Ac-

cording to the study report, the dry

arsenicals to which the workers were

exposed were the following, listed in.

order of decreasing production: lead
arsenate (59 percent), calciumm  arse- -
nate (34 percent), copper aceto-arsen-
ite (5 percent) and magnesium grse- -

‘nate (2 percent).

The Dow study compared the pro-

_portionate mortality rate of arsenic- -

exposed employees with that of non-
exposed .employees over . a 37-year - -
period (1919-1958), The “exposed” em- .
ployee group included those workers
who had spent 1 or more days in the

arsenical productiom area, while the
“control™ group had never wm'ked in
the arsenic exposure.ares.

An increased percentage of cancer

deaths was observed among the ex-
‘posed worker' population (329 per-.

cent) versus the nonexposed (20.7 per<
cent). The authors’ analysis of the
data indicated an approximate three-
fold increase in lung cancer for the ex-
posed populstion (16.2 percent) over

‘the nonexposed (5.7 percent). Lym-

phatic cancer occurred 2.5 times the
expected rate (3.5 percent versus 1.4
percent). Fewer cancers of the diges.

- tive system were found in the exposed

population than were expected. - :
To supplement the results of the -
analysis, . Ott also performed a
ecohort analysis by examining mortal-
ity data for 603 men who had worked -
for at least I month In the exposure
area. Ottt observed 35 cancer deaths
among the exposed group versus 19.4
deaths expected on the basis of the -
U.8. white male age-calender time-

' cause specific rate. Of the 35 total .
cancer deaths among the exposed pop-

ulation, 20 lung cancer deaths were ob-
served where only 5.8 would have been
expected. Additionally, there were 5
deaths attributable . to - lymphatic
cancer where 1.3 were expected. Thus, -
the results of the cohort analysis con-
firmed the findings of excess respira~
tory cancer mortality in the earlier
analysis, - E

Of interest was the fact that- of 1713
deaths recorded for workers in the ex-
posed population, 138 of the workers
had worked in the exposure area fora -
period of less than 1 year; and of these :
138, 16 died of lung cancer. -

The Mational Academy of Scxence'
(NAS) report (Ex. 180, p. 313> noted
that 60 percent of the respiratory
cancer  deaths reported in the Oti
study were observed among those

- workers who had worked in the plant

1 year or less. Since the study included
only those workers who remained with
the company, the report recommended -

that the excess in this group be veri-

fied by following all short t;erm. work-
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ers. The report also noted that while
the excess respiratory cancer mortal-
ity among these short-term workers
might or might not be ascribable to ar-
senic, 4- to 6-fold excess respiratory
cancer mortality was observed among
the longer-term workers.

OSHA' agrees it is conceivable that
the excess among the short-term
workers might not be ascribable to ar-
senic. However, there is no data to

support this hypothesis and the long--

term workers were at elevated risk of
dying of respiratory cancer. OSHA
thus accepts the study findings of
excess’ respiratory cancer mortality
among workers in the Dow plant. v

The Allied Chemical Corp. submit-
ted an epidemiologieal study to OSHA
which contained findings of an excess
of respiratory and lymphatic cancer
deaths similar to the Dow studies (Ex.
1A-24). The Allied facility had also
been engaged in the manufacture of
dry arsenicals for pesticides. Further,
like the Dow process, arsenic trioxide
was the starting compound for the
subsequent synthesis of lead arsenate,
calcium arsenate, and other chemicals.

The  Allied study, performed by
Baetjer et al., compared the mortality
experience of retired arsenic workers
with that of the general population of
Baltimore, Md,, the location of the
Allied pesticide facility. It focused on

27 deaths occurring between 1960 and

‘1972, Of the total deaths, 19 were due
- to cancer, including 10 from respira-
tory cancer and 3 from leukemia or
lymphosarcoma. The expected num-
bers of deaths, however, based on fig-
ures adjusted for the combined age,
race, and sex-specific relative frequen-
cies of the general population of Balti-
-‘more, were only 5.6, 1.5, and 0.18, re-
_ spectively. o .
When an analysis was made of mor-
tality among only male retirees. from
the pesticide plant, Baetjer found even
greater differences between observed
and expected deaths from all types of
cancer, as well as respiratory and leu-
kemia-lymphatic cancers. Specifically,
there were 17 deaths from all forms of

cancer versus 1.35 expected, 10 respira--

tory cancer deaths versus 0.4 expected,
and 3 deaths from leukemia-lymphatic
cancers versus 0.05 expected. 5
OSHA. recognizes that the Baetjer
study is a preliminary study which will
be followed by a more thorough analy-

-sis. OSHA. agrees with Arthur D..

 Little, Inc. (Ex, 26B, p. 36) that the
study does not. eliminate other poten-
tial associations of workers with respi-
ratory cancer such as smoking,
common ethnicity or demography. As
ADL noted, the lack of such analysis
weakens the inference of a relation-
- ship between the plant environment
and death by cancer. However, OSHA
concludes that the magnitude of the
excess of respiratory cancer mortality
(28 and 17 times the expected Balti-
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more rates for 1960 and 1970, respec-
tively) makes this study strong evi-
dence of excess risk among workers ex-
posed to arsenicals,

The studies by Ott et al. and Baetjer
et al. because _of their significant
impact on the assessment of carcino-
genic risk to exposure to arsenicals,
have come under the most detailed
scrutiny of any studies in the record.
In the context of deciding the issue of
carcinogenicity of pentavalent arsenic,
many analyses have focused on the
fact that workers were exposed to
both trivalent and pentavalent arseni-
cals as well as other chemicals. In

April 1975 OSHA asked the Allied and

Dow-  Chemical Companies  what

chemicals the workers in the two stud-

ies were exposed to and what was their
estimate of the degree and duration of
exposure to each chemical (Ex. 101,
Ex. 102). k
Allied responded “we cannot estab-
lish with certainty the exact nature of
exposures to which our people were
subjected. Some were predominantly
exposed to arsenic trioxide plus

sodium arsenite, Paris Green and the

Arsenates, while the female packers
(not included in the Baetjer Phase I

"study, but among whom is a cancer

survivor in remission) were exposed
only to calcium arsenate, lead arse-
nate, and Paris Green.” (EX. 55.)

‘Dow responded: S

- Unfortunately, at this time we cannot

assess the relative importance of trivalent vs
pentavalent arsenic. The men were exposed
to the following materials: arsenic acid, lead
arsenate, calcium arsenate, copper acetoar-
senite, acetic acid, gum arabie, Rhodamin B,
and finally lead oxide. B
Since the insecticide department was
somewhat seasonal in its operation, the

- turnover of employees was considerable. It .

was, for many, the entry job into the com-
pany from which a considerable number of
employees went on to other jobs with other
exposures. The random nature of this move-
ment is such that. it is impossible to estab-

 lish any pattern of exposure to other chemi-
cal entities. (Ex.102.) © .~ - S

Ott’s response to a question at a
1975 symposium on the health effects
of arsenic and lead helps clarify this
further.

Arsenic trioxide was present in one build-
ing which was apart from the packaging
building where most of the employees
worked. Lead oxide was mixed with the ar-
senic trioxide and the arsenic was converted
to the pentavalent form in the first build-
ing. The material was then pumped over to
the finishing buflding in a slurry and dried
and processed for packaging. (Ex, 182.)

Furthermore, as noted earlier,
nearly 95 percent of the arsenicals
produced in the Dow plant were pen-
tavalent arsenicals.

Based on the Allied and Dow re-
sponses, it appears that the workers in
the Allied study were primarily ex-
posed to trivalent arsenic while those
in the Dow study were primarily ex-

. | B "
. . <

posed to pentavalent arsenic. It is the
case that workers in these two studies

_were exposed to other chemicals be-

sides inorganic arsenic. However, their
primary exposure was to trivalent and
pentavalent arsenic, as these were the
primary starting matefials and prima-
ry products of the two plants. At the
same symposium, Ott later stated:

We have evaluated, using proportionate.

mortality techniques, every production unit
in that location. The judgment was made,
based on having looked at all these produc-
tion-units in relation to the arsenicals one,
that the experience in the arsenicals srea
was unique to that unit. This is not to say

that those people did not have other ob- .

served chemical exposure and I do not think
- we attributed all the effects to arsenicals. It
was felt that regardless of whether there
was some synergism present or not, the ex-
perience we were seeing was unique and not

duplicated in any other. production. (Ex.

182E, p. 314.)

While exposures to other chemicals
(none of which are known to be car-

cinogenic) may have contributed to -

the excess cancer mortality observed,
OSHA believes that is is appropriate
to conclude that inorganic arsenic is
the primary causal agent :for the

excess cancer mortality observed be--

cause of the large magnitude of excess
risk and because the predominant ex-

- posure was to arsenicals. As discussed .
below, the conclusion is reinforced by

the other studies indicating excess risk

among arsenic-exposed workers. ;
" For further presentation and analy-
sis of the data in the Ott study see sec-
tion IV-D of this preamble.

In 1969, Lee and Praumeni, (Ex. 5D)

in an effort to clarify the role of ar-

senic in human carcinogenesis, studied
and compared the mortality data of
8,047 white, male Anaconda copper
smelter workers in Montana exposed
to both arsenic trioxide and sulfur
dioxide - and other co-contaminants
during 1938-1963, with -that of the
white male population in the State of
Montana. As of December 1963, 5,397
of these 8,047 workers were known to

be alive; 1,877 were deceased; and 773 -

were unknown status. When compared
to the control population (white, male
Montanans) there were 1,877 observed
smelter worker deaths as contrasted
with 1,634 expected deaths (P less
than 0.01).

The authors analyzed the study
group according  to duration. and
degree of exposure to arsenic trioxide
and sulfur dioxide. The excessive lung
cancer mortality among the copper
smelter workers was found to increase
consistently with increasing lengths of
employment at the smelter. These in-
creases ranged from 2.03 times the ex-
pected for those employed from 1 to 4
years, to 4.7 times the expected rates
for those employeés working 15 years
or more prior to 1938.

Lee and Fraumeni further divided
the groups into “heavy,” “medium,”
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Y that lung cancer mortality . increased -
“+ . consistently ‘with increasing - degree

5 B v >

‘and “light” exposures to arsenic triox-
" ide, based on the amount of arsenic
 trioxide to which the employees had

been exposed. According to testimony
given by H. F. Morris (Ex. 28B) the
Anaconda workers studied by Lee and

Fraumeni would have been exposed to

the following average levels of arsenic
trioxide from 1943 to 1957 heavy—
11.27 mg/m?

‘respirators were supplied in the heavy
and some of the medium exposure
areas and “used with varying degrees
of faithfulness.” . o
Additionally the authors discovered

and duration of exposure in each of

. the “"heavy,” “medium,” and “lght”

categories.  Lung - cancer . mortality

. ranged from 4.4 to 8 times expected in

the “heavy” exposure group, 2.63 to
8.7 times expected in the ‘“‘medium”

- group, and 2.1 1o 2.5 times expected in -

the “light” -exbosure category. Fur-

ther, it is significant that the 2,862

men who worked less than 12 months

' in their category of maxirmum arsenic

exposure category, were found to have
an incidence of lung cancer 2.86 times
that of the control population.

1y, workers were grouped ac-
cording to the duration and degree of

their exposures to sulfur dioxide..

Again, excess lung cancer ,mortality
was found with increasing exposure to

~sulfur dioxide. The greatest excess of

lung, cancer was found among  the

workers exposed. to both high concen-
trations ~of arsenic {rioxide —and

medium - or high concentrations of

sulfur dioxide. Lee and Fraumeni con- -
_cluded that their findings were *“con-
" sistent with the hypothesis that expo-

sure to high levels of arsenic trioxide,

- perhaps. in interaction with sulfur

dioxide or unidentified -chemicals in
the work environment, is responsible

“for the threefold excess-of respiratory
-cancer deaths among smelter work-

ers.” For.a more detailed analysis of
this dose-response data in this study,
see section IV-D of this preamble. -

- The finding of excess lung cancer

mortality is of great significance be--

cause this study meets most of the cri-

. teria of an ideal epidemiological study.

The study carefully followed up the
population at risk for a substantial
period of time. The size of the popula-
tion at risk, allowed for both a high

- degree of statistical significance, as

well as for breakdown into large expo-

-sure categories for gradients. of risk of

exposure to arsenic trioxide and other
agents to be examined. The exposure
categories were further substantiated
by contemporaneous measurements,
which were submitted to the record of
this proceeding.

Certain other factors such as smok-

" ing and place of birth were only quali-

tatively evaluated. However, as dis-

‘medium~—0.58 mg/m?¥%
light--0.29 mg/m? As Morris stated, |
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cient magnitude to ehminate the ex-.

" cesses observed. -
The strength of the Lee and Frau- )

meni study was  also discussed by
Arthur D. Little, a consulting firm-
hired by Kennecott Copper, to review
the evidence. ADL, in comparing this
study to other studies discussed in the

-body of the study pointed-out the

other “studies which neither in
volume, - duration or methodological
excellence could compete with this ex-

ceptional investigation.” (Ex. 26B, p.

32). -
- There have been three studies which

examined the mortalily experience of.
- ASARCO, Tacoma, Wash.,
smelter workers. The first, Pinto and .-

Bennett (Ex. 32) suffers from the in-
appropriate chioice of nonexposed con»
trol groups for -the  arsenic-exposed
population (ATR 772-73). The second

- study, Milham and Strong (Ex. 1A-TH)

‘shows excess hing cancer mortality.

. The third, by Pinto and Enterline (Ex.
298 and Ex. 111, Attachment 4) pre- -

sents the most thorough examination

of ASARCQO, Tacoma. worker mortal- -
only the. latter

ity. Consequently,
study is examined in detail.-

. At the April 1975 rulemaking hear-
ing, Pinto and Enterline(Ex. 29B) pre-
sented results of a mortality study of
retirees . receiving pensions - .from
ASARCO, Tacoma. The retiree popu-
lation included those who were alive

“on January -1, 1961, and who had-
reached age 65 prior to December 81,

1973 (Ex. 29B). An updated report (Ex.
11}, Attachment 4) included pension-

. ers who were alive as of January 1,

1949, and who had reached age 65
before December 31, 1960. For the

years 1949 to.1973, 324 deaths were re- -

corded, with 69 due to cancer. Of the
69 cancer deaths, 32 were due to lung

cancer, a rate 3 times that of the

Washington State population.

Pinto and Enterline considered the

lifetime: arsenic - exposure. of -each
member of the study population from

and average exposure—-the exposuré
values being constructed from sepa-.
rate departmental averages of a large
number of employee urine. samples
taken in 1973. These levels were used

to calculate an arsenic-exposure index -

“for each pensioner studied. The pen-
sioners were then divided into four
groups ba,sed on their exposure index-
‘es.

Pmto and Enterlme found that res—
piratory cancer was related to the
average urinary arsenic levels. No

~excess lung cancer mortality was ob-
served in workers employed less than -

25 years pnor to retirement, who had
average -urinary arsenic levels less
than 200 micrograms/liter. However,
statistically significant excess lung
cancer mortality was observed. in all
groups exposed 25 years or more.

cussed below, these were not of suffi-

.copper -
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On the basis of thelr findinsa Pinto
and Enterline concluded, “results thus

“far indicate that there is a relation- -

ship between exposure to arsenie tri-
oxide, or associated agents in the
smelter - atmosphere, - and * increased
risk of respiratory cancer.” -

“In the updated report (Ex. 111, At-

tachment 4), the authors also analyzed

the effect of smoking on a population
of 419 retirees alive on January 1,
1961. Among the 377 workers in this
group for whom smoking histories

.were availahle, 191 were smokers and

186 were not (nonsmokers were de- ’

‘fined as those who had not smoked in -
_the last. 10 years). Resplratory cancer -

mortality rates for the smoking retir-

ees were compared with smokers in .

genersl population of Washington = -
State (1961—70) and the rates of nons-
moking retirees were compared with

nonsmokers in the general Washing-
ton population. As & result, the au..

estimate of the adjustment for smok-
observed in the study.

- ‘thors were able to provide a numerical =~

 ing on the lung cancer mortality rates

"It should be noted that the Pintoe =

and Enterline study, like the Lee and

Fraumeni study; is an excellent study

workers. ‘Exposure indices, based -on

1973 values; provided for a maximum -

“utilization of the data, The consstent

. dose-résponse ~ relationship < between - .-
1973-based urinary arsenic levels and =
lung cancer mortality strengthens the . -

“and . deserves considerable credence., "~ -
The study was based upon careful fol« - ...
lowup of a group of long-term exposed

5

association of the disease with worker -

exposure to arsenic. Thus, OSHA ac- . -
" cepts, the overall findings of excess

Iung cancer mortality observed in the
study. The data from this study is anas
lyzed in greater detail in Section IV-D
of this premble, .

There was considerabie analysis o
the record of the effects of smoking = -

and place of birth on-the findings of

and Enterline found the lung cancer
rate among the smoking retirees to be

nonsmoking retirees to be 4.6 times

that of the general population of non- -

smokers. Pinto and Enterline, on the .

of ‘current .
calculated

basis of a 1975 survey
worker smoking habitls,
that a 17 perecent adjustmeni of lung
canicer mortality was  necessary to
adjust for the smoking patterns of

present Tacoma. smelter Workers. Dr. :

Enterline concluded

There appears to be some 1meractxon be-
tween smoking and arsenic exposure, but
not the multiplying effect observed for
some other substances. Smokezs have slight-
1y higher total arsenic exposures at retire-
ment, but definitely not ensugh to account
for the added deaths. Table 3 (of the study)
provides only very rough -estimates, but it
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‘tion smokers, and the ‘rates of -the
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does suggest that the excess in SMR's for
respiratory cancer are not due to smoking.

. As noted by Dr. Weir (Ex. 29N)
smoking should be considered in the
evaluation of the Lee and Fraumeni
and Pinto and Enterline studies. Dr.
Weir has coauthored several studies
which investigated the smoking pat-
terns of various cccupational classes of
workers. Weir indicated the greatest
adjustment necessary to account. for
increased degree of smoking among
the skilled occupational laborers stud-
ied was 18 percent. In these circum-
stances, OSHA is unwilling to assume
that smoking alone accounted for
_ more than a 17 percent excess in lung
cancer mortality, ‘

OSHA accepts the fact tha.t some ad- -

justment to standardized mortality
ratio in other studies, needs to be
made, as in the case of the Tacoma
workers to take into account for possi-
bly higher smoking pattern (relative
to the general population) among

smelter workers. But if the 17 percent.

adjustment at Tacoma is typical, this
would not significantly modify the
findings of 2 to 8 times excess mortal-
ity found in this and other studies.
‘Therefore, OSHA agrees with Dr.

-Fraumeni (ATR 182) that smoking

could not account for the excess mor-
tality in the *“light” category of the
1.ee and Praumeni study and of course,
would not account for the larger ex-
cesses in the “medium” and “heavy”
exposure categories.

Another factor known to’ affect
excess respiratory cancer observed in-
the two studies is place of birth (Ex.
29N, 268). As noted and displayed in
table 7 of the Lee and Fraumenti study,
foreign-born - workers had higher
SMR’s for respiratory: cancer  than
native-born workers, -but exhibited
similar gradients by degree and dura-
tion of exposure. Lee and Fraumem
stated, 'y

The greater excess of respira.tory cancer
‘mortality among foreign-born workers ¢an
be attributed, at least in part, to the fact
that the perlods of employment were gener-
ally longer than those for the native-born.
In addition, the extent of the overall excess
of respiratory cancer and the mortality gra-
dients associated with specific exposures in
the smelter cannot be explained by other
factors which affect cancer mortality, such
as socio-economlic status, genetic susceptibil-
ity, availability of medical care, accuracy of
death certificates, and urbanization. (Ex. 5D
 Pp. 1049-50.)

Because the paper provided no data
to assess the effect of duration of em-
ployment on foreign born worker res-
piratory cancer mortality, Weir ana-
lyzed the effect of birthplace on mor-
tality risk for ali causes. Weir stated
that the figures based on mortality
risk of all causes do not necessarily
mean that the authors were incorrect
in assigning the excess respiratory
cancer risk to occupational exposure.
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However, if these two groups are simi-
lar, Weir calculated that as much as 15
percent of the respiratory cancer risk
could be reassigned to place of birth
(Ex. 29N, p. 21). It should be noted
that this is only an approximation.
The approach one would prefer (as-
suming one had access to the original
data) would be to assess the influence
of birth.on the disease being assessed,
lung cancer, and not make approxima-
- tions based upon  deaths from all
causes. Since: 33.7 percent "of the
deaths of Lee and Fraumeni and ap-
proximately 40 percent in the Pinto
and Enterline were among foreign-
born, Weir believed that the effect was
at. least as great in the Pinto and En-
- terline study (Ex. 29N, p. 21).

OSHA accepts Weir's analysis that
this birthplace variable may influence
the excess respiratory cancer mortal-
ity among these workers in these two
studies. The exact degree is unknown
but 15 percent seems a reasonable
high-side " estimate. As' Weir "later

noted, the absolute value of the risk

gradients by exposure level, would be
reduced, the relatlve values would be
unchanged.

Even if the ad;ustments for smokmg
(17 percent) and upper bound estimate
for place of birth (15 percent were ap-
plied, there still would be a substantial
excéess respiratory . cancer mortality in
all . categories (heavy, medium, and
light) of the Lee and Fraumeni study
and those in which a statistically sig-
nificant excess lung cancer mortality

was -observed in 3 categories in the.

Pinto and Enterline study.
It can be speculated that these ad-
justments should be higher and that

therefore a greater portion of the.

excess mortality in the exposed groups
is accounted for by smoking and place
of birth. But such speculation is not
supported by concrete data. OSHA
does not judge it appropriate when
analyzing studies for the purpose of

‘adopting health standards to apply all

speculative ' hypotheses - that might
reduce reported risk.” Accepting such
hypotheses is, in effect, a bias against
worker protection, Thus, OSHA con-
cludes that the evidence indicates that
some adjustment to the mortality
rates is needed to take into account
smoking and place of birth. But even

- allowing for adjustment for smoking

and place of birth, there is still sub-
stantial excess respiratory cancer mor-

 tality among the exposed workers in

the Lee and Fraumeni, and Pinto and
Enterline Studies. Exposure to arsenic
still remains the best explanation for
the observed excess risk.

A two-part ~investigation of the
worker population of an English fac-
tory which manufactured a sodium ar-
senite sheep dip was published in 1948.
The first part of this study, reported
by Hill and Faning, (Ex. 5B) compared
mortality data of the factory worker

S
.'. . ¢

population with that of workers in
other occupations in the same commu-~
nity; during the years 1910 to 1943.
Hill and Faning found 22 cancer
deaths (29.3 percent) among 75 de-
ceased workers, compared to 157

. cancer deaths (12.9 percent) among

1,216 deceased workers from other oc-
cupations. The percentage of cancer
deaths due to cancer of the respira-
tory system was 31.8 percent for the
sodium arsenite workers compared to
15.9 percent for the control group, and -
from skin cancer, 13.6 perceni com-
pared with 1.3 percent for workers
from other occupations.

The second part of the study, report-

ed by Perry et al. (Ex. 5C),-consisted

of a clinical and environmental investi-

gation of the same factory during 1945

and 1946. Although the study was lim-
ited in scope and design, Perry’s re-
sults showed some correlations be-
tween the levels of arsenic found in
the hair and urine of workers, and the
levels of airborne arsenic contaming.
tion to which workers were exposed.

The Hill and Faning study is an ex-
ample of a carefully done case-control
study. The control group, a group of
comparable socio-economic status with

that of the exposed group, provided -

for internal control of many variables
(smoking, place of birth) important
for the evaluation of relative risk due
to exposure to' chemicals. The ex- -
cesses, although based on a8 small

~ sample size, are given added impor- . -

tance when considered in conjunction
with the {findings of the Ottt and
Baetjer studies (discussed previously)
and taken together strongly supports
the findings qf excess cancer mortality
risk among nonsmelter workers ex-
posed to arsenicals.

Jn 1851 Snegireff and Lombard {(Ex.
5E) conducted a statistical study of

cancer mortality in the metallurgical

industry. They concluded that the fre-
quency of cancer deaths of all types
among the employees of g plant han-
dling arsenic trioxide was not sighifi- -
cantly different from that of 2 control
populaticn (workers in a plant stated -
to be identical to the first except that
it handled no_ arsenic trioxide). As a
result of this lack of statistical signifi-
cance, the authors concluded thas ar-
senic trioxide was not carcinogenie,
Both NIOSH (EX. 89, p. 32-35) and .

-ADL (Ex. 28B, p. 15-20) analyses

found the author’s statistical analysis

and conclusions to be of questionable = =

validity. Using a number of assump-
tions, NIOSH .observed that both
worker populations were subject to
large excess respiratory cancer mortal-
ity. NIOSH concluded that the au-
thors should have chosen a more suit-
able control population, and focused
their analysis on respiratory cancer
mortality. ADL in a detailed analysis
of the statistics of the paper noted
several serious misapplications of sta-
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tistical analysis as well as errors in in-
terpretation (Ex. 26B, p. 18-20). OSHA
concludes along with ADL and NIOSH
that the statistics and analysis do not
support the authors’ conclusions. Ac-

cordingly, OSHA places no weight on

this study. : o :

In October 1974, the Xennecott
Copper Corporation (ECC) submitted
a survey of mortality from respiratory
. diseases observed among its active and

retired employees for the period 1950

to 1972 (Ex. 1A-30). The study, per-
formed by Milby and Hine, compared
" the  ratios of observed employee
deaths to the expected deaths and the
proportion of deaths due to cancers of

all types, respiratory cancer, and non- -
malignant respiratory diseases among -

ECC employees  with corresponding
- data for the United States and for the
State of Utah, They found that the
proportiont of ' respiratory - cancer

deaths among KCC employees was not-

very different from:either the total

~U.8. respiratory cancer death rate or

~ that of the State of Utah. .~~~

Both NIOSH (Ex. 99, p. 47-8) and

. ADL (Ex. 26B, p. 38) noted that:a
. major flaw in the Milby-Hine study
was the inclusion of all workers from
. all Kennecott facilities in the mortal-
ity analysis. NIOSH noted that ap-
proximately 80 percent of the study
population were miners, concentrator

workers, and refinery workers. Miners-

and concentrator workers were not ex-
posed to arsenic but rather to complex
ore in which arsenic is bound in such a

manner that workers are exposed to-

the “ore” and not free, unbound ar-
senic compounds. The arsenic in such
ores might not be biologically availa-
ble and therefore might not elicit a

-~ carcinogenic response. As noted in the

Rencher-Carter study, none of these
groups of workers have been shown to
be at increased risk. This resulted in a
significant dilution effect in which'the
mortality experience of smelter work-
ers was masked by the inclusion of
workers at other work sites. NIOSH
also noted that insufficient time may
have elapsed to allow for the latency
period of arsenic-associated: carcino-
genesis. Thus, NIOSH felt that the
study did not reliably evaluate the ef-
fects of exposure at the Kennecott,
Utah, smelter. . S
. OSHA concludes that the overbroad
. inclusion of workers at work sites not
at excess risk, diluted results which
would have been assoclated  with
smelter workers. Additionally, more
information than provided in the
study is necessary to evaluate whether
sufficient time has elapsed to allow for
latency period. In view of these diffi-
culties, less weight can be placed on
the findings of the Milby-Hine study,
 particularly in relation to the Lee and
Fraumeni, and Pinto and Enterline
studies. - :

A study by Kuratsune et al. (Ex. 1A~
7G) published in 1974, reported a high

frequency of respiratory cancer mor- g
_tality among workers at a Japanese

copper smelter. On the basis of Kurat-
sune’s findings, the Japanese Ministry-
of Labor judged that the cases of lung
cancer were due to occupational expo-

sure to arsenic trioxide and other com- .
_ pounds released during the smelting of

copper ores. Kuratsune’s study is con-
sistent - with the findings of - excess

mortality among workers in some
American smelters., - - R
In 1976 Tukadome and Kuratsune

(Ex. 191), in a follow-up to their 1974
study, published a study of the mortal-

_ ity in an experience of 2,675 male Jap-
anese smelting and refinery workers - and that the authors appeared to rely - -

for the period 1949 to 1971, The work-
ers were-divided into 5 cohorts accord-
ing to their jobs, considering both the
areas and tasks to which they were as
signed. Standardized Mortality Ratios
(SMR’s) were calculated by applying
the age-specific death rates to the
mid-year populations by each year

all calendar years. = oo

Among copper smelter workers, sta-.
tistically significant mortality excesses
were observed. for cancer of all sites,
cancer of the colon and lung cancer.
The ratio of observed to expected
deaths for lung cancer was 11.9 (29
deaths observed, 2.44 expected) cancer.
of the liver 3.4°(11 observed, 3.26 ex-

pected), and cancer of the colon 5.1 (3 -

observed, .59 expected). In contrast, no
excess cancer mortality was observed
in any of the othereohorts. -~ .

The authors then : grouped - the
copper smelter workers by duration
(length of employment) and degree of
exposure to arsenic and other com-
pounds. These relative exposure desig-

nations were made without any quan- -

titative exposure data, but were based
on the relatively high arsenic content

of the ores and judgments of persons -

familiar with the process, The exces-
sive risk of lung cancer mortality was

‘found to increase consistently with in-

creasing length of employment at the
smelter. This risk ranged from .5.63
times the expected for those working 1

to 9 years, to 19 times the expected for -

those working 20 or more years, Simi-
larly, mortality increased consistently
with increasing degree of exposure to
arsenic ranging from 6.35 times the ex-
pected in the “light” exposure catego-
ry to 14.9 times the expected in the"
“heavy’ exposure category. Lo

While noting the excess ‘mortality
due to liver cancer; the authors stated,

“Since the majority of these deaths

were unspecified malignant neoplasms
of liver without adequate diagnostic
validity,  any further reference can
hardly be made with confidence. It
seems highly desirable that similar
epidemiologic studies with particular
attention to this site of cancer should
be made at other copper refineries.”
Rased on their findings, the authors
concluded that the findings of in-

FEDERAL REGISTER, VOL. 43, NO. 88—FRIDAY, MAY 5, 1978

'RULES AND REGULATIONS ' O

“..inorganic

creased lung cancer mortality and de- .

monstrable dose-response relationship

o

_supports the findings of Lee and Frau-

meni and Ott et al. of increased lung

cancer risk among workers exposed to -

arsenicals (Ex, 191, p. 315).

ther information beyond the other
studies previously examined which in-
dicate a causal relationship between
arsenic’ and respiratory

Kennecott Copper stated (Ex, 190-1)
the Tukudome study provided no fur-'.-

cancer. Kennecott further noted that = -

there was no environmental data avail-
_able to indicate what chemicals and to
what degree workers were exposed,

“solely on their judgment in deriving
the relative exposure

- eriticisms of the study. One of the
weaknesses of the study is there is no

-quantitative - exposure data.. Thus,
great welght cannot be placed on the

exposure classifications used. What is
useful, however, is the fact that only
the cohort of smelter workers were
subject to excess risk. Consequently in

the absence of exposure data and in -
light of the relatively primitive proc- .
- esses used in the plant from 1919 to
1948, one can state that these findings .
t with the findings .of -
other studies of ~excess respiratory =~

_are ‘consiste

cancer mortality among smelter work-

ers exposed . to arsenic trioxide and- -

other compounds. = = 7. :
ASARCO suggested that employees
_placed in the cohort of refinery work-

ers observed to have no excess mortal- -

cations.
_ Finally, Kennecott noted that the au-
‘thors had no data to support their . =
judgment that arsenic compounds and
sulfur dioxide as well as possibly other:
ﬁ?’m"““" %\ch as ;9«&113'«:3'1:1;':«i glront;a- :
‘tic hydrocarbous are responsible for. .
from 1949 to 1971 and summing OVET {he excess respiratory cancer observed.. -
: LEL S OSHA accepts’ some of the above ..

»

ity, may indeed have had some expo- .=

sure to arsenic based on analogy with

similar operations .at their Tacoma

plant (Ex. 190-3). Again.little weight ..

can be placed on this suggestion be-

' cause no guantitative data is available
to confirm the degree and duration of
exposure. - : T

In January 1975, OSHA received the
Rencher-Carter- ~(BYU}

5F). For the period 1959 to 1989, 965
deaths were identified and divided into
four categories: Smelter workers, mine
workers,

pared their findings with the 1968
mortality data for the State of Utah.
Smelter workers were found to have
the highest percentage of deaths due
to lung cancer (7 percent), while mine
and concentrator workers had 2.2 per-
cent of deaths due to lung cancer. As
noted earlier in the discussion of the

-study —of-
worker mortality in the Utah Division -
of the Kennecott Copper Corp. (EX.

concentrator workers, -and-
others. The authors then calculated.
the percentages of deaths from specif-
ic causes in each category, and com--
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Milby-Hine study, it is uncertain
whether mine and concentrator work-
ers are exposed to biologically availa-
ble arsenic. No lung cancer deaths
were observed in the “other” category
(refinery, office, and research center
" workers). The corresponding 1968 lung
- cancer mortality figure for Utah was
2.7 percent.

Next, the authors mvestigated the
inﬂuence of smoking on lung cancer

mortality. Based on a complete survey "

of the smoking habits of the deceased
smelter workers, and random samples
of the deceased mine and concentrator

workers, they found that nearly the

. same percentage of all’ three groups

were smokers (approximately 60 per--

cent). After dividing each of the three
groups into smokers and non-smokers,
Rencher and Carter observed that
both smoking and non-smoking smelt-
er workers had lung cancer mortality
rates in excess of their counterparts in
the mine and concentrator groups.

© After determining the age of the
workers at death, the authors calculat-
ed age-adjusted death rates and com-
" pared them to the State rates. Smelter
workers were found to have a rate of
lung cancer mortality three times that
of the State population (10.1 versus
3.3). The mine workers had a lower
lung cancer rate than the State popu-

lation (2.1 versus 3.3). An examination

of work histories revealed that all but
one of the smelter workers who died of
lung cancer had worked in one of four
plant areas having the highest average
exposure levels for five contaminants
(arsenic, sulfur dioxide, sulfuric acid
mist, lead, and copper). After calculat-
ing cumulative exposure indices for
" each smelter worker, for each con-
taminant, and averaging each catego-
ry, it was found .that all five average

“cumulative - exposure indices were

higher for the lung cancer group. This

indicates that these smelter workers

had either worked longer at the smeit-
er or in areas of higher exposure. The
findings -of this study are consistent
with findings of excess lung cancer
mortahty of- smelter workers ‘exposed
to arsenic.

In 1973, W. C. Nelson et al. (Ex 1A~

28) of the Environmental Protection _

Agency (EPA), published a followup
mortality study for a cohort of 1,231
individuals in Wenatchee, Wash., who
had participated in a 1938 mortality

- survey of the effects of exposure to

lead arsenate insecticide spray (Neal
et al., Public Health Bulletin 267,
1941). The population surveyed was
classified by spray exposure, duration
of exposure, age and sex. Additionally,
three exposure groups were identified:
Orchardists, those having the highest
exposure; consumers, those having no
exposure; and a third group, ha.vmg in-
termediate exposures.

Nelson located over 97 percent of
the original 1938 study group. The
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Standard Mortality Ratio (SMR) tech-
nique was used to compare the total
death rate to the expected death rate
in the State of Washington. The au-
thors concluded that excess mortality
did not occur comnsistently with the
degree of exposure to lead arsenate
spray. In fact, the orchardists, the
most highly exposed group, had the
lowest SMR of the three groups ana-
lyzed. -

The American Wood Preservers In-
stitute (AWPI) (Ex. 115, p. 15-18) and
others suggest that the Nelson study
provides convincing evidence that lead
arsenate specifically, and pentavalent

arsenic in general, are not carcinogen-.

ic. They indicated that the study is a
careful followup of the cohort of or-
chardists studied by Neal et al. (Ex.
62) exposed to substantial quantities
of lead arsenate spray during their
working lives. Due to the “substantial”

_exposure and careful - methodology,

AWPI concluded that lead arsenate is
not carcinogenic (Ex. 115, p. 18). ‘
NIOSH on the other hand stated:

We question also the pertinence of the
study by Nelson et al. All that is known
about the exposure of those people to arsen-
ates is that during 1938 they were exposed
for 8-14 hours per day for not more than 12
weeks, and some for as little as 2 weeks, to
airborne concentrations of arsenic some-
where between 0.02 and 261.2 mg/10 cu m.
The group considered to be the most heav-
ily exposed orchardists, had a mean concen-
tration of arsenic in their urines at some un-

" specified time during the day and at unspe-

cified dates in relation to their actual con-

tacts with arsenic that was about 2.2x that

in the urines of a control group. We know
nothing about their previous or later expo-
sures to arsenates and cannot assume that
they continued to have anpual exposures to
similar environmental concentrations of ar-
senate throughout the 30 years from 1938 to
1968, when the retrospective study was per-
formed. The exposure during 1938 could be
the only one that some of the subjects ever
had. The finding of no excess cancer in the
most heavily exposed group cannot be as-
signed any high significance in considera-
tion of the many unknown factors in the
study (Ex. 1924). .

In its analysis of this paper ADL
noted (EX. 268, p. 45) “The most seri-
ous deficiency of this study deals with
the difficulty in identifying the actual
level and duration of lead arsenate ex-
posure of its subjects. Frequent and
serious errors in such classification of
subjects relative to their exposure can
mask a relationship that might exist
between exposure and mortality.”

~ OSHA concludes that the Nelson -

study is not a valid basis for judging
the potential carcinogenicity of lead
arsenate. While it was a careful follow-
up of persons included in the 1938
study, the exposure classifications
were based solely on measurements
made in 1938. As the authors noted
(Ex. 1A-28, p. 110) the 1938 categories
were kept constant, regardless of sub-
sequent work or retirement. As

NIOSH indicated, exposures may have
differed dramatically from those
measured in 1938,

Especially noteworthy, also, is the
authors’ discussion of their own study
design. In this discussion, the authors
noted that it was difficult to be sure of
the exposure dosage categories, and
that they lacked data for ifidividual
exposure measurements. Nelson stated
that they could not be positive about
whom the most exposed individuals
were, and that the dosage levels were
especially a problem for the intermedi- .
ate group, who had the most heteroge-
neous exposures. Nelson also stated =
that it is - difficult to interpret the -
study- results due to: the relatively
small number of individuals involved.
In fact, Nelson stated that some of the
more suggestive excesses in mortality
cannot be considered significant be- -
cause of small numbers and that many
of the volunteers in the 1938 study
“are still too young to have reached

~ high risk mortality age” (Ex, 1A-28).~ . =
NIOSH attempted to independently . @
‘evaluate the Nelson study findings

using two types of data sources, the

first data being occupational mortality - -

data for adult white males in the State -
of Washington for the period 1950-71
(Ex. 1A-34). The other source re-
viewed was the age-adjusted mortality.
rates for specific types of cancer for -

the three-county area from which the

Nelson orchardist sample was drawn.
Here again, because of many uriknown
factors, including lack of data neces-
sary to determine degree and duration
exposure to lead arsenate as well as
documented use of a variety of other
pesticides (Ex. 31C), OSHA {feels that
this data cannot be relied on to make
a judgment on the carcinogenicity of
pentavalent arsenic.

In July 1976, American Wood Pre-
servers Institute submitted the final-
ized form of a mortality study of Ha-
waiian carpenters, . conducted for
AWPI by the Pacific Biomedical Re-
search Center of the University of
Hawaii (Ex. 137-6). Preliminary re-
sults of the study had been submitted
during the April 1975 hearings. (Ex.
31C, Attach. 71) The study was under-
taken to analyze the mortality experi-~
ence of carpenters in Hawaii before
and after the introduction of water -
soluble arsenical wood preservatives. :

In making this study, the death rec-
ords of 227 carpenters who died be-
tween June 1947, and May 1951
{Group A), and 293 carpenters who
died between January 1970, and De-
cember 1973. (Group B), were matched
with the death records of non-carpen-
ters of the same sex, race and age
(within 5 years). Although arsenical
wood . preservatives had been used in
Hawail since 1935, prior to World War
II the use of arsenate-treated wood
was negligible. After World War II,
however, according to this study, most
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- of the lumber used in construction was
treated. Therefore, the investigators
assumed that the carpenters who died
in the early period (Group A) consti-
tuted an unexposed control group
with respect to arsenate-treated wood,
and that the carpenters who died in
- the later period (Group B) had sub-
stantial exposure to- arsenical-based
preservatives. -

Comparison of the death rates
among carpenters with the total death
rate in the general population showed
a significant increase in deaths among
carpenters. The relative risk for all
_causes of death for carpenters was 2.16
.- for Group A and 2.29 for Group B.
~ 'The relative risk for. cancer death
among carpenters was 3.58 for Group
A and 2.72 for Group B. The authors
concluded that there was no signifi-
cant difference in cancer mortality be-
- tween Group A and Group B. Similar-
1y, the authors found that there were
no significant differences in cancer of
trachea, bronchus and lung, or lym-
phatic and hematopoietic system be-
tween the carpenters and non-carpen-

--ters and that the differences between

Group A and Group B were. not sig-
nificant.

Based on their ﬁnd!ngs the authors
concluded, “Our study is in agreement
with Milham’s and others with respect
to excess cancer deaths among carpen-
ters. However,” the- relative risk for
cancer among carpenters exnesed to

. arsenate-treated wood does not show a

significant-excess for the periods stud-
ied.”

Unfortunately, there is ne data on
individual carpenter exposure of the
exposed group. Thus, we cannot define
who was “exposed”, who was “nonex-

posed”, and what the degree of expo-

sure was. Specifically, it is not clear

- that the Group B carpenters had .
higher exposures to inorganic arsenic-

“than the “nonexposed” group. Addi-
tionally, there is some question wheth-
er the Group B carpenters had been

" followed for a sufficient number of

years to allow for the long latency
period (20 years or more) cobserved in
other studies for the development of
“arsenic-related- respiratory = cancer.
(See also the analyses of this study by

© E. Baier of NIOSH, Dr..Kraybill of
NCI, Dr. Lloyd of the Steelworkers

(Ex. 192).) Consequently, the conclu-
sions of this study are not sufficiently
documented to support a conclusion
that pentavalent arsenic is not a car-
cinogen. As discussed in the scope and
application section, however, OSHA

has concluded that it is not appropri- -
- ate to include arsenically treated wood

within the scope of this standard.
In 1969, Denk et al. (Ex. 169C-87) re-

. ported the autopsy findings of 100 Mo- .
selle vineyard workers exposed to ar--

senical pesticides. From 1823 until
1942 vines were sprayed from May to
June with “Urania Gregn" and “Sile-
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sia. Green”, two pesticides containing
54 to 56 percent arsenic trioxide,; and

“also with calcium arsenate. In addition
to inhalation exposure, workers con-.

sumed large quantities of “home
brew” (a wine residue) containing 2.0
to 8.9 mg arsenic trioxide per liter.
Cases were selected from among
those petitioning from 1950 to 1966 to
the Rhine Agricultural Professional
Society for recognition of the effects
of arsenic as an occupational disease,
One hundred cases were chosen, with-
out regard to expert evaluation, from
among those autopsied for which pre-
cise medical diagnoses were available
for evaluation. Cancer was listed as

cause of death in 75 of the 100 cases,

and as a secondary disease in 10
others. The 85 cases were distributed
over the various organ sites as follows:
65 cases of lung cancer, 29 cases of
skin cancer, 3 of laryngeal cancer, 2 of
stomach cancer and 2 of pancreatic
cancer, and one each for 8 other sites.

In 1957 and 1958, Roth (Ex. 65, 108C
No. 88) published the results of his au--

topsy findings of vine growers from

the Moselle region in Germany who.

were exposed by inhalation of pesti-
cides containing 4.3 to 56 percent ar-
senic ' {rioxide and by drinking wine
containing 1.5 to 8.2 mg arsenie triox-
ide per liter. In the 1958 report, cancer
was listed as the cause of death in 30

- of the 47 cases (64 per~ent®), -18 of

which were due {0 lung cancer (38 per-
cent), 6 to liver sarcomas (12.8 per-
cent), 5 to cancer of the esophagus
(10.8 percent), and 1 to bile duct
cancer (2.1 percent). Arsenic cirrhoses
were listed as the cause of death in 8
of the 47 cases and were observed in 15
other cases. Roth alsc found 10 cases
of multiple tumors of the skin and 4
cases of melanoses of the skin. Roth
also surveyed the lung cancer mortal-
ity rate in the general population of
vineyard and nonvineyard areas of the
Moselle and vineyard areas of the Ahr
districts of Germany. In general, Roth
found higher rates of lung cancer mor-

-tality in vineyard areas using arsenical

insecticides than in all other areas.
The Denk and Roth studies have

" been discussed in detail, because of the

considerable ansalyses on them made
during the record of this proceeding.

- The major route of exposure for these-
“pesticide workers was ingestion of ar-

senic contaminated wine. These stud-

-ies thus, provide further evidence of

the carcmogemc potential of inorganic
arsenic by another route of exposure
ingestion. ~

C. LYMPHATIC CANCER

With the exception of the Allied and
Dow studies, no excesses of lymphatic
cancer mortality were reported in the
arseni¢ epidemiological literature. In
many studies, no analyses were made
for the risk of lymphatic cancer. In
letters to Allied (Ex. 101) and Dow
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(Ex. 102) OSHA asked whether they

-~ had any reason to suspect exposure to

a particular agent or agents used in
their plants, and not found in the en- -~
vironment of nonferrous smelters, as a
causative agent or agents for lympha-
tic cancer. Allied responded, :

That the difference s either due to route of
exposure (skin contact versus inhalation) or -
to the specific properties of sodium arsenite
and/or Paris green (copper aceto-arsenite).
In our earlier reviews and reports to you, we
did not recognize the significance of the fact

that scdium arsenite was produced concur-

rently as a product in 2 separate operation
in the arsenic acid plant area, and was also
used as a raw maierial in the insecticide
plant. Doctor Bsetjer advises us that the

" clinical literature supports the position that
systemic

sodium arsenite- is a carcinogen,
whether by skin absorption or by ingestion.
We have also learned from personal inter-
rogation that at least some of the people =
contracting = non-pubnonary cancer had
prior conditions of arsenical keratoses sub-
sequent to skin irritation or con :
wounds. We have determined that simpong
the dry products only the Parls green acted

as a skin irritant under normal conditions of -

personal cleanliness and hyglens. The ar-
senates of lead and calcium were essentially

non-irritating, We are somewhat reassured .

by the fact that both skin irritation and kess
atoses are historical in nature, and that no .

new keratoses have been logged for at least
twenty years. This corresponds roughly in
point of time with our revisions to the ar-

senic acld/sodium arseuite processes snd to0

our termination in 1947 of Paris green man
ufacture and packaging, ‘

" The Allied response continued, "
We ¢onsider it significant that amemtes
were involved in the two American studies

and the English “sheep dip™ study, whereas
arsenaies were apparenily not invoived in

.the Brilish experience. According to Hurnter

(“Diseases of Occupations: 4th Edition, pp.
337-342) both Paris green and sheep dip
have produced skin cancers by contact,
some of which progressed to other sites, :
We have aiso been sble to retrieve two |
rather anclent clinical studies: Archives of
Dermatology and Syphilology 32 218-33
(1935), Montgomery: Arsenic as an Etiologic
Agent in Certain Types of Epithelioma, and
Amertican Journal of Cancer 22 287-207
(1934) Franseen and Taylor: Arsenical Kera-
toses and Carcinomas, These papers, which -
relate mainly to medicinal use of sodium or
potassium arsenites, hoth comment on the
fact that a significant fraction of those pa-

tients with skin cancer &t the site of arseni. -

cal keratoses later developed Iymphatic and

other “metastases” after apparently suc .-

cessful removal of the original lesions.

These reports, considered jointly, ail seem
to - corroborate the iInferences we have
drawn from the limited number of cases
among our own people on which we have
been able to secure reasonsbly complete
case histories: Le, that there is no objective
evidence that arsenates have produced
human cancér when arsenites were not alsc
present, and that irritation, generally fol-
lowed by keratoses resulting from skin con.
tact, is an important factor in non-pulmon-
ary arsenical cancers. (Ex. 55

Dow Chemical Co. responded that
they could not identify any agent re-
sponsible. (Ex. 102)
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Thus, based on the above limited

data and data from the clinical litera-
ture, it appears that copper-acetoar-
senite, sodium arsenite, and potassium
arsenite may be the causal agents in
the observed lymphatic cancer cases.

By regulating inorganic arsenic for

purposes of reducing respiratory
cancer mortality, exposures will be
Inaintained sufficiently low so that the
potential risk of lymphatxc cancer will
alsc be minimized.

B. DOSE-RESPONSE :
Two of the epldermologlc studies
(Pinto and Enterline, and Lee and

Fraumeni), provide evidence of a dose-

response relationship for the carcino-
genic effects of arsenic, i.e., higher ex-
posures for longer periods is assocxated
with higher incidence of disease.

. As discussed earlier, Pinto and En-
terline conducted a mortality study of

retirees receiving pensions from the

ASARCO Tacoma smelter. Pinto and
Enterline considered the lifetime ar-
_ senic exposure of each member of the
Tacoma smelter study population
_ from two aspects, total exposure dura-
tion and average exposure. The expo-
sure values were constructed from de-
partmental averages of a large number
of urine samples taken in 1973. These
levels were used t0 calculate an arsenic
exposure index (pg/l-years) for each
_pensioner = studied. The pensioners
were divided into 4 groups based on
their exposure indexes. -

-Pinto and Enterline found that res-
61ra.tory cancer morta,hty was related
to both the arsenic exposure index
and the average intensity of urinary
arsenic value. This is clearly demon-
strated by data presented in Table 1
and 2 of their study (Attachment 4,
Exhibit - 111) which showed that
SMR’s for respiratory cancer in-
creased consistently with' increasmg
arsemc exposure mdex. =

TABLE 1 (EXCERPTED)

Urinary irsenic exposure - Observed SMR
index (yrs-pg/1 urine) _- deaths

18556

. 279.4°*
306.9%*
568.5%¢
810.5%*

Under 3000
3000-5999
6000-8999
9000-11999
12000+

- - f
L R ]

~ "Significant at the 5% level.

Respiratory cancer morta.lity also in-
creased consistently with increasing
average intensity of exposure and du-
ration of exposure.
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TABLE 2 (Exczar’n-:n)r

1. EXPOSED FOR LESS THAN 25 YEARS

Average Intensity Number of Observed SMR

(ug/1 Urine) Retirees Deaths
50-199 - 99 2 95.6
200-349 ' 7 . 4 257.2
350 and over 25 3 595.3*

2. EXPOSED FOR 25 YEARS OR MORE

Aversge Intensity Number of Observed  SMR

(s/1 Urine)  Retirees Deaths
50-199 . oo o 191 7 10 - 2377
200-349 - .. . 108 8 3687
350and Over 28 © 5 8595

** Significant at the 5 pct level
There is a weak to moderate correla-

tion between urinary arsenic levels
-and airborne arsenic levels. This is dis-

cussed in exhibit 111 attachment 4,
which indicates that a urinary level of
100 pg/1 is roughly equivalent to 31
pg/m?! in air. As shown above, no
excess lung cancer mortality was ob-
served in those workers employed at
the smelter less than 25 years having
average urinary arsenic levels less
than 200 pg/l (mean of 123 pg/l).
However, excess lung cancer mortality
was observed in all groups of pension-

ers who had worked at the smelter for
.25 years or more.

From the results of this study Pinto
and Enterline concluded, “resuits thus
far indicate that there is a relation-
ship between exposure to arsenic tri-
oxide, or associated zgents in the at-
mosphere, and increased risk of respi-
ratory cancer.”

On December 5, 1975 Dr. Enterline
submitted a further analysis of the

evidence of the existence of a thresh-.

old for arsenic exposure.

“As you know, the tables we prepared on
retired smelter workers show no excess for
men working less than 25 years and with
mean urinary arsenic values less than 200.
The SMR of 95.6 for this group, while based
on only 2 observed deaths, is supported by
SMR's in adjacent intensity exposure levels.
The relationships appear to be linear with
97 percent of the variation in SMR’s ex-

. plained by the combination of intensity angd

duration. Thus, the findings for men ex-
posed less than 25 years (mean 20.1) and at
levels between 50-199 pg/1 (mean 123) seem
to be real enough (if linear relationships
exists), This is not to say, however, that our
data are ideal. Any interpretations must be
conditioned by their limited nature (e.g.;
older males, unknown cigarette smoking his-
tories, ete.).

There are at least two mterpretations that
can be placed on our data for men working
less than 25 years with urinary arsenic
under 200; )

{(a) Exposure at the level produces cancer
but we simply were unable to follow these
men long enough to observe an excess or;

(b) This truly represents a threshold limit
value.

In support of the first interpretation,
there are data which suggest that latency in
cancer is a function of dose, with low doses
requiring very long latent periods (eg.
t=(1/d)¥: power). The low dose retirees
were followed an average of 8.7 years after
retirement -and since they had worked an
average of 20.1 years, the mean latent
period observed is 28.8 years. For most car-
cinogens with which I am familiar, 20 years
is long enough to observe effects in humans,
If arsenic exposure which cause mean uri-
nary levels of 123 over a periocd of 20 years
also cause lung cancer, the median latent

period must be very long indeed in this pop~

ulation of older males probably longer than
they're likely to live. )

In support of the second interpretation,
an examination of SMR's among retirees for
respiratory cancer by age shows a decline
with time since termination of exposure (re.
tirement) so that further follow-up may noz

-show any effect:
5 o> EBx
Age served pected SMR
65 10 89 ceurcemvvrsrrsasesnsssssoseers 14 41 345.0
L § 1 35 7 3155
- 8 2.0 2500
2 1.0 2000

This looks like the experience with ciga-
rette smoking. That is, lung cancer risk for
persons who stop smoking seems to ap-
proach normal with the passage of time. Do
I think there is a TLV for airborne arsenic?
It's unfortunate that we must have an
answer at this moment. We have now micro-

‘filmed personnel records at the Tacoma

smelier for all men who worked a year or
more during the period 104-01963 and in
about a year should have the answer. The
only relevant data now available, however,
suggests that there is a TLV for men who
retired from the smelier, and if the effects
of arsenic tend to disappear with time (as
cigareties) this may apply to other age
gToups as well.” (Ex. 133)

For an analysis of the threshold
question, see the analysis below.

In 1969 Lee and Fraumeni published
a study of the mortality experience of
8,047 white male smelter workers who
had been employed at the Anaconda,
Montana smelter for at least 1 year
prior to 1957, From January 1, 1838 to
December 31, 1963, 1,877 deaths were
recorded, 147 deaths of which were
due to respiratory cancer, a rate 3.3
times the respective rate in the Mon-
tana population (p less than 0.01).

For each year of the study period,
workers were assigned to one of five
cohorts on the basis of duration of
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‘their employment in smelter. These
cohorts were defined as follows:

completed before 1938
Cohort 2, 15 or more years With 15th year
completed 1938-1963
Cohort 3, 10 to 14 years’
Cohort 4, 5 t0 9 years -
Cohort 5, 1 to 4 years

"The study group was further divided
according to heavy, medium and light
exposure to arsenic trioxide, sulfur

RULES AND REGULATIONS ’

dioxide and other chemicals based on
measurements made at the smelter at

.- the time of the study. The authors
, Cohort 1, 15 or more years with lsth year ‘

stated, “While measurements in work
areas may have varied over time, it
seems reasonable to-assume that these
3 broadly defined categories denoting

- relative exposure remain fixed.” This

statement was supported by testimony
presented by H. F. Morris, Consulting
Engineer for Anaconda (Exhibit 28B).
Based on measurements made by Ana-

conda, the mean. arsenic exposure

19595
from 1943 to 19839 were as follows:
Heavy (11.27 mg/m3), medium (0.58
mg/m3), and lght. (0.29 mg/m3), -
Thus, a8 the authors stated, these cat-
egories appear to represent relatwe ex-
posures.

Lee and Fraumeni found that respi-
ratory cancer mortality increased con-
sistently with increasing duration and
degree of exposure to arsenic trioxide.
This gradient is clearly demonstrated
by data presented in Table 5 of their

study.

. : Maxunum exposure to arsenic
v Cohort - Respiratory cancer mortality - (Izmoo:mm)
o o Héavy . Medium Light
Al cohorts combined.. Observed B 7 -, s
SRR ‘ vy *657 *478 *239
H Observed, 8 n v R o
' SMR e 667 - v280
2 Ohserved 6 . 12_& o
o e - PX #ard s . .9 3, o
LT e : ‘SMR -*687 - %545 “T*310
3:to 5 combined Observed. - 4 ’ lgs 22!0.3
o ; ‘ _ ?M'R z Iwegqq oo oeegs3 214
Number of persons In arsenic category ***.. - 402 - 1,526 3,257
'Sigrﬁﬁcam at the 1 pet level, »
*+Zignificant at the § pet level.

E "'Theremainkxg&Bszmenmthestudywwkedlessthan12mointheircategoryofmax1mmnarsenieexmremdhadansmncf286' .

*

Sulﬁir dioxidé eXposur_e and respiratoi'y éancet morta.lity' were also positively re}ate;.l. with 'observed‘dea;ths' rangmg .
_from 6.0 to 2.6 times expected in the heavy, medium, and light calegories. This is demonstrated in table 6 of the study.

Cohort

Maximum exposure to SO, (12 or more

Respiratory cancer mortality months)
, Heavy Medium Light -

All cohorts combined Observed 48 EE 23 89
Expected S & I i 20 . 158.2

SMR 59T . . 288 257

1 Observed. 24 1 . &}

- Expected B RTINS P J . b

. T SMR : *706 *588 4235

2 Observed.... 13 6 8
) ) Expected % 24 2.2

e : e SMR *765 . 250 *364

3 to 5 combined......... Observed 8 e g 18
. : Co : Expected 2.8 3.9 18
. : . S SMR *346 179 244 ..

Number of persons in SO, category*** 1,144 1,506 2,444

_ *Significant at the 1 pet level.
**Significant at the 5 pet level.

“"rhe remaining 2, 953 raen in the study worked less than 12 mo in their category of maxr.mm $0, exposure and had an S‘\AR of 263‘

»

The authors stated, “exposures to
both arsenic trioxide and sulfur diox-
ide were found to be asscciated with
- a1 excess of respiratory cancer deaths

in this study. It is difficult to separate

the effects associated with these two
exposure variables, since most work
areas having “heavy’” arsenic exposure

were also “medium S0.” and converse-

1y, all jobs with “heavy 80,” exposure
were “medium arsenic”. However, fur- .
ther investigation revealed that per-
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sons with heaviest exposure to arsenic
and moderate or heaviest exposure to
S0, were most likely to die of respira-
tory cancer” (Ex. 5D, p. 1047).

As described in detail in section IV-B
of this preamble, Oft, Holder and
Gordon showed that workers exposed
to primarily pentavalent inorganic ar-
senic were at a 3.5-fold excess risk of
dying of respiratory cancer and 3.8-
fold excess risk of dying of lymphatic
cancer. (Ex. 1A 3-1)

The authors divided the arsenical
workers into 4 groups based on esti-
mated arseni¢c exposures. This data is

presented in Table 1 (page 251 of the

o study) which is reproduced below..
B Tam 1.—~Estimated arsenic levels by job .

categor:y
Job category 8-hr
) TWA!
Group 1 . . 50
Group 2 3.0

- Group 3 (jobs sssoclated with arsenical pro-.
., duction out of the area of high dust expo-
sure). y " 1.0
Group 4 {jobs involving either the formula-
tion of nonarsenicals within the produc-
tion unit or requiring only intermittent

time in the areas of high eXposure) ......ue.. 01 g

Mg As/m?
The -authors. described the deriva-
tion of these categories as follows:

.2 *Qver the course of 37 years, numerous
modifications in job classification terminol-

ogy were encountered. Fifty different job-

titles. were identified, including those later
found to refer to the same job. Next, job de-
scriptions and exposure measurements were
used to combine the jobs into four exposure
classifications.  Time-weighted average con-
centrations were assigned to the various
groupings with emphasis on maintaining
properly spaced ratios between the exposure
groups. The estimates shown in Tabie 1
were obtained through the consensus of two
- industrial hygienists familiar with the proc-
esses, the avallable industrial hygiene data,
and job descriptions. .

. 'The concentrations of arsenic experienced
by employee while in group 1 jobs were
.. quite variable, and included the likelihood
" of brief exposures to very high levels. Respi-

rators were available, but were not worn

consistently. Individuals on group 2 jobs
were exposed to dust levels generally at
lower, less variable concentrations, but over
longer periods of time. Some employees, for
example, spent up to 6 hours a day perfQrm-

- ing tasks near the packaging machines. Few

measurements were available for group 3 or
group 4 jobs because the exposure was ap-
" parently thought to be of relatively less con-
‘-cern. Thus, the greatest subjectivity was
used in estimating time-weighted average
concentrations for these groups. Since no
adjustments were made for the wearing of
respirators, or for the fact that production
occurred on a somewhat intermittent basis,
it is likely that actual exposure dosages
were overstated rather than understated by
the above estimates. However, the impreci-
sion in the time-weighted average estimates
would not be expected to lead to appreciable
distortions in the relative dosage exposure
rankings, since duration-of exposure, which
was determined quite precisely, varied con-
siderably from individual-to-individual.”

* Group 1...

KR . . RULES AND REGULATIONS

In a letter submitted to Mr. David
Miller, an attorney for ASARCO (sub-
mitted as Exhibit 29¢0)), Dr. Gordon
presented a further breakdown of res-
piratory cancer mortality by exposure
intensity group. Tms data is repro-
duced below. :

SUMMARY orP 173 DeaTHS BY Exrosm
*  INTENSITY Gnom’s :

. Total - Respiratory
Highest exposure intensity

dece- malignancy
dents deaths

Total 173 28

*30 8
Group 2.... 82 14
Group 3**. . 44 8
GITOUD 4 .crversnennrissscascsasassessinssanse T 1]

**Groups 3 and 4 include individuals exposed only

&t those levels,

+ Groups 1 and 2 include individuals who
experienced limited exposure intensities, as

" -a.result of having changed jobs during their
- employment in the arsenicals production

unit.

" In a subsequent letter to Dr.
Gordon, OSHA asked whether he con-

sidered the findings of 0 respiratory
malignancy deaths among the 7 dece-
dents in Group 4 to be evidence of a
threshold effect. Dr. Gordon respond-
ed, “The small number of individuals
in Group 4 does not permit the estab-
lishment of a threshold; however, it

‘encourages one to think that a thresh-

old may exist.” (Exhibit 102.)

Using a six-term equation, Ott et al
calculated the number of respiratory
cancer deaths and ratio of observed to
expected respiratory cancer deaths in
various arsenic exposure categories
(see table 4 of the study). The authors

" described this derivation as follows:

The expected proportion of deaths due to
respiratory malignaney in relation to year
of death and age of death was estimated
based on a weighted least squares analysis
of the control population. The 1,809 deaths
among the controls were categorized by 10-
year age groups and intervals of 5 calendar
years within each age group. A six-term
equation, utilizing age and year of death,
explained 57 percent of the variability be-
tween the categories and provide-a reason-
able fit to the data in the region of interest.

The limitations inherent in data con- .

tained in table 4 must be analyzed. As
stated previously, 16 respiratory
cancer deaths were observed among
the 138 decedents who had worked in

- arsenic exposure areas for 1 year or

less. Consequently, it is not appropri-
ate to extrapolate short-term dosages
in terms of long-term “equivalent”
career dosages. -

Furthermore, as ADL noted (EX.
26B) although work histories seemed
well documented, the quantitative ex-
posure could not be accurately speci-
fied. The authors based the four daily
exposure categories on limited expo-
sure data and a consensus judgment

among individuals familiar with the
operation. ADL stated, “They fail to
acknowledge here that their most dra-

matic conclusion relates excessive incl-
dence of death by respiratory cancer -

to a distribution of career dosages,
where both the death excess and the
career dosage depend on the value as-
sumed by the four daily exposure
levels” (Ex. 26B, p. 33). ADL also
noted that the six-term regression
equation which yielded the weights
for the least squares fit of dose-re-
sponse was not sufficiently document-

- ed to permit evaluation.

OSHA agrees with the ADL analysis.

We have no way of evaluating individ- -

ual worker exposure  for potential
error. Application. of the six-term
equation to this data, thus can provide
no acceptable data for an estimate of
dose-response, In contrast to the lLee
and Fraumeni and Pinto and Enterline
studies, we have insufficient exposure

data to provide verification of expo-

- sure categories. “Accordingly, ;
cannot rely on the dose-response data
or analyses thereof as a basis for the.

final standard. As noted in section IV~
B of this preamble, OSHA does rely
however on the study findings .of
excess mortality risk among arsenic-
exposed workers.

As discussed in respiratory cancer
section of this preamble, both the Lee

and Fraumeni-arid Pinto and Enterline/

studies meet many requirements of ary
ideal epidemiological study and great
weight can be placed on their findings.
Their further finding of a consistent

-dose-response relationship provides

strong and convincing evidence of the
carcinogenicity (or co-carcinogenicity)

of some inorganic arsenicals. As also -

discussed above, the exposure classifi-

‘cations -and analyses thereof in the

Ott .study and therefore the Blejer-
Wagner analysis of the Ott study (Ex.
99, p. 55-6) have major methodological
limitations and therefore it is not ap-
propriate to draw firm congclusions as
to the exact nature of the dose-re-

sponse curve. However, the Ott.study

provides firm evidence of excess lung

cancer mortahty of workers exposed to .

arsenicals. ’

Based upon the above data, several
participants at the hearing believed
that there was a threshold level, below
which no increased cancer risk would
be observed. Representative of this
discussion, was the following discus-
sxon by ASARCO (Ex 118; p. 42-—3)

In the Dow study it was estimated that
employees in Group 4 had a time-weighted
average exposure to inorganic arsenic of 100
pg/m?3 As we have previously noted, none of

“the employees who remained in Group 4 for

their employment period in the study died
of lung cancer. While there are only seven
persons in this group and their experience
does not conclusively establish a threshold,
it encourages one to think that a threshold
may exist.

Similarly, the Pinto and Enterline data
suggest the existence of a safe level. The
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group whose ‘exposure index was under
- 3,000 in table 1 of Dr. Enterline’s letter (Ex.

111, Attach. 4) had a SMR of 165.6 for respi-

ratory cancer, a value not different statisti-
cally from 100 * * *,

The group in table 2 whose average inten-
sity of exposure was under 200 ug/1 and who
worked less than 25 years had an SMR for
respiratory cancer of 95.8. The data cons

cerning the experience of retirees from.

" 1961-1973, who probably had lower expo-
sures than the 1949-1973 group, contain
SMR's even. closer to the norm (Ex. 29B).
The SMR -for respiratory cancer for the
group whose exposure index was under
3,000 was 130.6, and for those with an aver-
age intensity of exposure under 175 with 25
years or less experience the SMR was
117.4—neither figure being significantly dif-
ferent from 100 by standard statistical tests,

- “ABARCO concluded, citing the Dow
and Pinto and Enterline studies as the
best available evidence. “Those materi-
als would support a finding that there
is. a no-effect level, or at least a level of

respiratory cancer risk reduced to the-
insignificant, at inorganic arsenic con-.
" centrations of about 100 pg/m? in air -

or 250 pg/lin urine” (Ex, 118, p. 45).
A number of witneses, however, gave
their expert opinions that there is not
yet enough knowledge about the
mechanisms of carcinogenicity to de-
“termine a threshold level.
Dr. Kraybill stated: :

: There is a general policy or concept
-+ among epidemiologists that there is no safe
-~ level, Why do we say that? Because we have

no scientific method as of yet——1975-—to
prove otherwise (ATR p. 186).

This was Dr. Radford’s view a.lso,

(ATR 562).
Dr. Wagoner concluded;

I think the overwhelmmg body of scientxf-
ic judgment in the United States and inter-
nationally is of the opinion—and it has been
very aptly put by the Surgeon General’s ad
hoc Committee on low level environmental
carcinogens—that the present state of tech-
nology does not permit the determination of
safe levels for a catcmogen (ATR 334—-335)

' OSHA believes it is not a,ppropnate
to set an exposure limit based on the
belief that a threshold may exist be-
cause of these considerations. As noted
above, OSHA does not regard the ex-
posure categories of the Dow study to
be sufficiently supported to make fur-
ther ' judgments on dose-rglated ef-
fects. Furthermore, the last category
(Group 4), composed of seven deaths,
is far too small for conclusions as to a
threshold to be made.

The Pinto-Enterline data is more
satisfactory (Ex. 29B). However, work-
ers exposed more than 25 years in all
exposure categories including those
with average intensity less than 200
1g/1 had statistically significant excess
respiratory cancer mortality. In this
study, as well, the limited number of
workers in the exposure category in
which no excess was observed is far
too small to statistically test whether
8 threshold exists for the entire popu-

RULES AND REGULATIONS .

lation at risk (arsenic-exposed work-

ers). Therefore, no level has been sa-
tisfactorally demonstrated that will

eliminate increased lung cancer mor-"

tality among all arsemc-exposed work-
ers.
Further, this limited amount of epi-

demiologic evidence is not sufficient to

overcome the substantial body of sci-
entific opinion that there is not suffi-
cient knowledge to determine a
threshold for a carcinogen.

" In view of OSHA’s obligation to pro-

tect workers and the substantial body

of scientific opinion that no safe level -

of exposure to a carcinogen can be
shown, OSHA must exercise its discre-
tion in favor of assuring worker pro-
tection. OSHA and other Federal

agencies responsible for protecting in<

dividuals from the hazards posed by
carcinogenic substances have consist-
ently followed the view that no safe
level of exposure can be established

,based on currenc scientiﬁc knowledge -

" ingested than pentavalent arsenic (ar+ - o
= senate).
its 1973 criteria - document,

EANIMALSTUDES

NIOSH evaluated 18 animal studies in-

volving ihorganic arsenic exposures.

‘However, only two of these were stud-
ies of the effects of exposure to air-
borne concentrations, and neither of

these were designed to observe lung.

cancer,

The {:rst was an inhalation st.udy, by

Rozenshtein (14), of albino rats ex-

-posed to arsenic trioxide for 24 hours

per day, for 3 months. The study was
designed to observe the effects of at-
mospheric - pollution. The second
study, by Bencko and Symon (2), in-

volved an evaluation of hairless mice
exposed to fly ash containing 0.1 per-
cent arsenic trioxide. The authors ob-

served an accumulation of arsenic in
the animals’ livers and kidneys from
exposure to the fly ash.

Dr. Kraybill of the National Cancer
Institute presented testimony at both
the fact-finding and April 1975 hear-

ings in which he discussed the failure

of experimental animal studies to con-
firm the epidemiological findings con-

cerning arsenic exposure, Some of the-

reasons for this failure could be, ac-
cording to Dr. Kraybill, that ‘“(a) the
proper animal model has not been
tried, (b) the proper route of adminis-
tration has not been tried, i.e., inhala-
tion, (e) sufficient numbers of animals
have not been in the study for statisti-
cal validation of results, and (d) the
role of arsenic as an interactant or
synergist and establishment of it as a
possible co-carcinogen has not been
determined” (Ex. 16A). Dr. Kraybill
stated during the fact-finding hearing,

“Arsenic stands out as the one sub--

stance for which human carcinogen-

icity has been demonstrated, but for

which an animal model has yet to be

found to reproduce this effect” (F’I‘R
40)

-binding

- highly  implausable on .
. grounds, considering the chemical and

s

19597

Though there are no positive animal o
studies which confirm the epidemi-

ological findings of excess respiratory '

cancer mortality among workers ex-
posed to. inorganic arsenic, OSHA be-
lieves that the epidemiological studies

clearly establish the carcinogenicity of -

inorganic arsenic. Once epidemiolog-
ical findings are found to be convinec-
ingly related to exposure to particular -
substance(s), OSHA must regulate in
such a manner to minimize such risk
to workers.

F. VALENCE coxsmmnous
. The acute toxic effécts of inorganic

arsenic compounds on man following = .=
ingestion are well known. It is also

known, that the severity of toxic reac
tion varies significantly with inorganie
arsenic’s valence states. According to
the published litersture (Ex. 31C-41)
and testimony by Drs. Wacker and
Peoples (Ex. 31A and 31D), trivalent -
arsenic (arsenite) is more toxic when -

_ Schroeder and Balasaa (Ex. 31C-41)
and Wacker (Ex, 31A) and Peoples
(Ex. 31D) stated that trivalent arsens

ic’s greater toxlcity is due to its rax:id
with sulfhydryl groups. This
binding results in the inhibition of
many important enzymes such as alco-
hol dehydrogenase, enzymes  which

synthesize - the -components of DNA A

and RNA, and enzymes which sy:ithe-
size DNA and RNA. In contrast, penta.

valent -arsenie (arsenate) does not
- react with sulfhydryl groups, but Is = -
known to Inhibit the synthesis of ATP, =

an important metabolite, by uncou.
pling oxidative phosphorylation.

Based on his evaluation, Dr. Wacker
concluded, . “I find the corclusions
reached by OSHA in iis proposal (to
treat both pentavalent and trivalent
inorganic arsenic as carcinogens) to be
scientifie

toxicological characteristic of the var-
jous arsenical compounds in question.
Indeed, I am baffled by the absence of
any ' extensive -consideration of . the
chemical and toxicological differences
between these compounds as the dif-
“ferences are so great. I am convinced
¢ *.* they should be considered sepa-
rately.” (ATR 845.)

Dr.. Radford commented (Exhibit
192B) that, “the acute toxicity of pen-
tavalent arsenic compounds given par-
enterally is much less than for triva-
lent  compounds. This well-accepted
difference implies that if pentavalent
compound are reduced to trivalent
compounds in the body, either the
conversion is slow, or they are convert-
ed to inactive forms or the distribution
of the trivalent compounds is to rela-
tively insensitive issues (i.e. conversion
in the kidneys and rapid excretion in
the urine). Another interpretation
.possible is that no significant conver-.

FEDERAL REGISTER, VOL. .43, NO. 88—FRIDAY, MAY 5, 1978



19598

~sion to trivalent arsenic occurs, and
pentavalent forms have toxic actions
different from trivalent.,” .

Dr. Radford later stated, “We do not

know the mechanism of action of ar-

senites as carcinogens, but it is at least
conceivable that they act by conver-
sion to the pentavalent form and dis-
placing phosphate in nucleic acids as
Rosen has suggested.” (Ex. 192B, p. 3.)
Dr. Kraybil of NCI concluded,
“Doctors Wacker, Peoples and perhaps
others have made interesting com-
ments on the relative toxicity of the
trivalent and pentavalent arsenic. The
proposition concerning the relative
~avidity of trivalent and pentavalent
ifon SH groups (sulfhydryl groups) or

‘glutathione as the protective mecha--
nism is & most attractive and interest- .

ing concept. While this appears attrac-
tive to us on theoretical grounds, we
would like to see some basic data (bio-
chemical, pharmokinetic) in this area
which would be helpful in describing
the relative carcinogenic potential of
trivalent and pentavalent arsenic on a
“mechnistic -basis, Having such infor-
mation and data could provide some
evidence to better assess the signifi-
cance of epidemiological studies. Per-
haps this is the strongest reason for
doing some good studies with appro-

priate animal models and using rele-.
vant routgs of a.dmmlstration.’f (Ex.

192C.) :
The most’ thorough analysis of the
issue whether pentavalent arsenic is

converted in the body to trivalent ar-
senic was presented by Dr. Peoples -

(Exhibit 193, Attachment B). Dr. Peo-
ples reviewed findings by Winkler that
after feeding rats trivalent arsenic, ar-
senic in their liver was largely penta-
valent. When fed pentavalent arsenic,
no trivalent arsenic was found in rat
~livers. He reported that the findings of
Ginsburg (Ex. 63, EX. 64) in which he
. reported some reduction of pentava-
lent arsenic to trivalent arsenic in the
kidney of dogs after feeding with arse-
nate, could not be relied on because
the analytical method was not accu-
rate in the range of the reported
sample size. Finally, he reviewed the
findings of Crecelius (Exhibit. 193,
Attach. B) that no trivalent arsenic
was found in the urine of a human
who had drunk water containing 200

pg of pentavalent arsenic. He stated,-

“The level of As(III) remained at the
control level. There was an increase in
As(V) peaking at 5 hours then return-
ing to normal in 10 hours. The mono
methylarsonate remained near the
_ control but the dimethylarsonate (ca-
codylic acid) rose to a2 high level and
remained so diiring the 80-hour obser-
vation period. In other words, As(V) is
not reduced in the body to As(III). It
is almost entirely metabolized to caco-
dylic acid.”
* Thus OSHA concludes, that the
presently available evidence indicates

RULES AND REGULATIONS

that there is little or no conversion of
pentavalent to trivalent arsenic in the
body. Given the unknown relevance of
acute toxicity and biochemical reac-
tions of trivalent and pentavalent ar-
senic to the assessment of carcinogenic

_risk and the findings that pentavalent

arsenic is not converted to trivalent ar-
senic, OSHA concludes that it must,
principally rely on the findings of the
epidemiological studies, expert opin-
fon, and general policy considerations
in determining whether to regulate
pentavalent arsenic as a carcinogen.

G. CONCLUSIONS

M; (1) Trivalent Arsenic. Based on the

entire set of studies, OSHA believes
that exposure to trivalent arsenic has
been shown to cause respiratory
cancer. Studies in the copper smelting
industry (lL.ee and Fraumeni, Pinto
and Enterline, Rencher, and Carter)
have shown statistically significant in-
creased ‘lung cancer mortality among
workers. exposed {o arsenic trioxide,
sulfur dioxide and other cocontamin-
ants released during the smelting of
copper ores. As Lee and Fraumeni

~stated, it is impossible to differentiate

in these cases between the effects of
exposure to arsenic and these other
cocontaminants. However, the finding
that lung cancer mortality increased
consistently with degree and duration
of exposure to arsenic trioxide pro-
vides substantial evidence that expo-
sure to trivalent arsenic is a cause of_
respiratory cancer {as was discussed in
detdil in the dose-response section).

This data, particularly that of Lee and -
- Fraumeni and Pinto and Enterline has

been discussed in detail in section IV-
D of this preamble and accordingly
will not be repeated here.

The findings of studies by Baetjer et
al. and Hill and Faning serve as posi-
tive controls for the findings in the
smelting industry. That is, these work-
ers studied by Baetjer et al. were ex-
posed principally to trivalent and
some. pentavalent arsenicals, and Hill
and Faning sodium arsenite (a triva-
lent arsenical); and to a limited
number of other chemicals (Ex. 5B).
They were not exposed, however, to
most -of the other cocontaminants
found in the smelter environment.

There have been many analyses by
experts during the hearing. Both Dr.
Fraumeni (ATR 168) and Dr. Kraybill
(ATR 161) stated that inorganic ar-
senic Is strongly incriminated as an oc-
cupational carcinogen. NIOSH recog-
nized that each epidemiological study
alone has its limitations, but stated:
“However, when all reports of occupa-
tional exposure to inorganic arsenic
are comnsidered together, NIOSH be-
lieves it undeniable that there have
been carcinogenic effects which must
be attributed to inorganic arsenic.”
(ATR 54-5).

During April 1975, Dr. Enterline was
asked whether, based on the whole

constellation of studies,.inorganic ar-
senicis a carcmogen. Dr. Enterline re-
sponded:

Yes, I think that it's certainly related to
respiratory cancer based on reading these
studies. Obviously, I ean’t tell whether it's
something that goes with it or it’s arsenic
itself. But, the studies—and particularly the
more recent studies, the Allied and Dow -
studies, the Allied in particular—are very
impressive studies. They present in my mind
pretty overwhelming evidence. (ATR 775.)

Dr. Weir of the Johns Hooper Foun-
dation on the basis of his evaluation
stated that there is an association of
moderate overall magnitude between
arsenic  exposure and - respiratory
cancer (ATR 1381). He based his con-
clusion on a detailed analysis of the
epidemiologie studies and on his evalu- -
ation of seven general factors for eval. -
uating whether exposure to chemical
agents such as arsenic and observed
health outcomes (i.e., lung cancer mor«
tality) is a causal relationship (Ex.
29N). These seven factors are as fnl-
lows: -

(1) Strength of association. .

{2) Time sequence. ) :

(3) Consistency with findings in other re-
search areas,

(4) Failure to ﬂnd altemative explana-
tions.

(5) Gradient of risk. :

(8) Conszstency of associatxon over severa.l
studies. )

(7)Speciﬂcity. o S o wile

o In summary, Dr. Weu' noted that
the strength of association between

exposure to arsenic and lung cancer - V

mortality was moderate (2 to 3 times
expected lung cancer mortality). He .
noted that lack of an animal model
somewhat lessened the confidence
which one could place on the degree of
association. He further noted that the
association is strengthened by the oc-
currence of a gradient of risk (dose-re- -
sponse), repeated findings over several
studies and settings, and failure to
find other explanations which could
account. for the excess risk. He con-
cluded: -

The surest route to reducing unnecessary
mortality is to apply standards on the belief
that arsenic is a probable cause of mortality
increase, and is, therefore, the best available-
factor by which we can expect {0 successful-
ly intervene in the causal network, and then
to proceed expeditiously to make whatever .
commitment of human and financial re-
sources is necessary to establish with rea-
sonable scientific certainty the definitive
factor in the observed association. (ATR
1385-6.)

Arguments have been made that the
relationship between- arsenic and res-
piratory cancer cannot be presently
stated to be causal (ATR 1381-6, Ex.
268, p. 5) due to the fact that workers
were exposed to other workplace con-
taminants. OSHA agrees, at least in
the case of the copper smelting indus- -
try, that one cannol conclude with
complete certainty, that the -associ-
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-ation iIs causal. The degree of associ-
“ation is strengthened by the findings
in pesticide plants (Baetjer et al,, Ott
et al, Hill, and Faning). OSHA recog-
,nizes that, these workers too were ex-
posed to other chemicals. However

their work environment was substan-

tially different from that of smelter
workers and they were not exposed to
most of the other chemicals to which
workers are exposed in the smelting
industry (compounds of lead, antimo-
° ny, cadmium, sulfur, etc.). The fact
that workers exposed to arsenic in
substantially different environments
. were . subject -to. excess.  respiratory
cancer mortalilty 1is strong. evidence
that arsenic was an important etiolo-
gic factor in the observed excess mor-
tality. OSHA cannot rule out the pos-

sibility that - these other chemicals

may have influenced excess respira-
tory cancer and lymphatic cancer mor-
tality. However, even if it should later
be shown that arsenic is not the sole
factor, the regulation and resultant
~minimization of worker exposure to in-
organic arsenic will, we believe, inter-
vene in the causal network and reduce,
to the extent feasible, worker risk of
lung cancer. Thus in agreemernt with
experts from NCI, NIOSH and indus-
try, OSHA has concluded that triva-

lent arsenic must be remx}ated as a.n‘

occupational carcinogen. -

- Confirming animal studies would be
helpful, but OSHA believes that the
best available evidence is the observed
effects on man, himself as-a compel-

ling indication of risk and the lack of
an animal model does not detract from

this.conclusion.

" (2) Pentavalent arsenic. One of the
most controversial and difficult issues
during the arsenic hearings is whether
pentavalent arsenic should be regulat-
ed as a carcinogen. The National
Cangcer Institute and NIOSH have rec-
ommended that pentavalent arsenic
- should be treated as a carcinogen;
while the American Wood. Preservers
Institute has argued that the evidence
is not strong enough for such a deter-
mination to be made. Three types of
evidence have been submitted in the
record: epidemiologic evidence, chemi-

cal evidence, and opinions of experts.

in the field.

A brief review of the epidemiological
studies may be helpful. The Ott study
showed a substantial excess cancer

~mortality among workers exposed

principally to pentavalent arsenicals.

‘The study includes a reasonable analy-
sis of exposed and nonexposed work-
ers, The AWPI suggested that penta-
valent arsenic should not be implicat-
ed as a causal factor because there was
some degree of exposure fo trivalent
arsenic and suggests that further re-
gearch be done. On the other hand,
NIOSH stated:

* 'With relation to the paper by Ott yél_: al,, it
seems to be a reasonably valid study of the

b
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results  from exposure to- arsenates. Al-
though it is true that the employees in-
volved were exposed to both arsenites and
arsenates; the authors state that 95 percent
of the exposure was to arsenates and only 5
percent to arsenites. It seems not to be il-

- logical or unjustiffed to attribute most, if

not a1}, the excess of malignancies in the ex-
posed group (incidence rate almost 60 per-
cerit greater than that in the control group)
to the pentavalent arsenical compounds
(Ex. 182A). .

OSHA sagrees with NIOSH that in
view of the relative degree of exposure
to pentavalent arsenic in comparison
to trivalent arsenic, it is reasonable to
accept the Ottt study as evidence that
pentavalent arsenic should be regulat-
ed as a carcinogen.

The Baetjer study also shows excess
cancer mortality, but it is clear that
many of these workers were exposed
primarily to trivalent arsenicals. Be-

- cause the predominant exposure was

to trivalent arsenic, it would be inap-
propriate to implicate pentavalent ar<
senic on the basis of this study. In this

instance, all one can state is that expo~

sure to inorganic arsenic is the most
reasonable explanation for the ob-
served excess cancer mortality.

The AWPI places principal reliance
on 2 studies, Nelson and Budy-Rashad,
where excess respiratory cancer-mor-
tality was not observed. But the

former study suffers from the defi-’

ciency that actual degree and duration
of exposure to lead arsenate was pot
identified. In the Budy-Rashad study,

_the carpenters were not exposed to

pentavalent arsenic, but rather to a
stable arsenic-wood complex. Thus,
carpenter exposure to this arsenic-
wood complex cannot be considered a
priori, equivalent to exposure to un-
bound pentavalent arsenic. No data is
available on individual carpenter expo-

sures to verify degree and duration of ’

exposure.. Additionally, insufficient
time has elapsed to allow for sufficient
latency period, for arsenic induced res-
piratory cancer. For the above rea-
sous, it is difficult to make conclusions
based upon these two studies.
Although the epidemiologic evidence
does not as clearly indicate the car-

. cinogenicity or cocarcinogenicity as in

the case of trivalent arsenic, the- Qtt
study provides epidemiologic support
for the proposition that pentavalent
arsenic, for the purposes of regulatory
action to protect employees should be
treated as a carcinogen.

The chemical questions'dxscussed in-
the record principally relate to the dif--

ferences in biochemical mechanisms
between trivalent and pentavalent ar-
senic, and whether pentavalent arsenic
is’converted to tnvalent arsenic in the
body.

Peoples and Wacker dxscussed the
well-accepted fact that while trivalent
arsenice reacts with suifhydryl groups,
pentavalent arsenic can substitute for
rhosphate groups, thus decoupling ox-
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idative phosphorylation. Peoples re-
viewed his studies and the literature.
and concluded that pentavalent ar-
senic is not converted to trivalent ar- -
senie in the body. Studies by Ginsburg
suggest that there is some conversion.

. OSHA believes that the Peoples

studies are more extensive and ana-
lytically  reliable and therefore are
more convincing.  However, as the

causal mechanisms of arsenie-related ’

carcinogenesis are not known, OSHA
must conclude that the fact that triva-
lent and pentavalent arsenic have dif-
ferent biochemical mechanisms, is not

- in itself sufficient evidence to indicate S
“'that respiratory cancer is not caused « .

by both. The actnal mechanism(s)

may be substantially different from ‘

any of those suggested.

Dr. Peoples and Wacker sta.ted that
in view of the different mechanisins,
penitavalent arsenic’ should not be
treated as a carcinngen. Dr. Radtcrd
concluded: -

" Because inarganic pentavalent a.menic i
not. yet known to produce cancer in man
either directly or from conversion to triva.
lent arsenites;, I do not belleve that arsens
ates should be included with the inorganie
trivalent forms as carcinogens. Thus a sepa-
rate standard may be appropriate for penta- -
valent arseni¢, just as is required for arsine.
It may be that a reevaluation of the distine-
tion between the two valence states of ar-
senic in relation to their exposure limits

may be necessary as better evidence is ob- -
-tained. It would seem to be lmperative to =
obtain more experimental and epidemiolos |

“gie data to resolve the questions concerning
the heslith effect.s ot pentava!ent arsenic.
(Ex. 192B.) - e

On the other hand. N’IOSH stated
that while trivalent arsenic is clearly a
carcinogen, pentavalent arsenic should
be so treated until convineing evidence
is ‘presented - to the contrary (Ex.
1924). Similarly, Dr, Kraybill stated: -

But in essence the sorting out of trivalent
from pentavalent arsenic with regards to
their carcinogenic activity on the basis of
the epidemiclogical studies is not facilitated
since several studies impugned pentavalent
possibly confoundied with trivalent expo-
sures. Thus, at the present thne, we are left’
with a situation wherein we cannot help but.
implicate the pentavalent arsenicion. -

Doctors Wacker and Peoples present some
interesting toxicological evidence on the rei-

ative difference between trivalent and pen-: =

tavalent arsenie. These postulates of the
“tri” and “penta’” states although interest-
ing do not provide the actual verification in
animal carcinogenicity studies. If we have
overlooked some reports in the area, we
would welcome thern for our review. Until
then, we have to make our sssessments on
the basis of avaflable data and spemfxc evi-
dence. (Ex. 192C.)

“The situation presented is identical
to the one in LU.D. v. Hodgson.

“the questions involved are on the frontiers
of scientific knowledge and consequently as
to them insufficient data is presently availa-
ble to make a fully informed factual judg-
ment. Decision making must in that circum-
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stance depend to & great extent upon policy
judgments and less upon pur’ely factual
analysis * *.*,

For example, in this case the evidence in-
dicated that reliable data is not currently
avaflable with respect to the exposure to as-
. ‘bestos dust; nevertheless, the Secretary was

obligated to establish some specific level as
the maximum permissible exposure. After

considering all the conflicting evidence, the

Secretary explained his decision to adopt,
. over strong employer objection, a relatively
low limit in terms of the severe health con-
sequences which could result from over-ex-
posure. Inasmuch as the protection of the
health of employees is the overriding con-

.. cern of OSHA, this choice is doubtless -
. sound, but it rests in the final analysis on

- an essentially legislative policy judgment,-
"~ rather than a factual determination, con-

cerning the relative risks of underprotection
 &s compared to overprotection.

In summary the Ott study provides
epidemiologic evidence that pentava-
lent arsenic is a carcinogen; and a sig-
nificant body of expert opinion includ-
ing. representatives of the National

Cancer Institute and the National In- .
stitute for ‘Occupational Safety and

‘Health recommends that pentavalent
arsenic be regulated as an occupation-

al carcinogen. Further, in view of the:

long latency period and irreversible
nature of lung cancer, it is OSHA’s
policy to act in the manner most pro-
tective of employee health. Although
there are chemical differences be-
tween pentavalent and trivalent ar-
senie, viewing all- the considerations
and evidence as a whole, including the
strong evidence that trivalent arsenic
is a carcinogen, OSHA believes it nec-
essary to regulate pentavalent arsenic
as a carcinogen. Further research is

always useful, but there has to be a

stage when a decision is taken, since
there always remain byways of possi-
ble research. .
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V. PE’RMISSIBLE Exrosm Limrr

The final standard establishes a per-
missible exposure limit (PEL) of 10

- pg/m3 averaged over an eight hour

period. This represents the lowest
level which OSHA believes is feasible.
In determining the appropriate PEL,
OSHA relies in part on the record of
the proceeding and in part on policy
considerations which lead the Agency

‘to conclude that in dealing with a car-

cinogen or other toxic substances for
which no safe level of exposure has

-been demonstrated, the permissible

exposure limit must be set at the
lowest ‘level feasible. Such a determi-
nation OSHA believes is justified by
the nature of the hazard being dealt
with, and the intent of the Act.

As already discussed, insufficient

evidence has been introduced into this’

proceeding to demonstrate the exis-
tence of a safe level of exposure to in-
organic arsenic. In the absence of a

demonstrated safe level, OSHA will
not assume that one exists because of
the irreversibility and long latency
period for lung cancer. An erroneous
determination that a threshold exists
would cause - an irreversible  illness
leading to death. This would be incon-
sistent with OSHA’s statutory respon-
sibility to set a level that will assure
that no employee will suffer material
impairment of health.

The statutory requirement also man-
dates that OSHA set a feasible level. A
zero level, although ideal, is not feasi-
ble given arsenic’s utilization in large
scale, high temperature  processes
which cannot be_completely enclosed.
The record indicates that 10 pg/m?3is
the lowest level which generally can
be .achieved in most copper smeiters
and many of the other processes in
which inorganic arsenic is used pri-
marily by joint use of engineering a.nd :
work practice controls. :

OSHA has determined that the 10
pg/m? exposure limit -is the level
which properly balances the above fac-
tors and most adequately assures to
the extent feasible, the protection of
workers exposed to inorganic arsenic.
This level will provide a dramatic re-
duction in the lung cancer mortality

of workers exposed to inorganic ar- .

senic. It is also a level which is gener-
ally achievable  through engineering
and work practice controls, the prefer-
able control strategy. This level is.
achievable almost entirely through en-
gineering and work practice controls
at 11 of the 16 U.S. copper smelters,
and for the large majority of employ-
ees in other industries and facilities.

- Moderate or limited use of respirators

will be needed in 4 copper smelters,
and in a relatively few locations in
other industries. One smelter will re-

‘quire extensive respirator use and is

discussed at length below.

- The scientific and policy determinap
tions underlying the regulation of in-
organic arsenic as a carcinogen were
mentioned in the preambie to the pro-
posal and were discusseéd in the course
of this rulemaking. These determina-
tions are consistent with other OSHA
regulatory actions for ecarcinogens
made after considerable scientific
debate. For example, see the pream-
bles to OSHA's carcinogen standard,
applicable to 14 selected substances, 29
CFR 1910.1003-1910.1016 (39 FR 3758)
aff’d. Synthetic Organic Chemical
Manufacturers Assn. v. Brennan, 503
F. 2d 1155 (3rd Cir. 1974); the vinyl
chloride standard, 29 CFR 1810.1017
(39 FR 35892), aff’d, The Society of the
Plastics Industry v. OSHA 509 F. 2d
1301 (2nd Cir.) cert. den. 421 U.S. 992
(1975); the coke ovens emissions pro-
posal (40 FR 32268 (1975)) and final, -
29 CFR 19101029 (41 FR 46742
(19761, aff’d. American Iron and Steel
Institute, et al. vs. OSHA, No. '16-2358
(3rd Cir., 3-28-78); and the DBCP-
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emergency temporary standard, 29
CFR 1910.1044 (42 FR 45536 (1977)).
OSHA has followed a similar course
on regulation of carcinogens, including
a detailed discussion of the scientific
evidence supporting such regulation,
in the proposed rules on identification,
classification, and regulation of toxie
substances posing a potential occupa-
tional carcinogenic risk (“Cancer
Policy”) which was published in the
Feperar RecISTER on October 4, 1977
(42 FR 54148). In the proposed Cancer

Policy, OSHA restates the determina-

tion that as a prudent policy matter,
in the absence of a demonstrated safe

level or threshold for exposure {o a.
carcinogen “ * * * (o)nce a qualitative

presumption’ of carcinogenicity has
been: estabished for a substance, any
exposure to the substance must be

~considered to be attended by risk

‘when considering any given popula-

tion.. No exception to this point has

g:tsgeen demonstrated.” (42 FR at
166).

The record of the arsenic proceedmg/

independently clearly supports this
ggnera.l pohcy. Dr Wa.goner conclud-
e .

I think the overwhelminz body of scientit-
ic judgment in the United States and inter-
nationally is of the opinion-=and it has very
aptly put by the Surgeon General'’s ad hoc
Committee on low level environmental car-
_cinogens—that the present state of technol-
- 0gy does not permit the determination of
safe levels for a carcinogen. (ATR 304—5 )

Dr. Kraybxll stated:

There is a general policy or concept
among epidemiologists that there is no safe
level. Why do we say that? Because we have
no scientific method as of yet—1975—to
prove otherwise, (ATR 1886.)

.~ This was Dr. Radford’s view also
(ATR 562). And NIOSH has taken the
position that in regulating cancer-
causing substances it is not possible to
determine a safe exposure level (Re-

vised Arsenic Crltena Document 1975 .
. (Exhibit 99)). k

The exposure limit is based upon
what can be achieved by the affected
industries taken as a whole using
available technology or  technology
looming on todays horizon. Alterna-
tives to this approach have been con-
sidered in the context of the arsenic
proceedmg As will be discussed, ar-
senic exposure in the most affected in-
dustry, copper smelting varies signifi-
cantly among the 18 U.S. copper
smelters due to variability in smelting
conditions and variability of arsenic
content in the ore.

Difficulties which may arise at indi-

vidual facilities or processes in particu-
lar plants will be considered at the
compliance level which is specifically
-oriented to consider problems at indi-
vidual locations. The compliance plan
process provides the mechanism to re-
solve these problems.
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- One alternative would be to estab-
lish the lowest feasible level for each
of the 16 smelting plants as well as for
each of the many other plants in the
other affected industries. Such an ap-
proach would be extremely difficult to

_implement. It would strain limited

agency resources - including trained
manpower and time. By concentrating
on the arsenic issue, the Agency would
have to reduce efforts in other impor-
tant health areas. Accordingly, this
feasibility determination is based upon
analysis of the entire affected indus—
tries taken as a whole.

Another alternative would be to base

the determination on a worst case

‘basis, that is those situations where .
the level is most difficult to meet. This -

alternative is also  unacceptable. It
would allow most workers to be ex-
posed to much higher exposure levels,
than could generally be achieved
through engineering and workpractice

controls and thus subject them to a

potentially increased risk of arsenic-in—
duced lung cancer, e

A third alternative is to set the level
based on what could be achieved by

-these facilities with the least prob-

lems. In the case of the copper smelt-
ers, this would be based on the level
achievable for those smelters with the
lowest arsenic content in the feed and
with the processes most adaptable to
control. - Such an approach  would
make it impossible to achieve such a
limit for the majority of affected

workers in the majority of plants with-

out resort to full time respirator use
by most employees. Because of prob-
lems inherent in their use (see Section

on Respiratory Protection), this alter-

native is not ideal, though in certain
circumstances it may be necessary to
give needed health protection.

The approach OSHA believes appro-
priate and has chosen for this and
other standards is the lowest level
achievable through engineering con-
trols and work practices in the major-

ity of locations. This approach is in--
tended to provide maximum protec-.

tion without excessively heavy respira-~
tor use. Respirator use in the interval
when éngineering controls are being
installed is more acceptable because
their use is temporary. Further, their
use is acceptable for those employees
in peak exposure areas. Adequate su-

pervision can be given if respirator use

is concentrated in a few peak exposure
areas and programs can be devised for
a relatively few locations to minimize
thé full time use of respirators. (See
the discussion of the Tacoma smelfer
below where such a strategy is out-

“lined.)

The level achievable is based on
available engineering. controls and
those controls which can be adapted
from other uses or which are looming

figure without supplying any
. mentation (Exs. 12, 1884, 157). A com-

~19601
on the horizon and can reasonably be
expected to be developed. The OSHA
Act is a technology forcing act as dis- =
cussed in Section II of this preamble. -
However, OSHA does not interpret

this to mean an open ended commit-
ment to research and develop unfore-

~ seeable new technologies, but rather

the adaptation and development of
controls from existing known practxces
and principles.

OSHA contracted for two detailed
studies of technological and economic

- feasibility considerations:

1. D. B. Associates (D.B.), “Feasibility and

- Estimated Costs of Compliance for Three

U.S. Smelters,” (Ex. 18).

2. Arthur Young & Co. (AY), “Technologl

cal Feasibility and Inflationary Impact
Statement,” (Ex. 135A). :

The AY study was based upon analy-

- sisofdatamtheD.B‘report,gzgustry

studies - and data from ustry - .
sources. The AY analysis was further

amplified in-' the document entitled,
“Detailed Account of Certain Compn-
ance Costs,” (EX. 148A, 173A). Testi-
mony indicated that ecertain costs were

under-estimated in the D.B. study: AY.
gorrected for those underestimates.

ASARCO, Inc. commissioned a study
by Industrial Healm Engineering As-
sociates (IHREA, Ex. 20M) which pre-

_sented a detailed analysis of technical

feasibility and costs of engineering
controls at ASARCO faclliities. Addi- -

-tionally, -ASARCO hired Arthur D,

Little, Inc. (ADL: Ex. 111-7) to inte-
grate the cost data of IHEA with
other cost data provided in testimony
by ASARCO management and to esti-
mafte the proposed standard’s impact
on its Tacoma smelter and on
ASARCO asawhole. . -

The Anaconda  Co. .presantedA a
report by Phillip A. McKee & Asso-
ciates (Ex. 28B). Kennecott Copper
supplied a less detailed estimate of the
costs of compliance and Phelps Dodge
supplied an  overall estimated dcost

ocu-

bined cost estimate for these four
major copper smelting ﬁrms was pre-
gented in Exhibit-156A. )
- Industries other the copper -smelt-
ing, generally did not submit specitic

studies, but did give some testimony

on feasibility issues. In addition to spe-

-cific studies, a substantial amount of
‘testimony and some written submis-

sions addressed feasibility questions.
‘The copper smelting industry is the

“industry most affected by the stand-
- ard. Analysis of feasibility in that in-

dustry is complicated not only because
exposure varies significantly between
processes in a given smelter but they
also vary substantially among smelt-
ers. A major reason is the differing
percentages of arsenic in the smelter
feed ranging from 5 percent to under
0.001 percent. The following Table in-
dicates that variation.
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TAaBLE L.-~Percent arsenic in feed, U.S. copper smelters
Percentage arsenic in— .
’ . T Approximate annual tons
Smelter: .. Overall feed - Copper concentrates -~ - ~ copper concentrates,
: : -, - = ; S 197173 .

ASARCO: ; - R :

El Paso, Tex 0.8 : 0.21 295,600

Hayden, Ariz. — 0.04 0.005 529,812

T Wash, 5.2(12.8 max) 42 273,603
Phelps Dodge:

Ajo, Ariz o "Not available Less than 0.005....cccwerererecareass. - 206,471

DOUGIAS, ATIZ cvvmesrserisersmrescssarsomssssesssosesionssmosmmssssssena. ssoses do . : 0.1 to 0.3 pct £80,508

MOTENCE, ATI% cvvssirisvrossressessassivesssisassosssssssrarsssssrnssons  sosass do 6.001 pet . 810,000

‘Tyrone, N. Mex o0 NOt detertable . mimesereiossiesenss 144
Kennecott: ; oy R P R e

Garfield, Utah 0.135. . 0.15 780,542

Hayden, Ariz 0.015 . 0.018 DL 298,283

Hurley, N, Mex 0.005. Liess than 0.008......cvcvcecnssssanonen. . 285,442

McGill, Nev..... Not available Not available. 283,196
Inspiration: MUl AXiZ.....eeescsssesssssosnssirsnssassssammasasss - sosond do do ,200
Magma: San Manuel, ATIB ... mioesmeoaomssses  viores do 0.007 7 .
Amsconda: Anaconda, Mont 0.96 0.97 847,870
Copper Range: White Pine, Mich 0.002 0.003 247,100

Not available. [}

Cities Servjees Copper mn. 'renn.........., .......... . Not avaﬂa.ble

. INot avallable. " o

Other factors also affect existing
levels such as layout of plant, smelting

process, and age of equipment. Some-

smelters use a roasting process, which. -

results in additional sources of arsenic
exposure during roasting and during
-transfer of the hot roasted material

(calcine). Some of the recently mod-

ernized or new:smelters make use of
processes such as the Noranda Process
or electric smelting which reduce the
number of sources of exposures or
make the control of such emissions
less difficult. Exposures are also af-
fected by the uniformity of the arsenic
content. A uniform feed usually re-

sults in a smelting process which is

easier to control and this tends to
make it easier to control emissions.

There is a substantial body of evi-
dence on the record to aid in analyzing
feasibility in copper smelters. In addi-
tion to the DB, IHEA, AY, and McKee
studies mentioned above, fairly exten-
sive exposure data is available in Ex-
hibits 6, 7, 12, 284, 29G, 31C, and 188.
Further, Burton of DBA, Caplan of
IHEA, and Brazie of AY specifically
addressed these points in their testi-
mony.

The Arthur Young, Inc. analysis in-
dicated that the 4 ug/m?level could be
achieved with engineering controls
and - extensive use of. respirators at
Tacoma, moderate use of respirators
in smelters which they grouped into
categories 2 and 3, very limited use of
respirators in category 4 smelters and
essentially without respirators in ecate-
gory 5 and 6 smelters. Sometimes they
gave specific estimates of the number
of employees required to wear respira-
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tors.. In other instances their estimate
can be approximately computed by di-
viding $4,000 into their estlmate of
respirator annual costs.

Brazie of AY also pointed out that in
those smelters with low levels of ar-
senic in the material stream, very low
levels . of exposure can be achieved
- solely ‘be engineering and work prac-
" tice controls (STR 120). The details of
the AY analysis can be found in Ex-
hibits 148A and 173A. Their smelter
categories are listed on page 2 of Ex-
hibit 143A.

Caplan, an ASARCO witness, indi-
cated the difficulties in achieving 50
pg/m? for the Tacoma smelter with
engineering controls alone and stated
that extensive use of respirators would
be needed to reach a 4 pg/m?3 level
there and at the El Paso smelter. He
also discusSed generally the difficulty

-of reducing exposures to 50 pg/m? in

uranium processing and eompared this
to copper smelters. At various places
he seemed to imply that these difficul-
ties could apply to copper smelting
generally.

It is accepted that at Tacoma engi-
neering controls in 2 number of places
(though not all) will have difficulty re-

ducing exposures below 50 pg/m?> It is

also accepted that in large scale, high-
temperature, heavy-industry process-
es, reducing exposure levels below 50
pg/m?® may be difficult for substances
which are present in relatively high
percentage in the material streams.
This analysis is clearly applicable to

_Tacoma with 5 percent arsenic in the

concentrate feed. But Caplan’s analy-
sis has only very limited applicability

in smelters with approximately 1 per-

cent arsenic in the feed and is not ap-
plicable at all to smelters with feed
typically ranging from 0.1 percent to
.001 percent arsenic, where the large

“majority of exposure levels are already

lower than 50 pg/m® and still further
reductions are clearly achievable.
Caplan himself has stated (ATR, p.
1310) that lower levels are achievable
when toxic substances are present as
only a small fraction of the material
stream. Further this report did not
cover-in detail those smelters with
lower percentages of arsenic in the
feed, nor did it take into account the
existing lower levels of exposure (see
Ex. 12 for example) for many employ-
ees. :

Burton of D. B. Associates did not -
make specific. judgments as to levels .
achievable but did make predictions as

* "to whether there was a good, fair, or

poor chance of reaching a 4 pg/m?*
level with engineering controls alone
at various locations in the three smelt-
ers he studied. Generally his analyses -
indicated a greater likelihood of reach-
ing a 4 pg/m? level through engineer-
ing controls alone than Caplan’s a.nal
ysis.

Burton also testified as to general
degree reduction in exposure achiev-
able through engineering controls. He
stated that as a rule of thumb, 95 to 99
percent reduction in the concentration
of an azir contaminant is possible for
emissions from definable . sources,
while 80 percent reduction in emis-
sions may be achieved when more
sources and more ill-defined sources

o



are added (STR 278). Giver; the age of

most smelter facilities, and the num-

bers of the major emission sources,

‘OSHA believes it prudent to utilize

* .Burton’s lower estimate of the effec-
- tiveness of engineering controls. It
should be noted, however, that as
" smelters are modernized and newer
more continuous processes are adopt-
ed, engineering controls should suc-
ceed in reducing exposures to lower
levels. T L

- In some operations the 80 percent
reduction. will be’ achieved, and in
others it will not. It is not possible to
pbredict the exact degree of improve-
ment to be obtained from engineering

""" controls until they are actually imple-
- mented. Further, the degree of addi-

tional control possible depends on how
- extensive existing controls ave.

. Applying the above testimony and
principles to the data presented in the
record, the Tacoma smelter will re-

- quire extensive respirator use at the-
- 19 pg/m? level. Because of that, a spe- -

cific compliance strategy is discussed
below which will’ alleviate the hard-
ships of ' wearing - respirators ‘and

reduce as much as possible full time

use of respirators. i :
At the ASARCO El Paso smelter, a
substantial number of employees are.
exposed in the range of 50 ug/m?3(Ex.
28G, App. 3). Applying Burton’s esti-

mate of 80 percent reduction in expo-::

sure, a significant number of those
employees in this range will have their
exposures reduced to- 10 pg/m3% Em-
ployees in this group whose exposures
- are not reduced below 10 pg/ms3
through engineering controls still may
have - their exposures reduced suffi-
ciently low so that in conjunction with
clean rooms respirator use will be lim-
ited. Engineering controls alone are
- not anticipated to reduce exposures to
10 pug/m? for those employees working
in the high exposure areas such as the
roasters and reverberatory furnaces
where existing exposures are some-

times as high as several hundred mi-
crograms per cubic meter. Therefore

respirator use will be necessary. to
reduce exposures to 10 ug/m* level for
the limited number  of employees
working in these areas. As discussed in
the Tacoma section full time use of
respirators can be avoided even for
many of these employees. Much smelt-
er work is of an intermittent or watch-

ing nature so employees can go into.

clean rooms or filtered air pulpits
during part of the day and be protect-
ed without wearing respirators.

Arthur Young estimated that 70 em-
ployees would need to wear respirators
at the 4 pg/m? level at El Paso, Utiliz-
ing - Burton’s 80 percent analysis,
OSHA believes that the 70 number
. might be on the low side at 4 pg/m3

proposed level but that it may be a

reasonable estimate at the 10 pg/m?
level set by this standard. It is possible
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that the number will be higher than
this. See the economic considerations
section for a discussion of ASARCO's
estimate of respirator use at the 4 ug/
m? level which is not broken down by
facility. .

It is accepted that it is 2 major engi-
neering task to accomplish these goals
at El Paso. But installation of the en~
gineering controls discussed in the AY
and IHEA studies will substantially
reduce exposure levels.

At the Anaconda smelter many ex-

- posure emissions from the traditional

copper - smelting technology have
ranged between 10 pg/m?® and 50 pg/
m* with a few somewhat higher (Ex.

28, p. 165). Applying the above princi-

ples to these exposures, 10 pg/m?

would be a challenging engineering

task which should be achieved a sig-

nificant percentage of time with engi-

neering controls and work practices
elone. Some employees will need to
wear respirators to achieve 10 pg/m?
The same principles discussed for El

- Paso will limit respirators use to part-
. time for most employees who need to

use them. The difficulty in achieving

10 pg/m? may be lessened due to the
installation of the electric furnace, al-

though that may not reduce the prob-
lems in the converter aisle where ex-

posures average approximately 46 pg/.

m?3, . :
The Kennecott-Garfield smelter is

" being vompletely rebuilt utilizing the

Noranda Process. Accordingly, a feasi-
bility analysis of the new. smelter is
difficult. But, based on the fact that

‘arsenic in the feed is between the

levels existing at Anaconda and Kl
Paso on the one hand and ASARCO-
Hayden on the other, and the limited
exposure data supplied by Kennecott
in higher exposure process areas, the
problems of compliance should be less
than those at Anaconda and ¥l Paso.

- The new Kennecott smelter's continu-

ous and more enclosed process should
improve conditions as well,
At the ASARCO-Hayden smelter

many exposures are in the 10 ug/m?3 .

range such as at the converter aisle
and acid plant (Ex. 294, App. 4). How-
ever, exposures in the reverberatory
furnace area are in the 100-200 pg/m3

‘range and are approximately 75 pg/m?

by the roasters. The 10 pg/m® will be
achievable for-the employees in the
low exposures area with engineering
controls and will require some respira-
tor use for employees exposed in the
higher range. AY estimated that 45
employees would need to wear respira-
tors at a 4 pg/m? level. The ASARCO
data is discussed in economie consider-

. ations.

Arthur Young used Hayden as the
basis for its analysis for the four other
smelters in Group 4. However, it is
quite possible that AY has underesti-
mated the success that engineering
controls will have in achieving the per-

19603

missible exposure limit at those four
smelters and that even the limited use .
of respirators which AY estimated at
those smelters is an over estimate. In
addition to the increase in the permis<

< sible exposure level, those four smelt-

ers have much lower levels of arsenic

in their feed than ASARCO-Hayden -

ranging from .015 percent to .002 per-
cent in comparison to the .04 percent
at Hayden. Therefore, thiough there is
little exposure data supplied by those
smelters, it seems likely that they will
find it easier to -comply . than
ASARCO-Hayden. : ‘ : :
"~ On the other hand, Arthur Young.

may have placed Phelps-Dodge's .~ -

Douglas smelier in too low a group.

The level of arsenie in its feed is .

higher than at other smelters in
Groups 4 and 5. Exposure data in Ex-
hibit 12 indicates that most exposures
are near 10 pg/m? However, a few ex-
posures readings are beiween 10 and -
80 pg/m? . PN . :

In all the remaining smeliers most

exposures are quite low and concen- .

trate levels are less than 5.02 percent.
Those smelters can clearly meet the
the 10 pg/m?® level in virtually all of
the places most of the time. Arthur
Young estimhated that very few if any
of the employees at those smelters (in
Groups 5 and 6) would need to wear
respirators on a regular basis in these =

smelters at a 4 pg/mdlevel, - .ol

In summary, the three expert wit- .

nesses, Caplan, Burtors - and Arthur
Young agreed that 2 4 »¢ 'm?level was
technically achievable with cngineer-
ing and work practice voriirols and res-
pirators use, though varving on the
extent of their estimates of respirator -
use. However, the 10 ug/m?* level com- -

~ ports more clearly with the concept of

technical feasibility, especially in the
smelter environment. It provides a

- very high degree of protection with

less extensive respirator use. Certainly
a higher number would give less pro-
tection and lead to less respirator use.
A lower number pdssibly might pro-
vide more -protection -and certainly
would substantially increase respirator
usage. . ‘

The 10 pg/m? level is achievable at
11 of the smelters with engineering
and work practices and only very lim-
ited use of respirators. Limited use of

respirators” will - be needed at the -

ASARCO-Hayden smelter, moderate
use at the El Paso smeiter and Ana-
conda smelters, and the Kennecott -
Garfield smelter will probably fz2il in
between the two groups in terms of
respirator use. The Tacoma smelter
will require extensive respirator use
and an appropriate compliance strate-
gy to mitigate the problems created is
discussed below. - '
Exhibit 5G contains a discussion of
new technologies which may become
available in the future. These, because

-.of their more enclosed and continuous
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nature or because of their use of
newer technology will ultimately lead
to still - lower exposures. However,
those technologies (some of which are
unproven) commonly require building
a new smelter which may cost in the
$150 to $250 million range. Since these
new technologies are generally not yet
looming on the horizon, the feasibility
analysis has not been based on them.

‘The Arthur Young study (Ex. 148A)
also considered other affected indus-
try groups. However, those industries
which are covered by this final stand-
ard did not specifically submit any de-

tailed studies themselves though they .

,ma,de 3 few comments. .- .

~AY estimates the 4 p,g'/m‘" was
achievable with engineering and work
practice controls alone in zinc smelt-
ers. Arthur Young and Arthur D.

= Little (Ex. 111-7, p. 37) clearly consid-

ered the 4 pg/m? level feasible at pri-

mary lead smelters though it is un-’

clear to what extent hmited respxrator

use might be needed,

+ - Arthur Young estima.ted that the
glm, and desiccant manufacturer in-

dustries could achieve 4 ug/m?® with

engineering controls alone. They esti-
mated that the herbicide and pesticide
manufacturers, ' wood preservative
- manufacturers and lead arsenical in-

dustry could achieve 50 ug/m? with en-.

gineering controis alone but would re-
- quire some respirator use to achieve 4

pg/m’ As the former two industries

are chemieal industries where enclosed

processes can often be utilized, OSHA
_ believes that the 10 ug/m? level can be
achieved without respirator use. There
may be limited use of respirators
needed at the 10 pg/m?® level in the
lead arsenical segment.

In conclusion, the 10 pg/m? exposure ’

Ievel is the lowest feasible level for ex-
posure . to inorganic arsenic.. It mini-

mizes, to the maximum extent feasi-

ble, excess lung cancer deaths result-
ing from exposure to inorganic ar-

through engineering and work prac-
tice controls, Limited respirator use
will be needed to achieve the limit in
some locations in some facilities, and
one facility will require extensive res-
pirator usage. The absolute degree of
control of work exposure will be_cer-
tain only after inplementation of engi-

It. is - achievable  generally.
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What is clear is this standard will pro-
vide significant protection of workers
from arsenic-induced lung cancer.

VI. EconoMIiCc CONSIDERATIONS

In setting standards for toxic sub-
stances, the Secretary is required by
section 6(bX5) of the Act to give due
regard to the guestion of feasibility.
Section’ 6(b)(5) mandates that final
standards be set which most adequate-
ly assure employee safety and health
“to the extent feasible, on the basis of
the best availablé evidence” and fur-
ther requires that, in the development
of - occupational safety and health
standards, “considerations shall be the
latest available scientific data in the
field, the feasibility of the standards,
and experience gained under this and
other health and safety laws.”

-While the precise meaning of feasi-
bility is not clear from the Act, it is
OSHA’s view that the term may in-
clude the economic ramifications of re-

- quirements imposed by standards. The

determination that OSHA has the au-

thority to consider economic feasibil-.

ity factors in developing standards has
been endorsed by the courts. Industri-
al Union Dept., AFL-CIO v. Hodgson,

T 499 F. 2d 467 (C.AD.C., 1974); AFL-

CIO v. Brennan, 530 F. 2d 109 (C.A. 3,

. 1975); American Iron & Steel Inst v.

OSHA, No. 76-2358 (3rd Cir., 3/28/78).
As pointed out by the D.C. Court of
Appeals, Congress did not intend the
Secretary - to - promulgate standards

- which drive entire industries or large

numbers of employers out of business.
On the other hand, “standards may be
‘economically feasible even though,
from the standpoint of employers,
they are financially burdensome and
affect profit margins adversely”. Fur-
ther, the Court szid, the concepi of
economic  feasibility does not “neces-

. sarily guarantee the: continued exis-
- tence of individual employers.” Indus-

trial Union Dept.,, AFL-CIO V. Hodg-
son, supra, at page 478. In accordance
with the Secretary’s position, it has
been OSHA’s practice to analyze the
economic impact of proposed stand-
ards where significant impact on em-
ployers covered by the proposals seem
likely. OSHA then makes, such analy-
ses available to affected parties for
comment and subsequent hearing

‘vites the submission of other informa-~

tion on the economiec impact and feasi-
bility of proposed standards. In devel-
oping a final standard OSHA evalu-
ates the economic impact of the final
standard on the basis of the entire ru-
lemaking record, including the infor-
mation developed by its own studies of
the proposal and submissions by the
public. On the basis of the best availa-
ble evidence, therefore, OSHA has de-
termined, as explained in detail below,
that the permanent standard is eco-
nomically feasible.

A number of studies were done of
economic - considerations resulting
from an arsenic, standard. The-Arthur
Young study (Ex. 135A) contracted for -
by OSHA considered economic factors
for all affected industries. Other stud-
ies submitted concentrated on the
copper smeliing industry. These are
listed in section V of this preambile. In
addition the matter was specifically
eonsidered in testimony at the heazs'
ings.

< The copper smelting industry is th.e

most affected industry. Table 2 sum-
marizes the Arthur Young and indus-
try cost estimates for a 4 pg/m? level
and Arthur Young’s estimates for a 50
pg/m3 level. However more than half
of the industry’s total cost estimate -
was comprised of hypothesized worker
rotation costs for Anaconda and Ken-
necott. The - industry hypothesized

that the OSHA proposal reqguired that
industry use employee rotation, rather

~than respiratory. protection, if engi.

neering controls and work practices
were - sufficient by themselves to
achieve the proposed 4 ug/m3 expo-
sure level. Although it is true that
Arthur Young's cost estimates in-
cludes in a few .instances a limited
amount of worker rotation, the pro-
posal does not contain any language
specifying worker rotation. Iike the
proposal, the final standard contains
no requirement that worker rotation
be used rather than respiratory pro-
tection. when ' engineering and work
practice controls do not succeed in
reaching the permissible exposure
limit (sometimes referred to in this
document as the PEL or TWA limit).
Therefore OSHA does not consider it
appropriate to include worker rotation

costs and Table 2 also presents the in-
dustry estimate adjusted to exclude

neering  and work practice ‘controls. prior to issuance of final rules, and in-. worker rotation costs.
TasLe 2.—Cost of compliance for copper gmeliers
- [Millions of dollars]}
50 pg/m>s 4 pz/m?

Bource of estimate Capital Annual Annusiized Capital Annual Annusalized
AY (Ex. 135A) 85.9 - 6.2 23.5. 103.9 RS & - B 320
Industry (Exs. 156a, 111-7) 224.2 153.7 198.3
Industry adjusted 224.2 49.6 247
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Annual costs include the additional
costs resulting from the standard for

* fuel, medical examinations, monitor-

“overall industry cost figure includes
costs of compliance for some of their

ing, maintenance, etc., as well as po-
tential loss of efficiency through respi-
rator use. Annualized capital costs are
20_ percent of initial capital costs.
These are then added to annual costs
to derive annualized costs. - -

The industry cost figures cited in
‘Table 2 do not include costs for four of

the 16 U.S. primary copper smelters

which are not owned by the four
major companies. The Arthur Young
estimate includes costs for all 16 U.S.
primary = copper . smelters. The
ASARCO estimates, included in the

non-copper operations as well as their
copper smelters and thus to that
extent the industry figure overstates
costs which are attributable to copper

smelting alone.

- OSHA believes that at the 10 pg/m® .
level the adjusted industry cost esti-
", mates are too high. Respirator costs

will be reduced substantially from the
4 pg/m® level because engineering con-

trols will succeed in reaching the 10"

pg/m?® level more frequently. There
will be a limited reduction in the cost
of engineering controls at the 10 ug/
m?* level at Kennecott and Phelps-

- Dodge. The Phelps-Dodge capital costs

estimate of $80 million, supported by

. no underlying data, seeri, much too

}

high relative to other industry esti-

- mates. They had originally estimated

$22 million (Ex. 12). Kennecott, with
higher exposures and a larger scale of
operation, estimated capital costs at
$28.5 million. ) 5
Kennecott’s estimate of $9.9 million
in annual energy costs.to reheat stack
gasses is unsubstantiated. Anaconda’s
estimate of $30 cfm estimate for venti-
lation ~ controls - is - approximately

double other estimates used for venti-

lation controls on the record (Ex. 29
m, Ex. 148A). : .

‘The ASARCO cost estimate includes
annual costs of $10.57 million for loss
of efficiency from respirator use and
$231 million for respirator expenses at
the 4 ug/m?* level. These figures are
based on approximately 900 employees
at Tacoma and approximately 2000

. employees at other ASARCO facilities

wearing respirators full time. Loss of

- efficiency through respirator use is

computed by ASARCO at 20 percent
or $3600 per man year. Respirator
costs are estimated at approximately
$800 per man year. )
OSHA believes these ASARCO fig-

- ures are substantial over-estimates at

the 10 pg/m? level.- As analyzed in
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detail below, in the Tacoma.,section,’
ASARCO’s estimate of employees on
respirators . at Tacoma is probably

~double the correct figure and the 20

percent estimate of loss of efficiency
for respirator use is probably more

~than double the correct estimate,

Therefore - the loss. of - efficiency
through respirator use at Tacoma is
probably more than $2.43 million too
high. .

OSHA believes that substantially

.fewer than 2,000 employees will need
-to wear respirators full time at non-

Tacoma ASARCO facilities at the 10
pg/m?® level. ADL does riot make clear
how. this figure is derived, but it ap-

pears to be based -on all.production:
employees at El Paso, Hayden, East-
" Helena and possibly other ASARCO

facilities wearing respirators at the 4
pg/m? level. Howaver ASARCO Exhib.

it 290G indicates that many employees

at those locstions (except EI Paso)
have exposures already. below 10 ug/
m?®and other are exposed at levels suf-

“ficiently close to 10 ug/m®so that en-

gineering - controls ‘will in many in-
stances succeed in reducing exposures
below 10 pg/m> In any event full time
use of respirators by many of these
employees is not likely to be neces-
sary. :

Further David Burton and AY esti-
mated that approximately 50 employ-
ees would need to wear respirators at
Hayden at the ¢4 pg/m? level. (Ex. 18,
p. 67, Ex. 173A). Arthur Young esti-
mated that approximately 76 employ-
ees at El Paso will need to wear respi-
rators full time at the 4 pg/m?® level
(Ex. 173A). These estimates would in-
dicate much lower respirator use than
the ADL estimate at 4 pg/m?

Based on the change to the 10 pg/ms3
level, existing exposure levels, the ef-
fectiveness of engineering controls and
estimates of other experts, OSHA be-
lieves that fewer than 500 employees
will be wearing respirators at ASAR-
CO’s non-Tacoma facilities. Further as
discussed below in the Tacoma section,
the 20 percent figure for loss efficien-

cy through respirator use is too high

and 10 percent may be & more reason-
able high side estimate. Therefore the
ASARCO estimate of $8.86 million in
total respirator expenses at non-
Tacoma facilities ($7.33 million loss of
efficiency plus $1.54 miltion respirator
costs) is probably overstated by a
factor of seven-eighths. In any event,

- full time use of respirators by many of

these employees is not likely to be nec-
essary. However to be certain that res-
pirator costs are not underestimated,
it will be assumed for purposes of this

. analysis that these respirator costs ars

- million-leaves a balance of
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overestimated - by three—quarter' or
$6.65 million. Therefore the total -

~ASARCO estimate for respirator ex-

penses is overestimated at least $9 mil-
lion: per year at the 10 pg/m3 level
($2.43 million overestimate at Tacoma
and $6.65 million non-Tacoma). The -
ASARCO capital cost figure will also
be reduced in the short and middle

term by the likelihood of less capital

investment at Tacoma as discussed

below. In the longer term that invest- .
ment will be necessary. . T

.-~ The above  overestimates come to-

$32.1 million per year In annualized
costs. Subtracting the overestimates
from the industry estimate of $94.7

; } $62.6 mil- -
lion in annualized costs. The computa-
tions to derive the $32.1 million figure
are as follows: Capital costs at Phelps
Dodge should be no more than the .
Kemnecott estimate of * $38 million,

- saving $52 million In capital vosts from.

the Phelps Dodge $80 million estimate
or $10.4 million.in annualized costs, .

Even the $28 million figure is likely to

be an overestimate for Phelps Dodge *
sinice Exhibit 12 indicates that existing -
exposures - are ‘low. Caplan, ‘an
ASARCO -witness estimated $16 per
CFM for difficult ventilation jobs. Ap-
plying that figure to the Anaconda es-
timate of ‘1 million CFM results in -
costs of $16 million rather than the
$30 million Anaconda estimate. This
saves -$14 million in capital costs ‘or
$2.8 million in annualized costs.
Arthur Young believed the $30 CFM
figure was too high but nonetheless
utilized it in their analysis. They be-
lieved the capacity required was over-
estimated as well. Also subtracted are
$9 million in excess respirator costs at

. ASARCO and $9.9 million in excess

fuel cost at Kennecott.
(10.4+2.84+9.04+9.9=$32.1 million in
overestimates), o
Changes in the standard from the
proposal will also result in substantial -
cost savings from.the industry esti-

- mates. Monitoring costs will be re- .

duced by approximately two-thirds
due to the reduction in monitoring fre.
quency. Medical, laundering and hy- .
glene costs will alsoc be reduced signifi- -
cantly by the change in the definition
of covered employees and the reduc-
tion in laundering frequency. These
savings have not been subtracted from
the various estimates. ‘ .

It also should be noted that both in-
dustry and Arthur Young figures are
based on a 20 percent factor covering
interest and depreciation to annualize
capital costs. A figure commonly used
in othér OSHA proceedings has been
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15 percent. To the extent that the 15
percent figure is more realistic, all of
the estimates have exaggerated the
annualized cost figures.

The Arthur Young cost estimates
are reasonably detailed and based to a

substantial extent on detailed underly-

ing data. Caplan of IHEA testified
that AY did not always give sufficient
reasons when choosing the DBA
report as the basis for estimates
rather than selecting the IHEA esti-
mates. (STR p. 629.) Nonetheless, the
choice was made by qualified persons
- and general considerations and some-
times specific reasons were given in
Exhibits 148A and 173A. The DBA

costs, when chosen, were detailed and

made by a qualified expert. DBA esti-
mates were adjusted by AY to fully ac-
count for overhead costs.

Some of the AY costs based on DBA
estimates may be too low. For exam-
ple, in OSHA'’s experience the esti-
mate of $5,350 for enclosing, filtering,
and air conditioning an overhead
crane (EX. 148A, p. 8) may be too low.
Also, the AY computation of costs. for

. Phelps-Dodge smelters may be too low
_ ‘based on exposure levels at the Doug-

las smelter and interpolation of AY
cost data. These underestimates are at
least in part compensated for by the
lessening of costs'at the 10 pg/m? level
from the 4 pg/m? level.

It therefore appears to OSHA tha.t
the AY 4 pg/m? estimate is a reason-
able estimate at the 10 pg/m® level. It
also appears that the industries ad-
justed figure for the 4 pg/m? level is
high at a 10 ug/m? level, though an es-
timate in between those two figures of
approximately $63 million would also
be a reasonable high-side estimate.

_The adjusted industry figure with
some of the probable overestimates
substracted would come out fto ap-
proximately $63 million in annualized
costs.

The smelters not included in the in-
dustry compilation will probably have
costs in the lower range in comparison
with other smelters at the 10 ug/m?
level since exposures - are already‘ in
the lower range. In addition, it is not
unreasonable to assume that as they

did nbot actively participate in the

hearing process, they did not believe it
difficult to comply. It also should be
noted that the profit figures used
below do not include profits for.the
other smelters and therefore under-
state industry profits.

In considering economic impact, it is
inappropriate to assume that the in-
dustry will have to absorb all these
costs. Some-of the increased costs will
be offset by increases in smelting
charges. Since the early 1970’s smelt-
ing charges have risen from about 6
cents to 12 cents per pound of copper
and combined smelting and refining
charges have increased from about 10
cents to 20 cents per pound in re-
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sponse to higher energy, environmen-
tal and other costs. (Ex. 111-7, p. 24—
25.) Also ASARCO has successfully in-
creased smelting charges to independ-
ent mines to assist in offsetting costs
of environmental controls. (STR. pp.
457-458.) Notes 1 and 6 of the 1975
ASARCO Annual Report indicate that
ASARCO has been receiving approxi-
mately $12 million per year in environ-
mental surcharges.

A. D. Little suggested that those
costs of controls which affected most
smelters can be passed on to consum-
ers by smelting operations without dis-
ruption in. time of “normal” copper
prices. (Smelting charges are normally
assumed by copper analysts to be paid
by the mine which takes the gains and
losses from rises and falls in copper
prices.) ADL estimated that 2 cents
per pound of copper could be passed

"along. (Ex. 111-7, pp. 35-37.) Arthur

Young estimated that there would
only be a “negligible” increase in
copper prices based on the low impact
of the proposal on some smelters,

ADL’s estimate that there is a surplus :

of smelting capacity abroad, and that
their study was directed at long-term
impacts. (Ex. 135, p. VIi-10, Ex. 184.)

A 2 cent increase in smelting charges

"would result in increased revenue to

smelters of $60 million per year and a

.1 cent increase of $30 million per year

based on a typical figure of 1.5 million
tons of copper smelted per year in the
U.S. In view of past increases in smelt-
ing charges to cover increased costs,
OSHA believes some pari of the in-
creased costs of the regulations can be

‘recovered by the smelters in increased

smelting charges to mitigate the
impact of the cost of arsenic controis.
There are costs in shipping copper
from overseas and some overseas
smelters are also facing increased envi-
ronmental costs. Therefore despite a
possible surplus of overseas capacity,
OSHA believes that a part of the cost
increases can be recovered in increased
smelting charges.

The average annual prefax prohts

. over the 10 year period 1986-1975 for

the four largest copper smelting com-
panies total $525 million excluding ex-
traordinary items (Standard and
Poors). Industry profits need to be av-
eraged over a period of time because
of their historically large fluctuations.
It is appropriate to compare costs
against pretax profits since depreci-
ation and interest are tax deductible.
(Such a comparison may still overstate
the impact of the costs becatise there
is a tax credit for capital investment
that would have the effect of reducing
net capital outlays.)

Using the industry’s adjusted esti-
mate of costs of $94.7 million and a
low estimate at increased smelting

‘charges of 1 cent per pound ($30 mil-

lion), the copper smelting industry
would be left to absorb $64.7 million of

costs, or 12.3 percent of average pre-
tax profits. As discussed above, that-
percentage is probably too high at a 10
pe/m? level bécause the $94.7 million
cost figure appears to be too high.
Using-the AY figure of $32 million in
costs and the 1 cent per pound in-
crease in revenues, the costs to be ab-
sorbed by the industry would be a neg-
ligible $2 million. This net figure is
probably low. At the $32 million cost
figure only a lower increase in smelt-
ing charges would probably be passed
on because of the different cost im-
pacts of the standard on diiferent
smelters. : :

An mtermedxate ana.lysis would be to
consider costs at the 10 pg/m? level as
midway between the AY and industry
adjusted estimate or $63 million. With
increased smelting charges of 1 cent
per pound this would result in the in.

dustry absorbing $33 million in in- - -
creased costs, or 6.3 percent of hlstori« B

cal pretax profits. R

It would appear to OSHA that these
percentages indicate that the cost of
the arsenic standard is well within the
economic capabilities of the copper
smelting and refining industry as a
whole. It is true that the copper smelt-
ing irMdustry is also being required to
spend substantial sums on environ-
mental controls. However, no wit- .
nesses have {estified that costs of this -
magnitude would be infeasible for the
copper smelting industry as & whole.

This conclusion is consistent with
the conclusions of A. D. Little, ASAR-
CO’s witness, that the cost to the
copper and lead smelting industries
can -be passed on without any major
dislocations except in times of abnor-
mally Iow metal prices (Ex. 111-7, p.
37). They believed the exception to
this was the addifional compliance
costs to ASARCO at their Tacoma and
El Paso facilities over and above the
level of costs at other smelters.

OSHA is aware that subsequent to
the close of the record in this rule-
making, that copper prices have been
very low and some copper companies
have been in a loss position on their
copper operations. It is also true that
subsequent to the close of the record
Kennecott received a very large sum in
cash from the sale of Peabody Coal
Co., Anaconda was purchased by At-
lantic-Richfield and Bendix has invest-
ed in ASARCO. The Financial Press
has speculated about high copper
prices in the 1980’s. :

OSHA has not considered these fac-
tors in its analysis. However at the
compliance level, feasible compliance
plans are worked out for specific facili- -
ties. To the extent that a specific com-
pany can prove that serious economic
feasibility  difficulties exist, the com-
pliance plan can be adjusted o include
a more extended period for the instal-
lation of required engineering controls
with more extensive use of respirators
in the short term.




. . S

It is not apprépriate to reopen the
record each time the state of the econ-
- omy or the price of a specific commod-

ity changes. These fluctuations are
frequent and it would become difficult
ever to close a record and issue a final
standard. In consequence  needed
health protection for employees would
_be further delayed. Such changes are
“better addressed at the compliance
jevel where more detailed information
- i{s available. See Atlantic and Gulf Ste-
vedores v. OSHA, 534 F. 2d 541 (3rd
Cir. 1976). No party has petitioned to
reopen this proceeding. . . ..

[y

" Phe IIS estimated annualized costs -

to primary lead smelters of $9.3 mil-
lion and of $940,000 to zinc smelters at
a 4 pg/m?level. It found no economic
impact of sufficiently great magnitude
to create questions of economic feasi-
bility or supply problems. In addition

. 'no detailed . industry 'analyses were .
made indicating that any problems of

economic feasibility existed. )
 Economrc IMPACT—OTHER INDUSTRIES

" Interested parties in other industries

- did not bring to OSHA's attention
major problems of economic feasibil-
ity. The IIS estimated substantial ($30

million annualized) costs of compli-

ance »t the 4 ug/m? level in the glass
industry but did not indicate that dif-
. ficult - economic feasibility . questions
existed. The costs are distributed
broadly across a reasonably large in-
dustry. In addition arsenic use in glass
has been going down as substitutes
have been developed. Manufacturers
“are continuing to reduce the already
small percentage of arsenic in glass
‘and to develop complete substitutes
which will reduce the costs of compli-
ance. The costs will be further reduced
by the change to the 10 pg/m?level.
. The IIS estimates $6.7 million in an-
nualized costs for secondary lead
" smelters. It suggests that a few of the
smaller firms may have some difficul-
ty in raising capital to meet the costs
of . controls though no smeiters have
presented specific evidence on - this

point. This evidence indicates that the.

standard is feasible for the indusiry as
a whole. - -

The IIS estimates that annualized
costs of compliance were not over $1
million at the 4 pg/m? in any of the

other industries studied. Although the’

IIS suggests that one or two individual
plants may have difficulty in raising
capital, no specific evidence has been
presented to OSHA. In view of the rel-
atively small amounts involved at & 4
pe/m?3 level, no significant guestions of
economic feasibility appear to be pre-
sented for these industries as a whole
at a 10 pg/m?level.

- BENEFITS

The legislative history and language
of the Occupational Safety‘and Health

RULES AND REGULATIONS

Act, as distinguished from some other
- environmental and safety legislation,
-clearly indicate that Congress has al-
ready arrived at a judgment concern-
ing the balancing of cost and benefit,

with the result that worker safety and
health are to be heavily favored over
the economic burdens of compliance.
Specifically, Section 6(b)(5) of the Act
provides that: ) .

The Secretary, in promuigating sta.ndé.rds
dealing with toxic' materials or harmful
physical agents under this subsection, shall

- set the standard which most adequately as-

sures, to the extent feasible, on the basis of

<. the best available evidence; that no employ-".
- ee will suffer material impairment of health
or functional capacity even if such employ-

_ee has regular exposure to the hazard dealt -
with by such standard for the period of his -

working life.' Development - of  standards
under this subsection shall be based upon
research, demonstrations, experiments and
such other information 43 may be appropri-
ate. In addition to the attainment of the

highest degree of health and safety protec-
" tion for the employee, other considerations
" shall be the latest available scientitic data -

in the field, the feasibility of the standards,

and experience gained under this and other.
- health and safety laws. . o0 SR

‘Thus, while feasibility is an-appro-

priate consideration, the Secretary is .
" directed to set standards which attain

the “highest degree of health and
safety protection for _the employee

R IR Rl
.

- This does not mean, howéver, that a

systematic evaluation of costs and..

benefits is not to be encouraged within
the limits of the estimation tech-
niques. In considering the issue of fea-
sibility in this rulemaking, as -in
others, OSHA has carefully evaluated
the cost of compliance which may be
incurred by the directly affected em-
ployers and their ability to comply.

Additionally, OSHA believes thal a -

standard for a substance which has
been found to pose a cancer risk to
workers, in this case inorganic arsenic,
must assure maximurm benefit (ie.
prevention of serious illness or death),
constrained only by the limits of feasi-
bility. . :

There is general agreement that in-
organic . arsenic exposure causes
cancer. In spite of the certainty of this
conclusion, and that there is a reason-

able dose-response relationship for ex-

posures in the hundreds of micro-
grams per cubic meter, there does not

exist an adequate scientific basis for -

determining a quantitative dose-expo-
sure relationship at the lower levels of
exposures necessary to reduce the risk
as much as is feasible. The uncertainty

in both the actual magnitude of ex- .

pected deaths and in the theory of ex-
trapolation from existing data to the
exposure level set by this standard

places the estimation of benefits on

“the frontiers of scientific knowledge.”

While the actual estimation of the-

niumber of cancers to be prevented is

highly uncertain, the evidence indl- -
cates that the number is likely to be .

appreciable. A dose-response relation-
ship, that is a lower incidence of
excess risk at lower levels of exposure |
is likely to exist at lower as well as
higher levels of exposure to inorganic

" arsenic. Therefore reductions in expo- :
sure to lower levels is accompanied by~

a reduced risk, even though a precise

- quantitative relationship cannot be es-
~tablished. = Cee e
- The epidemiologic studies discussed

in the health effects section give an in-
dication of the magnitude of the . -
excess risk.which will be reduced by

this standard. For example, the excel- i
ient Lee and Fraumeni study consid- -

ered the employees: at one copper
smelter. This study indicated that over -
a 25 year period, there were 147 lung
cancer deaths where only 45 deaths
would be expected (Ex. 5D, Table 3, p.

1048). BExposures of groups of employ- -

ees showing excess risk were both

above and below the existing 500 ug/
m? limit. It is clear that the new stand- .

ard would contribute very substantial-

1y to reducing the 102 excess lung ...
. cancer deaths at that ‘one copper

smelter, In light of the uncertainties

in this area of scientific knowledge, o
OSHA believes that it is required by -

the statutory mandate to adopt &

“highly protective posture in consider-

ing the evidence for health Lenefits.

. We recognize that in view of the la~
tency period usually associated with =

the induction of cancer, significant re-
ductions in mortality may not be seen

for many years. However, unless expo--

sures are reduced now, OSHA believes :
that the mortality rate will not decline -
and employees exposed to inorganic
arsenic will continue to suffer excess

_mortality. « L
Based upon the foregoing and the
record as a whole, OSHA finds that

compliance with the standard is well
within the financial capability of the ..
covered . - industries.  Moreover, . al-

‘though the benefits of the standard

cannot rationally be guantified in dol-
lars, OSHA has given careful consider

- ation to the question of whether these

substantial costs are justified in light
of the hazards of exposure to inorgan-

. ic arsenic. OSHA concludes that these k
costs are necessary in order to effectu-

ate the statutory purpose of the Act
and to adequately protect employees
from the hazards of exposure to inor-
ganic arsenie. - o = S

In making judgments about specific
hazards, OSHA is given discretion
which - is essentially - legislative in
nature. In setting an exposure limit
for a substance like inorganie arsenic,
OSHA has concluded that it is inap-
propriate to substitute cost benefit cri-
teria for the legislatively determined
directive of protecting all exposed em-

ployees against material impairment o

of health or bodily function. Where
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the health effectiveness of alternative
approaches are extremely uncertain
and likely to vary from situation to sit-
uation, OSHA believes it is appropri-
ate to adopt the complianice strategy
which provides the greatest certainty

of worker protection even if the ap- -
proach carries with it greater econom-

ic burdens for the affected employers.
In the case of the inorganic arsenie
standard, the evidence in the record

indicates that the costs of compliance

are not overly burdensome to industry.
Having determined that the benefits
of the proposed standard are likely to

" be appreciable, OSHA is not obligated

“to carry out further exercises toward
more precise calculations of benefit

" which would not significantly clarify

the ultimate decision. Previous at-
tempts to guantify benefits as an aid
to decisionmaking in setting health
. standards have not proved fr\ntful (41
. FR46742).

Iumcrs ON ancx Iunms

Both the IS (Ex. 135, p. VI-5) and
. the Council on Wage and Price Stabil-
- ity (STR, pp. 845-6) estimate that the
overall impact on general price index-
es of the inorganic arsenic standard in-
dexes will be  “negligible.” Arsenic
products have a very small weight in

these indexes and even substantial in- -

creases in individual arsenicals would
have no significant impact. The likeli-
hood of a 50 percent increase in the
price of arsenic trioxide is discussed
below. But such an increase would
have very little impact on the prices of
finished chemicals,  cotton, or pre-
served wood because the cost of the ar-
senic trioxide is generally a small part
of the cost of the finished product.
- See the discussion in the Final EIS of
how even a 100 percent increase in the
cost of arsenic trioxide would only
have a negligible impact on the cost of
cotton production, the largest user,
This preamble utilizes a 1 cent per 1b
increase in the price of copper as a low
side estimate of the increase in price
of copper for purposes of estimating
impacts on copper smelters. ADIL origi-
nally suggested a 2 cent increase in
price. At the September 1978 hearing
they suggested the possibility of .ab
cent increase if the Tacoma smeélter
shut down. As discussed below OSHA
believes a compliance strategy exists
which will assist in maintaining the

continued viability - of the Tacoma.

smelter.
- OSHA does not believe that suffi-
- cient evidence has been introduced to
permit it to evaluate the validity of
ADL’s second prediction. No doubt a 5
cent increase in the price of copper is
not insignificant to copper users. How-
ever the market price frequently flue-
tuates by much greater amounts in
the course of a year. Such an increase

would still have a negligible impact on -

general price indexes, $150 million in a

’
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$1.5 trillion plus GNP. If it did occur,
it would interestingly make the copper
industry as a whole much more profit-
able and substantially improve its ca-
pabilities for paying for needed envi-
ronmental and occupatxonal safety
controls.

© THE Ansmuc MARKET

A, D, Little speculated that if
Tacoma closes, the other producers of
arsenic, Sweden, Mexico and South-
west Africa may form a cartel and
force up the price of arsenic (Ex. 1674,
p. II-16). Arthur Young points out
that their speculation is not “obvious”
though the IIS did not specifically
-consider this contentlon. (BEx, 184, p.
15) -

The comphance strategy suggested
for Tacoma will assist in maintaining
its continued viability, so the basis for
ADL’s speculation may not occur. In
any event OSHA believes the ADL
’suggestion is based on mere conjecture
- and is highly speculative. Further the
flue dusts of many copper smelters are
rich in arsenic and precious metals.
These dusts, which in some cases now
are stored, might very well become ad-
ditional sources of arsenic if pnce rela-
tionships were suitable.

THE ECONOMETRIC MODEL

- ‘The 115 includes an econometric
model. Arthur D. Little presented ex-
-tensive criticisms of the model (Ex.
167, 167A, 186, 190(3)). Arthur Young
responded to the criticisms in Ex.
173B and 184. OSHA has made its own
independent interpretation of econom-
ic considerations in this preamble
based on the data in the record.
Therefore, it has not found it neces-
sary.to attempt to resolve the differ-
ing views on the econometric model.

~ \VII. THE TaAcOMA SMELTER

The above analysis indicates that
the final arsenic standard is feasible
for the industries affected. However,
the record also indicates  that for
copper smelters the magnitude of the
task to achieve compliance will vary
substantially among the different fa-
cilities in the industry. As discussed
above, OSHA believes that it is inap-
propriate to make feasibility determi-
nations based on those few facilities
which have the most difficult compli-
ance problems. To do so would deny
-necessary and achievable health pro-
tection to the majority of employees
in facilities where a much lower level
can be achieved.

When there are some facilities
which cannot comply with the stand-
ard in the medium term using princi-
pally engineering controls, for techni-

cal reasons or because of serious eco-

nomic difficulties, then a more elabo-
rate compliance plan is required. Such
a plan is to achieve compliance with

’

the exposure limit in the near term
through a carefully planned mix of
feasible engineering controls, work
practices and personal - protective
equipment. The plan should set prior-
ities for the adaptation and installa-
tion of further engineering controls
which will be put in place as soon as
possible. It should also include strate-
gies for reducing the difficulties In
using personal protective equipment.
Normally, these situations will be
dealt with at the compliance level.
Considering the unusual circum-
stances at a few locations in a general
rulemaking hearing would excessively
lengthen the hearing with its many

" participants, and would reduce re-

sources available to respond to major
health questions with broad implica-
tions. Also solutions to the compliance
problems are best incorporated in the
compliance plan for a specific location
so they can be tailored to speciﬂc dﬂﬁ
culties. .

“However, a substantial’ amount of-

evidence has been placed on the

record in regard to the Tacoma smelt-

er of ASARCO, Inc. which has the

most difficult compliance problems.
OSHA has spent a substantial amount
of time analyzing those data and mem- -
bers of its standards staff have visited
the Tacoma smelter. Therefore, to
assist the compliance process to more
quickly and effectively reduce expo-
sure levels, the evidence is analyzed
here. This discussion will also provide -
useful information for other facilities.

The ouiline of a feasible compliance

plan is also described. Such a plan will
permit compliance with. the : final
standard including the 10 ug/m? level,
substantially reduce the elevated lung
cancer mortality reported among
workers at the Tacoma smelter and al-
leviate the hardships of respirator use. -
It will assist in maintaining the con.
tinuing viability of the Tacoma smelt-
er and the employment for iis ap-
proximately 1,000 employees. "
The details and changes based on
new evidence will be worked out at the
compliance  level where the maost
recent evidence will be available to
closely scrutinize compliance efforts
and capabilities. Also, & joint EPA and
OSHA study will be available which -
will integrate and set priorities for oc-
cupational and environmental health
controls. .
" The evidence mdmates that Tacoma
is principally a copper smelter and

-similar to the other 15 in the United

States. Like many of the others it is an
older facility which smelts copper
through a high temperature pyrome-
talurgical process involving the open
transference of molten and fuming
mineral complexes between and from
furnaces. The employees at Tacoma
carry out many tasks in a manner sim-
ilar to other copper smelters. Compli-
ance, as at other smellers, requires
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I hooding, and
- ventilation to the extent feasible at .

principally. enclosure,

“the various steps in the process. . - :

‘However, the record mdxcates that
the degree of difficulty to achieve
compliance is greater at Tacoma. Two

- reasons principally account for this.

Pirst, the level of arsenic in Tacoma’s
copper concentrate feed (4 to 5 per-
cent overail) is five times that at the
two smeliers with the next highest
levels of arsenic in their feed and.at
least 40 times greater than the other
smelters. Second, Tacoma is the only
domestic producer of arsenic-trioxide.
- Both Enowlton Caplan, expert wit-

_ness for ASARCO (EX. 29m, pp. 66-67;
S ATR--pe . 1314) - and  David - Burton,

expert witness for OSHA (Exs. 18, 150;
STR p. 279), suggested that in.a
number of areas at Tacoma, ventila-

tion and enclosure controls by them-

. selves would have a low probability of

reducing “exposures below 50 pg/m?3
Arthur Young did not specifically ex-
- press a judgment on this point, but did -
suggest that to reach a 4 ug/m? level,.

engineering controls would have to be

- coupled with substantial use of clean

rooms, respiratory proteetion a.nd
some worker rotation.

Arthur- Young estimated’ that t.he :

capital cost of all technically feasible
engineering controls at Tacoma would
" 'be $31 million and that the annualized

. cost would be $10 million at the 4 ug/
~m?3level. A, D. Little estimated eapital

costs at $41 million and annualized

cost at $16 million at that level. Costs

of all technically feasible engineering
controls would be similar at the 10 ug/
m3 and 4 ug/m?2 levels at Tacoma be-

. cause of the high current exposure .
7 levels. ASARCO stated that pretax

profits at Tacoma had averaged $1.9
million per year but supplied no un-
- derlying data (STR, p. 439). ASAR-

- CO’s pretax profits have averaged $92

million in the 10 year period 19661975

(Standard and Poors). As discussed

below, Tacoma is integrated into other-
ASARCO operations. This evidence in-.

dicates that part of the costs of con-
trols should be bome by ASARCO as 2
whole. ‘

The standard requlres that employ-.

ers install at the earliest possible time
but no later than December 31, 1979,
necessary engineering controls except
to the extent the employer can show
that those controls are not feasible.
‘Unless the evidence supplied by
- ASARCO does noft represent the cur-
rent circumstances, ASARCO may be
able to show that installing all of the
technically. feasible engineering con-
trols discussed in the IHEA, DBA and

Arthur Young studies are not feasible

in that period at Tacoma. In addition,
substantial respirator usage wiil be re-
quired.
If this is the case, the standard re-
guires ASARCO to develop a compli-
_ance plan for installing the most effec-

k tive feasible controls in the near term,

mitigate the difficulties of substantial

respirator use and provide a frame- -

work for complete compliance in the

-long term. ASARCO is obligated to in-

stall additional engmeering controls as

" they become feasible.:

The most effective types of engl-
neering controls to be installed by De-
cember 31, 1979, would include the fol-
lowing three types of controis. Con-
trols should be installed which would
most effectively reduce background
levels of arsenic contamination at the
smelter. This includes enclosure, hood-
ing, and._ventilating sources of arsenic

contamination which are currently un- °
controlled or only partially controlled.’

Possible examples are controls at the

-roaster flue cleanout and enclosure of
the fine ores bin. Other examples are:

hooding and veniilation of sources of

.arsenic emissions at the roaster, and

during charging and tapping at the re-

verberatory furnaces and convertors .

to the extent that current systems are
insufficient or incomplete. Also, some
steps in the arsenic-trioxide produec-
tion process are basically uncontrolied
at present ‘and reasonable controls
should be installed to' reduce back-
ground contamination. For example,
hand tools are used in the open to
“pull” (remove) arsenic-trioxide out of
the “kitchens” (condensers) with little
in the way of even basic forms of en-

-closure, ventilation or mechanization

leaving a visible residue of arsenic-tri-
oxide.

Lowering background arsenic levels
makes controls at other specific loca~
-tions easier to devise and reduces the
need for full time use of respirators. It

lessens respirator use in those areas of
the plant where lit{le arsenic is emit-
ted and where most exposure is from

background sources. Such controls by.

reducing fugitive arsenic emissions,
reduce the spread of arsenic outside of
the plant boundaries. They thereby

‘reduce potential exposure in the sur-

rounding community. These types of
engineering confrols must necessarily
be coupled with good housekeeping
practices such as promptly cleaning up
spills, cleaning larry car tops and fur-
nace doors for better seals, and clean-
ing of maintenance shops. A conscien-

-tiously carried out program of such’

practices can substantially reduce
background levels of arsenic.

Secondly, those engineering controls
which will reduce exposures below the
10 pg/m? limit for significant numbers
of employees should be installed. This
will eliminate the need for respxrator
usage in those locations.

Thirdly, filtered-air pulpits. and
clean rooms should be utilized where
appropriate. Many production jobs in
a smelter are of a tending or intermit-

tant nature. A clean room or filtered

air pulpit provides an environment
below the 10 pg/m? level, where the
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emplcyee can stay with his res;:irator; B

off in between tasks, or while monitor-

ing controls. As a result, the employ- =

ee's exposure is substantially reduced
without the full-time ‘use of respira-
tors.

Young emphasized the importance of

these controls, which are effective at o

moderate cost and which in OSHA's

experience are commonly used by in-

dustry. - Caplan testified that st
Tacoma, clean rooms might not suc-
ceed in reducing exposures to the 4

pg/m* because of high background = -

levels. OSHA believes that well de-
signed clean rooms will succeed .in‘

“keeping exposures below the 10 pg/m® .

level. Good. design includes adequate

filtration and vacuums for the employ- -

ee to dust himself off before entering.

- 'The above discussion is not intended -
to be determinative, but to provide

* general guidance. The specific plan for . = .=
setting installation priorities for engi- - -
neering controls needs to be worked ..

out at the compliance level where all * .-
necessary details ean be taken into ac-
count. It is clear that such a plan can -

be devised, Caplan testitied that he =

indeed - could develop a compliance
plan which would rationally set prior-
ities for the installation of engineering
controls, and that the study which he '

submitted to the record did mot do =

that (STR, pp. 642-643). Similarly, the
D.B. Associates study did not pricritize

controls, but Burton himself did indi- .
" cate the beginnings of a plan to do

that in his testimony (STR, pp. 270~
281). - ,

In conjunction with the installation o
of the most effective feasible engineer-

ing controls, substantial respirator use . -

will be necessary in-the medium term
to meet the 10 pg/m® exposure limit.

‘Therefore, the standard requires the ..
- complance plan to include provisions .-

for a respiratory profection program
designed t{o reduce the burden on the
eémployees of widespread respirator
use as well as sssuring the effective
use of respirators. -

The plan for engineering controls
discussed ' above is the first step in
such g respiratory protection program.,
It will provide a basis for reducing the
need  for full time respiratory use, -
Many employees will be able to spend
part of the day in c¢lean rooms and
pulpits where they may remove their -
respirators. Another part of the day,

the employee will have to wear a respi~ k

rator. However, properly fitted and se-
lected respirators in many circum- .
stances will reduce exposures substan-
tially under 10 pg/m?® That, in con-
junction with a general lowering of
background exposure levels, will
permit employees to spend part of the
day nolt wearing respirators cutside of
the clean room and still maintain 8
hour time weighted average under the
10 pg/m?limit set by the standard.
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The standard also requires quantita-
tive fit testing for facilities with wide-
spread respirator use. Such testing will
permit a more accurate assessment of
the degree of protection the respirator
is giving each employee. It will. also
permit determination of what part of
the day the employee may go without
weering his respirator, and still be
under the exposure limit.

The standard also gives the employ-
ees the option of wearing powered air
purifying respirators and requires em-
ployers to furnish them when request-
ed. Those respirators, as discussed

below, are often more comfortable for

the employee and can provide a higher
degree of protection than ‘negative
pressure respirators. In addition, the
process .of developing new and more
. comfortable forms of powered air puri-
¢ fying respirators continues. OSHA is
willing to consider granting experi-
mental variances or other appropriate
action to permit use of such respira-
tors or other respirators which  in-

crease comfort and reduce safety prob-

lems before certification by NIOSH is
granted, if quantitative fit tests indi-
cate they are providing proper protec-
tion in the Tacoma environment.

A compliance plan for Tacoma fol-
lowing the above outlines will mitigate
- the hardships of respirator use at
Tacoma. It will reduce the need to
wear respirators for the entire work
day and. will encourage the use of
more comfortable types of respirators.
It also will be beneficial to ASARCO

because the loss of efficiency through -

respiratory use is less when they need
not be worn all day and more comfort-
able types can be worn. It is recog-
nized that for some employees, such as
crane chasers, electronic communica-
tion equipment needs to be incorporat-
ed into the respirator to permit ade-
quate communication.

The feasible compliance plan for
Tacoma would not be appropriate in
most  other circumstances. As ex-
plained above, the substitution of res-
pirators for feasible engineering con-
trols is not acceptable because of the
difficulties in properly fitting and in-
suring that they are used. Moreover
many types of respirators are uncom-
fortable to wear, and it is inappropri-

ate to place the burden of compliance -~

on the employee when it is the em-
- ployer who has not removed toxic sub-
stances from the workplace.

Further a program of averaging ex-
posures with the respirator on and off
to prevent full time use is also not ac-
ceptable in most circumstances. It is
difficult to administer such a program,
enforce it and insure that employees
are not over exposed,

However Tacoma presents difficult

" circumstances. “There are - serious
health and feasibility problems. In
these limited circumstances, the above
program is appropriate despite its dif-
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ficulties. If carefully administered by
ASARCO, it will provide needed
health protection for the employees
and respond to the feasibility ques-
tions.

In the longer term installation of ad- -

ditional engineering controls, modern-
ization of the Tacoma facility and
technological development will reduce

- exposure levels. As this occurs less re-

lance on respiratory protectxon will be
needed.

‘The case of IUD v. Hodgson (supra)
suggests that consideration may be
given to setting a different exposure

level for different industries. Such a .

response does not seem - proper in
these circumstances, OSHA ‘does not
believe that the carcinogenic risk at
higher worker exposure levels is ac-
ceptable, and an approach is available
which can provide the Tacoma em-
ployees with the same level of protec-
tion as other employees, although in a
less satxsfa.ctory manner. In addition
Tacoma is primarily a*copper smelter
and does not constitute a separate in-
dustry.

The -rulemaking record includes
analyses of economic feasibility for
Tacoma by Arthur D. Little,” Inc.,
Arthur Young & Co., Dr. Arvil Adams,

and ASARCO management officials.

Based on this record OSHA believes
ASARCO is in position to spend a sub-

stantial capital sum towards the in-

stallation of effective engineering con-
trols and carry the provisions of the
compliance plan described.

Final determination of the most ef-

fective economically feasible schedule
for installation of engineering controls -
will be determined at the compliance

level. Latest information and internal
financial data will be available at that
stage. This information is discussed
here to assist in a more rapid determi-

nation at the compliance level 'and to.

give guidance to the parties.

Tacoma is integrated -into other
ASARCO operations as pointed out by
Strauss, ASARCO’s Executive Vice-
President (STR, p. 443) and by A. D.
Little, ASARCO’s own witness (Ex.
111-7, pp. 29-30). Although ASARCO
supplied little evidence upon which to
estimate the value of the services it
performs for other ASARCO facilities,
they involve treating $30 million in
metal values per year (Ex. 111-7, p.
30). ASARCO has stated it would in-
volve new capital expenditures to per-
form those services at its El Paso
smelter (STR. p. 443). On this basis
and because of the serious health

problems at Tacoms it is appropriate

that the initial capital investment for
engineering controls should be in
major part charged to ASARCO as a

- whole, and not specifically come only

from Tacoma resources.

ASARCO recently completed an $18°

million program for reduction of envi-
ronmental sulfur dioxide emissions at

' ) 3 T :

Tacoma. It has committed itself to .
spending $6 million for environmental
arsenic controls there, knewing about
the pendency of OSHA arsenic regula-

tions. The expenditure of sums in this - -

range will go a long way towards com- -
pleting, or complete by 1980 the instal-
lation of those most effective engi-

‘neering controls describes above. Ohvi-

ously ASARCO management has con-
sidered it economically feasible to
invest sums of this size in environmen- -
tal- controls in the recent past at
Tacoma. However, in view of the
severe health hazards, it is OSHA's

view that a substantial sum must be -
_invested in- engineering controls, no

matter- what the circumstances, in "
order to significantly reduce that -
hazard and indicate that a major

. effort to. reduce exposures is bemzv

made. -

In considering economie feasibﬂity
at Tacoma it is also necessary to take -
into: account additional revenues:
which will be generated at the smeilter '
as a result of this standard. As dis-
cussed above in the feasibility analysis -
for the copper smelting  industry,’
there will be conservatively an. addi-
tional 1¢ per pound in copper smelting

.charges as a result to the standard,

Based on approximately 75,000 tons of

copper per year smelted at Tacoma, s

this will come to $1.5 million in in—,,
creased revenues. -

In addition, as a result of this stang
ard Tacoma will receive increased rev- -
enues from the sale of arsenic-trioxide
over its arsenic-trioxide revenues at
the time this record was compiled.
Both Arthur Young and A. D, Little
analyzed the arsenic market at consid-

erable length in Exhibits 135A and

111-7. Arthur Young suggested that,
so long as Tacoma produced -arsenic,
prices would not increase significantly .
because of import competition. A. D,
Little suggested that ASARCO might
raise its arsenic-trioxide approximate-
ly 50 percent ($150 per ton) and still
sell its entire annual production
though not reduce its inventories ex-
isting at the time of the report. It is
OSHA’s understanding that Tacoma
arsenic inventories have been substan-
tially reduced and therefore pricing to
reduce inventories would not now be
necessary.

Foreign prices have in the last sever:
al years risen to levels higher than do-
mestic prices. The largest foreign pro-
ducer, Boliden in Sweden, may cur--
rently have less arsenic-trioxide to
sell; it’s inventories have shrunk with
the exhaustion of some of its sources -
of high arsenic concentrates. Foreign
arsenic-trioxide prices have increased
about 300-400 percent over the last
eight years. More recently domestic
prices have risen 200-300 percent and
domestic inventories have declined.
Foreign prices are now- greater than
domestic prices. Domestic consump-
tion has been maintained or increased.
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The cost of arsenic-trioxide is only a

small part of the cost of the finished
products in which it is used and for
some uses substitutes are less satisfac-
_ tory. (This aspect is discussed at great-
er length in the final EIS.) Based on.
‘this, many of the purchasers. of ar-
senic compounds should be able to
a2bsorb significantly increased prices
without reducing consumption sub-
stantially. .
.. A ‘B0 percent increase in arsenic
prices would increase Tacoma rev-
enues by approximately $1.5 million
per year based on 10,000 tons pro-
duced per year and a $300/ton price at
the time of this record. "It would
appear to OSHA that a price snd reve-

. ‘be quite possible in view of the recent

price history and other reasons dis.
cussed above, ) Tl e e :

This standard will therefore result
in additional smelting revenues of $1.5
million "and additional “arsenic rev-
enues of $1.5 million, or total in-
creased revenues of $3 million annual-
ly. ASARCO has stated that Tacoma
bretax profits averaged $1.9 million
and these two figures total $4.9 mil-
Hon. - > ) iy !

The  Arthur Young  estimate for
annual costs at the 4 pg/mS3 level is
$3.85 million. This number is based on

some assumptions based upon the pro-

visions of the proposal and not the
final standard. There will be a lower
level of operating costs initially as a
result of the immediate installation of

fewer engineering . controls. The in--

creased exposure limit will reduce res-
pirator use, but the installation of
fewer engineering. controls will in-
crease it. Hence the changes will, at
least in part, balance out, :

The ASARCO estimate for .annual
costs at Tacoma is summarized by A.
D. Little at page 15 of their Report.
“The basis of this data is testimony by
ASARCO management and Caplan. A.
D. Little did not independently review
the figures. The figure estimated in
$7.68 million. Other figures given are
capital charges which are discussed
above, B S :

However the ASARCO estimate in-
‘cludes two figures which are substan-
tial over-estimates. The operating ex-
benses for engineering controls given
are $2.77 million based on immediate
installation of $41.1 million of -engi-
neering controls. If for example it is
decided at the compliance level that it
is only feasible to install one-third of
those controls by 1980, then the oper-
ating costs of engineering controls
would be reduced by approximately
two-thirds or $1.84 million to $0.93
million. . - ;

ASARCO estimates a $3.24 million
annual cost for loss of efficiency from
respirator use. This is based on all 900
production employees wearing respira-
tors full time giving protection to the
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4 pe/m3 level and an estimated aver-
age loss of efficiency. of 20 percent.
There  are other estimates on the
record of loss of efficiency of respira-
tor use ranging down to 8 percent. In
addition the change in the final stand-
ard from the proposal and new devel-
opments in respirator protection since
that estimate was made, should sub-
stantially reduce the loss of efficiency
associated with respirator use.

The change to the 10 pg/m?® level
and the use of exposure averaging
(which would be based on mean expo-
sure levels), will mean that a signifi-
cant number of employees may not

‘need to wear respirators at all and
“many employees will only need to
nue increase of this magnitude would -

wear respirators part time. Purther

S 191
(PAPR) which weights only 5 pounds,
mostly carried at the belt. Because the

face fit is loose, there is a cooling alr -
resistanice and

stream, no breathing )

light weight, this type of respirator
creates a loss of efficiency substantial.
ly below 20 percent and probably
below the Tow end (8 percent) estimate
on the record. These respirators may
be used where expesures do not
exceed 10,000 ug/m3 thus offering the

- opportunity for replacing airline respi-
- rators, negative pressure respirstors

N

~employees need not wear respirators

when in clean rooms. In a number of .

. areas at Tacoma, existing mean expo-

and self-contained breathing appara~ -
tus in the vast majority if not all loca~ -

~tions. (See Table 1, paragraph g of

standard) - :

© In view of all these factors, OSHA

believes that the loss of .efficiency

from respirator use will be, at most, no

more than one-hal! of the ASARCO

-estimate. Further OSHA believes that

sures (based on personal samples as-re<

quired by the standard if that data is
available) are below 20 pg/m® Exhibit
. 29G, Appendix 3 supplied by ASARCO

indicates that the Acid Plant, Slimes
Building, Electric Shop,
Ore Dock, Main Office, Warehouse,
Machine Shop, Anode Department,
Mobile Equipment Repair and Buck-
ing Room come in this category. The
installation of the most effective engi-
neering controls discussed above, good
housekeeping and clean up may elimi-

Fine Castings,

described,
- proximately one-half of the number
full time equivalent employees will

with the increase in the permissible
exposure level to 10 pg/m* and the
compliance - strategy api

of

need to wear respirators as: ASARCO
estimated. Therefore the loss of effi-
ciency through respirator use is likely -
to be reduced three-quarters or $2.43

“million from ASARCO’s $3.24 million

‘nate *he need for respirators in those -

areas or greatly minimize it. -

The ASARCO estimate.is based on
employees: exposed over 4. pug/m?
having to wear fullface piece respira-
tor which- ASARCO believes are less
comfortable. It is also based on a sub-
stantial number of employees wearing
airline respirators. These substantially
reduce efficiency in jobs requiring mo-
bility because the hoses interfere. It is
not completely clear whether the esti-
mated reduction in efficiency includes
an element of the very high loss of ef-
ficiency in wearing heavy self-con-
tained breathing apparatus. However
it appears from the questioning that
Mr. Lindquist’s estimate of 20 percent
loss of efficiency includes  some
allowance for that. It also should be

noted that the study, which Mr. Lind-

quist stated he relied on for his 20 per-
cent estimate, was not systematic and
did not involve any actual time znd
motion analysis of lost efficiency.

The final standard will permit one-
half facepiece respirators to 100 pg/m?
which will reduce loss of efficiency
from possible discomfort wearing full
facepieces. There is now a certified
dust and acid gas cartridge. Therefore
when the SO2 limit is exceeded, the

-employee is permitted to wear a one-

half facepiece respirator up to 2 con-
centration of 160 pg/m? of arsenic and
10 times the sulfur dioxide limit.

“In addition there is now avaijlable a
portable, battery operated certified
powered air-purifying respirator

estimate, )

In view of these two factors, OSHA
believes that the ASARCO estimate of
annual compliance costs should be re-
duced by $4.27 million ($2.43 1aillion
respirator efficiency plus $1.84 operat-
ing costs engineering controls over-es- .

~timates) to $3.41 million. OSHA, how-

ever, would expect that ASARCO

would spend several hundred thou- =

sand dollars more on Improved house-
keeping - than ° the
ASARCO estimated.
Based on the above analysis. OSHA
believes that the operating cost of the
compliance plan ‘deseribed will -be
within the resources of the Tacoma B
smelter including its $1.9 million his-
torical annual profits and $3 million

additional revenues as & result of this

standard and that overall the compli-
ance plan described is feasible. Obvi-
ously to the extent conditions change i
or better analyses become available,
suitable adjustments can be made at -
the compliance level. o
The question of future operations at e
Tacoma in uniquely the decision of
ASARCO’s manasgement. Evidence on
this record indicates that the continu-
Ing viability of the smelter depends orn
many factors beyond the control of
OSHA or anyone, such as copper
prices, availability of British Columbia .
concentrates, Japanese subsidy poli-
cies, and a number of other consider-
ations. Nor as a matter of policy or of
law does OSHA believe it appropriate
to ignore health considerations be-
cause . difficult feasibility questions
may exist. ASARCO figures indicate a

-substantial excess of lung cancer
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.deaths at Tacoma. Certainly, major ef-
forts are required to reduce this risk..
. Consideration' of additional capital

investment for engineering controls in
* the early 1980’s, is best analyzed in
compliance: proceedings at that time,

- in the light of the circumstance and

available resources then existing. In
addition as engineering controls suc-
ceed in reducing exposure levels, respi-
rator use will be reduced. The result-
ing savings in respirator costs will
make available additional sums for
further engineering controls.

VIII SUMMARY AND. Exrmmnon OF
; THESTANDARD S

The fouowing sectxons dlscuss the’

mdividual requirements of the stand-
ard. The sections include an analysis
of the record evidence, the recommen-
dations of NIOSH, and the policy con-
siderations underpinning the decisions

- on the particular provisions of-the
. standard. As.discussed in the PEL sec-
i tion ‘above, the:final standard sets. a
permissible exposure limit to inorganic

arsenic of 10 pg/m?> Engineering con-

trols and work. practices are required

where necessary and written compli--

ance plans must be developed. Other

portions of the standard including
- those on respirators, protective cloth-
ing, hygiene facilities, and exposure
monitoring have: been. revised . and
clarified as described in detail below.

. It should be noted that the language
of many of the standard’s provisions
and the order of the paragraphs have
‘been changed to be consistent with
the drafting In recent OSHA health

standards such as the acrylonitrile’
proposal (43 FR 2608), benzene final

. standard (43 FR 5913), and the final

coke oven standard (41 FR 46784).

OSHA believes, to as great extent pos-
- sible, a similar style should be fol-
lowed in order to lead to umformlty of

- interpretation of similar provisions.

Section 6(bX5) of the Act states that
healih standards shall also be based

: on “gxperience gained under this and

other health a.nd safety laws.” -

A. SCOPE AND APP‘LICATION PARAGRAPHS
(a) anp (b)

’ This standard applies generally to
- all occupational exposures to inorgan-
- ic _arsenic. Some of the industries

. where substantial exposures to inor-

. ganic arsenic may occur are non-fer-
rous metal smelting, glass making, and
manufacture of arsenical chemicals
and pesticides. There may also be ex-
posures covered by this standard in
- pther areas and industries. Pesticide
application, application of arsenical
preservatives to wood, use of arsenical-
ly treated wood and agricultural uses
are exempted. Pursuant to section 4(b)
(1) of the OSHA Act, this standard
does not apply where other Federal
agencies exercise statutory authority
to prescribe standards regulating occu-
pational safety or health.
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It should be noted that the standard
does not cover every place where inor-
ganic arsenic is present. As explained
in the background section and FEIS,
arsenic is a naturally occurring materi-
al and is present in small amounts in

many substances. It is therefore inap-

propriate to cover situations where
very low levels of arsenic may be pres-
ent in substances or products in the
workplace, but where they are han-
dled inh such.a way that the possibility
of airborne exposure is minimal. But
where the substances containing ar-
senic are handled or processed in such

* & way. as to create exposure; a possible
;- hazard exists, and the operations come-

within the scope of this standard, -

. Several examples may be helpful. If
arsenic trioxide is added to glass
during manufacture; airborne. arsenic
is likely to be present and the oper-
ation comes within the scope of this
standard. However, when that glass is

cut or used, airborne exposure is un-:

likely because the arsenic is bound in
the glass, and those operations are
outside. the scope of ‘this standard.

Similarly  when gallium' arsenide is --

produced there may be airborne expo-
sures and the operation is covered by
this standard. However, when light
emitting diodes are assembled into cal-

culators or watches, airborne exposure

is unlikely and those operations are
outside the scope of this standard.
If the operation comes within the

scope of this standard, but exposures .

are shown to be below 5 pg/m? after
initial monitoring, then there may be
no other obligations under this stand-
ard except labelling in some circum-
stances and remomtormg if processes
change.

- Inorganic _arsenic - is defmed as
copper aceto-arsenite and all inorganic
compounds containing arsenic except
arsine. Copper aceto-arsenite has been
specifically noted because of possible
confusion on whether it is considered

organic or inorganic. As Allied Chemi-

cal (Ex. 109) stated copper aceto-ar-

+ senite is inorganic.” Furthermore, as

previously noted it has been implicat-
ed as & potential lymphatic cancer
agent, which compels its inclusion in
this standard.

. Arsine has been excluded for several
reasons. The proposal did not include

arsine and the rulemaking did not con- -

sider specifically the special provisions
necessary for proper control of expo-
sure and regulation of arsine. Most no-
tably, no suitable sampling technique
has been submitted for levels signifi-
cantly lower than the present stand-
ard of 0.05 ppm.

NIOSH and the AFL—CIO suggested
that the final standafd include arsine.
OSHA agrees that arsine has a very
high acute toxicity. It has no practical
value and exposures occur solely as a
result of accidental evolution. It would
unnecessarily delay the inorganic ar-

senic standard to wait for the develop-
ment of a suitable sampling technique
as well as other procedures and there
is a current permissible exposure limit
for arsine of 0.05 ppm included in

Table Z-1 of 29 CIE'R 1910.1000 to give :

protection now.

Some " parties requested that the
scope of the final standard be nar-
rowed and clarified. Spokespersons

from several industries expressed their .

belief that industries handling materi-
als containing less than 0.1 percent ar-

senic (Exhibits 79, 106, 108, 112) be

exempted from the standard. It was

their belief that this would provide & . -
reasonable - cut-off where  exposures. . -
* would be minimal and provisions such -

as monitoring need not apply.

""OSHA does not feel it is appropriate
to exclude those industries handling
materials with less than 0.1 percent ar-..-

senic from the standard. OSHA feels

this standard must be based on the-

degree of employee exposure to air.

borne -concentrations of inorganic ar- -
senic’ since the 'degree of- exposure -
most represents the risk to the em- -
ployee. It should be noted, for exam- ' =

ple, that employee exposure in some
copper smelters with arsenic levels of
less than 0.1 percent in their feed had
a number of employees exposed above
10 pg/m? The inclusion of an action
level limits the requirements of the

standard (except for initial monitoring’ .

and labelling), to employees exposed
above 5 pg/m?

Diamond Shamrock (Ex. 3E) has ex—
pressed the view that regulatory activ-
ity would be difficult where naturally
occurring organic arsenicals may be
mixed with morgamc arsenic. They
further stated that since they believed
there was no analytical method for
distinguishing individual arsenic com-
pounds, only total arsenic can be
measured. Diamond Shamrock, there-
fore, recommended that only oper-
stions involved in smelting ores, con-
version of arsenic trioxide and primary
application of arsenical products be in-
cluded. Dr. Braman (EX. 145) has dem-
onstrated that there is a sensitive

“method capable of distinguishing be-

tween organic and inorganie arsenic.
Natural background levels of arsenic
are in the range of approximately 0.01

to 0.04 pg/m> The higher levels re-
ported in smelter communities cannot *
be considered natural, and are typical-

1y not high enough to interfere with
sampling at a 5 pg/m? action level. In

‘most facilities it- can be determined -
whether workers are exposed to inor-

ganic or organic arsenicals based upon
the chemicals present and processes.
used. In those cases where both are
present, a determination at the en-
forcement level can be made as to the
percentage of exposure to organic ar-
senic, using Dr. Bra.mans or other
methods .

The standard excludes pesticide ap-
phcatmn from its scope. The EPA reg-
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ulates most pesticide applications and
has a program to extend its regula-
tions as necessary including suitable
protection for employees.. = . .
The manufacture of pesticides is not

. considered pesticide application and is
-.covered by this regulation. Most agri-

cultural uses are pesticide application.

As discussed in the background sec-
tion of this preamble one of the major
uses of arsenic is to impregnate wood
s0 a8 to preserve it from rot and in-
sects. Thé manufacture of the preser-
vative solution is covered by this regu-
lation as is the manufacture and for-
mulation of other pesticides. However,

- EPA regulates the impregnation of -
- the wood by the preservative as a pes--
. ticide application. EPA is now review-

ing the registration of arsenical pre-

servatives and has indicated that it is

considering new requirements for ap-
plication and wuse including suitable

- . protection’ for employees. OSHA be-
-~ Heves it advisable to avoid duplicative
regulation  when' -employees will' ‘be -
suitably protected;“and therefore the'
impregnation of wood with arsenical

preservative is not covered by this reg-
ulation. IR : i
EPA currently does not regulate the
use of preserved wood. Based on the
evidence in this record the arsenic in
the preserved wood is bound tightly to
the wood sugars, exhibits substantial
chemical differences from other pen-
tavalent arsenicals after reaction, and
appears not to leach out in substantial
amounts (Exhibits 31 C-2, 5, 6, 7, 21,

. 38). Therefore OSHA does not believe

it’ appropriate to regulate the use of
preserved wood on the basis of the
current record. g :

If further information indicates the
need for regulation, and other agen-
cies have not exercised jurisdiction,
OSHA will institute proceedings to

suitably regulate employee exposure -
to arsenically preserved wood. '

PARTICULATE SIZE

The proposed standard was based on
the regulation of worker exposure to
all particle sizes of inorganic arsenic.
Some parties requested that this re-
quirement be changed so that only ar-

senical particulates of “respirable size” -

(less than 10 micrometers mass
median diameter) be regulated (Exhib-
Its 3F, 3T, 234, 106, 108, 109). This po-

" sition has been summarized by Engel- -

hard Minerals & Chemicals Corp. (Ex-
hibit 3F) as follows:.

Since the Rule clearly refers only to ar-

" Senic exposure in terms of mg As/m® of air

in the workplace, it is implicit that the Rule
is intended to cover only airborne arsenical
particulates or aerosols and should, there-

- fore, indeed be restricted to those only in

the respirable particulate size range, ie.,
less than approximately 10 microns e.s.d.,
since particles larger than this are non-re-

. spirable and physiologically rejected.

. There are two major routes of entry
of airborne concentrations of inorgan-
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ic arsenic. The primary route is inha-

lation. The secondary route, ingestion.
Little is known about the absorption
and translocation of arsenic in the var-

ious regions of the upper respiratory’

tract, lung and the gastrointestinal
tract after inhalation and ingestion.

“Although the size of particle admitted

by the inhalation route is limited by
the aerodynamic principle of particle
deposition, a similar limitation does
not apply to arsenic that may possibly
be ingested. Furthermore, too little is
known - about the absorption and
translocation of differenily sized parti-
cles in the lung, upper respiratory

tract, lung and gastrointestinal tract -

to predict with confidence the final
body dose. Accordingly, OSHA be-
lieves it appropriate to take the most
protective stand and provide adequate
protection from all particle sizes of

' B. CEILING LIMIT: DELETION

' In contrast to the proposal, the final

standard does not provide for a cefling
limit to. supplement the permissible
exposure limit. In the p ;
fected industry, copper smelting, there
will be brief unpredictable exposure to
higher levels of arsenic as a result of

- the smelting process. OSHA believes

that engineering controls now availa-
ble would not prevent occasional ex-

. cursicns above a ceiling limit though

there are practices and controls availa-
ble which will reduce their frequency
and extent.

.. For the permissible exposure limit of
10 pg/m?® to be met, employers will
have to implement feasible engineer-

ing and work practice controls which"

will tend to reduce the number and
extent of excursions over the permissi-
ble exposure limit. In this manner, the
standard assures that protection will

. be provided to employees.

C. ACTION LEVEL: PARAGRAPH (B)

The proposal contained an action
level of 2 pg/m?® which triggered the
monitoring, medical, regulated area,
hygiene facilities and protective cloth-
ing requirements of the proposed
standard., This requirement has been
retained in the final standard, but the

rumerical value has been.changed to 5.

pg/m? in light of the change of the

permissible exposure limit. ]
Many - industry spokepersons be-

lieved that the action level was overly

burdensome, stating their opinion that

if the permissible exposure level were
a level that adequately protects work-
ers, no action level should be required
(Exhibits 34, 3W, and 112). Others be-

- lieved that it was probably impossible

to reduce employee exposures to 2 ng/

-m? in many locations, and therefore
felt it should be deleted (Exhibits 3-L, -

30, 3v). It was also pointed out that it
would be difficult to measure a 2 pug/
m?level. - .

rincipally af-

‘maximum extent feasible by the use of
engineering and workpractice coutrols.
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In the absence of a demonstrated
safe level for a carcinogen, OSHA has
limited . employee exposure to the -

OSHA - believes it is appropriate to

begin some protective actions prior to =

exceeding the permissible exposure

limit, The action level serves such a. .

purpose.  Another purpose of the

action level is to help fo relieve the

burden on employers by providing a

cut-off point for many of the required

compliance activities under the stand- -

ard. The standard necessarily encom-
basses some employers whosa employ-

ees are-exposed io levels below the ..
permissible exposure limits. Such em- -
ployers are required to perform initial
monitoring to determine the extent of .~

their employees’ exposures to

inorgan~
ic arsenic. If, on the basis of the re-
. gults of the initial meamirement, expo-

sure is below the action level, the em-
ployer may  discomtinue .m

concept thus provides an objective
means for an employer to determine

what further actions ave required for =~

compliance with the standard. -
. ‘The statistical basis for determining

. the action level has been discussed in

connectiont with several proposed
OSHA health standards (See, for ex-

- and most. other compliance activities = 5
for that employee. The action level

ample, “Proposed Standard for Trich-

loroethylene” (Oct. 20, 1975, 40 FR
49032)). In brief, although all mea-
surements on a given day may fall

below the permissible exposure limit,

some possibility exists that on unmea-
sured days the employee’s actnal expo-

sure moay exceed the permissible limit.~

Where exposureé measurements are

above oné-half of the permissible ex-

posure limit; i.e., the action level, the

employer cannot reasonably be confi-

dent that his employees may not be
overexposed. (Leidel, N. A., et al., “Ex-

' posure Measurement Action Level and
* Occupational Environmental Variabil-

ity.” DHEW, PHS, DCD, NIOSH,
DLCK (August 1975)). Therefore, re-

quiring periodic employee exposure
- measurements to begin at the action
-level provides the employer with a rea-

sonable degree of confidence in the re- -

sults of his measurement program.
- However, OSHA has reduced the

number or requirements and burden

of requirements triggered by the - ’

action level, while maintaining its
major benefits. The action level has

-been raised from 2 pg/m?®to 5 ug/m?d

thereBy reducing the number of work-

ers and number of establishments re- -

quired to do more than initial moni-
toring by this standard.

D. REGULATED AREAS AND NOTIFICATION -
OF USE: PARAGRAPHS (D) AND (F)

The final standard requires that reg-
ulated areas (RA) be established and
access limited to authorized persons.

N
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sure to inorganic arsenic. By limiting
access to the RA to authorized per-
sons, the standard requires the em-

ployer to prevent those persons who -
are not authorized to enter the RA -

* from doing so and thereby being ex-
posed to inorganic arsenic. Other pur-

poses of this section are to designate = -

those areas in which precautionary

signs are posted, and to designate

- those employees subject to quarterly
exposure monitoring.  Additionally,
employees working in regulated areas
are covered by the washing and show-

- ering provisions and certain activities
such as smoking and eating’ are pro-
hibited within regulated areas.’

The proposed standard required that
the regulated area be established at
the action level. Commentors (ExX. 3B,
108, 112) suggested that the regulated

. area be established in areas in which
exposure exceeds the permissible ex-

o posure limit (sometimes refered to as.
> the PEL or TWA limit), This sugges-

tion has been adopted for the Final
Standard and- is consistent with the
approach taken in other OSHA stand-
ards for carcinogens.

‘The proposed standard required that

) a daily roster of all persons who enter

the RA be made and maintained for at
- Jeast forty years or the duration .of
employment plus 20 yezrs whichever
is longer (Ex. 2a, 40 FR 3397, 3400).
The final standard does not requla.re
that a roster be kept. -

Commentors have criticized this pro-
- vision as excessively interfering with
day to day operations (Ex. 3B). OSHA
has concluded that rosters would be of
little use in limiting worker-exposure
- to inorganic arsenic. Other records
‘such as medical records and results of
exposure to monitoring required by

- the standard would  provide more

usefol information and obviate the
need for a roster.

The proposed standard prohxbxted
eating, drinking and applying cosmet-

" ics in areas where employees were ex-.

posed ahove the action level. The spe-
cific prohibition was located in the Hy-
giene paragraph of the proposal.
- »./The limitation on eating, smoking
and applying cosmetics in regulated
areas is necessary to prevent the inges-
~ tion of inorganic arsenic.  As discussed
elsewhere in the preamble, the inges-
tion of inorganic arsenic has been im-

plicated as a cause of cancer. There is’

the possibility of the translocation of

arsenic within the body after inges--

tion. Further it is OSHA’s policy to
limit all routes of exposure to carcino-
gens. Moreover, inorganic arsenic is &
skin irritant. Applying cosmetics in its
presence would retain arsenic against
the skin.

Drinking water is permitted within
regulated areas. The possibility of
heat stress exists in smelters. There-
fore it is necessary to have water read-
uy available.

- This section is to aid in limiting expo-.
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" Paragraph (r) of the proposal re-
quired employers with regulated areas
to notify OSHA area offices. This re-

quirement has been retained in para-:

graph (d) of the final standard so that
OSHA will be aware of facilities where
substantial exposure to arsenic exists.

E. EXPOSURE MONITORING AND
MEASUREMENT: PARAGRAPH (E)

The standard requires each employ-
er who has a place of employment
where there is exposure to inorganic
arsenic as the result of the employers’
activities to moniior their employees’
exposure to inorganic arsenic over an
eight hour period without regard to
the use of respiratory protection. Sec-
tion 6(bX7T) of the Act (29 U.S.C. 655)
mandates that any standard promaul-
gated under. subsection 6(b) shail,

. where appropriate, provide for moni-

toring or measuring employee expo-
sure at such locations and intervals,

-and in such manner as may be neces-

sary for the protection of employees.
There are various reasons -which
make 1t appropriate for employers to
measure employee exposure to inor-
ganic arsenic. First, exposure monitor-
ing informs the employer whether he
is meeting his legal obligation to keep
employee exposures below the permis-
sible exposure limit. Second, exposure
monitoring evaluates the effectiveness
of the installation of engineering and
work practice controls and informs the
employer whether additional controls
need be instituted. Third, exposure

monitoring is necessary in order to de-.

termine whether respiratory protec-

_tion is required at all, and if so, which

respirator is to be selected.

" Fourth, section 8(c)}(3) of the Act (29
U.S.C. 657) requires employers to
promptly notify any employee who
has been or is being exposed to toxic
materials or harmful physical agents
at levels which exceed those pre-

scribed by an applicable occupational:

safety and health standard and to
inform such employee of the correc-

‘tive action being taken. Exposure

monitoring is necessary in order to de-
termine whether employees are being
exposed to inorganic arsenic at levels
exceeding that prescribed by this
standard and therefore should be noti-
fied as required by the Act. Finally,
the results of exposure monitoring are
part of the information which it is
necessary to supply to the physician.

" The need to conduct exposure moni-
toring was generally accepted by par-

ticipants in the rulemaking process. A

requirement that monitoring be done
was included in the proposed standard.
In view of this support and for the
reasons stated above, the standard es-
tablishes a requirement for employers
to monitor employee exposure to inor-
ganic arsenic. The monitoring of air-
borne exposure is consistent with the
proposal and other health standards.

‘ ! . S e

Some industry spokespersons ex
pressed their preference for biological
monitoring (urinary arsenic measure-
ments) (Ex. 29G, Ex. 118) stating that
biological monitoring best defines the

‘risk to the employee, that it is equally
effective and much less expensive (Bx.

3T). Some feel that this form of bio-

logical monitoring can be used as an’
indication of the total effectiveness of
control programs, including the effec-
tiveness of respirator usage and the
personal hygiene habits of the em-
ployee (Ex. 118). ASARCO (Ex. 29G,
App. T7) presented a regression analysis
of urinary ersenic levels versus air.

borne arsenic exposure levels. In this e : B ;
analysis, the average individual em- - -~ .

ployee’s urinary arsenic level taken on
ten consecutive days were regressed on

the corresponding average individual

employee airborne arsenit. exposure.
The data on which this correlation is °
based is contained in Exhibit 125,

Based on the 23 employees 50 meas-

ured, a weak to moderate linear corre«

lation (regression coefﬁcxent of 0. 528) s

was observed. .

During . the April 1975 hearing
NIOSH representatives were asked to
evaluate the urinary arsenic determi-

nations as an indicator of worker ex- -

posure (ATR 372—~6) Dr. Blejer re-
sponded:

From my background as a physicia.n a.x)d‘
knowledge of various plants, not smel :
which handle inorganic arsenicals, the uri-
nary excretion of arsenic is an extremely
variable and inconstant thing for any indx-
vidual.

Oecupationally, I have learned and I was-

‘taught, as well, to treat results—all the re-

sults—to group them and take means or
average but not on individual bases, because.
of dietary and many, many other factors. .

- ‘Therefore, the results of an individual
would not be indicative of an exposure and
if they were to be enormously high, which -

. would be about the only way that you could

tell that they were occupationally related, I

would say, then you would be corroberating =~ ° \
‘what would have to be a_fairly gross expo-

sure or overexposure. [ATR 3731 -

-OSHA has concluded that it is not
appropriate to use urinary arsenic -
measurements as the primary means-
for determining employee exposure.
Airborne monitoring is effective and is
capable of detecting levels over the

- permissible exposure limit before over
exposures to employees occur. Urinary

monitoring is variable and the correla-
tion between airborne and urinary
levels is only weak to moderate. OSHA
has further concluded that it will not
require urinary arsenic determinations
as a supplement to airborne monitor-
ing. However, employers may use it as
an additional monitoring technique if -
they believe it useful in their particu-
lar circamstances.

The requirement for airborne moni-
toring is limited to employers who
have a place of employment where in-
organic arsenic is released as & resulf
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of their operations. There are trace
amounts of naturally occurring arsenic
in the atmosphere (.01-.04 ug/m?*) and
without this limitation, all employers
would be required to -monitor. (For a
discussion of this limitation see the
Scope and Application section.)

The standard requires that the mea-
surements be made by monitoring
which is representative of each em-

ployee’s exposure to inorganic¢ arsenic
over an eight hour period without

regard to the use of respiratory pro-

tection.: Exposure measurements for
each individual employee would, of
course, be an indication of that em-

ployee’s exposure. However, this may
be unnecessarily burdensome in some

instances, as some - industry partici-
pants have suggested. Monitoring
which is truly representative of an em-
ployee's exposure would provide the
necessary information and in many ins
stances would involve fewer samples.

The employee exposure measure«

ments are to be made without regard

- to the use of respiratory protection. In

order to use the results of exposure
monitoring to evaluate the effective-
ness of the required engineering and
work practice controls, to determine
whether additional controls must be
instituted, and to ascertain which, if

‘any, respirator must be used, it is nec-
essary to know employee exposure
levels without the use of respiratory

protection.

- Exposure conditions vary through--
out the day (Exhibit 29G). At least’

one sample is to be taken during each
shift in order to ensure that exposure
measurements represent exposures of
employees on -all shifts. Employees
working in the same area doing differ-
ent jobs may have different exposures,
Therefore the standard requires sam-
pling for each job classification as

well. The samples are to be full-shift .

samples fo give a more accurate indica-
tion of an employee’s average expo-

- sure during a work shift than would

sampling for less than a full shift,
Short-term samples would tend to be
affected by the variability or inorganic

arsenic emissions associated with oper- -

ations such as copper smelting. Full-
shift samples tend to average out
these variations. As time 1s needed to
issue and retrieve samplers, full shift
sampling is defined as sampling for at
least seven working hours. The pro-
posed standard did not expressly set
forth these requirements for accurate

.-monitoring. The standard has been

clarified by requiring these procedures
for the reasons stated above. All of

those requirements are intended to-

ensure that the monitoring is truly
representative of an employee’s expo-
sures.

Paragraphs (d)(1) and (d)(2) of the
proposed standard allowed the em-
ployer to visually inspect each work

- place and work operation to accurately
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determine if any worker was exposed
above the action level (Exhibit 24, p.
3400). OSHA has reconsidered this
provision. It is not possible by visual
inspection to accuraiely determine
worker exposure. Accurate initial de-
terminations are crucial, particularly
when dealing with a carcinogen. Ac-
cordingly, this provision has not been
included in the standard and the em-
ployer must monitor and measure the
employee’s actual exposures.

The final standard requires remea-
surement every 3 mornths for employ-
ees exposed above the TWA limit and
every 6 months for those exposed be-

tween 5 and 10 ug/m> In addition a re- -
measurement is required where. the

initial measurement is below 3 ug/m?
if there is a significant change in proe-

" ess or materials. which could result in

additional exposures.

The proposal required monthly mea-

surements - for employees  eéxposed -
above the permissible exposure (TWA)

" limit and bimonthly for employees ex-

posed between the action level and the
TWA limit. Employers criticized these

frequencies as being too burdensome

in relation to the possible health benes
fits (Ex. 3A, Ex. 3B, Ex. 118).

There are substantial fluctuations in
exposure conditions, hour to hour and

‘day to day at smelters, the largest in-
_dustry affected by this standard (Ex.

28A; Ex. 29G). The higher the mea-

- surement frequency, the higher the

accuracy of the employee exposure
profile. On the other hand, monthly
or bimonthiy monitoring of significant
numbers of employees at some smelt«

- ers would require major resources in-

cluding trained personnel. Monitoring
could not be generally concluded
during a few days, but would necessar-

ily be carried out over a longer period'

of time,

Therefore OSHA has lowered the
monitoring frequency.

Any choice of a lower measurement
frequency is judgmental, OSHA now

believes that requiring measurements

at 3 and 6 month intervals in the cir-
cumstances of the particular indus-
tries affected by this standard will re-
flect employee exposure with suffi-

‘cient accuracy to assure that suitable
. precautions will be taken as needed.

~-The standard requires that in those
instances in which measured exposure
ranges between 5 and 10 pg/m3, these
measurements shall be repeated at
least every 6 months. OSHA recog-
nizes that the accuracy of monitoring
and measurement will decrease as ex-
posure decreases below 10 _pg/m3
Therefore, the standard requires an
accuracy of plus or minus 35 percent
rather than 25 percent for exposures
between 5 and 10 pg/m® However, pe-
riodic measurement is appropriate
when exposures are in the 5-10 ug/m?
range because of the possibility that
minor changes in process, materials, or

19615 -

weather may raise expome to above

the TWA limit and to compensate for -

the possibility that such measure- -

ments are falsely low. :
Periodic monitoring and measure-

ment are not required when initial

measurements are below 5 pg/m? It is
unlikely when exposures are at this -
level that minor fluctuations in proc- -
ess, materials, or weather or measure-
ment accuracy would result in false
negative readings below the TWA
limit. It would nof{ be appropriate to
require - periodic . measuremenis in

- those operations  where exposures

would be well below the permissible

exposure limit. If there is a significant
change in matlerials or process nan "’

area where exposure was upder 5 ug/
m? remeasurement would be required.
The standard reqguires that when-

ever there his been production; proc-
ess, or control change which may .
~result. in new or additional exposures

to inorganic arsenic, or whenever the - :

employer has any other reason to sus- . =
pect an increase in employes exposure,

the employer shall repeat the required

monitoring - and messurements for .
those ~employees affected by such -

change or increase. A redetermination
which was also included in the pro--
posed standard, is reguired in order to
ensure that the most recent monitor-
_ing accurately represents the existing
exposure -conditions. This is necessary
so that the employer may take the ap-

propriate actions such a8 instituting ::
additional engineering controls and
providing the appmpria‘ae respiratory

protection.

Section 8(¢}(3) of the Act <29 Us.C.
657) requires employers to promptly
notify an employee who is exposed in
excess- of the permissible exposure
limit. The proposal required that the

employee be notified in writing within

10 days of the sampling. OSHA agrees
with the statements by some industry -

* participants -that 10 days would not k

allow sufficient time for sample analy-
sis (Ex. 3D). This would be particular-
1y true in such cases where many sam-
ples-need be analyzed or where sam-
ples would be sent to other locations
for analysis. Accordingly, the standard
requires an employer to notify each -
employee in writing of that employee’s
measurement within five working days
after the receipt of the results ef any .
required measurements,

ASARCO (Ex. 111, Attach. 10; Ex.
1608) twice sent inorganic arsenie sam-
ples for analysis: by outside laborato-
ries. In contrast to the second trial,
samples were nof replicated and were
not distributed on a double blind basis
in the first trial. Therefore, the results -
of the first trial are not as significant
as those of the second trial, .

In the second trial, five laboratories
randomly chosen from the 7 laborato-
ries used in the study, were sent one
blank, fxlt;er three {filters contaming
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2.5 pg arsenic and three filters con-
taining 6.0 pg of arsenic. The two re-
maining laboratoriess were sent one
blank filter as well as one fiiter each
containing the other two concentra-
tions. The results of the second trial
are found in Table III of “Results of
Trace Arsenic Analyses Performed by
Various Laboratories” - (Attached. to
Ex, 160B).

The results indicated that 5 of the .
laboratories did not achieve an accura-
cy of plus or minus 25 percent for the
arsenic samples analyzed. However, 2
of the Ilaboratories (including the
ASARCO laboratory, Laboratory B in

~ the table) did achieve accuracies of

. plus or minus 10 percent. .

The final standard requires tha.t the
method and measurement have an ac-.
curacy of plus or minus 25 percent
(with a confidence level of 95 percent)
for concentrations of inorganic arsenie
© - greater than or equal to 10 pg/m3 It

. -reguires a method of sampling with an

L accuracy of plus or minus 35 percent

for concentrations of inorganic arsenic
between 5 and 10 ug/ms3,

As noted previously, the standard re-
quires full shift personal monitoring
(minimum 7 hours) for the determina-
tion of employee exposure. Using per-
sonal monitoring pumps at a flow rate
of 2 liters per minute, with a 7 hour.
sampling time, 8.4 pg of inorganic ar-

senic will be collected if the airborne

concentration is 10 pg/m3 The equiva-
. lent sample at airborne concentrations
- of 5 pg/m?® will be 4.2 pg of inorganic
- arsenic.

The ASARCO tests indicate that ac-
curacies of plus or minus 10 percent
can be achieved by experienced labora-
- tories with samples of between 2.5 and
- 6 pg of inorganic arsenic. Therefore
the minimum amounts of arsenic
which would be collected under the
final - standards - requirement fall
* within the range which can be accu-
rately analyzed by experienced and?®
..~ qualified personnel such as those at

ASARCO’s own laboratories. It is also
sufficiently large so that sample com-
tamination will not excessively affect
the results.

It should be noted that the labora.-
tory methods used by the two labora-
tories with best results were atomie
absorption and colorimetric methods. .

" ‘These methods are relatively simple

methods commonly in use by industri-
al hyglene laboratories. More sensitive
methods are available, such as X-ray
fluorescence and d.c. discharge emis-
- sion methods (Ex. 145). These more
sensitive methods can be used to ana-
lyze with improved accuracy much
lower arsenic concentrations. However,
these methods are somewhat more dif-
ficult and expensive for many labora-.
tories to use and in the typical indus-
trial setting the problem of sample
contamination would exist at such
lower levels.
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- ASARCO noted that possible con-
tamination might signiﬁcantly elevate
results at the small sample size range
of the proposed action level of 2 pg/

-m?® The potential effects of contami-

nation have been reduced in the final
standard due to the increased TWA
limit and action level. The sample size
collected at the 10 pg/m?* TWA limit
will be 5 times greater than at the pro-
posed 2 ug/m? action level. Thus 2 sim-
ilar level of contamination will only
have one-fifth the effect. Similarly, an

equivalent level of contamination at

the 5 pg/m? action level will have only
40 percent of the effect which would
occur at a 2 pg/m? level, Therefore a

- level of contamination of 0.5 pg sug-

gested by ASARCO as a possibility will
not be a major factor relative to the
sample sizes resulting from monitoring
at the permissible exposure limit and
action levels in the final standard.

One question raised was whether
particulate sampling methods could
efficently collect arsenic released in
the smelting environment. It has been
suggesied that arsenic trioxide has a

significant vapor pressure and that it

would not be efficiently collected at
the elevated temperatures of copper
smelting. An ASARCO study (Ex.
160B) indicates the efficient collection
is possible at the temperatures of

copper smelting. Using millipore per-

sonal monitor cassettes (0.8 micron
pore size), backed up by midget im-
pinger containing potassium perman-

‘ganate or sodium hydroxide, ASARCO

observed that the millipore filter had
better than 95 percent collection effi-

ciency of arsenic in the smelter (Ex.
180 B, Refs. 8, 9). As can be calculated

irom Table 1, Ex. 160B; capture effi-
ciencies ranged from 98.5 percent to
99.6 percent for total arsenic particu-
late ranging from 45.6 to 224.8 pg/m3

The vapor and/or submicron particu-
late evading capture ranged from 0.26°

to 0.62 pg/m? Thus, assuming that the
highest value (0.62 pg/m?) was eluding

collection with an airborne concentra- -

tion of 10 pg/m? 93.8 percent collec-
tion efficiency would result."

“'F, METHODS OF COMPLIANCE: PARAGRAPH

(&

The final standard requires that en-
gineering controls and work practices

be used to contrcl employee exposure
to inorganic arsenic, except to the
extent that the employer can show

_they are not feasible. If all feasible en-

gineering and work practice controls
do not succeed in reducing -exposure

below the permissible exposure limit, -

they must be supplemented by respira-
tory protection. This is changed from
the proposal which required that ail
feasible engineering controls be insti-
tuted before reliance could be placed
on work practices. However, OSHA’s

experience has been that engineering’

controls must be coupled with suitable

. : - ) *

work practices to maximize their effee-
tiveness. Consequently, the  final
standard allows joint use of engineer-
ing and work practice controls. Respi-
ratory protection may be used only
during the time period necessary to in-
stall engineering controls, where engi-
neering controls may be inappropriate
such as during some maintenance op-
erations or in those cases when both
engineering controls and work prac-
tices do not succeed in reducing expo-
sures below the permissible exposure
limit.

This compliance strategy has been
consistently OSHA’s policy and has
been followed in prior, standards and

‘proposed standards. This policy is e .

based upon the view that the most ef-
fective means of controlling employee
exposure is to contain emissions of
toxic substances at their source
through the use of mechanical means
combined with work practices, This is
far more effective than reliance on the

- highly variable -human behavior so -

critical to the successful.use of respira-- -
tors. As discussed below, respirators

have many dxsadva.ntag& which pre- -

clude primary reliance or co-reliance
of respiratory protection on an equal

* basis with engineering and work prac-

tice controls. Furthermore, the burden
of reducing employee exposure should

more properly rest on the employer in ° X AT
whose establishment toxic substances ==

are released rather than placing/the

burden of respirator use on the ex- P

posed employee.
- ASARCO appeared to propose an al-

ternative compliance strategy (Ex. 29 ..

p. — Ex. 111-7, p. 19; EX. 118). Biologi-
cal monitoring would be used, using ann -
assumed safe urinary arsenic level of

250 pg/liter as a trigger. In those in- .

stances in which the urinary arsenic
levels were above 250 pg/liter, workers
would be removed, and/or engineering

confrols or respiratory protection

‘would be instituted. ADL (Ex. 111-7) '
' suggested this would be a much less " -
costly approach. However, ADL did -

not include the costs of engineering

“controls to reduce exposures in areas

in which the urinary levels were con-
sistently above , the specified limit.
Therefore the 'ADL cost estimate is
only a fraction of the actual costs
unless it was proposed that employees
be constantly rotated from areas of
lower exposure to those of higher ex-
posure and conversely, to reduce high
€exposures, . -

- OSHA does not beheve this is an ap-

propriate compliance strategy. As dis-
cussed in the monitoring section, there
is a weak correlation between urinary -
arsenic levels and environmental ar-
senic levels and there are other diffi-
culties with biological monitoring. The
ASARCO proposed urinary arsenic
level cannot be shown to be a safe
level. Thus, employees exposed for
more than 25 years in the lowest uri-
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nary arsenic exi:osure category (expo-

sures under 200 pg/liter) did have

- excess respiratory cancer mortality

(though it is true earlier exposures
may have been higher). Further, as
discussed in the occupational health
implications section, there is a signifi-
cant body of scientific opinion that it
is not possible given present method-
clogy to demonstrate a safe level for a
carcinogen. The limited amount of evi-
dence ASARCO has submitted is not
sufficiently convincing to adopt their
approach.

OSHA also does not believe in many

circumstances it is an  appropriate

_compliance strategy to rotate employ-

ees into and out. of high exposure
areas to reduce worker exposures to
carcinogens, ' This approach would
present the possibility of increasing
the’ number' of workers exposed -to

“higher levels of a "carcinogen. - If

. ASARCO proposes to use engineering

controls to reduce exposures, then the
ADL cost figures are misleading as
they just indicate monitoring costs.
The actual cost of the ASARCO strat-
egy will be much nearer the: cost of

the standard compliance . strategy .

since a substantial amount of engi-
neering controls Would have to be in-
stalled. -

“The Council on Wage and Price Sta-
bility (Ex. 169) and some industry rep-

" resen.atives (see Ex. 12 for example)

- suggested a control strategy involving

‘

principal ‘reliance on respiratory pro-
tection, to reduce the cost of compli-
ance, However, as will be discussed in a
subsequent section, there are many
difficulties with respiratory protection

‘as testified by respirator expert Bruce

Held (ATR 227-229) as well as some in-
dustry representatives (Ex. 29H). Be-
cause of the difficulties In face fit, it is

difficult to know whether the respira-

tors actually provide adequate protec-
tion. Respirators, by interfering with
vision, hearing, ..and = mobility, ~can
cause safety problems. Some employ-
ees cannot wear respirators because of

breathing difficulties. Finally, it is not

appropriate to place the burden of
compliance principally on the employ-
ee, as would be the case if respiratory
protection were the principal means of

reducing employee exposure. There-
-fore, OSHA retains in the standard

the policy of principal reliance on en-
gineering controls and work practices,
except in circumstances where there
appears to be no feasible alternative to
more substantial reliance on respu-a-
tory protection.

Even in situations in which engineer-

- ing controls will not succeed in reduc- -

ing exposure levels below the TWA
limit, it is still appropriate to require
all feasible engineering controls to be
installed, even though they would
have to be supplemented by the use of
respiratory protection. The engineer-

ing controls, by minimizing the expo-

" RULES AND REGULATIONS - .

sure, without regard to the use of res-
pirators, will have minimized the po-
tential for over exposure resulting
from poorly fitting respirators and will
usually reduce the number of employ-
ees who need to wear respirators. k

‘The final standard clarifies the lan-
guage in the proposal by clearly plac-
ing the burden on the employer, for
proving or dlsprovxng feasibility. The
employer is in the best position to

gather evidence on feasibility in a par- -

ticular workplace. He is most familiar
with his own production processes and
engineering modifications which can
be made. Further itis the policy of the
OSHA Act that employers be required

‘to take steps to investigate the feasi-

bility of controls and instau them as
necessa.ry :

1617

It is clear that respirators cannot

generally be considered as the primary -
means of employee health protection.

OSHA has carefully considered all:
these problems and has nonetheless
concluded that if the permissible expo-
sure limit is exceeded then employees -

must use the respirators provided.

Where engineering controls and work
practices do not succeed in reducing
exposure below the permissible expo-.
sure limit, it becomes necessary to uti-

lize respirators to give sufficient
health protection to employees,

In  situations where a significant
number of employees will be wearing .

respirataors for more than s “short

period of time, the employer is re- - -

quired to institute a more elaborate

- respiratory protection program to

- maximize the effectiveness and mini-

(c.) RESPIRATORY PROTECTION:
: PARAGRAPH { h)

The sta.ndard requires that respim-
tors. be used only during the time
period necessary to install or imple-

- ment feasible engineering and work

practice controls, in operations where

engineering controls are not appropris

ate such as some maintenance oper-
ations, in work operations in which
such controls are not feasible or are

not yet sufficient to reduce exposure -

to the permissible limit, or in emergen-

. cies. These restrictions on the use of
‘respirators are consistent with the re-

quirements of 29 CFR 1910.1000(e)

and with good mdustria.l hygiene prac-

tice.,

Many comments ° (Exhxblt 11, 19,
29G, 29H, 117, 118, 119) cited problems
associated with respirators. Respira-
tors are to be considered seconda.ry to
the objective of limiting emissions at
the source (ATR 229). Proper facial fit
is essential, but due to variations in in-
dividual facial dimensions, as well as
facial hair, scars or growths, is diffi-
cult to maintain. Fatigue and reduced
efficiency may occur more rapidly
among . workers wearing respirators
due to increased breathing resistance,
heat stress and reduced vision (ATR

228). Safety  problems presented by -
- respirators must be considered. Respi- -

rators can limit vision (ATR 228). This
can be significant, in smelters, for ex-
ample where physical hazards exist
and the employee’s ability to see is im-
portant (ATR 248, Ex. 29G). Speech is
also limited.. Voice transmission
through a respirator can be difficuit,
annoying and fatiguing. Communica-~
tion may make the difference between
a safe efficient operation and a haz-
ardous operation, especially in danger-
ous jobs. (ATR 245, Ex. 29G, p. 13).
Entanglement of hoses of air respira-
tors as well as limited mobility due to
hose lengths (ATR 242) are problems
in heavy industrial environments. Self-
contained breathing apparatus have
the problem of carrying around a
heavy weight (ATR 242.)

‘communication ’

‘However,

. mize the discomfort of extended respi-

rator use. Items to be considered for
inclusion in such a program are
making available a greater varisty .of -

. respirators for employee use, having a
-technician fully trained in mpimtor

use and selection, and
worksothatpartefthedaymbe

. spent in clean rooms or areas where .
‘the TWA limit is not exceeded. The .

employer should also plan to provide -
respirators with microphones or other
‘equipment . where
needed. -

Respiratory protéction aiso has a -
role during maintenance operations as -
‘well as during emergency sitaations,

However the goal of the standard is
the control of emissions at the source
to minimize the need for respirators. -
Since it is apparent that respirators-
may be necessary, an evaluation of res-
pirators for inorganic arsenic use is
necessary. The standard contains two
respirator - selection tables (Tables I
and II) so the employer will provide -
the respirators which afford the
proper degree of protection based on -
the airborne concentration of inorgan-
icarsenic. These tables are principally

_based on the NIOSH recommendation

made during the September 1976 hear-

ings (Ex. 146B) and OSHA's experi- =

ence in this and other rulemakings.
a significant - change has
been made from the NIOSH recom-
mendations. This principally involves
permitting the use of air purifying res-
pxrators with half mask and high effi-
ciency filter for protection against
nonvolatile arsenicals including ar-
senic trioxide.

During the September 1976 hear-

ings, NIOSH (Ex. 1484, 146B, STR 67)
. recommended that only chemical car-
tridge and gas mask respirators be

used where workers are exposed to in-
organic arsenic compounds based on
theoretical considerations that some
arsenic compounds may have high
vapor pressures. Questions have been’
raised whether arsenic trioxide has

-significant vapor pressure at ambient
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temperatures (Ex. 129) and at elevated
temperatures (Ex. 146, 157). =
.To see whether arsenic vapor might
be eluding capture by high efficiency
filters ASARCO conducted a respira-
tor experiment (Ex. 160B No. 2). Res-
pirator testing was performed by sus-
pending the respirators from s metal
bar supported by two ring stands,
None of the test equipment was worn
by a worker. To simulate a good fit
against a worker’s face, each respira-
tor backing was covered with at least
four thicknesses of plastic wrap. Two
sampling trains were used. One em-
ployed a probe located inside the
sealed - respirator  followed by a-

- preweighed millipore filter. The milli-

pore filter was backed up by impingers
containing potassium permanganate
or sodium hydroxide. A personal moni-
tor (10 to 20 liters per minute flow
rate) was used as the suction source.
The second sampling train consisted of
a probe, millipore filter, giant Green-
_burg-Smith  impinger, dry gas meter

and pump (10-20 liters. per minute -

fiow rate). Efficiencies of the high ef-
ficiency filters averaged better than 99

percent for protection against arsenic -
(Ex. 160B, ‘No., 8, 9). Table 1 (Ex. -

160B) contains the summary of ASAR-
CO’s results. It is noteworthy that the
highest vapor and or sub/micron con-

centration was 0.66 ug/m? both inside -

and outside the respirator indicating
that any vapor problem is minimal in

_sure limit. Thus, air purifying respira-
tors with high efficiency filters will be
allowed in the final standard except
for inorganic arsenic compounds with
dermonstrated significant vapor pres-

-. sure.

Arsenic trioxide as well as some
" other arsenicals, are skin irritants and
can cause skin irritation where the fa-
-cepiece of the respirators comes in
contact with the worker’s face. Be-
. cause they found no documented

- study indicating a threshold for eye ir- .

.. ritation and because they judged there
 was an increased potential for skin ir-
. ritation using half-masks, NIOSH rec-

ommended that full facepiece respira-

tors be the minimal protection against
particulate arsénic (STR 77-8). The
record does not support thése points.

ASARCO has noted that complaints

of eye irritation have been relatively

few, mostly having arisen from gross
" accidental exposure to dust or to im-
paction of large particles on the eye

(Ex. 184). Safety glasses which are

now worn by smelter workers, have

been noted to protect such smelter
workers, except in rare occasions (Ex.

164). Finally, the use of a full face-

piece would result in more skin con-

tact with the rubber or plastic of the.
facepiece resulting in more discomfort
and sweating. The increased contact
and increased sweating has resulted in
.more skin irritation from arsenic triox-

RULES AND REGULATIONS

ide dust. (Ex. 184). For the above rea-

" sons, OSHA will continue to allow the

use of half-facepieces for protection
against inorganic arsenic particulate. -
" In those situations where arsenic
compounds do have high vapor pres-
sures, the NIOSH recommendations
for such a' situation are followed.
Table II of the standard specifies the
respirators which must be worn to pre-

vent. excess exposure to arsenicals

with high vapor pressures. Two chemi-
cals which do have significant vapor
bressure are arsenic trichloride and ar-
senic phosphide. ’

During the  April 1975 hearing,
Bruce Held (ATR 231-236) recom-
mended changes to the proposed respi-
rator selection table in paragraph

(2X2) of the proposal (Ex. 2A). Mr.

Held stated that “constant flow”
should be deleted from (gX2NiXB),
“pressure = demand” = changed to
“demand” (gX2)ivXA) and (gX2)
(vX(B) to “demand”. We have adopted
these recommendations using more
recent terminology. The protection
factors used in the table reflect the
factors found in the August 2, 1978

joint OSHA/NIOSH Standard Com-’

pletion Program Respirator Deecision
Loglc (EX. 146C). . !

There are numerous factors which
affect the performance of air purify-
ing respirators.- These - include  the
filter material and the fit of the face-

~ - piece on the wearer. Also important
. comparison to the permissible expo-

wearer acceptance and training.. o
Proper fit of the respirator-is criti-
cal. As a negative pressure is created

within the facepiece when the wearer

breathes, unfiltered air may enter the
facepiece if gaps exist. Obtaining. a

proper fit on each employee may re--
quire the employer to provide two or

three different mask styles.
The employee must be properly
trained to wear the respirator, to know

why the respirator is needed and to

understand the limitations of the res-
pirator. An understanding of the
hazard involved is necessary to enable

" the employee to take steps for his or

her own protection. The respiratory
protection program implemented by
the employer must conform to the
program set forth in 29 CFR 1910.134.

- 'This contains basic requirements for
- proper selection, -use, cleaning, and

maintenance of respirators.” X

The employer must cheeék to see
that the employees’ respirators fit
properly and that leakage is at a mini-
mum. A rapid simple fit test can be
berformed at the start of each shift by
each employee wearing a negative
pressure respirator. This test can be
either a positive pressure teést, in
which the exhalation valve is closed
and in which the wearer exhales into
the facepiece to produce a positive
pressure, or a negative pressure test,
in which the inlet is closed and the
wearer inhales so that the facepiece

. - ‘

collapses slightly.. Employees shoul
be trained to perform this test, L
The standard requires a qualitative

fit test at the time of initial fitting

and semiannually thereafter. If the
particulate filters can be replaced with -

chemical cartridges, isoamyl acetate

can be used to qualitatively test face-
piece fit. If the employee can smell
the isoamyl acetate while wearing the
respirator it can be concluded that the
particular respirator will not provide
suitable protection.

The standard requires that employ-

ers with more than 20 employees wear- .
ing respirators provide a quantitative

fit test at the time of initial fitting - =
and . semiannually ‘thereafter. In a > = ¢

quantitative fit test the level of leak-
age and degree of protection: is specifi-
cally measured by instrumentation.
These tests are more accurate and pro. -
vide greater assurance thaf the respi-
rator is providing proper protection.

One type of quantitative #it test in~ - -
volves using a simple hoed, sodium = -
chloride vapor, and automated fnstru- =
mentation. At least cne such device is .~ -

commercially available at less than
$10,000. These tests can be performed
rapidly (10 to 20 minutes) and are rela-~

tively easy to perform. This require- S B

ment is limited to employers with

more than 20 workers wearing respira-

tors. At present, organizations are not -

available to provide these testing sef-
‘vices. Therefore the requirement/is

limited to employers with  greafest =

need for testing and for whom it is -
reasonable to acquire the equipment.
However, OSHA recommends that all
employers who have access to quanti-
tative fit testing make use of such fa-
‘cilities. for employees who' regularly
wear respirators. There was no specific -

- requirement for quantitative fit tests

in the proposal. But subsequent devel.’
opments of equipment to make them

relatively easy to carry out and the

greater assurance of proper protection

they provide, make it appropriate that =~ -
~they be required for employers with = - ’
" significant numbers of .emp}oye&e on

respirators. S .
The standard makes the wearing of

respirators voluntary; at the option of

the employee until December 31, 1979

except when employees are exposed in .-

excess of 50 pg/m3 While exposures in
excess of the permissible exposure
limit do constitute a hazard, OSHA be-
leves that it is necessary to mitigate
some of the problems associated with

respirator use and to permit time for =
educating and training employees in

the need for and use of respirators.
During the voluntary period, control

.measures, such as installation of engi-

neering controls and improved work
practices can be implemented. These
controls will result in an improved
work environment which will substan-
tially reduce the number of employees -
required to wear respirators. The vol-

. FEDERAL REGISTER, VOL. 43, NO. 88—FRIDAY, MAY 5, 1978




19620

Certain trivalent arsenicals (arsenic
“trioxide, sodium arsenite, potassium
arsenite, copper acetoarsenite) have
been implicated as systemic carcino-
gens. Some case reports based on long-
term administration of megicinals con-

taining potassium and sodium arsenite .

(Exhibits 180 and 101) and occupation-
al exposure to sodium arsenite and
copper sacetoarsenite (Paris' Green)
(see sec. IV C-of this preamble) have
implicated ingestion of these chemi-
cals as carcinogens. A high incidence
of skin cancer has been reported in
several populations exposed to high
concentrations of arsenic in drinking

~water (Exhibit 180 pp. 299-301, Exhib--

it 58). In addition, OSHA believes as &
general matter that efforts must be
taken to minimize exposure to carcino-
gens by all exposure routes includmg
ingestion. -

The proposal did not include a re-

quirement  for. lunchrooms with fil-.

tered air though it did prohibit eating
in regulated areas. Union representa-
tives recommended that such lunch-
rooms be provided -(Exhibits 22, 30,
121). The suggestion has been adopted
because such facilities are needed to
provide a suitable place, relatively free
from contamination to inorganic ar-
senic, for workers working in regulated
areas to eat. In addition, suitable
lunchroom facilities will provide an in-

ducement for employees not to eat in-
regulated areas. As the risk of inges- .

‘tion is highest in (lunchrooms, some-
"what more elaborate regulations. for
their design are included. Since the
risk of ingestion is less below 10 pg/m?3,
the standard requires those facilities
only for employees exposed above that
level rather than at the 2 pg/m?® level
-of the proposal. This change will also
reduce the burden on the employer.
- Eye wash requirements contained in
the proposal have been deleted. There
appear to be few locations or arseni-
cals for which such facilities might be
needed to prevent serious eye injury.
The standard requires employers to
prevent employee skin or eye contact
with liquid or particulate inorganic ar-
senic which is likely to cause skin or
eye irritation. As discussed in the
health effects section, some arsenicals
cause skin irritation, and keratosis was
a condition observed among workers
_exposed to substantial amounts of ar-
senic. These keratoses also seem to be
related to various forms of cancer
which subsequently developed.
Reducing the airborne - exposure
- below the permissible exposure limit
should eliminate skin irritation from
exposure to arsenic. In areas where ex-
posures are somewhat over the permis-
sible exposure limit, supplying and
using appropriate clean protective
_clothing and gloves as required by the
standard should prevent skin irrita-
tion. In areas of higher exposure, such
as arsenic kitchens, in addition to res-

RULE‘S AND REGULATIONS

pirator use, suitable precautions need
to be taken to avoid s1gmfxcant skm
contact.

Arsenic trichlonde is raptdly ab~
sorbed through the skin and creates a
serious acute toxicity hazard. In conse-
quence all skin and eye contact is pro-
hibited. Where feasible arsenic trichlo-
ride should only be utilized in closed
systems. with “suitable backup controls
in case of system breakdowns. Where
such a system is not feasible, the em-
ployer is required to provide impervi-

ous protective clothing and -suitable:
. respirators.

J. MEDICAL SURVEILLANCE: PARAGRAPH (N)

~The stande.rd reqlxires each employ-
er to institute a medical surveillance

program for all employees who are ex--

posed above the action level for at
least 30 days per year and for employ-
ees who have been exposed to levels
above the action level for more than
10 years who are no longer exposed

_above the action level. The record, in-
from

cluding -~ - recommendations
NIOSH in-its updated Criteria Docu-
ment (Exhibit 99), clearly indicates
that a medical surveillance program is
appropriate in dealing with the prob-
lem of employee exposure to inorganic
arsenic. Section 6(bXT) of the Act pro-
vides that:

~ % *» * where appropriate, any such stand~ i

ard promulgated under subsection 6(b) shall
prescribe the type and frequency of medical
examinations or other tests which shall be
made available; by the employer or at his
cost, to employees exposed to such employ-
ment related hazards in order to most effec-
tively determine whether the health of such
employees is adversely affected by such ex-
posure,

The proposed standard (Exhibit 2a, p.
3400), provided that medical examina-
tions should be given to all employees
exposed above. the action level. The
final standard also requires medical
surveillance for all employees exposed

. -above the action level (5 pg/m?. Al-
though the level of exposure which -

triggers .medical surveillance - has
changed, the rationale remains the
same.

© Some employees may be assxgned to
work areas where they may be ex-
posed to inorganic arsenic above the
action level on a temporary or.short
term basis, e.g. during vaction periods
or certain types of repair work. There-
fore a cut-off point for the required
medical surveillance
needed since it would not be appropri-
ate to provide medical surveillance for
every employee regardless of duration
of exposure. It is important that the
time period selected be sufficiently in-
clusive without being administratively
impracticable. The arsenic record did
not specifically address this point.
Consistent with OSHA’s experience

gained in the coke oven emissions pro- .

ceedings where the matter was consld-

program is

ered at length, OSHA has determined,
that 30 days is an appropriabe cut-off
point for mclusxon in medical exami—
nations.

The final standard includes a rec

quirement that all employees who
may have been exposed above the

action level for 10 or more years must

be provided with medical examina-
tions although they are no longer ex-
posed above the action level, The lan-
guage in the proposal was unclear on
this point. Medical ‘examinations are
mandated for this group because they-
represent a potentially higher risk
group. Arsenic exposures have been re-
duced since the 1950’s in most smelters
and chemical manufacturers.. . -

Long-term employees who have ex-
posures now or in the near future
below the action level, but have had
exposure above the action level now or
in the recent past, are quite likely to
have had substantially greater expo-
sures in the more distant past. Dr.
Brooks testified onthis: point: (STR
45-52) and the epidemiological studies -

indicate that risk increases with both

degree and duration of exposure;
The medical examination required is
principally based on the known utility
of x-ray and :sputum  cytology as
screening tests for respiratory cancer.
Two portions of the proposed medi-
cal surveillance protocol have been de-
leted. These are palpation of superfis
cial’ Iymph nodes and, a- comp}ete :
blood count. As noted previously, lym- .
phatic and hematopoietic: cancer ex- -

“cesses have only been observed in

worker populations in the Ott and
Baetjer studies (in which workers were
exposed to sodium arsenite, potassium
arsenite, and copper acetoarsenite). As
OSHA is not aware of groups of work-
ers :in this category at the present
time, it is not appropriate to require
these tests generally. These tests may
be given at the discretion of the exam-

-ining physician and would be advisea-

ble if an employee has been exposed m
those chemicals..’ el
Neither the proposa.l nor the final .
standard requires that urinary arsenic
determinations be a mandatory part of
the medical surveillance protocal. The
correlation of urinary arsenic levels
and airborne arsenic exposure is fairly
weak (r=0.528). Urinary arsenic levels
vary considerably from  individual fo
individual and time to time. Accord-
ingly, we feel that the use of urinary
arsenic determination to supplement
monitoring of airborne levels of ar-
senic should be left to the discretion
of the mdwidual company or physi- -

cian.

All examinations and procedures are
required to be performed by or under
the supervision of a licensed physician
and provided without cost to the em-
ployee. Clearly, a licensed physician is
the appropriate person to be supervis-
ing and evaluating a medical examina-
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untary nature of respirator use prior
to December 31, 1979 does not reduce
the employer’s obligation to train em-
ployees in the proper use of the respi-

“rators and to make the appropriate
respirators available. Indeed, since the
employee is being granted a greater re-
sponsibility for his or her own protec-
tion, special attention must be given to
the training program so the employee
can make an informed choice.

The - proposal reguired - immediate
use of respirators whenever employees
were exposed in excess of the TWA
limit. This would have essentially re-
quired the wearing of respirators by a
large number of workers. in-some fa-
cilities on the effective date of the
standard. The transition period pro-
vided by the final standard will allevi-
ate this burden and permit more time
for training and implementation of a
respirator program. The employer is
required to provide respirators for em-
ployees-exposed between 10 and 50 ug/

‘m?® as soon as possible but with an out-
side limit of December 1, 1978 to allow
:time which may be needed to purchase
~and receive a sufficient number of res-_
pirators. There are fewer employees
exposed between 50 pg/m* and 500 pg/
m?* and those employees face more
severe risks. ‘Therefore respirators
must be supplied as soon as possible
and no later than October 1, 1978 for
those employees. Respiratory use: is
now required for employees exposed
over. 500 pg/m?® and therefore respira-

" tors continue to be required from the

effective date of this standard.

The standard requires that employ-
ees wearing air-purifying respirators
‘be permitted to replace the respira-
tor’s filter whenever they detect a sig-

~nificant increase in breathing resis-
tance. When the filter becomes loaded,
the movement of air through the filter
becomes restricted forcing the employ-
ee to breathe harder to overcome this
resistance. The wearing of the respira-
tor becomes increasingly more uncom-
~“fortable and it may not be used as a
result. To aid in the minimizing of the
discomfort of wearing a respirator and
to keep the respirator working effi-
ciently the employee must be allowed
. to change filters when the need arises.:

The wearing of a respiratdr in an ar-
senical atmosphere can result in skin
irritation as the dust may accumulate
around the facepiece seal. To prevent
this irritation and to minimize the dis-

- comfort of respirator use, employees
must be allowed to periodically wash
their faces and respirator ?acepie ces in
order to remove the accumulation of
inorganic arsenic.

It will be necessary for some produc-
tion employees in some smelters to
wear respirators for a substantial per-

. centage of the day for a number of
years. Subsequent to the arsenic pro-.
posal and hearings, NIOSH has certi-

- fied a lightweight Powered Air Purify-
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ing Respirator (PAPR). In addition,
other types are under development. It
is OSHA’s experience that in many
circumstances, PAPR’s are more com-
fortable to. wear and provide better
protection. They are light, under posi-
tive pressure and do not require a
tight facial fit thereby minimizing irri-
tation and  breathing
Except in cold weather, the air stream
provided makes them more comfort-

-able. They have a higher protection
factor than negative pressure respira-

tors since face fit is not a crucial
factor. While they are more expensive,

they interfere with work far less than-

negative pressure respirators. There-
fore, OSHA believes it appropriate
that employees have the option of
wearing PAPR’s. Consequently, the

- standard . gives the  employee the

option of wearing PAPR’s in appropri-

ate circumstances after December 1,

1978. The employer must also supply &

combination dust filter with a gas sor-
bent where there will be exposure to:
gases (such as sulfur dioxide) over the .

relevant limit for that gas some of the
time. This will be the case some of the
time in smelters. If over-exposures to
gases are relatively - continuous,

PAPR’s would not provlde suitable,

protection.

H. PROTECTIVE CLOTHING AND EQUIPmT

PARAGRAPH. (§)

. The standard requires the employer
to provide and assure that employees
use protective clothing and equipment

- where the employee is exposed above

the permissible exposure limits to pre-
vent contamination of street clothing,
to prevent skin and eye irritation and
to prevent skin absorption of arsenic
trichloride. The employer is responsi-
ble for cleaning and replacing the
clothing as necessary. Specifically, the
employer is to provide coveralls or
other full body clothing, gloves, and
shoes. The employer must also provide

. eye protection and other: equipment,

when necessary to prevent. skm or eye
irritation.

The final standard makes a nu:mber ‘

of changes from the proposal to re-
spond to the comments, to clarify the
language and to utilize the experience
developed in the Coke Oven Emissions

proceeding. The clothing is to be sup-. .-

plied to employees exposed above the
10. pg/m? level. It is necessary that
protective clothing and shoes be re-
quired to prevent contamination of
the employees’ street clothing and

shoes, so that exposure is not ex-

tended beyond the work day. At expo-
sures lower than the PEL, it is less

likely that clothing will become sig- -

nificantly contaminated w1th morgan

~ic arsenic.

Impervious protective clothmg is re-
quired for those workers working with
arsenic trichloride, because it can be
rapidly absorbed through the skin.

- resistance. -
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: Thé broposal requiréd the emhloyer
provide and clean daily protective
clothing. The final standard reduces

the frequency to weekly, except where
there is a significant probability of

skin irritation because of exposures

above 100 pg/m? such as in some loca-
tions in the ASARCO, Tacoma arsenic
plant. The original requirement was -
designed to reduce skin irritation.
However, at levels approaching 10 ug/
g’,lskin irritation is unlikely. Accord-
g1y,
changed to weekly to reduce the
burden on the employer. At levels

“'where skin irritation is likely, or at

lower levels where skin irritation is oe-
curring, the daily cleaning  require.
retained. .

" ment.is -
. ’I'heﬁnalstandaxdcm-iﬂwthatthe_ ‘
- obligation is on the employer to pro-
. vide protective equipment at no cost to

the employee. In this way the employ-
er is in the best position to provide the
correct type of equipment and keep it
in repair. Also, as the employer has
permitted exposures to exceed the per-
missible exposure limits the obligation
properly rests on the employer. The .
cost of necessary equipment has bieen
included in the various economic anal- -
yses performed.

The standard provides that the em-

- ployer ensure that all protective cloth-

ing is removed at the end of each work
shift only in change rooms, and that

‘the clothing that is tb be la.l,mdered.

cleaned, or disposed of be placed in a
closable container in the change room.
The purpose in requiring such a con- -
tainer is to prevent the contaminants

on the clothing from coming into con-

tact with an individual handling the
container  or being released in the

~change room. Since the container is to

be located in the change room, it is ap-
propriate to limit the removal of con-
taminated clothing to that area.
Finally, the standard requires the
employer to inform those who handle
the contaminated articles of the po-
tentially - harmful effects of exposure
to inorganic arsenic. This provision is

- designed to make clear the need to use

proper care in ha.ndling of the con-
tammated articies, .

s mam FACILITIES AND mcmcns
. ... PARAGRAPH (M)

The standard requires that the em-
ployer ~provide clean and suitable
change - room - facilities,
showers, - and lunchrooms for- those
employees working in regulated areas.
One purpose of these requirements is

to prevent exposure beyond the work ‘

day to the employee, Another purpose
is to reduce the likelihood of skin irri-
tation resulting from skin contact with
inorganic arsenic. Both of these rea-
sons have ' been discussed in more
detail in the previous section on Pro-
tective Clothing and Equipment. A -

third purpose is to prevent the inges—

tion of inorga.mc arsenic.
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tion. However, certain parts of the re-
quired exam do not necessarily require
the physician's expertise and may be
conducted by another person under
the supervision of the physician. .
The proposed standard included a
requirement that all medical examina-
tions be given during the employees’
normal working hours. The final
standard does-not include the require-

© ment because it may be impractical for

shift workers or less convenient for
employee or employer. However the
employer is obligated to pay for the
time spent taking the medical exami-
nation if it is taken outside normal

working hours and the exam must be

given at a reasonable time and place.
It is necessary that exams be conve-
nient and without loss to the employ-
ee to assure that they are taken.

The standard provides that a work

history, medical history and medical

examination be performed at the time
of initial assignment to areas where
exposure exceeds the action level or
by December 1, 1978, for employees
exposed above the action level at the
effective date of the standard. The
purposes of this requirement are to
make an initial assessment of the
health of each employee and to estab-
lish a baseline health condition

-against which changes in an employ-

ee’s health may be compared. The pro-
posed standard (Exhibit 2a, 40 FR
3401), and Criteria Document (Exhibit
99, p. 1I-2) all contained requirements
for:- an initial or preplacement exam.
The history has been expanded slight-
ly from the proposal to include infor-
mation on smoking because of its rel-
evance to increased respiratory cancer

The various tests that comprise the
medical exam are designed to be used
in an initial assessment of an employ-
ee’s health and to detect changes in
health which may occur. The value of
each of the specified examinations is

_described below, = .. -

A 14in. by 17 in. X-ray is a screening
test of proven value in the detection of
lung cancer. The International Labour
Office UICC/Cincinnati (JLO T/C)
rating is useful in obtaining uniform
quality In the reading of X-rays. v

Sputum cytology is required in cer-
tain circumstances by the*final stand-

“ard though it was only recommended

in the proposal. (See Appendix C to
the proposal). The proposal did not
mandate sputum cytology on the basis
that it should be optional depending

.on the opinion of the examining phy-

siclan. Subsequent information re-
ceived during the coke ovens proceed-
ing indicated that sputum ecytology

would be of value. The issue was raised

more fully in the PFPeperaL REGISTER
notice of July 16, 1976 (41 FR 29425)
which specifically requested comments
on this issue and included it as one

- issue to be considered in the Septem-
. ber 1976 hearing.

RULES AND REGULATIONS ‘ T

Comments received from Dr. Dahl-
gren. (Exhibit 137-12) and Health Re-
search Group (Exhibit 137-8), and tes-
timony by Dr. Brooks, a noted expert
in the field (STR 45-52), as well as hy
NIOSH (Exhibit 146) were in favor of

requiring sputum cytology. Comments

from the Motor Vehicle Manufactur-
ers’ Association (Exhibit 137-9) and
'Dr. Clark Cooper (Exhibit 137-7) were
- opposed. Anaconda submitted prelimi-
nary resulis of a study of sputum cy-
tology among its workers (Exhibit
165B Appendix E, STR 600-601) which
cast doubt on its usefulness. ASARCO
recommended that  sputum cytology

be included on a trial basis (Exhibit

111-3).

Based on the information rei:eiveid;‘_
OSHA believes it appropriate to in-
clude sputum cytology in the medical .

surveillance protocol. With the devel-
opment of the fiberoptic broncho«
scope, sputum cytology has become an
effective tool for early detection of
respiratory cancer among a higher risk
population such as workers exposed to
inorganic arsenic. (Exhibit, 140, 141A).

‘Used - in ‘conjunction with X-rays,

OSHA is. hopeful that such early de-
tection will result in prolonged life for
those discovered to have respiratory
cancer. X-rays and sputum cytology
appear to be complementary, one
being more a powerful tool for detec-
tion in the peripheral airways while
the other is for the central airways.
(Exhibit 140, 141A, STR 45-52). ‘

A nasal examination is required be-
cause employees with significant expo-
sures to inorganic arsendc are subject

to perforation of the nasal septum. A

skin examination is. also required.

Such an examination will detect gross

overexposures to arsenic. Such: expo-
sure is rare now, However, the exami-
nation can be quickly and simply per-
formed and therefore has been inciud-
ed. ' : ’

- 'The standard provides for semiannu-
al examinations for employees ex-
posed over the action level who are 45 -

years of age or older, and for employ-
ees who have been exposed for 10 or
more years above b .pg/m3, All other
employees working in regulated areas
are to be provided with medical exami-
nations on an annual basis and their
examination need not include sputum
cytology except for the initial exami-
nation. ASARCO recommended a less
frequent examination. The frequency
in the final standard Is consistent with
the proposal, Dr. Brook’s testimony
(ATR 45-52) and OSHA’s experience
during the coke oven emissions pro-
ceeding. The more frequent and more
extensive examinations are specified

for the higher risk population as dis--

cussed above. :

Employers are required to make a
medical examination available to an
employee who has not had one within
six months of termination of employ-
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ment.. This was not included in the

proposal. ‘It is believed necessary to

inform the employee to the extent

possible if the condition of his health -

has been affected during the period of -

employment.

The employer is required to provide

the physician with certain informa-
tion. The employer is also required to
obtain a written opinion from the ex-
amining physician containing: the
physician’s opinion as to whether the -
employee has any detected medical
conditions which would place the em-

ployee at increased risk of material im- -
pairment. of health from exposure to ..
inorganic arsenic; the results of the -
- medical examination; any recommend-
ed limitations upon the employee’s ex~ -

posure to inorganic arsenic and upon

the use of protective clothing and
" equipment such as respirators; and a
statement that the employee has been -

i«

informed by “the physician of any

medical eonditions which require- fur-
ther examination’ or treatment. This
written opinion must not reveal specif-
ic findings or diagnoses unrelated to

occupational exposure, and a copy of -

the opinion must be provided: to the
affected employee. )

The purpose in requiring the exam:

ining physician to supply the employ-
er with a written opinion containing
the above mentioned analyses is to

basis to aid in the determination of

_ initial placement and ability to use |
protective clothing and equipment of

employees. Requiring that opinion be
in written form will serve as an objec-
tive check that employers have actual-
1y had the benefit of this information

' provice the employer with a’ medical s

in making these detérminations, Like-

wise, the requirement that the em-
ployee be provided with a copy of the

. physician’s written opinion will insure
that the employee is informed of the
results of the medical exam and may

take any appropriate action. The pur-

. pose In requiring that specific findings

or diagnoses unrelated to occupational
exposure not be included in the writ-

"ien opinion is to encourage employees

to submit to medieal examinsation by

removing the fear that employers may

find out information sbout their phys-

ical condition that has no relation to

occupational exposures. )
The proposal included a provision
that the physician state whether expo-
sure to inorganic arsenic would direct-
1y or indirectly aggravate any medical

condition. This provision has been de- . -

leted from the standard for two rea-

sons: It'is vague, in that it is unclear
- what “aggravate” means. Secondly, it
adds nothing to the requirement to de- .

termine whethier an employee has any
detected = medical conditions = which
place the employee at increased risk of
material impairment of health from
exposure to inorganic arsenic.

-. *'The proposed standard in_cmded'a[ -
provisiqn prohibiting the exposure of
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k an einhloyee to inorganic arsenic if the

employee would be placed at increased
risk of material impairment to his or
her health from such exposure (Ex-
hibit 2A, 40 FR 3402). The proposal
did not include any provision requiring
the transfer of that employee to an-

-other job, or requiring that the em-

ployee be guaranteed his earlier rate
of pay.

In this proceeding, representatives
of unions indicated their great concern
regarding any requirement for the
mandatory removal of employees be-
cause of increased risk, in the absence
of a medical removal protection or
rate retention, right for employees so
removed (Exhibit 22, 103). The major
argument presented was that in the
absence of 2 medical removal protec-
tion provision, such a requirement
would constitute a major disincentive
to employees to submit to physical ex-
aminations because they would fear
that an adverse medical opinion could
result in loss of employment. As a

result, the purpose of the medical sur- .

veillance requirements would be unde-
termined and early detection of illness
would, too often, not occur. It was also
suggested that the absence of a medi-
cal removal protection provision cre-
ates a dilemma antithetical to the pur-

- poses of the Act—namely, the employ-
ee’s need to choose between continu--

ing to work but risking his life by con-
tinuing to do so, and protecting his
health, but losing his job.

The Agency agrees that the ap-
proach taken in the proposed standard
confronts the employee with a diffi-
cult choice and we are sympathetic to

.the concerns reflected in the unions’

position on this issue. However, we be-
lieve that the present record does not

contain sufficient evidence on the pro-.

priety, scope and implications of man-
datory transfer and rate retention re-
quirement so as to constitute an ade-
quate basis for the incorporation of
such a provision in the standard.
‘While we are not providing for medi-
cal removal protection in the standard,
we are convinced that further explora-~
tion of this issue is necessary in order
to deal in considerably more depth
with the numerous issues raiséd by
such a provision. OSHA has held a
hearing specifically in regard to medi-
cal removal protection for employees
exposed to lead. OSHA is now consid-
ering the record developed in that
hearing. Based on the experience
gained in that proceeding OSHA will
consider whether medical removal pro-
tection should be proposed for em-
ployees exposed to other substances.
In the meantime, OSHA has decided

to delete the mandatory removal pro-

vision. In our view, the issue of manda-
tory removal is closely related to the
issue of rate retention and neither

" .should be Addressed in the present

standard. The Agency’s further study
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of rate retention will also irivolve con-

" sideration of the mandatory removal

question.

(K) EMPLOYEE INFORMATION AND
~TRAINING: PARAGRAPH (0)

The final standard requires the em-
ployer to provide a training program
for employees exposed above the
action level or for whom there is a pos-
sibility of skin or eye irritation from
contact with inorganic arsenic.

The need to train employees was
agreed upon by virtually all of the par-
ticipants in the rulemaking proceed-
ing, and a training requirement was in-

cluded in the Criteria Document (Ex. -

99, p. 7) and the proposed standard.
The proposal required training in all
locations where any inorganic arsenic
was released or handled. However, in-
organic arsenic is naturally present at
very low levels in some substances
where there is little possibility of its
release. The benefit in requiring train-
ing in these circumstances did not

seem significant and the scope of the

training provision has been narrowed
accordingly. :

The training program is required to
be completed by October 1, 1978, for
employees initially covered by the
standard and at the time of initial as-

signment to areas where there is possi— -
bility of exposure over the action level

or skin irritation otherwise. OSHA be-
lieves that it is important to train em-
ployees as soon as possible, consistent
with developing suitable materials, in
order to maximize the benefits of the
training program, and has acted ac-
cordingly.

The standard requires that the
training program be provided at least
annually except that it must be pro-
vided quarterly for those employees
who have optional use of respirators
until December 31, 1979. OSHA be-
lieves that an annual training program
is both necessary. and -sufficient- to
remind the employee of the hazard.
Quarterly training is required for em-
ployees who have optional use of res-
pirators so that those employees will’
be in a position to make informed
choices regarding the use of respira-
tory protection.

The content of the training program
is intended to apprise the employees
of (1) the hazards to which they are
exposed; (2) the necessary steps to
protect themselves, including minimiz-
ing exposure, respiratory protection
and medical surveillance; (3) their role
in reducing emissions; and (4) their
rights under this standard.

The employer is required to make a
copy of the standard and its appen-
dixes available to affected employees.

This requirement, in combination with -

the review provided for as part of the
training program, is intended to

.ensure that employees understand

their rights and dutxes under this
standard.

““The employer is also required to pro-
vide, upon request, all materials relat-
ing to the training program to the As-
sistant Secretary and the Director.
This is intended to provide an objee-
tive check of compliance with the con-
tent requirements of the standard. It
should be noted that the recordkeep-
ing requirement regarding the training
program which had beén included in
the proposal has not been retained in
the standard to reduce the recordkeep-
ing burden, This places greater reli-
ance on access to training materials as
a check to ensure that employees are
bemg properly trained L

L. SIGNS AND LABELS: PAmwn (m

The final standard requires that reg-
ulated areas be sign posted stating:
“Danger, Inorganic Arsenic Present,
Cancer Hazard, Authorized Personnel
Only, No Smoking or Eating, Respira-.
tor Required”. It also requires labeling
of containers of .inorganic arsenicals,
except when the arsenic is bound in
such a manner as to make unlikely the

possibility of exposure to inorganic ar- < -

senic. The labels must state, “Caution,
Contains Inorganic Arsenic, Cancer
Hazard, Harmful if Inhaled or Swal-
lowed, Use only with Adequate Venti:
lation or Respiratory Protection”. - .

It is important, and section 6(bXT)
of the Act requires, that appropriate
forms of warning, as necessary, /be
used to apprise employees of the haz. -
ards to which they are exposed in the
course of their employment. OSHA be-
lieves, as a matter of policy, that em-

ployees should be given the opportuni-

ty to make informed decisions on
whether to work at a job under partic-
ular working conditions, Furthermore,
when the control of potential safety
and health problems invelves the co-
operation of employees, the success of
such a program ‘is highly dependent

‘upon the worker’s understanding of‘ o

the hazards attendant to that job. .
In light of the serious nature of the :
hazard of exposure to inorganiec ar-
senic, OSHA believes that sign posting

is needed as well as perjodic training - .

to adequately inform employees of the
cancer hazard. The appearance of the
phrase “Cancer Hazard” on the warn-
ing sign will serve as an objective
check on whether employees are actu-
ally being informed of this hazard. It
is a reasonable precaution to discour-
age unnecessary entry of ocecasional
visitors to regulated areas. Also, the
warning signs will inform all employ-

ces entering regulated areas of the - .

need to utilize respirators and other
protective equipment which the em-
ployer is to provide.

A number of comments were made
that such signs would cause unneces-
sary alarm (Exs. 3E, 3T, 27). Given the
evidence of the carcinogenicity of inor-
ganic arsenic, a strong warning is nec-
essary and the word “Hazard” has in



consequence been substituted for the
ambiguous term, “Suspect Agent.” Ad-
ditfonally, the phrases *“Authorized
Personnel Only” and “No Smoking or
Eating” and “Respirator Required”
relate directly to requirements in the
standard which limit access and activi-
ties within regulated. areas. (See dis-
cussions of Regulated Area and of Hy-
giene Facilities and Practices.)
- All shipping and storage containers
“of inorganic arsenic compounds and
products containing it are required to
be labeled with a warning of the
cancer hazard and the precautions to
be taken. This is so employees han-
‘dling the materials will treat them
with care and take suitable precau-
tions to avoid inhalation. It is neces-
sary to warn employees to take pre-
cautions in case of spills or breken
containers.

‘The proposal did not include any ex-

. ception to this provision. Comments

were received stating that the inorgan-
ic arsenic present in certain products
- was bound in such a manher as to
make unlikely the possibility of expo-
sure to indrganic arsenic. An example
- of this is the light emitting diode (Ex-
hibit 137-4). In such circumstances, a
warning label is inappropriate because
the hazard does not exist. Therefore,
the final standard excludes from the
labeling requxrements those contain-
ers or products in which arsenic is
bound in such a manner to make un-
likely airborne exposure. . -

Exposures are not unhkely if drop-
ping, breaking or ordinari]y negligent
handling will hkely result in overexpo-
sure.

M. RECORDKEEPING: PARAGRAPH (q)

Section 8(c)(3) of the Act (29 U.S.C.
657) mandates the inclusion of provi-
sions requiring employers to maintain
accurate monitoring records of em-
ployee exposures to potentially toxic
materials. It also provides that em-
ployees or their representatives have
access to such records.. .-

The final standard requires records
of exposures measurements. The rec-
ords required include name and job
classification of employees measured,
details of the sampling and analytic
techniques, results, and type of respi-
ratory protection worn. The standard
also requires records of medical sur-
veillance. These include names of em-
ployees, the physician’s written opin-
ion, and copy of the results of the ex-
amination. In addition, the initial x-
ray and cytology slide, the most recent
5 years of x-rays and 10 years of
sputum cytology slides, and all x-ray
and cytology slides indicating atypia,
or subsequent to-atypia must be re-
tained. These records must be kept for
40 years or for at least 20 years after
termination of employment, which-
ever is longer.

The participants at the hearing gen-
erally agreed with the. necessity for
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keeping such records, but objected to
the length of the record retention
period. It is necessary to keep these
records for such extended periods of
time because of the long latency peri-
ods commonly observed for carcino-
gens. Cancer is . often not  detected
until 20 or more years after onset of
exposure. The extended retention
period is therefore needed for two pur-
poses. Diagnosis of disease in employ-
ees is assisted by having exposure data

- as well as the results of the medical

exams even many years in the past.
The original x-ray and cytology slide
and those in the recent past are re-
quired to provide a baseline as well as.
a guide to the progression of symp-.

"~ toms. It is necessary to retain monitor-

ing -and medical surveiliance data. for
the same period because the data has

- to be considered together. The second

purpose for retaining records for 40

years is so that it will be possible at -

some future date to review the ade-~ .
quacy of the standard. :

The final standard makes a number
of changes from the proposal. Some of
these  reduce . the - recordkeeping

“burden. The respirator recordkeeping

has been simplified and the retention
period made the same length as for ex-
posure measurements so that exposure

levels can be assessed. Provisions in-
- the proposal requiring records of em-

ployee training and regulaied area ross
ters have not been retained in the
final standard. These two records were

deléted because there appeared to be

little benefit in their retention. Train-

‘ing materials can be inspected when

necessary: to determine compliance.
The roster duplicated data reguired to
be retained for the medical surveil-
lance and exposure records. Records of

ventilation testing have been reduced

to a notation of the last test and is in-

cluded as part of the housekeeping -

paragraph. The initial inspection pro-
visions have been replaced by specific

. measurenment requirements and the re- -

cordkeeping requirements have been
changed accordingly. The recordkeep-

ing requirements have been substan- .
-tially -reduced as a - result of the

changes discussed above. The reduc-
tion in the monitoring frequency and
change in the definitions of persons
subjeet to medical surveillance  will .
also reduce the volume of the records
which must be retained.

The final standard, in unifomuty
with the proposal and other OSHA
standards,~requires that such records
be made available to the Director and
Assistant Secretary, that exposure rec-
ords be availlable to employees and
their representatives, and medical rec-
ords to an employee or physician des-
ignated by an employee or former em-
ployee. These provisions carry out
statutory requirements. In addition it
is necessary for the Assistant Secre-
tary and Director to have access for
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enforcement and research purposes. '

- The employees or their representa-

tives need access to exposure records’
because they help the employees de-
termine the effectiveness of the em-
ployers’ exposure abatement program.
The physician needs access to medical
records for diagnostic purposes. The
transfer provisions are unchanged
except that NIOSH is to be notified at
the expiration of the retention period
so it can determine if the records are
still needed for research purposes. g

N. EMERGENCIES

The tinal standard, unlike th&pro- .
posal, includes no specific paragraph

covering emergency situations. OSHA =

generally includes specific provisions
on emergencies for chemicals pro-
duced in - high - pressure

processes,
“where there is the possibility of explo- -
- sions or other masgive release of the

‘substance, or whm thm are acube
toxicitydmgm

In non-ferrous met.a} smelters t.hese (.

dangers appear unlikely. Arsenic is not

generally subject to explosion. Fur-

ther the arsenic is usually present as

only a small percentage in the materi-

al stream, making unlikely acute toxic-

“ity episodes as a result of equipment
. breakdown.

" Therefore, OSHA has decided to in-

. 4clnde no specific regulatory paragraph. .

on emergencies. However, it should be
noted that the employer is required by -

the respirator section to have availa. =

ble and provide respirators when a
breakdown of equipment or accident
leads to high exposures. Further, as a
matter of proper industrial practice, -
OSHA expects employers handling or
producing arsenical chemicals where
the possibility of acute toxicity exists,

to have procedures for safely handling
spills, breskage of drums, a.nd equ:p- e

ment breakdowns

0. OBSERVATION OF MONTTORING: | iz
v, PARAGRAPH(R) .. .

tunity to observe monitoring of em-
ployee exposures to toxic materials or

harmful physical agents. In accord-

ance with this section and consistent

‘with the proposal and other OSHA
standards, the standard contains pro- .~

visions for such observation. To enstire
that this right is meaningful, observ-
ers are entitled to-an explanation of .
the measurement procedure, to ob-
serve all steps related to the measure-
ment procedure, and to record the re- -
sults obtained. Since results will not
normally be available at the time of
monitoring, the standard has been

clarified to indicate that the observers

are entitled to receive the results of -
the monitoring when returned by the

laboratory. The observer, whether an
employee or designated representative,
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Section 8(c)X3) of the Act requires
that employers provide employees or
“their representatives with the oppor-
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must be provided with, and is required
to use, any personal protective devices
required to be worn by employees
working in the area that is being moni-
tored, and must comply with all other
applicable sa.fety and health proce-
- dures. . B

P. Ermcnvn nA'rE: PABAGRAPH (s)
The effective date is August 1, 1978.

Q. STARTUP DATES. PARAGRAPH’(U) .

Startup dates included have been ex-
tended from the proposal. This is
based on OSHA’s experience as to the
. time required to set up employee
training programs and medical surveil-
lance, to order and receive protective
equipment and respirators, and to
plan, order, receive, and install engi-
- neering controls. The approximately
3-month period between the publica.
tion of this standard and its effective
date provides time to arrange to make
available protective clothing and to
commence monitoring on the effective
date of the standard (or earlier if the
-employer wishes)., It gives additional
time to arrange for the implementa-
tion of this standard and to order nec-
essary equipment. ANl startup dates
. are listed at the beginning of the pre-
amble. It should be noted that some
starting dates are set forth in the
paragraphs to which they directly per-

_tain. If there is mno specific startup.

date set forth in the standard, then
the startup date is the effective date
of the standard. The immediate instal-
lation of change houses, ete., is not re-
quired if installation of engineering
controls would only make their use
necessary for a few months. If the
.time period for meeting any of these
startup dates cannof be met because

of technical difficulties, any employer

is entitled to petition for a temporary
variance under sectlon 6(b)(6)(A) of
the Act. . ; :

R. APPENDIXES: PARAGRAPH (ty

The three appendixes included with
the regulation are not intended to
create any additional obligations not
otherwise imposed or to detract from
- any existing obligation.

S. ORGANIC ARSENIC AND SPECIFIG ’
ARSEN Ic COMPOUNDS '

' The ex1stmg éntry in Table Z-1 of
1910.1000 reads “Arsenic and its com-
pounds (as-As), 0.5 mg/m%” and ac-
cordingly covers both inorganic and
organic arsenic.. The new section
1910.1018 covers just inorganie arsenic.
Accordingly the Table Z-1 entry is
amended to indicate that just organic
arsenic is covered by the 0.5 mg/m?
limit. ,

Calcium arsenate and lead arsenate
are inorganic arsenicals. Accordingly
the existing entries in Table Z-1 of
§1910.1000 setting exposure limits for

" RULES AND REGULATIONS

them are deleted. Calcium. arsenate
and lead arsenate will now be regulat-
ed under the new standard on inorgan-
ic arsenic in § 1910.1018.

IX. AUTHORITY

. -This document was prepared under
the direction of Eula Bingham, Assist-
ant Secretary of Labor for Occupa-
tional Safety and Health, 200 Consti-
tution Ave. NW., Washington, D.C.

20210,

Accordingly, pursuant to sections
6(b) and 8(c) of the Occupational
Safety and Health Act of 1970 (84
Stat. 1593, 1599; 29 U.S.C. 655, 657),

.. Secretary of Labor’s Order No.. 8-76

(41 FR 25059) and 29 CFR Part 1911,
Part 1910 of Title 29, Code of Federal
Regulations is hereby amended by
adding a new permanent standard for
occupational exposure to inorganie ar-
senic at §1910.1018 and by making
consequential amendments to Table Z-
1 of 29 CFR 1910.1000.

In addition, pursuant to the above
authority, section 4(bX2) of the Act
(84 Stat. 1592; 29 U.S.C. 653) and the
specific statutes referred to in section
4(b)(2), OSHA has determined that
this new standard is more effective
than the corresponding standards now
in Subpart B of Part 1910, and in
Parts 1915, 1916, 1917, 1918, and 1926

of Title 29, Code of Federal Regula-

tions. Therefore, these corresponding
standards are superseded by
§1910.1018. This determination, - and
the application of the new standard to
the maritime and construction indus-
tries are implemented by adding a new
paragraph (e) to § 1910.19,

Signed at Washington, D.C., this
26th day of April, 1978. These amend-
ments are eifective on August 1, 1978.

Evura BiNcHAM,
Asszstant Secretary of Labor.

Part 1910 of Title 29 of the Code of
Federal Regulations is hereby amend-

. ed as follows:

1. A new paragraph (e) is added to
§1910.19 toread as follows: :

§1910.19 Specxal prov:sxons for air con-
taminants.

K » : * *- L]

(e) Section 1910.1018 shall apply to
the exposure of every employee to in-
organic arsenic in every employment
covered by §§1910.12, 1910.13, 1910.14,
1910.15, or 1910.16, in lieu of any dif-
ferent standard on exposure to inor-
ganic arsenic which would otherwise
be applicable by virtue of any of those
sections. -

§1910.1000 [Amended]

2. Table Z-1 of §1910. 1000 is amend-
ed by deleting the following entries:

“Calcitim Arsenate S LA
“Lead Arsenate.

0.15”

. X M o 2

~

and by a.mendmg the entry which now
reads

: Arsenic and its compounds (as As).. 0.5

mg/m; »

to read; o
“Orgs.nic Arsenie- compounds (as- As).. 0.5
_ mg,ms ”

3. A new §1910.1018 .and appendices
A B and C are added t.o read as fol-
lows:

§ 1910.1018 Inorgamc arsenic,

(a) Scope and application. This sec-
tion applies to all occupatlonal expo-

sures to inorganic arsenic except that
.- this section does not apply to employ-
ee exposures in agriculture or result- -

ing from pesticide application, the
treatment of wood with preservatives

or the utilization of arsenically pre- -

served wood,

(b) Definitions. *Action level” means
a concentration of inorganic arsenic of
5 micrograms per cubic meter of gir (5
pg/m? averaged over. any eight (8) ‘
hour period.

“Assistant Secreta.ry” means the As- B
sistant Secretary of Labor for Occupa-
tional Safety and Health, U. S Departn
ment of Labor, or designee. .

“Authorized person” means any
person specifically authorized by the
employer whose duties require the
person to enter & regulated area, or

-any person entering such an area as'a

designated representative of employ-
ees for the purpose of exercising the
right to observe monitoring and meas-
uring procedures under paragraph (e)
of this section.

“Director” means the Director, Na-
tional - Institute for Occupational
Safety and Health, U.S. Department
of Health, Educatlon and Welfare, or
designee.

“Inorganic arsenic” -means copper .
aceto- arsenite and all inorganic com-
pounds  containing arsenic except
arsine, measured as arsenie (As). :

-(¢) Permissible: exposure limit ‘The

employer shall assure that no employ-

ee is exposed to inorganic arsenic at
concentrations greater than 10 micro-
grams per cubic meter of air (10 ug/
m?), averaged over any 8-hour period. -
(d) Notification of use. (1) By Octo-
ber 1, 1978 or within 80 days after the
introduction of inorganic arsenie into

-the workplace, every employer who is

required to establish a regulated area
in his workplaces shall report in writ-
ing to the OSHA area | ofﬁce for each
such workplace:

(i) The address of each such work-~
place; )
(ii) The approximate number of em-
ployees who will be working in regu-

lated areas; and
(iii) A brief summary of the oper-
ations creating the exposure and the
actions which the employer intends to
take to reduce exposures. )
(2) Whenever there has been a sig-
nificant change in the information re-
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quired by paragraph (dX1) of this sec-
tion ‘the employer shall report the

changes in writing within 60 days tq.

the OSHA area office.
{e) Exposure monitoring.~(1) Gener-

. al. (i) Determinations of airborne ex-
. posure levels shall be made from air

samples that are. representative of
each employee’s exposure to inorganic
arsenic over an eight (8) hour period.
(ii) For the purposes of this section,
employee exposure is that exposure
which would occur if the employee
were not using a respirator, Ce
(iiiY The employer shall collect full

shift (for at least 7 continucus hours) .
perscnal samples  including -at least

one sample for each shift for each job
classification in each work area, -

(2) Initial monitoring, Each employ-
er who has a workplace or work oper-.

ation covered by this standard shall
monitor each such workplace - and

- work operation to accurately deter-

- mine the airborne concentration of in-

 organic arsenic to which employees

may be exposed. o

(3) Frequency. (i) If the initial moni-
toring reveals employee exposure to be
below the action level the measure-
ments need not be repeated except as
otherwise provided in paragraph (eX4)
of this seetion, - . -

(ii) If the initial monitoring, re-

.- quired by this section, or rubsequent -

monitoring reveals employer exposure
to be above the permissible exposure

limit, the employer shall repeat moni- -

toring at least quarterly. S
(iii) If the initial monitoring, re-

 monitoring reveals employee exposure

«

to be above the action level and below
the permissible exposure limit the em-
ployee shall repeat monitoring at least
every six months. s o
(iv) The employer shall continue
monitoring at the required frequency
until at least two consecutive measure-
ments, taken at least seven (7) days

apart, are below the action level at

which time the employer may discon-
tinue monitoring for that employee

_ until such time as any of the events in

paragraph (e)4) of this section occur.

(4) Additional monitoring. When- -

ever there has been a production,
process, control or personidl change

~ which may result in new or additional

exposure ~to inorganic arsenic, or
whenever the employer has any other
reason to suspect a change which may
result in new or additional exposures
to inorganic arsenic, additional moni-
toring which complies with paragraph

_(e) of this section shall be conducted.

(58) Employee notification. (1) Within
five (5) working days after the receipt
of monitoring results, the employer
shall notify each employee in writing
of the results which represent that
employee’s exposures. )

(ii) Whenever the results indicate
that the representative employee ex-
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posure exceeds the permissible expo-
sure limit, the employer shall include
in the written notice a statement that
the permissible exposure limit was ex-
ceeded and a description of the correc-
tive action taken to reduce exposure to
or below the- permissible exposure
limit. <

16) Accuracy of measurement. (i) The

-employer shall use a method of moni-

toring and measurement which has an
accuracy (with a confidence level of 95
percent) of not less than plus or minus

25 percent for concentrations of inor-

ganic arsenic greater than or equal to
10 pg/m* L S

(ii) The employer shall use a method
of monitoring and measurement which
has an accuracy (with confidence level

_of 95 percent) of not less than plus or
minus 35 percent for concentrations of

inorganic arsenic greater than 5 pg/m?

- but less than 10 pg/m>

(f) Regulated area.~<1) Establish-

ment. The employer shall establish -

regulated areas where worker expo-

sures to inorganic arsenic, without"
regard to the use of respirators, are i =

excess of the permissible limit.
(2) _Demarecation. Regulated areas

shall be demarcated and segregated .
‘from the rest of the workplace in-any

manner that minimizes the number of
persons who will be exposed to inor-

.ganic arsenic, .

(3) Access. Access to reg‘ulated areas

shall be limited to authorized persons -

or to persons otherwise authorized by
the Act or regulations issued pursuant

-thereto to enter such aress.
quired by this section, or subsequent .

(4) Provision of respirators. All per-
sons entering a regulated area shall be
supplied with a respirator, selected in
accordance with paragraph (hX2) of
this section. -

(5) Prohibited activiliess The em-
bloyer shall assure that in regulated
areas, food or beverages are not con-
sumed, smoking products, chewing to-

bacco and gum are not used and cos--
metics are not applied, except that

these activities may be conducted in

~the lunchrooms, change rooms and

showers required under paragraph (m)
of this section. Drinking water may be
consumed in the regulated area.

(g) Methods of compliance.—(1) Con-
trols. (i) The employer shall institute
at the earliest possible time but not
later than December 31, 1979, engi-
neering and work practice controls to
reduce exposures to or below the per-
missible exposure limit, éxcept to the
extent that the employer can establish
that such controls are not feasible.

- (ii) Where engineering and work
practice controls are not sufficient to
reduce exposures to or below the per-
missible exposure limit, they shall
nonetheless be used to reduce expo-
sures to the lowest levels achievable
by these controls and shall be supple-
mented by the use of respirators in ac-
cordance with paragraph (h) of this

section and other necessary

personal |
protective equipment. Employee rota. .. -

- tion is not required as a control strate-
gy before respiratory protection is in-
stituted. ]

(2) Compliance Program. (i) The em- -

ployer shall establish and implement a

written program to-reduce exposures

to or below the permissible exposure
limit by means of engineering and
work practice controls.

(ii) Written plans for these compli-
ance programs shall include at least
the following: el S

(A) A description of each operation
in which inorganic arsenic is emitted:

e.g. machinery used, material pro<:

cessed, controls in place, crew size, op- -
erating procedures and maintenance
practices; . n

(B) Engineering plans and studies
used to determine methods selected
for controlling exposure-to inorganic

(C} A report of the technology con-
“sidered in meeting the permissible ex.
posure limit; R - S

(D) Monitoringdata; ... T

(BE) A detailed schedule for imples
mentation of the engineering controls
and work practices that cannot be im-

adaption and implementation of any
. additional engineering and work prac-

~ tices necessary to meet the permissible -

exposure limit; SRR o
(F) Whenever the employer will not

practices by December 31, 1979, the
- employer shall include in the compli-
-ance plan an analysis of the effective.
ness of the various controls, shall in-
stall engineering controls and institute
work practices on the quickest sched-
ule feasible, and shall include in the -

compliance plan and implement a pro- .~

gram to-minimize the discomfort and
maximize the effectiveness of respira-
tor use; and s T ey
(G) Other relevant information..
(iii) Written plans for such a pro--
gram shall be submitted upon request
to the Assistant Secretary and the Di-
rector, and shall be available at the

worksite for examination and copying - N

by the Assistant Secretary, Director,
any affeeted employee or authorized
employee representatives. . k

(iv) The plans required by this para-
graph shall be revised and updated at
least every 6 months to reflect the cur-
rent status of the program. :

(h) Respiratory protection—(1) Gen-
eral. The employer shall assure that
respirators are used where required
under this section to reduce employee )
exposures to below the permissible ex-
posure limit and in emergencies. Res-

pirators shall be used in the following . -

circumstances: :

(i} During the time period necessary
to install or implement feasible engi-
neering or work practice controls;
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plemented immediately and for the

achieve the permissible exposure limit”
with engineering controls and work

e T
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{ii) In work operations such as main-
tenance and repair activities in which
 the - employer establishes that engi-
neering and work practice controis are
‘not feasible;

2 (iii) In work situstions in which engi-
neering controls. and  supplemental
work practice controis are not yet suf-
ficient to reduce exposures to or below
the permissible exposure limit; or

(iv) In emergencies.

(2) Respirator selection. (i) Where
respirators are required under this sec-
tion the employer shall select, provide
at no cost to the employee and assure

the use of the appropriate respirato:«‘

TAsm I.-——Res:p'imtory pmtection for inorga.mc arsenic particulate m:cept for those wzth
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or combination of respirators from
‘Table I below: for inorganic arsenic

~compounds without significant vapor

pressure, or Table II below for inor-
ganic arsenic compounds which have
significant vapor pressure. ;

(ii)  'Where employee- exposures
exceed the permissible exposure limit
for inorganic arsenic and also exceed
the relevant limit for particular gasses

such as sulfur dioxide, any air purify-~

ing respirator supplied to the employ-
ee as permitted by this standard must
have a combination high efficiency
filter with an appropna.te gas sorbent.
(See footnote in Table 1) : .

i szgmficant vaporpressure .

Coneem:raﬂon of inorganic arsanle (ns As) or
i conditionofuse ..

*'Required respirator .

(§3] Unknown or greater or lesser thnn 20,000 pg/m’f (A) Any full facepiece self-contained breathing appa-
{20 mg/m? or firefighting. ratus operated in positive pressure mode. - .
(i1) Not greater than 20,000 p.z/m’ 20 mg/m’)....... (A) Supplied air respirator with full facepiece, hood, or

helmet or suit and operated in posmve pressure.

mode.

(iii) Not greaber than 10,000 pn/m’(lo ms/m‘) ........ (A) Powered air-purifying respirators in all inlet face
coverings with high efficiency filters.! (B) Half-mask
; ; supplied air respirators operated in positive pressure

Ll . mode. . .
(iv) Not greater than 500 pg/m’..;,; ...... ERC—— (A) Full faceplece air-purifying respirator equipped
o . © - - with high-efficlency filter.! (B) Any full faceplece
supplied air respirator. (C) Any full facepiece seif-

- contained breathing apparatus.
s (A) Half-mask air-purifying respirator equipped with
.- high-efficiency . filter.* (B) Any halfmask suppned
- air respirator. - :

 (v) Not greater than 100 pg/m®. .

’Eigh-efficlency ﬂlter—ss 97 pct etﬂciency against 0.3 micrometer monodxsperse diethyl hexyl pht.ha~

late ( DOP) particles

TABLE H.—Reépimtory protection for inorganic arsenicals (such as arsenic trichloride?
: arsenic phosphide) with significant vepor pressure ; )

Concentration of inorganic arsenic (as As) or

Required respirator
condition of use . -

. () Unknown or greater or lesser than 20,000 pg/m® (A) Any full faceplece self-contalned breothmg appa-

- . (20mg/m?¥) or firefighting. . ratus operated in positive pressure mede. .
. (i) Not grea.ber than 20,000 yg/m‘ (20 mg/m’).. ....... {A) Supplied air respirator with full facepiece hoed, or
“ ..+ helmet. or suit and operated in positive pressure
i o mode.
(iii) Not greater than 10 000 pg/m’(lcmg/m ) vuuvivene (A) Half-mask$’ st.pplied air rwpirutor operated in
positive pressure mode.

reirseorsns (A) Front or back meunted gas mask equipped with
high-efticiency filter ® and acid gas canister. (B) Any
: full facepiece supplied air respirator. (C) Any full fa-
’ oo cepiece self-contained breathing apparatus.
{v) Not greater than 100 pg/m ‘..........;..........._ ............. (A) Half-mask ? air-purifying respirator equipped with
B . high- efficiency filter ! and acid gas cartridge. (B)
- “  Any half-mask supplied air respirator,

(iv) Not grea.ter than 500 pe/m? o e

- ‘High efficiency mm--sa 97 pct efﬂciency against 0. 3 micrometer monodisperse diethyl- hexyl phtha~
late (DOP) particles.

3Half-mask respirators shall not be used for protection aga.inst arsenic trichloride, as it is rapidly ab-
. sorbed through t.he skin. - o . ) ’

mum facepiece leakage e.nd that the
respirator is fitted properly.

(iii) The employer shall select respi-
rators from among those approved for

protection against dust, fume, and
mist by the National Institute for Oc-
cupational - Safety . and = Health
(NIOSH) under the provisions of 30
CFR Part 11.

(3) Respirator usage. (1) The employ-
er shall assure that the respirator
issued to the employee exhibits mini-
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(i) The employer shall perform
qualitative fit tests at the time of ini-
tial fitting and at least semi-annually

thereafter for each employee wearing -

respirators, where . quantitative fit
tests are not required.

(iii) Employers with more than 20
employees wearing respirators shall

. - ) e

perform quantitative face fit test at
the time of initial fitting and. least
semi-annually thereafter for each em-
ployee wearing negative pressure res-
pirators. The test shall be used to
select facepieces that provide the re-
quired protection as prescribed “in
TableIorIl. -

(iv) If an employee has demonstrat-
ed difficulty in breathing during the
fitting test or during use, he or she
shall be examined by a physician
trained in pulmonary medicine to de-
termine whether the employee can
wear a respirator wmle performing the

- required duty. : et
* 7 (4) Respirator. program () The em- - .
ployer shall institute a repiratory pro- = =~

tection program in accordance with 29
CFR 1910.134 (b), (&), (e)and (1), ]
(ii) The employer-shall' permit each_ -

employee who uses a2 filter respirator
to change the filter elements when. -

ever an increase in bresthing resis.’
tance is detected and shall maintain

an adequate supply of ﬁlter elements i

for this purpose. -
(iil) Employees who wear respirators

shall be permitted to leave work aress. .

to wash their face and respirator face- -
piece to prevent skin uritation assoct
ated with respirator use. :

(5) Commencement of respzmtor use, o
(i) The employer’s obligation to pro- . =
vide_respirators commences ont August -
1, 1978 for employees exposed over, 500
pg/m3 of inorganic arsenic, as soon as - o

possible but not later than October 1,

1978 for employees exposed to over 50 -

pg/m® of inorganic .arsenie, and as
soon as possible but no later than De- 7
cember 1, 1978 for employees exposed

" between 10 and 50 pg/m’ of inorganic

arsenic. .
(1)) Employees With exposures below
50 upg/m?3 of inorganic arsenic may
choose not to wear ‘respu'ators until

- December 31, 1979,

(D) After December 1, 1978 any em--

" ployee - required  to wear Tespirators

may choose, and if so chosen the em-.
plover must provide, if it- will give
proper protection, a powered air puri-

fying Fespirator and in addition if nec- -

essary a combination dust and acid gas
respirator for times where exposures
to gases are over the relevant exposure .
.:(§) - Protective work clothing and
equipment—(1) . Provision - and  wuse.
Where the possibility of skin or eye ir- _

- ritation form inorganic arsenic exists,

and for all workers working in regulat-
ed areas, the employer shall provide at
no cost to the employee and assure
that employees use appropriate and |
clean protective work clothing and

“equipment such as, but not limited to:

(i) Coveralls or similar full-body
work clothing; :

(ii) Gloves, and shoes or coverlets;

(iii) ¥ace shields or vented goggles
when necessary to prevent eye irrita-




s ; - C .

tion, which comply with the require-
ments of §1910.133(a)2)(aX8); and .

(iv) Impervious clothing for employ-

ees subject to exposure to arsenic tn-
chloride.

(2) Cleaning and replacement. (63}
The employer shall provide the pro-
tective clothing required in paragraph
(§) (1) of this section in a freshly laun-
dered and dry condition at least

- weekly, and daily if the employee

works in areas where exposure are
over 100 pug/m? of inorganic arsenic or
in areas where more frequent washing
is needed to prevent skin irritation.-

(ii) The employer shall clean, laun-
der, or dispose of protective clothing
required by paragraph (i) (1) of this
section.

(iii) The employer shall repazr or re-
place -the protective  clothing and
equipment as needed to mai.ntain their
effectiveness.

(iv) The employer shall assure that

all protective clothing is removed at:

~the completion of a work shift only in

.

. change rooms prescribed in paragra.ph

{m) (1) of this section.

(v) The employer shall assure that
contaminated = protective = ¢lothing
which is to be cleaned, laundered, or
disposed of, is placed in a closed con-
tainer in the change-room which pre-

‘vents dispersion of inorganic arsemc
-outside the container. . . :
(vi) The employer shall mform m

writing any person who cleans or laun-
ders clothing required by this section,
of the potentially harmful affects in-

B cluding the carcinogenic effects of ex-

posure to inorganic arsenic.

(viiY The employer shall assure that
the containers of contaminated protec-
tive clothing and equipment in the
workplace or which are to be removed

from the workplace are labelled as fol-
lows: .

CavuTiON: Clothmg contammated

with inorganic arsenic; do not remove

dust by blowing or shaking: Dispose of

inorganic - arsenic contaminated wash

- water in accordance with applicable

!

local, State, or Federal regulations.

(viii) The employer shall prohibit
the removal of inorganic arsenic from
protective clothing or equlpment by
blowing or shaking, .

(k) "Housekeeping--(1) Surfaces. Al

surfaces shall be maintained as free as

-practicable of accumulations of inor-

ganic arsenic,

(2) Cleaning floors F‘Ioors and other
accessible surfaces contaminated with
inorganic. arsenic may not be cleaned
by the use of compressed air, and
shoveling and brushing may be used
only where vacuuming or other rele-
vant methods have been tried and
found not to be effective,

(3) Vacuuming. Where vacuuming
methods are selected, the vacuums
shall be used and emptied in a manner

.. provide
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- to minimize the reentry of inorga.riicy

arsenic into the workplace, .. .

(4) Housekeeping plan. A written
housekeeping and maintenance plan
shall be kept which shall list appropri-
ate frequencies for carrying out house-
keeping operations, and for cleaning
and maintaining dust collection equip-
ment. The plan shall be available for:
inspection by the Assistant Secretary.

(5) Maintenance of equipment. Peri-
odic cleaning of dust collection and -
ventilation eguipment and checks of
their effectiveness shall be carried out
to maintain the effectiveness of the

system and a notation kept of the last

check of eff &ctiveness and. cleaning or -
maintenance.. . i
(1) [Reserved.]

(m) Hygiene facilities and pmc-
tices—(1) Change rooms. The employ-

- er shall provide for employees working

in regulated aresz or subject to the

possibility of skin “or eye irritation -

from inorganic arseniec, clean change:
rooms equipped with storage facilities
for street clothes and separate storage-
facilities for protective clothing and
equipment in accurda.nce mth 29 CFR
1910.141(e). .
- (2) Showers. (i) The employer sha.ll
assure that employees working in reg-

ulated areas or subject to the possibil- -

ity of skin or eye irritation from inor-

ganic arsenic shower at the end of the'
work shift.

. (i) ‘The  employer -shall pmwde

shower facilities in accordance with.
§1910.141¢AX(3). :

(3) Lunchrooms. (i) The employer ;

shall provide for employees working in
regulated areas, lunchroom facilities
which have a temperature controlled,
positive pressure, filtered air supply,
and which are readily accessible to em-

- bloyees working in regulated areas. .

(ii) The employer shall assure that
employees working in the regulated
area or subject to the possibility of
skin or eye irritation from exposure to

inorganic arsenic wash - their ha.nds :

and face prior to eating.

(4) Lavatories. The employer. shall
" lavatory facilities - which
comply with § 1910.141¢(a) (1) and (2).

(8) Vacuuminyg clothes. The employ-
er shall provide facilities for employ-
ees working in areas where exposure,
without regard to the use of respira-
tors,- exceeds 100 pg/m?® to vacuum
their protective clothing and clean or
change shoes worn. in such areas
before entering change rooms, lunch-
rooms or shower rooms required by
paragraph (j) of this section and shall
assure that such employees use such
facilities.

8) Avoidance of skm irritation. The

"employer shall assure that no employ-

ee is exposed to skin or. eye contact
with arsenic trichloride, or to skin or
eye contact with liquid or particulate
inorganic arsenic which is likely to
cause skin or eye irritation.

‘lessness,
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- {n) Medicaz surveillance-(1) Geher.
al—(i) Employees covered.. The em-

ployer shall institute a medical surveil-
lance program fot the tonowing em- -

ployees:
. (A) All employees who are or will be’

“exposed above the action level, with-
out regard to the use of respirators, at L

least 30 days per year; and .
(B) All employees who have been ex-
posed above the action level, without

‘regard to respirator use, for 30 days or

more per year for a total of 10 years or
more of combined employment with
the employer or predecessor employ-
ers prior to or after the effective date

of this standard. The determinationof =
exposures prior to the effective date of

this standard shall be. based upon

prior exposure records, comparison =

with the . first- measurements

taken
after the effective date of this stand- -

ard, or comparison with records of ex-
posures in areas with similar provess-
‘es, extent of engineering controls uti- -

lized and materials used by tﬁab em:

ployer.

) Ezamination by physician. The

empleyer shall assure that all medical
examinations and procedures are per-
formed by or under the supervision of

a licensed physician, and shall be pro-

vided without cost to the employee,

without loss of pay and at a Teason-. .
- able time and place. :

(2) Initial e:mminatitms.k By,

section; or thereafter at the time of
initial assignment to an area where

the employee is likely to be exposed -

over the action level at least 30 days
per year, the employer shall provide
each affected employee an opportuni-

ty for a medical examination, includ-

ing at least the following elements: -

(1) A work history and a medical his- =

tory which shall include a smoking
history and the presence and degree of
respiratory symptoms such as breath-
cough, sputum production
and wheezing. -

(i) A medical examination which

"-shall include at least the following: S
(A) A 14" by 17" posterior-anterior

chest*X-ray and International Labor
Office UICC/Cmcmnat.x IO - U/C)
ratmg‘ ; .
-{B) A nasal and skin examination;
(C) A sputum cytology examination;
and .
(D) Other examinauons which the
physician believes appropriate because»

- of the employees exposure to inorgan-

ic arsenic or because of reqmred respi-

rator use.’ .
(3) Periodic e:wminations. (i The

employer shall provide the examina-

" tions specified in paragraphs (nX2)i)

and (n)X(2Xii) (A), (B), and (D) at least”

annually: for covered employees who
are under 45 years of age with fewer
than 10 years of exposure over the

, FEDERAL REGISTER, VOL. 43, NO, 83—FRIDAY, MAY 5, 1978

~

ber 1, 1978, for employees initially cov- -~~~
ered by the medical provisions of this
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action level Without regard to respira-
tor use. :

(ii)} The employer shall prov1de the
examinations specified in paragraphs
MmX2XD) and (nX2)(ii) of this section at
least semi-annually for other covered
employees.

(iii) Whenever-a covered employee
has not taken the examinations speci-
fied in paragraphs - (n}2){) and
nX23(ii) of this section within six (6)
- months preceding the termination of
employment, the employer shall pro-
vide such examinations to the employ-
ee upon termination of employment.

- (4) Additional examinations. If the

employee . for any . reason develops

signs or symptoms commonly associat-

ed with exposure to inorganic arsenic
the employer shall provide an appro-
priate examination a.nd emergency
~medical treatment.

(5) Information provided to the phy-ﬂ
sician. The employer shall provide the .

following i.nformation to the examin-
ing physician:

(i) A copy of this sta.ndard a,nd ibs
Appendices;

(i) A description of the affected em-

ployee’'s duties as they relate to the
employee’s exposure;

.(ii)) The employee’s. representative
exposure level or a.ntxcxpated exposure
level; .

(w) A description of a.ny personal

protective equipment used or to be”

" used; and
~ (v) Information from previous medi-
cal examinations of the affected em-
ployee which is not readily available
to the examining physician. =~

(6) Physician’s wrilten opinion. (i)
. The employer shall obtain a written
“opinion from the examining physician
which shall include: -
. (A) The results of the medical exam-

ination and tests performed;

(B) The physician’s opinion as to
whether the employee has any detect-

ed medical conditions which would:

place the employee at increased risk of

~material impairment of the employee’s -~
health from exposure to inorganic ar-

senic; .

(C) Any recommended limitations

upon the employee’s exposure to inor-
ganic arsenic or upon the use of pro-
tective clothing or equipment such as
respirators; and .

(D) A statement that the employee
has been informed by the physician of
the results of the medical examination
and any medical conditions which re-
quire further explanation or {reat-
ment.

(ii) The employer shall instruct the
physician not to reveal in the written

opinion specific findings or diagnoses -

unrelated to occupational exposure.
(iii) The employer shall provide a
copy of the written opinion to the af-
fected employee.
(0) Employee mformatzon cmd train-
ing.—(1) Training program. (i) The
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efnployer shall iﬁstitute a training
program for all employees who are

subject to exposure to inorganic ar--

senic above the action level without
regard to respirator use, or for whom
there is the possibility of skin or eye
irritation from inorganic arsenic. The
employer shall assure that those em-
ployees participate in the training pro-
gram.

(ii) The training program shall be
provided by October 1, 13978, for em-
ployees covered by this provision, at
the time of initial assignment for
those - subsequently covered by this

" provision, and shall be repeated at
- least . quarterly - for - employees who

have optional use of respirators and at
least annually for oiher covered em-
ployees thereafter; and the employer
shall assure that each employee is in-
formed of the following:

(A) The information contamed in
appendix A; . .-

{B) The qua.ntxty, location, manner
of use, storage, sources of exposure,
and the specific nature of operations
which could result in exposure to inor-
ganic arsenic as well as any necessary
protective steps;

(C) The purpose, proper use, and
limitation of respirators;

. (D) The purpose and a description of
the medical surveillance program as
required by paragraph (n) of this sec-
tion; -

--(B) _.The engineering controls and
work practices associated with the em-
ployee’s job assignment; and

(F) A review of this standard.

(2) Access to training materials. (1)

The employer = shall make readily -

available to all affected employees a
copy of this standard and its appen-
dixes.

(i) The employer shall provide;
upon request, all materials relating to
the employee information and train-
ing program to the Assmta.nt Secretary
and the Director.

= (p) Signs and labels —(1) Genera,l. @
The employer may use labels or signs
required by other statutes, regula-

- tions, or ordinances in addition to, or

in combination with, signs and labels

- required by this paragraph. -

(ii) The employer shall assure that

.no statement appears on or near any
-~ sign or label required by this para-

graph which contradicts or detracts
from the meaning of the required sign
or label,

(2) Signs. (1) The employer shall post
signs demarcating reg—ula.t.ed areas
bearing the legend;

DANGER .
INORGANIC ARSENIC -
CANCER HAZARD
AUTHORIZED PERSONNEL ONLY
NO SMOKING OR EATING
" 'RESPIRATOR REQUIRED

. . - ke PR
. Hr(/

(ii) The employer shall assure that
signs required by this paragraph are il-
luminated and cleaned as necessary so
that the legend is readily visibie.

(3) Labels. The employer shall apply

precautionary labels to.all shipping

and storage containers of inorganic ar-
senic, and to all products containing
inorganic arsenic except when the in-
organic arsenic in the product is
bound in such a manner so as to make
unlikely the possibility of airborne
esposure to inorganic arsenic. (Possi-
ble examples of products not requiring
labels are semiconductors, light emit-

ting diodes and glass). The label sha&l '. Ty

bear the following legend: - -
DANGER . - ,
CONTAINS INORGANIC ARSENIC
CANCER HAZARD -
'HARMFUL IF INHALED OR
~ SWALLO

+ 'USE ONLY WITH ADEQUATE
- VENITLATION

OR RESPIRATORY PROTEC’I'LON’

(qQ) Recordkeeping.—(1) Ezposure
monitoring. (1) The employer shall es- |
tablish and maintain an accurate
record of all monitoring require in
paragraph (e)of thissection. - =~ -

(ii) This record shall include: - :

. (A) The date(s), number, duration =~ -

location, and results of each of the
samples taken, including a description

of the sampling procedure used {o de- - .

termine representative employee expo-
sure where applicable;

(B) A description of the sampling
and analytical methods used and evi-
dence of their accuracy;

(C) The type of respiratory proteo-
tive devices worn, if any;

(D) Name, social security number,
and job classification of the employees
monitored and of all other employees.
whose exposure the meamxrement is

“intended to represent; and

(E) The - environmental - variables
that could aifect the measurement of
the employees exposure. -

(il) The employer shall maintain
these monitoring records for at least -
40 years or for the duration of employ-
ment  plus 20 vears, whichever, is
longer. :

(2) Medical survetllance. i) The em-
ployer shall establish and maintain an
accurate record for each employee
subject to medical surveillance as re-
quired by paragraph (n) of this see-
tion.

(ii) This record shall include:

(A) The name, social security

" number, and description of duties of .

the employee;

(B) A copy of the physxclan s writien
opinions;

(C) Results of any exposure monitor-
ing done for that employee and the
representative exposure levels sup-
plied to the physician; and

(D) Any employee medical com-
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plaints related to exposure to inorgan-
” jc arsenic.

(ii) The employer shall in addition

keep, or assure that the examining
physician keeps, the fouowing medical
records;

(A) A copy of the medical examina-
tion results including medical and
work history required under para-
graph (n) of this section;

(B) A description of the laboratory
procedures and a copy of any stand-
ards or guidelines used to interpret

* the test results or references to that
information;
" (C) The initial X-ray;
(D) The X-rays for the most recent 5
' years, B

(E) Any X—rays with a demonstrated
abnormality - and all . subseguent X-
rays;

(F) The initial cytologic exanunetion .

. slide and written description;..

(G) The cytologic examination slide
and written description for the most
recent 5 years; and

-7 {H) Any cytologic examination slides
with demonstrated atypia, if such
atypia persists for 3 years, and all sub-
sequent slides and written descrip—
tions.

- (iv) The employer sha.ll maintain or
assure that the physician maintains
those medical records for at least 40
years, or for the duration of employ-

ment plus 20 years. Whichever s

longer. - -
(3) Availability. (6)) The employer

shall make available upon request all

records required to be maintained by
paragraph-(m) of this section to the
Assistant Secretary and the Director
for examination and copying.

(ii) The employer shall make availa-
ble upon request records of employee
exposure monitoring required by para-
graph (q)1) of this section for inspec-
tion and copying to affected employ-

ees, former employees and their desxg— k

nated representatives.

(iii) The employer shall make availa-

_ ble upon request an employee’s medi-
cal records and exposure records rep-

resentative . of that employee’s expo-
sure required to be maintained by .

paragraph (q) of this section to the af-

fected employee or former employee .

or to a physician designated by the'af-
fected employee or former employee.

(4) Transfer of records. (i) Whenever
the employer ceases to do business;,
the successor employer shall receive

sand retain. all records required to be
“Zmaintained by this section. )

(ii) Whenever the employer ceases to
do business and there is no successor
employer to receive and retain the rec-
ords required to be maintained by this
section for the prescribed period, these
records shall be transrmtted to the Di-
rector. -

(iii) At the expxratmn of the reten-
tion period for the records required to
be maintained by this section, the em-
ployer shall notify the Director at
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least 3 months prior to the disposal of

".such records and shall transmit those
~records to the Director if he requests
“them within that period. =~ -

(r) Observation of momtonng.-——(l)*
Employee observation. The employer
shall provide affected employees. or
their designated representatives an op- -
portunity to observe any monitoring
of employee exposure to inorganic ar-
senic conducted pursuant to para-
graph (e) of this section.

(2) Observation procedures. (i)

. Whenever observation of the monitor-

ing of employee exposure to inorganic

. arsenic requires entry into an area

where the use of respirators, protec-

- tive clothing, or equipment is required,
the employer:shall provide the observ. -

er with and assure the use of such res-

‘pirators, clothing, and such eguip-

ment, and shall require the observer -

to comply “with all other applicable

safety and health procedures. :

(i) Without interfering with the
momtormg observers shau be entitled .
to;

-CA) Receive an explanation of the

measurement procedures;

(B) Observe all.steps related to the
monitoring of inorganic arsenic per-
formed at the place of exposure; and - -
- (C) Record the results obiained or
receive copies of the results when re-
turned by the laboratory.

(s) - Effective date. This standard -

shall become effective August 1, .1978.

(t) Appendires. The information con-
tained in the appendixes to this sec-
tion is not intended by itself, to create
any additional obligations not other-
wise imposed by this standard nor de-
tract from any existing obligation.

(u) Startup dates.—(1) General. The
startup dates of requiremerits of this
standard shall be the effective date of

' this standard unless another startup

date is provided for either in other
paragraphs of this section or in thxs,
paragraph.

(2) BMonitoring. Initial monitoring
shall be commenced on August 1, 1978,
and shall be completed by September
15, 1978.

(3) Regulated areas. Regulated areas
required to be established as a result
of initial monitoring shall be sef up as
soon as possible after the resulis of
that monitoring is known and no later
than October 1, 1978, ,

(4) Compliance program. The writ-
ten program required by paragraph
(gX4) as a result of initial monitoring
shall be made available for inspection
and copying as soon as possible and no
later than December 1, 1978.

(5) Hygiene and lunchroom facili-

“ties. Construction ‘plans for change-

rooms, showers, lavatories, and lunch-
room facilities shall be compileted no
later than December 1, 1978, and these
facilities shall be constructed and in
use no later than July 1, 1979. Howev-
er, if as part of the compliance plan it
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is predicted by an independent engi-
neering firm that engineering controls
and work practices will reduce expo-
sures below the permissible exposure
limit by December 31, 1879, for affect-
ed employees, then such facilities need
not be completed until 1 year after the
engineering controls are completed or
December 31, 1980, whichever is earli-

~er, if such controls have not in fact

succeeded in reducing exposure to
below the permissible exposure limit.

(6) Summary of startup dates set
forth. elsewhere in this standard.

;. STARTUP DATES

e

‘Aum:sn 1978—prxra:ormomsoopg/f

R

' AS SOON A3 POSSIBLR BIFE NG LATER THAN

September 15, 1978—Completion of initial
monitoring. -

October 1, 1978--Complete establishment of

regulated areas. Respirator use for em«
ployees exposed above 50 pg/md Comple..
tion of initial training. Notification of-use,

“December 1, 1978—Respirator use over 10

pg/m?  Compistion of Initlal mediecal,
Completion of compliance pian.

July 1, 1979~Completion of - hmeh rooms.
and hygiene facilities. .

December 31, 1979—Completdon oi engineer-' -
ing controls.

" AR other teqmiements of the sta.ndard -

have as their startup date August 1, 1978,

: Armn; A—~INORGANIC ARSENIC Smmncs ey ; ‘,13

-~ INFORMATION Sxm

L. SUBSTANCE mmmc.a.non

A. Substence. Inorganic Arsenie. : -
. B. Definition. Coppef acetoarsemte. ar- -
seni¢ and all inorganic compounds contain-
ing arsenic excépt arsine, mmed as ar-
senic (As). -

C. Permmzble Ezxposure Limil 10 micro- -
grazs per cubie meter of air as determined
as an average over an 8-hour pericd. No'em-
ployee may be exposed to any skin or eye
econtact with arsenie trichloride or to skin or
eye contact hkely to cause skin or eye irrita-
tion.

regulxted area. -

i

+ X HEALTH mzaan DAI&

A. Comments, The health hazard of inor:
“ganic arsenic is high. -

B.  Ways in which -the chemical cffects
your body. Expesure to airborne concentra-
tions of inorganic arsenic may cause lung
cancer, and can be a skin irritant. Inorganic

‘arsenic may also affect your body if swals * -

lowed. One compound in particular, arsenic
trichloride, is especially dangerous because

-it can be absorbed readily through the skin.

Because inorganic arsenic is: a poison, you
should wash your hands thoroughly pnor to
eating or smoksng

II1. PROTECTIVE CLOTHING AND EQUIPMENT

A. Respirators. Respirators will be pro- -
vided by your employer at no cost to you for
routine use if your employer is in the proec-
ess of implementing engineering and work
practice controls or where engineering and
work practicé controls are not feasible or in-
sufficient. You must wear respirators for
non-routine activities or in emergency situa-
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D. Regulated Areas. Only employees au-
- thorized by your employer shmﬁd enter 8- s



tions where you are likely to be exposed to
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levels of inorganic arsenic in excess of the " °

permissible exposure limit. Since how well
your respirator fits your face is very impor-
tant, your employer is required to conduct
fit tests to make sure the respirator seals
properly when you wear it. These tests are
simple and rapid and will be explained to
you during training sessions. .

B. Protective clothing. If you work in a
regulated area, your employer is required to -
provide at no cost to you, and you must
wear, appropriate, clean, protective clothing
. and equipment. The purpose of this equip-

ment is to prevent you from bringing to

your home arsenic-contaminated dust snd
to protect your body from repeated skin .
contact with inorganic arsenic likely to.
Jcause skin irritation. This clothing should
include such items as coveralls or similar
full-bedy clothing, gloves, shoes or coverlets,
and aprons. Protective equipment should in-
clude face shields or vented goggles, where
,eye frritation may occur

V. mmrmmmcncm

_= . '¥ou must not eat, drink, smoke. chew gum

-or tobacco, or apply cosmetics in the regu-~
lated area, except that drinking water is
permitted. If you work in a regulated area
your employer is required to provide lunch-
rooms and other areas for these purposes.

If you work in a regulated area, your em-
ployer is required to provide showers, wash-
ing facilities, and change rooms. You must
wash your face, and hands before eating
and must shower at the end of the work -
shift. Do not take used protective clothing
out of change rooms without your employ-
er’s permission. Your employer is required
to provide for laundering or cleaning of
your protective clothing.

V. SIGNS AND LABELS .

Your employer is required to post warning
signs arid labels for your protection. Signs
must be posted in regulated areas. The signs

‘must warn that a cancer hazard is present,
that only authorized employees may enter
- the area, and that no smoking or eating is

a.nowed; and that respirators must be worn.

vx. MEDICAL EXAMINATIONS: :

- .. If your expeosure to arsenic is over the
Action Level (5 pg/m H—(including all per--
sons working in regulated.-areas) at least 30
days per year, or you have been exposed to..

arsenic for more than 10 years over the

. Action Level, your employer is required to

provide you with a medical examination.
The examination shall be every 6 months
for employees over 45 years old oF with
more than 10 years exposure over the
Action Level and annually for other covered
employees. The medical examination must
inciude & medical history; a chest x-ray; skin
- examination; nasal examination and sputum
cytology exam for the early detection of
lung cancer. The cytology exams are only
included in the initial exam and examina-
tions given after you are either 45 years or
older or have 10 or more years employment
- over the Action Level. The examining physi-.
cian will provide a written opinion to your
employer containing the results of the
medical exams, You should also receive a
copy of this opinion. The physician must
not tell your employer any conditions he de-
tects unrelated to occupational exposure to
arsenic but must tell you those conditions.
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VIL OBSERVATION OF MONITORING |

your exposure to arsenic and you or your

representatives are entitled to observe the

monitoring procedure. You are entitled to

‘receive an explanation of the measurement

procedure, and to record the results ob-
tained. When the monitoring procedure is
taking place in an area where respirators or
personal protective clothing and eguipment
are required to be worn, you must also be
provided with and must wear the protective
clothing and equipment.

VIII. ACCESS TO RECORDS

- 'You or your representative are entitled to
records of your exposure to inorganic ar-

- seni¢ upon request to your employer. Your

medical examination records can be fur-
nished to your physician if you request your
employer to pravide them.

X, nmmnm AND HOT!?IOAIION

Additiona.l information on all of these
items plus training as to hazards of expo-

"'sure to inorganic arsenic:and the engineers
"ing and work practice controls associated

with your job will also be provided by your
employer. If you are exposed over the per-
missible exposure limit, your employer must.

inform you of that fact and the actions he i.s

taking to reduce your exposures.

Arrmxx B--SUBSTANCE Tscmnm
GUIDELINES :

' ARSENIC, ARSENIC TRIOXIDE, Axsmuc -
TRICHLORIDE (THREE EXAMPLES)

.I. Physical and chemical properties

A. Arsenic (metal).

1. Formula: As. .

2. Appearance: Gray meta.l. .

3. Melting point: Sublimes. thhout melt-
ing at 613C.

4. Specific Gravity: (H20=1): 5.3,

5. Solubility in water: Insoluble.

B. Arsenic Trioxide.

1. Formula: As203, (As408).

2. Appearance: White powder,

3. Melting point: 315C. T

4. Specific Gravity (H20=1):3.74.

“B. Solubility in water: 3. 7 grams in 100cc i

of water at 20c. Pl

-C. Arsenic Trichloride (}.iquid). S

.1, Formula: AsC13.

-2. Appearance: Colorless or pale yellow
lquid.

3. Melting point: —8.5C.
. 4, Boiling point: 130.2C.

5. Specitic Gravity (H20=1):2.16 at 200. .

" 8. Vapor Pressure; 10mm Hg at 23.5C.

7. Solubility in Water: Dewmposes in
water. - .

IIL. Fire, explosion and reactwity data.

A. Fire: Arsenic, arsenic Trioxide and Ar-
senic Trichloride are nonflammable. :

B. Reactivity:

1. Conditions Contributing to instabihty’
Heat.

2. Incompatibility: Hydrogen gas can react
with inorganic arsenic to form the highly
toxic gas arsine.

IIL. ‘Monitoring and Measurement Proce-
dures

Samples collected should be full shift (at
least 7-hour) samples. Sampling should be

Your employer is required to monitor

. done using a personal sampling pump at a-

flow rate of 2 liters per minute. Samples
should be collected on 0.8 micrometer pore
‘size membrane filter (37mm diameter).
Volatile arsenicals such as arsenic trichlo-
ride can be most easily collected in a midget
bubbler filled with 15 ml. of 0.1 N NaOH. .

The method of sampling and analysis
should have an accuracy of not less than
+25 percent (with a confidence limit of 95
percent) for 10 micrograms per cubic meter
of air (10 pg/m?%.and +35 percent (with a
confidence limit of 95 percent) for concen-
trations of inorganic arsenic between 5 and
10 pg/ms.

Gumxx.nms

I.GKNEBAI.

Medical examinations are to be provided
for all employees exposed. to levels of inor.

. ganic arsenic above the action level (5 M/~

m3) for at least 30 days per year (which -
would include among others, all employees.
who work in regulated areas).

“are also to be provided to all employees who
have had 10 years or more-exposure above
the action level for more than 30 days per
year while working for the present or prede-

cessor employer though they may no longer - k

be exposed above the level.
An initial medical examination is to be
provided to all such employees by December

1, 1978. In addition, an initial medical exam- . = °

ination is to be provided to all employees
who are first. assigned to areas in which
worker exposure will probably exceed 5 ng/
m? (after the effective date of this standard)
at the time of initial assignment, In additlon.

© to its immediate diagnostic usefulness, the

initial examination will provide a baseline
for compearing future test results. The ini-
tial examination must include as a mini-
mum the following elements: - .

(1) A work and medical history, lncluding

"a smoking history, and presence and degree

of respiratory symptoms such as breathless-
ness, cough, sputum production. and wheez-

(2) A 14" by 17 posteriot-anterior chest

- X-ray and an International Labor Ofﬁee o

UICC/Cmcinnati (ILO U/C) rating; 2
(3) A nasal and skin examination; . - =
(4) A Sputum Cytology exarhination; a.nd
(5) Other examinations which the physi~

cian believes appropriate because of the em-

ployee’s exposure to inorganic arsenic or be-
cause of required respirator use.

Periodic examinations are also to be pro- :
vided to the employees listed above. The pe-
riodic examinations shall be given annually
for those covered employees 45 years of age

~or less with fewer than 10 years employ-

ment in areas where employee exposure ex-
ceeds the action level (5 ug/m?. Periodic ex-

" aminations need not include sputum cytol-

ogy and only an updated medical history is
required.
Periodic examinations for other covered

. employees, shall be provided every six (8)

months. These examinations shall include
all tests required in the initial examination,
except that the medical hlstory need only
be updated. .

The examination contents are mmimum
requirements. Additional tests such as later-
al and oblique X-rays or pulmonary func-
tion tests may be useful. For workers ex-
posed to three arsenicals which are associat.
ed with lymphatic cancer, copper acetoar-
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senite, potassium arsenite, or sodium arsen-

ite the examination should also include pal-
pation of superficial lymnh nodes and com-
plete blood count. .

II. NONGARCINOGEN IC EFFECTS

The OSHA standard is based on minimiz-
ing risk of exposed workers dying of lung
cancer from exposure to inorganic arsenic.
It will also minimize skin cancer from such
exposures.

The following three sections quoted from
“Occupational Diseases: A Guide to Thelr
Recognition”, Revised Edition, June 1977,
National Institute for Occupational Safety

and Health is included to provide informa- -

tion on the nonneoplastic effects of expo-

sure tfo- inorganic arsenic. Such - effects
-~ should not-cocur if the OSHA standards are

unds

followed.

A. . Local-—Trivalent cOmMpo’
are corrosive to the skin, Brief contact has
no effect but prolonged contact results in a

local hyperemia and later vesicular or pus- -

tular eruption. The moist mucous mem-
branes are most sensitive to the irritant

" action, Conjunctiva, moist and macerated

areas of skin, the eyelids, the angles of the

i’ ears, nose, mouth, and respiratory mucosa

are also vulnerable to the irritant effects,
The wrists are comraon sites of dermatitis,

‘as are the genitalia if personal hygiene is

poor. Perforations of the nasal septum may
oceur; Arsenic trioxide and pentoxide are
capable of producing skin sensitization and
contact dermatitis, Arsenic is also capable of
producing keratoses, espeeiany of the palms
and soles.

B. Systemie~The acute toxic effects of ar-
: senic are generally seen following ingestion

of inorganic earsenical compounds. This
rarely occurs in an industrial setting. Symp-
toms develop within % to 4 hours following
ingestion and are usually characterized by
construction of the throat followed by dys-
phagia, epigasiric- pain, vomiting, and
watery diarrhea. Blood may appear in vomi-
tus and stools. If the amount ingested is suf-
ficiently high, shock” may develop due to
severe fluid loss, and death may ensue in 24
hours. If the acute effects are survived, ex-
foliative dermatitis and peripheral neuritis

" may develop. )
Cases of acute arsenical poisoning due to
" inhalation are exceedingly rare in industry.
When it does occur, respiratory tract symp--
toms—cough, chest pain, ‘dyspnea-giddi--

ness, headache, and extreme general weak-
ness. precede gastrointestinal symptoms.
The acute toxic symptoms of trivalent ar-
senical poisoning are due to severe inflam-
mation of the mucous membranes and
greatly increased permeabmty of the blood
capillaries. -

RULES AND REGULATIONS

Chronic arsenical poisoning due to inges-
tion is rare and generally confined to pa-
tients taking prescribed medications. How-

ever, it can be a concomitant of inhaled in-

organic arsenic from swallowed sputum and
improper. eating habits. Symptoms are
weight loss, nausea and diarrhea alternating
with constipation, pigmentation and erup-
tion of the skin, loss of hair, and peripheral

neuritis. Chronic hepatitis and cirrhosis -

have been described. Polyneuritis may be
the salient feature, but more frequently

there are numbness and parasthenias of -

“glove and stocking” distribution. The skin

lesions are usually melanotic and keratotic -.

and may occasionally take the form of an
intradermal cancer of the squamous cell

type, but without infiltrative properties.

Horizontal -white lines (striations) on the
fingernails and toenails are commaonly seen
in chronie arsenical poisoning and are con-
sidered to be a diagnostic accompaniment ot
arsenical polyneuritis,

Inhalation of inorganic  arsenic - com-

pounds is the most common cause of chron- -

ic poisoning in the industrial situation. This
condition is divided into three phases based
on signs and symptoms. R

First . Phase: The worker complains of

- weakness, loss of appetite, some nausea, oc-

casional vomiting, & sense of hesaviness in
the stomach, and some diarrhea,
Second Phase: The workér complains of

conjunctivitis, a  catarrhial state of the-

miucous membranes of the nose, larynx, and
respiratory passage. Coryza, hoarseness, and

-mild tracheobronchitis may occur. Perfora~
tion of the nasal septum is common, and is-.
probably the most typical lesion of the-

upper respiratory tract in oeccupational ex-

posure to arsenical dust. Skin lesions, ecze- i
- gether as screening tests for lung tests for -

matoid and allergic in type, are common.
Third Phase: The worker complains of
symptoms of peripheral neuritis, initially of

- hands and feet, which is essentially sensory.

In more severe cases, motor paralyses occcur;
the first muscles affected are usuaily the
toe extensors and the peronei. In only the
most severe cases will paralysis of flexor
muscles of the feet or of the extensor mus-
cles of hands occur.

Liver damage from chronic arsenical poi-
soning is still debated, and as yet the gues-
tion is unanswered. In cases of chronic and
acute arsenical poisoning, toxic effects to
the myocardium have been reported based
on EKG changes. These findings, however,
are now largely discounted and the ERG
changes are ascribed to electrolyte distur-
bances concomitant with arsenicalism. Inha-

lation of arsenic trioxide and other inorgan-

ic arsenical dusts does not give rise to radio-
logical evidence or pneumoconiosis. Arsenic

does have a depressant effect upon the bone -

19631

marrow with disturbances of.both erythro— v

poiesis and myelopoiesis.
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-~ Sputumcanbeoonectedhyaeroaolmhn-{
.. lation during the medical exam or by spon-
- taneous early morning cough at home. -
Sputum is induced by transoral inhalation -

of an serosolized solution of eight per cent =

(8 percent) sodium chloride in water. After
inhaling as few as three to five breaths the
- subject usually yields an adequate sputum.

~ All sputum should be collected directly inta

sixty percent (60 percent) aleohol. - .
Scientific evidence suggests that chest X-‘
rays and sputum cytology should be used to-

‘ lung cancer in high risk populations such as

. workers exposed to inorganic arsenic. The
tests are to be performed every six months

-.on workers who are 45 years of age or older
or have worked in the regulated area for 10

or more years, Since the tests seem to be. -

complementary, it may be sdvantageous to
alternate the test procedures. For instance,
chest X-rays could be obtained in June and
December and sputum cytologies could be
obtained in March arid September. Facilities

" for providing necessary diagnostic investigs- : B

tion should be readily available as well as

“chest physicians; surgeqns, radiologists, pa-- *
thologists and immunotherapists to provide T

any nhecessary treatment services.

-(Pub, L. 91-598; Secs. 4, 6, 8, 84 Stat. 1592,

1593, 1599 (29 U.S.C. 653, 859, 657); Secre- -
tary of Labor’s Order 8-76 (41 FR 25059). 29
CFR Part 1911),”

[FR Doc. 78-12170 Filed 5-3-78; 11:00 am] o
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S O\ S FEDERAL REGULATIONS without
\ ~ reading the Federal Register every

o~ RNRY day? if so, you may wish to subscribe

. \\\‘\ to the “Cumulative List of CFR
é\f\~  Sections Affected,” the “Federal

Ny § , - Register index,” or both.

Cumulative List of CFR Sections Affected

- The “Cumulative List of CFR Sections
\\,; Affected” is designed to lead users of
the Code of Federal Regulations to

amendatory actions published in the
Federal Register, and is issued
menthly in cumulative form. Entries
indicate the nature of the changes.

Federal Register Index $8.00

per year

: Indexes covering the
- contents. of tha daily Federal Register are
issued monthly, quarterly, and annualiy.
Entries are carried primarily under the
names of the issuing agencies. Significant
subjects are carried 2s cross-references.

A finding aid is included in cach publication which lists
Federal Register page numbers with the dale of publication

Note to FR Subscribers: FR Indexes and the
Cumulative List cf CFR Sections AHacted” wiil continue
to be mailed free of charge {0 regular FR subscribers.

Malt order form to: . :
Superintandant of Documants, U.S. Govarnment Printing Office, Washingt/on, D.C. 20402

There is enclosed $ _.for subscription(s) to the publications chacked balow:

wumierereereneed CUMULATIVE LIST OF CFR? SECTIONS AFFECTED ($10.00 a ysar domastic; $12.50 forsign)
orrresen. FEDERAL REGISTER INDEX ($8.00 a year domestic; $10.00 foreign)

“\\\$\ lites to amow
R % if any changes have keen made in
\ "~ certaintitles of the CODE OF

$10.00

- per year

- in tha Federal Register. -
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